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    ExTbpMonty.Core

The Thousand Brains Project's Monty, ported module for module to the BEAM — as
a library you can drive, not only as an experiment runner.
Monty is a sensorimotor inference system: sensors produce observations, learning
modules propose and test hypotheses about what is being sensed, and a motor
system acts on the result. This package is that loop. It carries no database, no
web interface and no Python: what it needs from the outside, a live system
supplies.
def deps do
  [
    {:ex_tbp_monty_core, "~> 0.1"}
  ]
end
What is here
	area	modules	what it does
	the loop	Monty.Runtime.*	one process per learning and sensor module, a coordinator that steps them, and the barrier that waits for a round
	hypotheses	Monty.Frameworks.Models.EvidenceMatching.*	evidence over a graph, burst sampling, the slope tracker that culls hypotheses
	learning modules	Monty.Frameworks.Models.*	EvidenceGraphLM, DisplacementGraphLM, FeatureGraphLM, the graph memories they match against
	sensors	Monty.SensorModules.*	camera (CameraSM), surface-agent sensor (TwoDSensorModule), salience (SalienceSM)
	actions	Monty.Frameworks.Actions.*	the fourteen actions as structs, and the samplers that draw their parameters
	motor	Monty.Frameworks.Models.MotorPolicies.*	surface, informed, naive-scan and predefined policies
	the world's side	Monty.Simulators.Port, Monty.Simulators.Environment	the behaviour a world implements, and a process boundary for one in another language
	attention	Monty.Attention.*	voxel grids, decay, merging and goal filtering
	maths	Monty.Geometry.*, Monty.Math, Monty.Cmp.*	rotations, orthonormal frames, the messages between modules

Every module keeps Monty's own name: Python a/b.py::C is Monty.A.B.C here,
one to one, enforced by the module map in the application that ships with this
package. That is the point of the port — a reader of Monty's source can find the
same file here.
Driving it
A model is a tree of processes; a host starts them in its own supervisor:
children = [
  Monty.Runtime.Registry,
  {DynamicSupervisor, name: Monty.Runtime.ModelSupervisor},
  MyApp.Motor
]
Then a step is a call: observations in, actions out. The world is whatever
implements Monty.Simulators.Environment — a robot driver, a simulator, or the
stand-in scene this package carries for tests. examples/ beside the packages
in the repository is a program that does exactly this, and does not use the
studio.
What is deliberately not here
	The experiment catalogue and Hydra configs — those are the application's, and
they are what makes a recognised Monty experiment rather than a system.
	The run store, the web interface and the Python world.
	Anything requiring a database, a web server or a Python interpreter.

Speed
The hot loops cross into Rust (native/): the k-d index, the feature-evidence
kernel, the curvature fit. Every one of them has an Elixir path that is the
reference and the fallback, so a machine without a Rust toolchain runs
everything, slower. config :ex_tbp_monty_core, native_kernels?: false forces
the Elixir paths.
Licence
MPL-2.0. Monty itself is MIT; the copied parts say so where they are copied
(priv/monty/LICENSE) and docs/from-monty.md in the repository explains what
came from where.


  

    Module map

The port is only recognisable if a Monty developer can find any file they know.
One rule does that.
The rule
Monty.<CamelCase dirs>.<CamelCase file>.<Class>
with two collapses:
	an immediately repeated segment collapses (frameworks/actions/actions.py
→ Monty.Frameworks.Actions, not ...Actions.Actions);
	the class is dropped when it repeats the file name
(cmp.py::Message → Monty.Cmp.Message, hypotheses.py::Hypotheses
→ Monty.Frameworks.Models.EvidenceMatching.Hypotheses).

	Python	Elixir
	cmp.py::Message	Monty.Cmp.Message
	geometry.py::SurfacePoseVectors	Monty.Geometry.SurfacePoseVectors
	frameworks/models/buffer.py::FeatureAtLocationBuffer	Monty.Frameworks.Models.Buffer.FeatureAtLocationBuffer
	frameworks/models/abstract_monty_classes.py::Monty	Monty.Frameworks.Models.AbstractMontyClasses.Monty
	frameworks/models/evidence_matching/learning_module.py::EvidenceGraphLM	Monty.Frameworks.Models.EvidenceMatching.LearningModule.EvidenceGraphLM
	frameworks/models/motor_policies.py::SurfacePolicy	Monty.Frameworks.Models.MotorPolicies.SurfacePolicy
	frameworks/experiments/monty_experiment.py::MontyExperiment	Monty.Frameworks.Experiments.MontyExperiment
	frameworks/actions/actions.py::MoveForward	Monty.Frameworks.Actions.MoveForward
	sensor_modules/sensor_module.py::SensorModule	Monty.SensorModules.SensorModule
	simulators/mujoco/simulator.py::MuJoCoSimulator	Monty.Simulators.MuJoCo.Simulator.MuJoCoSimulator

The actor layer is the one addition: Monty.Runtime.* has no Python
counterpart, because in Python the loop itself is the runtime.
The second package: tbp.teleop
Teleop is the real-time GUI and teleoperation tool for Monty (matplotlib
panels, buttons, sliders, a live plotter). The same recognisability rule
applies with its own namespace:
	Python	Elixir
	src/tbp/teleop/controls.py::Controls	Teleop.Controls.Controls
	src/tbp/teleop/panels.py::Panel	Teleop.Panels.Panel
	src/tbp/teleop/plotter.py::Plotter	Teleop.Plotter.Plotter
	src/tbp/teleop/live_plotter.py::LivePlotter	Teleop.LivePlotter.LivePlotter
	src/tbp/teleop/policies.py::...	Teleop.Policies....
	src/tbp/teleop/helpers.py::...	Teleop.Helpers....
	src/tbp/teleop/default.py::...	Teleop.Default....

tbp.teleop is MIT-licensed like Monty; the point of the namespace is that a
teleop developer can find their module here without a translation table.
How each part is meant to land in a browser is a separate decision, made in
architecture.md: the matplotlib figure becomes LiveView
components, a StepHook stays a hook, and the mouse/keyboard controls become
LiveView events. The module map records where the logic lives, not how it is
drawn.
The map
lib/monty/module_map/data.ex is generated
from the checkouts:
mix monty.module_map.gen             # writes the module (both packages)
mix monty.module_map.verify          # fails on drift

It is written as Elixir rather than as a file read at run time. What the map
says decides which modules this application claims to implement, and every port
question starts there, so it belongs beside the code it describes — not at the
end of a path handed to a reader.
Each entry carries the Python path, the Elixir module, a status
(implemented, partial, planned, excluded) and, for exclusions and partial
ports, a reason. The verifier checks three things, for both packages:
	every Python file in a checkout has an entry;
	every entry marked implemented or partial points at a module that exists;
	every entry marked excluded or partial says why.

With no checkout it checks the last two only, and says which packages it could
not check from source rather than pretending it did: the map names the commit it
was generated from, and nothing a build or a test does needs the checkout. A
checkout that has moved since is reported too — the map still describes the
commits it names, which is a fact to read, not a failure.
The current counts are what mix monty.module_map.verify prints. They live
there and in data.ex, never here: a number
copied into prose is wrong by the next commit.
The generated file's counts are the honest progress bar for the port: the UI
will show per-experiment how much of the config it needs is already
implemented.
Claiming a module
	Pick an entry from lib/monty/module_map/data.ex.
	Create the module at its mapped name.
	Port the behaviour as pure functions, keeping Monty's vocabulary.
	Test it — against a Monty fixture when numbers are involved.
	mix monty.module_map.gen && mix monty.module_map.verify.
	scripts/quality.sh.

Marking something excluded is allowed; leaving it unexplained is not. A
verdict of excluded is a claim about somebody else's code, so
planned-classes.md keeps the evidence for each one and
says which classes are still owed.
A module that is here but only as far as anything here uses it is partial, and
it makes a claim about our code that has to be checked the same way:
partial-classes.md argues each one from the module's own
admission of what it leaves out, and says how the list was swept for.


  

    Differences, and what this port suspects in Monty

Two things make an Elixir run disagree with a Python one: a decision this port
made, and something in Monty that looks wrong. Both are here, because anyone
comparing two sets of numbers needs them together.
Where an entry suspects Monty, suspected is doing work: it says what the code
does, what its own comments say it means, and what evidence there is. Someone who
knows the project better may read the intent differently, and nothing here has
been reported upstream.
Read this first
Two entries change a run's numbers. Read those two before you diff a run.
	§2.1 Random streams
— the one that bites.
	§2.5 A sampler answers the stream it leaves behind
— the same stream, one layer down.

Everything else changes where code lives, what an error looks like, or what
happens on a path Monty itself never takes.
Looking for something specific?
	If you are asking…	Read
	"two runs disagree — is it me or Monty?"	§2.1 and §2.5
	"is this a bug in Monty, or deliberate?"	§1
	"why is the Elixir code shaped differently?"	§2
	"has this been compared against Monty yet?"	validation.md

Status words, used in one column of the table below:
	Word	Means
	Confirmed	It follows from Monty's code alone.
	Suspected	It looks wrong; only Monty's authors can say what was meant.
	Latent	It looks wrong, but something else stops it being reached today.
	Reproduced	This port keeps it on purpose, so numbers stay comparable. A test pins it.
	Decision	Not a defect — the port chose a different shape.

At a glance
	§	What	Status	What this port does
	1.1	A sanity check that compares a value with itself	Confirmed	Ports the transform, drops the check
	1.2	np.all over the three Euler angles	Confirmed, np.any is what the comments describe	Reproduced on purpose, pinned by a test
	1.3	Same, over the top-two ids	Confirmed, and Monty's TODO names the fix	Reproduced on purpose, pinned by a test
	1.4	argsort(...)[-2] on one hypothesis	Latent	Answers {best, nil} instead
	1.5	A name bound after its first read	Latent	Answers a value, not an unbound name
	1.6	A checkpoint saves one attribute and restores a different one	Confirmed, only bites a resumed run	No checkpoint loading here
	1.7	A depth of 0 (nothing there) read as "object within a metre"	Suspected, masked by the configured transform	Ports the transform that masks it, and applies it before any module reads
	1.8	Unprojection samples the image's edges, not its pixel centres	Suspected, sub-millimetre at Monty's scale	Reproduced, and the stand-in world renders the same grid
	1.9	A mean divided by the count twice inflates the plane fit's scatter matrix	Suspected, nil for a centred neighbourhood	Reproduced on purpose, recorded at the code site
	1.10	A "pose not defined" flag written to the wrong features dict	Suspected, needs a percept to be visible	Reproduced on purpose, pinned by a test
	1.11	A comment says OpenCV picks 6*sigma + 1; measured, it picks 8*sigma + 1	Confirmed by measurement	Follows the code (OpenCV), not the comment
	1.12	cvtColor on a uint8 image answers 8-bit Lab, so it quantises	Confirmed by measurement over every 8-bit colour	Floats; agrees to 2.67 of 255
	1.13	INTER_AREA with one axis enlarging is neither area nor linear	Confirmed by measurement; unreachable from Monty's pyramids	Answers the area average
	1.14	A depth of zero, mapped to log-depth zero, is above every real depth	Suspected; masked by the depth transforms real configs use	Reproduced on purpose, pinned by a test
	1.15	OpenCV's Gaussian and SciPy's are one function truncated two ways	Confirmed by measurement	Each where Monty uses it: OpenCV for salience, SciPy for the positioning procedure
	2.1	One mutable RNG threaded through every module	Decision	One stream per episode, held in a process
	2.2	A policy sets a flag on the motor system	Decision	The flag travels in the result
	2.3	The motor system mutates itself	Decision	It answers with its next version
	2.4	get_output answers a bare Message	Decision	{message, module}, like every step
	2.5	A sampler needs the stream it just used	Decision	Samplers answer {action, rng}
	2.6	The top-two lookup raises	Decision	Answers {best, nil}
	2.7	A 530-line module for one centre pixel	Decision	The read lives in the policy namespace
	2.8	Python's strings, objects, units	Decision	Atoms, tuples, Monty's units
	2.9	Subclassing	Decision	Public function + module-dispatched hook
	2.10	features["object_coverage"] raises when it was not asked for	Decision	A missing coverage is zero
	2.11	A sensor's step always answers a percept	Decision	No surface to see is nil, not a made-up location
	2.12	Two classes compose a sensor's world pose	Decision	One function, two callers
	2.13	Protocols for isinstance, and transforms that mutate themselves	Decision	The port's one sensor behaviour; a transform answers itself
	2.14	The positioning loop has no bound	Decision	Stops after 100 steps, and says so
	2.15	Two recording environments	Decision	A recording names which interpreter made it
	2.16	Distractors are placed around the target	Decision	Refused — the stand-in world holds one object
	2.17	A policy is handed the live model	Decision	Handed a view of it: four readings
	2.18	A memory is a torch pickle	Decision	An export (JSONL), read once and copied per run
	2.19	"Back where it started" is exact float equality	Decision	An angle, to a thousandth of a degree
	2.20	An episode's answer is written into modules	Decision	A call per module; impossible configs refused, not crashed

How the links work
Monty's code is linked to
thousandbrainsproject/tbp.monty at 9130364
— the revision these entries were read from, which is why line numbers are pinned
to it; the function names will outlive them. The map and the shipped config copy
have moved on since (monty@760ad17,
priv/monty/inputs.json), so a line number here is a
line of 9130364 and not of today's checkout. This port's code is linked
relative to this file. Snippets are quoted verbatim, only dedented from Monty's
nesting.

1. Suspected defects in Monty
1.1 The sanity check in _compute_graph_mismatch cannot fail
In one line: it can never fail, so the one check that the two graphs are being
compared in the same frame does nothing.
What's wrong. The check subtracts an expression from itself, so the
difference is exactly zero and the assertion compares a value with itself.
The code.
goal_generation.py:671-682
# Perform the same transformation to the estimated location (sanity check)
transformed_current_loc = top_mlh["rotation"].inv().apply(
    top_mlh["location"]
) - top_mlh["rotation"].inv().apply(top_mlh["location"])
transformed_current_loc = (
    second_mlh["rotation"].apply(transformed_current_loc)
    + second_mlh["location"]
)
assert np.all(transformed_current_loc == second_mlh["location"]), (
    "Graph transformation to 2nd object reference frame not returning correct "
    "transformed location"
)
What it should be. The comment calls this a sanity check, so it should check
what the comment claims: that the transform which puts the most likely object's
graph into the second object's learned frame round-trips a point — transform
top_mlh["location"] into the second object's frame and back, and assert it
returned.
Why it matters. It is the only check that the two graphs are being compared
in one frame. Without it, a broken transform would silently make the "most
disagreeing" point arbitrary, and the goal generator would jump somewhere
unrelated without saying so.
What this port does. The transform is ported unchanged, as
EvidenceGoalGenerator's private into_frame/3 — see
evidence_goal_generator.ex —
and the assertion is not recomputed, with the reason in a comment there.
Nothing about the numbers changes.
1.2 np.all over Euler angles: a single-axis rotation is never a pose change
In one line: a rotation about one axis never counts as a pose change, so
fewer hypothesis-testing jumps happen than the comments describe.
What's wrong. np.all over three elementwise comparisons is true only when
all three Euler angles differ, so a rotation about a single axis never counts
as a pose change.
The code.
goal_generation.py:960-973,
in _check_conditions_for_hypothesis_test:
if self.prev_top_mlhs is not None and np.all(
    top_mlh["rotation"].as_euler("xyz")
    != self.prev_top_mlhs[0]["rotation"].as_euler("xyz")
):
    logger.debug("Hypothesis jump indicated: change in most-likely rotation of MLH")
    return True
What it should be. On the reading the comments support: np.any, so that any
changed angle is a changed pose. The comment above the block names exactly that
case — "we didn't find the mug handle following a previous jump, and have
therefore eliminated a pose" — and the TODOs above ask for an angle threshold
"rather than it needing to be identical", both of which say "a difference
counts". If the intent was instead "only a change of all three angles counts",
the comments are what is wrong.
Why it matters. It decides when the agent spends a hypothesis-testing
jump. Some pose changes that should prompt one do not, so the number of jumps,
and therefore the path, differs from the documented intent.
What this port does. Reproduced exactly — correcting it here would make our
runs diverge from Monty's, which is the one thing a comparison cannot afford.
Pinned by the test "does not treat a turn about one axis as a new pose" in
evidence_goal_generator_test.exs.
1.3 np.all on the top-two ids, stricter than its own comment
In one line: the jump condition fires only when both of the top two
changes — a new runner-up under the same leader does not count.
What's wrong. The condition fires only when both ids change. A new
runner-up under an unchanged leader is not a change as far as this code is
concerned. The comment above says "if the identities or order … of the top two
MLH changes", and the log line inside says "change or shuffle in top-two MLH
IDs" — neither says that both must change.
The code.
goal_generation.py:942-960
# If the identities or *order* (i.e. which one is most likely)
# of the top two MLH changes, perform a new jump test, as this
# is a reasonable heuristic for us having a new interesting
# place to test
# TODO when optimizing, consider using np.any rather than np.all, i.e. as long
# as there is any change in the top two MLH
if self.prev_top_mlhs is not None and np.all(
    [
        self.prev_top_mlhs[0]["graph_id"],
        self.prev_top_mlhs[1]["graph_id"],
    ]
    != [top_id, second_id]
):
    logger.debug(
        "Hypothesis jump indicated: change or shuffle in top-two MLH IDs"
    )
    return True
What it should be. np.any, as the TODO in the same block says — unless the
intent really is "only a change of both counts", in which case the comment and
the log line are what is wrong. Either way the code and its own description
disagree, and only Monty's authors can say which was meant.
Why it matters. Same consequence as §1.2: fewer hypothesis-testing jumps than
the comment describes. The two np.alls are one reason an Elixir run and a
Python run can take different numbers of steps on the same object — unless both
read the intent as I do here and the comments are the thing that is wrong.
What this port does. Reproduced, pinned by "does not jump when only one of
the top two changes".
1.4 argsort(...)[-2] on a single hypothesis
In one line: with one hypothesis, [-2] raises — but a guard upstream keeps
the case out of reach today.
What's wrong. With one hypothesis the evidence array has length one, and
[-2] raises IndexError: index -2 is out of bounds.
The code.
learning_module.py:758-763
def get_top_two_pose_hypotheses_for_graph_id(self, graph_id):
    """Return top two hypotheses for a given graph_id."""
    mlh_for_graph = self._calculate_most_likely_hypothesis(graph_id)
    second_mlh_id = np.argsort(self._hypotheses[graph_id].evidence)[-2]
    second_mlh = self._get_mlh_dict_from_id(graph_id, second_mlh_id)
    return mlh_for_graph, second_mlh
What it should be. Answer "there is no second best" rather than raise: guard
the length, or sort once and take the last two when there are two.
Why it matters — and why it is latent. Its only caller is
EvidenceGoalGenerator._compute_graph_mismatch, whose result is only used when
focus_on_pose is set, and that flag is set only after a guard that returns
early while the object still has a single hypothesis —
goal_generation.py:900-904
and again at
925-930:
if len(self.parent_lm._hypotheses[top_id].evidence) == 1: return False. Nothing
changes the hypothesis space between that guard and the call, so the crash is
out of reach today. It becomes reachable the moment those two pieces of code are
separated — for example by computing goals a step later than the gating
decision.
What this port does. Answers {best, nil} for a single hypothesis instead of
raising, and says so in the doc of
EvidenceGraphLM.get_top_two_pose_hypotheses_for_graph_id/2.
An exception becomes a value the caller must handle, which is a difference in
its own right — see §2.6.
1.5 first_sensor is only bound inside the loop
In one line: an agent with no sensors fails with UnboundLocalError several
lines later, instead of the message the code intends.
What's wrong. first_sensor is assigned on the loop's first iteration and
read after it. An agent reporting no sensors leaves it unbound, so the failure is
an UnboundLocalError several lines later rather than the message the code
intends.
The code.
motor_policies.py:905-911
— the same pattern again at
633-639,
in JumpToGoal:
for ii, current_sensor in enumerate(self._pre_jump_state.sensors):
    if ii == 0:
        first_sensor = current_sensor
    assert np.all(
        self._pre_jump_state.sensors[current_sensor].rotation
        == self._pre_jump_state.sensors[first_sensor].rotation
    ), "Sensors are not identical in pose"
What it should be. Collect the rotations first and compare the collection, so
the empty case is a decision the code makes rather than a name it forgot.
Why it matters. Diagnostic only: an agent with no sensors is itself nonsense,
so no numeric run is affected. It costs whoever is debugging an odd environment
more time than spelling out the empty case would have.
What this port does.
InformedPolicy.shared_sensor_rotation/1
asks for the shared rotation with the empty case spelled out — the identity when
there are none — so the failure mode is a value rather than an unbound name.
1.6 JumpToGoal saves one name and restores another
In one line: a policy resumed mid-jump comes back with no undo actions and no
memory that it was jumping.
What's wrong. The jump state is saved from _undo_actions and restored into
_undo_jump_actions, which nothing in JumpToGoal reads or writes. is_jumping
is saved and never restored. So a policy restored from a checkpoint has no undo
actions and does not know it was mid-jump.
The code.
motor_policies.py:463-478,
where the two names meet:
def load_state_dict(self, memento: Memento) -> None:
    self._agent_id = memento["agent_id"]
    self._undo_action = memento["undo_action"]
    self._is_undoing_jump = memento["is_undoing_jump"]
    self._pre_jump_state = memento["pre_jump_state"]
    self._undo_jump_actions = memento["undo_jump_actions"]

def state_dict(self) -> Memento:
    return {
        "agent_id": self._agent_id,
        "undo_action": self._undo_action,
        "is_jumping": self._is_jumping,
        "pre_jump_state": self._pre_jump_state,
        "undo_jump_actions": self._undo_actions,
    }
The actions the jump computes are stored in _undo_actions
(line 662)
and read from there when an undo is due; _undo_jump_actions appears nowhere else
in the class, and _is_undoing_jump is written by load_state_dict and read by
nothing.
What it should be. One name for one thing, and every saved key restored:
load into _undo_actions, restore _is_jumping, and drop _is_undoing_jump if
the class does not use it. Which of the two names is the right one is Monty's
call; that they differ is not.
Why it matters. Only when a run is resumed from a checkpoint — mid-jump, the
undo actions are lost, so a jump that landed badly cannot be undone and the
sensor stays where it landed. Everywhere else this is invisible.
What this port does. Nothing: load_state_dict/state_dict are absent, by
the decision recorded in
motor_policy.ex
— this port's checkpoint is the studio's own record of a run, not a memento
handed back to a policy. If that changes, this defect is the reason to write the
checkpoint test first.

1.7 A depth of zero is read as an object a metre away
In one line: "no depth" (0) reads as "object closer than 1 m", so an agent
facing nothing backs away from it, every step, forever.
What's wrong. A surface agent that cannot see the object is supposed to
search for it. Before it searches, _touch_object reads the depth at the centre
pixel and treats anything closer than a metre as the object to move onto. A
depth image reports 0 where the camera saw nothing — Monty's own convention
elsewhere: sensor_processing drops points whose depth is 0, and CameraSM
reports min_depth and mean_depth over the ones that are not 0. So a view with
nothing in it takes the "move onto it" branch, and the distance comes out
negative, because the object distance and the sensor's height are both positive.
The agent backs away from the emptiness, every step, for as long as the view
stays empty.
The code.
motor_policies.py:1163-1179:
depth_at_center = PositioningProcedure.depth_at_center(
    agent_id=self.agent_id,
    observations=observations,
    sensor_id=view_sensor_id,
)
if depth_at_center < 1.0:
    distance = (
        depth_at_center
        - self.desired_object_distance
        - state[self.agent_id].sensors[view_sensor_id].position[2]
    )
    ...
    return MoveForward(agent_id=self.agent_id, distance=distance)
PositioningProcedure.depth_at_center
(positioning_procedures.py:76-94)
returns the pixel as it is: no check for "no return".
What it should be. Decide what a depth of 0 means before comparing it with a
metre — search, or ask the world for a depth it trusts. Which is Monty's call;
that 0 is not a distance is not.
Why it is suspected rather than observed. Monty's experiments put a
transform in front of the camera that removes the case:
MissingToMaxDepth(max_depth: 1) replaces every depth of 0 with 1, and 1 is not
less than 1, so the search branch runs as intended. The surf agent's own config
says so —
tests/conf/snapshots/base_config_10distinctobj_surf_agent.yaml:152-160.
So the trap is latent: it needs a depth image that still has 0 in it — a raw
sensor, or a transform chain that left MissingToMaxDepth out.
What this port does. Reproduces the branch as it is, and ports the transform
that moves the trap out of reach: MissingToMaxDepth
(missing_to_max_depth.ex)
is built from the experiment's config and applied to observations before any
module reads them (Monty.Studio.Run). Without it, a surface agent against a
world whose miss is depth 0 backs away 13.5 cm per step.
1.8 The pixel grid is not a camera's pixel grid
In one line: the unprojection grid spans the image's edges rather than its
pixel centres, so every point is half a pixel out.
What's wrong. A depth image is unprojected with a grid that runs from −1 to
+1 over the pixels, not over the pixel centres:
x, y = np.meshgrid(
    np.linspace(-1, 1, self.w[i]), np.linspace(1, -1, self.h[i])
)
The first sample lands on the image's left edge and the last on its right one. A
camera's first pixel centre is half a pixel in from the edge, so the grid is a
half pixel too far left at one edge, a half pixel too far right at the other,
and w / (w - 1) too wide — 64/63 for the 64-pixel patches Monty's experiments
use. Everything unprojected inherits both errors: a surface point is displaced
by about fx · depth / w, and the patch's middle pixel — the one a sensor module
reports the surface normal and the principal curvatures at — sits 1/64 of the
half-width off the sensor's own axis rather than 1/128.
The code.
transforms.py:597-599
and the center_id that both SensorModule and
MontyForEvidenceGraphMatching compute as half_obs_dim + obs_dim * half_obs_dim
(sensor_modules.py:207-210).
What it should be. linspace(-1 + 1/w, 1 - 1/w, w) — the pixel centres —
which is what the simulator that produced the image rendered.
Why it is suspected rather than observed. At Monty's surface scale the
displacement is microscopic: for a patch at ten times zoom on an object 5 cm
away, fx · depth / w is 78 µm and the off-axis centre is 1.6 mm out. Nothing
in a Monty run would notice. It is recorded because it is visible the moment the
world and the transform have to agree with each other, which is what this port's
stand-in simulator does.
What this port does. Reproduces Monty's grid in the transform
(depth_to_3dlocations.ex),
and renders the stand-in world's image on the same grid
(scene.ex) so that the two
disagree about nothing. A test unprojects every pixel of a rendered patch and
requires the points to land on the sphere.
1.9 The mean is divided by the count twice in the plane fit
In one line: np.mean already divides by the count, so dividing again leaves
the mean's outer product in the scatter matrix.
What's wrong. surface_normal_total_least_squares builds the scatter matrix
a total-least-squares plane fit is made of — the covariance of the patch's
points — and subtracts the mean's outer product from the second moment. The mean
it subtracts has already been averaged, and is then divided by the count again:
p_mean = 1 / n_points * np.mean(x_mat, axis=0, keepdims=True).T
m_mat = 1 / n_points * np.matmul(x_mat.T, x_mat) - np.matmul(p_mean, p_mean.T)
np.mean divides by n_points already, so m_mat is C + (1 - 1/n²) μμᵀ
rather than the covariance C: the mean's outer product is under-subtracted by a
factor, and the matrix is inflated along the direction of the neighbourhood's own
offset from the origin. The eigenvector with the smallest eigenvalue is then not
the normal of the best-fit plane in general.
The code.
sensor_processing.py:437-441.
What it should be. p_mean = np.mean(x_mat, axis=0, keepdims=True).T — once.
Why it is suspected rather than observed. The neighbourhood the fit uses is
already expressed relative to the middle pixel (center_neighbors subtracts it),
so for a symmetric neighbourhood μ is near zero and the difference is nil. It
shows when the neighbourhood is one-sided — the middle pixel near the edge of the
object, so that most of the patch is masked out — and even then it is small: on a
five-centimetre sphere's patch at five centimetres, with a quarter-patch
neighbourhood, the two estimates differ by about a degree. Measured here with
numpy against the covariance the comments describe, not from a Monty run.
What this port does. Reproduces the expression as it stands
(sensor_processing.ex),
so a normal estimated here and one estimated by Monty move together, and records
it at the code site.
1.10 The "pose not defined" flag is written where nothing reads it
In one line: the flag lands in features, while every reader looks in
morphological_features.
What's wrong. A sensor module computes whether the curvature directions are
meaningful — two principal curvatures that differ by less than
pc1_is_pc2_threshold leave the directions arbitrary — and reports that as the
morphological feature pose_fully_defined. When it could not do the fit at all
(no curvature feature was requested, or no surface normal was found) it flags the
percept anyway, but writes the flag into the non-morphological features:
        else:
            # Flag that PC directions are non-meaningful for e.g. downstream motor
            # policies
            features["pose_fully_defined"] = False
So a percept can carry pose_fully_defined: False in its features and
pose_fully_defined: True among its morphological features at the same time, and
a policy that reads the morphological one — which is where the same name is
computed and where every other reader looks — sees neither. Monty's
Message.get_feature_by_name searches the non-morphological features first, so a
reader going through it sees the flag; a reader indexing
morphological_features does not.
The code.
sensor_modules.py:339-343.
What it should be. morphological_features["pose_fully_defined"] = False,
which is the dict the same quantity is written to a few lines earlier
(sensor_modules.py:294).
Why it is suspected rather than observed. For the experiments this port runs
— a surface agent whose config asks for principal_curvatures — the else fires
only when no surface normal could be fitted, and in that case
process_features_in_lm is false as well, so the percept never reaches a learning
module. The disagreement is visible on a percept, not in a result.
What this port does. Reproduces it
(observation_processor.ex),
with a test that pins the flag where Monty puts it.
1.11 The RGB blur comment names the wrong kernel size
In one line: the docstring says OpenCV picks 6*sigma + 1; measured, it picks
8*sigma + 1.
What Monty does. GaussianBlurRGB passes (kernel_size, kernel_size) to
OpenCV, and its docstring says what OpenCV does when kernel_size is left at
zero:
            kernel_size: Kernel size for blur. If 0 (default), OpenCV auto-computes
                from sigma using `6*sigma + 1` rounded to nearest odd. If specified,
                must be odd.
Measured against OpenCV 4.10 on a float image, the kernel it picks is
8*sigma + 1, rounded and forced odd — sigma: 2 is seventeen pixels, not
thirteen
(transforms.py:290-301).
What this port does. Follows the code, because the code is what decides the
numbers: GaussianBlurRGB derives round(8*sigma + 1) and forces it odd, and a
test pins the sizes OpenCV answers (sigma: 1 → 9, 1.5 → 13, 2 → 17). The
port's kernel was checked against cv2.GaussianBlur itself to 1.0e-7, which is
float32 precision.
Why it matters little, and where it would. No config that uses this transform
leaves the kernel size at zero — they give a sigma and take the default kernel
— so the difference is latent for Monty's own experiments, and would only show in
a config that relies on the comment's arithmetic.

1.12 Lab goes through OpenCV's 8-bit tables
In one line: uint8 in, so Lab comes back 8-bit and quantised rather than
floating point.
What Monty does. vocus2/images.py converts an 8-bit RGB image to Lab and
divides by 255 to bring it into [0, 1]:
    return cv2.cvtColor(image, cv2.COLOR_RGB2Lab).astype(np.float32) / 255.0
(vocus2/images.py:22-28)
Because the input is uint8, OpenCV answers CV_8U — L from 0 to 255 for 0 to
100, and a and b shifted by 128 — so the conversion quantises, and OpenCV's
integer path is not the same arithmetic as the floating-point definition.
What this port does. Computes the standard chain — sRGB gamma decode,
OpenCV's D65 matrix, the Lab cube-root — in floating point, then applies the same
0..255 scaling and divides by 255. Measured against OpenCV 4.10 over all
16,777,216 8-bit colours, the worst disagreement is 2.67 units of 255, in the
dark saturated corner: about one percent of the range.
Why it matters little. The two opponent spaces, which are what VOCUS2's
a/b channels actually use for colour opponency, are exact. Lab reaches the
port only where a config names it as its colour converter, and a one-percent
lightness difference moves a salience weight by about as much. Reproducing it
exactly would mean reimplementing OpenCV's lookup tables, which is a different
kind of promise than this port makes: it reproduces Monty's numbers, not
OpenCV's rounding.

1.13 cv2's area resize does something else when only one axis enlarges
In one line: enlarge one axis and shrink the other, and INTER_AREA stops
being an area average — it is neither area nor linear.
What Monty does. vocus2/images.py::resize is a thin wrapper over
cv2.resize, and the pyramids use INTER_AREA to shrink by an octave and
INTER_CUBIC to enlarge:
def resize(
    image: npt.NDArray[np.float32],
    shape: tuple[int, int],
    interpolation: int = cv2.INTER_AREA,
) -> npt.NDArray[np.float32]:
    return cv2.resize(image, (shape[1], shape[0]), interpolation=interpolation)
(vocus2/images.py:64-69)
Measured, INTER_AREA is the area average whenever the destination is no larger
on either axis (checked in one and two dimensions). When the destination is
larger on exactly one axis and smaller on the other, OpenCV answers something
that is neither the area average nor the linear interpolation: a 3×8 image
resized to 6×3 has 0.625 in its first pixel where the area average is 0.875.
What this port does. Answers the area average in every case, which is what
the name means. The parity fixture in
images_parity_test.exs
pins the cases Monty reaches: an octave halving, a non-integer shrink, and three
cubic enlargements.
Why it matters little, and where it would. A pyramid only ever shrinks by
area and enlarges by cubic, so no Monty experiment reaches the mixed case. It
would show in a strategy that resized an image to a shape larger on one axis
only — none does today.

1.14 A pixel with no depth becomes the nearest patch in the view
In one line: an empty pixel scores as the nearest thing in view, so a hole
in the depth map looks like an object held against the lens.
What Monty does. DepthSalience.process turns a depth image into
-log(depth) and then removes the infinities:
        image = -np.log(image).astype(np.float32)
        image = np.nan_to_num(image, posinf=0.0)
(vocus2/vocus2.py:316-317)
A depth of zero — nothing there — is exactly what produces the +inf, so this
line decides what an empty pixel means to the depth channel. Mapping it to zero
puts it at the top of the log-depth scale: a real depth of 2 m is about
-0.69 here, so an empty pixel arrives 0.69 nearer than everything else in the
view, and the centre/surround difference that follows is a strong positive
response. The pixel is then one of the most salient in the map.
Why it is probably not what was meant. The line is removing infinities, not
choosing a meaning for absence; the natural reading of "no depth" is "no
evidence", which would be a large positive log-depth — the bottom of the scale —
or a mask. As written, a hole in the depth map is indistinguishable from an
object held against the lens.
What this port does. Reproduces it, arithmetic and consequence, because a
number that differs from Monty's is worse than a number that agrees with a
suspected defect. A test pins the behaviour: the empty corner answers a positive
salience, lower than a real near step's but not zero, and
DepthSalience's docs say so at the code site.
Why it is latent for Monty's own experiments. The transforms a camera runs
before a salience module sees its depth — MissingToMaxDepth and
DepthTo3DLocations — turn a missing reading into the maximum depth, not into
zero, so the case is rare in a configured run and reachable mainly by a caller
that hands a depth image straight to the strategy.
1.15 Monty's two Gaussians are not the same Gaussian
In one line: cv2.GaussianBlur and scipy.ndimage.gaussian_filter differ in
kernel size, edge rule and reach — they are not interchangeable.
What. The salience code blurs with OpenCV — cv2.GaussianBlur, kernel size
8σ+1 (§1.11), BORDER_REFLECT_101 (§1.11) — and the positioning code smooths
with SciPy — scipy.ndimage.gaussian_filter(image, sigma, mode="constant"), a
kernel of radius int(4σ + 0.5), normalised to one, applied separably with
zero padding. Same mathematical object, different truncation, different edge
rule, and a factor-of-two difference in how far the kernel reaches.
Why it matters to a port. Both are now implemented, and reusing one for the
other would be wrong by more than the smoothing: at σ = 1 the SciPy kernel has
nine taps and the OpenCV one seventeen. The SciPy rule was measured against
SciPy's own answer over an image of random values — worst difference 2e-16
over σ = 1, 2, 3 — before it was written down, and the recorded answers of
GetGoodView check the whole of it, because the pixel the procedure aims at is
the maximum of the smoothed mask.
A plateau is not a specification. On a symmetric object the smoothed mask
has a flat maximum, and which pixel NumPy's argmax returns is then a fact about
summation order, not about Monty: two faithful implementations can disagree by a
pixel. The fixture therefore uses a notched object, whose brightest pixel is
clear of the runner-up by 0.02 of the mask's height.

2. Where this port deliberately differs
Decisions, not suspected defects. Each is a place where two runs can differ
without either being wrong.
2.1 Random streams: one stream per episode, NumPy's numbers
In one line: Monty threads one mutable RNG through every module; so does this
port — but as a process, not a value passed around.
The difference. Monty threads one mutable RandomState (ctx.rng) through
every module in step order, so what a module draws depends on how many draws
everything before it made. This port used to derive a stream per module from the
episode seed, the module id and the step, and it no longer does: the episode's
one stream is Monty.Random.Stream, seeded with the episode's seed and drawn by
whatever the coordinator steps next.
The code.
motor_policies.py:217
is where a policy draws (self.action_sampler.sample(self.agent_id, ctx.rng)).
Seventeen calls read ctx.rng across eight files — motor_policies.py ten
times, the sensor modules and goal_generation.py once each — so everything
that samples shares one stream. Ours: Monty.Random.Stream (the stream) and
Monty.Random.Numpy (the generator), reached from a module as ctx.rng.
Why a process is the faithful translation. A single mutable object shared by
everything in a step is what the BEAM calls a process. The alternative — a value
threaded through every module call — would have every module answer its advanced
stream, so the coordinator's step would be rewritten for a number generator. The
process keeps the modules pure and the ordering property exact.
What it costs, and what it does not. A draw is a call, and a step's draws
come in the order the modules are stepped. That is why the coordinator now steps
sensor modules one at a time: with a barrier, which module drew first would be
decided by which call arrived first. Monty's own loop is one call after another
for the same reason, so a step's numbers are unaffected — a step's wall clock
is the sum of the sensor modules rather than the slowest.
Measured. Against Monty's own world
(scripts/probe_world_episodes.exs,
base_config_10distinctobj_dist_agent), with
Monty.Frameworks.Experiments.Seed giving the episode seed Monty's own
episode_seed column: the first action of the first episode is
turn_left 16.782644145270698° + look_up 20.802956601860625° in both. Before
the stream it was turn_left -33.06° + look_up 11.29° — the salience module's
dither, drawn from a stream that was not Monty's, pushing LookAtGoal towards a
different point of the same view.
What is still not Monty's, and why it is no longer this. Two episodes of ten
agree with Monty step for step (21 and 28 steps), and eight do not:
21/27/28/36/40/34/38/37/46/45 here against 21/28/28/26/42/21/35/50/47/29. The
stream is in step for the first seven of them, though — the same number of
32-bit words consumed at every step (228, 40, 400, 420, 512, 456, 6) — and the
first action that differs is chosen while both streams stand at word 184. So the
two runs draw the same numbers and decide differently: the difference is in
goal selection at the step the learning module's evidence first drives the motor
system, and only from step 8 do the draws differ as a consequence of the
different view. That is a decision to compare, not a generator to port.
A camera's message noise draws from the stream too, since 2026-11-06. It used
to draw from Monty.Context.rng_for/2 — an Erlang :exsss stream of the sensor's
own, one per step — so a config with noise_params made none of Monty's numbers
and spent none of the episode's stream: every draw after it belonged to a
different experiment. DefaultMessageNoise now draws NumPy's normals from
ctx.rng (Monty.Random.Stream.normals/4, and random/1 for a boolean's
probability), which is where Monty's rng.normal(0, sigma, shape) and
rng.random() read. The numbers themselves are pinned against
numpy.random.RandomState(7) in camera_sm_test.exs.
Measured, unsupervised_inference_distinctobj_dist_agent, seed 42, episode 1,
step 0 — the first observation of the episode, per graph's highest evidence,
against a run of Monty's own captured from its dashboard stream
(contrib/liveview_experiment broadcaster, zmq_port):
	graph	Monty, noise_params removed	this port, noise_params removed
	mug	0.926976537864891	0.926976537864891
	bowl	0.911301662451220	0.911301662451220
	strawberry	0.809914	0.809913732534838
	mustard_bottle	0.806172	0.806172023088476
	spoon	0.762661	0.762661333111226
	potted_meat_can	0.673517	0.673516709831654
	dice	0.633181191709936	0.633181191709935
	c_lego_duplo	0.513050	0.513050464142806
	banana	0.471451	0.471450867812467
	golf_ball	0.469935	0.469934640113824

So the world, the positioning, the patch, the features and the feature evidence
are Monty's to the last bit — the largest disagreement in the table is one unit
in the last place. With the noise on, the same step reads 0.650 / 0.672 / 0.445
where Monty reads 0.856 / 0.880 / 0.710, and that is the remaining piece: a
noise_params is a dict in Monty and a map here, so the features are drawn in
the YAML's order there and in term order here, which assigns the same count of
draws to different features and — because rk_gauss keeps one spare value —
changes which random_sample calls interleave with it. Carrying the YAML's key
order into the composed config is the work that would close it.
Draw sites still on a per-module stream: DepthTo3DLocations noise,
Monty.SensorModules.SensorModule's transform pipeline, and
ActionSampler.stream/3.
2.2 motor_only_step travels in the result
In one line: the flag rides in the result instead of being set on a shared
object.
The difference. Monty hands the motor system to the selector
(fixme_provide_motor_system) so a policy can set motor_only_step on it
directly. Here the policy says it in the MotorPolicyResult and the motor system
carries it.
The code.
motor_policies.py:1120-1125
— the hack, in Monty's own words. Ours:
motor_policy_result.ex
and motor_system.ex.
Why it is deliberate. The same effect on the step, with no shared mutable
object between policy, selector and motor system.
2.3 The motor system answers with itself
In one line: every call answers the next version of itself, because a struct
cannot be changed in place.
The difference. MotorSystem.call/6 answers {actions, motor_system} rather
than only the actions. Same for the selectors and the policies.
Why it is deliberate. The record of what was decided has to live somewhere,
and a struct cannot be changed in place. Monty mutates itself; this returns the
next version of itself.
Where. motor_system.ex,
motor_policy_selectors.ex.
2.4 get_output/1 answers {message, lm}
In one line: {message, module}, so every step in the port has one shape to
compose.
The difference. Monty's returns the Message alone; ours answers it with the
module, like every other step in this port.
Why it is deliberate. One calling convention for every step, so composing
steps does not need to remember which ones answer bare values.
What to do about it. A caller that wants the confidence reads
elem(result, 0).confidence. See
EvidenceGraphLM.get_output/1.
2.5 A sampler answers the stream it leaves behind
In one line: {action, rng} — the caller threads the stream, so several
draws in one step get different answers.
The difference. Monty writes self.action_sampler.sample(self.agent_id, ctx.rng) and mutates ctx.rng in place, so one stream advances across the
episode. Here ActionSampler.sample/3 answers {action, rng} and the caller
threads it; a policy starts its stream from the context on the first draw and
reset/1 forgets it.
The code. Monty:
action_samplers.py:61-71.
Ours: action_sampler.ex,
used by base_policy.ex,
informed_policy.ex
and surface_policy.ex.
Why it is deliberate — and why it is not about speed. A policy draws more
than once in a step: SurfacePolicy samples a tangential direction and a
distance, and the search draws a random angle. A stream keyed to the step alone
would answer all of those draws with the same action, which is wrong rather than
slow. scripts/bench_samplers.exs records that
threading is also the cheaper
option (1.0 µs against 1.4 µs per draw, in a ~39 ms step), but that is a
tie-breaker, not the reason.
What it costs. The same as §2.1: the numbers a draw produces are Monty's for
a given stream, but the stream is not Monty's.
2.6 get_top_two_pose_hypotheses_for_graph_id/2 answers {best, nil}
In one line: "there is no second hypothesis" is a value here, not a raise.
The difference. Monty raises where this port returns a value — see
§1.4.
Why it is deliberate. A goal generator running without a hypothesis to test
is a normal state, not an exception, and a crash in the middle of an episode is
worse than a goal that is not proposed.
Where. evidence_graph_lm.ex.
2.7 depth_at_center is a function, and the policies delegate to it
In one line: the centre-pixel read lives with the procedures; policies reach
it through their own namespace.
The difference. Monty keeps it in positioning_procedures.py, as a
@staticmethod of PositioningProcedure at
line 75.
Here it is
PositioningProcedures.depth_at_center/3,
reading the same shape — observations[agent_id][sensor_id]["depth"], centre
pixel — and
MotorPolicies.depth_at_center/3
delegates to it.
Why it is deliberate. A behaviour cannot carry a static function, so the
question lives with the procedures and the policies reach it through their own
namespace, which is where the policies' code already asked it from while the
environment layer was unported. The call sites read as they did.
2.8 Small vocabulary differences
In one line: atoms for closed sets, tuples for quaternions, and Monty's units
wherever a number could differ.
	PolicyStatus is :ready | :in_progress here, "ready" | "in_progress"
upstream; the strings appear only on a wire.
→ policy_status.ex

	rotation_quat is a {w, x, y, z} tuple here and a quaternion object there;
ActionJSONDecoder converts on the way in from JSON lists.
→ action_json_decoder.ex
	Monty's fixme_undo_last_action raises TypeError("Invalid action: …"); ours
is undo_last_action/1 and raises ArgumentError naming the kind of action it
was given. The fixme_ prefix is Monty saying it would rather have
Action.undo, and the name here leaves the complaint out.
→ motor_policies.ex
	Actions keep Monty's units (degrees, metres, wxyz), deliberately: an action
built here must be the same object an environment there would perform.
→ action.ex

Why it is deliberate. Atoms for closed sets, tuples for quaternions, and
Monty's units throughout: the vocabulary stays Monty's where it would show up in
a number, and becomes Elixir's where it would not.
2.9 Inheritance becomes public functions and a module-dispatched hook
In one line: a public function plus a module-dispatched hook replaces
Python's class hierarchy — same actions, different address.
The difference. Monty's SurfacePolicy is an InformedPolicy: it inherits
the jump machinery and overrides __call__, reset and _handle_successful_jump.
Elixir structs do not inherit, so the port does two things Monty does not have to:
	the jump step is a public InformedPolicy.goal_driven_actions/4, taking any
policy that carries the jump fields (a jump_state shape) and answering the
policy it leaves behind — what SurfacePolicy calls instead of inheriting;
	Monty's _handle_successful_jump is handle_successful_jump/1, dispatched to
the policy's own module by MotorPolicies.successful_jump/1, because a private
function cannot be overridden by another module's struct.

The code. Monty:
motor_policies.py:1077-1100
(class SurfacePolicy(InformedPolicy)). Ours:
informed_policy.ex,
motor_policies.ex,
motor_policy.ex
(the optional callback) and
surface_policy.ex.
Why it is deliberate. Nothing observable changes: the same step produces the
same actions and the same policy state. What changes is where the code lives, and
that the shared shape is a type (InformedPolicy.jump_state/0) rather than a
class hierarchy.

2.10 Missing coverage counts as zero
In one line: a coverage nobody asked for reads as zero, instead of raising
KeyError.
What Monty does. A sensor module's percept is built from the middle pixel, and
a surface sensor may still extract features with that pixel off the object as long
as part of the patch is on it — so the condition reads the coverage it computed a
few lines earlier:
        if on_object or (self._is_surface_sm and features["object_coverage"] > 0):
features["object_coverage"] only exists if the config asked for that feature, so
a surface sensor that declared some other features and whose middle pixel is off
the object raises KeyError
(sensor_modules.py:222).
Every config Monty ships that sets is_surface_sm: true also asks for
object_coverage, so the crash is latent there.
What this port does. Reads a coverage that was not asked for as zero
(observation_processor.ex),
which answers the same question — "is any of this patch on the object?" — without
making a missing feature a crash. The percept itself still carries only the
features the config declared.

2.11 A sensor with no surface answers nil
In one line: a sensor that saw no surface says so; it does not invent a
location no pixel supports.
What Monty does. CameraSM.step always answers a percept: the processor
reads observation["semantic_3d"] and indexes its middle row, so an observation
that never went through the depth-to-points transform raises KeyError rather
than reporting nothing
(sensor_modules.py:196).
Monty's own environments always run the transform, so the path is never taken
there.
What this port does. ObservationProcessor.process/2 answers
{:error, :no_point_cloud}
(observation_processor.ex)
and CameraSM.step/4 answers nil
(camera_sm.ex) —
a sensor that saw no surface, which is a different thing from a sensor that saw a
surface it could not fit. The runtime already has a shape for a sensor with
nothing to say on a step: a module whose percept is nil contributes nothing to
the learning modules' inputs.
Why it is deliberate. The stand-in world in this port can answer an
observation that has not been through the transform — the view finder's
observation, before a transform the port has not written runs — and a percept
invented for it would carry a location that no pixel supports. A percept
describing nothing is worse than no percept at all.

2.12 The sensor's pose is composed once
In one line: one function composes a sensor's world pose, called by both
sensor modules — one rule, not two copies.
What Monty does. The sensor's place in the world is the agent's pose with the
sensor's own offset turned and added, and its rotation the two rotations
multiplied. Monty writes those two lines in two classes —
CameraSM.update_state
(sensor_modules.py:565-570)
and SensorModule.update_state
(sensor_module.py:193-198):
        self._sensor_state = SensorState(
            position=agent.position
            + qt.rotate_vectors(agent.rotation, sensor.position),
            rotation=agent.rotation * sensor.rotation,
        )
What this port does. One function, AgentState.sensor_pose/2
(agent_state.ex),
which both sensor modules call. It also owns the error for an agent that has no
such sensor, so the two classes cannot disagree about what that means.
Why it is deliberate. The two copies are one rule, not two: a change to how a
sensor is placed — a different offset convention, a normalised rotation — would
have to be made twice in Monty, and a run that got it once would disagree with
itself. Nothing observable moves: the same numbers come out of both callers, and
a test pins the composition through each of them.

2.13 Two protocols and a mutable transform become one behaviour and a threaded value
In one line: two Protocols become one behaviour, and a transform answers the
transform it leaves behind instead of mutating itself.
What Monty does. tbp/monty/sensor_modules/sensor_module.py declares
RuntimeSensorModule and Transform as Protocols, and
tbp/monty/experiment/sensor_module.py declares ResettableSensorModule and
ExperimentTransform. The protocols exist so a runtime can ask
isinstance(module, RuntimeSensorModule) or
isinstance(transform, ExperimentTransform) — structural typing, not a base
class. And a transform is a mutable object: the sensor module calls it and the
object keeps whatever it learned
(sensor_module.py:180-186).
What this port does. Three things, all of them the same discipline the rest of
the port follows:
	a protocol that only asks "does this object have these functions?" is a
behaviour here, and the port has exactly one sensor behaviour —
Monty.Frameworks.Models.AbstractMontyClasses.SensorModule. So
RuntimeSensorModule and ResettableSensorModule do not become modules at all
(they are the only two classes marked :excluded in the module map for this
reason); a sensor module is something with update_state/2, step/4 and
reset/1;
	Transform is a behaviour, Monty.SensorModules.SensorModule.Transform, and a
transform that can also be reset declares the second one,
Monty.Experiment.SensorModule.ExperimentTransform — the same two callbacks,
which is what Monty's protocol pair means;
	because an Elixir struct cannot be mutated, a transform answers the transform it
leaves behind: call(transform, ctx, payload) :: {payload, transform}, and the
sensor module keeps that one for the next step. A reset then has something to
reset, which is what ExperimentTransform is for.

Why it is deliberate. Without the threading, a stateful transform — a
smoothing filter, a background model — would be frozen at construction and would
silently behave as if it were stateless. It is the same answer the port already
gives for samplers (§2.5) and for every step in the runtime: the result comes out
with the state it left.

2.14 The positioning loop is bounded
In one line: bounded at 100 steps, with an error that says so, instead of a
run that hangs.
What Monty does. ExperimentEnvironment.pre_episode builds each configured
positioning procedure and steps the environment until the procedure answers
terminated or truncated, with no bound on the number of steps (environment.py
lines 240-267).
A procedure that neither reaches the object nor gives up therefore hangs the
experiment.
What this port does.
Monty.Runtime.Positioning.prepare/5 stops
after :max_steps (100 by default) and answers
{:error, {:positioning_did_not_finish, steps}}.
Why. A hang inside a supervised job is a wedged run that nobody can see; an
error is a run that says what went wrong. Monty's own procedures finish in a few
dozen steps on the shipped configs — a studio run of
base_config_10distinctobj_dist_agent takes 25 — so the bound only fires where
Monty would have hung.
2.15 Two recording environments, and only one of them is Monty's
In one line: two interpreters on purpose, and every recording says which one
made it.
What Monty does. environment_arm64.yml pins python=3.8,
numpy<=1.23.5 (because numpy >= 1.24 drops np.long), quaternion=2023.0.3
(same reason), scikit-learn=1.3.2, pytorch=1.13.1, pyg=2.1.0,
pytorch-scatter=2.0.9, pytorch-sparse=0.6.15 and habitat-sim=0.2.2.
What this port records with. Two interpreters, on purpose:
	Monty's own conda environment tbp.monty — Python 3.8.20, numpy 1.23.5,
quaternion 2023.0.3, scipy 1.10.1, scikit-learn 1.3.2, torch 1.13.1,
torch_geometric 2.1.0, torch_sparse 0.6.15, torch_scatter 2.0.9,
omegaconf 2.3.0, habitat_sim 0.2.2 — which is the pin list above. Anything
that needs Monty's learning modules or its simulator is recorded here.
	A throwaway Python 3.13 environment built by
scripts/setup_monty_oracle.sh for the
recorders that only need arithmetic: numpy 2.4.1, OpenCV 4.10.0,
quaternion 2024.0.13, scipy 1.18.1, omegaconf 2.4.0, scikit-learn
1.9.1, and torch 2.15.0 with torch_geometric 2.8.1 when asked for. Used
where the conda environment is absent, and never where a Monty answer is what
is being recorded.

Why. The pinned environment exists here, so parity recordings are made in it;
the pip environment removes the "install conda, then 3.8, then Habitat" cliff
from any other machine, at the cost of recording a newer library's answers. The
two are not interchangeable and a recording says which ran it.
What this does not license. OpenCV is 4.13.0 in the pinned environment and
4.10.0 in the pip one; the fixtures that compare against OpenCV (§1.12, §1.13,
§1.15) were recorded under 4.10.0. Re-recording them in the pinned environment
would be measuring 4.13.0, which is a different measurement, not a fresher one.
2.16 Distractors are refused, not placed
In one line: {:error, {:distractors_not_supported, n}} for any n > 0,
because the stand-in world holds one object.
What Monty does. OneObjectPerEpisodeInterface adds the primary target, then
draws num_distractors names from the source list — everything but the target —
places them around it, and records for each whether it is the primary target.
What this port does.
OneObjectPerEpisodeInterface.place_distractors/2
answers {:error, {:distractors_not_supported, n}} for any n > 0, and
change_object_by_idx/3 passes that up. Everything above it is Monty's: which
objects a distractor may be drawn from (distractor_candidates/2), the target's
semantic id, and the attributes the scene is asked to add it with.
Why. The stand-in world holds one object. Placing "distractors" it cannot
hold, or quietly running an experiment that asked for a cluttered scene and got an
empty one, would make a number that means something different from Monty's. A
refusal is a run that says which feature is missing.
2.17 A recognition policy is given what it reads, not the model
In one line: four readings, not the live model — so a decision can be recorded
and replayed.
What Monty does. A policy is __call__(self, model: MontyBase, count): it is
handed the model object and reads whatever it likes off it — model.is_done,
model.is_exploring, model.matching_steps, and
lm.recognition_status.conclusion for each learning module. It also logs and
telemeters every terminal decision through logger.info and telemeter.info.
What this port does.
Monty.Experiment.RecognitionStrategy
declares a model view — a map with exactly those four readings, the modules'
conclusions flattened to a list — and each policy is a {module, state} pair
dispatched by RecognitionStrategy.call/3. Constructors answer {:ok, policy} or
{:error, message}, carrying Monty's ValueError sentences.
Why. The decision is what has to be compared with Monty's, and a decision
that can reach into live processes is a decision that cannot be recorded and
replayed. scripts/record_monty_recognition_strategy.py
asks Monty's real classes
448 questions over the same view; the port answers every one of them the same
way.
What is therefore not compared. The log lines and telemetry events Monty
emits when a policy fires. They are the experiment's reporting, not its
arithmetic; when the episode loop is wired to these policies, what it reports is
its own concern.
2.18 A memory arrives as an export, not as a pickle
In one line: .pt becomes JSONL once, off the BEAM; a run is handed a copy,
because a run learns.
What Monty does. A pretrained learning module is a torch pickle (.pt)
holding GraphObjectModels; MontyExperiment loads it into the learning modules
it has just built (initialize_model in monty_experiment.py).
What this port does. Monty.Studio.Pretrained.Torch
reads that pickle in
Monty's own environment and writes the graphs out as JSONL —
priv/monty/libraries/<model>.jsonl.gz, one object per line, positions and the
four matched features per node, every number at full precision (these files were
once rounded to six decimals, and validation.md records what
that cost).
Monty.Studio.Memory reads one
back into a GraphMemory, and a run builds its learning module around it
(EvidenceGraphLM.from_config/2 takes an optional :memory). The library's
README records which release and which command produced each file.
Why. The port cannot read a torch pickle and should not learn how: what a
model is, for matching, is a position per node and a row of features per node,
and both are plain numbers. Exporting them once keeps torch out of the Elixir
runtime entirely.
The consequence worth stating. Decoding is about six seconds and the result
is about four megabytes, so the decoded memory is cached per library path in
:persistent_term and every run is handed a copy (about twenty milliseconds).
The copy is not an optimisation detail: a run learns, so two runs sharing one
memory would learn into each other's, which Monty never does — it loads the
pickle afresh for each experiment.
And the mode. ExperimentMode is an enum of the strings "eval" and
"train" in Monty; here it is :eval and :train
(ExperimentMode)
with to_string/1 and from_string/1 for the places a config or a log needs the
string.
2.19 "Back where it started" is an angle, not the same floats
In one line: compared as an angle under 0.001°, because the quaternion
round-trip is 1.1e-16 away.
What Monty does. InformedPolicy._assert_undo_jump_was_successful compares
the agent's pose after an undo jump with the pose it stored before the jump, with
np.all(state[agent].rotation == self._pre_jump_state.rotation) — exact
equality, on quaternions, and it raises when they differ.
What this port does. The position is compared exactly, as Monty's is; the
orientation is compared as an angle, and anything under a thousandth of a
degree counts as where it started
(InformedPolicy).
The raise now says how far the agent was turned, so the number is in the sentence
rather than something to reproduce.
Why exact equality cannot hold here. Monty stores the quaternion the
environment gave it and hands that same quaternion back, so the comparison is
between one value and itself. An agent's rotation here is rebuilt from the
world's answer by normalising the quaternion the world reports
(Rotation.from_quaternion/1), so a pose that is put back exactly still comes
back 1.1e-16 away — measured by Rotation.to_quaternion/1 followed by
Rotation.from_quaternion/1. Monty's assertion is not too strict for Monty; it is
too strict for a rotation that makes that trip, and it fired on
base_10simobj_surf_agent after ten objects, ending a run that had done nothing
wrong.
What it costs. Nothing that is measurable: a jump that misses by even a
hundredth of a degree still raises, and the raise now carries the angle.

2.20 A supervised episode's answer is a call, and an impossible config is refused
In one line: six numbers through one call per module, and two refusals where
Monty would raise mid-run.
What Monty does. MontySupervisedObjectPretrainingExperiment runs its
training episodes as exploration and then reaches into every learning module to
state the answer the experiment already knows:
lm.detected_object = target.object_name
lm.buffer.stats["possible_matches"] = [target.object_name]
lm.buffer.stats["detected_location_on_model"] = self.first_epoch_object_location[target.object_name]
lm.buffer.stats["detected_location_rel_body"] = target.position
lm.buffer.stats["detected_rotation"] = target.euler_rotation
lm.detected_rotation_r = Rotation.from_quat(target.quat_rotation).inv()
lm.buffer.stats["detected_scale"] = target.scale
and, for a module it does not supervise, clears those fields so that
update_ltm_from_stm has no detected_object to write a graph under.
What this port does. The same six numbers, in the same order, through one
function per module: GraphLM.supervise/3 for a module the experiment names and
GraphLM.clear_hypotheses/1 for the others
(graph_lm.ex).
Monty.Studio.Run.supervise/1 reads the target off the world and calls the
model once, which is where the loop stops being able to reach into a module: a
module here is a process, not an attribute
(§2.9 says the same about every other method the model calls).
Two things follow from that, and both are refusals rather than stand-ins:
	GraphLM.from_config/2 refuses the base class. graph_1lm.yaml names
GraphLM itself; Monty builds it and raises NotImplementedError on the
second step, inside a run. Here the setup is refused before it starts, with the
sentence "a bare graph module has no matching scheme to narrow possible matches
with" (§2.6 of the hand-over is why this is a finding and not a stand-in).
	A supervised experiment against the stand-in scene is refused. The answer
it states is read off primary_target, and the synthetic sphere answers none,
so Setup refuses the run (:no_target_to_supervise) rather than crashing at
the end of an episode that had already run.

What this does not change. The location_on_model a module is given is the
object's place the first time the experiment showed it, not this episode's —
Monty's first_epoch_object_location, carried by the run. A later epoch that
places the object elsewhere still extends the graph it built the first time.
One repair came with it. Monty's Predefined and RandomRotation samplers
write quat_rotation beside rotation, the same wxyz quaternion under a
second name, and the world's primary_target is a PrimaryTarget — an
object_name, a semantic_id and every sampled parameter
(experiment/primary_target.py) — so every sampled parameter travels with the
answer. This port dropped euler_rotation and quat_rotation when it copied a
sampled object into its scene, so a target here had no turn to state. Both
samplers carry quat_rotation now, priv/monty_py/world.py keeps it, and
supervise/3 raises with the object's name if a target still has none. The
target's own key is object_name here too, which is what Monty renamed it to
once the type had a field of that name.
2.21 An object-orientation channel's evidence is ported but not yet dispatched
Monty's PR #1266 splits the scored distances in two — euclidean_distances for a
channel whose pose is an object orientation, custom_distances for one whose pose
is a surface — and scores the orientation case with a new
_object_pose_evidence, the angle between two rotation matrices off the trace of
their relative rotation. Both pieces are here, with their tests translated
(GraphMatchingUtils.euclidean_distances/2,
HypothesesDisplacer.object_pose_evidence/2), and flatness/1 now names its
0.5 as @minimum_curvature.
What is not here is the dispatcher that would choose between them. Monty reads it
from the channel's own pose type (isinstance), and every channel this port
builds so far carries a SurfacePoseVectors pose: the sensor modules that send
an OrientationMatrix belong to the experiment/ layer, which the module map
still lists as planned. Wiring it before there is a channel to dispatch on would
be a branch no run can take.

Checked and found consistent
Recorded so the next reader does not repeat the audit. The first two are claims
Monty's documentation makes; the rest are claims the code makes about itself.
	docs/how-monty-works/motor-system.md:
a selector chooses among policies, the selector is what goals reach, and
policies are the only things that produce actions — the shape of
MotorPolicySelectors
and MotorSystem here.
	docs/how-monty-works/motor-system/policy.md:
"if the sensor patch moves off the object, the previous action is reversed" is
InformedPolicy's step exactly, and InformedPolicyRandomWalk's too — the
distant_2 and distant_5 motor-system configs pass the latter as their
selector's default. The alpha momentum that page also mentions is
SurfacePolicy's tangential-direction weighting, not the random walk's: a
random walk samples independently on every step.
	get_output() returning a Message makes parent_lm.get_output().confidence
correct in the evidence goal generator (see §2.4 for our shape).
	threshold_possible_matches, x_percent_threshold and the
x_percent_scale_factor application agree with their own comments.
	MotorSystem keeps each step's actions with the state they were chosen in,
resets that record per episode, and keeps the selector's own record for
state_dict, as its comments say.



  

    
ExTbpMonty.Core.KdTreeNif 
    



      
The native index Monty.Frameworks.Utils.KdTree uses when it can.
The Elixir tree in that module is the reference: it is what the tests describe,
what runs on a machine without a Rust toolchain, and what the native engine is
held to by a parity test. This is the fast path — kiddo, which answers a
query in about 0.45 µs against the Elixir tree's 6, and stays flat as the graph
grows instead of getting slower.
A NIF is a library the BEAM loads into itself, so its absence is a raised
ErlangError rather than a returned error: loaded?/0 is the question a caller
asks once, and KdTree asks it when it builds an index.

      


      
        Summary


  
    Functions
  


    
      
        available()

      


        True, from the native side — the only way to know it is loaded.



    


    
      
        build(positions)

      


        An index over positions, a flat binary of 3 * n little-endian f64 values.



    


    
      
        loaded?()

      


        Whether this VM built and loaded the native index.



    


    
      
        nearest_many(index, queries, k)

      


        The ids of the k points nearest each of the queries in queries.



    


    
      
        nearest_many_with_distances(index, queries, k)

      


        The same answers with the distance to each, as {ids, distances}.



    


    
      
        nodes(index)

      


        How many points an index holds.



    





      


      
        Functions


        


  
    
      
    
    
      available()



        
          
        

    

  


  

True, from the native side — the only way to know it is loaded.

  



  
    
      
    
    
      build(positions)



        
          
        

    

  


  

An index over positions, a flat binary of 3 * n little-endian f64 values.
A point's id is its position in that binary, which is why KdTree.build/1
only takes this path when the ids it was given are 0..n-1.

  



  
    
      
    
    
      loaded?()



        
          
        

    

  


  

      

          @spec loaded?() :: boolean()


      


Whether this VM built and loaded the native index.

  



  
    
      
    
    
      nearest_many(index, queries, k)



        
          
        

    

  


  

The ids of the k points nearest each of the queries in queries.
Swept from one flat binary of 3 * m f64 values to m * k little-endian u32
ids, nearest first, 4_294_967_295 where a query found fewer than k.

  



  
    
      
    
    
      nearest_many_with_distances(index, queries, k)



        
          
        

    

  


  

The same answers with the distance to each, as {ids, distances}.

  



  
    
      
    
    
      nodes(index)



        
          
        

    

  


  

How many points an index holds.

  


        

      


  

    
ExTbpMonty.Core.MatcherNif 
    



      
The native kernels a matching step repeats once per node and once per
hypothesis.
The Elixir arithmetic in each calling module is the reference: it is what the
tests describe, what runs on a machine without a Rust toolchain, and what these
kernels are held to by parity tests. They exist because that reference pays
Elixir's price per value — a boxed float, a list cell, a tuple — where the
answer is the same arithmetic over a few thousand rows.
A NIF is a library the BEAM loads into itself, so its absence is a raised
ErlangError rather than a returned error: loaded?/0 is the question a
caller asks, and every caller has a path for the answer false.
Turning them off
loaded?/0 also answers false when the application is configured with
config :ex_tbp_monty, native_kernels?: false. That is how a test asks for the
reference path on a machine that has the kernels, and how a run can be compared
with itself: two runs of the same episode, one with the switch either way, must
reach the same numbers.

      


      
        Summary


  
    Functions
  


    
      
        argmax_index(column)

      


        The first index holding the highest value of a column — numpy's argmax.



    


    
      
        available()

      


        True, from the native side — the only way to know it is loaded.



    


    
      
        blend_evidence(past, present, past_weight, present_weight)

      


        The evidence column after a step, and what its most likely hypothesis earned.



    


    
      
        decode(binary)

      


        A kernel's answers as Elixir values: a NaN is nil.



    


    
      
        displaced_locations(poses, locations, displacement)

      


        Where every hypothesis' search location moves to, computed natively.



    


    
      
        feature_evidence(rows, width, specs, params, increment)

      


        The feature evidence of every row, computed natively.



    


    
      
        gather_rows(column, width, indices)

      


        The rows of a column at the given indices, in the order asked for.



    


    
      
        indices_at_least(evidence, threshold)

      


        The hypotheses whose evidence has reached threshold, in index order.



    


    
      
        indices_within(evidence, percentage, floor)

      


        The hypotheses whose evidence is within percentage per cent of the best.



    


    
      
        keep_mask(evidence, channels, window, cursor, ages, min_age, threshold)

      


        Which hypotheses a slope threshold keeps, one byte each: 1 kept, 0 not.



    


    
      
        loaded?()

      


        Whether this VM built and loaded the native kernels, and the configuration has
not turned them off.



    


    
      
        min_value(column)

      


        The lowest evidence in the column — the threshold that updates everything.



    


    
      
        neighbour_evidence(ids, k, hypotheses, graph, params)

      


        The best evidence around each hypothesis, computed natively.



    


    
      
        not_a_number()

      


        The bytes of a missing value: the IEEE quiet NaN.



    


    
      
        principal_curvatures(points, stride, width, center_id, normal, params)

      


        A patch's principal curvatures at its middle pixel, computed natively.



    


    
      
        second_argmax_index(column)

      


        The index of the second highest value — the runner-up hypothesis.



    


    
      
        spread_add(totals, tested, values)

      


        One channel's evidence, spread over the whole hypothesis set.



    


    
      
        top_indices(evidence, count)

      


        The indices of the count highest values in a column, lowest first.



    


    
      
        window_slopes(evidence, channels, window, cursor)

      


        The average per-channel slope of every hypothesis' evidence window.



    


    
      
        write_slot(evidence, values, offset, stride)

      


        One column written into every row of evidence: values at offset in each
stride-long row, everything else untouched.



    





      


      
        Functions


        


  
    
      
    
    
      argmax_index(column)



        
          
        

    

  


  

The first index holding the highest value of a column — numpy's argmax.
column is n f64; the answer is one u32. The reference is
EvidenceGraphLM's argmax/1, which reports the first of several equal maxima.

  



  
    
      
    
    
      available()



        
          
        

    

  


  

True, from the native side — the only way to know it is loaded.

  



  
    
      
    
    
      blend_evidence(past, present, past_weight, present_weight)



        
          
        

    

  


  

The evidence column after a step, and what its most likely hypothesis earned.
past · past_weight + present · present_weight for every hypothesis, and
present at the first index holding the highest past — numpy's argmax,
which reports the first of several equal maxima. The reference is
HypothesesDisplacer.compute_evidence/6's two passes in Elixir.

  



  
    
      
    
    
      decode(binary)



        
          
        

    

  


  

      

          @spec decode(binary()) :: [float() | nil]


      


A kernel's answers as Elixir values: a NaN is nil.
Read as the integers the bytes are, because a comprehension over
<<value::float-64>> does not raise on a NaN — it stops, silently returning
the answers before it.

  



  
    
      
    
    
      displaced_locations(poses, locations, displacement)



        
          
        

    

  


  

Where every hypothesis' search location moves to, computed natively.
poses is hypotheses * 9 f64, each rotation row by row; locations is the
search location each hypothesis claims (hypotheses * 3 f64); displacement
is the three f64 the sensor moved by. The answer is hypotheses * 3 f64:
location + pose · displacement, the same three dot products in the same order
as SpatialArithmetics.add/2 over Geometry.apply/2, which is the reference
the parity test holds this to.

  



  
    
      
    
    
      feature_evidence(rows, width, specs, params, increment)



        
          
        

    

  


  

The feature evidence of every row, computed natively.
rows is n * width little-endian f64 with NaN where a node has no value;
specs gives each column's index and kind (two u32), params its observed
value, tolerance and weight (three f64). The answer is n f64, NaN where the
reference answers nil.

  



  
    
      
    
    
      gather_rows(column, width, indices)



        
          
        

    

  


  

The rows of a column at the given indices, in the order asked for.
column is n * width little-endian f64, indices is k u32; the answer is
k * width f64. Narrowing a hypothesis space keeps thousands of rows — the
copy is the cost, so it happens at the width it is asked for rather than a row
at a time in Elixir.

  



  
    
      
    
    
      indices_at_least(evidence, threshold)



        
          
        

    

  


  

The hypotheses whose evidence has reached threshold, in index order.
evidence is hypotheses f64; the answer is k u32. The reference is the
comprehension for {evidence, index} <- Enum.with_index(column), evidence >= threshold.

  



  
    
      
    
    
      indices_within(evidence, percentage, floor)



        
          
        

    

  


  

The hypotheses whose evidence is within percentage per cent of the best.
Monty's np.where(evidence > max - max / 100 * x_percent_threshold), once the
best clears floor — the module's object evidence threshold. Asked once per
object per step. The answer is k u32 indices: none when the column is empty,
when the best does not clear floor, or when any value is a NaN, because
np.max propagates a NaN and every comparison against one is false.

  



  
    
      
    
    
      keep_mask(evidence, channels, window, cursor, ages, min_age, threshold)



        
          
        

    

  


  

Which hypotheses a slope threshold keeps, one byte each: 1 kept, 0 not.
The question a module asks of its slopes is nearly always this one, and asking
it here is one crossing instead of two: the slopes never become Elixir terms,
so nothing is boxed and nothing is decoded. evidence, channels, window
and cursor are as window_slopes/4 takes them, ages is one u32 per
hypothesis, and the rule is the reference's:
keep = age < min_age || (slope is not NaN && slope >= threshold)
EvidenceSlopeTracker.select_hypotheses/2 is the reference this is held to,
and it walks the same bytes in Elixir when the kernels are off.

  



  
    
      
    
    
      loaded?()



        
          
        

    

  


  

      

          @spec loaded?() :: boolean()


      


Whether this VM built and loaded the native kernels, and the configuration has
not turned them off.

  



  
    
      
    
    
      min_value(column)



        
          
        

    

  


  

The lowest evidence in the column — the threshold that updates everything.
evidence_threshold_config: "all" is Monty's default and what the experiments
run, and a step asked for it once per graph. The answer is one number out of a
column of thousands, so it is read out of the bytes: decoding them into a list
to take a minimum of it was the largest single Elixir cost in a ten-object
step. nil when every value is a NaN, which is Enum.min/1's answer for a
column of nils.

  



  
    
      
    
    
      neighbour_evidence(ids, k, hypotheses, graph, params)



        
          
        

    

  


  

The best evidence around each hypothesis, computed natively.
ids is hypotheses * k u32 as the index answered them. hypotheses is what
was asked — the search locations (3 f64 each), the hypothesis rotations (9 f64
each, row by row) and the observation's own normal and first curvature
direction (6 f64) — and graph is what was asked of: every node's location
(3 f64), its normal and first curvature direction (6 f64), whether its pose was
fully defined, and what its features were worth. params is flatness,
max_match_distance, the normal weight, the curvature weight, whether the
curvature direction was defined (1.0 or 0.0), and the evidence of a
hypothesis with no neighbour in range.
The answer is one f64 per hypothesis.

  



  
    
      
    
    
      not_a_number()



        
          
        

    

  


  

      

          @spec not_a_number() :: binary()


      


The bytes of a missing value: the IEEE quiet NaN.
Erlang has no NaN — the pattern is not a float the syntax can build — so this
is the one way to write the value both sides agree means "no answer": a node
with no feature, a comparison that produced nothing, evidence there is none of.

  



  
    
      
    
    
      principal_curvatures(points, stride, width, center_id, normal, params)



        
          
        

    

  


  

A patch's principal curvatures at its middle pixel, computed natively.
points is the patch as one flat binary of count * stride f64 — three
coordinates and, last of all, the on-surface mask — and params is the width of
the Gaussian that weights the fit, whether to weight it, and whether to fit an
intercept. The answer is nine f64: the two curvatures, their directions (three
values each) and whether they were defined.

  



  
    
      
    
    
      second_argmax_index(column)



        
          
        

    

  


  

The index of the second highest value — the runner-up hypothesis.
A vote weighs the best hypothesis against the next one, so a step asks this
once per object. The Elixir it replaces decoded the column, made a tuple per
hypothesis and sorted all of them to read one index off the end; the answer is
in the bytes. nil for fewer than two values, and ties go the way
Enum.sort_by(fn {value, index} -> {value, index} end) |> Enum.at(-2) sent
them.

  



  
    
      
    
    
      spread_add(totals, tested, values)



        
          
        

    

  


  

One channel's evidence, spread over the whole hypothesis set.
totals is hypotheses f64, what each hypothesis has earned from the channels
so far; tested is k u32, the indices a kernel answered for; values is the
k f64 it answered. The answer is hypotheses f64: total + value for a
tested hypothesis, and total + max(min(values), 0) for the rest — an
untested hypothesis must not be rewarded for a step it did not take part in.
HypothesesDisplacer.evidence_to_add/7 is the reference this is held to.

  



  
    
      
    
    
      top_indices(evidence, count)



        
          
        

    

  


  

The indices of the count highest values in a column, lowest first.
evidence is nodes f64 — one feature-evidence answer per node, NaN where a
node has no features — and the answer is count u32 in the order the sampler
takes them: evidence ascending, ties by index ascending, which is how
Enum.sort_by(&{evidence, index}) |> Enum.take(-count) reads the same column.
DefaultFeatureEvidenceScorer.evidence/4 is where the column comes from and
BurstSamplingHypothesesUpdater.top_indices/2 is the reference.

  



  
    
      
    
    
      window_slopes(evidence, channels, window, cursor)



        
          
        

    

  


  

The average per-channel slope of every hypothesis' evidence window.
evidence is hypotheses * window f64 in ring order — one row a hypothesis,
NaN for a slot that has not been filled — and cursor is the slot the next
update overwrites, which is also the oldest value every window holds.
channels is the channel count at the later slot of each consecutive pair.
The answer is one f64 per hypothesis: the mean of the steps that have two
observations, NaN where the window has none. EvidenceSlopeTracker is the
reference this is held to, and it reads the same bytes when the kernels are
off.

  



  
    
      
    
    
      write_slot(evidence, values, offset, stride)



        
          
        

    

  


  

One column written into every row of evidence: values at offset in each
stride-long row, everything else untouched.
A tracker's windows are a ring and a step writes the same slot in all of them,
so this is a copy with a column replaced. EvidenceSlopeTracker.update/3 is
the reference — it walks the same bytes in Elixir when the kernels are off.

  


        

      


  

    
ExTbpMonty.Core.Png 
    



      
A PNG of pixels this port already has.
Monty's worlds answer depth, colour and semantic id as images, and a page that
shows them needs a bitmap. A 64 × 64 frame drawn as SVG is four thousand
rectangles; drawn as PNG it is a few hundred bytes and the browser does the
work.
Only what a frame needs is implemented: 8-bit greyscale (depth) and 8-bit
colour (rgba), one filter, one deflate stream. :zlib and :erlang.crc32 are
the standard library, so this is a file format rather than a dependency.

      


      
        Summary


  
    Types
  


    
      
        rows()

      


    





  
    Functions
  


    
      
        greyscale(rows)

      


        A greyscale PNG of rows, each a list of values from 0 (black) to 255.



    


    
      
        rgb(rows)

      


        A colour PNG of rows, each a list of [r, g, b] from 0 to 255.



    





      


      
        Types


        


  
    
      
    
    
      rows()



        
          
        

    

  


  

      

          @type rows() :: [[number()]]


      



  


        

      

      
        Functions


        


  
    
      
    
    
      greyscale(rows)



        
          
        

    

  


  

      

          @spec greyscale(rows()) :: binary()


      


A greyscale PNG of rows, each a list of values from 0 (black) to 255.
Depth is drawn this way: one channel, because there is one number per pixel.

  



  
    
      
    
    
      rgb(rows)



        
          
        

    

  


  

      

          @spec rgb([[[number()]]]) :: binary()


      


A colour PNG of rows, each a list of [r, g, b] from 0 to 255.

  


        

      


  

    
ExTbpMonty.Core.Supervisor 
    



      
The processes the core needs, for a host to put in its own tree.
children = [
  ExMontyTbp.Core.Supervisor,
  MyApp.Endpoint
]
Two of them, and both are about finding a module by name:
	Monty.Runtime.Registry — every sensor and learning module registers
here, so the step coordinator can address a module across restarts;
	ExMontyTbp.Core.ModelSupervisor — one child per running model, holding
its module servers and step coordinator. A model is stopped by
terminating its supervisor, so its children cannot outlive the run.

A host that names these differently passes the supervisor name to
Monty.Runtime.Model.stop/1; nothing else in the core knows a host's names.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        start_link(options \\ [])

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



    

  
    
      
    
    
      start_link(options \\ [])



        
          
        

    

  


  

      

          @spec start_link(term()) :: Supervisor.on_start()


      



  


        

      


  

    
Monty.Attention.AttentionSystem behaviour
    



      
What attention does to a step — Monty's attention/attention_system.py.
Sensors propose where to look (Monty.Cmp.AttentionRegion), the goal generator
proposes what to do (Monty.Cmp.Goal), and the attention system sits between
them: it keeps a grid of how interesting each part of space has been, and it
answers which goals are worth pursuing given that grid.
Monty declares the contract as a Protocol over step, reset and
state_dict, and the systems are objects with a _grid they mutate. Here the
system is a struct and step/3 answers {system, goals} — the caller threads
the system, so what a step did is visible in its return value rather than only
in the object afterwards.

      


      
        Summary


  
    Callbacks
  


    
      
        reset(system)

      


        Forget everything attention has learned.



    


    
      
        state_dict(system)

      


        The system's state, for a recording run.



    


    
      
        step(system, list, list)

      


        Act on one step's goals given where the sensors looked.



    





      


      
        Callbacks


        


  
    
      
    
    
      reset(system)



        
          
        

    

  


  

      

          @callback reset(system :: term()) :: system :: term()


      


Forget everything attention has learned.

  



  
    
      
    
    
      state_dict(system)



        
          
        

    

  


  

      

          @callback state_dict(system :: term()) :: Monty.Memento.t()


      


The system's state, for a recording run.

  



  
    
      
    
    
      step(system, list, list)



        
          
        

    

  


  

      

          @callback step(system :: term(), [Monty.Cmp.Goal.t()], [Monty.Cmp.AttentionRegion.t()]) ::
  {system :: term(), [Monty.Cmp.Goal.t()]}


      


Act on one step's goals given where the sensors looked.

  


        

      


  

    
Monty.Attention.AttentionSystem.DefaultAttentionSystem 
    



      
Attention that learns where looking has paid off: Monty's
attention/attention_system.py::DefaultAttentionSystem.
Each step it turns the sensor's proposed regions into a sparse grid of weights,
lets the previous grid decay, drops the voxels that have faded to nothing, and
merges the new grid into the old one. The merged grid is then what the goal
filter reads, so a goal is weighed against everything attention has seen, not
just against this step's proposal.
The pipeline, in Monty's order:
proposed = regions → voxels → one pooled weight per voxel
step:  proposed → telemetry
       decay(grid) → expire → merge(expired, proposed) → telemetry
       goal_filter(grid, goals) → goals
expire/1 is the part that makes the grid a memory rather than an
accumulator: a weight whose magnitude has decayed below 1e-6 is dropped, so a
place that has not been looked at for long enough stops being a voxel at all.
The collaborators — weight_pooler, decay, merge, goal_filter — are
functions, which is this port's form of Monty's one-method protocols; new/1
turns a decay value into one for you. telemetry is a value it threads, because
telemetry is the one collaborator with state of its own.

      


      
        Summary


  
    Types
  


    
      
        decay()

      


        A decay: a grid in, the same grid one step closer to zero out.



    


    
      
        goal_filter()

      


        A goal filter: what attention knows, and the goals, in; goals to pursue, out.



    


    
      
        merge()

      


        A merge: two grids in, one grid out.



    


    
      
        t()

      


    


    
      
        weight_pooler()

      


        A weight pooler: many weights about one voxel in, one weight out.



    





  
    Functions
  


    
      
        expire(grid)

      


        The grid without the voxels whose weight has faded below the tolerance.



    


    
      
        new(options \\ [])

      


        A system that has learned nothing yet.



    


    
      
        reset(system)

      


        Forget every voxel and everything the telemetry recorded.



    


    
      
        state_dict(system)

      


        The grid attention has built, and what the telemetry recorded.



    


    
      
        step(system, goals, regions)

      


        Act on one step: learn where the sensors looked, and say which goals survive.



    


    
      
        weight_expiration_tolerance()

      


        The weight magnitude below which a voxel is dropped from the grid.



    





      


      
        Types


        


  
    
      
    
    
      decay()



        
          
        

    

  


  

      

          @type decay() :: (Monty.Attention.VoxelGrid.t() -> Monty.Attention.VoxelGrid.t())


      


A decay: a grid in, the same grid one step closer to zero out.

  



  
    
      
    
    
      goal_filter()



        
          
        

    

  


  

      

          @type goal_filter() :: (Monty.Attention.VoxelGrid.t(), [Monty.Cmp.Goal.t()] ->
                    [Monty.Cmp.Goal.t()])


      


A goal filter: what attention knows, and the goals, in; goals to pursue, out.

  



  
    
      
    
    
      merge()



        
          
        

    

  


  

      

          @type merge() :: (Monty.Attention.VoxelGrid.t(), Monty.Attention.VoxelGrid.t() ->
              Monty.Attention.VoxelGrid.t())


      


A merge: two grids in, one grid out.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Attention.AttentionSystem.DefaultAttentionSystem{
  decay: decay(),
  goal_filter: goal_filter(),
  grid: Monty.Attention.VoxelGrid.t(),
  merge: merge(),
  telemetry: term(),
  voxel_size: float(),
  weight_pooler: weight_pooler()
}


      



  



  
    
      
    
    
      weight_pooler()



        
          
        

    

  


  

      

          @type weight_pooler() :: ([number()] -> number())


      


A weight pooler: many weights about one voxel in, one weight out.

  


        

      

      
        Functions


        


  
    
      
    
    
      expire(grid)



        
          
        

    

  


  

      

          @spec expire(Monty.Attention.VoxelGrid.t()) :: Monty.Attention.VoxelGrid.t()


      


The grid without the voxels whose weight has faded below the tolerance.
A weight whose magnitude is under 1e-6 says nothing worth remembering, and
keeping it would keep the grid growing forever.

  



    

  
    
      
    
    
      new(options \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


A system that has learned nothing yet.
Defaults are Monty's: 5 cm voxels, negative_priority_max_pool, linear decay at
Monty's default rate, Union, HardGoalFilter, and telemetry that records
nothing.

  



  
    
      
    
    
      reset(system)



        
          
        

    

  


  

Forget every voxel and everything the telemetry recorded.

  



  
    
      
    
    
      state_dict(system)



        
          
        

    

  


  

The grid attention has built, and what the telemetry recorded.

  



  
    
      
    
    
      step(system, goals, regions)



        
          
        

    

  


  

Act on one step: learn where the sensors looked, and say which goals survive.
Answers the system to use next step plus the goals worth pursuing. The goals go
through the goal filter after the merge, so they are judged against the memory
including this step's proposals.

  



  
    
      
    
    
      weight_expiration_tolerance()



        
          
        

    

  


  

      

          @spec weight_expiration_tolerance() :: float()


      


The weight magnitude below which a voxel is dropped from the grid.

  


        

      


  

    
Monty.Attention.AttentionSystem.NoopAttentionSystem 
    



      
Attention that has no opinion: Monty's
attention/attention_system.py::NoopAttentionSystem.
Every goal the goal generator proposes is passed through, and nothing is
recorded. A task uses this when it wants the attention seam to exist without
paying for it.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Attention.AttentionSystem.NoopAttentionSystem{}


      



  


        

      


  

    
Monty.Attention.Decay 
    



      
How a weight that was not refreshed this step loses its say: Monty's
attention/decay.py.
Attention has to forget, or everything ever looked at stays as interesting as
the thing in front of the sensor. A decay is what forgets, and this module
holds the one thing the file holds besides its classes: the rate a config means
when it says linear and names none.
The decays themselves are Monty.Attention.Decay.NoopDecay and
Monty.Attention.Decay.LinearWeightDecay, and what they have in common is
Monty.Attention.Decay.VoxelGridWeightDecay.

      


      
        Summary


  
    Functions
  


    
      
        default_linear_weight_decay_rate()

      


        Default per-step decay toward zero for linear decay.



    





      


      
        Functions


        


  
    
      
    
    
      default_linear_weight_decay_rate()



        
          
        

    

  


  

      

          @spec default_linear_weight_decay_rate() :: float()


      


Default per-step decay toward zero for linear decay.

  


        

      


  

    
Monty.Attention.Decay.LinearWeightDecay 
    



      
Move every weight a fixed distance toward zero each step: Monty's
attention/decay.py::LinearWeightDecay.
A weight of 0.7 with a rate of 0.1 becomes 0.6, and -0.7 becomes
-0.6. A weight already within rate of zero is not nudged past it — it
becomes exactly 0.0, so that a steady decay cannot make a weight oscillate
around zero or flip its sign, which would turn "look here" into "avoid here"
by forgetting.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decay(linear_weight_decay, grid)

      


        A grid in which every weight has moved one step toward zero.



    


    
      
        default_rate()

      


        The default rate, so a config can say linear and mean what Monty means.



    


    
      
        new(rate)

      


        A decay of rate per step, which must not be negative.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Attention.Decay.LinearWeightDecay{rate: float()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decay(linear_weight_decay, grid)



        
          
        

    

  


  

A grid in which every weight has moved one step toward zero.

  



  
    
      
    
    
      default_rate()



        
          
        

    

  


  

      

          @spec default_rate() :: float()


      


The default rate, so a config can say linear and mean what Monty means.

  



  
    
      
    
    
      new(rate)



        
          
        

    

  


  

      

          @spec new(number()) :: t()


      


A decay of rate per step, which must not be negative.
A negative rate would move weights away from zero, which is the opposite of
forgetting, so it is refused rather than accepted and misread.

  


        

      


  

    
Monty.Attention.Decay.NoopDecay 
    



      
Decay that forgets nothing: Monty's attention/decay.py::NoopDecay.
Every weight survives every step, which is what a task wants when the thing
being looked for does not move and the sensor's attention should not fade.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decay(noop_decay, grid)

      


        Leave the grid as it is.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Attention.Decay.NoopDecay{}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decay(noop_decay, grid)



        
          
        

    

  


  

Leave the grid as it is.
The decay itself is the first argument, as it is for every decay, and there is
nothing in it to read: this decay is the decision not to have one.

  


        

      


  

    
Monty.Attention.Decay.VoxelGridWeightDecay behaviour
    



      
The one method every decay has: Monty's attention/decay.py::VoxelGridWeightDecay.
Monty writes it as a Protocol over __call__ and the call mutates the grid in
place. Nothing here mutates — a %Monty.Attention.VoxelGrid{} is a value — so
decay/2 takes a grid and answers the decayed one, and the decay itself is the
first argument because Monty's collaborator is a bound method and ours is a
value (%Monty.Attention.Decay.NoopDecay{},
%Monty.Attention.Decay.LinearWeightDecay{rate: 0.1}).
It carries no __call__ of its own in Monty either: a protocol with one method
and no body is a type, and a type here is a behaviour.

      


      
        Summary


  
    Callbacks
  


    
      
        decay(term, t)

      


        One step of decay: a decay and a grid in, the decayed grid out.



    





      


      
        Callbacks


        


  
    
      
    
    
      decay(term, t)



        
          
        

    

  


  

      

          @callback decay(term(), Monty.Attention.VoxelGrid.t()) :: Monty.Attention.VoxelGrid.t()


      


One step of decay: a decay and a grid in, the decayed grid out.
The decay leads because Monty's bound __call__ already carries it; a caller
that has the grid first has to name the decay twice.

  


        

      


  

    
Monty.Attention.GoalFilter behaviour
    



      
Which goals attention leaves alone — Monty's attention/goal_filter.py.
Attention can propose to look somewhere and a goal filter can refuse it: a
goal that lands in a place the attention system has learned to avoid is not
worth pursuing this step, however well-specified it is.
Monty declares the filter as a Protocol over __call__(voxel_grid, goals).
Here it is a behaviour whose filter/2 is the same call, and the goal it
filters is this port's Monty.Cmp.Goal, whose location is nil when the goal
does not say where.

      


      
        Summary


  
    Callbacks
  


    
      
        filter(t, list)

      


        The goals to pursue, given what attention knows.



    





      


      
        Callbacks


        


  
    
      
    
    
      filter(t, list)



        
          
        

    

  


  

      

          @callback filter(Monty.Attention.VoxelGrid.t(), [Monty.Cmp.Goal.t()]) :: [
  Monty.Cmp.Goal.t()
]


      


The goals to pursue, given what attention knows.

  


        

      


  

    
Monty.Attention.GoalFilter.HardGoalFilter 
    



      
Keep only the goals that land in a place attention wants looked at: Monty's
attention/goal_filter.py::HardGoalFilter.
The rules, in Monty's order:
	an empty grid filters nothing — it has no opinion yet;
	a goal that lands outside the grid is dropped, unless every voxel is
inhibited, in which case the grid means "not here" everywhere and a goal
elsewhere is as good as any;
	a goal in an inhibited voxel is dropped;
	a goal in a positively weighted voxel is kept.

A goal that carries no location is never filtered: it is not a place, so there
is nothing to look up, and the filter's job is about places. Such goals come
back after the ones that were looked up, in Monty's order.

      




  

    
Monty.Attention.GoalFilter.NoopGoalFilter 
    



      
Pass every goal through unchanged: Monty's
attention/goal_filter.py::NoopGoalFilter.
The default, because a filter that drops a goal changes what the agent does and
that should be asked for rather than assumed.

      




  

    
Monty.Attention.Merge 
    



      
How two grids become one — Monty's attention/merge.py.
Attention can have more than one source of opinion in a step, and the merged
grid is what the goal filter then reads. Two grids can only be merged if they
share a scale: a voxel of one size cannot be unioned with a voxel of another,
because the result would not be a grid.
Monty names the merge operation VoxelGridMerge (a Protocol) and ships one
implementation, Union; the size check is a private function of this module.

      


      
        Summary


  
    Functions
  


    
      
        check_can_merge!(grid_a, grid_b)

      


        Refuse two grids that cannot be merged: different voxel sizes.



    





      


      
        Functions


        


  
    
      
    
    
      check_can_merge!(grid_a, grid_b)



        
          
        

    

  


  

      

          @spec check_can_merge!(Monty.Attention.VoxelGrid.t(), Monty.Attention.VoxelGrid.t()) ::
  :ok


      


Refuse two grids that cannot be merged: different voxel sizes.
Different sizes would mean two grids that cannot agree on what a voxel is, so
the merge is refused by name rather than silently reinterpreted.

  


        

      


  

    
Monty.Attention.Merge.Union 
    



      
Merge by union, the second grid winning where they overlap: Monty's
attention/merge.py::Union.
A voxel occupied in either grid is occupied in the result. Where both grids
have an opinion about the same voxel, the second one's weight is kept — the
newer opinion, since a caller merges what it just learned into what it already
knew.

      




  

    
Monty.Attention.Merge.VoxelGridMerge behaviour
    



      
The contract a merge satisfies — Monty's attention/merge.py::VoxelGridMerge.
Two grids in, one grid out. Monty declares it as a Protocol over
__call__(grid_a, grid_b); here it is the merge/2 behaviour.

      


      
        Summary


  
    Callbacks
  


    
      
        merge(t, t)

      


        Merge the second grid into the first.



    





      


      
        Callbacks


        


  
    
      
    
    
      merge(t, t)



        
          
        

    

  


  

      

          @callback merge(Monty.Attention.VoxelGrid.t(), Monty.Attention.VoxelGrid.t()) ::
  Monty.Attention.VoxelGrid.t()


      


Merge the second grid into the first.

  


        

      


  

    
Monty.Attention.Telemetry 
    



      
What the attention system remembers about its own grids — Monty's
attention/telemetry.py.
Two grids matter each step: the one the sensors proposed and the one the
attention system kept after decay, filtering and merging. A recording run keeps
both so that a reviewer can see why a goal was dropped; a fast run keeps
neither.
Monty's telemetry is an object with reset, grid, proposed_grid and
state_dict. Here the telemetry is a value and each of those is a function
that answers the telemetry after the event — so a caller threads it, exactly as
it threads the grid.

      


      
        Summary


  
    Functions
  


    
      
        default()

      


        The telemetry a run records with, unless its config says otherwise.



    





      


      
        Functions


        


  
    
      
    
    
      default()



        
          
        

    

  


  

      

          @spec default() :: Monty.Attention.Telemetry.DefaultAttentionSystemTelemetry.t()


      


The telemetry a run records with, unless its config says otherwise.

  


        

      


  

    
Monty.Attention.Telemetry.AttentionSystemTelemetry behaviour
    



      
The contract every attention telemetry satisfies — Monty's
attention/telemetry.py::AttentionSystemTelemetry.
Monty declares it as a Protocol with reset, proposed_grid, grid and
state_dict. Three of those change the telemetry, so here they take it and
answer the changed one; state_dict/1 is a read and is the only one that could
have stayed a one-argument method.
The contract is written down as a behaviour because it has two implementations
and a caller (the attention system) that must not care which it has.

      


      
        Summary


  
    Callbacks
  


    
      
        grid(telemetry, t)

      


        Record the grid the attention system kept.



    


    
      
        proposed_grid(telemetry, t)

      


        Record the grid the sensors proposed, before the attention system touched it.



    


    
      
        reset(telemetry)

      


        Forget every grid recorded so far.



    


    
      
        state_dict(telemetry)

      


        Everything recorded since the last reset, as a Memento.



    





      


      
        Callbacks


        


  
    
      
    
    
      grid(telemetry, t)



        
          
        

    

  


  

      

          @callback grid(telemetry :: term(), Monty.Attention.VoxelGrid.t()) :: telemetry :: term()


      


Record the grid the attention system kept.

  



  
    
      
    
    
      proposed_grid(telemetry, t)



        
          
        

    

  


  

      

          @callback proposed_grid(telemetry :: term(), Monty.Attention.VoxelGrid.t()) ::
  telemetry :: term()


      


Record the grid the sensors proposed, before the attention system touched it.

  



  
    
      
    
    
      reset(telemetry)



        
          
        

    

  


  

      

          @callback reset(telemetry :: term()) :: telemetry :: term()


      


Forget every grid recorded so far.

  



  
    
      
    
    
      state_dict(telemetry)



        
          
        

    

  


  

      

          @callback state_dict(telemetry :: term()) :: Monty.Memento.t()


      


Everything recorded since the last reset, as a Memento.

  


        

      


  

    
Monty.Attention.Telemetry.DefaultAttentionSystemTelemetry 
    



      
Telemetry that keeps every grid it is told about — Monty's
attention/telemetry.py::DefaultAttentionSystemTelemetry.
Two lists, in the order the grids arrived: what the sensors proposed, and what
the attention system kept. Keeping them side by side is the point — the pair is
what lets a reviewer see a goal survive or be dropped.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Attention.Telemetry.DefaultAttentionSystemTelemetry{
  grids: [Monty.Attention.VoxelGrid.t()],
  proposed_grids: [Monty.Attention.VoxelGrid.t()]
}


      



  


        

      


  

    
Monty.Attention.Telemetry.NoopAttentionSystemTelemetry 
    



      
Telemetry that records nothing: Monty's
attention/telemetry.py::NoopAttentionSystemTelemetry.
A run that is not being inspected still asks its telemetry for a state dict, so
the answer here is an empty one rather than no answer at all.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Attention.Telemetry.NoopAttentionSystemTelemetry{}


      



  


        

      


  

    
Monty.Attention.VoxelGrid 
    



      
A sparse grid of per-voxel weights over 3-D space: Monty's
attention/voxel_grid.py::VoxelGrid.
An attention system remembers where it has looked, and it remembers it in
voxels: space is cut into cubes voxel_size on a side, and each cube that has
been looked at holds one weight. Space is mostly empty, so the grid is sparse —
Monty backs it with a pandas DataFrame whose index is the occupied voxels'
coordinates; here it is a map from a voxel to its weight, which is the same
thing with less machinery.
Which voxel a point is in
Voxels are half-open: a point on the face shared by two voxels belongs to
the one with the larger coordinate, so voxel v spans [v, v + 1) in units of
voxel_size. That is floor(point / voxel_size) and it is why a point at
exactly 0.0 is in voxel 0 while one at -0.0001 is in voxel -1.
What is not here
Monty's representation is public, so its tests can build a malformed
DataFrame and check that validate_dataframe refuses it: no (x, y, z)
index, a duplicated index, no weight column, a weight column that is not one
dimension. A map cannot be malformed in those ways — a duplicate voxel is
simply one entry — so what survives of those four cases here is the one rule a
map can break: new/3 refuses two weights for one voxel rather than letting
the last one win. from_pandas/2 and to_pandas/1 have no counterpart.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    


    
      
        voxel()

      


        A voxel's lower corner, in voxels.



    





  
    Functions
  


    
      
        empty(voxel_size)

      


        A grid with no occupied voxels.



    


    
      
        encode(grid)

      


        The grid as JSON-encodable data — Monty's encode_voxel_grid.



    


    
      
        new(voxel_size, voxels, weights)

      


        A grid over the given voxels.



    


    
      
        size(voxel_grid)

      


        The number of occupied voxels.



    


    
      
        voxel_size(voxel_grid)

      


        Edge length of a voxel.



    


    
      
        voxelize_and_bin_points(voxel_size, points, weights)

      


        Each point's voxel alongside its weight — Monty's voxelize_and_bin_points.



    


    
      
        voxelize_points(voxel_size, points)

      


        Which voxel each point is in — Monty's voxelize_points.



    


    
      
        voxels(voxel_grid)

      


        The occupied voxels, in a stable order (the tuples sort).



    


    
      
        weights(grid)

      


        The weights of the occupied voxels, in the same order as voxels/1.



    


    
      
        weights_at_points(grid, points, options \\ [])

      


        The grid's weight at each point.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Attention.VoxelGrid{
  voxel_size: float(),
  weights: %{optional(voxel()) => number()}
}


      



  



  
    
      
    
    
      voxel()



        
          
        

    

  


  

      

          @type voxel() :: {integer(), integer(), integer()}


      


A voxel's lower corner, in voxels.

  


        

      

      
        Functions


        


  
    
      
    
    
      empty(voxel_size)



        
          
        

    

  


  

      

          @spec empty(float()) :: t()


      


A grid with no occupied voxels.

  



  
    
      
    
    
      encode(grid)



        
          
        

    

  


  

      

          @spec encode(t()) :: %{optional(String.t()) => term()}


      


The grid as JSON-encodable data — Monty's encode_voxel_grid.
voxels and weight are parallel lists, which is how Monty writes the
MultiIndex it cannot serialise.

  



  
    
      
    
    
      new(voxel_size, voxels, weights)



        
          
        

    

  


  

      

          @spec new(float(), [voxel()], [number()]) :: t()


      


A grid over the given voxels.
Refuses two weights for one voxel: a voxel holds one weight, and silently
keeping the last would turn a caller's bookkeeping bug into a grid that looks
fine.

  



  
    
      
    
    
      size(voxel_grid)



        
          
        

    

  


  

      

          @spec size(t()) :: non_neg_integer()


      


The number of occupied voxels.

  



  
    
      
    
    
      voxel_size(voxel_grid)



        
          
        

    

  


  

      

          @spec voxel_size(t()) :: float()


      


Edge length of a voxel.

  



  
    
      
    
    
      voxelize_and_bin_points(voxel_size, points, weights)



        
          
        

    

  


  

      

          @spec voxelize_and_bin_points(float(), [[number()]], [number()]) :: [
  {voxel(), number()}
]


      


Each point's voxel alongside its weight — Monty's voxelize_and_bin_points.
The rows come back in point order, which is what a caller that wants to group
them by voxel needs to keep the point indices.

  



  
    
      
    
    
      voxelize_points(voxel_size, points)



        
          
        

    

  


  

      

          @spec voxelize_points(float(), [[number()]]) :: [voxel()]


      


Which voxel each point is in — Monty's voxelize_points.
floor rather than trunc: the voxels are half-open, so the point at -0.5
is in voxel -1, not in voxel 0.

  



  
    
      
    
    
      voxels(voxel_grid)



        
          
        

    

  


  

      

          @spec voxels(t()) :: [voxel()]


      


The occupied voxels, in a stable order (the tuples sort).

  



  
    
      
    
    
      weights(grid)



        
          
        

    

  


  

      

          @spec weights(t()) :: [number()]


      


The weights of the occupied voxels, in the same order as voxels/1.

  



    

  
    
      
    
    
      weights_at_points(grid, points, options \\ [])



        
          
        

    

  


  

      

          @spec weights_at_points(t(), [[number()]], keyword()) :: [number() | nil]


      


The grid's weight at each point.
:fill is what an unoccupied voxel answers — nil by default, the NaN of
this port, which says "no weight here" rather than "a weight of zero".

  


        

      


  

    
Monty.Attention.WeightPooler behaviour
    



      
How several weights about one voxel become one — Monty's
attention/weight_pooler.py.
A voxel can be told about by more than one sensor, or more than once by the
same one, and something has to decide which of those opinions the attention
system keeps.
Monty's WeightPooler is a one-method Protocol: anything callable with the
values is a pooler. Here that is a function of arity one, ([number]) -> number, and pool/1 names the contract the way a behaviour would.

      


      
        Summary


  
    Callbacks
  


    
      
        pool(list)

      


        The contract a weight pooler satisfies: many weights in, one weight out.



    





  
    Functions
  


    
      
        negative_priority_max_pool(values)

      


        Inhibition-dominating pooling: the maximum, unless anything is negative.



    





      


      
        Callbacks


        


  
    
      
    
    
      pool(list)



        
          
        

    

  


  

      

          @callback pool([number()]) :: number()


      


The contract a weight pooler satisfies: many weights in, one weight out.

  


        

      

      
        Functions


        


  
    
      
    
    
      negative_priority_max_pool(values)



        
          
        

    

  


  

      

          @spec negative_priority_max_pool([number()]) :: number()


      


Inhibition-dominating pooling: the maximum, unless anything is negative.
A negative weight means "do not look here", and a single such vote must not be
outvoted by several positive ones, so the most negative value wins whenever
there is one. Otherwise this is the plain maximum.

  


        

      


  

    
Monty.Cmp 
    



      
The cortical messaging protocol: one payload for observed states,
hypothesized states and goals.
Mirrors tbp/monty/cmp.py. Everything that crosses a module boundary in
Monty is a Monty.Cmp.Message (or a Monty.Cmp.Goal), which is what makes
arbitrary module configurations — sm_to_lm_matrix, lm_to_lm_matrix,
lm_to_lm_vote_matrix — expressible as wiring rather than code.
Two representations live here:
	the structs (Message, Goal, AttentionRegion), used in the runtime;
	the wire form, plain maps with string keys, used for persistence, the
step inspector in the UI, and the simulator sidecar.

The wire form is deliberately close to Monty's own ActionJSONEncoder /
message dictionaries so a Python fixture can be compared field by field.

      


      
        Summary


  
    Types
  


    
      
        message()

      


        Anything that can travel on the CMP.



    





  
    Functions
  


    
      
        decode(payload)

      


        Reads a payload produced by encode/1 back into a struct.



    


    
      
        encode(message)

      


        The wire form of a CMP payload.



    


    
      
        location_mean(messages)

      


        Mean of the messages' locations, or nil when no message has a location.



    





      


      
        Types


        


  
    
      
    
    
      message()



        
          
        

    

  


  

      

          @type message() ::
  Monty.Cmp.Message.t() | Monty.Cmp.Goal.t() | Monty.Cmp.AttentionRegion.t()


      


Anything that can travel on the CMP.

  


        

      

      
        Functions


        


  
    
      
    
    
      decode(payload)



        
          
        

    

  


  

      

          @spec decode(map()) :: {:ok, message()} | {:error, term()}


      


Reads a payload produced by encode/1 back into a struct.
Validation is the same as construction: a payload that would not have been
accepted by Message.new/1 is rejected here too.

  



  
    
      
    
    
      encode(message)



        
          
        

    

  


  

      

          @spec encode(message()) :: map()


      


The wire form of a CMP payload.
Pose vectors keep their type: a SurfacePoseVectors and an
OrientationMatrix are both 3×3, and confusing them rotates a reference
frame by 90 degrees without any number looking wrong.

  



  
    
      
    
    
      location_mean(messages)



        
          
        

    

  


  

      

          @spec location_mean([Monty.Cmp.Message.t() | Monty.Cmp.Goal.t()]) :: [float()] | nil


      


Mean of the messages' locations, or nil when no message has a location.
Mirrors cmp.location_mean: a missing location is not zero, and the mean of
an empty list is not a point.

  


        

      


  

    
Monty.Cmp.AttentionRegion 
    



      
Locations carrying an attention weight, proposed by a sensor or learning
module to the attention system.
Mirrors tbp/monty/cmp.py::AttentionRegion. Weights run from MIN_WEIGHT
(do not look here) to MAX_WEIGHT (look here).

      


      
        Summary


  
    Types
  


    
      
        location()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        concat(regions)

      


        Concatenates regions. No regions is an empty region, which is what the
attention system sees when nobody proposes anything.



    


    
      
        empty()

      


        A region with nothing in it.



    


    
      
        empty?(attention_region)

      


        True when the region proposes nothing.



    


    
      
        max_weight()

      


        The largest weight a region may carry: a strong invitation to look.



    


    
      
        min_weight()

      


        The smallest weight a region may carry: a strong inhibition.



    


    
      
        uniform(locations, weight)

      


        A region of locations that all carry the same weight.



    





      


      
        Types


        


  
    
      
    
    
      location()



        
          
        

    

  


  

      

          @type location() :: [float()]


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Cmp.AttentionRegion{locations: [location()], weights: [float()]}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      concat(regions)



        
          
        

    

  


  

      

          @spec concat([t()]) :: t()


      


Concatenates regions. No regions is an empty region, which is what the
attention system sees when nobody proposes anything.

  



  
    
      
    
    
      empty()



        
          
        

    

  


  

      

          @spec empty() :: t()


      


A region with nothing in it.

  



  
    
      
    
    
      empty?(attention_region)



        
          
        

    

  


  

      

          @spec empty?(t()) :: boolean()


      


True when the region proposes nothing.

  



  
    
      
    
    
      max_weight()



        
          
        

    

  


  

      

          @spec max_weight() :: float()


      


The largest weight a region may carry: a strong invitation to look.

  



  
    
      
    
    
      min_weight()



        
          
        

    

  


  

      

          @spec min_weight() :: float()


      


The smallest weight a region may carry: a strong inhibition.

  



  
    
      
    
    
      uniform(locations, weight)



        
          
        

    

  


  

      

          @spec uniform([location()], float()) :: t()


      


A region of locations that all carry the same weight.

  


        

      


  

    
Monty.Cmp.Goal 
    



      
A target state on the cortical messaging protocol.
Mirrors tbp/monty/cmp.py::Goal. A goal is a Message whose location and
features are the values the receiver should achieve; confidence is the
conviction with which the goal generator believes it should be acted upon,
and goal_tolerances says how closely each element has to match before the
goal counts as achieved.
Unlike a message, every state field may be nil: "go to that object" does not
specify a location, and "move that way" does not specify an object.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(attrs)

      


        Builds a goal. Fields a goal generator did not decide are simply absent.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Cmp.Goal{
  confidence: float(),
  goal_tolerances: map() | nil,
  info: map(),
  location: [float()] | nil,
  morphological_features: map() | nil,
  non_morphological_features: map() | nil,
  pass_message: boolean(),
  process_features_in_lm: boolean(),
  sender_id: String.t(),
  sender_type: :sm | :lm | :gsg
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  

      

          @spec new(map() | keyword()) :: {:ok, t()} | {:error, term()}


      


Builds a goal. Fields a goal generator did not decide are simply absent.

  


        

      


  

    
Monty.Cmp.Message 
    



      
A message in Monty's cortical messaging protocol (CMP).
Mirrors tbp/monty/cmp.py::Message. The same payload represents an observed
state (from a sensor module), a hypothesized state (from a learning module)
or a goal (from a goal generator) — the receiver decides how to read it.
Differences from the Python class, on purpose:
	sender_type is an atom (:sm | :lm) here and the strings "SM"/"LM"
on the wire (Monty.Cmp.encode/1), so a typo is a compile-time warning
rather than a runtime assertion.

	Construction returns {:ok, message} | {:error, reason} instead of
raising, because messages are built inside supervised processes whose job
is to keep the run alive.

	Vectors are plain lists ([x, y, z], [[x, y, z], ...]), the shape Nx
and JSON both read without conversion.
	semantic_id is a field here and a private attribute in Python
(percept._semantic_id). Monty sets it "just for logging" — its own
words, on the line that sets it — and nothing in matching reads it; here
a private field does not exist, so the annotation is a field and the
promise is the same one Monty makes in a comment.


      


      
        Summary


  
    Types
  


    
      
        pose_vectors()

      


    


    
      
        sender_type()

      


        Where a message came from. :gsg only appears on Monty.Cmp.Goal.



    


    
      
        t()

      


    


    
      
        vector()

      


    





  
    Functions
  


    
      
        curvature_directions(message)

      


        The two principal curvature directions, for SurfacePoseVectors.



    


    
      
        feature(message, name)

      


        Looks a feature up among the morphological and then the non-morphological
features.



    


    
      
        from_sensor_module?(message)

      


        True when the message was produced by a sensor module.



    


    
      
        new(attrs)

      


        Builds a message, validating the fields the Python class asserts on.



    


    
      
        on_object?(message)

      


        Whether the sender believes the sensor is on an object.



    


    
      
        set_displacement(message, displacement, ppf \\ nil)

      


        Records how the sensor moved since the previous message, and optionally the
point-pair feature that goes with it.



    


    
      
        surface_normal(message)

      


        The surface normal, for messages carrying SurfacePoseVectors.



    


    
      
        transform_morphological_features(message, translation, rotation)

      


        Applies a translation and/or rotation to the message's pose.



    





      


      
        Types


        


  
    
      
    
    
      pose_vectors()



        
          
        

    

  


  

      

          @type pose_vectors() ::
  Monty.Geometry.SurfacePoseVectors.t()
  | Monty.Geometry.OrientationMatrix.t()
  | Monty.Geometry.GazeDirection.t()


      



  



  
    
      
    
    
      sender_type()



        
          
        

    

  


  

      

          @type sender_type() :: :sm | :lm | :gsg


      


Where a message came from. :gsg only appears on Monty.Cmp.Goal.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Cmp.Message{
  confidence: float(),
  displacement: %{optional(String.t()) => term()} | nil,
  location: vector() | nil,
  morphological_features: %{optional(String.t()) => term()},
  non_morphological_features: %{optional(String.t()) => term()},
  pass_message: boolean(),
  process_features_in_lm: boolean(),
  semantic_id: integer() | nil,
  sender_id: String.t(),
  sender_type: sender_type()
}


      



  



  
    
      
    
    
      vector()



        
          
        

    

  


  

      

          @type vector() :: [float()]


      



  


        

      

      
        Functions


        


  
    
      
    
    
      curvature_directions(message)



        
          
        

    

  


  

      

          @spec curvature_directions(t()) ::
  {:ok, {vector(), vector()}} | {:error, :no_surface_pose_vectors}


      


The two principal curvature directions, for SurfacePoseVectors.

  



  
    
      
    
    
      feature(message, name)



        
          
        

    

  


  

      

          @spec feature(t(), String.t()) ::
  {:ok, term()} | {:error, {:feature_not_found, String.t()}}


      


Looks a feature up among the morphological and then the non-morphological
features.

  



  
    
      
    
    
      from_sensor_module?(message)



        
          
        

    

  


  

      

          @spec from_sensor_module?(t()) :: boolean()


      


True when the message was produced by a sensor module.

  



  
    
      
    
    
      new(attrs)



        
          
        

    

  


  

      

          @spec new(map() | keyword()) :: {:ok, t()} | {:error, term()}


      


Builds a message, validating the fields the Python class asserts on.
A location-only message (process_features_in_lm: false) may omit the pose
features; it only synchronises the receiver's sense of where the sensor is.

  



  
    
      
    
    
      on_object?(message)



        
          
        

    

  


  

      

          @spec on_object?(t()) :: boolean()


      


Whether the sender believes the sensor is on an object.
Monty's default is true when the feature is absent, because a message that
says nothing about it came from a sensor that could not tell. The feature
itself is a number — a sensor module writes 1.0 or 0.0, a goal generator
1 — which Monty's get_on_object hands on and every caller only ever asks
as a question, so the answer here is the question's answer.

  



    

  
    
      
    
    
      set_displacement(message, displacement, ppf \\ nil)



        
          
        

    

  


  

      

          @spec set_displacement(t(), vector(), term() | nil) :: t()


      


Records how the sensor moved since the previous message, and optionally the
point-pair feature that goes with it.

  



  
    
      
    
    
      surface_normal(message)



        
          
        

    

  


  

      

          @spec surface_normal(t()) :: {:ok, vector()} | {:error, :no_surface_pose_vectors}


      


The surface normal, for messages carrying SurfacePoseVectors.

  



  
    
      
    
    
      transform_morphological_features(message, translation, rotation)



        
          
        

    

  


  

      

          @spec transform_morphological_features(t(), vector() | nil, [[float()]] | nil) ::
  {:ok, t()} | {:error, :gaze_direction_not_transformable}


      


Applies a translation and/or rotation to the message's pose.
Mirrors Message.transform_morphological_features: the location moves by the
translation, and the pose vectors are rotated by rotation * pose_vectors.
A GazeDirection cannot be rotated — it is a goal direction, not a frame.

  


        

      


  

    
Monty.Config.Expression 
    



      
Evaluates the tiny arithmetic dialect Monty's configs use.
Monty has an OmegaConf resolver, np.list_eval, that runs Python's eval over
each item of a list, and its configs rely on it for things like
${np.list_eval:[np.pi / 8, np.pi * 2, np.pi * 2]}. Running Python is not an
option, so this module parses exactly the language those entries use:
	number literals (8, 0.7, 1e-3)
	np.pi
	+, -, *, / with the usual precedence, and parentheses
	a list of expressions in brackets

Anything outside that grammar is an error, which is the point: an evaluator
that quietly accepts more would be an evaluator we cannot reason about.

      


      
        Summary


  
    Types
  


    
      
        value()

      


    





  
    Functions
  


    
      
        evaluate(source)

      


        Evaluates a bare expression.



    





      


      
        Types


        


  
    
      
    
    
      value()



        
          
        

    

  


  

      

          @type value() :: number() | [value()]


      



  


        

      

      
        Functions


        


  
    
      
    
    
      evaluate(source)



        
          
        

    

  


  

      

          @spec evaluate(String.t()) :: {:ok, value()} | {:error, term()}


      


Evaluates a bare expression.
iex> Monty.Config.Expression.evaluate("np.pi / 8")
0.39269908169872414

iex> Monty.Config.Expression.evaluate("[1, 2 * 3]")
[1.0, 6.0]

  


        

      


  

    
Monty.Config.Resolvers 
    



      
Resolves the OmegaConf interpolations Monty's configs are written in.
Composition leaves ${...} strings exactly as Monty's snapshots have them;
this module turns them into values:
${constants.min_eval_steps}                     a reference into the tree
${oc.env:MONTY_DATA}                            an environment variable
${oc.env:MONTY_DATA,/tmp/data}                  ... with a default
${monty.class:tbp.monty.geometry.Rotation}      a class reference
${np.array:[2, 0.5, 0.5]}                       a numeric array
${np.ones:3}                                    [1.0, 1.0, 1.0]
${np.list_eval:[np.pi / 8, np.pi * 2]}          arithmetic
${path.expanduser:~/tbp/data}                   ~ expanded
${path.tests:fixtures/cube.json}                inside Monty's tests/
monty.class deserves a note: Monty returns the class object, which an
Elixir process cannot hold. This returns the dotted path as a string and
leaves the mapping to an Elixir module to Monty.Config.Registry, so the
config file stays readable and an unknown class stays visible instead of
blowing up during composition.

      


      
        Summary


  
    Types
  


    
      
        opts()

      


    





  
    Functions
  


    
      
        resolve(tree, opts \\ [])

      


        Resolves every interpolation in a composed config.



    


    
      
        unresolved?(value)

      


        True when any string in the tree still contains an interpolation.



    





      


      
        Types


        


  
    
      
    
    
      opts()



        
          
        

    

  


  

      

          @type opts() :: [env: (String.t() -> String.t() | nil), monty_root: Path.t()]


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      resolve(tree, opts \\ [])



        
          
        

    

  


  

      

          @spec resolve(map(), opts()) :: {:ok, map()} | {:error, term()}


      


Resolves every interpolation in a composed config.
Runs to a fixed point, because a value may reference one that is itself an
interpolation. A tree that still contains ${ after that is reported as
unresolved — never silently passed through as a string.

  



  
    
      
    
    
      unresolved?(value)



        
          
        

    

  


  

      

          @spec unresolved?(term()) :: boolean()


      


True when any string in the tree still contains an interpolation.

  


        

      


  

    
Monty.Config.Source 
    



      
Reads Monty's own Hydra/OmegaConf config files.
The promise this module exists for: a config that Monty ships can be handed
to this application unchanged. Nothing here knows what an experiment means;
it only knows how Hydra lays one out on disk.
What is implemented is the subset Monty actually uses (checked against its
conf/ tree): a defaults: list, _self_, # @package headers, and
group@package overrides. There is no override syntax, no optional:
marker and no CLI group override in the tree, so none of those are invented
here.

      


      
        Summary


  
    Types
  


    
      
        config()

      


    


    
      
        default()

      


    





  
    Functions
  


    
      
        conf_dir()

      


        The config tree to compose from.



    


    
      
        conf_dir(root)

      


        The Hydra config directory inside a Monty checkout.



    


    
      
        default_package(group)

      


        The package a group's config lands in when the file does not say.



    


    
      
        experiments(conf_dir \\ conf_dir())

      


        Names of the experiments Monty ships, relative to the experiment group and
without the .yaml suffix.



    


    
      
        inputs_root()

      


        The Monty inputs this application ships: the Hydra configs it composes and the
snapshots it checks them against.



    


    
      
        load(conf_dir, group, option)

      


        Loads one config file of a group.



    


    
      
        load_file(path)

      


        Loads a config file by path, wherever it lives.



    


    
      
        load_text(text, path \\ "<generated>")

      


        Parses config text as if it were the file at path.



    


    
      
        path_for(conf_dir, group, option)

      


        The file a group option lives in.



    


    
      
        root()

      


        The Monty checkout: a maintainer's input, never a running system's.



    


    
      
        snapshots_dir()

      


        The snapshots to check composed configs against, shipped with them.



    


    
      
        snapshots_dir(root)

      


        The snapshot directory inside a Monty checkout.



    


    
      
        teleop_root()

      


        The teleop checkout to read from.



    





      


      
        Types


        


  
    
      
    
    
      config()



        
          
        

    

  


  

      

          @type config() :: %{
  package: [String.t()] | nil,
  defaults: [default()],
  body: map() | nil,
  file: Path.t()
}


      



  



  
    
      
    
    
      default()



        
          
        

    

  


  

      

          @type default() ::
  :self | {:group, String.t(), String.t() | :missing, String.t() | nil}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      conf_dir()



        
          
        

    

  


  

      

          @spec conf_dir() :: Path.t()


      


The config tree to compose from.
The shipped copy by default; conf_dir/1 names the same tree inside a
checkout, which is what a person comparing against an upstream pull wants.

  



  
    
      
    
    
      conf_dir(root)



        
          
        

    

  


  

      

          @spec conf_dir(Path.t()) :: Path.t()


      


The Hydra config directory inside a Monty checkout.

  



  
    
      
    
    
      default_package(group)



        
          
        

    

  


  

      

          @spec default_package(String.t()) :: [String.t()]


      


The package a group's config lands in when the file does not say.
Hydra's default package for - group: option is the group path with dots, so
monty/connectivity lands at monty.connectivity unless a # @package
header overrides it. Monty's files almost always override it; this is the
fallback that makes the rule complete.

  



    

  
    
      
    
    
      experiments(conf_dir \\ conf_dir())



        
          
        

    

  


  

      

          @spec experiments(Path.t()) :: [String.t()]


      


Names of the experiments Monty ships, relative to the experiment group and
without the .yaml suffix.
Nested directories (test/, tutorial/) are included with their prefix, so
test/run is a name an experiment can be launched by.

  



  
    
      
    
    
      inputs_root()



        
          
        

    

  


  

      

          @spec inputs_root() :: Path.t()


      


The Monty inputs this application ships: the Hydra configs it composes and the
snapshots it checks them against.
Copied from a checkout by mix monty.inputs and checked in, so that building
the image, running the suite and running CI need no Monty checkout.
:code.priv_dir/1 rather than a relative priv/, because a release runs from
bin/ while its files live under lib/.

  



  
    
      
    
    
      load(conf_dir, group, option)



        
          
        

    

  


  

      

          @spec load(Path.t(), String.t(), String.t()) :: {:ok, config()} | {:error, term()}


      


Loads one config file of a group.

  



  
    
      
    
    
      load_file(path)



        
          
        

    

  


  

      

          @spec load_file(Path.t()) :: {:ok, config()} | {:error, term()}


      


Loads a config file by path, wherever it lives.

  



    

  
    
      
    
    
      load_text(text, path \\ "<generated>")



        
          
        

    

  


  

      

          @spec load_text(String.t(), Path.t()) :: {:ok, config()} | {:error, term()}


      


Parses config text as if it were the file at path.
This is what makes a generated config the same kind of thing as one Monty
ships: it is composed from its text, not from a struct that would have to
keep its own idea of what the text means.

  



  
    
      
    
    
      path_for(conf_dir, group, option)



        
          
        

    

  


  

      

          @spec path_for(Path.t(), String.t(), String.t()) :: Path.t()


      


The file a group option lives in.

  



  
    
      
    
    
      root()



        
          
        

    

  


  

      

          @spec root() :: Path.t()


      


The Monty checkout: a maintainer's input, never a running system's.
MONTY_SOURCE wins; otherwise ../monty-orig next to the project, which is
where the reference checkout lives in this workspace. What reads it: the mix
tasks that regenerate from upstream (mix monty.inputs, mix monty.module_map,
mix monty.port_census) and the tests of those tasks. Reading a neighbouring
checkout is a development thing — copying its files in, comparing against
it — and the image does not carry one, so nothing a release runs may fall back
to this path: a tool that needs documentation or roadmap data reads the
project's published site, and one that needs configs reads those priv/monty
already ships.

  



  
    
      
    
    
      snapshots_dir()



        
          
        

    

  


  

      

          @spec snapshots_dir() :: Path.t()


      


The snapshots to check composed configs against, shipped with them.

  



  
    
      
    
    
      snapshots_dir(root)



        
          
        

    

  


  

      

          @spec snapshots_dir(Path.t()) :: Path.t()


      


The snapshot directory inside a Monty checkout.

  



  
    
      
    
    
      teleop_root()



        
          
        

    

  


  

      

          @spec teleop_root() :: Path.t()


      


The teleop checkout to read from.
TELEOP_SOURCE wins; otherwise ../tbp.teleop next to the project, which is
where the reference checkout lives in this workspace.

  


        

      


  

    
Monty.Config.Target 
    



      
The Elixir module a _target_ names.
Monty's Hydra configs build objects by naming classes:
 policy:
   _target_: tbp.monty.frameworks.models.motor_policies.SurfacePolicyCurvatureInformed
   alpha: 0.1
Composing that config keeps the name (Monty.Config.Resolvers returns
${monty.class:...} as a dotted path), so building the object means turning
that path into a module here — through Monty.ModuleMap, which is generated
from Monty's source and therefore knows whether the class is ported at all.
A class this port has not written is an error rather than a silent stand-in:
a run built from a config must be a run of that config, and a policy that
quietly became something else would make the experiment a lie.

      


      
        Summary


  
    Functions
  


    
      
        class!(dotted)

      


        The module config targets.



    


    
      
        implemented?(value)

      


        Whether every _target_ in a config tree names a module this port has.



    


    
      
        unwrap(dotted)

      


        The dotted path inside a ${monty.class:...} interpolation, or the value.



    





      


      
        Functions


        


  
    
      
    
    
      class!(dotted)



        
          
        

    

  


  

      

          @spec class!(map() | String.t()) :: module()


      


The module config targets.
Accepts a config map with _target_, or the dotted path on its own.

  



  
    
      
    
    
      implemented?(value)



        
          
        

    

  


  

      

          @spec implemented?(term()) :: boolean()


      


Whether every _target_ in a config tree names a module this port has.
Only the strings that name a class are looked at: a config's parameters are
mostly ordinary strings (agent_id_0, all), and treating those as class
names would call every experiment unbuilt.

  



  
    
      
    
    
      unwrap(dotted)



        
          
        

    

  


  

      

          @spec unwrap(String.t()) :: String.t()


      


The dotted path inside a ${monty.class:...} interpolation, or the value.
Composition resolves interpolations, but a config may reach a builder before
it has been through Monty.Config.Resolvers — a config written by hand in a
test, for instance — so both forms are accepted.

  


        

      


  

    
Monty.Context 
    



      
What a module needs to know about the run it is part of.
Mirrors tbp/monty/context.py::RuntimeContext. Python threads one mutable
RandomState through every module; here rng is the handle of the episode's
one stream (Monty.Random.Stream), and a module draws from it in the order it
is stepped — so the draws are NumPy's, in Monty's order, and a run is still a
function of its episode seed.
rng_for/2 is the older arrangement, kept for the sites that have not been
moved onto the stream yet (the environment's noise transforms and the
transform pipeline of Monty.SensorModules.SensorModule, which draw per module
per step). It is a different set of numbers by construction, and
docs/monty-differences.md §2.1 lists what is left. The camera's message noise
draws from the stream, as Monty's does.
The step is advanced by the coordinator, never by a module.

      


      
        Summary


  
    Types
  


    
      
        mode()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        new(episode_seed, opts \\ [])

      


        A context for the first step of an episode.



    


    
      
        next(ctx)

      


        The same context one step later.



    


    
      
        rng_for(context, module_id)

      


        A deterministic random stream for one module at this step.



    





      


      
        Types


        


  
    
      
    
    
      mode()



        
          
        

    

  


  

      

          @type mode() :: :matching | :exploratory


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Context{
  episode_seed: non_neg_integer(),
  mode: mode(),
  rng: GenServer.server() | nil,
  step: non_neg_integer(),
  suppress_runtime_errors: boolean()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(episode_seed, opts \\ [])



        
          
        

    

  


  

      

          @spec new(non_neg_integer(), keyword()) :: t()


      


A context for the first step of an episode.

  



  
    
      
    
    
      next(ctx)



        
          
        

    

  


  

      

          @spec next(t()) :: t()


      


The same context one step later.

  



  
    
      
    
    
      rng_for(context, module_id)



        
          
        

    

  


  

      

          @spec rng_for(t(), atom() | String.t()) :: :rand.state()


      


A deterministic random stream for one module at this step.
Same episode seed, module id and step always give the same numbers; the
stream is independent of which other modules drew before it.

  


        

      


  

    
Monty.Experiment.MatchCriteria 
    



      
Turning per-module terminal states into one system-level decision.
Mirrors tbp/monty/experiment/match_criteria.py. A learning module concludes
on its own — it recognised an object, it gave up, or it ran out of time — and
something has to decide what the system believes. That is a criterion: a
function of the terminal states of all modules.
	Monty.Experiment.MatchCriteria.AnyLMsMatch — enough modules matched;
	Monty.Experiment.MatchCriteria.NamedLMsMatch — these modules matched.

A criterion is carried as {module, argument}, the same way this port carries
a hypotheses updater: the module answers and the argument is the
configuration, so an experiment picks a criterion without the coordinator
knowing which one it got.

      




  

    
Monty.Experiment.MatchCriteria.AnyLMsMatch 
    



      
Satisfied once any count learning modules have recognised an object.
Mirrors tbp/monty/experiment/match_criteria.py::AnyLMsMatch. This is the
criterion a single-module experiment uses with count: 1: the one module
matched, so Monty has recognised the object. With several modules it is a
quorum — two of five columns agreeing is enough.
A count below one would be satisfied before anything was seen, so it is
refused when the criterion is built.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(count)

      


        A criterion that needs count modules to match.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Experiment.MatchCriteria.AnyLMsMatch{count: pos_integer()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(count)



        
          
        

    

  


  

      

          @spec new(pos_integer()) :: {:ok, t()} | {:error, :count_must_be_positive}


      


A criterion that needs count modules to match.

  


        

      


  

    
Monty.Experiment.MatchCriteria.MatchCriterion behaviour
    



      
What a match criterion is.
Mirrors tbp/monty/experiment/match_criteria.py::MatchCriterion, a protocol
for a callable that takes the terminal states of every learning module and
answers whether the system has recognised the object.
Monty's terminal states are strings; here they are atoms
(:match, :no_match, :time_out, :pose_time_out), and a module that has
not concluded yet is nil.

      


      
        Summary


  
    Types
  


    
      
        terminal_state()

      


    


    
      
        terminal_states()

      


    





  
    Callbacks
  


    
      
        matched?(terminal_states, term)

      


        Whether the terminal states amount to a recognition.



    





      


      
        Types


        


  
    
      
    
    
      terminal_state()



        
          
        

    

  


  

      

          @type terminal_state() :: :match | :no_match | :time_out | :pose_time_out | nil


      



  



  
    
      
    
    
      terminal_states()



        
          
        

    

  


  

      

          @type terminal_states() :: %{optional(String.t()) => terminal_state()}


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      matched?(terminal_states, term)



        
          
        

    

  


  

      

          @callback matched?(terminal_states(), term()) :: boolean()


      


Whether the terminal states amount to a recognition.
Called with the criterion's own configuration as the second argument, so a
criterion that needs a count or a set of module ids carries it as data rather
than in its module.

  


        

      


  

    
Monty.Experiment.MatchCriteria.NamedLMsMatch 
    



      
Satisfied once every named learning module has recognised an object.
Mirrors tbp/monty/experiment/match_criteria.py::NamedLMsMatch. An
experiment whose answer depends on particular columns — a hierarchy where the
top module must confirm what the one below it proposed — names them here, so
that a match elsewhere does not end the episode.
An empty set of ids would be satisfied before anything was seen, so it is
refused when the criterion is built.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ids)

      


        A criterion that needs exactly these modules to match.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Experiment.MatchCriteria.NamedLMsMatch{ids: MapSet.t(String.t())}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(ids)



        
          
        

    

  


  

      

          @spec new([String.t()]) :: {:ok, t()} | {:error, :ids_must_not_be_empty}


      


A criterion that needs exactly these modules to match.

  


        

      


  

    
Monty.Experiment.RecognitionStrategy behaviour
    



      
What counts as "the episode is over".
Mirrors tbp/monty/experiment/recognition_strategy.py::RecognitionStrategy. Each
learning module decides its own answer; a policy turns those answers, plus the
step counters, into the one decision the episode loop asks for:
%RecognitionResult{is_done: ..., time_out_lms: ..., start_exploring: ...}.
The model, as a policy sees it
Monty's policies are handed the model and read four things off it. Rather than
reach into the runtime's processes, a policy here is given those four things as
a map — that is what keeps the decision logic pure and comparable with Monty's
own answers (scripts/record_monty_recognition_strategy.py). The episode loop is
what builds the map, from the model it is holding.
Policies are {module, state}
Each policy is a module plus the numbers it was configured with, which is how
the rest of this port composes behaviour (Monty.Experiment.RecognitionStrategy.call/3),
and it means AnyPolicy can hold a list of them without knowing what any of
them are.
What is not here
Monty's policies log and telemeter when they decide (logger.info,
telemeter.info). The decision is what is compared; the logging is the
experiment's business, so it is not on this path.

      


      
        Summary


  
    Types
  


    
      
        model()

      


        The model, as a recognition policy may read it.



    


    
      
        t()

      


        A policy and the numbers it was configured with.



    





  
    Callbacks
  


    
      
        call(model, t, state)

      


        The signature every policy module implements.



    





  
    Functions
  


    
      
        call(arg, model, counter)

      


        Applies a policy to a model and the episode's counters.



    


    
      
        from_config(config)

      


        The policy a config names, built.



    





      


      
        Types


        


  
    
      
    
    
      model()



        
          
        

    

  


  

      

          @type model() :: %{
  is_done: boolean(),
  is_exploring: boolean(),
  matching_steps: non_neg_integer(),
  conclusions: [Monty.Experiment.RecognitionStatus.conclusion() | nil]
}


      


The model, as a recognition policy may read it.
is_done is Monty's model.is_done — every learning module that matters has
concluded. conclusions is each module's answer, in module order, with nil
for a module that has not concluded.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: {module(), term()}


      


A policy and the numbers it was configured with.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      call(model, t, state)



        
          
        

    

  


  

      

          @callback call(
  model(),
  Monty.Experiment.RecognitionStrategy.RecognitionCounter.t(),
  state :: term()
) ::
  Monty.Experiment.RecognitionStrategy.RecognitionResult.t()


      


The signature every policy module implements.
state is whatever the policy's new/1 decided to keep — Monty keeps them as
instance attributes, which is the same thing without the object.

  


        

      

      
        Functions


        


  
    
      
    
    
      call(arg, model, counter)



        
          
        

    

  


  

      

          @spec call(t(), model(), Monty.Experiment.RecognitionStrategy.RecognitionCounter.t()) ::
  Monty.Experiment.RecognitionStrategy.RecognitionResult.t()


      


Applies a policy to a model and the episode's counters.
The whole reason a policy is a module and a state: this is the only place that
need know the shape.

  



  
    
      
    
    
      from_config(config)



        
          
        

    

  


  

      

          @spec from_config(map()) :: {:ok, t()} | {:error, String.t()}


      


The policy a config names, built.
Takes Monty's own shape — a map with _target_ and the policy's arguments —
and answers {:ok, {module, state}} or {:error, message}. wrapped and
policies are built first, so a wrapper over a policy, or an AnyPolicy over
several, comes out of the same call.
An option the policy does not have is refused rather than ignored: a config
written for a policy this port has not caught up with should say so, not run
a different policy.

  


        

      


  

    
Monty.Experiment.RecognitionStrategy.AnyPolicy 
    



      
Done when any of its policies is, and it stops asking at the first yes.
Mirrors tbp/monty/experiment/recognition_strategy.py::AnyPolicy. The result is
the union of the answers it did get: a time_out_lms from an earlier policy
survives a later one that says done on its own, so combining policies never
loses a request.
Stopping at the first "done" is Monty's behaviour and it is observable — a
policy after the one that fired is not consulted at all — which is why the
recording compares the union rather than re-running every member.

      


      
        Summary


  
    Functions
  


    
      
        call(model, counter, map)

      


        The union of the answers, stopping at the first policy that is done.



    


    
      
        new(options)

      


        A policy over :policies, in the order they are asked.



    





      


      
        Functions


        


  
    
      
    
    
      call(model, counter, map)



        
          
        

    

  


  

      

          @spec call(map(), Monty.Experiment.RecognitionStrategy.RecognitionCounter.t(), map()) ::
  Monty.Experiment.RecognitionStrategy.RecognitionResult.t()


      


The union of the answers, stopping at the first policy that is done.

  



  
    
      
    
    
      new(options)



        
          
        

    

  


  

      

          @spec new(keyword()) :: {:ok, {module(), map()}} | {:error, String.t()}


      


A policy over :policies, in the order they are asked.
Monty raises ValueError for an empty list; here that is
{:error, "no policies to check"}.

  


        

      


  

    
Monty.Experiment.RecognitionStrategy.MaxTotalSteps 
    



      
Done at a hard step ceiling, and every lagging module timed out with it.
Mirrors tbp/monty/experiment/recognition_strategy.py::MaxTotalSteps. The
ceiling counts every step, not matching ones, so it is what stops an episode
that is spinning without ever perceiving anything.

      


      
        Summary


  
    Functions
  


    
      
        call(model, counter, map)

      


        Done at the ceiling; a ceiling reached is also a timeout for the modules.



    


    
      
        new(options)

      


        A policy that ends the episode at :max_total_steps steps.



    





      


      
        Functions


        


  
    
      
    
    
      call(model, counter, map)



        
          
        

    

  


  

      

          @spec call(map(), Monty.Experiment.RecognitionStrategy.RecognitionCounter.t(), map()) ::
  Monty.Experiment.RecognitionStrategy.RecognitionResult.t()


      


Done at the ceiling; a ceiling reached is also a timeout for the modules.

  



  
    
      
    
    
      new(options)



        
          
        

    

  


  

      

          @spec new(keyword()) :: {:ok, {module(), map()}} | {:error, String.t()}


      


A policy that ends the episode at :max_total_steps steps.
Monty raises ValueError for a ceiling that is not positive; here that is
{:error, message} with Monty's own words.

  


        

      


  

    
Monty.Experiment.RecognitionStrategy.MaximumSteps 
    



      
Done once the matching steps reach the limit for the current mode.
Mirrors tbp/monty/experiment/recognition_strategy.py::MaximumSteps. Two things
have to hold: the model is not exploring — an exploring step is training, not
matching — and model.matching_steps has reached max_train_steps or
max_eval_steps, chosen by mode.

      


      
        Summary


  
    Functions
  


    
      
        call(model, counter, state)

      


        Done when the mode's limit is reached, unless the model is exploring.



    


    
      
        new(options)

      


        A policy with a limit for each mode.



    





      


      
        Functions


        


  
    
      
    
    
      call(model, counter, state)



        
          
        

    

  


  

      

          @spec call(map(), Monty.Experiment.RecognitionStrategy.RecognitionCounter.t(), map()) ::
  Monty.Experiment.RecognitionStrategy.RecognitionResult.t()


      


Done when the mode's limit is reached, unless the model is exploring.

  



  
    
      
    
    
      new(options)



        
          
        

    

  


  

      

          @spec new(keyword()) :: {:ok, {module(), map()}} | {:error, String.t()}


      


A policy with a limit for each mode.
Monty raises ValueError for a limit that is not positive; here that is
{:error, message} with Monty's own words.

  


        

      


  

    
Monty.Experiment.RecognitionStrategy.MinEvalMaxTotalSteps 
    



      
A wrapper that refuses to stop too early, and stops anyway at a ceiling.
Mirrors tbp/monty/experiment/recognition_strategy.py::MinEvalMaxTotalSteps. It
exists because a model can recognise an object in three steps, which makes an
evaluation measure nothing: this holds the episode open until
min_eval_steps matching steps have happened, while still ending it at
max_total_steps — which is also the guard against a policy that stalls
because matching steps never increase.
The wrapped policy's time_out_lms and start_exploring are carried through
in every branch, so wrapping changes when an episode stops and nothing else.

      


      
        Summary


  
    Functions
  


    
      
        call(model, counter, state)

      


        The wrapped answer, held back while too little has been seen, or ended at the
ceiling.



    


    
      
        new(options)

      


        A wrapper around :wrapped, which is a policy in the same {module, state}
shape.



    





      


      
        Functions


        


  
    
      
    
    
      call(model, counter, state)



        
          
        

    

  


  

      

          @spec call(map(), Monty.Experiment.RecognitionStrategy.RecognitionCounter.t(), map()) ::
  Monty.Experiment.RecognitionStrategy.RecognitionResult.t()


      


The wrapped answer, held back while too little has been seen, or ended at the
ceiling.

  



  
    
      
    
    
      new(options)



        
          
        

    

  


  

      

          @spec new(keyword()) :: {:ok, {module(), map()}} | {:error, String.t()}


      


A wrapper around :wrapped, which is a policy in the same {module, state}
shape.
Monty raises ValueError for a negative minimum, a non-positive ceiling, or a
minimum above the ceiling; here that is {:error, message} with Monty's own
words, checked in the same order.

  


        

      


  

    
Monty.Experiment.RecognitionStrategy.MinimumLMs 
    



      
Done once enough learning modules have concluded, whatever they concluded.
Mirrors tbp/monty/experiment/recognition_strategy.py::MinimumLMs. It reads only
whether a module concluded — :match, :no_match or :time_out all count —
which is what makes it usable when the question is "has every module made up
its mind" rather than "did we recognise the object".

      


      
        Summary


  
    Functions
  


    
      
        call(model, counter, map)

      


        Done when enough modules have concluded, however they concluded.



    


    
      
        new(options)

      


        A policy satisfied by :min_lms concluded modules.



    





      


      
        Functions


        


  
    
      
    
    
      call(model, counter, map)



        
          
        

    

  


  

      

          @spec call(map(), Monty.Experiment.RecognitionStrategy.RecognitionCounter.t(), map()) ::
  Monty.Experiment.RecognitionStrategy.RecognitionResult.t()


      


Done when enough modules have concluded, however they concluded.

  



  
    
      
    
    
      new(options)



        
          
        

    

  


  

      

          @spec new(keyword()) :: {:ok, {module(), map()}} | {:error, String.t()}


      


A policy satisfied by :min_lms concluded modules.
Monty raises ValueError for a minimum that is not positive; here that is
{:error, message} with Monty's own words.

  


        

      


  

    
Monty.Experiment.RecognitionStrategy.MontyIsDone 
    



      
The original policy: the model says it is done, or it does not.
Mirrors tbp/monty/experiment/recognition_strategy.py::MontyIsDone, which is
what Monty uses when a config names no policy at all — so this is the floor
every experiment stands on, and the one an episode with no step limit falls
back to.

      


      
        Summary


  
    Functions
  


    
      
        call(model, counter, state)

      


        Done when the model says so; asks no other question.



    


    
      
        new(options \\ [])

      


        The policy, taking no configuration.



    





      


      
        Functions


        


  
    
      
    
    
      call(model, counter, state)



        
          
        

    

  


  

      

          @spec call(map(), term(), map()) ::
  Monty.Experiment.RecognitionStrategy.RecognitionResult.t()


      


Done when the model says so; asks no other question.

  



    

  
    
      
    
    
      new(options \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: {:ok, {module(), %{}}}


      


The policy, taking no configuration.
Monty's constructor takes no arguments either; the empty option list is here
so that every policy is built the same way, and an option is still refused —
by the factory, before this is asked (Monty.Experiment.RecognitionStrategy).

  


        

      


  

    
Monty.Experiment.RecognitionStrategy.NaiveScan 
    



      
Done when a naive scan's spiral has completed.
Mirrors tbp/monty/experiment/recognition_strategy.py::NaiveScan. The scan moves
in fixed steps and turns until it has swept ninety degrees, so the number of
steps in the spiral is arithmetic on the step size and nothing else:
k = ceil(90 / fixed_amount)
step_limit = k * (k - 1) + 1
which is 1, 73, 307 and 8011 for step sizes of 90, 10, 5 and 1 — Monty's own
numbers, and the reason this policy exists rather than a plain step ceiling.

      


      
        Summary


  
    Functions
  


    
      
        call(model, counter, map)

      


        Done when the spiral is complete.



    


    
      
        new(options)

      


        A policy whose ceiling is the spiral's own length.



    


    
      
        step_limit(fixed_amount)

      


        How many steps a spiral of this step size takes, as Monty computes it.



    





      


      
        Functions


        


  
    
      
    
    
      call(model, counter, map)



        
          
        

    

  


  

      

          @spec call(map(), Monty.Experiment.RecognitionStrategy.RecognitionCounter.t(), map()) ::
  Monty.Experiment.RecognitionStrategy.RecognitionResult.t()


      


Done when the spiral is complete.

  



  
    
      
    
    
      new(options)



        
          
        

    

  


  

      

          @spec new(keyword()) :: {:ok, {module(), map()}} | {:error, String.t()}


      


A policy whose ceiling is the spiral's own length.
Monty raises ValueError for a step size that is not positive; here that is
{:error, message} with Monty's own words.

  



  
    
      
    
    
      step_limit(fixed_amount)



        
          
        

    

  


  

      

          @spec step_limit(pos_integer()) :: pos_integer()


      


How many steps a spiral of this step size takes, as Monty computes it.

  


        

      


  

    
Monty.Experiment.RecognitionStrategy.ObjectRecognition 
    



      
Monty's own object-recognition policy: three ways to finish an episode.
Mirrors tbp/monty/experiment/recognition_strategy.py::ObjectRecognition, and is
what termination/any1_objectrecognition_t1000_e500_tot6000 configures. In
Monty's order:
	the mode's matching limit is reached and the model is not exploring —
done, and time the modules out beside it;
	the total step ceiling is reached — done, and time the modules out;
	the model says it is done — done, and nothing to time out.

The order matters because the first two also time out the modules: an
episode stopped by a limit still owes an answer, while an episode that
recognised its object already has one.

      


      
        Summary


  
    Functions
  


    
      
        call(model, counter, state)

      


        The first of the three conditions that holds, in Monty's order.



    


    
      
        new(options)

      


        A policy with a matching limit per mode and a total ceiling.



    





      


      
        Functions


        


  
    
      
    
    
      call(model, counter, state)



        
          
        

    

  


  

      

          @spec call(map(), Monty.Experiment.RecognitionStrategy.RecognitionCounter.t(), map()) ::
  Monty.Experiment.RecognitionStrategy.RecognitionResult.t()


      


The first of the three conditions that holds, in Monty's order.

  



  
    
      
    
    
      new(options)



        
          
        

    

  


  

      

          @spec new(keyword()) :: {:ok, {module(), map()}} | {:error, String.t()}


      


A policy with a matching limit per mode and a total ceiling.
Monty raises ValueError for any limit that is not positive; here that is
{:error, message} with Monty's own words, checked in the same order.

  


        

      


  

    
Monty.Experiment.RecognitionStrategy.RecognitionCounter 
    



      
The episode's counters, and the mode they are counting in.
Mirrors tbp/monty/experiment/recognition_strategy.py::RecognitionCounter.
step counts every timestep; matching_steps and exploring_steps count only
the steps where a learning module actually updated, which is why they can lag
behind step — a policy that limits matching steps must not be fooled by a
step where nothing was perceived.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        count_step(counter, updated?, is_exploring?)

      


        Counts a step, and the mode-dependent counter with it.



    


    
      
        new(mode)

      


        Counters for a fresh episode in mode.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Experiment.RecognitionStrategy.RecognitionCounter{
  exploring_steps: non_neg_integer(),
  matching_steps: non_neg_integer(),
  mode: Monty.Frameworks.Experiments.Mode.ExperimentMode.t(),
  step: non_neg_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      count_step(counter, updated?, is_exploring?)



        
          
        

    

  


  

      

          @spec count_step(t(), boolean(), boolean()) :: t()


      


Counts a step, and the mode-dependent counter with it.
Monty increments step on every step and matching_steps/exploring_steps
only when a learning module updated; :updated is that second fact, so the
loop says what happened rather than the counter guessing.

  



  
    
      
    
    
      new(mode)



        
          
        

    

  


  

      

          @spec new(Monty.Frameworks.Experiments.Mode.ExperimentMode.t()) :: t()


      


Counters for a fresh episode in mode.

  


        

      


  

    
Monty.Experiment.RecognitionStrategy.RecognitionResult 
    



      
What a policy decided: stop, time out the laggards, or start exploring.
Mirrors tbp/monty/experiment/recognition_strategy.py::RecognitionResult. Three
booleans, and the episode loop does three different things with them:
	is_done — stop the episode.
	time_out_lms — tell the learning modules that have not concluded to
conclude (:time_out) before the episode ends, so the episode still has an
answer to report.
	start_exploring — switch the model into exploring mode, which is how a
training episode keeps moving over an object it has already recognised.


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Experiment.RecognitionStrategy.RecognitionResult{
  is_done: boolean(),
  start_exploring: boolean(),
  time_out_lms: boolean()
}


      



  


        

      


  

    
Monty.Experiment.RecognitionStrategy.StepLimit 
    



      
Three limits in one policy: matching, exploring, and when to start exploring.
Mirrors tbp/monty/experiment/recognition_strategy.py::StepLimit. Which limit
applies depends on what the model is doing:
	exploring — exploring_steps against num_exploring_steps;
	training — matching_steps against max_train_steps, and once
min_train_steps have matched it also asks to start exploring, which is
how a training episode moves on to the next view of an object it knows;
	evaluating — matching_steps against max_eval_steps.


      


      
        Summary


  
    Functions
  


    
      
        call(arg1, counter, state)

      


        The limit that applies to what the model is doing right now.



    


    
      
        new(options)

      


        A policy with the three limits.



    





      


      
        Functions


        


  
    
      
    
    
      call(arg1, counter, state)



        
          
        

    

  


  

      

          @spec call(map(), Monty.Experiment.RecognitionStrategy.RecognitionCounter.t(), map()) ::
  Monty.Experiment.RecognitionStrategy.RecognitionResult.t()


      


The limit that applies to what the model is doing right now.

  



  
    
      
    
    
      new(options)



        
          
        

    

  


  

      

          @spec new(keyword()) :: {:ok, {module(), map()}} | {:error, String.t()}


      


A policy with the three limits.
Monty raises ValueError for a negative minimum or a non-positive maximum;
here that is {:error, message} with Monty's own words, checked in the same
order Monty checks them.

  


        

      


  

    
Monty.Frameworks.Actions.Action behaviour
    



      
Something an agent can be told to do.
Mirrors tbp/monty/frameworks/actions/actions.py::Action, which is a protocol
every action satisfies rather than a class they inherit from: an action is a
name and a bag of parameters, and what makes it an action is that an
environment knows how to perform it.
Monty's __iter__ yields the name first and then every parameter, which is
exactly what to_map/1 answers — that map is the JSON object an action
crosses a boundary as, and ...Actions.ActionJSONDecoder reads it back.
Monty's sample/3 and act/2 are not here: sampling needs the action
samplers and acting needs an actuator, and both belong to whatever environment
performs the actions. The *ActionSampler and *Actuator protocols are
therefore :excluded in the module map, each with its reason: sampling is the
samplers' own sample_<action> functions, and acting is the carried world's,
reached through Monty.Simulators.Port.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Callbacks
  


    
      
        name()

      


        The action's name, as it appears in a configuration or on the wire.



    


    
      
        to_map(t)

      


        The action as a map: its name under "action", then every parameter.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: struct()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      name()



        
          
        

    

  


  

      

          @callback name() :: String.t()


      


The action's name, as it appears in a configuration or on the wire.
Snake case of the module name, as Monty's action_name() is the snake case of
the class name.

  



  
    
      
    
    
      to_map(t)



        
          
        

    

  


  

      

          @callback to_map(t()) :: map()


      


The action as a map: its name under "action", then every parameter.
A dict(action) in Monty, and the object an action is sent as.

  


        

      


  

    
Monty.Frameworks.Actions.ActionJSONDecoder 
    



      
The action a map names.
Mirrors tbp/monty/frameworks/actions/actions.py::ActionJSONDecoder, which
reads a map whose "action" key names the action and whose other keys are
that action's parameters.
Monty raises ValueError for a map with no name, an unknown name, or a
parameter missing. This answers {:error, reason} instead: such a map arrives
from outside the beam, and a run should be able to say what was wrong with it
rather than end.
Quaternions are answered as {w, x, y, z} tuples, which is how the structs
hold them; JSON has no tuples, so Monty converts on the way in as well.

      


      
        Summary


  
    Functions
  


    
      
        decode(object)

      


        The action object describes, or what is wrong with the object.



    





      


      
        Functions


        


  
    
      
    
    
      decode(object)



        
          
        

    

  


  

      

          @spec decode(map()) :: {:ok, Monty.Frameworks.Actions.Action.t()} | {:error, term()}


      


The action object describes, or what is wrong with the object.
{:error, :missing_action} for a map with no "action" key,
{:error, {:unknown_action, name}} for one naming an action this port does
not have, and {:error, {:missing_parameter, name}} for one that leaves a
parameter out.

  


        

      


  

    
Monty.Frameworks.Actions.ActionJSONEncoder 
    



      
An action as the map it crosses a boundary as.
Mirrors tbp/monty/frameworks/actions/actions.py::ActionJSONEncoder, which is
a JSONEncoder subclass whose only job is dict(action). The JSON library is
not this module's business — Jason.encode!/1 on the map it answers is the
same object Monty produces — so what is ported here is the value mapping, not
the encoder plumbing.

      


      
        Summary


  
    Functions
  


    
      
        encode(action)

      


        The action as a map: its name under "action", then every parameter.



    





      


      
        Functions


        


  
    
      
    
    
      encode(action)



        
          
        

    

  


  

      

          @spec encode(Monty.Frameworks.Actions.Action.t()) :: map()


      


The action as a map: its name under "action", then every parameter.
A tuple is not JSON, and the two pose actions carry their rotation as one
{w, x, y, z} — Monty's quaternion crosses its boundary as those four
numbers, so they cross this one as a list.

  


        

      


  

    
Monty.Frameworks.Actions.ActionSamplers 
    



      
Making actions from a random stream: the choices a policy draws.
Mirrors tbp/monty/frameworks/actions/action_samplers.py, which holds three
names:
	...ActionSamplers.ActionSampler — ported: the base, which picks one
of its configured actions and asks its own sample_<name> for it;
	...ActionSamplers.ConstantSampler — ported: fixed parameters, so
every action of a kind is identical;
	...ActionSamplers.UniformlyDistributedSampler — ported: parameters
drawn uniformly from configured ranges.

How the random stream reaches a sampler
Monty passes a mutable RandomState into every sample call and mutates it
in place, so consecutive draws consume one advancing stream across the whole
episode. Elixir has no mutable stream, so a sampler answers the state it
leaves behind and the caller threads it:
{action, rng} = ActionSampler.sample(sampler, agent_id, rng)
Threading rather than rederiving the stream from the step is the decision of
docs/monty-differences.md §2.5, and it is forced by behaviour rather than chosen
on cost: a policy draws several times in one step, and a stream keyed to the
step alone would answer those draws identically. ActionSampler.stream/3 is
where the thread begins for a policy that has none yet.
scripts/bench_samplers.exs records what the threading saves.

      


      
        Summary


  
    Functions
  


    
      
        choose(state, count)

      


        One of the first count non-negative integers, each equally likely.



    


    
      
        from_config(config)

      


        The sampler a config describes.



    


    
      
        three(state)

      


        Three floats drawn uniformly from [0, 1), as numpy's rng.random(3).



    


    
      
        uniform(state, low, high)

      


        A float drawn uniformly from [low, high).



    





      


      
        Functions


        


  
    
      
    
    
      choose(state, count)



        
          
        

    

  


  

      

          @spec choose(:rand.state(), pos_integer()) :: {non_neg_integer(), :rand.state()}


      


One of the first count non-negative integers, each equally likely.

  



  
    
      
    
    
      from_config(config)



        
          
        

    

  


  

      

          @spec from_config(map()) :: Monty.Frameworks.Actions.ActionSamplers.ActionSampler.t()


      


The sampler a config describes.
action_sampler:
  _target_: tbp.monty.frameworks.actions.action_samplers.ConstantSampler
  actions:
  - ${monty.class:tbp.monty.frameworks.actions.actions.MoveForward}
  translation_distance: 0.004
The actions are named as classes too, so they resolve the same way the
sampler itself does. A parameter the sampler does not have is an error: the
config asked for behaviour this port cannot give, and answering something
else would make the run a different experiment.

  



  
    
      
    
    
      three(state)



        
          
        

    

  


  

      

          @spec three(:rand.state()) :: {[float()], :rand.state()}


      


Three floats drawn uniformly from [0, 1), as numpy's rng.random(3).
Three separate draws rather than one, because that is what the stream order
then is, and a quaternion built from them must consume the stream in Monty's
order for the sampler to be recognisable.

  



  
    
      
    
    
      uniform(state, low, high)



        
          
        

    

  


  

      

          @spec uniform(:rand.state(), float(), float()) :: {float(), :rand.state()}


      


A float drawn uniformly from [low, high).
Monty's rng.uniform(low=..., high=...).

  


        

      


  

    
Monty.Frameworks.Actions.ActionSamplers.ActionSampler 
    



      
The shared part of a sampler: which actions it can make, and how to ask.
Mirrors tbp/monty/frameworks/actions/action_samplers.py::ActionSampler.
Monty's base class keeps the list of action types and, in sample, picks one
at random and calls its own sample_<name>; everything else lives in the
samplers built on it, which is why this module holds only those two calls.
A sampler here is a struct with an :actions list of the action modules it
can make — Monty.Frameworks.Actions.LookDown and friends — and the fourteen
sample_<name>/3 functions that the pick dispatches to. The struct's own
module is what gets called, so this works for any sampler that keeps that
list, without a behaviour to satisfy.
The stream is threaded, not looked up
Monty writes self.action_sampler.sample(self.agent_id, ctx.rng) and mutates
ctx.rng in place, so consecutive draws consume one advancing stream. Elixir
has no mutable state, so sample/3 answers {action, rng} and the caller
threads it. stream/3 is where that thread starts: a policy that has none
yet takes one from the context.
Answering the stream rather than reseeding it from the step is not a matter
of taste — a policy draws several times in a single step (SurfacePolicy
samples a direction, then a distance), and a per-step stream would answer
those draws with the same action every time. Neither is it a matter of cost:
see scripts/bench_samplers.exs. See docs/monty-differences.md §2.5 for the
deviation this leaves and §2.1 for the streams themselves.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        Any struct with an :actions list, answered by a module with the
sample_<name>/3 functions this module dispatches to.



    





  
    Functions
  


    
      
        sample(sampler, agent_id, rng)

      


        One randomly chosen action, and the random stream after it.



    


    
      
        stream(map, rng, ctx)

      


        The stream to draw from: the one being threaded, or a new one from ctx.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %{:actions => [module()], optional(atom()) => term()}


      


Any struct with an :actions list, answered by a module with the
sample_<name>/3 functions this module dispatches to.

  


        

      

      
        Functions


        


  
    
      
    
    
      sample(sampler, agent_id, rng)



        
          
        

    

  


  

      

          @spec sample(t(), atom() | String.t(), :rand.state()) ::
  {Monty.Frameworks.Actions.Action.t(), :rand.state()}


      


One randomly chosen action, and the random stream after it.
The choice is uniform over the configured actions — including over repeats,
as numpy's rng.choice is, so a list naming an action twice makes it twice as
likely.

  



  
    
      
    
    
      stream(map, rng, ctx)



        
          
        

    

  


  

      

          @spec stream(t(), :rand.state() | nil, Monty.Context.t()) :: :rand.state()


      


The stream to draw from: the one being threaded, or a new one from ctx.
A policy holds the stream it is threading; before its first draw it holds
nil and derives one here, from the episode seed, its own module and the
step. The sampler's module is what names the stream, so two kinds of sampler
working in the same step do not draw from the same one, and two samplers of
one kind deliberately do.

  


        

      


  

    
Monty.Frameworks.Actions.ActionSamplers.ConstantSampler 
    



      
Makes actions whose parameters never change.
Mirrors tbp/monty/frameworks/actions/action_samplers.py::ConstantSampler.
Every parameter is set once, at construction, and every action of a kind is
identical: rotation_degrees for the turning actions,
translation_distance for the moving ones, direction, location and
rotation_quat for the ones that take a place or an orientation.
This is the sampler experiments use when the point is the policy rather than
the randomness: a surface agent that always steps 4 mm and turns 5 degrees has
a reproducible path given a reproducible sequence of action choices.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(options \\ [])

      


        A sampler that always makes this step of every action it is asked for.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Actions.ActionSamplers.ConstantSampler{
  absolute_degrees: float(),
  actions: [module()],
  direction: [float()],
  location: [float()],
  rotation_degrees: float(),
  rotation_quat: {float(), float(), float(), float()},
  translation_distance: float()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(options \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


A sampler that always makes this step of every action it is asked for.
:actions is which actions it can make; every other option is Monty's
default and can be overridden per parameter.

  


        

      


  

    
Monty.Frameworks.Actions.ActionSamplers.UniformlyDistributedSampler 
    



      
Makes actions whose parameters are drawn uniformly from configured ranges.
Mirrors tbp/monty/frameworks/actions/action_samplers.py::UniformlyDistributedSampler.
Turning actions draw their degrees from :min_rotation_degrees..
:max_rotation_degrees, moving actions their distance from
:min_translation..:max_translation, and the actions that name an absolute
angle — pitch, yaw — from :min_absolute_degrees..:max_absolute_degrees.
Monty's default for :min_translation and :max_translation is the same
value, so a default-constructed sampler moves a fixed 5 cm and only the
turning is random. That looks like an oversight and is reproduced: an
experiment that wants random distances has to say so.
The quaternion
random_quaternion_wxyz/1 is Monty's own construction — two half-angles drawn
from three uniforms, arranged as (w, x, y, z) — not numpy's, so the numbers
differ from any other uniform-quaternion routine. It is reproduced component
for component, including the order the three draws are made in, because the
stream is what a sampler's caller shares.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(options \\ [])

      


        A sampler that draws its parameters from the configured ranges.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Actions.ActionSamplers.UniformlyDistributedSampler{
  actions: [module()],
  max_absolute_degrees: float(),
  max_rotation_degrees: float(),
  max_translation: float(),
  min_absolute_degrees: float(),
  min_rotation_degrees: float(),
  min_translation: float()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(options \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


A sampler that draws its parameters from the configured ranges.

  


        

      


  

    
Monty.Frameworks.Actions.LookDown 
    



      
Turn the agent downwards, by a number of degrees.
Mirrors tbp/monty/frameworks/actions/actions.py::LookDown. constraint_degrees
is the step left before the environment refuses: an agent that keeps looking
down stops at its own body rather than passing through it.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Actions.LookDown{
  agent_id: atom() | String.t(),
  constraint_degrees: float(),
  rotation_degrees: float()
}


      



  


        

      


  

    
Monty.Frameworks.Actions.LookUp 
    



      
Turn the agent upwards, by a number of degrees.
Mirrors tbp/monty/frameworks/actions/actions.py::LookUp, the mirror image of
...Actions.LookDown down to the constraint that stops the agent looking into
its own body.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Actions.LookUp{
  agent_id: atom() | String.t(),
  constraint_degrees: float(),
  rotation_degrees: float()
}


      



  


        

      


  

    
Monty.Frameworks.Actions.MoveForward 
    



      
Move the agent forward by a distance.
Mirrors tbp/monty/frameworks/actions/actions.py::MoveForward. Forward means
along the agent's own facing, and the distance is in metres.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Actions.MoveForward{
  agent_id: atom() | String.t(),
  distance: float()
}


      



  


        

      


  

    
Monty.Frameworks.Actions.MoveTangentially 
    



      
Move the agent sideways across the surface it is facing.
Mirrors tbp/monty/frameworks/actions/actions.py::MoveTangentially. The
direction is in the agent's own frame — a vector, not an angle — which is what
lets a surface policy ask for a move along a principal curvature.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Actions.MoveTangentially{
  agent_id: atom() | String.t(),
  direction: [float()],
  distance: float()
}


      



  


        

      


  

    
Monty.Frameworks.Actions.OrientHorizontal 
    



      
Move in the horizontal plane and turn to face where it went.
Mirrors tbp/monty/frameworks/actions/actions.py::OrientHorizontal, one
action rather than two because the move and the turn happen together: a body
that slid sideways without turning would be looking at what it left behind.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Actions.OrientHorizontal{
  agent_id: atom() | String.t(),
  forward_distance: float(),
  left_distance: float(),
  rotation_degrees: float()
}


      



  


        

      


  

    
Monty.Frameworks.Actions.OrientVertical 
    



      
Move in the vertical plane and turn to face where it went.
Mirrors tbp/monty/frameworks/actions/actions.py::OrientVertical, the
vertical counterpart of ...Actions.OrientHorizontal: down and forward at
once, with the turn that keeps the agent facing the move.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Actions.OrientVertical{
  agent_id: atom() | String.t(),
  down_distance: float(),
  forward_distance: float(),
  rotation_degrees: float()
}


      



  


        

      


  

    
Monty.Frameworks.Actions.SetAgentPitch 
    



      
Set how far the agent's body is pitched, in degrees.
Mirrors tbp/monty/frameworks/actions/actions.py::SetAgentPitch. The sensors
keep their orientation relative to the agent unless something changes it, so
this pitches the agent's sensors too — which is why a policy that wants to
pitch only the eye asks ...Actions.SetSensorPitch instead.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Actions.SetAgentPitch{
  agent_id: atom() | String.t(),
  pitch_degrees: float()
}


      



  


        

      


  

    
Monty.Frameworks.Actions.SetAgentPose 
    



      
Put the agent at an absolute place, facing an absolute way.
Mirrors tbp/monty/frameworks/actions/actions.py::SetAgentPose. This is the
action a goal-reaching policy ends with: everything else is a nudge, and this
is the one that says "be exactly here".
The rotation is a wxyz quaternion, which is Monty's order for poses and
therefore this port's, as Monty.Geometry.Rotation stores it.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Actions.SetAgentPose{
  agent_id: atom() | String.t(),
  location: [float()],
  rotation_quat: {float(), float(), float(), float()}
}


      



  


        

      


  

    
Monty.Frameworks.Actions.SetSensorPitch 
    



      
Set how far one sensor is pitched, in degrees.
Mirrors tbp/monty/frameworks/actions/actions.py::SetSensorPitch: the eye
turns while the body stays where it is, which is the difference between this
and ...Actions.SetAgentPitch.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Actions.SetSensorPitch{
  agent_id: atom() | String.t(),
  pitch_degrees: float()
}


      



  


        

      


  

    
Monty.Frameworks.Actions.SetSensorPose 
    



      
Put one sensor at an absolute place, facing an absolute way.
Mirrors tbp/monty/frameworks/actions/actions.py::SetSensorPose. The pose is
in the environment's frame, not the agent's, unlike the sensor state inside an
AgentState — an action names a place in the world.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Actions.SetSensorPose{
  agent_id: atom() | String.t(),
  location: [float()],
  rotation_quat: {float(), float(), float(), float()}
}


      



  


        

      


  

    
Monty.Frameworks.Actions.SetSensorRotation 
    



      
Turn one sensor, relative to the agent it is attached to.
Mirrors tbp/monty/frameworks/actions/actions.py::SetSensorRotation. This is
the action a gaze goal ends with: the goal says which way to look, and this
says how far the eye has to turn to look that way.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Actions.SetSensorRotation{
  agent_id: atom() | String.t(),
  rotation_quat: {float(), float(), float(), float()}
}


      



  


        

      


  

    
Monty.Frameworks.Actions.SetYaw 
    



      
Set the agent body's yaw, in degrees.
Mirrors tbp/monty/frameworks/actions/actions.py::SetYaw. Unlike
...Actions.TurnLeft and ...Actions.TurnRight this names the heading rather
than the change, so it cannot drift: asking twice for the same heading leaves
the agent where it was.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Actions.SetYaw{
  agent_id: atom() | String.t(),
  rotation_degrees: float()
}


      



  


        

      


  

    
Monty.Frameworks.Actions.TurnLeft 
    



      
Turn the agent to its left, by a number of degrees.
Mirrors tbp/monty/frameworks/actions/actions.py::TurnLeft. Left is the
agent's left, not the world's, which is what makes the same action useful
whichever way the agent happens to be facing.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Actions.TurnLeft{
  agent_id: atom() | String.t(),
  rotation_degrees: float()
}


      



  


        

      


  

    
Monty.Frameworks.Actions.TurnRight 
    



      
Turn the agent to its right, by a number of degrees.
Mirrors tbp/monty/frameworks/actions/actions.py::TurnRight, the mirror image
of ...Actions.TurnLeft.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Actions.TurnRight{
  agent_id: atom() | String.t(),
  rotation_degrees: float()
}


      



  


        

      


  

    
Monty.Frameworks.Environments.PositioningProcedures 
    



      
Where the agent stands before an episode starts, and how it gets there.
Mirrors tbp/monty/frameworks/environments/positioning_procedures.py. Monty's
evaluation episodes do not begin from wherever the simulation left the agent:
they begin from a position a procedure chose, so that "the first view of the
object" means the same thing in every episode and in every experiment. This
module holds the two functions that read an observation for that purpose, and
the module tree holds the procedures themselves.
What counts as being on an object
Both functions read the semantic channel — the ids the environment stamped on
each pixel — and never the depth. A pixel that returned a depth but carries no
semantic id is background, which is the same distinction the salience module
makes (OnObjectObservation).

      


      
        Summary


  
    Functions
  


    
      
        depth_at_center(observations, agent_id, sensor_id)

      


        The depth at the centre pixel of one sensor's view.



    


    
      
        get_perc_on_obj_semantic(image, semantic_id \\ :any)

      


        How much of the view is on an object, as a fraction of its pixels.



    


    
      
        result(fields \\ %{})

      


        The result a procedure answers with when it has nothing else to say.



    





      


      
        Functions


        


  
    
      
    
    
      depth_at_center(observations, agent_id, sensor_id)



        
          
        

    

  


  

      

          @spec depth_at_center(map(), atom() | String.t(), atom() | String.t()) :: float()


      


The depth at the centre pixel of one sensor's view.
Monty's PositioningProcedure.depth_at_center, a static method there; a
function here because nothing about it depends on a procedure's state.

  



    

  
    
      
    
    
      get_perc_on_obj_semantic(image, semantic_id \\ :any)



        
          
        

    

  


  

      

          @spec get_perc_on_obj_semantic([[integer()]], integer() | :any) :: float()


      


How much of the view is on an object, as a fraction of its pixels.
:any counts every pixel with a semantic id; an integer counts only the
pixels of that object. Monty's get_perc_on_obj_semantic.

  



    

  
    
      
    
    
      result(fields \\ %{})



        
          
        

    

  


  

      

          @spec result(map()) ::
  Monty.Frameworks.Environments.PositioningProcedures.PositioningProcedureResult.t()


      


The result a procedure answers with when it has nothing else to say.

  


        

      


  

    
Monty.Frameworks.Environments.PositioningProcedures.GetGoodView 
    



      
Puts the agent somewhere it can see the object before the episode starts.
Mirrors
tbp/monty/frameworks/environments/positioning_procedures.py::GetGoodView, the
procedure every distant-agent evaluation episode starts with. Two things have
to be true before the first percept is worth anything: the object has to fill
enough of the view (or be close enough), and the sensor's centre pixel has to
be on it. So the procedure is a small state machine:
	in a scene with several objects, first turn towards the target, because
the agent may start looking at the wrong thing;
	translate towards the object until it fills good_view_percentage of the
view or its nearest point is within good_view_distance;
	turn the sensor onto the object — no more than
max_orientation_attempts times, after which the procedure gives up and
says truncated, and the episode starts wherever the agent happens to be.

Why it is not a motor policy
It runs against the environment directly, before the motor system exists in the
step, and it moves the camera by aiming at a pixel it found: the location to
look at is the brightest point of a smoothed on-object mask, which needs no
hypothesis and no memory.
The smoothing
Monty smooths the on-object mask with scipy.ndimage.gaussian_filter(image, size // 16, mode="constant") before taking its maximum, so that a single stray
on-object pixel does not attract the gaze. That is a different Gaussian from
the one the salience code uses (cv2.GaussianBlur, truncate 8σ+1,
reflect-101): scipy truncates at 4σ, pads with zeros, and takes sigma in
pixels. The rule below was measured against scipy's own answer to 2e-16
rather than recalled — see docs/monty-differences.md §1.15.
State
Monty's procedure mutates itself; this one is a value, so a step answers
{result, procedure} and the caller keeps what it gets back.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        compute_look_amounts(procedure, relative_location, state)

      


        How far to look down and left to aim at a location relative to the sensor.



    


    
      
        find_location_to_look_at(procedure, observation, state)

      


        Where in the view to look, relative to the sensor: the middle of the target.



    


    
      
        good_view_distance_default()

      


        The distance Monty's factory uses when a config does not say otherwise.



    


    
      
        good_view_percentage_default()

      


        The percentage Monty's factory uses when a config does not say otherwise.



    


    
      
        move_close_enough(procedure, observation)

      


        The action that brings the object closer, or nil when it is close enough.



    


    
      
        new(options)

      


        A procedure for the device :agent_id sees through, and the object to look at.



    


    
      
        on_target_object?(procedure, observation)

      


        Whether the centre pixel of the view is on the target object.



    


    
      
        orient_to_object(procedure, observation, state)

      


        The two actions that aim the sensor at the target.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Environments.PositioningProcedures.GetGoodView{
  agent_id: atom() | String.t(),
  allow_translation: boolean(),
  executed_multiple_objects_orientation: boolean(),
  good_view_distance: float(),
  good_view_percentage: float(),
  max_orientation_attempts: integer(),
  multiple_objects_present: boolean(),
  num_orientation_attempts: integer(),
  sensor_id: atom() | String.t(),
  target_semantic_id: integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      compute_look_amounts(procedure, relative_location, state)



        
          
        

    

  


  

      

          @spec compute_look_amounts(t(), [float()], map()) :: {float(), float()}


      


How far to look down and left to aim at a location relative to the sensor.
The location is rotated back into the sensor's own frame first, so the answer
is "relative to where this sensor already points". Looking up and turning right
are negative amounts.

  



  
    
      
    
    
      find_location_to_look_at(procedure, observation, state)



        
          
        

    

  


  

      

          @spec find_location_to_look_at(t(), map(), map()) :: [float()]


      


Where in the view to look, relative to the sensor: the middle of the target.
The on-object mask is smoothed with sigma rows // 16 before the brightest
point is taken — a sixteenth of the view is the scale a patch of object has to
be to matter — and the mask is multiplied back in so that the maximum cannot
land where smoothing spread brightness into the background. The answer is
relative to the sensor, because that is what the two rotations need.

  



  
    
      
    
    
      good_view_distance_default()



        
          
        

    

  


  

The distance Monty's factory uses when a config does not say otherwise.

  



  
    
      
    
    
      good_view_percentage_default()



        
          
        

    

  


  

The percentage Monty's factory uses when a config does not say otherwise.

  



  
    
      
    
    
      move_close_enough(procedure, observation)



        
          
        

    

  


  

      

          @spec move_close_enough(t(), map()) :: Monty.Frameworks.Actions.MoveForward.t() | nil


      


The action that brings the object closer, or nil when it is close enough.
Close enough means either that the object fills good_view_percentage of the
view, or that its nearest visible point is within good_view_distance — the
percentage for big objects, the distance for small ones, so that a small object
is not driven past and a big one is not entered.
In a scene with other objects it also refuses to step forward when another
object is already a quarter of the way inside good_view_distance, which is
how the agent avoids walking into the scenery on its way to the target.

  



  
    
      
    
    
      new(options)



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


A procedure for the device :agent_id sees through, and the object to look at.

  



  
    
      
    
    
      on_target_object?(procedure, observation)



        
          
        

    

  


  

      

          @spec on_target_object?(t(), map()) :: boolean()


      


Whether the centre pixel of the view is on the target object.
In a single-object scene every object pixel counts as the target, which is
Monty's remapping: the scene has one object, so whatever is in view is it.

  



  
    
      
    
    
      orient_to_object(procedure, observation, state)



        
          
        

    

  


  

      

          @spec orient_to_object(t(), map(), map()) :: [
  Monty.Frameworks.Actions.LookDown.t() | Monty.Frameworks.Actions.TurnLeft.t()
]


      


The two actions that aim the sensor at the target.
The pixel to aim at is the maximum of the smoothed on-object mask, so the gaze
goes to the middle of the visible surface rather than to its edge.

  


        

      


  

    
Monty.Frameworks.Environments.PositioningProcedures.GetGoodViewFactory 
    



      
Builds a GetGoodView for whichever object an episode is about.
Mirrors
tbp/monty/frameworks/environments/positioning_procedures.py::GetGoodViewFactory.
The target's semantic id is not known until the scene is built, so a config can
only describe the procedure's settings here and ask for the procedure later.
The defaults are Monty's own: half the view, or three centimetres away.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        create(factory, target_semantic_id)

      


        A procedure for target_semantic_id, as the module and state a behaviour is
called through.



    


    
      
        from_config(config)

      


        The factory a composed config entry describes, or why it is not one this port
can build.



    


    
      
        new(options)

      


        A factory for :agent_id's procedure, with Monty's defaults for the rest.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Environments.PositioningProcedures.GetGoodViewFactory{
  agent_id: atom() | String.t(),
  allow_translation: boolean(),
  good_view_distance: float(),
  good_view_percentage: float(),
  max_orientation_attempts: integer(),
  multiple_objects_present: boolean(),
  sensor_id: atom() | String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      create(factory, target_semantic_id)



        
          
        

    

  


  

A procedure for target_semantic_id, as the module and state a behaviour is
called through.
{module, state} is how this port carries every behaviour implementation: a
struct says what a procedure is, and the module named after it is what knows how
to run it.

  



  
    
      
    
    
      from_config(config)



        
          
        

    

  


  

      

          @spec from_config(map()) :: {:ok, t()} | {:error, term()}


      


The factory a composed config entry describes, or why it is not one this port
can build.
Every shipped evaluation config lists two of these: a view finder allowed to
walk towards the object, and a patch camera that may only turn —
allow_translation: false — because by then the body is where it should be and
only the aim is wrong.

  



  
    
      
    
    
      new(options)



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


A factory for :agent_id's procedure, with Monty's defaults for the rest.

  


        

      


  

    
Monty.Frameworks.Environments.PositioningProcedures.PositioningProcedure behaviour
    



      
How an experiment puts the agent somewhere sensible before the first step.
Mirrors
tbp/monty/frameworks/environments/positioning_procedures.py::PositioningProcedure,
a Protocol in Monty and a behaviour here, which is how this port spells every
abstract class (docs/monty-differences.md §2.6).
A procedure is asked for one step at a time and answers with actions the
environment should take, plus whether it is finished. It is not a motor
policy: it runs before the motor system does, against the environment directly,
because a run has to see something before a policy has anything to decide.
Monty's protocol also declares depth_at_center as a static method; that is a
function of PositioningProcedures, not of an implementation, so it is not a
callback here.
State
Monty's procedures mutate themselves — the number of turns attempted, whether
the extra orientation step for multi-object scenes has been done. Here a step
answers {result, procedure}, and the caller keeps the procedure it was given
back, as everything else in this port threads state.

      


      
        Summary


  
    Callbacks
  


    
      
        call(procedure, observation, state)

      


        One step of positioning: actions for the environment, and the procedure's new state.



    





      


      
        Callbacks


        


  
    
      
    
    
      call(procedure, observation, state)



        
          
        

    

  


  

      

          @callback call(procedure :: term(), observation :: map(), state :: map()) ::
  {Monty.Frameworks.Environments.PositioningProcedures.PositioningProcedureResult.t(),
   term()}


      


One step of positioning: actions for the environment, and the procedure's new state.

  


        

      


  

    
Monty.Frameworks.Environments.PositioningProcedures.PositioningProcedureFactory behaviour
    



      
Where a procedure comes from, given the object an episode is about.
Mirrors
tbp/monty/frameworks/environments/positioning_procedures.py::PositioningProcedureFactory.
A factory exists because the target object is only known when the episode
starts: the scene decides which semantic id is the target, and the procedure has
to be built for it.

      


      
        Summary


  
    Callbacks
  


    
      
        create(factory, target_semantic_id)

      


        A procedure for the object with this semantic id, as {module, state}.



    





      


      
        Callbacks


        


  
    
      
    
    
      create(factory, target_semantic_id)



        
          
        

    

  


  

      

          @callback create(factory :: term(), target_semantic_id :: integer()) :: {module(), term()}


      


A procedure for the object with this semantic id, as {module, state}.

  


        

      


  

    
Monty.Frameworks.Environments.PositioningProcedures.PositioningProcedureResult 
    



      
What a positioning procedure decided, and why it stopped.
Mirrors
tbp/monty/frameworks/environments/positioning_procedures.py::PositioningProcedureResult.
Three endings, and a procedure says which one it reached: success the sensor
ended up on the object, terminated it is done (which is also how a successful
step ends), and truncated it gave up — no attempt left to turn towards the
object, so the episode starts with the sensor where it happens to be.

      


      
        Summary


  
    Types
  


    
      
        action()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      action()



        
          
        

    

  


  

      

          @type action() :: Monty.Frameworks.Actions.Action.t()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() ::
  %Monty.Frameworks.Environments.PositioningProcedures.PositioningProcedureResult{
    actions: [action()],
    success: boolean(),
    terminated: boolean(),
    truncated: boolean()
  }


      



  


        

      


  

    
Monty.Frameworks.Models.AbstractMontyClasses.GoalGenerator behaviour
    



      
Goals other learning modules and motor systems will try to achieve.
Mirrors tbp/monty/frameworks/models/abstract_monty_classes.py::GoalGenerator,
the abstract class a goal-state generator (GSG) implements. A GSG belongs to a
learning module: the module knows what it thinks it is looking at, the GSG
turns that into where to look next, and the motor system moves there.
Why parent_lm is set from outside
Monty's docstring is explicit that the GSG is not fully initialised until its
owner provides the learning module, because the module holds the GSG and the
GSG reads the module. The circularity is broken by injection: from_config
builds the GSG, the learning module sets itself as parent_lm, and setting it
resets the GSG so that it starts from a state consistent with that module.
A GSG asked about its parent before one was provided has nothing to answer
with, and says so rather than returning nil that a caller would then have to
guard against everywhere.

      


      
        Summary


  
    Types
  


    
      
        observations()

      


        What a sensor reports on one step.



    


    
      
        parent_lm()

      


        The parent learning module: whatever a GSG reads from.



    





  
    Callbacks
  


    
      
        output_goals(generator)

      


        The goals this generator wants other modules and the motor system to achieve.



    


    
      
        parent_lm(generator)

      


        The learning module this generator reads.



    


    
      
        put_parent_lm(generator, parent_lm)

      


        Points this generator at the learning module it belongs to, and resets it.



    


    
      
        reset(generator)

      


        Forgets the goals held from before.



    


    
      
        set_driving_goal(generator, goal)

      


        Receives a new high-level goal for this generator to pursue.



    


    
      
        step(generator, ctx, observations)

      


        Called on each step of the learning module the generator belongs to.



    





      


      
        Types


        


  
    
      
    
    
      observations()



        
          
        

    

  


  

      

          @type observations() :: [Monty.Cmp.Message.t()]


      


What a sensor reports on one step.

  



  
    
      
    
    
      parent_lm()



        
          
        

    

  


  

      

          @type parent_lm() :: struct()


      


The parent learning module: whatever a GSG reads from.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      output_goals(generator)



        
          
        

    

  


  

      

          @callback output_goals(generator :: struct()) :: [Monty.Cmp.Goal.t()]


      


The goals this generator wants other modules and the motor system to achieve.

  



  
    
      
    
    
      parent_lm(generator)



        
          
        

    

  


  

      

          @callback parent_lm(generator :: struct()) :: parent_lm()


      


The learning module this generator reads.
Raises Monty.Frameworks.Models.GoalGeneration.ParentLMNotProvided when none
has been set, which is the same error Monty raises.

  



  
    
      
    
    
      put_parent_lm(generator, parent_lm)



        
          
        

    

  


  

      

          @callback put_parent_lm(generator :: struct(), parent_lm()) :: struct()


      


Points this generator at the learning module it belongs to, and resets it.
Monty's setter resets the generator, because a generator keeping goals from
another module's episode would be answering about the wrong object.

  



  
    
      
    
    
      reset(generator)



        
          
        

    

  


  

      

          @callback reset(generator :: struct()) :: struct()


      


Forgets the goals held from before.

  



  
    
      
    
    
      set_driving_goal(generator, goal)



        
          
        

    

  


  

      

          @callback set_driving_goal(generator :: struct(), goal :: Monty.Cmp.Goal.t() | nil) ::
  struct()


      


Receives a new high-level goal for this generator to pursue.

  



  
    
      
    
    
      step(generator, ctx, observations)



        
          
        

    

  


  

      

          @callback step(generator :: struct(), ctx :: Monty.Context.t(), observations()) ::
  struct()


      


Called on each step of the learning module the generator belongs to.

  


        

      


  

    
Monty.Frameworks.Models.AbstractMontyClasses.LearningModule behaviour
    



      
Behaviour for a learning module, mirroring
tbp/monty/frameworks/models/abstract_monty_classes.py::LearningModule.
Pure callbacks again: percepts and context in, next state out. The process
(Monty.Runtime.LearningModuleServer) holds the state and nothing else, so
the step semantics Monty defines — which inputs arrive, in which order, and
what voting exchanges — live in Monty.Runtime.Step where they can be read
and tested in one place.
matching_step/3 updates evidence and hypotheses; exploratory_step/3
accumulates for later training. send_out_vote/1 is called for every module
before any module receives votes, which is what makes a vote round a round.

      


      
        Summary


  
    Types
  


    
      
        ctx()

      


    


    
      
        mode()

      


        Monty's ExperimentMode: training writes memory, evaluation does not.



    


    
      
        percepts()

      


    


    
      
        state()

      


    


    
      
        terminal_state()

      


        What a module has concluded, or nil while it is still deciding.



    


    
      
        vote()

      


    





  
    Callbacks
  


    
      
        add_lm_processing_to_buffer_stats(state, boolean)

      


        Records whether this step's observation reached the module.



    


    
      
        clear_buffers(state)

      


        Drops what the module accumulated, and nothing it learned.



    


    
      
        clear_conclusion(state)

      


        Forgets what the module concluded, keeping everything it believes.



    


    
      
        conclusion(state)

      


        What the module has concluded so far, without asking it to reconsider.



    


    
      
        exploratory_step(percepts, ctx, state)

      


        A step in which the module explores without matching.



    


    
      
        fixme_update_ground_truth(state)

      


        Records which objects the graph a training episode built came from.



    


    
      
        get_output(state)

      


        What this module tells modules below it in the hierarchy, or nil.



    


    
      
        graph_memory(state)

      


        The long-term memory this module holds, or :none for a module that keeps none.



    


    
      
        matching_step(percepts, ctx, state)

      


        A step in which recognised objects are being matched against memory.



    


    
      
        observation_processed?(state)

      


        Whether the last observation buffered was one this module processed.



    


    
      
        propose_goals(state)

      


        A goal this module wants pursued (usually a hypothesis test).



    


    
      
        propose_region(state)

      


        The region this module wants attended to.



    


    
      
        receive_votes(vote, state)

      


        Votes gathered from the modules wired to this one.



    


    
      
        reset_stm(state)

      


        Clears short-term memory before a new episode.



    


    
      
        send_out_vote(state)

      


        What this module believes, for other modules to weigh.



    


    
      
        set_experiment_mode(state, mode)

      


        Tells the module whether this episode trains or evaluates.



    


    
      
        set_primary_target(state, arg2)

      


        Names the object this episode is about, and leaves the module's history alone.



    


    
      
        set_stepwise_target(state, t)

      


        Records which object the module's sensor is on this step.



    


    
      
        set_target(state, arg2)

      


        Names the object this episode is about, and the pose it was placed with.



    


    
      
        set_terminal_state(state, terminal_state)

      


        Sets the module's conclusion without asking it to reconsider.



    


    
      
        update_ltm_from_stm(state)

      


        Folds what the episode saw into long-term memory, at the end of an episode.



    


    
      
        update_stats_after_vote(state)

      


        Monty's update_stats_after_vote: what a vote round left this module
believing.



    


    
      
        update_terminal_condition(state)

      


        Checks the module's own terminal condition and reports what it concluded.



    





  
    Functions
  


    
      
        __using__(opts)

      


        Defaults for the parts not every learning module has: no goals, no region,
no output, and no bookkeeping of its own after a vote.



    





      


      
        Types


        


  
    
      
    
    
      ctx()



        
          
        

    

  


  

      

          @type ctx() :: Monty.Context.t()


      



  



  
    
      
    
    
      mode()



        
          
        

    

  


  

      

          @type mode() :: :train | :eval | nil


      


Monty's ExperimentMode: training writes memory, evaluation does not.

  



  
    
      
    
    
      percepts()



        
          
        

    

  


  

      

          @type percepts() :: [Monty.Cmp.Message.t()]


      



  



  
    
      
    
    
      state()



        
          
        

    

  


  

      

          @type state() :: term()


      



  



  
    
      
    
    
      terminal_state()



        
          
        

    

  


  

      

          @type terminal_state() :: :match | :no_match | :time_out | :pose_time_out | nil


      


What a module has concluded, or nil while it is still deciding.
:no_match means nothing in memory explains what it saw; :time_out that
the episode ended before it made up its mind; :pose_time_out that it chose
an object but never settled on a pose.

  



  
    
      
    
    
      vote()



        
          
        

    

  


  

      

          @type vote() :: term()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      add_lm_processing_to_buffer_stats(state, boolean)



        
          
        

    

  


  

      

          @callback add_lm_processing_to_buffer_stats(state(), boolean()) :: state()


      


Records whether this step's observation reached the module.
false for a step the module was not given (no percepts for it, or percepts
with no features): such a step is not evidence, so it neither counts towards
symmetry nor justifies a vote.

  



  
    
      
    
    
      clear_buffers(state)



        
          
        

    

  


  

      

          @callback clear_buffers(state()) :: state()


      


Drops what the module accumulated, and nothing it learned.
Monty's MontyForNoResetEvidenceGraphMatching._reset_modules_buffers reaches
into every module's buffer (lm.buffer.reset()) rather than resetting the
module, because resetting would also throw away the hypotheses: a run without
episode boundaries keeps what it believes across an object change and only
frees the observations it will not read again. A module's state is opaque to
the coordinator here, so that reach-in is a callback.
The default is a module with no buffer — nothing to drop.

  



  
    
      
    
    
      clear_conclusion(state)



        
          
        

    

  


  

      

          @callback clear_conclusion(state()) :: state()


      


Forgets what the module concluded, keeping everything it believes.
Monty's NoResetEvidenceGraphMatching._reset_terminal_states calls
lm.set_individual_ts(None) on every module at an object boundary: the
episode's answer is over, the hypothesis space is not. The default is the
narrowest thing that is true of every module — a module with no detected
object to forget has only its terminal state to clear.

  



  
    
      
    
    
      conclusion(state)



        
          
        

    

  


  

      

          @callback conclusion(state()) :: terminal_state()


      


What the module has concluded so far, without asking it to reconsider.
Monty's lm.terminal_state field. A module writes it from its own step as
soon as it can conclude anything at all — EvidenceGraphLM.matching_step
concludes :no_match the moment nothing is possible — and the model reads it
to decide the step (MontyForGraphMatching.check_terminal_conditions).
Deciding what to conclude is update_terminal_condition/1, which Monty asks
for only once an episode is past its minimum number of steps.

  



  
    
      
    
    
      exploratory_step(percepts, ctx, state)



        
          
        

    

  


  

      

          @callback exploratory_step(percepts(), ctx(), state()) :: {:ok, state()}


      


A step in which the module explores without matching.

  



  
    
      
    
    
      fixme_update_ground_truth(state)



        
          
        

    

  


  

      

          @callback fixme_update_ground_truth(state()) :: state()


      


Records which objects the graph a training episode built came from.
Monty's fixme_update_ground_truth, called after the episode's long-term
memory is written. It is a record of the run's supervision, not something the
model worked out, and a later evaluation is scored against it.

  



  
    
      
    
    
      get_output(state)


        (optional)


        
          
        

    

  


  

      

          @callback get_output(state()) :: {Monty.Cmp.Message.t() | nil, state()}


      


What this module tells modules below it in the hierarchy, or nil.
Read at the start of a step and delivered only if the receiver also saw a
sensor percept that step — Monty's rule, and the reason a silent sensor
stops a hierarchy from talking to itself.

  



  
    
      
    
    
      graph_memory(state)



        
          
        

    

  


  

      

          @callback graph_memory(state()) ::
  Monty.Frameworks.Models.GraphMatching.GraphMemory.t() | :none


      


The long-term memory this module holds, or :none for a module that keeps none.
A run hands the memory of a training episode to the next one, and it is the
module that holds it — GraphLM.graph_memory, which Monty reads straight off
the attribute. A module's state is opaque here, so the module answers.

  



  
    
      
    
    
      matching_step(percepts, ctx, state)



        
          
        

    

  


  

      

          @callback matching_step(percepts(), ctx(), state()) :: {:ok, state()}


      


A step in which recognised objects are being matched against memory.

  



  
    
      
    
    
      observation_processed?(state)



        
          
        

    

  


  

      

          @callback observation_processed?(state()) :: boolean()


      


Whether the last observation buffered was one this module processed.

  



  
    
      
    
    
      propose_goals(state)


        (optional)


        
          
        

    

  


  

      

          @callback propose_goals(state()) :: {[Monty.Cmp.Goal.t()], state()}


      


A goal this module wants pursued (usually a hypothesis test).

  



  
    
      
    
    
      propose_region(state)


        (optional)


        
          
        

    

  


  

      

          @callback propose_region(state()) :: {Monty.Cmp.AttentionRegion.t(), state()}


      


The region this module wants attended to.

  



  
    
      
    
    
      receive_votes(vote, state)



        
          
        

    

  


  

      

          @callback receive_votes(vote(), state()) :: {:ok, state()}


      


Votes gathered from the modules wired to this one.
What a vote is differs by family: the displacement modules exchange sets of
objects they have excluded, the evidence modules a map of object id to the
hypotheses worth voting for. The coordinator passes on whatever the senders'
send_out_vote/1 produced, and this callback decides how to weigh it.

  



  
    
      
    
    
      reset_stm(state)



        
          
        

    

  


  

      

          @callback reset_stm(state()) :: state()


      


Clears short-term memory before a new episode.

  



  
    
      
    
    
      send_out_vote(state)



        
          
        

    

  


  

      

          @callback send_out_vote(state()) :: {vote(), state()}


      


What this module believes, for other modules to weigh.

  



  
    
      
    
    
      set_experiment_mode(state, mode)



        
          
        

    

  


  

      

          @callback set_experiment_mode(state(), mode()) :: state()


      


Tells the module whether this episode trains or evaluates.

  



  
    
      
    
    
      set_primary_target(state, arg2)



        
          
        

    

  


  

      

          @callback set_primary_target(state(), map() | nil) :: state()


      


Names the object this episode is about, and leaves the module's history alone.
Monty's MontyForNoResetEvidenceGraphMatching.fixme_set_ground_truth writes
lm.primary_target and lm.primary_target_rotation_quat directly after the
first episode, instead of the fixme_reset_ground_truth an ordinary episode
calls — which would empty stepwise_targets_list, the record of what the
sensor was on, step by step, across every object of the run.

  



  
    
      
    
    
      set_stepwise_target(state, t)



        
          
        

    

  


  

      

          @callback set_stepwise_target(state(), String.t()) :: state()


      


Records which object the module's sensor is on this step.
Monty's _set_stepwise_targets: the model, not the module, reads the label
off the percept's semantic id, and hands it here. It is logging information —
the stepwise performance asks "was the object under the patch one the module
was considering", which an episode reports and nothing matches on.

  



  
    
      
    
    
      set_target(state, arg2)



        
          
        

    

  


  

      

          @callback set_target(state(), map() | nil) :: state()


      


Names the object this episode is about, and the pose it was placed with.
Monty's fixme_reset_ground_truth: the target is what makes a performance
measurable — "correct" means "recognised the object it was asked about" — so a
module that is never told one cannot report a performance at all. nil leaves
whatever it knew alone.

  



  
    
      
    
    
      set_terminal_state(state, terminal_state)



        
          
        

    

  


  

      

          @callback set_terminal_state(state(), terminal_state()) :: state()


      


Sets the module's conclusion without asking it to reconsider.
The model uses this to time out the modules that have not concluded once the
system decision is made: they take part in the episode's statistics but claim
nothing.

  



  
    
      
    
    
      update_ltm_from_stm(state)



        
          
        

    

  


  

      

          @callback update_ltm_from_stm(state()) :: state()


      


Folds what the episode saw into long-term memory, at the end of an episode.
Only a training episode writes anything; the module decides that from the mode
it was given.

  



  
    
      
    
    
      update_stats_after_vote(state)



        
          
        

    

  


  

      

          @callback update_stats_after_vote(state()) :: state()


      


Monty's update_stats_after_vote: what a vote round left this module
believing.
Asked after every round, for every module, whether or not it heard anything.
Monty uses it to settle the module's own conclusion: nothing possible is
:no_match, and a module that was :no_match is let back when other modules'
votes have given it possibilities again — the terminal check never clears
:no_match, so without this a module that lost its hypotheses once could
never recover in the same episode.

  



  
    
      
    
    
      update_terminal_condition(state)



        
          
        

    

  


  

      

          @callback update_terminal_condition(state()) :: {state(), terminal_state()}


      


Checks the module's own terminal condition and reports what it concluded.
Called once per step in which the module processed an observation, so a
module that counts evidence of symmetry sees every step in which it could
have grown.

  


        

      

      
        Functions


        


  
    
      
    
    
      __using__(opts)


        (macro)


        
          
        

    

  


  

Defaults for the parts not every learning module has: no goals, no region,
no output, and no bookkeeping of its own after a vote.

  


        

      


  

    
Monty.Frameworks.Models.AbstractMontyClasses.SensorModule behaviour
    



      
Behaviour for a sensor module, mirroring
tbp/monty/frameworks/models/abstract_monty_classes.py::SensorModule.
The callbacks are pure: they take the module's state and return the next
state alongside their result. Monty.Runtime.SensorModuleServer is the thin
process that holds that state; a module can be tested without a process at
all.
update_state/2 is called before step/3 on every step, because a sensor
module needs to know where the sensor is before it can say what it observes.

      


      
        Summary


  
    Types
  


    
      
        agent_state()

      


    


    
      
        observation()

      


    


    
      
        state()

      


        Whatever a module keeps between steps; opaque to the runtime.



    





  
    Callbacks
  


    
      
        clear_buffers(state)

      


        Drops the observations this sensor kept, and nothing it has learnt.



    


    
      
        propose_goals(state)

      


        Goals this sensor proposes (a salience module proposes; a camera does not).



    


    
      
        propose_region(state)

      


        The region this sensor wants attended to.



    


    
      
        reset(state)

      


        Clears short-term state for a new episode.



    


    
      
        step(observation, boolean, t, state)

      


        Turns one raw observation into a percept, or nil when the sensor has
nothing to say this step.



    


    
      
        update_state(agent_state, state)

      


        Records the sensor's pose for the step about to run.



    





  
    Functions
  


    
      
        __using__(opts)

      


        Defaults matching Monty's base SensorModule: a plain sensor proposes no
goals and attends to nothing.



    





      


      
        Types


        


  
    
      
    
    
      agent_state()



        
          
        

    

  


  

      

          @type agent_state() :: map()


      



  



  
    
      
    
    
      observation()



        
          
        

    

  


  

      

          @type observation() :: map()


      



  



  
    
      
    
    
      state()



        
          
        

    

  


  

      

          @type state() :: term()


      


Whatever a module keeps between steps; opaque to the runtime.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      clear_buffers(state)



        
          
        

    

  


  

      

          @callback clear_buffers(state()) :: state()


      


Drops the observations this sensor kept, and nothing it has learnt.
Monty's NoResetEvidenceGraphMatching._reset_modules_buffers sets
sm.processed_obs = [] at an object boundary: the observations will not be
read again, but the delta filter's memory decides what counts as a change and
has to survive, or the first patch on the new object is a sight the sensor has
never had. reset/1 is the whole-episode version and is not the same thing.
The default is a sensor that keeps nothing.

  



  
    
      
    
    
      propose_goals(state)


        (optional)


        
          
        

    

  


  

      

          @callback propose_goals(state()) :: {[Monty.Cmp.Goal.t()], state()}


      


Goals this sensor proposes (a salience module proposes; a camera does not).

  



  
    
      
    
    
      propose_region(state)


        (optional)


        
          
        

    

  


  

      

          @callback propose_region(state()) :: {Monty.Cmp.AttentionRegion.t(), state()}


      


The region this sensor wants attended to.

  



  
    
      
    
    
      reset(state)



        
          
        

    

  


  

      

          @callback reset(state()) :: state()


      


Clears short-term state for a new episode.

  



  
    
      
    
    
      step(observation, boolean, t, state)



        
          
        

    

  


  

      

          @callback step(observation(), boolean(), Monty.Context.t(), state()) ::
  {Monty.Cmp.Message.t() | nil, state()}


      


Turns one raw observation into a percept, or nil when the sensor has
nothing to say this step.
The context is the run's — its step, its mode, and through
Monty.Context.rng_for/2 the random stream this sensor draws from. Monty
passes one for the same reason (CameraSM.step(ctx, ...)): a sensor that adds
noise needs to know which run and which step it is adding it to.

  



  
    
      
    
    
      update_state(agent_state, state)



        
          
        

    

  


  

      

          @callback update_state(agent_state(), state()) :: state()


      


Records the sensor's pose for the step about to run.

  


        

      

      
        Functions


        


  
    
      
    
    
      __using__(opts)


        (macro)


        
          
        

    

  


  

Defaults matching Monty's base SensorModule: a plain sensor proposes no
goals and attends to nothing.
A module uses this behaviour and overrides what it needs, which is how the
Python base class reads too — and why a module that implements
propose_goals/1 does not have to fight a catch-all default clause.

  


        

      


  

    
Monty.Frameworks.Models.Buffer.BufferEncoder 
    



      
Turns a buffer's contents into data a JSON encoder accepts.
Mirrors tbp/monty/frameworks/models/buffer.py::BufferEncoder: a registry of
encoders by type, and a default encoding for the shapes Monty stores — so that
a learning module's state can be written to a log or an episode file without
every caller knowing what a pose vector is.
Python resolves an encoder through the type hierarchy (isinstance would let
a parent's encoder shadow a child's, so it walks the MRO instead). Elixir has
no inheritance: a struct knows only its own module, so the lookup is exact and
the fallback is the default encoding. That is a difference in mechanism with
the same guarantee — a type that has its own encoder always uses it.
An unknown struct is an error, not a string: silently logging #Inspect<...>
makes a missing encoder look like data.

      


      
        Summary


  
    Functions
  


    
      
        encode(value)

      


        Encodes one value.



    


    
      
        register(type, encoder)

      


        Registers an encoder for a type.



    


    
      
        unregister(type)

      


        Forgets the encoder registered for a type.



    





      


      
        Functions


        


  
    
      
    
    
      encode(value)



        
          
        

    

  


  

      

          @spec encode(term()) :: term()


      


Encodes one value.
A registered encoder wins over the defaults and is applied once: what it
returns is expected to be JSON-safe data, the same contract Jason.Encoder
has. Lists and maps below it are walked, so a registered type nested inside a
default-shaped value is still encoded by its own encoder.

  



  
    
      
    
    
      register(type, encoder)



        
          
        

    

  


  

      

          @spec register(module(), (term() -> term()) | module()) :: :ok


      


Registers an encoder for a type.
encoder is a function of one argument, or a module exporting encode/1.

  



  
    
      
    
    
      unregister(type)



        
          
        

    

  


  

      

          @spec unregister(module()) :: :ok


      


Forgets the encoder registered for a type.

  


        

      


  

    
Monty.Frameworks.Models.Buffer.FeatureAtLocationBuffer 
    



      
Features at locations arriving into one learning module, and the statistics of
an episode.
Mirrors tbp/monty/frameworks/models/buffer.py::FeatureAtLocationBuffer, with
the one difference a functional language forces: the buffer is a value. Every
method that mutates in Python returns a new buffer here, so a step reads as a
pipeline rather than as a side effect, and a test can hold two versions of the
same buffer and compare them.
Two shapes need saying out loud, because numpy does them implicitly in Python:
	Rows are plain lists in step order, newest last. locations is a list
of [x, y, z] in metres; features[channel][attr] is a list of flat rows,
with pose_vectors a 3×3 matrix flattened to nine numbers exactly as
Monty flattens it before storing.
	NaN padding is nil. Monty pads a channel that sent nothing at a step
with NaN so that an index means the same step in every channel, then drops
those rows with np.isnan when it builds a graph. nil is that padding
here: pad_to_target_length/3 writes it, get_all_features_on_object/1
keeps it, and anything reading a row must expect it.

Monty's own tests reach into _pad_to_target_length, so it is public here:
index alignment is the behaviour this module exists to guarantee, and a test
that cannot name it can only guess at it.

      


      
        Summary


  
    Types
  


    
      
        channel_features()

      


    


    
      
        row()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        add_overall_stats(buffer, stats)

      


        Adds end-of-episode statistics, which replace rather than accumulate.



    


    
      
        append(buffer, percepts)

      


        Adds one step's percepts.



    


    
      
        append_input_percepts(buffer, percept)

      


        Remembers a percept the buffer's learning module was given.



    


    
      
        at(feature_at_location_buffer, index)

      


        The features observed at one step, by channel.



    


    
      
        current_displacement(buffer)

      


        The most recent displacement.



    


    
      
        current_location(feature_at_location_buffer)

      


        The most recent location, or nil for an empty buffer.



    


    
      
        current_ppf(feature_at_location_buffer)

      


        The most recent point-pair feature.



    


    
      
        first_displacement_len(feature_at_location_buffer)

      


        The length of the first observed displacement, for scale in a displacement
learning module: the ppf's first element when there is one, otherwise the norm
of the first displacement.



    


    
      
        get_all_features_on_object(buffer)

      


        Every observed feature that was on the object, by channel and feature.



    


    
      
        get_all_input_percepts(feature_at_location_buffer)

      


        Every percept the buffer's learning module has been given.



    


    
      
        get_all_locations_on_object(buffer)

      


        Every location from the steps where at least one input was on the object.



    


    
      
        get_current_pose(buffer, input_channel \\ "first")

      


        The currently sensed location and orientation, as four rows: the location,
then the channel's pose matrix.



    


    
      
        get_currently_on_object(feature_at_location_buffer)

      


        Whether the last sensation was on the object.



    


    
      
        get_first_sensory_input_channel(feature_at_location_buffer)

      


        The name of the first channel that is a sensor module.



    


    
      
        get_infos_for_graph_update(buffer)

      


        Everything a graph update needs from the buffer.



    


    
      
        get_last_obs_processed(feature_at_location_buffer)

      


        Whether the last sensation was processed by the learning module.



    


    
      
        get_matching_step_when_output_goal_set(feature_at_location_buffer)

      


        The matching step at which the last goal was generated.



    


    
      
        get_num_goals_generated(feature_at_location_buffer)

      


        How many goals the learning module's goal generator has produced.



    


    
      
        get_num_matching_steps(feature_at_location_buffer)

      


        How many steps the learning module processed (exploration steps included).



    


    
      
        get_num_observations_on_object(buffer)

      


        The number of steps recorded.



    


    
      
        get_num_steps_post_output_goal_generated(buffer)

      


        How many matching steps have elapsed since the last output goal: all of them
when there has never been one.



    


    
      
        get_previous_input_percepts(feature_at_location_buffer)

      


        The percept before the last one, or nil.



    


    
      
        new()

      


        A buffer with nothing in it yet.



    


    
      
        nth_displacement(feature_at_location_buffer, n)

      


        The nth displacement (negative counts from the end, as Monty uses it).



    


    
      
        pad_to_target_length(buffer, rows, opts \\ [])

      


        Pads rows to target_length with nil, keeping the data at the beginning.



    


    
      
        reset(feature_at_location_buffer)

      


        Empties the buffer, as Monty's reset does.



    


    
      
        set_individual_ts(buffer, object_id, pose)

      


        Records the terminal state of an individual learning module.



    


    
      
        size(feature_at_location_buffer)

      


        How many observations the buffer holds.



    


    
      
        update_last_stats_entry(buffer, stats)

      


        Overwrites the last entry of the named statistics (after voting, say).



    


    
      
        update_stats(buffer, stats, opts \\ [])

      


        Records statistics for a step.



    





      


      
        Types


        


  
    
      
    
    
      channel_features()



        
          
        

    

  


  

      

          @type channel_features() :: %{optional(String.t()) => [row()]}


      



  



  
    
      
    
    
      row()



        
          
        

    

  


  

      

          @type row() :: [float()] | nil


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.Buffer.FeatureAtLocationBuffer{
  channel_sender_types: %{optional(String.t()) => :sm | :lm},
  displacements: %{optional(String.t()) => [row()]},
  features: %{optional(String.t()) => channel_features()},
  input_percepts: [Monty.Cmp.Message.t()],
  last_location: [float()] | nil,
  locations: [[float()]],
  on_object: [boolean()],
  start_time: integer() | nil,
  stats: %{optional(String.t()) => term()}
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      add_overall_stats(buffer, stats)



        
          
        

    

  


  

      

          @spec add_overall_stats(t(), map()) :: t()


      


Adds end-of-episode statistics, which replace rather than accumulate.

  



  
    
      
    
    
      append(buffer, percepts)



        
          
        

    

  


  

      

          @spec append(t(), [Monty.Cmp.Message.t()]) :: {:ok, t()} | {:error, term()}


      


Adds one step's percepts.
A step is the percepts that arrived together: its location is the mean of the
sensor-module percepts (a learning module reports hypotheses, not places), and
every percept teaches the buffer what kind of sender its channel is. A percept
that does not carry features for the learning module — a view finder, a
location-only report — contributes its location and nothing else, so its
channel gets no feature rows at all.
{:error, :no_sensor_module_location} for a step with no sensor module
percept that has a location: Monty asserts on it, and a step with no place in
it cannot be indexed against the rest of the episode.

  



  
    
      
    
    
      append_input_percepts(buffer, percept)



        
          
        

    

  


  

      

          @spec append_input_percepts(t(), Monty.Cmp.Message.t()) :: t()


      


Remembers a percept the buffer's learning module was given.

  



  
    
      
    
    
      at(feature_at_location_buffer, index)



        
          
        

    

  


  

      

          @spec at(t(), integer()) :: %{
  optional(String.t()) => %{optional(String.t()) => row()}
}


      


The features observed at one step, by channel.
Mirrors __getitem__. A step a channel did not reach reads as nil rows,
because that is what the padding says about it.

  



  
    
      
    
    
      current_displacement(buffer)



        
          
        

    

  


  

      

          @spec current_displacement(t()) :: [float()] | nil


      


The most recent displacement.

  



  
    
      
    
    
      current_location(feature_at_location_buffer)



        
          
        

    

  


  

      

          @spec current_location(t()) :: [float()] | nil


      


The most recent location, or nil for an empty buffer.

  



  
    
      
    
    
      current_ppf(feature_at_location_buffer)



        
          
        

    

  


  

      

          @spec current_ppf(t()) :: [float()] | nil


      


The most recent point-pair feature.

  



  
    
      
    
    
      first_displacement_len(feature_at_location_buffer)



        
          
        

    

  


  

      

          @spec first_displacement_len(t()) :: float() | nil


      


The length of the first observed displacement, for scale in a displacement
learning module: the ppf's first element when there is one, otherwise the norm
of the first displacement.
Monty reads row 1, not row 0: the first step has no displacement to measure.

  



  
    
      
    
    
      get_all_features_on_object(buffer)



        
          
        

    

  


  

      

          @spec get_all_features_on_object(t()) :: %{optional(String.t()) => channel_features()}


      


Every observed feature that was on the object, by channel and feature.
Each channel is padded to the episode's length first — a channel that stopped
sending keeps its index — and then read at the steps where any input was on
the object. A row the channel did not send at such a step stays nil, which is
what Monty's NaN means here.

  



  
    
      
    
    
      get_all_input_percepts(feature_at_location_buffer)



        
          
        

    

  


  

      

          @spec get_all_input_percepts(t()) :: [Monty.Cmp.Message.t()]


      


Every percept the buffer's learning module has been given.

  



  
    
      
    
    
      get_all_locations_on_object(buffer)



        
          
        

    

  


  

      

          @spec get_all_locations_on_object(t()) :: [[float()]]


      


Every location from the steps where at least one input was on the object.

  



    

  
    
      
    
    
      get_current_pose(buffer, input_channel \\ "first")



        
          
        

    

  


  

      

          @spec get_current_pose(t(), String.t()) :: {:ok, [[float()]]} | {:error, term()}


      


The currently sensed location and orientation, as four rows: the location,
then the channel's pose matrix.
"first" means the first sensory input channel. A channel that sent no
features at this step keeps the pose from the step it did send one, so the
location and the orientation can come from different steps; Monty warns when
that happens and so does this, because the combination is a quietly wrong pose
rather than an error.

  



  
    
      
    
    
      get_currently_on_object(feature_at_location_buffer)



        
          
        

    

  


  

      

          @spec get_currently_on_object(t()) :: boolean()


      


Whether the last sensation was on the object.
Monty's message carries a boolean, and a recorded one may carry the same fact
as 1.0/0.0 — so the answer is the truth of what was stored rather than the
stored value itself, which callers then combine with and.

  



  
    
      
    
    
      get_first_sensory_input_channel(feature_at_location_buffer)



        
          
        

    

  


  

      

          @spec get_first_sensory_input_channel(t()) :: {:ok, String.t()} | {:error, term()}


      


The name of the first channel that is a sensor module.
{:error, {:no_sensory_channel, types}} when there are channels but none is a
sensor module — a learning module fed only by a view finder or by lateral
votes has nothing of its own to sense with, which Monty raises on too.

  



  
    
      
    
    
      get_infos_for_graph_update(buffer)



        
          
        

    

  


  

      

          @spec get_infos_for_graph_update(t()) :: map()


      


Everything a graph update needs from the buffer.

  



  
    
      
    
    
      get_last_obs_processed(feature_at_location_buffer)



        
          
        

    

  


  

      

          @spec get_last_obs_processed(t()) :: boolean()


      


Whether the last sensation was processed by the learning module.

  



  
    
      
    
    
      get_matching_step_when_output_goal_set(feature_at_location_buffer)



        
          
        

    

  


  

      

          @spec get_matching_step_when_output_goal_set(t()) :: integer() | nil


      


The matching step at which the last goal was generated.

  



  
    
      
    
    
      get_num_goals_generated(feature_at_location_buffer)



        
          
        

    

  


  

      

          @spec get_num_goals_generated(t()) :: non_neg_integer()


      


How many goals the learning module's goal generator has produced.

  



  
    
      
    
    
      get_num_matching_steps(feature_at_location_buffer)



        
          
        

    

  


  

      

          @spec get_num_matching_steps(t()) :: non_neg_integer()


      


How many steps the learning module processed (exploration steps included).

  



  
    
      
    
    
      get_num_observations_on_object(buffer)



        
          
        

    

  


  

      

          @spec get_num_observations_on_object(t()) :: non_neg_integer()


      


The number of steps recorded.

  



  
    
      
    
    
      get_num_steps_post_output_goal_generated(buffer)



        
          
        

    

  


  

      

          @spec get_num_steps_post_output_goal_generated(t()) :: integer()


      


How many matching steps have elapsed since the last output goal: all of them
when there has never been one.

  



  
    
      
    
    
      get_previous_input_percepts(feature_at_location_buffer)



        
          
        

    

  


  

      

          @spec get_previous_input_percepts(t()) :: Monty.Cmp.Message.t() | nil


      


The percept before the last one, or nil.

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      


A buffer with nothing in it yet.
The clock starts when the buffer does: the "time" statistic is
elapsed-since-episode-start, not a timestamp.

  



  
    
      
    
    
      nth_displacement(feature_at_location_buffer, n)



        
          
        

    

  


  

      

          @spec nth_displacement(t(), integer()) :: [float()] | nil


      


The nth displacement (negative counts from the end, as Monty uses it).

  



    

  
    
      
    
    
      pad_to_target_length(buffer, rows, opts \\ [])



        
          
        

    

  


  

      

          @spec pad_to_target_length(t(), [row()], keyword()) :: [row()]


      


Pads rows to target_length with nil, keeping the data at the beginning.
:target_length defaults to the buffer's length; :width defaults to the
width the existing rows already have. A caller adding the first row of a new
feature must say how wide it is, because an empty list has no width to read.
Monty raises ValueError for the same two mistakes and so does this: a row of
the wrong width silently shifts every feature of a step.

  



  
    
      
    
    
      reset(feature_at_location_buffer)



        
          
        

    

  


  

      

          @spec reset(t()) :: t()


      


Empties the buffer, as Monty's reset does.

  



  
    
      
    
    
      set_individual_ts(buffer, object_id, pose)



        
          
        

    

  


  

      

          @spec set_individual_ts(t(), term(), term()) :: t()


      


Records the terminal state of an individual learning module.
Only the first time the terminal condition is met is kept: an episode ends
once, and the first ending is the one that mattered.

  



  
    
      
    
    
      size(feature_at_location_buffer)



        
          
        

    

  


  

      

          @spec size(t()) :: non_neg_integer()


      


How many observations the buffer holds.

  



  
    
      
    
    
      update_last_stats_entry(buffer, stats)



        
          
        

    

  


  

      

          @spec update_last_stats_entry(t(), map()) :: t()


      


Overwrites the last entry of the named statistics (after voting, say).

  



    

  
    
      
    
    
      update_stats(buffer, stats, opts \\ [])



        
          
        

    

  


  

      

          @spec update_stats(t(), map(), keyword()) :: t()


      


Records statistics for a step.
Options mirror Monty's keyword arguments: :update_time appends the elapsed
time, :append adds a row to an existing statistic rather than replacing it,
and :init_list starts a new list for a statistic seen for the first time. A
statistic the buffer has never held is added either way: statistics are a log,
and a module that invents one is doing something Monty's own modules do.

  


        

      


  

    
Monty.Frameworks.Models.DisplacementMatching.DisplacementGraphLM 
    



      
A learning module that recognises objects by the displacements between what it
senses: Monty's DisplacementGraphLM.
Every step, the module knows how far the sensor moved. A graph of an object
knows which nodes are joined by which displacement, so "did this object's
graph have an edge like that, from where I think I am" narrows the object
down without comparing a single feature. Two answers at the end: the object,
and the turn between the displacements it sensed and the ones its graph
predicted — which together with a scale is the object's pose.
This is the simplest learning module in Monty and the one the tutorial starts
from: one sensor, one module, one object, a thousand exploratory steps.
What it composes
%Monty.Frameworks.Models.GraphMatching.GraphLM{} is the graph module
underneath — the buffer, the goal generator, the votes, the conclusion — and
this adds the three things a displacement match needs: the paths being tested,
the paths each step extends them to, and the scale factors that make the
length comparison relative. Monty inherits those from GraphLM; here they are
fields of the class that uses them, and the matching step is written out
rather than delegated, because the paths are this class's state and a callback
could not hand them back.
Not ported
Nothing of Monty's class is missing: match_attribute: "displacement" compares
the step's movement with a stored one, and "PPF" compares four numbers per
edge — the length and the three angles between it and the nodes' normals —
which is what makes the match independent of how the object is turned. A
config naming a third attribute is refused rather than matched differently.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        add_detailed_stats(lm, stats)

      


        Monty's _add_detailed_stats: the paths a match came from.



    


    
      
        add_displacements(lm, percepts)

      


        Monty's _add_displacements for this class: the step's displacement and the
point-pair features of the move.



    


    
      
        add_lm_processing_to_buffer_stats(lm, processed)

      


        Records whether this step's observation reached the module.



    


    
      
        clear_buffers(state)

      


        Monty's _reset_modules_buffers: drop the observations, keep the memory.



    


    
      
        clear_conclusion(state)

      


        Forgets what the module concluded, keeping what it believes.



    


    
      
        clear_hypotheses(lm)

      


        Drops the hypotheses an unsupervised module never earned.



    


    
      
        compute_possible_matches(lm, ctx, observation, bool)

      


        Monty's _compute_possible_matches: what the displacement says is still possible.



    


    
      
        conclusion(lm)

      


        What this module concluded, as the model reads it.



    


    
      
        exploratory_step(percepts, ctx, lm)

      


        Monty's exploratory_step: keep the observation, match nothing yet.



    


    
      
        fixme_update_ground_truth(lm)

      


        Monty's fixme_update_ground_truth: which objects the graph was built from.



    


    
      
        from_config(config, options \\ [])

      


        The module a config asks for, as Monty's __init__ reads its arguments.



    


    
      
        get_object_rotation(sensed_displacements, model_displacements, get_reverse_r \\ false)

      


        The turn between two sets of vectors, Monty's get_object_rotation.



    


    
      
        get_object_scale(sensed_displacement, model_displacement)

      


        How much bigger the object is than the one in memory — Monty's get_object_scale.



    


    
      
        get_output(state)

      


        Monty's get_output: a displacement module publishes no hypothesis.



    


    
      
        get_unique_pose_if_available(lm, object_id)

      


        Monty's get_unique_pose_if_available: where the object is, once the path is
the only one left.



    


    
      
        graph_memory(lm)

      


        The graph memory this module holds, passed to the next episode.



    


    
      
        init_from_ltm(lm)

      


        What the module starts an episode from: every object in memory, every node as
a path, every edge as the path the first movement is matched against.



    


    
      
        load_state_dict(lm, memento)

      


        Monty's load_state_dict: a memory, and the module state that follows it.



    


    
      
        matching_step(percepts, ctx, lm)

      


        Monty's matching_step: match this step's displacement against the paths left.



    


    
      
        new(options \\ [])

      


        A module with an empty memory.



    


    
      
        observation_processed?(lm)

      


        Whether the last buffered observation was one this module processed.



    


    
      
        propose_goals(state)

      


        Monty's propose_goals: what the goal generator last asked for.



    


    
      
        propose_region(state)

      


        Monty's propose_region: the region its goals are in.



    


    
      
        receive_votes(votes, lm)

      


        Monty's receive_votes: another module ruling an object out.



    


    
      
        reset_stm(lm)

      


        The same, with the buffer and the paths emptied first — Monty's reset_stm.



    


    
      
        send_out_vote(lm)

      


        Monty's send_out_vote: the objects this module knows this one is not.



    


    
      
        set_experiment_mode(lm, mode)

      


        Tells the module whether this episode trains or evaluates.



    


    
      
        set_primary_target(state, primary_target)

      


        Names this object without emptying the module's history.



    


    
      
        set_stepwise_target(lm, label)

      


        Records which object the module's sensor is on this step.



    


    
      
        set_target(lm, primary_target)

      


        Monty's fixme_reset_ground_truth: the object this episode is about.



    


    
      
        set_terminal_state(lm, terminal_state)

      


        Sets the conclusion without asking the module to reconsider.



    


    
      
        state_dict(lm)

      


        Monty's state_dict: the memory, and which objects it was built from.



    


    
      
        supervise(lm, target, location_on_model)

      


        The supervised conclusion an experiment states, in place of matching one.



    


    
      
        update_ltm_from_stm(lm)

      


        Monty's update_ltm_from_stm: a training episode's observations, into memory.



    


    
      
        update_stats_after_vote(state)

      


        Monty's update_stats_after_vote: what a vote round left it believing.



    


    
      
        update_terminal_condition(lm)

      


        Monty's update_terminal_condition: has this module concluded?



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.DisplacementMatching.DisplacementGraphLM{
  graph_lm: term(),
  match_attribute: term(),
  next_possible_paths: term(),
  possible_paths: term(),
  scale_factors: term(),
  tolerance: term(),
  use_relative_len: term()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      add_detailed_stats(lm, stats)



        
          
        

    

  


  

      

          @spec add_detailed_stats(t(), map()) :: map()


      


Monty's _add_detailed_stats: the paths a match came from.

  



  
    
      
    
    
      add_displacements(lm, percepts)



        
          
        

    

  


  

      

          @spec add_displacements(t(), [Monty.Cmp.Message.t()]) ::
  {:ok, [Monty.Cmp.Message.t()]} | {:error, term()}


      


Monty's _add_displacements for this class: the step's displacement and the
point-pair features of the move.
The displacement is what a match is made of; the pair of features is what a
point-pair-feature module would match on, and Monty computes both whatever the
match attribute is. Both are set on every percept, because a learning module's
own output moves with the sensor.

  



  
    
      
    
    
      add_lm_processing_to_buffer_stats(lm, processed)



        
          
        

    

  


  

      

          @spec add_lm_processing_to_buffer_stats(t(), boolean()) :: t()


      


Records whether this step's observation reached the module.

  



  
    
      
    
    
      clear_buffers(state)



        
          
        

    

  


  

      

          @spec clear_buffers(t()) :: t()


      


Monty's _reset_modules_buffers: drop the observations, keep the memory.

  



  
    
      
    
    
      clear_conclusion(state)



        
          
        

    

  


  

      

          @spec clear_conclusion(t()) :: t()


      


Forgets what the module concluded, keeping what it believes.

  



  
    
      
    
    
      clear_hypotheses(lm)



        
          
        

    

  


  

      

          @spec clear_hypotheses(t()) :: t()


      


Drops the hypotheses an unsupervised module never earned.

  



  
    
      
    
    
      compute_possible_matches(lm, ctx, observation, bool)



        
          
        

    

  


  

      

          @spec compute_possible_matches(
  t(),
  Monty.Context.t(),
  [Monty.Cmp.Message.t()],
  boolean()
) :: t()


      


Monty's _compute_possible_matches: what the displacement says is still possible.
This is a prediction, not a comparison of features: for every object still
possible, take the paths this episode could be on, extend each along the edges
whose displacement matches what was just sensed, and predict whether the
sensor is still on the object. An object whose prediction is wrong — because
no edge had that displacement, so the sensor cannot be on it — is ruled out.

  



  
    
      
    
    
      conclusion(lm)



        
          
        

    

  


  

      

          @spec conclusion(t()) ::
  Monty.Frameworks.Models.GraphMatching.GraphLM.terminal_state()


      


What this module concluded, as the model reads it.

  



  
    
      
    
    
      exploratory_step(percepts, ctx, lm)



        
          
        

    

  


  

      

          @spec exploratory_step([Monty.Cmp.Message.t()], Monty.Context.t(), t()) :: {:ok, t()}


      


Monty's exploratory_step: keep the observation, match nothing yet.

  



  
    
      
    
    
      fixme_update_ground_truth(lm)



        
          
        

    

  


  

      

          @spec fixme_update_ground_truth(t()) :: t()


      


Monty's fixme_update_ground_truth: which objects the graph was built from.

  



    

  
    
      
    
    
      from_config(config, options \\ [])



        
          
        

    

  


  

      

          @spec from_config(map(), keyword()) :: {:ok, t()} | {:error, term()}


      


The module a config asks for, as Monty's __init__ reads its arguments.
:memory is the graphs the module starts from — Monty loads a state dict into
a module it has just built, which is the same thing one step earlier. A
match_attribute this port has not written is an error rather than a
different experiment, which is what new/1 says out loud.

  



    

  
    
      
    
    
      get_object_rotation(sensed_displacements, model_displacements, get_reverse_r \\ false)



        
          
        

    

  


  

      

          @spec get_object_rotation([[number()]], [[number()]], boolean()) ::
  {[float()], [[float()]], Monty.Geometry.Rotation.t()}


      


The turn between two sets of vectors, Monty's get_object_rotation.
{euler degrees, matrix, rotation}: the rotation that takes the sensed
displacements onto the modelled ones, or — with get_reverse_r — the one that
does the opposite, which turns the model to fit the senses.
Two displacements along one line do not say how far to turn about it, so the
answer is one of the rotations that fit; Monty's own comment says to keep
moving, and so does this — nothing here refuses a pose.

  



  
    
      
    
    
      get_object_scale(sensed_displacement, model_displacement)



        
          
        

    

  


  

      

          @spec get_object_scale([number()], [number()]) :: float()


      


How much bigger the object is than the one in memory — Monty's get_object_scale.

  



  
    
      
    
    
      get_output(state)



        
          
        

    

  


  

      

          @spec get_output(t()) :: {nil, t()}


      


Monty's get_output: a displacement module publishes no hypothesis.

  



  
    
      
    
    
      get_unique_pose_if_available(lm, object_id)



        
          
        

    

  


  

      

          @spec get_unique_pose_if_available(t(), String.t()) :: {:ok, map()} | :not_narrowed


      


Monty's get_unique_pose_if_available: where the object is, once the path is
the only one left.
[x, y, z, euler_x, euler_y, euler_z, scale] — the sensor's place on the
object, the turn between the displacements it sensed and the ones the graph
predicted, and how much bigger or smaller the object is than the one learned.
Nothing until exactly one path is possible: two paths are two places to be.

  



  
    
      
    
    
      graph_memory(lm)



        
          
        

    

  


  

      

          @spec graph_memory(t()) ::
  Monty.Frameworks.Models.GraphMatching.GraphMemory.t() | :none


      


The graph memory this module holds, passed to the next episode.

  



  
    
      
    
    
      init_from_ltm(lm)



        
          
        

    

  


  

      

          @spec init_from_ltm(t()) :: t()


      


What the module starts an episode from: every object in memory, every node as
a path, every edge as the path the first movement is matched against.
Monty's init_from_ltm. The memory is what knows the graphs; this holds the
paths, because a path is where this episode's sensor has been.

  



  
    
      
    
    
      load_state_dict(lm, memento)



        
          
        

    

  


  

      

          @spec load_state_dict(t(), map()) :: t()


      


Monty's load_state_dict: a memory, and the module state that follows it.

  



  
    
      
    
    
      matching_step(percepts, ctx, lm)



        
          
        

    

  


  

      

          @spec matching_step([Monty.Cmp.Message.t()], Monty.Context.t(), t()) :: {:ok, t()}


      


Monty's matching_step: match this step's displacement against the paths left.
A step that carried only a location is nothing to match; the rest narrow the
possible matches, and a module nothing is possible for any more concludes
:no_match.

  



    

  
    
      
    
    
      new(options \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


A module with an empty memory.
:k is how many neighbours each node of a graph links to — the edges are what
a displacement is matched against, so a graph with no edges can match nothing.
:tolerance is how far an observed displacement may sit from a stored one and
still be called the same; :use_relative_len divides lengths by the first
displacement, which is scale invariance at the cost of a scale you cannot
measure. :match_attribute says which of the two comparisons a match makes:
"displacement" (the default) or "PPF", whose graphs are built with
point-pair features on their edges.

  



  
    
      
    
    
      observation_processed?(lm)



        
          
        

    

  


  

      

          @spec observation_processed?(t()) :: boolean()


      


Whether the last buffered observation was one this module processed.

  



  
    
      
    
    
      propose_goals(state)



        
          
        

    

  


  

      

          @spec propose_goals(t()) :: {[Monty.Cmp.Goal.t()], t()}


      


Monty's propose_goals: what the goal generator last asked for.

  



  
    
      
    
    
      propose_region(state)



        
          
        

    

  


  

      

          @spec propose_region(t()) :: {Monty.Cmp.AttentionRegion.t(), t()}


      


Monty's propose_region: the region its goals are in.

  



  
    
      
    
    
      receive_votes(votes, lm)



        
          
        

    

  


  

      

          @spec receive_votes(term(), t()) :: {:ok, t()}


      


Monty's receive_votes: another module ruling an object out.

  



  
    
      
    
    
      reset_stm(lm)



        
          
        

    

  


  

      

          @spec reset_stm(t()) :: t()


      


The same, with the buffer and the paths emptied first — Monty's reset_stm.

  



  
    
      
    
    
      send_out_vote(lm)



        
          
        

    

  


  

      

          @spec send_out_vote(t()) :: {MapSet.t(), t()}


      


Monty's send_out_vote: the objects this module knows this one is not.

  



  
    
      
    
    
      set_experiment_mode(lm, mode)



        
          
        

    

  


  

      

          @spec set_experiment_mode(
  t(),
  Monty.Frameworks.Models.AbstractMontyClasses.LearningModule.mode()
) ::
  t()


      


Tells the module whether this episode trains or evaluates.

  



  
    
      
    
    
      set_primary_target(state, primary_target)



        
          
        

    

  


  

      

          @spec set_primary_target(t(), map() | nil) :: t()


      


Names this object without emptying the module's history.

  



  
    
      
    
    
      set_stepwise_target(lm, label)



        
          
        

    

  


  

      

          @spec set_stepwise_target(t(), String.t() | nil) :: t()


      


Records which object the module's sensor is on this step.

  



  
    
      
    
    
      set_target(lm, primary_target)



        
          
        

    

  


  

      

          @spec set_target(t(), map() | nil) :: t()


      


Monty's fixme_reset_ground_truth: the object this episode is about.

  



  
    
      
    
    
      set_terminal_state(lm, terminal_state)



        
          
        

    

  


  

      

          @spec set_terminal_state(
  t(),
  Monty.Frameworks.Models.GraphMatching.GraphLM.terminal_state()
) :: t()


      


Sets the conclusion without asking the module to reconsider.

  



  
    
      
    
    
      state_dict(lm)



        
          
        

    

  


  

      

          @spec state_dict(t()) :: map()


      


Monty's state_dict: the memory, and which objects it was built from.

  



  
    
      
    
    
      supervise(lm, target, location_on_model)



        
          
        

    

  


  

      

          @spec supervise(t(), map(), [number()]) :: t()


      


The supervised conclusion an experiment states, in place of matching one.

  



  
    
      
    
    
      update_ltm_from_stm(lm)



        
          
        

    

  


  

      

          @spec update_ltm_from_stm(t()) :: t()


      


Monty's update_ltm_from_stm: a training episode's observations, into memory.

  



  
    
      
    
    
      update_stats_after_vote(state)



        
          
        

    

  


  

      

          @spec update_stats_after_vote(t()) :: t()


      


Monty's update_stats_after_vote: what a vote round left it believing.

  



  
    
      
    
    
      update_terminal_condition(lm)



        
          
        

    

  


  

      

          @spec update_terminal_condition(t()) :: {t(), atom() | nil}


      


Monty's update_terminal_condition: has this module concluded?
The decision is GraphLM's; what a displacement module adds is the pose,
which Monty records as a side effect of being asked. So it is worked out
first, here, and handed to the base as the answer to "is the pose narrowed
down" — one place that computes it, and the conclusion the same as Monty's.

  


        

      


  

    
Monty.Frameworks.Models.DisplacementMatching.DisplacementGraphMemory 
    



      
What a displacement module reads off a graph: Monty's DisplacementGraphMemory.
The memory itself is Monty.Frameworks.Models.GraphMatching.GraphMemory — the
same k-nearest-neighbour graph every graph module stores. What a displacement
module needs on top of it is a way to start matching: every edge of every graph
as a two-node path, and the edge's stored displacement, which is what the next
step's displacement is compared against.
So this is functions over a graph memory rather than a kind of memory. Monty
spells the difference as a subclass, which also lets it override how a graph is
built; here the graph is built once, by GraphObjectModel, and every edge
already carries its displacement — a class that had to say so again would be
saying what the model says.
Monty's subclass also carries match_attribute, for one thing only: a memory
loaded for a module that matches on point-pair features gets those features
added to every graph that lacks them (with_ppf/2). Building the features is
the model's job, because the model is what knows the graph.

      


      
        Summary


  
    Types
  


    
      
        hypotheses()

      


        The four things a displacement module starts an episode with.



    





  
    Functions
  


    
      
        get_initial_hypotheses(memory)

      


        Every graph in memory as a set of paths to test, Monty's
get_initial_hypotheses.



    


    
      
        with_ppf(memory, arg2)

      


        A memory whose graphs carry point-pair features, adding them where a graph has
none.



    





      


      
        Types


        


  
    
      
    
    
      hypotheses()



        
          
        

    

  


  

      

          @type hypotheses() :: %{
  possible_matches: %{optional(String.t()) => map()},
  possible_paths: %{
    optional(String.t()) => [non_neg_integer()] | [[non_neg_integer()]]
  },
  next_possible_paths: %{optional(String.t()) => [[non_neg_integer()]]},
  scale_factors: %{optional(String.t()) => [float()]}
}


      


The four things a displacement module starts an episode with.
possible_matches is every object in memory; possible_paths is where a
match can be at the first step — Monty starts it with the node ids themselves,
one per node, and replaces them with paths as soon as a move is matched;
next_possible_paths is one two-node path per edge, because a move has to be
along an edge, and those are the paths a step is matched against;
scale_factors is the first component of each edge's displacement, which a
scale-invariant match divides by.

  


        

      

      
        Functions


        


  
    
      
    
    
      get_initial_hypotheses(memory)



        
          
        

    

  


  

      

          @spec get_initial_hypotheses(Monty.Frameworks.Models.GraphMatching.GraphMemory.t()) ::
  hypotheses()


      


Every graph in memory as a set of paths to test, Monty's
get_initial_hypotheses.
A node alone is a path of one, which is where a match can be at the very first
step; an edge is the path of two the next step extends. Both are keyed by
graph, because a match is per object.

  



  
    
      
    
    
      with_ppf(memory, arg2)



        
          
        

    

  


  

      

          @spec with_ppf(Monty.Frameworks.Models.GraphMatching.GraphMemory.t(), String.t()) ::
  Monty.Frameworks.Models.GraphMatching.GraphMemory.t()


      


A memory whose graphs carry point-pair features, adding them where a graph has
none.
Monty's DisplacementGraphMemory.load_state_dict does this on the way in ("if
model[input_channel].has_ppf is False: add_ppf_to_graph()"), and it has to:
a memory read from a pickle was built by a module that matched on
displacements, so its edge_attr is a displacement. Matching one against a
point-pair query would compare a length with a vector and quietly keep the
wrong objects.
A memory for a module that matches on displacements is handed back untouched.

  


        

      


  

    
Monty.Frameworks.Models.EvidenceMatching.BurstSampling 
    



      
Spending steps on new hypotheses when the current ones stop learning.
Mirrors tbp/monty/frameworks/models/evidence_matching/burst_sampling.py.
	Monty.Frameworks.Models.EvidenceMatching.BurstSampling.BurstSamplingHypothesesUpdater
— ported: the sampling strategy Monty's evidence matching runs, which
keeps, drops or replaces hypotheses between steps;
	...BurstSampling.BurstSamplingTelemetry — ported: what a step reports
about the hypotheses it added, kept and removed.

HypothesesUpdater in the same family is the simpler strategy that only
accumulates evidence; this one is what experiments use.

      




  

    
Monty.Frameworks.Models.EvidenceMatching.BurstSampling.BurstSamplingHypothesesUpdater 
    



      
Which hypotheses survive a step, and which new ones are worth trying.
Mirrors
tbp/monty/frameworks/models/evidence_matching/burst_sampling.py::BurstSamplingHypothesesUpdater,
the sampling strategy Monty's evidence matching actually runs.
The idea: when evidence stops moving, one more observation of the same
hypotheses will not settle anything. So when the largest evidence slope falls
to burst_trigger_slope or below — and no burst is already running — the
updater spends burst_sampling_duration steps sampling fresh hypotheses
around the best-matching nodes, and drops the ones whose evidence is falling
faster than deletion_trigger_slope. A burst therefore explores without
simply growing the hypothesis space.
Two passes, both deterministic
	existing hypotheses are filtered by slope, never sampled randomly, so
two runs of an episode keep the same ones;
	new hypotheses come from the top count ÷ rotations_per_node nodes by
this observation's feature evidence, each tried with every rotation the
sensed pose allows.

A new hypothesis starts with its feature evidence and possible?: false: it
has earned nothing yet, but it is the alternative the burst exists to try.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        begin_step(updater)

      


        Prepare the step: measure the evidence slope and start a burst if it stalled.



    


    
      
        displace_hypotheses(burst_sampling_hypotheses_updater, hypotheses, displacement)

      


        Move every hypothesis by displacement, as its own orientation sees it.



    


    
      
        end_step(updater)

      


        Count a burst step down once the step's update is done.



    


    
      
        new(memory, options)

      


        An updater over memory.



    


    
      
        reset(updater)

      


        Forget what an episode learned, keeping the configuration.



    


    
      
        update_evidence(updater, hypotheses, features, graph_id, evidence_update_threshold)

      


        Rebuild the hypothesis space for this observation and update its evidence.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() ::
  %Monty.Frameworks.Models.EvidenceMatching.BurstSampling.BurstSamplingHypothesesUpdater{
    burst_sampling_duration: term(),
    burst_trigger_slope: term(),
    deletion_trigger_slope: term(),
    displacer: term(),
    evidence_slope_trackers: term(),
    graph_memory: term(),
    initial_possible_poses: term(),
    max_slope: term(),
    sampling_burst_steps: term(),
    sampling_multiplier: term(),
    scorer: term(),
    umbilical_num_poses: term()
  }


      



  


        

      

      
        Functions


        


  
    
      
    
    
      begin_step(updater)



        
          
        

    

  


  

      

          @spec begin_step(t()) :: t()


      


Prepare the step: measure the evidence slope and start a burst if it stalled.
A burst starts when evidence has stopped moving, not while it is climbing —
while it climbs, another observation is the cheaper way to settle things.

  



  
    
      
    
    
      displace_hypotheses(burst_sampling_hypotheses_updater, hypotheses, displacement)



        
          
        

    

  


  

      

          @spec displace_hypotheses(
  t(),
  Monty.Frameworks.Models.EvidenceMatching.Hypotheses.t(),
  [number()] | nil
) :: Monty.Frameworks.Models.EvidenceMatching.Hypotheses.t()


      


Move every hypothesis by displacement, as its own orientation sees it.
A no-op with no hypotheses or no movement — before the first step there is
nothing to move by.

  



  
    
      
    
    
      end_step(updater)



        
          
        

    

  


  

      

          @spec end_step(t()) :: t()


      


Count a burst step down once the step's update is done.

  



  
    
      
    
    
      new(memory, options)



        
          
        

    

  


  

      

          @spec new(Monty.Frameworks.Models.GraphMatching.GraphMemory.t(), keyword()) :: t()


      


An updater over memory.
:sampling_multiplier is how many hypotheses per node a burst draws.
:initial_possible_poses is nil for informed sampling — align each node's
stored pose with what was sensed — or a list of 3×3 pose matrices for fixed
poses.

  



  
    
      
    
    
      reset(updater)



        
          
        

    

  


  

      

          @spec reset(t()) :: t()


      


Forget what an episode learned, keeping the configuration.

  



  
    
      
    
    
      update_evidence(updater, hypotheses, features, graph_id, evidence_update_threshold)



        
          
        

    

  


  

      

          @spec update_evidence(
  t(),
  Monty.Frameworks.Models.EvidenceMatching.Hypotheses.t(),
  %{optional(String.t()) => map()},
  String.t(),
  float()
) :: {t(), Monty.Frameworks.Models.EvidenceMatching.Hypotheses.t() | nil, map()}


      


Rebuild the hypothesis space for this observation and update its evidence.
Returns {updater, hypotheses, telemetry}, with hypotheses and telemetry
empty when the observation carries no channel this graph stores — the caller
then has nothing to update rather than an empty space pretending to be one.

  


        

      


  

    
Monty.Frameworks.Models.EvidenceMatching.Channels 
    



      
Which of the observed input channels can be matched against the graph.
Mirrors tbp/monty/frameworks/models/evidence_matching/channels.py. A channel
is usable when the sensor delivered it and the graph stores it; either half
missing leaves nothing to compare, so the channel drops out of the match
rather than counting as a mismatch for every hypothesis.
Monty notes that confidence in a channel is not consulted here — the
observation does not carry it yet. When it does, this is the function that
will read it.

      


      
        Summary


  
    Functions
  


    
      
        all_usable_input_channels(features, all_input_channels)

      


        The channels present in features and stored in all_input_channels.



    





      


      
        Functions


        


  
    
      
    
    
      all_usable_input_channels(features, all_input_channels)



        
          
        

    

  


  

      

          @spec all_usable_input_channels(%{optional(String.t()) => term()}, [String.t()]) :: [
  String.t()
]


      


The channels present in features and stored in all_input_channels.
The order is the observation's, not the graph's: downstream code walks the
channels it was handed and expects the same order the sensor produced.

  


        

      


  

    
Monty.Frameworks.Models.EvidenceMatching.EvidenceSlopeTracker 
    



      
The slope of each hypothesis's evidence over a sliding window.
Mirrors tbp/monty/frameworks/models/evidence_matching/evidence_slope_tracker.py.
A learning module uses it to drop hypotheses whose evidence is not merely low
but falling: a hypothesis that arrived late has not had time to prove
itself, so only ones older than min_age updates can be removed.
Slopes are per channel per step, so they stay comparable when the number of
input channels active at a step changes. That is the whole reason the channel
counts are buffered alongside the evidence: a step fed by three channels
accumulates evidence three times as fast, and a slope that ignored it would
make hypotheses look better simply because more sensors were on them.
The evidence is a ring of bytes shared by every hypothesis: evidence is
hypotheses * window_size f64, cursor names the slot the next update
overwrites — which is also the oldest value in every window — and a window in
order is cursor, cursor + 1, … wrap. Every hypothesis' window slides by one
slot on the same update, so recording a step writes one value per hypothesis
and moves the cursor; no window is rebuilt. Sliding ten-slot lists a step was
the single largest thing a matching step allocated.
An unfilled slot is a NaN — Monty's nil, which a flat window's slope of zero
must not be mistaken for — so a window cannot be read as floats directly, and
calculate_slopes/1 is a kernel over these bytes.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        evidence is hypotheses * window_size f64 in ring order, channels the
channel count at each window slot oldest first, and cursor the slot the next
update writes.



    


    
      
        value()

      


    





  
    Functions
  


    
      
        add_hyp(tracker, count)

      


        Adds hypotheses, each with an empty window and an age of zero.



    


    
      
        calculate_slopes(tracker)

      


        The average per-channel slope of every hypothesis, or nil for one whose
window holds no two consecutive observations.



    


    
      
        clear_hyp(tracker)

      


        Forgets every hypothesis, keeping the window size and minimum age.



    


    
      
        hyp_ages(evidence_slope_tracker)

      


        The age of every tracked hypothesis, in updates.



    


    
      
        new(opts \\ [])

      


        A tracker for window_size evidence points per hypothesis, allowing removal
once a hypothesis is min_age updates old.



    


    
      
        removable_indices_mask(evidence_slope_tracker)

      


        Which hypotheses are old enough to be considered for removal.



    


    
      
        remove_hyp(tracker, indices)

      


        Removes the hypotheses at the given indices, keeping the rest in order.



    


    
      
        select_hypotheses(tracker, slope_threshold)

      


        Which hypotheses to keep, given a slope threshold.



    


    
      
        total_size(evidence_slope_tracker)

      


        How many hypotheses are tracked.



    


    
      
        update(tracker, values, opts \\ [])

      


        Records this step's evidence and moves every window on by one slot.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.EvidenceMatching.EvidenceSlopeTracker{
  ages: [non_neg_integer()],
  channels: [pos_integer()],
  cursor: non_neg_integer(),
  evidence: binary(),
  min_age: non_neg_integer(),
  window_size: pos_integer()
}


      


evidence is hypotheses * window_size f64 in ring order, channels the
channel count at each window slot oldest first, and cursor the slot the next
update writes.

  



  
    
      
    
    
      value()



        
          
        

    

  


  

      

          @type value() :: float() | nil


      



  


        

      

      
        Functions


        


  
    
      
    
    
      add_hyp(tracker, count)



        
          
        

    

  


  

      

          @spec add_hyp(t(), non_neg_integer()) :: t()


      


Adds hypotheses, each with an empty window and an age of zero.
A hypothesis that has never been updated is all padding: it has no slope, and
calculate_slopes/1 says so with nil rather than with zero.

  



  
    
      
    
    
      calculate_slopes(tracker)



        
          
        

    

  


  

      

          @spec calculate_slopes(t()) :: [float() | nil]


      


The average per-channel slope of every hypothesis, or nil for one whose
window holds no two consecutive observations.
Each step's difference is divided by the number of channels that contributed
at the later slot of the pair, then averaged over the window's valid steps.

  



  
    
      
    
    
      clear_hyp(tracker)



        
          
        

    

  


  

      

          @spec clear_hyp(t()) :: t()


      


Forgets every hypothesis, keeping the window size and minimum age.

  



  
    
      
    
    
      hyp_ages(evidence_slope_tracker)



        
          
        

    

  


  

      

          @spec hyp_ages(t()) :: [non_neg_integer()]


      


The age of every tracked hypothesis, in updates.

  



    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


A tracker for window_size evidence points per hypothesis, allowing removal
once a hypothesis is min_age updates old.

  



  
    
      
    
    
      removable_indices_mask(evidence_slope_tracker)



        
          
        

    

  


  

      

          @spec removable_indices_mask(t()) :: [boolean()]


      


Which hypotheses are old enough to be considered for removal.

  



  
    
      
    
    
      remove_hyp(tracker, indices)



        
          
        

    

  


  

      

          @spec remove_hyp(t(), [non_neg_integer()]) :: t()


      


Removes the hypotheses at the given indices, keeping the rest in order.

  



  
    
      
    
    
      select_hypotheses(tracker, slope_threshold)



        
          
        

    

  


  

      

          @spec select_hypotheses(t(), float()) ::
  Monty.Frameworks.Models.EvidenceMatching.EvidenceSlopeTracker.HypothesesSelection.t()


      


Which hypotheses to keep, given a slope threshold.
A hypothesis is kept when its slope is at least the threshold or when it is
too young to remove: the second half is what stops a module from throwing away
a hypothesis in the same step it was proposed.

  



  
    
      
    
    
      total_size(evidence_slope_tracker)



        
          
        

    

  


  

      

          @spec total_size(t()) :: non_neg_integer()


      


How many hypotheses are tracked.

  



    

  
    
      
    
    
      update(tracker, values, opts \\ [])



        
          
        

    

  


  

      

          @spec update(t(), [float()] | binary(), keyword()) ::
  {:ok, t()} | {:error, :wrong_number_of_values}


      


Records this step's evidence and moves every window on by one slot.
values is one evidence value per hypothesis — all of them, every step:
a hypothesis that skipped a step would have a slope over a different number of
steps from its neighbours, which is how slopes stop being comparable.
Returns {:error, :wrong_number_of_values} rather than raising, because the
caller is a learning module mid-episode: Monty raises ValueError, and the
reason is the same either way.

  


        

      


  

    
Monty.Frameworks.Models.EvidenceMatching.EvidenceSlopeTracker.HypothesesSelection 
    



      
Which hypotheses a slope threshold keeps, as a mask and as indices.
Mirrors evidence_slope_tracker.py::HypothesesSelection. The mask is the
thing that was decided; the two index lists are what a caller acts on, and
keeping them here means "retained" and "removed" cannot drift apart.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        count(hypotheses_selection)

      


        How many hypotheses the selection is about.



    


    
      
        ids_to_remove(hypotheses_selection)

      


        The indices of the hypotheses to remove, in order.



    


    
      
        ids_to_retain(hypotheses_selection)

      


        The indices of the hypotheses to keep, in order.



    


    
      
        new(mask)

      


        A selection from a mask, true meaning the hypothesis is kept.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() ::
  %Monty.Frameworks.Models.EvidenceMatching.EvidenceSlopeTracker.HypothesesSelection{
    mask: [boolean()]
  }


      



  


        

      

      
        Functions


        


  
    
      
    
    
      count(hypotheses_selection)



        
          
        

    

  


  

      

          @spec count(t()) :: non_neg_integer()


      


How many hypotheses the selection is about.

  



  
    
      
    
    
      ids_to_remove(hypotheses_selection)



        
          
        

    

  


  

      

          @spec ids_to_remove(t()) :: [non_neg_integer()]


      


The indices of the hypotheses to remove, in order.

  



  
    
      
    
    
      ids_to_retain(hypotheses_selection)



        
          
        

    

  


  

      

          @spec ids_to_retain(t()) :: [non_neg_integer()]


      


The indices of the hypotheses to keep, in order.

  



  
    
      
    
    
      new(mask)



        
          
        

    

  


  

      

          @spec new([boolean()]) :: t()


      


A selection from a mask, true meaning the hypothesis is kept.

  


        

      


  

    
Monty.Frameworks.Models.EvidenceMatching.FeatureEvidence.Calculator 
    



      
How much of a match a node's stored features are — the calculator family.
Mirrors tbp/monty/frameworks/models/evidence_matching/feature_evidence/calculator.py,
a module holding a protocol and its default implementation. The Elixir split
has the same shape:
	Monty.Frameworks.Models.EvidenceMatching.FeatureEvidence.Calculator.FeatureEvidenceCalculator
is the protocol, as a behaviour;
	...Calculator.DefaultFeatureEvidenceCalculator is the implementation an
experiment gets unless it names another.

A calculator is handed the stored features, the observed features and the
tolerances, and answers with a score per node. It never touches graph memory:
Monty injects the calculator into the hypotheses updater precisely so that
scoring can be replaced without touching the search.

      




  

    
Monty.Frameworks.Models.EvidenceMatching.FeatureEvidence.Calculator.DefaultFeatureEvidenceCalculator 
    



      
Feature evidence as "how far inside the tolerance is this value".
Mirrors
tbp/monty/frameworks/models/evidence_matching/feature_evidence/calculator.py::DefaultFeatureEvidenceCalculator.
Each stored value is compared with the observation, and the difference is
read as evidence: no difference is 1, a difference at the tolerance is 0, and
it falls off linearly in between. The per-feature scores are then averaged
with the feature weights, so a feature an experiment distrusts can be made
quiet without being switched off.
Three kinds of comparison
	numeric — the absolute difference;
	circular — the difference the short way round, so a hue of 0.99 and
one of 0.01 are neighbours rather than 0.98 apart. Only the first value of
a circular feature wraps (hsv's hue); saturation and value do not;
	categorical — equal or not, with the same linear falloff applied to
that 0-or-1 difference.


      


      
        Summary


  
    Types
  


    
      
        column()

      


        One comparison: which value of a row it reads, how, and what the answer is
worth.



    





  
    Functions
  


    
      
        columns(feature_order, feature_weights, query_features, tolerances)

      


        The comparisons one observation makes against every row.



    


    
      
        decode_answers(binary)

      


        A native kernel's answers, as this module's: a NaN is nil.



    


    
      
        encode_columns(columns)

      


        The columns as the two binaries a native kernel reads.



    





      


      
        Types


        


  
    
      
    
    
      column()



        
          
        

    

  


  

      

          @type column() :: %{
  index: non_neg_integer(),
  kind: :numeric | :circular | :categorical,
  value: float(),
  tolerance: float(),
  weight: float()
}


      


One comparison: which value of a row it reads, how, and what the answer is
worth.
The index counts positions in the row, so the columns of a call are numbered
0, 1, 2, ... as a whole: a three-valued feature after a one-valued one starts
at one.

  


        

      

      
        Functions


        


  
    
      
    
    
      columns(feature_order, feature_weights, query_features, tolerances)



        
          
        

    

  


  

      

          @spec columns([String.t()], map(), map(), map()) :: [column()]


      


The comparisons one observation makes against every row.
Public because it is the whole description of the arithmetic: the rows are
compared column by column and there is nothing else to say about it. A native
kernel is handed these columns rather than deciding for itself what to compare.

  



  
    
      
    
    
      decode_answers(binary)



        
          
        

    

  


  

      

          @spec decode_answers(binary()) :: [float() | nil]


      


A native kernel's answers, as this module's: a NaN is nil.
The answers cross as bytes; ExTbpMonty.Core.MatcherNif.decode/1 is the one place
that turns them back into values, because a NaN there means the same thing for
every kernel: no answer for this row.

  



  
    
      
    
    
      encode_columns(columns)



        
          
        

    

  


  

      

          @spec encode_columns([column()]) :: {binary(), binary()}


      


The columns as the two binaries a native kernel reads.
specs carries each column's row index and what kind of comparison applies
(two u32); params carries its observed value, tolerance and weight (three
f64). Split in two because a kind is a small integer and the rest are doubles,
and because the kernel reads both in the same order the weights are summed in.

  


        

      


  

    
Monty.Frameworks.Models.EvidenceMatching.FeatureEvidence.Calculator.FeatureEvidenceCalculator behaviour
    



      
What a feature-evidence calculator has to be able to do.
Mirrors
tbp/monty/frameworks/models/evidence_matching/feature_evidence/calculator.py::FeatureEvidenceCalculator,
which is a Protocol: any object with a calculate of this shape can be used
as one. In Elixir that is a behaviour, and the hypotheses updater takes the
calculator as a module, so an experiment can substitute its own — Monty's
dependency injection, kept.
Shapes
channel_feature_array is one row per node, one column per stored feature
value; channel_feature_order names the features in the order their columns
appear. A multi-valued feature (hsv with three values) occupies three
columns, and how many is read from the query features' values — that is the
only place the length is written down, exactly as in Python.
pose_vectors and pose_fully_defined are not feature evidence: they are
compared as poses elsewhere and occupy no columns here.

      


      
        Summary


  
    Types
  


    
      
        feature_values()

      


    


    
      
        row()

      


    


    
      
        tolerance()

      


    





  
    Callbacks
  


    
      
        calculate(
  channel_feature_array,
  channel_feature_order,
  channel_feature_weights,
  channel_query_features,
  channel_tolerances
)

      


        Evidence in [0, 1] for every node in the graph, or nil where a node's
stored values are missing.



    





      


      
        Types


        


  
    
      
    
    
      feature_values()



        
          
        

    

  


  

      

          @type feature_values() :: number() | [number()]


      



  



  
    
      
    
    
      row()



        
          
        

    

  


  

      

          @type row() :: [float() | nil]


      



  



  
    
      
    
    
      tolerance()



        
          
        

    

  


  

      

          @type tolerance() :: number() | [number()]


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      calculate(
  channel_feature_array,
  channel_feature_order,
  channel_feature_weights,
  channel_query_features,
  channel_tolerances
)



        
          
        

    

  


  

      

          @callback calculate(
  channel_feature_array :: [row()],
  channel_feature_order :: [String.t()],
  channel_feature_weights :: %{optional(String.t()) => number()},
  channel_query_features :: %{optional(String.t()) => feature_values()},
  channel_tolerances :: %{optional(String.t()) => tolerance()}
) :: [float() | nil]


      


Evidence in [0, 1] for every node in the graph, or nil where a node's
stored values are missing.
nil is this port's NaN: a value that is not a number is not a score, and
callers must decide what a node without data means rather than have a
comparison quietly go one way.

  


        

      


  

    
Monty.Frameworks.Models.EvidenceMatching.FeatureEvidence.Scorer 
    



      
Turning one observation into evidence per node — the scorer family.
Mirrors tbp/monty/frameworks/models/evidence_matching/feature_evidence/scorer.py,
a module holding a protocol and its default implementation:
	...FeatureEvidence.Scorer.FeatureEvidenceScorer is the protocol, as a
behaviour;
	...Scorer.DefaultFeatureEvidenceScorer is what a learning module gets
unless it names another.

The scorer is where the three injected pieces meet: the calculator that turns
stored features into scores, the selector that decides whether this channel is
matched on its features at all, and the memory those features are read from.

      




  

    
Monty.Frameworks.Models.EvidenceMatching.FeatureEvidence.Scorer.DefaultFeatureEvidenceScorer 
    



      
Feature evidence per node for one channel of one graph.
Mirrors
tbp/monty/frameworks/models/evidence_matching/feature_evidence/scorer.py::DefaultFeatureEvidenceScorer.
Three pieces meet here, all of them injected:
	the selector decides once, at construction, whether each channel is
matched on its features at all — a channel weighted only on poses still
contributes pose evidence, but no feature evidence;
	the calculator turns the stored feature rows into a score per node;
	the memory supplies those rows and the observation's query features
are compared against them.

A channel that is not matched on features answers zeros rather than being
absent: every node of that graph is still a hypothesis, it just learns nothing
from this observation.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        matched_on_features?(default_feature_evidence_scorer, input_channel)

      


        Whether this channel takes part in feature matching at all.



    


    
      
        new(memory, options)

      


        A scorer over memory.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() ::
  %Monty.Frameworks.Models.EvidenceMatching.FeatureEvidence.Scorer.DefaultFeatureEvidenceScorer{
    calculator: term(),
    feature_weights: term(),
    graph_memory: term(),
    increment: term(),
    tolerances: term(),
    use_features_by_channel: term()
  }


      



  


        

      

      
        Functions


        


  
    
      
    
    
      matched_on_features?(default_feature_evidence_scorer, input_channel)



        
          
        

    

  


  

      

          @spec matched_on_features?(t(), String.t()) :: boolean()


      


Whether this channel takes part in feature matching at all.

  



  
    
      
    
    
      new(memory, options)



        
          
        

    

  


  

      

          @spec new(Monty.Frameworks.Models.GraphMatching.GraphMemory.t(), keyword()) :: t()


      


A scorer over memory.
:calculator and :selector name the modules doing the work, :increment
scales feature evidence before it is added to a hypothesis' total — it is the
knob an experiment turns to make feature evidence matter more than pose
evidence.

  


        

      


  

    
Monty.Frameworks.Models.EvidenceMatching.FeatureEvidence.Scorer.FeatureEvidenceScorer behaviour
    



      
What a feature-evidence scorer has to be able to do.
Mirrors
tbp/monty/frameworks/models/evidence_matching/feature_evidence/scorer.py::FeatureEvidenceScorer,
which is a Protocol and, here, a behaviour: given a graph, a channel and an
observation, answer with one evidence value per node of that channel's graph.
Monty's own note is that the name is a placeholder from a refactor; it is kept
because an experiment that names a different scorer names this shape.

      


      
        Summary


  
    Callbacks
  


    
      
        evidence(scorer, graph_id, input_channel, query_features)

      


        Evidence in [0, 1] per node, or nil where a node has no stored value.



    





      


      
        Callbacks


        


  
    
      
    
    
      evidence(scorer, graph_id, input_channel, query_features)



        
          
        

    

  


  

      

          @callback evidence(
  scorer :: term(),
  graph_id :: String.t(),
  input_channel :: String.t(),
  query_features :: %{optional(String.t()) => term()}
) :: [float() | nil]


      


Evidence in [0, 1] per node, or nil where a node has no stored value.
The first argument is the scorer's own configuration — Monty's self, which
holds the graph memory, the weights and the tolerances. A channel that is not
matched on its features answers all zeros: it still contributes pose evidence,
which is computed elsewhere.

  


        

      


  

    
Monty.Frameworks.Models.EvidenceMatching.FeaturesForMatching.AllSelector 
    



      
Features are matched whenever the experiment weighted the channel at all.
Mirrors tbp/monty/frameworks/models/evidence_matching/features_for_matching/all_selector.py,
which is the alternative to the default selector: it does not ask whether a
channel has any non-pose feature weights, only whether it was weighted at all.
Naming this selector in an experiment means "match on what I configured,
including a channel weighted only on poses".

      


      
        Summary


  
    Functions
  


    
      
        select(feature_evidence_increment, feature_weights, tolerances)

      


        Whether features are matched, per input channel — every weighted channel, as
long as feature evidence counts for something.



    





      


      
        Functions


        


  
    
      
    
    
      select(feature_evidence_increment, feature_weights, tolerances)



        
          
        

    

  


  

      

          @spec select(number(), %{optional(String.t()) => map()}, %{
  optional(String.t()) => map()
}) :: %{
  optional(String.t()) => boolean()
}


      


Whether features are matched, per input channel — every weighted channel, as
long as feature evidence counts for something.

  


        

      


  

    
Monty.Frameworks.Models.EvidenceMatching.FeaturesForMatching.AllSelector.AllFeaturesForMatchingSelector 
    



      
The AllFeaturesForMatchingSelector class of
features_for_matching/all_selector.py.
The selection is the one in Monty.Frameworks.Models.EvidenceMatching.FeaturesForMatching.AllSelector;
this module is the name Monty's experiments use, so that a config naming
AllFeaturesForMatchingSelector resolves to something that behaves like the
class it names.

      




  

    
Monty.Frameworks.Models.EvidenceMatching.FeaturesForMatching.Selector 
    



      
Deciding which channels take part in feature matching — the selector family.
Mirrors tbp/monty/frameworks/models/evidence_matching/features_for_matching/selector.py,
a module holding a protocol and its default implementation:
	Monty.Frameworks.Models.EvidenceMatching.FeaturesForMatching.Selector.FeaturesForMatchingSelector
is the protocol, as a behaviour;
	...Selector.DefaultFeaturesForMatchingSelector is the default, and
...FeaturesForMatching.AllSelector is the alternative Monty ships.

The decision matters because a channel not used for features still
contributes pose evidence: switching features off is not the same as ignoring
the channel.

      




  

    
Monty.Frameworks.Models.EvidenceMatching.FeaturesForMatching.Selector.DefaultFeaturesForMatchingSelector 
    



      
Features are matched when the experiment asked for them.
Mirrors
tbp/monty/frameworks/models/evidence_matching/features_for_matching/selector.py::DefaultFeaturesForMatchingSelector.
Two conditions, both of which have to hold for a channel to be matched on its
features: the increment that scales feature evidence is above zero, and the
channel weights at least one feature that is not a pose feature. A channel
weighted only on pose_vectors is a channel matched by pose alone — that is
a real way to run an experiment, not an omission.

      




  

    
Monty.Frameworks.Models.EvidenceMatching.FeaturesForMatching.Selector.FeaturesForMatchingSelector behaviour
    



      
What a features-for-matching selector has to be able to do.
Mirrors
tbp/monty/frameworks/models/evidence_matching/features_for_matching/selector.py::FeaturesForMatchingSelector,
a Protocol in Python and a behaviour here: an experiment chooses how the
decision is made by naming a different module.

      


      
        Summary


  
    Callbacks
  


    
      
        select(feature_evidence_increment, feature_weights, tolerances)

      


        Whether features are matched, per input channel.



    





      


      
        Callbacks


        


  
    
      
    
    
      select(feature_evidence_increment, feature_weights, tolerances)



        
          
        

    

  


  

      

          @callback select(
  feature_evidence_increment :: number(),
  feature_weights :: %{optional(String.t()) => map()},
  tolerances :: %{optional(String.t()) => map()}
) :: %{optional(String.t()) => boolean()}


      


Whether features are matched, per input channel.
tolerances names the channels in play; the result has one entry for each.

  


        

      


  

    
Monty.Frameworks.Models.EvidenceMatching.GraphMemory 
    



      
The memory an evidence-based learning module learns into.
Mirrors tbp/monty/frameworks/models/evidence_matching/graph_memory.py, which
holds one class:
	...GraphMemory.EvidenceGraphMemory — ported: memory that stores grid
models, which is the whole of what this file adds to
Monty.Frameworks.Models.GraphMatching.GraphMemory.


      




  

    
Monty.Frameworks.Models.EvidenceMatching.GraphMemory.EvidenceGraphMemory 
    



      
Memory that stores grid models, which is what an evidence-based learning
module learns into.
Mirrors tbp/monty/frameworks/models/evidence_matching/graph_memory.py ::EvidenceGraphMemory, whose whole content is a different object model plus
what follows from it. Evidence matching compares one observation against every
node of every object at once, so memory that stored every observation as a
node would be both slow and enormous; the grid keeps a bounded number of
nodes per object and is the reason a pretrained YCB model fits in memory at
all.
Inheritance became configuration
In Python this class exists to subclass GraphMemory and override the three
places where a model is constructed — build, extend, and load. There is no
inheritance to override in Elixir, and there does not need to be: memory
already takes the object model as a module and its options as a keyword list,
so the same three places build a GridObjectModel when memory is made here
and a GraphObjectModel when it is made by GraphMemory.new/1 directly. One
struct, one set of functions, two configurations.
What the three numbers mean
	:max_nodes_per_graph — how many nodes an object thins down to, which
bounds the cost of every matching step;
	:max_graph_size — how large an object may be, in metres, before the
model refuses it with GridTooSmallError;
	:num_model_voxels_per_dim — the resolution, hence the smallest detail a
model can hold: max_graph_size / num_model_voxels_per_dim per voxel.


      


      
        Summary


  
    Functions
  


    
      
        get_initial_hypotheses(memory)

      


        What a learning module starts from: the id of every object in memory.



    


    
      
        new(options \\ [])

      


        An empty memory of grid models, configured by the three numbers Monty's
learning-module config sets.



    





      


      
        Functions


        


  
    
      
    
    
      get_initial_hypotheses(memory)



        
          
        

    

  


  

      

          @spec get_initial_hypotheses(Monty.Frameworks.Models.GraphMatching.GraphMemory.t()) ::
  [
    Monty.Frameworks.Models.GraphMatching.GraphMemory.graph_id()
  ]


      


What a learning module starts from: the id of every object in memory.
Nothing is ruled out at the first step, so every stored object is a candidate.
Monty's base memory answers with its models instead; evidence matching wants
ids, because its hypotheses are per object and its evidence lives per graph.

  



    

  
    
      
    
    
      new(options \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: Monty.Frameworks.Models.GraphMatching.GraphMemory.t()


      


An empty memory of grid models, configured by the three numbers Monty's
learning-module config sets.

  


        

      


  

    
Monty.Frameworks.Models.EvidenceMatching.Hypotheses 
    



      
A set of hypotheses: their evidence, the location each implies, the pose each
implies, and whether each can still be possible.
Mirrors tbp/monty/frameworks/models/evidence_matching/hypotheses.py. The
four fields are parallel — an index is one hypothesis in all of them — which
is why Monty keeps them as separate arrays rather than a list of records: a
learning module selects, masks and weights whole columns of them with one
operation.
In Elixir possible is a list, one flag per hypothesis, and evidence,
locations and poses are the same rows as bytes: eight little-endian
f64 of evidence, then three of location and nine of rotation each, in the
order the hypothesis index names them. That is the form a step needs them in —
it displaces every hypothesis, blends what each earned into a column, then
asks the k-d index about every location and a kernel for the evidence at each
— so holding them this way stops a step from rebuilding a list, and eight or
three or nine boxed floats a hypothesis, once per pass. evidence/1,
evidence_at/2, locations/1, location/2, poses/1 and pose/2 read them
back, one hypothesis at a time where that is all a caller wants.
empty/0 is the identity for concatenate/1, which is what lets a learning
module build a step's hypotheses from however many sources voted.

      


      
        Summary


  
    Types
  


    
      
        location()

      


    


    
      
        pose()

      


    


    
      
        t()

      


        evidence is hypotheses f64, locations hypotheses * 3 f64 and poses
hypotheses * 9 f64, all in the hypothesis's own order; possible has one
entry each.



    





  
    Functions
  


    
      
        argmax_evidence(hypotheses)

      


        The index of the most likely hypothesis — the first of several equal maxima.



    


    
      
        concatenate(hyps)

      


        One set of hypotheses from several, in order.



    


    
      
        count(hypotheses)

      


        How many hypotheses the set holds.



    


    
      
        empty()

      


        The hypotheses of nothing: the identity for concatenate/1.



    


    
      
        evidence(hypotheses)

      


        Every hypothesis' evidence, as the numbers they are.



    


    
      
        evidence_at(hypotheses, index)

      


        One hypothesis' evidence.



    


    
      
        evidence_bytes(hypotheses)

      


        The evidence column as a step holds it: one f64 per hypothesis.



    


    
      
        index_bytes(indices)

      


        Indices as the u32 bytes a kernel reads them from.



    


    
      
        index_list(bytes)

      


        Indices as Elixir values, read out of the u32 bytes a kernel answers with.



    


    
      
        indices_within(hypotheses, percentage, floor)

      


        The indices of the hypotheses within percentage per cent of the best one.



    


    
      
        location(hypotheses, index)

      


        One hypothesis' location.



    


    
      
        location_bytes(list)

      


        The bytes of one location, as a step holds it.



    


    
      
        locations(hypotheses)

      


        Every hypothesis' location, as the three values each one is.



    


    
      
        locations_of(bytes)

      


        The locations in bytes, as values — the reference's way of reading them.



    


    
      
        max_evidence(hypotheses)

      


        The highest evidence any hypothesis holds.



    


    
      
        min_evidence(hypotheses)

      


        The lowest evidence any hypothesis holds — the threshold that updates them all.



    


    
      
        new(fields)

      


        One set of hypotheses from the rows of each, in order.



    


    
      
        per_pose(fields)

      


        One hypothesis per node per pose — the shape a burst samples in.



    


    
      
        pose(hypotheses, index)

      


        One hypothesis' rotation.



    


    
      
        pose_bytes(list)

      


        The bytes of one rotation, row by row, as a step holds it.



    


    
      
        poses(hypotheses)

      


        Every hypothesis' rotation, as the matrix each one is.



    


    
      
        poses_of(bytes)

      


        The rotations in bytes, as values — the reference's way of reading them.



    


    
      
        put_evidence(hypotheses, values)

      


        The same hypotheses with a new evidence column, given as numbers.



    


    
      
        put_evidence_bytes(hypotheses, bytes)

      


        The same hypotheses with a new evidence column a kernel has written.



    


    
      
        rows_at(hypotheses, indices)

      


        The rows of the hypotheses at indices, as the bytes a kernel reads.



    


    
      
        second_argmax_evidence(hypotheses)

      


        The index of the runner-up hypothesis, or nil when there is no second one.



    


    
      
        take(hypotheses, indices)

      


        The hypotheses at the given indices, in the order asked for.



    





      


      
        Types


        


  
    
      
    
    
      location()



        
          
        

    

  


  

      

          @type location() :: [float()]


      



  



  
    
      
    
    
      pose()



        
          
        

    

  


  

      

          @type pose() :: [[float()]]


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.EvidenceMatching.Hypotheses{
  evidence: binary(),
  locations: binary(),
  poses: binary(),
  possible: [boolean()]
}


      


evidence is hypotheses f64, locations hypotheses * 3 f64 and poses
hypotheses * 9 f64, all in the hypothesis's own order; possible has one
entry each.

  


        

      

      
        Functions


        


  
    
      
    
    
      argmax_evidence(hypotheses)



        
          
        

    

  


  

      

          @spec argmax_evidence(t()) :: non_neg_integer()


      


The index of the most likely hypothesis — the first of several equal maxima.
Asked far more often than any other question of the column, so it is asked of
the bytes: a kernel when they are loaded, and the same walk in Elixir otherwise.

  



  
    
      
    
    
      concatenate(hyps)



        
          
        

    

  


  

      

          @spec concatenate([t()]) :: t()


      


One set of hypotheses from several, in order.
Monty concatenates along the hypothesis axis, so votes from two learning
modules produce their votes first and the receiving module's hypotheses
second, in the order the caller passes them.

  



  
    
      
    
    
      count(hypotheses)



        
          
        

    

  


  

      

          @spec count(t()) :: non_neg_integer()


      


How many hypotheses the set holds.

  



  
    
      
    
    
      empty()



        
          
        

    

  


  

      

          @spec empty() :: t()


      


The hypotheses of nothing: the identity for concatenate/1.

  



  
    
      
    
    
      evidence(hypotheses)



        
          
        

    

  


  

      

          @spec evidence(t()) :: [float() | nil]


      


Every hypothesis' evidence, as the numbers they are.

  



  
    
      
    
    
      evidence_at(hypotheses, index)



        
          
        

    

  


  

      

          @spec evidence_at(t(), non_neg_integer()) :: float() | nil


      


One hypothesis' evidence.

  



  
    
      
    
    
      evidence_bytes(hypotheses)



        
          
        

    

  


  

      

          @spec evidence_bytes(t()) :: binary()


      


The evidence column as a step holds it: one f64 per hypothesis.
What a kernel reads, where evidence/1 is what a reporter or an argmax wants.

  



  
    
      
    
    
      index_bytes(indices)



        
          
        

    

  


  

      

          @spec index_bytes([non_neg_integer()]) :: binary()


      


Indices as the u32 bytes a kernel reads them from.

  



  
    
      
    
    
      index_list(bytes)



        
          
        

    

  


  

      

          @spec index_list(binary()) :: [non_neg_integer()]


      


Indices as Elixir values, read out of the u32 bytes a kernel answers with.

  



  
    
      
    
    
      indices_within(hypotheses, percentage, floor)



        
          
        

    

  


  

      

          @spec indices_within(t(), float(), number()) :: [non_neg_integer()]


      


The indices of the hypotheses within percentage per cent of the best one.
Monty's get_possible_hypothesis_ids: np.where(evidence > max - max / 100 * x_percent_threshold), once the best clears floor. A learning module asks
once per object per step, so it is answered from the bytes.
Two edges are numpy's rather than Elixir's, and they are the reason the answer
is stated here: a column with a NaN in it has no best at all — np.max
propagates the NaN, every comparison against one is false — so nothing is
possible; and the band is strict, so a hypothesis exactly at the threshold is
out.

  



  
    
      
    
    
      location(hypotheses, index)



        
          
        

    

  


  

      

          @spec location(t(), non_neg_integer()) :: location()


      


One hypothesis' location.

  



  
    
      
    
    
      location_bytes(list)



        
          
        

    

  


  

      

          @spec location_bytes(location()) :: binary()


      


The bytes of one location, as a step holds it.

  



  
    
      
    
    
      locations(hypotheses)



        
          
        

    

  


  

      

          @spec locations(t()) :: [location()]


      


Every hypothesis' location, as the three values each one is.

  



  
    
      
    
    
      locations_of(bytes)



        
          
        

    

  


  

      

          @spec locations_of(binary()) :: [location()]


      


The locations in bytes, as values — the reference's way of reading them.

  



  
    
      
    
    
      max_evidence(hypotheses)



        
          
        

    

  


  

      

          @spec max_evidence(t()) :: float() | nil


      


The highest evidence any hypothesis holds.

  



  
    
      
    
    
      min_evidence(hypotheses)



        
          
        

    

  


  

      

          @spec min_evidence(t()) :: float() | nil


      


The lowest evidence any hypothesis holds — the threshold that updates them all.
evidence_threshold_config: "all" asks this once per graph per step, and the
answer is one number: asked of the bytes, a minimum of six thousand of them no
longer costs six thousand decoded floats.

  



  
    
      
    
    
      new(fields)



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


One set of hypotheses from the rows of each, in order.
The caller speaks in the shapes it has — evidence as a number, a location as
[x, y, z], a pose as three rows — and this is the one place those become the
bytes a step reads.

  



  
    
      
    
    
      per_pose(fields)



        
          
        

    

  


  

      

          @spec per_pose(keyword()) :: t()


      


One hypothesis per node per pose — the shape a burst samples in.
locations and evidence name the chosen nodes once; poses holds one
matrix per hypothesis in that order, pose-major, which is what aligning each
sensed direction against the nodes produces. The node block is encoded once
and copied, where new/1 would encode the same few hundred nodes once per
sensed direction: a burst samples eight poses at each of a few hundred nodes,
ten graphs at a time, so that is tens of thousands of rows of the same values
every step.

  



  
    
      
    
    
      pose(hypotheses, index)



        
          
        

    

  


  

      

          @spec pose(t(), non_neg_integer()) :: pose()


      


One hypothesis' rotation.

  



  
    
      
    
    
      pose_bytes(list)



        
          
        

    

  


  

      

          @spec pose_bytes(pose()) :: binary()


      


The bytes of one rotation, row by row, as a step holds it.

  



  
    
      
    
    
      poses(hypotheses)



        
          
        

    

  


  

      

          @spec poses(t()) :: [pose()]


      


Every hypothesis' rotation, as the matrix each one is.

  



  
    
      
    
    
      poses_of(bytes)



        
          
        

    

  


  

      

          @spec poses_of(binary()) :: [pose()]


      


The rotations in bytes, as values — the reference's way of reading them.

  



  
    
      
    
    
      put_evidence(hypotheses, values)



        
          
        

    

  


  

      

          @spec put_evidence(t(), [float()]) :: t()


      


The same hypotheses with a new evidence column, given as numbers.

  



  
    
      
    
    
      put_evidence_bytes(hypotheses, bytes)



        
          
        

    

  


  

      

          @spec put_evidence_bytes(t(), binary()) :: t()


      


The same hypotheses with a new evidence column a kernel has written.

  



  
    
      
    
    
      rows_at(hypotheses, indices)



        
          
        

    

  


  

      

          @spec rows_at(t(), [non_neg_integer()]) :: {binary(), binary()}


      


The rows of the hypotheses at indices, as the bytes a kernel reads.
What a step needs when it asks about a subset — the hypotheses worth testing
this observation — without decoding them into values first.

  



  
    
      
    
    
      second_argmax_evidence(hypotheses)



        
          
        

    

  


  

      

          @spec second_argmax_evidence(t()) :: non_neg_integer() | nil


      


The index of the runner-up hypothesis, or nil when there is no second one.
Monty reads it as argsort(evidence)[-2] to weigh a vote between the two best
hypotheses, and a step asks once per object. Asked of the bytes: the sort it
stands for needs every value decoded and a tuple for each.

  



  
    
      
    
    
      take(hypotheses, indices)



        
          
        

    

  


  

      

          @spec take(t(), [non_neg_integer()]) :: t()


      


The hypotheses at the given indices, in the order asked for.
Used by a learning module to keep the hypotheses it still considers possible
without rebuilding four columns by hand. A kept row is copied out of the row
it was already in, so this does not go back through the values themselves.

  


        

      


  

    
Monty.Frameworks.Models.EvidenceMatching.HypothesesDisplacer 
    



      
Where hypotheses move to, and how much evidence they earn there.
Mirrors tbp/monty/frameworks/models/evidence_matching/hypotheses_displacer.py.
Two jobs:
	displacement — a hypothesis says "the sensor is here and the object is
turned this way", so when the sensor moves by d the hypothesis moves to
pose · d. Every hypothesis is moved, not just the likely ones: dropping
one would lose the path information it carries.
	evidence — for each hypothesis worth testing, find the graph nodes
around its search location and score the sensed pose and features there.

The range evidence has
Pose evidence is in [-1, 1]: -0.5 for the surface normal plus -0.5 for
the first curvature direction, each mapped so a perfect match scores +0.5
and a perpendicular one -0.5. Feature evidence is [0, 1], so one channel
contributes [-1, 2] — MIN_EVIDENCE, MAX_EVIDENCE below. Summed over C
channels that is [-C, 2C], which is why the prediction error divides by
EVIDENCE_RANGE * C. A hypothesis with no node within max_match_distance
scores -1: being wrong is worse than being uninformative.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        compute_evidence(displacer, features, evidence_update_threshold, graph_id, hypotheses, options \\ [])

      


        Add this observation's evidence to the hypotheses worth testing.



    


    
      
        displace_hypotheses(hypotheses_displacer, hypotheses, displacement)

      


        Move every hypothesis by displacement, as its own object orientation sees it.



    


    
      
        new(memory, options)

      


        A displacer over memory.



    


    
      
        node_feature_evidence(displacer, graph_id, input_channel, channel_features)

      


        What each stored node is worth against the sensed features, for one channel.



    


    
      
        object_pose_evidence(query_poses, node_poses)

      


        Evidence from how far two object orientations are apart, in [-1, 1].



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.EvidenceMatching.HypothesesDisplacer{
  feature_evidence_scorer: term(),
  feature_weights: term(),
  graph_memory: term(),
  max_match_distance: term(),
  max_nneighbors: term(),
  past_weight: term(),
  present_weight: term()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      compute_evidence(displacer, features, evidence_update_threshold, graph_id, hypotheses, options \\ [])



        
          
        

    

  


  

      

          @spec compute_evidence(
  t(),
  %{optional(String.t()) => map()},
  float(),
  String.t(),
  Monty.Frameworks.Models.EvidenceMatching.Hypotheses.t(),
  keyword()
) ::
  {Monty.Frameworks.Models.EvidenceMatching.Hypotheses.t(),
   Monty.Frameworks.Models.EvidenceMatching.HypothesesDisplacer.HypothesisDisplacerTelemetry.t()}


      


Add this observation's evidence to the hypotheses worth testing.
Hypotheses below evidence_update_threshold keep their evidence and gain
nothing from this step: a cheap way to keep the space bounded without throwing
the alternatives away.
Options:
	:node_feature_evidence — what each stored node is worth for one channel,
from node_feature_evidence/4. The same comparison decides which nodes
burst sampling draws from and what a hypothesis earns at a node, so the
sampler hands its answer over rather than having it computed twice per
step. Absent, it is computed here.


  



  
    
      
    
    
      displace_hypotheses(hypotheses_displacer, hypotheses, displacement)



        
          
        

    

  


  

      

          @spec displace_hypotheses(
  t(),
  Monty.Frameworks.Models.EvidenceMatching.Hypotheses.t(),
  [number()]
) ::
  Monty.Frameworks.Models.EvidenceMatching.Hypotheses.t()


      


Move every hypothesis by displacement, as its own object orientation sees it.
The locations stay in the form they are held in: a kernel writes the moved
rows straight into the bytes a step keeps, where the reference builds a list
and three boxed floats for every hypothesis and then throws them away.

  



  
    
      
    
    
      new(memory, options)



        
          
        

    

  


  

      

          @spec new(Monty.Frameworks.Models.GraphMatching.GraphMemory.t(), keyword()) :: t()


      


A displacer over memory.
:max_match_distance is how far a search location may sit from a stored node
and still match it. :past_weight and :present_weight decide how much of a
hypothesis' history survives each observation; adding to one bounds the
evidence, which is Monty's reason for having both.

  



  
    
      
    
    
      node_feature_evidence(displacer, graph_id, input_channel, channel_features)



        
          
        

    

  


  

      

          @spec node_feature_evidence(t(), String.t(), String.t(), map()) :: [number()]


      


What each stored node is worth against the sensed features, for one channel.
One comparison per node, in the nodes' own order: burst sampling draws from it
when it decides where to put new hypotheses, and the evidence kernel reads it
when it decides what a hypothesis earns at a node. Both ask the same question
of the same graph and channel in the same step, so it is answered once.

  



  
    
      
    
    
      object_pose_evidence(query_poses, node_poses)



        
          
        

    

  


  

      

          @spec object_pose_evidence([[[number()]]], [[[number()]]]) :: [[float()]]


      


Evidence from how far two object orientations are apart, in [-1, 1].
Monty's _object_pose_evidence: the channel's pose is an OrientationMatrix
rather than a surface, so the comparison is between rotations and not between
a normal and a curvature direction. The angle between the hypothesised
orientation of the sensed object (query_poses) and the stored one comes off
the trace of their relative rotation — trace(R) = 1 + 2 cos θ — which is one
element-wise product per hypothesis and node, and no Rotation at all. Scaled
linearly so 0° is 1 and 180° is -1.
Rows are hypotheses and columns are the neighbours of each: query_poses is
H orientations of three rows, node_poses is H lists of K stored pose
vectors, each nine numbers row by row.
A channel whose pose is a surface is scored by pose_evidence/6 instead; this
one is what Monty chooses for an object-orientation channel.

  


        

      


  

    
Monty.Frameworks.Models.EvidenceMatching.HypothesesDisplacer.HypothesisDisplacerTelemetry 
    



      
What a displacing step reports about itself.
Mirrors
tbp/monty/frameworks/models/evidence_matching/hypotheses_displacer.py::HypothesisDisplacerTelemetry.
mlh_prediction_error is how wrong the most likely hypothesis was about this
observation, in [0, 1]: 0 when its evidence was the best a perfect match
could give, 1 when it was the worst possible. It is nil before the first
evidence update — nothing has been predicted yet, and zero would claim a
perfect prediction that never happened.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() ::
  %Monty.Frameworks.Models.EvidenceMatching.HypothesesDisplacer.HypothesisDisplacerTelemetry{
    mlh_prediction_error: float() | nil
  }


      



  


        

      


  

    
Monty.Frameworks.Models.EvidenceMatching.HypothesesUpdater behaviour
    



      
How a learning module decides which hypotheses to keep and how they earn.
Mirrors tbp/monty/frameworks/models/evidence_matching/hypotheses_updater.py,
a module holding a protocol and its default implementation. The Elixir split
has the same shape:
	this module is the protocol, as a behaviour;
	Monty.Frameworks.Models.EvidenceMatching.HypothesesUpdater.DefaultHypothesesUpdater
— ported: start the space, add a channel that joins late, add this
observation's evidence, displace between steps.
	Monty.Frameworks.Models.EvidenceMatching.BurstSampling.BurstSamplingHypothesesUpdater
— ported: the same job, but spending stalled steps on new hypotheses
instead of only accumulating evidence. This is what experiments run.

A learning module holds an updater as {module, state} and dispatches through
that module, so which strategy a run uses is a construction choice and neither
implementation knows about the other.
Monty's protocol also carries evidence_threshold_config, which no
implementation reads — the learning module computes the threshold each step
and passes it in instead. new/2 is not a callback either: each updater has
its own options, and the learning module builds whichever one it was told to.

      


      
        Summary


  
    Types
  


    
      
        features()

      


    


    
      
        state()

      


    


    
      
        telemetry()

      


    





  
    Callbacks
  


    
      
        begin_step(state)

      


        Mark the start of a step, before any graph's evidence is updated.



    


    
      
        displace_hypotheses(state, t, arg3)

      


        Move every hypothesis of one graph by displacement.



    


    
      
        end_step(state)

      


        Mark the end of a step, once every graph has been updated.



    


    
      
        reset(state)

      


        Forget what the previous episode taught, keeping the configuration.



    


    
      
        update_evidence(state, t, features, t, float)

      


        Bring one graph's hypothesis space up to date with this observation.



    





      


      
        Types


        


  
    
      
    
    
      features()



        
          
        

    

  


  

      

          @type features() :: %{optional(String.t()) => map()}


      



  



  
    
      
    
    
      state()



        
          
        

    

  


  

      

          @type state() :: term()


      



  



  
    
      
    
    
      telemetry()



        
          
        

    

  


  

      

          @type telemetry() :: map()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      begin_step(state)



        
          
        

    

  


  

      

          @callback begin_step(state()) :: state()


      


Mark the start of a step, before any graph's evidence is updated.
This is where an updater that samples when evidence stalls decides whether
this is a sampling step. It runs once per step rather than once per graph,
because the decision depends on the whole hypothesis space.

  



  
    
      
    
    
      displace_hypotheses(state, t, arg3)



        
          
        

    

  


  

      

          @callback displace_hypotheses(
  state(),
  Monty.Frameworks.Models.EvidenceMatching.Hypotheses.t(),
  [number()] | nil
) :: Monty.Frameworks.Models.EvidenceMatching.Hypotheses.t()


      


Move every hypothesis of one graph by displacement.
nil means the agent has not moved since the buffer was reset, so nothing
moves.

  



  
    
      
    
    
      end_step(state)



        
          
        

    

  


  

      

          @callback end_step(state()) :: state()


      


Mark the end of a step, once every graph has been updated.

  



  
    
      
    
    
      reset(state)



        
          
        

    

  


  

      

          @callback reset(state()) :: state()


      


Forget what the previous episode taught, keeping the configuration.
Hypotheses are thrown away at the end of every episode, but a burst in flight
and the evidence slopes that triggered it belong to the episode too.

  



  
    
      
    
    
      update_evidence(state, t, features, t, float)



        
          
        

    

  


  

      

          @callback update_evidence(
  state(),
  Monty.Frameworks.Models.EvidenceMatching.Hypotheses.t(),
  features(),
  String.t(),
  float()
) ::
  {state(), Monty.Frameworks.Models.EvidenceMatching.Hypotheses.t() | nil,
   telemetry()}


      


Bring one graph's hypothesis space up to date with this observation.
Returns the updater, the new hypothesis space — or nil when the observation
carries no channel this graph stores, in which case the caller keeps what it
had — and whatever telemetry the strategy wants logged for this step.

  


        

      


  

    
Monty.Frameworks.Models.EvidenceMatching.HypothesesUpdater.DefaultHypothesesUpdater 
    



      
The straightforward updater: accumulate evidence, start channels, displace.
Mirrors
tbp/monty/frameworks/models/evidence_matching/hypotheses_updater.py::DefaultHypothesesUpdater,
the updater Monty pairs with the plain displacer — no bursting. Every step it
brings any channel that has just started reporting into the hypothesis space,
then adds this observation's evidence to the hypotheses already there.
Starting hypotheses
Two ways, chosen by whether the experiment seeds poses:
	informed — each node's stored pose is aligned with what the sensor
sees, once per direction the sensed pose allows. This is how Monty
recognises an object turned any way: the alignment tells it which rotation
would explain the observation.
	fixed — every node is tried with each configured rotation, which is
what a uniform experiment means.

All of them start with the evidence the first observation already gives them:
the feature evidence of the node they sit on. Nothing has been ruled out yet —
every node is a hypothesis — but a node whose colour and curvature look like
what the sensor just saw starts ahead of one that does not, which is what
Monty's first hypothesis space is worth.
A channel that joins late
A sensor can start reporting after another channel has already accumulated
evidence. Its hypotheses enter with the mean of the evidence already there,
so a newcomer is not silently out of the running against hypotheses that have
had several steps to climb.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        begin_step(updater)

      


        Nothing to prepare: this updater keeps every hypothesis it has and spends no
step sampling new ones, so each step looks like every other.



    


    
      
        displace_hypotheses(default_hypotheses_updater, hypotheses, displacement)

      


        Move every hypothesis by displacement, as its own orientation sees it.



    


    
      
        end_step(updater)

      


        Nothing to wind down, for the same reason begin_step/1 has nothing to set up.



    


    
      
        new(memory, options)

      


        An updater over memory.



    


    
      
        reset(updater)

      


        Forget which channels this episode has started.



    


    
      
        update_evidence(updater, hypotheses, features, graph_id, evidence_update_threshold)

      


        Bring the hypothesis space up to date with this observation.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() ::
  %Monty.Frameworks.Models.EvidenceMatching.HypothesesUpdater.DefaultHypothesesUpdater{
    displacer: term(),
    graph_memory: term(),
    initial_possible_poses: term(),
    initialised_channels: term(),
    scorer: term(),
    umbilical_num_poses: term()
  }


      



  


        

      

      
        Functions


        


  
    
      
    
    
      begin_step(updater)



        
          
        

    

  


  

      

          @spec begin_step(t()) :: t()


      


Nothing to prepare: this updater keeps every hypothesis it has and spends no
step sampling new ones, so each step looks like every other.

  



  
    
      
    
    
      displace_hypotheses(default_hypotheses_updater, hypotheses, displacement)



        
          
        

    

  


  

      

          @spec displace_hypotheses(
  t(),
  Monty.Frameworks.Models.EvidenceMatching.Hypotheses.t(),
  [number()] | nil
) :: Monty.Frameworks.Models.EvidenceMatching.Hypotheses.t()


      


Move every hypothesis by displacement, as its own orientation sees it.

  



  
    
      
    
    
      end_step(updater)



        
          
        

    

  


  

      

          @spec end_step(t()) :: t()


      


Nothing to wind down, for the same reason begin_step/1 has nothing to set up.

  



  
    
      
    
    
      new(memory, options)



        
          
        

    

  


  

      

          @spec new(Monty.Frameworks.Models.GraphMatching.GraphMemory.t(), keyword()) :: t()


      


An updater over memory.
:initial_possible_poses is :first_observation for informed sampling, or a
list of 3×3 pose matrices for fixed poses.

  



  
    
      
    
    
      reset(updater)



        
          
        

    

  


  

      

          @spec reset(t()) :: t()


      


Forget which channels this episode has started.

  



  
    
      
    
    
      update_evidence(updater, hypotheses, features, graph_id, evidence_update_threshold)



        
          
        

    

  


  

      

          @spec update_evidence(
  t(),
  Monty.Frameworks.Models.EvidenceMatching.Hypotheses.t(),
  %{optional(String.t()) => map()},
  String.t(),
  float()
) :: {t(), Monty.Frameworks.Models.EvidenceMatching.Hypotheses.t() | nil, map()}


      


Bring the hypothesis space up to date with this observation.
Starts the space on the first step, adds a channel that has just begun
reporting, and otherwise adds the observation's evidence to what is there.
Returns nil and no telemetry when no stored channel was observed.

  


        

      


  

    
Monty.Frameworks.Models.EvidenceMatching.LearningModule 
    



      
How much evidence a hypothesis needs before this step is worth spending on it.
Mirrors tbp/monty/frameworks/models/evidence_matching/learning_module.py,
whose module-level part is this one decision. The learning module itself is
Monty.Frameworks.Models.EvidenceMatching.LearningModule.EvidenceGraphLM.
Why a threshold at all
A step compares the observation against every hypothesis of every object.
Most of them are hopeless, and testing them costs the same as testing the
good ones. So a hypothesis is only updated if its evidence is above a
threshold derived from the best hypothesis so far: near the top of the
field is where a step can still change the answer.
A hypothesis below the threshold is not deleted — it keeps exactly the
evidence it had. That matters: an object that looks wrong now can still be
right later, and Monty's later steps are what make burst sampling worth
anything.
The settings
	a number — a fixed threshold in evidence units, ignoring the field;
	"mean" / "median" — the average or middle of all hypotheses' evidence;
	"all" — the lowest evidence of the field, i.e. update everything. This
is Monty's default and what the experiments run;
	"[n]%" — the best hypothesis minus n per cent of its evidence, so
"within 5% of the leader";
	"x_percent_threshold" — the same rule using the learning module's
x_percent_threshold, which is the setting Monty's configs actually set.

The last two are one rule with two spellings, so both parse to
{:percent_of_max, percentage}; the pairing of "x_percent_threshold" with
the module's x_percent_threshold happens once, when the config is parsed.

      


      
        Summary


  
    Types
  


    
      
        config()

      


        A threshold setting, parsed: the forms above, with the two percentage
spellings already resolved to one.



    





  
    Functions
  


    
      
        evidence_update_threshold(config, max_global_evidence, column)

      


        The evidence a hypothesis must reach to be updated this step.



    


    
      
        parse_config(config, x_percent_threshold)

      


        Reads a threshold setting, resolving "x_percent_threshold" against the
learning module's own x_percent_threshold.



    





      


      
        Types


        


  
    
      
    
    
      config()



        
          
        

    

  


  

      

          @type config() :: number() | :mean | :median | :all | {:percent_of_max, float()}


      


A threshold setting, parsed: the forms above, with the two percentage
spellings already resolved to one.

  


        

      

      
        Functions


        


  
    
      
    
    
      evidence_update_threshold(config, max_global_evidence, column)



        
          
        

    

  


  

      

          @spec evidence_update_threshold(
  config(),
  number(),
  [number()] | Monty.Frameworks.Models.EvidenceMatching.Hypotheses.t()
) :: float() | nil


      


The evidence a hypothesis must reach to be updated this step.
With no evidence at all there is nothing to compare against, so the threshold
is zero and every hypothesis — there are none — passes it. That case is the
first step of an episode for every object in memory.
The column arrives as the numbers it holds or as the hypothesis set that keeps
them. The setting the experiments run — "all" — needs only the lowest of
them, and a step asks once per graph, so the set is answered from its bytes:
decoding six thousand floats to take their minimum was the largest single
Elixir cost in a ten-object step.

  



  
    
      
    
    
      parse_config(config, x_percent_threshold)



        
          
        

    

  


  

      

          @spec parse_config(term(), number()) ::
  {:ok, config()}
  | {:error,
     Monty.Frameworks.Models.EvidenceMatching.LearningModule.InvalidEvidenceThresholdConfig.t()}


      


Reads a threshold setting, resolving "x_percent_threshold" against the
learning module's own x_percent_threshold.
Parsed once when the learning module is built, because a setting is
configuration: if it is wrong, the experiment should not start.

  


        

      


  

    
Monty.Frameworks.Models.EvidenceMatching.LearningModule.EvidenceGraphLM 
    



      
The learning module that recognises objects by accumulating evidence.
Mirrors ...evidence_matching/learning_module.py::EvidenceGraphLM, on top of
the graph-matching base class (graph_matching.py::GraphLM). Monty inherits
the base class's buffer bookkeeping, terminal conditions and vote handling;
Elixir has no inheritance, so those live here too, in the same order the
Python reads.
What it does with a step
	Percepts arrive. Sensor percepts carry features and a location;
learning-module percepts carry a hypothesis from below. A step with no
features at all only moves: the sensor travelled, so every hypothesis
travels with it.
	Every graph's hypotheses are displaced by the sensor's movement, as
each hypothesis' own orientation sees it, and then updated: the
observation is compared against the nodes around each hypothesis' search
location, and the ones near the best evidence earn or lose evidence.
(The comparison itself is ...HypothesesDisplacer; which hypotheses get
compared is ...HypothesesUpdater.)
	Possible matches are thresholded. An object stays possible if its best
hypothesis is within x_percent_threshold per cent of the best object.
When nothing stands out — the evidence is flat — every object stays
possible rather than none.
	The terminal condition is checked between steps: recognise when one
object is left and its pose is narrowed down, give up when nothing is
left, otherwise keep going.

Why evidence is unbounded
past_weight and present_weight both default to 1, so evidence is a
running sum rather than a moving average: a hypothesis that has matched four
times is four times as convincing as one that has matched once, which is what
makes "within 20% of the leader" a sensible rule. Monty notes a bounded
version would be nicer to configure but performs worse, because it cannot
remember how often it has been right.
What is short-term and what is long-term
The buffer, the hypotheses, the MLH and the terminal state belong to one
episode and are thrown away by reset_stm/1. Graph memory is long-term and
survives; update_ltm_from_stm/1 is the only thing that writes to it, and
only after a training episode.
Differences from Monty, on purpose
	A learning module returns a new module instead of mutating itself, so
a step is a value: a test can hold two versions of the same module and see
what one step changed.
	Evidence updates run for one graph at a time. Monty's
use_multithreading switch threads the per-object updates; each is
independent, so the result is identical either way, and parallelism
belongs to whoever calls the steps rather than to the algorithm.
	Object ids come back sorted (GraphMemory's map order) rather than in
the order models were learned. Only exact ties can tell the difference,
and a tie is broken by id, which is at least stable across runs.
	A module that cannot read its own sensed pose does not vote instead of
raising: the pose is needed to translate votes into another sensor's
frame, and a vote round is not a place to end an episode.


      


      
        Summary


  
    Types
  


    
      
        graph_id()

      


    


    
      
        mlh()

      


        The best hypothesis of a graph, or of everything, as one record.



    


    
      
        mode()

      


        Monty's ExperimentMode: training writes memory, evaluation does not.



    


    
      
        t()

      


    


    
      
        vote()

      


        What this module tells the vote round: for each object, the hypotheses worth
voting for, plus where this module's own sensor is.



    





  
    Functions
  


    
      
        add_displacements(lm, percepts)

      


        Records how far the sensor travelled, on every percept of the step.



    


    
      
        add_displacements(lm, percepts, previous_location)

      


        The same, from a location the caller remembers rather than the buffer.



    


    
      
        add_lm_processing_to_buffer_stats(lm, processed)

      


        Records whether this step's observation reached the learning module.



    


    
      
        check_for_symmetry(lm, last_possible_ids, possible_ids, increment_evidence?)

      


        Counts how long the same hypotheses have stayed possible.



    


    
      
        clear_buffers(state)

      


        Drops the buffer, and keeps everything else.



    


    
      
        clear_conclusion(state)

      


        Forgets the episode's answer and keeps the hypothesis space.



    


    
      
        collect_stats_to_save(lm)

      


        The statistics of this step, and the module with the buffer that holds them.



    


    
      
        collect_stats_to_save(lm, detailed)

      


        The same, with the detailed fields supplied by whoever owns the module.



    


    
      
        compute_possible_matches(lm, observations, moved?)

      


        Monty's GraphLM._compute_possible_matches: the query this step's observation
makes of memory, and the hypothesis space it leaves possible.



    


    
      
        conclusion(lm)

      


        What the module has concluded so far, read and not recomputed.



    


    
      
        current_mlh(lm)

      


        The current most likely hypothesis, with its location refreshed.



    


    
      
        displace_all(lm, percepts)

      


        Moves every hypothesis of every object by the sensor's movement.



    


    
      
        displace_hypotheses(lm, percepts, previous_location)

      


        The same, by a displacement the caller works out from its own memory of where
the sensor was.



    


    
      
        enough_symmetry_evidence?(lm)

      


        Whether the same alternatives have survived long enough to call it symmetry.



    


    
      
        evidence_for_each_graph(lm)

      


        The highest evidence of each object that has any hypotheses, alongside the
ids those belong to.



    


    
      
        exploratory_step(percepts, ctx, lm)

      


        A step of learning without trying to recognise: buffer the step, move on.



    


    
      
        fixme_update_ground_truth(lm)

      


        GraphLM.fixme_update_ground_truth: records which object the graph this
episode built came from.



    


    
      
        from_config(config, options \\ [])

      


        A module built from an experiment's learning-module configuration.



    


    
      
        get_all_known_object_ids(lm)

      


        Every object the memory knows about.



    


    
      
        get_graph(lm, model_id, input_channel \\ nil)

      


        The model stored for model_id, or one input channel of it.



    


    
      
        get_mlh_for_object(lm, graph_id)

      


        The most likely hypothesis of one object, whether or not it is the best overall.



    


    
      
        get_object_scale(evidence_graph_lm, graph_id)

      


        Monty has no scale detection yet; every object is at scale one.



    


    
      
        get_output(state)

      


        This module's hypothesis, as a message to the module above it.



    


    
      
        get_possible_hypothesis_ids(lm, object_id)

      


        The indices of the hypotheses of object_id whose evidence is within
x_percent_threshold per cent of the best one, once the best is convincing.



    


    
      
        get_possible_matches(lm)

      


        The objects currently possible, in memory order.



    


    
      
        get_possible_poses(lm, as_euler \\ true)

      


        Poses per object, narrowed to nothing here but reported for logging.



    


    
      
        get_top_two_mlh_ids(lm)

      


        The two most likely objects, for a goal generator deciding whether to
discriminate between objects or narrow down one object's pose.



    


    
      
        get_top_two_pose_hypotheses_for_graph_id(lm, graph_id)

      


        The best and second-best hypotheses of one object.



    


    
      
        get_unique_pose_if_available(lm, object_id)

      


        The chosen pose of object_id, if the hypotheses have narrowed to one.



    


    
      
        graph_memory(arg1)

      


        The graphs this module matches against, and writes to after a training episode.



    


    
      
        load_state_dict(lm, memento)

      


        Resumes from state_dict/1 and re-derives everything that depends on memory.



    


    
      
        matching_step(percepts, ctx, lm)

      


        One step of trying to recognise an object.



    


    
      
        most_likely_hypothesis(lm, graph_id \\ nil)

      


        The most likely hypothesis, of one object or of all of memory.



    


    
      
        new(memory, options)

      


        A learning module over memory.



    


    
      
        num_hypotheses(lm, graph_id)

      


        How many hypotheses the module holds for one object.



    


    
      
        observation_processed?(lm)

      


        Whether the last buffered observation was one this module processed.



    


    
      
        propose_goals(state)

      


        The goals this module's goal generator proposed, and none before it has one.



    


    
      
        receive_votes(votes, lm)

      


        Weighs another module's hypotheses into this module's evidence.



    


    
      
        reset_stm(lm)

      


        Clears short-term memory: the buffer, the hypotheses, the MLH, the terminal
state, and the evidence slope a burst was watching.



    


    
      
        select_features_to_use(lm, percepts)

      


        The observed features this module matches on, by channel.



    


    
      
        send_out_vote(lm)

      


        What this module has to say in a vote round, or nil.



    


    
      
        set_detected_object(lm, terminal_state)

      


        Names the object this episode is about, from the conclusion and the memory.



    


    
      
        set_experiment_mode(lm, mode)

      


        Monty's set_experiment_mode: decides whether episodes write to memory.



    


    
      
        set_individual_ts(lm, terminal_state)

      


        Records that this module has concluded something, and what it concluded.



    


    
      
        set_primary_target(state, primary_target)

      


        Names this episode's object without emptying stepwise_targets_list.



    


    
      
        set_stepwise_target(lm, label)

      


        GraphLM's stepwise target: the object under the module's sensor this step.



    


    
      
        set_target(lm, primary_target)

      


        GraphLM._set_target: names the object this episode is about.



    


    
      
        set_terminal_state(lm, terminal_state)

      


        Takes the episode's ending as this module's, without asking it to reconsider.



    


    
      
        state_dict(lm)

      


        What has to be kept to resume this module: its memory, and how much detail it
was asked to log.



    


    
      
        threshold_possible_matches(lm, x_percent_scale_factor \\ 1.0)

      


        The objects still worth considering: those whose best hypothesis is within
x_percent_threshold per cent of the best object's.



    


    
      
        update_ltm_from_stm(lm)

      


        Folds what this episode saw into long-term memory, if it was a training
episode and if it saw anything.



    


    
      
        update_stats_after_vote(state)

      


        What the vote round left this module believing.



    


    
      
        update_terminal_condition(lm)

      


        Decides what this episode has concluded, if anything.



    





      


      
        Types


        


  
    
      
    
    
      graph_id()



        
          
        

    

  


  

      

          @type graph_id() :: String.t()


      



  



  
    
      
    
    
      mlh()



        
          
        

    

  


  

      

          @type mlh() :: %{
  graph_id: graph_id(),
  mlh_id: non_neg_integer() | nil,
  location: [float()],
  rotation: Monty.Geometry.Rotation.t(),
  scale: number(),
  evidence: number()
}


      


The best hypothesis of a graph, or of everything, as one record.
mlh_id indexes into that graph's hypothesis space — nil until a space
exists, which is why current_mlh/1 has a location to refresh only when
there is an id to refresh it from.

  



  
    
      
    
    
      mode()



        
          
        

    

  


  

      

          @type mode() :: :train | :eval | nil


      


Monty's ExperimentMode: training writes memory, evaluation does not.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.EvidenceMatching.LearningModule.EvidenceGraphLM{
  buffer: term(),
  current_mlh: term(),
  detected_object: term(),
  detected_pose: term(),
  detected_rotation_r: term(),
  feature_evidence_increment: term(),
  feature_weights: term(),
  graph_id_to_target: term(),
  graph_memory: term(),
  gsg: term(),
  has_detailed_logger: term(),
  hypotheses: term(),
  hypotheses_updater: term(),
  hypotheses_updater_module: term(),
  hypotheses_updater_options: term(),
  hypotheses_updater_telemetry: term(),
  learning_module_id: term(),
  max_match_distance: term(),
  max_nneighbors: term(),
  mode: term(),
  object_evidence_threshold: term(),
  past_weight: term(),
  path_similarity_threshold: term(),
  pose_similarity_threshold: term(),
  possible_matches: term(),
  present_weight: term(),
  previous_mlh: term(),
  primary_target: term(),
  primary_target_rotation_quat: term(),
  required_symmetry_evidence: term(),
  stepwise_target_object: term(),
  stepwise_targets_list: term(),
  symmetry_evidence: term(),
  target_to_graph_id: term(),
  terminal_state: term(),
  threshold_config: term(),
  tolerances: term(),
  vote_evidence_threshold: term(),
  vote_weight: term(),
  x_percent_threshold: term()
}


      



  



  
    
      
    
    
      vote()



        
          
        

    

  


  

      

          @type vote() :: %{
  possible_states: %{optional(graph_id()) => [Monty.Cmp.Message.t()]},
  sensed_pose_rel_body: [[float()]]
}


      


What this module tells the vote round: for each object, the hypotheses worth
voting for, plus where this module's own sensor is.

  


        

      

      
        Functions


        


  
    
      
    
    
      add_displacements(lm, percepts)



        
          
        

    

  


  

      

          @spec add_displacements(t(), [Monty.Cmp.Message.t()]) ::
  {:ok, [Monty.Cmp.Message.t()]} | {:error, term()}


      


Records how far the sensor travelled, on every percept of the step.
The displacement is the same for the whole step — one movement of one sensor —
and is written onto the learning-module percepts too, because a learning
module higher in the hierarchy needs it to place what it is told.
{:error, :no_sensor_module_location} when no sensor module reported a
location: a step with no place in it cannot be indexed against the episode.

  



  
    
      
    
    
      add_displacements(lm, percepts, previous_location)



        
          
        

    

  


  

      

          @spec add_displacements(t(), [Monty.Cmp.Message.t()], [float()] | nil) ::
  {:ok, [Monty.Cmp.Message.t()]} | {:error, term()}


      


The same, from a location the caller remembers rather than the buffer.
Monty's GraphLM._add_displacements reads self.buffer.last_location, and
NoResetEvidenceGraphLM overrides it to read its own field — because the model
clears the buffer when the object under the sensor changes, while where the
sensor was has to survive
(.../no_reset_evidence_matching.py::NoResetEvidenceGraphLM._add_displacements).
The location is an argument so that each class states where its own is.

  



  
    
      
    
    
      add_lm_processing_to_buffer_stats(lm, processed)



        
          
        

    

  


  

      

          @spec add_lm_processing_to_buffer_stats(t(), boolean()) :: t()


      


Records whether this step's observation reached the learning module.

  



  
    
      
    
    
      check_for_symmetry(lm, last_possible_ids, possible_ids, increment_evidence?)



        
          
        

    

  


  

      

          @spec check_for_symmetry(t(), [non_neg_integer()], [non_neg_integer()], boolean()) ::
  {t(), boolean()}


      


Counts how long the same hypotheses have stayed possible.
A symmetric object cannot be told from a rotated copy of itself, so its
alternatives survive every step. Counting consecutive steps where at least
90% of the possible hypotheses were possible last step is how Monty decides
that this is symmetry rather than slowness, and after
required_symmetry_evidence such steps it accepts the pose it has.

  



  
    
      
    
    
      clear_buffers(state)



        
          
        

    

  


  

      

          @spec clear_buffers(t()) :: t()


      


Drops the buffer, and keeps everything else.
Monty's MontyForNoResetEvidenceGraphMatching._reset_modules_buffers calls
lm.buffer.reset() directly, between objects it has no signal for. The buffer
is what an episode is written from and what a training episode builds a graph
out of; the hypotheses, the MLH and the terminal state are what the run
believes, and a run without episode boundaries keeps those.

  



  
    
      
    
    
      clear_conclusion(state)



        
          
        

    

  


  

      

          @spec clear_conclusion(t()) :: t()


      


Forgets the episode's answer and keeps the hypothesis space.
Monty's set_individual_ts(None): the conclusion, the object it named and the
pose that came with it go; the hypotheses, their evidence and the buffer's
statistics stay.

  



  
    
      
    
    
      collect_stats_to_save(lm)



        
          
        

    

  


  

      

          @spec collect_stats_to_save(t()) :: {t(), map()}


      


The statistics of this step, and the module with the buffer that holds them.
mlh_prediction_error is how far the prediction was from the observation, so
it is recorded against the previous MLH — the buffer's copy is what a later
step's error is measured from.

  



  
    
      
    
    
      collect_stats_to_save(lm, detailed)



        
          
        

    

  


  

      

          @spec collect_stats_to_save(t(), (t(), map() -> map())) :: {t(), map()}


      


The same, with the detailed fields supplied by whoever owns the module.
Monty adds the whole hypothesis space to the step's statistics only for a
module with a detailed logger, through _add_detailed_stats — a method a
mixin may replace: TheoreticalLimitLMLoggingMixin states its own and does
not call super(), so the learning module that mixes it in logs its four
fields and not this module's four. Elixir has no inheritance, so the replacing
function is passed in and the rest of the step stays here
(docs/monty-differences.md §2.9).

  



  
    
      
    
    
      compute_possible_matches(lm, observations, moved?)



        
          
        

    

  


  

      

          @spec compute_possible_matches(t(), [Monty.Cmp.Message.t()], boolean()) :: t()


      


Monty's GraphLM._compute_possible_matches: the query this step's observation
makes of memory, and the hypothesis space it leaves possible.
moved? decides whether the observation carries a displacement with it. It is
false for a step that has not moved yet — the first one — where a displacement
of zero would be a measurement nobody made.
Public because NoResetEvidenceGraphLM assembles Monty's own matching_step
from the same steps this module's does, and states for itself when the agent
has moved.

  



  
    
      
    
    
      conclusion(lm)



        
          
        

    

  


  

      

          @spec conclusion(t()) ::
  Monty.Frameworks.Models.AbstractMontyClasses.LearningModule.terminal_state()


      


What the module has concluded so far, read and not recomputed.
Monty's lm.terminal_state, which this module's own matching_step writes
the moment nothing is possible. The model decides the step from it; deciding
what to conclude is update_terminal_condition/1.

  



  
    
      
    
    
      current_mlh(lm)



        
          
        

    

  


  

      

          @spec current_mlh(t()) :: mlh()


      


The current most likely hypothesis, with its location refreshed.
The location is read back from the hypothesis space so that it reflects any
displacement since the MLH was computed — a location-only step moves the
hypothesis but not its identity, so the stored index still points at it.

  



  
    
      
    
    
      displace_all(lm, percepts)



        
          
        

    

  


  

      

          @spec displace_all(t(), [Monty.Cmp.Message.t()]) :: t()


      


Moves every hypothesis of every object by the sensor's movement.
Used on location-only steps: the sensor travelled without looking, so the
hypotheses must keep up while their evidence stays exactly as it was. The
hypothesis ids do not change, which is why the MLH still points at the same
hypothesis afterwards.

  



  
    
      
    
    
      displace_hypotheses(lm, percepts, previous_location)



        
          
        

    

  


  

      

          @spec displace_hypotheses(t(), [Monty.Cmp.Message.t()], [float()] | nil) :: t()


      


The same, by a displacement the caller works out from its own memory of where
the sensor was.
NoResetEvidenceGraphLM overrides Monty's _displace_hypotheses for the same
reason it overrides _add_displacements: the buffer is cleared between objects
and the sensor's place is not. A module with no previous place has nothing to
displace by and says so by returning itself.

  



  
    
      
    
    
      enough_symmetry_evidence?(lm)



        
          
        

    

  


  

      

          @spec enough_symmetry_evidence?(t()) :: boolean()


      


Whether the same alternatives have survived long enough to call it symmetry.

  



  
    
      
    
    
      evidence_for_each_graph(lm)



        
          
        

    

  


  

      

          @spec evidence_for_each_graph(t()) :: {[graph_id()], [number()]}


      


The highest evidence of each object that has any hypotheses, alongside the
ids those belong to.
A module that has not started matching yet has no hypothesis space at all, and
answers with the sentinel {"patch_off_object", [0.0]} — Monty's way of
saying "nothing was observed" so that callers do not treat "no candidate" as
"the candidate is the empty string".

  



  
    
      
    
    
      exploratory_step(percepts, ctx, lm)



        
          
        

    

  


  

      

          @spec exploratory_step([Monty.Cmp.Message.t()], Monty.Context.t(), t()) ::
  {:ok, t()} | {:error, term()}


      


A step of learning without trying to recognise: buffer the step, move on.
Monty still displaces here for the same reason it does in a location-only
matching step — hypotheses must stay aligned with the sensor — but never
updates evidence, because in exploration nothing is being tested.

  



  
    
      
    
    
      fixme_update_ground_truth(lm)



        
          
        

    

  


  

      

          @spec fixme_update_ground_truth(t()) :: t()


      


GraphLM.fixme_update_ground_truth: records which object the graph this
episode built came from.
Monty's name, and its comment: this is the ground truth an evaluation is
scored against, not something the model worked out. It is written after a
training episode, from the object the module detected and the object it was
told to expect, and it is what lets a later run answer "was mug recognised as
mug" without the training run's target being available.
A graph can come from more than one target and a target can give more than one
graph, so both directions are sets, exactly as Monty keeps them.

  



    

  
    
      
    
    
      from_config(config, options \\ [])



        
          
        

    

  


  

A module built from an experiment's learning-module configuration.
Monty has no such function: Hydra instantiates the config's _target_ with
the group's parameters, which arrive already composed. This reads the same
mapping — what an experiment writes under
monty_config.learning_modules.learning_module_0 — and builds both the module
and the memory it learns into, so that an experiment's own numbers decide what
runs rather than a test's.
A target or an updater this port has not written is an error naming it, not a
module that would answer with something else's numbers.

  



  
    
      
    
    
      get_all_known_object_ids(lm)



        
          
        

    

  


  

      

          @spec get_all_known_object_ids(t()) :: [graph_id()]


      


Every object the memory knows about.

  



    

  
    
      
    
    
      get_graph(lm, model_id, input_channel \\ nil)



        
          
        

    

  


  

      

          @spec get_graph(t(), graph_id(), String.t() | :first | nil) ::
  %{optional(String.t()) => Monty.Frameworks.Models.ObjectModel.model()}
  | Monty.Frameworks.Models.ObjectModel.model()


      


The model stored for model_id, or one input channel of it.
nil returns everything memory holds for the object, keyed by channel; a
channel returns just that channel's model. Monty names this after graphs
because that is all memory used to hold, and keeps the name because the
callers read it as "the thing I compare against".

  



  
    
      
    
    
      get_mlh_for_object(lm, graph_id)



        
          
        

    

  


  

      

          @spec get_mlh_for_object(t(), graph_id()) :: mlh()


      


The most likely hypothesis of one object, whether or not it is the best overall.

  



  
    
      
    
    
      get_object_scale(evidence_graph_lm, graph_id)



        
          
        

    

  


  

      

          @spec get_object_scale(t(), graph_id()) :: 1


      


Monty has no scale detection yet; every object is at scale one.

  



  
    
      
    
    
      get_output(state)



        
          
        

    

  


  

      

          @spec get_output(t()) :: {Monty.Cmp.Message.t() | nil, t()}


      


This module's hypothesis, as a message to the module above it.
The pose is the object's orientation, inverted because the message describes
how the object sits rather than how the sensor sees it, and
pass_message is only true once the object is recognised — a guess is not
something to build on. object_id is a stable number derived from the id, so
the module above can match on it as a categorical feature.
Monty's returns the Message alone; this comes back with the module, like
every other step in this port (docs/monty-differences.md §2.4).

  



  
    
      
    
    
      get_possible_hypothesis_ids(lm, object_id)



        
          
        

    

  


  

      

          @spec get_possible_hypothesis_ids(t(), graph_id()) :: [non_neg_integer()]


      


The indices of the hypotheses of object_id whose evidence is within
x_percent_threshold per cent of the best one, once the best is convincing.
Nothing is possible while the best hypothesis is still below
object_evidence_threshold: an object whose every explanation is weak has
not been recognised, whatever the spread of its hypotheses.

  



  
    
      
    
    
      get_possible_matches(lm)



        
          
        

    

  


  

      

          @spec get_possible_matches(t()) :: [graph_id()]


      


The objects currently possible, in memory order.

  



    

  
    
      
    
    
      get_possible_poses(lm, as_euler \\ true)



        
          
        

    

  


  

      

          @spec get_possible_poses(t(), boolean()) :: %{optional(graph_id()) => list()}


      


Poses per object, narrowed to nothing here but reported for logging.
Evidence matching narrows hypotheses by evidence rather than by keeping a
path per object, so this is the whole hypothesis space — with euler angles
for a reader, or the raw matrices for a chart.

  



  
    
      
    
    
      get_top_two_mlh_ids(lm)



        
          
        

    

  


  

      

          @spec get_top_two_mlh_ids(t()) :: {graph_id() | nil, graph_id() | nil}


      


The two most likely objects, for a goal generator deciding whether to
discriminate between objects or narrow down one object's pose.
{nil, nil} when there is nothing to discriminate yet, and {id, nil} when
memory holds a single object — the second element is what tells a goal
generator to work on pose.
Monty's argsort gives the same answer, and then corrects for ties against
the current MLH, because a goal generator expects argmax and argsort to
agree on which object is on top. With three objects tied, the current MLH is
reported as the leader and the runner-up stays whoever it was.

  



  
    
      
    
    
      get_top_two_pose_hypotheses_for_graph_id(lm, graph_id)



        
          
        

    

  


  

      

          @spec get_top_two_pose_hypotheses_for_graph_id(t(), graph_id()) ::
  {mlh(), mlh() | nil}


      


The best and second-best hypotheses of one object.
{best, nil} when the object has a single hypothesis: there is no second
best, and Monty's argsort(...)[-2] would index past the end of a one-element
array. Monty raises there, so this is a deviation as well as a defect —
docs/monty-differences.md §1.4 and §2.6.

  



  
    
      
    
    
      get_unique_pose_if_available(lm, object_id)



        
          
        

    

  


  

      

          @spec get_unique_pose_if_available(t(), graph_id()) :: {t(), [number()] | nil}


      


The chosen pose of object_id, if the hypotheses have narrowed to one.
Two ways to be finished: every possible hypothesis agrees on where the object
is and how it is turned, or the same alternatives have survived long enough
that the object is symmetric and any of them will do. Both settle
detected_pose, which is the seven numbers a training episode stores and an
evaluation scores.
Returns {lm, nil} while the pose is still ambiguous — the hypotheses stay
possible, and a later step may narrow them.

  



  
    
      
    
    
      graph_memory(arg1)



        
          
        

    

  


  

      

          @spec graph_memory(t()) :: Monty.Frameworks.Models.GraphMatching.GraphMemory.t()


      


The graphs this module matches against, and writes to after a training episode.

  



  
    
      
    
    
      load_state_dict(lm, memento)



        
          
        

    

  


  

      

          @spec load_state_dict(t(), map()) :: t()


      


Resumes from state_dict/1 and re-derives everything that depends on memory.
Memory that changes has to be re-read: the feature arrays are rebuilt and the
comparison is rebuilt with them, or the module would keep matching against
the memory it was constructed with.

  



  
    
      
    
    
      matching_step(percepts, ctx, lm)



        
          
        

    

  


  

      

          @spec matching_step([Monty.Cmp.Message.t()], Monty.Context.t(), t()) ::
  {:ok, t()} | {:error, term()}


      


One step of trying to recognise an object.
A location-only step moves the hypotheses and stops there; anything else is
buffered, matched, thresholded, and ends in either a recognition, a
no-match, or neither.

  



    

  
    
      
    
    
      most_likely_hypothesis(lm, graph_id \\ nil)



        
          
        

    

  


  

      

          @spec most_likely_hypothesis(t(), graph_id() | nil) :: mlh()


      


The most likely hypothesis, of one object or of all of memory.
With no hypothesis space anywhere, the answer is the current MLH with the
graph id "new_object0" — Monty's way of saying "there are no observations"
without inventing an object that was seen.

  



  
    
      
    
    
      new(memory, options)



        
          
        

    

  


  

      

          @spec new(Monty.Frameworks.Models.GraphMatching.GraphMemory.t(), keyword()) ::
  {:ok, t()} | {:error, term()}


      


A learning module over memory.
:max_match_distance is how far a hypothesis' search location may sit from a
stored node and still be compared against it; :tolerances and
:feature_weights are keyed by input channel and then by feature.
The memory is handed in rather than built here: what an object model can
represent — grid resolution, node budget, size limit — is decided where
memory is built, and a learning module reads memory rather than owning it.
:hypotheses_updater names the strategy and :hypotheses_updater_options
are passed to it; :displacer and :scorer are built here from the
configuration above, so that every strategy sees the same comparison.
:gsg is the goal generator this module will drive, and is nil unless an
experiment supplies one — the same default Monty's evidence learning module
has, which takes a generator as an argument rather than creating one.
Pose tolerances are added if the configuration does not name them: matching
never runs without comparing poses, so a missing pose tolerance would silently
mean "any pose matches".
Returns {:error, %InvalidEvidenceThresholdConfig{}} for an
:evidence_threshold_config Monty does not define.

  



  
    
      
    
    
      num_hypotheses(lm, graph_id)



        
          
        

    

  


  

      

          @spec num_hypotheses(t(), graph_id()) :: non_neg_integer()


      


How many hypotheses the module holds for one object.
Monty's goal generator reads _hypotheses[graph_id].evidence for this, and
its own comment marks the reach as a temporary measure. Here it is a question
the module answers: one hypothesis cannot be separated from itself, which is
the whole reason the goal generator asks.

  



  
    
      
    
    
      observation_processed?(lm)



        
          
        

    

  


  

      

          @spec observation_processed?(t()) :: boolean()


      


Whether the last buffered observation was one this module processed.

  



  
    
      
    
    
      propose_goals(state)



        
          
        

    

  


  

      

          @spec propose_goals(t()) :: {[Monty.Cmp.Goal.t()], t()}


      


The goals this module's goal generator proposed, and none before it has one.
Monty only proposes after a step that processed an observation — a module
given nothing has nothing new to look at — so this repeats the goals only
when the step that produced them is the last one.

  



  
    
      
    
    
      receive_votes(votes, lm)



        
          
        

    

  


  

      

          @spec receive_votes(%{optional(graph_id()) => [Monty.Cmp.Message.t()]}, t()) ::
  {:ok, t()}


      


Weighs another module's hypotheses into this module's evidence.
Each incoming hypothesis lands near the hypotheses it agrees with: for every
hypothesis of ours, the closest votes within max_match_distance are
considered, and the best of them is averaged in (or added, when evidence is
unbounded). A vote for somewhere we are not is simply not for us — the
hypothesis keeps the evidence it had.
Monty finds the closest votes with a KD-tree; this compares every hypothesis
against every vote, which gives the same neighbours for the handful of votes
a round carries.

  



  
    
      
    
    
      reset_stm(lm)



        
          
        

    

  


  

      

          @spec reset_stm(t()) :: t()


      


Clears short-term memory: the buffer, the hypotheses, the MLH, the terminal
state, and the evidence slope a burst was watching.
Long-term memory is untouched, which is why an episode can end mid-object and
the next one still knows what a mug looks like. Monty re-reads the feature
arrays out of memory here, so a graph learned in an earlier episode — or
loaded from a pretrained library — is matchable from the first step.

  



  
    
      
    
    
      select_features_to_use(lm, percepts)



        
          
        

    

  


  

      

          @spec select_features_to_use(t(), [Monty.Cmp.Message.t()]) :: %{
  optional(String.t()) => map()
}


      


The observed features this module matches on, by channel.
Monty's GraphLM._select_features_to_use. A feature is kept when the
configuration gives its channel a tolerance for it — an experiment that does
not want to match on hsv simply does not configure an hsv tolerance.
pose_fully_defined is the exception: it is always kept, because it decides
how many hypotheses a node can start, and dropping it would silently halve
the hypothesis space of every node.
Pose vectors arrive as a matrix and are read as nine numbers, which is the
shape the comparison works on.

  



  
    
      
    
    
      send_out_vote(lm)



        
          
        

    

  


  

      

          @spec send_out_vote(t()) :: {vote() | nil, t()}


      


What this module has to say in a vote round, or nil.
Only hypotheses whose scaled evidence clears vote_evidence_threshold are
sent: a module that is unsure must not drag another module's evidence down.
Scaling puts every module's evidence in [-1, 1] so that a module which has
matched for twenty steps does not drown out one which has matched for three.
A module that has seen nothing this step stays silent — Monty's rule, and the
reason a vote is a statement about this observation.

  



  
    
      
    
    
      set_detected_object(lm, terminal_state)



        
          
        

    

  


  

      

          @spec set_detected_object(t(), :match | :no_match | :time_out | :pose_time_out | nil) ::
  t()


      


Names the object this episode is about, from the conclusion and the memory.
A match names the single possible object; a no-match names a new object, so a
training episode has somewhere to store what it saw; a time-out names
nothing, because a guess is not worth storing. In evaluation a time-out names
the most likely object when its evidence is convincing — an evaluation wants
to know what the module believed when the clock ran out, while training must
not learn from it.

  



  
    
      
    
    
      set_experiment_mode(lm, mode)



        
          
        

    

  


  

      

          @spec set_experiment_mode(
  t(),
  Monty.Frameworks.Models.AbstractMontyClasses.LearningModule.mode()
) ::
  t()


      


Monty's set_experiment_mode: decides whether episodes write to memory.

  



  
    
      
    
    
      set_individual_ts(lm, terminal_state)



        
          
        

    

  


  

      

          @spec set_individual_ts(t(), :match | :no_match | :time_out | :pose_time_out | nil) ::
  t()


      


Records that this module has concluded something, and what it concluded.
Monty's set_individual_ts: a match also settles the detected pose, which is
what a training episode stores its graph against. Any other conclusion clears
the pose, so a module that takes a match back does not keep claiming it.

  



  
    
      
    
    
      set_primary_target(state, primary_target)



        
          
        

    

  


  

      

          @spec set_primary_target(t(), map() | nil) :: t()


      


Names this episode's object without emptying stepwise_targets_list.
The stepwise list is the record of what the sensor was on at every step, and a
run without episode boundaries keeps it across an object change — it is the
only place that record exists.

  



  
    
      
    
    
      set_stepwise_target(lm, label)



        
          
        

    

  


  

      

          @spec set_stepwise_target(t(), String.t()) :: t()


      


GraphLM's stepwise target: the object under the module's sensor this step.
Set by the model from the percept's semantic id, and kept as a list because a
run's log says what the module was looking at on every step — the stepwise
performance of an episode is a statement about that list, and a graph built
from a patch that wandered off the object is explained by it.

  



  
    
      
    
    
      set_target(lm, primary_target)



        
          
        

    

  


  

      

          @spec set_target(t(), map() | nil) :: t()


      


GraphLM._set_target: names the object this episode is about.
The target is what makes a performance measurable at all — "correct" is
"recognised the object it was asked about", and the rotation error is measured
against the pose the object was placed with. A new episode clears the object it
was on last, which Monty does here as well: a stale stepwise target would make
the next episode's stepwise performance a statement about the previous one.
nil leaves the target alone, which is Monty's guard and its reason: a caller
that has no target for this episode (an unsupervised run) must not erase the
one the module learned from.

  



  
    
      
    
    
      set_terminal_state(lm, terminal_state)



        
          
        

    

  


  

      

          @spec set_terminal_state(
  t(),
  Monty.Frameworks.Models.AbstractMontyClasses.LearningModule.terminal_state()
) :: t()


      


Takes the episode's ending as this module's, without asking it to reconsider.
Monty writes the module's terminal_state when the system has decided the
episode is over: a module that never concluded claims nothing, but it is not
left open either, so an episode has one answer per module.

  



  
    
      
    
    
      state_dict(lm)



        
          
        

    

  


  

      

          @spec state_dict(t()) :: map()


      


What has to be kept to resume this module: its memory, and how much detail it
was asked to log.

  



    

  
    
      
    
    
      threshold_possible_matches(lm, x_percent_scale_factor \\ 1.0)



        
          
        

    

  


  

      

          @spec threshold_possible_matches(t(), number()) :: [graph_id()]


      


The objects still worth considering: those whose best hypothesis is within
x_percent_threshold per cent of the best object's.
Three regimes, and the middle one is the interesting one. When the evidence
spreads out (std > 0.1) or is all negative, the threshold spans the objects.
When everything is flat and memory holds a single object, that object stays
possible at zero evidence — otherwise a one-object memory could never be
recognised, which is the situation of every first training run. With several
objects and flat evidence, all of them stay possible: nothing yet
distinguishes them.

  



  
    
      
    
    
      update_ltm_from_stm(lm)



        
          
        

    

  


  

      

          @spec update_ltm_from_stm(t()) :: t()


      


Folds what this episode saw into long-term memory, if it was a training
episode and if it saw anything.
The graph is stored against detected_object and in the object's own frame:
detected_rotation_r describes how the object sits, so its inverse is what
turns observations into model coordinates. When nothing was detected in time,
detected_object is nil and the memory is left alone.

  



  
    
      
    
    
      update_stats_after_vote(state)



        
          
        

    

  


  

      

          @spec update_stats_after_vote(t()) :: t()


      


What the vote round left this module believing.
Monty's update_stats_after_vote: the step's statistics are written into the
last entry the buffer holds, and then the module's own conclusion is settled.
Nothing possible is :no_match; a module that was :no_match is let back
when other modules' votes have given it possibilities again.
The second half is the one that cannot be left to the terminal check: that
check clears :match when a module loses its object, never :no_match, so a
module that lost its hypotheses once would stay concluded for the episode.

  



  
    
      
    
    
      update_terminal_condition(lm)



        
          
        

    

  


  

      

          @spec update_terminal_condition(t()) ::
  {t(),
   Monty.Frameworks.Models.AbstractMontyClasses.LearningModule.terminal_state()}


      


Decides what this episode has concluded, if anything.
Recognition needs one object left and a pose narrow enough to name, or
enough repeated evidence that the object is symmetric — in which case no
single rotation is right and every one of them is. Anything else keeps the
episode going; a module that had concluded "match" and no longer can takes
that back.

  


        

      


  

    
Monty.Frameworks.Models.EvidenceMatching.Model.MontyForEvidenceGraphMatching 
    



      
Monty's model for evidence-graph matching:
tbp/monty/frameworks/models/evidence_matching/model.py.
In Monty this class is the base model with a graph memory whose learning
modules carry hypotheses and accumulate evidence for them; its __init__
builds the model out of the config's sensor modules, learning modules and the
connectivity between them, and the base class steps it.
Here the two halves are separated, which is the split this port makes
everywhere: what the model is — the sensor modules, the learning modules,
the matrices — is read from the config by Monty.Studio.Setup.model_spec/2,
and running it is the runtime's business (Monty.Runtime.Model registers the
modules, the step coordinator and the episode's random stream as processes).
This module is the name a run uses for that model, which is what makes the
class in a config the class a run actually starts.
What the model does rather than owns is here: combine_votes/2, the one piece
of _combine_votes that is arithmetic rather than message passing.
Monty.Runtime.Step.State routes votes and calls it.
A config that names a model this port has not written is not run through this
one: Monty.Studio.Setup.model_class/1 answers what a config resolves to, and
says plainly when the answer is this port's own runtime instead.

      


      
        Summary


  
    Types
  


    
      
        vote()

      


        What a learning module says when it is asked to vote.



    





  
    Functions
  


    
      
        child_spec(spec)

      


        The model as something a supervisor can start.



    


    
      
        combine_votes(votes, lm_to_lm_vote)

      


        EvidenceGraphModel._combine_votes: what a module hears, in the frame of its
own sensor.



    


    
      
        fixme_set_ground_truth(model_id, primary_target, opts \\ [])

      


        MontyForGraphMatching.fixme_set_ground_truth: what this episode is about.



    


    
      
        set_experiment_mode(model_id, mode)

      


        MontyBase.set_experiment_mode: whether this episode trains or evaluates.



    


    
      
        state(model_id)

      


        The coordinator's state, which is where an episode's conclusion lives.



    


    
      
        status(model_id)

      


        The four things a recognition policy may read off the model.



    


    
      
        step(model_id, observations, proprioceptive_state, ctx)

      


        One timestep: what the modules were given and what they made of it.



    


    
      
        stop(model_id)

      


        Stops the model's processes.



    


    
      
        supervise(model_id, target, location_on_model, supervised_ids)

      


        MontySupervisedObjectPretrainingExperiment._pass_target_info_to_model.



    


    
      
        switch_to_exploratory_step(model_id)

      


        Monty.switch_to_exploratory_step: what a recognition policy can ask for.



    


    
      
        time_out(model_id)

      


        Monty.time_out_lms: what a recognition policy can ask for instead of stopping.



    


    
      
        update_ltm(model_id)

      


        MontyBase.update_ltm: write the episode into long-term memory.



    





      


      
        Types


        


  
    
      
    
    
      vote()



        
          
        

    

  


  

      

          @type vote() ::
  nil
  | %{
      possible_states: %{optional(term()) => [Monty.Cmp.Message.t()]},
      sensed_pose_rel_body: [[float()]]
    }


      


What a learning module says when it is asked to vote.
possible_states holds the hypotheses that stood out above the module's vote
threshold, one list per object; sensed_pose_rel_body is the pose of the
sensor that fed it — the location, then its three pose vectors. nil is a
module with nothing to say this step.

  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(spec)



        
          
        

    

  


  

      

          @spec child_spec(map()) :: Supervisor.child_spec()


      


The model as something a supervisor can start.
Monty's constructor builds the model; here it is spec — what the config
resolved to — and starting it is the runtime's.

  



  
    
      
    
    
      combine_votes(votes, lm_to_lm_vote)



        
          
        

    

  


  

      

          @spec combine_votes(%{optional(term()) => vote()}, %{optional(term()) => [term()]}) ::
  %{
    optional(term()) => %{optional(term()) => [Monty.Cmp.Message.t()]}
  }


      


EvidenceGraphModel._combine_votes: what a module hears, in the frame of its
own sensor.
Two learning modules look at the object through different sensors, so a vote
for a place on it only means something once it has been moved between them:
"if I am here, you should be there." The displacement between the sending
and the receiving sensor moves the vote's location, and the rotation that
takes the sending sensor's pose vectors to the receiving one's turns the
vote's own pose — vote rotations are not read yet, in Monty either.
The answer is keyed by receiver, then by object, which is the shape
EvidenceGraphLM.receive_votes/2 reads. A module that did not vote this step
hears nothing, and neither does one whose sources were all silent: a module
with no opinion of its own is not a place to put other modules' opinions.

  



    

  
    
      
    
    
      fixme_set_ground_truth(model_id, primary_target, opts \\ [])



        
          
        

    

  


  

      

          @spec fixme_set_ground_truth(atom() | String.t(), map() | nil, keyword()) :: :ok


      


MontyForGraphMatching.fixme_set_ground_truth: what this episode is about.
The experiment is the only one that knows, and a module that is never told cannot
say whether it recognised anything — so this is part of the model's public
surface, not the experiment's private business.
Monty's own signature takes the world's semantic_id_to_label beside the
target, and both come from the same place: the world that chose the object also
numbered it. It is an option here rather than a second positional argument,
because a world without semantics has none to give.

  



  
    
      
    
    
      set_experiment_mode(model_id, mode)



        
          
        

    

  


  

      

          @spec set_experiment_mode(
  atom() | String.t(),
  Monty.Frameworks.Models.AbstractMontyClasses.LearningModule.mode()
) :: :ok


      


MontyBase.set_experiment_mode: whether this episode trains or evaluates.
The experiment knows — it runs training epochs or evaluation epochs — but what
an episode is working towards is the model's own business: an evaluation that
recognises its object ends, a training episode switches to exploring, and a
model that was told nothing does neither. Monty calls this on the model before
an epoch steps, so this port does too.

  



  
    
      
    
    
      state(model_id)



        
          
        

    

  


  

      

          @spec state(atom() | String.t()) :: Monty.Runtime.Step.State.t()


      


The coordinator's state, which is where an episode's conclusion lives.

  



  
    
      
    
    
      status(model_id)



        
          
        

    

  


  

      

          @spec status(atom() | String.t()) :: Monty.Experiment.RecognitionStrategy.model()


      


The four things a recognition policy may read off the model.

  



  
    
      
    
    
      step(model_id, observations, proprioceptive_state, ctx)



        
          
        

    

  


  

      

          @spec step(atom() | String.t(), map(), map(), Monty.Context.t()) ::
  {:ok, [map()], map()}


      


One timestep: what the modules were given and what they made of it.
Monty's Monty.step, without the model having to be a value: the modules are
processes and the coordinator keeps the step count.

  



  
    
      
    
    
      stop(model_id)



        
          
        

    

  


  

      

          @spec stop(atom() | String.t()) :: :ok | {:error, :not_found}


      


Stops the model's processes.

  



  
    
      
    
    
      supervise(model_id, target, location_on_model, supervised_ids)



        
          
        

    

  


  

      

          @spec supervise(atom() | String.t(), map(), [number()], [String.t()]) :: :ok


      


MontySupervisedObjectPretrainingExperiment._pass_target_info_to_model.
The modules the experiment names are told the object, the pose it was placed
with and where it stood; the others have their hypotheses dropped. What a
module does with that is the graph module's own business, so the model passes
it on rather than deciding it.

  



  
    
      
    
    
      switch_to_exploratory_step(model_id)



        
          
        

    

  


  

      

          @spec switch_to_exploratory_step(atom() | String.t()) :: :ok


      


Monty.switch_to_exploratory_step: what a recognition policy can ask for.

  



  
    
      
    
    
      time_out(model_id)



        
          
        

    

  


  

      

          @spec time_out(atom() | String.t()) :: :ok


      


Monty.time_out_lms: what a recognition policy can ask for instead of stopping.

  



  
    
      
    
    
      update_ltm(model_id)



        
          
        

    

  


  

      

          @spec update_ltm(atom() | String.t()) :: :ok


      


MontyBase.update_ltm: write the episode into long-term memory.
The experiment calls it once per episode, after the episode has been logged
(monty_experiment.py, post_episode); each learning module decides whether
the episode it had is one to learn from.

  


        

      


  

    
Monty.Frameworks.Models.FeatureLocationMatching.FeatureGraphLM 
    



      
A learning module that recognises objects by the features it senses at
locations: Monty's FeatureGraphLM.
This is the first learning module Monty had, and it is the one to read to see
what recognising an object out of a graph means. A step carries a location and
the features there. Memory is a graph of locations, each with the features
sensed at it. The module asks two questions per graph:
	Which nodes could I be standing on? Every node whose stored features
are within tolerance of what was just sensed, ignoring where they are.
	Does the move agree with a pose I could be in? For every path still
possible and every rotation still possible on it, turn the observed step
into the model's frame by that rotation, land on a place, and keep the
path if a node near that place carries the pose the rotation predicted.

A path that survives is where the sensor would be if that pose were right.
Recognition is one object left whose path is unique and whose rotation is
unique — or, for an object that looks the same from several sides, the same
set of poses lasting required_symmetry_evidence steps.
What it composes
%Monty.Frameworks.Models.GraphMatching.GraphLM{} is the graph module
underneath: the buffer, the goal generator, the votes, the conclusion, the
memory write. This adds what only a feature match has — the poses still
possible on each path, and the symmetry evidence that lets a symmetric object
be recognised at all. The paths themselves stay in the graph module's
possible_paths, because they are what its conclusion reads.
Differences from Monty, on purpose
	A step returns a new module rather than mutating one, so the callbacks
that narrow the pose hand back the module they changed.
	The nearest matching node is found by sorting the candidate nodes, not
by asking a k-d tree for them in order. Monty's tree is faster on a graph
of tens of thousands of nodes; this module's experiments are graphs of
hundreds, and a sort is the same answer with nothing to keep consistent.
	Poses are not jittered. Monty samples n_samples extra rotations
around each aligned pose with ctx.rng.vonmises, and its only caller
passes zero, so the sampling is not ported; a config asking for it would
need the RNG threaded in, and no config does.
	Votes are negative only. Monty's feature module also votes on the
locations and rotations it still considers, and uses the other modules'
such votes to prune paths. This port's model routes one kind of vote — the
objects a module has ruled out — so a feature module votes like the rest
and does no location pruning from other modules' votes. Monty's own
comment on that path says it is not being developed further.


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        add_detailed_stats(lm, stats)

      


        Monty's _add_detailed_stats: the paths, the poses and the symmetry count.



    


    
      
        add_lm_processing_to_buffer_stats(lm, processed)

      


        Records whether this step's observation reached the module.



    


    
      
        clear_buffers(state)

      


        Monty's _reset_modules_buffers: drop the observations, keep the memory.



    


    
      
        clear_conclusion(state)

      


        Forgets what the module concluded, keeping what it believes.



    


    
      
        clear_hypotheses(lm)

      


        Drops the hypotheses an unsupervised module never earned.



    


    
      
        compute_possible_matches(lm, ctx, observation, first_movement_detected?)

      


        Monty's _compute_possible_matches for this class: features, and the move.



    


    
      
        conclusion(lm)

      


        What this module concluded, as the model reads it.



    


    
      
        exploratory_step(percepts, ctx, lm)

      


        Monty's exploratory_step: keep the observation, match nothing yet.



    


    
      
        fixme_update_ground_truth(lm)

      


        Monty's fixme_update_ground_truth: which objects the graph was built from.



    


    
      
        from_config(config, options \\ [])

      


        The module a config asks for, as Monty's __init__ reads its arguments.



    


    
      
        get_output(state)

      


        Monty's get_output: a feature module publishes no hypothesis upward.



    


    
      
        get_possible_poses(lm, as_euler \\ true)

      


        The rotations still possible on each object, one list per path.



    


    
      
        get_unique_pose_if_available(lm, object_id)

      


        Monty's get_unique_pose_if_available: where the object is, once the paths and
the rotations have stopped multiplying.



    


    
      
        graph_memory(lm)

      


        The graph memory this module holds, passed to the next episode.



    


    
      
        init_from_ltm(lm)

      


        Monty's init_from_ltm: the hypotheses a memory gives a module at the start.



    


    
      
        load_state_dict(lm, memento)

      


        Monty's load_state_dict: a memory, and the module state that follows it.



    


    
      
        matching_step(percepts, ctx, lm)

      


        Monty's matching_step: what this step's features and move leave possible.



    


    
      
        new(options \\ [])

      


        A module with an empty memory.



    


    
      
        observation_processed?(lm)

      


        Whether the last buffered observation was one this module processed.



    


    
      
        pose_features_match?(lm, graph_id, channel, node_id, query, query_defined?)

      


        Monty's _match_pose_dependent_features: does the node's pose agree.



    


    
      
        propose_goals(state)

      


        Monty's propose_goals: what the goal generator last asked for.



    


    
      
        propose_region(state)

      


        Monty's propose_region: the region its goals are in.



    


    
      
        receive_votes(votes, lm)

      


        Monty's receive_votes: another module ruling an object out.



    


    
      
        reset_stm(lm)

      


        The same, with the buffer and the hypotheses emptied first — Monty's reset_stm.



    


    
      
        send_out_vote(lm)

      


        Monty's send_out_vote: the objects this module knows this one is not.



    


    
      
        set_experiment_mode(lm, mode)

      


        Tells the module whether this episode trains or evaluates.



    


    
      
        set_stepwise_target(lm, label)

      


        Records which object the module's sensor is on this step.



    


    
      
        set_target(lm, primary_target)

      


        Monty's fixme_reset_ground_truth: the object this episode is about.



    


    
      
        set_terminal_state(lm, terminal_state)

      


        Sets the conclusion without asking the module to reconsider.



    


    
      
        state_dict(lm)

      


        Monty's state_dict: the memory, and which objects it was built from.



    


    
      
        supervise(lm, target, location_on_model)

      


        The supervised conclusion an experiment states, in place of matching one.



    


    
      
        update_ltm_from_stm(lm)

      


        Monty's update_ltm_from_stm: a training episode's observations, into memory.



    


    
      
        update_stats_after_vote(state)

      


        Monty's update_stats_after_vote: what a vote round left it believing.



    


    
      
        update_terminal_condition(lm)

      


        Monty's update_terminal_condition: has this module concluded?



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.FeatureLocationMatching.FeatureGraphLM{
  graph_lm: term(),
  initial_possible_poses: term(),
  last_num_unique_locations: term(),
  last_unique_poses: term(),
  max_match_distance: term(),
  path_similarity_threshold: term(),
  pose_similarity_threshold: term(),
  possible_poses: term(),
  required_symmetry_evidence: term(),
  symmetry_evidence: term(),
  tolerances: term(),
  umbilical_num_poses: term()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      add_detailed_stats(lm, stats)



        
          
        

    

  


  

      

          @spec add_detailed_stats(t(), map()) :: map()


      


Monty's _add_detailed_stats: the paths, the poses and the symmetry count.

  



  
    
      
    
    
      add_lm_processing_to_buffer_stats(lm, processed)



        
          
        

    

  


  

      

          @spec add_lm_processing_to_buffer_stats(t(), boolean()) :: t()


      


Records whether this step's observation reached the module.

  



  
    
      
    
    
      clear_buffers(state)



        
          
        

    

  


  

      

          @spec clear_buffers(t()) :: t()


      


Monty's _reset_modules_buffers: drop the observations, keep the memory.

  



  
    
      
    
    
      clear_conclusion(state)



        
          
        

    

  


  

      

          @spec clear_conclusion(t()) :: t()


      


Forgets what the module concluded, keeping what it believes.

  



  
    
      
    
    
      clear_hypotheses(lm)



        
          
        

    

  


  

      

          @spec clear_hypotheses(t()) :: t()


      


Drops the hypotheses an unsupervised module never earned.

  



  
    
      
    
    
      compute_possible_matches(lm, ctx, observation, first_movement_detected?)



        
          
        

    

  


  

      

          @spec compute_possible_matches(
  t(),
  Monty.Context.t(),
  [Monty.Cmp.Message.t()],
  boolean()
) :: t()


      


Monty's _compute_possible_matches for this class: features, and the move.
The move is nil on the first observation of an episode — there is nothing
behind it to have moved from — and that nil is what tells the narrowing to
look for starting places rather than to extend paths.

  



  
    
      
    
    
      conclusion(lm)



        
          
        

    

  


  

      

          @spec conclusion(t()) ::
  Monty.Frameworks.Models.GraphMatching.GraphLM.terminal_state()


      


What this module concluded, as the model reads it.

  



  
    
      
    
    
      exploratory_step(percepts, ctx, lm)



        
          
        

    

  


  

      

          @spec exploratory_step([Monty.Cmp.Message.t()], Monty.Context.t(), t()) :: {:ok, t()}


      


Monty's exploratory_step: keep the observation, match nothing yet.

  



  
    
      
    
    
      fixme_update_ground_truth(lm)



        
          
        

    

  


  

      

          @spec fixme_update_ground_truth(t()) :: t()


      


Monty's fixme_update_ground_truth: which objects the graph was built from.

  



    

  
    
      
    
    
      from_config(config, options \\ [])



        
          
        

    

  


  

      

          @spec from_config(map(), keyword()) :: {:ok, t()}


      


The module a config asks for, as Monty's __init__ reads its arguments.
:memory is the graphs the module starts from: Monty loads a state dict into
a module it has just built, which is the same thing one step earlier.

  



  
    
      
    
    
      get_output(state)



        
          
        

    

  


  

      

          @spec get_output(t()) :: {nil, t()}


      


Monty's get_output: a feature module publishes no hypothesis upward.

  



    

  
    
      
    
    
      get_possible_poses(lm, as_euler \\ true)



        
          
        

    

  


  

      

          @spec get_possible_poses(t(), boolean()) :: %{
  optional(Monty.Frameworks.Models.GraphMatching.GraphMemory.graph_id()) =>
    list()
}


      


The rotations still possible on each object, one list per path.
Monty's get_possible_poses: as Euler angles in degrees, each the inverse of
the stored rotation — the turn that takes the sensed frame onto the model's —
which is the form a reader of a log or a chart expects to compare against the
object's pose.

  



  
    
      
    
    
      get_unique_pose_if_available(lm, object_id)



        
          
        

    

  


  

      

          @spec get_unique_pose_if_available(
  t(),
  Monty.Frameworks.Models.GraphMatching.GraphMemory.graph_id()
) ::
  {t(), {:ok, map()} | :not_narrowed}


      


Monty's get_unique_pose_if_available: where the object is, once the paths and
the rotations have stopped multiplying.
[x, y, z, euler_x, euler_y, euler_z, scale]: the last location of the one
path left, the rotation that turns the model into what the sensor saw, and a
scale — which a feature module does not measure, so it is always 1.
The symmetry counter is evidence gathered across steps, so it comes back with
the answer rather than being kept to one side.

  



  
    
      
    
    
      graph_memory(lm)



        
          
        

    

  


  

      

          @spec graph_memory(t()) ::
  Monty.Frameworks.Models.GraphMatching.GraphMemory.t() | :none


      


The graph memory this module holds, passed to the next episode.

  



  
    
      
    
    
      init_from_ltm(lm)



        
          
        

    

  


  

      

          @spec init_from_ltm(t()) :: t()


      


Monty's init_from_ltm: the hypotheses a memory gives a module at the start.
Every object in memory is possible, every node of it is a place to have
started, and no pose is ruled out — and the symmetry counter starts again,
because evidence about this episode's poses says nothing about an episode
that has not begun.

  



  
    
      
    
    
      load_state_dict(lm, memento)



        
          
        

    

  


  

      

          @spec load_state_dict(t(), map()) :: t()


      


Monty's load_state_dict: a memory, and the module state that follows it.

  



  
    
      
    
    
      matching_step(percepts, ctx, lm)



        
          
        

    

  


  

      

          @spec matching_step([Monty.Cmp.Message.t()], Monty.Context.t(), t()) :: {:ok, t()}


      


Monty's matching_step: what this step's features and move leave possible.
A step that carried only a location is nothing to match; the rest narrow the
hypotheses, and a module nothing is possible for any more concludes
:no_match.

  



    

  
    
      
    
    
      new(options \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


A module with an empty memory.
:max_match_distance is how far from a place a node may be and still be the
node the sensor arrived at. :tolerances is per input channel and per feature,
in the units that feature is sensed in — except pose vectors, which are
degrees in a config and radians everywhere in the matching, so they are
converted here, once.
:initial_possible_poses is "uniform" (try every rotation in 45° steps),
"informed" (start from the pose the sensed pose vectors imply — Monty's
default), or a list of Euler poses to try exactly.

  



  
    
      
    
    
      observation_processed?(lm)



        
          
        

    

  


  

      

          @spec observation_processed?(t()) :: boolean()


      


Whether the last buffered observation was one this module processed.

  



  
    
      
    
    
      pose_features_match?(lm, graph_id, channel, node_id, query, query_defined?)



        
          
        

    

  


  

      

          @spec pose_features_match?(
  t(),
  Monty.Frameworks.Models.GraphMatching.GraphMemory.graph_id(),
  Monty.Frameworks.Models.GraphMatching.GraphMemory.input_channel(),
  non_neg_integer(),
  Monty.Geometry.SurfacePoseVectors.t(),
  boolean()
) :: boolean()


      


Monty's _match_pose_dependent_features: does the node's pose agree.
Two comparisons, both angles: the surface normal, and — when the sensor's pose
is fully defined — the first curvature direction, whose sign is not
meaningful, so an angle past a quarter turn is folded back (π/2 - |θ - π/2|).

  



  
    
      
    
    
      propose_goals(state)



        
          
        

    

  


  

      

          @spec propose_goals(t()) :: {[Monty.Cmp.Goal.t()], t()}


      


Monty's propose_goals: what the goal generator last asked for.

  



  
    
      
    
    
      propose_region(state)



        
          
        

    

  


  

      

          @spec propose_region(t()) :: {Monty.Cmp.AttentionRegion.t(), t()}


      


Monty's propose_region: the region its goals are in.

  



  
    
      
    
    
      receive_votes(votes, lm)



        
          
        

    

  


  

      

          @spec receive_votes(term(), t()) :: {:ok, t()}


      


Monty's receive_votes: another module ruling an object out.

  



  
    
      
    
    
      reset_stm(lm)



        
          
        

    

  


  

      

          @spec reset_stm(t()) :: t()


      


The same, with the buffer and the hypotheses emptied first — Monty's reset_stm.

  



  
    
      
    
    
      send_out_vote(lm)



        
          
        

    

  


  

      

          @spec send_out_vote(t()) :: {term(), t()}


      


Monty's send_out_vote: the objects this module knows this one is not.

  



  
    
      
    
    
      set_experiment_mode(lm, mode)



        
          
        

    

  


  

      

          @spec set_experiment_mode(
  t(),
  Monty.Frameworks.Models.AbstractMontyClasses.LearningModule.mode()
) ::
  t()


      


Tells the module whether this episode trains or evaluates.

  



  
    
      
    
    
      set_stepwise_target(lm, label)



        
          
        

    

  


  

      

          @spec set_stepwise_target(t(), String.t() | nil) :: t()


      


Records which object the module's sensor is on this step.

  



  
    
      
    
    
      set_target(lm, primary_target)



        
          
        

    

  


  

      

          @spec set_target(t(), map() | nil) :: t()


      


Monty's fixme_reset_ground_truth: the object this episode is about.

  



  
    
      
    
    
      set_terminal_state(lm, terminal_state)



        
          
        

    

  


  

      

          @spec set_terminal_state(
  t(),
  Monty.Frameworks.Models.GraphMatching.GraphLM.terminal_state()
) :: t()


      


Sets the conclusion without asking the module to reconsider.

  



  
    
      
    
    
      state_dict(lm)



        
          
        

    

  


  

      

          @spec state_dict(t()) :: map()


      


Monty's state_dict: the memory, and which objects it was built from.

  



  
    
      
    
    
      supervise(lm, target, location_on_model)



        
          
        

    

  


  

      

          @spec supervise(t(), map(), [number()]) :: t()


      


The supervised conclusion an experiment states, in place of matching one.

  



  
    
      
    
    
      update_ltm_from_stm(lm)



        
          
        

    

  


  

      

          @spec update_ltm_from_stm(t()) :: t()


      


Monty's update_ltm_from_stm: a training episode's observations, into memory.

  



  
    
      
    
    
      update_stats_after_vote(state)



        
          
        

    

  


  

      

          @spec update_stats_after_vote(t()) :: t()


      


Monty's update_stats_after_vote: what a vote round left it believing.

  



  
    
      
    
    
      update_terminal_condition(lm)



        
          
        

    

  


  

      

          @spec update_terminal_condition(t()) ::
  {t(), Monty.Frameworks.Models.GraphMatching.GraphLM.terminal_state()}


      


Monty's update_terminal_condition: has this module concluded?
The decision is GraphLM's; what a feature module adds is the pose, which
Monty records as a side effect of being asked. So it is worked out first, here,
and handed to the base as the answer to "is the pose narrowed down".

  


        

      


  

    
Monty.Frameworks.Models.FeatureLocationMatching.FeatureGraphMemory 
    



      
Monty's FeatureGraphMemory: the same library, read by feature.
The feature-at-location module matches an observation in two questions. Which
nodes could I be standing on — that is this module's match_all_node_features
— and, once a pose is being tested, does the pose agree. The first question is
what narrows a graph of twenty thousand nodes to the handful worth walking
from, so it is asked of the whole graph at once.
Why this is a module of functions and not a second struct
Monty spells the difference as a subclass, and the difference is four
functions: hypotheses with poses in them, a node's frame, the matching nodes,
and the comparison behind them. Everything else — the models, the feature rows,
the learning — is GraphMemory's, and a second struct would be the same fields
with a different name. So new/1 builds a GraphMemory and these functions
read it, which is the same shape Monty.Frameworks.Models.GraphMatching.GraphMemory
already has for the evidence module's EvidenceGraphMemory.
The comparison
Monty builds two arrays per column — the observed value plus and minus its
tolerance — and asks numpy whether each node's value lies between them. A
feature that is circular (hue, the first of hsv's three) wraps through 1,
so a tolerance of 0.1 around 0.05 covers [0.95, 1] and [0, 0.15] and the
test becomes "outside" rather than "inside". A node with no stored value has no
evidence for that column and does not match, which is what Monty's NaN
pre-fill does.
Where the tolerances come from
Monty's memory holds features_to_use and the tolerances, because in Python
the module assigns its own tolerances to it. This port's memory holds the
feature names it keeps rows for, which is what the evidence kernel reads,
so the tolerances are passed in by the learning module that owns them — the
same numbers, in the same place as the config that stated them.

      


      
        Summary


  
    Functions
  


    
      
        get_initial_hypotheses(memory)

      


        Monty's FeatureGraphMemory.get_initial_hypotheses.



    


    
      
        get_nodes_with_matching_features(memory, graph_id, features, tolerances, options \\ [])

      


        Monty's get_nodes_with_matching_features: the nodes worth walking from.



    


    
      
        get_rotation_features_at_node(memory, graph_id, node_id, channel)

      


        Monty's get_rotation_features_at_node: a node's frame, as three directions.



    


    
      
        match_all_node_features(memory, features, channel, graph_id, tolerances)

      


        Monty's _match_all_node_features: which nodes could be where I am.



    


    
      
        new(options \\ [])

      


        A memory that can answer which nodes have which features.



    





      


      
        Functions


        


  
    
      
    
    
      get_initial_hypotheses(memory)



        
          
        

    

  


  

      

          @spec get_initial_hypotheses(Monty.Frameworks.Models.GraphMatching.GraphMemory.t()) ::
  {%{
     optional(Monty.Frameworks.Models.GraphMatching.GraphMemory.graph_id()) =>
       map()
   },
   %{
     optional(Monty.Frameworks.Models.GraphMatching.GraphMemory.graph_id()) => [
       [[float()]]
     ]
   },
   %{
     optional(Monty.Frameworks.Models.GraphMatching.GraphMemory.graph_id()) =>
       []
   }}


      


Monty's FeatureGraphMemory.get_initial_hypotheses.
Three answers, not two: every object is possible, every node of it is a place
to have started — as a path of one location, because that is what the next
step extends — and no pose is ruled out yet.

  



    

  
    
      
    
    
      get_nodes_with_matching_features(memory, graph_id, features, tolerances, options \\ [])



        
          
        

    

  


  

      

          @spec get_nodes_with_matching_features(
  Monty.Frameworks.Models.GraphMatching.GraphMemory.t(),
  Monty.Frameworks.Models.GraphMatching.GraphMemory.graph_id(),
  map(),
  map(),
  keyword()
) :: {[non_neg_integer()], [[float()]] | [[[float()]]]}


      


Monty's get_nodes_with_matching_features: the nodes worth walking from.
:list_of_lists wraps every location in a list of its own, which is how Monty
hands back a path that starts on a node — the first observation has no
displacement behind it, so a path is one location.
Only the first input channel is matched: this module is not used in a
heterarchy, and Monty says the same in the same place.

  



  
    
      
    
    
      get_rotation_features_at_node(memory, graph_id, node_id, channel)



        
          
        

    

  


  

      

          @spec get_rotation_features_at_node(
  Monty.Frameworks.Models.GraphMatching.GraphMemory.t(),
  Monty.Frameworks.Models.GraphMatching.GraphMemory.graph_id(),
  non_neg_integer(),
  Monty.Frameworks.Models.GraphMatching.GraphMemory.input_channel()
) :: [[float()]]


      


Monty's get_rotation_features_at_node: a node's frame, as three directions.
The stored pose vectors of one node, shaped as the surface normal and the two
principal curvature directions — what align_orthonormal_vectors/2 expects.

  



  
    
      
    
    
      match_all_node_features(memory, features, channel, graph_id, tolerances)



        
          
        

    

  


  

      

          @spec match_all_node_features(
  Monty.Frameworks.Models.GraphMatching.GraphMemory.t(),
  map(),
  Monty.Frameworks.Models.GraphMatching.GraphMemory.input_channel(),
  Monty.Frameworks.Models.GraphMatching.GraphMemory.graph_id(),
  map()
) :: [non_neg_integer()]


      


Monty's _match_all_node_features: which nodes could be where I am.
The answer is the indices of the nodes whose every stored feature lies within
the observed value's tolerance — the row layout and its column names being the
memory's own (feature_order), which is why the observation is walked in that
order rather than in the order its features arrive.
A graph being matched always has rows: they are built when the episode starts,
which is what FeatureGraphLM.init_from_ltm/1 does before the first step.

  



    

  
    
      
    
    
      new(options \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: Monty.Frameworks.Models.GraphMatching.GraphMemory.t()


      


A memory that can answer which nodes have which features.
Monty's FeatureGraphMemory.__init__ takes only the thresholds that decide
when two observations are the same node; the memory it returns is the base
one, because there is nothing else to store.

  


        

      


  

    
Monty.Frameworks.Models.GoalGeneration 
    



      
Goal-state generators: what a learning module wants to look at next.
Mirrors tbp/monty/frameworks/models/goal_generation.py, which holds one
error and two generators:
	...GoalGeneration.ParentLMNotProvided — ported: the error a generator
raises when asked about its learning module before it has one;
	...GoalGeneration.GraphGoalGenerator — ported: the base generator,
which checks whether the goal it last emitted was reached and emits the
next one; on its own it emits nothing, meaning "just be more certain";
	...GoalGeneration.EvidenceGoalGenerator — ported: the generator an
evidence-based module uses to pick where to look, from the mismatch
between the graph of the object it believes in and the graph of the one
it cannot rule out.

The behaviour these implement is
Monty.Frameworks.Models.AbstractMontyClasses.GoalGenerator.

      


      
        Summary


  
    Functions
  


    
      
        from_config(config)

      


        The generator a config entry names, built from its own keys.



    





      


      
        Functions


        


  
    
      
    
    
      from_config(config)



        
          
        

    

  


  

      

          @spec from_config(map()) :: {:ok, struct()} | {:error, term()}


      


The generator a config entry names, built from its own keys.
Monty instantiates the entry through Hydra and hands the learning module the
object; a module built from a config has to instantiate the entry itself, which
is what this does. A class this port has not written is an error rather than a
silent nil, so building a module cannot quietly drop the goals the experiment
asked for.

  


        

      


  

    
Monty.Frameworks.Models.GoalGeneration.EvidenceGoalGenerator 
    



      
Look where the candidates disagree most, then look again.
Mirrors tbp/monty/frameworks/models/goal_generation.py::EvidenceGoalGenerator,
the goal-state generator that turns "I cannot tell these objects apart" into
one concrete place to look. It compares the graph of the most likely object
with the graph of the second most likely one, and asks for the point on the
first that is farthest from anything on the second: a mug's handle, when the
alternatives are handleless cups.
Monty subclasses GraphGoalGenerator; Elixir has no inheritance, so this
holds one instead and delegates the parts Monty does not override — the parent
module, the goal itself, and the crude "did the sensory input change" test for
whether the last goal was reached. What the subclass does override is all
here: when to look somewhere new, where, and the goal that points there.
The schedule
A hypothesis jump is a gamble: move to where the two candidates disagree, and
the observation there should favour one of them. Gambling every step makes the
agent walk back and forth over the object and learn nothing, so
check_conditions_for_hypothesis_test/2 spends most steps matching and jumps
when the odds are good:
	never, until min_post_goal_success_steps steps have passed since the
last goal — Monty's default is :infinity, so only an experiment that
asks for it jumps at all;
	when one object is left but several poses, to separate the poses;
	when one object is clearly ahead but not certain, on half the occasions;
	when the top two objects change, or the most likely pose does;
	otherwise, every wait_factor * elapsed_steps_factor steps, with
wait_factor doubling after each jump so a test that taught nothing is
not repeated on a schedule that keeps spending.

A quirk kept on purpose
Monty writes both the top-two check and the pose check as np.all(...), so
they fire only when every compared value differs: both object ids must
change, and all three Euler angles must change. That is stricter than the
comment above it ("a change or shuffle in top-two MLH IDs") describes, and it
is reproduced rather than corrected, because correcting it would change when
the agent moves and make our numbers incomparable with Monty's.

      


      
        Summary


  
    Types
  


    
      
        mlh()

      


        The most likely hypothesis of an object, or of everything: what
EvidenceGraphLM.get_mlh_for_object/2 answers.



    


    
      
        t()

      


    


    
      
        target_info()

      


        Where to look: which hypothesis would be tested, and the point on its graph.



    





  
    Functions
  


    
      
        check_conditions_for_hypothesis_test(generator, ctx)

      


        Whether there is a good chance of separating the competing objects or poses.



    


    
      
        compute_goal_for_target_loc(generator, observations, target_info)

      


        A goal that puts the sensor above the target point, facing its surface.



    


    
      
        compute_graph_mismatch(generator)

      


        The node of the most likely object that the alternative explains worst.



    


    
      
        from_config(config)

      


        The generator a config entry describes.



    


    
      
        goal_stat_keys()

      


        The statistics this generator keeps on its parent's buffer.



    


    
      
        new(options \\ [])

      


        A generator that has not looked anywhere yet.



    


    
      
        output_goals(evidence_goal_generator)

      


        The goal this generator wants others to achieve, or none.



    


    
      
        parent_lm(evidence_goal_generator)

      


        The learning module this generator reads, or an error when there is none.



    


    
      
        point_at(generator, parent_lm)

      


        The same generator, now reading parent_lm as it stands.



    


    
      
        put_parent_lm(generator, parent_lm)

      


        Points this generator at its learning module and resets it.



    


    
      
        reset(generator)

      


        Forgets the goal in hand, the schedule, and the log.



    


    
      
        set_driving_goal(generator, goal)

      


        Receives the high-level goal to drive towards; unused, as in Monty.



    


    
      
        step(generator, ctx, observations)

      


        One step: log whether the last goal was reached, then decide what to do.



    


    
      
        target_loc_info(generator, target_loc_id)

      


        Where the point to test is, on the most likely object's graph.



    





      


      
        Types


        


  
    
      
    
    
      mlh()



        
          
        

    

  


  

      

          @type mlh() ::
  Monty.Frameworks.Models.EvidenceMatching.LearningModule.EvidenceGraphLM.mlh()


      


The most likely hypothesis of an object, or of everything: what
EvidenceGraphLM.get_mlh_for_object/2 answers.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.GoalGeneration.EvidenceGoalGenerator{
  base: Monty.Frameworks.Models.GoalGeneration.GraphGoalGenerator.t(),
  desired_object_distance: number(),
  elapsed_steps_factor: pos_integer(),
  focus_on_pose: boolean(),
  min_post_goal_success_steps: non_neg_integer() | :infinity,
  prev_top_mlhs: [mlh()] | nil,
  wait_factor: pos_integer(),
  wait_growth_multiplier: number(),
  x_percent_scale_factor: number()
}


      



  



  
    
      
    
    
      target_info()



        
          
        

    

  


  

      

          @type target_info() :: %{
  hypothesis_to_test: mlh(),
  target_loc: [float()],
  target_surface_normal: [float()]
}


      


Where to look: which hypothesis would be tested, and the point on its graph.
target_surface_normal is the learned normal of that node, in the object's
own frame — the direction a sensor has to face to observe it.

  


        

      

      
        Functions


        


  
    
      
    
    
      check_conditions_for_hypothesis_test(generator, ctx)



        
          
        

    

  


  

      

          @spec check_conditions_for_hypothesis_test(t(), Monty.Context.t()) :: {boolean(), t()}


      


Whether there is a good chance of separating the competing objects or poses.
Returns the answer together with the generator, because deciding changes it:
focus_on_pose is cleared at the start of every call, and the elapsed-steps
branch grows wait_factor. Monty mutates both in place; a struct cannot.

  



  
    
      
    
    
      compute_goal_for_target_loc(generator, observations, target_info)



        
          
        

    

  


  

      

          @spec compute_goal_for_target_loc(t(), [Monty.Cmp.Message.t()], target_info()) ::
  {:ok, Monty.Cmp.Goal.t()} | {:error, term()}


      


A goal that puts the sensor above the target point, facing its surface.
Monty's _compute_goal_for_target_loc. The displacement from the hypothesis's
own location to the target is rotated out of the object's frame by the object
pose, added to where the sensor is now, and then pushed off the surface along
the (equally rotated) normal so that the sensor starts outside the object and
looks down at it.
The roll is left undefined, as in Monty: which way is up does not matter for
telling two objects apart, and the policy that acts on this goal decides it.

  



  
    
      
    
    
      compute_graph_mismatch(generator)



        
          
        

    

  


  

      

          @spec compute_graph_mismatch(t()) :: {:ok, non_neg_integer(), t()} | {:error, term()}


      


The node of the most likely object that the alternative explains worst.
Both graphs are brought into the same frame first: the MLH's rotation is the
rotation that would turn a displacement into the object's pose, so its inverse
is the object's pose, and applying it puts the graph in environmental
coordinates. The second object's stored rotation then does the opposite, so
both graphs are expressed as they were learned and the comparison is between
shapes rather than between placements.
Returns the index into the most likely object's positions — the point to
look at — and the generator, whose prev_top_mlhs now records what was
compared, so the next step can notice if either changed.

  



  
    
      
    
    
      from_config(config)



        
          
        

    

  


  

      

          @spec from_config(map()) :: t()


      


The generator a config entry describes.
The entry is Monty's gsg: under a learning module — goal_tolerances by
feature, then the schedule: how many steps without a goal before one is worth
trying, the x percent scale factor, how close to the object a goal counts as
reached, and how fast the wait between attempts grows.

  



  
    
      
    
    
      goal_stat_keys()



        
          
        

    

  


  

      

          @spec goal_stat_keys() :: [String.t()]


      


The statistics this generator keeps on its parent's buffer.

  



    

  
    
      
    
    
      new(options \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


A generator that has not looked anywhere yet.
Options are :parent_lm (the learning module to read), :goal_tolerances and
:parent_output (handed to the base generator), and Monty's five schedule
parameters: :elapsed_steps_factor, :min_post_goal_success_steps,
:x_percent_scale_factor, :desired_object_distance and
:wait_growth_multiplier.

  



  
    
      
    
    
      output_goals(evidence_goal_generator)



        
          
        

    

  


  

      

          @spec output_goals(t()) :: [Monty.Cmp.Goal.t()]


      


The goal this generator wants others to achieve, or none.

  



  
    
      
    
    
      parent_lm(evidence_goal_generator)



        
          
        

    

  


  

      

          @spec parent_lm(t()) :: struct()


      


The learning module this generator reads, or an error when there is none.

  



  
    
      
    
    
      point_at(generator, parent_lm)



        
          
        

    

  


  

      

          @spec point_at(t(), map()) :: t()


      


The same generator, now reading parent_lm as it stands.
Someone driving this generator step by step has the module's current value
in hand and the generator has a copy; this swaps the copy without throwing
away the schedule. See GraphGoalGenerator.point_at/2.

  



  
    
      
    
    
      put_parent_lm(generator, parent_lm)



        
          
        

    

  


  

      

          @spec put_parent_lm(t(), struct()) :: t()


      


Points this generator at its learning module and resets it.
The schedule is part of the reset: wait_factor and prev_top_mlhs describe
what this module has already tried, and another module's tries say nothing
about this one.

  



  
    
      
    
    
      reset(generator)



        
          
        

    

  


  

      

          @spec reset(t()) :: t()


      


Forgets the goal in hand, the schedule, and the log.

  



  
    
      
    
    
      set_driving_goal(generator, goal)



        
          
        

    

  


  

      

          @spec set_driving_goal(t(), Monty.Cmp.Goal.t() | nil) :: t()


      


Receives the high-level goal to drive towards; unused, as in Monty.

  



  
    
      
    
    
      step(generator, ctx, observations)



        
          
        

    

  


  

      

          @spec step(t(), Monty.Context.t(), [Monty.Cmp.Message.t()]) :: t()


      


One step: log whether the last goal was reached, then decide what to do.
Reaching the goal is not a reason to want a new one — it means the agent
arrived, and arriving is where the judging happens — so an achieved goal is
dropped. A goal that was not achieved is dropped too: hypothesis tests are
one-off attempts, because an unreachable goal repeated forever is a loop.

  



  
    
      
    
    
      target_loc_info(generator, target_loc_id)



        
          
        

    

  


  

      

          @spec target_loc_info(t(), non_neg_integer()) ::
  {:ok, target_info()} | {:error, term()}


      


Where the point to test is, on the most likely object's graph.
Monty's _get_target_loc_info. The normal is the first three numbers of the
node's pose_vectors, which is the surface normal the sensor has to face.

  


        

      


  

    
Monty.Frameworks.Models.GoalGeneration.GraphGoalGenerator 
    



      
Generate sub-goals until the goal it is driving towards is achieved.
Mirrors tbp/monty/frameworks/models/goal_generation.py::GraphGoalGenerator,
the base goal-state generator (GSG). A GSG belongs to a learning module and
does one thing on every step: decide whether the goal it last output has been
achieved, and if so produce the next one. What "achieved" means is the only
interesting part, and the base class answers it roughly — the sensory input
changed, so something moved — which is enough for a module that is only
trying to reduce its own uncertainty.
This class generates no goals of its own: generate_goal/2 answers nil,
meaning "carry on, I only want more certainty". EvidenceGoalGenerator
overrides that with the real thing, which is where the work is.
Where the parent module went
Monty holds a pointer to the learning module and reads it whenever it likes —
self.parent_lm.get_output(). A struct cannot hold a live pointer to a value
that changes, so a caller hands the generator two things instead: the module
itself (for its buffer, its step counters and its tolerances) and, through
:parent_output, how to ask it for its current output. The default answers
nil, which is what a module with nothing to say would answer, and Monty's
only use of that call is comparing against a driving goal that experiments do
not set yet.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        buffer(generator)

      


        The buffer this generator reads from and records into.



    


    
      
        from_config(config)

      


        The generator a config entry describes.



    


    
      
        goal_stat_keys()

      


        The statistics this generator keeps on its parent's buffer.



    


    
      
        log_goal_state(generator, achieved?)

      


        Records whether the goal in hand was achieved on this step.



    


    
      
        messages_different?(message_a, message_b, tolerances)

      


        Whether two messages differ by more than the given tolerances.



    


    
      
        new(options \\ [])

      


        A generator with no goals yet.



    


    
      
        output_goal_achieved?(generator, observations)

      


        Whether the last output goal was achieved, judged from the sensory input.



    


    
      
        output_goals(graph_goal_generator)

      


        The goal this generator wants others to achieve, or none.



    


    
      
        parent_lm(graph_goal_generator)

      


        The learning module this generator reads, or an error when there is none.



    


    
      
        point_at(generator, parent_lm)

      


        The same generator, now reading parent_lm as it stands.



    


    
      
        put_parent_lm(generator, parent_lm)

      


        Points this generator at its learning module and resets it.



    


    
      
        reset(generator)

      


        Forgets the goals held so far and starts the log over.



    


    
      
        set_driving_goal(generator, goal)

      


        Receives the high-level goal to drive towards.



    


    
      
        step(generator, ctx, observations)

      


        One step: was the last goal achieved, and if so what is next.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.GoalGeneration.GraphGoalGenerator{
  driving_goal: Monty.Cmp.Goal.t() | nil,
  goal_tolerances: map(),
  keep_output_goal: (-> boolean()) | nil,
  output_goal: Monty.Cmp.Goal.t() | nil,
  parent_lm: map() | nil,
  parent_output: (-> term()) | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      buffer(generator)



        
          
        

    

  


  

      

          @spec buffer(t()) :: Monty.Frameworks.Models.Buffer.FeatureAtLocationBuffer.t()


      


The buffer this generator reads from and records into.
Goals are logged on the parent module's buffer rather than on the generator,
so that everything a step learned about a module is read from one place
afterwards.

  



  
    
      
    
    
      from_config(config)



        
          
        

    

  


  

      

          @spec from_config(map()) :: t()


      


The generator a config entry describes.
On its own it emits no goal, which is what an experiment that only wants a
learning module to keep matching asks for.

  



  
    
      
    
    
      goal_stat_keys()



        
          
        

    

  


  

      

          @spec goal_stat_keys() :: [String.t()]


      


The statistics this generator keeps on its parent's buffer.

  



  
    
      
    
    
      log_goal_state(generator, achieved?)



        
          
        

    

  


  

      

          @spec log_goal_state(t(), boolean()) :: t()


      


Records whether the goal in hand was achieved on this step.
The goal was set — and could have been achieved — on the previous step, which
is why the recorded matching step is the one before this.

  



  
    
      
    
    
      messages_different?(message_a, message_b, tolerances)



        
          
        

    

  


  

      

          @spec messages_different?(
  Monty.Cmp.Message.t() | nil,
  Monty.Cmp.Message.t() | nil,
  map()
) :: boolean()


      


Whether two messages differ by more than the given tolerances.
One feature outside its tolerance is enough. An undefined message, or an
attribute both messages leave undefined, says nothing and is not a
difference — which is what makes a goal with only a location meaningful.

  



    

  
    
      
    
    
      new(options \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


A generator with no goals yet.
:goal_tolerances says how close is close enough per goal attribute — a
distance in metres for "location" unless an experiment says otherwise; it is
the GSG's own tolerance, not the learning module's matching tolerance, because
the question here is whether a goal was reached, not whether two things look
alike. :parent_output is how to ask the parent module for its output.

  



  
    
      
    
    
      output_goal_achieved?(generator, observations)



        
          
        

    

  


  

      

          @spec output_goal_achieved?(t(), [Monty.Cmp.Message.t()]) :: boolean()


      


Whether the last output goal was achieved, judged from the sensory input.
The prediction is only "the input changed": a motor system that fails to
reach its goal usually moves back, so a step that shows the same thing twice
is a step where the agent went nowhere. That is approximate on purpose — the
alternative needs a predicted percept, which needs a model of the world from a
goal's point of view, and Monty's own comment says so.

  



  
    
      
    
    
      output_goals(graph_goal_generator)



        
          
        

    

  


  

      

          @spec output_goals(t()) :: [Monty.Cmp.Goal.t()]


      


The goal this generator wants others to achieve, or none.

  



  
    
      
    
    
      parent_lm(graph_goal_generator)



        
          
        

    

  


  

      

          @spec parent_lm(t()) :: map()


      


The learning module this generator reads, or an error when there is none.

  



  
    
      
    
    
      point_at(generator, parent_lm)



        
          
        

    

  


  

      

          @spec point_at(t(), map()) :: t()


      


The same generator, now reading parent_lm as it stands.
Monty holds a pointer to its module and so sees every change to it for free.
A struct holds a copy, so whatever drives the generator hands it the module
again before each step — without resetting, because the schedule the
generator has built up still belongs to this module.

  



  
    
      
    
    
      put_parent_lm(generator, parent_lm)



        
          
        

    

  


  

      

          @spec put_parent_lm(t(), map()) :: t()


      


Points this generator at its learning module and resets it.
Setting the module resets, because goals left over from another module belong
to another object.

  



  
    
      
    
    
      reset(generator)



        
          
        

    

  


  

      

          @spec reset(t()) :: t()


      


Forgets the goals held so far and starts the log over.
The log lives on the parent module's buffer, which is why this needs one.

  



  
    
      
    
    
      set_driving_goal(generator, goal)



        
          
        

    

  


  

      

          @spec set_driving_goal(t(), Monty.Cmp.Goal.t() | nil) :: t()


      


Receives the high-level goal to drive towards.
Monty's experiments never set one yet, so this stays nil: the default goal
is "be more certain", which the base class cannot check and therefore never
achieves — a module keeps gathering evidence for as long as the experiment
lets it.

  



  
    
      
    
    
      step(generator, ctx, observations)



        
          
        

    

  


  

      

          @spec step(t(), Monty.Context.t(), [Monty.Cmp.Message.t()]) :: t()


      


One step: was the last goal achieved, and if so what is next.
Running out of goals is not an error — the module carries on with no goal,
which for the base class is the whole of its behaviour.

  


        

      


  

    
Monty.Frameworks.Models.GraphMatching 
    



      
Matching against a library of learned objects — the graph-matching family.
Mirrors tbp/monty/frameworks/models/graph_matching.py. That Python file
holds three things: the model that drives a whole monty run
(MontyForGraphMatching), the learning module family (GraphLM and the
evidence-matching LM that extends it), and the memory those LMs read from.
Ported so far:
	Monty.Frameworks.Models.GraphMatching.GraphMemory — ported: the
library of object models, the feature rows matching compares against, and
the learning that extends a graph observation by observation.
	Monty.Frameworks.Models.GraphMatching.GraphLM — ported: the learning
module this family is built on.
	Monty.Frameworks.Models.GraphMatching.MontyForGraphMatching — ported:
the vote round, which for this family is the union of the objects each
module ruled out. The runtime does the rest of that class's job
(Monty.Runtime.Step).


      




  

    
Monty.Frameworks.Models.GraphMatching.GraphLM 
    



      
A learning module whose memory is a graph of what it has seen.
Mirrors tbp/monty/frameworks/models/graph_matching.py::GraphLM, the class
DisplacementGraphLM, FeatureGraphLM and EvidenceGraphLM are all built on
in Monty. It is the part they share: a buffer of what this episode has seen, a
GraphMemory of what past episodes left, and the bookkeeping that turns one
into the other — which graphs are possible, where on the object the sensor is,
and which objects a graph was built from.
What it does not decide is how a possible match is narrowed; that is
compute_possible_matches/4, which every subclass in Monty overrides. In Monty
it is a private method called on self, and the subclass's version replaces it.
A module here composes instead of inheriting (docs/monty-differences.md
§2.9), so the same function is public and takes the module it works on.
Why the fields are the module's
Monty's __init__ sets them and its methods read them, so they are the state
this module is: the buffer, the memory, the possible matches and their paths,
the object this episode is about, and what the module concluded. A class that
composes this one keeps the same shape, which is why LoggingUtils can read an
episode's statistics off either.
Where it deliberately differs
	get_unique_pose_if_available/2 raises. Monty raises
NotImplementedError: a graph module cannot say where the object is
without a matching scheme, and a subclass supplies one. A silent nil
would read as "no pose yet", which is a different answer.
	Errors are values, not exceptions. A percept set with no sensor
location does not raise out of a step: add_displacements/2 answers
{:error, :no_sensor_module_location}, which the caller turns into a step
that changed nothing.


      


      
        Summary


  
    Types
  


    
      
        graph_id()

      


    


    
      
        input_channel()

      


    


    
      
        pose()

      


    


    
      
        t()

      


    


    
      
        terminal_state()

      


    





  
    Functions
  


    
      
        add_detailed_stats(graph_lm, stats)

      


        Monty's _add_detailed_stats: nothing extra here; subclasses add their own.



    


    
      
        add_displacements(lm, percepts)

      


        Monty's _add_displacements: how far the sensor moved since the last percept.



    


    
      
        add_lm_processing_to_buffer_stats(lm, lm_processed)

      


        Monty's add_lm_processing_to_buffer_stats.



    


    
      
        agent_moved_since_reset?(lm)

      


        Monty's _agent_moved_since_reset: whether the buffer has anything in it.



    


    
      
        buffer_percepts(percepts, lm)

      


        The step's percepts, in the buffer — twice, as Monty writes them.



    


    
      
        clear_hypotheses(lm)

      


        Monty's wipe for a module the experiment does not supervise.



    


    
      
        collect_stats_to_save(lm)

      


        Monty's collect_stats_to_save: what this step is worth logging.



    


    
      
        compute_possible_matches(lm, ctx, observations, first_movement_detected?)

      


        Monty's _compute_possible_matches: which observations are still possible.



    


    
      
        conclusion(lm)

      


        What this module concluded, as the model reads it.



    


    
      
        exploratory_step(percepts, ctx, lm)

      


        Monty's exploratory_step: buffer the observation, learn nothing yet.



    


    
      
        fixme_update_ground_truth(lm)

      


        Monty's fixme_update_ground_truth: which objects the graph was built from.



    


    
      
        from_config(config, options \\ [])

      


        Monty's GraphLM(**config): a module that learns by being told, and does not
match.



    


    
      
        get_all_known_object_ids(lm)

      


        Monty's get_all_known_object_ids: everything this module's memory holds.



    


    
      
        get_graph(lm, model_id, input_channel \\ nil)

      


        Monty's get_graph: one object's graph in one input channel.



    


    
      
        get_input_channels_in_graph(lm, model_id)

      


        Monty's get_input_channels_in_graph.



    


    
      
        get_object_scale(graph_lm, object_id)

      


        Monty's get_object_scale: no scale detection, so the object is as stored.



    


    
      
        get_output(state)

      


        Monty's get_output: only an evidence module has a hypothesis to publish.



    


    
      
        get_possible_matches(lm)

      


        Monty's get_possible_matches: the objects still in the running.



    


    
      
        get_possible_paths(lm)

      


        Monty's get_possible_paths, for a log or a plot.



    


    
      
        get_unique_pose_if_available(graph_lm, object_id)

      


        Monty's get_unique_pose_if_available: the subclass's to answer.



    


    
      
        graph_memory(lm)

      


        The long-term memory this module holds.



    


    
      
        init_from_ltm(lm)

      


        Monty's init_from_ltm: the hypotheses the memory already supports.



    


    
      
        load_state_dict(lm, memo)

      


        Monty's load_state_dict: a memory, and the module state that follows it.



    


    
      
        matching_step(percepts, ctx, lm)

      


        Monty's matching_step: what the observation makes possible, and what it does
not.



    


    
      
        matching_step(percepts, ctx, lm, narrow)

      


        The same, narrowing with narrow rather than with this class's own scheme.



    


    
      
        new(options \\ [])

      


        A module over an empty memory, with its own goal generator.



    


    
      
        observation_processed?(lm)

      


        Whether the last buffered observation was one this module processed.



    


    
      
        propose_goals(state)

      


        Monty's propose_goals: what the goal generator last asked for.



    


    
      
        propose_region(state)

      


        Monty's propose_region: the region its goals are in.



    


    
      
        receive_votes(votes, lm)

      


        Monty's receive_votes: another module ruling an object out.



    


    
      
        record_stats(lm, extra \\ %{})

      


        Monty's statistics for one step, written into the buffer.



    


    
      
        reset_stm(lm)

      


        Monty's reset_stm: forget the episode, keep what was learned.



    


    
      
        select_features_to_use(lm, percepts)

      


        Monty's _select_features_to_use: the features this module matches on.



    


    
      
        send_out_vote(lm)

      


        Monty's send_out_vote: the objects this module knows this one is not.



    


    
      
        set_detected_object(lm, terminal_state)

      


        Monty's set_detected_object: what a conclusion says the module was looking at.



    


    
      
        set_experiment_mode(lm, mode)

      


        Monty's set_experiment_mode: whether this episode trains or evaluates.



    


    
      
        set_individual_ts(lm, terminal_state)

      


        Monty's set_individual_ts: conclude, and record the pose if it was a match.



    


    
      
        set_stepwise_target(lm, label)

      


        Records which object the module's sensor is on this step.



    


    
      
        set_target(lm, primary_target)

      


        Monty's fixme_reset_ground_truth: the object this episode is about.



    


    
      
        set_terminal_state(lm, terminal_state)

      


        Sets the conclusion without deciding one.



    


    
      
        state_dict(lm)

      


        Monty's state_dict: the memory, and which objects it was built from.



    


    
      
        step_goal_generator(lm, ctx, percepts)

      


        One step of the goal generator, pointed at the module it now belongs to.



    


    
      
        supervise(lm, target, location_on_model)

      


        Monty's _pass_target_info_to_model: the conclusion an experiment states.



    


    
      
        update_ltm_from_stm(lm)

      


        Monty's update_ltm_from_stm: a training episode's observations, into memory.



    


    
      
        update_terminal_condition(lm)

      


        Monty's update_terminal_condition: has this module concluded?



    


    
      
        update_terminal_condition(lm, pose_of)

      


        The same, asking pose_of whether it can narrow the pose.



    





      


      
        Types


        


  
    
      
    
    
      graph_id()



        
          
        

    

  


  

      

          @type graph_id() :: String.t()


      



  



  
    
      
    
    
      input_channel()



        
          
        

    

  


  

      

          @type input_channel() :: String.t()


      



  



  
    
      
    
    
      pose()



        
          
        

    

  


  

      

          @type pose() :: [float()]


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.GraphMatching.GraphLM{
  buffer: term(),
  detected_object: term(),
  detected_pose: term(),
  detected_rotation_r: term(),
  goals: term(),
  graph_id_to_target: term(),
  graph_memory: term(),
  gsg: term(),
  has_detailed_logger: term(),
  learning_module_id: term(),
  mode: term(),
  possible_matches: term(),
  possible_paths: term(),
  primary_target: term(),
  primary_target_rotation_quat: term(),
  stepwise_target_object: term(),
  stepwise_targets_list: term(),
  symmetry_evidence: term(),
  target_to_graph_id: term(),
  terminal_state: term(),
  tolerances: term()
}


      



  



  
    
      
    
    
      terminal_state()



        
          
        

    

  


  

      

          @type terminal_state() :: :match | :no_match | :time_out | :pose_time_out | nil


      



  


        

      

      
        Functions


        


  
    
      
    
    
      add_detailed_stats(graph_lm, stats)



        
          
        

    

  


  

      

          @spec add_detailed_stats(t(), map()) :: map()


      


Monty's _add_detailed_stats: nothing extra here; subclasses add their own.

  



  
    
      
    
    
      add_displacements(lm, percepts)



        
          
        

    

  


  

      

          @spec add_displacements(t(), [Monty.Cmp.Message.t()]) ::
  {:ok, [Monty.Cmp.Message.t()]} | {:error, term()}


      


Monty's _add_displacements: how far the sensor moved since the last percept.
One displacement, from the mean of the sensor modules' locations, set on every
percept — a learning module's own output moves with the sensor that produced
it. The first step of an episode is a zero displacement, which is what makes
the first observation a starting point rather than a move.

  



  
    
      
    
    
      add_lm_processing_to_buffer_stats(lm, lm_processed)



        
          
        

    

  


  

      

          @spec add_lm_processing_to_buffer_stats(t(), boolean()) :: t()


      


Monty's add_lm_processing_to_buffer_stats.

  



  
    
      
    
    
      agent_moved_since_reset?(lm)



        
          
        

    

  


  

      

          @spec agent_moved_since_reset?(t()) :: boolean()


      


Monty's _agent_moved_since_reset: whether the buffer has anything in it.
A module that has buffered nothing has not moved, and its first observation
is the place the displacements start from.

  



  
    
      
    
    
      buffer_percepts(percepts, lm)



        
          
        

    

  


  

      

          @spec buffer_percepts([Monty.Cmp.Message.t()], t()) :: t()


      


The step's percepts, in the buffer — twice, as Monty writes them.
Once as the step's own percepts, which is what a memory update reads later,
and once per displaced percept as what this module matched against. A class
that composes this one runs this after its own displacement is set.

  



  
    
      
    
    
      clear_hypotheses(lm)



        
          
        

    

  


  

      

          @spec clear_hypotheses(t()) :: t()


      


Monty's wipe for a module the experiment does not supervise.
Such a module matched on its own during the episode, so what it concluded is a
guess — and a guess written into memory is worse than nothing learned.
detected_object is what gates the write, so clearing it is the whole
decision; the hypotheses go with it so that the episode's statistics do not
claim a match nobody made.

  



  
    
      
    
    
      collect_stats_to_save(lm)



        
          
        

    

  


  

      

          @spec collect_stats_to_save(t()) :: {t(), map()}


      


Monty's collect_stats_to_save: what this step is worth logging.

  



  
    
      
    
    
      compute_possible_matches(lm, ctx, observations, first_movement_detected?)



        
          
        

    

  


  

      

          @spec compute_possible_matches(
  t(),
  Monty.Context.t(),
  [Monty.Cmp.Message.t()],
  boolean()
) ::
  {:error, :not_implemented}


      


Monty's _compute_possible_matches: which observations are still possible.
The base class has nothing to say — Monty raises NotImplementedError, and
every subclass in the tree answers this instead. The answer is an error rather
than a guess because a graph module with no matching scheme would narrow
nothing and look like one that had not decided yet.

  



  
    
      
    
    
      conclusion(lm)



        
          
        

    

  


  

      

          @spec conclusion(t()) :: terminal_state()


      


What this module concluded, as the model reads it.

  



  
    
      
    
    
      exploratory_step(percepts, ctx, lm)



        
          
        

    

  


  

      

          @spec exploratory_step([Monty.Cmp.Message.t()], Monty.Context.t(), t()) :: {:ok, t()}


      


Monty's exploratory_step: buffer the observation, learn nothing yet.

  



  
    
      
    
    
      fixme_update_ground_truth(lm)



        
          
        

    

  


  

      

          @spec fixme_update_ground_truth(t()) :: t()


      


Monty's fixme_update_ground_truth: which objects the graph was built from.

  



    

  
    
      
    
    
      from_config(config, options \\ [])



        
          
        

    

  


  

      

          @spec from_config(map(), keyword()) :: {:ok, t()}


      


Monty's GraphLM(**config): a module that learns by being told, and does not
match.
The base class is buildable in Monty — graph_1lm.yaml names it, and a
supervised pretraining run builds it and trains with it, because a supervised
episode is handed the object and pose it saw and never asks the module to
narrow anything. What the base class cannot do it does not do: _compute_possible_matches
raises NotImplementedError upstream, and compute_possible_matches/4 here
answers {:error, :not_implemented} — which is where a config that evaluates
with this module finds out, instead of at its second step.
Refusing to build it was this port saying more than Monty does: it turned a
module that trains perfectly well into a configuration nobody could run.

  



  
    
      
    
    
      get_all_known_object_ids(lm)



        
          
        

    

  


  

      

          @spec get_all_known_object_ids(t()) :: [graph_id()]


      


Monty's get_all_known_object_ids: everything this module's memory holds.

  



    

  
    
      
    
    
      get_graph(lm, model_id, input_channel \\ nil)



        
          
        

    

  


  

      

          @spec get_graph(t(), graph_id(), input_channel() | nil) :: term()


      


Monty's get_graph: one object's graph in one input channel.

  



  
    
      
    
    
      get_input_channels_in_graph(lm, model_id)



        
          
        

    

  


  

      

          @spec get_input_channels_in_graph(t(), graph_id()) :: [input_channel()]


      


Monty's get_input_channels_in_graph.

  



  
    
      
    
    
      get_object_scale(graph_lm, object_id)



        
          
        

    

  


  

      

          @spec get_object_scale(t(), graph_id()) :: 1


      


Monty's get_object_scale: no scale detection, so the object is as stored.

  



  
    
      
    
    
      get_output(state)



        
          
        

    

  


  

      

          @spec get_output(t()) :: {nil, t()}


      


Monty's get_output: only an evidence module has a hypothesis to publish.

  



  
    
      
    
    
      get_possible_matches(lm)



        
          
        

    

  


  

      

          @spec get_possible_matches(t()) :: [graph_id()]


      


Monty's get_possible_matches: the objects still in the running.

  



  
    
      
    
    
      get_possible_paths(lm)



        
          
        

    

  


  

      

          @spec get_possible_paths(t()) :: %{optional(graph_id()) => term()}


      


Monty's get_possible_paths, for a log or a plot.

  



  
    
      
    
    
      get_unique_pose_if_available(graph_lm, object_id)



        
          
        

    

  


  

      

          @spec get_unique_pose_if_available(t(), graph_id()) :: nil


      


Monty's get_unique_pose_if_available: the subclass's to answer.
A graph module on its own has no matching scheme, so there is nothing to turn
a possible path into a pose with. Two answers are honest: no path means no
pose yet, and a path only a subclass can read means the class is incomplete —
which is said out loud rather than answered with "not yet", because the model
reads that as an episode that has not finished.

  



  
    
      
    
    
      graph_memory(lm)



        
          
        

    

  


  

      

          @spec graph_memory(t()) ::
  Monty.Frameworks.Models.GraphMatching.GraphMemory.t() | :none


      


The long-term memory this module holds.

  



  
    
      
    
    
      init_from_ltm(lm)



        
          
        

    

  


  

      

          @spec init_from_ltm(t()) :: t()


      


Monty's init_from_ltm: the hypotheses the memory already supports.
GraphMemory.get_initial_hypotheses/1 answers every object it holds and no
paths — there is nothing to be possible about until an observation arrives.

  



  
    
      
    
    
      load_state_dict(lm, memo)



        
          
        

    

  


  

      

          @spec load_state_dict(t(), map()) :: t()


      


Monty's load_state_dict: a memory, and the module state that follows it.

  



  
    
      
    
    
      matching_step(percepts, ctx, lm)



        
          
        

    

  


  

      

          @spec matching_step([Monty.Cmp.Message.t()], Monty.Context.t(), t()) :: {:ok, t()}


      


Monty's matching_step: what the observation makes possible, and what it does
not.
A location-only step is nothing to match on and returns the module unchanged;
a step with features narrows the possible matches, concludes :no_match when
nothing is left, steps the goal generator and records the step's statistics.

  



  
    
      
    
    
      matching_step(percepts, ctx, lm, narrow)



        
          
        

    

  


  

      

          @spec matching_step([Monty.Cmp.Message.t()], Monty.Context.t(), t(), (t(),
                                                                Monty.Context.t(),
                                                                [
                                                                  Monty.Cmp.Message.t()
                                                                ],
                                                                boolean() ->
                                                                  {:ok, t()}
                                                                  | {:error,
                                                                     term()})) ::
  {:ok, t()}


      


The same, narrowing with narrow rather than with this class's own scheme.
A matching scheme is what DisplacementGraphLM, FeatureGraphLM and the
evidence module each supply, so it is a callback here for the same reason the
pose is: Monty inherits the method and overrides it, and a class that
composes must be able to name what it composes.

  



    

  
    
      
    
    
      new(options \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


A module over an empty memory, with its own goal generator.
Options are Monty's __init__ arguments plus the two this port's modules all
take: :learning_module_id (Monty's default is "LM_0", and a config's id
replaces it), :tolerances (what a feature has to match within, by input
channel), :has_detailed_logger, and :gsg — a goal generator, built per
module because it holds a copy of the module it points at.

  



  
    
      
    
    
      observation_processed?(lm)



        
          
        

    

  


  

      

          @spec observation_processed?(t()) :: boolean()


      


Whether the last buffered observation was one this module processed.

  



  
    
      
    
    
      propose_goals(state)



        
          
        

    

  


  

      

          @spec propose_goals(t()) :: {[Monty.Cmp.Goal.t()], t()}


      


Monty's propose_goals: what the goal generator last asked for.
Only after a step the module processed, so a sensor that has moved without
looking does not redirect the agent.

  



  
    
      
    
    
      propose_region(state)



        
          
        

    

  


  

      

          @spec propose_region(t()) :: {Monty.Cmp.AttentionRegion.t(), t()}


      


Monty's propose_region: the region its goals are in.

  



  
    
      
    
    
      receive_votes(votes, lm)



        
          
        

    

  


  

      

          @spec receive_votes(term(), t()) :: {:ok, t()}


      


Monty's receive_votes: another module ruling an object out.
A module that has not been on the object this episode has no hypothesis to
remove, and joining a vote against an object it never considered would be a
conclusion it did not reach.

  



    

  
    
      
    
    
      record_stats(lm, extra \\ %{})



        
          
        

    

  


  

      

          @spec record_stats(t(), map()) :: t()


      


Monty's statistics for one step, written into the buffer.
extra is for a class that composes this one: the numbers only it knows —
the paths a displacement match came from, say — are merged over what a graph
module records by itself. Monty gets the same effect by asking the subclass
from inside collect_stats_to_save; a struct that is not this one cannot be
asked, so it says instead.

  



  
    
      
    
    
      reset_stm(lm)



        
          
        

    

  


  

      

          @spec reset_stm(t()) :: t()


      


Monty's reset_stm: forget the episode, keep what was learned.

  



  
    
      
    
    
      select_features_to_use(lm, percepts)



        
          
        

    

  


  

      

          @spec select_features_to_use(t(), [Monty.Cmp.Message.t()]) :: %{
  optional(input_channel()) => map()
}


      


Monty's _select_features_to_use: the features this module matches on.
A feature is matchable when the module has a tolerance for it, and
pose_fully_defined is always carried because a pose that is not defined
changes how the pose it came with may be read.

  



  
    
      
    
    
      send_out_vote(lm)



        
          
        

    

  


  

      

          @spec send_out_vote(t()) :: {term(), t()}


      


Monty's send_out_vote: the objects this module knows this one is not.
A negative vote, so two modules on one object need not know the same objects:
what one rules out, the other need not check.

  



  
    
      
    
    
      set_detected_object(lm, terminal_state)



        
          
        

    

  


  

      

          @spec set_detected_object(t(), terminal_state()) :: t()


      


Monty's set_detected_object: what a conclusion says the module was looking at.
A conclusion that is not a recognition names a new object — new_object<n> —
which is what makes unsupervised learning possible: a training episode that
matched nothing still learned something, and it becomes the next graph.

  



  
    
      
    
    
      set_experiment_mode(lm, mode)



        
          
        

    

  


  

      

          @spec set_experiment_mode(
  t(),
  Monty.Frameworks.Models.AbstractMontyClasses.LearningModule.mode()
) ::
  t()


      


Monty's set_experiment_mode: whether this episode trains or evaluates.

  



  
    
      
    
    
      set_individual_ts(lm, terminal_state)



        
          
        

    

  


  

      

          @spec set_individual_ts(t(), terminal_state()) :: t()


      


Monty's set_individual_ts: conclude, and record the pose if it was a match.
The buffer keeps the first conclusion only — an episode ends once, and the
first ending is the one that mattered.

  



  
    
      
    
    
      set_stepwise_target(lm, label)



        
          
        

    

  


  

      

          @spec set_stepwise_target(t(), String.t() | nil) :: t()


      


Records which object the module's sensor is on this step.

  



  
    
      
    
    
      set_target(lm, primary_target)



        
          
        

    

  


  

      

          @spec set_target(t(), map() | nil) :: t()


      


Monty's fixme_reset_ground_truth: the object this episode is about.
Named "fixme" upstream because a learning module cannot work the object out;
the experiment knows it and passes it in. A nil target leaves the one this
module already had, which is what an episode of a run without resetting
boundaries relies on.

  



  
    
      
    
    
      set_terminal_state(lm, terminal_state)



        
          
        

    

  


  

      

          @spec set_terminal_state(t(), terminal_state()) :: t()


      


Sets the conclusion without deciding one.
Monty's _set_terminal_state, which a run without episode boundaries uses to
forget a conclusion it no longer stands by.

  



  
    
      
    
    
      state_dict(lm)



        
          
        

    

  


  

      

          @spec state_dict(t()) :: map()


      


Monty's state_dict: the memory, and which objects it was built from.
Not the buffer: what an episode saw is over, and what a later one needs is
what it left.

  



  
    
      
    
    
      step_goal_generator(lm, ctx, percepts)



        
          
        

    

  


  

      

          @spec step_goal_generator(t(), Monty.Context.t(), [Monty.Cmp.Message.t()]) :: t()


      


One step of the goal generator, pointed at the module it now belongs to.
A class that composes this one runs the generator itself, because its own
fields are what the generator was told about.

  



  
    
      
    
    
      supervise(lm, target, location_on_model)



        
          
        

    

  


  

      

          @spec supervise(t(), map(), [number()]) :: t()


      


Monty's _pass_target_info_to_model: the conclusion an experiment states.
A pretraining experiment does not match. It knows which object it put in front
of the agent, so the episode's answer is that knowledge rather than something
the module worked out — and the six numbers a matching episode would have
concluded for itself (where on the model, where the sensor was, the turn, the
scale) are the ones it is told instead.
location_on_model is the object's place in the world the first time this
experiment showed it, not this episode's: a later epoch may place the object
somewhere else, and the graph must stay where it was learned. That map is
Monty's first_epoch_object_location.

  



  
    
      
    
    
      update_ltm_from_stm(lm)



        
          
        

    

  


  

      

          @spec update_ltm_from_stm(t()) :: t()


      


Monty's update_ltm_from_stm: a training episode's observations, into memory.
An evaluation episode learns nothing, and an episode that saw nothing has
nothing to write — which is what keeps detected_object the gate on both.

  



  
    
      
    
    
      update_terminal_condition(lm)



        
          
        

    

  


  

      

          @spec update_terminal_condition(t()) :: {t(), terminal_state()}


      


Monty's update_terminal_condition: has this module concluded?
Three answers, in Monty's order: nothing possible is :no_match (and the
place the buffer last held is where it was); exactly one possible object with
a unique pose is :match; anything else is not a conclusion, and a previous
:match is withdrawn because the evidence no longer says it.

  



  
    
      
    
    
      update_terminal_condition(lm, pose_of)



        
          
        

    

  


  

      

          @spec update_terminal_condition(t(), (t(), graph_id() -> pose() | nil)) ::
  {t(), terminal_state()}


      


The same, asking pose_of whether it can narrow the pose.
A matching scheme is what turns a possible path into a pose, so the question
is a callback rather than a method: DisplacementGraphLM and the evidence
module each answer it, and GraphLM on its own cannot.

  


        

      


  

    
Monty.Frameworks.Models.GraphMatching.GraphMemory 
    



      
A library of object models, with a librarian.
Mirrors tbp/monty/frameworks/models/graph_matching.py::GraphMemory. Memory
holds one model per graph_id, each of which holds one graph per input
channel — a mug seen through a patch sensor and through a view finder is one
object with two graphs, and they are matched separately.
Alongside the models it keeps, per graph and channel, the same features laid
out as rows (feature_array) with the names of those columns
(feature_order). That is a cache, not a second truth: matching compares one
observation against every node at once, and doing it column-wise is what makes
that affordable — Monty's own note calls the per-node loop one of the three
slowest things in the loop.
What is a nil here
Monty pre-fills the feature array with NaN so a node that lacks a feature is
distinguishable from a node whose feature is zero. This port keeps that
distinction by keeping nil for a missing value rather than by filling a
buffer: a node with no stored value has no evidence (see
...FeatureEvidence.Calculator), which is exactly what the NaN was for.
Where the layout comes from
Monty reads the column order from the first node's feature dictionary, which
in Python is insertion-ordered. An Elixir map has a stable but not
insertion-based order, so the order here is the map's — returned alongside the
array, never assumed by a caller, and therefore identical in effect.

      


      
        Summary


  
    Types
  


    
      
        graph_id()

      


    


    
      
        input_channel()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        add_graph_to_memory(memory, model, graph_id)

      


        Store a model under graph_id, replacing anything with that id.



    


    
      
        build_graph(memory, locations, features, graph_id, input_channel)

      


        Build a graph for a channel that memory has nothing for yet.



    


    
      
        extend_graph(memory, locations, features, graph_id, input_channel, object_location_rel_body, location_rel_model, object_rotation)

      


        Add observations to a graph that already exists for this channel.



    


    
      
        flatten_rows(rows)

      


        The rows as one flat binary of little-endian f64, with the width of a row.



    


    
      
        get_all_models_in_memory(graph_memory)

      


        Every model in memory, by object id.



    


    
      
        get_feature_array(graph_memory, graph_id, input_channel)

      


        The feature rows for a graph and channel, as {rows, column_order}.



    


    
      
        get_feature_order(graph_memory, graph_id, input_channel)

      


        The feature names, in the order their columns appear.



    


    
      
        get_feature_rows(graph_memory, graph_id, input_channel)

      


        The same rows as one flat binary of little-endian f64, with the width of a row.



    


    
      
        get_features_at_node(memory, graph_id, input_channel, node_ids, feature_keys \\ nil)

      


        The features stored at one node, or at each of several nodes.



    


    
      
        get_graph(memory, graph_id, input_channel)

      


        The models stored for graph_id: a map of input channel to model.



    


    
      
        get_graph_node_ids(memory, graph_id, input_channel)

      


        The node ids of a graph: 0..num_nodes-1.



    


    
      
        get_initial_hypotheses(memory)

      


        What a learning module starts from: every object in memory, and no paths yet.



    


    
      
        get_input_channels_in_graph(graph_memory, graph_id)

      


        The input channels a graph stores.



    


    
      
        get_locations_in_graph(memory, graph_id, input_channel)

      


        The node locations of a graph.



    


    
      
        get_memory_ids(graph_memory)

      


        The ids of every object in memory.



    


    
      
        get_node_arrays(graph_memory, graph_id, input_channel)

      


        Where every node is, how its frame sits, and whether that frame was defined —
as the bytes a kernel reads.



    


    
      
        get_num_nodes_in_graph(memory, graph_id, input_channel)

      


        How many nodes a graph has — summed over its channels when none is named.



    


    
      
        get_rotation_features_at_all_nodes(memory, graph_id, input_channel)

      


        The pose vectors stored at every node of a graph, one 3×3 set per node.



    


    
      
        get_rotation_features_at_nodes(memory, graph_id, input_channel, node_ids)

      


        The pose vectors stored at the named nodes, one 3×3 set each.



    


    
      
        initialize_feature_arrays(memory)

      


        Ensures every graph's feature rows and column names are present.



    


    
      
        load_state_dict(memory, memento)

      


        Replace the contents of memory with a saved set of models.



    


    
      
        new(options \\ [])

      


        An empty memory.



    


    
      
        remove_graph_from_memory(memory, graph_id)

      


        Forget an object.



    


    
      
        size(memory)

      


        The number of objects in memory.



    


    
      
        state_dict(graph_memory)

      


        The models, as something that can be saved and reloaded.



    


    
      
        update_memory(memory, locations, features, graph_id, object_location_rel_body, location_rel_model, object_rotation)

      


        Add an observation to the graph it belongs to, building it if it is new.



    





      


      
        Types


        


  
    
      
    
    
      graph_id()



        
          
        

    

  


  

      

          @type graph_id() :: String.t()


      



  



  
    
      
    
    
      input_channel()



        
          
        

    

  


  

      

          @type input_channel() :: String.t()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.GraphMatching.GraphMemory{
  feature_array: term(),
  feature_order: term(),
  feature_rows: term(),
  features_to_use: term(),
  graph_delta_thresholds: term(),
  k: term(),
  models_in_memory: term(),
  node_arrays: term(),
  object_model: term(),
  object_model_options: term(),
  rotation_features: term()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      add_graph_to_memory(memory, model, graph_id)



        
          
        

    

  


  

      

          @spec add_graph_to_memory(t(), map(), graph_id()) :: t()


      


Store a model under graph_id, replacing anything with that id.

  



  
    
      
    
    
      build_graph(memory, locations, features, graph_id, input_channel)



        
          
        

    

  


  

      

          @spec build_graph(t(), [[number()]], map(), graph_id(), input_channel()) :: t()


      


Build a graph for a channel that memory has nothing for yet.
No edges are added here: a graph grows observation by observation, and edges
are what update_memory/7 adds once there is a model to compare against.

  



  
    
      
    
    
      extend_graph(memory, locations, features, graph_id, input_channel, object_location_rel_body, location_rel_model, object_rotation)



        
          
        

    

  


  

      

          @spec extend_graph(
  t(),
  [[number()]],
  map(),
  graph_id(),
  input_channel(),
  [number()],
  [number()],
  Monty.Geometry.Rotation.t()
) :: t()


      


Add observations to a graph that already exists for this channel.
The new observations are in the body's frame; they are transformed into the
model's using the two reference points and the detected rotation.

  



  
    
      
    
    
      flatten_rows(rows)



        
          
        

    

  


  

      

          @spec flatten_rows([[number() | nil]]) :: {binary(), non_neg_integer()}


      


The rows as one flat binary of little-endian f64, with the width of a row.
The same bytes a native kernel reads: one row after another, with a NaN where
a node has no value — Monty pre-fills a missing feature with NaN, which is what
nil means here. {<<>>, 0} for no rows. Rows are written where they are
built, which is why a reader never rebuilds them: a step reads the same bytes
once per node, and the rows do not change while an episode is being matched.

  



  
    
      
    
    
      get_all_models_in_memory(graph_memory)



        
          
        

    

  


  

      

          @spec get_all_models_in_memory(t()) :: %{optional(graph_id()) => map()}


      


Every model in memory, by object id.

  



  
    
      
    
    
      get_feature_array(graph_memory, graph_id, input_channel)



        
          
        

    

  


  

      

          @spec get_feature_array(t(), graph_id(), input_channel()) :: [[float() | nil]]


      


The feature rows for a graph and channel, as {rows, column_order}.

  



  
    
      
    
    
      get_feature_order(graph_memory, graph_id, input_channel)



        
          
        

    

  


  

      

          @spec get_feature_order(t(), graph_id(), input_channel()) :: [String.t()]


      


The feature names, in the order their columns appear.

  



  
    
      
    
    
      get_feature_rows(graph_memory, graph_id, input_channel)



        
          
        

    

  


  

      

          @spec get_feature_rows(t(), graph_id(), input_channel()) ::
  {binary(), non_neg_integer()} | nil


      


The same rows as one flat binary of little-endian f64, with the width of a row.
nil is a NaN, which is the missing value Monty pre-fills with. nil when no
rows have been built for the graph yet, which is a graph that has never been
asked for its features.

  



    

  
    
      
    
    
      get_features_at_node(memory, graph_id, input_channel, node_ids, feature_keys \\ nil)



        
          
        

    

  


  

      

          @spec get_features_at_node(
  t(),
  graph_id(),
  input_channel(),
  non_neg_integer() | [non_neg_integer()],
  [String.t()] | nil
) :: %{optional(String.t()) => [float()] | [[float()]]}


      


The features stored at one node, or at each of several nodes.
feature_keys of nil uses the channel's configured features, which is how
the learning module reads a node; naming keys reads exactly those, which is
how a caller asks for one feature without knowing the rest.

  



  
    
      
    
    
      get_graph(memory, graph_id, input_channel)



        
          
        

    

  


  

      

          @spec get_graph(t(), graph_id(), input_channel() | :first | nil) ::
  %{optional(input_channel()) => Monty.Frameworks.Models.ObjectModel.model()}
  | Monty.Frameworks.Models.ObjectModel.model()


      


The models stored for graph_id: a map of input channel to model.
With an input_channel of :first, one channel is picked arbitrarily — it is
a placeholder for callers that need a graph rather than a particular channel,
and Monty makes the same arbitrary choice.

  



  
    
      
    
    
      get_graph_node_ids(memory, graph_id, input_channel)



        
          
        

    

  


  

      

          @spec get_graph_node_ids(t(), graph_id(), input_channel()) :: [non_neg_integer()]


      


The node ids of a graph: 0..num_nodes-1.

  



  
    
      
    
    
      get_initial_hypotheses(memory)



        
          
        

    

  


  

      

          @spec get_initial_hypotheses(t()) :: {%{optional(graph_id()) => map()}, map()}


      


What a learning module starts from: every object in memory, and no paths yet.
At the first step nothing is ruled out, so every stored object is a candidate;
the hypotheses get narrowed by evidence from there.

  



  
    
      
    
    
      get_input_channels_in_graph(graph_memory, graph_id)



        
          
        

    

  


  

      

          @spec get_input_channels_in_graph(t(), graph_id()) :: [input_channel()]


      


The input channels a graph stores.

  



  
    
      
    
    
      get_locations_in_graph(memory, graph_id, input_channel)



        
          
        

    

  


  

      

          @spec get_locations_in_graph(t(), graph_id(), input_channel()) :: [[float()]]


      


The node locations of a graph.

  



  
    
      
    
    
      get_memory_ids(graph_memory)



        
          
        

    

  


  

      

          @spec get_memory_ids(t()) :: [graph_id()]


      


The ids of every object in memory.

  



  
    
      
    
    
      get_node_arrays(graph_memory, graph_id, input_channel)



        
          
        

    

  


  

      

          @spec get_node_arrays(t(), graph_id(), input_channel()) ::
  {binary(), binary(), binary()} | nil


      


Where every node is, how its frame sits, and whether that frame was defined —
as the bytes a kernel reads.
{locations, poses, defined}, each a binary: three f64 a node for its
position, six for its normal and first curvature direction, one for whether the
pose was fully defined. nil when a graph has no frames to read, which is a
graph the evidence kernel cannot be handed at all.
Written where the feature rows are written, and forgotten where they are
forgotten: all of it is what the graphs hold when an episode starts, and none of
it changes while one is being matched.

  



  
    
      
    
    
      get_num_nodes_in_graph(memory, graph_id, input_channel)



        
          
        

    

  


  

      

          @spec get_num_nodes_in_graph(t(), graph_id(), input_channel() | nil) ::
  non_neg_integer()


      


How many nodes a graph has — summed over its channels when none is named.

  



  
    
      
    
    
      get_rotation_features_at_all_nodes(memory, graph_id, input_channel)



        
          
        

    

  


  

      

          @spec get_rotation_features_at_all_nodes(t(), graph_id(), input_channel()) :: [
  [Monty.Frameworks.Utils.SpatialArithmetics.vector()]
]


      


The pose vectors stored at every node of a graph, one 3×3 set per node.
A burst samples rotations by aligning these against what the sensor sees, so
it wants the whole set in one place rather than a node at a time — Monty's
get_rotation_features_at_all_nodes, which reshapes the flattened pose
vectors back into the three directions they are.
Read from the cache the feature rows come with, and from the graph itself when
a graph holds only some of the features (a model built from a fixture).

  



  
    
      
    
    
      get_rotation_features_at_nodes(memory, graph_id, input_channel, node_ids)



        
          
        

    

  


  

      

          @spec get_rotation_features_at_nodes(t(), graph_id(), input_channel(), [
  non_neg_integer()
]) :: [
  [Monty.Frameworks.Utils.SpatialArithmetics.vector()]
]


      


The pose vectors stored at the named nodes, one 3×3 set each.
The same rows as get_rotation_features_at_all_nodes/3, for a chosen few. A
burst samples rotations from a few hundred nodes of a graph that may hold
twenty thousand, and reading every node's pose vectors to keep a handful built
a row list and a tuple for the whole graph on every step, per channel.
Those rows never change while a graph is being matched — the graph is written
once per episode at most — so this answers from a cache built when the graph's
rows were: ten graphs of a ten-object library cost 9.5 ms a step to re-read,
and 0.2 ms to look up.

  



  
    
      
    
    
      initialize_feature_arrays(memory)



        
          
        

    

  


  

      

          @spec initialize_feature_arrays(t()) :: t()


      


Ensures every graph's feature rows and column names are present.
A pretrained library is read once and its rows travel with the memory, so the
learning module's reset_stm/1 — which asks for the rows at the start of
every episode, Monty's own order — finds them already there. Only rows that
are missing are built, and rows go missing in exactly one way: a graph is
written (add_graph_to_memory/3, build_graph/5, extend_graph/8), which
drops the rows derived from it. A count is not that signal — a graph replaced
by one of the same size has rows that name the old nodes.
This is not only an optimisation. A seventy-seven-object library is a hundred
and fifty thousand nodes, and building their rows takes minutes; an experiment
of three rotations would spend those minutes two hundred and thirty times.

  



  
    
      
    
    
      load_state_dict(memory, memento)



        
          
        

    

  


  

      

          @spec load_state_dict(t(), %{optional(graph_id()) => map()}) :: t()


      


Replace the contents of memory with a saved set of models.
This is how a pretrained memory arrives: every object is added as it was
stored, and nothing is rebuilt.

  



    

  
    
      
    
    
      new(options \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


An empty memory.
:graph_delta_thresholds decides when two observations are different enough
to both be stored; :k how many neighbours each new node links to.
:object_model is the kind of model memory stores — a graph of every
observation, or a grid thinned into one — and :object_model_options is what
that kind was configured with. Monty spells the same choice as a subclass;
here it is a module and a keyword list, so nothing has to know which model it
is holding.

  



  
    
      
    
    
      remove_graph_from_memory(memory, graph_id)



        
          
        

    

  


  

      

          @spec remove_graph_from_memory(t(), graph_id()) :: t()


      


Forget an object.

  



  
    
      
    
    
      size(memory)



        
          
        

    

  


  

      

          @spec size(t()) :: non_neg_integer()


      


The number of objects in memory.

  



  
    
      
    
    
      state_dict(graph_memory)



        
          
        

    

  


  

      

          @spec state_dict(t()) :: %{optional(graph_id()) => map()}


      


The models, as something that can be saved and reloaded.

  



  
    
      
    
    
      update_memory(memory, locations, features, graph_id, object_location_rel_body, location_rel_model, object_rotation)



        
          
        

    

  


  

      

          @spec update_memory(
  t(),
  [[number()]],
  %{optional(input_channel()) => map()},
  graph_id() | nil,
  [number()],
  [number()],
  Monty.Geometry.Rotation.t() | nil
) :: t()


      


Add an observation to the graph it belongs to, building it if it is new.
graph_id of nil means recognition did not settle on an object in time, and
a memory that learns from a guess is worse than one that learns nothing, so
nothing is stored.
How each channel's data is handled falls into one of three cases, and the third
is the one that is easy to get wrong:
	unknown object — the points are stored as they came, untransformed;
	known object, known channel — the graph is extended, which transforms the
points into the model's own frame on the way in (extend_graph/8);
	known object, unknown channel — a channel first seen in a later
episode. It has no graph to be extended, and building one from the
untransformed points puts the new channel in the body's frame while every
other channel of that object is in the model's: the two then never line up,
which is the misalignment of Monty's PR #1280. So the points are
transformed here, through the object's detected rotation, before the graph
is built.

Whether the object is known is decided once, before the loop: a channel this
call adds must not make the object look like it already had a reference frame
for the channels after it (Monty's own note on the same bug).

  


        

      


  

    
Monty.Frameworks.Models.GraphMatching.MontyForGraphMatching 
    



      
What the graph-matching model does rather than owns: the vote round.
Mirrors tbp/monty/frameworks/models/graph_matching.py::MontyForGraphMatching,
whose _combine_votes is the one piece of that class that is arithmetic rather
than message passing — this runtime does the message passing
(Monty.Runtime.Step), so the arithmetic is what is left to port.
Two kinds of vote, and why this is the union
A module of this family names the objects it has ruled out
(GraphLM.send_out_vote/1), so what a receiver hears from several modules is
the union of what each ruled out: one module's doubt is not another's
confidence, and a sum of sets is not a thing.
The evidence family votes the other way round — it names the hypotheses it
still believes, with the pose and location each implies
(MontyForEvidenceGraphMatching.combine_votes/2) — and that is a different
calculation over a different shape. Monty's own _combine_votes branches on
exactly this (isinstance(votes_per_lm[0], set)), and so does
Monty.Runtime.Step.State.combine_votes/2: one model class drives both
families in Monty, and the shape of a vote is what tells it which calculation
to run.
What a silent module contributes
Nothing. A module with no opinion — or one whose vote did not arrive before
the deadline — is nil in the reply map, and nil is not an empty set: the
empty set is a module that considered every object and ruled all of them in.
Union is the same either way, which is why this is a reject and not a
special case.

      


      
        Summary


  
    Types
  


    
      
        vote()

      


        A module's vote: the objects it has ruled out, or nil for silence.



    





  
    Functions
  


    
      
        combine_votes(votes, lm_to_lm_vote)

      


        What each module hears, given every module's vote and the vote matrix.



    





      


      
        Types


        


  
    
      
    
    
      vote()



        
          
        

    

  


  

      

          @type vote() :: MapSet.t() | nil


      


A module's vote: the objects it has ruled out, or nil for silence.

  


        

      

      
        Functions


        


  
    
      
    
    
      combine_votes(votes, lm_to_lm_vote)



        
          
        

    

  


  

      

          @spec combine_votes(%{optional(term()) => vote()}, %{optional(term()) => [term()]}) ::
  %{
    optional(term()) => [term()]
  }


      


What each module hears, given every module's vote and the vote matrix.
Keyed by receiver, then a list of object names — the shape
GraphLM.receive_votes/2 reads. A module the matrix gives no sources answers
[], which is Monty's empty union.

  


        

      


  

    
Monty.Frameworks.Models.Mixins.NoResetEvidence.HypothesesUpdaterGraphTelemetry 
    



      
One graph's hypotheses, as the updater left them: what a chart draws.
Mirrors frameworks/models/mixins/no_reset_evidence.py::HypothesesUpdaterGraphTelemetry,
the dataclass Monty's pyview dashboard reads. Four arrays and the updater's
own telemetry, one entry per hypothesis of one graph:
	evidence — what each hypothesis is worth;
	locations — where each one puts the object, in metres;
	rotations — how each one is turned, as Euler angles in degrees in
Monty's xyz order;
	pose_errors — how far each hypothesis' rotation is from the target's,
in radians, which is the number a recognition's accuracy is measured by;
	hypotheses_updater — whatever the updater said about this graph, passed
through rather than interpreted.

Monty keeps these as numpy arrays; here they are lists, and
Monty.Frameworks.Models.Buffer.BufferEncoder writes a struct of this shape
as a JSON object the way Monty's own encoder writes a dataclass.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        empty(graph_telemetry)

      


        The telemetry of a graph that has no hypotheses.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() ::
  %Monty.Frameworks.Models.Mixins.NoResetEvidence.HypothesesUpdaterGraphTelemetry{
    evidence: [float()],
    hypotheses_updater: map(),
    locations: [[float()]],
    pose_errors: [float()],
    rotations: [[float()]]
  }


      



  


        

      

      
        Functions


        


  
    
      
    
    
      empty(graph_telemetry)



        
          
        

    

  


  

      

          @spec empty(map()) :: t()


      


The telemetry of a graph that has no hypotheses.
Monty builds the same record with four empty arrays — a graph with nothing
believed still has a row in a log, and leaving it out would make "no
hypotheses" look like "not reported".

  


        

      


  

    
Monty.Frameworks.Models.Mixins.NoResetEvidence.TheoreticalLimitLMLoggingMixin 
    



      
What a learning module's hypotheses were worth, in the terms a paper uses.
Mirrors frameworks/models/mixins/no_reset_evidence.py::TheoreticalLimitLMLoggingMixin,
the mixin Monty's unsupervised-inference learning module is built from. It
adds four things to a step's log, none of which the module needs in order to
recognise anything — they exist so an episode can be judged as well as read:
	"max_evidence" — the strongest hypothesis of every object;
	"target_object_theoretical_limit" — the pose error of the best
hypothesis of the target object, i.e. how right Monty could have been if
it had picked the best one instead of the most likely one;
	"target_object_pose_error" — the pose error of the most likely
hypothesis, which is the error the episode is actually charged with;
	"hypotheses_updater_telemetry" — per object, the whole hypothesis space
(Monty.Frameworks.Models.Mixins.NoResetEvidence.HypothesesUpdaterGraphTelemetry).

The gap between the two pose errors is the finding
The theoretical limit is an oracle's score and the MLH's error is Monty's.
When they diverge, the hypotheses are fine and the choice among them is not —
which is a different repair from "the model never had a good explanation".
That is why the mixin computes both rather than one.
Differences from Monty, on purpose
	No inheritance, so no __init_subclass__ guard. Monty refuses at class
definition time to mix this into anything but an EvidenceGraphLM; here
the guard is the argument's type, and add_detailed_stats/2 has no clause
for anything else.
	Monty's mixin replaces the learning module's own detailed statistics
rather than adding to them: its _add_detailed_stats does not call
super(), so possible_locations, evidences, possible_rotations and
symmetry_evidence are absent from the log of the learning module that
mixes it in. That is Monty's behaviour, kept.


      


      
        Summary


  
    Functions
  


    
      
        add_detailed_stats(lm, stats)

      


        _add_detailed_stats: the step's statistics, with this mixin's four added.



    





      


      
        Functions


        


  
    
      
    
    
      add_detailed_stats(lm, stats)



        
          
        

    

  


  

      

          @spec add_detailed_stats(
  Monty.Frameworks.Models.EvidenceMatching.LearningModule.EvidenceGraphLM.t(),
  map()
) :: map()


      


_add_detailed_stats: the step's statistics, with this mixin's four added.
Takes the statistics the learning module would have written and returns them
with the mixin's fields in place — replacing that module's own detailed
fields, which is what Monty's mixin does.

  


        

      


  

    
Monty.Frameworks.Models.MotorPolicies 
    



      
Policies: how a body decides what to do with the space it is in.
Mirrors tbp/monty/frameworks/models/motor_policies.py, the largest file in
Monty's motor system. Ported so far:
	...MotorPolicies.NoGoalProvided — ported: raised when a policy needs
a goal and was given none;
	...MotorPolicies.SurfacePolicyTelemetry — ported: why a surface
policy chose what it chose;
	...MotorPolicies.PolicyStatus — ported: :ready or :in_progress;
	...MotorPolicies.MotorPolicyResult — ported: what one call decided;
	...MotorPolicies.RuntimeMotorPolicy and ...MotorPolicies.MotorPolicy —
ported: the two interfaces, the second a policy that can also be
reset;
	...MotorPolicies.BasePolicy — ported: one sampled action, whatever
the step looked like;
	...MotorPolicies.InformedPolicy — ported: sample while the sensor is
on the object, step back while it is not, and jump to a goal when one
arrives;
	...MotorPolicies.SurfacePolicy — ported: walk the surface of an
object, and search for it when it is lost;
	...MotorPolicies.NaiveScanPolicy — ported: scan the object in a
square spiral, one leg longer each time;
	...MotorPolicies.InformedPolicyRandomWalk — ported: InformedPolicy's
walk without the rest of it, which is the default the distant configs give
their selector;
	...MotorPolicies.PredefinedPolicy — ported: replay the actions written
in a JSON file, cycled for ever;
	...MotorPolicies.JumpToGoal — ported: teleport to a goal, and undo
the teleport when it lands somewhere useless;
	undo_last_action/1 — ported: the module-level function — Monty calls
it fixme_undo_last_action — that turns an action into its opposite.

Still planned: nothing — every class in Monty's motor_policies.py is ported.
DistantPolicySelector, the distant agent's selector, is ported under
Monty.Frameworks.Models.MotorPolicySelectors.
A policy here is a struct plus the module named after it, so a policy can be
stored in a selector as a value and stepped without a process — the same shape
as Monty.Frameworks.Models.ObjectModel and the goal generators.

      


      
        Summary


  
    Functions
  


    
      
        depth_at_center(observations, agent_id, sensor_id)

      


        The depth at the centre pixel of a sensor's view.



    


    
      
        enforce_pi_bounds(theta)

      


        The same angle, brought back between -π and π.



    


    
      
        from_config(config)

      


        The policy a config describes.



    


    
      
        projected_angle_from_vec(list)

      


        The orientation a direction in the agent's plane points in, in radians.



    


    
      
        projected_vec_from_angle(angle)

      


        The direction in the agent's plane that an orientation points in.



    


    
      
        successful_jump(policy)

      


        Ask a policy what it does now that a jump has landed.



    


    
      
        theta_change(a, b)

      


        The signed change from one orientation to another, in radians.



    


    
      
        undo_last_action(action)

      


        The action that would undo action.



    





      


      
        Functions


        


  
    
      
    
    
      depth_at_center(observations, agent_id, sensor_id)



        
          
        

    

  


  

      

          @spec depth_at_center(map(), atom() | String.t(), String.t()) :: float()


      


The depth at the centre pixel of a sensor's view.
Monty's PositioningProcedure.depth_at_center, a static method of the
positioning protocol; the function lives with the procedures now and this is a
delegation, so a policy can ask the question without reaching into the
environment layer (docs/monty-differences.md §2.7).

  



  
    
      
    
    
      enforce_pi_bounds(theta)



        
          
        

    

  


  

      

          @spec enforce_pi_bounds(float()) :: float()


      


The same angle, brought back between -π and π.
Monty's enforce_pi_bounds, as a loop of ±2π: a plain rem/2 would do it in
one step, but the loop is what the angles' meaning in Monty is, and it is what
the port follows.

  



  
    
      
    
    
      from_config(config)



        
          
        

    

  


  

      

          @spec from_config(map()) :: Monty.Frameworks.Models.MotorPolicies.MotorPolicy.t()


      


The policy a config describes.
policy:
  _target_: tbp.monty.frameworks.models.motor_policies.SurfacePolicyCurvatureInformed
  agent_id: agent_id_0
  alpha: 0.1
  action_sampler:
    _target_: ...ConstantSampler
The class decides which parameters are required: each policy's own new/1
fetches what it cannot do without, so a config that leaves one out fails here
rather than at the first step of the episode.

  



  
    
      
    
    
      projected_angle_from_vec(list)



        
          
        

    

  


  

      

          @spec projected_angle_from_vec(Monty.Geometry.Rotation.vector()) :: float()


      


The orientation a direction in the agent's plane points in, in radians.
Monty's projected_angle_from_vec: atan2(x, y), in that order, because theta
of zero means "along +y" — up in the agent's frame — rather than "along +x".

  



  
    
      
    
    
      projected_vec_from_angle(angle)



        
          
        

    

  


  

      

          @spec projected_vec_from_angle(float()) :: Monty.Geometry.Rotation.vector()


      


The direction in the agent's plane that an orientation points in.
Monty's projected_vec_from_angle. The quarter-turn offsets on cos and sin
are what put theta of zero on +y and keep a tangential step in the plane.

  



  
    
      
    
    
      successful_jump(policy)



        
          
        

    

  


  

      

          @spec successful_jump(struct()) :: struct()


      


Ask a policy what it does now that a jump has landed.
Monty calls self._handle_successful_jump(), which a subclass overrides;
here the struct's module is asked instead (docs/monty-differences.md §2.9).

  



  
    
      
    
    
      theta_change(a, b)



        
          
        

    

  


  

      

          @spec theta_change(float(), float()) :: float()


      


The signed change from one orientation to another, in radians.
Monty's theta_change: a plain subtraction with the loop-around corrected, so
that 0 to 3π/2 is a quarter turn back rather than three quarters forward.

  



  
    
      
    
    
      undo_last_action(action)



        
          
        

    

  


  

      

          @spec undo_last_action(Monty.Frameworks.Actions.Action.t()) ::
  Monty.Frameworks.Actions.Action.t()


      


The action that would undo action.
Mirrors fixme_undo_last_action. Only the six actions an informed policy
samples can be undone, and each is undone by itself with its amount negated —
a LookDown is undone by a LookDown of the opposite rotation, not by a
LookUp, because the policy is reversing a move it made rather than
commanding the agent. MoveTangentially keeps its direction and negates its
distance, which is what Monty's comment on that line says.
Monty's fixme_ prefix is the project saying it would rather have
Action.undo; the name here leaves the complaint out and the doc keeps it.
Monty raises TypeError for anything else and so does this, as an
ArgumentError: a policy configured with an action it cannot undo has nothing
sensible to do with a percept that left the object. That is docs/monty-differences.md
§2.8, along with the rest of the vocabulary differences.

  


        

      


  

    
Monty.Frameworks.Models.MotorPolicies.BasePolicy 
    



      
A policy that takes one sampled action, whatever the step looked like.
Mirrors tbp/monty/frameworks/models/motor_policies.py::BasePolicy, the
bottom of the policy hierarchy: it ignores the observations, the state, the
percept and the goal, and asks its sampler for an action. What it is for is
the experiments that only need the body to wander — and being the parent that
every other policy is built on.
The sampler is a Monty.Frameworks.Actions.ActionSamplers struct, as Monty's
is, and the random stream it draws from lives on the policy: nil until the
first draw, then whatever that draw left behind. Monty reads the stream from
the runtime context and mutates it there; a struct cannot be mutated here, so
the policy owns it and ActionSampler.stream/3 starts it from the context
(docs/monty-differences.md §2.5).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        call(policy, ctx, observations, state, percept, goal)

      


        One sampled action, and nothing else.



    


    
      
        new(options)

      


        A policy that takes whatever :action_sampler chooses for :agent_id.



    


    
      
        reset(policy)

      


        Forgets the stream, so the next step draws from the episode again.



    


    
      
        state_dict(base_policy)

      


        Nothing to report.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.MotorPolicies.BasePolicy{
  action_sampler: Monty.Frameworks.Actions.ActionSamplers.ActionSampler.t(),
  agent_id: atom() | String.t(),
  rng: :rand.state() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      call(policy, ctx, observations, state, percept, goal)



        
          
        

    

  


  

      

          @spec call(
  t(),
  Monty.Context.t(),
  term(),
  Monty.Frameworks.Models.MotorSystemState.t(),
  Monty.Cmp.Message.t() | nil,
  Monty.Cmp.Goal.t() | nil
) :: {Monty.Frameworks.Models.MotorPolicies.MotorPolicyResult.t(), t()}


      


One sampled action, and nothing else.
motor_only_step stays false: a single sample is a real move, and the
learning modules have something to look at afterwards.

  



  
    
      
    
    
      new(options)



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


A policy that takes whatever :action_sampler chooses for :agent_id.

  



  
    
      
    
    
      reset(policy)



        
          
        

    

  


  

      

          @spec reset(t()) :: t()


      


Forgets the stream, so the next step draws from the episode again.
Monty's reset is a no-op because its stream belongs to the context rather
than to the policy.

  



  
    
      
    
    
      state_dict(base_policy)



        
          
        

    

  


  

      

          @spec state_dict(t()) :: map()


      


Nothing to report.

  


        

      


  

    
Monty.Frameworks.Models.MotorPolicies.InformedPolicy 
    



      
A policy that reads the percept: stay on the object, or step back onto it.
Mirrors tbp/monty/frameworks/models/motor_policies.py::InformedPolicy, the
first policy that is worth running. It samples an action while the sensor is
on the object; when the sensor arrives somewhere with nothing under it, it
takes the opposite of the last action, which is Monty's way of getting back
onto the object without a map. The remembered action is inverted again each
time it is used, so a sensor that keeps leaving the object walks back and
forth across the edge instead of walking away.
Jumps
With :use_goal_driven_actions it will also teleport — SetAgentPose at the
goal's location, facing along the goal's direction — which is how a goal
generator's "look at this part of the mug" reaches the body. A jump can land
in empty space or inside an object, so the next step judges it from the depth
at the centre of the view finder: more than a metre means nothing is there,
and the jump is undone with the pose and sensor rotation it started from.
Monty's _handle_successful_jump hook is handle_successful_jump/1, a no-op
here and overridden by SurfacePolicy. The jump step itself,
goal_driven_actions/4, is public for the same reason: SurfacePolicy is a
subclass in Monty and a second struct here, so it calls the shared step rather
than inheriting it (docs/monty-differences.md §2.9).
What "empty space" means
_should_undo_jump reads observations[agent_id][sensor_id]["depth"] and
takes its centre pixel, as Monty's positioning procedure does. That is the
shape Monty's habitats report and the shape this reads; when an environment is
ported, the reader moves to PositioningProcedures where Monty keeps it
(docs/monty-differences.md §2.7).

      


      
        Summary


  
    Types
  


    
      
        jump_state()

      


        A policy that can be driven by goals: the fields the jump machinery reads.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        call(policy, ctx, observations, state, percept, goal)

      


        One step: a jump if one was asked for, otherwise a sample or a step back.



    


    
      
        goal_driven_actions(policy, observations, state, goal)

      


        One step's worth of goal-driven work: judge a jump in flight, or start one.



    


    
      
        handle_successful_jump(policy)

      


        What to do once a jump has landed with the object in view.



    


    
      
        new(options)

      


        A policy that samples for :agent_id, and jumps when :use_goal_driven_actions.



    


    
      
        reset(policy)

      


        Starts the next episode: no jump in flight, and no action to undo.



    


    
      
        set_agent_pose_from_goal(policy, goal)

      


        The pose that looks along the goal's direction, from the goal's location.



    


    
      
        shared_sensor_rotation(map)

      


        The orientation every sensor shares, or a refusal to plan a jump.



    


    
      
        state_dict(informed_policy)

      


        Nothing to report: what it knows is the action it would undo.



    





      


      
        Types


        


  
    
      
    
    
      jump_state()



        
          
        

    

  


  

      

          @type jump_state() :: %{
  :agent_id => atom() | String.t(),
  :use_goal_driven_actions => boolean(),
  :is_jumping => boolean(),
  :is_undoing_jump => boolean(),
  :pre_jump_state =>
    Monty.Frameworks.Models.MotorSystemState.AgentState.t() | nil,
  :undo_jump_actions => [Monty.Frameworks.Actions.Action.t()],
  optional(atom()) => term()
}


      


A policy that can be driven by goals: the fields the jump machinery reads.
Both policies have them, because Monty gives every subclass the jump state
through inheritance; here they are matched as a map instead
(docs/monty-differences.md §2.9).

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.MotorPolicies.InformedPolicy{
  action_sampler: Monty.Frameworks.Actions.ActionSamplers.ActionSampler.t(),
  agent_id: atom() | String.t(),
  is_jumping: boolean(),
  is_undoing_jump: boolean(),
  pre_jump_state: Monty.Frameworks.Models.MotorSystemState.AgentState.t() | nil,
  rng: :rand.state() | nil,
  undo_action: Monty.Frameworks.Actions.Action.t() | nil,
  undo_jump_actions: [Monty.Frameworks.Actions.Action.t()],
  use_goal_driven_actions: boolean()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      call(policy, ctx, observations, state, percept, goal)



        
          
        

    

  


  

      

          @spec call(
  t(),
  Monty.Context.t(),
  map() | nil,
  Monty.Frameworks.Models.MotorSystemState.t(),
  Monty.Cmp.Message.t() | nil,
  Monty.Cmp.Goal.t() | nil
) :: {Monty.Frameworks.Models.MotorPolicies.MotorPolicyResult.t(), t()}


      


One step: a jump if one was asked for, otherwise a sample or a step back.
A jump that is still in flight is judged here first: undoing it takes the
whole step, and landing on something means the sample can continue as usual.

  



  
    
      
    
    
      goal_driven_actions(policy, observations, state, goal)



        
          
        

    

  


  

      

          @spec goal_driven_actions(jump_state(), map() | nil, map(), Monty.Cmp.Goal.t() | nil) ::
  {:result, Monty.Frameworks.Models.MotorPolicies.MotorPolicyResult.t(),
   jump_state()}
  | {:continue, jump_state()}


      


One step's worth of goal-driven work: judge a jump in flight, or start one.
Answers {:result, result, policy} when the step is decided here, and
{:continue, policy} when the caller should go on to its own behaviour.

  



  
    
      
    
    
      handle_successful_jump(policy)



        
          
        

    

  


  

      

          @spec handle_successful_jump(t()) :: t()


      


What to do once a jump has landed with the object in view.
Monty's _handle_successful_jump, a no-op here and overridden by
SurfacePolicy; the policy's own module is asked, because a struct cannot
override a private function (docs/monty-differences.md §2.9).

  



  
    
      
    
    
      new(options)



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


A policy that samples for :agent_id, and jumps when :use_goal_driven_actions.

  



  
    
      
    
    
      reset(policy)



        
          
        

    

  


  

      

          @spec reset(jump_state()) :: jump_state()


      


Starts the next episode: no jump in flight, and no action to undo.

  



  
    
      
    
    
      set_agent_pose_from_goal(policy, goal)



        
          
        

    

  


  

      

          @spec set_agent_pose_from_goal(
  %{:agent_id => atom() | String.t(), optional(atom()) => term()},
  Monty.Cmp.Goal.t()
) :: Monty.Frameworks.Actions.SetAgentPose.t()


      


The pose that looks along the goal's direction, from the goal's location.
Monty's _derive_set_agent_pose_from_goal, in both InformedPolicy and
JumpToGoal.

  



  
    
      
    
    
      shared_sensor_rotation(map)



        
          
        

    

  


  

      

          @spec shared_sensor_rotation(%{sensors: map()}) :: Monty.Geometry.Rotation.t()


      


The orientation every sensor shares, or a refusal to plan a jump.
Every sensor an action moves is moved at once, so they all keep the
orientation the jump was planned in. Monty asserts it rather than assuming it,
and so does this — with the empty case spelled out, which Monty's loop does not
(docs/monty-differences.md §1.5). Public because JumpToGoal needs the same check
and Monty writes it out twice (§2.9).

  



  
    
      
    
    
      state_dict(informed_policy)



        
          
        

    

  


  

      

          @spec state_dict(t()) :: map()


      


Nothing to report: what it knows is the action it would undo.

  


        

      


  

    
Monty.Frameworks.Models.MotorPolicies.InformedPolicyRandomWalk 
    



      
The random walk InformedPolicy does, on its own.
Mirrors tbp/monty/frameworks/models/motor_policies.py::InformedPolicyRandomWalk.
InformedPolicy is a walk with a recovery rule: sample while the sensor is
on the object, and step back while it is not. This policy is that rule without
the rest of InformedPolicy, which is what the distant agent's motor-system
configs ask for as their selector's default (distant_2, distant_5): the
selector routes goals to JumpToGoal and LookAtGoal, and between goals the
body wanders.
There is no momentum here, whatever the word "random walk" suggests: every
step is an independent draw from the sampler. Monty's own docstring says as
much — this reproduces what InformedPolicy did rather than proposing a
better walk — and the alpha momentum belongs to SurfacePolicy's tangential
direction, not to this policy.
The remembered action is inverted every time it is used, so a sensor that keeps
leaving the object walks back and forth across the edge instead of away.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        call(policy, ctx, observations, state, percept, goal)

      


        A sampled step on the object, the step back off it, or nothing at all.



    


    
      
        new(options)

      


        A walk for :agent_id, sampling from :action_sampler.



    


    
      
        reset(policy)

      


        Starts the next episode with nothing to step back to.



    


    
      
        state_dict(policy)

      


        The action it would step back with, which is all it knows.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.MotorPolicies.InformedPolicyRandomWalk{
  action_sampler: Monty.Frameworks.Actions.ActionSamplers.ActionSampler.t(),
  agent_id: atom() | String.t(),
  rng: :rand.state() | nil,
  undo_action: Monty.Frameworks.Actions.Action.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      call(policy, ctx, observations, state, percept, goal)



        
          
        

    

  


  

      

          @spec call(
  t(),
  Monty.Context.t(),
  map() | nil,
  Monty.Frameworks.Models.MotorSystemState.t(),
  Monty.Cmp.Message.t() | nil,
  Monty.Cmp.Goal.t() | nil
) :: {Monty.Frameworks.Models.MotorPolicies.MotorPolicyResult.t(), t()}


      


A sampled step on the object, the step back off it, or nothing at all.
The goal and the motor-system state are ignored: this policy is input-driven,
and the only input it reads is whether the sensor is still on the object.

  



  
    
      
    
    
      new(options)



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


A walk for :agent_id, sampling from :action_sampler.

  



  
    
      
    
    
      reset(policy)



        
          
        

    

  


  

      

          @spec reset(t()) :: t()


      


Starts the next episode with nothing to step back to.

  



  
    
      
    
    
      state_dict(policy)



        
          
        

    

  


  

      

          @spec state_dict(t()) :: map()


      


The action it would step back with, which is all it knows.

  


        

      


  

    
Monty.Frameworks.Models.MotorPolicies.JumpToGoal 
    



      
A policy that teleports the agent to a goal, and takes it back if that lands
somewhere useless.
Mirrors tbp/monty/frameworks/models/motor_policies.py::JumpToGoal, the
policy a distant agent's selector reaches for when a learning module has a
hypothesis worth testing. A jump is two actions — SetAgentPose at the goal's
location facing along the goal's direction, and an identity
SetSensorRotation so the sensors keep the orientation the jump was planned
in — and it always remembers the two actions that would put the agent back
where it started.
It is meant to be called twice: once to jump, and once to judge where the jump
landed. Landing on the object is the end of it, and the selector moves on to
the next policy; landing anywhere else — empty space, or inside something —
answers with the undo actions instead. The judgement reads the percept
(on_object), not the depth, which is where it differs from InformedPolicy's
version of the same idea.
With no jump in flight and no goal it raises NoGoalProvided, because a
selector that routes a goal to this policy has already decided there is one;
a run configured to suppress runtime errors gets a warning and no action
instead.
:sensor_id is stored and never read, as in Monty, whose docstring says it is
for a depth-at-centre calculation this policy no longer does.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        call(policy, ctx, observations, state, percept, goal)

      


        A jump, or a verdict on the last one.



    


    
      
        new(options)

      


        A jump policy for :agent_id, judging with :sensor_id.



    


    
      
        reset(policy)

      


        Starts the next episode with no jump in flight.



    


    
      
        state_dict(policy)

      


        The jump in flight, as plain values.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.MotorPolicies.JumpToGoal{
  agent_id: atom() | String.t(),
  is_jumping: boolean(),
  is_undoing_jump: boolean(),
  pre_jump_state: Monty.Frameworks.Models.MotorSystemState.AgentState.t() | nil,
  sensor_id: atom() | String.t(),
  undo_action: Monty.Frameworks.Actions.Action.t() | nil,
  undo_jump_actions: [Monty.Frameworks.Actions.Action.t()]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      call(policy, ctx, observations, state, percept, goal)



        
          
        

    

  


  

      

          @spec call(
  t(),
  Monty.Context.t(),
  map() | nil,
  Monty.Frameworks.Models.MotorSystemState.t(),
  Monty.Cmp.Message.t() | nil,
  Monty.Cmp.Goal.t() | nil
) :: {Monty.Frameworks.Models.MotorPolicies.MotorPolicyResult.t(), t()}


      


A jump, or a verdict on the last one.
A jump in flight is judged first: an undo answers with the actions that put the
agent back, and a landing on the object leaves the step free to start the next
jump — or, with no goal, to ask for nothing at all.

  



  
    
      
    
    
      new(options)



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


A jump policy for :agent_id, judging with :sensor_id.
:sensor_id is kept for the sake of the constructor Monty has, and unused.

  



  
    
      
    
    
      reset(policy)



        
          
        

    

  


  

      

          @spec reset(t()) :: t()


      


Starts the next episode with no jump in flight.

  



  
    
      
    
    
      state_dict(policy)



        
          
        

    

  


  

      

          @spec state_dict(t()) :: map()


      


The jump in flight, as plain values.
Monty's memento, written with one name and read with another — see
docs/monty-differences.md §1.6. There is no load path here, so this is what a run
records and not something a policy is restored from.

  


        

      


  

    
Monty.Frameworks.Models.MotorPolicies.MotorPolicy behaviour
    



      
The scaffold every motor policy is built on.
Mirrors tbp/monty/frameworks/models/motor_policies.py::MotorPolicy, which is
abstract and says only what a policy has to be able to do: act on a step,
start an episode over, and say what it knows.
Monty's load_state_dict is absent: loading a memento is how a checkpoint
restores a run, and this port's checkpoints are the studio's own records.
fixme_provide_motor_system is absent for the reason given in
...MotorPolicySelectors.MotorPolicySelector — the flag travels in the result.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Callbacks
  


    
      
        call(t, ctx, observations, state, percept, goal)

      


        The actions to take, whether learning modules should sit this step out, and
the policy as it now stands.



    


    
      
        handle_successful_jump(t)

      


        What to do once a jump has landed with the object in view.



    


    
      
        reset(t)

      


        Starts the next episode: whatever the policy learned about this one goes.



    


    
      
        state_dict(t)

      


        What the policy recorded, for a run that wants to be read afterwards.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: struct()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      call(t, ctx, observations, state, percept, goal)



        
          
        

    

  


  

      

          @callback call(
  t(),
  ctx :: Monty.Context.t(),
  observations :: map() | nil,
  state :: Monty.Frameworks.Models.MotorSystemState.t(),
  percept :: Monty.Cmp.Message.t() | nil,
  goal :: Monty.Cmp.Goal.t() | nil
) :: {Monty.Frameworks.Models.MotorPolicies.MotorPolicyResult.t(), t()}


      


The actions to take, whether learning modules should sit this step out, and
the policy as it now stands.

  



  
    
      
    
    
      handle_successful_jump(t)


        (optional)


        
          
        

    

  


  

      

          @callback handle_successful_jump(t()) :: t()


      


What to do once a jump has landed with the object in view.
Monty's _handle_successful_jump, which SurfacePolicy overrides; a policy
that does not care answers itself unchanged. The policy's own module is asked
for it (docs/monty-differences.md §2.9).

  



  
    
      
    
    
      reset(t)



        
          
        

    

  


  

      

          @callback reset(t()) :: t()


      


Starts the next episode: whatever the policy learned about this one goes.

  



  
    
      
    
    
      state_dict(t)



        
          
        

    

  


  

      

          @callback state_dict(t()) :: map()


      


What the policy recorded, for a run that wants to be read afterwards.

  


        

      


  

    
Monty.Frameworks.Models.MotorPolicies.MotorPolicyResult 
    



      
What one call to a motor policy decided: the actions, and how finished it is.
Mirrors tbp/monty/frameworks/models/motor_policies.py::MotorPolicyResult.
motor_only_step says the learning modules should be skipped this step — a
policy that is only turning or moving has nothing for them to match — and is
how a policy affects the run without reaching into it. telemetry is the
surface policy's own record of why it chose what it chose, kept because there
is nowhere else for it to go yet, as Monty says of its own.
Monty lets a policy set motor_only_step on the motor system itself through a
fixme_provide_motor_system handout; here the policy says it in the result it
returns (docs/monty-differences.md §2.2).

      


      
        Summary


  
    Types
  


    
      
        action()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        new()

      


        A result with nothing decided: no actions, and the policy ready for more.



    





      


      
        Types


        


  
    
      
    
    
      action()



        
          
        

    

  


  

      

          @type action() :: term()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.MotorPolicies.MotorPolicyResult{
  actions: [action()],
  motor_only_step: boolean(),
  status: Monty.Frameworks.Models.MotorPolicies.PolicyStatus.t(),
  telemetry: term()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      


A result with nothing decided: no actions, and the policy ready for more.
Monty's conservative defaults, so a policy only has to say what it did.

  


        

      


  

    
Monty.Frameworks.Models.MotorPolicies.NaiveScanPolicy 
    



      
A policy that scans the object in a square spiral and nothing else.
Mirrors tbp/monty/frameworks/models/motor_policies.py::NaiveScanPolicy, the
simplest thing that collects a view worth matching: look up, turn left, look
down, turn right, each by the same fixed amount, with each leg one step longer
than the last on alternating sides:
1x up, 1x left, 2x down, 2x right, 3x up, 3x left, ...
Monty draws the picture: |_ _ _| round and round, outward. What makes it
worth having is that nothing in it is learned: every action is fixed at
construction, so it is the policy an experiment uses to ask what the sensor
sees rather than what a policy decides.
It is an InformedPolicy in Monty, but it overrides the step completely: the
percept, the state, the observations and the goal are all ignored. The
constructor still takes an action sampler, as Monty's does, and never draws
from it — the actions it makes are the four it was built with.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        call(policy, ctx, observations, state, percept, goal)

      


        The next action of the spiral, and nothing else.



    


    
      
        check_cycle_action(policy)

      


        Moves to the next leg of the spiral once the current one is long enough.



    


    
      
        new(options)

      


        A spiral scanner for :agent_id, turning :fixed_amount degrees a leg.



    


    
      
        reset(policy)

      


        Starts the next episode at the first leg, with legs one step long.



    


    
      
        state_dict(naive_scan_policy)

      


        Nothing to report: the spiral is fixed at construction.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.MotorPolicies.NaiveScanPolicy{
  action_sampler: Monty.Frameworks.Actions.ActionSamplers.ActionSampler.t(),
  agent_id: atom() | String.t(),
  current_action_id: non_neg_integer(),
  fixed_amount: float(),
  step_on_action: non_neg_integer(),
  steps_per_action: pos_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      call(policy, ctx, observations, state, percept, goal)



        
          
        

    

  


  

      

          @spec call(
  t(),
  Monty.Context.t(),
  map() | nil,
  Monty.Frameworks.Models.MotorSystemState.t(),
  Monty.Cmp.Message.t() | nil,
  Monty.Cmp.Goal.t() | nil
) :: {Monty.Frameworks.Models.MotorPolicies.MotorPolicyResult.t(), t()}


      


The next action of the spiral, and nothing else.
motor_only_step stays false: every one of these actions is something the
learning modules want to see, which is the whole point of scanning.

  



  
    
      
    
    
      check_cycle_action(policy)



        
          
        

    

  


  

      

          @spec check_cycle_action(t()) :: t()


      


Moves to the next leg of the spiral once the current one is long enough.
Monty's check_cycle_action. After the second and the fourth leg of each
circuit the leg gets one step longer, so the square grows by one on every
side.

  



  
    
      
    
    
      new(options)



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


A spiral scanner for :agent_id, turning :fixed_amount degrees a leg.
The action sampler is required because Monty's constructor takes one — it is
never asked for anything.

  



  
    
      
    
    
      reset(policy)



        
          
        

    

  


  

      

          @spec reset(t()) :: t()


      


Starts the next episode at the first leg, with legs one step long.

  



  
    
      
    
    
      state_dict(naive_scan_policy)



        
          
        

    

  


  

      

          @spec state_dict(t()) :: map()


      


Nothing to report: the spiral is fixed at construction.

  


        

      


  

    
Monty.Frameworks.Models.MotorPolicies.PolicyStatus 
    



      
Whether a policy is done, or still working on the goal in hand.
Mirrors tbp/monty/frameworks/models/motor_policies.py::PolicyStatus. Monty's
values are the strings "ready" and "in_progress"; here they are atoms,
which is what the rest of this port does with small closed sets, and the
strings appear only on a wire — as with Monty.Cmp.Message.sender_type. The
enum members are values rather than functions, so the atoms are the whole of
this module (docs/monty-differences.md §2.8).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: :ready | :in_progress


      



  


        

      


  

    
Monty.Frameworks.Models.MotorPolicies.PredefinedPolicy 
    



      
A policy that replays a written-down sequence of actions, for ever.
Mirrors tbp/monty/frameworks/models/motor_policies.py::PredefinedPolicy.
One action per line of a JSON file, read once at construction and then cycled:
step n of the episode is action n of the file, wrapped round. It exits
because unit tests and recorded-session experiments need a body that moves
the same way twice, and no policy can promise that as simply as a list.
The file is read with ActionJSONDecoder, the same decoder an action crosses
a wire with, so a file is Monty's own action serialisation and nothing bespoke.
Monty indexes with bounding % len(action_list), so a file with no actions
fails on the first step with a division by zero. This port refuses at
construction instead — same failure, one step earlier, and a message that says
which file.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        call(policy, ctx, observations, state, percept, goal)

      


        The next action of the file, and the policy that has taken one more step.



    


    
      
        new(options)

      


        A replay for :agent_id from the actions written in :file.



    


    
      
        read_action_file(file)

      


        The actions in file, in the order they are written.



    


    
      
        reset(policy)

      


        Starts the next episode at the first action of the file.



    


    
      
        state_dict(policy)

      


        How far into the file the replay has got.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.MotorPolicies.PredefinedPolicy{
  action_list: [Monty.Frameworks.Actions.Action.t()],
  agent_id: atom() | String.t(),
  episode_step: non_neg_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      call(policy, ctx, observations, state, percept, goal)



        
          
        

    

  


  

      

          @spec call(
  t(),
  Monty.Context.t(),
  map() | nil,
  Monty.Frameworks.Models.MotorSystemState.t(),
  Monty.Cmp.Message.t() | nil,
  Monty.Cmp.Goal.t() | nil
) :: {Monty.Frameworks.Models.MotorPolicies.MotorPolicyResult.t(), t()}


      


The next action of the file, and the policy that has taken one more step.
The percept, the state, the observations and the goal are all ignored: the
sequence is the whole of what this policy knows.

  



  
    
      
    
    
      new(options)



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


A replay for :agent_id from the actions written in :file.
:file is a path with one JSON action per line, blank lines allowed.

  



  
    
      
    
    
      read_action_file(file)



        
          
        

    

  


  

      

          @spec read_action_file(Path.t()) :: [Monty.Frameworks.Actions.Action.t()]


      


The actions in file, in the order they are written.
A blank line is not an action. A line that is not an action is an error naming
the line, because a replay that silently skipped one would be a different
experiment.

  



  
    
      
    
    
      reset(policy)



        
          
        

    

  


  

      

          @spec reset(t()) :: t()


      


Starts the next episode at the first action of the file.

  



  
    
      
    
    
      state_dict(policy)



        
          
        

    

  


  

      

          @spec state_dict(t()) :: map()


      


How far into the file the replay has got.

  


        

      


  

    
Monty.Frameworks.Models.MotorPolicies.RuntimeMotorPolicy behaviour
    



      
What the runtime asks a policy: given this step, what should move?
Mirrors tbp/monty/frameworks/models/motor_policies.py::RuntimeMotorPolicy, a
protocol with one method. The goal is the one the selector chose, or nil on
a step where nothing was proposed.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Callbacks
  


    
      
        call(t, ctx, observations, state, percept, goal)

      


        The actions to take, whether learning modules should sit this step out, and
the policy as it now stands.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: struct()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      call(t, ctx, observations, state, percept, goal)



        
          
        

    

  


  

      

          @callback call(
  t(),
  ctx :: Monty.Context.t(),
  observations :: map() | nil,
  state :: Monty.Frameworks.Models.MotorSystemState.t(),
  percept :: Monty.Cmp.Message.t() | nil,
  goal :: Monty.Cmp.Goal.t() | nil
) :: {Monty.Frameworks.Models.MotorPolicies.MotorPolicyResult.t(), t()}


      


The actions to take, whether learning modules should sit this step out, and
the policy as it now stands.

  


        

      


  

    
Monty.Frameworks.Models.MotorPolicies.SurfacePolicy 
    



      
A policy that walks the surface of an object, feeling along it.
Mirrors tbp/monty/frameworks/models/motor_policies.py::SurfacePolicy, the
policy a surface agent runs: it keeps the sensor a fixed distance from the
surface and moves along it, so the evidence it collects comes from a band
that crosses the object rather than from wherever a random walk lands.
The cycle
Four actions, in order, forever:
MoveForward -> OrientHorizontal -> OrientVertical -> MoveTangentially
Moving forward puts the sensor at desired_object_distance from what it sees;
orienting horizontally turns the sensor to face the surface normal's sideways
lean, orienting vertically its up-and-down lean, and moving tangentially takes
a step along the surface in a direction that is mostly the last one and
partly new (alpha, Monty's "0 is the same as before, 1 is a random walk").
Only the vertical orienting step is worth showing the learning modules — the
other three are bookkeeping to stay on the object — which is what
motor_only_step says.
When it cannot see the object
object_coverage below a tenth, or a search already under way, means the
sensor has left the object; then the policy searches: back off to a circle
four times the desired distance in front of it and step round it thirty
degrees at a time, horizontally for a full turn, then vertically for a
second, then at random angles until something comes into view.
What it shares with InformedPolicy
Monty's SurfacePolicy is an InformedPolicy: it inherits the jump machinery
and overrides the step. Here the jump step is
InformedPolicy.goal_driven_actions/4, taken by any policy carrying the jump
fields, and Monty's _handle_successful_jump hook is handle_successful_jump/1
dispatched to the policy's own module (docs/monty-differences.md §2.9). A jump that
lands with the object in view restarts the cycle as if the agent had just
moved tangentially, which is how a goal-driven step hands back to walking.

      


      
        Summary


  
    Types
  


    
      
        surface_state()

      


        A policy that can run the surface cycle: the fields the step reads.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        call(policy, ctx, observations, state, percept, goal)

      


        One step: a jump if one is in flight or asked for, otherwise the cycle.



    


    
      
        handle_successful_jump(policy)

      


        A jump has landed and the object is in view: carry on as if we had just moved.



    


    
      
        new(options)

      


        A surface policy for :agent_id, with :alpha weighting new directions.



    


    
      
        reset(policy)

      


        Starts the next episode: no jump in flight, and the search forgotten.



    


    
      
        state_dict(surface_policy)

      


        Nothing to report: what it knows is the action it would undo.



    


    
      
        surface_step(policy, ctx, observations, state, percept, goal)

      


        One step of the surface cycle, for any policy that carries its fields.



    


    
      
        tangential_direction(policy, ctx, state, percept)

      


        A direction that is mostly the last one and partly new, in the agent's frame.



    





      


      
        Types


        


  
    
      
    
    
      surface_state()



        
          
        

    

  


  

      

          @type surface_state() :: %{
  :agent_id => atom() | String.t(),
  :rng => :rand.state() | nil,
  :alpha => float(),
  :desired_object_distance => float(),
  :use_goal_driven_actions => boolean(),
  :is_jumping => boolean(),
  :is_undoing_jump => boolean(),
  :pre_jump_state => map() | nil,
  :undo_jump_actions => [Monty.Frameworks.Actions.Action.t()],
  :attempting_to_find_object => boolean(),
  :tangential_angle => float() | nil,
  :touch_search_amount => float(),
  :last_surface_policy_action => Monty.Frameworks.Actions.Action.t() | nil,
  :telemetry => term(),
  optional(atom()) => term()
}


      


A policy that can run the surface cycle: the fields the step reads.
SurfacePolicy and SurfacePolicyCurvatureInformed both carry them, which is
how Monty's inheritance is expressed here (docs/monty-differences.md §2.9).

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.MotorPolicies.SurfacePolicy{
  action_sampler: Monty.Frameworks.Actions.ActionSamplers.ActionSampler.t(),
  agent_id: atom() | String.t(),
  alpha: float(),
  attempting_to_find_object: boolean(),
  desired_object_distance: float(),
  is_jumping: boolean(),
  is_undoing_jump: boolean(),
  last_surface_policy_action: Monty.Frameworks.Actions.Action.t() | nil,
  pre_jump_state: Monty.Frameworks.Models.MotorSystemState.AgentState.t() | nil,
  rng: :rand.state() | nil,
  tangential_angle: float(),
  telemetry:
    Monty.Frameworks.Models.MotorPolicies.SurfacePolicyTelemetry.t() | nil,
  touch_search_amount: float(),
  undo_action: Monty.Frameworks.Actions.Action.t() | nil,
  undo_jump_actions: [Monty.Frameworks.Actions.Action.t()],
  use_goal_driven_actions: boolean()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      call(policy, ctx, observations, state, percept, goal)



        
          
        

    

  


  

      

          @spec call(
  t(),
  Monty.Context.t(),
  map() | nil,
  Monty.Frameworks.Models.MotorSystemState.t(),
  Monty.Cmp.Message.t() | nil,
  Monty.Cmp.Goal.t() | nil
) :: {Monty.Frameworks.Models.MotorPolicies.MotorPolicyResult.t(), t()}


      


One step: a jump if one is in flight or asked for, otherwise the cycle.
The search state is reset on every step that goes on to the cycle, so falling
off the object later starts a search from the beginning.

  



  
    
      
    
    
      handle_successful_jump(policy)



        
          
        

    

  


  

      

          @spec handle_successful_jump(surface_state()) :: surface_state()


      


A jump has landed and the object is in view: carry on as if we had just moved.
Monty overrides its _handle_successful_jump here so that the corrective part
of the cycle runs next, and records that the step where the jump landed is
telemetry rather than a curvature choice.

  



  
    
      
    
    
      new(options)



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


A surface policy for :agent_id, with :alpha weighting new directions.
:desired_object_distance is how far the sensor should sit from the surface,
Monty's 2.5 cm unless told otherwise.

  



  
    
      
    
    
      reset(policy)



        
          
        

    

  


  

      

          @spec reset(surface_state()) :: surface_state()


      


Starts the next episode: no jump in flight, and the search forgotten.

  



  
    
      
    
    
      state_dict(surface_policy)



        
          
        

    

  


  

      

          @spec state_dict(t()) :: map()


      


Nothing to report: what it knows is the action it would undo.

  



  
    
      
    
    
      surface_step(policy, ctx, observations, state, percept, goal)



        
          
        

    

  


  

      

          @spec surface_step(
  surface_state(),
  Monty.Context.t(),
  map() | nil,
  map(),
  Monty.Cmp.Message.t() | nil,
  Monty.Cmp.Goal.t() | nil
) ::
  {Monty.Frameworks.Models.MotorPolicies.MotorPolicyResult.t(), surface_state()}


      


One step of the surface cycle, for any policy that carries its fields.
Monty's SurfacePolicy.__call__, reached here through call/6 and directly by
SurfacePolicyCurvatureInformed, which is a subclass there and a second struct
here (docs/monty-differences.md §2.9). The tangential direction is the one part it
overrides, so that is asked of the policy's own module.

  



  
    
      
    
    
      tangential_direction(policy, ctx, state, percept)



        
          
        

    

  


  

      

          @spec tangential_direction(
  surface_state(),
  Monty.Context.t(),
  map(),
  Monty.Cmp.Message.t() | nil
) ::
  {Monty.Geometry.Rotation.vector(), surface_state()}


      


A direction that is mostly the last one and partly new, in the agent's frame.
Monty's SurfacePolicy.tangential_direction, and the one method
SurfacePolicyCurvatureInformed overrides — hence public, and reached by the
policy's own module (docs/monty-differences.md §2.9).

  


        

      


  

    
Monty.Frameworks.Models.MotorPolicies.SurfacePolicyCurvatureInformed 
    



      
A surface policy that follows the principal curvature directions when it can.
Mirrors tbp/monty/frameworks/models/motor_policies.py::SurfacePolicyCurvatureInformed.
SurfacePolicy walks the surface in a direction that is mostly the last one;
this policy does that only when the surface tells it nothing, and otherwise
heads along the object's own lines — the rim of a cup, the handle of a mug — by
following a principal curvature direction.
Which line it follows, and for how long
It starts on the smallest principal curvature (in absolute value) and
follows it for max_pc_bias_steps, then the largest, then back, alternating
while the directions stay defined. When they stop being defined it falls back
to the standard momentum step, and it will not consider curvature again until
it has taken min_general_steps of those.
Two reasons to ignore a curvature direction
A direction that points mostly along the agent's z axis is ignored: on the
rim of a cup the curvature direction comes out pointing away from the surface,
which is an artefact of the agent re-orienting against a noisy estimate. And a
direction that would take the sensor where it has already been is turned
away from it by a search over headings — the first attempt flips a curvature
direction that has just started, later ones rotate the heading at random, the
search looks less strictly as it fails, and if nothing is free after a hundred
attempts the original heading is kept.
What it shares with SurfacePolicy
In Monty this is a subclass and overrides __call__ (to record where a
tangential step came from), tangential_direction and reset. Here it is a
second struct carrying the same fields, calling SurfacePolicy.surface_step/6
and overriding the one method, which that step asks of the policy's own module
(docs/monty-differences.md §2.9).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        call(policy, ctx, observations, state, percept, goal)

      


        One step, with the place a tangential move came from remembered first.



    


    
      
        new(options)

      


        A curvature-following surface policy.



    


    
      
        reset(policy)

      


        Starts the next episode: the surface's own state goes with it.



    


    
      
        state_dict(surface_policy_curvature_informed)

      


        Nothing beyond what a surface policy reports.



    


    
      
        tangential_direction(policy, ctx, state, percept)

      


        The direction of a tangential move: along a curvature line, or by momentum.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.MotorPolicies.SurfacePolicyCurvatureInformed{
  action_sampler: Monty.Frameworks.Actions.ActionSamplers.ActionSampler.t(),
  agent_id: atom() | String.t(),
  alpha: float(),
  attempting_to_find_object: boolean(),
  continuous_pc_steps: non_neg_integer(),
  desired_object_distance: float(),
  following_heading_counter: non_neg_integer(),
  following_pc_counter: non_neg_integer(),
  ignoring_pc_counter: non_neg_integer(),
  is_jumping: boolean(),
  is_undoing_jump: boolean(),
  last_surface_policy_action: Monty.Frameworks.Actions.Action.t() | nil,
  max_pc_bias_steps: pos_integer(),
  min_dir_pref: boolean(),
  min_general_steps: non_neg_integer(),
  min_heading_steps: non_neg_integer(),
  pc_alpha: float(),
  pc_is_z_defined: boolean(),
  pre_jump_state: Monty.Frameworks.Models.MotorSystemState.AgentState.t() | nil,
  prev_angle: float() | nil,
  rng: :rand.state() | nil,
  setting_new_heading: boolean(),
  tangent_locs: [Monty.Geometry.Rotation.vector()],
  tangent_norms: [Monty.Geometry.Rotation.vector() | nil],
  tangential_angle: float() | nil,
  tangential_vec: Monty.Geometry.Rotation.vector() | nil,
  telemetry:
    Monty.Frameworks.Models.MotorPolicies.SurfacePolicyTelemetry.t() | nil,
  touch_search_amount: float(),
  undo_action: Monty.Frameworks.Actions.Action.t() | nil,
  undo_jump_actions: [Monty.Frameworks.Actions.Action.t()],
  use_goal_driven_actions: boolean(),
  using_pc_guide: boolean()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      call(policy, ctx, observations, state, percept, goal)



        
          
        

    

  


  

      

          @spec call(
  t(),
  Monty.Context.t(),
  map() | nil,
  Monty.Frameworks.Models.MotorSystemState.t(),
  Monty.Cmp.Message.t() | nil,
  Monty.Cmp.Goal.t() | nil
) :: {Monty.Frameworks.Models.MotorPolicies.MotorPolicyResult.t(), t()}


      


One step, with the place a tangential move came from remembered first.
Monty records the sensor's location and surface normal whenever the previous
action was the vertical orienting, because the tangential step follows it
immediately: those are the places the sensor has walked to, as opposed to the
corrective movements that put it there.

  



  
    
      
    
    
      new(options)



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


A curvature-following surface policy.
:alpha weights a standard step towards the previous one, :pc_alpha the
same for the moving average of a curvature direction. :max_pc_bias_steps,
:min_general_steps and :min_heading_steps are Monty's three counters, and
they are required because their right values are a property of the experiment.

  



  
    
      
    
    
      reset(policy)



        
          
        

    

  


  

      

          @spec reset(t()) :: t()


      


Starts the next episode: the surface's own state goes with it.

  



  
    
      
    
    
      state_dict(surface_policy_curvature_informed)



        
          
        

    

  


  

      

          @spec state_dict(t()) :: map()


      


Nothing beyond what a surface policy reports.

  



  
    
      
    
    
      tangential_direction(policy, ctx, state, percept)



        
          
        

    

  


  

      

          @spec tangential_direction(t(), Monty.Context.t(), map(), Monty.Cmp.Message.t() | nil) ::
  {Monty.Geometry.Rotation.vector(), t()}


      


The direction of a tangential move: along a curvature line, or by momentum.
Monty's override of SurfacePolicy.tangential_direction. Curvature is only
considered when the pose is fully defined and enough standard steps have been
taken since the last time curvature was followed.

  


        

      


  

    
Monty.Frameworks.Models.MotorPolicies.SurfacePolicyTelemetry 
    



      
Why a surface policy chose the action it chose.
Mirrors tbp/monty/frameworks/models/motor_policies.py::SurfacePolicyTelemetry:
which principal curvature the policy headed along, whether the step was one of
its moves to get out of a tight spot, and the curvature vectors it used. A
policy that is doing something strange is explained here rather than guessed
at from the actions alone.

      


      
        Summary


  
    Types
  


    
      
        pc_heading()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      pc_heading()



        
          
        

    

  


  

      

          @type pc_heading() :: :min | :max | :no | :jump | nil


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.MotorPolicies.SurfacePolicyTelemetry{
  avoidance_heading: boolean() | nil,
  pc_heading: pc_heading(),
  z_defined_pc: term()
}


      



  


        

      


  

    
Monty.Frameworks.Models.MotorPolicySelectors 
    



      
Choosing which policy drives the body on a given step.
Mirrors tbp/monty/frameworks/models/motor_policy_selectors.py, which holds
the selector interface and the two selectors Monty ships:
	...MotorPolicySelectors.MotorPolicySelector — ported: the interface,
call/5 answering a MotorPolicyResult and the selector it updated;
	...MotorPolicySelectors.SinglePolicySelector — ported: one policy,
given the highest-confidence goal of the step;
	...MotorPolicySelectors.DistantPolicySelector — ported: routes goals
that name an object to a jump policy, goals from a sensor module to a
look-at policy, and everything else to a default.

A policy here is a five-argument function — (ctx, observations, state, percept, goal) — because that is the whole of what Monty's __call__ is.
Holding the function rather than the class keeps a selector testable without a
policy, and lets a policy be any module's function that answers a
MotorPolicyResult.

      


      
        Summary


  
    Functions
  


    
      
        from_config(config)

      


        The selector a config describes.



    


    
      
        highest_confidence_goal(goals)

      


        The goal with the highest confidence, or the first of equal ones.



    





      


      
        Functions


        


  
    
      
    
    
      from_config(config)



        
          
        

    

  


  

      

          @spec from_config(map()) ::
  Monty.Frameworks.Models.MotorPolicySelectors.MotorPolicySelector.t()


      


The selector a config describes.
policy_selector:
  _target_: tbp.monty.frameworks.models.motor_policy_selectors.DistantPolicySelector
  jump_to_goal:
    _target_: ...JumpToGoal
  look_at_goal:
    _target_: ...LookAtGoal
  default:
    _target_: ...InformedPolicyRandomWalk
A selector's policies are configs themselves, so they are built the same way
it is — which is what makes the config the description of the body rather
than a list of names to look up.

  



  
    
      
    
    
      highest_confidence_goal(goals)



        
          
        

    

  


  

      

          @spec highest_confidence_goal([Monty.Cmp.Goal.t()]) :: Monty.Cmp.Goal.t()


      


The goal with the highest confidence, or the first of equal ones.
Monty sorts by confidence descending and takes the head, which for equal
confidences is the first: a stable sort is the whole of the tie-break. The
goals must not be empty — a step with no goals has nothing to choose between,
and the selectors ask that question before asking this one.

  


        

      


  

    
Monty.Frameworks.Models.MotorPolicySelectors.DistantPolicySelector 
    



      
Three policies, chosen by who proposed the goal.
Mirrors tbp/monty/frameworks/models/motor_policy_selectors.py::DistantPolicySelector,
the selector a distant agent runs. A distant agent can be asked for three
different kinds of step in one run, and the sender of the goal is what says
which:
	a learning module proposed it (:gsg): the module wants a hypothesis
tested, so the agent teleports — JumpToGoal — and spends the following
step judging where it landed;
	a sensor module proposed it (:sm): the sensor wants to look at
something, so the agent turns — LookAtGoal;
	nobody proposed anything: the default policy wanders.

A jump in flight takes priority over everything else, including a new
learning-module goal, because the agent is half-way through an experiment it
has to finish: JumpToGoal is asked first, and only if it has nothing to say
does the step fall through to the other two. Of each kind, the most confident
goal is the one pursued.
Why it holds policies rather than functions
SinglePolicySelector holds its policy as a five-argument function, because a
step is all it needs. This one needs more: it reads the jump's status to know
whether a jump is in flight, and it resets and reports on all three policies.
So it holds the three policy structs and threads each one's state, which is
Monty's shape too — its selector holds policy objects and calls their methods.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        call(selector, ctx, observations, state, percept, goals)

      


        The step, from whichever policy the goals point at.



    


    
      
        new(options)

      


        A selector over :jump_to_goal, :look_at_goal and :default.



    


    
      
        reset(selector)

      


        Starts the next episode: every policy starts over, and the record is cleared.



    


    
      
        state_dict(selector)

      


        Each policy's own record, keyed by which policy it is.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.MotorPolicySelectors.DistantPolicySelector{
  default: Monty.Frameworks.Models.MotorPolicies.MotorPolicy.t(),
  is_jumping: boolean(),
  jump_to_goal: Monty.Frameworks.Models.MotorPolicies.JumpToGoal.t(),
  look_at_goal: Monty.Frameworks.Models.Salience.MotorPolicy.LookAtGoal.t(),
  selected_goals: [Monty.Cmp.Goal.t() | nil],
  selected_policies: [module()]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      call(selector, ctx, observations, state, percept, goals)



        
          
        

    

  


  

      

          @spec call(
  t(),
  Monty.Context.t(),
  map() | nil,
  Monty.Frameworks.Models.MotorSystemState.t(),
  Monty.Cmp.Message.t() | nil,
  [Monty.Cmp.Goal.t()]
) :: {Monty.Frameworks.Models.MotorPolicies.MotorPolicyResult.t(), t()}


      


The step, from whichever policy the goals point at.
A jump in flight is judged first; if that verdict is "no actions", the step
carries on to the other two rather than ending, because there is nothing left
to do about the jump and everything still to do about the goals.

  



  
    
      
    
    
      new(options)



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


A selector over :jump_to_goal, :look_at_goal and :default.
All three are required: a selector with a missing policy would have to invent
a step, and inventing one is what the default policy is for.

  



  
    
      
    
    
      reset(selector)



        
          
        

    

  


  

      

          @spec reset(t()) :: t()


      


Starts the next episode: every policy starts over, and the record is cleared.

  



  
    
      
    
    
      state_dict(selector)



        
          
        

    

  


  

      

          @spec state_dict(t()) :: map()


      


Each policy's own record, keyed by which policy it is.
Monty answers the same shape, and the same reason applies: what a run wants to
read afterwards is the jump that was in flight, not a summary of it.

  


        

      


  

    
Monty.Frameworks.Models.MotorPolicySelectors.MotorPolicySelector behaviour
    



      
The motor system's question to a selector: given this step, what should move?
Mirrors tbp/monty/frameworks/models/motor_policy_selectors.py::MotorPolicySelector,
which joins Monty's runtime interface and its experiment interface into one.
A selector decides which policy acts — one policy always, or one of several
depending on the goals that arrived — and answers the same
MotorPolicyResult whatever it chose.
Two differences from Monty, both forced by values rather than pointers:
	the selector is handed back along with the result, because choosing is
also recording — Monty appends the chosen goal to itself — and a struct
cannot be changed in place;
	there is no fixme_provide_motor_system. Monty hands the selector the
motor system only so the chosen policy can set motor_only_step on it;
here that flag travels in the result, so the call and its name both go.


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Callbacks
  


    
      
        call(t, ctx, observations, state, percept, goals)

      


        The actions to take this step, whether learning modules should sit it out, and
the selector as it now stands.



    


    
      
        reset(t)

      


        Forgets everything the selector knows about the episode so far.



    


    
      
        state_dict(t)

      


        What the selector recorded, for a run that wants to be read afterwards.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: struct()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      call(t, ctx, observations, state, percept, goals)



        
          
        

    

  


  

      

          @callback call(
  t(),
  ctx :: Monty.Context.t(),
  observations :: map() | nil,
  state :: Monty.Frameworks.Models.MotorSystemState.t(),
  percept :: Monty.Cmp.Message.t() | nil,
  goals :: [Monty.Cmp.Goal.t()]
) :: {Monty.Frameworks.Models.MotorPolicies.MotorPolicyResult.t(), t()}


      


The actions to take this step, whether learning modules should sit it out, and
the selector as it now stands.

  



  
    
      
    
    
      reset(t)



        
          
        

    

  


  

      

          @callback reset(t()) :: t()


      


Forgets everything the selector knows about the episode so far.

  



  
    
      
    
    
      state_dict(t)



        
          
        

    

  


  

      

          @callback state_dict(t()) :: map()


      


What the selector recorded, for a run that wants to be read afterwards.

  


        

      


  

    
Monty.Frameworks.Models.MotorPolicySelectors.SinglePolicySelector 
    



      
One policy, given the goal the rest of the run believes in most.
Mirrors tbp/monty/frameworks/models/motor_policy_selectors.py::SinglePolicySelector.
Several learning modules can propose several goals in one step, and a body can
only pursue one: this takes the most confident and hands it over, recording
which goal each step was given so a run can be read afterwards.
The policy is a five-argument function, and the last thing it is given is the
chosen goal or nil — nil on a step where nothing proposed anything, which
a surface policy reads as "carry on exploring".

      


      
        Summary


  
    Types
  


    
      
        policy()

      


        What a policy is here: a struct and the module named after it, so the step
asks the policy's own module — as DistantPolicySelector does, and as Monty's
MotorPolicy.__call__ does.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        call(selector, ctx, observations, state, percept, goals)

      


        Asks the policy about the most confident goal of this step, and records it.



    


    
      
        new(options)

      


        A selector that always asks policy.



    


    
      
        reset(selector)

      


        Starts the next episode: the policy starts over, and the record is cleared.



    


    
      
        state_dict(selector)

      


        The policy's own record, and the goals this selector chose.



    





      


      
        Types


        


  
    
      
    
    
      policy()



        
          
        

    

  


  

      

          @type policy() :: Monty.Frameworks.Models.MotorPolicies.MotorPolicy.t()


      


What a policy is here: a struct and the module named after it, so the step
asks the policy's own module — as DistantPolicySelector does, and as Monty's
MotorPolicy.__call__ does.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.MotorPolicySelectors.SinglePolicySelector{
  policy: policy(),
  selected_goals: [Monty.Cmp.Goal.t() | nil]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      call(selector, ctx, observations, state, percept, goals)



        
          
        

    

  


  

      

          @spec call(
  t(),
  Monty.Context.t(),
  term(),
  Monty.Frameworks.Models.MotorSystemState.t(),
  Monty.Cmp.Message.t() | nil,
  [Monty.Cmp.Goal.t()]
) :: {Monty.Frameworks.Models.MotorPolicies.MotorPolicyResult.t(), t()}


      


Asks the policy about the most confident goal of this step, and records it.
With no goals the policy is still called, with nil: standing still is a
policy decision too, and a surface policy explores when nothing is asked of
it.

  



  
    
      
    
    
      new(options)



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


A selector that always asks policy.
:policy is required. :selected_goals is the log, and an experiment that
starts mid-run can hand one over.

  



  
    
      
    
    
      reset(selector)



        
          
        

    

  


  

      

          @spec reset(t()) :: t()


      


Starts the next episode: the policy starts over, and the record is cleared.
Monty's SinglePolicySelector.reset resets its policy too, and it has to: a
policy mid-way through a spiral or a jump would otherwise carry it into the
next object.

  



  
    
      
    
    
      state_dict(selector)



        
          
        

    

  


  

      

          @spec state_dict(t()) :: map()


      


The policy's own record, and the goals this selector chose.

  


        

      


  

    
Monty.Frameworks.Models.MotorSystem 
    



      
The body: turns a step and the goals it was given into actions.
Mirrors tbp/monty/frameworks/models/motor_system.py, which holds three
names:
	...MotorSystem.SurfacePolicyActionDetailsTelemetry — ported: what a
surface policy wants remembered about the actions it chose;
	...MotorSystem.RuntimeMotorSystem — ported: the interface the rest of
the runtime calls;
	...MotorSystem (this module) — ported: the implementation, which asks
a policy selector and keeps the record.

The work is one sentence long: build the state from the proprioceptive state,
ask the selector, remember the actions and the state they were chosen in,
return the actions. Everything a policy knows lives in the selector it was
built with.
Two differences from Monty, both consequences of not being able to change
oneself:
	the answer comes back with the updated motor system, rather than only the
actions;
	Monty's fixme_provide_motor_system handout is gone: a policy that wants
motor_only_step set on the step says so in the MotorPolicyResult it
returns, which this module then carries.

Both are recorded in docs/monty-differences.md §2.2 and §2.3.

      


      
        Summary


  
    Types
  


    
      
        decided()

      


        One step's worth of what was decided: the actions, and the state they were
chosen in — kept together because the state explains the actions.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        action_sequence(motor_system)

      


        Everything the motor system decided, in order.



    


    
      
        call(motor_system, ctx, observations, proprioceptive_state, percept, goals)

      


        Asks the selector for this step's actions, and remembers them.



    


    
      
        from_config(config)

      


        The motor system a config describes.



    


    
      
        motor_only_step(motor_system)

      


        Whether learning modules should sit this step out.



    


    
      
        new(policy_selector)

      


        A motor system that will ask policy_selector what to do.



    


    
      
        reset(motor_system)

      


        Starts the next episode: no actions remembered, no telemetry, selector reset.



    


    
      
        state_dict(motor_system)

      


        What the selector recorded, for a run that wants to be read afterwards.



    





      


      
        Types


        


  
    
      
    
    
      decided()



        
          
        

    

  


  

      

          @type decided() ::
  {[term()],
   proprioceptive_state ::
     Monty.Frameworks.Models.MotorSystemState.ProprioceptiveState.t()}


      


One step's worth of what was decided: the actions, and the state they were
chosen in — kept together because the state explains the actions.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.MotorSystem{
  action_sequence: [decided()],
  motor_only_step: boolean(),
  policy_selector: struct(),
  telemetry:
    Monty.Frameworks.Models.MotorSystem.SurfacePolicyActionDetailsTelemetry.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      action_sequence(motor_system)



        
          
        

    

  


  

      

          @spec action_sequence(t()) :: [decided()]


      


Everything the motor system decided, in order.

  



  
    
      
    
    
      call(motor_system, ctx, observations, proprioceptive_state, percept, goals)



        
          
        

    

  


  

      

          @spec call(
  t(),
  Monty.Context.t(),
  map() | nil,
  Monty.Frameworks.Models.MotorSystemState.ProprioceptiveState.t(),
  Monty.Cmp.Message.t() | nil,
  [Monty.Cmp.Goal.t()]
) :: {[term()], t()}


      


Asks the selector for this step's actions, and remembers them.
The state is the proprioceptive state as it arrived: Monty wraps it in a
MotorSystemState, which is the same map today, so wrapping would only make
a copy that says nothing new.

  



  
    
      
    
    
      from_config(config)



        
          
        

    

  


  

      

          @spec from_config(map()) :: t()


      


The motor system a config describes.
motor_system_config:
  _target_: tbp.monty.frameworks.models.motor_system.MotorSystem
  policy_selector:
    _target_: ...SinglePolicySelector
    policy:
      _target_: ...SurfacePolicyCurvatureInformed
A body is its selector and its policy, so the config is the whole description
of one: there is nothing here that a surface agent's config does not say.

  



  
    
      
    
    
      motor_only_step(motor_system)



        
          
        

    

  


  

      

          @spec motor_only_step(t()) :: boolean()


      


Whether learning modules should sit this step out.
A policy sets it when it is only turning or moving, where there is nothing new
for a learning module to match.

  



  
    
      
    
    
      new(policy_selector)



        
          
        

    

  


  

      

          @spec new(struct()) :: t()


      


A motor system that will ask policy_selector what to do.
Monty's constructor also hands itself to the selector, for reasons its own
comment calls a hack; there is nothing to hand over here.

  



  
    
      
    
    
      reset(motor_system)



        
          
        

    

  


  

      

          @spec reset(t()) :: t()


      


Starts the next episode: no actions remembered, no telemetry, selector reset.

  



  
    
      
    
    
      state_dict(motor_system)



        
          
        

    

  


  

      

          @spec state_dict(t()) :: map()


      


What the selector recorded, for a run that wants to be read afterwards.

  


        

      


  

    
Monty.Frameworks.Models.MotorSystem.RuntimeMotorSystem behaviour
    



      
What the rest of the runtime asks a motor system: this step, what should move?
Mirrors tbp/monty/frameworks/models/motor_system.py::RuntimeMotorSystem, a
protocol with one method. The percept is the one from the first sensor module,
which is the only one a body has ever needed to be told about.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Callbacks
  


    
      
        call(t, ctx, observations, proprioceptive_state, percept, goals)

      


        The actions to take next, and the motor system as it now stands.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: struct()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      call(t, ctx, observations, proprioceptive_state, percept, goals)



        
          
        

    

  


  

      

          @callback call(
  t(),
  ctx :: Monty.Context.t(),
  observations :: map() | nil,
  proprioceptive_state ::
    Monty.Frameworks.Models.MotorSystemState.ProprioceptiveState.t(),
  percept :: Monty.Cmp.Message.t() | nil,
  goals :: [Monty.Cmp.Goal.t()]
) :: {[term()], t()}


      


The actions to take next, and the motor system as it now stands.
Monty answers only the actions, because it can change itself; the step's
record of what was decided is the motor system's own state, so it comes back
with the answer, as everywhere else in this port.

  


        

      


  

    
Monty.Frameworks.Models.MotorSystem.SurfacePolicyActionDetailsTelemetry 
    



      
What a surface policy wants remembered about the actions it just chose.
Mirrors tbp/monty/frameworks/models/motor_system.py::SurfacePolicyActionDetailsTelemetry.
One entry per step, in the order the steps happened:
	pc_heading — which principal curvature the policy headed for, "min",
"max", "no" or "jump", or nil when it is not a surface move;
	avoidance_heading — whether the step was one of the policy's moves to
get out of a tight spot;
	z_defined_pc — the principal curvature vectors the policy used.

Monty keeps this on the motor system because there is nowhere else for it to
go yet ("TODO: Get rid of this once we have another path for telemetry"), and
the same is true here.

      


      
        Summary


  
    Types
  


    
      
        pc_heading()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        append(telemetry, step)

      


        Adds one step's worth of telemetry, at the end.



    





      


      
        Types


        


  
    
      
    
    
      pc_heading()



        
          
        

    

  


  

      

          @type pc_heading() :: :min | :max | :no | :jump | nil


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.MotorSystem.SurfacePolicyActionDetailsTelemetry{
  avoidance_heading: [boolean() | nil],
  pc_heading: [pc_heading()],
  z_defined_pc: [term()]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      append(telemetry, step)



        
          
        

    

  


  

      

          @spec append(t(), term()) :: t()


      


Adds one step's worth of telemetry, at the end.
A step with no telemetry adds nothing, which is what keeps the three lists the
same length as the list of steps that had a surface policy.

  


        

      


  

    
Monty.Frameworks.Models.MotorSystemState 
    



      
Where the body is: the motor system's view of the agents it moves.
Mirrors tbp/monty/frameworks/models/motor_system_state.py, which holds four
names:
	...MotorSystemState.SensorState and ...MotorSystemState.AgentState —
ported: one sensor's place and turn, and one agent's place, turn and
sensors;
	...MotorSystemState.ProprioceptiveState — ported: what the
environment reports, a map of agent id to AgentState;
	...MotorSystemState (this module) — ported: what the motor system
works with, which Monty describes as the proprioceptive state "as well as
any state that the motor system needs for operation".

The last two are separate classes in Monty because they are separate ideas,
but both are plain dictionaries with no behaviour, so t/0 here is the same
shape as ProprioceptiveState.t/0 until the motor system has state of its
own to add. A caller that means "what the environment said" should still say
so, because that is where the distinction will have to be made.

      


      
        Summary


  
    Types
  


    
      
        agent_id()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      agent_id()



        
          
        

    

  


  

      

          @type agent_id() :: atom() | String.t()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %{
  optional(agent_id()) =>
    Monty.Frameworks.Models.MotorSystemState.AgentState.t()
}


      



  


        

      


  

    
Monty.Frameworks.Models.MotorSystemState.AgentState 
    



      
Where one agent is, how it is turned, and where its sensors are.
Mirrors tbp/monty/frameworks/models/motor_system_state.py::AgentState. The
sensors are keyed by sensor id, and their positions and rotations are relative
to this agent's — which is what lets an environment move an agent without
rewriting every sensor.

      


      
        Summary


  
    Types
  


    
      
        sensor_id()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        sensor_pose(agent, sensor_id)

      


        Where the sensor sensor_id is, in the world.



    





      


      
        Types


        


  
    
      
    
    
      sensor_id()



        
          
        

    

  


  

      

          @type sensor_id() :: atom() | String.t()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.MotorSystemState.AgentState{
  position: [float()],
  rotation: Monty.Geometry.Rotation.t(),
  sensors: %{
    optional(sensor_id()) =>
      Monty.Frameworks.Models.MotorSystemState.SensorState.t()
  }
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      sensor_pose(agent, sensor_id)



        
          
        

    

  


  

      

          @spec sensor_pose(t(), sensor_id()) ::
  Monty.Frameworks.Models.MotorSystemState.SensorState.t()


      


Where the sensor sensor_id is, in the world.
The sensor's own offset is relative to the agent, so its place is the agent's
position with that offset turned:
agent.position + qt.rotate_vectors(agent.rotation, sensor.position), and its
rotation the two rotations multiplied
(sensor_modules.py:565-570).
Monty writes those two lines twice — once in CameraSM.update_state, once in
the transform-pipeline SensorModule.update_state — and the port keeps one
copy, because it is one rule (docs/monty-differences.md §2.12).

  


        

      


  

    
Monty.Frameworks.Models.MotorSystemState.ProprioceptiveState 
    



      
What the environment says about every agent it contains.
Mirrors tbp/monty/frameworks/models/motor_system_state.py::ProprioceptiveState,
which is a dict[AgentID, AgentState] and nothing more. Here it is that map,
under a type, so a signature can say "the environment's account of the body"
rather than map().

      


      
        Summary


  
    Types
  


    
      
        agent_id()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      agent_id()



        
          
        

    

  


  

      

          @type agent_id() :: atom() | String.t()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %{
  optional(agent_id()) =>
    Monty.Frameworks.Models.MotorSystemState.AgentState.t()
}


      



  


        

      


  

    
Monty.Frameworks.Models.MotorSystemState.SensorState 
    



      
Where one sensor is, and how it is turned.
Mirrors tbp/monty/frameworks/models/motor_system_state.py::SensorState.
Inside an AgentState the position and rotation are relative to the agent's
own; taken straight from the environment they are in the environment's frame.
Monty notes the rotation is still a quaternion.quaternion while the project
settles on one representation; here it is a Monty.Geometry.Rotation, which
is the representation the rest of this port uses.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.MotorSystemState.SensorState{
  position: [float()],
  rotation: Monty.Geometry.Rotation.t()
}


      



  


        

      


  

    
Monty.Frameworks.Models.NoResetEvidenceMatching.MontyForNoResetEvidenceGraphMatching 
    



      
The model an unsupervised-inference run starts: one that is never told an
episode has ended.
Mirrors frameworks/models/no_reset_evidence_matching.py::MontyForNoResetEvidenceGraphMatching.
Monty's ordinary model begins an episode by resetting its modules, which
throws away their hypotheses and the evidence behind them; this one begins an
episode by resetting the counters — the step counts, the terminal states, the
motor system's place in its policy — and empties the buffers. What the modules
believe survives, because in the experiment this class was written for the
object under the sensor changes with no signal announcing it, and the model
has to discover the change from evidence falling away. It is intended for
evaluation-only runs against a pretrained model, with Monty in the matching
phase throughout.
What a run of this class keeps, and what it forgets
Kept across an object change: the hypothesis space of every module, the
evidence of each hypothesis, the most likely hypothesis, the goal generator's
schedule, each sensor's delta-filter memory, the record of what each sensor was
on at every step (stepwise_targets_list), and where the sensor was — which is
why NoResetEvidenceGraphLM remembers that itself.
Forgotten: the step counters, the modules' conclusions and the objects and
poses they named, each module's buffer of observations, each sensor's processed
observations, and the model's done?.
One difference from Monty, on purpose
Monty's class resets fully once and skips the full reset afterwards, because
some of its modules' fields are only initialised by reset() and graphs are
loaded after construction (__init__'s comment says so). Neither is true here:
EvidenceGraphLM.new/2 ends in reset_stm/1, and a learning module is built
with the memory it will match against, so a module is fully initialised before
the first episode. The distinction therefore has no work to do, and every
reset is the partial one — which is also what Monty's first reset amounts to on
a module that is already initialised.
What is not carried
Monty's snapshot/0 and restore/1 copy the model's state_dict so a run can
be forked and compared. This port has no state_dict for a model — the modules
are processes and the memory they hold travels as a GraphMemory — so there is
nothing here to copy; docs/training.md says where a learned memory is written
instead.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(spec)

      


        The model as something a supervisor can start.



    


    
      
        done?(model_id)

      


        Whether the model has concluded this episode.



    


    
      
        fixme_set_ground_truth(model_id, primary_target, opts \\ [])

      


        MontyForGraphMatching.fixme_set_ground_truth: what this episode is about.



    


    
      
        reset_episode(model_id)

      


        Clears short-term memory for a new episode, as this class defines it.



    


    
      
        reset_episode_state(state)

      


        reset/0, as this class means it: the episode starts again, what the modules
believe does not.



    


    
      
        set_experiment_mode(model_id, mode)

      


        MontyBase.set_experiment_mode: whether this episode trains or evaluates.



    


    
      
        set_ground_truth_state(state, primary_target, opts)

      


        fixme_set_ground_truth: the object this episode is about, told to the modules
without emptying their record of what the sensor was on.



    


    
      
        state(model_id)

      


        The coordinator's state, which is where an episode's conclusion lives.



    


    
      
        status(model_id)

      


        The four things a recognition policy may read off the model.



    


    
      
        step(model_id, observations, proprioceptive_state, ctx)

      


        One timestep: what the modules were given and what they made of it.



    


    
      
        stop(model_id)

      


        Stops the model's processes.



    


    
      
        supervise(model_id, target, location_on_model, supervised_ids)

      


        MontySupervisedObjectPretrainingExperiment._pass_target_info_to_model.



    


    
      
        switch_to_exploratory_step(model_id)

      


        Monty.switch_to_exploratory_step: what a recognition policy can ask for.



    


    
      
        time_out(model_id)

      


        Monty.time_out_lms: what a recognition policy can ask for instead of stopping.



    


    
      
        update_ltm(model_id)

      


        MontyBase.update_ltm: write the episode into long-term memory.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(spec)



        
          
        

    

  


  

      

          @spec child_spec(map()) :: Supervisor.child_spec()


      


The model as something a supervisor can start.
Monty's constructor builds the model; here it is spec — what the config
resolved to — and starting it is the runtime's.

  



  
    
      
    
    
      done?(model_id)



        
          
        

    

  


  

      

          @spec done?(atom() | String.t()) :: boolean()


      


Whether the model has concluded this episode.

  



    

  
    
      
    
    
      fixme_set_ground_truth(model_id, primary_target, opts \\ [])



        
          
        

    

  


  

      

          @spec fixme_set_ground_truth(atom() | String.t(), map() | nil, keyword()) :: :ok


      


MontyForGraphMatching.fixme_set_ground_truth: what this episode is about.

  



  
    
      
    
    
      reset_episode(model_id)



        
          
        

    

  


  

      

          @spec reset_episode(atom() | String.t()) :: :ok


      


Clears short-term memory for a new episode, as this class defines it.

  



  
    
      
    
    
      reset_episode_state(state)



        
          
        

    

  


  

      

          @spec reset_episode_state(Monty.Runtime.Step.State.t()) ::
  Monty.Runtime.Step.State.t()


      


reset/0, as this class means it: the episode starts again, what the modules
believe does not.
Monty's _reset_terminal_states (lm.set_individual_ts(None)) and
_reset_modules_buffers (lm.buffer.reset(), sm.processed_obs = []), after
reset_episode_steps() and switch_to_matching_step(). The motor system is
deliberately not reset: Monty's override does not reset it either, and a policy
that forgot its last action would have to find the object again after every
object change.

  



  
    
      
    
    
      set_experiment_mode(model_id, mode)



        
          
        

    

  


  

      

          @spec set_experiment_mode(
  atom() | String.t(),
  Monty.Frameworks.Models.AbstractMontyClasses.LearningModule.mode()
) :: :ok


      


MontyBase.set_experiment_mode: whether this episode trains or evaluates.

  



  
    
      
    
    
      set_ground_truth_state(state, primary_target, opts)



        
          
        

    

  


  

      

          @spec set_ground_truth_state(Monty.Runtime.Step.State.t(), map() | nil, keyword()) ::
  Monty.Runtime.Step.State.t()


      


fixme_set_ground_truth: the object this episode is about, told to the modules
without emptying their record of what the sensor was on.
Monty's override writes lm.primary_target and lm.primary_target_rotation_quat
itself instead of calling lm.fixme_reset_ground_truth, which would clear
stepwise_targets_list — the only record of which object the sensor was on at
every step of a run that never restarts.

  



  
    
      
    
    
      state(model_id)



        
          
        

    

  


  

      

          @spec state(atom() | String.t()) :: Monty.Runtime.Step.State.t()


      


The coordinator's state, which is where an episode's conclusion lives.

  



  
    
      
    
    
      status(model_id)



        
          
        

    

  


  

      

          @spec status(atom() | String.t()) :: Monty.Experiment.RecognitionStrategy.model()


      


The four things a recognition policy may read off the model.

  



  
    
      
    
    
      step(model_id, observations, proprioceptive_state, ctx)



        
          
        

    

  


  

      

          @spec step(atom() | String.t(), map(), map(), Monty.Context.t()) ::
  {:ok, [map()], map()}


      


One timestep: what the modules were given and what they made of it.

  



  
    
      
    
    
      stop(model_id)



        
          
        

    

  


  

      

          @spec stop(atom() | String.t()) :: :ok | {:error, :not_found}


      


Stops the model's processes.

  



  
    
      
    
    
      supervise(model_id, target, location_on_model, supervised_ids)



        
          
        

    

  


  

      

          @spec supervise(atom() | String.t(), map(), [number()], [String.t()]) :: :ok


      


MontySupervisedObjectPretrainingExperiment._pass_target_info_to_model.

  



  
    
      
    
    
      switch_to_exploratory_step(model_id)



        
          
        

    

  


  

      

          @spec switch_to_exploratory_step(atom() | String.t()) :: :ok


      


Monty.switch_to_exploratory_step: what a recognition policy can ask for.

  



  
    
      
    
    
      time_out(model_id)



        
          
        

    

  


  

      

          @spec time_out(atom() | String.t()) :: :ok


      


Monty.time_out_lms: what a recognition policy can ask for instead of stopping.

  



  
    
      
    
    
      update_ltm(model_id)



        
          
        

    

  


  

      

          @spec update_ltm(atom() | String.t()) :: :ok


      


MontyBase.update_ltm: write the episode into long-term memory.

  


        

      


  

    
Monty.Frameworks.Models.NoResetEvidenceMatching.NoResetEvidenceGraphLM 
    



      
An evidence learning module that is never told an episode has ended.
Mirrors frameworks/models/no_reset_evidence_matching.py::NoResetEvidenceGraphLM,
the module an unsupervised-inference experiment runs: the object under the
sensor changes without any signal that it changed, so the module cannot be
reset between objects — it has to notice the change itself, from evidence
falling away. Its whole reason to exist is the comparison the ordinary module
makes at an episode boundary.
What it changes
	It remembers where the sensor was, itself. EvidenceGraphLM reads the
buffer for that, and the model empties every module's buffer when the
object changes (NoResetEvidenceGraphMatching.reset/0), so the buffer
cannot be the memory here. Both are kept in step: _add_displacements
writes the location to this module and to the buffer.
	"The agent has moved" means "this module has seen the sensor before",
not "the buffer has an entry". On the first step after an object change the
buffer is empty and the sensor has moved — the module must displace its
hypotheses by the journey from the old object to the new one, which is
exactly what the ordinary module does not do on its first step.
	A location-only step displaces the hypotheses without touching
evidence, from this module's own memory of the last place.
	The goal generator does not wait longer between objects
(wait_growth_multiplier 1): waiting is for a sensor that cannot find the
object it is on, and here the object is simply replaced.
	It always updates hypotheses by burst sampling, which is Monty's
constructor: kwargs["hypotheses_updater_class"] is set whenever the
attribute is missing from the dict, which is always, so a config cannot
choose another updater for this class.

Why a wrapper rather than inheritance
In Monty this is a subclass of EvidenceGraphLM that overrides four methods.
Elixir has no inheritance, so — the same decision SurfacePolicyCurvatureInformed
and InformedPolicy already carry (docs/monty-differences.md §2.9) — it is a
second struct holding an EvidenceGraphLM and answering the learning module's
callbacks by delegation, with the four overrides written out. The four are
matching_step, exploratory_step, reset_stm and the displacement helpers.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        The module Monty's unsupervised-inference experiments run: an evidence
learning module plus where the sensor was when it last reported.



    





  
    Functions
  


    
      
        exploratory_step(percepts, ctx, lm)

      


        One exploratory step: buffer what was seen, move the hypotheses with the
sensor, test nothing.



    


    
      
        from_config(config, options \\ [])

      


        The module a config's _target_ names, built from it.



    


    
      
        matching_step(percepts, ctx, lm)

      


        One matching step, and the difference from EvidenceGraphLM's is one line.



    


    
      
        new(lm)

      


        A no-reset module over the memory EvidenceGraphLM.new/2 was given.



    


    
      
        reset_stm(lm)

      


        Clears the short-term memory, remembering nothing of where the sensor was.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.NoResetEvidenceMatching.NoResetEvidenceGraphLM{
  last_location: [float()] | nil,
  lm:
    Monty.Frameworks.Models.EvidenceMatching.LearningModule.EvidenceGraphLM.t()
}


      


The module Monty's unsupervised-inference experiments run: an evidence
learning module plus where the sensor was when it last reported.
last_location is nil until the module has seen a sensor percept, and is
the one thing a reset clears along with the rest of the short-term memory.

  


        

      

      
        Functions


        


  
    
      
    
    
      exploratory_step(percepts, ctx, lm)



        
          
        

    

  


  

      

          @spec exploratory_step([Monty.Cmp.Message.t()], Monty.Context.t(), t()) ::
  {:ok, t()} | {:error, term()}


      


One exploratory step: buffer what was seen, move the hypotheses with the
sensor, test nothing.

  



    

  
    
      
    
    
      from_config(config, options \\ [])



        
          
        

    

  


  

      

          @spec from_config(map(), keyword()) :: {:ok, t()} | {:error, term()}


      


The module a config's _target_ names, built from it.
Two things about the config are this class's rather than the evidence
module's, and both are replaced before the evidence module reads it. The
target is this class — the config asked for it — while the module it wraps is
EvidenceGraphLM, which refuses to be built from a config naming anything
else. And the updater is forced to burst sampling, which is what Monty's
__init__ does (if not hasattr(kwargs, "hypotheses_updater_class") asks a
dict whether it has an attribute: it never does), so the module's
hypotheses_updater_args are honoured and its choice of updater is not.

  



  
    
      
    
    
      matching_step(percepts, ctx, lm)



        
          
        

    

  


  

      

          @spec matching_step([Monty.Cmp.Message.t()], Monty.Context.t(), t()) ::
  {:ok, t()} | {:error, term()}


      


One matching step, and the difference from EvidenceGraphLM's is one line.
Monty's override asks this module whether the agent has moved, and displaces
from this module's memory of where the sensor was; everything after that is
the evidence module's step, with the mixin's statistics in place of its own.

  



  
    
      
    
    
      new(lm)



        
          
        

    

  


  

      

          @spec new(Monty.Frameworks.Models.EvidenceMatching.LearningModule.EvidenceGraphLM.t()) ::
  t()


      


A no-reset module over the memory EvidenceGraphLM.new/2 was given.

  



  
    
      
    
    
      reset_stm(lm)



        
          
        

    

  


  

      

          @spec reset_stm(t()) :: t()


      


Clears the short-term memory, remembering nothing of where the sensor was.
Monty's reset_stm: the evidence module's, plus this module's own field —
which is what makes the next step an unmoved one again.

  


        

      


  

    
Monty.Frameworks.Models.ObjectModel behaviour
    



      
How a learned object is stored — the object-model family.
Mirrors tbp/monty/frameworks/models/object_model.py, which holds three
things: the graph model, the grid model that oversamples a surface into
voxels before thinning it into a graph, and the error the grid raises when it
is asked to hold more space than it was given.
	Monty.Frameworks.Models.ObjectModel.GraphObjectModel — ported: nodes,
their features by column, and edges to the nearest neighbours;
	...ObjectModel.GridObjectModel — ported: the voxel grid that averages
what was seen in each voxel and thins the busiest ones into a graph, so
that one model is bounded in size and in resolution at once;
	...ObjectModel.GridTooSmallError — ported: the grid's "this object
does not fit" answer.

What Monty keeps in abstract_monty_classes.ObjectModel is an empty base
class, so there is nothing to mirror for it here beyond this namespace.
What every object model answers
GridObjectModel is a GraphObjectModel in Python — same interface, a grid
in front of the graph. Memory only ever asks a model these questions, so in
Elixir, where there is no inheritance to lean on, the same set is written out
as a behaviour and both models implement it:
	new/2 — an empty model for an object id, told its options;
	build_model/3 and update_model/6 — add an episode's observations, or
extend what is there; both can refuse, because a grid can be too small;
	set_graph/2 — take a pretrained graph as it was stored;
	graph/1, positions/1, num_nodes/1, get_values_for_feature/2 — what
matching reads.

Refusals are {:error, reason} rather than exceptions, since "the object is
bigger than this model" is an answer a caller acts on (learn it anyway, log
it, model bigger next time) and not an accident.

      


      
        Summary


  
    Types
  


    
      
        features()

      


    


    
      
        graph()

      


    


    
      
        location()

      


    


    
      
        model()

      


    





  
    Callbacks
  


    
      
        build_model(model, list, features)

      


        The model built from one episode's observations.



    


    
      
        find_nearest_neighbor_ids(model, list, pos_integer)

      


        The same ids, left as the bytes the index wrote, for a native kernel to read.



    


    
      
        find_nearest_neighbors(model, list, pos_integer, keyword)

      


        The ids of the count nodes nearest each of locations.



    


    
      
        get_values_for_feature(model, t)

      


        The columns holding one feature, as one row per node.



    


    
      
        graph(model)

      


        The graph matching reads, or nil before there is one.



    


    
      
        has_feature?(model, t)

      


        Whether the model stores a value for feature at every node.



    


    
      
        new(object_id, options)

      


        An empty model for object_id.



    


    
      
        num_nodes(model)

      


        The number of nodes.



    


    
      
        positions(model)

      


        One [x, y, z] per node.



    


    
      
        set_graph(model, graph)

      


        The model holding a graph that was stored rather than built.



    


    
      
        update_model(model, list, features, location, location, t)

      


        The model extended with one episode's observations.



    





      


      
        Types


        


  
    
      
    
    
      features()



        
          
        

    

  


  

      

          @type features() :: %{optional(String.t()) => list()}


      



  



  
    
      
    
    
      graph()



        
          
        

    

  


  

      

          @type graph() :: map()


      



  



  
    
      
    
    
      location()



        
          
        

    

  


  

      

          @type location() :: Monty.Frameworks.Utils.SpatialArithmetics.vector()


      



  



  
    
      
    
    
      model()



        
          
        

    

  


  

      

          @type model() :: struct()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      build_model(model, list, features)



        
          
        

    

  


  

      

          @callback build_model(model(), [location()], features()) ::
  {:ok, model()} | {:error, term()}


      


The model built from one episode's observations.

  



  
    
      
    
    
      find_nearest_neighbor_ids(model, list, pos_integer)



        
          
        

    

  


  

      

          @callback find_nearest_neighbor_ids(model(), [location()], pos_integer()) ::
  {binary(), pos_integer()} | nil


      


The same ids, left as the bytes the index wrote, for a native kernel to read.
{ids, count}: locations * count little-endian u32 ids, row after row, with
4_294_967_295 where a query found fewer than count. The decoded form above
is what the rest of the port compares and reports; this one exists because
decoding twenty thousand of them into lists of lists cost more than the search
did, and the evidence kernel can read the marker itself.
nil when this model's index has no bytes to offer — a model that walks
distances instead of a tree, or one whose index is the Elixir tree.

  



  
    
      
    
    
      find_nearest_neighbors(model, list, pos_integer, keyword)



        
          
        

    

  


  

      

          @callback find_nearest_neighbors(model(), [location()], pos_integer(), keyword()) ::
  [[non_neg_integer()]] | [[{float(), non_neg_integer()}]]


      


The ids of the count nodes nearest each of locations.
Displacing asks this to find which stored nodes an unobserved pose would have
produced evidence from. Monty queries a KD-tree built over the graph; a grid
model's graph is a point cloud with no edges, so it answers the same question
by comparing distances.
With distance: true each answer comes as {distance, id} instead of an id.
That is Monty's return_distance flag, and it exists for goal generation:
deciding where two objects most disagree needs the distances, not the ids.

  



  
    
      
    
    
      get_values_for_feature(model, t)



        
          
        

    

  


  

      

          @callback get_values_for_feature(model(), String.t()) :: [[float()]]


      


The columns holding one feature, as one row per node.

  



  
    
      
    
    
      graph(model)



        
          
        

    

  


  

      

          @callback graph(model()) :: graph() | nil


      


The graph matching reads, or nil before there is one.

  



  
    
      
    
    
      has_feature?(model, t)



        
          
        

    

  


  

      

          @callback has_feature?(model(), String.t()) :: boolean()


      


Whether the model stores a value for feature at every node.
A caller that reads a whole column has to know whether there is one: a graph
built from a recording that carried only some of the features has no column to
read, and asking for it is an error rather than an empty answer.

  



  
    
      
    
    
      new(object_id, options)



        
          
        

    

  


  

      

          @callback new(object_id :: String.t(), options :: keyword()) :: model()


      


An empty model for object_id.

  



  
    
      
    
    
      num_nodes(model)



        
          
        

    

  


  

      

          @callback num_nodes(model()) :: non_neg_integer()


      


The number of nodes.

  



  
    
      
    
    
      positions(model)



        
          
        

    

  


  

      

          @callback positions(model()) :: [location()]


      


One [x, y, z] per node.

  



  
    
      
    
    
      set_graph(model, graph)



        
          
        

    

  


  

      

          @callback set_graph(model(), graph()) :: {:ok, model()} | {:error, term()}


      


The model holding a graph that was stored rather than built.

  



  
    
      
    
    
      update_model(model, list, features, location, location, t)



        
          
        

    

  


  

      

          @callback update_model(
  model(),
  [location()],
  features(),
  location(),
  location(),
  Monty.Geometry.Rotation.t()
) :: {:ok, model()} | {:error, term()}


      


The model extended with one episode's observations.

  


        

      


  

    
Monty.Frameworks.Models.ObjectModel.GraphObjectModel 
    



      
An object model as a graph: one node per distinct observation, edges to the
nearest neighbours.
Mirrors tbp/monty/frameworks/models/object_model.py::GraphObjectModel.
What a graph is here
Python builds a torch_geometric.data.Data, and Monty's own
torch_graph_to_numpy turns that into a bag of arrays with the same names —
which is exactly what an Elixir map is, so the port has no graph class to
invent:
	pos — one [x, y, z] per node, in the model's reference frame;
	x — one row per node, the node id in column 0 and then every feature
laid end to end;
	feature_mapping — feature name to {first_column, last_column} (a
half-open range, as Monty's x[:, start:end] is);
	norm — the surface normal of each node, when the features carry pose
vectors;
	edge_index and edge_attr — the neighbour links and the displacement
from each edge's source to its target.

Point-pair features
A displacement module matching on match_attribute: "PPF" compares four
numbers per edge instead of a displacement, so its model carries
has_ppf: true and every build ends in add_ppf_to_graph/1 — Monty's
torch_geometric transform, translated rather than called. The four are the
length of the edge and three angles between it and the two nodes' normals,
which is what makes the comparison independent of how the object is turned.

      


      
        Summary


  
    Types
  


    
      
        graph()

      


    


    
      
        location()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        add_ppf_to_graph(model)

      


        Monty's add_ppf_to_graph: every edge's edge_attr becomes the point-pair
features of the nodes it links, replacing the displacement that was there.



    


    
      
        build_model(model, locations, features)

      


        Builds the graph from observations and links each node to its k_n nearest
neighbours.



    


    
      
        build_model(model, locations, features, k_n, graph_delta_thresholds)

      


    


    
      
        combine_graph_information(graph_object_model, locations, features)

      


        The existing graph and the new observations, as one point cloud.



    


    
      
        edge_index_between(graph_object_model, previous_node, new_node)

      


        The index of the edge from previous_node to new_node, or nil if the
graph does not have one.



    


    
      
        feature_ids_in_graph(graph_object_model)

      


        The names of the features stored in the graph, node_ids included.



    


    
      
        find_nearest_neighbor_ids(model, search_locations, count)

      


        The ids of the count nodes nearest each of search_locations, as bytes.



    


    
      
        find_nearest_neighbors(model, search_locations, count, options \\ [])

      


        The ids of the count nodes nearest each of search_locations.



    


    
      
        get_values_for_feature(graph_object_model, feature)

      


        The columns of x holding one feature, as rows.



    


    
      
        graph(graph_object_model)

      


        The graph itself, or nil before the model has been built.



    


    
      
        has_feature?(graph_object_model, feature)

      


        Whether this graph stores a value for feature at every node.



    


    
      
        new(object_id, options \\ [])

      


        A model for object_id, with no graph yet.



    


    
      
        num_nodes(graph_object_model)

      


        The number of nodes in the graph.



    


    
      
        positions(graph_object_model)

      


        One [x, y, z] per node.



    


    
      
        set_graph(model, graph)

      


        Replaces the graph, as when a pretrained model is loaded.



    


    
      
        update_model(model, locations, features, location_rel_model, object_location_rel_body, object_rotation)

      


        Adds new observations to the model, in the model's reference frame.



    





      


      
        Types


        


  
    
      
    
    
      graph()



        
          
        

    

  


  

      

          @type graph() :: %{required(atom()) => term()}


      



  



  
    
      
    
    
      location()



        
          
        

    

  


  

      

          @type location() :: Monty.Frameworks.Utils.SpatialArithmetics.vector()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.ObjectModel.GraphObjectModel{
  graph: term(),
  graph_delta_thresholds: term(),
  has_ppf: term(),
  k_n: term(),
  location_tree: term(),
  object_id: term()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      add_ppf_to_graph(model)



        
          
        

    

  


  

      

          @spec add_ppf_to_graph(t()) :: t()


      


Monty's add_ppf_to_graph: every edge's edge_attr becomes the point-pair
features of the nodes it links, replacing the displacement that was there.
torch_geometric's PointPairFeatures(cat=False), which is four numbers per
edge:
[ |d|, angle(n_i, d), angle(n_j, d), angle(n_i, n_j) ]
where d runs from the edge's source to its target — the same four
SensorProcessing.point_pair_features/4 computes for a step's movement, so
the graph and the query cannot disagree about what a feature is.
The graph must carry norm: a normal is half of every feature, and a module
matching on point-pair features without pose vectors has nothing to compare.
Monty asserts the same (assert data.norm is not None); this raises the
sentence instead.
A graph with no edges gets an empty list rather than an error: there is no
feature to compute, and a one-node model is a legitimate first observation.

  



  
    
      
    
    
      build_model(model, locations, features)



        
          
        

    

  


  

Builds the graph from observations and links each node to its k_n nearest
neighbours.
k_n is asked for as edges, so the neighbour count includes the node itself —
GraphMatchingUtils.correct_k_n/2 adjusts it for small graphs — and nil
builds the point cloud without edges.
A plain graph cannot be too small for anything, so this never refuses; it
returns {:ok, model} because a grid model can, and memory treats both alike.

  



  
    
      
    
    
      build_model(model, locations, features, k_n, graph_delta_thresholds)



        
          
        

    

  


  

      

          @spec build_model(
  t(),
  [location()],
  %{optional(String.t()) => list()},
  pos_integer() | nil,
  map() | nil
) :: t()


      



  



  
    
      
    
    
      combine_graph_information(graph_object_model, locations, features)



        
          
        

    

  


  

      

          @spec combine_graph_information(t(), [location()], %{optional(String.t()) => list()}) ::
  {[location()], %{optional(String.t()) => [[float()]]}}


      


The existing graph and the new observations, as one point cloud.
New features become new columns, with zeros for the nodes that never had them
— which is why a feature that the graph stores but the observation lacks
raises: padding that with zeros would silently claim the sensor saw
nothing.

  



  
    
      
    
    
      edge_index_between(graph_object_model, previous_node, new_node)



        
          
        

    

  


  

      

          @spec edge_index_between(t(), non_neg_integer(), non_neg_integer()) ::
  non_neg_integer() | nil


      


The index of the edge from previous_node to new_node, or nil if the
graph does not have one.

  



  
    
      
    
    
      feature_ids_in_graph(graph_object_model)



        
          
        

    

  


  

      

          @spec feature_ids_in_graph(t()) :: [String.t()]


      


The names of the features stored in the graph, node_ids included.

  



  
    
      
    
    
      find_nearest_neighbor_ids(model, search_locations, count)



        
          
        

    

  


  

The ids of the count nodes nearest each of search_locations, as bytes.
See Monty.Frameworks.Models.ObjectModel.find_nearest_neighbor_ids/3: this
is find_nearest_neighbors/4 with the decoding left to the reader, for a
kernel that wanted the raw answers.

  



    

  
    
      
    
    
      find_nearest_neighbors(model, search_locations, count, options \\ [])



        
          
        

    

  


  

The ids of the count nodes nearest each of search_locations.
One list per search location, nearest first, ties going to the lower node id so
that two runs of the same episode choose the same nodes. Monty asks its grid
model this question through a KDTree; a graph answers it through the same
structure, built over its positions for the call — one per step, however many
hypotheses ask it something.

  



  
    
      
    
    
      get_values_for_feature(graph_object_model, feature)



        
          
        

    

  


  

The columns of x holding one feature, as rows.
Monty hands out x[:, start:end]; this hands out the same thing as a list of
rows, so a caller never has to know the column offsets of anything else.

  



  
    
      
    
    
      graph(graph_object_model)



        
          
        

    

  


  

The graph itself, or nil before the model has been built.

  



  
    
      
    
    
      has_feature?(graph_object_model, feature)



        
          
        

    

  


  

Whether this graph stores a value for feature at every node.

  



    

  
    
      
    
    
      new(object_id, options \\ [])



        
          
        

    

  


  

A model for object_id, with no graph yet.
:k_n and :graph_delta_thresholds are how the graph will be built, so they
are the model's rather than the build's: memory knows both when it makes the
model, and a model extended later must link new nodes the way it linked the
old ones. :has_ppf says the edges carry point-pair features instead of
displacements, which is a fact about the module that owns the graph — a
displacement module matching on "PPF" sets it.

  



  
    
      
    
    
      num_nodes(graph_object_model)



        
          
        

    

  


  

The number of nodes in the graph.

  



  
    
      
    
    
      positions(graph_object_model)



        
          
        

    

  


  

One [x, y, z] per node.

  



  
    
      
    
    
      set_graph(model, graph)



        
          
        

    

  


  

Replaces the graph, as when a pretrained model is loaded.
A point-pair model whose graph arrives without them gets them here: Monty's
DisplacementGraphMemory.load_state_dict says the same thing for a memory
read from a pickle (if model[input_channel].has_ppf is False: model[...].add_ppf_to_graph()), and a loaded graph has no PPF edges of its
own.

  



  
    
      
    
    
      update_model(model, locations, features, location_rel_model, object_location_rel_body, object_rotation)



        
          
        

    

  


  

      

          @spec update_model(
  t(),
  [location()],
  %{optional(String.t()) => list()},
  location(),
  location(),
  Monty.Geometry.Rotation.t()
) :: {:ok, t()}


      


Adds new observations to the model, in the model's reference frame.
The new observations arrive in the body's frame; location_rel_model and
object_location_rel_body are the same physical spot seen in both, and the
rotation between them is how the model reconciles the two.

  


        

      


  

    
Monty.Frameworks.Models.ObjectModel.GridObjectModel 
    



      
A model whose nodes are the busiest voxels of a grid.
Mirrors tbp/monty/frameworks/models/object_model.py::GridObjectModel. Where
GraphObjectModel keeps every observation as a node, this model first sorts
observations into a voxel grid and then keeps the max_nodes voxels that were
observed most often. That is what bounds a model in two dimensions at once:
max_size bounds the space the object may occupy — observations outside it
are what GridTooSmallError is about — and num_voxels_per_dim bounds the
resolution, so a dense surface does not turn into a graph of ten thousand
nodes.
A voxel remembers the average of everything observed inside it: a location,
and each feature's average. "Average" is not one operation — a hue is a mean
of angles, a pose is a mean of rotations, a boolean is a majority vote — and
those differences are the reason this model asks the object-model utilities
for each feature by name.
The grid is a map
numpy holds each grid as a sparse 4-D tensor of shape
(voxels, voxels, voxels, width) and reads it with to_dense()[i, j, k].
A sparse grid is a map from voxel index to content, so that is what it is
here: observation_count counts observations per voxel, location_grid
keeps each voxel's average location, and feature_grid keeps each voxel's
averaged features by name. The algorithm is unchanged — the same voxels hold
the same values — and a voxel nobody observed costs nothing.
The first observation is the centre
The grid is placed so that the first observation ever made sits in the middle
voxel, and every later observation is mapped against that. An object
therefore grows outwards from wherever it was first touched, which is what
lets a model be built without knowing where the object is.
Averaging an update into a voxel
A voxel observed again is averaged with what it held — but, in Monty, by
averaging the two averages rather than weighting by the number of
observations, except for poses (which are merged as rotations, by count) and
object ids (where the larger count wins). That is reproduced rather than
corrected: an experiment tuned on Monty's numbers expects the same values,
and a boolean averaged this way can end up at 0.5, which Monty reads as
"defined" because it is not zero.

      


      
        Summary


  
    Types
  


    
      
        feature_mapping()

      


    


    
      
        feature_rows()

      


    


    
      
        location()

      


    


    
      
        t()

      


    


    
      
        voxel()

      


    





  
    Functions
  


    
      
        build_model(model, locations, features)

      


        Builds the model from an episode's observations.



    


    
      
        edge_index_between(grid_object_model, previous_node, new_node)

      


        The index of the edge between two nodes, or nil: a grid model has none.



    


    
      
        feature_ids_in_graph(grid_object_model)

      


    


    
      
        find_nearest_neighbor_ids(grid_object_model, search_locations, count)

      


        A grid model has no index to read bytes from: its search compares distances.



    


    
      
        find_nearest_neighbors(model, search_locations, num_neighbors, options \\ [])

      


        The nearest nodes to each search location, by straight-line distance.



    


    
      
        graph(grid_object_model)

      


        The graph the model currently holds, or nil before it has been built.



    


    
      
        has_feature?(grid_object_model, feature)

      


        A grid model's values are compared rather than stored as columns.



    


    
      
        new(object_id, options)

      


        A model for object_id that can hold an object :max_size metres across at
:num_voxels_per_dim voxels per side, thinned to :max_nodes nodes.



    


    
      
        set_graph(model, graph)

      


        Adopts a graph as this model's graph.



    


    
      
        update_model(model, locations, features, location_rel_model, object_location_rel_body, object_rotation)

      


        Adds an episode's observations to the model, in the model's own frame.



    





      


      
        Types


        


  
    
      
    
    
      feature_mapping()



        
          
        

    

  


  

      

          @type feature_mapping() :: %{
  optional(String.t()) => {non_neg_integer(), non_neg_integer()}
}


      



  



  
    
      
    
    
      feature_rows()



        
          
        

    

  


  

      

          @type feature_rows() :: %{optional(String.t()) => [number()] | [boolean()]}


      



  



  
    
      
    
    
      location()



        
          
        

    

  


  

      

          @type location() :: Monty.Frameworks.Utils.SpatialArithmetics.vector()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.ObjectModel.GridObjectModel{
  current_feature_mapping: term(),
  feature_grid: term(),
  graph: term(),
  location_grid: term(),
  location_offset: term(),
  location_scale_factor: term(),
  location_tree: term(),
  max_nodes: term(),
  max_size: term(),
  num_voxels_per_dim: term(),
  object_id: term(),
  observation_count: term(),
  use_original_graph: term()
}


      



  



  
    
      
    
    
      voxel()



        
          
        

    

  


  

      

          @type voxel() :: {integer(), integer(), integer()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      build_model(model, locations, features)



        
          
        

    

  


  

      

          @spec build_model(t(), [location()], %{optional(String.t()) => list()}) ::
  {:ok, t()}
  | {:error, Monty.Frameworks.Models.ObjectModel.GridTooSmallError.t()}


      


Builds the model from an episode's observations.
locations are in the model's own frame; features is what the buffer
gathered, keyed by feature name with one row per observation.
{:error, %GridTooSmallError{}} when fewer than 90% of the observations fit
the grid: an object that big needs a bigger model, and storing the part that
fits would store a lie.

  



  
    
      
    
    
      edge_index_between(grid_object_model, previous_node, new_node)



        
          
        

    

  


  

      

          @spec edge_index_between(t(), non_neg_integer(), non_neg_integer()) :: nil


      


The index of the edge between two nodes, or nil: a grid model has none.

  



  
    
      
    
    
      feature_ids_in_graph(grid_object_model)



        
          
        

    

  


  

      

          @spec feature_ids_in_graph(t()) :: [String.t()]


      



  



  
    
      
    
    
      find_nearest_neighbor_ids(grid_object_model, search_locations, count)



        
          
        

    

  


  

A grid model has no index to read bytes from: its search compares distances.

  



    

  
    
      
    
    
      find_nearest_neighbors(model, search_locations, num_neighbors, options \\ [])



        
          
        

    

  


  

The nearest nodes to each search location, by straight-line distance.
Monty builds a KD-tree over the graph's positions and queries it; a grid
model's graph is a point cloud, so there are no edges to walk — the same
search, done by comparing distances.

  



  
    
      
    
    
      graph(grid_object_model)



        
          
        

    

  


  

The graph the model currently holds, or nil before it has been built.

  



  
    
      
    
    
      has_feature?(grid_object_model, feature)



        
          
        

    

  


  

A grid model's values are compared rather than stored as columns.

  



  
    
      
    
    
      new(object_id, options)



        
          
        

    

  


  

      

          @spec new(String.t(), keyword()) :: t()


      


A model for object_id that can hold an object :max_size metres across at
:num_voxels_per_dim voxels per side, thinned to :max_nodes nodes.
:use_original_graph adopts a graph as it stands, grids untouched: Monty
keeps the switch for graphs that were learned elsewhere, which are matched
against exactly as they were stored.

  



  
    
      
    
    
      set_graph(model, graph)



        
          
        

    

  


  

      

          @spec set_graph(t(), map()) ::
  {:ok, t()}
  | {:error, Monty.Frameworks.Models.ObjectModel.GridTooSmallError.t()}


      


Adopts a graph as this model's graph.
A graph learned elsewhere is either kept exactly as it is (:use_original_graph)
or folded into this model's grid, which re-thins it to this model's max_nodes
and resolution.

  



  
    
      
    
    
      update_model(model, locations, features, location_rel_model, object_location_rel_body, object_rotation)



        
          
        

    

  


  

      

          @spec update_model(
  t(),
  [location()],
  %{optional(String.t()) => list()},
  location(),
  location(),
  Monty.Geometry.Rotation.t()
) ::
  {:ok, t()}
  | {:error, Monty.Frameworks.Models.ObjectModel.GridTooSmallError.t()}


      


Adds an episode's observations to the model, in the model's own frame.
The new observations arrive in the body's frame; location_rel_model and
object_location_rel_body are the same physical spot seen in both, and the
rotation between them is how the model reconciles the two — the same
transform a graph model applies before adding nodes.

  


        

      


  

    
Monty.Frameworks.Models.Salience.MotorPolicy.LookAtGoal 
    



      
A policy that turns to look at a goal: the agent yaws, the sensor pitches.
Mirrors tbp/monty/frameworks/models/salience/motor_policy.py::LookAtGoal,
and assumes the body it drives is a two-axis gimbal — the agent turns left and
right about the vertical axis, the sensor on it looks up and down about the
horizontal one. That is the distant agent: a camera on a neck.
Two actions come out of one step, and only ever these two: TurnLeft by the
target's azimuth, and LookUp by the target's elevation measured from where
the sensor is already pointing. Turning right and looking down are negative
degrees on the same actions, which is why the action list has two entries and
not four.
Everything is computed in frames, not in degrees, until the last line: the
target is moved into the agent's frame by the agent's inverse rotation, and
then into the sensor's frame by the sensor's, because the sensor may be
pitched relative to the body it sits on.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        call(policy, ctx, observations, state, percept, goal)

      


        The turn and the pitch that put the sensor on the goal.



    


    
      
        new(options)

      


        A look-at policy for :agent_id, aiming the sensor :sensor_id.



    


    
      
        reset(policy)

      


        Nothing to forget: where the sensor points is the world's business.



    


    
      
        state_dict(policy)

      


        Which body and which sensor it aims.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.Salience.MotorPolicy.LookAtGoal{
  agent_id: atom() | String.t(),
  sensor_id: atom() | String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      call(policy, ctx, observations, state, percept, goal)



        
          
        

    

  


  

      

          @spec call(
  t(),
  Monty.Context.t(),
  map() | nil,
  Monty.Frameworks.Models.MotorSystemState.t(),
  Monty.Cmp.Message.t() | nil,
  Monty.Cmp.Goal.t() | nil
) :: {Monty.Frameworks.Models.MotorPolicies.MotorPolicyResult.t(), t()}


      


The turn and the pitch that put the sensor on the goal.
A goal at the sensor is refused: there is no azimuth to turn to. Both refusals
and the missing goal become a warning and no action when the run suppresses
runtime errors.

  



  
    
      
    
    
      new(options)



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


A look-at policy for :agent_id, aiming the sensor :sensor_id.

  



  
    
      
    
    
      reset(policy)



        
          
        

    

  


  

      

          @spec reset(t()) :: t()


      


Nothing to forget: where the sensor points is the world's business.

  



  
    
      
    
    
      state_dict(policy)



        
          
        

    

  


  

      

          @spec state_dict(t()) :: map()


      


Which body and which sensor it aims.

  


        

      


  

    
Monty.Frameworks.Models.Salience.OnObjectObservation 
    



      
A view, reshaped so that every array is addressed by pixel.
Mirrors
tbp/monty/frameworks/models/salience/on_object_observation.py::OnObjectObservation
and its function of the same name. A raw observation arrives as an image and a
flat list of points — one row per pixel, three coordinates and a semantic id —
and a salience module wants them all as grids: where each pixel is in the
world, which pixels are on the object, and how interesting those pixels are.
That reshaping is this, once, rather than in each strategy.
The middle pixel is the one width * half + half of the flat point cloud, as
Monty indexes it: location_map[row][column] is the row the transform left for
that pixel.
Where the semantic mask comes from
Monty reads the mask from the flat semantic_3d array's fourth column, not
from the depth image, so a pixel that returned a depth but is not on an object
counts as background — the difference that makes a surface agent's search look
at its object rather than at the scenery.

      


      
        Summary


  
    Types
  


    
      
        location()

      


    


    
      
        location_map()

      


    


    
      
        mask()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        from(observation, salience_map)

      


        The view's pixels, as grids: the on-object mask, the location map, and the
on-object locations and salience values in the order Monty collects them —
row by row, left to right.



    





      


      
        Types


        


  
    
      
    
    
      location()



        
          
        

    

  


  

      

          @type location() :: [float()]


      



  



  
    
      
    
    
      location_map()



        
          
        

    

  


  

      

          @type location_map() :: [[location()]]


      



  



  
    
      
    
    
      mask()



        
          
        

    

  


  

      

          @type mask() :: [[boolean()]]


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.Salience.OnObjectObservation{
  centre_location: location() | nil,
  location_map: location_map(),
  locations: [location()],
  on_object_map: mask(),
  salience: [float()]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      from(observation, salience_map)



        
          
        

    

  


  

      

          @spec from(map(), [[float()]]) :: t()


      


The view's pixels, as grids: the on-object mask, the location map, and the
on-object locations and salience values in the order Monty collects them —
row by row, left to right.

  


        

      


  

    
Monty.Frameworks.Models.Salience.ReturnInhibitor 
    



      
Inhibition of return: do not propose the place you just looked at.
Mirrors tbp/monty/frameworks/models/salience/return_inhibitor.py::ReturnInhibitor.
A salience module's goals are where to look next, and without this it would keep
proposing the most interesting pixel of the last view — which is the one place it
has already seen. Each call records where the sensor was, weighs every candidate
location against every visit, and then ages the visits by a step.
Monty mutates the field; a struct here is a value, so a call answers both the
weights and the inhibitor that produced them.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        call(inhibitor, visited_location, query_locations)

      


        How much each of query_locations is inhibited, having just looked from
visited_location (nil when the middle of the view was not on an object).



    


    
      
        new(options \\ [])

      


    


    
      
        reset(inhibitor)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.Salience.ReturnInhibitor{
  decay_field: Monty.Frameworks.Models.Salience.ReturnInhibitor.DecayField.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      call(inhibitor, visited_location, query_locations)



        
          
        

    

  


  

      

          @spec call(t(), [float()] | nil, [[float()]]) :: {[float()], t()}


      


How much each of query_locations is inhibited, having just looked from
visited_location (nil when the middle of the view was not on an object).

  



    

  
    
      
    
    
      new(options \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      



  



  
    
      
    
    
      reset(inhibitor)



        
          
        

    

  


  

      

          @spec reset(t()) :: t()


      



  


        

      


  

    
Monty.Frameworks.Models.Salience.ReturnInhibitor.DecayField 
    



      
Every place the sensor has been, as kernels that fade.
Mirrors tbp/monty/frameworks/models/salience/return_inhibitor.py::DecayField.
A field answers a salience module's inhibition-of-return: at each point, how
strongly the sensor's recent visits argue against looking there. Overlapping
visits do not add up — the strongest kernel wins — so walking over a patch
twice does not make it twice as unattractive, only as unattractive as the most
recent visit says.
Kernels are dropped once they stop mattering, which is what keeps an episode's
memory of where it has been finite.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        add(field, location)

      


        Adds a kernel where the sensor just was.



    


    
      
        new(options \\ [])

      


    


    
      
        reset(field)

      


    


    
      
        step(field)

      


        One step older, and the kernels that have stopped mattering are gone.



    


    
      
        weights(field, points)

      


        How strongly the field argues against each point; zero when it is empty.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.Salience.ReturnInhibitor.DecayField{
  kernel_factory:
    Monty.Frameworks.Models.Salience.ReturnInhibitor.DecayKernelFactory.t(),
  kernels: [Monty.Frameworks.Models.Salience.ReturnInhibitor.DecayKernel.t()]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      add(field, location)



        
          
        

    

  


  

      

          @spec add(t(), [float()]) :: t()


      


Adds a kernel where the sensor just was.

  



    

  
    
      
    
    
      new(options \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      



  



  
    
      
    
    
      reset(field)



        
          
        

    

  


  

      

          @spec reset(t()) :: t()


      



  



  
    
      
    
    
      step(field)



        
          
        

    

  


  

      

          @spec step(t()) :: t()


      


One step older, and the kernels that have stopped mattering are gone.

  



  
    
      
    
    
      weights(field, points)



        
          
        

    

  


  

      

          @spec weights(t(), [[float()]]) :: [float()]


      


How strongly the field argues against each point; zero when it is empty.

  


        

      


  

    
Monty.Frameworks.Models.Salience.ReturnInhibitor.DecayKernel 
    



      
One place the sensor has been, and how much it still says "not here again".
Mirrors
tbp/monty/frameworks/models/salience/return_inhibitor.py::DecayKernel: a
kernel returns the product of two exponentials — one falling with the time since
it was created, one falling with distance from where it was created — so a
salience module stops proposing the spot it just looked at, and stops sooner the
further away it is looking.
Both decays are half-lives: tau_t and tau_s are the times and distances at
which the weight halves, so the exponent divides by tau / ln 2. Beyond
:spatial_cutoff metres the kernel says nothing at all, which keeps a
surface's far side free of a visit to its near side.
Monty mutates a kernel in place; a struct here is a value, so stepping answers
the kernel and whether it has decayed below :w_t_min — at which point its
field drops it.

      


      
        Summary


  
    Types
  


    
      
        location()

      


    


    
      
        points()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        new(location, options \\ [])

      


    


    
      
        space_weight(kernel, points)

      


        How much the kernel matters at each of points, from distance alone.



    


    
      
        step(kernel)

      


        One step older, and whether that was one too many.



    


    
      
        time_weight(kernel)

      


        How much the kernel still matters, from its age alone.



    


    
      
        weights(kernel, points)

      


        The kernel's weight at each point: its age and its distance together.



    





      


      
        Types


        


  
    
      
    
    
      location()



        
          
        

    

  


  

      

          @type location() :: [float()]


      



  



  
    
      
    
    
      points()



        
          
        

    

  


  

      

          @type points() :: [[float()]]


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.Salience.ReturnInhibitor.DecayKernel{
  location: location(),
  spatial_cutoff: float() | nil,
  steps: non_neg_integer(),
  tau_s: float(),
  tau_t: float(),
  w_t_min: float()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(location, options \\ [])



        
          
        

    

  


  

      

          @spec new(location(), keyword()) :: t()


      



  



  
    
      
    
    
      space_weight(kernel, points)



        
          
        

    

  


  

      

          @spec space_weight(t(), points()) :: [float()]


      


How much the kernel matters at each of points, from distance alone.
Zero beyond the spatial cutoff, which is what makes the kernel local rather
than merely weaker in the distance.

  



  
    
      
    
    
      step(kernel)



        
          
        

    

  


  

      

          @spec step(t()) :: {t(), boolean()}


      


One step older, and whether that was one too many.
Monty checks the new weight against the minimum, so a kernel is dropped on the
step after it falls below it.

  



  
    
      
    
    
      time_weight(kernel)



        
          
        

    

  


  

      

          @spec time_weight(t()) :: float()


      


How much the kernel still matters, from its age alone.

  



  
    
      
    
    
      weights(kernel, points)



        
          
        

    

  


  

      

          @spec weights(t(), points()) :: [float()]


      


The kernel's weight at each point: its age and its distance together.

  


        

      


  

    
Monty.Frameworks.Models.Salience.ReturnInhibitor.DecayKernelFactory 
    



      
Makes the kernels a field is filled with, all configured alike.
Mirrors
tbp/monty/frameworks/models/salience/return_inhibitor.py::DecayKernelFactory.
A field needs a kernel for every place the sensor visited, and they should all
decay on the same schedule, so the schedule lives here rather than at each
call site.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        call(factory, location)

      


        A kernel that has just been created at location.



    


    
      
        new(options \\ [])

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.Salience.ReturnInhibitor.DecayKernelFactory{
  spatial_cutoff: float() | nil,
  tau_s: float(),
  tau_t: float(),
  w_t_min: float()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      call(factory, location)



        
          
        

    

  


  

      

          @spec call(t(), [float()]) ::
  Monty.Frameworks.Models.Salience.ReturnInhibitor.DecayKernel.t()


      


A kernel that has just been created at location.

  



    

  
    
      
    
    
      new(options \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      



  


        

      


  

    
Monty.Frameworks.Models.Salience.Segmentation 
    



      
Turning a view into a region worth attending to.
Mirrors tbp/monty/frameworks/models/salience/segmentation/, whose entries are
the strategy every segmentation implements
(...Segmentation.Strategy.SegmentationStrategy) and Monty's own
implementation, SlicMerge, which is still to come.

      




  

    
Monty.Frameworks.Models.Salience.Segmentation.Strategy.SegmentationStrategy behaviour
    



      
How a salience module turns a colour image into one region.
Mirrors
tbp/monty/frameworks/models/salience/segmentation/strategy.py::SegmentationStrategy,
a Protocol in Monty: a segmentation answers a mask saying which pixels belong
to the region a salience module should attend to.
Monty's own implementation, SlicMerge, is still to come; a module configured
without one proposes no region, which is a module that only proposes goals.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Callbacks
  


    
      
        call(t, t, list)

      


        A segmentation mask for rgb, one number per pixel.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: struct()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      call(t, t, list)



        
          
        

    

  


  

      

          @callback call(t(), Monty.Context.t(), [[[float()]]]) :: [[number()]]


      


A segmentation mask for rgb, one number per pixel.

  


        

      


  

    
Monty.Frameworks.Models.Salience.SensorModule.SalienceSM 
    



      
A wide view that proposes where to look next.
Mirrors tbp/monty/frameworks/models/salience/sensor_module.py::SalienceSM,
the sensor module five of Monty's configs give their view finder. It is not a
camera: it makes no percept, and what it produces is goals for the motor
system — one per pixel that is on an object, scored by how interesting that
pixel is — together with the region it would attend to.
A step is three judgements in a row:
	the salience strategy scores every pixel of the view (Uniform, Monty's
default, scores them all alike, which leaves the rest of the step to
decide);
	the return inhibitor suppresses the pixels near where the sensor has
recently been, so the goals stop pointing at the place already seen;
	the weighted scores are dithered and rescaled into [0, 1], which is what
a goal's confidence means.

A step the motor system took by itself proposes nothing and changes nothing:
the sensor did not look, so it has seen nowhere it wants to go — and the goal
it proposed last step is still where it wanted to go.
The dither
Monty draws it from the runtime's one rng; here it comes from the episode's
one stream (Monty.Random.Stream, reached as ctx.rng), in the same order and
from the same NumPy state, so a salience module dithers its scores with the
numbers Monty's would (docs/monty-differences.md §2.1).
What is not here
A region is only proposed when the config gives a segmentation_strategy, and
Monty's own — SLIC with merging — is still to come. A module without one
proposes goals and no region, which is what Monty's does too.

      


      
        Summary


  
    Types
  


    
      
        layer()

      


        A module and the state it was given: a strategy, a recorder, an inhibitor.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        from_config(config)

      


        The salience module a config entry describes, or why it is not this class's.



    


    
      
        new(sensor_module_id, options \\ [])

      


        A salience module for one sensor.



    


    
      
        state_dict(salience_sm)

      


        What the strategy scored, the segmentation proposed and the goals say.



    





      


      
        Types


        


  
    
      
    
    
      layer()



        
          
        

    

  


  

      

          @type layer() :: {module(), struct()}


      


A module and the state it was given: a strategy, a recorder, an inhibitor.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.Salience.SensorModule.SalienceSM{
  goals: [Monty.Cmp.Goal.t()],
  pose: term(),
  region: Monty.Cmp.AttentionRegion.t() | nil,
  return_inhibitor: layer(),
  salience_strategy: layer(),
  segmentation_strategy: layer() | nil,
  sensor_module_id: atom() | String.t(),
  telemetry: layer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      from_config(config)



        
          
        

    

  


  

      

          @spec from_config(map()) :: {:ok, t()} | {:error, term()}


      


The salience module a config entry describes, or why it is not this class's.
Monty's entry names the sensor and, when an experiment wants more than the
defaults, a salience_strategy, a return_inhibitor, a snapshot_telemetry
or a segmentation_strategy. Every shipped config takes the defaults for all
four, and a strategy this port has not written is an error rather than a
silently uniform view.

  



    

  
    
      
    
    
      new(sensor_module_id, options \\ [])



        
          
        

    

  


  

      

          @spec new(atom() | String.t(), keyword()) :: t()


      


A salience module for one sensor.
Options are Monty's, each a module and its config: :salience_strategy
(default Strategies.Uniform), :return_inhibitor (default
ReturnInhibitor), :telemetry (default Telemetry.NoopSalienceSMTelemetry)
and :segmentation_strategy (default none).

  



  
    
      
    
    
      state_dict(salience_sm)



        
          
        

    

  


  

      

          @spec state_dict(t()) :: map()


      


What the strategy scored, the segmentation proposed and the goals say.

  


        

      


  

    
Monty.Frameworks.Models.Salience.Strategies.Protocol 
    



      
How a salience module decides where in a view is worth looking.
Mirrors tbp/monty/frameworks/models/salience/strategies/protocol.py, whose one
class is SalienceStrategy
(...Strategies.Protocol.SalienceStrategy): Monty declares it as a Protocol
so a config can name any callable. It is a behaviour here, and a strategy
answers a salience map of the same shape as the depth image — one number per
pixel saying how interesting that pixel is.

      




  

    
Monty.Frameworks.Models.Salience.Strategies.Protocol.SalienceStrategy behaviour
    



      
How a salience module decides where in a view is worth looking.
Mirrors
tbp/monty/frameworks/models/salience/strategies/protocol.py::SalienceStrategy,
a Protocol in Monty so a config can name any callable. It is a behaviour
here: a strategy answers a salience map of the same shape as the depth image —
one number per pixel saying how interesting that pixel is.
The Monty.Context comes with the images because a strategy may sample — a
random walk over candidate locations does — and anything that samples has to be
reproducible from the episode seed (docs/monty-differences.md §2.1).

      


      
        Summary


  
    Types
  


    
      
        depth()

      


        A pixel's depth, rows of numbers.



    


    
      
        rgba()

      


        An RGBA image: rows of pixels, each four channels.



    


    
      
        t()

      


    





  
    Callbacks
  


    
      
        call(t, t, rgba, depth)

      


        One salience value per pixel of depth.



    





      


      
        Types


        


  
    
      
    
    
      depth()



        
          
        

    

  


  

      

          @type depth() :: [[float()]]


      


A pixel's depth, rows of numbers.

  



  
    
      
    
    
      rgba()



        
          
        

    

  


  

      

          @type rgba() :: [[[float()]]]


      


An RGBA image: rows of pixels, each four channels.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: struct()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      call(t, t, rgba, depth)



        
          
        

    

  


  

      

          @callback call(t(), Monty.Context.t(), rgba(), depth()) :: [[float()]]


      


One salience value per pixel of depth.

  


        

      


  

    
Monty.Frameworks.Models.Salience.Strategies.Uniform 
    



      
Every pixel is equally interesting.
Mirrors tbp/monty/frameworks/models/salience/strategies/uniform.py::Uniform,
and it is Monty's default: a salience module with no strategy configured looks
everywhere, which is what makes the module's inhibition of return the only
thing steering it. A real attention model — vocus2 — is a strategy of its
own and is still to come.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.Salience.Strategies.Uniform{}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      



  


        

      


  

    
Monty.Frameworks.Models.Salience.Strategies.Vocus2 
    



      
VOCUS2: where in a view is worth looking, as one map of a number per pixel.
Mirrors tbp/monty/frameworks/models/salience/strategies/vocus2/vocus2.py,
and is the strategy a salience-configured experiment names. It builds a
salience map out of four kinds of evidence and takes their weighted mean:
	L, a, b — lightness and the two colour-opponent axes, each scored
by ColorChannelSalience, so something is salient for being brighter,
darker, redder or bluer than its surroundings;
	depth — DepthSalience, so a nearer patch of surface stands out;
	orientation — OrientationSalience, so an edge stands out whichever
way it runs.

The map is then normalised, because a caller compares salience values against
each other and an unnormalised scale would depend on how bright and busy the
view happened to be.
The file's plain functions
Two combiners and two normalisers are plain functions in Monty rather than
classes, so they live here instead of in modules of their own: map_max/1,
map_sum/1, map_mean/1 combine named maps, and no_normalize/1 /
range_normalize/1 normalise one.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        call(strategy, ctx, rgba, depth)

      


        The salience of a view: one number per pixel of depth.



    


    
      
        from_config(config, options \\ [])

      


        A strategy from a config, with its channels configured to agree with each other.



    


    
      
        map_max(maps)

      


        The strongest map at each pixel.



    


    
      
        map_mean(maps)

      


        The mean of the maps at each pixel.



    


    
      
        map_sum(maps)

      


        The sum of the maps at each pixel.



    


    
      
        new(options)

      


        A strategy from its parts.



    


    
      
        no_normalize(salience_map)

      


        The map as it is.



    


    
      
        range_normalize(salience_map)

      


        The map rescaled so its lowest value is 0 and its highest is 1.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.Salience.Strategies.Vocus2{
  color:
    Monty.Frameworks.Models.Salience.Strategies.Vocus2.ColorChannelSalience.t(),
  color_space_converter: ([[[float()]]] -> [[[float()]]]),
  combine: Monty.Frameworks.Models.Salience.Strategies.Vocus2.MapCombine.t(),
  depth:
    Monty.Frameworks.Models.Salience.Strategies.Vocus2.DepthSalience.t() | nil,
  normalize: ([[float()]] -> [[float()]]),
  orientation:
    Monty.Frameworks.Models.Salience.Strategies.Vocus2.OrientationSalience.t()
    | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      call(strategy, ctx, rgba, depth)



        
          
        

    

  


  

      

          @spec call(t(), Monty.Context.t(), [[[float()]]], [[float()]]) :: [[float()]]


      


The salience of a view: one number per pixel of depth.
The colour image is converted to the strategy's colour space and its three
channels scored one at a time; depth and orientation are scored too when the
strategy has them; then everything is combined and normalised. Alpha is
dropped, because Monty's camera writes a constant there.

  



    

  
    
      
    
    
      from_config(config, options \\ [])



        
          
        

    

  


  

      

          @spec from_config(
  Monty.Frameworks.Models.Salience.Strategies.Vocus2.Vocus2SalienceConfig.t(),
  keyword()
) :: t()


      


A strategy from a config, with its channels configured to agree with each other.
The depth channel takes the colour channel's sigmas, and the orientation channel
a period of twice the centre sigma — both Monty's choices, and both of them
choices a single config should not be able to make inconsistently.

  



  
    
      
    
    
      map_max(maps)



        
          
        

    

  


  

      

          @spec map_max(Monty.Frameworks.Models.Salience.Strategies.Vocus2.MapCombine.maps()) ::
  [[float()]]


      


The strongest map at each pixel.

  



  
    
      
    
    
      map_mean(maps)



        
          
        

    

  


  

      

          @spec map_mean(Monty.Frameworks.Models.Salience.Strategies.Vocus2.MapCombine.maps()) ::
  [[float()]]


      


The mean of the maps at each pixel.

  



  
    
      
    
    
      map_sum(maps)



        
          
        

    

  


  

      

          @spec map_sum(Monty.Frameworks.Models.Salience.Strategies.Vocus2.MapCombine.maps()) ::
  [[float()]]


      


The sum of the maps at each pixel.

  



  
    
      
    
    
      new(options)



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


A strategy from its parts.
The combiner defaults to a weighted mean of L, a, b and orientation at
1 and depth at 0.1. Depth is trusted less because a depth image's salience is
dominated by the silhouette of whatever is in front, which is rarely where the
interesting surface is.

  



  
    
      
    
    
      no_normalize(salience_map)



        
          
        

    

  


  

      

          @spec no_normalize([[float()]]) :: [[float()]]


      


The map as it is.

  



  
    
      
    
    
      range_normalize(salience_map)



        
          
        

    

  


  

      

          @spec range_normalize([[float()]]) :: [[float()]]


      


The map rescaled so its lowest value is 0 and its highest is 1.
A map that is already flat has no range to rescale and is clipped to [0, 1]
instead, which keeps a constant map constant rather than dividing by zero.
Monty asks np.isclose(range, 0), whose tolerance against zero is 1.0e-8.

  


        

      


  

    
Monty.Frameworks.Models.Salience.Strategies.Vocus2.ColorChannelSalience 
    



      
How much one colour channel stands out from its own surroundings.
Mirrors
tbp/monty/frameworks/models/salience/strategies/vocus2/vocus2.py::ColorChannelSalience.
The whole idea in three steps: blur the channel a little (centre) and a lot
(surround); subtract, so only what the wide blur could not explain is left;
and keep the two sides of that difference as separate pyramids — on, where
the centre is brighter, and off, where it is darker — before combining them.
Splitting the two matters because a dark patch on a bright background and a
bright patch on a dark one are both salient, and a plain difference would let
them cancel each other in the combination.
Returns the feature map and the centre pyramid, because the orientation channel
is computed from the lightness pyramid rather than from the map.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(options \\ [])

      


    


    
      
        process(salience, ctx, image)

      


        The salience of one colour channel, and the centre pyramid it came from.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.Salience.Strategies.Vocus2.ColorChannelSalience{
  center_sigma: float(),
  collapse:
    (Monty.Frameworks.Models.Salience.Strategies.Vocus2.Pyramids.Pyramid.t() ->
       [[float()]]),
  combine: ([
              Monty.Frameworks.Models.Salience.Strategies.Vocus2.Pyramids.Pyramid.t()
            ] ->
              Monty.Frameworks.Models.Salience.Strategies.Vocus2.Pyramids.Pyramid.t()),
  max_octaves: pos_integer() | nil,
  n_scales: pos_integer(),
  operating_limits:
    Monty.Frameworks.Models.Salience.Strategies.Vocus2.OperatingLimits.t(),
  surround_sigma: float()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(options \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      



  



  
    
      
    
    
      process(salience, ctx, image)



        
          
        

    

  


  

      

          @spec process(t(), Monty.Context.t(), [[float()]]) ::
  {[[float()]],
   Monty.Frameworks.Models.Salience.Strategies.Vocus2.Pyramids.Pyramid.t()}


      


The salience of one colour channel, and the centre pyramid it came from.
The image must be a single channel in [0, 1]. A config outside the operating
limits either raises or, when the run suppresses runtime errors, is used
anyway with a warning — which is Monty's behaviour, and is how a large image
can be tried with sigmas nobody has validated.

  


        

      


  

    
Monty.Frameworks.Models.Salience.Strategies.Vocus2.DepthSalience 
    



      
How much a patch of surface stands out in depth.
Mirrors
tbp/monty/frameworks/models/salience/strategies/vocus2/vocus2.py::DepthSalience.
VOCUS2 is a colour attention model; this is the extension that makes it work
on depth, and it is why a salience config can care about a shape rather than a
colour.
Two details carry the meaning:
	the depth is first replaced by its negative logarithm, so a depth
difference is read as a ratio. On a log scale a step from 10 cm to 11 cm
is as interesting as one from 1 m to 1.1 m, which is not true of raw
depth and is what makes a distant object as findable as a near one;
	a depth of zero means "nothing there", and its negative logarithm is
minus infinity — Monty maps the infinities to zero. On a log-depth scale
zero is above every real depth, so an empty pixel reads as the nearest
patch in the view rather than as an absence. That is what the code does,
it is reproduced here on purpose, and docs/monty-differences.md §1.14 records
why it is probably not what was meant.

Only the brighter side of the difference is kept, because depth has no "dark
side": a log-depth above its surround is a nearer patch, which is salient; a
log-depth below is merely further away.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(options \\ [])

      


    


    
      
        process(salience, ctx, image)

      


        The depth salience map: where the surface is nearer than its surroundings.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.Salience.Strategies.Vocus2.DepthSalience{
  center_sigma: float(),
  collapse:
    (Monty.Frameworks.Models.Salience.Strategies.Vocus2.Pyramids.Pyramid.t() ->
       [[float()]]),
  max_octaves: pos_integer() | nil,
  n_scales: pos_integer(),
  operating_limits:
    Monty.Frameworks.Models.Salience.Strategies.Vocus2.OperatingLimits.t(),
  surround_sigma: float()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(options \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      



  



  
    
      
    
    
      process(salience, ctx, image)



        
          
        

    

  


  

      

          @spec process(t(), Monty.Context.t(), [[float()]]) :: [[float()]]


      


The depth salience map: where the surface is nearer than its surroundings.

  


        

      


  

    
Monty.Frameworks.Models.Salience.Strategies.Vocus2.Images 
    



      
The colour and blur operations VOCUS2's attention model is built from.
Mirrors tbp/monty/frameworks/models/salience/strategies/vocus2/images.py,
which is four lines of arithmetic per function and a call into OpenCV for the
rest. The arithmetic ports exactly; the OpenCV calls had to be measured.
Colour spaces
The attention model does not work on RGB. It works on a colour space where
brightness and the two colour-opponent axes are separate, because "this patch
is brighter than its surroundings" and "this patch is redder than its
surroundings" are different questions and the second is invisible in RGB.
Two of Monty's three spellings are pure arithmetic:
	rgb_to_opponent/1 — the classic opponent space, shifted to [0, 1];
	rgb_to_opponent_codi/1 — Klein and Frintrop's variant, where the axes
are not shifted, so a neutral grey is zero rather than a half.

The third, rgb_to_lab/1, is CIE Lab and goes through OpenCV in Monty. See
its documentation for what "measured" means there.
Which images
A single-channel image is rows of numbers; a colour image is rows of
[r, g, b], with the values as they were read: 0..255. Blurring is for the
single-channel images the pyramids are built from.

      


      
        Summary


  
    Types
  


    
      
        colour_image()

      


    


    
      
        pixel()

      


    


    
      
        plane()

      


    





  
    Functions
  


    
      
        gaussian_blur(image, sigma, truncate \\ 2.5)

      


        Blurs a single-channel image with a Gaussian of sigma.



    


    
      
        resize(image, arg, interpolation \\ :area)

      


        Resizes a single-channel image to {rows, columns}.



    


    
      
        rgb_to_lab(image)

      


        The image in CIE Lab, shifted and scaled to [0, 1].



    


    
      
        rgb_to_opponent(image)

      


        The image in the opponent colour space, shifted and scaled to [0, 1].



    


    
      
        rgb_to_opponent_codi(image)

      


        The image in Klein and Frintrop's opponent space, as VOCUS2 implements it.



    





      


      
        Types


        


  
    
      
    
    
      colour_image()



        
          
        

    

  


  

      

          @type colour_image() :: [[pixel()]]


      



  



  
    
      
    
    
      pixel()



        
          
        

    

  


  

      

          @type pixel() :: [float()]


      



  



  
    
      
    
    
      plane()



        
          
        

    

  


  

      

          @type plane() :: [[float()]]


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      gaussian_blur(image, sigma, truncate \\ 2.5)



        
          
        

    

  


  

      

          @spec gaussian_blur(plane(), float(), float()) :: plane()


      


Blurs a single-channel image with a Gaussian of sigma.
Monty computes the kernel size itself — round(2 * truncate * sigma + 1),
forced odd — and passes both it and sigma to OpenCV, so there is no
auto-computed sigma to reproduce. The border is BORDER_REPLICATE: the edge
pixel is repeated outward, which keeps a pyramid's coarse levels from darkening
at their edges.
The kernel is a normalised Gaussian sampled at integer offsets and applied in
two passes, as OpenCV applies it.

  



    

  
    
      
    
    
      resize(image, arg, interpolation \\ :area)



        
          
        

    

  


  

      

          @spec resize(plane(), {pos_integer(), pos_integer()}, :area | :cubic) :: plane()


      


Resizes a single-channel image to {rows, columns}.
Monty passes OpenCV's interpolation constants; here they are :area and
:cubic, the two the attention model uses. :area averages what each
destination pixel covers, which is the right way to shrink an image: no
detail is dropped, it is averaged in. :cubic interpolates a cubic through
the four nearest source pixels, which is the right way to enlarge one.
Measured, not recalled
Both were checked against OpenCV 4.10 over random shapes and agree to float32
precision. Cubic uses OpenCV's coefficient A = -0.75 and its coordinate
convention — the destination pixel's centre maps to (i + 0.5) * scale - 0.5
in the source — and both clamp outside the image rather than reading a border.
:area dips below a pixel step when the destination is larger than the
source: OpenCV was measured to answer something that is neither area nor
linear there, and Monty never asks — the pyramids only ever shrink by area and
enlarge by cubic. This port answers the ordinary area average in that case;
docs/monty-differences.md §1.13 records the difference.

  



  
    
      
    
    
      rgb_to_lab(image)



        
          
        

    

  


  

      

          @spec rgb_to_lab(colour_image()) :: colour_image()


      


The image in CIE Lab, shifted and scaled to [0, 1].
Monty calls cv2.cvtColor(image, COLOR_RGB2Lab) and divides by 255. OpenCV
answers CV_8U for an 8-bit input, so L arrives as 0..255 for 0..100
and a, b arrive shifted by 128 — which is what makes the division by 255
the right way back.
Measured, not recalled
OpenCV 4.10 converts 8-bit RGB to Lab through integer lookup tables; this port
computes the standard sRGB → XYZ → Lab chain in floating point. The two are
close but not identical: measured over all 16,777,216 colours, the worst
disagreement is 2.67 units of 255 — about one percent of the range, in the
dark, saturated corner — which is OpenCV's 8-bit quantisation showing, not a
different colour space. docs/monty-differences.md §1.12 records it.

  



  
    
      
    
    
      rgb_to_opponent(image)



        
          
        

    

  


  

      

          @spec rgb_to_opponent(colour_image()) :: colour_image()


      


The image in the opponent colour space, shifted and scaled to [0, 1].
One channel of brightness and two of colour opponency: red against green, and
blue against the mean of red and green. The shifts by 255 and divisions by 2
are what put an opponent axis, which is signed, inside [0, 1].

  



  
    
      
    
    
      rgb_to_opponent_codi(image)



        
          
        

    

  


  

      

          @spec rgb_to_opponent_codi(colour_image()) :: colour_image()


      


The image in Klein and Frintrop's opponent space, as VOCUS2 implements it.
The same two colour axes as rgb_to_opponent/1 without the shift, so a
neutral grey sits at zero and the sign of an axis means something. Brightness
is still [0, 1].

  


        

      


  

    
Monty.Frameworks.Models.Salience.Strategies.Vocus2.Images.ColorSpaceConverter behaviour
    



      
How a salience strategy turns the camera's colour image into the channels it
reasons about.
Mirrors
tbp/monty/frameworks/models/salience/strategies/vocus2/images.py::ColorSpaceConverter,
a Protocol in Monty, so a strategy can name any function with this shape.
It is a behaviour here: an RGB image in, a float image out, one channel or
several, shifted and scaled so that [0, 1] is the whole range.
Monty's three converters — rgb_to_lab/1, rgb_to_opponent/1 and
rgb_to_opponent_codi/1 — are plain functions in the module beside this one
and are not instances of the protocol; they match its shape, which is all
either needs.

      


      
        Summary


  
    Types
  


    
      
        rgb()

      


        An RGB image: rows of pixels, each three channels, 0..255 as read.



    


    
      
        t()

      


    





  
    Callbacks
  


    
      
        call(t, rgb)

      


        The image in the converter's colour space.



    





      


      
        Types


        


  
    
      
    
    
      rgb()



        
          
        

    

  


  

      

          @type rgb() :: [[[float()]]]


      


An RGB image: rows of pixels, each three channels, 0..255 as read.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: struct()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      call(t, rgb)



        
          
        

    

  


  

      

          @callback call(t(), rgb()) :: [[[float()]]]


      


The image in the converter's colour space.

  


        

      


  

    
Monty.Frameworks.Models.Salience.Strategies.Vocus2.MapCombine behaviour
    



      
How several feature maps become one salience map.
Mirrors tbp/monty/frameworks/models/salience/strategies/vocus2/vocus2.py::MapCombine,
a Protocol in Monty so a config can name how its channels are combined. It
is a behaviour here: named maps in — "L", "a", "b", "depth",
"orientation" — and one map of the same shape out.
Monty's plain functions are map_max/1, map_sum/1, map_mean/1 in
Monty.Frameworks.Models.Salience.Strategies.Vocus2; the weighted ones, which
need configuration, are WeightedSum and WeightedMean.

      


      
        Summary


  
    Types
  


    
      
        maps()

      


        One map per feature, all the same shape.



    


    
      
        t()

      


    





  
    Callbacks
  


    
      
        call(t, maps)

      


        The maps reduced to one, pixel by pixel.



    





      


      
        Types


        


  
    
      
    
    
      maps()



        
          
        

    

  


  

      

          @type maps() :: %{optional(String.t()) => [[float()]]}


      


One map per feature, all the same shape.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: struct()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      call(t, maps)



        
          
        

    

  


  

      

          @callback call(t(), maps()) :: [[float()]]


      


The maps reduced to one, pixel by pixel.

  


        

      


  

    
Monty.Frameworks.Models.Salience.Strategies.Vocus2.NoOperatingLimits 
    



      
No limits at all: whatever sigmas the config names are the sigmas used.
Mirrors
tbp/monty/frameworks/models/salience/strategies/vocus2/vocus2.py::NoOperatingLimits.
A config chooses this when it knows its images and would rather be trusted
than checked.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.Salience.Strategies.Vocus2.NoOperatingLimits{}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      



  


        

      


  

    
Monty.Frameworks.Models.Salience.Strategies.Vocus2.Normalize behaviour
    



      
How a finished salience map is brought into a usable range.
Mirrors tbp/monty/frameworks/models/salience/strategies/vocus2/vocus2.py::Normalize,
a Protocol in Monty so a config can name how the map is normalised. It is a
behaviour here: a salience map in, a salience map out.
Monty's two are range_normalize/1 and no_normalize/1 in
Monty.Frameworks.Models.Salience.Strategies.Vocus2. Range normalisation is
the default because a salience module's caller decides where to look by
comparing salience values, and an unnormalised map's scale depends on the
brightness and detail of the view rather than on how interesting it is.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Callbacks
  


    
      
        call(t, list)

      


        The map, normalised.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: struct()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      call(t, list)



        
          
        

    

  


  

      

          @callback call(t(), [[float()]]) :: [[float()]]


      


The map, normalised.

  


        

      


  

    
Monty.Frameworks.Models.Salience.Strategies.Vocus2.OperatingLimits behaviour
    



      
What an image has to be for an attention model to mean anything on it.
Mirrors tbp/monty/frameworks/models/salience/strategies/vocus2/vocus2.py::OperatingLimits,
a Protocol in Monty. A sigma is a distance in pixels, so the same sigma
means a broad blur on a small image and a tight one on a large image; limits
are how "these numbers were only ever tried on images this size" is enforced
instead of remembered.
Monty answers a ValueError or None; a behaviour cannot answer an exception,
so this answers :ok or {:error, message} and the caller decides whether to
raise (which is what Monty does unless the run suppresses runtime errors).

      


      
        Summary


  
    Types
  


    
      
        rejection()

      


        Why these numbers are outside the limits, in a sentence.



    


    
      
        t()

      


    





  
    Callbacks
  


    
      
        validate(t, pos_integer, float, float)

      


        Whether a sigma pair is usable on an image whose smallest side is
min_image_dim_size.



    





      


      
        Types


        


  
    
      
    
    
      rejection()



        
          
        

    

  


  

      

          @type rejection() :: {:error, String.t()}


      


Why these numbers are outside the limits, in a sentence.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: struct()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      validate(t, pos_integer, float, float)



        
          
        

    

  


  

      

          @callback validate(t(), pos_integer(), float(), float()) :: :ok | rejection()


      


Whether a sigma pair is usable on an image whose smallest side is
min_image_dim_size.

  


        

      


  

    
Monty.Frameworks.Models.Salience.Strategies.Vocus2.OrientationSalience 
    



      
How much a patch looks like an edge, at several orientations.
Mirrors
tbp/monty/frameworks/models/salience/strategies/vocus2/vocus2.py::OrientationSalience.
Four Gabor filters at 0°, 45°, 90° and 135° are run over the detail of the
lightness pyramid, and the absolute response is kept. A Gabor filter answers
strongly where the image has structure at its wavelength, so "this patch is an
edge" becomes a number — and the four orientations together make an edge
salient whichever way it runs. Filtering the Laplacian rather than the image
keeps a response local to the scale it was found at.
Each kernel has its mean subtracted before use, so a large flat region answers
nothing instead of answering in proportion to its brightness: the filter is
meant to detect structure, not light.
Measured, not recalled
cv2.getGaborKernel is not a dependency of the port, so both of its halves
were measured against OpenCV 4.10 and reproduced: the Gaussian envelope with
sigma_y = sigma / gamma, the rotation x_r = x cos θ + y sin θ and
y_r = -x sin θ + y cos θ, and — the part that is easy to get wrong — the
modulation entering as cos(2π x_r / λ - ψ), with a minus psi. A plus psi
agrees when psi is zero and is wrong for every other phase, which is how the
mistake survived a first reading.
Filtering is correlation, not convolution, with OpenCV's default
BORDER_REFLECT_101; measured to 1.0e-6 on random images.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        correlate(plane, kernel)

      


        Correlates a plane with a kernel, as cv2.filter2D does.



    


    
      
        kernels(options)

      


        The Gabor kernels: one per orientation, each centred on zero mean.



    


    
      
        new(options)

      


        Orientation salience from :n_orientations Gabor filters of :period.



    


    
      
        process(salience, context, pyramid)

      


        The orientation salience map for one pyramid of lightness.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.Salience.Strategies.Vocus2.OrientationSalience{
  collapse:
    (Monty.Frameworks.Models.Salience.Strategies.Vocus2.Pyramids.Pyramid.t() ->
       [[float()]]),
  combine:
    (Monty.Frameworks.Models.Salience.Strategies.Vocus2.MapCombine.maps() ->
       [[float()]]),
  gamma: float(),
  kernels: %{optional(String.t()) => [[float()]]},
  n_orientations: pos_integer(),
  period: float(),
  phase: float(),
  sigma: float()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      correlate(plane, kernel)



        
          
        

    

  


  

      

          @spec correlate([[float()]], [[float()]]) :: [[float()]]


      


Correlates a plane with a kernel, as cv2.filter2D does.
The kernel is laid over the pixel unflipped — correlation, not convolution —
and the border is reflected without repeating the edge pixel
(BORDER_REFLECT_101), so [a b c d] continues [c b | a b c d | c b].
The padded plane and the kernel are turned into tuples first, because every
pixel reads the same neighbourhood many times and a list is a walk from the
front each time.

  



  
    
      
    
    
      kernels(options)



        
          
        

    

  


  

      

          @spec kernels(keyword()) :: %{optional(String.t()) => [[float()]]}


      


The Gabor kernels: one per orientation, each centred on zero mean.
The kernel is int(7*sigma + 1) | 1 pixels square — Monty's arithmetic, and
OpenCV's rule for a kernel size it is not given.

  



  
    
      
    
    
      new(options)



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


Orientation salience from :n_orientations Gabor filters of :period.
:sigma defaults to 0.3 * period, which is Monty's rule of thumb, and
:phase to a quarter turn, which finds edges; a phase of zero finds strips.

  



  
    
      
    
    
      process(salience, context, pyramid)



        
          
        

    

  


  

      

          @spec process(
  t(),
  Monty.Context.t(),
  Monty.Frameworks.Models.Salience.Strategies.Vocus2.Pyramids.Pyramid.t()
) :: [[float()]]


      


The orientation salience map for one pyramid of lightness.
Each orientation answers one map — the detail of the pyramid filtered and
rectified — and the maps are combined by :combine, whose default is their
mean.

  


        

      


  

    
Monty.Frameworks.Models.Salience.Strategies.Vocus2.Pyramids 
    



      
Multi-scale images, and the comparisons VOCUS2 makes across them.
Mirrors tbp/monty/frameworks/models/salience/strategies/vocus2/pyramids.py.
An attention model has to find what stands out at some size and not at
others: a small bright patch, a long edge, a dark corner. It does that by
building the image at several resolutions (octaves), each blurred several times
(scales), and then comparing neighbouring scales — a centre against a
surround — which is what center_surround/2 and laplacian/1 are for.
The pyramid follows Lowe (2004) as VOCUS2 implements it: each octave starts
from the extra scale the previous one computed, resampled by :area, and each
following scale is blurred by whatever it takes to reach the next sigma from
the one before — sqrt(next² - previous²), because blurs compose in
quadrature. That is the step that makes a pyramid a pyramid rather than a
handful of blurs.

      


      
        Summary


  
    Types
  


    
      
        plane()

      


    





  
    Functions
  


    
      
        center_surround(image, options)

      


        A centre pyramid and its surround, at the same scales.



    


    
      
        collapse(pyramid, reduce)

      


        Collapses a pyramid into one image, the shape of its finest scale.



    


    
      
        collapse_max(pyramid)

      


        Collapses a pyramid by taking the strongest plane at each pixel.



    


    
      
        collapse_mean(pyramid)

      


        Collapses a pyramid by averaging its planes at each pixel.



    


    
      
        combine(pyramids, reduce)

      


        Combines pyramids of the same shape into one, plane by plane with reduce.



    


    
      
        combine_max(pyramids)

      


        Combines pyramids by taking the strongest plane at each pixel.



    


    
      
        combine_mean(pyramids)

      


        Combines pyramids by averaging their planes at each pixel.



    


    
      
        gaussian_pyramid(image, options)

      


        A Gaussian pyramid: :n_scales blurred versions of the image at each octave.



    


    
      
        laplacian(pyramid)

      


        The Laplacian pyramid: each octave minus the octave below it, enlarged back.



    


    
      
        octave_shapes(image_shape, max_octaves \\ nil)

      


        The resolutions an image of image_shape is built at, finest first.



    





      


      
        Types


        


  
    
      
    
    
      plane()



        
          
        

    

  


  

      

          @type plane() :: [[float()]]


      



  


        

      

      
        Functions


        


  
    
      
    
    
      center_surround(image, options)



        
          
        

    

  


  

      

          @spec center_surround(plane(), keyword()) ::
  {Monty.Frameworks.Models.Salience.Strategies.Vocus2.Pyramids.Pyramid.t(),
   Monty.Frameworks.Models.Salience.Strategies.Vocus2.Pyramids.Pyramid.t()}


      


A centre pyramid and its surround, at the same scales.
The surround is the centre blurred further, by the sigma that takes a centre
of :center_sigma to a surround of :surround_sigma — in quadrature again,
and scaled up with each scale so a coarse level is not compared against a fine
one's surroundings.

  



  
    
      
    
    
      collapse(pyramid, reduce)



        
          
        

    

  


  

      

          @spec collapse(
  Monty.Frameworks.Models.Salience.Strategies.Vocus2.Pyramids.Pyramid.t(),
  ([plane()] ->
     plane())
) ::
  plane()


      


Collapses a pyramid into one image, the shape of its finest scale.
Every plane is enlarged to that shape by :cubic and then reduced with
reduce — so a map that exists at several scales becomes one map again.

  



  
    
      
    
    
      collapse_max(pyramid)



        
          
        

    

  


  

      

          @spec collapse_max(
  Monty.Frameworks.Models.Salience.Strategies.Vocus2.Pyramids.Pyramid.t()
) :: plane()


      


Collapses a pyramid by taking the strongest plane at each pixel.

  



  
    
      
    
    
      collapse_mean(pyramid)



        
          
        

    

  


  

      

          @spec collapse_mean(
  Monty.Frameworks.Models.Salience.Strategies.Vocus2.Pyramids.Pyramid.t()
) :: plane()


      


Collapses a pyramid by averaging its planes at each pixel.

  



  
    
      
    
    
      combine(pyramids, reduce)



        
          
        

    

  


  

      

          @spec combine(
  [Monty.Frameworks.Models.Salience.Strategies.Vocus2.Pyramids.Pyramid.t()],
  ([plane()] ->
     plane())
) ::
  Monty.Frameworks.Models.Salience.Strategies.Vocus2.Pyramids.Pyramid.t()


      


Combines pyramids of the same shape into one, plane by plane with reduce.
A single pyramid is already the answer, which is how a config that names one
map and not several still works.

  



  
    
      
    
    
      combine_max(pyramids)



        
          
        

    

  


  

      

          @spec combine_max([
  Monty.Frameworks.Models.Salience.Strategies.Vocus2.Pyramids.Pyramid.t()
]) ::
  Monty.Frameworks.Models.Salience.Strategies.Vocus2.Pyramids.Pyramid.t()


      


Combines pyramids by taking the strongest plane at each pixel.

  



  
    
      
    
    
      combine_mean(pyramids)



        
          
        

    

  


  

      

          @spec combine_mean([
  Monty.Frameworks.Models.Salience.Strategies.Vocus2.Pyramids.Pyramid.t()
]) ::
  Monty.Frameworks.Models.Salience.Strategies.Vocus2.Pyramids.Pyramid.t()


      


Combines pyramids by averaging their planes at each pixel.

  



  
    
      
    
    
      gaussian_pyramid(image, options)



        
          
        

    

  


  

      

          @spec gaussian_pyramid(plane(), keyword()) ::
  Monty.Frameworks.Models.Salience.Strategies.Vocus2.Pyramids.Pyramid.t()


      


A Gaussian pyramid: :n_scales blurred versions of the image at each octave.
:sigma is the blur of the first scale of the first octave, and every octave
starts from the same sigma, so the scales of one octave and the next mean the
same thing.

  



  
    
      
    
    
      laplacian(pyramid)



        
          
        

    

  


  

      

          @spec laplacian(
  Monty.Frameworks.Models.Salience.Strategies.Vocus2.Pyramids.Pyramid.t()
) ::
  Monty.Frameworks.Models.Salience.Strategies.Vocus2.Pyramids.Pyramid.t()


      


The Laplacian pyramid: each octave minus the octave below it, enlarged back.
What survives the subtraction is what the coarser octave could not represent —
the detail this resolution adds — which is what makes an edge visible at the
scale it belongs to. Has one fewer octave than its input.

  



    

  
    
      
    
    
      octave_shapes(image_shape, max_octaves \\ nil)



        
          
        

    

  


  

      

          @spec octave_shapes({pos_integer(), pos_integer()}, pos_integer() | nil) :: [
  {pos_integer(), pos_integer()}
]


      


The resolutions an image of image_shape is built at, finest first.
Each octave is half the previous, and there are as many as fit until a
dimension would fall below one pixel — or fewer, if :max_octaves says so.

  


        

      


  

    
Monty.Frameworks.Models.Salience.Strategies.Vocus2.Pyramids.Pyramid 
    



      
An image's scales, by octave and by blur.
Mirrors tbp/monty/frameworks/models/salience/strategies/vocus2/pyramids.py::Pyramid,
a two-dimensional array of images: one row per octave (each half the
resolution of the one above) and one column per scale (each more blurred than
the one before). VOCUS2 compares a scale against its neighbours to find
whatever is unlike its surroundings at that size, and a pyramid is how "that
size" becomes an index.
Monty stores the planes in a numpy object array; here an octave is a list of
planes and the pyramid is a list of octaves, so planes read
pyramid.planes |> Enum.at(octave) |> Enum.at(scale).
A pyramid with no planes is an error: nothing downstream can tell an empty
pyramid from an image with nothing in it.

      


      
        Summary


  
    Types
  


    
      
        plane()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        add(left, right)

      


        Two pyramids added plane by plane.



    


    
      
        apply(pyramid, function)

      


        The same pyramid with function applied to every plane.



    


    
      
        flat(pyramid)

      


        Every plane, octave by octave and scale by scale.



    


    
      
        n_octaves(pyramid)

      


        How many octaves the pyramid holds.



    


    
      
        n_scales(pyramid)

      


        How many scales each octave holds.



    


    
      
        new(planes)

      


        A pyramid of octaves, each a list of scales planes of the same shape.



    


    
      
        shape(pyramid)

      


        How many octaves and how many scales: {octaves, scales}.



    


    
      
        size(pyramid)

      


        How many planes the pyramid holds.



    


    
      
        subtract(left, right)

      


        Two pyramids subtracted plane by plane.



    





      


      
        Types


        


  
    
      
    
    
      plane()



        
          
        

    

  


  

      

          @type plane() :: [[float()]]


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.Salience.Strategies.Vocus2.Pyramids.Pyramid{
  planes: [[plane()]]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      add(left, right)



        
          
        

    

  


  

      

          @spec add(t(), t()) :: t()


      


Two pyramids added plane by plane.

  



  
    
      
    
    
      apply(pyramid, function)



        
          
        

    

  


  

      

          @spec apply(t(), (plane() -> plane())) :: t()


      


The same pyramid with function applied to every plane.

  



  
    
      
    
    
      flat(pyramid)



        
          
        

    

  


  

      

          @spec flat(t()) :: [plane()]


      


Every plane, octave by octave and scale by scale.

  



  
    
      
    
    
      n_octaves(pyramid)



        
          
        

    

  


  

      

          @spec n_octaves(t()) :: pos_integer()


      


How many octaves the pyramid holds.

  



  
    
      
    
    
      n_scales(pyramid)



        
          
        

    

  


  

      

          @spec n_scales(t()) :: pos_integer()


      


How many scales each octave holds.

  



  
    
      
    
    
      new(planes)



        
          
        

    

  


  

      

          @spec new([[plane()]]) :: t()


      


A pyramid of octaves, each a list of scales planes of the same shape.

  



  
    
      
    
    
      shape(pyramid)



        
          
        

    

  


  

      

          @spec shape(t()) :: {pos_integer(), pos_integer()}


      


How many octaves and how many scales: {octaves, scales}.

  



  
    
      
    
    
      size(pyramid)



        
          
        

    

  


  

      

          @spec size(t()) :: pos_integer()


      


How many planes the pyramid holds.

  



  
    
      
    
    
      subtract(left, right)



        
          
        

    

  


  

      

          @spec subtract(t(), t()) :: t()


      


Two pyramids subtracted plane by plane.

  


        

      


  

    
Monty.Frameworks.Models.Salience.Strategies.Vocus2.Pyramids.PyramidCollapse behaviour
    



      
How a pyramid becomes one image again.
Mirrors tbp/monty/frameworks/models/salience/strategies/vocus2/pyramids.py::PyramidCollapse,
a Protocol in Monty so a config can name how its scales are brought back
together. It is a behaviour here: every plane is enlarged to the finest
plane's shape and then reduced to one image.
Monty's own are collapse/2 in the module beside this one, called with a
reducer of the caller's choosing.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Callbacks
  


    
      
        call(t, t)

      


        One image from every plane of pyramid.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: struct()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      call(t, t)



        
          
        

    

  


  

      

          @callback call(
  t(),
  Monty.Frameworks.Models.Salience.Strategies.Vocus2.Pyramids.Pyramid.t()
) :: [[float()]]


      


One image from every plane of pyramid.

  


        

      


  

    
Monty.Frameworks.Models.Salience.Strategies.Vocus2.Pyramids.PyramidCombine behaviour
    



      
How several pyramids become one.
Mirrors tbp/monty/frameworks/models/salience/strategies/vocus2/pyramids.py::PyramidCombine,
a Protocol in Monty so a config can name how its maps are combined. It is a
behaviour here: a combiner answers one pyramid from several of the same shape.
Monty's implementations — maximum and mean — are combine_max/1 and
combine_mean/1 in the module beside this one; they are plain functions that
match this shape rather than instances of the protocol.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Callbacks
  


    
      
        call(t, list)

      


        One pyramid, from pyramids, which all have the same shape.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: struct()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      call(t, list)



        
          
        

    

  


  

      

          @callback call(t(), [
  Monty.Frameworks.Models.Salience.Strategies.Vocus2.Pyramids.Pyramid.t()
]) ::
  Monty.Frameworks.Models.Salience.Strategies.Vocus2.Pyramids.Pyramid.t()


      


One pyramid, from pyramids, which all have the same shape.

  


        

      


  

    
Monty.Frameworks.Models.Salience.Strategies.Vocus2.SafeOperatingLimits 
    



      
The sigmas VOCUS2 was actually tried with, as fractions of the image.
Mirrors
tbp/monty/frameworks/models/salience/strategies/vocus2/vocus2.py::SafeOperatingLimits.
A sigma is a distance in pixels, so what is a broad blur on a 64-pixel image
is a tight one on a 128-pixel image. The limits are therefore fractions of the
image's smallest dimension — max_fractional_center_sigma: 0.1 on a 64-pixel
image means a centre sigma of at most 6.4 — rather than absolute numbers that
would only suit one resolution.
Three rejections, in Monty's order: the surround must be meaningfully wider
than the centre, the centre must sit inside its range, and the surround inside
its own. Outside these limits VOCUS2 may work, may work differently, or may
not work; the point of the check is that nobody finds out by accident.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(options \\ [])

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.Salience.Strategies.Vocus2.SafeOperatingLimits{
  max_fractional_center_sigma: float(),
  max_fractional_surround_sigma: float(),
  min_fractional_sigma_separation: float(),
  min_image_dim_size: pos_integer()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(options \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      



  


        

      


  

    
Monty.Frameworks.Models.Salience.Strategies.Vocus2.Vocus2SalienceConfig 
    



      
The numbers a VOCUS2 strategy is configured from.
Mirrors
tbp/monty/frameworks/models/salience/strategies/vocus2/vocus2.py::Vocus2SalienceConfig.
One config produces the colour, depth and orientation channels together,
because they have to agree: the orientation period is twice the centre sigma
and the depth channel uses the same sigmas as the colour channels, so setting
them separately would be a way to configure a strategy that does not work.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(options \\ [])

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.Salience.Strategies.Vocus2.Vocus2SalienceConfig{
  center_sigma: float(),
  max_octaves: pos_integer() | nil,
  n_scales: pos_integer(),
  surround_sigma: float(),
  use_depth: boolean(),
  use_orientation: boolean()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(options \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      



  


        

      


  

    
Monty.Frameworks.Models.Salience.Strategies.Vocus2.WeightedMean 
    



      
Averages the feature maps, each weighted by how much it is trusted.
Mirrors
tbp/monty/frameworks/models/salience/strategies/vocus2/vocus2.py::WeightedMean.
The weights are renormalised to sum to one (in absolute value), which is what
makes this the default combiner: with L, a, b at 1 and depth at 0.1, a
missing channel changes the relative pull of the others but not the overall
scale of the map — the same property that makes the salience map comparable
between a config that uses depth and one that does not.
Weights that cancel out — all zero, or a set summing to zero in absolute value
— have no mean to take, and Monty would answer a map of NaNs; this raises
instead, because a NaN salience map is not something a caller can act on.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(weights)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.Salience.Strategies.Vocus2.WeightedMean{
  weights: %{optional(String.t()) => number()}
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(weights)



        
          
        

    

  


  

      

          @spec new(%{optional(String.t()) => number()}) :: t()


      



  


        

      


  

    
Monty.Frameworks.Models.Salience.Strategies.Vocus2.WeightedSum 
    



      
Adds the feature maps up, each scaled by its weight.
Mirrors
tbp/monty/frameworks/models/salience/strategies/vocus2/vocus2.py::WeightedSum.
A weight of zero silences a channel without having to reconfigure the strategy
that produced it.
Note the difference from WeightedMean: this one does not renormalise, so a
config's weights set the overall scale of the salience map as well as the
relative importance of the channels.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(weights)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.Salience.Strategies.Vocus2.WeightedSum{
  weights: %{optional(String.t()) => number()}
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(weights)



        
          
        

    

  


  

      

          @spec new(%{optional(String.t()) => number()}) :: t()


      



  


        

      


  

    
Monty.Frameworks.Models.Salience.Telemetry 
    



      
What a salience module writes down about the views it judged.
Mirrors tbp/monty/frameworks/models/salience/telemetry.py, whose three
classes are the interface (...Telemetry.SalienceSMTelemetry), the recorder
that records nothing (...Telemetry.NoopSalienceSMTelemetry) and the one that
records everything (...Telemetry.DetailedSalienceSMTelemetry).
A salience module's output is a choice — which of a view's pixels are worth
looking at — and a choice is not reproducible from the percepts alone. What
the strategy scored, what the inhibition suppressed and what the segmentation
proposed are recorded here so a run can be read afterwards.

      




  

    
Monty.Frameworks.Models.Salience.Telemetry.DetailedSalienceSMTelemetry 
    



      
A recorder that keeps every step of a salience module's reasoning.
Mirrors
tbp/monty/frameworks/models/salience/telemetry.py::DetailedSalienceSMTelemetry:
the raw observation and the sensor's pose, the salience map the strategy
scored, the segmentation mask and the region it proposed, and the goals.
Monty appends to lists; this holds them newest first, which is how a list is
cheapest to grow, and state_dict/1 hands them back in the order they were
taken.

      


      
        Summary


  
    Types
  


    
      
        pose()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        new()

      


    





      


      
        Types


        


  
    
      
    
    
      pose()



        
          
        

    

  


  

      

          @type pose() :: %{sm_rotation: [float()], sm_location: [float()]}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.Salience.Telemetry.DetailedSalienceSMTelemetry{
  attention_regions: [Monty.Cmp.AttentionRegion.t()],
  goals: [[Monty.Cmp.Goal.t()]],
  poses: [pose()],
  raw_observations: [map()],
  salience_maps: [[[float()]]],
  segmentation_maps: [[[number()]]]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      



  


        

      


  

    
Monty.Frameworks.Models.Salience.Telemetry.NoopSalienceSMTelemetry 
    



      
A recorder that records nothing, and says so with an empty schema.
Mirrors
tbp/monty/frameworks/models/salience/telemetry.py::NoopSalienceSMTelemetry,
which is Monty's default: a config that does not ask for salience telemetry
pays nothing for it. state_dict/1 still answers every key, empty, so a
consumer indexing the dict works the same either way.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.Salience.Telemetry.NoopSalienceSMTelemetry{}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      



  


        

      


  

    
Monty.Frameworks.Models.Salience.Telemetry.SalienceSMTelemetry behaviour
    



      
Where a salience module records what it judged, and why.
Mirrors
tbp/monty/frameworks/models/salience/telemetry.py::SalienceSMTelemetry, a
Protocol in Monty. Here it is a behaviour, and — because a struct is a value
— every callback answers the telemetry it leaves behind, so a module can
record a step without mutating anything a reader might be holding.
The three implementations are: this interface, a recorder that keeps nothing
(...Telemetry.NoopSalienceSMTelemetry, Monty's default) and one that keeps
everything (...Telemetry.DetailedSalienceSMTelemetry).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Callbacks
  


    
      
        attention_region(t, t)

      


        Records the region this step proposed.



    


    
      
        goals(t, list)

      


        Records the goals this step proposed.



    


    
      
        raw_observation(t, map, t, list)

      


        Records an observation and the sensor's pose when it was taken.



    


    
      
        reset(t)

      


        Forgets every episode's records.



    


    
      
        salience_map(t, list)

      


        Records one step's salience map.



    


    
      
        segmentation_map(t, list)

      


        Records one step's segmentation mask.



    


    
      
        state_dict(t)

      


        Everything recorded, as Monty's state_dict reports it.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: struct()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      attention_region(t, t)



        
          
        

    

  


  

      

          @callback attention_region(t(), Monty.Cmp.AttentionRegion.t()) :: t()


      


Records the region this step proposed.

  



  
    
      
    
    
      goals(t, list)



        
          
        

    

  


  

      

          @callback goals(t(), [Monty.Cmp.Goal.t()]) :: t()


      


Records the goals this step proposed.

  



  
    
      
    
    
      raw_observation(t, map, t, list)



        
          
        

    

  


  

      

          @callback raw_observation(t(), map(), Monty.Geometry.Rotation.t(), [float()]) :: t()


      


Records an observation and the sensor's pose when it was taken.

  



  
    
      
    
    
      reset(t)



        
          
        

    

  


  

      

          @callback reset(t()) :: t()


      


Forgets every episode's records.

  



  
    
      
    
    
      salience_map(t, list)



        
          
        

    

  


  

      

          @callback salience_map(t(), [[float()]]) :: t()


      


Records one step's salience map.

  



  
    
      
    
    
      segmentation_map(t, list)



        
          
        

    

  


  

      

          @callback segmentation_map(t(), [[number()]]) :: t()


      


Records one step's segmentation mask.

  



  
    
      
    
    
      state_dict(t)



        
          
        

    

  


  

      

          @callback state_dict(t()) :: map()


      


Everything recorded, as Monty's state_dict reports it.

  


        

      


  

    
Monty.Frameworks.Models.SensorModules.CameraSM 
    



      
A sensor module: one camera observation in, one percept out.
Mirrors tbp/monty/frameworks/models/sensor_modules.py::CameraSM, which is
what every config in this revision of Monty targets for its patch sensor. It
is four things in a row, and each of them is a module of its own here:
	ObservationProcessor — turns the pixels into a location, a surface and
the features the config asked for;
	the noise layer — DefaultMessageNoise when the config gives
noise_params, NoMessageNoise when it does not;
	the percept filter — FeatureChangeFilter when the config gives
delta_thresholds, PassthroughPerceptFilter when it does not;
	SnapshotTelemetry — the raw observations, kept only when the config asks
with save_raw_obs: true.

The random stream
Monty's step draws from ctx.rng, one stream per runtime that every module
and every step shares. The noise layer draws from that same stream here, so a
noised percept consumes the draws Monty's does and the run stays comparable.
The sensor's transforms and the environment still derive a stream of their own
from the context and the module's id (Monty.Context.rng_for/2) — a deviation
from Monty's single object that docs/monty-differences.md §2.1 lists. A
sensor with no noise_params draws nothing and is unaffected.
When there is no percept
Monty's processor raises if the observation never went through the
depth-to-points transform. Here step/4 answers nil — no point cloud, no
percept — and the runtime treats a silent sensor as it treats a silent step,
which is what a view that sees nothing is (docs/monty-differences.md §2.11).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        clear_buffers(state)

      


        Drops what was seen, keeping the delta filter's memory.



    


    
      
        from_config(config)

      


        The sensor a config entry describes, or why it is not this class's.



    


    
      
        new(sensor_module_id, options)

      


        A sensor module for one sensor.



    


    
      
        state_dict(sm)

      


        Everything recorded so far: the raw observations, and every percept this
sensor made, as Monty's state_dict reports it.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.SensorModules.CameraSM{
  features: [String.t()],
  filter: {module(), struct()},
  filter_memory: term(),
  noise: {module(), struct()},
  pose: Monty.Frameworks.Models.MotorSystemState.SensorState.t() | nil,
  processed_observations: [Monty.Cmp.Message.t()],
  processor: Monty.Frameworks.Models.SensorModules.ObservationProcessor.t(),
  save_raw_obs: boolean(),
  sensor_module_id: atom() | String.t(),
  telemetry: Monty.Frameworks.Models.SensorModules.SnapshotTelemetry.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      clear_buffers(state)



        
          
        

    

  


  

      

          @spec clear_buffers(t()) :: t()


      


Drops what was seen, keeping the delta filter's memory.
Monty's _reset_modules_buffers: the observations of the object that has gone
are never read again, but filter_memory is what decides whether the next
observation is new, so clearing it would make the first patch on the next
object look like a change of scene rather than a look at something else.

  



  
    
      
    
    
      from_config(config)



        
          
        

    

  


  

      

          @spec from_config(map()) :: {:ok, t()} | {:error, term()}


      


The sensor a config entry describes, or why it is not this class's.
Options are Monty's: features, then save_raw_obs, noise_params,
delta_thresholds, is_surface_sm and pc1_is_pc2_threshold when the config
gives them. sensor_module_id falls back to the config's sensor_id, which is
how a patch sensor is named in the configs that carry both.

  



  
    
      
    
    
      new(sensor_module_id, options)



        
          
        

    

  


  

      

          @spec new(atom() | String.t(), keyword()) :: t()


      


A sensor module for one sensor.
Options: :features (required) and :save_raw_obs, :noise_params,
:delta_thresholds, :is_surface_sm, :pc1_is_pc2_threshold.

  



  
    
      
    
    
      state_dict(sm)



        
          
        

    

  


  

      

          @spec state_dict(t()) :: map()


      


Everything recorded so far: the raw observations, and every percept this
sensor made, as Monty's state_dict reports it.

  


        

      


  

    
Monty.Frameworks.Models.SensorModules.DefaultMessageNoise 
    



      
The noise layer a config asks for with noise_params.
Mirrors tbp/monty/frameworks/models/sensor_modules.py::DefaultMessageNoise.
The parameters say how much to move each thing:
noise_params:
  features:
    principal_curvatures_log: [0.1, 0.1]
    pose_vectors: 2.0        # degrees
  location: 0.001            # metres
A real-valued feature gets Gaussian noise of that standard deviation added to
it; a boolean flips with that probability; a hue is clipped back into
[0, 1] after the noise because there is no colour outside it. A
pose_vectors is not nudged component by component — that would stop the three
directions being a frame — but turned by a small sampled rotation.
Features are only noised when the percept carries features at all: a step that
is a location and nothing else is not worth learning from, and Monty does not
pretend otherwise.
The draws are NumPy's and come from the episode's one stream, because in Monty
they do: ctx.rng is a single RandomState that every module shares, so a
noised percept moves the numbers the motor system draws next. Drawing them from
a stream of the sensor's own would leave the episode's stream where it was, and
every later draw of the step would then belong to a different experiment.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(noise_params)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.SensorModules.DefaultMessageNoise{
  noise_params: map()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(noise_params)



        
          
        

    

  


  

      

          @spec new(map()) :: t()


      



  


        

      


  

    
Monty.Frameworks.Models.SensorModules.FeatureChangeFilter 
    



      
Sends a point to the learning modules only when something about it has changed
enough to be worth learning.
Mirrors tbp/monty/frameworks/models/sensor_modules.py::FeatureChangeFilter.
Without it a surface agent would hand its learning module a new point on every
timestep even when it had barely moved, which is a different experiment: the
agent would fill a graph with near-identical points instead of sampling the
surface.
The tolerances are the config's delta_thresholds, by feature name, and three
names are not features at all:
	n_steps — send anyway after this many steps without sending;
	distance — send if the point moved further than this from the last one
sent;
	hsv — hue is a circle, so the change is the shorter way round, and the
tolerance is one number per channel.

A percept already flagged as uninteresting — off the object, or with a surface
the fit could not define — is passed on as it is, as Monty passes it: the filter
decides between features and a location only, not whether to send.

      


      
        Summary


  
    Types
  


    
      
        memory()

      


        What the filter remembers: the last percept it sent on, and how long ago.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        new(delta_thresholds)

      


        The filter, and the memory a new episode starts with.



    





      


      
        Types


        


  
    
      
    
    
      memory()



        
          
        

    

  


  

      

          @type memory() :: %{
  last_percept: Monty.Cmp.Message.t() | nil,
  steps_since_sent: non_neg_integer()
}


      


What the filter remembers: the last percept it sent on, and how long ago.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.SensorModules.FeatureChangeFilter{
  delta_thresholds: map()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(delta_thresholds)



        
          
        

    

  


  

      

          @spec new(map()) :: {t(), memory()}


      


The filter, and the memory a new episode starts with.

  


        

      


  

    
Monty.Frameworks.Models.SensorModules.MessageNoise behaviour
    



      
Something that adds noise to a percept, or does not.
Mirrors tbp/monty/frameworks/models/sensor_modules.py::MessageNoise, the
protocol a sensor module's noise layer answers.
Monty passes a numpy RandomState that the noise mutates as it draws. Here the
stream is an argument instead: a noise layer draws from it and answers a
percept. It is the episode's one stream (Monty.Random.Stream), the same one
the motor system and the goal generators draw from, because it is the same one
in Monty — so the draws a noisy percept makes move the numbers of everything
stepped after it (docs/monty-differences.md §2.1).

      


      
        Summary


  
    Types
  


    
      
        rng()

      


    


    
      
        t()

      


    





  
    Callbacks
  


    
      
        call(t, t, rng)

      


        The percept, noisier.



    





      


      
        Types


        


  
    
      
    
    
      rng()



        
          
        

    

  


  

      

          @type rng() :: GenServer.server()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: struct()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      call(t, t, rng)



        
          
        

    

  


  

      

          @callback call(t(), Monty.Cmp.Message.t(), rng()) :: Monty.Cmp.Message.t()


      


The percept, noisier.

  


        

      


  

    
Monty.Frameworks.Models.SensorModules.NoMessageNoise 
    



      
The noise layer that adds nothing.
Mirrors tbp/monty/frameworks/models/sensor_modules.py::NoMessageNoise: a
sensor module with no noise_params reports what it sensed, and draws from no
stream at all — which is why a run of a clean experiment is reproducible
whatever the seed.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.SensorModules.NoMessageNoise{}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      



  


        

      


  

    
Monty.Frameworks.Models.SensorModules.ObservationProcessor 
    



      
Turns one camera observation into a CMP message: a location, a surface, and the
features a learning module matches on.
Mirrors tbp/monty/frameworks/models/sensor_modules.py::ObservationProcessor.
It is the pure part of CameraSM — an observation in, a percept out, no state —
which is why Monty has it as a class of its own too.
What it reads
The observation has been through the experiment's transforms, so it carries
"semantic_3d" (one row per pixel: three coordinates and the on-surface mask),
"cam_to_world", "rgba" and "depth". The middle pixel is
half + width * half of the point cloud — Monty's own arithmetic for a square
patch — and on_object is that row's mask.
Which features
:features is the list a config declares, and a feature not in it is not
computed. That is the point of declaring it: feature_weights in a hidden layer
and the tolerances in graph matching are written against exactly these names,
and a percept carrying more would be one Monty's modules never see.
:object_coverage, :min_depth and :mean_depth are taken over the pixels on
the surface rather than over the whole patch.
One difference from Monty
Monty reads features["object_coverage"] when a surface sensor's middle pixel
is off the object, and raises KeyError if the config did not ask for that
feature. Here a missing coverage counts as zero (docs/monty-differences.md §2.10).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(options)

      


        The processor a config describes.



    


    
      
        process(processor, observation)

      


        The percept one observation makes.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.SensorModules.ObservationProcessor{
  features: [String.t()],
  is_surface_sm: boolean(),
  pc1_is_pc2_threshold: float(),
  sensor_module_id: atom() | String.t(),
  surface_normal_method:
    Monty.Frameworks.Models.SensorModules.SurfaceNormalMethod.t(),
  weight_curvature: boolean()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(options)



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


The processor a config describes.
Options: :features and :sensor_module_id, then :pc1_is_pc2_threshold,
:surface_normal_method, :weight_curvature and :is_surface_sm, as Monty's
takes them.

  



  
    
      
    
    
      process(processor, observation)



        
          
        

    

  


  

      

          @spec process(t(), map()) :: {:ok, Monty.Cmp.Message.t()} | {:error, term()}


      


The percept one observation makes.
{:error, :no_point_cloud} when the observation never went through the
depth-to-points transform: there is no surface to report, and inventing one
would be worse than saying so.

  


        

      


  

    
Monty.Frameworks.Models.SensorModules.PassthroughPerceptFilter 
    



      
The filter that passes everything on.
Mirrors tbp/monty/frameworks/models/sensor_modules.py::PassthroughPerceptFilter:
a sensor module configured with no delta_thresholds sends every percept to
its learning modules, unchanged.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new()

      


        The filter, and the memory it keeps (none).



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.SensorModules.PassthroughPerceptFilter{}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      


The filter, and the memory it keeps (none).

  


        

      


  

    
Monty.Frameworks.Models.SensorModules.PerceptFilter behaviour
    



      
Something that decides whether a percept carries features or only a location.
Mirrors tbp/monty/frameworks/models/sensor_modules.py::PerceptFilter, the
protocol a sensor module's filter answers. CameraSM passes every percept
through one: the default passes everything on, and FeatureChangeFilter sends
a point to a learning module only when something about it changed enough to be
worth learning.
A filter is a value here, so what it remembers travels beside it rather than
inside it: the callback takes the filter, the percept and that memory, and
answers both the percept and the memory's next version.

      


      
        Summary


  
    Types
  


    
      
        memory()

      


    


    
      
        t()

      


    





  
    Callbacks
  


    
      
        call(t, t, memory)

      


        The percept, marked, and the filter's record of it.



    


    
      
        reset(memory)

      


        The memory a new episode starts with, which is what reset answers.



    





      


      
        Types


        


  
    
      
    
    
      memory()



        
          
        

    

  


  

      

          @type memory() :: term()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: struct()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      call(t, t, memory)



        
          
        

    

  


  

      

          @callback call(t(), Monty.Cmp.Message.t(), memory()) :: {Monty.Cmp.Message.t(), memory()}


      


The percept, marked, and the filter's record of it.

  



  
    
      
    
    
      reset(memory)



        
          
        

    

  


  

      

          @callback reset(memory()) :: memory()


      


The memory a new episode starts with, which is what reset answers.

  


        

      


  

    
Monty.Frameworks.Models.SensorModules.SnapshotTelemetry 
    



      
Keeps the raw observations a sensor saw, and where it was when it saw them.
Mirrors tbp/monty/frameworks/models/sensor_modules.py::SnapshotTelemetry.
Only a sensor configured with save_raw_obs: true fills it. What it is for is
looking back at the very pixels a percept was computed from — a graph of
features is not enough to tell a bad estimate from a bad view — so the
observation is kept as it arrived rather than as it was summarised.
The observations are held newest first, which is how a list is cheapest to
grow in; state_dict/1 hands them back in the order they were taken, one pose
per observation, as Monty's does.

      


      
        Summary


  
    Types
  


    
      
        pose()

      


        The sensor's pose when it took one observation: wxyz, then metres.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        new()

      


    


    
      
        raw_observation(telemetry, observation, rotation, position)

      


        Records one raw observation and the sensor's pose when it took it.



    


    
      
        reset(snapshot_telemetry)

      


        Forgets everything, for a new episode.



    


    
      
        state_dict(telemetry)

      


        What was recorded, oldest first, as Monty's state_dict reports it.



    





      


      
        Types


        


  
    
      
    
    
      pose()



        
          
        

    

  


  

      

          @type pose() :: %{sm_rotation: [float()], sm_location: [float()]}


      


The sensor's pose when it took one observation: wxyz, then metres.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.SensorModules.SnapshotTelemetry{
  poses: [pose()],
  raw_observations: [map()]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      



  



  
    
      
    
    
      raw_observation(telemetry, observation, rotation, position)



        
          
        

    

  


  

      

          @spec raw_observation(t(), map(), Monty.Geometry.Rotation.t(), [float()]) :: t()


      


Records one raw observation and the sensor's pose when it took it.
Both lists grow together, which is the invariant state_dict/1 relies on.

  



  
    
      
    
    
      reset(snapshot_telemetry)



        
          
        

    

  


  

      

          @spec reset(t()) :: t()


      


Forgets everything, for a new episode.

  



  
    
      
    
    
      state_dict(telemetry)



        
          
        

    

  


  

      

          @spec state_dict(t()) :: %{raw_observations: [map()], sm_properties: [pose()]}


      


What was recorded, oldest first, as Monty's state_dict reports it.

  


        

      


  

    
Monty.Frameworks.Models.SensorModules.SurfaceNormalMethod 
    



      
How a sensor module estimates a surface normal from a patch.
Mirrors tbp/monty/frameworks/models/sensor_modules.py::SurfaceNormalMethod,
which is an enum of three names: total least squares (the default Monty's
experiments use), ordinary least squares, and a naive cross product of
neighbouring pixels.
Only total least squares is ported — it is the one Monty's configurations ask
for, and the only one Monty.Frameworks.Utils.SensorProcessing implements.
Asking for another is an error rather than a silent substitution: a normal
estimated a different way is a different percept.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(method)

      


        The method a config names, which is "TLS" unless it says otherwise.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: :tls


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(method)



        
          
        

    

  


  

      

          @spec new(String.t() | t() | nil) :: t()


      


The method a config names, which is "TLS" unless it says otherwise.

  


        

      


  

    
Monty.Frameworks.Models.TwoDSensorModule 
    



      
The sensor module that reads a 2-D model pressed onto a 3-D surface: Monty's
TwoDSensorModule.
A surface agent moves, and its patch sees a piece of that surface. This module
asks a different question from CameraSM: where on a flat version of the
surface is the sensor now, and which way does the edge under it run? The answer
is a 2-D coordinate and, when there is an edge through the patch, a fully
defined pose — which is what lets a learning module build a 2-D model of a logo
on a mug.
Unrolling the surface
A step is measured in 3-D and then unrolled: the movement is projected onto the
tangent plane at the surface normal and resolved along that plane's basis. Two
corrections make the result the distance along the surface:
	The arc-length correction — a chord in the tangent plane is shorter
than the arc it subtends, so each component is enlarged by
SensorProcessing.arc_length_corrected_displacement/6, using the surface's
curvature in that direction and the curvature frame the sensor fitted
before an edge replaced it.
	The transported frame — the tangent basis is carried from step to step
rather than recomputed from the current normal, so the model's axes do not
jump when the surface turns. Without it, a step on a curved surface would
arrive in slightly different coordinates every time and the model would
smear.

The first observation of an episode has no previous location, so it defines
the origin: the sensor's world x and y become its 2-D coordinates with z
set to zero. That is Monty's own assumption, and it is only right when the
camera's image plane is aligned with world xy — a camera looking along x
would need the yz plane instead.
Edges define the pose
A 2-D sensor's pose comes from edges, not from curvature: every percept has
pose_fully_defined taken away, and the edge detector puts a frame back only
when it finds an edge near the patch's centre. An edge that is geometric — a
crease in the world rather than ink on a surface — does not count, because the
module is looking for the ink. edge_strength and coherence are reported
either way, as zero when there is no edge, so a learning module can tell "no
edge" from "not measured".

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        clear_buffers(state)

      


        Drops what was seen, keeping the delta filter's memory and the surface's frame.



    


    
      
        from_config(config)

      


        The module a config asks for, as Monty's __init__ reads its arguments.



    


    
      
        new(sensor_module_id, options)

      


        A module for one sensor.



    


    
      
        state_dict(sm)

      


        Everything recorded so far: the raw observations and every percept made.



    


    
      
        step(observation, motor_only?, ctx, sm)

      


        Monty's step: one observation, turned into a percept with a 2-D location.



    


    
      
        update_state(agent, sm)

      


        Where the sensor is, given where the agent is — Monty's update_state.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.TwoDSensorModule{
  edge_detector: term(),
  features: term(),
  filter: term(),
  filter_memory: term(),
  noise: term(),
  pose: term(),
  previous_2d_location: term(),
  previous_3d_location: term(),
  processed_observations: term(),
  processor: term(),
  save_raw_obs: term(),
  sensor_module_id: term(),
  tangent_frame: term(),
  telemetry: term()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      clear_buffers(state)



        
          
        

    

  


  

      

          @spec clear_buffers(t()) :: t()


      


Drops what was seen, keeping the delta filter's memory and the surface's frame.
The frame is not thrown away: it is where the model's axes are, and a new
object on the same surface is still measured in them.

  



  
    
      
    
    
      from_config(config)



        
          
        

    

  


  

      

          @spec from_config(map()) :: {:ok, t()} | {:error, term()}


      


The module a config asks for, as Monty's __init__ reads its arguments.

  



  
    
      
    
    
      new(sensor_module_id, options)



        
          
        

    

  


  

      

          @spec new(atom() | String.t(), keyword()) :: t()


      


A module for one sensor.
Options are Monty's: :features (required), :save_raw_obs,
:pc1_is_pc2_threshold, :is_surface_sm, :edge_detector, :noise_params and
:delta_thresholds. An :edge_detector is built when the features ask for
edge strength or coherence and none was given — a module that asked for an edge
and measured nothing would report zero forever.

  



  
    
      
    
    
      state_dict(sm)



        
          
        

    

  


  

      

          @spec state_dict(t()) :: map()


      


Everything recorded so far: the raw observations and every percept made.

  



  
    
      
    
    
      step(observation, motor_only?, ctx, sm)



        
          
        

    

  


  

      

          @spec step(
  Monty.Observations.SensorObservation.t(),
  boolean(),
  Monty.Context.t(),
  t()
) ::
  {Monty.Cmp.Message.t() | nil, t()}


      


Monty's step: one observation, turned into a percept with a 2-D location.
The order is Monty's and each part depends on the one before: record the raw
observation if asked, extract features, take the curvature pose away and give
back an edge pose only if an edge defines one, add noise, advance the 2-D
position, and only then let the percept filter decide whether this percept is
new enough to send.

  



  
    
      
    
    
      update_state(agent, sm)



        
          
        

    

  


  

      

          @spec update_state(Monty.Frameworks.Models.MotorSystemState.AgentState.t(), t()) ::
  t()


      


Where the sensor is, given where the agent is — Monty's update_state.
The sensor's own position and rotation in the agent's frame, turned by the
agent's rotation and added to its position.

  


        

      


  

    
Monty.Frameworks.Utils.CommunicationUtils 
    



      
Reading what came in over one channel.
Mirrors tbp/monty/frameworks/utils/communication_utils.py. A module given a
step's percepts gets them as a list, because a step can carry several — a
motor-only step carries none, a step where two sensors saw the object carries
two — and what a caller usually wants is the one from a particular channel.
Naming a channel that is not in the percepts is an error rather than a nil:
a caller asking for a channel it expected and not finding it has a bug, and
the error says which channel and what was there instead.

      


      
        Summary


  
    Functions
  


    
      
        get_percept_from_channel(percepts, channel_name)

      


        The percept from channel_name, or an error naming the channels that did
arrive.



    





      


      
        Functions


        


  
    
      
    
    
      get_percept_from_channel(percepts, channel_name)



        
          
        

    

  


  

      

          @spec get_percept_from_channel([Monty.Cmp.Message.t()], String.t()) ::
  {:ok, Monty.Cmp.Message.t()}
  | {:error, {:channel_not_found, String.t(), [String.t()]}}


      


The percept from channel_name, or an error naming the channels that did
arrive.

  


        

      


  

    
Monty.Frameworks.Utils.EdgeDetection 
    



      
Finding the edge in a patch of pixels, and saying which way it points.
Mirrors tbp/monty/frameworks/utils/edge_detection.py. The two functions here
are the ones Monty keeps at module level; the detector itself is
...EdgeDetection.EdgeDetector, what it returns is
...EdgeDetection.EdgeFeatures, and the matrix it aggregates is
...EdgeDetection.StructureTensor.
What an edge is here
A structure tensor over a patch of Sobel gradients, weighted towards the
centre of the patch and towards pixels where the gradient is strong. Two
numbers come out of it: how strong the edge is, and how coherent — one clean
direction against a wash of them. An edge is reported when both clear their
thresholds, which is why a uniform patch reports nothing at all rather than
reporting a weak edge in an arbitrary direction.
The 2-D frame an edge implies
A surface agent moves on a curved surface, so a direction in the image is not
a direction on the object. angle_to_pose_2d/4 projects the image direction
onto the local tangent plane and expresses it in that plane's frame, which is
the basis the 2-D model is built in. TangentFrame carries that basis, and it
is transported from step to step rather than recomputed, because a basis
that jumped at every step would make the model's coordinates jump with it.
What this port supplies that Monty borrows
Monty reads pixels with OpenCV: cvtColor, Sobel, GaussianBlur. This port
has no OpenCV, so ...EdgeDetection.ImageOps writes those three — the same
filters, over the same reflection at the patch border, which is what makes the
same patch give the same edge.

      


      
        Summary


  
    Functions
  


    
      
        angle_to_pose_2d(angle, cam_to_world, surface_normal, tangent_frame)

      


        The 2-D pose an image-space edge angle implies, in the local tangent frame.



    


    
      
        default_surface_pose_vectors_2d()

      


        The identity 2-D frame: normal z, tangent x, and y across it.



    


    
      
        gradient_to_tangent_angle(gradient_angle)

      


        Turns a gradient direction into an edge direction, wrapped to [0, 2π).



    





      


      
        Functions


        


  
    
      
    
    
      angle_to_pose_2d(angle, cam_to_world, surface_normal, tangent_frame)



        
          
        

    

  


  

      

          @spec angle_to_pose_2d(
  float(),
  [[float()]],
  [float()],
  Monty.Frameworks.Utils.SpatialArithmetics.TangentFrame.t()
) :: Monty.Geometry.SurfacePoseVectors.t()


      


The 2-D pose an image-space edge angle implies, in the local tangent frame.
The image's x axis and its y axis (pointing down the image) are turned
into world directions by the camera's rotation, combined at angle, and
projected onto the tangent plane at surface_normal. What comes back is the
edge's direction in that plane as [normal, edge_tangent, edge_perpendicular]
— the normal always [0, 0, 1], because this is the model's own 2-D frame,
not a direction in space.
A world direction that vanishes when projected (an edge seen edge-on) is not a
direction at all, so the frame's own first basis vector stands in.

  



  
    
      
    
    
      default_surface_pose_vectors_2d()



        
          
        

    

  


  

      

          @spec default_surface_pose_vectors_2d() :: Monty.Geometry.SurfacePoseVectors.t()


      


The identity 2-D frame: normal z, tangent x, and y across it.

  



  
    
      
    
    
      gradient_to_tangent_angle(gradient_angle)



        
          
        

    

  


  

      

          @spec gradient_to_tangent_angle(float()) :: float()


      


Turns a gradient direction into an edge direction, wrapped to [0, 2π).
An edge runs across its gradient, so a quarter turn. The wrap is what makes
the answer an orientation rather than a heading: a gradient pointing slightly
below the x-axis gives an edge just below 2π, not a negative angle.

  


        

      


  

    
Monty.Frameworks.Utils.EdgeDetection.EdgeDetector 
    



      
One patch in, one edge out.
Mirrors tbp/monty/frameworks/utils/edge_detection.py::EdgeDetector.
The detector does not ask "is there a gradient here" — a texture has gradients
everywhere. It asks whether the gradients in the patch agree on one
direction, which is what a structure tensor aggregated over the patch
answers. Three things can then say no:
	Nothing was seen. If every pixel in the weighted neighbourhood has no
gradient at all (a flat patch), the aggregate is zero and there is no edge
to report.
	The edge is not in the middle. The weighted centroid of the gradient,
measured along the edge's normal, is how far from the patch centre the
edge actually runs. A patch that is half background has an edge at its
rim, not through its centre, and a module that moved to the edge does
not want to hear about a different edge at the rim.
	It is too weak, or too muddled. strength_threshold and
coherence_threshold are separate because a strong but incoherent patch
(two textures crossing) is not an edge either.

Geometric or texture
An edge in brightness may be ink on a surface or the surface ending against
the background. The depth image says which: across a geometric edge, depth
jumps. Monty computes the depth gradient perpendicular to the brightness edge,
inside a band around it, and calls the edge geometric when the 95th percentile
of that gradient clears depth_edge_threshold. The percentile rather than the
mean is what makes a one-pixel jump count without a wide crease being needed
to prove it.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        center_offset(weights, total_weight, normal_angle)

      


        How far, in pixels, the edge runs from the patch centre — signed, along the
edge's normal.



    


    
      
        center_weights(detector, grayscale, grad_x, grad_y)

      


        The weight of every pixel: how close it is to the centre, and how strong its
gradient is.



    


    
      
        detect(detector, observation)

      


        Monty's __call__: the edge in this patch, or the reason there is none.



    


    
      
        geometric_edge?(detector, depth, edge_angle, center_offset)

      


        Whether the edge is a crease in the world rather than a change in ink.



    


    
      
        new(options \\ [])

      


        A detector, as Monty's __init__ reads its arguments.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Utils.EdgeDetection.EdgeDetector{
  coherence_threshold: float(),
  depth_edge_threshold: float(),
  gaussian_sigma: float(),
  kernel_size: pos_integer(),
  max_center_offset: number() | nil,
  radius: float(),
  sigma_r: float(),
  strength_threshold: float()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      center_offset(weights, total_weight, normal_angle)



        
          
        

    

  


  

      

          @spec center_offset([[number()]], float(), float()) :: float()


      


How far, in pixels, the edge runs from the patch centre — signed, along the
edge's normal.

  



  
    
      
    
    
      center_weights(detector, grayscale, grad_x, grad_y)



        
          
        

    

  


  

      

          @spec center_weights(t(), [[number()]], [[number()]], [[number()]]) ::
  {[[float()]], float()}


      


The weight of every pixel: how close it is to the centre, and how strong its
gradient is.
exp(-d² / 2σ_r²) with zero past radius, multiplied by Ix² + Iy². The
first factor is what makes the patch answer for its middle; the second is what
keeps a strong edge near the rim from being discarded just for being far away.

  



  
    
      
    
    
      detect(detector, observation)



        
          
        

    

  


  

      

          @spec detect(t(), Monty.Observations.SensorObservation.t()) ::
  Monty.Frameworks.Utils.EdgeDetection.EdgeFeatures.t()


      


Monty's __call__: the edge in this patch, or the reason there is none.
The outline, in order: grey the patch, Sobel it, build a structure tensor per
pixel and blur each component, weight the tensors towards the centre and
towards strong gradients, aggregate, and then ask the three questions above.

  



  
    
      
    
    
      geometric_edge?(detector, depth, edge_angle, center_offset)



        
          
        

    

  


  

      

          @spec geometric_edge?(t(), [[float()]], float(), float()) :: boolean()


      


Whether the edge is a crease in the world rather than a change in ink.
The depth gradient across the edge, inside a band 1.5 pixels wide around where
the brightness edge was found, and its 95th percentile against
depth_edge_threshold.

  



    

  
    
      
    
    
      new(options \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


A detector, as Monty's __init__ reads its arguments.
:radius and :sigma_r shape the neighbourhood the tensor is aggregated
over: a Gaussian that falls to nothing at radius pixels from the centre, and
a falloff of sigma_r. :max_center_offset is the one setting that changes
what "an edge" means — nil accepts an edge anywhere in the patch, and a
number accepts it only that close to the centre.
An even :kernel_size is refused: a Gaussian of even size has no centre
pixel, so the blur would be half a pixel off and the edge with it.

  


        

      


  

    
Monty.Frameworks.Utils.EdgeDetection.EdgeFeatures 
    



      
What one patch of an image says about the edge in it.
Mirrors tbp/monty/frameworks/utils/edge_detection.py::EdgeFeatures.
angle is nil when there is no edge — a uniform patch, or one whose edge
does not pass through the middle — and 0.0 would be a lie in that case: zero
radians is a direction, and no edge has none. is_geometric_edge says whether
the edge is a crease in the world (depth changes across it) rather than a
change in ink; a texture edge on a surface that is not behind anything is
still an edge, but it is not a boundary.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        no_edge()

      


        The answer for a patch with no edge in it.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Utils.EdgeDetection.EdgeFeatures{
  angle: float() | nil,
  coherence: float(),
  has_edge: boolean(),
  is_geometric_edge: boolean(),
  strength: float()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      no_edge()



        
          
        

    

  


  

      

          @spec no_edge() :: t()


      


The answer for a patch with no edge in it.

  


        

      


  

    
Monty.Frameworks.Utils.EdgeDetection.ImageOps 
    



      
The three OpenCV calls Monty's edge detector is built on, written out.
Monty reads pixels with cv2.cvtColor, cv2.Sobel and cv2.GaussianBlur.
This application has no OpenCV and no Python in the matching path, so the
three are here, with the properties that matter for an edge:
	Colour to grey is OpenCV's fixed-point luma,
(4899 R + 9617 G + 1868 B + 8192) >> 14, scaled to [0, 1]. The
coefficients are the usual 0.299/0.587/0.114 in 14-bit fixed point, and the
rounding term is what makes a half step round up rather than down.
	Sobel 3×3 is the separable [-1, 0, 1] × [1, 2, 1] derivative, with
pixels outside the patch reflected without repeating the edge
(gfedcb | abcdefgh | gfedcba) — OpenCV's BORDER_REFLECT_101, which is
what Sobel and GaussianBlur default to. Reflecting rather than zeroing
is why a patch's border does not read as a bright edge of its own.
	Gaussian blur is a separable kernel of the requested size and sigma,
centred on the pixel, normalised to sum to one, with the same reflection.

Pixels outside the patch matter more than they look: an image is a window onto
a surface that continues past it, and a filter that pretends otherwise invents
an edge at the window's rim.

      


      
        Summary


  
    Functions
  


    
      
        gaussian_blur(image, size, sigma)

      


        A symmetric Gaussian blur of the given kernel size and sigma.



    


    
      
        gaussian_kernel(size, sigma)

      


        A normalised Gaussian kernel of size weights, centred on the middle one.



    


    
      
        percentile(values, percentile)

      


        The percentile-th value of values, interpolating between neighbours.



    


    
      
        reflected(index, length)

      


        An index folded back into 0..(length - 1) without repeating the edge.



    


    
      
        sobel(image, axis)

      


        The derivative of an image along :x or :y, border reflected.



    


    
      
        to_gray(rgba)

      


        The patch's brightness, in [0, 1], from its red, green and blue channels.



    





      


      
        Functions


        


  
    
      
    
    
      gaussian_blur(image, size, sigma)



        
          
        

    

  


  

      

          @spec gaussian_blur([[number()]], pos_integer(), float()) :: [[float()]]


      


A symmetric Gaussian blur of the given kernel size and sigma.
Two one-dimensional passes, which is what OpenCV does: a size × size kernel
is the outer product of one vector of weights with itself, so the passes give
the same answer for 2 size multiplications a pixel instead of size².

  



  
    
      
    
    
      gaussian_kernel(size, sigma)



        
          
        

    

  


  

      

          @spec gaussian_kernel(pos_integer(), float()) :: [float()]


      


A normalised Gaussian kernel of size weights, centred on the middle one.

  



  
    
      
    
    
      percentile(values, percentile)



        
          
        

    

  


  

      

          @spec percentile([number()], float()) :: float()


      


The percentile-th value of values, interpolating between neighbours.
numpy's default, which is what Monty asks for: position (n - 1) * p / 100 in
the sorted list, then a straight line between the two values it falls between.

  



  
    
      
    
    
      reflected(index, length)



        
          
        

    

  


  

      

          @spec reflected(integer(), pos_integer()) :: non_neg_integer()


      


An index folded back into 0..(length - 1) without repeating the edge.
-1 reads 1 and length reads length - 2 — OpenCV's BORDER_REFLECT_101.

  



  
    
      
    
    
      sobel(image, axis)



        
          
        

    

  


  

      

          @spec sobel([[number()]], :x | :y) :: [[float()]]


      


The derivative of an image along :x or :y, border reflected.
:x finds vertical edges (brightness changing left to right) and :y
horizontal ones — OpenCV's order, and the order every caller assumes.

  



  
    
      
    
    
      to_gray(rgba)



        
          
        

    

  


  

      

          @spec to_gray([[number()]]) :: [[float()]]


      


The patch's brightness, in [0, 1], from its red, green and blue channels.
Alpha is ignored: OpenCV's COLOR_RGB2GRAY reads three channels and this
reads the same three.
The fixed point is OpenCV's, which takes an 8-bit image. A world that renders
fractions of one instead — the stand-in scene does — is scaled here rather
than in every consumer: the two conventions meet once, at the fixed point that
only speaks the first.

  


        

      


  

    
Monty.Frameworks.Utils.EdgeDetection.StructureTensor 
    



      
A structure tensor at one point: the 2×2 symmetric matrix [[xx, xy], [xy, yy]].
Mirrors tbp/monty/frameworks/utils/edge_detection.py::StructureTensor.
Its four numbers are what an edge looks like in a patch of gradients: how
strongly the brightness changes along x, the same along y, and how much the
two move together. The eigenvalues of the matrix are the strengths along the
dominant and the perpendicular direction; an edge is a matrix with one large
eigenvalue and one small one, and a corner is a matrix with two.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        coherence(tensor)

      


        How oriented the tensor is, in [0, 1]: 1 is a single clean edge, 0 is a
patch with no direction at all.



    


    
      
        edge_angle(tensor)

      


        The edge direction in [0, π]: perpendicular to the gradient.



    


    
      
        edge_strength(tensor)

      


        How strong the strongest edge in the tensor is: the root of the larger
eigenvalue, floored at zero because a numerically tiny negative eigenvalue is
noise, not a negative edge.



    


    
      
        eigenvalues(structure_tensor)

      


        The smallest and the largest eigenvalue, {lambda_min, lambda_max}.



    


    
      
        gradient_theta(structure_tensor)

      


        The gradient direction in radians, normal to the dominant edge.



    


    
      
        new(xx, yy, xy)

      


        The two, from the three numbers.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Utils.EdgeDetection.StructureTensor{
  xx: float(),
  xy: float(),
  yy: float()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      coherence(tensor)



        
          
        

    

  


  

      

          @spec coherence(t()) :: float()


      


How oriented the tensor is, in [0, 1]: 1 is a single clean edge, 0 is a
patch with no direction at all.
(lambda_max - lambda_min) / (lambda_max + lambda_min). Two eigenvalues a
hair apart are a round patch, not an edge, and Monty calls that zero rather
than letting rounding turn noise into confidence.

  



  
    
      
    
    
      edge_angle(tensor)



        
          
        

    

  


  

      

          @spec edge_angle(t()) :: float()


      


The edge direction in [0, π]: perpendicular to the gradient.

  



  
    
      
    
    
      edge_strength(tensor)



        
          
        

    

  


  

      

          @spec edge_strength(t()) :: float()


      


How strong the strongest edge in the tensor is: the root of the larger
eigenvalue, floored at zero because a numerically tiny negative eigenvalue is
noise, not a negative edge.

  



  
    
      
    
    
      eigenvalues(structure_tensor)



        
          
        

    

  


  

      

          @spec eigenvalues(t()) :: {float(), float()}


      


The smallest and the largest eigenvalue, {lambda_min, lambda_max}.
Monty asks numpy for both; the closed form for a symmetric 2×2 is the same
answer and says what it is: their sum is the trace and their product the
determinant, so they are mean ± sqrt(mean² - determinant) with
mean = (xx + yy) / 2.

  



  
    
      
    
    
      gradient_theta(structure_tensor)



        
          
        

    

  


  

      

          @spec gradient_theta(t()) :: float()


      


The gradient direction in radians, normal to the dominant edge.
In (-π/2, π/2]: an orientation, not a heading, because the tensor cannot
tell one side of an edge from the other.

  



  
    
      
    
    
      new(xx, yy, xy)



        
          
        

    

  


  

      

          @spec new(float(), float(), float()) :: t()


      


The two, from the three numbers.

  


        

      


  

    
Monty.Frameworks.Utils.GraphMatchingUtils 
    



      
The bookkeeping around matching: which k, which poses, which distances.
Mirrors tbp/monty/frameworks/utils/graph_matching_utils.py. The functions
fall into four groups — building a graph (how many neighbours are there to
have), seeding hypotheses (which object poses to try), scoring them (custom
distances, scaled evidence) and knowing when to give up (the LM has moved off
the object it was tracking).
Shapes
Hypotheses are rows: nearest_node_locations is one list of neighbour
locations per hypothesis, search_locations and search_normals one vector
per hypothesis. Results keep the hypotheses' order, so a distance can always
be read back as "this hypothesis, that neighbour".
Where the numbers come from
The uniform pose sampling, the dual-pose filter and the 512 → 256 reduction
are Monty's, reproduced rather than improved: an experiment that samples a
different 256 poses is a different experiment.

      


      
        Summary


  
    Types
  


    
      
        locations()

      


    





  
    Functions
  


    
      
        add_pose_features_to_tolerances(tolerances, default_tolerances \\ 20)

      


        Makes every input channel tolerate pose vectors, in radians.



    


    
      
        correct_k_n(k_n, num_datapoints)

      


        The neighbour count a graph can actually support.



    


    
      
        custom_distance(list1, list2, list3, flatness)

      


        The distance from one search point to one node, flattened along the normal.



    


    
      
        custom_distances(nearest_node_locations, search_locations, search_normals, search_curvature)

      


        Distances from each hypothesis' search point to its nearest graph nodes,
flattened along the surface normal.



    


    
      
        delta_evidence_values(max_evidence_per_step)

      


        The step-to-step changes in evidence, with the rises clipped away, and where
evidence last rose.



    


    
      
        detect_new_object_exponential(max_evidence_per_step, options \\ [])

      


        Whether the evidence has been falling for long enough to say the sensor has
moved onto a different object.



    


    
      
        detect_new_object_k_steps(max_evidence_per_step, options \\ [])

      


        Whether the last k evidence changes add up to a drop of at least
:detection_threshold.



    


    
      
        euclidean_distances(search_locations, nearest_node_locations)

      


        Distances from each hypothesis' search point to its nearest graph nodes.



    


    
      
        exponential_kernel(size, decay_rate)

      


        Weights that fall off exponentially into the past, one per step.



    


    
      
        find_step_on_new_object(stepwise_targets, primary_target, n_steps_off_primary_target)

      


        The step at which the sensor first spent n_steps_off_primary_target
consecutive steps off the primary target, or nil if it never did.



    


    
      
        flatness(search_curvature)

      


        How far off its tangent plane a curved surface lets a search stray.



    


    
      
        in_ranges?(values, ranges)

      


        Whether every value lies in its own range.



    


    
      
        initial_possible_poses(arg1)

      


        The initial poses an experiment asks for.



    


    
      
        possible_sensed_directions(surface_pose_vectors, num_hyps_per_node)

      


        The directions a node may be sensing from, one pose vector set per rotation.



    


    
      
        relevant_curvature(features)

      


        How strongly the surface curves where the sensor is, as one number.



    


    
      
        scaled_evidences(evidences, options \\ [])

      


        Evidence rescaled into [-1, 1] so that one module's longer history cannot
outvote another's.



    


    
      
        uniform_initial_possible_poses(n_degrees_sampled \\ 9)

      


        A spread of object poses to try before anything is known.



    


    
      
        unique_paths(paths, threshold \\ 0.01)

      


        The paths that are not a repeat of an earlier one.



    





      


      
        Types


        


  
    
      
    
    
      locations()



        
          
        

    

  


  

      

          @type locations() :: [[float()]]


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      add_pose_features_to_tolerances(tolerances, default_tolerances \\ 20)



        
          
        

    

  


  

      

          @spec add_pose_features_to_tolerances(map(), number()) :: map()


      


Makes every input channel tolerate pose vectors, in radians.
pose_vectors are degrees everywhere else in Monty's configs and radians
everywhere in its arithmetic, so this is the one place the conversion
happens. Channels that already declare a tolerance keep it; the rest get
default_tolerances degrees on all three vectors.

  



  
    
      
    
    
      correct_k_n(k_n, num_datapoints)



        
          
        

    

  


  

      

          @spec correct_k_n(pos_integer(), non_neg_integer()) ::
  {:ok, pos_integer()} | {:error, :not_enough_observations}


      


The neighbour count a graph can actually support.
k is asked for as "edges I want", so the count includes the node itself and
comes back one larger. A graph with too few observations cannot honour it: it
falls back to "everything except me", and with two or fewer points there is
nothing to fall back to.

  



  
    
      
    
    
      custom_distance(list1, list2, list3, flatness)



        
          
        

    

  


  

      

          @spec custom_distance(
  Monty.Frameworks.Utils.SpatialArithmetics.vector(),
  Monty.Frameworks.Utils.SpatialArithmetics.vector(),
  Monty.Frameworks.Utils.SpatialArithmetics.vector(),
  number()
) :: float()


      


The distance from one search point to one node, flattened along the normal.
The three products subtract, magnitude and dot would make, without the
difference they would build in between: this runs once per neighbour of every
hypothesis, which at Monty's own hypothesis counts is millions of times a step.

  



  
    
      
    
    
      custom_distances(nearest_node_locations, search_locations, search_normals, search_curvature)



        
          
        

    

  


  

      

          @spec custom_distances(
  [locations()],
  [Monty.Frameworks.Utils.SpatialArithmetics.vector()],
  [Monty.Frameworks.Utils.SpatialArithmetics.vector()],
  number()
) :: [[float()]]


      


Distances from each hypothesis' search point to its nearest graph nodes,
flattened along the surface normal.
A plain Euclidean distance treats the search sphere as a ball; the surface a
sensor is looking at is not one. Adding |dot(difference, normal)| penalises
candidates that sit off the sensed tangent plane, and dividing by
|curvature| + 0.5 lets a curved surface search further off that plane than
a flat one — while the 0.5 keeps a flat surface from collapsing the sphere to
a disc (and the division from being by zero).
This is for a channel whose pose is a surface pose — a normal and two
curvature directions. A channel whose pose is an object orientation has no
tangent plane to flatten against, and takes euclidean_distances/2 instead
(Monty's #1266).

  



  
    
      
    
    
      delta_evidence_values(max_evidence_per_step)



        
          
        

    

  


  

      

          @spec delta_evidence_values([number()]) :: {[float()], non_neg_integer() | nil}


      


The step-to-step changes in evidence, with the rises clipped away, and where
evidence last rose.
Only drops suggest movement onto a new object, so the rises are clipped to
zero; the position of the last rise is returned so the caller can decide
whether to count from there.

  



    

  
    
      
    
    
      detect_new_object_exponential(max_evidence_per_step, options \\ [])



        
          
        

    

  


  

      

          @spec detect_new_object_exponential([number()], keyword()) :: boolean()


      


Whether the evidence has been falling for long enough to say the sensor has
moved onto a different object.
Each step's drop is weighted by how recent it is, so a sharp fall this step
counts for more than a slow decline over many; the sum of those weighted
drops is compared with :detection_threshold.

  



    

  
    
      
    
    
      detect_new_object_k_steps(max_evidence_per_step, options \\ [])



        
          
        

    

  


  

      

          @spec detect_new_object_k_steps([number()], keyword()) :: boolean()


      


Whether the last k evidence changes add up to a drop of at least
:detection_threshold.
:reset_at_positive_jump counts only the steps since evidence last rose:
a module that just got more confident is not on its way off the object, no
matter what it did before.

  



  
    
      
    
    
      euclidean_distances(search_locations, nearest_node_locations)



        
          
        

    

  


  

      

          @spec euclidean_distances([[number()]], [locations()]) :: [[float()]]


      


Distances from each hypothesis' search point to its nearest graph nodes.
Monty's euclidean_distances: the plain distance, for a channel whose pose is
an object orientation rather than a surface. There is no sensed normal to
flatten against, so the surface version's penalty has nothing to act on.

  



  
    
      
    
    
      exponential_kernel(size, decay_rate)



        
          
        

    

  


  

      

          @spec exponential_kernel(pos_integer(), number()) :: [float()]


      


Weights that fall off exponentially into the past, one per step.
The most recent step is weighted 1.0.

  



  
    
      
    
    
      find_step_on_new_object(stepwise_targets, primary_target, n_steps_off_primary_target)



        
          
        

    

  


  

      

          @spec find_step_on_new_object([String.t()], String.t(), pos_integer()) ::
  non_neg_integer() | nil


      


The step at which the sensor first spent n_steps_off_primary_target
consecutive steps off the primary target, or nil if it never did.
A single step elsewhere is not "on a new object" — the sensor may simply have
looked past an edge — so the run of steps is what counts.

  



  
    
      
    
    
      flatness(search_curvature)



        
          
        

    

  


  

      

          @spec flatness(number()) :: float()


      


How far off its tangent plane a curved surface lets a search stray.
1 / (|curvature| + @minimum_curvature): a curved surface searches further off
the plane than a flat one, and the minimum keeps a flat surface from collapsing
the sphere to a disc (and the division from being by zero). One number per
channel, handed to custom_distance/4 for every neighbour of every hypothesis.

  



  
    
      
    
    
      in_ranges?(values, ranges)



        
          
        

    

  


  

      

          @spec in_ranges?([number()], [{number(), number()}]) :: boolean()


      


Whether every value lies in its own range.
A range whose minimum exceeds its maximum wraps around: {350, 20} covers
everything except the 20-odd degrees in between, which is how a circular
feature like an orientation is tolerated.

  



  
    
      
    
    
      initial_possible_poses(arg1)



        
          
        

    

  


  

      

          @spec initial_possible_poses(
  :uniform
  | :informed
  | {:euler_degrees, [Monty.Frameworks.Utils.SpatialArithmetics.vector()]}
) :: {:ok, [Monty.Geometry.Rotation.t()] | :first_observation}


      


The initial poses an experiment asks for.
:uniform samples the whole rotation space, :informed starts from the first
observation instead (there is nothing to assume yet), and a list of Euler
poses means "try exactly these" — inverted, because they describe how the
object sits rather than how it must be turned.

  



  
    
      
    
    
      possible_sensed_directions(surface_pose_vectors, num_hyps_per_node)



        
          
        

    

  


  

      

          @spec possible_sensed_directions(Monty.Geometry.SurfacePoseVectors.t(), pos_integer()) ::
  [locations()]


      


The directions a node may be sensing from, one pose vector set per rotation.
With num_hyps_per_node == 2 the pose is well defined (the two principal
curvatures differ), and a well-defined pose still cannot tell an object from
its upside-down twin: the curvature directions may point either way, so both
are offered. Otherwise the directions are sampled around the normal.

  



  
    
      
    
    
      relevant_curvature(features)



        
          
        

    

  


  

      

          @spec relevant_curvature(%{optional(String.t()) => term()}) :: number()


      


How strongly the surface curves where the sensor is, as one number.
The maximum absolute principal curvature, or a plain curvature value, or —
when the sensor reports none — a large default, which widens the search
sphere until it is nearly circular. Searching a wide sphere is slow but
finds the object; searching a tight one around a curvature that was never
measured finds nothing.

  



    

  
    
      
    
    
      scaled_evidences(evidences, options \\ [])



        
          
        

    

  


  

      

          @spec scaled_evidences(%{optional(String.t()) => [number()]}, keyword()) :: %{
  optional(String.t()) => [float()]
}


      


Evidence rescaled into [-1, 1] so that one module's longer history cannot
outvote another's.
By default the scale is shared: the widest and narrowest evidence over all
objects set the range, so the objects stay comparable. An evidence set whose
largest value is below 1 is not rescaled at all — it is only clipped, because
stretching it would inflate evidence that was never strong.
per_object: true scales each object against itself. Monty notes this can
hand a weakly supported object too much of a boost; it is kept for the
experiments that ask for it.
When every evidence is equal there is no scale to speak of: Monty's division
yields NaN there, and zeros here, which vote neither way.

  



    

  
    
      
    
    
      uniform_initial_possible_poses(n_degrees_sampled \\ 9)



        
          
        

    

  


  

      

          @spec uniform_initial_possible_poses(pos_integer()) :: [Monty.Geometry.Rotation.t()]


      


A spread of object poses to try before anything is known.
Each axis is sampled at n_degrees_sampled angles; every combination is
generated in lexicographic order, then halved: a rotation and its dual
(a + 180, -b + 180, c + 180) describe the same pose, so only the first of
each pair is kept. Nine samples give 512 combinations and 256 poses, which is
what a uniform experiment means by "tried every rotation".

  



    

  
    
      
    
    
      unique_paths(paths, threshold \\ 0.01)



        
          
        

    

  


  

      

          @spec unique_paths([locations()], float()) :: [locations()]


      


The paths that are not a repeat of an earlier one.
Two paths are the same visit if the points line up: the summed distance
between corresponding points is below threshold. Summing rather than taking
the maximum is Monty's choice, and it means two paths that both stay close to
a longer path are the same path.

  


        

      


  

    
Monty.Frameworks.Utils.KdTree 
    



      
A k-nearest-neighbour index over points.
Monty asks scipy for this — KDTree(graph.pos) — and then queries it once per
hypothesis to find the stored nodes an unobserved pose would have been seen
from. Comparing against every node instead is the same answer at a cost that
grows with the product of hypotheses and nodes: a pretrained object of two
thousand nodes matched by two thousand hypotheses is four million distance
calculations per graph per step, and that is where most of the port's time
went.
So this is the same structure scipy builds: a binary tree that splits the
points along whichever axis they are most spread over, at their median, so a
query descends to the region its answer is in and stops looking at regions
that cannot beat what it already has. It is our own code rather than a port —
scipy's tree is not part of Monty — and is documented as such.
Determinism
Answers are ordered nearest first, and a tie in distance goes to the lower id,
which is what makes two runs of the same episode choose the same nodes. Points
are taken as {point, id} pairs so the caller decides what an id is.

      


      
        Summary


  
    Types
  


    
      
        id()

      


    


    
      
        point()

      


    


    
      
        t()

      


    


    
      
        tree()

      


    





  
    Functions
  


    
      
        build(points)

      


        Indexes points, each a {point, id} pair.



    


    
      
        build_elixir(points)

      


        The reference index: our own tree, in Elixir.



    


    
      
        nearest(tree, query, count)

      


        The ids of the count points nearest query, nearest first.



    


    
      
        nearest_many(tree, queries, count)

      


        The ids of the count points nearest each of queries, one list per query.



    


    
      
        nearest_many_ids(arg1, queries, count)

      


        The same answers as nearest_many/3, left as the bytes the index wrote.



    


    
      
        nearest_with_distances(tree, query, count)

      


        The count points nearest query with their distances, nearest first.



    


    
      
        nearest_with_visits(tree, query, count)

      


        The same answer as nearest/3, and how many nodes finding it took.



    


    
      
        points_bytes(points)

      


        Points as the bytes an index or a kernel reads: three little-endian f64 each.



    





      


      
        Types


        


  
    
      
    
    
      id()



        
          
        

    

  


  

      

          @type id() :: non_neg_integer()


      



  



  
    
      
    
    
      point()



        
          
        

    

  


  

      

          @type point() :: [number()]


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: {:nif, reference()} | tree()


      



  



  
    
      
    
    
      tree()



        
          
        

    

  


  

      

          @type tree() ::
  :empty | {number(), number(), number(), id(), 0 | 1 | 2, tree(), tree()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      build(points)



        
          
        

    

  


  

      

          @spec build([{point(), id()}]) :: t()


      


Indexes points, each a {point, id} pair.
The native index when this machine has one, the tree below otherwise. Both
answer the same question; build_elixir/1 is the one that says which.

  



  
    
      
    
    
      build_elixir(points)



        
          
        

    

  


  

      

          @spec build_elixir([{point(), id()}]) :: tree()


      


The reference index: our own tree, in Elixir.
This is what the tests describe — including how many nodes a query looks at —
and what runs wherever the native index is not built. A caller asking for it
by name wants that answer, not the fastest one.

  



  
    
      
    
    
      nearest(tree, query, count)



        
          
        

    

  


  

      

          @spec nearest(t(), point(), pos_integer()) :: [id()]


      


The ids of the count points nearest query, nearest first.
Fewer than count when the tree holds fewer points.

  



  
    
      
    
    
      nearest_many(tree, queries, count)



        
          
        

    

  


  

      

          @spec nearest_many(t(), [point()], pos_integer()) :: [[id()]]


      


The ids of the count points nearest each of queries, one list per query.
One call for a step's worth of questions, in the order they were asked, and
each answer is exactly what nearest/3 would have said: a caller never has to
interleave the index with its own loop. On the native index this is genuinely
one call — twenty thousand queries cross the boundary once, not twenty
thousand times.

  



  
    
      
    
    
      nearest_many_ids(arg1, queries, count)



        
          
        

    

  


  

      

          @spec nearest_many_ids(t(), [point()] | binary(), pos_integer()) ::
  {binary(), pos_integer()} | nil


      


The same answers as nearest_many/3, left as the bytes the index wrote.
Nothing is decoded, rejected or grouped: the answer is {ids, count} —
queries * count little-endian u32 ids, row after row, with
4_294_967_295 where a query found fewer than count — because the caller is
a native kernel that reads them there. Decoding twenty thousand ids into lists
of lists was a fifth of what the answers cost, and the kernel can skip the
marker itself.
nil for a tree that is not the native index: the Elixir tree has no such
bytes, and a caller that needs them keeps the decoded path.

  



  
    
      
    
    
      nearest_with_distances(tree, query, count)



        
          
        

    

  


  

      

          @spec nearest_with_distances(t(), point(), pos_integer()) :: [{float(), id()}]


      


The count points nearest query with their distances, nearest first.
scipy answers this from the same call as the ids — return_distance=True —
and the distance is what a caller needs when it wants to compare answers
rather than use them: two objects differ most where one has a part the other
lacks, which shows up as a node far from everything in the other graph.

  



  
    
      
    
    
      nearest_with_visits(tree, query, count)



        
          
        

    

  


  

      

          @spec nearest_with_visits(t(), point(), pos_integer()) :: {[id()], non_neg_integer()}


      


The same answer as nearest/3, and how many nodes finding it took.
The count is the point of a tree: a query is supposed to descend to the
region its answer is in and stop, so the number of nodes it looks at belongs
to the logarithm of the tree rather than to the number of points. A test can
hold it to that, which is the only way to notice if pruning stops pruning —
the answers stay right while the cost goes linear.

  



  
    
      
    
    
      points_bytes(points)



        
          
        

    

  


  

      

          @spec points_bytes([point()]) :: binary()


      


Points as the bytes an index or a kernel reads: three little-endian f64 each.
Public so that a caller which asks two native things about the same points
encodes them once, and so that both see exactly the same numbers.

  


        

      


  

    
Monty.Frameworks.Utils.LoggingUtils 
    



      
tbp/monty/frameworks/utils/logging_utils.py: what the loggers write with.
The Python file is the largest in Monty's framework, and most of it is pandas
shape-shifting and plotting (lm_stats_to_dataframe, get_rgba_frames_single_sm,
the buffer-size recipe total_size) that exists to feed a notebook. What is
here is the part a logger cannot do without, ported as it is needed rather than
as it appears:
	maybe_rename_existing_file/1 and maybe_rename_existing_dir/1 — a run's
files belong to that run, so what a previous run left is moved aside, once,
with a _old suffix. Every handler that writes a file needs this, which is
why it is here and not copied into each of them.
	target_data_to_dict/1 — the primary target as the columns a CSV carries:
object, position, rotation, scale.
	compute_pose_error/3 — how far a recognition's pose was from the pose the
object was placed with, which is the rotation_error a CSV column holds.

total_size/1 is deliberately absent: Monty keeps it for the size-based logging
it removed (maybe_log is dead code with a "remove if not used" note), and a
memory-footprint recipe has nothing to do in a language that does not flatten
objects into dicts.
Differences from Monty, on purpose
	The renames return :ok or {:error, reason} instead of raising (Python
raises on a directory that is not one). A logger that cannot move a file
aside can still report the reason and stop, which the fan-out already
handles; a raise from inside a callback loses the rest of the episode.
	A target key that is absent is nil rather than a KeyError: it becomes an
empty cell in the CSV, which is the truth — the run did not have a position
to record — where a crash would take the whole episode with it.


      


      
        Summary


  
    Functions
  


    
      
        compute_pose_error(predicted, target, options \\ [])

      


        The angular error between a predicted rotation and the target's.



    


    
      
        compute_pose_errors(predicted, target)

      


        The angular error of every predicted rotation against the target's.



    


    
      
        format_columns_for_wandb(lm_stats)

      


        format_columns_for_wandb: the one column a table cannot take as it is.



    


    
      
        get_rgba_frames_single_sm(observations)

      


        get_rgba_frames_single_sm: a run of frames as wandb.Video wants them.



    


    
      
        graph_lm_episode_stats(lm)

      


        get_graph_lm_episode_stats: one episode's stats for one learning module.



    


    
      
        lm_stats_to_dataframe(stats, opts \\ [])

      


        lm_stats_to_dataframe: an episode's learning modules as one table.



    


    
      
        maybe_rename_existing_dir(path)

      


        Moves path to <name>_old if it is a directory, replacing an older _old.



    


    
      
        maybe_rename_existing_file(path)

      


        Moves path to <name>_old<ext> if it exists, replacing an older _old.



    


    
      
        stats_per_lm(learning_modules, primary_target, options \\ [])

      


        get_stats_per_lm: every learning module's stats for one episode.



    


    
      
        target_data_to_dict(target)

      


        The primary target as the columns a CSV carries.



    





      


      
        Functions


        


    

  
    
      
    
    
      compute_pose_error(predicted, target, options \\ [])



        
          
        

    

  


  

      

          @spec compute_pose_error(
  Monty.Geometry.Rotation.t() | [Monty.Geometry.Rotation.t()],
  Monty.Geometry.Rotation.t(),
  keyword()
) :: float()


      


The angular error between a predicted rotation and the target's.
Monty's compute_pose_error, which is the smallest of compute_pose_errors: the
geodesic distance on SO(3), the angle of the relative rotation. It is what a
recognition's rotation_error is, so a run's pose accuracy is this number and
not a difference of Euler angles — two rotations can differ by nought in every
Euler angle and still be different rotations.
predicted may be a list, in which case the closest one wins, which is Monty's
np.min over the errors: a symmetric object seen at any of its equivalent poses
is not wrong.

  



  
    
      
    
    
      compute_pose_errors(predicted, target)



        
          
        

    

  


  

      

          @spec compute_pose_errors(
  Monty.Geometry.Rotation.t() | [Monty.Geometry.Rotation.t()],
  Monty.Geometry.Rotation.t()
) :: [float()]


      


The angular error of every predicted rotation against the target's.
Monty's compute_pose_errors, which compute_pose_error/3 is the smallest of:
a hypothesis space's pose errors are the whole distribution, not its best
member, and that is what the pyview dashboard's telemetry draws.

  



  
    
      
    
    
      format_columns_for_wandb(lm_stats)



        
          
        

    

  


  

      

          @spec format_columns_for_wandb(map()) :: map()


      


format_columns_for_wandb: the one column a table cannot take as it is.
Monty's words: "various columns break wandb because we are playing fast and loose
with types". A result is a list of object names, and a list in a cell makes a
table column whose type depends on the row; joined with ^ it stays a string in
every row. Everything else is passed through.
Monty deep-copies first, because Python mutates a dict in place. A map here is
already a value, so there is nothing to copy and nothing to be careful about —
which is the only difference between the two.

  



  
    
      
    
    
      get_rgba_frames_single_sm(observations)



        
          
        

    

  


  

      

          @spec get_rgba_frames_single_sm([map()]) :: [[[[number()]]]]


      


get_rgba_frames_single_sm: a run of frames as wandb.Video wants them.
A frame is rows of pixels — (height, width, channels) — and wandb takes
(channels, height, width) per timestep, which is Monty's np.moveaxis. A
frame with no pixels has no channels to move, and is passed through as the empty
frame it is.

  



  
    
      
    
    
      graph_lm_episode_stats(lm)



        
          
        

    

  


  

      

          @spec graph_lm_episode_stats(struct()) :: map()


      


get_graph_lm_episode_stats: one episode's stats for one learning module.
The performance is a judgement about an object, so it needs three things the
module has to have been told or to have worked out: the object it was asked
about (primary_target), the object it concluded (detected_object), and which
objects the graph it matched was built from (graph_id_to_target). Without the
last one there is no way to tell a recognition from a coincidence, which is why
a training episode records it.
A module that was never on an object reports patch_off_object and no steps: it
was never in the episode, and calling that a failure would put a wrong number in
a file someone averages.

  



    

  
    
      
    
    
      lm_stats_to_dataframe(stats, opts \\ [])



        
          
        

    

  


  

      

          @spec lm_stats_to_dataframe(%{optional(term()) => map()}, keyword()) :: %{
  columns: [String.t()],
  data: [[term()]]
}


      


lm_stats_to_dataframe: an episode's learning modules as one table.
Monty builds a pandas frame: a row per learning module, a column per statistic,
and lm_id last saying which module the row is. A table is what wandb takes, so
that is what this answers — %{columns: [...], data: [[...], ...]} — with
lm_id appended as pandas appends it. The columns are in name order: pandas
keeps dict insertion order, and an Elixir map has none to keep, so a table whose
columns depended on how a map happened to be built would be a table that changed
for reasons a reader cannot see.
Sensor modules and the motor system are in the same dictionary and are not rows:
a table a reader compares is made of the things that are comparable. An episode
with no learning module in it is no rows rather than an error.
Options: :format_for_wandb, which runs each module's statistics through
format_columns_for_wandb/1 first.

  



  
    
      
    
    
      maybe_rename_existing_dir(path)



        
          
        

    

  


  

      

          @spec maybe_rename_existing_dir(Path.t()) :: :ok | {:error, term()}


      


Moves path to <name>_old if it is a directory, replacing an older _old.
A path that exists and is not a directory is {:error, {:not_a_directory, path}}
— the caller asked for a directory to be moved aside and got a file, which is a
run set up wrong rather than a run with nothing to do.

  



  
    
      
    
    
      maybe_rename_existing_file(path)



        
          
        

    

  


  

      

          @spec maybe_rename_existing_file(Path.t()) :: :ok | {:error, term()}


      


Moves path to <name>_old<ext> if it exists, replacing an older _old.
One _old, not a pile of them: a run that has been restarted three times is
still one previous run.

  



    

  
    
      
    
    
      stats_per_lm(learning_modules, primary_target, options \\ [])



        
          
        

    

  


  

      

          @spec stats_per_lm([struct()], map() | nil, keyword()) :: %{
  optional(String.t()) => map()
}


      


get_stats_per_lm: every learning module's stats for one episode.
Keyed LM_0, LM_1 … by the module's position, which is the key Monty's CSV
rows and its lm_id column are written from, and each module's stats carry the
run's step counts, the episode's seed and the target — because a row that cannot
say which object it was about cannot be compared with one that can.
Options: :step and :matching_steps, the run's counters (Monty's
model.episode_steps and model.matching_steps), and :episode_seed.

  



  
    
      
    
    
      target_data_to_dict(target)



        
          
        

    

  


  

      

          @spec target_data_to_dict(map()) :: %{optional(String.t()) => term()}


      


The primary target as the columns a CSV carries.
Monty reads object, position, euler_rotation, rotation and scale off
the environment's target and names them primary_target_*, because those are
the names its readers filter on. Scale is uniform along every dimension, so only
its first entry is recorded.

  


        

      


  

    
Monty.Frameworks.Utils.ObjectModelUtils 
    



      
Grid and point-cloud helpers used while building an object model.
Mirrors tbp/monty/frameworks/utils/object_model_utils.py. What is ported
here is the part that is arithmetic about observations: deciding whether a new
observation says anything the graph does not already say, and summarising
several observations of the same spot into one.
The rest of the Python file is torch scaffolding — NumpyGraph,
torch_graph_to_numpy, and the sparse-tensor index helpers — which exists to
move data in and out of torch_geometric. Elixir has no such layer: a graph
here is already the map that NumpyGraph wraps, so those functions have no
Elixir counterpart to be faithful to rather than an unwritten one.
Why "is this point new" is a whole function
Sampling the same spot twice must not grow the graph, but "the same spot" is
not just "close by": a point on the other side of a thin object is close in
space and different in what it senses. So a point is redundant only if it is
within the distance threshold and no feature differs by more than that
feature's threshold — and if it is redundant with any single close point, it
is redundant.

      


      
        Summary


  
    Types
  


    
      
        locations()

      


    





  
    Functions
  


    
      
        already_in_list?(existing_points, new_point, features, clean_ids, query_id, thresholds)

      


        Whether new_point says nothing that existing_points does not already say.



    


    
      
        build_point_cloud_graph(locations, features, feature_mapping)

      


        A graph holding observations but no edges yet.



    


    
      
        circular_mean(values)

      


        The mean of a value that wraps: hue, where 0 and 1 are the same colour.



    


    
      
        get_most_common_bool(booleans)

      


        The majority of a list of booleans, ties going to true.



    


    
      
        get_most_common_value(values)

      


        The most common value among non-negative integers, ties going to the smallest.



    


    
      
        orthonormal_pose_vectors(surface_normal, curvature_direction)

      


        A right-handed orthonormal pose from a rough normal and curvature direction.



    


    
      
        pose_vector_mean(pose_vecs, pose_fully_defined)

      


        One representative pose from several observations of the same spot.



    


    
      
        pose_vector_merge(new_pose_vecs, previous_pose_vecs, num_new_obs, num_previous_obs)

      


        Merge a newly averaged pose into the pose already stored, by weight.



    


    
      
        remove_close_points(point_cloud, features, graph_delta_thresholds, old_graph_index)

      


        The points from point_cloud worth keeping, and their indices.



    





      


      
        Types


        


  
    
      
    
    
      locations()



        
          
        

    

  


  

      

          @type locations() :: [Monty.Frameworks.Utils.SpatialArithmetics.vector()]


      



  


        

      

      
        Functions


        


  
    
      
    
    
      already_in_list?(existing_points, new_point, features, clean_ids, query_id, thresholds)



        
          
        

    

  


  

      

          @spec already_in_list?(
  locations(),
  Monty.Frameworks.Utils.SpatialArithmetics.vector(),
  %{optional(String.t()) => [term()]},
  [non_neg_integer()],
  non_neg_integer(),
  %{optional(String.t()) => term()}
) :: boolean()


      


Whether new_point says nothing that existing_points does not already say.
features maps a feature name to one value per point, indexed by feature
index; clean_ids translates a position among the accepted points into the
feature index, because points rejected earlier still occupy a feature index.

  



  
    
      
    
    
      build_point_cloud_graph(locations, features, feature_mapping)



        
          
        

    

  


  

      

          @spec build_point_cloud_graph(locations(), [list()], map()) :: map()


      


A graph holding observations but no edges yet.
feature_mapping says which columns of features belong to which named
feature; it is carried along untouched, because only the graph builder knows
how it was laid out. features is dense: one row per location, and a row's
columns are named by that mapping, so a graph can hold a pose (nine numbers)
and an HSV (three) side by side.

  



  
    
      
    
    
      circular_mean(values)



        
          
        

    

  


  

      

          @spec circular_mean([number()]) :: float()


      


The mean of a value that wraps: hue, where 0 and 1 are the same colour.
Averaging 0.01 and 0.99 component-wise gives 0.5, the opposite colour; the
mean has to be taken of the angles and brought back to [0, 1).

  



  
    
      
    
    
      get_most_common_bool(booleans)



        
          
        

    

  


  

      

          @spec get_most_common_bool([[boolean()]] | [boolean()]) :: boolean()


      


The majority of a list of booleans, ties going to true.
A single boolean per observation is expected; anything deeper is a feature
this function was not written for, and says so rather than guessing a shape.

  



  
    
      
    
    
      get_most_common_value(values)



        
          
        

    

  


  

      

          @spec get_most_common_value([non_neg_integer()]) :: non_neg_integer()


      


The most common value among non-negative integers, ties going to the smallest.
Monty counts with np.bincount and takes the first maximum, which is the same
rule.

  



  
    
      
    
    
      orthonormal_pose_vectors(surface_normal, curvature_direction)



        
          
        

    

  


  

      

          @spec orthonormal_pose_vectors(
  Monty.Frameworks.Utils.SpatialArithmetics.vector(),
  Monty.Frameworks.Utils.SpatialArithmetics.vector()
) :: [float()]


      


A right-handed orthonormal pose from a rough normal and curvature direction.
The normal is taken as given (up to length), the curvature direction is made
perpendicular to it, and the second curvature direction is what completes the
frame. A curvature direction with nothing perpendicular to the normal is
meaningless — a flat surface has no preferred direction — so an arbitrary
tangent is used rather than a zero vector.

  



  
    
      
    
    
      pose_vector_mean(pose_vecs, pose_fully_defined)



        
          
        

    

  


  

      

          @spec pose_vector_mean([[number()]], [boolean()]) :: {[float()] | nil, boolean()}


      


One representative pose from several observations of the same spot.
Two ambiguities have to be resolved first. A surface can be seen from either
side, so normals are counted by which half-sphere they point into — the one
spanned by the first observation's curvature directions — and the other side
is discarded rather than averaged in. And a curvature direction has no sign
(both point along the same axis), so those pointing the wrong way are flipped
before averaging.
The half-sphere rule inverts the count only when fewer than half agree
(sum < len // 2), so with three observations split one and two the single
agreeing observation wins. That is Monty's comparison, reproduced rather than
corrected: an experiment that averaged a different side would produce
different numbers from the Python.
Returns the flat nine-number pose, and whether the curvature directions were
used; when the poses are not fully defined they carry no information and the
first observation's direction is kept.

  



  
    
      
    
    
      pose_vector_merge(new_pose_vecs, previous_pose_vecs, num_new_obs, num_previous_obs)



        
          
        

    

  


  

      

          @spec pose_vector_merge([number()], [number()], number(), number()) :: [float()]


      


Merge a newly averaged pose into the pose already stored, by weight.
Both are rotations, so they are averaged as rotations — not component-wise,
which would leave a matrix that is no longer a rotation.

  



  
    
      
    
    
      remove_close_points(point_cloud, features, graph_delta_thresholds, old_graph_index)



        
          
        

    

  


  

      

          @spec remove_close_points(
  locations(),
  %{optional(String.t()) => [term()]},
  map() | nil,
  non_neg_integer()
) :: {locations(), [non_neg_integer()]}


      


The points from point_cloud worth keeping, and their indices.
Everything before old_graph_index is kept without checking, because the
earlier points were already compared with each other — that is what makes
extending a graph cost the new observations rather than the whole model.

  


        

      


  

    
Monty.Frameworks.Utils.SensorProcessing 
    



      
What a sensor module makes of a depth image.
Mirrors tbp/monty/frameworks/utils/sensor_processing.py, which is a file of
functions rather than classes — the curvature estimation, the patch
normalisation, the surface normalisation. What is ported so far:
	log_sign/1 — ported: a signed logarithm, which is how a curvature
becomes a feature a learning module can average;

	pixel_dist_to_center/3, weight_matrix/3, center_neighbors/3 —
ported: which pixels of a patch take part in a fit, and how much;

	surface_normal_total_least_squares/4 — ported: the plane through
those pixels, whose least-spread direction is the surface normal;

	principal_curvatures/4 — ported: the quadric fitted to the same
pixels, whose shape operator answers the two principal curvatures and
their directions.

	arc_from_projection/3, directional_curvature/5,
arc_length_corrected_displacement/6, unit_vector?/2 and
coplanar?/4 — ported: how far along a curved surface a movement
really went, which is what a 2-D model is built from.


Not ported: surface_normal_naive/2 and
surface_normal_ordinary_least_squares/4 (Monty defaults to total least
squares), and surface_normal_sliding_window/….
And one function that file does not have but its module uses:
	rgb2hsv/1 — reproduced from skimage.color.rgb2hsv, which is what
CameraSM calls to turn the centre pixel into Monty's hsv feature. It
is here rather than in the simulator because a simulator that invented its
own hue would train a learning module on a different feature from Monty's.

The two estimators take a point cloud in the shape the depth-to-points
transform leaves it: one row per pixel, [x, y, z, on_surface], in Monty's
order — so center_id is a row index and a patch's width is the square root of
its row count. Monty.Simulators.Synthetic.SensorModule still reads the
geometry a world reports rather than calling these; wiring them in is a step of
its own.

      


      
        Summary


  
    Functions
  


    
      
        arc_from_projection(tangent_projection, curvature, threshold \\ 0.001)

      


        The true distance along a curved surface, from its straight-line projection.



    


    
      
        arc_length_corrected_displacement(du, dv, basis_u, basis_v, principal_curvatures, curvature_pose_vectors)

      


        A 2-D movement on a curved surface, corrected along each basis direction.



    


    
      
        center_neighbors(point_cloud, center_id, neighbor_patch_frac)

      


        The points of the patch within a neighbourhood of its middle, as coordinates.



    


    
      
        coplanar?(basis_1, basis_2, vector, tolerance \\ 1.0e-6)

      


        Whether a vector lies in the plane two others span.



    


    
      
        directional_curvature(movement_direction, k1, k2, pc1_dir, pc2_dir)

      


        The normal curvature in one direction, from the two principal curvatures.



    


    
      
        flat_threshold()

      


        Monty's FLAT_THRESHOLD, for a caller that wants to pass its own.



    


    
      
        log_sign(value)

      


        A signed logarithm: sign(x) * ln(|x| + 1).



    


    
      
        pixel_dist_to_center(n_points, patch_width, center_id)

      


        Every pixel's distance from the middle of the patch, in pixels.



    


    
      
        point_pair_features(pos_i, pos_j, normal_i, normal_j)

      


        Point pair features: the four numbers that describe how two surface points sit
relative to each other — Monty's point_pair_features.



    


    
      
        principal_curvatures(point_cloud, center_id, normal, options \\ [])

      


        The two principal curvatures at the middle of a patch, and their directions.



    


    
      
        rgb2hsv(list)

      


        One rgb pixel as hue, saturation and value, each in 0..1.



    


    
      
        scale_clip(value, clip)

      


        A value clipped into a range and square-rooted, keeping its sign.



    


    
      
        surface_normal_total_least_squares(point_cloud, center_id, view_direction, options \\ [])

      


        The surface normal at the middle of a patch, and whether it is worth having.



    


    
      
        unit_vector?(vector, tolerance \\ 1.0e-6)

      


        Whether a vector has unit length, to tolerance — Monty's is_unit_vector.



    


    
      
        weight_matrix(n_points, center_id, options \\ [])

      


        A Gaussian weight per pixel of the patch, summing to one.



    





      


      
        Functions


        


    

  
    
      
    
    
      arc_from_projection(tangent_projection, curvature, threshold \\ 0.001)



        
          
        

    

  


  

      

          @spec arc_from_projection(number(), number(), number()) :: float()


      


The true distance along a curved surface, from its straight-line projection.
A sensor that moves along a surface measures a chord in the tangent plane, and
a chord is shorter than the arc it subtends. On a circle of curvature k,
projection = sin(k · arc) / k, so the arc is asin(k · projection) / k —
Monty's arc_from_projection.
Two guards, both about not believing the circle where it cannot apply: a
product below threshold is flat enough that the correction is noise, and one
at or above 1 says the step reached the far side of the circle, which is not a
circle any more. Both return the projection unchanged.
iex> Monty.Frameworks.Utils.SensorProcessing.arc_from_projection(0.5, 1.0)
0.5235987755982989

  



  
    
      
    
    
      arc_length_corrected_displacement(du, dv, basis_u, basis_v, principal_curvatures, curvature_pose_vectors)



        
          
        

    

  


  

      

          @spec arc_length_corrected_displacement(
  float(),
  float(),
  [number()],
  [number()],
  [number()],
  Monty.Geometry.SurfacePoseVectors.t()
) :: {float(), float()}


      


A 2-D movement on a curved surface, corrected along each basis direction.
Monty's arc_length_corrected_displacement: {du, dv} is what a flat surface
would have measured, and the answer is how far the sensor really travelled
along each direction, given the curvature in that direction. A 2-D model built
from the chords instead would shrink every step on a curved patch.

  



  
    
      
    
    
      center_neighbors(point_cloud, center_id, neighbor_patch_frac)



        
          
        

    

  


  

      

          @spec center_neighbors([[float()]], non_neg_integer(), float()) :: [
  Monty.Geometry.Rotation.vector()
]


      


The points of the patch within a neighbourhood of its middle, as coordinates.
They are answered relative to the middle pixel, and only the ones on the
object: a normal fitted across points that are not on it is a normal of
nothing. neighbor_patch_frac is how wide the neighbourhood is, as a fraction
of the patch's width.

  



    

  
    
      
    
    
      coplanar?(basis_1, basis_2, vector, tolerance \\ 1.0e-6)



        
          
        

    

  


  

      

          @spec coplanar?([number()], [number()], [number()], float()) :: boolean()


      


Whether a vector lies in the plane two others span.
|v · (b1 × b2)| against tolerance: a direction with any component out of
the plane has a curvature that the two principal curvatures do not describe.

  



  
    
      
    
    
      directional_curvature(movement_direction, k1, k2, pc1_dir, pc2_dir)



        
          
        

    

  


  

      

          @spec directional_curvature([number()], float(), float(), [number()], [number()]) ::
  float()


      


The normal curvature in one direction, from the two principal curvatures.
Euler's formula, k(θ) = k₁cos²θ + k₂sin²θ, where θ is the angle between the
direction and the first principal direction. It holds only for the principal
directions, which is why the two guards exist: directions that are not unit
vectors, or a movement that is not in their plane, have no answer here and are
refused rather than approximated.
A movement of zero length has no direction, so it curves by nothing.

  



  
    
      
    
    
      flat_threshold()



        
          
        

    

  


  

      

          @spec flat_threshold() :: float()


      


Monty's FLAT_THRESHOLD, for a caller that wants to pass its own.

  



  
    
      
    
    
      log_sign(value)



        
          
        

    

  


  

      

          @spec log_sign(number() | [number()]) :: float() | [float()]


      


A signed logarithm: sign(x) * ln(|x| + 1).
Monty's log_sign, which scales a curvature without losing which way the
surface bends — a convex surface has negative principal curvatures, and a
plain logarithm would lose that. The + 1 keeps values near zero from
running off to negative infinity.
iex> Monty.Frameworks.Utils.SensorProcessing.log_sign(0.0)
0.0

iex> Monty.Frameworks.Utils.SensorProcessing.log_sign(-1.0)
-0.6931471805599453

  



  
    
      
    
    
      pixel_dist_to_center(n_points, patch_width, center_id)



        
          
        

    

  


  

      

          @spec pixel_dist_to_center(pos_integer(), pos_integer(), non_neg_integer()) :: [
  float()
]


      


Every pixel's distance from the middle of the patch, in pixels.
The patch is square, and its rows are one pixel each, so the width is the
square root of the row count — Monty's own assumption. Distances are what a
neighbourhood and a weight are decided by.

  



  
    
      
    
    
      point_pair_features(pos_i, pos_j, normal_i, normal_j)



        
          
        

    

  


  

      

          @spec point_pair_features([number()], [number()], [number()], [number()]) :: [float()]


      


Point pair features: the four numbers that describe how two surface points sit
relative to each other — Monty's point_pair_features.
The line between them, its length, and the three angles it makes with the two
surface normals and they with each other: [length, angle(n_i, line), angle(n_j, line), angle(n_i, n_j)], in radians, with the line taken from i
to j.
A displacement module keeps these on every edge of a graph, so a step's
displacement can be compared with a stored one however the object is turned.
iex> Monty.Frameworks.Utils.SensorProcessing.point_pair_features(
...>   [0.0, 0.0, 0.0],
...>   [1.0, 0.0, 0.0],
...>   [1.0, 0.0, 0.0],
...>   [0.0, 1.0, 0.0]
...> )
[1.0, 0.0, 1.5707963267948966, 1.5707963267948966]

  



    

  
    
      
    
    
      principal_curvatures(point_cloud, center_id, normal, options \\ [])



        
          
        

    

  


  

      

          @spec principal_curvatures([[float()]], non_neg_integer(), [float()], keyword()) ::
  {float(), float(), [float()], [float()], boolean()}


      


The two principal curvatures at the middle of a patch, and their directions.
A quadric is fitted to the patch's points in the frame of the surface normal —
n = a u² + b v² + c u v + d u + e v + f — and the shape operator that falls
out of it answers the curvatures. Negative means convex, as Monty's are, and
the largest is answered first.
Options: :neighbor_patch_frac (the width of the Gaussian that weights the
fit), :weighted and :fit_intercept, as Monty's own are.
Answers {k1, k2, dir1, dir2, valid?}: zeros and zero vectors when the middle
pixel is not on the object or the fit has too little to work with.

  



  
    
      
    
    
      rgb2hsv(list)



        
          
        

    

  


  

      

          @spec rgb2hsv([number()]) :: [float()]


      


One rgb pixel as hue, saturation and value, each in 0..1.
skimage.color.rgb2hsv, whose conventions this follows: hue is the angle
round the colour wheel divided by 360, so red is 0, green a third and blue two
thirds; saturation is how far the colour is from grey; value is the brightest
channel. A grey pixel has no hue to speak of and skimage answers 0 for it, as
this does.
What it also follows is img_as_float, which skimage applies before any of
that: a pixel whose channels are integers is a uint8 image and means
n / 255, while a pixel of floats is already in 0..1. Monty's CameraSM
hands rgb2hsv a camera image, so this is the branch that is used in a run —
and skipping it leaves the value channel on a 0..255 scale while hue and
saturation are already unit-scaled, which is a percept no learning module can
score against the graph it has.
iex> Monty.Frameworks.Utils.SensorProcessing.rgb2hsv([1.0, 0.0, 0.0])
[0.0, 1.0, 1.0]

iex> Monty.Frameworks.Utils.SensorProcessing.rgb2hsv([255, 0, 0])
[0.0, 1.0, 1.0]

  



  
    
      
    
    
      scale_clip(value, clip)



        
          
        

    

  


  

      

          @spec scale_clip(number(), number()) :: float()


      


A value clipped into a range and square-rooted, keeping its sign.
scale_clip, which brings a Gaussian or mean curvature into a range a learning
module can use and softens the outliers: the square root of anything clipped to
[-clip, clip], signed as the input was.

  



    

  
    
      
    
    
      surface_normal_total_least_squares(point_cloud, center_id, view_direction, options \\ [])



        
          
        

    

  


  

      

          @spec surface_normal_total_least_squares(
  [[float()]],
  non_neg_integer(),
  [float()],
  keyword()
) ::
  {[float()], boolean()}


      


The surface normal at the middle of a patch, and whether it is worth having.
Total least squares: the plane the neighbourhood's points lie in least badly,
whose normal direction is the one with the least spread. The viewing direction
only decides which way along that line the answer points — Monty aligns it
with the camera, so a normal always faces the sensor that saw it.
Options: :neighbor_patch_frac, how wide the neighbourhood is as a fraction
of the patch's width.
Answers {[0.0, 0.0, 1.0], false} when the middle pixel is not on the object,
or when the neighbourhood is too small or too degenerate to fit.

  



    

  
    
      
    
    
      unit_vector?(vector, tolerance \\ 1.0e-6)



        
          
        

    

  


  

      

          @spec unit_vector?([number()], float()) :: boolean()


      


Whether a vector has unit length, to tolerance — Monty's is_unit_vector.

  



    

  
    
      
    
    
      weight_matrix(n_points, center_id, options \\ [])



        
          
        

    

  


  

      

          @spec weight_matrix(pos_integer(), non_neg_integer(), keyword()) :: [float()]


      


A Gaussian weight per pixel of the patch, summing to one.
The fit is a local one: a pixel neighbor_patch_frac-th of the patch away
from the middle counts e^-2 as much as the pixel at the middle, so the
quadric follows the surface near the point the sensor is reporting rather than
the whole patch.

  


        

      


  

    
Monty.Frameworks.Utils.SpatialArithmetics 
    



      
Vector and rotation arithmetic on pose vectors.
Mirrors tbp/monty/frameworks/utils/spatial_arithmetics.py. Everything here
answers one of two questions: how far apart are these directions, or what
does this rotation do to these directions.
What a pose is
A pose vector set is three row vectors — the surface normal and the two
principal curvature directions — held as a 3×3 list of lists, in Monty's
[normal, curvature_1, curvature_2] order. Features carry the same thing
flattened to nine numbers, so the batch helpers take rows of nine.
Two divergences from the Python, both deliberate
	Quaternions are rotations. Python returns [x, y, z, w] arrays from
scipy's as_quat(), while Monty's own QuaternionWXYZ and its configs
write w first. Rather than pass an array whose meaning depends on which
library produced it, the converters return a Monty.Geometry.Rotation,
which has exactly one spelling.
	An undefined angle is :infinity. Python returns np.inf; there is
no float infinity in the BEAM, and :infinity sorts above every number,
so get_angle_beefed_up/2 < tolerance still reads as false — the answer
callers want. Trying to do arithmetic on it raises, which is better than
quietly propagating a NaN.


      


      
        Summary


  
    Types
  


    
      
        angle()

      


    


    
      
        matrix()

      


    


    
      
        vector()

      


    





  
    Functions
  


    
      
        add(list1, list2)

      


        Adds two 3-vectors.



    


    
      
        align_multiple_orthonormal_vectors_as_matrices(frames, target)

      


        The matrix that turns each of frames into target, one per frame.



    


    
      
        align_orthonormal_vectors(m1, m2)

      


        The rotation that turns the frame m1 into the frame m2, and how badly it
fails to.



    


    
      
        align_orthonormal_vectors_as_matrix(m1, m2)

      


        The rotation matrix that turns the frame m1 into the frame m2, with no
rotation object in the way.



    


    
      
        apply_rf_transform_to_points(locations, features, location_rel_model, object_location_rel_body, object_rotation, object_scale \\ 1)

      


        Transforms observed points into the model's reference frame.



    


    
      
        batch_rotate_pose_vectors(surface_pose_vectors, rotations)

      


        Applies each of rotations to the same pose vector set.



    


    
      
        check_orthonormal(matrix)

      


        Whether a matrix is orthonormal: mutually perpendicular unit rows.



    


    
      
        cross(list1, list2)

      


        The cross product of two 3-vectors.



    


    
      
        dot(list1, list2)

      


        The dot product of two 3-vectors.



    


    
      
        euler_to_rotations(euler_rotations, options \\ [])

      


        Converts a list of Euler angles, in degrees, to rotations.



    


    
      
        get_angle(v1, v2)

      


        The angle between two unit vectors, in radians.



    


    
      
        get_angle_beefed_up(v1, v2)

      


        The angle between two vectors, in radians, or :infinity when either is
undefined (not a vector) or has no direction (the zero vector).



    


    
      
        get_angle_between(v1, v2)

      


        The angle between two vectors of any length, in radians.



    


    
      
        get_angles_for_all_hypotheses(hypothesis_features, query_features)

      


        The angles between each hypothesis' neighbours and its query vector.



    


    
      
        get_more_directions_in_plane(list, count)

      


        Unit vectors evenly spaced in the plane orthogonal to frame's first vector.



    


    
      
        get_right_hand_angle(v1, v2, surface_normal)

      


        The angle from v1 to v2, in radians, signed by surface_normal.



    


    
      
        get_unique_rotations(poses, similarity_th, options \\ [])

      


        The distinct rotations among poses, as {euler_poses, rotations}.



    


    
      
        inverse(list)

      


        The inverse of a 3×3 matrix, or :singular when it has none.



    


    
      
        machine_epsilon()

      


        The gap between 1.0 and the next float, as sys.float_info.epsilon.



    


    
      
        magnitude(list)

      


        The length of a 3-vector.



    


    
      
        non_singular_mat(matrix)

      


        Whether a matrix can be inverted.



    


    
      
        norm_1(matrix)

      


        The 1-norm of a matrix: its largest absolute column sum.



    


    
      
        normalize(vector, epsilon \\ Math.default_tolerance())

      


        A unit vector in the direction of v.



    


    
      
        parallel?(v1, v2, tolerance \\ Math.default_tolerance())

      


        Whether two unit vectors point along the same line, in either direction.



    


    
      
        pose_is_new(all_poses, new_pose, similarity_th)

      


        Whether new_pose differs from every pose in all_poses by at least
similarity_th radians.



    


    
      
        project_onto_tangent_plane(vector, normal)

      


        The part of v lying in the plane with normal n.



    


    
      
        rotate_multiple_pose_vectors(pose_vectors, rotation)

      


        Rotates rows of flattened pose vectors — nine numbers, three vectors each.



    


    
      
        rotate_pose_vectors(pose_vectors, rotation)

      


        Rotates a pose vector set by one rotation.



    


    
      
        rotation_matrices_to_rotations(rotation_matrices, options \\ [])

      


        Converts a list of rotation matrices to rotations.



    


    
      
        rotations_to_rotations(rotations, options \\ [])

      


        Converts rotations to Monty.Geometry.Rotations.



    


    
      
        scale(list, factor)

      


        Multiplies a 3-vector by a scalar.



    


    
      
        subtract(list1, list2)

      


        Subtracts two 3-vectors.



    





      


      
        Types


        


  
    
      
    
    
      angle()



        
          
        

    

  


  

      

          @type angle() :: float() | :infinity


      



  



  
    
      
    
    
      matrix()



        
          
        

    

  


  

      

          @type matrix() :: [[float()]]


      



  



  
    
      
    
    
      vector()



        
          
        

    

  


  

      

          @type vector() :: [float()]


      



  


        

      

      
        Functions


        


  
    
      
    
    
      add(list1, list2)



        
          
        

    

  


  

      

          @spec add([number()], [number()]) :: vector()


      


Adds two 3-vectors.

  



  
    
      
    
    
      align_multiple_orthonormal_vectors_as_matrices(frames, target)



        
          
        

    

  


  

      

          @spec align_multiple_orthonormal_vectors_as_matrices([matrix()], matrix()) :: [
  matrix()
]


      


The matrix that turns each of frames into target, one per frame.
Monty asks for these rather than for rotations (as_scipy=False in
align_multiple_orthonormal_vectors), and that is the form a learning module
keeps: a stored node frame is only approximately orthonormal — YCB's surface
normals and curvature directions are unit to a few parts in a thousand and
perpendicular to a few hundredths — so the product is only approximately a
rotation. Rounding it to the nearest rotation instead, as a rotation object
does, moves the pose by hundredths of a radian: the displacement it rotates
drifts by millimetres a step, and the pose evidence drifts with it.

  



  
    
      
    
    
      align_orthonormal_vectors(m1, m2)



        
          
        

    

  


  

      

          @spec align_orthonormal_vectors(matrix(), matrix()) ::
  {Monty.Geometry.Rotation.t(), float()}


      


The rotation that turns the frame m1 into the frame m2, and how badly it
fails to.
Rows are vectors, so the alignment rotation is m1ᵀ · m2 — m2's rows
expressed in m1's basis. The error is how far applying that rotation's
inverse to m1 lands from m2: ~0 for a right-handed pair, and large for a
mirrored one, which is why Monty kept the number around.

  



  
    
      
    
    
      align_orthonormal_vectors_as_matrix(m1, m2)



        
          
        

    

  


  

      

          @spec align_orthonormal_vectors_as_matrix(matrix(), matrix()) :: matrix()


      


The rotation matrix that turns the frame m1 into the frame m2, with no
rotation object in the way.
A mirrored pair has no matrix that turns one into the other; the matrix here
is the reflection itself, which is why align_orthonormal_vectors/2 measures
its error against the nearest proper rotation instead.

  



    

  
    
      
    
    
      apply_rf_transform_to_points(locations, features, location_rel_model, object_location_rel_body, object_rotation, object_scale \\ 1)



        
          
        

    

  


  

      

          @spec apply_rf_transform_to_points(
  [vector()],
  %{required(String.t()) => term()},
  vector(),
  vector(),
  Monty.Geometry.Rotation.t(),
  number()
) :: {[vector()], %{required(String.t()) => term()}}


      


Transforms observed points into the model's reference frame.
locations are sensor positions in the body frame, features the features
observed there. The two reference points — where that spot sits in the model
and where it sits in the body — are the same physical point seen twice, so
centring on one, rotating, and shifting to the other is the whole transform.
object_rotation expresses how the model must be rotated to match the
observations, hence its inverse here.
object_scale is accepted and ignored, as in Monty.

  



  
    
      
    
    
      batch_rotate_pose_vectors(surface_pose_vectors, rotations)



        
          
        

    

  


  

      

          @spec batch_rotate_pose_vectors(Monty.Geometry.SurfacePoseVectors.t(), [matrix()]) ::
  [matrix()]


      


Applies each of rotations to the same pose vector set.
Returns one rotated 3×3 set per rotation, in the rotations' order.

  



  
    
      
    
    
      check_orthonormal(matrix)



        
          
        

    

  


  

      

          @spec check_orthonormal(matrix()) :: boolean()


      


Whether a matrix is orthonormal: mutually perpendicular unit rows.
Both halves come from transpose(m) · m being the identity — off-diagonal
entries measure non-perpendicularity, diagonal ones measure row length. Monty
allows a mean absolute error of 0.01, generous enough to accept a curvature
estimate that is only roughly orthogonal.

  



  
    
      
    
    
      cross(list1, list2)



        
          
        

    

  


  

      

          @spec cross([number()], [number()]) :: vector()


      


The cross product of two 3-vectors.

  



  
    
      
    
    
      dot(list1, list2)



        
          
        

    

  


  

      

          @spec dot([number()], [number()]) :: number()


      


The dot product of two 3-vectors.

  



    

  
    
      
    
    
      euler_to_rotations(euler_rotations, options \\ [])



        
          
        

    

  


  

      

          @spec euler_to_rotations([vector()], keyword()) :: [Monty.Geometry.Rotation.t()]


      


Converts a list of Euler angles, in degrees, to rotations.

  



  
    
      
    
    
      get_angle(v1, v2)



        
          
        

    

  


  

      

          @spec get_angle([number()], [number()]) :: float()


      


The angle between two unit vectors, in radians.
Assumes unit input for speed — the surface normals and curvature directions
this is used on already are. Use get_angle_between/2 for vectors of any
length, or get_angle_beefed_up/2 when either side may be undefined.

  



  
    
      
    
    
      get_angle_beefed_up(v1, v2)



        
          
        

    

  


  

      

          @spec get_angle_beefed_up([number()] | nil, [number()] | nil) :: angle()


      


The angle between two vectors, in radians, or :infinity when either is
undefined (not a vector) or has no direction (the zero vector).
An undefined direction is similar to nothing, which is the point: a hypothesis
with no curvature direction should be excluded from a comparison, not win it
by looking maximally unlike its competitors along one particular axis.

  



  
    
      
    
    
      get_angle_between(v1, v2)



        
          
        

    

  


  

      

          @spec get_angle_between([number()], [number()]) :: float()


      


The angle between two vectors of any length, in radians.
The magnitudes cancel inside atan2, so no normalisation is needed. A zero
vector contains no direction, and 0.0 is the answer Monty documents for it.

  



  
    
      
    
    
      get_angles_for_all_hypotheses(hypothesis_features, query_features)



        
          
        

    

  


  

      

          @spec get_angles_for_all_hypotheses([[vector()]], [vector()]) :: [[float()]]


      


The angles between each hypothesis' neighbours and its query vector.
hypothesis_features is one list of neighbour vectors per hypothesis,
query_features one vector per hypothesis; the result is one list of angles
per hypothesis, in the neighbours' order.

  



  
    
      
    
    
      get_more_directions_in_plane(list, count)



        
          
        

    

  


  

      

          @spec get_more_directions_in_plane(matrix(), pos_integer()) :: [matrix()]


      


Unit vectors evenly spaced in the plane orthogonal to frame's first vector.
frame holds the normal and the two curvature directions; count directions
are sampled by turning the first curvature direction towards the second. This
is how a flat surface, whose curvature directions are arbitrary, still offers
Monty a spread of candidate poses.

  



  
    
      
    
    
      get_right_hand_angle(v1, v2, surface_normal)



        
          
        

    

  


  

      

          @spec get_right_hand_angle([number()], [number()], [number()]) :: float()


      


The angle from v1 to v2, in radians, signed by surface_normal.
Both directions live in the plane, so the sign is what "clockwise seen from
the normal" means — the sign is the whole reason to prefer this over
get_angle/2, which cannot tell a turn from its mirror image.

  



    

  
    
      
    
    
      get_unique_rotations(poses, similarity_th, options \\ [])



        
          
        

    

  


  

      

          @spec get_unique_rotations([[Monty.Geometry.Rotation.t()]], float(), keyword()) ::
  {[vector()], [Monty.Geometry.Rotation.t()]}


      


The distinct rotations among poses, as {euler_poses, rotations}.
poses is a list of paths, each a list of rotations; a rotation is kept the
first time it appears within similarity_th radians of everything kept so
far. The Euler angles come back rounded to 3 decimals and wrapped into
[0, 360), because they are used as human-readable labels.
:reverse? (default true) returns the rotations that undo each kept pose,
matching Monty's default.

  



  
    
      
    
    
      inverse(list)



        
          
        

    

  


  

      

          @spec inverse(matrix()) :: matrix() | :singular


      


The inverse of a 3×3 matrix, or :singular when it has none.
Cofactor expansion, which in three dimensions is both exact and shorter than
any iterative method.

  



  
    
      
    
    
      machine_epsilon()



        
          
        

    

  


  

      

          @spec machine_epsilon() :: float()


      


The gap between 1.0 and the next float, as sys.float_info.epsilon.

  



  
    
      
    
    
      magnitude(list)



        
          
        

    

  


  

      

          @spec magnitude([number()]) :: float()


      


The length of a 3-vector.

  



  
    
      
    
    
      non_singular_mat(matrix)



        
          
        

    

  


  

      

          @spec non_singular_mat(matrix()) :: boolean()


      


Whether a matrix can be inverted.
Monty asks numpy for the condition number — how much an input error can be
amplified by inverting — and accepts anything below 1/ε. Without LAPACK the
estimate here is the 1-norm condition number ‖a‖₁ · ‖a⁻¹‖₁, a small factor
away from numpy's 2-norm figure and sharing the property that matters: a
singular matrix has no inverse, so both are infinite.

  



  
    
      
    
    
      norm_1(matrix)



        
          
        

    

  


  

      

          @spec norm_1(matrix()) :: float()


      


The 1-norm of a matrix: its largest absolute column sum.

  



    

  
    
      
    
    
      normalize(vector, epsilon \\ Math.default_tolerance())



        
          
        

    

  


  

      

          @spec normalize([number()], float()) :: vector()


      


A unit vector in the direction of v.
Raises when v is shorter than epsilon: there is no direction to return for
the zero vector, and returning zero would put a non-unit vector into a pose
that later arithmetic assumes is unit.

  



    

  
    
      
    
    
      parallel?(v1, v2, tolerance \\ Math.default_tolerance())



        
          
        

    

  


  

      

          @spec parallel?([number()], [number()], float()) :: boolean()


      


Whether two unit vectors point along the same line, in either direction.
tolerance bounds 1 - |cos θ|, so it reads as "the angle is within
sqrt(2 · tolerance) of 0 or π" — and, unlike comparing a dot product to 1,
it treats both ends of the line alike.
Monty calls this is_parallel; Elixir reserves the is_ prefix for guards,
so the name is the one thing here that changed shape.

  



  
    
      
    
    
      pose_is_new(all_poses, new_pose, similarity_th)



        
          
        

    

  


  

      

          @spec pose_is_new([Monty.Geometry.Rotation.t()], Monty.Geometry.Rotation.t(), float()) ::
  boolean()


      


Whether new_pose differs from every pose in all_poses by at least
similarity_th radians.

  



  
    
      
    
    
      project_onto_tangent_plane(vector, normal)



        
          
        

    

  


  

      

          @spec project_onto_tangent_plane([number()], [number()]) :: vector()


      


The part of v lying in the plane with normal n.
v minus its projection onto n, so a vector parallel to the normal collapses
to zero and a vector already in the plane is unchanged.

  



  
    
      
    
    
      rotate_multiple_pose_vectors(pose_vectors, rotation)



        
          
        

    

  


  

      

          @spec rotate_multiple_pose_vectors([vector()], Monty.Geometry.Rotation.t()) :: [
  vector()
]


      


Rotates rows of flattened pose vectors — nine numbers, three vectors each.
The rows keep their order and their length; only the directions change.

  



  
    
      
    
    
      rotate_pose_vectors(pose_vectors, rotation)



        
          
        

    

  


  

      

          @spec rotate_pose_vectors(
  Monty.Geometry.SurfacePoseVectors.t() | Monty.Geometry.GazeDirection.t(),
  Monty.Geometry.Rotation.t()
) :: Monty.Geometry.SurfacePoseVectors.t()


      


Rotates a pose vector set by one rotation.
A gaze direction is where to look, not a surface frame, so rotating it is
meaningless; it raises rather than returning something that looks like a pose.

  



    

  
    
      
    
    
      rotation_matrices_to_rotations(rotation_matrices, options \\ [])



        
          
        

    

  


  

      

          @spec rotation_matrices_to_rotations([matrix()], keyword()) :: [
  Monty.Geometry.Rotation.t()
]


      


Converts a list of rotation matrices to rotations.

  



    

  
    
      
    
    
      rotations_to_rotations(rotations, options \\ [])



        
          
        

    

  


  

      

          @spec rotations_to_rotations([vector() | matrix()], keyword()) :: [
  Monty.Geometry.Rotation.t()
]


      


Converts rotations to Monty.Geometry.Rotations.
Euler angles (a flat three-list) are what the feature LM produces, rotation
matrices (a list of three rows) what the evidence LM produces; the shape says
which, exactly as ndim does in Python. invert: true returns the rotations
that undo the given ones.

  



  
    
      
    
    
      scale(list, factor)



        
          
        

    

  


  

      

          @spec scale([number()], number()) :: vector()


      


Multiplies a 3-vector by a scalar.

  



  
    
      
    
    
      subtract(list1, list2)



        
          
        

    

  


  

      

          @spec subtract([number()], [number()]) :: vector()


      


Subtracts two 3-vectors.

  


        

      


  

    
Monty.Frameworks.Utils.SpatialArithmetics.TangentFrame 
    



      
An orthonormal (u, v, n) frame riding on a surface.
Mirrors tbp/monty/frameworks/utils/spatial_arithmetics.py::TangentFrame.
n is the surface normal, u a tangent direction, v completes the
right-handed set. As the sensor moves over a curved surface, transport/2
turns the frame by exactly the rotation that keeps it in the new tangent
plane — parallel transport, which is what lets Monty "unroll" a curved
surface into a flat one.
A surface normal names a plane but not a basis within it, so the initial u
is picked by crossing an arbitrary axis with the normal. That choice is
invisible to Monty, which only ever asks for relative directions.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    


    
      
        vector()

      


    





  
    Functions
  


    
      
        basis_u(tangent_frame)

      


        The horizontal tangent direction.



    


    
      
        basis_v(tangent_frame)

      


        The vertical tangent direction.



    


    
      
        new(surface_normal)

      


        The frame whose normal is surface_normal.



    


    
      
        normal(tangent_frame)

      


        The surface normal this frame rides on.



    


    
      
        transport(tangent_frame, new_normal)

      


        The frame at new_normal, with its basis carried over by the rotation between
the two normals.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Utils.SpatialArithmetics.TangentFrame{
  basis_u: vector(),
  basis_v: vector(),
  normal: vector()
}


      



  



  
    
      
    
    
      vector()



        
          
        

    

  


  

      

          @type vector() :: [float()]


      



  


        

      

      
        Functions


        


  
    
      
    
    
      basis_u(tangent_frame)



        
          
        

    

  


  

      

          @spec basis_u(t()) :: vector()


      


The horizontal tangent direction.

  



  
    
      
    
    
      basis_v(tangent_frame)



        
          
        

    

  


  

      

          @spec basis_v(t()) :: vector()


      


The vertical tangent direction.

  



  
    
      
    
    
      new(surface_normal)



        
          
        

    

  


  

      

          @spec new(vector()) :: t()


      


The frame whose normal is surface_normal.
When surface_normal is (anti)parallel to the arbitrary axis, crossing them
would give zero, so a second axis is used instead.

  



  
    
      
    
    
      normal(tangent_frame)



        
          
        

    

  


  

      

          @spec normal(t()) :: vector()


      


The surface normal this frame rides on.

  



  
    
      
    
    
      transport(tangent_frame, new_normal)



        
          
        

    

  


  

      

          @spec transport(t(), vector()) :: t()


      


The frame at new_normal, with its basis carried over by the rotation between
the two normals.
Normals that already agree need no rotation, and u is left alone. Otherwise
u is turned about the axis shared by both tangent planes — the axis
perpendicular to both normals — so it stays in the plane as the plane tilts.
The result is re-orthonormalised against new_normal: a thousand transports
over a curved surface would otherwise accumulate enough floating point drift
for u to leave the tangent plane.

  


        

      


  

    
Monty.Geometry 
    



      
Small 3×3 matrix arithmetic and pose helpers.
Mirrors tbp/monty/geometry.py where it matters for the messaging layer: the
pose-vector types live in Monty.Geometry.* and matrix products used to
transform them live here. Anything heavier (quaternions, alignment, batch
rotation) arrives with the numeric core and is tested against Monty's own
fixtures.

      


      
        Summary


  
    Functions
  


    
      
        add(list1, list2)

      


        Adds two 3-vectors.



    


    
      
        apply(list1, list2)

      


        Multiplies a 3×3 matrix by a 3-vector.



    


    
      
        dot(list1, list2)

      


        Dot product of two 3-vectors.



    


    
      
        identity()

      


        The 3×3 identity matrix.



    


    
      
        mul(list1, list2)

      


        Multiplies two 3×3 matrices.



    


    
      
        subtract(list1, list2)

      


        Subtracts two 3-vectors.



    


    
      
        transpose(list)

      


        Transposes a 3×3 matrix.



    





      


      
        Functions


        


  
    
      
    
    
      add(list1, list2)



        
          
        

    

  


  

      

          @spec add([number()], [number()]) :: [number()]


      


Adds two 3-vectors.

  



  
    
      
    
    
      apply(list1, list2)



        
          
        

    

  


  

      

          @spec apply([[number()]], [number()]) :: [number()]


      


Multiplies a 3×3 matrix by a 3-vector.
Three dot products, written as three dot products — the map and its closure
were most of what this cost.

  



  
    
      
    
    
      dot(list1, list2)



        
          
        

    

  


  

      

          @spec dot([number()], [number()]) :: number()


      


Dot product of two 3-vectors.

  



  
    
      
    
    
      identity()



        
          
        

    

  


  

      

          @spec identity() :: [[float()]]


      


The 3×3 identity matrix.

  



  
    
      
    
    
      mul(list1, list2)



        
          
        

    

  


  

      

          @spec mul([[number()]], [[number()]]) :: [[float()]]


      


Multiplies two 3×3 matrices.
left * right, row-major, the way numpy.dot reads.
Written out rather than built from transpose/1 and a map of dot/2 calls:
this is nine multiplications and six additions, and the general shape spent
six closures and three intermediate lists on them. In a step it is called once
per hypothesis to rotate a frame, so it is one of the few places where the
arithmetic has to be the whole function.

  



  
    
      
    
    
      subtract(list1, list2)



        
          
        

    

  


  

      

          @spec subtract([number()], [number()]) :: [number()]


      


Subtracts two 3-vectors.

  



  
    
      
    
    
      transpose(list)



        
          
        

    

  


  

      

          @spec transpose([[number()]]) :: [[number()]]


      


Transposes a 3×3 matrix.

  


        

      


  

    
Monty.Geometry.GazeDirection 
    



      
A gaze goal expressed as a matrix whose first row points opposite the surface
normal.
Mirrors tbp/monty/geometry.py::GazeDirection. Like the Python type it cannot
be rotated: Monty.Cmp.Message.transform_morphological_features/3 refuses to
transform it.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        direction(gaze_direction)

      


        The gaze direction: the negated surface normal.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Geometry.GazeDirection{value: [[float() | nil]]}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      direction(gaze_direction)



        
          
        

    

  


  

      

          @spec direction(t()) :: [float()]


      


The gaze direction: the negated surface normal.

  


        

      


  

    
Monty.Geometry.LinearAlgebra 
    



      
The linear algebra Monty's sensors ask numpy for.
A sensor module fits a plane and then a quadric to a patch of points, which in
Python is np.linalg.solve and np.linalg.eig
(frameworks/utils/sensor_processing.py). There is no numpy here, and the fits
are small — three to six unknowns — so this module carries the three routines
those fits need and nothing else:
	solve/2 — Gaussian elimination with partial pivoting;
	symmetric_eigen/1 — Jacobi rotations, for a real symmetric matrix;
	eigen_2x2/1 — the closed form for a two-by-two matrix, which is what a
shape operator is.

Nothing here is ported from Monty: Monty calls numpy, and this is the part of
numpy it calls. Matrices are row-major lists, the same shape the rest of this
port writes them in.

      


      
        Summary


  
    Types
  


    
      
        matrix()

      


        A row-major matrix.



    





  
    Functions
  


    
      
        eigen_2x2(list)

      


        The eigenvalues and eigenvectors of a two-by-two matrix, largest first.



    


    
      
        identity(count)

      


        The count×count identity matrix.



    


    
      
        solve(matrix, vector)

      


        The vector x that solves matrix · x = vector, or :singular.



    


    
      
        symmetric_eigen(matrix)

      


        The eigenvalues and eigenvectors of a real symmetric matrix, ascending.



    





      


      
        Types


        


  
    
      
    
    
      matrix()



        
          
        

    

  


  

      

          @type matrix() :: [[float()]]


      


A row-major matrix.

  


        

      

      
        Functions


        


  
    
      
    
    
      eigen_2x2(list)



        
          
        

    

  


  

      

          @spec eigen_2x2([[number()]]) :: [{float(), [float()]}]


      


The eigenvalues and eigenvectors of a two-by-two matrix, largest first.
The characteristic quadratic λ² − tr λ + det = 0 solved in closed form, then
a null vector for each root. A shape operator is two-by-two, symmetric up to
rounding, and its eigenvalues order the principal curvatures — Monty sorts
them largest first, so this does too.

  



  
    
      
    
    
      identity(count)



        
          
        

    

  


  

      

          @spec identity(pos_integer()) :: matrix()


      


The count×count identity matrix.

  



  
    
      
    
    
      solve(matrix, vector)



        
          
        

    

  


  

      

          @spec solve([[number()]], [number()]) :: {:ok, [float()]} | :singular


      


The vector x that solves matrix · x = vector, or :singular.
Gaussian elimination with partial pivoting: at each column the row with the
largest entry is moved into place, so a small pivot is only ever used when the
matrix genuinely has none bigger. :singular is answered rather than NaNs.

  



  
    
      
    
    
      symmetric_eigen(matrix)



        
          
        

    

  


  

      

          @spec symmetric_eigen([[number()]]) :: [{float(), [float()]}]


      


The eigenvalues and eigenvectors of a real symmetric matrix, ascending.
Jacobi rotations: each pass zeroes the largest off-diagonal entry by turning
the matrix in its plane, and the turning is accumulated into the identity to
leave the eigenvectors as its columns. Ascending order is this module's
choice, not numpy's; callers that want the smallest or largest say so.

  


        

      


  

    
Monty.Geometry.OrientationMatrix 
    



      
A rotation matrix representing object orientation.
Mirrors tbp/monty/geometry.py::OrientationMatrix. The rows are the object's
x, y and z axes.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Geometry.OrientationMatrix{value: [[float()]]}


      



  


        

      


  

    
Monty.Geometry.Rotation 
    



      
A rotation, as the quaternion wxyz Monty passes around.
Mirrors tbp/monty/geometry.py::Rotation, which wraps scipy's
Rotation — so what is mirrored here is the behaviour Monty relies on, not
scipy's surface: rotation vectors, rotation matrices, Euler angles and
quaternions each convert to the others, a rotation can be inverted, and it can
be applied to a vector or a matrix of them.
Two conventions are kept exactly as scipy has them, because getting either
wrong rotates a reference frame without any number looking wrong:
	a quaternion is {w, x, y, z} here (Monty's QuaternionWXYZ), while the
[x, y, z, w] order is what scipy returns from as_quat() — the
conversion functions say which is which;
	from_euler("xyz", angles, degrees: true) is scipy's extrinsic order:
rotate about x, then about the (fixed) y, then about the (fixed) z.


      


      
        Summary


  
    Types
  


    
      
        matrix()

      


    


    
      
        t()

      


    


    
      
        vector()

      


    





  
    Functions
  


    
      
        align_vectors(a_vectors, b_vectors, weights \\ nil)

      


        The rotation that best aligns two sets of vectors: scipy's
Rotation.align_vectors.



    


    
      
        apply(rotation, vectors)

      


        Applies this rotation to a 3-vector, or to each row of a list of them.



    


    
      
        from_axis_angle(axis, angle)

      


        The rotation of angle radians about axis.



    


    
      
        from_euler_degrees(list)

      


        The rotation of three Euler angles in degrees, applied about the fixed x, then
y, then z axes (scipy's from_euler("xyz", angles, degrees=True)).



    


    
      
        from_matrix(list)

      


        The rotation a 3×3 rotation matrix describes.



    


    
      
        from_quaternion(quaternion)

      


        The rotation a quaternion {w, x, y, z} describes, normalised.



    


    
      
        identity()

      


        The rotation of no angle, w = 1.



    


    
      
        invert(rotation)

      


        The rotation that undoes this one.



    


    
      
        magnitude(rotation)

      


        The angle this rotation turns through, in radians, in [0, π].



    


    
      
        mean(rotations, weights \\ nil)

      


        The weighted mean of several rotations: the rotation closest to all of them.



    


    
      
        multiply(rotation1, rotation2)

      


        This rotation after other: applying the result is applying other then this.



    


    
      
        to_euler_degrees(rotation, decimal_places \\ 3)

      


        The three Euler angles in degrees about the fixed x, y and z axes.



    


    
      
        to_euler_radians(rotation)

      


        The three Euler angles about the fixed x, y and z axes, in radians.



    


    
      
        to_matrix(rotation)

      


        The 3×3 rotation matrix this rotation applies.



    


    
      
        to_quaternion(rotation)

      


        The quaternion {w, x, y, z}.



    


    
      
        to_xyzw(rotation)

      


        The quaternion [x, y, z, w], which is the order scipy returns.



    





      


      
        Types


        


  
    
      
    
    
      matrix()



        
          
        

    

  


  

      

          @type matrix() :: [[float()]]


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Geometry.Rotation{wxyz: {float(), float(), float(), float()}}


      



  



  
    
      
    
    
      vector()



        
          
        

    

  


  

      

          @type vector() :: [float()]


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      align_vectors(a_vectors, b_vectors, weights \\ nil)



        
          
        

    

  


  

      

          @spec align_vectors([[number()]], [[number()]], [number()] | nil) :: {t(), float()}


      


The rotation that best aligns two sets of vectors: scipy's
Rotation.align_vectors.
Answers {rotation, rssd}, where rotation turns each b towards the a it
was paired with, and rssd is what is left over — the square root of the
weighted sum of squared distances, sqrt(Σ wᵢ |aᵢ − R bᵢ|²), which is zero
when the two sets are the same up to a rotation.
scipy minimises that sum by singular value decomposition (the Kabsch
algorithm). The same minimiser is the leading eigenvector of a 4×4 symmetric
matrix built from the two sets' correlation — Horn's closed form — and that is
what this uses, because mean/2 already finds leading eigenvectors the same
way. Both answer a proper rotation, never a reflection.
Two sets that lie on one line do not determine a rotation about that line.
scipy warns and answers with one of the rotations that fit; so does this, and
any of them is as close as the others.

  



  
    
      
    
    
      apply(rotation, vectors)



        
          
        

    

  


  

      

          @spec apply(t(), vector() | [vector()]) :: vector() | [vector()]


      


Applies this rotation to a 3-vector, or to each row of a list of them.

  



  
    
      
    
    
      from_axis_angle(axis, angle)



        
          
        

    

  


  

      

          @spec from_axis_angle(vector(), float()) :: {:ok, t()} | {:error, :zero_axis}


      


The rotation of angle radians about axis.
A zero axis has no rotation to describe, and {:error, :zero_axis} is the
honest answer — scipy normalises the axis and produces NaN, which is worse.

  



  
    
      
    
    
      from_euler_degrees(list)



        
          
        

    

  


  

      

          @spec from_euler_degrees(vector()) :: {:ok, t()}


      


The rotation of three Euler angles in degrees, applied about the fixed x, then
y, then z axes (scipy's from_euler("xyz", angles, degrees=True)).
Extrinsic order means the composed rotation is Rz · Ry · Rx: x turns
first, in the frame the axes were given in.

  



  
    
      
    
    
      from_matrix(list)



        
          
        

    

  


  

      

          @spec from_matrix(matrix()) :: {:ok, t()} | {:error, :not_a_rotation}


      


The rotation a 3×3 rotation matrix describes.

  



  
    
      
    
    
      from_quaternion(quaternion)



        
          
        

    

  


  

      

          @spec from_quaternion({number(), number(), number(), number()}) ::
  {:ok, t()} | {:error, term()}


      


The rotation a quaternion {w, x, y, z} describes, normalised.

  



  
    
      
    
    
      identity()



        
          
        

    

  


  

      

          @spec identity() :: t()


      


The rotation of no angle, w = 1.

  



  
    
      
    
    
      invert(rotation)



        
          
        

    

  


  

      

          @spec invert(t()) :: t()


      


The rotation that undoes this one.

  



  
    
      
    
    
      magnitude(rotation)



        
          
        

    

  


  

      

          @spec magnitude(t()) :: float()


      


The angle this rotation turns through, in radians, in [0, π].
This is what Monty compares against pose_similarity_threshold: two rotations
are the same pose when rotating from one to the other turns by less than the
threshold.

  



    

  
    
      
    
    
      mean(rotations, weights \\ nil)



        
          
        

    

  


  

      

          @spec mean([t()], [number()] | nil) :: t()


      


The weighted mean of several rotations: the rotation closest to all of them.
Averaging rotation matrices and calling the result a rotation gives
something that is not orthonormal, so the average is the rotation nearest to
the weighted sum — scipy's Rotation.mean, which is the chordal L2 mean.
Quaternions make that a dominant-eigenvector problem: the sum of weighted
outer products of the quaternions has the answer as its leading eigenvector.
The dominant eigenvector is found by power iteration. Where the two leading
eigenvalues tie, more than one rotation is equally close to the inputs and any
of them is a correct answer.

  



  
    
      
    
    
      multiply(rotation1, rotation2)



        
          
        

    

  


  

      

          @spec multiply(t(), t()) :: t()


      


This rotation after other: applying the result is applying other then this.

  



    

  
    
      
    
    
      to_euler_degrees(rotation, decimal_places \\ 3)



        
          
        

    

  


  

      

          @spec to_euler_degrees(t(), non_neg_integer() | nil) :: vector()


      


The three Euler angles in degrees about the fixed x, y and z axes.
The angles are rounded to decimal_places, because Monty compares them as
labels (np.round(pose.as_euler(...), 3) % 360) and an unrounded 359.9999
would read as a different pose from 0.0. nil leaves them as computed, which
is what scipy answered and what a log keeps.

  



  
    
      
    
    
      to_euler_radians(rotation)



        
          
        

    

  


  

      

          @spec to_euler_radians(t()) :: vector()


      


The three Euler angles about the fixed x, y and z axes, in radians.
scipy's as_euler("xyz"), unrounded — which is what Monty compares when it
asks whether a pose has changed: any difference, however small, is a
difference. Use to_euler_degrees/2 to show angles to a reader instead.

  



  
    
      
    
    
      to_matrix(rotation)



        
          
        

    

  


  

      

          @spec to_matrix(t()) :: matrix()


      


The 3×3 rotation matrix this rotation applies.

  



  
    
      
    
    
      to_quaternion(rotation)



        
          
        

    

  


  

      

          @spec to_quaternion(t()) :: {float(), float(), float(), float()}


      


The quaternion {w, x, y, z}.

  



  
    
      
    
    
      to_xyzw(rotation)



        
          
        

    

  


  

      

          @spec to_xyzw(t()) :: [float()]


      


The quaternion [x, y, z, w], which is the order scipy returns.

  


        

      


  

    
Monty.Geometry.SurfacePoseVectors 
    



      
Surface normal and the two principal curvature directions.
Mirrors tbp/monty/geometry.py::SurfacePoseVectors.
value is a 3×3 matrix in row-major order, in [z (surface normal), x (principal curvature 1), y (principal curvature 2)] order. It is meant to
be a proper rotation (determinant 1, orthonormal rows); like the Python class
this module does not validate that, because Monty itself constructs
degenerate instances when the curvature estimate is flat.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    


    
      
        vector()

      


    





  
    Functions
  


    
      
        new(surface_normal, principal_curvature_1, principal_curvature_2)

      


        Builds pose vectors from three row vectors.



    


    
      
        principal_curvature_1(surface_pose_vectors)

      


    


    
      
        principal_curvature_2(surface_pose_vectors)

      


    


    
      
        surface_normal(surface_pose_vectors)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Geometry.SurfacePoseVectors{value: [vector()]}


      



  



  
    
      
    
    
      vector()



        
          
        

    

  


  

      

          @type vector() :: [float()]


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(surface_normal, principal_curvature_1, principal_curvature_2)



        
          
        

    

  


  

      

          @spec new(vector(), vector(), vector()) :: t()


      


Builds pose vectors from three row vectors.

  



  
    
      
    
    
      principal_curvature_1(surface_pose_vectors)



        
          
        

    

  


  

      

          @spec principal_curvature_1(t()) :: vector()


      



  



  
    
      
    
    
      principal_curvature_2(surface_pose_vectors)



        
          
        

    

  


  

      

          @spec principal_curvature_2(t()) :: vector()


      



  



  
    
      
    
    
      surface_normal(surface_pose_vectors)



        
          
        

    

  


  

      

          @spec surface_normal(t()) :: vector()


      



  


        

      


  

    
Monty.Math 
    



      
The constants Monty's arithmetic agrees on.
Mirrors tbp/monty/math.py, which is little more than the tolerances every
geometric comparison uses. They live in one place because a tolerance that
differs between two modules is a disagreement about what "the same direction"
means, and that disagreement shows up as a hypothesis surviving in one module
and not in another.
Monty's type aliases (VectorXYZ, EulerAnglesXYZ, QuaternionWXYZ) have no
Elixir counterpart: a [x, y, z] is a list and a quaternion is a
Monty.Geometry.Rotation, so the aliases would only restate their own types.

      


      
        Summary


  
    Functions
  


    
      
        clip(value, low, high)

      


        The value moved inside [low, high], numpy's np.clip.



    


    
      
        default_tolerance()

      


        How close two lengths or dot products must be to count as equal.



    


    
      
        degrees(degrees)

      


        An angle in degrees as radians.



    


    
      
        identity_quaternion()

      


        The quaternion wxyz of no rotation.



    


    
      
        mean(values)

      


        The average of a sample, or zero for an empty one.



    


    
      
        ones_vector()

      


        The vector (1, 1, 1).



    


    
      
        population_std(values)

      


        The spread of a sample around its mean, dividing by n.



    


    
      
        rotation_tolerance_radians()

      


        How small an angle (in radians) counts as no rotation.



    


    
      
        zero_vector()

      


        The vector (0, 0, 0).



    





      


      
        Functions


        


  
    
      
    
    
      clip(value, low, high)



        
          
        

    

  


  

      

          @spec clip(number(), number(), number()) :: number()


      


The value moved inside [low, high], numpy's np.clip.

  



  
    
      
    
    
      default_tolerance()



        
          
        

    

  


  

      

          @spec default_tolerance() :: float()


      


How close two lengths or dot products must be to count as equal.
Monty's DEFAULT_TOLERANCE. It is a distance, not a relative error: halves of
a metre compare at this scale, and comparisons of larger quantities scale it
by their own magnitude at the call site.

  



  
    
      
    
    
      degrees(degrees)



        
          
        

    

  


  

      

          @spec degrees(number()) :: float()


      


An angle in degrees as radians.
Monty writes this conversion out at each use (math.radians, or * pi / 180
inside scipy calls); the arithmetic is the same either way, and having one
copy means a tolerance in degrees and a tolerance in radians cannot drift
apart.

  



  
    
      
    
    
      identity_quaternion()



        
          
        

    

  


  

      

          @spec identity_quaternion() :: {float(), float(), float(), float()}


      


The quaternion wxyz of no rotation.

  



  
    
      
    
    
      mean(values)



        
          
        

    

  


  

      

          @spec mean([number()]) :: float()


      


The average of a sample, or zero for an empty one.
numpy's np.mean, which Monty uses to summarise evidence and locations. The
empty case is Monty's own convention for a hypothesis space with nothing in
it: no observations, no average, and zero is the neutral value to add to.

  



  
    
      
    
    
      ones_vector()



        
          
        

    

  


  

      

          @spec ones_vector() :: {float(), float(), float()}


      


The vector (1, 1, 1).

  



  
    
      
    
    
      population_std(values)



        
          
        

    

  


  

      

          @spec population_std([number()]) :: float()


      


The spread of a sample around its mean, dividing by n.
numpy's np.std — population standard deviation, not the sample estimate.
Monty uses it to decide whether one object stands out from the field: a wide
spread means there is something to discriminate between.

  



  
    
      
    
    
      rotation_tolerance_radians()



        
          
        

    

  


  

      

          @spec rotation_tolerance_radians() :: float()


      


How small an angle (in radians) counts as no rotation.

  



  
    
      
    
    
      zero_vector()



        
          
        

    

  


  

      

          @spec zero_vector() :: {float(), float(), float()}


      


The vector (0, 0, 0).

  


        

      


  

    
Monty.Memento 
    



      
A snapshot of an object's internal state, as an opaque map: Monty's
memento.py.
Monty defines Memento as Mapping[str, Any] and nothing more — the shape
is deliberately not specified, because a memento is only ever handed back to
the object that made it. What a caller may do with one is save it, log it, or
give it back; reading a key out of it is what every logging bug looks like.
Here the same holds, with the one addition Python does not need: an Elixir map
can be pattern-matched by anyone, so the discipline is written down instead of
being enforced by the type.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        A state dict: whatever an object's state_dict/1 returned.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %{optional(atom() | String.t()) => term()}


      


A state dict: whatever an object's state_dict/1 returned.
Keys are atoms and values are whatever the object put there — a graph memory, a
list of percepts, a telemetry log. Treat it as opaque outside the module that
produces it.

  


        

      


  

    
Monty.Memento.Snapshotable behaviour
    



      
Objects that can save and restore their internal state: Monty's
memento.py::Snapshotable.
Monty writes this as a runtime_checkable Protocol — structural typing, so
anything with the two methods counts — and uses it where an object has to be
reset to a snapshot without the caller knowing its class.
Elixir has no structural typing, so the same promise is a behaviour: a module
that implements these two callbacks is snapshotable, and says so by useing
or @behaviouring this module. The state that goes in and comes back is the
object's own — a struct here rather than a mutated self — which is why the
callbacks take it and return it rather than returning :ok.

      


      
        Summary


  
    Types
  


    
      
        snapshotable()

      


        An object that can be snapshotted. Any struct; the memento is opaque.



    





  
    Callbacks
  


    
      
        load_state_dict(snapshotable, t)

      


        The object, reset to what a memento says.



    


    
      
        state_dict(snapshotable)

      


        The object's state, as a memento.



    





      


      
        Types


        


  
    
      
    
    
      snapshotable()



        
          
        

    

  


  

      

          @type snapshotable() :: term()


      


An object that can be snapshotted. Any struct; the memento is opaque.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      load_state_dict(snapshotable, t)



        
          
        

    

  


  

      

          @callback load_state_dict(snapshotable(), Monty.Memento.t()) :: snapshotable()


      


The object, reset to what a memento says.
Returns the object rather than mutating it: a step in this port is a value, and
so is a restore.

  



  
    
      
    
    
      state_dict(snapshotable)



        
          
        

    

  


  

      

          @callback state_dict(snapshotable()) :: Monty.Memento.t()


      


The object's state, as a memento.
What goes in is the object's business. Monty's convention, followed by every
class that implements this: what an episode learns is in the memento, and what
an episode saw is not — a buffer of percepts belongs to the episode that
produced it.

  


        

      


  

    
Monty.ModuleMap 
    



      
The contract that keeps this rewrite module for module.
One namespace per TBP package, and one rule inside each:
tbp/monty/<path>/<file>.py::Class  ->  Monty.<Path>.<File>.<Class>
tbp/teleop/<file>.py::Class        ->  Teleop.<File>.<Class>
with a repeated segment collapsed and the class dropped when it repeats the
file name. A Monty developer should be able to take a Python file, apply the
rule, and find the Elixir module that holds it — for the runtime and for
the teleop tooling this application replaces with LiveView.
A module that exists here is implemented; one that does not is planned;
one that will never exist (Hydra's own tooling) is excluded with a reason.

      


      
        Summary


  
    Types
  


    
      
        entry()

      


    





  
    Functions
  


    
      
        class_module(file_module, class, relative_python_path)

      


        The Elixir module a class maps to, given its file's module.



    


    
      
        implemented?(dotted, opts \\ [])

      


        Whether a target resolves to a module that exists here.



    


    
      
        load()

      


        The generated map.



    


    
      
        module_for(namespace, relative_python_path)

      


        The Elixir module a Python file maps to, within a package namespace.



    


    
      
        moved()

      


        Packages whose checkout has moved away from the commit the map names.



    


    
      
        package(name)

      


        One package by name.



    


    
      
        packages()

      


        The Python packages this application mirrors.



    


    
      
        python_files(package)

      


        Python files of a package, or [] when the checkout is absent.



    


    
      
        resolve(dotted, opts \\ [])

      


        Resolves a Python dotted class path to its entry in the map.



    


    
      
        sources()

      


        The commit each package was at when the map was generated.



    


    
      
        summary(entries)

      


        Counts by status, of the classes and of the files that hold them.



    


    
      
        verify(opts \\ [])

      


        Checks the map against every checkout and against the compiled code.



    


    
      
        written?(status)

      


        Whether this status is a module this application has.



    





      


      
        Types


        


  
    
      
    
    
      entry()



        
          
        

    

  


  

      

          @type entry() :: %{
  :package => String.t(),
  :python => String.t(),
  :elixir => String.t(),
  :status => :implemented | :planned | :excluded,
  optional(:reason) => String.t() | nil,
  classes: [
    %{
      :python => String.t(),
      :elixir => String.t(),
      :status => atom(),
      optional(:reason) => String.t() | nil
    }
  ]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      class_module(file_module, class, relative_python_path)



        
          
        

    

  


  

      

          @spec class_module(String.t(), String.t(), String.t()) :: String.t()


      


The Elixir module a class maps to, given its file's module.

  



    

  
    
      
    
    
      implemented?(dotted, opts \\ [])



        
          
        

    

  


  

      

          @spec implemented?(String.t(), keyword()) :: boolean()


      


Whether a target resolves to a module that exists here.

  



  
    
      
    
    
      load()



        
          
        

    

  


  

      

          @spec load() :: [entry()]


      


The generated map.
It is compiled in by mix monty.module_map.gen, not read from a file: the map
is data, and a file read at run time is a path whose contents decide what this
application does next.

  



  
    
      
    
    
      module_for(namespace, relative_python_path)



        
          
        

    

  


  

      

          @spec module_for(String.t(), String.t()) :: String.t()


      


The Elixir module a Python file maps to, within a package namespace.

  



  
    
      
    
    
      moved()



        
          
        

    

  


  

      

          @spec moved() :: [{String.t(), String.t() | nil, String.t()}]


      


Packages whose checkout has moved away from the commit the map names.
Answers {package, recorded_commit, current_commit}, empty when the map is
current or when a checkout cannot be asked — a package unpacked from an archive
has no commit, and that is not a drift.

  



  
    
      
    
    
      package(name)



        
          
        

    

  


  

      

          @spec package(String.t()) :: map() | nil


      


One package by name.

  



  
    
      
    
    
      packages()



        
          
        

    

  


  

      

          @spec packages() :: [map()]


      


The Python packages this application mirrors.

  



  
    
      
    
    
      python_files(package)



        
          
        

    

  


  

      

          @spec python_files(map()) :: [String.t()]


      


Python files of a package, or [] when the checkout is absent.

  



    

  
    
      
    
    
      resolve(dotted, opts \\ [])



        
          
        

    

  


  

      

          @spec resolve(String.t(), keyword()) :: {:ok, map()} | :error


      


Resolves a Python dotted class path to its entry in the map.
Monty's configs name classes the way Python imports them
(tbp.monty.frameworks.models.sensor_modules.CameraSM), so this is how a
composed config is read back as "which modules does this experiment use, and
are they ported?".
A class the map does not list is reported as :unknown rather than guessed
at: the map is generated from the Python source, so a missing class means the
target names something the generator did not see.

  



  
    
      
    
    
      sources()



        
          
        

    

  


  

      

          @spec sources() :: %{optional(String.t()) => map()}


      


The commit each package was at when the map was generated.
The map describes a checkout at a moment, and checkouts move: the map carries
that moment so a regenerated map shows it in the diff, and so a stale map can
be recognised rather than trusted.

  



  
    
      
    
    
      summary(entries)



        
          
        

    

  


  

      

          @spec summary([entry()]) :: map()


      


Counts by status, of the classes and of the files that hold them.
The count that answers "how much of Monty is ported" is the classes': a file is
ported when the classes a config can name in it are, and most of Monty's files
hold several. files is there too, because a file is what a reader opens, and
the two numbers are different questions rather than two spellings of one.

  



    

  
    
      
    
    
      verify(opts \\ [])



        
          
        

    

  


  

      

          @spec verify(keyword()) :: {:ok, map()} | {:error, [String.t()]}


      


Checks the map against every checkout and against the compiled code.
Returns a summary on success and the list of problems otherwise — the mix
task prints them, the test asserts them empty.

  



  
    
      
    
    
      written?(status)



        
          
        

    

  


  

      

          @spec written?(atom() | %{optional(atom()) => term()}) :: boolean()


      


Whether this status is a module this application has.
Two statuses answer yes. :implemented is Monty's class ported whole;
:partial is one ported as far as anything here uses it, with the shortfall
written down beside it (docs/partial-classes.md). Both are modules that exist
and a config can name, so every question of the form "can this run?" asks this
and not the word implemented — a partial class that made its config
unrunnable would be a port that refuses an experiment it can step.

  


        

      


  

    
Monty.ModuleMap.Data 
    



      
The module map itself: one entry per Python file, generated from the checkouts.
Generated by mix monty.module_map.gen; do not edit by hand, except to mark a
module :excluded or :partial with a reason, or to exclude a class and say
why.
It is a literal here rather than a file read at run time: the map is data, and
the code that mirrors Monty should not be a reader of files it is told about.
sources/0 says which commit of each package these entries were read from.
A map generated before a checkout moved is a map of the commits it names, not
of the code beside it, and mix monty.module_map.verify says so.

      


      
        Summary


  
    Functions
  


    
      
        entries()

      


        Every entry, in the order the generator wrote them.



    


    
      
        sources()

      


        The commit each package was at when this map was generated.



    





      


      
        Functions


        


  
    
      
    
    
      entries()



        
          
        

    

  


  

      

          @spec entries() :: [map()]


      


Every entry, in the order the generator wrote them.

  



  
    
      
    
    
      sources()



        
          
        

    

  


  

      

          @spec sources() :: %{
  optional(String.t()) => %{optional(String.t()) => String.t() | nil}
}


      


The commit each package was at when this map was generated.

  


        

      


  

    
Monty.ModuleMap.StandIns 
    



      
What this application runs in place of a Monty class it has not written.
Two things do, and nothing else:
	the runtime does the job of Monty's shell — Monty, whose concrete
stepping is MontyBase, and MontyForGraphMatching, which owns the
matching step and the vote round. Here those are processes
(Monty.Runtime.Model) stepped by Monty.Runtime.Step, and the episode
belongs to Monty.Studio.Run. That is a replacement on purpose, not a
hole: the job is done — the step order, the goals through the attention
system, the vote round, the counters and the terminal decision.
	the MuJoCo world — Monty's MuJoCoSimulator, its agents and its scene
objects are written here, in priv/monty_py/world.py, against mujoco
rather than in Elixir: a renderer is a C library with a Python binding, so
the scene cannot live in the BEAM. The behaviour is Monty's (the spec, the
cameras, the semantic ids, metres and wxyz rotations); the code is this
application's, and Monty.Simulators.Mujoco.Simulator.MuJoCoSimulator is
the class a run steps. A Python file is therefore not evidence of an
unported class — it is where this port had to stay Python.

A class in neither list has no stand-in, and a config naming it is
refused: an unwritten class is an error rather than a fake run wearing the
experiment's name (Monty.Studio.Setup's findings say so on the page).
This module is the one place the answer is written down. mix monty.module_map.gen copies it into the map as stand_in on each class, and
everything else — the studio's findings, /modules — reads it from there, so
a page and a refusal cannot disagree about what runs.

      


      
        Summary


  
    Functions
  


    
      
        for_class(class, python)

      


        What runs in place of this class, or [] when nothing does.



    


    
      
        in_the_world?(python)

      


        Whether a class of this Python file is one the carried world implements.



    


    
      
        shell?(class)

      


        Whether this class is one whose job the runtime does.



    


    
      
        shell_classes()

      


        The classes whose job the runtime does, by Monty's own name for each.



    





      


      
        Functions


        


  
    
      
    
    
      for_class(class, python)



        
          
        

    

  


  

      

          @spec for_class(String.t(), String.t() | nil) :: [map()]


      


What runs in place of this class, or [] when nothing does.
The answer is data — kind: :module naming an Elixir module that exists, or
kind: :file naming a path in this repository — with a sentence saying why,
because "replaced" and "missing" look the same from a table and mean
opposite things for a reader deciding whether an experiment can run.

  



  
    
      
    
    
      in_the_world?(python)



        
          
        

    

  


  

      

          @spec in_the_world?(String.t() | nil) :: boolean()


      


Whether a class of this Python file is one the carried world implements.
python is either the file path inside the package, as the map records it, or
the dotted module path of a resolved class.

  



  
    
      
    
    
      shell?(class)



        
          
        

    

  


  

      

          @spec shell?(String.t()) :: boolean()


      


Whether this class is one whose job the runtime does.

  



  
    
      
    
    
      shell_classes()



        
          
        

    

  


  

      

          @spec shell_classes() :: [String.t()]


      


The classes whose job the runtime does, by Monty's own name for each.

  


        

      


  

    
Monty.ModuleMap.Table 
    



      
The map as /modules reads it: one row per class, with the two files a reader
wants to open and the one fact the map alone cannot show.
Every row is the generated map (Monty.ModuleMap.Data) — the class, the
Elixir module the rule gives it, and its status — so the page cannot drift
from mix monty.module_map.verify. What is added here is only what follows
from that data: the upstream file at the commit the map records, this
repository's file for the module an implemented class lives in, and the
stand-in the map carries for a class the runtime replaces.
A row is filterable by any word in it: the text searched is every field
joined, so camera implemented, graph_matching planned and runtime all
find what a reader means without a column being named.

      


      
        Summary


  
    Types
  


    
      
        row()

      


        One class, as a row of the table.



    





  
    Functions
  


    
      
        describe(other)

      


        What a stand-in is called, as the table prints it.



    


    
      
        filter(rows, query, status)

      


        The rows matching a query and a status.



    


    
      
        rows(opts \\ [])

      


        The rows, in the map's own order.



    


    
      
        status(status)

      


        The status a page should filter by, from what the URL said.



    


    
      
        statuses()

      


        The statuses a row can have, in the order the page offers them.



    





      


      
        Types


        


  
    
      
    
    
      row()



        
          
        

    

  


  

      

          @type row() :: %{
  id: String.t(),
  package: String.t(),
  class: String.t(),
  file: String.t(),
  python_url: String.t() | nil,
  monty_test_url: String.t() | nil,
  elixir: String.t(),
  elixir_url: String.t() | nil,
  test_url: String.t() | nil,
  status: :implemented | :partial | :planned | :excluded,
  reason: String.t() | nil,
  stand_ins: [map()],
  text: String.t()
}


      


One class, as a row of the table.
elixir_url is nil for a class this application has not written: there is no
file to open, and the name is the contract for the file there will be.

  


        

      

      
        Functions


        


  
    
      
    
    
      describe(other)



        
          
        

    

  


  

      

          @spec describe(map()) :: String.t()


      


What a stand-in is called, as the table prints it.

  



  
    
      
    
    
      filter(rows, query, status)



        
          
        

    

  


  

      

          @spec filter([row()], String.t() | nil, atom() | nil) :: [row()]


      


The rows matching a query and a status.
query is any whitespace-separated words, each of which has to appear
somewhere in the row; status is :all (or nil) or one of the map's
statuses. Both are the page's URL state, so the same view can be linked to.

  



    

  
    
      
    
    
      rows(opts \\ [])



        
          
        

    

  


  

      

          @spec rows(keyword()) :: [row()]


      


The rows, in the map's own order.
Options: :repo — this repository's URL, which is what the "our file" links
hang off — and :revision, the commit they point at (a release knows its own;
a checkout that was never built links to main).

  



  
    
      
    
    
      status(status)



        
          
        

    

  


  

      

          @spec status(String.t() | atom() | nil) :: atom()


      


The status a page should filter by, from what the URL said.
A query string is not trusted with an atom: an unknown word is no filter at
all, which shows everything and cannot crash a page.

  



  
    
      
    
    
      statuses()



        
          
        

    

  


  

      

          @spec statuses() :: [atom()]


      


The statuses a row can have, in the order the page offers them.

  


        

      


  

    
Monty.Observations.SensorObservation 
    



      
One view of the world, as a sensor module receives it: Monty's
observations.py::SensorObservation.
Monty spells the shape as a TypedDict with every field optional, because a
sensor sends what it can and a consumer reads the keys it understands. Here it
is a map with string keys — the same shape the depth-to-3D transform writes and
every consumer in this application reads — plus the names for the keys a
consumer cannot do without:
	"rgba" — the patch as rows of [r, g, b, a], 0..255.
	"depth" — one distance per pixel, in metres.
	"semantic" — one object id per pixel, 0 for background.
	"semantic_3d" — one row per pixel, [x, y, z, semantic_id], which is
what a sensor module actually reads: the depth image is gone by then.
	"sensor_frame_data" — the same points in the sensor's own frame.
	"cam_to_world" — the 4x4 transform from camera to world coordinates.
	"pixel_loc" — where in the image the patch was taken, when it was cropped.
	"raw" — the untouched image, for logging.

Why the accessors raise
A missing "semantic_3d" is not an empty observation, it is an observation
that never went through the depth-to-3D transform — and a filter that silently
read nil there would report a surface at the origin. The accessors name the
key they need, so the failure says which transform did not run.

      


      
        Summary


  
    Types
  


    
      
        float_rows()

      


    


    
      
        pixel()

      


    


    
      
        point_row()

      


    


    
      
        rgba_rows()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        cam_to_world(observation)

      


        The transform from the camera's frame to the world's, as 4x4.



    


    
      
        depth(observation)

      


        The depth image, one distance per pixel.



    


    
      
        fetch!(observation, key)

      


        The value under one of the observation's keys, or a sentence naming it.



    


    
      
        point_cloud(observation)

      


        The patch's points in world coordinates, one [x, y, z, semantic_id] each.



    


    
      
        put(observation, key, value)

      


        The same observation with one key set, which is how a transform writes.



    


    
      
        rgba(observation)

      


        The patch, as rows of [r, g, b, a].



    





      


      
        Types


        


  
    
      
    
    
      float_rows()



        
          
        

    

  


  

      

          @type float_rows() :: [[float()]]


      



  



  
    
      
    
    
      pixel()



        
          
        

    

  


  

      

          @type pixel() :: [0..255]


      



  



  
    
      
    
    
      point_row()



        
          
        

    

  


  

      

          @type point_row() :: [number()]


      



  



  
    
      
    
    
      rgba_rows()



        
          
        

    

  


  

      

          @type rgba_rows() :: [[pixel()]]


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %{optional(String.t()) => term()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      cam_to_world(observation)



        
          
        

    

  


  

      

          @spec cam_to_world(t()) :: float_rows()


      


The transform from the camera's frame to the world's, as 4x4.

  



  
    
      
    
    
      depth(observation)



        
          
        

    

  


  

      

          @spec depth(t()) :: float_rows()


      


The depth image, one distance per pixel.

  



  
    
      
    
    
      fetch!(observation, key)



        
          
        

    

  


  

      

          @spec fetch!(t(), String.t()) :: term()


      


The value under one of the observation's keys, or a sentence naming it.

  



  
    
      
    
    
      point_cloud(observation)



        
          
        

    

  


  

      

          @spec point_cloud(t()) :: {:ok, [point_row()]} | {:error, :no_point_cloud}


      


The patch's points in world coordinates, one [x, y, z, semantic_id] each.
{:error, :no_point_cloud} when the observation never went through the
transform, which is Monty's own answer to the same question.

  



  
    
      
    
    
      put(observation, key, value)



        
          
        

    

  


  

      

          @spec put(t(), String.t(), term()) :: t()


      


The same observation with one key set, which is how a transform writes.

  



  
    
      
    
    
      rgba(observation)



        
          
        

    

  


  

      

          @spec rgba(t()) :: rgba_rows()


      


The patch, as rows of [r, g, b, a].

  


        

      


  

    
Monty.Random.Numpy 
    



      
NumPy's RandomState, as far as Monty draws from it.
Monty's randomness is numpy.random.RandomState, and a number that is not
NumPy's is a different experiment rather than a different implementation of the
same one: the salience module dithers its scores with rng.normal and the
agent turns towards whichever point the dither leaves in front of it, so the
first action of an episode — and with it every later one — is a function of
these numbers. Hence a port of the generator itself, not of its statistics.
Ported: MT19937 seeded as NumPy seeds it (init_genrand, which is what
RandomState(seed) does for a seed below 2³²), numpy's random_sample
(rk_double, two 32-bit words per double), and normal (rk_gauss: Marsaglia's
polar method keeping NumPy's cached second value, which is part of its state and
survives between calls — including between calls of odd length, where the spare
is what the next call returns).
Not ported: bounded integers and choice. Monty uses those on the world side
only (environment.py), where its own code runs — see
scripts/monty_simulator_peer.py — so a copy here would be a second answer to
a question this side never asks.
State is a value, so a caller threads it:
{f, state} = Numpy.random_sample(Numpy.new(42))
which is what lets a stream be part of a struct or a fold without a process.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(seed)

      


        The generator numpy.random.RandomState(seed) is, at its first draw.



    


    
      
        normal(state, loc, scale)

      


        A normal draw: numpy's normal(loc, scale, size=1).



    


    
      
        normals(state, count, loc, scale)

      


        count normal draws: numpy's normal(loc, scale, size=count).



    


    
      
        random_sample(state)

      


        A float drawn uniformly from [0, 1): numpy's random_sample, and rand.



    


    
      
        uniform(state, low, high)

      


        A float drawn uniformly from [low, high): numpy's uniform.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Random.Numpy{
  gauss: float(),
  has_gauss: boolean(),
  key: tuple(),
  pos: non_neg_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(seed)



        
          
        

    

  


  

      

          @spec new(non_neg_integer()) :: t()


      


The generator numpy.random.RandomState(seed) is, at its first draw.
NumPy refuses a seed it cannot seed a Mersenne Twister with in one word, and so
does this: Monty's episode seeds are already below 2³²
(Monty.Frameworks.Experiments.Seed), and a larger one would silently be a
different stream.

  



  
    
      
    
    
      normal(state, loc, scale)



        
          
        

    

  


  

      

          @spec normal(t(), float(), float()) :: {float(), t()}


      


A normal draw: numpy's normal(loc, scale, size=1).
The second value of each polar pair is kept in the state, as NumPy keeps it, so
a caller drawing one at a time gets numpy's numbers and not half of them.

  



  
    
      
    
    
      normals(state, count, loc, scale)



        
          
        

    

  


  

      

          @spec normals(t(), non_neg_integer(), float(), float()) :: {[float()], t()}


      


count normal draws: numpy's normal(loc, scale, size=count).

  



  
    
      
    
    
      random_sample(state)



        
          
        

    

  


  

      

          @spec random_sample(t()) :: {float(), t()}


      


A float drawn uniformly from [0, 1): numpy's random_sample, and rand.

  



  
    
      
    
    
      uniform(state, low, high)



        
          
        

    

  


  

      

          @spec uniform(t(), float(), float()) :: {float(), t()}


      


A float drawn uniformly from [low, high): numpy's uniform.

  


        

      


  

    
Monty.Random.Stream 
    



      
The one random stream an episode draws from.
Monty threads a single mutable numpy.random.RandomState through every module
(ctx.rng), so what a module draws depends on how many draws the modules
before it made. That object is shared and mutable, which is why it is a process
here: one per model, holding a Monty.Random.Numpy state, reseeded when the
episode's seed changes.
Reached through Monty.Context.rng, a module draws in the order it is stepped.
That order is Monty's — sensor modules, then learning modules' goals, then the
motor system — and it is why the coordinator steps its sensor modules one at a
time: a barrier would decide which module drew first by which call arrived
first, and the numbers would follow the scheduler.
A draw is a call, so this is the one place in a step where a module is not a
pure function of its inputs; what it stays is a function of the episode, and
two runs of the same episode draw the same numbers in the same order.
Every call here waits as long as it takes. A step is computation-bound and the
rest of the runtime already says so (:infinity on every server call); a draw
was the one thing left on the default five seconds, so a step that queued
behind a long one — or a suite running sixteen cases at once behind one stream
— died of a timeout rather than finishing. A draw is not a health check: if the
stream is slow, the step is slow.

      


      
        Summary


  
    Types
  


    
      
        server()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        normal(server, loc, scale)

      


        One normal draw: Monty's ctx.rng.normal(loc=..., scale=...).



    


    
      
        normals(server, count, loc, scale)

      


        count normal draws: Monty's ctx.rng.normal(loc=..., scale=..., size=count).



    


    
      
        random(server)

      


        A float drawn uniformly from [0, 1): Monty's ctx.rng.uniform().



    


    
      
        reseed(server, seed)

      


        Starts the episode seed names, discarding the one before it.



    


    
      
        start_link(options)

      


        Starts the stream a model's episodes draw from.



    


    
      
        state(server)

      


        The stream's own state, for a test that has to say where it is.



    


    
      
        uniform(server, low, high)

      


        A float drawn uniformly from [low, high): Monty's ctx.rng.uniform(a, b).



    


    
      
        via(model_id)

      


        A :via name for a model's stream.



    





      


      
        Types


        


  
    
      
    
    
      server()



        
          
        

    

  


  

      

          @type server() :: GenServer.server()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      normal(server, loc, scale)



        
          
        

    

  


  

      

          @spec normal(server(), float(), float()) :: float()


      


One normal draw: Monty's ctx.rng.normal(loc=..., scale=...).

  



  
    
      
    
    
      normals(server, count, loc, scale)



        
          
        

    

  


  

      

          @spec normals(server(), non_neg_integer(), float(), float()) :: [float()]


      


count normal draws: Monty's ctx.rng.normal(loc=..., scale=..., size=count).

  



  
    
      
    
    
      random(server)



        
          
        

    

  


  

      

          @spec random(server()) :: float()


      


A float drawn uniformly from [0, 1): Monty's ctx.rng.uniform().

  



  
    
      
    
    
      reseed(server, seed)



        
          
        

    

  


  

      

          @spec reseed(server(), non_neg_integer()) :: :ok


      


Starts the episode seed names, discarding the one before it.

  



  
    
      
    
    
      start_link(options)



        
          
        

    

  


  

      

          @spec start_link(%{model_id: atom() | String.t(), seed: non_neg_integer()}) ::
  GenServer.on_start()


      


Starts the stream a model's episodes draw from.

  



  
    
      
    
    
      state(server)



        
          
        

    

  


  

      

          @spec state(server()) :: Monty.Random.Numpy.t()


      


The stream's own state, for a test that has to say where it is.

  



  
    
      
    
    
      uniform(server, low, high)



        
          
        

    

  


  

      

          @spec uniform(server(), float(), float()) :: float()


      


A float drawn uniformly from [low, high): Monty's ctx.rng.uniform(a, b).

  



  
    
      
    
    
      via(model_id)



        
          
        

    

  


  

      

          @spec via(atom() | String.t()) :: {:via, module(), {atom(), term()}}


      


A :via name for a model's stream.

  


        

      


  

    
Monty.Runtime 
    



      
What the runtime asks about a set of percepts.
Mirrors tbp/monty/runtime.py, which is a module of small questions rather
than a class — Monty puts them here so that every part of the system agrees on
what a step contained. The processes that run a model live in
Monty.Runtime.*; this module answers questions about the data they carry.

      


      
        Summary


  
    Functions
  


    
      
        location_only_step?(percepts)

      


        Whether no sensor module percept carries features this step.



    





      


      
        Functions


        


  
    
      
    
    
      location_only_step?(percepts)



        
          
        

    

  


  

      

          @spec location_only_step?([Monty.Cmp.Message.t()]) :: boolean()


      


Whether no sensor module percept carries features this step.
Such a step is the sensor moving across the object without looking at it: the
sensor's position changed, so every hypothesis must move with it, but nothing
new was observed, so there is nothing to match or to learn. A learning module
uses this to displace without updating evidence.
A step with no sensor module percepts at all counts as location-only, because
the question is "did any sensor bring something to match", and none did.
Monty's is_location_only_step; is_ is reserved for guards in Elixir, so
the predicate ends in ? instead.

  


        

      


  

    
Monty.Runtime.Barrier 
    



      
One phase of a step: ask every module the same kind of question, and wait.
Monty's step is a sequence of barriers — all percepts, then all learning
module steps, then all votes — so the barrier is the unit of concurrency
here. Callers pass a list of {id, fun} pairs, where fun makes one call
through a module server's public API; the barrier does not know about
GenServers, mailboxes or payload shapes.
Every request starts before any of them is awaited, so a module that is slow
does not hold up the modules behind it — that is Monty's round. Replies come
back keyed by id, and a request that misses its deadline is reported rather
than waited for, which is what makes an opportunistic vote round possible.
Each request runs in a process of its own, because a deadline needs one: a
call that will not come back has to be killed, and only its own process can
be. That process is the whole mechanism — spawned, monitored, and then its
reply or its death is received. Task.async_stream/3 does the same work
through a stream, a monitor per element and a :kill_task path, and measured
against it on this machine (paired, step by step, both under the same load)
the round below is the cheaper of the two; a step is four rounds and a run is
thousands of steps, so the round is worth keeping small.
A round of one request with no deadline has nothing to kill and no
concurrency to lose, so it runs the request where it was called. The process
is otherwise pure cost: spawn_monitor copies the request's environment into
the new one, and a request closure usually is the payload — a sensor request
closes over the observations, 3.2 MB a step. Measured here, seven spawns
carrying a 400 000-word term cost 83 ms against 32 µs carrying nothing, and
that copy was half of a model step's time, for a deadline the model never sets
(call_timeout: :infinity, Monty.Studio.Setup). A round of several requests
keeps a process each, deadline or none, because starting together is the
round's point; the payload is what to make cheap there.

      


      
        Summary


  
    Types
  


    
      
        id()

      


    


    
      
        request()

      


    


    
      
        result()

      


    





  
    Functions
  


    
      
        run(requests, timeout)

      


        Runs each request, all of them at once, and collects the answers.



    





      


      
        Types


        


  
    
      
    
    
      id()



        
          
        

    

  


  

      

          @type id() :: atom() | String.t()


      



  



  
    
      
    
    
      request()



        
          
        

    

  


  

      

          @type request() :: {id(), (-> term())}


      



  



  
    
      
    
    
      result()



        
          
        

    

  


  

      

          @type result() :: %{replies: %{optional(id()) => term()}, timed_out: [id()]}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      run(requests, timeout)



        
          
        

    

  


  

      

          @spec run([request()], timeout()) :: result()


      


Runs each request, all of them at once, and collects the answers.
A module that is unavailable — no process under its name, or one that is
shutting down — is reported as timed out rather than taking the round with
it, and a request that runs past the deadline is killed the same way. A
request that raises is not swallowed: the round exits with the request's
reason, so a bug in a module is a bug and not a module that answered nothing.

  


        

      


  

    
Monty.Runtime.Episode 
    



      
One episode: a model stepped against an environment until it concludes.
The loop is MontyExperiment.run_episode_steps, which this port also has as
Monty.Frameworks.Experiments.MontyExperiment.run_episode_steps/2 — that is
the one a studio run goes through, because a studio run also has a caller who
may stop it and steps whose reports are recorded. This module is the same loop
for a caller that has neither, and it answers a different question: it reports
done? and timed_out? separately, so a test or a probe can say which ending
an episode got, rather than only that it ended.
What the loop does, without the experiment's data loading, epochs and loggers
— those belong to whatever is running episodes, and this module is what is left
when they are taken away:
	clear the model's short-term memory and tell it whether the episode trains
or evaluates;
	step the environment and the model until the model says it is done, or
until the step limit the experiment allows;
	hand a training episode to long-term memory.

The environment
An episode takes a function from the actions of the previous step to
{observations, proprioceptive_state} — Monty's Interface.step/1. That is
all the model needs of a world, so a recorded stream of observations, a
simulator, and a Python environment behind a port are all the same thing here.
Why the step limit is a policy
Monty's experiment does not stop an episode by counting steps; it asks a
recognition policy (MaxTotalSteps, MinEvalMaxTotalSteps,
ObjectRecognition, and AnyPolicy over them), and the policy also decides
whether undecided modules should be timed out and whether the episode should
start exploring. So this loop asks the same question, through the same
policies: :max_steps is sugar for MaxTotalSteps, and :policy takes any
of them.

      


      
        Summary


  
    Types
  


    
      
        environment()

      


    


    
      
        mode()

      


    


    
      
        result()

      


    





  
    Functions
  


    
      
        run(model_id, environment, options \\ [])

      


        Runs one episode of model_id against environment.



    





      


      
        Types


        


  
    
      
    
    
      environment()



        
          
        

    

  


  

      

          @type environment() :: ([map()] -> {map(), map()})


      



  



  
    
      
    
    
      mode()



        
          
        

    

  


  

      

          @type mode() :: Monty.Frameworks.Models.AbstractMontyClasses.LearningModule.mode()


      



  



  
    
      
    
    
      result()



        
          
        

    

  


  

      

          @type result() :: %{
  steps: non_neg_integer(),
  done?: boolean(),
  timed_out?: boolean(),
  terminal_states: %{
    optional(atom()) => Monty.Runtime.Step.State.terminal_state()
  },
  infos: [map()]
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      run(model_id, environment, options \\ [])



        
          
        

    

  


  

      

          @spec run(atom() | String.t(), environment(), keyword()) :: result()


      


Runs one episode of model_id against environment.
Options:
	:mode — :train or :eval; training writes to memory at the end;
	:policy — a recognition policy, as {module, state}; defaults to
MaxTotalSteps over :max_steps;
	:max_steps — how many steps the episode may take before it is timed out;
	:seed — the episode's seed, carried in the context.

A time-out is not a failure: it is the experiment giving up on an episode, and
the model is told so, so its columns are not left open.

  


        

      


  

    
Monty.Runtime.LearningModuleServer 
    



      
One learning module, one process — a cortical column with a mailbox.
The process is deliberately thin: matching_step, send_out_vote,
receive_votes and the rest are callbacks on a pure module
(Monty.Frameworks.Models.AbstractMontyClasses.LearningModule), and the
order in which they are called belongs to Monty.Runtime.Step, not here.
Keeping the algorithm out of the GenServer is what makes the column
testable twice over: directly as a function, and through the process for the
things only a process has — isolation, restart, mailbox ordering.
The client API below is the only way in, so call sites read as
LearningModuleServer.matching_step(server, percepts, ctx) and every entry
point carries a typespec.

      


      
        Summary


  
    Types
  


    
      
        id()

      


    


    
      
        percepts()

      


    


    
      
        server()

      


    


    
      
        spec()

      


    


    
      
        vote()

      


    





  
    Functions
  


    
      
        add_lm_processing_to_buffer_stats(server, processed)

      


        Records whether this step's observation reached the module.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        clear_buffers(server)

      


        Drops what the module accumulated, keeping what it learned.



    


    
      
        clear_conclusion(server)

      


        Forgets what the module concluded, keeping what it believes.



    


    
      
        clear_hypotheses(server)

      


        Drops the hypotheses of a module the experiment does not supervise.



    


    
      
        exploratory_step(server, percepts, ctx)

      


    


    
      
        fixme_update_ground_truth(server)

      


        Records which objects the graph a training episode built came from.



    


    
      
        get_output(server)

      


        The module's top-down output, or nil.



    


    
      
        graph_memory(server)

      


        The long-term memory this module holds, or :none.



    


    
      
        matching_step(server, percepts, ctx)

      


    


    
      
        observation_processed?(server)

      


        Whether the last buffered observation was one this module processed.



    


    
      
        propose_goals(server)

      


    


    
      
        propose_region(server)

      


    


    
      
        query(server, projection)

      


        Asks the module a question about its state, and answers only the answer.



    


    
      
        receive_votes(server, votes)

      


    


    
      
        reset_stm(server)

      


    


    
      
        send_out_vote(server)

      


        Sends what this module believes, for the vote round to combine.



    


    
      
        set_experiment_mode(server, mode)

      


        Tells the module whether this episode trains or evaluates.



    


    
      
        set_primary_target(server, primary_target)

      


        Names this episode's object without emptying the module's history.



    


    
      
        set_stepwise_target(server, label)

      


        Records which object the module's sensor is on this step.



    


    
      
        set_target(server, primary_target)

      


        Names the object this episode is about, as the experiment knows it.



    


    
      
        set_terminal_state(server, terminal_state)

      


        Times the module out without asking it to reconsider.



    


    
      
        start_link(spec)

      


    


    
      
        state(server)

      


        The module's own state, for tests and the run inspector.



    


    
      
        supervise(server, target, location_on_model)

      


        Monty's _pass_target_info_to_model: the conclusion an experiment states.



    


    
      
        update_ltm_from_stm(server)

      


        Folds the episode into long-term memory, if it was a training episode.



    


    
      
        update_stats_after_vote(server)

      


        Settles what the vote round left this module believing.



    


    
      
        update_terminal_condition(server)

      


        Checks the module's terminal condition and replies with what it concluded.



    





      


      
        Types


        


  
    
      
    
    
      id()



        
          
        

    

  


  

      

          @type id() :: atom() | String.t()


      



  



  
    
      
    
    
      percepts()



        
          
        

    

  


  

      

          @type percepts() :: [Monty.Cmp.Message.t()]


      



  



  
    
      
    
    
      server()



        
          
        

    

  


  

      

          @type server() :: GenServer.server()


      



  



  
    
      
    
    
      spec()



        
          
        

    

  


  

      

          @type spec() :: %{id: id(), model_id: id(), module: module(), state: term()}


      



  



  
    
      
    
    
      vote()



        
          
        

    

  


  

      

          @type vote() :: term()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      add_lm_processing_to_buffer_stats(server, processed)



        
          
        

    

  


  

      

          @spec add_lm_processing_to_buffer_stats(server(), boolean()) :: :ok


      


Records whether this step's observation reached the module.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      clear_buffers(server)



        
          
        

    

  


  

      

          @spec clear_buffers(server()) :: :ok


      


Drops what the module accumulated, keeping what it learned.
What a run without episode boundaries asks of its modules when the object
under the sensor changes: Monty's _reset_modules_buffers.

  



  
    
      
    
    
      clear_conclusion(server)



        
          
        

    

  


  

      

          @spec clear_conclusion(server()) :: :ok


      


Forgets what the module concluded, keeping what it believes.

  



  
    
      
    
    
      clear_hypotheses(server)



        
          
        

    

  


  

      

          @spec clear_hypotheses(server()) :: :ok


      


Drops the hypotheses of a module the experiment does not supervise.

  



  
    
      
    
    
      exploratory_step(server, percepts, ctx)



        
          
        

    

  


  

      

          @spec exploratory_step(server(), percepts(), Monty.Context.t()) :: :ok


      



  



  
    
      
    
    
      fixme_update_ground_truth(server)



        
          
        

    

  


  

      

          @spec fixme_update_ground_truth(server()) :: :ok


      


Records which objects the graph a training episode built came from.

  



  
    
      
    
    
      get_output(server)



        
          
        

    

  


  

      

          @spec get_output(server()) :: Monty.Cmp.Message.t() | nil


      


The module's top-down output, or nil.
Read at the start of a step; the coordinator decides whether it is
delivered (the receiver must also have seen a sensor percept).

  



  
    
      
    
    
      graph_memory(server)



        
          
        

    

  


  

      

          @spec graph_memory(server()) ::
  Monty.Frameworks.Models.GraphMatching.GraphMemory.t() | :none


      


The long-term memory this module holds, or :none.
A training episode's memory is handed to the next one, and the module is what
holds it — asked here rather than read off the state, because only the module
knows where in its state the memory is.

  



  
    
      
    
    
      matching_step(server, percepts, ctx)



        
          
        

    

  


  

      

          @spec matching_step(server(), percepts(), Monty.Context.t()) :: :ok


      



  



  
    
      
    
    
      observation_processed?(server)



        
          
        

    

  


  

      

          @spec observation_processed?(server()) :: boolean()


      


Whether the last buffered observation was one this module processed.

  



  
    
      
    
    
      propose_goals(server)



        
          
        

    

  


  

      

          @spec propose_goals(server()) :: [Monty.Cmp.Goal.t()]


      



  



  
    
      
    
    
      propose_region(server)



        
          
        

    

  


  

      

          @spec propose_region(server()) :: Monty.Cmp.AttentionRegion.t()


      



  



  
    
      
    
    
      query(server, projection)



        
          
        

    

  


  

      

          @spec query(server(), (term() -> answer)) :: answer when answer: var


      


Asks the module a question about its state, and answers only the answer.
projection runs inside the process that owns the state, so a caller that
wants four numbers out of a module holding ten object models asks for those
four numbers instead of copying the models across to read them. Copying is
not free: the graph memory of a pretrained ten-object module is tens of
megabytes, and a page that refreshes every step was paying for it per step.
The projection must not change the state — this is a read, and the module is
left exactly as it was.

  



  
    
      
    
    
      receive_votes(server, votes)



        
          
        

    

  


  

      

          @spec receive_votes(server(), [vote()]) :: :ok


      



  



  
    
      
    
    
      reset_stm(server)



        
          
        

    

  


  

      

          @spec reset_stm(server()) :: :ok


      



  



  
    
      
    
    
      send_out_vote(server)



        
          
        

    

  


  

      

          @spec send_out_vote(server()) :: vote()


      


Sends what this module believes, for the vote round to combine.

  



  
    
      
    
    
      set_experiment_mode(server, mode)



        
          
        

    

  


  

      

          @spec set_experiment_mode(server(), term()) :: :ok


      


Tells the module whether this episode trains or evaluates.

  



  
    
      
    
    
      set_primary_target(server, primary_target)



        
          
        

    

  


  

      

          @spec set_primary_target(server(), map() | nil) :: :ok


      


Names this episode's object without emptying the module's history.

  



  
    
      
    
    
      set_stepwise_target(server, label)



        
          
        

    

  


  

      

          @spec set_stepwise_target(server(), String.t()) :: :ok


      


Records which object the module's sensor is on this step.

  



  
    
      
    
    
      set_target(server, primary_target)



        
          
        

    

  


  

      

          @spec set_target(server(), map() | nil) :: :ok


      


Names the object this episode is about, as the experiment knows it.

  



  
    
      
    
    
      set_terminal_state(server, terminal_state)



        
          
        

    

  


  

      

          @spec set_terminal_state(server(), term()) :: :ok


      


Times the module out without asking it to reconsider.

  



  
    
      
    
    
      start_link(spec)



        
          
        

    

  


  

      

          @spec start_link(spec()) :: GenServer.on_start()


      



  



  
    
      
    
    
      state(server)



        
          
        

    

  


  

      

          @spec state(server()) :: term()


      


The module's own state, for tests and the run inspector.

  



  
    
      
    
    
      supervise(server, target, location_on_model)



        
          
        

    

  


  

      

          @spec supervise(server(), map(), [number()]) :: :ok


      


Monty's _pass_target_info_to_model: the conclusion an experiment states.
A pretraining experiment does not match; it knows what it showed the agent.
location_on_model is where the object stood the first time this experiment
showed it, so a graph stays where it was learned.

  



  
    
      
    
    
      update_ltm_from_stm(server)



        
          
        

    

  


  

      

          @spec update_ltm_from_stm(server()) :: :ok


      


Folds the episode into long-term memory, if it was a training episode.

  



  
    
      
    
    
      update_stats_after_vote(server)



        
          
        

    

  


  

      

          @spec update_stats_after_vote(server()) :: :ok


      


Settles what the vote round left this module believing.
Monty's update_stats_after_vote, asked of every module after a round — the
module that heard nothing is exactly the one that can have nothing possible.

  



  
    
      
    
    
      update_terminal_condition(server)



        
          
        

    

  


  

      

          @spec update_terminal_condition(server()) :: term()


      


Checks the module's terminal condition and replies with what it concluded.

  


        

      


  

    
Monty.Runtime.Model 
    



      
One running Monty model: its modules as supervised processes, and the step
coordinator.
The supervision tree is the wiring. Sensor and learning modules are children
with restart: :permanent, the coordinator is last, and the strategy is
:one_for_one — a module that dies is replaced while the coordinator keeps
its step count, because it addresses modules by registered name rather than
by pid. The episode's random stream (Monty.Random.Stream) is a child too:
it outlives a step and a module, and dies with the model.
start_link/1 takes the model id plus the module specs:
Monty.Runtime.Model.start_link(%{
  model_id: :demo,
  sensor_modules: [%{id: :patch, agent_id: "agent_id_0", module: SomeSM, state: SomeSM.new()}],
  learning_modules: [%{id: :lm_0, module: SomeLM, state: SomeLM.new()}],
  sm_to_lm: %{lm_0: [:patch]},
  motor: {SomeMotor, SomeMotor.new()}
})
Steps are driven from outside (step/4) because the environment owns the
clock; a LiveView, an Oban job or a test decides when the next step happens.

      


      
        Summary


  
    Types
  


    
      
        options()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        detailed(model_id, projection \\ & &1)

      


        The modules' own states as they stand, for a logger writing an episode in full.



    


    
      
        done?(model_id)

      


        Whether the model has concluded this episode.



    


    
      
        fixme_set_ground_truth(model_id, primary_target, opts \\ [])

      


        Tells every module which object this episode is about.



    


    
      
        reset_episode(model_id)

      


        Clears short-term memory for a new episode, keeping long-term memory.



    


    
      
        set_experiment_mode(model_id, mode)

      


        Tells the model and its modules whether this episode trains or evaluates.



    


    
      
        start_link(options)

      


    


    
      
        state(model_id)

      


        The coordinator's state, for tests and the run inspector.



    


    
      
        status(model_id)

      


        The four things a recognition policy may read off the model.



    


    
      
        step(model_id, observations, proprioceptive_state, ctx)

      


        Runs one step of a model by id.



    


    
      
        stop(model_id)

      


        Stops a model started under the application's ModelSupervisor.



    


    
      
        supervise(model_id, target, location_on_model, supervised_ids)

      


        Tells the modules the episode's answer, as a supervised experiment knows it.



    


    
      
        switch_to_exploratory_step(model_id)

      


        Switches the model into exploratory mode.



    


    
      
        time_out(model_id)

      


        Ends the episode without a conclusion.



    


    
      
        update_ltm(model_id)

      


        Hands what the episode saw to long-term memory.



    


    
      
        via(model_id)

      


        A :via name for a model's supervisor.



    





      


      
        Types


        


  
    
      
    
    
      options()



        
          
        

    

  


  

      

          @type options() :: map()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



    

  
    
      
    
    
      detailed(model_id, projection \\ & &1)



        
          
        

    

  


  

      

          @spec detailed(atom() | String.t(), (term() -> term())) ::
  Monty.Runtime.Step.detailed()


      


The modules' own states as they stand, for a logger writing an episode in full.
Monty's loggers read their modules straight off the model; here the modules are
processes, so this is the model being asked for all of them at once. See
Monty.Runtime.Step.detailed/2 for why the caller brings a projection.

  



  
    
      
    
    
      done?(model_id)



        
          
        

    

  


  

      

          @spec done?(atom() | String.t()) :: boolean()


      


Whether the model has concluded this episode.

  



    

  
    
      
    
    
      fixme_set_ground_truth(model_id, primary_target, opts \\ [])



        
          
        

    

  


  

      

          @spec fixme_set_ground_truth(atom() | String.t(), map() | nil, keyword()) :: :ok


      


Tells every module which object this episode is about.

  



  
    
      
    
    
      reset_episode(model_id)



        
          
        

    

  


  

      

          @spec reset_episode(atom() | String.t()) :: :ok


      


Clears short-term memory for a new episode, keeping long-term memory.

  



  
    
      
    
    
      set_experiment_mode(model_id, mode)



        
          
        

    

  


  

      

          @spec set_experiment_mode(
  atom() | String.t(),
  Monty.Frameworks.Models.AbstractMontyClasses.LearningModule.mode()
) :: :ok


      


Tells the model and its modules whether this episode trains or evaluates.

  



  
    
      
    
    
      start_link(options)



        
          
        

    

  


  

      

          @spec start_link(options()) :: Supervisor.on_start()


      



  



  
    
      
    
    
      state(model_id)



        
          
        

    

  


  

      

          @spec state(atom() | String.t()) :: Monty.Runtime.Step.State.t()


      


The coordinator's state, for tests and the run inspector.

  



  
    
      
    
    
      status(model_id)



        
          
        

    

  


  

      

          @spec status(atom() | String.t()) :: Monty.Experiment.RecognitionStrategy.model()


      


The four things a recognition policy may read off the model.

  



  
    
      
    
    
      step(model_id, observations, proprioceptive_state, ctx)



        
          
        

    

  


  

      

          @spec step(atom() | String.t(), map(), map(), Monty.Context.t()) ::
  {:ok, [map()], map()}


      


Runs one step of a model by id.
A coordinator that dies takes the step with it, and GenServer.call hands the
caller an exit whose reason is the exception the step was running. That exit is
unwrapped here, so the caller sees the exception the step died of — with the
step's own traceback, where the failing module's frame is — rather than "a
process exited", which is all a page could say about it otherwise
(Monty.Studio.Failure).
Anything else a call can be handed stays an exit: a model that is not running
is nobody's exception.

  



  
    
      
    
    
      stop(model_id)



        
          
        

    

  


  

      

          @spec stop(atom() | String.t()) :: :ok | {:error, :not_found}


      


Stops a model started under the application's ModelSupervisor.
A model is stopped by terminating its supervisor; the children go with it, so
no module process outlives the run it belonged to.

  



  
    
      
    
    
      supervise(model_id, target, location_on_model, supervised_ids)



        
          
        

    

  


  

      

          @spec supervise(atom() | String.t(), map(), [number()], [String.t()]) :: :ok


      


Tells the modules the episode's answer, as a supervised experiment knows it.
Monty's _pass_target_info_to_model: the modules the experiment names are
given the object, its pose and where it stood; every other module's hypotheses
are dropped, because what it guessed is not something to learn from.

  



  
    
      
    
    
      switch_to_exploratory_step(model_id)



        
          
        

    

  


  

      

          @spec switch_to_exploratory_step(atom() | String.t()) :: :ok


      


Switches the model into exploratory mode.

  



  
    
      
    
    
      time_out(model_id)



        
          
        

    

  


  

      

          @spec time_out(atom() | String.t()) :: :ok


      


Ends the episode without a conclusion.

  



  
    
      
    
    
      update_ltm(model_id)



        
          
        

    

  


  

      

          @spec update_ltm(atom() | String.t()) :: :ok


      


Hands what the episode saw to long-term memory.

  



  
    
      
    
    
      via(model_id)



        
          
        

    

  


  

      

          @spec via(atom() | String.t()) :: {:via, module(), {atom(), term()}}


      


A :via name for a model's supervisor.

  


        

      


  

    
Monty.Runtime.Positioning 
    



      
Puts the agent in front of the object before an episode's first step.
Mirrors the positioning half of ExperimentEnvironment.pre_episode in
tbp/monty/experiment/environment.py: for each configured procedure, build it
for the episode's target object, ask the world what is visible, and keep
stepping the world with the actions the procedure answers until it is finished.
Only the last procedure's verdict is kept — Monty's rule, because the
procedures are a pipeline (walk towards the object, then aim at it), not
alternatives.
Pure, like the rest of the port
Monty's loop mutates the environment and the procedure as it goes. Here the
world is threaded through explicitly — observe.(world, actions) answers the
observation, the agent's pose and the next world — and so is the procedure,
so a caller can watch the whole prologue happen without a process.
What a failed positioning means
Monty raises when a single-object scene never gets the centre pixel onto the
target: the episode was set up wrong, and a run that starts anyway measures
nothing. This answers an error, so a job can report it rather than crash a
supervisor.
The step limit is the port's
Monty's loop has no bound, and a procedure that never finishes hangs the
experiment. This one stops after :max_steps — Monty's own procedures finish in
a few dozen steps — and says so. The bound only fires where Monty would hang.

      


      
        Summary


  
    Types
  


    
      
        observe()

      


        A world and actions in; the observation, the agent's pose and the next world out.



    


    
      
        outcome()

      


        What positioning did: whether the last procedure ended in a good view, and how
many steps it took.



    





  
    Functions
  


    
      
        prepare(factories, target_semantic_id, world, observe, options \\ [])

      


        Steps world until every procedure has finished.



    





      


      
        Types


        


  
    
      
    
    
      observe()



        
          
        

    

  


  

      

          @type observe() :: (term(), [Monty.Frameworks.Actions.Action.t()] ->
                {map(), map(), term()})


      


A world and actions in; the observation, the agent's pose and the next world out.

  



  
    
      
    
    
      outcome()



        
          
        

    

  


  

      

          @type outcome() :: %{
  steps: non_neg_integer() | nil,
  success: boolean(),
  procedures: [String.t() | atom()]
}


      


What positioning did: whether the last procedure ended in a good view, and how
many steps it took.
steps is nil when the world positioned the episode itself and did not
report how much it moved — a world that ran Monty's pre_episode did the work,
and inventing a number for it here would be worse than saying nothing.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      prepare(factories, target_semantic_id, world, observe, options \\ [])



        
          
        

    

  


  

      

          @spec prepare(
  [Monty.Frameworks.Environments.PositioningProcedures.GetGoodViewFactory.t()],
  integer(),
  term(),
  observe(),
  keyword()
) :: {:ok, term(), outcome()} | {:error, term()}


      


Steps world until every procedure has finished.
Options:
	:distractors — how many other objects the scene has. A single-object scene
the procedure never reaches the target in is an error; a cluttered one only
needs the procedure to give up.
	:max_steps — the bound described in the moduledoc.

No procedures is Monty's "positioning is not configured": the world comes back
untouched and nothing is stepped.

  


        

      


  

    
Monty.Runtime.Registry 
    



      
Names for module processes.
Every sensor and learning module registers a stable key
({:sensor_module, model_id, id}, {:learning_module, model_id, id}), and
the coordinator addresses it with a :via tuple. A restart changes the pid
but not the name, so nothing in the step loop has to be rewritten when a
module dies. The model id in the key lets several runs share one registry
without inventing an atom per run.

      


      
        Summary


  
    Functions
  


    
      
        lookup(key)

      


        The processes registered under a key.



    


    
      
        registry()

      


        The application-wide registry module processes register in.



    


    
      
        via(key)

      


        A :via name for a key.



    





      


      
        Functions


        


  
    
      
    
    
      lookup(key)



        
          
        

    

  


  

      

          @spec lookup(term()) :: [{pid(), term()}]


      


The processes registered under a key.

  



  
    
      
    
    
      registry()



        
          
        

    

  


  

      

          @spec registry() :: atom()


      


The application-wide registry module processes register in.

  



  
    
      
    
    
      via(key)



        
          
        

    

  


  

      

          @spec via(term()) :: {:via, Registry, {atom(), term()}}


      


A :via name for a key.

  


        

      


  

    
Monty.Runtime.SensorModuleServer 
    



      
One sensor module, one process.
The process holds the module's state and nothing else: every decision is a
callback on the pure module (Monty.Frameworks.Models.AbstractMontyClasses.SensorModule).
That split is what lets a sensor module be tested with a plain function call
and still be supervised, restarted and inspected at runtime.
The client API below is the only way in. It is deliberately separate from
the callbacks, so call sites read as SensorModuleServer.step(server, ...)
rather than as raw GenServer messages, and every entry point carries a
typespec. The server registers itself in Monty.Runtime.Registry under
{:sensor_module, model_id, id}: after a restart the name points at the new
process and no stored pid goes stale.

      


      
        Summary


  
    Types
  


    
      
        id()

      


    


    
      
        server()

      


    


    
      
        spec()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        clear_buffers(server)

      


        Drops the observations this sensor kept, keeping what it has learnt.



    


    
      
        propose_goals(server)

      


    


    
      
        propose_region(server)

      


    


    
      
        reset(server)

      


    


    
      
        start_link(spec)

      


    


    
      
        state(server)

      


        The module's own state, for tests and the run inspector.



    


    
      
        step(server, observation, agent_state, ctx, motor_only? \\ false)

      


        Records the sensor's pose and turns one observation into a percept.



    





      


      
        Types


        


  
    
      
    
    
      id()



        
          
        

    

  


  

      

          @type id() :: atom() | String.t()


      



  



  
    
      
    
    
      server()



        
          
        

    

  


  

      

          @type server() :: GenServer.server()


      



  



  
    
      
    
    
      spec()



        
          
        

    

  


  

      

          @type spec() :: %{id: id(), model_id: id(), module: module(), state: term()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      clear_buffers(server)



        
          
        

    

  


  

      

          @spec clear_buffers(server()) :: :ok


      


Drops the observations this sensor kept, keeping what it has learnt.
What a run without episode boundaries asks when the object under the sensor
changes: Monty's _reset_modules_buffers.

  



  
    
      
    
    
      propose_goals(server)



        
          
        

    

  


  

      

          @spec propose_goals(server()) :: [Monty.Cmp.Goal.t()]


      



  



  
    
      
    
    
      propose_region(server)



        
          
        

    

  


  

      

          @spec propose_region(server()) :: Monty.Cmp.AttentionRegion.t()


      



  



  
    
      
    
    
      reset(server)



        
          
        

    

  


  

      

          @spec reset(server()) :: :ok


      



  



  
    
      
    
    
      start_link(spec)



        
          
        

    

  


  

      

          @spec start_link(spec()) :: GenServer.on_start()


      



  



  
    
      
    
    
      state(server)



        
          
        

    

  


  

      

          @spec state(server()) :: term()


      


The module's own state, for tests and the run inspector.

  



    

  
    
      
    
    
      step(server, observation, agent_state, ctx, motor_only? \\ false)



        
          
        

    

  


  

      

          @spec step(server(), map(), map(), Monty.Context.t(), boolean()) ::
  Monty.Cmp.Message.t() | nil


      


Records the sensor's pose and turns one observation into a percept.
One round trip rather than two: update_state exists for the module's sake,
not for the caller's.

  


        

      


  

    
Monty.Runtime.Step 
    



      
The timestep coordinator: Monty's MontyBase.step as a sequence of barriers.
Everything that defines when a module is asked something lives here, in the
order Monty defines (aggregate_sensory_inputs → _step_learning_modules →
_vote → _pass_goals → _step_motor_system). The modules themselves are
processes (Monty.Runtime.SensorModuleServer,
Monty.Runtime.LearningModuleServer) with pure callbacks, so this module
reads as the algorithm and the modules stay testable on their own.
The coordinator talks to modules only through their public APIs, never
through raw GenServer messages. The wiring it needs between steps lives in
Monty.Runtime.Step.State, normalised once at start.
Rules inherited from Monty, and tested here rather than assumed:
	a learning module gets sensor percepts whose pass_message is true;
	it gets another learning module's output only if it also got a sensor
percept that step;
	every module sends a vote before any module receives one;
	the action chosen at step t belongs to step t+1;
	a module with no inputs is not stepped at all, and a step that left every
module with nothing to process is not counted as a matching or
exploratory step — which includes a step that handed a module a location
and no features.

The coordinator is also the model Monty's experiment talks to
(ExperimentMonty): it owns the experiment mode, the step type, the step
counters, the terminal states, and the decision to stop. MontyBase keeps
that on the model and lets the experiment read it; here the experiment asks
for it (done?/1) and tells it what to do (reset_episode/1,
set_experiment_mode/2, update_ltm/1), because the coordinator is the
process that holds it.

      


      
        Summary


  
    Types
  


    
      
        detailed()

      


        The model's modules as they stand now.



    


    
      
        info()

      


    


    
      
        model_id()

      


    


    
      
        server()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        detailed(server, projection \\ & &1)

      


        The modules' own states, and the motor system, for a detailed log.



    


    
      
        done?(server)

      


        Whether the model has concluded this episode.



    


    
      
        exec_learning_modules(state, fun)

      


        Runs fun against every learning module's server, for its side effect.



    


    
      
        exec_sensor_modules(state, fun)

      


        Runs fun against every sensor module's server, for its side effect.



    


    
      
        fixme_set_ground_truth(server, primary_target, opts \\ [])

      


        Tells every module which object this episode is about.



    


    
      
        put_semantic_id_to_label(state, opts)

      


        The world's map from a percept's semantic id to the object's name.



    


    
      
        reset_episode(server)

      


        Clears short-term memory for a new episode, keeping long-term memory.



    


    
      
        reset_episode_state(state)

      


        Monty's MontyBase.reset: the modules forget the episode they just had, the
motor system forgets where it was in its policy, and the counters and the
terminal states start again.



    


    
      
        restart_counters(state)

      


        One episode's numbers start again, and nothing else does.



    


    
      
        set_experiment_mode(server, mode)

      


        Tells the model and its modules whether this episode trains or evaluates.



    


    
      
        set_ground_truth_state(state, primary_target, opts)

      


        Monty's fixme_set_ground_truth: the object this episode is about, told to
every module, and the world's names for its semantic ids.



    


    
      
        start_link(options)

      


    


    
      
        state(server)

      


        The coordinator's state, for tests and the run inspector.



    


    
      
        status(server)

      


        The four things a recognition policy may read off the model.



    


    
      
        step(server, observations, proprioceptive_state, ctx)

      


        Runs one step and returns the actions for the next environment step.



    


    
      
        supervise(server, target, location_on_model, supervised_ids)

      


        Tells the modules the episode's answer, as a supervised experiment knows it.



    


    
      
        switch_to_exploratory_step(server)

      


        Switches the model into exploratory mode.



    


    
      
        time_out(server)

      


        Ends the episode without a conclusion.



    


    
      
        update_ltm(server)

      


        Hands what the episode saw to long-term memory.



    





      


      
        Types


        


  
    
      
    
    
      detailed()



        
          
        

    

  


  

      

          @type detailed() :: %{
  learning_modules: [
    %{id: Monty.Runtime.Step.State.id(), module: module(), state: term()}
  ],
  sensor_modules: [
    %{id: Monty.Runtime.Step.State.id(), module: module(), state: term()}
  ],
  motor: struct() | nil
}


      


The model's modules as they stand now.
Monty's logger reads model.learning_modules[i].buffer because its model holds
the modules; here the modules are processes, and the coordinator is what owns
their ids. So this is the coordinator asking each of them, once — which is the
one moment a run needs a module's whole state, at the end of an episode.

  



  
    
      
    
    
      info()



        
          
        

    

  


  

      

          @type info() :: %{
  step: non_neg_integer(),
  percept_ids: [atom()],
  inputs: %{optional(atom()) => non_neg_integer()},
  processed?: boolean(),
  votes: map(),
  goals: non_neg_integer(),
  actions: [map()],
  sensor_timeouts: [atom()],
  step_type: Monty.Runtime.Step.State.step_type(),
  terminal_states: %{
    optional(atom()) => Monty.Runtime.Step.State.terminal_state()
  },
  done?: boolean(),
  duration_us: non_neg_integer()
}


      



  



  
    
      
    
    
      model_id()



        
          
        

    

  


  

      

          @type model_id() :: atom() | String.t()


      



  



  
    
      
    
    
      server()



        
          
        

    

  


  

      

          @type server() :: GenServer.server()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



    

  
    
      
    
    
      detailed(server, projection \\ & &1)



        
          
        

    

  


  

      

          @spec detailed(server(), (term() -> term())) :: detailed()


      


The modules' own states, and the motor system, for a detailed log.
projection runs inside each module's own process, so a logger that reads one
number out of a module holding a whole hypothesis space asks for that number
instead of for the space. & &1 asks for the state itself: the DETAILED log
writes an episode in full and is the one caller that wants it, and it is the
one caller that pays for the copy.

  



  
    
      
    
    
      done?(server)



        
          
        

    

  


  

      

          @spec done?(server()) :: boolean()


      


Whether the model has concluded this episode.
Monty's model.is_done: set by the model when its match criterion is
satisfied, or by the experiment when it gives up on an episode.

  



  
    
      
    
    
      exec_learning_modules(state, fun)



        
          
        

    

  


  

      

          @spec exec_learning_modules(Monty.Runtime.Step.State.t(), (GenServer.server() ->
                                                       any())) ::
  Monty.Runtime.Step.State.t()


      


Runs fun against every learning module's server, for its side effect.

  



  
    
      
    
    
      exec_sensor_modules(state, fun)



        
          
        

    

  


  

      

          @spec exec_sensor_modules(Monty.Runtime.Step.State.t(), (GenServer.server() -> any())) ::
  Monty.Runtime.Step.State.t()


      


Runs fun against every sensor module's server, for its side effect.

  



    

  
    
      
    
    
      fixme_set_ground_truth(server, primary_target, opts \\ [])



        
          
        

    

  


  

      

          @spec fixme_set_ground_truth(server(), map() | nil, keyword()) :: :ok


      


Tells every module which object this episode is about.
Monty's MontyForGraphMatching.fixme_set_ground_truth: the experiment knows
it, the modules cannot work it out, and without it nothing the episode does can
be scored.

  



  
    
      
    
    
      put_semantic_id_to_label(state, opts)



        
          
        

    

  


  

      

          @spec put_semantic_id_to_label(Monty.Runtime.Step.State.t(), keyword()) ::
  Monty.Runtime.Step.State.t()


      


The world's map from a percept's semantic id to the object's name.
Only the experiment knows it, and it is what lets a step say which object was
under the patch rather than only that one was.

  



  
    
      
    
    
      reset_episode(server)



        
          
        

    

  


  

      

          @spec reset_episode(server()) :: :ok


      


Clears short-term memory for a new episode, keeping long-term memory.
Monty's model.reset/0: the modules forget the episode they just had, the
motor system forgets where it was in its policy, and the counters and
terminal states start again. The step type returns to matching — an episode
that starts by exploring is an experiment's choice, not a model's default.

  



  
    
      
    
    
      reset_episode_state(state)



        
          
        

    

  


  

      

          @spec reset_episode_state(Monty.Runtime.Step.State.t()) ::
  Monty.Runtime.Step.State.t()


      


Monty's MontyBase.reset: the modules forget the episode they just had, the
motor system forgets where it was in its policy, and the counters and the
terminal states start again.
Long-term memory is untouched, which is why an episode can end mid-object and
the next one still knows what a mug looks like.

  



  
    
      
    
    
      restart_counters(state)



        
          
        

    

  


  

      

          @spec restart_counters(Monty.Runtime.Step.State.t()) :: Monty.Runtime.Step.State.t()


      


One episode's numbers start again, and nothing else does.
Monty's reset_episode_steps/0, switch_to_matching_step/0 and
_is_done = False — what makes the next stretch of steps an episode, which is
the half of a reset a run without boundaries still performs.

  



  
    
      
    
    
      set_experiment_mode(server, mode)



        
          
        

    

  


  

      

          @spec set_experiment_mode(
  server(),
  Monty.Frameworks.Models.AbstractMontyClasses.LearningModule.mode()
) ::
  :ok


      


Tells the model and its modules whether this episode trains or evaluates.

  



  
    
      
    
    
      set_ground_truth_state(state, primary_target, opts)



        
          
        

    

  


  

      

          @spec set_ground_truth_state(Monty.Runtime.Step.State.t(), map() | nil, keyword()) ::
  Monty.Runtime.Step.State.t()


      


Monty's fixme_set_ground_truth: the object this episode is about, told to
every module, and the world's names for its semantic ids.
Monty's own comment: the modules cannot work this out, and without it nothing
the episode does can be scored.

  



  
    
      
    
    
      start_link(options)



        
          
        

    

  


  

      

          @spec start_link(map()) :: GenServer.on_start()


      



  



  
    
      
    
    
      state(server)



        
          
        

    

  


  

      

          @spec state(server()) :: Monty.Runtime.Step.State.t()


      


The coordinator's state, for tests and the run inspector.

  



  
    
      
    
    
      status(server)



        
          
        

    

  


  

      

          @spec status(server()) :: Monty.Experiment.RecognitionStrategy.model()


      


The four things a recognition policy may read off the model.
Monty's MontyIsDone and its siblings read model.is_done, the model's step
type, its matching-step count and each module's conclusion — four fields, not
the model. The coordinator holds the pretrained memory in its own state, so
answering with the whole thing would copy tens of megabytes per step to
deliver four values (docs/monty-differences.md §2.17).

  



  
    
      
    
    
      step(server, observations, proprioceptive_state, ctx)



        
          
        

    

  


  

      

          @spec step(server(), map(), map(), Monty.Context.t()) :: {:ok, [map()], info()}


      


Runs one step and returns the actions for the next environment step.

  



  
    
      
    
    
      supervise(server, target, location_on_model, supervised_ids)



        
          
        

    

  


  

      

          @spec supervise(server(), map(), [number()], [String.t()]) :: :ok


      


Tells the modules the episode's answer, as a supervised experiment knows it.
Monty's _pass_target_info_to_model. The modules supervised_ids names are
given the object, the pose it was placed with and where it stood; the others
have their hypotheses dropped, because a guess is not worth learning from.

  



  
    
      
    
    
      switch_to_exploratory_step(server)



        
          
        

    

  


  

      

          @spec switch_to_exploratory_step(server()) :: :ok


      


Switches the model into exploratory mode.
Monty's model.switch_to_exploratory_step(), which a recognition policy asks
for with start_exploring — how a training episode keeps moving over an
object it has already recognised.

  



  
    
      
    
    
      time_out(server)



        
          
        

    

  


  

      

          @spec time_out(server()) :: :ok


      


Ends the episode without a conclusion.
Monty's deal_with_time_out with global_time_out=True: the modules that
never concluded are timed out, so an episode's statistics say "no answer"
rather than leaving them open, and the model calls itself done.

  



  
    
      
    
    
      update_ltm(server)



        
          
        

    

  


  

      

          @spec update_ltm(server()) :: :ok


      


Hands what the episode saw to long-term memory.
Called at the end of an episode: it is the only moment a training episode
writes to memory, and the only moment an evaluation episode could.

  


        

      


  

    
Monty.Runtime.Step.State 
    



      
What a step coordinator needs to know between steps, with the wiring
normalised once at start, and the model-level bookkeeping Monty keeps on
MontyBase.
Monty's connection matrices (sm_to_lm_matrix, lm_to_lm_matrix,
lm_to_lm_vote_matrix) are lists indexed by module position in Python; here
they arrive as maps keyed by module id. This struct inverts them once — for
every learning module, which sensors feed it and which modules feed it from
above — so the step loop reads a plain map instead of defensive lookups on
every phase.
Two counts are deliberately distinct. step is how many steps this episode
has taken, and is what the context carries. matching_steps and
exploratory_steps count only the steps in which at least one module was
given an observation — the steps in which the episode actually learned
something — because those are the counts an experiment's termination rules
are written in terms of.

      


      
        Summary


  
    Types
  


    
      
        id()

      


    


    
      
        input()

      


    


    
      
        match_criterion()

      


    


    
      
        module_spec()

      


    


    
      
        step_type()

      


    


    
      
        t()

      


    


    
      
        terminal_state()

      


    





  
    Functions
  


    
      
        all_goals(goals, regions)

      


        Monty's NoopAttentionSystem: every proposed goal passes.



    


    
      
        combine_votes(votes, state)

      


        Monty's default vote routing: a receiver gets the votes of the modules wired
to it by lm_to_lm_vote_matrix, mounted in the frame of its own sensor.



    


    
      
        new(options)

      


        Builds the coordinator state from a model spec.



    





      


      
        Types


        


  
    
      
    
    
      id()



        
          
        

    

  


  

      

          @type id() :: atom() | String.t()


      



  



  
    
      
    
    
      input()



        
          
        

    

  


  

      

          @type input() :: %{sensor_modules: [id()], learning_modules: [id()]}


      



  



  
    
      
    
    
      match_criterion()



        
          
        

    

  


  

      

          @type match_criterion() :: {module(), term()}


      



  



  
    
      
    
    
      module_spec()



        
          
        

    

  


  

      

          @type module_spec() :: %{id: id(), module: module(), state: term()}


      



  



  
    
      
    
    
      step_type()



        
          
        

    

  


  

      

          @type step_type() :: :matching | :exploratory


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Runtime.Step.State{
  attention: ([Monty.Cmp.Goal.t()], [Monty.Cmp.AttentionRegion.t()] ->
                [Monty.Cmp.Goal.t()]),
  call_timeout: timeout(),
  combine_votes: (map(), t() -> map()),
  done?: boolean(),
  episode_seed: non_neg_integer() | nil,
  experiment_mode:
    Monty.Frameworks.Models.AbstractMontyClasses.LearningModule.mode(),
  exploratory_steps: integer(),
  inputs: %{optional(id()) => input()},
  learning_modules: [module_spec()],
  lm_to_lm_vote: %{optional(id()) => [id()]} | nil,
  match_criterion: match_criterion(),
  matching_steps: integer(),
  min_eval_steps: non_neg_integer(),
  min_train_steps: non_neg_integer(),
  model_class: module(),
  model_id: id(),
  motor: {module(), term()} | nil,
  motor_only?: boolean(),
  motor_state: term(),
  num_exploratory_steps: non_neg_integer(),
  semantic_id_to_label: %{optional(integer()) => String.t()},
  sensor_modules: [module_spec()],
  step: non_neg_integer(),
  step_type: step_type(),
  terminal_states: %{optional(id()) => terminal_state()},
  vote_timeout: timeout()
}


      



  



  
    
      
    
    
      terminal_state()



        
          
        

    

  


  

      

          @type terminal_state() ::
  Monty.Frameworks.Models.AbstractMontyClasses.LearningModule.terminal_state()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      all_goals(goals, regions)



        
          
        

    

  


  

      

          @spec all_goals([Monty.Cmp.Goal.t()], [Monty.Cmp.AttentionRegion.t()]) :: [
  Monty.Cmp.Goal.t()
]


      


Monty's NoopAttentionSystem: every proposed goal passes.

  



  
    
      
    
    
      combine_votes(votes, state)



        
          
        

    

  


  

      

          @spec combine_votes(map(), t()) :: map()


      


Monty's default vote routing: a receiver gets the votes of the modules wired
to it by lm_to_lm_vote_matrix, mounted in the frame of its own sensor.
Two calculations, told apart by the shape of a vote exactly as Monty tells them
apart (isinstance(votes_per_lm[0], set) in _combine_votes): a graph module
names the objects it ruled out and the answer is their union
(...GraphMatching.MontyForGraphMatching.combine_votes/2), while an evidence
module names the hypotheses it still believes and the answer is that vote moved
into the receiver's frame
(...EvidenceMatching.Model.MontyForEvidenceGraphMatching.combine_votes/2).
Reading the shape rather than the config's model class is what lets one runtime
step either family — and a run of the graph-matching family used to crash on
its first vote round, because the union was never written.

  



  
    
      
    
    
      new(options)



        
          
        

    

  


  

      

          @spec new(map()) :: t()


      


Builds the coordinator state from a model spec.

  


        

      


  

    
Monty.SensorModules.SensorModule 
    



      
A sensor module that is a pipeline of transforms rather than a class of its own.
Mirrors tbp/monty/sensor_modules/sensor_module.py::SensorModule, the shape
Monty's newer sensor modules take: one step hands the raw observation to the
first transform, each transform answers a changed payload, and the last one's
percept is what the step reports. Nothing here knows what a patch is — a view
finder whose pipeline is empty reports no percept at all, which is exactly what
it should do.
The port's one sensor contract
Monty declares RuntimeSensorModule and ResettableSensorModule as
Protocols, purely so a runtime can ask whether an object is one. The port has
a single sensor behaviour instead
(Monty.Frameworks.Models.AbstractMontyClasses.SensorModule) — a sensor module
is something with update_state/2, step/4, reset/1 and the two proposal
answers — so neither protocol becomes a module here
(docs/monty-differences.md §2.13).
What it does not have
Monty gives the plain class no reset at all; only the experiment wrapper
resets, and only its transforms. The port's behaviour requires every sensor to
reset, so this one forgets what its payloads set (goals, region, telemetry) and
leaves the transforms alone — the wrapper is what resets those.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    


    
      
        transform()

      


    





  
    Functions
  


    
      
        new(sensor_module_id, sensor_id, transforms)

      


        A sensor module whose step is transforms, applied in the order given.



    


    
      
        state_dict(sm)

      


        What this sensor's transforms have written down, as Monty reports it.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.SensorModules.SensorModule{
  agent_state: Monty.Frameworks.Models.MotorSystemState.AgentState.t() | nil,
  goals: [Monty.Cmp.Goal.t()],
  region: Monty.Cmp.AttentionRegion.t() | nil,
  sensor_id: atom() | String.t(),
  sensor_module_id: atom() | String.t(),
  sensor_state: term(),
  telemetry: map(),
  transforms: [transform()]
}


      



  



  
    
      
    
    
      transform()



        
          
        

    

  


  

      

          @type transform() :: {module(), struct()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(sensor_module_id, sensor_id, transforms)



        
          
        

    

  


  

      

          @spec new(atom() | String.t(), atom() | String.t(), [transform()]) :: t()


      


A sensor module whose step is transforms, applied in the order given.
A transform is {module, transform}: the behaviour implementation and the
config it was built from, because a config may configure the same class twice.

  



  
    
      
    
    
      state_dict(sm)



        
          
        

    

  


  

      

          @spec state_dict(t()) :: map()


      


What this sensor's transforms have written down, as Monty reports it.

  


        

      


  

    
Monty.SensorModules.SensorModule.Payload 
    



      
What one sensor module step carries between its transforms.
Mirrors tbp/monty/sensor_modules/sensor_module.py::Payload. A step begins
with the raw observation and nothing else; each transform in the sensor's
pipeline may replace the percept, add goals, claim an attention region, and
write to the telemetry. What comes out of the last transform is what the step
reports.
percept is nil until a transform makes one — which is the whole point of
the pipeline: a view finder that only measures the scene has no percept to
send, and saying so is nil, not an empty message.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.SensorModules.SensorModule.Payload{
  goals: [Monty.Cmp.Goal.t()],
  observation: map(),
  percept: Monty.Cmp.Message.t() | nil,
  region: Monty.Cmp.AttentionRegion.t() | nil,
  telemetry: map()
}


      



  


        

      


  

    
Monty.SensorModules.SensorModule.Transform behaviour
    



      
One stage of a sensor module's pipeline.
Mirrors tbp/monty/sensor_modules/sensor_module.py::Transform, which Monty
declares as a Protocol so a config can name any callable. Here it is a
behaviour, and the sensor module stores each transform as {module, transform}
— the module that knows how to call it, and the config that says how.
A transform answers the payload it was given, changed. It may make a percept
from the observation, add goals, claim a region, or write telemetry; it may
also pass the payload through untouched, which is what a stage for a feature
this run does not use does.
Why it also answers itself
Monty's transforms are objects that keep state: a smoothing filter remembers
the frames it has seen, a background model remembers the background. In Elixir
a struct cannot be mutated, so a transform answers the transform it leaves
behind — {payload, transform} — and the sensor module keeps that one for the
next step. Same reason samplers answer their stream (docs/monty-differences.md
§2.5), and the reason a reset has something to reset (§2.13).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Callbacks
  


    
      
        call(t, t, t)

      


        The payload transformed, and the transform that transformed it.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: struct()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      call(t, t, t)



        
          
        

    

  


  

      

          @callback call(
  t(),
  Monty.SensorModules.SensorModule.TransformContext.t(),
  Monty.SensorModules.SensorModule.Payload.t()
) :: {Monty.SensorModules.SensorModule.Payload.t(), t()}


      


The payload transformed, and the transform that transformed it.

  


        

      


  

    
Monty.SensorModules.SensorModule.TransformContext 
    



      
What a transform knows about the step it is transforming.
Mirrors tbp/monty/sensor_modules/sensor_module.py::TransformContext: the
random stream, where the agent and this sensor are, and the two flags that
decide whether the step is one to learn from and whether a failure inside a
transform should be raised or reported.
Monty passes its one runtime rng here. The port passes the stream this
sensor may draw from at this step (Monty.Context.rng_for/2), so a transform
that samples is reproducible from the episode seed alone
(docs/monty-differences.md §2.1).

      


      
        Summary


  
    Types
  


    
      
        rng()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      rng()



        
          
        

    

  


  

      

          @type rng() :: :rand.state()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.SensorModules.SensorModule.TransformContext{
  agent_state: Monty.Frameworks.Models.MotorSystemState.AgentState.t() | nil,
  motor_only_step: boolean(),
  rng: rng() | nil,
  sensor_state: Monty.Frameworks.Models.MotorSystemState.SensorState.t() | nil,
  suppress_runtime_errors: boolean()
}


      



  


        

      


  

    
Monty.Simulators.Environment behaviour
    



      
What a world has to be: something a step can be taken against.
This is the Elixir side of Monty's Interface.step/1, which hands the model
the actions it chose on the previous step and answers
{observations, proprioceptive_state}. Everything that is not the world —
the model, the body, the policies, the learning modules — is written against
this and does not know which world it is talking to.
Two implementations:
	Monty.Simulators.Synthetic.Environment — a stand-in with kinematics and
no geometry, implementing this behaviour: its state is the struct, so a
run carries the world around with it;
	Monty.Simulators.Port.Environment — a simulator process on the other side
of a port (MuJoCo, Habitat, later a camera). Its state is a process, so
it is used where a world is a function — Monty.Runtime.Episode takes one
— rather than as a value.

An environment that keeps its state in a value answers with itself, as every
step in this port does, so a caller threads it and does not care whether the
world behind it is a map or a process.

      


      
        Summary


  
    Types
  


    
      
        sensor_id()

      


        What an experiment addresses a sensor by: Monty's own configs name them as
strings ("patch"), while a module spec built in Elixir may use an atom.



    


    
      
        t()

      


        Whatever an implementation needs to remember between steps.



    





  
    Callbacks
  


    
      
        new(what)

      


        A world, from what the experiment knows to build one.



    


    
      
        positions_itself?()

      


        Whether the world starts an episode already positioned.



    


    
      
        primary_target(t)

      


        The object this episode is about, when the world is the one that chose it.



    


    
      
        reset(t)

      


        The world a fresh episode starts in.



    


    
      
        semantic_id_to_label(t)

      


        The map from semantic id to the object's name, when the world has one.



    


    
      
        step(t, list)

      


        The world after actions, with what the sensors now see.



    


    
      
        stop(t)

      


        Closes the world, if it is something that can be closed.



    





  
    Functions
  


    
      
        positions_itself?(env)

      


    


    
      
        stop(env)

      


    





      


      
        Types


        


  
    
      
    
    
      sensor_id()



        
          
        

    

  


  

      

          @type sensor_id() :: atom() | String.t()


      


What an experiment addresses a sensor by: Monty's own configs name them as
strings ("patch"), while a module spec built in Elixir may use an atom.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: struct() | map()


      


Whatever an implementation needs to remember between steps.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      new(what)



        
          
        

    

  


  

      

          @callback new(what :: term()) :: t()


      


A world, from what the experiment knows to build one.
Monty's Interface is configured with the agent and its sensors, and reports
every sensor it was given on every step, so a world that renders a scene is
built from that list rather than discovering sensors as it goes. A world that
is a simulator behind a port takes more than the sensors — an experiment name
picks the scene — so what a world is built from is its own to say.

  



  
    
      
    
    
      positions_itself?()


        (optional)


        
          
        

    

  


  

      

          @callback positions_itself?() :: boolean()


      


Whether the world starts an episode already positioned.
Monty positions an episode in Interface.pre_episode: the experiment's
procedures step the world until the target is in view, drawing from the
episode's random stream. Which side of the port runs them is not symmetric. A
world that is Monty's own runs Monty's pre_episode in Monty's environment,
with Monty's random stream, and gets the answer Monty would get; a world that is
a scene here has to be walked by the ported procedures.
The world says which it is, so that a run positions exactly once: positioning a
placed agent again would make the episode a different one from the episode
Monty ran.

  



  
    
      
    
    
      primary_target(t)


        (optional)


        
          
        

    

  


  

      

          @callback primary_target(t()) :: map() | nil


      


The object this episode is about, when the world is the one that chose it.
Monty's evaluation experiments sample an object, place it, and tell the model
what it is; a world that does that in its own process is the only thing that
knows the answer, and nil is the honest answer for a world that does not — a
model told nothing keeps whatever it knew rather than being told a guess.

  



  
    
      
    
    
      reset(t)



        
          
        

    

  


  

      

          @callback reset(t()) :: t()


      


The world a fresh episode starts in.

  



  
    
      
    
    
      semantic_id_to_label(t)


        (optional)


        
          
        

    

  


  

      

          @callback semantic_id_to_label(t()) :: %{optional(integer()) => String.t()}


      


The map from semantic id to the object's name, when the world has one.
Monty's OneObjectPerEpisodeInterface.semantic_id_to_label: what turns the
semantic id a sensor reads at a pixel into the object a log can name. A world
without semantics says nothing here, which is the same as an empty map.

  



  
    
      
    
    
      step(t, list)



        
          
        

    

  


  

      

          @callback step(t(), [Monty.Frameworks.Actions.Action.t()]) ::
  {observations :: map(), proprioceptive_state :: map(), t()}


      


The world after actions, with what the sensors now see.

  



  
    
      
    
    
      stop(t)


        (optional)


        
          
        

    

  


  

      

          @callback stop(t()) :: :ok


      


Closes the world, if it is something that can be closed.
A world kept in a value has nothing behind it. A world that is a simulator
process does — a peer that outlives its run is a process nobody will ask about
again — so it answers stop/1, and a run stops its world the same way it stops
its model.

  


        

      

      
        Functions


        


  
    
      
    
    
      positions_itself?(env)



        
          
        

    

  


  

      

          @spec positions_itself?(t()) :: boolean()


      



  



  
    
      
    
    
      stop(env)



        
          
        

    

  


  

      

          @spec stop(t()) :: :ok


      



  


        

      


  

    
Monty.Simulators.Port.Environment 
    



      
A simulator process on the other side of this port.
The world Monty needs is Python — MuJoCo or Habitat — and it cannot run in the
BEAM. This is the Elixir half of that boundary: it owns the operating-system
process, sends it one request at a time, and answers the payloads
Monty.Runtime.Step already expects (observations,
proprioceptive_state). What the two say to each other is
Monty.Simulators.Port.Protocol.
One request in flight at a time. A simulator advances its own state, so two
steps cannot be interleaved, and a step that does not answer in time is an
error rather than something to carry on past: a step that silently produced no
observation would be counted as a step the model took.
Nothing here is a ported module — Monty's simulators are not part of the core
— so it does not appear in the module map.

      


      
        Summary


  
    Types
  


    
      
        options()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        reset(server)

      


        Starts the simulator afresh, for the first step of an episode.



    


    
      
        start_link(options)

      


    


    
      
        step(server, actions)

      


        One step of the world: the actions the model chose, the observation it gets.



    


    
      
        stop(server)

      


        Closes the port: the simulator process is stopped with it.



    





      


      
        Types


        


  
    
      
    
    
      options()



        
          
        

    

  


  

      

          @type options() :: [
  command: [String.t()],
  sensor_ids: [String.t()],
  timeout: timeout(),
  name: GenServer.name() | nil
]


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      reset(server)



        
          
        

    

  


  

      

          @spec reset(GenServer.server()) :: {:ok, map()} | {:error, term()}


      


Starts the simulator afresh, for the first step of an episode.
Answers what the world said about that episode — the target it chose, when it
chooses one — because a world that samples an object is the only one that knows
which.

  



  
    
      
    
    
      start_link(options)



        
          
        

    

  


  

      

          @spec start_link(options()) :: GenServer.on_start()


      



  



  
    
      
    
    
      step(server, actions)



        
          
        

    

  


  

      

          @spec step(GenServer.server(), [Monty.Frameworks.Actions.Action.t()]) ::
  {:ok, map(), map()} | {:error, term()}


      


One step of the world: the actions the model chose, the observation it gets.

  



  
    
      
    
    
      stop(server)



        
          
        

    

  


  

      

          @spec stop(GenServer.server()) :: :ok


      


Closes the port: the simulator process is stopped with it.

  


        

      


  

    
Monty.Simulators.Port.Protocol 
    



      
What this port says to a simulator, and what it expects back.
Monty's world is a Python process: MuJoCo or Habitat, driven by an action
vocabulary (Monty.Frameworks.Actions) and answering observations plus
proprioceptive state — the two payloads MontyBase.step is given. This
module is that contract, in both directions, so the Elixir side can be tested
without a simulator and a simulator can be written against it without reading
any Elixir.
Framing
Length-prefixed JSON: a four-byte big-endian length, then that many bytes of
UTF-8 JSON. Not newline-delimited, because a simulator that logs to stdout
would then break the stream, and not Erlang's external term format, because
the peer is not an Erlang node.
The prefix is written and stripped by Erlang's {:packet, 4} port option, so
this module deals in bodies only; the peer writes the same four bytes itself.
Messages
One request, one reply, both carrying an id so a late reply to a request
that already timed out is recognisable rather than mistaken for this one.
→ {"id": 1, "command": "reset", "sensor_ids": ["patch"]}
← {"id": 1, "ok": true}

→ {"id": 2, "command": "step",
   "actions": [{"action": "move_forward", "agent_id": "agent_id_0",
                "distance": 0.004}]}
← {"id": 2,
   "observations": {"agent_id_0": {"patch": {"location": [...], ...}}},
   "proprioceptive_state": {"agent_id_0": {"position": [...],
                                          "rotation": [...],
                                          "sensors": {...}}}}

← {"id": 2, "error": "the sensor id is not known"}
The action maps are exactly Monty.Frameworks.Actions.ActionJSONEncoder's —
Monty's own dict(action) — so the peer parses what Monty's own simulator
parses.

      


      
        Summary


  
    Types
  


    
      
        request()

      


    





  
    Functions
  


    
      
        proprioceptive_state(agents)

      


        Proprioceptive state, as the port works with it.



    


    
      
        reply(body, id)

      


        What a reply means.



    


    
      
        request(id, arg)

      


        The body of a request, as JSON-encodable data.



    





      


      
        Types


        


  
    
      
    
    
      request()



        
          
        

    

  


  

      

          @type request() ::
  {:reset, [String.t()]} | {:step, [Monty.Frameworks.Actions.Action.t()]}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      proprioceptive_state(agents)



        
          
        

    

  


  

      

          @spec proprioceptive_state(map()) :: Monty.Frameworks.Models.MotorSystemState.t()


      


Proprioceptive state, as the port works with it.
A reply carries Monty's own shape — per agent its position, its rotation as
a wxyz quaternion, and its sensors the same way — while the motor system
works in AgentState and SensorState. The order is Monty's, not JSON's:
quaternion.quaternion writes wxyz and the port's own quaternions are
xyzw, so it is named here rather than guessed at by a caller.
A reply that leaves a position or a rotation out is a simulator that has
drifted from this contract, and says so with the agent it happened for.

  



  
    
      
    
    
      reply(body, id)



        
          
        

    

  


  

      

          @spec reply(binary(), non_neg_integer()) ::
  {:ok, map(), map(), map()} | {:error, term()}


      


What a reply means.
A reply that is not JSON, or that answers a different request, is reported
rather than guessed at: a simulator that has drifted from this contract is a
bug to fix, not a case to handle.
The fourth element is what the world said about the episode, which only a reset
answer has: %{"primary_target" => target} and the scene's
"semantic_id_to_label". It is a map rather than an option so a world that says
nothing costs nobody a clause, and one that has more to say one day does not
need a new arity.

  



  
    
      
    
    
      request(id, arg)



        
          
        

    

  


  

      

          @spec request(non_neg_integer(), request()) :: map()


      


The body of a request, as JSON-encodable data.

  


        

      


  

    
Monty.Simulators.Recording.SensorModule 
    



      
A sensor that replays a recording instead of sensing.
A recorded episode is a sequence of percepts, one per step the real sensor had
something to say — already in the cortical messaging protocol, because they
were taken from Monty's own module input. There is nothing to sense and
nothing to extract: this hands them back in order, one per step, and the
runtime cannot tell the difference between it and a sensor looking at a world.
It is a simulator-side module, like Monty.Simulators.Synthetic.SensorModule,
so it is not part of the module map. What it is for is the one comparison a
simulator cannot make: whether the runtime, not just the learning module,
reproduces an episode Monty ran.
A recording has more steps than it has percepts — the sensor is silent while
the agent moves — so the queue holds a nil for every silent step, and
reset/1 rewinds to the beginning, which is how an episode can be replayed.

      


      
        Summary


  
    Types
  


    
      
        state()

      


    





  
    Functions
  


    
      
        new(sensor_module_id, percepts)

      


        A sensor that says what percepts says, in order, one step at a time.



    





      


      
        Types


        


  
    
      
    
    
      state()



        
          
        

    

  


  

      

          @type state() :: %{
  sensor_module_id: atom() | String.t(),
  recorded: [Monty.Cmp.Message.t() | nil],
  percepts: [Monty.Cmp.Message.t() | nil]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(sensor_module_id, percepts)



        
          
        

    

  


  

      

          @spec new(atom() | String.t(), [Monty.Cmp.Message.t() | nil]) :: state()


      


A sensor that says what percepts says, in order, one step at a time.

  


        

      


  

    
Monty.Simulators.Synthetic.Camera 
    



      
What a sensor saw, as a picture a page can show.
The world renders depth, colour and semantic id per pixel; this turns the first
two into images. Monty's own dashboards do the same thing — the PyView prototype
this studio follows puts a base64 PNG of the camera and one of the depth image
side by side — and for good reason: an image is the only way to see a wrong
percept rather than infer one.
Depth is drawn as greyscale over the frame's own range, and the range is written
on the frame, because a depth image of a close surface is otherwise a flat grey
square that says nothing. Pixels where nothing was seen (depth 0, which is what
Monty's depth images use for "no return") are black, so an object against empty
space reads as an object against empty space.
A frame's data is markup the page may interpolate as it stands. Everything in
it that is not a number of ours is escaped here, at the point the string is
built — a template that had to remember to escape it could forget.

      


      
        Summary


  
    Types
  


    
      
        frame()

      


    





  
    Functions
  


    
      
        depth_view(rows)

      


        The greyscale rows a depth image becomes, and the range they were drawn over.



    


    
      
        frame(sensor_id, observation, step)

      


        The view from one sensor at one step.



    


    
      
        images(observation)

      


        The pictures a sensor's observation makes, base64 PNGs and the depth range.



    


    
      
        pictures?(observation)

      


        Whether an observation has a picture in it.



    





      


      
        Types


        


  
    
      
    
    
      frame()



        
          
        

    

  


  

      

          @type frame() :: %{
  sensor_id: String.t(),
  step: non_neg_integer(),
  media_type: String.t(),
  data: Phoenix.HTML.Safe.t(),
  location: [float()],
  note: String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      depth_view(rows)



        
          
        

    

  


  

      

          @spec depth_view([[number()]]) :: {[[non_neg_integer()]], {float(), float()} | nil}


      


The greyscale rows a depth image becomes, and the range they were drawn over.
Public because it is the picture's arithmetic rather than its presentation: a
range that collapsed — everything seen at one depth — has to be visible as such.

  



  
    
      
    
    
      frame(sensor_id, observation, step)



        
          
        

    

  


  

      

          @spec frame(String.t(), map(), non_neg_integer()) :: frame()


      


The view from one sensor at one step.
observation is the world's own: "depth" and "rgba" are images, one list per
per row. An observation that carries "images" instead has already been drawn —
a recorded step keeps the pictures rather than the four thousand numbers a step
they came from — and is shown as it was drawn.

  



  
    
      
    
    
      images(observation)



        
          
        

    

  


  

      

          @spec images(map()) :: %{
  depth: String.t() | nil,
  colour: String.t() | nil,
  range: {float(), float()} | nil
}


      


The pictures a sensor's observation makes, base64 PNGs and the depth range.
Answers %{depth: nil, colour: nil, range: nil} when the observation carries
nothing to draw — a world with no scene, or a recorded step from before runs
kept their pictures — because a frame that said nothing about what it was
looking at would be worse than one that says there is nothing.

  



  
    
      
    
    
      pictures?(observation)



        
          
        

    

  


  

      

          @spec pictures?(map()) :: boolean()


      


Whether an observation has a picture in it.
What a replay asks before drawing a frame: a step whose sensor kept nothing
drawable is not a step with two blank boxes in it.

  


        

      


  

    
Monty.Simulators.Synthetic.Environment 
    



      
A stand-in world for developing the runtime, driven by the actions it is given.
Monty's world is a Python process; until that bridge runs here
(docs/simulator-port.md), the runtime needs something deterministic to step.
This one moves a single agent according to the actions the motor system chose —
see Monty.Simulators.Synthetic.Kinematics for which actions it honours and
the conventions it follows — and answers the two payloads Monty's
Interface.step/1 returns: observations per agent and sensor, and the
proprioceptive state in global coordinates.
It has no geometry: nothing is out there, so an observation is what the
sensor's own pose says, and the only feature is a value that follows the
agent's x. That is enough for the runtime and for the pages that watch it, and
it is worth being plain about what it is not: a run against this world says
nothing about a learned object, while a run against a simulator says
everything.
It is a simulator, not a ported module: nothing here claims to mirror a Python
file.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        agent_id()

      


        How the runtime addresses this environment's parts in a module spec.



    


    
      
        new(sensor_ids, scene, options \\ [])

      


        A world looking at scene, each sensor through its own camera.



    


    
      
        observation(environment)

      


        What the world rendered on its last step, before any transform ran.



    


    
      
        primary_target(environment)

      


        Nothing: this world places no object it could name.



    


    
      
        step(environment, actions)

      


        Observations and proprioceptive state after actions.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Simulators.Synthetic.Environment{
  agent: Monty.Simulators.Synthetic.Kinematics.pose() | nil,
  last_observations: map() | nil,
  scene: Monty.Simulators.Synthetic.Scene.t() | nil,
  sensor_ids: [Monty.Simulators.Environment.sensor_id()],
  sensors: %{
    optional(Monty.Simulators.Environment.sensor_id()) =>
      Monty.Simulators.Synthetic.Kinematics.pose()
  },
  views: %{optional(Monty.Simulators.Environment.sensor_id()) => keyword()},
  world: Monty.Simulators.Synthetic.Kinematics.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      agent_id()



        
          
        

    

  


  

      

          @spec agent_id() :: String.t()


      


How the runtime addresses this environment's parts in a module spec.

  



    

  
    
      
    
    
      new(sensor_ids, scene, options \\ [])



        
          
        

    

  


  

      

          @spec new(
  [Monty.Simulators.Environment.sensor_id()],
  Monty.Simulators.Synthetic.Scene.t() | nil,
  keyword()
) :: t()


      


A world looking at scene, each sensor through its own camera.
:views is a camera per sensor, keyed by sensor id, in the terms
Monty.Simulators.Synthetic.Scene.render/3 takes — a resolution, a zoom and a
field of view. A sensor with no camera renders one ray down its own axis.
:agent and :sensors are where the episode starts, as an experiment's
simulator is configured.
Geometry is a choice, not an assumption: with a scene the world renders depth,
colour and semantic id for every sensor, which is what a ported surface policy
steers by; without one it reports only where the sensors are, and a percept
built from it says its pose is undefined.

  



  
    
      
    
    
      observation(environment)



        
          
        

    

  


  

      

          @spec observation(t()) :: map() | nil


      


What the world rendered on its last step, before any transform ran.
A page that shows the object wants the picture the world drew, not the one a
transform rewrote: MissingToMaxDepth turns "no return" into a metre, and a
surface experiment clips everything past five centimetres, which is right for
matching and useless for looking at.

  



  
    
      
    
    
      primary_target(environment)



        
          
        

    

  


  

      

          @spec primary_target(t()) :: nil


      


Nothing: this world places no object it could name.
Monty's worlds sample an object and say which; the stand-in has one sphere at
the centre an experiment's scene put it, and calling that an object would tell a
model to score itself against something nobody chose.

  



  
    
      
    
    
      step(environment, actions)



        
          
        

    

  


  

      

          @spec step(t(), [Monty.Frameworks.Actions.Action.t()]) :: {map(), map(), t()}


      


Observations and proprioceptive state after actions.
Keys and units follow Monty: metres, sensor positions in the world, the
agent's pose absolute, each sensor's pose relative to the agent.

  


        

      


  

    
Monty.Simulators.Synthetic.Kinematics 
    



      
Where the stand-in world puts the agent after an action.
Monty's world is MuJoCo, and its actuator defines the conventions this module
follows, because a policy that steers one must steer the other:
	MoveForward moves along the agent's local −Z — towards whatever the
sensor is looking at — and a negative distance moves it backwards;
	TurnLeft / TurnRight yaw the agent about its local Y, positive to the
left;
	LookUp / LookDown pitch the sensors about their local X, and the
agent stays where it points;
	MoveTangentially moves along the action's direction, which is already a
world vector: the surface policies rotate their heading by the agent's
rotation before they answer, so it must not be rotated again;
	OrientVertical / OrientHorizontal orbit the agent about its own axes:
a side step, then a pitch or yaw, then a step along the agent's −Z. Monty's
actuator "ASSUMES" the distances were calculated to orbit the object, and
takes the surface into account not at all — so neither does this.

What is not honoured: the actions that set a pose outright (SetAgentPose,
SetSensorPose, SetYaw, …). Asking for one is an error rather than a silent
no-op — a world that quietly ignores an action makes an agent look broken in a
way that the log cannot explain.

      


      
        Summary


  
    Types
  


    
      
        pose()

      


        Where one body sits: a position in the world, and a rotation from its own
frame to the world's.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        new(sensor_ids, options \\ [])

      


        A world with the agent where the experiment starts it.



    


    
      
        sensor_poses(world)

      


        Each sensor's own pose, relative to the agent, as proprioception reports it.



    


    
      
        sensor_positions(world)

      


        Where each sensor is, as the environment reports it.



    


    
      
        sensor_world_poses(world)

      


        Where each sensor is and which way it faces, in the world.



    


    
      
        step(world, actions)

      


        The world after every action of one step, in the order they were given.



    





      


      
        Types


        


  
    
      
    
    
      pose()



        
          
        

    

  


  

      

          @type pose() :: %{
  position: Monty.Geometry.Rotation.vector(),
  rotation: Monty.Geometry.Rotation.t()
}


      


Where one body sits: a position in the world, and a rotation from its own
frame to the world's.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %{
  agent: pose(),
  sensors: %{optional(Monty.Simulators.Environment.sensor_id()) => pose()}
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(sensor_ids, options \\ [])



        
          
        

    

  


  

      

          @spec new([Monty.Simulators.Environment.sensor_id()], keyword()) :: t()


      


A world with the agent where the experiment starts it.
Options: :agent, the agent's start pose, and :sensors, a map of sensor id
to that sensor's pose relative to it — both as an experiment's simulator is
configured. A sensor the options do not place rides a decimetre back from the
agent and a centimetre apart from the others, which is the stand-in's own
geometry: a world with no scene description still needs two cameras to see two
places.

  



  
    
      
    
    
      sensor_poses(world)



        
          
        

    

  


  

      

          @spec sensor_poses(t()) :: %{
  optional(Monty.Simulators.Environment.sensor_id()) => pose()
}


      


Each sensor's own pose, relative to the agent, as proprioception reports it.

  



  
    
      
    
    
      sensor_positions(world)



        
          
        

    

  


  

      

          @spec sensor_positions(t()) :: %{
  optional(Monty.Simulators.Environment.sensor_id()) =>
    Monty.Geometry.Rotation.vector()
}


      


Where each sensor is, as the environment reports it.

  



  
    
      
    
    
      sensor_world_poses(world)



        
          
        

    

  


  

      

          @spec sensor_world_poses(t()) :: %{
  optional(Monty.Simulators.Environment.sensor_id()) => pose()
}


      


Where each sensor is and which way it faces, in the world.
The sensor's own frame is the agent's turned by however the sensor is mounted
on it, so raising the agent's yaw carries its cameras round too.

  



  
    
      
    
    
      step(world, actions)



        
          
        

    

  


  

      

          @spec step(t(), [Monty.Frameworks.Actions.Action.t()]) :: t()


      


The world after every action of one step, in the order they were given.

  


        

      


  

    
Monty.Simulators.Synthetic.LearningModule 
    



      
A learning module that counts what it is shown, so the runtime can be
exercised before evidence matching is ported.
It keeps the same shape an EvidenceGraphLM will: percepts in a buffer, a
vote out, votes in, a top-down output and a goal. When the real module lands,
the coordinator does not change — only this stand-in goes away.

      


      
        Summary


  
    Types
  


    
      
        state()

      


    





  
    Functions
  


    
      
        new(id)

      


    





      


      
        Types


        


  
    
      
    
    
      state()



        
          
        

    

  


  

      

          @type state() :: %{
  id: atom() | String.t(),
  percepts: [Monty.Cmp.Message.t()],
  votes_received: [term()],
  output: Monty.Cmp.Message.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(id)



        
          
        

    

  


  

      

          @spec new(atom() | String.t()) :: state()


      



  


        

      


  

    
Monty.Simulators.Synthetic.Motor 
    



      
A motor system that always takes one small step forward.
The smallest thing that implements the ported motor system interface: it
receives the first sensor module's percept and the filtered goals, and answers
the actions for the next environment step — in the same vocabulary the ported
policies answer in, so the world behind it does not care which of the two is
driving.

      


      
        Summary


  
    Types
  


    
      
        state()

      


    





  
    Functions
  


    
      
        motor_only_step(state)

      


        Whether learning modules should sit this step out: never, for a plain step.



    


    
      
        new()

      


    


    
      
        reset(state)

      


        Forgets the previous episode's count, keeping the goals it was given.



    





      


      
        Types


        


  
    
      
    
    
      state()



        
          
        

    

  


  

      

          @type state() :: %{steps_taken: non_neg_integer(), goals_seen: non_neg_integer()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      motor_only_step(state)



        
          
        

    

  


  

Whether learning modules should sit this step out: never, for a plain step.

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: state()


      



  



  
    
      
    
    
      reset(state)



        
          
        

    

  


  

Forgets the previous episode's count, keeping the goals it was given.

  


        

      


  

    
Monty.Simulators.Synthetic.Scene 
    



      
The one object the stand-in world has, and what a sensor sees of it.
A sphere, because a sphere is the simplest surface whose depth, normal and
curvature are all exact: the ray from a sensor either misses it, and the sensor
is looking at nothing, or hits it, and the distance, the outward normal and the
two principal curvatures follow in closed form. Anything a surface policy does
— following curvature, avoiding places it has been, re-orienting against a
normal — can be exercised against it, which is the whole point of having it.
The conventions are Monty's, from
frameworks/utils/sensor_processing.principal_curvatures:
	a convex surface has negative principal curvatures (Monty's own TODO
says it would rather they were positive; the sign is reproduced);
	the curvatures are ordered largest first, which for a sphere is a tie;
	dir2 is the right-hand partner of dir1 about the normal, so
dir1 × dir2 = normal.

What it is not: an object. A run against this scene says nothing about
recognition; it says whether the body and the world agree about where the
agent is and what it is looking at.

      


      
        Summary


  
    Types
  


    
      
        observation()

      


        What one ray saw: whether it hit the object, how far away it is, and the
colour at that point.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        new(options \\ [])

      


        A scene with :radius metres of sphere at :centre, coloured :rgb.



    


    
      
        observe(scene, pose)

      


        The middle pixel of a view, as a camera would answer it.



    


    
      
        radius()

      


        The radius a scene has when nobody says: five centimetres.



    


    
      
        render(scene, map, options \\ [])

      


        What a sensor at pose sees through a pinhole camera.



    





      


      
        Types


        


  
    
      
    
    
      observation()



        
          
        

    

  


  

      

          @type observation() :: %{
  on_object: boolean(),
  depth: float() | nil,
  rgba: [float()] | nil
}


      


What one ray saw: whether it hit the object, how far away it is, and the
colour at that point.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Simulators.Synthetic.Scene{
  centre: Monty.Geometry.Rotation.vector(),
  radius: float(),
  rgb: [float()]
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(options \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


A scene with :radius metres of sphere at :centre, coloured :rgb.
A centimetre-radius ball would be too small for a 2.5 cm standoff; Monty's
objects are of the order of a few centimetres, so five is a fair stand-in.
The colour is arbitrary — there is one object and it is all one colour — but
it exists because Monty's sensor modules report hsv, and experiments weight
it: a world with no colour would leave that feature empty.

  



  
    
      
    
    
      observe(scene, pose)



        
          
        

    

  


  

      

          @spec observe(t(), %{
  position: Monty.Geometry.Rotation.vector(),
  rotation: Monty.Geometry.Rotation.t()
}) ::
  observation()


      


The middle pixel of a view, as a camera would answer it.
Answers the depth, colour and semantic id of one pixel — what
Monty.Frameworks.EnvironmentUtils.Transforms.DepthTo3DLocations unprojects,
and what a policy asking "how far away is the thing in front of me?" reads. The
middle pixel of a wide patch is not its axis — only a one-pixel camera or an odd
count puts a pixel there — so this renders rather than assuming.

  



  
    
      
    
    
      radius()



        
          
        

    

  


  

      

          @spec radius() :: float()


      


The radius a scene has when nobody says: five centimetres.

  



    

  
    
      
    
    
      render(scene, map, options \\ [])



        
          
        

    

  


  

      

          @spec render(
  t(),
  %{
    position: Monty.Geometry.Rotation.vector(),
    rotation: Monty.Geometry.Rotation.t()
  },
  keyword()
) :: %{
  depth: [[float()]],
  rgba: [[[float()]]],
  semantic: [[float()]],
  centre: observation()
}


      


What a sensor at pose sees through a pinhole camera.
The camera is described the way Monty's own experiments describe it, so the
studio's world is the experiment's camera rather than one chosen here: a
:resolution of {height, width} pixels (a bare integer for a square patch),
a :zoom, and a field of view :hfov in degrees. Monty's Habitat agents give
a resolution and a zoom per sensor, and DepthTo3DLocations unprojects the
image with fx = tan(hfov / 2) / zoom, so a world that rendered a different
camera would make the transform disagree with it about which ray a pixel came
from.
A sensor looks along its own −z, as Monty's do, so its pose is enough: no
separate gaze has to be passed in and kept consistent with it. Depth is
measured along that axis, as a depth sensor measures it — not along the ray —
so an off-axis pixel's depth is the distance to the plane through the surface
point, which is what the transform assumes when it unprojects.
One pixel is the default, and it is a real camera rather than a summary:
depth, colour and semantic id come back as images, which is the shape Monty's
own code indexes. With one pixel the grid has a single sample at the axis, so
the field of view does not matter.
A ray that misses sees nothing: depth 0, which is what a depth image has where
the camera saw nothing, and a semantic id of 0. That is a difference from
Monty's worlds rather than a simplification — theirs are enclosed, so a camera
pointed anywhere sees a floor, a wall or a ceiling at some distance, and a
surface agent's search for a lost object relies on that
(docs/monty-differences.md §1.7). Here there is nothing behind the object.

  


        

      


  

    
Monty.Simulators.Synthetic.SensorModule 
    



      
A sensor module for a sensor whose config names a class this port has not
written.
Monty's configs name four sensor classes: CameraSM, which is
Monty.Frameworks.Models.SensorModules.CameraSM,
ExperimentSensorModule, which is
Monty.Experiment.SensorModule.ExperimentSensorModule,
and the salience and 2D sensor modules, which are still to come. This is what
runs for the last two: the ported observation processor and percept filter
behind the sensor's config, so the run still reports the patch's features, and
no noise, because this quiet stand-in has none.
Use the ported class for anything real. What this is for is running a config
that names a sensor class this port does not have, without pretending that
class ran.

      


      
        Summary


  
    Types
  


    
      
        state()

      


    





  
    Functions
  


    
      
        new(sensor_module_id, options \\ [])

      


        A sensor module for one sensor.



    





      


      
        Types


        


  
    
      
    
    
      state()



        
          
        

    

  


  

      

          @type state() :: %{
  sensor_module_id: atom() | String.t(),
  pose: map() | nil,
  processor: Monty.Frameworks.Models.SensorModules.ObservationProcessor.t(),
  filter: struct(),
  filter_memory: term()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(sensor_module_id, options \\ [])



        
          
        

    

  


  

      

          @spec new(atom() | String.t(), keyword()) :: state()


      


A sensor module for one sensor.
Options: :features — the features the sensor's config declares —
:delta_thresholds — how much a feature has to change before a point is worth
sending — and the processor's own settings (:pc1_is_pc2_threshold,
:is_surface_sm, :weight_curvature, :surface_normal_method).

  


        

      


  

    
Monty.Frameworks.Environments.PositioningProcedures.ObjectNotVisibleError exception
    



      
Raised when a single-object scene shows no object to position against.
Mirrors
tbp/monty/frameworks/environments/positioning_procedures.py::ObjectNotVisibleError.
A multi-object scene treats "the target is not in view" as an answer — the
procedure declines to move and the episode starts from where it is — but a
single-object scene has nothing else to look at, so it is a fault in how the
episode was set up.

      




  

    
Monty.Frameworks.Models.EvidenceMatching.LearningModule.InvalidEvidenceThresholdConfig exception
    



      
An evidence update threshold setting that Monty does not define.
Mirrors ...evidence_matching/learning_module.py::InvalidEvidenceThresholdConfig,
a ValueError raised when evidence_threshold_config is not one of the
documented forms.
Here it is an exception used as the reason of an {:error, _} result, so an
experiment with a mistyped threshold — "avg" instead of "mean", or
"120%" — fails where the learning module is built, with a message that
names the value, instead of producing a threshold that is quietly wrong.
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        t()
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      t()



        
          
        

    

  


  

      

          @type t() ::
  %Monty.Frameworks.Models.EvidenceMatching.LearningModule.InvalidEvidenceThresholdConfig{
    __exception__: term(),
    config: term()
  }


      



  


        

      


  

    
Monty.Frameworks.Models.GoalGeneration.ParentLMNotProvided exception
    



      
A goal generator was asked about its learning module before one was provided.
Mirrors tbp/monty/frameworks/models/goal_generation.py::ParentLMNotProvided.
A generator belongs to a module and reads its hypotheses, its most likely
object and its buffer; without the module there is nothing to answer with, and
answering nil would only move the failure to whoever dereferences it next.
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      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.GoalGeneration.ParentLMNotProvided{
  __exception__: term(),
  message: String.t()
}


      



  


        

      


  

    
Monty.Frameworks.Models.MotorPolicies.NoGoalProvided exception
    



      
Raised when a policy needs a goal and was given none.
Mirrors tbp/monty/frameworks/models/motor_policies.py::NoGoalProvided, a
RuntimeError with nothing in it. It is raised rather than returned because
the caller that reaches it has already decided there must be a goal: a
selector routed a goal to a policy that reaches it, and the goal was nil.

      




  

    
Monty.Frameworks.Models.ObjectModel.GridTooSmallError exception
    



      
An object does not fit in the space the model was given to represent it.
Mirrors tbp/monty/frameworks/models/object_model.py::GridTooSmallError,
raised when too many of an episode's observations fall outside the model's
grid. Monty only accepts an update in which at least 90% of the observations
land inside; below that, the object is larger than max_size, and storing it
would silently store a corner of it.
The fraction that did fit is carried along, because "70% of what I saw fits"
is the number an experiment needs to know whether to model bigger objects.
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      t()



        
          
        

    

  


  

      

          @type t() :: %Monty.Frameworks.Models.ObjectModel.GridTooSmallError{
  __exception__: term(),
  fraction_in_bounds: float() | nil
}


      



  


        

      


  

    
Monty.Frameworks.Models.Salience.MotorPolicy.GoalCollocatedWithSensor exception
    



      
Raised when a goal is where the sensor already is.
Mirrors tbp/monty/frameworks/models/salience/motor_policy.py::GoalCollocatedWithSensor.
There is no direction to look in when the target is at the eye, and Monty
refuses rather than dividing a zero vector into an azimuth.
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