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Some background

Environment vs habitat vs umwelt

POMDPs (environment) —> quotient
POMDPs (habitat) for Braitenberg venhicles

Symmetries to obtain relevant quotients




Change of perspective

“What is it like to be a bat Braitenberg
vehicle?”

‘Maybe | just can’t know, because our
experiences are (mostly) invariant to
different things”




As-if agency

The intentional stance
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Physical description: a bird as a material
system with feathers, bones, muscles,
and moving parts.
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0 Intentional stance

Design description: the bird
has wings for flying.
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Intentional description: the bird
flies to escape a predator.




Umwelt

World of or for an agent
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Fig. 1 The Umwelt of a external observer. b The

same bee perceives only



apitat vs umwel
Ay & Lohr (2015), Baggs & Chemero (2019, 2021) & ~~ Feiten (2020, 2024)

1. ENVIRONMENT 2. HABITAT 3. UMWELT
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* Everything that exists, independently of any organism. * The environment filtered by the species’ typical 7

* The habitat as it is experienced by this individual. i

* Described in full physical / chemical detail. sensors and effectors. * Shaped by current needs, history, learning, attention, and affect.
* A species-level coarse-graining of reality.

* Structured by species-typical affordances and constraints.
& Public / intersubjective at the level of the species.

* No organism-relative filtering. * Private, first-person, moment-to-moment.

* Public, objective, organism-independent. * Can differ between individuals in the same habitat.
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Typical question . Typical ques":f“ - ) Typical question )
- “What matters or affords action -
“ 7” [ 7”
§ What is really there? I8 for this species?” | 8 What is it like for me, here and now? J

[Environment} —— { Habitat J —— [ Umwelt ]

species sensorimotor individual history, state,
coarse-graining and salience
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LOSSY THREE-AXIS PROJECTION
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3raitenperg venic.

Beliefs in transformers

Full joint belief - Bayesian theory and TO-T6 readouts - closed histories
Affine joint-belief readout - full-theory PCA 1-3

T1- observation prediction (open)

LOSSY THREE-AXIS PROJECTION

T4 - observation prediction (closed)

LOSSY THREE-AXIS PROJECTION

T2 - action prediction (open)

LOSSY THREE-AXIS PROJECTION
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T5 - action prediction (closed)

LOSSY THREE-AXIS PROJECTION
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T3 - observation + action prediction (open)
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T6 - observation + action prediction (closed)

LOSSY THREE-AXIS PROJECTION
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Environment —> Habitat



POMDPs to model environments

A POMDP (S, A, O, T, M) is given by

. State space, S

. Action space, A
. Observations, O

. Transition map, T : S X A — P(S), often just written as
I(s"| s, a)

. Observation map, M : § — P(0O), often just written as
M(o | s, a)

where P(X) is the set of distributions on X.



Bisimulation equiva

Given a POMDP, an equivalence relation
R C § X S is abisimulation equivalence if

the following conditions hold for C € S/R:

Z 1(s" | s,a) = Z 1(s"| §,a)

s'eC s'eC
(transitions)

M(o | s,a) =M(o | s,a)
(observations)

and we say that s ~5 § when (s, 5) € R.
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Quotient .

"OMD.

0 t0 mode.

Given a POMDP (S, A, O, T, M, G, ag, a,, ap) is the tuple

(S/R,A,O/R, T, M), given by
. State space, orbit space S/R
. Action space, A

. Observation space: O/R

. Transition kernel T : (S/R) X A —

T([s’] | [S],a) = 2 T(u|s,a), [s],[s']€S/R,s€E][s]l,aeA

UE [s’]

P(S/R):

. Observation kernel Q : S/R; — P(O/R):

Qo] | [s]) := Z QO |s), [s] €S/R,[0] € O/G,s € [s]

vE|o]

napitats




Where does R come from?

For Braltenperg venicles:



Property 1. SO(2) symmetry

[Nvariance to rotations around source

Given

- same distance to source

- same attitude (angle Hrel)

there is an invariance to rotations centred
around the source.

Rotating the world around the light,
doesn't change sensations.




Property 2: £, symmetry

Equivariance to retlections along longitudinal axis

Given the longitudinal axis of the vehicle,
we, there is an equivariance to reflections
apout this axis.

_eft-right world reflections for the vehicle
flip its sensory readings. N




Given the propagation law of the source
and fixed bearing, sensory readings vary
equivariantly with distance to the source.

Moving the veh

icle along the |i

ne that

connects It to t

ne source, char

ges

sensory readings by constants 4; and 4,
fixed by propagation law.

Property 3: Ry, symmetry (7)

Equivariance to distance to light



Agent as (stateless) policy

Trivial because of boundary choice
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Symbol Description

Xcentre C R?  Centre of vehicle’s body
O C (—m,n| Absolute heading of the vehicle
@™ C (—m,m]  Heading relative to the stimulus

o - Xstim C R? Position of the stimulus
]_/'] D _) Rpody € R>g Radius of the vehicle body
-r a]_ e e :r. ViCR,V, CR Left/right linear velocities of wheels
- . O; CR,0, CR Left/right sensory readings

R C Ry Radius of polar coord. (Xcentre)
¢ C (0, 2m] Angle of polar coord. (Xcentre)

Physical environment T \

State space, S := Xcentre X O X Xgtim X RBody

Action space, A :=V, XV,

Observation space, O := O, X O,

Transition dynamics, position

Jcentre : Xcentre X Vi X V. = Xcentre and angle
f@ . @ X ‘/l X Vr —> @

- Observation map, deterministic, given by the
composition of fgensor ANd fgtim, With
Jsensor : Xcentre X © X Xstim X Rpody = X; X X,. X Xgtjm

' O'”detim : Xl X Xr X XStim — Ol X Or'



3raitenperg quotient POMDP

Use property 1

. State space, §' := R X e
. Action space, A ==V, XV,
. Observation space, O := 0, X O,

. Transition dynamics, radius fz : R X e x V,iXxV.—> R
and relative angle f e * R X erel « VX V. — oel

- Observation map, deterministic, given by the - — \

composition of fgansor ANd fgtim, With
r

fSE;Cr)wcsjgr . Rx 0 - R, X R, and

fSUm . Rl X RI’ —> OZ X 0’,.




‘ake-nome message

Environment vs habitat vs umwelt

Habitat ~= environment coarse graining

capturing invariances for a class of agents

Bisimulations can be somewhat arbitrary (but
when induced by symmetry groups of interest
less so)

Next: disentangle full group structure + study
umwelt + guotienting environment vs. agent
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