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Why it’s
interesting to

be attentive in
the next ~25
minutes

%@% For everyone

Not exhaustive



Mitchell M., Abstraction and analogy-making in artificial intelligence.
Annals of the New York Academy of Sciences, 2021




What not to
expect and ...

A theory ready to be
empirically validated

Causal effects or
neural mechanisms

... what to
expect

A young set of ideas to
be matured

A schema of neural
input & output states




Today's agenda

Deep Dive into the paper
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Answers to these question were
synthesized using an
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review
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</ What are representations?




The first of two
parts of an
artificial neural
representation

Example of an referential
anker: picture of a dog

Source: One interpretation of neuro-representationalism outlined by Hubbard
(2008), Anderson and Champion (2022)



The second of two

parts of an

artificial neural

representation

(2022)

ntationalism

nd Champion

e: One interpretation of neuro-represe
outlined by Hubbard (2008), Anderson a

Sourc



Set of characteristics of
artificial neural representations

Representations
are actually
much more

complicated

Non exhaustive

Epistemic tools

Aspects that can be represented:

Aspect representing * Pictures of dogs
Time expanded ’ ObJec.t >
* Functional schemas
Local / distributed * Motor actions
(Dis-)entangled E:)legdris
Situated * Smells
, , * Emotions (for humans)
Differentiable  Numbers
Structured * Humans
 Relationships
(Multi-)Modal . ...

Subset of information
» Physically instantiated

« Similar (and maybe) equivalent
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What is representational change?
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What is
representational
change?

Representational
change is ...

... a “state-to-state”
transition ...

... describable along a
compositional and ...

... a hierarchical
dimension

Presented in
the following
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Representational ... to-state transition”
change is a “state-... including a mechanism

Mechanism'

State B

(= Output structure)

State A

(= Input structure)



Representational ... to-state transition”
change is a “state-... including a mechanism

Compositional
dimension

Mechanism'




ANRs! are

compositions

Note 1. ANR = Artificial Neural Representation
Sources: Poldrack, R.A. (2020); Bengio et al
(2013); Kastner and Crook, 2023; Nanda et al.
(2023)

ANRs are composed of
constituents ...

... that refer to components of
the referential anker ...

... and are illustrated as
conceptual graphs in my paper

DOG
HEAD BODY TAIL
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Composition

()

Hierarchical
relationship

Agent

AN

Moves

Goal-
oriented

ANRs! are
hierarchically /T\

Goal-
oriented

Moves

related

Barks

Hierarchy

Representations share constituents with other,

Note: 1. ANR = Artificial Neural Representation

Sources: Saxe et al. (2019); Thagard, P. (2024);
Barsalou et al. (2018); Bengio et al. (2013);
LeCun (2015); Bengio et al. (2011)

hierarchically-related representations
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How do representations change?

= Representation’s lifecycle
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Representational changes are organized along three phases

WA
W

© 0

Innate

Refers to a priori' integration of
so-called primitives (= “innate
representations”) into the
system’s architecture

* Perceptual primitives’
integration

» Abstract primitives’
integration

Form & Change

Includes formation and change of
representations through
combination of data and existing
representations

* Assembly
« Abstraction
» Differentiation

Changes synthesized on the basis of a interdisciplinary literature

review using Al research and broader cognitive science (e.g.,

psychology, philosophy, neuroscience, linguistics etc.)

Deletion

Concerned with the deletion of
representations or parts of the
representations due to e.g.,
significantly changing input data

e Deletion
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Representational changes are organized along three phases

Note: ANR = Artificial Neural Representation 19
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Innate

Process

Abstract
Primitives’
Integration

Concrete
Primitives’
Integration

Short description

In the output structure the
representational capacity is initiated by
one or multiple abstract primitive(s)

In the output structure the
representational capacity is initiated by
one or multiple concrete primitive(s)

Illustration of representation-altering process

G !Causatiod !Spatialityl! Agency l

QI Contrastil Depth ;I Yellow ;
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Representational changes are organized along three phases

Form & Change

Perceptual device

A posteriori formation & change of
concepts in systems through e.g.,
(1] utilizing perceptual data
@ combining existing concepts

Note: ANR = Artificial Neural Representation 21



Process Short description Illustration of representation-altering process
In the output structure the

representational capacity is
complemented by an assembled [_0os_|
Assembly representation subsuming one or

multiple previously unrelated
representations of the input structure
as constituents

CAT

In the output structure the

representational capacity is ]

complemented by an abstracted

representation subsuming (essential) | DOG |
constituents of related concrete

representations of the input structure =

Abstraction

FO rl I l & In the output structure the

representational capacity is
Differentiati complement.ed by a dlfferentlaFed
on representation subsuming constituents
of its related abstract parent of the
input structure and additional
ST . K
distinguishing constituents

22



Sources for the form & change phase
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Representational changes are organized along three phases

&

Note: ANR = Artificial Neural Representation

Deletion

System

A posteriori deletion of concepts
in systems through e.g.,

» structured deletion

 variable change

24



Decay

Process Short description Illustration of representation-altering process

€ oo
In the output structure the = qv .7
: . . - /7
Deletion representational capacity has removed A N,

a representation and / or a constituent
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Today's agenda

% Outlook




o 0

Three things

could be
addressed to
enrich the
framework

Not exhaustive

Better understand similarity
of representations in ANNs

Formalizing the conceptual
framework

Exploring mechanisms
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Thank you
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