
Université de Montréal - Université Côte d’Azur

Colloque Créativités Artificielles

Nice, France

Critique and Formalism
The Role of Formal Sciences for an Internalist Critique of LLMs

Juan Luis Gastaldi

www.giannigastaldi.com

April 28, 2026

www.giannigastaldi.com


Outline

Introduction: Critique and Formalism

Empiricism and Formalism in Machine Learning

Formal Explainability

Theoretical Interpretability

Conclusion: AI and Structuralism



Outline

Introduction: Critique and Formalism

Empiricism and Formalism in Machine Learning

Formal Explainability

Theoretical Interpretability

Conclusion: AI and Structuralism



Where Art Thou, Critique?

� Kirschenbaum (2023):

Bender et al.’s (2021) paper “offers a disarmingly linear account of how language,

communication, intention, and meaning work, one that would seem to sidestep

decades of scholarship around these same issues in literary theory [...] the

passage would be red meat for a graduate critical-theory seminar.”

� Underwood (2023):

“The beautiful irony of this situation [...] is that a generation of humanists trained on

Foucault have now rallied around “On the Dangers of Stochastic Parrots” to

oppose a theory of language that their own disciplines invented, just at the

moment when computer scientists are reluctantly beginning to accept it.”
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An Empiricist Turn?

(Olah et al., 2020)

(Horta Ribeiro, 2025)
Zico Kolter, Building Safe and Robust AI Systems, Keynote at ICLR 2025.
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Empirical evaluation

P := λm.λn.λf.λx.mf(nfx)

P ′ := λr.λs.λf.λx.f(f(f(f(fx))))

0: λf.λx.x

1: λf.λx.fx

2: λf.λx.f(fx)
3: λf.λx.f(f(fx))
4: λf.λx.f(f(f(fx)))
5: λf.λx.f(f(f(f(fx))))

. . .

n: λf.λx. f(. . . (f︸ ︷︷ ︸
n times

x) . . .)

λm.λn.λf.λx.mf(nfx)(λf.λx.f(fx))(λf.λx.f(f(fx)))

 
 
 
 
 
 
 

λf.λx.f(f(f(f(fx))))
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Empirical interpretability
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Empirical interpretability
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Empirical interpretability
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Making It Explicit

Program

Input

Solo una cosa...

Output

One thing alone...

Structure

Grammar

Algorithm

Translation

Theory

Linguistics

“Task”

Translate Data

(i1, o1)
(i2, o2)

· · ·
(in, on)

Learning Model

Cost Function

Architecture

Hyperparameters

· · ·

Formal

Explanation

Theoretical

Interpretation

Juan Luis Gastaldi | Critique and Formalism 6/22



Outline

Introduction: Critique and Formalism

Empiricism and Formalism in Machine Learning

Formal Explainability

Theoretical Interpretability

Conclusion: AI and Structuralism



Embeddings in LLMs

Tokenization

(Sennrich et al., 2016)

Epistemology of Machine Learning

Distributional Language Models

(https://tiktokenizer.vercel.app)

Embedding

(Mikolov et al., 2013)

Embedding Projector

DATA

 

 

Checkpoint: Demo datasets

Metadata: oss_data/word2vec_10000_200d_
labels.tsv

UMAP T-SNE PCA CUSTOM

PCA is approximate. 

Total variance described: 8.5%.

Show All
Data

Isolate 29
points

Clear
selection

 

COSINE EUCLIDEAN

neighbors

distance

Nearest points in the original space:

teaching 0.451

knowledge 0.556

cognitive 0.566

educational 0.568

education 0.574

thinking 0.604

learn 0.613

training 0.615

understanding 0.626

communication 0.630

learned 0.632

instruction 0.633

mathematics 0.636

study 0.637

skills 0.644

information 0.648

mind 0.651

creating 0.655

motivation 0.656

studying 0.662

resource 0.667

teachers 0.667

teach 0.668

experience 0.668

 5 tensors found

Word2Vec 10K

 Label by

word
 Color by

count

Use categorical coloring
 Edit by

word Tag selection as

Load Publish Download Label

Sphereize data 

 X

Component #1

 Z

Component #3

 Y

Component #2

Points: 10000 Dimension: 200 Selected 29 points

learning
Search

Learning .*

 by

word

28

BOOKMARKS (0) 

Download the metadata with
applied modi]cations

(https://projector.tensorflow.org)

Attention

(Vaswani et al., 2017)

(https://github.com/jessevig/bertviz)
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Neural Embeddings
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Neural Embeddings

Embedding

{-,/,0,1,2, . . . ,8,9,=,

a,b,c, . . . ,w,x,y,z,é}

Data

Structure

?

Juan Luis Gastaldi | Critique and Formalism 8/22



word2vec Explained
(Levy & Goldberg, 2014)

` = ∑
w∈Vw

∑
c∈Vc

#(w, c)( log σ(~w · ~c) + k · EcN ∼PD
[log σ(−~w · ~cN)])

∂`
∂(~w · ~c) = 0 when ~w · ~c = log

(
#(w,c)·|D|
#(w)·#(c)

)
− log k

� Word2vec performs an implicit, low-dimensional factorization of a

pointwise mutual information (pmi), word-context matrix.

� The Singular Value Decomposition (SVD) provides an exact solution to this

problem.
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Embedding structure

Embedding

{-,/,0,1,2, . . . ,8,9,=,

a,b,c, . . . ,w,x,y,z,é}

Data
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Embedding structure
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From matrices to distributional operators

M : X × Y → R
(x, y) 7→ pmi(x, y)

X RY

RX Y

Mx

M∗M∗M∗

M∗M∗M∗

My

M∗M∗ : RX → RX

M∗M∗ : RY → RY

{u1, . . . , um} ⊂ RX

{v1, . . . , vn} ⊂ RY

{λ1, . . . , λmin (m,n), 0, . . . , 0}

M∗M∗ui = λiui

M∗M∗vi = λivi

The ui and vi are (linear)

fixed points!
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Eigenvectors
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Embedding dimensions as fixed points
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Embedding dimensions as fixed points
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Embeddings as Functors Over Categories

M : X × Y → R
(x, y) 7→ pmi(x, y)

X RY

RX Y

Mx

M∗M∗M∗

M∗M∗M∗

My

M∗M∗ : RX → RX

M∗M∗ : RY → RY

{u1, . . . , um} ⊂ RX

{v1, . . . , vn} ⊂ RY

{λ1, . . . , λmin (m,n), 0, . . . , 0}

M∗M∗ui = λiui

M∗M∗vi = λivi

The ui and vi are (linear)

fixed points!
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Embeddings as Functors Over Categories

Cop×D → Set
⇓

M∗ : SetCop
� (SetD)op : M∗

C (SetD)op

SetCop D

Y
o
n

ed
a

Mc

M∗

M∗

Md

Y
o
n

ed
a

M∗M∗ : SetCop → SetCop

M∗M∗ : (SetD)op → (SetD)op

Fix(M∗M∗) := {f ∈ SetCop |M∗M∗(f) ∼= f}
Fix(M∗M∗) := {g ∈ (SetD)op|M∗M∗(g) ∼= g}

Nucleus of M = {(f i, gi)}, such that:

M∗f i
∼= gi and M∗gi

∼= f i

The nucleus is a category

complete and cocomplete

Categories C and D can be enriched!

E.g.: M∗ : R̄Cop
� (R̄D)op : M∗

Juan Luis Gastaldi | Critique and Formalism 15/22



The Nucleus of the Profunctor

Cop × D → R̄

ei
(terms)

si
(contexts)

mesurement

⇓
M∗ : R̄Cop

� (R̄D)op : M∗

M∗M∗
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Geometry of the Nucleus
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Geometry of the Nucleus
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Theory of Computational Types

Definition (Polar/Orthogonal - Girard, 2011)

[G]iven a binary operation, noted

a, b 〈a|b〉 : A × B → C and a subset P ⊂ C (the ‘pole’)

one can define the polar X⊥ ⊂ B of a subset X ⊂ A
(resp. Y ⊥ ⊂ A of a subset Y ⊂ B) by :

X⊥ := {y ∈ B : ∀x ∈ X, 〈a|b〉 ∈ P }

Y ⊥ := {x ∈ A : ∀y ∈ Y, 〈a|b〉 ∈ P }

� The map ‘polar’ is decreasing:

X ⊂ X′ ⇒ X′⊥ ⊂ X⊥.

� The set Pol(A) ⊂ P(A) of polar sets, i.e., of the

form Y ⊥, is closed under arbitrary intersections. In

particular, A is polar and X⊥⊥ is the smallest polar

set containing X.

� As a consequence, X⊥⊥⊥ = X⊥.

(Gastaldi and Pellissier, 2021)
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From the Distributional to the Structuralist Hypothesis

Structure

Theory

“Task”

?

Distributional Hypothesis

The content of linguistic units is determined

by their distribution in a corpus.

Structuralist Hypothesis

Linguistic content is the effect of a virtual

structure underlying linguistic practices

within a community

Cop × D → R̄

R̄Cop
� (R̄D)op

⇓
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Syntagmas and Paradigmes

(Hjelmslev, 1971a)

A B C D× × ×

the man went home
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Structuralist Formalism

(benzécri1976codage)
(Marcus, 1967)

(Barbut1967_T1)

Juan Luis Gastaldi | Critique and Formalism 21/22



Structuralist Social Sciences

“S’il est vrai que [...] la classe

dominante constitue un espace

relativement autonome dont la

structure est définie par la

distribution entre ses membres

des différentes espèces de capital,

[...] on doit retrouver ces

structures dans l’espace des

styles de vie [...]. C’est ce que

l’on a essayé d’établir en

soumettant à l’analyse des

correspondances l’ensemble des

données recueillies.”

(Bourdieu, 1979)
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