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...Not the Prompt

I ASKED CHATGPT OPEN THE :
~AND HE SAID... <,  GODDAM BLACKBOX!




Where Art Thou, Critique?



Where Art Thou, Critique?

o Good “externalist” critique

o Poor “internalist” critique

— The main “critical” reference remains the “Stochastic Parrots” approach (Bender &
Koller, 2020; Bender et al., 2021)

— 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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Knowledge depends on language
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The relation between language and the world is essentially arbitrary

|

Any regularity in language/knowledge is not natural but cultural/social/political

!

We should resist existing regularities and create new ones
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The Critical Argumentative Matrix

Knowledge depends on language
(Epistemological)

[The relation between language and the world is essentially arbitrary?]

Any regularity in language/knowledge is not natural but cultural/social/political
(Political)
!
We should resist existing regularities and create new ones
(Aesthetic)
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Critique and Formalism

o At the source of this situation is the new foundational role played by
formal sciences in the 20th century

— For atheory of language: Camap, Godel, Turing, Shannon, Harris, Chomsky...

o The critical tradition has either withdrawn from the areas congquered by formal
approaches, or made formal approaches the target of criticism

+ We need a new strategy: Elaborate a critical formalism

o Inthe case of Al, a critical formalism can provide:
— New epistemological tools countering dogmatic perspectives stemming from within
the field
— New theoretical tools contributing to the non-dogmatic positive production of
knowledge
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Neural LMs as Computable Functions
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Empirical Evaluation
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Interpretability
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Interpretability

= Am.An.Af.Az. mf(nfx)
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Machine-Learning the Embedding Space

THIS 15 YOUR MACHINE LEARNING SYSTETM?

YUP! YOU POUR THE DATA INTO THIS BIG
PILE OF LINEAR ALGEBRA, THEN COLLECT
THE ANSWERS ON THE OTHER SIDE.

WHAT IF THE ANSLERS ARE LRONG? )

JUST STIR THE PILE UNTIL
THEY START LOOKING RIGHT

Credit: xked.com

catches

cats

a cat catches a mouse

Hidden layer Output layer
Wlnx k

Wlnxk 2
W2kxn

Wlnxk

Wik

Credit: Ferrone et al., 2017


https://xkcd.com/1838

Embedding Space: Similarity and Analogy
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(https://projector.tensorflow.org)
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word2vee PCA projecion: Comparvives

Embedding Space

Original Data

Other Applications

Whitening . Erasure ,  Unwhitening
‘ __ Concept
4 Subspace
B _ _ Orthogonal
Subspace
9 __Output
a Subspace
Class 1
-
Class 2
-° -5 0 5

(Belrose et al., 2024)
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(Mikolov et al., 2013)

(https://nip.stanford.edu/~johnhew/structural- probe.html)
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word2vec Explained
(Levy and Goldberg, 2014)
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mutual information (pmi), word-context matrix.
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word2vec Explained
(Levy and Goldberg, 2014)

= > > #w,c)(logo(W-¢)+k-E.yp,|logo(—w - cn)])

weVy, ceVe

ot vl =0 when w-¢ =log <#Ew)°;£|D|> log k

o(w - ¢)

o Word2vec performs an implicit, low-dimensional factorization of a
pointwise mutual information (pmi), word-context matrix.

o The Singular Value Decomposition (SVD) provides an exact solution to this
problem.



Example: Characters in Wikipedia

W = {_7/707 172535475767778?9?=7a7b7C7‘"7W7X7y7z7é}
C=XxX={(,-),(,/),(-,0),...,(&,2),(&,8)}

M. = pmi(w, c) - =
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SVD of Wikipedia Character PMI Matrix

14/35

Juan Luis Gastaldi | The Structure, Not the Prompt



Truncate

Juan Luis Gastaldi | The Structure, Not the Prompt 15/35



Truncate

2\

Na



Plot

By
02
o0
Sz
ek
v
[ J
[ 2
o Q@ o
3D T ! &
. cla @
N / &
k “.5
: .
:
[ > R
. o N
Q- 05



What to conclude?

‘zs."l
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But Why?

4 Why does this produce good word represen-
tations?

The distributional hypothesis states that words in similar contexts have sim-
ilar meanings. The objective above clearly tries to increase the quantity vy, - v,
for good word-context pairs, and decrease it for bad ones. Intuitively, this
means that words that share many contexts will be similar to each other (note
also that contexts sharing many words will also be similar to each other). This
is, however, very hand-wavy.

(Goldberg and Levy, 2014)



Introduction

NLMs as Formal Objects

The Structure(s) of the Embeddings

The Structure Behind the Algebra

Conclusion

Outline



Embeddings as Functions Over Sets
X ={-,/,0,1,2,3,4,5,6,7,8,9,=,a,b,c,...,w,X,y,2,8&}
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M: XxY >R
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Embeddings as Functions Over Sets

M, M*: RY - RY

M*M,: RY - RY
* X Mg:- 7RY
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Embeddings as Functions Over Sets

M, M*: RY - RY

M*M,: RY - RY PRI
{ur, ... Uy} c RS { Mj/j:::/
{vi,..., 05} c RY f;f::/ M
s Amain (s Os -+ 0} RY ——Y
M M*u; = M\, U:= [ty U]
M Myvi = Ajvi M=UsvlT V.= [v1, -+, vn]
The u; and v; are (linear) VAL 0
fixed points! %= [ A ]
0 o /A



M. M* as a Covariance Matrix
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Structural Features

Eigenvectors of M, M*:
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Embeddings as Functors Over Categories
X = {_7/707 17273747576’778?9)=7a7b7c7""W7X7y7z7é}
Y =X xX ={(-,-),(=,/),(=,0),...,6,2),(,8)}

X L RY
M:XxY >R mx
(z,y) — pmi(z,y) T M
g
RY ¢V
M;: X - RY M,
L= M(l’, _)
M*: RY - RY
My:Y —RY M,: RV - R¥



_— Set )
Profunctor - L
Parid 3
M: CP x D — Set S M g
¥ e S
(c,d) > M(c, ) Lo M s
op
op Set —
M.: C — (Set ) Ma
= M(c,—)
M e M*: Set™™” - (Set™)°P
d: — det

Embeddings as Functors Over Categories
= {_7/707 172737475767778?97=7a7b7c7"‘7W7X7y7z7é}
=C=1{-,/,0,1,2,3,4,5,6,7,8,9,=,a,b,c,...,w,X,y,2,é&}



Embeddings as Functors Over Categories

Isbell Adjunction
M*: Set™™ < (Set”)P: M,

c M (Set")op
f * cop cop -
.\/l;fi,\/l : Set ) — Set ) § e //:::// §
ME M. (Set”)P — (Set”)°P 2 /::;Z/M* E
Fix(M M) 1= {f € Set™ | MM (f) = /} Set™” «———— D
d

Fix(M*M.) := {g € (Set”)P|M* M. (9) = ¢}
Categories C and D
Nucleus of M = {(/;,¢:)}, such that: can be enriched!
M*f/ = g and M*,(// = f/
E.g.
The nucleus is a category M*: 257 = (2P)0P: M,
complete and cocomplete M REY < (RP)oP: M,
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Binary Fixed Points
MM f=f
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“Eigensets”
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Formal Concepts (Words)

{can, could,may,might,

{england, france, london} {europe, france,scotland} must, should,will,would}

. ///11 ,could;might,must,

,can,could} e should,would} —

{britain, france}

/
//(could,did,do) {ca,could,did,wo}
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Internal Structure of the Nucleus

2506 — oe, 21673312
e a,e — lie 21551112

— 2ie, 21649512

o, -216621.12

— 4, 216668.12

200K ‘ —— 5ie, -216660.12

—— 9re, -216697.12

3

150k
—— b e, -191103.12

—— cie, -149725.12

100k

— jie, 21374112
—— ki e, -210503.12
—— lie, -140853.12
—— m: e, -161993.12
n: T, -69555.12
—— ot e, -171427.12
—— pie, -178191.12
e, -210709.12
rir, 221588
i st e, -55613.12
—— t: e, -106260.12
u: e, -208693.12
Vie, -188636.12
—— wie, -165130.12
x: e, ~198662.12
——yie, 17752612
—— z:¢,-216203.12

o trace3s

50k

—~100k
trace 39

o trace 40

~150k

-200k -100k 0 100k 200k



Theory of Computational Types

Definition (Polar/Orthogonal - Girard, 2011)

[Gliven a binary operation, noted & ; -\

a,b ~ {a|b): Ax B — Candasubset P c C (the ‘pole)) ¥ X ) ‘D @)

one can define the polar X1 = B of asubset X = A . NSS e’ N\

(resp. Y+ < AofasubsetY < B) by : ‘: o 7 - / )
= L N

Xt :={yeB:Vze X,{alby € P}
Yti={zeA:VyeY,alb)e P}

s a e e
- | an @ @ o @
RS S ® @ & @
o The set Pol(A) c P(A) of polar sets, i.e., of the ‘ s

form Y1+, is closed under arbitrary intersections. In
particular, A is polar and X1+ is the smallest polar
set containing X

o Asaconsequence, X++4+ = XL,



Theory of Computational Types

Definition (Polar/Orthogonal - Girard, 2011)

[Gliven a binary operation, noted

a,b~<{alby: A x B— Candasubset P c C (the ‘pole))

one can define the polar X1 = B of asubset X = A an
(resp. Y+ c AofasubsetY = B) by :

aei0

a,im,s aei (en laeo

X+ := {ye B: Vz e X,{alb) € P}
Yt :={zeA:VyeY,{alb) e P}

PN

o The map ‘polar’ is decreasing: S— (Mod®V) Mod®V
XcX =X1tcxt | / \
o The set Pol(A) c P(A) of polar sets, i.e., of the she Mod Vv

form Y1, is closed under arbitrary intersections. In ‘ ‘
particular, A is polar and X+ is the smallest polar
set containing X.. must  know

o Asaconsequence, X++4+ = XL,
(Gastaldi and Pellissier, 2021)
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Conclusion: For a Critical Formalism

o Itis urgent to address of the epistemological dimension of the critical project in its
own terms

» This requires to develop a critical approach within formal sciences where
formalization is not assumed to lead to naturalization

— The new role of data within formal sciences is crucial in this sense

o A critical formalism will be incomplete if it remains disconnected from the political,
and even the artistic dimension of the critical program
— We need a new alliance between the formal sciences, the human sciences, and the
arts.
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