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[ 1] Douglas Hofstader, Stanford Presidential Lecture, 2009

[2] Link to personal webpage


https://www.youtube.com/watch?v=n8m7lFQ3njk&t=2156s
https://singhnishit.github.io/singhnishit/

How hard 1s 1t for a world class ballerina
to win a grand slam?




Definition(s)

Analogy is the mapping of knowledge from a base domain to a target such that a system
of relations holding among the base objects also holds among the target objects, with
relational structure mattering far more than shared object attributes. Gentner, D. (1983)

Analogical mapping between a source and target is governed by three interacting
constraints: structural [isomorphism], semantic [similarity], and pragmatic [purpose],
satisfied in parallel rather than by structure alone. Holyoak & Thagard (1989)

Analogy-making is the perception of common essence between two things, treated not as
a specialized reasoning tool but as the basic mechanism underlying all concepts and
thought. Hofstadter (2007)


https://www.sciencedirect.com/science/article/abs/pii/S0364021383800093

Detinition

Analogy is the mapping of knowledge from a base domain to a target such that a system
of relations holding among the base objects also holds among the target objects, with
relational structure mattering far more than shared object attributes. Gentner, D. (1983)



https://arxiv.org/abs/2001.06668




Detinition

Base Domain Target Domain

For this setup, 1t 1s prudent to express analogy as directly proportional to “how parallel” the analogy lines are. This
definition is not necessarily general; but it works sufficiently here.
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Emergent Analogical Reasoning in Transformers @3
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TL;DR: We analyze how analogy is implemented inside Transformers and show that the same mechanism extends to pretrained LLMs.

Abstract:

Analogy is a central faculty of human intelligence, enabling abstract patterns discovered in one domain to be applied to another. However, the mechanisms underlying analogical reasoning in
Transformers remain poorly understood. In this work, inspired by the notion of functors in category theory, we formalize analogical reasoning as the inference of correspondences between entities
across categories. Based on this formulation, we introduce synthetic tasks that evaluate the emergence of analogical reasoning under controlled settings. We find that the emergence of analogical
reasoning is highly sensitive to data characteristics, optimization choices, and model scale. Through mechanistic analysis, we show that analogical reasoning in Transformers decomposes into two key
components: (1) geometric alignment of relational structure in the embedding space, and (2) the application of a functor within the Transformer. These mechanisms enable models to transfer relational
structure from one category to another, realizing analogy. Finally, we quantify these effects and find that the same trends are observed in pretrained LLMs. In doing so, we move analogy from an abstract

cognitive notion to a concrete, mechanistically grounded phenomenon in modern neural networks.

Spotlight paper, ICML 2026.



https://openreview.net/forum?id=GxTkgMBiz8&referrer=%5Bthe+profile+of+Gouki+Minegishi%5D%28%2Fprofile%3Fid%3D%7EGouki_Minegishi1%29

What we already know
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Attacking the category theory fortress.




fickle?

Why 1s 1t

[ RCAs ]




o
o

Accuracy
o
o

0.8

Accuracy
© ©9
eI

O
OV

Q
<

Accuracy
© o o =
BN (9] (0] o

o
da

0907

Effect of removed atomic fact ratio (non-Complete Graph)

1 '00- Removed atomic fact ratio
0
075
g EN 03
S 0.50 B 05
<C N 0.7
0.25
101 102 103 0_0?01 . 02 1 03
Training Step Training Step
OOD Analogical Reasoning Accuracy on 4-layer Transformer
Ir=1e-5

— |r=1e-4
— r=1e-3

108

Training Step

Weight Decay - Batch Size

Weight Decay i Batch Size
N 0 N 32
BN 0.01 . 64
N 0.1 Il 128
1 H 256

102 10! 102
Training Step Training Step
memss  Compositional Reasoning  ===== Anglogical Reasoning






RCAT

O O O O

.
wse®

RCAT




Random Object Sorting
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-rom Altabaa et al. , ICLR 2024.



https://arxiv.org/abs/2304.00195

What 1s happening?

Why is it fickle? [ Formal Languages
[ RCAs ]
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A sentence 1s only if 1t follows the grammar of the langauge.

A string with member of the rules of formal
letters from the language concatenation, language
alphabet collapse,
replacement, and
the set of allowed conclusion
symbols

Counter Languages : All brackets in the string should be closed.
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Our task can be translated to a formal language

Formal Languages can be defined by automatons

Automatons can be recovered mechanistically* from
transformers

* Aliyah et al., 2024



https://arxiv.org/abs/2407.00886

What 1s happening?

Why is it fickle? [ Formal Languages
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h(er) ~ h(ep) + h(f)

MINIGESHIET AL.,
ICML 2026



https://openreview.net/forum?id=GxTkgMBiz8&referrer=%5Bthe+profile+of+Gouki+Minegishi%5D%28%2Fprofile%3Fid%3D%7EGouki_Minegishi1%29
https://openreview.net/forum?id=GxTkgMBiz8&referrer=%5Bthe+profile+of+Gouki+Minegishi%5D%28%2Fprofile%3Fid%3D%7EGouki_Minegishi1%29

h(er) ~ h(eg,) + h(f)+ h(f,) ?
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What 1s happening?

Why is it fickle? [ Formal Languages ]
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Formalising meta-analogy,

h(rr) ~ h(rg) + h(f) ?




Formalising meta-analogy, METHOD 2.

h(t,) ~h(t,) +h(1) ?



Why I find it so interesting.

These functors between functors are super
interesting, because they might compose. If they
do, then that means these meta-functors form a
category of embeddings - which are words.

That means this trail might lead us to words
which are qualitatively “meta analogous” - kinda
like how clicking the first hyperlink on any
wikipedia article, and repetitively doiling so.
reaches the page philosophy 1n finite time. “the
meta-est word”






