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Recap: Lectures 1-6
Categories: collection of objects and arrows  

Functors: structured mapping between categories 

Natural transformations: structured mappings between functors  

Yoneda Lemma: Representable set-valued functors  

Limits and colimits: Turning diagrams into computational objectives 

Functor categories: Each object is a functor



Diagrammatic Backpropagation: Deep 
learning with (co)limits

The textbook Categories for AGI has several chapters devoted to this 
week’s topics  

Chapters 5-10 (~100 pages!)  

It is the longest section in the book!  

We will study these concepts further in the course 

This week’s lectures are a high-level summary



GAIA: Generative AI Architecture



Simplicial Sets and Objects
Combinatorial model of spaces



Simplicial Category Δ
• Objects: ordinal numbers


• 


• Arrows: 


• 


• 


• All morphisms can be built out of primitive injections/surjections


• 


•

[n] = {0,1,…, n − 1}

f : [m] → [n]

If i ≤ j, then f(i) ≤ f( j)

δi : [n] → [n + 1] : injection skipping i

σi : [n] → [n − 1], surjection repeating i
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Primitive Injections 
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Primitive Surjections:  
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Every arrow is composition of primitive 
surjections + injections
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Yoneda lemma 
for simplicial sets

sSet: Δ → SetΔop

Δn = Δ( − , [n])

Δn
k = Δ([k], [n])

di : f : [k] → [n] ↦ [k − 1] δi [k] f [n]

si : f : [k] → [n] ↦ [k + 1] σi [k] f [n]



Nerve of a Category

• A simplicial set is a contravariant functor mapping the simplicial category 
to the category of sets


• Any category can be mapped onto a simplicial set by constructing its 
nerve

Mn(𝒞) = {c0
f1 c1

f2 c1⋯
fn cn |ci is an object and fi is an arrow}



Simplicial Sets: Contravariant Functors

δn
i : [n] → [n + 1]

σn
i : [n + 1] → [n]

[0] [1] [2] [3]

[0] [1] [2] [3]

Xn : [n] → X : Δop → X



Simplicial Sets vs. Categories

• Any category can be embedded faithfully into a simplicial set using its 
nerve


• The embedding is full and faithful (perfect reconstruction) 


• Unfortunately, the converse is not possible


• Given a simplicial set, the left adjoint functor that maps it into a category 
is lossy! 





Horns of 
Simplicial Sets
A “horn” is a subset of a 
simplicial set 

The “extension” problem is to 
“fill in” missing faces
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Lifting Diagrams 
for Simplicial 
Sets
Recall that a lifting diagram 
was used as a way to model 
inference in databases. 



Simplicial Generative AI



Geometric 
Transformers

GTs introduce explicit geometric 
inductive biases 

Token embedding is 
geometrically transported into a 
simplicial space

[Mahadevan, Categories for AGI, 2026]



GT-Lite

Uses a simple 1D convolution 
layer to “smooth” out token 
embeddings on adjacent 
tokens

1D convolution is the colimit 

in a vector space embedding



Simplicial 
Message 
Passing: GT-Lite
Uses a discrete diffusion 
process 

Attenuates local 
inconsistencies

[Mahadevan, Categories for AGI, 2026]



Diagrammatic  
Backpropagation

Central idea: penalize deviations 
from compositionality 

Propagate gradients around 
loops! 

By explicitly measuring the lack of 
compositionality, we get a novel 
error signal!

[Mahadevan, Categories for AGI, 2026]



Simplicial 
Message 
Passing: GT-Full
Uses a discrete diffusion 
process 

Attenuates local 
inconsistencies

[Mahadevan, Categories for AGI, 2026]



Mixture of 
Experts GT

GT-MoE combines explicit 
geometric inductive biases 
with gated experts

[Mahadevan, Categories for AGI, 2026]



Simplicial 
Message 
Passing: GT-MoE
Uses a discrete diffusion 
process 

Attenuates local 
inconsistencies

[Mahadevan, Categories for AGI, 2026]



Experimental Results



Language 
Modeling
Penn Tree Bank (PTB) 

The Penn Treebank (PTB) project 
selected 2,499 stories from a three 
year Wall Street Journal (WSJ) 
collection
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Language 
Modeling
Wiki-103: 100-million token dataset of carefully curated 
Wikipedia articles 
The WikiText-103 dataset include


• 28,475 Wikipedia articles 

• Over 100 million words in English 

• Complete, untruncated and low-noise texts 

• A raw format (TXT), suitable for training 
autoregressive or bidirectional models
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DEMOCRITUS: 
Causality from 
Language

[Mahadevan, Large Causal 
Models from Large Language 
Models, Arxiv 2025]



LLM summary

DEMOCRITUS



Causal DeepDive
DEMOCRITUS explains the 
causal background to any 
story 

Why, not what!



100,000 causal claims 



Summary

The ordinal category  has as objects [n], and arrows weakly order-
preserving functions on [n] 

Simplicial objects are contravariant functors  

GAIA: Generative AI Architecture based on simplicial objects  

Geometric Transformer is a GAIA architecture 

Diagrammatic Backpropagation is used to train a GT model

Δ

X[n] : Δ → C


