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Preliminaries:   Representation — Numbers

You like this talk

You
like
this
talk

.031, .284, …, .701

.972, .061, …, .548

.019, .805, …, .732

.979, .294, …, .101

[Image credit] https://vanshsethi.medium.com/convolutional-neural-networks-f40d64453904

a vector a matrix



Preliminaries:  Convolution

Convolution
Repeated matrix multiplication

[Image credit] https://towardsdatascience.com/convolutions-for-deep-learning-1f6f42faee1



Preliminaries:  Embedding

Multi stepped (chained) matrix multiplication
Compression

[Image credit] https://medium.com/@evertongomede/embeddings-in-machine-learning-2402bab526fe



Journey of text through LLM

input text

LLM

output text

Journey of text 
through LLM

SECTION 1



Journey of text through LLM

LLM

input text

output text

Interface 
application
(ChatGPT)

input text

output text



Task

Can U  expand LLM? Large Language Modeling
LLM



LLM Input preparation

Can     U  expand LLM?

can u expand llm?

Remove accent, spaces, 
lowercasing

Break at whitespace and 
punctuation

{can,u,expand,LLM,?}

{can,u,ex,##p,##and,LLM,?}

{CLS,can,u,ex,##p,##and,LLM,?,SEP}

Normalization

Pre-tokenization

Tokenization

Post-processing
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Tokenization: Vocabulary creation
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Tokenization: Vocabulary creation

Corpus of text Tokenization algorithm Vocabulary

Corpus of text
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Tokenization algorithms

Byte pair encoding

WordPiece

SentencePiece

Unigram



Embedding

{CLS,can,u,ex,##p,##and,llm,?,SEP}

{000,.648,.61,.088,.094,.761,.032,.076,.809}



Embedding: fixed length floats

CLS
can
u
ex

##p
##and

llm
?

SEP

000, 000
.648, .032
.619, .088
.094, .761
.032, .076
.809, .094
.093, .461
.038, .076

-inf, -inf

Static vs. Dynamic



Causal Language Modeling (CLM)

Autoregressive Language Inference



Autoregressive Generation: Causal Language Modeling (CLM)

LLM

[.031, .284, …, .701]
Can

[.972, .061, …, .548]
U

[.0, .0, …, .0]
expand

[.979, .294, …, .101]
LLM?

context vector

Context length, Block length, Chunk length

[.011, .228, …, .370] [.492, .501, …, .658] [.043, .064, …, .456] [.977, .298, …, .109]

[.019, .227, …, .376] [.495, .504, …, .653] [.042, .060, …, .451] [.951, .722, …, .491]

Position 
encoding



Autoregressive Generation: Causal Language Modeling (CLM)

LLM

[.021, .994, …, .711]
Large

Output: 

context vector



Autoregressive Generation: Causal Language Modeling (CLM)

LLM

[.091, .907, …, .051]
Language

Output:     Large



Autoregressive Generation: Causal Language Modeling (CLM)

LLM

[.099, .125, …, .078]
Modeling

Output:     Large Language



Autoregressive Generation: Causal Language Modeling (CLM)

LLM

[inf, inf, …, inf]
EOS

Output:     Large Language Modeling



Autoregressive Generation: Decoding Stack

[.091, .907, …, .051]

[inf, inf, …, inf]

[.021, .994, …, .711]

[.099, .125, …, .078]

Language

Large

Modeling

SEP

Large Language Modeling



Complex Probability Distribution: Greedy Decoding

LLM

[.099, .125, …, .078]
Modeling

Large
Language
Modeling

.0002

.0003

.0059

Output:     Large Language



Beam Search: Non greedy approach

LLM

[.099, .125, …, .078]
Modeling

Output:     Large Language

Search Frontier:      {Language, Modeling}



Controlling creativity: Temperature

High temperature:   more creative generation

Cat sits on:     moon, mars, sea

Low temperature:  more realistic generation

Cat sits on:     sofa, floor



Beam Search: Top-P

.0859

.0602

.0548

.0248

.0088

.0018

.0012

.0008

.0001

Top P % tokens are considered for generation



LLM architectures



LLM architectures

Encoder only Encoder 
decoder Decoder only

BERT GPT - 2 GPT - 3,4



encoder - decoder

Vaswani et al., 2017, Attention is all you need



LLM modelling (tasks) types

Masked 
Language 
Modeling 

(MLM)

BERT GPT - 2,3,4

Causal 
Language 
Modeling 

(CLM)



Journey of text through LLMEvolution of LLM
SECTION 2



Sequence to Sequence Models

Recurrent neural networks (without attention)
Problem: short context



Sequence to Sequence Models (with attention)

Recurrent neural networks (with attention)
Problem: vanishing gradients



Sequential learning     →     Parallel Learning

RNN     →     Transformer

RNN (attention)     →     Attention(RNN)

Path Breaking Idea (Transformer)



RNN vs. Transformer

LSTM

[.031, .284, …, .701]
You

[.972, .061, …, .548]
like

Transformer

[.031, .284, …, .701]
You

[.972, .061, …, .548]
like

[.0, .0, …, .0]
[MASK]

[.979, .294, …, .101]
talk

[.031, .284, …, .701]
You

[.972, .061, …, .548]
like

[.019, .805, …, .732]
this

[.979, .294, …, .101]
talk

context



LLM evolution: Recurrent Neural Networks (RNNs)

LSTM

[.031, .284, …, .701]
You

[.972, .061, …, .548]
like

[.031, .284, …, .701],         v
You

v, ot-1

context

context

Winput

v, ot-1

Wforget

v, ot-1

Woutput

ot

to t+1

Context 
vector



LLM evolution: Context/Ops Symmetry (RNN – Transformer)

[.031, .284, …, .701],         v
You

v, ot-1 context

Winput

v, ot-1

Wforget

v, ot-1

Woutput

ot

Wvalue

Wkey

Wquery

X = [v1, v2, v3…, vn]

×

×

×

V

K

Q

Self attention (heart of transformer)



LLM evolution: Transformer (self-attention)

Wvalue

Wkey

Wquery

X = [v1, v2, v3…, vn]

×

×
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LLM evolution: Transformer (self-attention)

Wvalue

Wkey

Wquery

X = [v1, v2, v3…, vn]

×

×

×

V

K

Q

Q K V

                                                                                                                            Vaswani et al., 2017, Attention is all you need



LLM evolution: Transformer (multi-head attention)

Vaswani et al., 2017, Attention is all you need



LLM evolution: Transformer (encoder - decoder)

Vaswani et al., 2017, Attention is all you need



LLM evolution: Transformer (encoder - decoder)

Vaswani et al., 2017, Attention is all you need

LLM

Massive 
Stacking



?

When does LLM stop generation?



Conclusions

Tokenization: context encoding

Transformer: parallelization,    efficient learning

Fatty encoders: scaling (compute, data)






