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Dissection of ChatGPT
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1) Engine:
Transformer Model

2) Language Model:
GPT (BERT-based)

3) Dataset:
Chat-based Instruction



Language Models
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Language Models
• Motivation
• Statistical prediction for how strings are 

produced in a language
• Interpreted as a generative model
1. Generate the first word w1

2. Keep generating the next word wk based on the 
previous words (a.k.a. context) w1 … wk-1 until 
the whole sentence of length N is produced
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P (w1 . . . wN ) = p(w1)
NY

k=2

p(wk|w1 . . . wk�1)

next word context

context next
word

Prediction with p(next|full context)



Language Models
• Motivation: n-gram models
• Language models whose context is truncated 

to at most n–1 previous words

• Unigram (n=1):

• Bigram (n=2):

• Trigram (n=3):
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P (w1 . . . wN ) = p(w1)
NY

k=2

p(wk|wk�n+1 . . . wk�1)

next word n–1 prev words

P (w1 . . . wN ) = p(w1)
NY

k=2

p(wk|wk�1)

P (w1 . . . wN ) = p(w1)p(w2|w1)
NY

k=3

p(wk|wk�2, wk�1)

context next
word

Prediction with p(next|context)

P (w1 . . . wN ) =
NY

k=1

p(wk)



Transformer as Language Model
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The Transformer (Vaswani et al., 2016)

• Sequence-to-sequence model
• Translation: It learns how to produce a 

target sequence from a source sequence, 
given a very large dataset of sequence pairs
• Pros: It automatically learns word 

collocations and phrase structures on the 
input and output sequences
• Cons: It consists of an expansive amount of 

neuron cells, and the training process can 
be quite time-consuming
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TRANSFORMER

Source: sequence of words

Target: sequence of words

Mary looks this word up in the dictionary

แม# $นหา ( ) ใน พจนา-กรม



Mary

looks

this

word

up

Scaled Dot-Product Attention
• Semantic similarity ⇒ search engine
• Query is compared against each key with dot product
• The more similar the key is to the query, the more 

weight its value will get
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Query

Keys Values Weights
Scaled
Values

Combined
Result

<latexit sha1_base64="PP5FV0iwelLiIK95IagQFQO3qM0="></latexit>

wi / ki · q

r =
NX

i=1

wivi

<latexit sha1_base64="5Ci41ZpqK+eSnDAEtOkYfYXhJsg="></latexit>

w = Softmax(K⇥ q)

r = V> ⇥w

Simple
Form

Matrix
Form

‘looks’

For word sequence, 
collocating words 
are semantically 
similar to each other
e.g. ‘looks ___ up’



Self-Attention
• Scaled dot-product attention whose queries 

and keys are the same
• Collocations will have almost similar results
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Mary

looks

this

word

up

Keys Values

Mary

looks

this

word

up

Queries Mary looks this word up

Mary

looks

this

word

up

Combined
Results

Matrix
Form

<latexit sha1_base64="BTewCkgKwQ3ncgDnAeNASzvvej8="></latexit>

W = Softmax(K⇥K>)

R = W ⇥V



Alignment Attention
• Scaled dot-product attention whose queries 

are the target and whose keys are the source
• Collocation alignment via semantic similarity
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Mary

looks

this

word

up

Keys
(source) Values

แม#
$นหา
(
)

Queries
(target) Mary looks this word up

แม#
$นหา

(
)

Combined
Results

Matrix
Form

<latexit sha1_base64="IlbYHGCtCTRANCq972KaGUqtw9I="></latexit>

W = Softmax(Q⇥K>)

R = W ⇥V



Multihead Attention
• Scaled dot-product attention has a drawback
• It recognizes only one type of word collocation
• If we assume more than one type of word 

collocation per sequence, then we have to combine 
multiple attention heads [default = 8 heads]
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Scaled
dot-product
attention

Scaled
dot-product
attention

Queries Keys Values

LINEAR LINEAR

CONCATENATION

LINEAR

Result
Mary Poppins looks this word up

Mary

Poppins

looks

this

word

up

Mary Poppins looks this word up

Mary

Poppins

looks

this

word

up

HEAD 1 (looks ___ up) HEAD 2 (Mary Poppins)

Notation

Multihead
attention (n)

Q K V



Phrase Structure
• H-head self-attention recognizes H types of 

word collocation per sequence
• One layer can combine consecutive words to 

become a phrase
• More layers of multihead self-attention can 

combine consecutive phrases to become a larger 
phrase or even a sentence ⇒ phrase structure

• Each layer is simply called an encoding layer
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Mary looks this word up

Multihead
attention (2)

Q K V

Mary looks this word up

Multihead
attention (2)

Q K V

Mary looks this word up

looks ___ up this word

looks this word upMary looks ___ up



Phrase Structure
• H-head self-attention recognizes H types of 

word collocation per sequence
• One layer can combine consecutive words to 

become a phrase
• More layers of multihead self-attention can 

combine consecutive phrases to become a larger 
phrase or even a sentence ⇒ phrase structure

• Each layer is simply called an encoding layer
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Mary looks this word up

Multihead
attention (2)

Q K V

Mary looks this word up

Mary looks this word up

× 3
Mary looks this word up



Alignment of Phrase Structures
• H-head alignment attention recognizes H

pairs of phrase structures
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Mary looks this word up

Multihead
attention (2)

Q K V

Mary looks this word up

× 3
แม# $นหา ( )

Multihead
attention (2)

Q K V × 3

แม# $นหา ( )



Alignment of Phrase Structures
• H-head alignment attention recognizes H

pairs of phrase structures ⇒ decoding layer

5 March 2023 Thai ChatGPT: Pretrained LLM (Prachya Boonkwan) 15

Mary looks this word up

Multihead
attention (2)

Q K V × 3
แม# $นหา ( )

Multihead
attention (2)

Q K V

Multihead
attention (2)

Q K V × 1

Mary looks this word up แม# $นหา ( )

Mary ⇒ แม#
looks ___ up ⇒ $นหา
this ⇒ )
word ⇒ (



Alignment of Phrase Structures
• H-head alignment attention recognizes H

pairs of phrase structures ⇒ decoding layer
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Mary looks this word up

Multihead
attention (2)

Q K V × 3
แม# $นหา ( )

Multihead
attention (2)

Q K V

Multihead
attention (2)

Q K V × 2

Mary looks this word up แม# $นหา ( )

Mary ⇒ แม#
looks ___ up ⇒ $นหา
this ⇒ )
word ⇒ (
this word ⇒ ( )



Alignment of Phrase Structures
• H-head alignment attention recognizes H

pairs of phrase structures ⇒ decoding layer
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Mary looks this word up

Multihead
attention (2)

Q K V × 3
แม# $นหา ( )

Multihead
attention (2)

Q K V

Multihead
attention (2)

Q K V × 3

Mary looks this word up แม# $นหา ( )

Mary ⇒ แม#
looks ___ up ⇒ $นหา
this ⇒ )
word ⇒ (
this word ⇒ ( )

look this word up⇒ $นหา ( )



Alignment of Phrase Structures
• H-head alignment attention recognizes H

pairs of phrase structures ⇒ decoding layer
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Mary looks this word up

Multihead
attention (2)

Q K V × 3
แม# $นหา ( )

Multihead
attention (2)

Q K V

Multihead
attention (2)

Q K V × 3
$นหา ( ) ∅

(Right-shifted output)
Mary looks this word up แม# $นหา ( )



Large Language Models
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BERT (Devlin et al., 2018)

• Bidirectional Encoder Representations 
from Transformer
• Transformer model pretrained with a very 

large language dataset
• Pretrained Transformer model with 

multilayer bidirectional encoders
• Contextual representations: vector repr of 

each word varies by position
• Trained on BooksCorpus (800M words) + 

Wikipedia (2,500M words)
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BERT
base

BERT
large

Encoding layers 12 24

Attention heads 12 16

Hidden dimensions 768 1,024

Parameters 110M 340M



Training BERT out of the Transformer
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• BERT can be train 
via multiple 
downstream tasks
• Machine translation
• Question answering 

(SQUAD)
• Inference in natural 

language (NLI in 
GLUE Dataset)

• Abstractive 
summarization

Multihead
attention (H)

Q K V

N ×

+

Add & Norm

Feed Forward

Add & Norm

∿Position
encoding

Encoding layers

Source-lang text

Decoding layers

+

N ×
∿Position

encoding

Target-lang text

LINEAR

Softmax

Output

Shifted target-lang text



Training BERT out of the Transformer
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• BERT can be train 
via multiple 
downstream tasks
• Machine translation
• Question answering 

(SQUAD)
• Inference in natural 

language (NLI in 
GLUE Dataset)

• Abstractive 
summarization

Multihead
attention (H)

Q K V

N ×

+

Add & Norm

Feed Forward

Add & Norm

∿Position
encoding

Encoding layers

Passage + question

Decoding layers

+

N ×
∿Position

encoding

Answer

LINEAR

Softmax

Output

Shifted answer



Training BERT as Multitask Learning
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• BERT can be train 
via multiple 
downstream tasks
• Machine translation
• Question answering 

(SQUAD)
• Inference in natural 

language (NLI in 
GLUE Dataset)

• Abstractive 
summarization

Multihead
attention (H)

Q K V

N ×

+

Add & Norm

Feed Forward

Add & Norm

∿Position
encoding

Shared encoding layers

Any input text

Task Pool

SL text

TL text

Pass+Q

Answer

Hypo

Prem

Text

Summ



BERT = Shared Encoding Layers
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• BERT can be train 
via multiple 
downstream tasks
• Machine translation
• Question answering 

(SQUAD)
• Inference in natural 

language (NLI in 
GLUE Dataset)

• Abstractive 
summarization

Multihead
attention (H)

Q K V

N ×

+

Add & Norm

Feed Forward

Add & Norm

∿Position
encoding

Shared encoding layers

Any input text

Task Pool

SL text

TL text

Pass+Q

Answer

Hypo

Prem

Text

Summ

Removed after training



RoBERTa (Liu et al., 2019)

• Robustly Optimized BERT pretraining approach
• An improved version of BERT
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• Dynamic masking
instead of static masking

• NSP task is eliminated 
without losing semantic 
relatedness

• Larger datasets are used 
in training than BERT 
(CC-News and Open 
WebText)

https://www.sbert.net/examples/unsupervised_learning/MLM/README.html



Differences of BERT, GPT, and BART (Lewis et al., 2019)
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• BERT:
bidirectional 
encoder
• GPT:

autoregressive 
(unidirectional) 
decoder
• BART:

bidirectional 
encoder + 
autoregressive 
decoder



“Houston, We have a problem.”
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https://www.notion.so/Summary-4b1e4213de4147d2ae7e82161aa26fac
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Recruitment
• Skimming and scanning the datasets
• Prohibited contents
• Bias
• Toxicity
• Misinformation

• Statistical analysis and coding
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Business Opportunities of Generative AI
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Krisp.ai
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• Krisp.ai removes 
background voices, 
noises, and echoes 
from your conference 
calls with AI

• https://krisp.ai



Beatoven.ai
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• Beatoven.ai creates 
loyalty-free, 
customizable, and 
unique musics

• https://www.beatoven.
ai



Flair.ai
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• Flair.ai generates an 
advertisement from 
your idea draft and 
visual elements
• https://flair.ai



Illustroke.com
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• Illustroke.com 
converts your text 
prompt into a vector 
illustration (SVG)
• https://illustroke

.com



Copy.ai
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• Copy.ai generates a text 
content based on your 
context (main points) 
and tone
• https://www.copy.ai



Ocoya.com
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• Ocoya.com generates 
social media and 
hashtags by your 
headline and context
• It posts the contents 

on the optimal time
• https://www.ocoya.

com



Vidyo.ai
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• Vidyo.ai generates 
short viral clips with 
emojis and captions 
from a given video 
footage
• https://vidyo.ai



Thank You
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