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Encoder/Decoder Model Use Cases
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TRANSLATION PROCESSING




minGPT 1n
action

Input sentence

Tokenize it (char, word, etc.)
Create token embedding and
Position encoding (e.g., sin(w))
Encoder creates encoding

Run self attention on encoding
Softmax creates probabilities
Detokenize

1.
2.
3.
s
5.
6.
/.
8.
9.

Produce predicted next char/word.

GPT-mini: 6 layers, 6 heads, 192 embedding
size

GPT2-Llarge: 36 layers, 20 heads, 1280
embedding size = 774M parameters
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TranSformer “wmim%" *Attention(Q, K, V) = suftlmm(% 14
BlOCk Internals T From “Attention Is All You Need” ’
1. Layer Normalization 1 .
2. Causal Self Attention
3. Add X to Attn Ik ===== §
4. layer Normalization 2 o /'__:iu
5. Fc Inner Product ‘T ‘f—
6. Activation (RELU, GELU, etc.) = - i
7. Projection Inner Product T = 0 —
8. Dropout E——_— ororout 2] ———
9. Add proj to X1 (from #3 above) b ;‘?i"iﬁ o ,‘I! 'I,l ’ 2
] - From “GELU activation”
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probabilities

* 1 Cutput
[] 1nGP | VS u — Probabilities
A
encode/decode L
4
model @[ uerom (e om)— |
Feed
@ Forward
. . ["Add & Norm |
1. minGPT only implements the r‘ ﬁ
, , . ulti-Hea
encoder’ side of the full model. Feed Attention
Forward
2. Just add LayerNorm + == : N>
InnerProduct + Softmax to get ]
output probabilities Nx | —(Add & Norm ) ——
Multi-Head Multi-Head
Attention Attention
How do we convert GPT to an \ L 1t
Encoder/Decoder model? \. J |\ v
F’osi‘.iolnal @_@ A Paositional
Encoding ! Encoding
Input Qutput
Embedding Embedding
Inputs Oulpuls
(shifted right)

From “Attention Is All You Need”, Figl
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First, convert ...

CausalSelfAttention
to
MultiHeadedAttention

CausalSelfAttention takes
one input ‘X’ and converts it
to Q, K, V using a single
InnerProduct

MultiHeadedAttention takes
3 inputs that are converted
to Q, K, V using three
InnerProducts.
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Causal SelfAttention

X
(B,T,C) B = batch size
l T = block size
@ C=embed size
InnerProduct
v
X1
(B,T,C*3)
Transpositions so
m that all heads are
computed in
Q K v parallel

(B,nh,T,hs) (B,nh,T,hs)(B,nh,T,hs)

NS

Attention(Q, K, V') = softmax(—=)V

1 v g

InnerProduct
(final projection)

!

Y
(B,T,C)

'

Dropout

(B,T.C)

MultiHeadedAttention

X1
(B,T.C)

'

X2
(B,T,C)

v

X3
(B,T.C)

'

{2 )—
‘ Inner Prod uct H InnerProduct H Inner Product \
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Q K v
(8,T,C) (BT.C) (B,T,C)

I | |
Transposition || Transposition || Transposition
v ¥ ¥
Q K v
(B,nh,T,hs) (B,nh,T,hs) (B,nh,T,hs)

Attention(Q, K, V) = softmax(
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InnerProduct
(final proj ection)
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Dropout
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Encoder Transformer Block

Decoder ——
Transformer

Block Internals -
Starting with Encoder Transformer S
Block (Transformer Block in GPT).. e
S
S C -
relu
i R

ccccc
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Encoder Transformer Block

Decoder ==
Transtormer —

Block Internals T
Make room for new layers used by o
Decoder Transformer Block..
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Decoder Transformer Block

encoder output
feat’

Decoder e
Transtormer
Block Internals

Layer Normalization 1
Causal Self Attention
Add X to Attn

Layer Normalization 2
. Multi-Head Attention
. Add X1 to Attn2
. Layer Normalization 3

Fc Inner Product
Activation (RELU, GELU, etc.)
Projection Inner Product

. Dropout
10.Add proj to X2 (from #5c above)
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Decoder
Transtormer
Block Internals

Layer Normalization 1
Causal Self Attention

1

2

3. Add X to Attn

4. Layer Normalization 2
5a. Multi-Head Attention
5b. Add X1 to Attn2

5c. Layer Normalization 3

6. Fc Inner Product

7. Activation (RELU, GELU, etc.)

8. Projection Inner Product

9. Dropout

10.Add proj to X2 (from #5c above)
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Decoder Transformer Block

ccccc

— Attention(Q, K, V) = softmax(

Learning to match input
and target probability
distributions occurs here.

The same encoder output

is sent to each decoder
transformer block layer.
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minGPT vs full
encode/decode
model (Ezems

Forward
7 D
Full model uses both encode (left) Add & Norm :
. Multi-Head
and decode (right). Feed Attention
Forward 7 7 J) M
— ]
N
X
i ::Add & Norm Masked
Multi-Head Multi-Head
Attention Attention
At 4 At
LL Y, . >,
Pasitional Positional
Encodine &) @ .
ncoding 1 Encoding
Input Qutput
Embedding Embedding
Inputs Oulpuls

(shifted right)

From “Attention Is All You Need”, Figl
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TOKENIZED_DATA
tokdatal .
oatch: 64
olock: 128
type: TEXT_FILE

_____ = wf ] e e
encode/decode \
mOdel o gt e
Full encoder/decoder model based off | epsi1E10 «
original minGPT model.

Note:

Target values are offset by one and
it D1z o1 TRANSFORMER_BLOCK o7 rnANsrc:r::e BLOCK o7 .,,,ms.;;
m ay use a se p d rate p 0sS |t| Oona l Lﬂ.VEENCth'\-\ TEANsrcng;_BLCQEM #1177 TEANSFCSAEE_BLCQEM oy TEANSFCSAEE_BLCQEM e:n::»gé: 1,;.2/\
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embedding. et e e e i i
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Also Note:

Decoder TRANSFORMER_BLOCKS

have ‘decode’ enabled which uses both

the CausalSelfAttention and ———

ccccc

_ipl

MultiHeadAttention layers internally.

= The same encoder output
e Is sent to each decoder
12/6/2022 12 transformer block




Thank You!
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