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Encoder/Decoder Model Use Cases

LANGUAGE 
TRANSLATION 

NATURAL LANGUAGE 
PROCESSING

TIME SERIES
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minGPT in 
action
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Use 
TOKENIZED_DATA 

to Detokenize

Use Multinomial 
(CDF) or BeamSearch 

to get Token

“PRINCE EDWARD: O, I hope some 
these swords, still me, they would 
With that do me to the service?“
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“O God! O God!”1

1. Input sentence
2. Tokenize it (char, word, etc.)
3. Create token embedding and
4. Position encoding (e.g., sin(w))
5. Encoder creates encoding
6. Run self attention on encoding
7. Softmax creates probabilities
8. Detokenize
9. Produce predicted next char/word.

GPT-mini: 6 layers, 6 heads, 192 embedding 
size 
GPT2-Large: 36 layers, 20 heads, 1280 
embedding size = 774M parameters 



Transformer 
Block Internals
1. Layer Normalization 1

2. Causal Self Attention

3. Add X to Attn

4. Layer Normalization 2

5. Fc Inner Product

6. Activation (RELU, GELU, etc.)

7. Projection Inner Product

8. Dropout

9. Add proj to X1 (from #3 above)
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From “GELU activation”

From “Attention Is All You Need”



minGPT vs full 
encode/decode 
model
1. minGPT only implements the 

‘encoder’ side of the full model.

2. Just add LayerNorm + 
InnerProduct + Softmax to get 
output probabilities

How do we convert GPT to an 
Encoder/Decoder model?
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From “Attention Is All You Need”, Fig1

LayerNorm

InnerProduct

Softmax

probabilities
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First, convert …

CausalSelfAttention 
to
MultiHeadedAttention

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

2. MultiHeadedAttention takes 
3 inputs that are converted 
to Q, K, V using three 
InnerProducts.
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Decoder 
Transformer 
Block Internals
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Encoder Transformer Block

Starting with Encoder Transformer 
Block (Transformer Block in GPT)…
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Decoder 
Transformer 
Block Internals
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Encoder Transformer Block

Make room for new layers used by 
Decoder Transformer Block…
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Decoder 
Transformer 
Block Internals
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1. Layer Normalization 1

2. Causal Self Attention

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)

Decoder Transformer Block
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Decoder 
Transformer 
Block Internals
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1. Layer Normalization 1

2. Causal Self Attention

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)

Q = x1
K = feat
V = feat

Decoder Transformer Block
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
Full model uses both encode (left) 
and decode (right).
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From “Attention Is All You Need”, Fig1
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Full 
encode/decode 
model
Full encoder/decoder model based off 
original minGPT model.

Note: 
Target values are offset by one and 
may use a separate positional 
embedding.

Also Note: 
Decoder TRANSFORMER_BLOCKS 
have ‘decode’ enabled which uses both 
the CausalSelfAttention and 
MultiHeadAttention layers internally.
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Encoder

Decoder

12

The same encoder output 
is sent to each decoder 

transformer block



Thank You!
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