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Recurrent Neural Network
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RNN as Encoder

Representation of the Sequence 
(Encode into a vector representation)

This           movie              is          absolutely     fantastic          !
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Sample a sentence from RNNLMs

<latexit sha1_base64="iCteJoXG2XVarc3QTnSciZoEvs0="></latexit>
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softmax : our neural dice!



I

I

<s>

Sample a sentence from RNNLMs



am

amI

I<s>

Sample a sentence from RNNLMs



going

am goingI

am<s> I

Sample a sentence from RNNLMs

<latexit sha1_base64="ykypZZRzBpTMXGGLfwmDPG51PQU="></latexit>

p(yt | y<t)



am going to do an internship in GoogleI

Google

am going to do an internship inI

Sample a sentence from RNNLMs

<latexit sha1_base64="ykypZZRzBpTMXGGLfwmDPG51PQU="></latexit>

p(yt | y<t)



am going to do an internship inI

RNN as Decoder (RNNLM)

Google

am going to do an internship in Google </s>

<s>

I

<latexit sha1_base64="ykypZZRzBpTMXGGLfwmDPG51PQU="></latexit>

p(yt | y<t)



Machine Translation

中 秋 快 樂 ！ Happy mid autumn festival !
<latexit sha1_base64="xnBQ+Kb8ZPnPWz0CCqlmSexBj1I="></latexit>x

<latexit sha1_base64="Ifbg0D45MDQWLmZn3aWgjEcIFMQ="></latexit>y

<latexit sha1_base64="Q5D76WNa5idqJKL0UisUWZ5gTmk="></latexit>

p(y)

Happy mid autumn festival !
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Machine Translation

中 秋 快 樂 ！ Happy mid autumn festival !
<latexit sha1_base64="xnBQ+Kb8ZPnPWz0CCqlmSexBj1I="></latexit>x
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sourcetarget

Conditional Language Model
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Recurrent Neural Network
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Encoder + Decoder

<latexit sha1_base64="uYZPbpdLDPumBkHiqUNIWgJIF8s="></latexit>

p(yt | y<t,x)



Sequence to Sequence Model

<latexit sha1_base64="uYZPbpdLDPumBkHiqUNIWgJIF8s="></latexit>

p(yt | y<t,x)

Encoder Decoder



Sequence to Sequence Model

Encoder Decoder

中 秋 快 樂 <s>

Happy

Happy

mid



Alignment in Machine Translation

Some words might have no “counter-part”.

Alignment can be many-to-one (or one-to-many).

(Brown et al, 1993)



Sequence to Sequence Model

中 秋 快 樂 <s>

Happy

Happy

mid

<latexit sha1_base64="uYZPbpdLDPumBkHiqUNIWgJIF8s="></latexit>

p(yt | y<t,x)



Sequence to Sequence Model

中 秋 快 樂 <s>

Happy

Happy

mid

<latexit sha1_base64="uYZPbpdLDPumBkHiqUNIWgJIF8s="></latexit>

p(yt | y<t,x)

中 mid

Happy

mid



Attention Mechanism

中 秋 快 樂 <s> Happy

Use direct connection to the encoder to focus on (attend 
to) a particular part of the source sequence.

Where do I want to look at now?



Attention Mechanism

中 秋 快 樂 <s> Happy

Use direct connection to the encoder to focus on (attend 
to) a particular part of the source sequence.

I think it’s here.



Attention Mechanism

中 秋 快 樂 <s> Happy

Use direct connection to the encoder to focus on (attend 
to) a particular part of the source sequence.

Let me make a note of that.



Attention Mechanism

中 秋 快 樂 <s> Happy

Use direct connection to the encoder to focus on (attend 
to) a particular part of the source sequence.

<latexit sha1_base64="OwXcX3MkgETLONo4Awfc89QYMJ0="></latexit>

softmax(w( ) + b)



Memory Abstraction

Memory (keys) Query

Task: Finding the most “relevant” item in the memory.

<latexit sha1_base64="y8Rb2bYevHc5g2HiaL1jwpO6u0c="></latexit>
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Dot-Product-Softmax Attention

Memory (keys) Query

Task: Finding the most “relevant” item in the memory.
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<latexit sha1_base64="y8Rb2bYevHc5g2HiaL1jwpO6u0c="></latexit>

q · k4

<latexit sha1_base64="zas1O62Pi30xPcOvfK1ZPT33M0g="></latexit>

q · k3

<latexit sha1_base64="DggG18jHqo61oT/aHTUerq+LuUs="></latexit>

q · k2

<latexit sha1_base64="Dv9lJEWFxinN2Th4I0LvmTj8xMY="></latexit>

q · k1

<latexit sha1_base64="70RjttCL/rGonBpQVXgdT9ApKc0="></latexit>2

664

0.6
0.1
0.2
0.1

3

775

<latexit sha1_base64="xW4tn+KcXWO2O12e0cDYzBJPVHs="></latexit>2

664

3

775
<latexit sha1_base64="ignv7MjZ4+zVsfihXxaR++Bw+3g="></latexit>

0.6 + 0.1 + 0.2 + 0.1

<latexit sha1_base64="4erIMmEL8Nc43YqAI2A9C34hZbc="></latexit>= context vector <latexit sha1_base64="ziTMLVcbdqiNla/cbg1A+JJauas="></latexit>c



Attention Mechanism

<latexit sha1_base64="vXe6EQ56MvonuMUC/LGxY2WiNXI="></latexit>
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q · k1

中 秋 快 樂 <s> Happy



Attention Mechanism

中 秋 快 樂 <s> Happy
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Attention Mechanism

中 秋 快 樂 <s> Happy

<latexit sha1_base64="OwXcX3MkgETLONo4Awfc89QYMJ0="></latexit>

softmax(w( ) + b)



Attention Mechanism

中 秋 快 樂 <s> Happy

<latexit sha1_base64="OwXcX3MkgETLONo4Awfc89QYMJ0="></latexit>

softmax(w( ) + b)

mid



<latexit sha1_base64="ignv7MjZ4+zVsfihXxaR++Bw+3g="></latexit>

0.6 + 0.1 + 0.2 + 0.1

Dot-Product-Softmax Attention

Memory (key-value pairs)

Query
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Dot-Product-Softmax Attention

<latexit sha1_base64="PtDSooIyg6k0QGs3QE3TC2ut8j4="></latexit>

MX

m=1

exp (qnkm)
PM

m0=1 exp (qnkm0)
v>
m

<latexit sha1_base64="LVmAxdYzbzGwuF6jNuKdVJgj3+8="></latexit>

= V>softmax(Kqn)

similarity

normalized similarity

weighted sum



Considering the full sequence as context

<latexit sha1_base64="cYdXFjFi2uU4mX1aMyu2o5al0oU="></latexit>. . . . . .



Attention Mechanism

<latexit sha1_base64="cYdXFjFi2uU4mX1aMyu2o5al0oU="></latexit>. . . . . .

Memory (key-value pairs)

Query



Attention Mechanism

<latexit sha1_base64="cYdXFjFi2uU4mX1aMyu2o5al0oU="></latexit>. . . . . .

Memory (key-value pairs)

Query

<latexit sha1_base64="ignv7MjZ4+zVsfihXxaR++Bw+3g="></latexit>

0.6 + 0.1 + 0.2 + 0.1

<latexit sha1_base64="4erIMmEL8Nc43YqAI2A9C34hZbc="></latexit>= context vector <latexit sha1_base64="ziTMLVcbdqiNla/cbg1A+JJauas="></latexit>c



Attention Layer

<latexit sha1_base64="cYdXFjFi2uU4mX1aMyu2o5al0oU="></latexit>. . . . . .

Self-attention

This is almost transformer — except a few things.



Transformer (almost)

self-attention

self-attention



Self-attention in Transformer

Memory (key-value pairs)

Query

happy mid autumn festivalautumn



Self-attention in Transformer

happy

mid autumn

festival

autumn

Wait, “mid”, were 
you on my left side or right 

side?

Guess what! I don’t 
remember either!



Positional Embeddings

self-attention

self-attention

1 2 3 4 5 6 7 8 9
+ + + + + + + + +



Transformer (positional embedding)

self-attention

self-attention

1 2 3 4 5 6 7 8 9

+ + + + + + + + +

1

2

3

4

5

6

7

8

9



Positional Encoding
<latexit sha1_base64="8tCsA+VjgWzkcYrPIRoA7DXt5UM="></latexit>2
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Index in the sequence

D
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The idea of relative position



Positional Encoding
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Periodic: Hope this will work in extrapolation.

self-attention

1 2 3 4 5 6 7 8 9

+ + + + + + + + +



Positional Encoding
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Periodic: Hope this will work in extrapolation. (No)

self-attention

1 2 3 4 5 6 7 8 9

+ + + + + + + + +
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Feed Forward Layer

self-attention

self-attention



Feed Forward Layer

self-attention

self-attention

FF FF FF FF FF FF FF FF FF

FF FF FF FF FF FF FF FF FF



Layer Normalization

<latexit sha1_base64="uV7FHxaanINgAmdc4mapufEa9sI="></latexit>

h = g �N(x) + b

<latexit sha1_base64="r5KoVausRdzcOcasWkPEkYWSxgo="></latexit>

N(x) =
x� µ

�

<latexit sha1_base64="05biR2Hi0Icit5Up3EaWe4t2/ls="></latexit>

µ =
1

H

HX

i=1

xi

<latexit sha1_base64="ixihDg8JM5DbNiGdo8ks/OqjHxw="></latexit>

� =

vuut 1

H

HX

i=1

(xi � µ)2

Smoother gradients, faster training and better generalization 
accuracy. (Xu et al, Neurips 2019)

LN

<latexit sha1_base64="M0HVLy7n+tARnDklDaMpiHq0UGk="></latexit>x

<latexit sha1_base64="yWtX+VFK7SUKMQTMMxFH5eO1/Pg="></latexit>

h

(Ba et al, 2016)



Layer Normalization

LN

FF

attention



Multi-head Attention

<latexit sha1_base64="SQUglXPkl+pnjqTO0Rc/dDfeCNs="></latexit>

score(q, k) =
qT kp
dk

<latexit sha1_base64="pXE6QBKbBwlEx5qNSlrPnDQzOY8="></latexit>

multiple copies



Multi-head Attention

<latexit sha1_base64="cYdXFjFi2uU4mX1aMyu2o5al0oU="></latexit>. . . . . .

Yesterday , troubles which seemed so

<latexit sha1_base64="cYdXFjFi2uU4mX1aMyu2o5al0oU="></latexit>. . . . . .

<latexit sha1_base64="mZ6T5mOIP9Y0BUHeoCziUDpKbKk="></latexit>

attention-head1

<latexit sha1_base64="8aTC3c6tW19RSaWHEVXnafibk9U="></latexit>

attention-head2

<latexit sha1_base64="/ZZU6YgZmGb6wm0c6b/2p8dKQYc="></latexit>...

more “local” context

more long dependencies

Improve the “resolution” of the attention mechanism.



Multi-head Attention

<latexit sha1_base64="cYdXFjFi2uU4mX1aMyu2o5al0oU="></latexit>. . . . . .

Yesterday , troubles which seemed so

<latexit sha1_base64="cYdXFjFi2uU4mX1aMyu2o5al0oU="></latexit>. . . . . .

<latexit sha1_base64="mZ6T5mOIP9Y0BUHeoCziUDpKbKk="></latexit>

attention-head1

<latexit sha1_base64="8aTC3c6tW19RSaWHEVXnafibk9U="></latexit>

attention-head2

<latexit sha1_base64="/ZZU6YgZmGb6wm0c6b/2p8dKQYc="></latexit>...

<latexit sha1_base64="/ZZU6YgZmGb6wm0c6b/2p8dKQYc="></latexit>...

(Coda; Zheng et al, ACL 2021)



Transformer as Decoder

中 秋 快 樂 <s> Happy mid autumn festival

cross attention



Transformer as Decoder

中 秋 快 樂 <s> Happy mid autumn festival



Transformer as Decoder

Happy mid autumn festival

mid

Need to prevent the attention the future words.

Happy

Happy

<s>

mid autumn festival

mid

autumn

festival



Transformer as Decoder

Happy mid autumn festival

Need to prevent the attention the future words.

Happy

Happy

<s>

mid autumn festival

mid

autumn

festival

causal attention



Transformer as Decoder

Happy mid autumn festival

Need to prevent the attention the future words.

Happy

Happy

<s>

mid autumn festival

mid

autumn

festival

causal attention


