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Recurrent Neural Network

<latexit sha1_base64="yKta//3FQy1vQ31n+yNYJMH8Inw="></latexit>

A

<latexit sha1_base64="iCteJoXG2XVarc3QTnSciZoEvs0="></latexit>

ht
<latexit sha1_base64="Dpg4A5h/OyqHOrXGvQTH1K0B4Xg="></latexit>

ht�1

<latexit sha1_base64="yKta//3FQy1vQ31n+yNYJMH8Inw="></latexit>

A

<latexit sha1_base64="nrkEd8t8hkoI/4c7l9PSpLwa7iI="></latexit>

ht+1

<latexit sha1_base64="x6yT+powiPzANGgKm18RcFeQf+k="></latexit>xt�1
<latexit sha1_base64="swEwItEFPj9KIPdwlEYzj9ErqPI="></latexit>xt

<latexit sha1_base64="OM7nXNLBGIOCvjRbmmfWlkpbQ84="></latexit>xt+1

<latexit sha1_base64="yKta//3FQy1vQ31n+yNYJMH8Inw="></latexit>

A



RNN as Encoder

Representation of the Sequence 
(Encode into a vector representation)

This           movie              is          absolutely     fantastic          !

<latexit sha1_base64="o4k6CLfjp+DRGwSX2MH/jCZGnSA="></latexit>2

6664
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0.3

3

7775

:
positive?
negative?



Flashback: Pretraining and Fine-tuning

<latexit sha1_base64="o4k6CLfjp+DRGwSX2MH/jCZGnSA="></latexit>2

6664

0.2
�0.5
...
0.3

3

7775

:

positive?
negative?

This movie is absolutely fantastic !



Sample a sentence from RNNLMs

<latexit sha1_base64="iCteJoXG2XVarc3QTnSciZoEvs0="></latexit>

ht

<latexit sha1_base64="swEwItEFPj9KIPdwlEYzj9ErqPI="></latexit>xt

<latexit sha1_base64="yKta//3FQy1vQ31n+yNYJMH8Inw="></latexit>

A

<latexit sha1_base64="EqZKtcSy8+ex5q4aY2/NcX90Yzk="></latexit>

softmax

<latexit sha1_base64="UO0Pm6HCyVSgSmkcERCtJA7sMSc="></latexit>

hidden layer

<latexit sha1_base64="GcQrm+OgK65FZq8ykNuxdOkdTnk="></latexit>

f(Wht + b)

<latexit sha1_base64="EqZKtcSy8+ex5q4aY2/NcX90Yzk="></latexit>

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 !

<latexit sha1_base64="w1wdrpvYQjBe4fTSkjN/T/wfLt4="></latexit>

= p(y1 . . . yn)

<latexit sha1_base64="QvogHq1kiqxKMS/AjkWxJ/R+oPc="></latexit>

=
nY

t=1

p(yt | y<t)

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

p(yt | y<t)

<latexit sha1_base64="ANZcBPgXmxCQ4BWOkRxv17Xg+d8="></latexit>. . .



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="QTHMyZYr/PObIXV3GpNq6TK2lsE="></latexit>

p(y | x)

sourcetarget

Conditional Language Model

<latexit sha1_base64="wKz+Y5T/8wA4I0u6G0JLDJgFN1I="></latexit>

= p(y1 . . . yn | x1 . . . xm)

<latexit sha1_base64="rmBAz5v/aCkRNxBU7Af0nLFwA4A="></latexit>

=
nY

t=1

p(yt | y<t,x)

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

p(yt | y<t)

<latexit sha1_base64="ANZcBPgXmxCQ4BWOkRxv17Xg+d8="></latexit>. . .

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

p(yt | y<t,x)



Recurrent Neural Network

<latexit sha1_base64="iCteJoXG2XVarc3QTnSciZoEvs0="></latexit>

ht

<latexit sha1_base64="swEwItEFPj9KIPdwlEYzj9ErqPI="></latexit>xt

<latexit sha1_base64="yKta//3FQy1vQ31n+yNYJMH8Inw="></latexit>

A

<latexit sha1_base64="5lknS/VzL1TC+A/esL8RSJlqj74="></latexit>

ht�1
<latexit sha1_base64="iCteJoXG2XVarc3QTnSciZoEvs0="></latexit>

ht



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



Vanishing Gradient in RNNs

<latexit sha1_base64="jByA+zb9WT1Ivl4vryx5FGE7apM="></latexit>

tanh
<latexit sha1_base64="yKta//3FQy1vQ31n+yNYJMH8Inw="></latexit>

A

<latexit sha1_base64="iCteJoXG2XVarc3QTnSciZoEvs0="></latexit>

ht
<latexit sha1_base64="Dpg4A5h/OyqHOrXGvQTH1K0B4Xg="></latexit>

ht�1

<latexit sha1_base64="yKta//3FQy1vQ31n+yNYJMH8Inw="></latexit>

A

<latexit sha1_base64="nrkEd8t8hkoI/4c7l9PSpLwa7iI="></latexit>

ht+1

<latexit sha1_base64="yKta//3FQy1vQ31n+yNYJMH8Inw="></latexit>

A

<latexit sha1_base64="x6yT+powiPzANGgKm18RcFeQf+k="></latexit>xt�1
<latexit sha1_base64="swEwItEFPj9KIPdwlEYzj9ErqPI="></latexit>xt

<latexit sha1_base64="OM7nXNLBGIOCvjRbmmfWlkpbQ84="></latexit>xt+1

<latexit sha1_base64="C+JEy0i/mGSP1ACrQVI0dU4eCek="></latexit>

h = f(z)
<latexit sha1_base64="8r8R7LlOnESwMqyVzXt31ZGJXcI="></latexit>z

<latexit sha1_base64="w0y6IvRoNAJvnv0COAjMii6XFzU="></latexit>

h

<latexit sha1_base64="51r33id42qoQpOCb5sc2SQuMEtU="></latexit>

f

<latexit sha1_base64="5pp5Zj8sufCFxucogNzyV8Hn83I="></latexit>

@s

@h

<latexit sha1_base64="pSbQF8Miw56tgZ5on8xVPlM0Wzc="></latexit>

@h

@z

<latexit sha1_base64="Qepk+stdO3Q91ukg46qZLK69qmA="></latexit>

@s

@z
=

@s

@h

@h

@z

Gradient Flow Direction

In general, the longer the path, the smaller the gradient signal.



Alignment in Machine Translation

Parallel Corpus
<latexit sha1_base64="QTHMyZYr/PObIXV3GpNq6TK2lsE="></latexit>

p(y | x)

sourcetarget



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>

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="nJy2yj1E+Vn92A9hW+PyH+dui4M="></latexit>

argmax(q · ki) context vector <latexit sha1_base64="ziTMLVcbdqiNla/cbg1A+JJauas="></latexit>c



Dot-Product-Softmax Attention

Memory (keys) Query

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

<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="vXe6EQ56MvonuMUC/LGxY2WiNXI="></latexit>

softmax( )

<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>

softmax( )

<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

中 秋 快 樂 <s> Happy



Attention Mechanism

中 秋 快 樂 <s> Happy

<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

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

<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="vXe6EQ56MvonuMUC/LGxY2WiNXI="></latexit>

softmax( )

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



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



Computational Complexity

<latexit sha1_base64="iTN16PUFEdd67bcg7vLU/GFMT0M=">AAACAHicbVBNS8NAEN3Ur1q/ooIXL4tF8FQSKeix6MVjBWuFNpTNdtMu3c2G3YlYYg/+FS8eFMSrP8Ob/8ZNm4O2Phh4vDfDzLwwEdyA5307paXlldW18nplY3Nre8fd3bs1KtWUtagSSt+FxDDBY9YCDoLdJZoRGQrWDkeXud++Z9pwFd/AOGGBJIOYR5wSsFLPPeiqhGkCSsdEssyoCCR5mPTcqlfzpsCLxC9IFRVo9tyvbl/RVLIYqCDGdHwvgSAjGjgVbFLppoYlhI7IgHUszZeZIJveP8HHVunjSGlbMeCp+nsiI9KYsQxtpyQwNPNeLv7ndVKIzoOMx0kKLKazRVEqMCich4H7XDMKYmwJoZrbWzEdEk0o2MgqNgR//uVF0j6t+fWa71/Xq42LIo8yOkRH6AT56Aw10BVqohai6BE9o1f05jw5L8678zFrLTnFzD76A+fzB+x9lyM=</latexit>

softmax

<latexit sha1_base64="EKGFjepbx5cafJ15nyIyHUxEJUc="></latexit>

O(M)

<latexit sha1_base64="xv96/M5N/vleBKW7wDIf4y08jrM="></latexit>

O(MN)

<latexit sha1_base64="i3kfS6H5ofOX/mRpF17d8RUqWC4="></latexit>

{qi}Ni=1
<latexit sha1_base64="0H+N8b0tYv/JeC1w8Nxp5Y5/J+U="></latexit>

{ki}Mi=1
<latexit sha1_base64="OeGpzyCcy6ZCo0oEDGMVuJcbZCI="></latexit>

{vi}Mi=1

<latexit sha1_base64="mDvr6a7PYgPpFHQfAFd1uGlyTdk="></latexit>

{hi}Ni=1

<latexit sha1_base64="ZWeYLpox/dYsY7pEFRopnWuqsG4="></latexit>

(·)

<latexit sha1_base64="ZWeYLpox/dYsY7pEFRopnWuqsG4="></latexit>

(·)



Attention Mechanism
It helps with vanishing gradient problem.

中 秋 快 樂 <s> Happy



Attention Mechanism
It offers some interpretability.

https://www.tensorflow.org/text/tutorials/nmt_with_attention


