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Artificial Neural Networks

e Network of Artificial
Neurons

e Connected Layerwise
e Activation

o Weighted Sum
o Nonlinearity h




Recurrent Neural Networks (RNNs)

e Addition of State
Information

e \Whh- Dependence on
Previous State

h(t) _ O'(I/thil}(t) £ "thh(t_l) g bh)



Recurrent Neural Networks (RNNs)
e ANN with copies of itself

e \Whh- Dependence on

Previous State
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Early RNN designs
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Recurrent Neural Networks (RNNs)

e Addition of State
Information

e \Whh- Dependence on
Previous State

Bt — J(thcc(t) 3 phhy (t-1) + by,)



Recurrent Neural Networks (RNNs)

one to one one to many many to one
Vanilla ANN 1T [] 2 [] D D 3 N
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Single Input, Sequence Output
(e.g image captioning) 1 i.D‘D wi

Sequence IanIt, Slngle OUtpUt many to man many to man
(e.g. sentiment analysis) il y to many
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(e.g. label each frame in a video)



Challenge

Decaying/Exploding Gradients




Bidirectional RNNs

Memory Cells Schuster and Paliwal [1997]

e Two layers of hidden nodes
e \Works on spatial sequences

e Must run on finite sequence

Edge to next
time step

R = o(WhXz® 4 yhhpE-1) 4 5

Edge to previous
time step

z(t) ot O'(WZXIB(t) 23 WZZz(t-}-l) zE bz)

LTit1
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Long Short Term Memory (LSTM)

Node ->Memory Cells
Node w. recurrent edge
Weights (long term memory)

Secondary Nodes
(short term memory)
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Long Short Term Memory (LSTM)

Hochreiter and Schmidhuber

Memory Cells
[1997] A

e Input Node (g ) .

o =150 o o

e InputGate (i)

e |Internal State (s V) $0-1)
e Output Gate (0 ) LA
I;r:g ituerfent input)
weight fixed at 1

Bt — O_(I‘thw(t) 4+ whhp -1 4 br)



Long Short Term Memory (LSTM)

Memory Cells Gers et al. [2000]
e Input Node (g ) A
o =is® -0 o

e Input Gate (i)

e Internal State (s ) 1 0

e
Edge to next
time step

e Output Gate (o)

Edge from previous
time step
(and current input)

e Forget Gate (£

_>
weight fixed at 1




Long Short Term Memory (LSTM)

Memory Cells
e InputNode (g/)

e InputGate (i)
e Internal State (s )
e Output Gate (o0 )

e Forget Gate (f¥)

g® = (W ® + WwEhp(t-D 4 )

i® = g(WXz®  Wibpt- 4 p,)
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2 g(t) @i(i) +stDg f(t)
h® — #(sD) ® oM.

Gers et al. [2000]
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Edge to next
time step

Edge from previous
time step
(and current input)
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weight fixed at 1



Long Short Term Memory (LSTM)
A




Long Short Term Memory (LSTM)
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Long Short Term Memory (LSTM)
LSTM 6T9 ®)
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Neural Network Pointwise Vector
Layer Operation Transfer Concatenate Copy



Long Short Term Memory (LSTM)

Cell State
What should we forget? i
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Long Short Term Memory (LSTM)

Cell State
What should we save? i
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Long Short Term Memory (LSTM)

Update Cell State
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Long Short Term Memory (LSTM)

. he &
Hidden State Output
(%D Ot = O'(WO [ht_l,ZCt] + bo)
) B3 . hy = o4 x tanh (C})
t—1 »




Resources
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arXiv:1506.00019 (2015).
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Example (LSTM)

Grumpy Bear Example




Example (LSTM)

Grumpy Bear Example
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Example (LSTM)

Grumpy Bear Example
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Example (LSTM)

Grumpy Bear Example
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Neural Network Pointwise Vector S Wake up bear

Layer Operation  Transfer Concatenate Copy



Example (LSTM)
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Neural Network Pointwise Vector

Layer Operation  Transfer Concatenate Copy
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Long Short Term Memory (LSTM)

Memory Cells
e InputNode (g/)

e InputGate (i)
e Internal State (s )
e Output Gate (o0 )

e Forget Gate (f¥)

g® = (W ® + WwEhp(t-D 4 )

i® = g(WXz®  Wibpt- 4 p,)
FO = o(WH2®  whpe-1 4 p))
o® — a(WOX:c(t) £ Wohh(t—l) iy

2 g(t) @i(i) +stDg f(t)
h® — #(sD) ® oM.

Gers et al. [2000]
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Edge to next
time step

Edge from previous
time step
(and current input)

_’
weight fixed at 1



Long Short Term Memory (LSTM)

Memory Cells Gers et al. [2000]
e Input Node (g ) A
o =is® -0 o

e Input Gate (i)

e Internal State (s ) 1 0

e
Edge to next
time step

e Output Gate (o)

Edge from previous
time step
(and current input)

e Forget Gate (£
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weight fixed at 1




Long Short Term Memory (LSTM)

Memory Cells
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Modern RNN Architectures

o LSTM

e Elman (1990)



Recurrent Neural Networks (RNNs)

S

e Network of Artificial
Neurons

e Connected Layerwise

Input

e Activation
o Weighted Sum
o Nonlinearity







