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@ Hard to capture long-term dependencies
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@ Hard to solve (vanishing gradient problem)

o wi=w!l —ax V(w1
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Gradient Vanishing of RNN

@ Hard to solve (vanishing gradient problem)
se = f(Wixe + Wosi_1), or = Vs,
Let W = [W4h, W], the gradient:
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Gradient Vanishing of RNN

@ Hard to solve (vanishing gradient problem)
St = f( WlXt + WQS[-_:[)7 O = VSt

Let W = [W4h, W], the gradient:

OL N~ 0L

ow ~ oW

8L1_- ﬁLt aot t as1

ot Nt _,o (W, W- W-

W ~ Do, 05, ( o (Waxk + Wose1) 2) oW
@ Solution:

o LSTM (Long Short Term Memory networks)
o GRU (Gated Recurrent Unit)
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o RNN:

e LSTM:
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forget gate cell state

input gate output gate

S 6 8 o ~

sigmoid tanh pointwise pointwise vector

picture from https://towardsdatascience.com/illustrated—guide-to—Istms—and—gru-sgx—step—g—step—eg(planatign-44e9§b85§§2& S



Cell State and Hidden State

The two hidden states h(*) and ¢(*) are calculated by:
() — £0 o (=1 | (0 5 (1)
h®) = 0(*) o tanh(c(?),

o Cell state: c(t), “memory” of the network
e Hidden state: h(Y) information on previous inputs

@ o: point-wise multiplication



Forget Gate

o previous cell state

o forget gate output

v

A 4

o Compute forget gate output: f(t) = O'g(W]_fX(t) + Worh(t=1) 4 by)
@ Forget previous information: £(t) o c(t=1)

@ 0,: sigmoid activation



c(®) — £(0) 5 (1) | i(8) o H(0)
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@ provious coll state
@ rorset gate outpur

@ input gate output

© candicate

o Determine what to keep: i(t) = ag(Wl,-x(t) + Wy A1) 4 b))

DA 11/20



Input Gate

o previous cell state
o forget gate output

° input gate output

° candidate

A 4

e Determine what to keep: i(t) = ag(Wl,-x(t) + Wyh(t=D) 4+ b))
e Compute tanh output: z(t) = tanh(lex(t) + Wy, h(t=1) 4 b,)
o () — F(B) o clt=1) 4 (1) o S0



Output Gate

A 4

@ Decide what to pass into next hidden state:
o) = 5o (Wiox() + Waoh(t=1) + by)
o h(t) = o(t) o tanh(c(?)

v

o previous cell state
° forget gate output
o input gate output
e candidate

° new cell state
° output gate output

° hidden state



o Gradient:

90T 9u(T) gp(T) Co 8C_(t)
oW ~ 9h(M ac(M j:]'llm et
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o Gradient:

90T 9u(T) gp(T) Co 8C_(t)
oW ~ 9h(M ac(M j:]'llm et

o cV) = fU) o cU-1) 4 jl) o zU)
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o Gradient:

00T e gh(M) [ T 9cl) | ac®
ow ~onmoc | L e | w
j=t+1
o cl) = f) o cU-1) 4 jU) 5 2()
) 686(/)1) = C(J—l) X 36(’ f(J) +Z(J) % 6,(!)1) + I(J) ai(zj(i)l)
@ The summation prevents gradient vanishing
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Gated Recurrent Unit



reset gate

update gate

picture from https://towardsdatascience.com/illustrated-guide-to-Istms-and-gru-s-a-step-by-step-explanation-44e9eb85bf21
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Reset Gate and Update Gate

Reset gate r(t) and Update gate z(*) are calculated by:
r(t) — O'g(erx(t) _|_ Wth(til) + bl‘)7
20 = o, (Wi x® + Wy, h(t~Y 1 b)),

Hidden state h
Hlf 1
Reset Update
gate gate
R z,
.
\ J

Input X,
FC layer with
El activation function _L, Copy CIEEED

picture from https://d2l.ai/chapter_recurrent-modern/gru.html



Candidate Hidden State

Candidate hidden state h(?):

ht = tanh(Wax® + Wou(r® o A(E-D) 4 by)

o Determine what to be kept from previous hidden state: r(t) o h(t=1)

Hidden state
H_

Candidate

Reset  Update iy on state

gate gate

R, z, i,
[o] [o]

|
Input X,

FC layer with Elementwise
El activation function operator 1 Copy r Concatenate



Final Hidden State

Hidden state h(t):

A = 29 6 p(t=) 4 (1 — 2(0) 6 hO

o Keep info from previous hidden state: z(t) o h(t=1)

e Get info from current state: (1 — z(t)) o h(*)

Hidden state (
“14 H,
(@ Reset
gate Candidate
R, A _.|.. hidden state
I "

Input X,

FC layer with Elementwise
El activation function O operator l Copy ~ —7 - Concalenate



o Gradient Vanishing
e LSTM

e GRU

Questions?
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