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Examples of sequence data i

5ps “The quick brown fox jumped
s‘ » N », — — < -
» P""('h recognition s W over the lazy dog.’

. . —f—
Music generation @ — }

I ~ -
S ——r e

: e 3 “There is nothing to like A A A A
Se > lassifie . . o — b K i g A
Sentiment classification i thie movie. Ak gk

1
DNA sequence analysis I-! AGCCCCTGTGAGGAACTAG —» AGCCCCTGTGAGGAACTAG
Machine translation Voulez-vous ¢ h anter avec - ——» Do you want to sing with
moi? me?
Video activity recognition .... i Running
Name entity recognition ;f— Yeateul ay, Harry Potter — Yesterday, Harry Potter
met Hermione Grangenr. met Hermione Granger.

Andrew Ng
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2 BRI MEZ(RNN)
B
RNNHTBUTEHE <0

( .
yf yff yff y? a<1> — gl(Waaa<O> + Waxx<1> + ba)
y = 9> (Wyaa + by)
a aV a? a? Y ey
—| RNN-cell |—| RNN-cell |— | RNN-cell——> .... — | BRNN-cell |—
£ £2 e £

a<t> = g, (W,,a<t""> + W, x<t> + b,)
() _ {1} {1=1}
a’’ = tanh(Wﬂ,x +W_a +ba) §\7<t> = 92 (Wyaa<t> + by)
3 = soft max(W,,a"’ +b,)

rnn=nn.RNN(input size=10,hidden size=20,num layers=2)
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RNNE@%UFEJ{?}% a<t> — gl(Waaa<t—1> + Waxx<t> + ba)
i\’<t> = 92 (Wyaa<t> + by)
A Al A{Tx:}
5" 15° |
softmax softmax softmax

1) 2]
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3 {44 (¢
a" =tanh(W_x"' +W,_a"" +b)

cache=(a" ,a"™" ,x", parameters)

tanh
0 ax(x) = 1 tanh(x)’
da" () (1) 4 py2y 50T
aJ _ dJ da" parameters gradients: W =(1-tanh(W, x""+ W, a" " +b)")x
(t=1) — A _{t) .. (t-1) B ax
aa ' |qa aa aﬂ_frl aal\;i aal‘” LI aau:‘ \ Lo \
W, oW, b = = (1-tanh(W, x" + W,a"" + b)")a"""
RNN cell da" ) (t-1) | 12
ca =Y (1-tanh(W,x" + W,a"" +b))
ab batch
\ da" T (1) (1) 4 py2
9J _ 0J 0a" 57~ W (1-tanh(W,x"' +W_a"" +b)")
0x" 9a" 9x" 3a
a

3a"" =W, .(1- tanh(wmx‘{"l?" + Wma("” +b)%)
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import numpy as np

X = [1, 2]

state = [0.0, 0.0]

w cell state = np.asarray([[0.1, 0.2], [0.3, 0.4], [0.5, 0.6]])
b cell = np.asarray([0.1, —0.1])

w_output = np.asarray ([ [1.0], [2.0]])

b output = 0.1

for i in range (len (X)) :
state = np. append (state, X[i])
before activation = np. dot(state, w cell state) + b cell
state = np. tanh(before activation)
final output = np. dot(state, w output) + b output
print (MIRESMEH %i: 7 % i, state)
print TFHiHAEH %i: 7 % i, final output)

JREME 0:  [0.53704957 0. 46211716
FiHHAE_O0: [1.56128388]
JREME 1: [0.85973818 0. 88366641 ]
FiHHAE 1:  [2.72707101]
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The apple and pear (pair) salad was delicious.

FE—IDRAIHRRE:

P(The apple and pair salad) = 3.2 x 10713,
M — AR Z !

P(The apple and pear salad) = 5.7 x 10719,
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T e
softmax
o r'Y=cW,[a"" x"1+b,)
¢ c ry =oW,a"",x"1+b,)

& = tanh(W,[a"" ,x"']+b,)
(t-1)

(1)
a ry re“ ¢ & e M) = rf;) otV 4 l-‘if) o &)
forget gate || upd teg ate || tanh || ou tp t gate F<ot> = O’(Wo[a(t_l) ,x(t>] + bo)
i O = 1% 6 tanh(c™
LSTIVI cell a , otanh(c™)
{t}
X

Istm=nn.LSTM(input size=10,hidden size=20,num layers=2)
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| softmax | | ss ﬂmax| | softmax | | soﬂmax|
i | 4 N T4 [ g™
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f [ S [ [ [ Ll ,
a _____ [’()‘| . a r(:)‘] . a - I'()T . a r(:)‘] . a
|forg e" update g e" tanh || oumutgml | e" update gate || tanh || outpu ml |forualgale || upd "m || utputgmel | e" update g e" tanh || oumutgml
t t 1t 1 t I t T 1t 3 t t t 1
LSTM cell LSTM cell LSTM cell LSTM cell
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e
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d['o<t> = dQpext * tanh(cnext) * I_'o<t> * (1 B Fo<t>)
de = depere * I + I, (1 — tanh(Cpexe)?) * ¢ * dapexe * & * (1 — tanh(&)?)
dFwa = dCppye * 60 + F0<t>(1 — tanh(Cppye)?) * 68 * da, oy * 1“u<t> * (1 — Fu<t>)

t ~ t t t
d1}< = ACnext * Cprev + F0< >(1 — tanh(Cpext)?) * Cprev * AApext * I}< s (1- 1}< ))
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_ (t) Aprev T
de = d]} *( X, )

dW, = d&t® « (“gciev)T

T
_ (t) Aprev
dW, = dIO' * ( t )

N T U5 dby, dby, dbe, db, RFEERX dIY, dI", de®), dr," K75 R 49 51

daprey = WfT * d]}(t) + WT « dFu(t> + W dé® + w7 « dFO(t)
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softmax
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| forget gate ” update gate || tanh ” output gate |

LSTM cell
_

rY=ocw,la"" x"1+b,)
rY=cW,[a"" x"1+b,)
& = tanh(W,[a"" ,x"' ]+ b,)
¢ =TWoc ™ 4TV o
rY=oW,[a"" x"1+b,)
a" =T otanh(c")
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Getting information from the future

i |
He said, “Teddvb are on sale!”
He said(’l‘od@h'

Roosevelt was a great President!” >

<l>
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Bidirectional RNN (BRNN)
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1. IAN GOODFELLOWZ, (FEFX) , AKHRELhRtt, 2017
2. Andrew Ng, http://www.deeplearning.ai
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