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6.1. 2| H M A2 2L (Recurrent Neural Networks)

AAE OO|E(time series data): A|ZHO tet HSH= HIO|E (F7F a7 AL, &4.)
St
7

HEAY DAt=t O|229| A[AE HIO[HO CHel HE8

o

24 L E9| 3|7 ¥®Z(Recurrent connection for hidden nodes)
| hﬁj{t} — Emjiﬁ-l— ETjkhk{f— o (611)
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6.2. Long Short-Term Memory(LSTM)

Output
Layer

Hidden
Layer







Long Short-term I\/Iemory (LSTM, Hochreiterand Schmidhuber, 1997)

Consists of a set of recurrently connected subnets, known as memory blocks
Each block contains one or more self-connected memory cells and three multiplicative units —the input, output, and

forget gates.
The three gates control the activation of the cell via multiplications

N .
)
/‘{{{{Gutpul GaLe\,/
S N
() f: activation function of the gates
. g: cell input activation function
. rget Gate / h: cell output activation function
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6.3. Forward Pass

Invut Gates

/4

7 o
7\{fj{ﬂulpul Gate

I H C
a’ = Zw“;‘c: + Zwmbf}_l + Z Wey sE71 (6.3.1)
i=1 h=1 c—1

t

% b, = f(a})

A
h

®
(

A Forget Gate /
e *'/:/';-._ [:#inputs
N } \ K : # outputs
t t—1 - L . .
‘xf \ St;,:f - H : # cells in the hidden layer
_,.@ b, 9 C : # cells per a memory
bi~1 input Gatg G : total # inputs to the hidden layer (= 4H)
A\
@:} Block
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Q/E{Dulpul Gate ‘i’ - Z 3‘:653 + Z whf}f’b + Z WegS (633)
\ i=1
' t t
bqb = f(%a)
[:#inputs
- K: # outputs
\-{fl/nput e , H : # cells in the hidden layer
C : # cells per a memory
A G : total # inputs to the hidden layer (= 4H
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Cells

"/

I//‘ l'\'I.
I‘Q{E{Dulpul Gate !

Block

I H
3 ' t—1
a, = E Wi, + E Wby,
1 h=1

[:#inputs

K : # outputs

H : # cells in the hidden layer

C : # cells per a memory

G : total # inputs to the hidden layer (= 4H)

(6.3.5)

(6.3.6)
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Output Gates
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Block

I H C

¢ ¢ t—1

a,, = E Wi T, + g Whe, by~ + E W e, S
i=1 h=1 c=1

bi: _ f(lilt

ot

[:#inputs
K : # outputs

H : # cells in the hidden layer
C : # cells per a memory
G : total # inputs to the hidden layer (= 4H)
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Cell Outputs
be = b, ()

N A

/@*— [:#inputs

“ ‘\ K : # outputs

H : # cells in the hidden layer

C : # cells per a memory

G : total # inputs to the hidden layer (= 4H)

Block




6.4. Backward Pass

Loss function: L

A Cell Outputs
NP, 7
= — Lol & P
) Output Gate be ec I.EC - E_ Z_.:u.’"z’i“ ;2‘3+_Z_{u’"3§‘ g _ . . . . . ( o )
/ ag, c k=1 g=1
Zlu ah Ezl_wh;bi__l i Z}lwdsi__l ... (630
S % ap = D jwigti | Y waghh T Djwese T (6.33)
st L7, i=1 =1 c=1
\\ 4" by
/ ¢ Input Gate . (1 - Z'U_,mél _|' Z "U_,hcbi 1 _ _ _ _ _ _ (635)
i g(ag) i=1 h=1
n£® O¢ Block &,
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; z%%hs]- o) mb}} 5 W4

Output Gates

5, = 0 —=f (al}zh(sz)fi (6.4.2)
0a, c=1 A
States
= o= bn (e o T wadl T oty T wd | (643)
st ={bystT - biglal) (6.3.6)
af = Y jwuat+ Y wbh T H D wasiT | (6.3.1)
=1 h=1 =1
5. . H . Te o
Qg :.IZ:IU;&@;I‘E —|— hzlurhcﬁbi_ .1 —|-. Zlu;c@.sz._ . | (633)
Eu’zw 3 _|_ E uhwbt_ ' _|_ E 'ELchC (637)

3—1 h—l c—l
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b . e - OL e
Output Gate i 52 E —ﬁ: -‘53,9 [ﬂi )Ei | | | | | | | | (644)

Forget Gates

oL <
5= ﬁ :’f"(a;)zsih léi - (64))
. : 5(1¢ : : e=1 - : : : : : : : : : : :
b; ' Input Gates
Input Gate . ;i alL £ & CEN E _ _ . . . . : :
g(ac 53 = f ((13 ) Zg(ﬂc )Es (646)
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import o numpy as np
import pandas as pd
mport matplotlib. pyplot 22 plt

# o423 AMOENAM 2228 13X HEZC 218 GOy 22
f=open( 'BTC_USD_2019-02-28_2020-02-27-CoinDesk .csv', 'r')
coindesk_data=pd.read_csv(f,header=0)
seq=coindesk_datall'Closing Price (USD)'1] to_numew() # S2t0F F &
¥ print(C OlO[E 20", lenlseq), "HWnZ = 520 4f ', seql0:5])
~ Bitcoin Prices (1 year from 2019-02-28)

# O =E=Z 4oy =l
plt. plotiseq,color="red") 12000 4
' plt. title('Bitcoin Frices {1 wear from 2019-02-28)")
DjoMe 2 olc= plt.xlabel{ Davs ' Jiplt.wlabel{'Price in USD')
olZX|= plt.show()
hoxlo Su ojz 10000 A
e # AMHE OOHE 2% UHZE AM=E= 2 a
def segldataset(seq,window,. horizon): 3
8—1.py }{:[]J \'Illlzl:] ﬁ 8000 A
for i in rangellen(seq)-(windowthorizon)+1): 2
. sx=seqli: (i+window)]
o o & %gy %F ] v=(zeqli+window+horizon-11) 6000
ot= 52 Zf: [[3772.93633533 : 1
B Hoappendix); ¥.append(y)
[3811.611597937] return ﬂp.arraF(H)J np.array(T]
[3804.41917011]
[3782.66410112]1] _ o o = _
(358, 7, 1) (358, 1) w=1 4 E'_E"‘ 15‘1'_ 4000
[[3772.93633533] h=1 & =84 A= : : : : : : . ‘
Eg;??.g$?g§§g?% 0 50 100 150 200 250 300 350
[3804:4191?0”] ALY = SeqzdataSEt(Seq’w’hj :zTaggIqggigagézgféﬁ?é%e.DataFrame'> pays
EE%-%S%;%% Dr!nt(K.shape,Y.shapgj Range Index: 385 entries, O to 354
[3832:08088473]] [3845 . 95E36968] Drlnt(}{[[j] .-"'IIIII:D] :I_, prlr‘lt(}{[_-l] .-"'IIIII:_-IJ:I Dita Eg:ﬂmgs (total B CO'UHZ?:\JUH Count Dtype
[[9631.48494596] poowersme o RenTRU T Lodnt UhYRs
[9R70.B5865437] 0 Currency 365 non-nul | obiect
[9R89 . 0BET4285] 1 Late 365 non-nul | object
[9919 .55144784] 2 Closing Price (USD)Y 365 non-null floatf4
Egggg-gggggggg% 3 24h Open EUSD% 365 non-nul | floatGd
: 4 24h High (USD 365 non-null  floatF4
[8787.978363161] [B8784.93535244] 5 240 Low (USD) 385 nonnull  float6a

dtwvpes: floatB4(4), obiect(2)
memory usage: 17.2+ KB



Al A numpEy ne
=

= pandas pd
matplotlib. pyvelot plt
- # o232 MOEWAM 192 BIEDC 28 Gole &2

f=open("BTC_USD_Z019-02-28_7020-02-27-CoinDesk .csv","r")
coindesk_data=pd.read_csv(f, A header=0) o
seg=coindesk_datall['Closing Price (USD)']] to_numpy() #f =210 F| &

# AMHE HOHE FEF HHZE AE=s &
seqldataset(seq,window, horizon):
w=[1.: =[]
i rangel len(seq)-(windowthorizon)+1):
x=seqli:{i+window)]
yv={zeqli+window+thorizon-1])
— ¥.oappend(x): Y.append(y)
e ne.arrayi(®), np.array(y)

DOMe 2 JicE=

- | —
oIZXIS

II'I'II=
8-2.py h=
W, ¥=seqldatasetiseq,w, h)

tensorflow. keras . models mequential
tensorflow. keras. lavers Cense, LSTM, Dropout

=4 M g~ detzz 22
it=int(len(xi=0,7)

rain=K[0:split]l: v_train=Y[0:split]
_test=K[=zplit:]: v_test=Y[split:]

# LeTH Y dAl2t =5

mode | =Sequential()

mode | . add{L5TM{units=128,activation="relu', input_shape=x_train[0] . shape))

mode| . add{Densel 1))

mode| . compile(loss="mae ' ,optimizer="adam' . metrics=["'mas"'])

hist=model . fitlx_train.v_train,epochs=200,batch_size=1.validation_data=(x_test,v_test).verbose=2)



u}OlNOE Olc

ASBKIS ......

Hi BryyorProey

8-2.py

fLSTM 2E &

ev=mode | ,evaluate(x_test,v_test,verbose=0)

print" e St ey [0], "MAE" L ev[1] ]

#LETH B2 2 = =N

pred=model|  predict{x_test)

print{"E 2 U2 = 2R IMAPE): " sumlabs{y_test-pred)/v_test)/lenix_test)
s =4

plt.plot(hist . history[ 'mae'])

plt.plotihist history['val_mae'])

plt.titlel 'Model mae')

plt.ylabel( 'mas')
plt.xlabel( 'Epoch')
plt.ylimC[120,800])
plt. legend(['Train
plt.aridi)
plt.show()

g ol=s 20 Al=E

', 'Walidation'],

x_range=rangel len{y_test))

plt.plot(x_range,v_test[x_range].
plt.plot(x_range.pred[x_range],
plt. legend(['True prices',

plt.aridi)
plt.show()

t 25 FA4E HiistH A=
x_range=rangel50,64)

plt.plot{x_range,v_test[x_range],
plt.plot(x_range,predlx_range],
plt. legend(['True prices',

plt.aridi)
plt.show()

loc="hest ")

color="red')
color="blus")
'Predicted prices'],

loc="hbest ")

color="red')
color="blus")
'Predicted prices'],

loc="hbest ")



MO 2 ol =
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eUBXIS......

a4 i Bry oo

8-2.py

P14 [======>__. . .. . ... .. .. .. 1 - ETA: 0sCECEEEH 800
::::::::::::] - DS _EmeStep
Ao EE2RHMAPE): [0.02086973] 700
j{: I | 600 -
y—Yy
MAFE = 500 -
n
400 4
n "y
MaPE = 2% 3 I 9| 2.18-2pyE 100 gt Aol |
n i=1 E; 200 A
8750 A
105001 1rye prices
10000 4 — Predicted prices 8500 4
9500 - 8250 A
9000 A 8000 A
8500 A 7750 A
8000 -
7500 A
7500 A
7250 A
7000 A
6500 4 7000 A

o g2 172.44252014160156 MAE: 172 .44252014160156

T
100

Model mae
—— Train
—— Validation
T T T T T T T
0 25 50 75 100 125 150 175 200
Epoch
—— True prices

—— Predicted prices

50 52 54

56 58 60 62




Imeort o numpy a5 np
import pandas as pd
Al A import matplotlib.pyplot as plt
=

# el A= MOEWAM 192 HEZRC 8 oy &3
f=open("BTC_USD_2019-02-28_2020-02-27-CoinDesk . csv","r"

coindesk_data=pd.read_csv(f,header=0)

seg=coindesk_datall'Closing Price (USD)', '24h Open CUSD)', "24h High CUSDY ', "24h Low CUSDO"1]  to_numpw()

#AAYS HoHE AT HHE AEs &=

. : def segldataset(seq,window,.horizon):

‘3 w=[1; ¥=[]

for i in rangellen(seq)-{windowthorizonl+1):
x=seql[ i (i+twindow)]
v={seqli+window+thorizon-11)

moMO = Bles K. append(x); Y.append(y)
OI'T"I|= return np.arravi®), np.arrav(y)
= O °imﬂ|{e~r~
i1 S orarcin W:? # % _‘?‘_ :j:,ll
h=1 § T8 A=

8_3py K.Y = segldataset{seq,w.h)
print(X. shape.,Y. shape)
print{x[0].%[0])

from tensorflow. keras models import Sequential
from tensorflow keras. lavers import Dense, LaTM, Dropout

#EY MEYN HAE gz B2
split=int{len(¥)*0.7)
x_train=xk[0:split]: v_train=Y[0: split]
x_test=K[split:], v_test=Y[split:]

============= RESTART: C:fiMyDocumentsti=f2| At SHAI Y SHIOIHM =22 HE =2 ER =HE-3 py ============

(358, 7. 4) (3538, 4)

[[3772.93633533 3796.63728431 3824 .16587937 3666.52401643)

[3795.67854295 3773 .44146075 3879.23118467 3753.80002246]

[3B11.61197337 3799 .36702601 3840.04482307 3788.91849833]

[3604.41917011 3806.691512753 3819.19435612 3755.40921647]

[3782.66410112 3807 .84575592 3818.69548135 3766.24204823]

[3685.86289319 3783 .35506344 3804.35361623 3663 .47774336]

[3B832.08088473 3701.04987103 3866.71870424 3688.69715385]1]1 [3848.95636968 3832 .59242908 3881.96576877 3802.51605364]

4 mem



=F
=1

#LSTM RE 2] 4 2 2t
mode | = Sequentiall)
mode | . add(LSTM{units=128.activation="relu’
mode | .add(Dense(4))

mode | .compile( loss="mae’

=
,input_shape=x_train[0]

coptimizer="adam' ,metrics=["ma="'])

.shape})

. hist=model . fit{x_train,v_train,epochs=200,batch_size=1,validation_data=(x_test, y_test), verbose=2)
#LSTM 22 &4t
ev=mode | . evaluate(x_test,v_test,verbose=0)
print("as4 2 ey [0], "MAE: " ev[1])
> FLSTH B22 W= 3
pred=model .predict(x_test) # LSTM
print("LSTH & & g 22 2 AHMAPE) " sumiabs(v_test-pred)/v_test)/len(x_test))
mojMo R sk tets =4
olZx|ls plt.plotChist history[ 'mae']) Model mae
IS elt.plot(hist.history[ val_mae']) TT] —
e Dlttitleli IMOdE| maelj Validation
plt ovlabel( 'mas')
- plt.xlabel( 'Epoch ') 500 1
8-3.py oIt .yl in([100,6001)
plt. legend(['Train', 'Validation']l, loc='hest')
plt.grid() 400 -
plt.show()
®
£
300 - \L\
200 - '
M'memmw.'
Fpoch 1898/200
2807250 - 1s - loss: 167.E992 - mae: 167V.B982 - wval_loss: 189.9554 - wal_mae: 189.9554 - 1s/epoch - Bmsistep 100 T T T T T T T T T
Epoch 199/200 0 25 50 75 100 125 150 175 200
2007250 - 1s - logs: 170.8203 - mae: 170.8203 - wal_loss: 1B67.B121 - wal_mae: 1B7.B121 - T1s/epoch - Gms/step Epoch

Epoch 200/200

2507250 - 1s - loss: 173.5988 - mae: 173.5888 - wval_less: 135.2576 - wal_mas: 135 2576 - 1s/epoch - Gms/step

f-al gb==: 135, 2576446533203 MAE: 135.2576446533203

—————— 1 - ETa: 0sDHDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDHDDM/4 [
[0.02279652 0.00987363 0.01640743 0.0187970

P]M [
LT =2

== L RHMAPE):

L
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8.5.1 HIAE 00| E{0f| C{St O s

m FobE Gojg A2l iMDBe| OX =&
E

. BAEQ| EX40| F LiEHY

Once again Mr, Costner has dragged out a movie for far longer than necessary, Aside
from the terrific sea rescue sequences, of which there are very few I just did not

~ . = ’
care about any of the characters, Most of us have ghosts in the closet, and Costners
character are realized early on, and then forgotten until much later, by which time I

did not care_ -

m HAE HO[HS 54
- AIAIZ HIOIE 2N AlZH HE7H D M opet Zo|7t crarhs 7| 4

o=

- 19 E53 X
. Mot Ete
- HEf4 2N TR
. 7EED} oo|E
. ChYSH Q10 £
- NZYO| YD 7|SE SX| 2 WSS Of B



8.5.1 HIAE [{|O|E{0] CH{St O]a}

m QA3 AC HHOZ HESIE= HAL
" Of) LEK| s AL

el

Freshman loves python.
We teach python to freshman.
How popular is Python?

L B0 £F(ZE 22 HIES)

« Python(3), freshman(2), loves(1), we(1), teach(1), to(1), how(1), popular(1), is(1)
- oMol Xtz =02 HANHE|E o8¢t #R (B0 IHE =7 F4)

« {'python"1, ‘freshman’2, loves’1, ‘we":1, ‘teach:1, 'to":1, 'how":1, ‘popular’:1, ‘is":1}
- HAES A AEE B

Freshman loves python. — [2 3 1]
We teach python to freshman. — [4516 2]
How popular is Python? - [7 8 9 1]



8.5.1 HIAE [{|O|E{0] CH{St O]a}

rot

m &St3AE H

—_= A

[231] — [[010000000][001000000][L000O0Q0OOA]]
[45162] — [000100000][000010000][100000000] [000P01000][010000000]

[7891] — [000000100][000000010][000000001][1000000Q0A]]

|E17} &[O] O 22| JH|

1E

= THOl ALOJo] At A E S

- Ofl, king2t queen, bridegroomlt brideQ| &4 B8 £7ts
= 0=

= 85320 = ARl 7 7[HQl THol M-S



8.5.2 E|A E [|O|E| At2f: =HE C|o|E{ 4l IMDB

M&ot= B AE Ol H
- U3E Bt 422 2OHE IMDB HO[E A

=8 87Iet 78 B7t= 20|28

- 20| EAMO| 5A 1122870 & 467 ETZCZ g0|&E

m O] MO|A= IMDBE EZZ22jd A&



8.5.2 HIAE [|0|E| Atg{|: H=HH [|O|E{Al IMDB

®m IMDBZ A&

= http://mng.bz/0tlo0 F&35t0 2= HO|f CH2EE

= AA T2 0| Q= EH0| dataltes 20 S0 A 7| A E

— v 1 « aipSources > data > aclimdb > aclimdb > test § neg
olg A S 28

El 0_24xt 2011-04-12 2= 6:48 EHAE 24
=l 134t 2011-04-12 2= 6:48 HAE 2
=l 23t 2011-04-12 2% 6:48 HAE 2 A
5l 34t 2011-04-12 2% 6:48 HAE DA
=l 4.4t 2011-04-12 2= 6:48 HAE 2N
=l 5 4ixt 2011-04-12 2% 6:48 HAE 24
=l 6_34xt 2011-04-12 2% 6:48 HMAE 2N
ol 7t 2011-04-12 2% 6:48 HAE 2N

%! 8-16 IMDB H|o|E{AlI2] E 1= - neg®t pos 20

=] 0_10.txt
1104t
= 2. 7axt

| 3_7.4xt

] 4_10.xt
5l 57axt
T 6.7.4xt
o] 7.94xt

A

« aipSources > data > aclimdb > aclimdb > test

2o

e

7t

2011-04-12 2% 6:48
2011-04-12 2% 6:48
2011-04-12 2% 6:48
2011-04-12 2= 6:48
2011-04-12 2% 648
2011-04-12 2% 6:48
2011-04-12 L% 6:48

2011-04-12 2% 6:48

pos

H0
oft

JE R J2 2
|

| [}
m jm m m |m |m [m [m

Ao Ao Ao Ao Ho Ho Ho Mo

1
m

J2 42 T |
> | |

B S S e >
L, WA eT AR« e« i 8

L A


http://mng.bz/0tIo

8.5.2 HIAE [|0|E| Atg{|: H=HH [|O|E{Al IMDB

= IMDB #= HIO|H 2HE= [E211H 8-6]

Z=7% 8-6 IMDB &= HAE [|o|E] AT{E7|

@1 import os

02 _
! Qf P ZH ZFZEo A OIO|EE ol
04 directory='.fdatafac’l}wféfacllmdbftest’

05  x=[1;y=[1

06 for ¢ in ['neg’,'pos']:

07 curr=os.path.join(directory,c)

08 for fname in os.listdir(curr):

09 if fname[-4:1=".txt":

10 f=open(os.path.join(curr,fname),encoding="utf8")
11 x.append(f.read())

12 y.append(c)

13

14 print("® HHY SiZ:",x[01); print("H HM EHIH",y[0D)
15 print("ORAS S4=:7,x[-1D); print("OFAIRF B2ty [-1D)




8.5.2 HIAE [|0|E| Atg{|: H=HH [|O|E{Al IMDB

1 A SHZ: Once again Mr. Costner has dragged out a movie for far longer than
necessary. Aside from the terrific sea rescue sequences, of which there are very
few I just did not care about any of the characters. Most of us have ghosts in the
closet, and Costner’'s character are realized early on, and then forgotten until
much later, by which time I did not care. .

A B "It neg

OFR|2F Ei=: When I saw this movie for the first time I was both surprised and a
little shocked by the blatant vibrance of the story. It is a very artistic drama
with incredible special effects, spectacular acting, not to mention a very

excellent job in the makeup department. ..
OFZ|2F E7t: pos



8.5.2 HIA

m HMZZ7} H&5h= IMDB

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19

= HMEZ= M7 £ 7t53 IMDB HIOJHA S XS

HIMZEZ7} HiSsh= IMDB G|0|E HmE7|

from tensorflow.keras.datasets import imdb

from tensorflow.keras.models import Sequential

from tensorflow.keras.layers import Dense,Flatten,Embedding
from tensorflow.keras import preprocessing

dic_siz=10000 # APMe| JT|(AFHO| U= THO| THS)
sample_siz=512 # ME2 37

# tensorflow?t M| S5t= ZtASH M| IMDB 247
(x_train,y_train),(x_test,y_test)=1mdb.load_data(num_words=dic_siz)
print(x_train.shape,x_test.shape)

print(x_train[@])

# CIO{E £2t, £AIE o2 HESI=H 2= BE(BEE SHHEE +8)
word2id=imdb.get_word_index()
id2word={word:id for id,word in word2id.items()}

for i in range(1,21): AL
print(id2word[i],end="/")

E G|O|E| Atdl: =148 G|o|E{4 IMDB

from tensorflow. keras . datasets impcort imdb

from tensorflow keras models import Sequential

from tensorflow.keras. lavers import Dense,Flatten, Embedding
from tensorflow. keras import preprocessing

dic_siz=10000 # AFHE 22 (AMEN U= HH M=)
sample_siz=512 f{f =2 =7

—_

# tensorflow?t M EZct= a8t HE 2] [MDE 2 2
#lx_train,v_train), (x_test,v_test)=imdb. load_datalnum_words=dic_siz)
Imeort numpy 25 np

+

x_train = np. load{ indb1 0000/ % _train.npy', allow_pickle=Trues)
x_test = np. load( ' imdb10000/% _test npy', allow_pickle=True)
v_train = np.load( ' indb10000/y_train.npyv', allow_pickle=Trus)
v_test = np. loadl ' imdb10000/y_test npyv', allow_pickle=True)

print(x_train.shape,x_test. shape)
printix_train[0])

T HHHE =&, =AE UHE HEst=0 2= BEi(HE=s 242 4
fword?Z id=imdb.get_word_index()

#idéword={word: id for id.word in word?id. items()}

word?2 id=ne. load( ' imdb10000/ word? id. npv', allow_pickle=True)
iddword={word: id for id,word in word2id. item(). items()}

for 0 in range(1,21):
printlid2wordli].end="/")




8.5.2 HIAE [|0|E| Atg{|: H=HH [|O|E{Al IMDB

:'S'_E=| Il'é'l-jl_l- E-”ﬁE Il'é'l-gl 3_7'

2 %
[1, 14, 22, 16, 43, 530, 973, 1622, 1385, 65], 458, 4468, 66, 3941, 4, 173, 36, 256, 5,
25, 100, 43, 838, 112, 50, 670, 2, 9, 35, 480, 284, 5, 150, 4, 172, 112, 167, 2, 336,
385, 39, 4, 172, 4536, 1111, 17, 546, 38, 13, 447, 4, 192, 50, 16, 6, 147, 2025, 19,
14, 22, 4, 1920, 4613, 469, 4, 22, 71, 87, 12, 16, 43, 530, 38, 76, 15, 13, 1247, 4, 22,
17, 515, 17, 12, 16, 626, 18, 2, 5, 62, 386, 12, 8, 316, 8, 106, 5, 4, 2223, 5244, 16,
480, 66, 3785, 33, 4, 130, 12, 16, 38, 619, 5, 25, 124, 51, 36, 135, 48, 25, 1415, 33,
6, 22, 12, 215, 28, 77, 52, 5, 14, 407, 16, 82, 2, 8, 4, 107, 117, 5952, 15, 256, 4, 2,
7, 3766, 5, 723, 36, 71, 43, 530, 476, 26, 400, 31/, 46, 7, 4, 2, 1029, 13, 104, 88, 4,
381, 15, 297, 98, 32, 2071, 56, 26, 141, 6, 194, 7486, 18, 4, 226, 22, 21, 134, 476,
26, 480, 5, 144, 30, 5535, 18, 51, 36, 28, 224, 92, 25, 104, 4, 226, 65, 16, 38, 1334,
88, 12, 16, 283, 5, 16, 4472, 113, 103, 32, 15, 16, 5345, 19, 178, 32]

ot

o] A BT A4

]

Mot
MJH

(25000,) (25000,)

the/and/a/of/to/is/br/in/it/i/this/that/was/as/for/with/movie/but/film/on/

AN

ALl HIE 207l THO



8.5.3 Tto{ UH|

2
0o

The Embedding layer in Keras is a layer that turns positive integers into dense vectors of fixed size ' . It

Here is an example of how to use the Embedding layer in Keras:
Python O

mode| = keras, Sequential ()
mode | . add{keras. layers Embedding( input_dim=1000, output_dim=64, input_length=10)])

i

=]

AIZH Mgt

&)

coluct A5 ZEstD AA2stHlS. FAQQ] ALMIEH A,

The above code creates a model with an Embedding layer that takes an integer matrix of size (batch,

input_length) as input. The largest integer (i.e. word index) in the input should be no larger than 999
(vocabulary size). The output shape of the layer is (batch_size, input_length, output dim) .



<2
1
.
on

8.5.3 Tt

m CHO ZH|EO|E? A
« EO|Z XAHEY B71o| HE{2 BEoHs 7| Korea fim
- HE £HE X1 2| S AIE Spain \ movie
. QIXl "lE{ ol .
=2=-d -II:I Seoul
- Toef 2JofjE &
C AHY BE S Sof Loty Medrid

% 8-17 THof gtFe] Az

1
0
n

AtE Z7([22 0% 8-7(a)]2| dic_siz) 7} 1000021 A
1000074 24

"python” — (10000 .. . 200. 0080)

CH AH|E S7te| A([Z20% 8-7(b)]2| embed_space_dim)O| 169! HL
1671 24

"python” — (0.01 0.23 0.0 .. 0.002)




m CHO| QH|E 2 7t0A] CFE HAMEZO R IMDB Q1A [Z2 2 8-7(b)]

21
22
23
24
25

Tl 2SS AFESH IMDB HIOEISE RE/3d 712 ERsl= o 22

embed_space_dim=16 # 16ar&lo| YH|E =7t

X_train=preprocessing.sequence.pad_sequences(x_train,maxlen=sample_siz)
x_test=preprocessing.sequence.pad_sequences(x_test,maxlen=sample_siz)

MZo| 37|52 sample_siz(512) & nps
5128 CH &2 ME2 pad_sequences &7t E4 EXtLE X F
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8.5.3 THo] QH|Y

26

27
28

29
30
31
32

33

34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

SFA =

s nizer oo e me , EMbedding B input_dim XHES
embed:Sequentiam/output_dim Kooz =4
embed.add(Embedding(input_dim=dic_siz,output_dim~embed_space_dim,input_
tength=sample_s12)) input_length*output_dim 7-&2| HIME
embed.add(Flatten())

embed.add(Dense(32,activation="relu"))
embed.add(Dense(1,activation="sigmoid"))

embed.compile(loss™Qinary crossentropy’,optimizer="Adam’,metrics=
[‘accuracy'D
hist=embed.fit(x_train,y_tras
(x_test,y_test),verbose=2)

ol
=

,epbchs=20,batch_size=64,validation_data=

0(FY) L= 1882 =R/otEE &

embed.summary () =4 &+ binary_crossentropy

# 29 HIt
res=embed.evaluate(x_test,y_test,verbose=0)

print("d=E2",res[11+100)

import matplotlib-pyplot as plt

H#
1-r

_|2_||
i
JH

A

plt.plot(hist.history['accuracy'])
plt.plot(hist.history['val_accuracy'l)
plt.title('Model accuracy")
plt.ylabel('Accuracy’)

plt.xlabel( Epoch")

plt.legend(['Train’, Validation'], loc="best")
plt.grid()

plt.show()

= LE= 10




8.5.3 Tto{ UH|

Train on 25000 samples, validate on 25000 samples

Epoch 1/20

25000/25000 - 65 - loss: 0.4595 - accuracy: 0.7503 - val_loss: 0.2825 - val_accuracy:
0.8812

Epoch 20/20
25000/25000 - 55 - loss: 1.6844e-05 - accuracy: 1.0000 - val_loss: 0.7613 - val_

: 0.8688
accuracy 2 EO| 7+ Embedding-Flatten-Dense-Dense

Model: "sequential 33" /
Layer (type) Output Shape Param #
embedding_32 (Embedding) (None, 512, 16) 160000
flatten_32 (Flatten) (None, 8192) ]

dense_40 (Dense) (None, 32) 262176
dense_41 (Dense) (None, 1) 33

Total params: 422,209

Trainable params: 422,209 EHlAE XISH CHSF A
Non-trainable params: 0 / -”__ == O" H = <

Y

HEEZ 86.87999844551086

Model accuracy

ot

=

— Tain
Validation

00 25 50 75 100 125 150 175
Epoch



ANAY HEE BrY(ZRI 8712 EHX| thof YHITol OFS HUESS NBoio] AlY HEE 0/83}x R
77| UE HE(T218 8719 AY ANS BB MO 10]M 21 458 0|2 Y 818). F7| W, oppingS
A ol ool @ > RCItE A5 Aol ofel 5 M0l glod BEs oiX s Hef

= AUHIEE AFESI0] IMDB HI0|E S £8/3E 712 275k= LSTM M3 a5

01 from tensorflow.keras.datasets import imdb

02 from tensorflow.keras.models import Sequential

03 from tensorflow.keras.layers import Dense,LSTM,Embedding
04 from tensorflow.keras import preprocessing

05 from tensorflow.keras.callbacks import EarlyStopping

06

07 dic_siz=10000 # APZC| I7|(AFH0| % T T
08 sample_siz=512 # MEQ 37|

09

10 # tensorflow?t HZ3dt= ZtASH HZ2| IMDB &7
11 (x_train,y_train),(x_test,y_test)=imdb.load_data(num_words=dic_siz)

12
13 embed_space_dim=16 # 16apo| UM =7t
14

15  x_train=preprocessing.sequence.pad_sequences(x_train,maxlen=sample_siz)
16 x_test=preprocessing.sequence.pad_sequences(x_test,maxlen=sample_siz)
17

Mot



<
8.5.4 LSTM2E Q4. 7| HE HE

18 early=EarlyStopping(monitor='val_accuracy’,patience=5,restore_best_

weights=True) X
19 M =2 852 E2RME Iel 7FsX & Fe
20 # MNZY ol A9 HE(LSTM & E8) 5 MO 3¢ d& & giel HE
21 embed=Sequential() A= ZTlotof| CHs M=ES Z7| H= 7| F0 2 AtE
22 embed.add(Embedding(input_dim=dic_siz,output_dim=embed_space_ d1m input_

length=sample_siz))
23 embed.add(LSTM(units=32))
24 embed.add(Dense(l,activation="sigmoid"))
25 embed.compile(loss='binary_crossentropy',optimizer="Adam’,metrics=['accuracy']
26 hist=embed.fit(x_train,y_train,epochs=20,batch_size=64,validation_split=0.2,v

erbose=2,callbacks=[early])
27 - K—‘?'—HH SIAE EF H=x= N2
28 # 2@ TI} =9 B5T= 3 HX7| O& o
29 res=embed.evaluate(x_test,y_test,verbose=0) =2 Zoto| 20%E [HO| A RSO 2 AL
30 print("HEE2",res[1]«100)
31
32  import matplotlib.pyplot as plt
33
34 #35 ZHM
35 plt.plot(hist.history['accuracy']
36 plt.plot(hist.history['val_accuracy'])
37 plt.title('Model accuracy’)
38 plt.ylabel('Accuracy’)
39 plt.xlabel('Epoch")
40 plt.legend(['Train’,'vValidation'], loc="best")
41 plt.grid()
42 plt.show(




8.5.4 LSTMCZ QlAl: X7| H=E ML

Train on 20000 samples, validate on 5000 samples
Epoch 1/20
20000/20000 - 119s
accuracy: 0.8640
Epoch 2/20
20000/20000 - 113s - loss: 0.2587 - accuracy: 0.9004 - val_loss: 0.3117 - val_
accuracy: 0.8722

Epoch 3/20

20000/20000 - 109s - loss: 0.1976 - accuracy: 0.9288 - val_loss: 0.3347 - val_
accuracy: 0.8784

Epoch 4/20

20000/20000 - 1195 - loss: 0.1684 - accuracy: 0.9401 - val_loss: 0.3417 - val_
accuracy: 0.8754

Epoch 5/20

20000/20000 - 107s - loss: 0.1239 - accuracy: 0.9588 - val_loss: 0.3424 - val_
accuracy: 0.8682

Epoch 6/20

20000/20000 - 105s - loss: 0.0987 - accuracy: 0.9685 - val_loss: 0.4095 - val_
accuracy: 0.8734

Epoch 7/20
20000/20000 - 105s - loss: 0.0908 - accuracy: 0.9709 - val_loss: 0.4010 - val_

accuracy: 0.8618
Epoch 8/20

loss: 0.4790 - accuracy: 0.7628 - val_loss: 0.3398 - val_

20000/20000 - 104s - loss: 0.1116 - accuracy: 0.9596 - val_loss: 0.4849 - val_
accuracy: 0.8638

Po-=K= S

HEHE2 86.76400184631348 k|| [:H 3 o| S |:|-)/k;| A-|| [H %ol_|- )é-)l

Model accuracy

—— Tain
Validation

0Ot
o
|
m|o
o2
o



8.5.4 LSTM2E QlAl. X7| HE M E

m[ZEOH g8 (RO 8-7]9] 45 &4

F[E203 8812 LSTMS AFBol A S48 $rEstn 27| ¥ES M8l O K23 4ol (Z21Y 870 &

5. &ff?
. £ E23Y D5 gojo] HEso| tat 2R3E £
- boring, terrible, bad 50| 2™ 27, wonderful, good 0| At LIEILIH Z-He 2 2&7

- =2l o0& mefskX| Xt M 2/

Oof, “To me all of the movies are terrible, but this one is not’ Z &0 A terrible0| UCt= Ol E F ZE20YM R F 2FHOZ 27/

m =2 2|0 Ofdliste® ™ AAN X2 EiE|FE ER

—

= Ct2 MO M word2vecdt GloVeE 7H2FsS| A7



8.5.5 word2vecl} GloVe

2
Hi
Ie
e 4r
<
1o
>

|.

IH A "You shall know a word by the company it keeps.” £F0] 72| &%t
tHol et et =

= DMl 7| E: TF(term frequency), LSA, M 4Y 7|HE

o) *Ysite Eole ropFtra), 1By SO

Fo

g 7ts

ojn
0x

2010 CHO= E2l'ds &8¢ ol gH|d 7|=0| =&
- Word2vec(Tt=)
« 100097} 7t&o| mA & HOhz HO|HA 2= sh&. 30027 7+Eel THO{E 3004 S7to &

- GloVe(2EIIHE Cligh

- ?7IZ|C|oF 2M HIO|EE ArEot0] 5. 40

rEI

E7)

\J

[2FO| CHO{E 50, 100, 200, 300 A}l 27H0| &E$



8.5.5 word2vecd} GloVe

o
= 100X+2 I &2l glove.6B

b GloVeE of2al Tl &l ofslish |

01 import os

02 import numpy as np

03 from scipy.spatial import distance

04 N o2 g v
05 # IMDB ¥= GIO[E E7|

06 fname='./glove.6B/glove.6B.100d.txt’

07 f=open(fname,encoding="utf8") \100If-°.51 R2| At

08

09 for line in f: # LHES 48 SHo=E 3 HA TH{TH &3
10 orint(type(line))

11 print(line)

12 break

13




8.5.5 word2vecd} GloVe

14
15
16
17
18
19
20
21
22
23
24

25
26
27
28
29
30
31
32

33

34

# A RE2(PMHR] ARPZE B5H)

dictionary={}

for line in f: DX F3S HE Aoz
tiztine-splitQ) et Al alo) XY
word=11[0]
vector=np.asarray(1i[1:],dtype="float32")
dictionarylword]=vector Oj7H 2 vectorQt 717 =0 2

_ ] SE 7| & Hetote g
# 7Hy THk2 THOlE HOtRE B

def find_closest_words(vector):
return sorted(dictionary.keys(), key=lambda w: distance.euclidean(dictio
narylw]l,vector))

/ . KF yj| %=1 N

s e ol 2 / movie'2t 7+ ZHIH2 57 &7

print(find_closest_words(dictionary['movie '1)[:51)

print(find_closest_words(dictionary['school'DL:51) - -

print(find_closest_words(dictionaryl oak I[:51) SE?M{K(llfea“LSDzln : J:adrld
animal-1lion+oa ree

s oho] 22 32~34§§ ':._"O'| g;& 'T'.;U:” _j|<_% queen-king+actress — actor

print(find_closest_words(dictionary["seoul"]l-dictionary["korea"l+dictionary[”
spain"DL:51)
print(find_closest_words(dictionary[“animal"]l-dictionary["lion"dictionaryl"
oak"DL:5D

print(find_closest words(dictionary[“queen"l-dictionary["king"+dictionary[“a
ctress"DL:5D




8.5.5 word2vecd} GloVe

«class 'str'> CHO| 'the'= 100XHY BE{ (-0.038194,-0.24487,.)E HH
rd

the -0.038194 -0.24487 0.72812 -0.39961 0.083172 0.043953 -0.39141

0.3344 -0.57545 0.087459 0.28787 -0.06731 0.30906 -0.26384 -0.13231

-0.20757 ©.33395 -0.33848 -0.31/743 -0.48336 0.1464 -0.37304 0.34577

0.052041 0.44946 -0.46971 0.02628 -0.54155 -0.15518 -0.14107 0.039722

0.28277 0.14393 0.23464 -0.31021 0.086173 0.20397 0.52624 0.17164

-0.082378 -0.71787 -0.41531 0.20335 -0.12763 0.41367 0.55187 0.57908

-0.33477 -0.36559 -0.54857 -0.062892 0.26584 0.30205 0.99775 -0.80481

-3.0243 0.01254 -0.36942 2.2167 0.72201 -0.24978 0.92136 0.034514

0.46745 1.1079 -0.19358 -0.074575 0.23353 -0.052062 -0.22044 0.057162

-0.15806 -0.30798 -0.41625 0.37972 0.15006 -0.53212 -0.2055 -1.2526

0.071624 0.70565 0.49/44 -0.42063 0.26148 -1.538 -0.30223 -0.0/3438

-0.28312 ©.37104 -0.25217 0.016215 -0.017099 -0.38984 0.8/424 -0.72569

-0.51058 -0.52028 -0.1459 0.8278 0.27062

['movie’, 'film', 'movies’, 'films', "hollywood']

['school’, 'college’, 'schools’, 'elementary’, 'students'] 74k THOl 574

['oak’', 'pine’, 'cedar’, 'walnut', 'grove’]

['madrid’, "spain’, 'santiago’, 'seville’, 'valencia']
['oak', "trees’, 'woodland’, 'wood', 'organic'] CHO| o2k 2HA| &
[‘actress', 'actresses’', 'dancer’', 'actor’', 'comedienne’]



8.5.5 word2vecd} GloVe

B XS 2AHE e 3XE L E 2400 H|O[H S 7tA|=tol= 7| E

= PCA, iso-contour = B2 7|80| /JS

= tsne/t 7t O H
B [ZZ0% 8-9(b)]= tsnes AFEStH 100X HIHE 2XH L2 Hel

tsneE 0|Est AlZt=}

35

36 from sklearn.manifold import TSNE

37 import matplotlib.pyplot as plt

38 DRFIO 2 Z=ASIEH= XA
39 # tsneE 0|83t 2@ S ZATHT ALF

40 tsne=TSNE(n_components=2,random_state=0)  oroj ol= 190780t A|ZtS}
41 words=list(dictionary.keys())

42  vectors=[dictionary[word] for word if words]

43 p2=tsne.fit_transform(vectors[:100])

44  plt.scatter(p2[:,01,p2[:,1D)

45

46  for label,x,y in zip(words,p2[:,01,p2[:,1D):

47 plt.annotate(label,xy=(x,y))
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