£3E

R 1B =60 22 ) 28 35

T 91 KA 2t P o 2 1) 0 o 8] A AL AR B TR R 9 R Y 9 R L A
2] 7 B B 2 5% R ) 45 sl v e BBk R 1 ) e 2 — o R Ak B0 B I B 4% A 2
] ) M A7 5 28 b HLAR A Y A B Bk — 2B B0 1 58l 70 i O 2 2 . BB e B R R R B3 vk [ 41
L 3 A2 M 4% (Recurrent Neural Network, RNN) | 48 B2 {285 5 (Long Short-Term
Memory model, LSTM) 1] ] ¥ ¥ 850 (Gated Recurrent Unit, GRU) J# H B, JF 5] 5045
A T 2 R T G 50 4 2 e 5 AR LT ) SOA I B 5 A

TEFF 54326 vh o B w2 T 1 40 4 288 391 T 78 7 20 AR R s AR 8 i A 90 A 0BT Y
FF4 . A BB A 48 Gl s FAS TR B9 RNIN R AR A 52 B 91 43 28 AR B, DA R s i) e 47 )

AR BLUT T HE

o i ] RNN SZHU 532

o ffi] LSTM SE 8 A i SCA 5

o {1 GRU 52 BLA [] 77 51 Tt 5

o S IOBLIE I8 R 28 R 2%

3.1 fEF RNN EHERS X

RNN 2 —Ff Bk B9 N T 22 9 2%, TR0 B RE A8 X i A B R 479212 . D RE A AR
3 G Ak B A HSE B T A 0 B T e 0 S50 1 TR AL R DA R R AR )
W, 75 RNN P Bl LU RE 9 07 20 7« 784519 b 090 26 M 20 i) R 22 i B0 i A v 2
2J IF Bl ) A, X AR AR A AP IR PRAT R [ AT 55 . HU AN TR A Ak D2
DISs RN E 2 sy (@

4, SR O PR tanh, WG A M TR E Y W, AR TR Y W
LA R 2 e BIRAS TS AR A AR BRR

h, =tanh(W _h, , +W_X,)

aa'“t—

5 BB TR T 5 O 0 4 0 D0 B ¢ — 6 AR BB L R
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AERE T 5 /> B[] 40 00 86 B2 O SR ke o . 33k 5t J2 BT 3F 1% B 18] /= [ /% # (BackPropagation
Through Time,BPTT) . 7E#] [b] S ] 1% £ i #2 v, 76 3 Iy I 25 48 (%) [R) B, A8 O A A DA Ok 2>
W,
RNN 0] LI gz A [7] 08 40 F 0 25 46 b 35 AT 45 Fi s AR ) S R i . R e ey
o =X E—— AT LIBS R B E S 2 AT AL R 3-1 R, Bl Ak
AR LA —AFRE A B8 — B .
o ZRF——FEH AT F G B2 BB O, W B 3-2 TR . BN, 1 IR 2 (LA
— AN SCAR T FIAE A A i SO 1 R L e, 8 S s SCIYD
o ZIXE— H AT IIBL B T A, WnE 3-3 FR . . iE R

1

B 31 —XZRERHEN B 32 Sx—H&BEEHENR B33 SxsEBRHEN

AR S Ky T — A RINN BT , 208 TR0 X L B T8 AT 1 40 2
3.1.1 E&IE

A8 FH IMDb 8040 45 280008 48 60 3 W52 1T 00 TxT B A B bR 2515 B . 7T UM Keras
PEh A ZEAESE . X SEPE IR 248 AL BT G O BRI R 51 P A1) 3k 4 L) B AT AR B
b BRI B AT RG] Blan, SRR 51 8 45 2 B s A 8 A dmH LAY B

BT A Keras EFI IMDb %4l 4

library(keras)
imdb < — dataset imdb(num_words = 1000)

ROl 5300 50 N R B MR £E

train_x <- imdb$train$x
train_y <- imdb$train$y
test x <— imdb$test$x
test y <— imdbS$testSy

A U G AR AR P AR A R
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# number of samples in train and test set
cat(length(train x), 'train sequences\n')
cat(length(test x), 'test sequences')

MIEL 3-4 AT LLE B I 2R NI UE4E h 4 25 000 2 JH IR
A I GR A AR A 45 H 5 B -

25000 train sequences
25000 test sequences

str(train_x)

YN ZRAE P & 25 VF 1R 2 1 I A 800 AN 181 3-5 T

B34 BEFINGEMBIEEFEY

List of 250600

: int [1:218] 1 14 22 16 43 538 973 2 2 65 ...

: int [1:189] 1 1594 2 194 2 78 22856 2 ...

: int [1:141] 1 14 47 8 30 31 7 4 249 168 ...

: int [1:550] 14 2233242432111 ...

: int [1:147] 1 249 2 7 61 113 10 10 13 2 ...

: int [1:43] 1 778 128 74 12 630 163 15 4 2 ...
: dint [1:123] 12 365 25235411142 ...

: int [1:562] 14 2 716 4 657 4 689 2 ...

: int [1:233] 1 43 188 46 5 566 264 51 6 530 ...
: int [1:130] 1 14 20 47 111 439 2 19 12 15 ...
: int [1:450] 1 785 189 438 47 110 142 7 6 2 ...
: int [1:99] 1 54 13 2 14 20 13 69 55 364 .

B R R Y

: int [1:117] 1 13 119 954 189 2 13 92 459 48 ...
: int [1:238] 1 259 37 100 169 2 2 11 14 418 ...
: int [1:109] 1 503 20 33 118 481 302 26 184 52 ...
: dnt [1:129) 1 6 964 437 7 58 43 2 11 6 ...
:int [1:163) 12211429424 ...

Dint [1:752) 1334274219422 ...

: int [1:212] 113 28 64 69 4 2 7 319 14 ..

dint [1:177] 1226 96 2 731 939 44 6 ...

: int [1:120] 1 617 11 2 17 2 14 966 78 20

: int [1:140] 1 466 49 2 204 2 40 4 2 732

: int [1:256] 1 13 784 886 B57 15 135 142 40 2

35 JIGEPEXFTRHEDEHHE

ERINGE DK %K 1 AR 2515 B
str(train_y)

544 o DR 5 5 09055 T 3-6 %
R Ve S IRTEE S a4 Y S E O ECLLCCLCRR

B, &FE— DS R R SR 5 B 36 JIGEhrEETENHRER

train x[[1]]
cat("Number of words in the first review is",length(train x[[1]]))

K 3-7 LigmtdE U e R 18— &iTFie.

1 14 22 16 43 530 973 2 2 65 458 2 66 2 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 2 2 17 546 38 13 447 4 192 S50 16 6 147 2 19 14 22 4 2 2 469 4
22 71 B7 12 16 43 530 38 76 15 13 2 4 22 17 515 17 12 16 626 18 2 5 62 386 12 B 316 B8 106 5 4 2 2
16 480 66 2 33 4 130 12 16 38 619 5 25 124 51 36 135 48 25 2 33 6 22 12 215 28 77 52 5 14 407 16

82 2 B 4 107 117 2 15 256 4 2 7 2 5 723 36 71 43 530 476 26 400 317 46 7 4 2 2 13 104 88 4 381 15
297 98 32 2 56 26 141 6 194 2 18 4 226 22 21 134 476 26 480 S5 144 30 2 18 51 36 28 224 92 25 104 4
226 65 16 38 2 88 12 16 283 5 16 2 113 103 32 15 16 2 19 178 32

Number of words in the first review is 218

B 37 UEBEXABERE—FKiFEL
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R TR ABHEER A num_words Z UM EBE N 1000, 3K 50K 5 76 2 B 1) 1
WAL B AT T AN B0 . B A— T IR 8 R b i B R S S

cat("Maximum encoded value in train ", max(sapply(train_x, max)),"\n")

cat("Maximum encoded value in test ", max(sapply(test x, max)))

HFT R T 0 D 2 6 1 20 4 60 0 0 4 o 1 B e S
3.1.2 BIESTEH

P X IMDb s 47 Fral i, T ) £ 48 450 248 70 #r
(1) A IMDb %4 £ (19 53] 3 B2 51 -

word_index = dataset imdb word index()
Al LU LR A 2 SR 3R] 00 R 5 | ) E L AR -
head(word_index)

MIET 3-8 A LA 31— E00H 57 2 o JHG vl B 2 LT (R B ) 7 8l 2 v o B P R
A A B RG] T B

length( (word_index))

M 3-9 BT LIE B R R 5] P A 88 584 AL,

(2) A —> 5] 3R 5 | A B (RO Y S [0 91 3 o ff ol 3 81 3Rk A % TMIDD %8l 45 o
T,

reverse word_index < — names(word_index)

names(reverse word_index) <— word_ index

head(reverse word index)

K 3-10 SR 1 Rl B9 R 51 51 36 L B 2 — > B X 91 3, b R R R 5 L (E A
IR A LA

Stawn

34701

Stsukino

52006

Snunnery

2007 34701 fawn'
m 52006 ‘tsukino'
Svanl 52007 ‘'nunnery
63951 16816 ‘'sonja’
Swoods 63951 ‘vanl
1408 RESEY 1408 ‘woods'

B 3-8 BAFMARHIAHINE B39 AFRSINRHFPHARY E3-10 REYAERSIIER
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(3) MRASEE— DM P PRE . TR, R R WA 5 3, 0 0.1.2 70 Bl IR AR SE
SCA 9 TT U Al 2 Sh Y 5]

decoded review <— sapply(train x[[1]], function(index) {
word < — if (index >= 3) reverse word_index[[as.character(index - 3)]]
if (!is.null(word)) word else "?"})

cat(decoded review)

B — 2R P VIR B A A SCAS 8] 3-11 B

7 this film was just brilliant casting ? 7 story direction 7 really 7 the part they played and you could just imagi
ne being there robert 7 is an amazing actor and now the same being director 7 father came from the same 7 7 as myse
1f so i loved the fact there was a real 7 with this film the ? 7 throughout the film were great it was just brillia
nt so much that i 7 the film as soon as it was released for 7 and would recommend it to everyone to watch and the 7
7 was amazing really 7 at the end it was so sad and you know what they say if you 7 at a film it must have been goo
d and this definitely was also 7 to the two little 7 that played the 7 of 7 and paul they were just brilliant child
ren are often left out of the ? 7 i think because the stars that play them all ? up are such a big ? for the whole
film but these children are amazing and should be 7 for what they have done don't you think the whole story was so
7 because it was true and was ? life after all that was 7 with us all

B 3-11 F—£RAPIFEHNEEXA

(4) S5 /BT A 19 SCAS T 8 B AT R BE AT ) -

train x <— pad_sequences(train_x, maxlen = 80)
test_x < - pad_sequences(test x, maxlen = 80)
cat('x train shape:', dim(train x), '\n') cat('x_test shape:', dim(test x), '\n')

WAL 3-12 Frzs BT A B9 SOA P SR AR 58 / OICE IRBE O 80 A& 5l

x_train shape: 25000 80
x_test shape: 25000 86

B 312 ER/BEMENIXAFIZEKENRN S0

HEFEHEAENE KR
train_x[1, ]

M 3-13 AT LAE B — 2 0 P iFie RAT 80 ARG UJE0URA 128 MRED .

15 256 4 2 7 2 5 723 36 71 43 530 476 26 400 317 46 7 4 2 2 13 104 88 4 381 15 297 98 32 2 56 26
141 6 194 2 18 4 226 22 21 134 476 26 480 5 144 30 2 18 51 36 28 224 92 25 104 4 226 65 16 38 2 88
12 16 283 5 16 2 113 103 32 15 16 2 19 178 32

Bl 3-13 F—£HAITEHBREKEH S0

(5) PR I o SR L O A B A R 2445 8

model <— keras model sequential()

model %>%

layer embedding(input dim = 1000, output dim = 128) %>%
layer simple rnn(units = 32) %$>%

layer dense(units = 1, activation = 'sigmoid')

summary(model)
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BRIV ZE B 3-14 s,

Layer (type) Output Shape Param #
embedding (Embedding) (None, None, 128) 256000
simple_rnn (SimpleRNN) (None, 32) 5152
dense (Dense) (None, 1) 33

Total params: 261,185
Trainable params: 261,185
Non-trainable params: @

E 314 HBEBPFEEFR

(6) i PNV s

= iR
model %>% compile(
loss = 'binary crossentropy',
optimizer = 'adam',
metrics = c('accuracy') )
# YRy
model %$>% fit(
train_x, train y,
batch_size = 32,
epochs = 10,
validation_split = .2
)

(7 (ES RS EVEAS B RIVERE , - A 3545

scores <— model %>% evaluate(
test_x, test y,
batch size = 32
)
Test score: ©.8564493
cat('Test score:', scores[[1]], "\n') Test accuracy 0.71648

cat( 'Test accuracy', scores[[2]])

B 3-15 #HBERIFEE FANHRE
IR AE B 4E b 0 e R An an &) 3-15 i . S R

MERIAE B4 kB2 71, 6 %0 TSR K .
3.1.3 EIEf@H

AGIER T Keras FEH N ER) IMDb WIS B4R . B S80Il 2R 5 A e 4 O A2 7 &L
PRI ZEA A5 B 0T LU B P PRSI D — > 5 1) BB P 7 A 4 0 X 7 B 1) 3R
GBI ) — AN L XA LR R 51 A R MR T AR Y A RS TR op A BT
O AR S R S B AT R . p e, AT LR B B R R 51 81 2 — S B EN 81) 3RL BE R OR
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B H R R E T RG] . R T B ISR A R S, S v e B & 5 | )
F AT 1000 M RAGA RG] U, FAR R T U0 2R B0l 55 i H R Y 1000 AN BT T 22
T AR R D TRURT AL B 58 O B I L O IR BRI R AE
fE 3. 1.2 WA RO S AT IMDb 848 £ SR RG], FEX A iR R 5] b Eds
{18 ] 2 Al LSO 4R P R AT R A R R T . 2B BR (2) A T B IA R 51 A - X ) 1)
G 2% 5 FH T 0 T D — Z8 90 G 5 1) A B0 A [l FL AR SCAR . AP BR () JB AR T Wl X — 2% i
Jei B P VS AT A
30102 AL BR (4D TR SRAE L LLAE ] DIk LA A BB R b, Hy T AN B L ) B A%
B AT B RS R L BT LURE P R 7 9 e 4 il — BORST ik . O T T IR R A K
JE LT LR LR PR 22—
* JHF4 4R 5 (one-hot encoding) V5 7 5 e e FAH )4 B2 A 5 oL R R P RS R
X PR B X R O T R AR K

+ $HTL (pad the reviews) W7 s T A W PR A PR R S B
FFE K . XA ERAVER A R )7 81 e KK JE (max_length) X H P PFi8 011
Bk L. max_length S0 T BRI T A F P PF0 R B3 0 e R B inl 55

F T 58 BRI 04 B TR0 253 [0 52 4 B LGSR — R /AN TR OGS S B B T 5 RN O 1
W PR 7 51 s /A S KK 80 )T 4,

16 3. 1.2 WAL B E X T —MIRJFE Keras BBIFFHE TENSZE, B2 &R
AJZ s BT B b Az B3l 7 80 0 B SCL IR SR AR A G ARIE (R B . E— i A2, B
i) FH R 288 i dk R o A ] i e i BRI 7E ] dek 23 ) R B 45 1] 4 A ] A SCAR i AE 2
ok [a] 5 23 [R] 14 248 B PR TR P . BRI R ks (R R ) 7 B A 1R R N (embedding) .
FE AT i AR L A — 2 F P IS A — A 1) ) H R R A . BN, brilliant 53X A4 A W] DL —
AT RN e 0. 32, 0,02, 0.48, 0.21, 0.56, 0.15], 403 R BHREHE R, 38 11 AJ7
PRI AOR AR AR &5, PR d) i A A 0 A0 2 A R 1K T AR 550, A TR B i 48 T 2% 11 D)
i B b A A T s AT TR A B TR 22 A s ) B R R R At R R T 3
TEE X E S A A G B Y . B0, talking F talked 33 WA 8] AT L g IA S S M G BR 14
1% swimming 5 swam Z A HYBE R —AFE

Tl AR ] an 1Al 3-16 iR,

MARBEL LT 3 4S80k & L.

- * input_dim SCAE A Th LR R B S R KN, T
wan | 0o ARSI i, SCA B R — AT 0~ 999 K 1 0
BCN P lking SR PRI L AR 519 B 1 R/ 1000 43R 5
i * output_dim——— il i A 1 i 2 [ KA A 5% 4
/‘*-——ﬁ——___. FE A 1285
* input_length iy A7 5 K B, Keras #5814 4%

316 AHNTR {7 A JE AT S LI R
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TEF—JE2H 8T — A 32 A BB IC I B RNN BERL . a2t o D A48, d
7 RNIN JZ H R 1 28 70 9580 I 22 2y 2 80 HomT il R X80
(n+d) Xd)+d
B a — 25 A R A E . R R R ST T sigmoid ST pREC R AR 52 41
Je— N TIuRAESS . 3.1 2 WHYLER(6) G PR AR B, 95 %€ binary_crossenropy fE A4
5% pR VB TR O Ak B S 0T a2 BT LLEAR 2% R T adam B3k . UIZRAERYIE BER 20 0 BEA
AT . fefm)n— 2 AR IS LIPS B PR RE O 5 P 48 A

3.1.4 AEHRE

TERTT AT 22 TR &3 (BPTT) 7 RNN F i TAE . fE/RwEd
R 2 R IR AT SRR 2 A TAUA MR BE . 76 S I A 5 o B8 v, BRTE i A2 O 1D L 86 AR A5
AN o DT 30K 6 22 YR B #2802 2] AR G 18 . R TORE B BB X B i AR Y R AT
YE A 1 U1 2502 2 G T LAY L TR Dl ok 2 )23 £ 7 DA AL F 2 o TR B AR XL I8 R DA B A 7 b
i 45 T 2. Ul gk BA T 2 2 AR08 PR /Y R AU W 4% B, RNIN 28 % I I 6 B 7B 5K ia) fB
(vanishing gradient problem) , & 23 {15 /¥ 2% U S FEAR 12 . X B WG , W25 I 2545 1k TS
HERA AN . 38R EE U Re LU 3005 RRK 36 Ao K AU I 2% mh (1 6 B2 31 2K TRt Ak 35X
A TR] R8G5 — Fh i DL 7 s 2 4€ 58 B2 12 (Long Short-Term Memory, LSTV) B | | —
AR E B S LSTM,

RNN 38 3] (1) 55 — 4> Pk % 2 486 B 18 *E 18] 32 (exploding gradient problem) ., 7 iX Fl % i
T AT LLE BIAR KA A B2 (R, 33X S ik ke (A5 AU = ) 3 B b R RO MERS . 7RSS T T
TP A EE B B P BB B NaN ., Y43k B &0 % 28 I ZE IR, 19 26 v B9 A 23
A 5 1) AR A DR W A0 . 37 L 0 ) R 1 e i P 8 R R 1 2 66 BE 8 BT (gradlient clipping) ,
B 7 Lk R 32 T 48 T R Ao 4 R A

3.1.5 SE[iE

BT 2 O¢ T 3 A 2 8 4% 0E U AR A R R 30 B 332 98 3C hteps://arxiv. org/pdf/
1409. 2329. pdf.

3.2 {EF LSTM S 3T 74 X

796 P ol 22 I 24 TG 1 S A R R R 2P R B AR OC R 2 Bl & N 4% 2 IR 2 0 Ho A%
JZ Z I8 AF 7 B8 RS B X A ) R B 28 i . 4K %@ B A2 12 B 48 (long-short term memory
network) f& 5 ¥ 1 28 W 2% ) — Fp AR 4, 2 BE A5 Bl 3 RNIN K 1€ 2 4% % (long-term dependency)
[, g vz A T B 22 ) p L@ Pt RNIN TG 9 86 B il 5% 18) & (vanishing gradient
problem) , LSTM i@ i —Ff | 3= #1 #l (gating mechanism) 3 ff P B6 FE TH 2% . FF H e 48 m RS
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BT N R SR A L B RHODR S B T IR AR A2 T A AR s L T 4 2 R A
BITHfEE . LSTM A 3R] AT TR .

o BEEIMEGIAZEL S 2R AT —ARENE SR T ARS8

o BNTVIEENR 2 3R R RS AE BAR A ST A &, PRSI

o W ITESNS 2 DN ECRER BABA T - RE.

LSTM 2% 254 an &l 3-17 i .

-2
2

B 4 N
> = @ >

A 1eod q% A
(0 o e =

- ~ )

BN ™

& 3-17 LSTM WM& 4544

ARSI — A TR B A LSTM R A Bl 2 22 %) — 580 . 2080 R AR 4 2
T 4 B3] 47) T 53 ) £ B O, BB IS (9 3T AR 2 B (text generation) |

3.2.1 #H&IIE

AR ST FH B 8 A v A R O VE S U8 SCAS SR A o 75 R, S 4] v ) A — A
B SCAS SO I B AR AAAE a0 TAE B sfrb, 8 5 808 DL A B ia) £ o g AR T —
AN FRLE]

T 5T AT T 0 2R s BT R B SO SO

library(keras)

library(readr)

library(stringr)
data < - read file("data/rhyme.txt") %$>% str to lower()

T B AR 5 AL b K B0 ROl TR ORI L TR R U IS . AR A SO i
BEE
data

TERHEE P R SCAS N 3-18 B,
He R 1A 3-18 JIT 718 149 SCAS e 22 B BUF 51
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‘jack and jill went up the hill\nto fetch a pail of water.\njack fell down and broke his crown,\nand jill came tumbling after.\n\nup jack got
and home did trotinas fast as he could caper;\nand went to bed to mend his head\nwith vinegar and brown paper.\n'

3-18 EHEREATRE

3.2.2 #BETE

FIHA AL, ELE RWIFFRAT —MERE, MHEESER, 725 E R R
Pl — R EF A — A e R E AL
(1) BI#E 4718 48 (tokenizer) , F FOB: SUAR B 0 B BT 3 <

tokenizer = text tokenizer(num words = 35,char level = F)

tokenizer %>% fit text tokenizer(data)
A TERHEE Hh Y PR R B
cat("Number of unique words", length(tokenizer$word index))

TERLEE A 37 AR Y B
LA a4 & R R 51 RAT LA IC 3¢ -

head(tokenizer$word_index)

et B A 1 3 ) R TR I e H S B BUT A

text segs < — texts to sequences(tokenizer, data)

str(text segs)
A LR R O 9 R A 1 3-19 BR .

] LA ], texts_to_sequencesO) PREGR M T — AN R, KB —A &It
AR,

text segs <— text seqgs[[1]]
length(text segs)

P 3-20 F s B % i1 25 SRR I LR I SCAS (L 5% 48 S ]

List of 1
$ :int [1:48]) 214569103 1112 ...
B 3-19 ERMEHFIHERX E 320 EREGSESMRRAY

(2) R SOy B Bt i A CREAE ) F 37 R 1 OB 28D 1 310, JH v i AR P A 322 252 1 1)
(47 51 T R 50 T B — A PR

input_sequence length <-— 2

feature < — matrix(ncol = input sequence length)

label < — matrix(ncol = 1)

for(i in seq(input sequence length, length(text segs)))({
if(1i>= length(text segs)){
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break()
}

start idx <- (i — input sequence length) +1
end idx<—- 1 +1
new_seq < — text segs[start_idx:end idx]
feature < — rbind(feature, new seq[l:input_sequence length])
label < — rbind(label, new_seq[ input_sequence length+ 1])
}

feature < - feature[ — 1, ]
label <— label[ - 1,]
paste("Feature")
head(feature)

K 3-21 S THAHE 5,
B B HE PR T

paste("label")
head(label)

Kl 3-22 WoR T HDL AR TS,

K b 25 SR it AR i 2

label < - to_categorical(label,num classes = tokenizer$num words)
A B R R 2 B Y 4

cat("Shape of features",dim(feature),"\n")
cat("Shape of label", length(label))

P 3-23 R T ARIEFIAR S 5 81 B

‘Feature’
21 'jabel'
14 14
4|5 25
5(6 36
sla 4.9
8|10 510 Shape of features 46 2
fouw ot 6.3 Shape of label 1610
3-21 HEFT B 322 HREFT 3-23 HUHNREFIINEE

(3) B — > SCAS A B 1Y It 2R 4 47 245 B

model < — keras model sequential()
model %$>%
layer embedding(input dim = tokenizer$num words, output dim =
10, input length = input sequence length) %>%
layer lstm(units = 50) %$>%
layer_dense(tokenizer$num_words) %> %
layer_activation("softmax")
summary(model)
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B A 4 25 BN 3-24 o,

Layer (type) Output Shape ~ Param #
embedding (Embedding) (None, 2, 10) 350
1stm (LSTM) (None, 50) 12200
dense (Dense) (None, 35) 1785
activation (Activation) (None, 35) (]

Total params: 14,335
Trainable params: 14,335
Non-trainable params: ©

E3-24 RENHESR

i 1 A A A

# iR

model %>% compile(
loss = "categorical crossentropy",
optimizer = optimizer rmsprop(lr = 0.001),
metrics = c('accuracy') )

= EN il

model %$>% fit(

feature, label,

# batch size = 128,

epochs = 500

)

AR B S B T — A SR B 2 IR SRR A i — A R A

generate sequence < — function(model, tokenizer, input length,
seed_text, predict_next n_ words) {

input_text <— seed_text

for(i in seq(predict next n words)) {

encoded < — texts to sequences(tokenizer, input text)[[1]]

encoded < — pad_sequences(sequences = list(encoded),maxlen =
input length, padding = 'pre')

vhat < - predict classes(model, encoded, verbose=0)

next _word < — tokenizer$index word[[as.character(yhat)]]

input text < - paste(input text, next word)

}

return(input text) }

i H 52 LR generate_sequence() M\ 3B 77 31 A8 1 SCA

seed 1 = "Jack and"
cat("Text generated from seed 1:

,generate sequence(model, tokenizer, input_sequence length,seed 1,11) ,"\n")
seed 2 = "Jack fell"

cat("Text generated from seed 2:
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",generate_sequence(model, tokenizer, input_sequence length, seed 2,11

)
Bl 3-25 doR TR A M A B SCAS AR R SR

Text generated from seed 1: Jack and jill went up the hill to fetch a pail of water
Text generated from seed 2: Jack fell down and broke his crown and jill went up the hill

B 3-25 WEERBIE

AT LA th AR A B 517 T AR A
3.2.3 [RIEEM

BEAE FAT o] 1 AR R B SO AT AR AR R R SO G B — A AN
BRIANE BT - Keras 43 18] 25 45 15822 647 43 B8 28 B — A~ 5 10 1) 3% W B3R 0T A6 A o, 4 2005 119
TR /NG IR AN ERIENE R . H A e R AR B RN R R — A iR R 5 5 3R
rh SR AR A B T RS AR T B R R AT R B . AR XA L, AT DL B TE B R SE AN
FOR)H  and J& R UL BRI L T up S50 AOR UL L] iR E B 37 SR,

FE 3. 2.2 TR O T KRR o — A~ EUF 8 . 36 I E S text_tokenizer O 1)
num_words Z BN 45 8] 42 SCT B OR B 0 R K BRI AL, X B A U BT Y o S
TR ORAEAE i 0 rh . FE2D IR (2 i, BB AR L RR R 51 3R AR 25 51 32

fE3.2.2 TR Y, 8 LT LSTM & W 4%, & 5, X 7 91465 0 E 17 %0 46 1k, SR
JE RO AR A Z o A S WA RRIEZS AL — A d HE T e R AE , A S 45 ol
A R 128 DIGTEFREIE . 2 F R I —14F 50 M Ichy LSTM )2, Hin] il i & —
AN Gy ALEL, WO IR C R AN — AN, R I T AN e i )2 W o e 5 T A
2% b B in] 1 8 i R softmax BT PREL

FE 3. 2.2 WL IR (O 5 SUT — A BREL, 1% oR BIOKE D 25 78 0 79 A~ B3] 1) 0 4R 4R A AR
BUSCAS , BV DT B4 i 7 A4~ B3] o 000 — A Fde) 7R AR S 5 — SRR A R
“Jack and”, WM %) LR E <57, T AN EE T 3 AN FRaEP A . AE R — B AR BUR) ) d
J5 P B “and Jill”, I T — A B30 “ went”, 1% oK B4R SE AR 8 SCAS B R A2 R Y 2R )
B4 T predict_next_n_words 28 1E F Ik .

3.2.4 NEHRE

TEIT % B SR 1 7 Ak B FH R P I o A SCAS Bl vp by 38 A 3 SCIRRAE . AT LU T3 2 4%
AR A X BB R AE , A i) d2 Ak L I ) AR R -3 ) SCAR SR % (Term Frequency-
Inverse Document Frequency, TF-IDF) if#x AZF, TS T @M R 9
Keras 2025 F F SR 15 5 AL $H0 FH AR 7 40 2 TF-IDF FEAF A P

texts_to matrix(tokenizer, input, mode = c("tfidf"))

mode Z %A 7] LLBUHE N binary . count.freq,
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3.2.5 SE[RIE

o BT 2 00 TG A PR 28 I 2 B IS T 2 I 2% AR I G B 2 B A I 4% 1
iH LB B 38 3C https://cs224d. stanford. edu/reports/Lambert. pdf,

o TR LK THT Word2Vec B2 W45 B F1TR . 35 25 4 SCHY http: // mecormickml.
com/assets/ word2vec/ Alex Minnaar Word2Vec Tutorial Part 1 The Skip-Gram _
Model. pdf,

3.3 {#H GRU LI B8] FF %1 Fou il

AETF LSTM, [ 1= &N 8 It (Gate Recurrent Unit, GRU) [ 2% A F 12 12 22 5T 3 355 il
5 R, AT LR AR A Bk A . GRU i BRI 2 G g 42 ) 2O SR AL S 5 5. T A 2
il K BFgAZ i Ceell state) . GRU 3% L A 35 T 9214 19 i 28 X 25 I 2545 58 B, [ oy
GRU 7158 AU 75 22 A0 X 45 /0 1 I 5 2 5500 o /0 iy ok o

BRAE L 3 HLAT DL7E T /0 950 T AR BEHL T4 . GRU Regetpte

BRI PSP, FRM BB ] (reset gate) FIEFT | et
I Cupdate gate) ., &[] IR & AR B A A | |
5 Jeni i AR SE A TS T DS R AR A
R L PER. 5 LSTM AL, GRU 55 '] : i :
55 LSTM i AT+ i 25 1000 1 AR 2 8 B
IS RER S FEZMNDT LRE R RE L DER. -

L J

GRU [60 246 38 32 OB 1] 65 9 4 i6F 3L AZ 1) 5t AT B i
ALY &9 KA T B 3-26 GRU R &g

GRU #ERIZER N & 3-26 AR .
A S ] GRU W 28 f i 35 & 7K 6 8 8515 B

3.3.1 HEHIIE
TE R8BI 2 [T, S A0 BT B B
B ® A Keras Jf .

library(keras)

ARSI Uk & K 0 B s S T LR 1519 GitHub /766 T3k, ZBUR £ 3 1
[E)¥E A& K0 H B &4, A 36 14 k. JR bR Kb 42 & i Makridakis, Wheelwright, Hyndman
(1998) $24ILry

data = read.table("data/shampoo sales.txt",sep = ',')
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data <- data[ -1, ] Year_Month Sales
rownames(data) <— 1:nrow(data) 1-01  266.0
colnames(data) <— c("Year_Month","Sales") 1-02 1459
head(data) 103 1831

B 104 1193
Kt £ 19 > Bdls an P 3-27 o A
534t Sales %) (14 545 #a 3 . 106 1685
F LIk K AR B B B 327 ERHUREEHMBIUE
library(ggplot2)

g = ggplot(data = data, aes(x = Year Month, y = Sales,group =1)) +
geom_line()

g = gt theme(axis. text.x = element text(angle = 90, hjust = 1))

q

BOE py A an & 3-28 fis .

682.0-
646.9-
581.3-
575.5-
475.3-
440.4-
439.3-
437.4-
421.6-
407.6-
401.3-
342.3-
339.7-
336.5-
315.9-
303.6-
289.9-
287.0-
273.3-
266.0-
264.5-
231.8-
226.0-
224.5-
210.1-
194.3-
192.8-
191.4-
185.9-
183.1-
180.3-
168.5
149.5-
145.9-
122.9-

3-28 BHRKHEHIEREZE
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LA B A BT

3.3.2 BETR

HEN K b B A
(1) £ B s Sales 51 ) £ 25 A .

class(data$Sales)

TR R B P, Sales 512 R B9 78U 26 B (p 678 5D o 8 T 5 SE o M iz it . &
ZR B R B (E

data$Sales < — as.numeric(as.character(data$Sales))
class(data$Sales)

RAG AT G Sales F %4 Sy %5 (i 5

(2) R T SEBUE ]y 51 1000, o5 226 Kot Fe 4 - E R F 81 . ] DUGE A diff O REGE AR T
B A0 B B 22 0 OF 91 v 89 )5 TOBCRT 350 . 5 240 differences WA N 1, %R 201
JER N 1,

data differenced = diff(data$Sales, differences = 1)
head(data differenced)

F 0118 5 Jr A B — E o B s A 3-29 Fra .

[-1201 372 638 61 -11.8 633| (3) QI — A T B 5 9 B0die 2 LARE R
GRU, ¥f data_differenced J¥* 41 i) % JC R #B H: J5 B
3 1RSSR A RIDRE I 20 Co— 1) BY (B4R R i Ao i

B 329 E=SEHEBFERNBSEIE

Z1 ¢ B(EAE o i

data_lagged = c(rep(NA, 1),
data_differenced[1:(length(data differenced) —1)])

data preprocessed =

as. data. frame(cbind(data lagged, data differenced))
colnames(data_preprocessed) <— c( pasteO('x—"', 1), 'x')
data_preprocessed[ is.na(data_preprocessed)] <— 0
head(data_preprocessed)

o WP 2 T 4 e 1 B 4 ) 3-30 R .

(4) T BRE B 4y BN 25 4 RV E 4 75 B D) 5 9] ) f o —
R Bl X B AT B RE . DR SO O AR T, R w2 a8
BOHE AT 2300 04 PR BT 7094 0F A VI K B Ak 3024 4 o L
O e e

nrow(data_ preprocessed)
round(N * 0.7, digits = 0) B 3-30 MEMNHESE
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train = data_preprocessed[1l:n, ]
test = data_preprocessed[ (n+1):N, ]
print("Training data snapshot :")
head(train)

print("Testing data snapshot :")
head(test)

WL AR IC s N 3-31 iR
KRR BRIl S A E 3-32 BN .

[1] "Training data snapshot :" [1] "Testing data snapshot :°
x-1 x x4 2
00 -12041 -26 100.7
4201 372 1007 -1245
72 638 1245 1234
638 610 1234 -380
610 -118 330 381
118 633 361 1381

B 3-31 YIHENBAIER 3-32 WIFEMHMSTIER

(5) K Kt VA — o A PRI 7 T R 28 iy 30 38 R R S T R R tanh e BAE
T PREC tanh PRECHY (B (— 1, 1), 3 HURJH fie /- Je R IH — A6 7 ok Ak EUHE

scaling data = function(train, test, feature range = c(0, 1)) {
x = train

fr min = feature range[1]

fr max = feature range[2]

std train = ((x - min(x) ) / (max(x) — min(x) ))

std test = ((test — min(x) ) / (max(x) - min(x) ))

scaled train = std _train * (fr max — fr min) + fr min

scaled_test = std_test * (fr_max — fr_min) + fr min

return( list(scaled_train = as.vector(scaled_train), scaled_test =
as.vector(scaled test) ,scaler = c(min =min(x), max = max(x))) )

}

Scaled = scaling data(train, test, c( -1, 1))

y_train = Scaled$scaled train[, 2]

x_train = Scaled$scaled train[, 1]

y test = Scaled$scaled test[, 2]

x_test = Scaled$scaled test[, 1]

2 5 — 1> PR EIOR K B TN (B3 i A i A B RUBE . 7EAS Y e 2 T (L P A X A
F I e

invert scaling = function(scaled, scaler, feature range = c(0, 1)){

min = scaler[1]
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max = scaler[2]

t = length(scaled)

mins = feature range[1]

maxs = feature range[2]
inverted dfs = numeric(t)

for( i in1:t){

X = (scaled[i] — mins)/(maxs — mins)
rawValues = X * (max — min) + min
inverted dfs[i] <-— rawValues

}

return( inverted_dfs)

}
(6) & XHERIIFHC AR o 5 Boda FA o 3D A% 2, LUK H g AR,

# Reshaping the input to 3 — dimensional
dim(x_train) <— c(length(x train), 1, 1)
# specify required arguments
batch size = 1
units = 1
model < - keras model sequential()
model &> %
layer gru(units, batch input shape = c(batch size,
dim(x_train)[2], dim(x_train)[3]), stateful = TRUE) %> %

layer dense(units = 1)
A B EAE S
summary(model)

RV E A5 B A 3-33 frR .

Layer (type) Output Shape Param #
gru_1 (GRU) 1;:1) 9
dense_1 (Dense) (1, 1) 2

Total params: 11
Trainable params: 11
Non-trainable params: @

E3-33 RENHESR

& o R

model %$>% compile(
loss = 'mean squared_error',
optimizer = optimizer adam( lr= 0.01, decay = le—-6 ),
metrics = c('accuracy')

)
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(7 BRI BRI A — U 2R 80 O 1 B AR LIRS B RLIR AR 50 28,

for(i in 1:50 ){

model %$>% fit(x train, y train, epochs =1, batch size = batch size,
verbose = 1, shuffle = FALSE)

model %$>% reset states()

}
(8) XTUSIEAEHEAT T , I8 ] inverse_scaling 2R ZCE: 79000 18 2% He Sy TR B s 10 IR

scaler = Scaled$scaler

predictions = vector()

for(i in 1:length(x test))({

X = x_test[i]

dim(X) = ¢(1,1,1)

vhat = model %$>% predict(X, batch size = batch size)
# invert scaling

yhat = invert scaling(yhat, scaler, c( -1, 1))
# invert differencing

yhat = yhat + data$Sales[(n+ 1i)]

£ store

predictions[i] <— yhat

}
A F 50 E 4 B TR 2 2
Predictions

S UE AR B9 O (E AN P 3-34 B .
348.112441666424 359.491248017549 379.598579031229 354.127689468861 413.616816712916 423.328302359581 455.889744898677
461.995177252591 513.082208752632 505.667284664512 502.387261849642

E 3-34 WiF&EpmnE

I 5 TN AT T L % B 7 i T AR
3.3.3 FIEf#4T

TE 3.3. 2 WHYAL R () h & F Bl 4R Sales 51 B EUHE 28 B, 1% 91 2 A0 R0 B F00 /Y 51 . R
Sales Bl {1 Ko 2 B e 40 o B Y . 20 R (2) 5 iy A KOHE 5% 0 0 A 91 dl i — B 22 0 #
VERT LA BR Fe 90 v g BE AL 35 CREAL B 3D o ol 18] 3-28 AT LA H i A B0 H A7 3o g i 34
T I 8] P 47 T o TR AR AR 25 BRBE AL B 34 R 3R . BE LM 4 R R AT LUAE DL B
(5] i 00 L oA A T LA D s il ROBE T A B T . A S48 e e o Bl BE AT — B 22
3 SR B BRI A B, o A 5 P 40 7 ) L {9 25 T — > LA

FEAE A LSTM Ml GRU SE53 3% 7 248 I 1B 2 >0 2 sC R I B dls , o it J2 3 LA T
7 g AR ) A AR AR B (P AZ ) i 5. A i[5 1) A, 0 AR RIS kP Y
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Bl iy 9 i 8] G — RO AEAE R I 8] ¢ %A . TEASSLFIh k55T 1, B DIAE 3.3, 2 9 Y
A BR (3D SE R RS A A B T NS RO AR L SRR A 7 B T #
T X=r—1MY=¢ WK, QIE TS LU 7504 A2 &

15 3.3, 2 W HY AL IR (O K Bl o0 O R A MG TESE . BEAILAAE AN BE DR UE I 8] 7 51) £k
I b LI 25 SR W o PR FE PR AR WS AR (1 0 U4 s . BT 70 Do B HUHE A
TN AR 30 0 E IR . n KRR DIl RIUNGRER TG —DEARTF 5 n+1 RR
DREE R G T 5 . TR GO X EUR O — A ab B, GRU B 7Y 2 5K I 23 05 78 B9 2% 4l ]
WO PRBCE B N . B A tanh /B 0 3006 sR 20 EISE (— 1, DB N,
ISR g AR AL R (— 1, DB A, T &/ -& X3 — 4 7 % (min-max
scaling) , T3 AX T .

Li ™ Lmin
o :1'max — T min

TENGREE FoRAS 2 A2 s TESR IR SR AT 0 — AR I P R RE 1 2R 800, X REABOR T sk
B R ER B B 1) e R (BRI B /ML 5 U R B A 2 S 1 I E B 45 R i 22 . Xl e AT A X
8 I 2 50408 14 e R AT e /INELAE Sy e /e RUE — Al 28 2P i) 28 00 0 11 5 4 6 E 4
VLR T0UAE AT A i . SE IR BT — 2 R invert_scaling Y bR EUR X 45 TS B 1 3
A 18] 48 T 5 K T (i ke S (] KAl R

GRU & Rk A B980P #% 208 [ batch_size, timesteps, features |, batch_size & X T &
YRIE AR ] B i AL AR AR, timesteps 285 B R AT S50 I 75 B2 1 A 2 DA Dy SR B
W R B DR RS . FEARGI T H B E R 1, features 2803 1 0% 150 I 2% (4 %%
OGO 1, 18 3.3, 2 TR BRC6) Ky A KR H A g 455 RN i 8 A% L O R A
GRU J2. FEE. LU E T3 stateful= TRUECH RS BB WAL R PR 5 14 fY 4
AREA Y B S5 RS IR IS et ik h R 51 1 FEA W) iR AR

B AN [v] 3 2 IR AR AR 2Z [B) A AE — — X 0 B B SF  units 22808 it 25 1) A 4R 4k .
PR Sy A B8] Kb B ) S 00000 3% 252, B units =1, & ALY S H)5 , G 13F A AL, I 48 2 mean
squared_error fE 44525 R adam 1 PLAL AR . 57 2T 35 0. 01, A HIAERR 34y 5284 1 3
Hragtr, EEEFRMUMEFL .

FE LT F55 KR

o fONETE A M 4% (FeedForward Neural Networks, FENN) i # £ 50148 (7£ GRU

k3,

P Y I PN

o SR AR RS,

H T4 FENN A 2 (h+i)+h ASH TR I GRU 21 ZR i S8 B0

num_params=f X [h(h +i)+h]; GRUI f=3
76 3.3. 2 WAL B () A AR B A RS U R B dii . shuffle 280016 2 0
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false , LAk 5 76 A8) SRS A8 Ak X6 1 R B5HE 36 A7 19 BB BTL 106 L X I R g R AR 22 ) 2 I R R A 1
Wit reset_statesO pRECTE B L AUS B8 48RS, X2 A TE P R (6) th GRU A X
T stateful=true, A LT BEER R ERG EHE LSTM BRRA  PUE T — W aE B Bk 2
TGRSR, FESJE — Db, S0 IR 52 A M8 . hy % oI 1 24 i ] D o K00 1) IRUBE  f
T HIEG) FE XL inverse_scaling PRA%L,

3.3.4 AEHE

TEAL TR RV e I, 22 % TR ZRIR BE 7 I BRI AR R N A7 . R P Y Keras JE 4 it
ST ST Y A RS PR T S bR BOTE I 2 AR P 8l 2 A it B I 2K . Kleras 38 B2 i
T TR S RO R pR . T AR A T — A e T IR 2R
T 3.3 2 W AU B . B ARAR AR PR

# S AP E

library(reticulate)

library(keras)

# WS EGE(1,2,3,4,5,6,7,8,9,10)

data = seq(from = 1,to = 10)

# 5 SCHE[R] P 50 A= 4%

gen = timeseries_generator(data = data,targets = data,length = 1,batch size= 5)
£ A — AR A

iter next(as_ iterator(gen))

Kl 3-35 R T A4 AR 58—t &g . T LLE F generator
XA T — & B F 90 B 1 9 2% ’éﬁ—/\fhﬁﬂﬂﬂ%ﬁ
)i CH A5 L 55 A5 91 R X R A9 AR 4[] o (PR AR

T T A AR A B ] A B S B T — A~ A zEXiﬁJ‘Z%%O
22 3456 lookback £ AT DL AE & (8 £F #2146 FH £ /0 by S (8 2k B
B335 AmEamy Nk B EBF S, future_steps %E SCE TP A R Sk B[]

E—HBUE HA

N B W N e

generator < — function (data, lookback =3 ,future steps = 3,batch size = 3 ){

new data = data

for(i in seq(1,3)){

data_lagged = c(rep(NA, i), data[l:(length(data) —1i)])

new data = cbind(data lagged, new data)

}

targets = new data[ future steps:length(data), (ncol(new data) — (future steps — 1)) :ncol
(new_data) ]

gen = timeseries_generator(data = data[l:(length(data) — (future steps—1))], targets =
targets, length = lookback,batch size = batch size) }
cat("First batch of generator:")

iter next(as_iterator(generator(data = data, lookback = 3,future steps = 2)))
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[ 3-36 Won T H & A s A B S —HEREAS . First batch of generator:
H & 3-36 ITLAAE B, E51 3R 1, # S8 lookback=3 1 3
HE SR IE R 51 (38K batch size=3, LI % 1 h A 3 47, :
103 3 MEAEF ) ;3 S8 lookback=3, Kk & )75 H 3 5
MICE) s IR 2 T S HL future_steps=2, A F 5& 1
HOX R 3 A A T B D e e A (1,2, 3) , T
By (4.5), B 3-36 EMBERNE—#HEX

B o kWM e
~ oo s W N

3.3.5 SERIE

o BT fRanfaf M A LSTM Ab ¥ B A 2255 K 2 09 B 8] )3 51 $i4is . 3 A 5938 3C https: //
arxiv, org/pdf/1909. 04293. pdf,

3.4 SRIBLI(E BN E M 4

X [6] & I #8122 W) 4% (Bidirectional Recurrent Neural Networks, Bi-RNN) J& RNN ) —Ffi
AR T K A A BRI e B TR R [ 396 A A B B A I 2 b, R DA R A i O A Okt
IGE e 386 1 A T 8% 1 i 8 79 A4 B[] 28 1 A7 09 0, 05 O =0 SR R L 3% 4 L 3fe vk T 3
XS [vi) 47 PP 25 IO 4% 2 8 T T i R A o ) B SOAS B 1 R S R A SO T S AR DG BRL TA
VAR 5343 A48 I F SCH SR A 1) J8L, Bi-RNN I 251 22485 Bh T 48 & 96 BE 4%, T 2R
R . A 3-37 & Bi-RNN 9451 A,

3-37 Bi-RNN 414

IR S S P — A Bi-RNN L8 A F IMDb PEE 015 84025,
3.4.1 BETER

A IMDb PFSE RS . FIRTULBAES 3.1 TAVRIEMRE . F b BBkt 5
P AL B, 4 0 AR R R4
(1) A Fp AN 42

model <— keras model sequential()
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(2) B3 — S fof 22 [0 23% )2 B REAY v, I o BSR40 25

model %$>%

layer embedding(input dim = 2000, output dim = 128) %> %

bidirectional(layer simple rnn(units = 32),merge mode = "concat")
$>%
layer dense(units = 1, activation = 'sigmoid')

summary(model)

*%}Fuﬂﬁwﬁ%{nzuﬁﬂ@ 3 38 F)‘T‘/j_\‘o

Layer (type) Output Shape Param #
embedding (Embedding) (None, None, 128) 256000
bidirectional (Bidirectional) (None, 64) 10304
dense (Dense) (None, 1) 65

Total params: 266,369
Trainable params: 266,369
Non-trainable params: ©

E3-38 #HEAKNBERER

(3) G AR R .
# i

model %>% compile(

loss = "binary crossentropy",
optimizer = "adam",
metrics = c("accuracy") )
# I

model %$>% fit(

train_x, train y,

batch size = 32,

epochs = 10,

validation split = .2

)

(4) PPABEHLPERE I ) PERE G B «

scores <— model %>% evaluate(
test_x, test_y,

batch_size = 32

)

cat('Test score:', scores[[1]],'\n")

cat('Test accuracy', scores[[2]])

&l 3-39 Won VA RITE SRS A PERE TR A .

*ﬁﬂﬁ%%é@ﬁ 75.7y0 3'39 *ﬁﬂ?’fgﬁﬁ%iﬁ"]?ﬁ%
R EMERE

Test score: 1.067133
Test accuracy 0.75688
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3.4.2 [FIBfRH

TEARRIRT, T Z oA R . AR T TR 20 TR UL B A i MR T LA S % 301 T
AN .

TE 3.0 4.1 WHABBE D RSBl T — Keras SRR, A5 B8 (2) i) Fp 5B R 7% Jin ot 28
RIZEJZE . BRI AGR AR X i ARAIE 2 (B HEAT BB B SRR L RS AD rh s — 4> X0 e A
M2 W 2% |2 (330 merge_mode="concat") ., HIFHE LT W0l 2H & 0 F1 356 5 ) 4%
R S VAT AT SRR R PRI . BRGNS — A R Y 42 %
W 4 )2, M sigmoid A N BT PR,

TE 3. 4.1 ARG W, 7538 XA (binary_crossenropy) Y Sk 11 2% bR UK 4 1%
RREAY DR R A ) S i e — > T ok 28 R, BBUE T T adam LA AR  7E VI ZRECHE 4R B IZ%
AL, FEAL TR (O rh PP A AR S0 TR 5 b i AR 2 PP AL ZE iR AR E A PERE .

3.4.3 ABEHE

TRV XL i A8 B 22 00 2% — b i SE BE A BER L (ELLE i AT IN A7 E — BB FR . il T XL
i) 418 B 2 I 4% 140 1 L 7 1) A W1 0388 1 47 1) o BT DA ATT B9 P8 AT i i 2 e 2
e . e Hh . IR BRI 2% U T AR R R A 19 RO 4B L G SRR B % A B3 L AL 2 R
PEAFAE . ARG O — A EE R L R B A AT 2 BRI RARXEEAT



