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Abstract

In recent years, with the rapid development of big data technology, by mining
and analyzing the large amount of text data generated by users on the Internet
platform, the use of these data for sentiment analysis can provide the government as
well as enterprises with reasonable and scientific decision-making solutions, so the
sentiment analysis of text data has attracted extensive attention from the academic
community. As a fine-grained sentiment analysis task, aspect-level sentiment analysis
can obtain the sentiment polarity corresponding to different aspects in the text,
including positive, negative and neutral. However, accurately mining the sentiment
polarity of different aspects is more complicated in practical applications. Existing
studies ignore the left and right local semantic information of aspect words when
analyzing aspect-level sentiment polarity, which affects the accuracy of sentiment
polarity identification in the dataset. For this reason, this paper proposes a multi-
semantic learning model BEDSA-MSL, which is based on BERT pre-trained
language model, dependent syntactic analysis, and attention mechanism, and explores
the sentiment analysis method for multi-semantics in order to improve the model's
sentiment polarity recognition rate. The research content of this paper is mainly the
following two points:

(1A lightweight Chinese pre-training language model smallBERT for aspectual
sentiment analysis is proposed, which is mainly improved in terms of parameter
reduction and optimisation of the MASK scheme. In terms of parameter reduction, it
mainly reduces the word embedding dimension and the number of Transformer layers
based on the BERT benchmark model, which shortens the pre-training time of the
model. In order to optimise the MASK scheme, when dealing with some English
words that may appear in the Chinese Wikipedia corpus, this paper uses a full-word
masking scheme to cover up all the English words appearing in Chinese, so that the
model can be better adapted to the Chinese sentiment analysis task. Meanwhile,
alternative symbols for numbers and special characters are added when making
dictionaries to reduce the interference of unimportant text content on the sentiment
analysis task.

(2)A multi-semantic learning model BEDSA-MSL based on BERT and
dependent syntactic analysis is proposed, which is designed based on a lightweight

Chinese pre-training language model, the input text is mapped into real-valued



vectors by word embedding matrix, the left and right local semantic vectors are
extracted from the aspect-centered local semantic learning layer, and the attention
weights that are highly correlated with the aspects are extracted from the aspect-
aware layer to generate aspect sentiment vectors, and the aspect polarity is obtained
by stitching the aspect sentiment vectors from the left and right sides of the text by
the semantic information fusion layer. The aspect sentiment vectors of the left and
right texts are spliced by the semantic information fusion layer, and the spliced aspect
sentiment vectors are used to obtain the aspect sentiment polarity by the sentiment
classification layer.

For smallBERT, the paper conducts comparison experiments with the BERT
benchmark model, and finally evaluates the model using the pre-training time, Al
challenger corpus sentiment analysis Accuracy, and 500 samples prediction time, and
the values of the three evaluation metrics are respectively 8 days, 85.27%, and 6.19s,
the experimental results have been optimized compared to the BERT benchmark
model, verifying the effectiveness of the lightweight Chinese pre-training language
model in this paper.

For BEDSA-MSL, this paper conducts experiments on public datasets, and also
conducts comparison experiments with existing aspect-level sentiment analysis
models, and the final Accuracy values reach 85.34%, 81.24%, and 85.63% on the
Restaurant, Laptop, and Al challenger 2018 datasets, and the MF1 values reach
77.43%, 76.81% and 77.85% respectively, all of which are better than the comparison
model, and the experimental results show that the multi-semantic learning model
designed in this paper is practical and feasible.

Keywords: Aspect-level sentiment analysis; Pretraining model; Dependent

syntactic analysis; Multi-semantic learning
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B SCARE AR AN, bedn. O AR, BN EATRE R RS A
JAHIE, BT LAHGAR] ) 8% 20 B A I PN 1] Z TR PR 56 2R

(2) “HEFERAME”: i RARKIN ,  FH A g AL 8 7 1) 1] [r) B 2% ) 48 52 2%
R, XA A R ROR, ERATRAMEAL G, 3047 AT B I 4k 2 4%
VE 7] 5

Hinton[*414 H FH 4375 20 ] 1) 8 2 7R SCAREUE , 3 ] ) 52 0 7R 7 VR T BLE.
JR A B G A ) Gk a5 o 4 AT A ) B AR O R T, B RE F R AT A
K BRIV Ay ] T R R R B 1] o, () IR 2 e B B T A )
()0 3] [a] o 2% [B) R T AR RBOR Ay b A — A URER AR RRNE . LR
K, oA TR LR A

(1 JIPERT DI ST “BEES” Mk vh S 2 8] iR AR AL .

(2) WI7EFoR 1 a) B RS A 8 1 UE S, Hidm & a4
JEHAT R E 1) e

20034F-Bengio % 11 tH A 22 I 261 5 BRIV AT RoR, %15 S BANE
Fin-gram & A8, n-gram#E 4 318 B B n /A 890 A0 K% IR, i
HITEWT .



P(Wi|W™) = p(wWi|WiTnys (2-1
Bengio £ Hw I HT n MR w, B ELMER . BARME N SaNERIAN
WlTET N AN AW o Weegs W IIERE], BT ILERCERE C R 5Bk
SRR, ARERX S EEDHER (n-1D *d 4 HE, Hrp d AR R E g
PHEJS (117 B B8 S AN FS)Z, 1ZER A tanh sRECHAT ARZR IR, M52
WO A B IR ZRHE. BEJS, XSSRHER (%3] softmax )=, X2 73Tt
B A BAADGS BEUA —A R, Ot e] DASR AR BRI R R E R SO
AR . PN ZE S A = EHESL A 2.1 BT

i - thoutput = P(w, =i |context)

I softmax

(000 000 - ©00)
P P4 /i y -
s / SO
// // most computation here \\
// / \
/ / \
/ / '
\
| |
| tanh \
|
| ©00) |
y |
\ /
\ /
\ /
\ /
\ /
\ /
\\ /
7
C(Wt-n+l) > ~ C(Wt 2) C(Wt-l) P
(00 - ©) (00 -~ 0)
Table N - MatrixC
look-up S S Pl
inC Shared parameters
across words
index for Wi.pn4 index for W,_, index for W,

2.1 MEZRLEIESHERIN = BHELL
2013 4 Mikolov Z5EWOIZE 1 25 N 2% 18 5 AR A FL it 32 HY word2vec HEZE,

word2vec 1 & A2 AL, CBOW A1 Skip-gram PR, B[ 4 ia] A Al
Ak AR, HEARZIR I PE 2.2 Fios .



input projection output | input projection output
] I
W : W2
_ |
I
W W
t-1 t-1
|| sum W : Wi
1] -
— I
I
Wi | Wi
_ |
I
W W
2] CBOW | Skip-gram t+2

[&] 2.2 CBOW #1 Skip-gram #& 842244
CBOW A m] DIARSE B R ey vpuca ], BB = 24548, 439 A

JZ, SRR

(D FNJZ: R EIRARYE R 5 AT A o

(2) FYIZ: FIRIAG Y5 ) 1A B BEAT 8RS, A H AR Dy e 4 5 (14 1] 1)
B, SRR EECRAT RN,

(3) Hth )= I A 4 2 R SRONE [ 17 B T S 281 3m] 3R /0 4 1) o 22 1)
Fr, [FIRAEA softmax BEATIH—4k, 52IFOIE MR 4. CBOW BRI
X B b o8 BN B UK B8 2

Tiecp(W|Context(w)) (2-2)
FESERR N FH I O H, - 19 2 5 210 H bR R 4.
L =Y yveclogp(w|Context(w)) (2-3)

Hp, CRFIERE, wR/RHIE, Context(w)fUR HIRwKHi LR 3C.
Skip-gram AR TGN B S CBOW AR IE 4 A e, H: = B AR AR B o

RTINS, BT AL B AR R B0 R TR .
L = ¥ eclogp(Context(w) |w) (2-4)

ETT HEMEEE

—\ BIRHZ ML
H A 22 [ 4% (Convolution Neural Network, CNN) 7£ 1ij % 1 28 W 4%



(Feedforward Neural Network, FNN) f2&Al FREAT 1 2l P BRA AR R R0
AAFZAL . 5 FNN FHEL, CNN I8 fi w4 vt S 2 M 2 0 4 e, R
IS A SRR R AN B W ORI X I AE T CNN S5AHSRZE BIAR 4T
e oriER, AR FNN SRS Frfy s 2 o b TIERE . 4], CNN By
TRIERIE EAL T2 N T EHR A FEAE,  Collobert™ g ks F T B A5 Ak 242 45
K CNN R T 3CAR G RAESH, X —BIE MBI T AR RUR . 4R
K, CNN 2R H T B /G S AL B SR . CNN FZE B, =54
HEAE R

G B B S S R A X e, e, AFRBERZEIT A
AR AE SR AR o AN RAXS BB GAR, BARBIRAE Y. R iR DX e AN A
TR0 B B TG R ARIE, PR B BUMEM A RIS R . Biltn, &l 2.3 Jif
NFERERI2 x 2B RZE T BB H, sREEN: £ EARKIER T RAER
R HIRE N BT ARRE, SRS 43 2% RS S TGRS o FJE, BRI
A —ABAL, HATHEPLEE, LASRHE, 13205 HAERE T & So1~ Sozs Sio-

& 2.3 EHEHE

S11+ S1z20
Input
———— Kernel
 RIBEE s
[e] [F)[d] o [
L] [ [k 1] == -
L Output
1
|
_>: au+by+ : bu+cy+ cu+dy+
| ew+x || fw+gx gw-+hx
[ |
eu+fy+ fu+gy+ gu+hy+
IW+)X Jw+kx kw+Ix

AL BOAE AR REAT AR IR 3, O 1 BRARTH SRR B, 38 2 0 R Ak
AT R4 A 2], DL/ S8 a B4R . W R T ik A, P it AN
R, PR T S B AR R an & 2.4 B



Single depth
slice

mean pool with 2*2
filters and stride 2

214(8(1 »gg

416(4(3

3/2(1f0 _

1234 : 68
max pool with 2*2 3[4

_—

v filters and stride 2

24 ik SRtz

IERE ) ARG ES R BIE AT B4R, BRI RHE
Lo B AR |, DUEA T 7228,

—\ 1EIMRE L

a2 2% (Recurrent Neural Network, RNN) & — i EA 55 Bic 1268
R 2 2%, EIREE RPN AR N 2 B e % 2 IR K R R AR, (ER AR A AL 3
BIEE . SURIXFEII FHOE . 72 B AE S BT, B RO R
RIS FPifa), Blan R 3Cca)7 S RRAMREE” M “dadlAR g,
GBRNEN3 X 3B ME MR, FXHREES 34Xy, HaHy
PR R RE ) 32 B2 BT RN R . A A M 4g (RNND 3 FH 7 B RO
LT, AT LLE AN ZIHPRAS, B DL | 2% i AN S T A %,
EHEEZ AT B . ZH1 RNN g5 2.5 Fis.

y
O yt-l yt yt+l
A A A
\Y [ vV v v
U
U hia hy his
sQO ) ) ———O—O——O——
Unfold St 4 U St & U s7 U

w w W W
X Xt X Xi+1

2.5 RNN P4&4E+s)
2.5 A B A bR vfE 4G M PRI PR I 2% B ot gh fn = B, A& |

1% TG 4% HE IS ()5 Py Fe T RS A R 2 25 ) s i
BT (P I 4 48 X 285 BT 0 ) ER AN B T Bk B T DL A B S B T A
*ﬁ@%iﬁ)\m?ﬁU{xo,xl, vy Xt X415 }%%/j_i’ iﬁﬁtﬂﬁﬁﬂqiﬁﬂj Wﬁﬂﬂ?ﬁﬂ



{ VoY1, » Vo Vst F & 75 o BE A, RNN [ B 5 o R & A5 12 R
{ho,hy, ..hg hegq,.bo MBI RD, B — B 2 BRGEUZ %N BB 4 4k, B
I 20 4 N _E I 2RSS 4, R e 2k BT B “adie”
Tike.

HE 5T LA H, RNN GRS R IF AL B4 N & — AN SR P 51, TR
HAMMAIIZEE 7, FroL RNN MU BEK SCAR T A . 1EJEAT IR 2 I 1) 4% 3%
(Back-Propagation, BP) 24y, AR B4 H AN S 251 B RS A 8,
1717 HL A5 1 T 2 RPRAS A DG, A e Q2 ) ok S e BRI SR 5 L JLASH 428
RPN

=, KERHEIZMLE

KAG e i01Z M4 (Long Short-Term Memory, LSTM) 7£ RNN FEAd F 34T 2
Bk, FEACEE RNN FE AL PR A ST B IS H 30 R0 2 Vi 2R AT B A 1) R

LSTM HIM 45 454 5 RNN S5k KARAR A, B D9 =3 1 X s A 7 V2 [
M 2.5 ATLAE T HEE H, RNN IR Z8 S5 M AR0 7B, F b GdE A3 20/ LSTM
BRI AR BT AR A . LSTM 7E RN FRJEA B 5N T TR pL ] Rz 45 2
Wk S ALE, WA Bt =T IS EE M BT SEBL RN, $ P 2% )
WIZRE . AT MNT] BT ST, st M
—ERRE LR TR R AIRR LV O R, TR oAb 1 IR A R 2% B AN
AL, 13 LSTM 7ESZPRI I BEAE AL BECSTA B, =AM 14545 K9 43 il %
R 2.6 T =ANER 93

®
D ®
Lo ] |
> \\CID // ~(h)

2.6 LSTM WI4& 8 STt R ]
Kl 2.6 Firzs oy LSTM IbRHEM 28 4514, Hodr o 483 sigmoid i, @R



Boum . QIR ETTEAMAE, tanh JyXUH V&AL

£ tINZINS, POl BBURIREh, b 252 K& h_,, i
fe ¥ te, E—WZRCIZHTCe s =TT ARRA T, BET I, it
opo FoHt, FEATILEMEA XTI sigmoid %, BUEVEEA (0,1, HAMFEK
HUEACRAS B R SR A

WS E B SE M E A B2 E e, MRS ER 2 DG
B MBS TR, SRR SR EE N AR, A EE

HRELE. @dEuEREBaTAEE (01 ZEE. 0 REBHSER, 1 /KRR
BEL, &R 2-5 fros.
fi = (Wex¢ + Ughe_q + by) (2-5)

HA WU AZEHERE, bl E S %

b JE HEAZ e E B R, EEE RAmA A 2 5 R A7 B2 50
dro T sigmoid BT HEIANGEMAH (0,1 ZIMMEL, i RE M7
VIR [m) Bre PR 5 B R ERAE, HRARXW TR,

iy = o(Wjx; + Ujh,_; + b;) (2-6)
¢; = tanh (W.x, + Uchi_; + b,) (2-7)
Hrb, Wi Upin WHIUCAZSEERE, biflb s fm B S 4.

FES T HE AR A T TR SERER T, A2 e & B3 LASEHT,

BART Frid fan= (2-8) s
= fi Ocoq+i OC (2-8)

L2 BT R, TR o A S B b, B Bech
Fefitio A H R AR > A BT, SRR ST, A TR sigmoid
REOTE S AT Bx b — I ZIREUE RS he,, THRE R Mo it B4 R
SERES A2 oo 5 B R B, TR S RCIZ T E Be® tanh BREUEHE
SEREE LD ZiH, AR5 S ok I A K he. tFEEREDR .

0y = 6(WoxX; + Ughi_; + by) (2-9)
h, = o; O tanh (c,) (2-10)
HAW, MU RS EFERE, b, N E Z%L.

LSTM 7 RNN ZEili 51 AN TZEHLE],  TIEHLHTT LU (E BT ik .

FE N EE UG B A RS IZ B e, I Haddz 5 oo s 2tk 52 Bt T A



TEA I ZAE 385 ., XFERfE LSTM B R B STARFFIRIRE ST, IhAb,
LSTM [ 238 i B AR IE AN RN ZI IR, 1S S B0 S A S AL A2 A
INETT 3, AR08 B IRE 1B FEE R X TSR B9 2 Il AL AR 7 A

BT EERINE
VR WU 9 3 B AR T AR 2 2 b R 0, AR B8 T L

AREHLEMNKEE B k55 HEE BT A, [F 20 H A A E
TG R thn, RATEEAG LN, FATIER IER X A2 0E K
X3 A2, RN 3B T LS L s, XuMSIEEAE ph 28 o 2% 5|
NTER B, Seae s 3G B R42 Tt . Bahdanaut1LL & ShenlO%5 A\ fd F i & /1
PRI AL LA B EAE 5%, IS TARGFIO R o 1 TH A DL 80 R 00 ] 7R A 4
TR S A R I

FESEBRILII, 8 R A 75 B 7 AR R A BN 3 B B 55, AR i Ay
NEZE g tid-fif i (encoder-decoder) £t . & 2.7 Hi¢ T IHIHS 73 AR S A 45 3,
TR A ARG 2 . b, encoder X “Where are you” FJH] RNN E{
LSTM S5 H AR BEAT tty, MRALAS B AIE ) B ROR, Kzim 8RR fE
B4y decoder 3. EMRASFEL, FIA RNN B LSTM S8R 70 Xt 4 N ) 6] 1+ ) Bk
AT RS, AR RO LR A OB PR TR B CARAETR 7. AE XA HL AR B R AR
decoder ¥ 2 i& FEIPER), WHMNGEEIE 2, FRESIERURE ATTIREL, R
LA R (R PR

Output ‘ R ‘ ‘ 1E ‘ ‘ Uik ‘

Y Y Y

LSTM Cell ’ RNN#.75 H RNN#.75 H RNN#.5 H RNN#LIE }—»{ RNN#.IE }—»{ RNN#.75 ‘

Encoder Decoder

2.7 4RE5-f2RS (encoder-decoder) #5443
VER IPLH AT LR LR A BB AR P aE B A )@, M 2.7 AT BLE

FEA R “AR7 IR 5 59a “you” WIEAISS, 5 “Where are” H5¢ R EES
ST, EEEE NGBS SRS, AR RET S REE T



3| “you” F, TiASE “Whereyou”, M SR KPERE.

I TR I S UL SR AR S T R SE BT 2, SR TR R L
(fEL A P 2.8 NAHLIOHL AR B BELS R Seq2Seq, HF HHE A THEE I
o B BRI R T AR “deep” HUTHELLAE, B SERE ET— I 200 B R
Aq, M encoder i HEATIER THE, S EIAETN ZIE context, THE A
.

[a1,a,,a3,a4] = softmax([s(q,, h1),s(q2,h,),s(qz2, h3),s(qz, ha)]) (2-1D

ERAINETE ML (2-12) Fis.

_exp (5(ahy) (2-12)

a; = softmax(s(q,hy)) = T oo(eeh)
j= i |

context = Y, a; by (2-13)

Horb, s(qy, hy) AVER TR B, SR B B bR R, fR T g FIREA
BNy Z IRIAR G E . SRJE {3 softmax BRI EOW R = A BA— 1k, B IRAETE
B BON NG B INBCR FEUS 4 TR ZI 8 BRSO & context, context T LA
HUE N 2401 decoder #2r CF “I love”, A 1 JIHUHIBARL AT LA B 1)
BN E AR

Decoder | RNN

Encoder | RNN LG |—>| RNNHLIG |—>| RNNFLIG |—>| RNNFLIG |
A A

[ = | [ = | [ == | [ = ]

2.8 2 HEH AR ENFLEM Seq2Seq
HY 3 AR RN, 3 AL R S 5T A AR A B A R R R 70 T B

FEASSCHIEFE )7 TG B BT AR 55, SO BEBU SR R B 3o 45 3 (1 1R 1k



R HEATIRBEMENT . BRI, BEXP AT, SO BRI REAL K i ) BT
XoF I 75 TR AR, AT S Bt BE D9 el R 1 S i & R o Il 7 AR Y g
FE[R — A PARYE B F SCs HANFE T i A SRR, RS L B AR
WG . L, AR S807 BRI MRS 5l TIER I

2T Transformer £544

A RS 2R 7 AN BT et s L DA PR 2R A S o Iz D A AT A7 A — 16 i 7T
RNN &5 7 ZI AR I G4 e m) A Bl A T 20 R R P A RGN - SR XM T
VENURIAAAE PN I8 o — 2 BT 7 vF B 45 AR IA] ¢ B 0 AR T -1 i %0
THRSE R, R P IR R IR AT RE 0 L R B BRI TH R S AR
FP A ALY A T BN 22 SR S AR ME AN BR BE Y 2R 1) /L, B 114 WL 45 44 1)
LSTM HEIRTE—E R BE SR 1K IAMCH R R, L2 Xt T4 S 1) A 40
LSTM KIATERE N 7. 1M TransformerBUMHE gt vk 7 FR AN I8, 2808 5 41
WAL IR, BERE AT AL 3 EE . K48 Transformer HIHEZEZEH .

—. Transformer S 2E44

Transformer [F)FEIEIESmAL-fEID 454 . Horh, ZmAL2SAIRAL 8% 50 7 B 6 N
b, 6 AMRTDYLL . B0 B O N R RN R, T AR A 95 3054
R, —HrRE 2R IE RIS, 8 RN 71545 2 1A &R A )
EAVENRIN, 51— NAEZ KT R JIRTEL encoder #5723 AbEE (¥ 45 R AT vk
N . Transformer SRR S5 K Un1E] 2.9 iR,



Output
Probabilities

Add & Norm
I

Feed Forward

h

Add & Norm
[

( |
( D |
( )
[ Mutitesd ) N
( }
e=3)

I
| |
' I
' I
| | |
I

| Feed Forward
| C )| £
| h |
I

N |

x : : Add & Norm
: —»C Add & Norm j | I
| I | Masked
: Multi-Head | Multi-Head
| Attention : Attention
I
| g | t + ¢
[ g p——— A L - = ———— 4
Positional E; EB Positional
Encoding + -+ Encoding
Clnput Embeddingj [Output Embeddin@
Inputs Outputs

(shifted right)
2.9 Transformer #= 8!

—. Transformer BY%N

Transformer F%1 B 70 B 1A i N 1245 B B ARFAIE ) B AN A B w45 31 (1) 1]
EMINTA. f7E# AN (Position Embedding) J& Transformer #1 LSTM. RNN
IR EFE X, LSTM. RNN S5 454 b 5 8 g N\ e 20 BB A5 2, T
Transformer 7E4i %I A AR5 R . AT ik Transformer 5 ¢ 1 B4 N\l )
HH R BRI DA R SRR (R AR OC &, 5 NALE RN TT LLIR AR Transformer /AR
FHFFG A L . Transformer H (67 B R AAG PIFHSLIL T, — R Haa )
YT BIRN, A B (AR A B RO, H A BRI AT



PEpos2iy =Sin (5. ) (2-14)

Zi/
10000 'd

PE:(pos,2i+1) = Cos (L) (2-15)

model

model

Hrr, PERRAIEIRN, pos®/mHidEa)FHIAE, i—RIEGAN4ER,
AFNEELERE, 20 + 1RRATEYESE .

B IR AR, Transformer )5 28 4 N3 7~ HH 53] RO IA] i AP B RN
AR, AR LA 2.10,

2.10 Transformer # \ 1352
TERONE A, A B FR, SUR R R N LT S el
U TE 741 A7 B p 8RR

=, BEEN

Transformer H1 2 SE R AIBEIRHZ AN AT RN, BIEE . 2KiE
BAMAMWE 211 for. BE 211 (@ mREER IR =,
BT Q (Query). K (Key). V (Value) %if%, Q. K. V &N
AR ZS A R SER, S ANEREZ S 4SS softmax J5 152 H = 1L
. HE 211 (b) "IA, 2 3RyE R N SCBUFAT T 5L [F) I AT DA $2 S0 A
AR R ROFIRFIE R R, ARSI B 5l K s e U Mz ALV RE



)

MatMul )

SoftMax

Mask(opt.)

Scale

MatMul

i

Q K Vv
2.11(a) BIFENEHE

Linear

Concat

CQ Scaled Dot-Product... >
G G &
K \%

Q

0t

E 211 (b) ZLFEHEHE
Self-Attention &N H =B A, 92 Q. KoV, HitHE I an=t

(2-16) 7w

T
Attention(Q,K,V) = softmax(% WV (2-16)
k



He, d R K IERER R ELEE, JdAaAR (2-16) FNEME . H
T2 LERINER B AT RARR, METAHES N EA ERNRLRE
Lk, AEREATRERLYIZRIN, {8 FH 22 Sy 3 0 m] DA A00E f A5 7Y L B 405 1) 1
B, ZSkER AT R FR .

MultiHead(Q, K, V) = Concat(head,, head,, ..., head, )W° (2-17)
head; = Attention(QW., KWK, VW) (2-18)

Her, hARELMEE, headfREF i Ak, WOMRZS AR 1,

2 IR ST WAL, TR & T .

M. %kEEREMEF—K
(1) WRZEER: M Transformer SAAZM AR, BT =G HHA KEE
oo MANRZEEREZ G, W— 20N B 002 0% A, B “BkEk”
BEdE . SRR AT DUEAE B AE P48 B S ) AR b AN DR, e S LR O 0 M O
FEIRAIE L. TREERWE 2.12 FiR.

ONNE I RNCL S

& 2.12 BhELEH
2 XN, FOOMRET HER N, MR 2 E R H 2 T FR.
F(X) = embedding + Attention(Q K, V) (2-19)

BrnBrh, JIREUREIERE, T EALE SRR T2 A

5 T JZ S R AR TN .
F(X) = X + SubLayer(X) (2-20)
(2) BH—: BIH— A — MR AE A8 S AR, T RAE A 22 9 4% 1) G
JEA B IERS A, TR E R EM A M Il goR . B — el T1E%
AR AL BT A4k, R IAMEDSN 0, dHEZEN 1. BRIH—1k

HHEAXWT.

W= =Y X (2-21)

n
of = ; in 1 (xij — 1) (2-22)

Xjj—uj

LayerNorm(x) = 0(®J + (2-23)
o?+e



A A AT 22 72 DR RE AT 9 A oh S 45

M0 (2-23) AIRl, HEATRICRILE AT EME, R4 RER L%
ITHIRRER, DAMOTRET R A b . Rz i, SINFEHOT R AT L
FRECN 0 IIIEOL, o MIBNRIIIZRSE, HILLIRAN R 01 SHE A # o 152K
> E NN P

FRT MINZKIESEE BERT

BERT (Bidirectional Encoder Representation from Transformers) 812 2018
£ 10 A B Google #& H #—Fh L R I 2505 S8 . HOoR A Transformer 4544
W g7y, B Transformer 57 LAES, BERT H1Z )= Transformer 4544
HEB MR, EEAEH N I A B ZR 78 . BERT fE 2> HARTE 5 AL BT 55
BT TR ST, Rl e NSO R B | Dh AT, 72 NLP fE55 4,
— A F R RN AE BB BN, SR A% G2 (AT HR N T VAT AE PRI AS 2. 35 1 )
— R TIERICANK I SRR R S RTIEFT o HIREE T UE B LS
AL B SR . ORI A, A ARBE S S e T B i E AR
M, thn ELMoPY, GPTPOIEE, (HIX LRI (7L —E K H &, ELMo A5 b

REACERFL ) R SCE R, IEMAE A ) LSTM i () 52 o 2 200 o — A i)

B, KU EHE BN EEN ., GPT B AiE 5 HA, (HiE Hasmid
B 51577 AT T Zx

TR GRAT 55 H F2 0 05T 00 S A 3 v By et R sk 7 e b v s 2 X — 3
G, EERRRIRAT 55 R B D BAR T BRI SR8, IR AR AL B AN e g
M 78 o b ) B R R . TRUINZRAT 55 76 15 @0 R F K S Amd: B8 B2 i
[FIES, FTDORAS R A R . TN ZRAT 55308 5t B AT 55 A0 N U AT 55 AN 45
A BRSO T R KRB LRSI R gl SR, B[R AAI
VERFIERBAY,  FIAE SRR R SRR B2 — e AR 55, AR5 1 F A g 4t
SRR R AT, DA TR AR S R R ARRAE o X 07 L BB IR 2 AR B
GERET), T ESGINRERA], SRJE MOR B DTS [ B AR 2 R B R AL S T A,
BRIGINEEIERETT . BERT HITRIZRARE 20 mT LA i 47l 91 1 R B AR08 22 A0 R
MAEE, TR PRI L RE

pinl

oif



BT ABENG

A E B 1507 T B AR OGBS AR AR R R Y, E R R
FER T SCARTIALFEAE ABSA (T4 R By ZEt, Jorbons T8 vt 201 DL A
) B B BB A TTVEREAT T SRR . WM AN IRG R E ], SCrh g
BRI PEIRENGS . KIERHEAZ MBIk 5 HEAT T IHgh R 45
Ab, 3OO R U B R DS RO R AT BON VRN R R . e, HER
R T Transformer HEZEZEH S AR, FFEIR | HAE SRR A1) L AR 25
[FIIF, oo BERT (45 M MIFE SCA A B A IR S 3047 T 43 #r o



F¥BRIRATXHMAHKA

TN SRAE 25 P AT DLA A CA R A B e @ R0 i S5 0 AR AR R
PN EZIEE . HATHEAERY BERT 7EANHRHEFSIAFAESHE R, MH
TIEORESF P BRICZ AN, RS TT SR SARYE AR 55 A F A 22 57
FEACEE AR SCIG O AR 55 I, s TR R — B B & # 0 S SCHRR] - £E 77 1]
A LA B IR 0] i, TR S S B3] 0 J AR S B 7 B AT 2K 25 R3]

B, MR SR TERE . DY T A R AR A I RIS TR] DL 3R v R R BT PR RE
AE G BERT BALLAL Fiih— AR g il ZriE 5 #%8 smallBERT,
(A IR PR A 2 A T AR (V) a5 F e 0o 7 S A S MASK b T &6, fiJm I x b sk
06 B IE A B AR 1) R

$—T BERT =&

BERT HAMTEYIZRZ AT, 75 —LeRFBRbR i S N SR AT 210, 4%
AR (Token Embeddings): 7E&F— N SCAFF Bk [CLS] & W, [
I ERF— R G IR RN [SEPI A . Hirr, i Ja— JZ[CLSPH i f ) A R %
AEXER, DAHED8MES: BE#£ R (Segment Embeddings): 7E&—H]
H S AN IR 7R B8 — R RIS AR IARAR AT, RO AE BRI 2R 72 o 22 LA 4]
FAERN T — A FIAE S s N AL E R\ (Position Embeddings): & —&]H1]
BAMAE AL B RN, H T RN ZmER P IALE. K 3.1 R,

Input [CLS] | like swimming [SEP] S0 do | [SEP]
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