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Abstract

With the rapid popularization of Internet in all ages, more and more
people join the social platform and electric business shopping, people in
the network of communication left a lot of views and comments at the same
time, the network text with subjective emotional attitude to consumers can
be used as the basis for the consumer decision-making, so text sentiment
analysis arises at the historic moment, Emotional level analysis to
determine evaluation entity of the emotional polarity as the main task,
according to these emotional polarity judgment's satisfaction with the
products, so as to provide reference value for other potential customers, a
large amount of data on network provides a great incentive for the
application of deep learning, as well as emotional polarity judgment
opened up a new way of thinking.

The existing research approach uses attention mechanism in the
aspect-level sentiment classification process, which assigns weights to text
features to extract semantic-level information and ignores the use of
syntactic information, resulting in the inability to make good use of the
opinions of different aspect words for sentiment classification, and
previous studies do not model context and aspect entities separately, and
when there are multiple aspect entities in the text, the different aspect
entities cannot be well matched with the corresponding sentiment polarity.
Therefore, to address the above problems, this paper proposes the Aspect-
Level Sentiment Analysis Based on Syntactic Information of Interactive
Attention (hereinafter referred to as SICA model). The model mainly
consists of two major parts: one part is the extraction of text contextual
features; one part is the extraction based on aspect-specific word features;
finally, the extracted contextual text features and aspect-specific word

features are stitched together and input into the interactive attention layer
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for interaction, and the sentiment classification results are obtained.
Contextual text feature extraction part mainly includes word embedding
layer, grammatical information extraction layer, convolutional layer and
two-way long and short-term memory neural network layer, this paper
adopts BERT pre-trained language model as the word vector model of
contextual information and aspect words, grammatical information layer is
the middle and low layers of BERT model as the main information source,
and the dependent syntactic tree with dependencies as the auxiliary
information, which constitutes the grammatical information layer, and the
convolutional layer is used to obtain global semantic information. In
sentiment analysis tasks, especially in the Chinese domain, where multiple
meanings of words are likely to occur, the bidirectional long- and short-
term memory neural network contains rich semantic information and can
effectively capture multiple meanings of words, which cannot be handled
by the unidirectional long- and short-term memory neural network. The
feature extraction part of specific aspect words, using the dependent syntax
tree as an aid to extract aspect words, different aspects of aspect words
cannot be well utilized, and the features are extracted by convolutional
neural network. The interaction attention module sets the threshold value
at the same time, and the interaction weight is too small for secondary
interaction to be able to fully utilize the text information, and finally, the
results are output through the emotion output layer, which is used to judge
the emotional polarity of the text.

The main innovations of the SICA model proposed in this paper are
as follows:

Firstly, the syntax information layer of the BERT model is used as the
extraction layer of the whole syntax information by using the middle and

lower level phrase structure of the BERT model and the dependency
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syntaxtree which indicates the dependency relationship.

Second, previous studies did not model aspect words and context
information separately. In this paper, features based on specific aspect word
sequences will be extracted with dependency syntax tree as auxiliary
information.

Third, set the interaction mechanism, based on the specific aspect
word sequence and context sequence interaction, set the scoring function,
secondary calculation of interaction weight, comprehensive extraction of
relevant word information.

The SICA model proposed in this paper was verified experimentally
in three public data sets, Restaurant, Laptop and Twitter. The effectiveness
of the proposed SICA model was proved by comparing the performance of
different models and the accuracy and F1 values of the model in the above
three data sets. It is proved that syntactic information contributes

significantly to improving the performance of the model.

Keywords: BERT pre-trained language model; Grammatical information;

Aspectual word extraction; Interactive attention
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T ] 22 8] 8 DR DA g — B R & J TR 7 SCAS v PP AR A PR 45 1 o T DA 1 S A
AR, WEFEE A2 T SO A B SR I B AR . AR IX e, ks A
FEH T — BT DG RN 7 T A SRS A, A5 R TR LR X 7 THI S JE R B
AT G AL, B HEETH R IV LSTM FNE WL Sk 38 n A 15
REAMBE, FATHESRE, SCIIEHEUT T AR5 BACR . did 207 T
RIS 207 TP EC AT LASRAS 75 T i, A 1 B SR U R A TE 12 A0 RE ) 22 1) il L
22 2 5 NP2 o a — ol J 3R T i TR A A3 A 5 28 L R L] g B =X
J7 T B EORE RS I FH SR 253 5 4 BERT $R BRI 46 AL 38 5 W AE AL I A2 I
B E 785 R RS 1 XS B £ AR TR %, B 05 i
FErb, 2277 ] R 2 AN S R R, SR ] 1 T REAS ), 5 EL 5 TS AR MR 2
B FATE DRI . BEXX — [, DA Hg A NP H 1 R 56 R Sl G AR SRR 31 7 T
DA, K D7 THT- BT 2 18] FR) SR I B S ol — 76 0% SR Al U] R, 3@ i e A1) e Al
P&, SEEERT, HurtEretd T O AL TS R i AR R, T R
P4 R I R SOE BRI RS B TCVEREAT, YE AR TR T
ALBERTC-CNN 77 T e 5 B A A, A i i 1 TransConvs XW[a) 4 i
JZ, TransConvs FFEHEEL A & FHRHUA J7y ) FARREAS B A BARHEE B, DK
Hb 7 RS B ARG BE Bk A SOR MR, Fd i B2 RIS R e SR L3 1% i
BB AR 17 b [R] B B 4 J53 09 b7 SO SRR R 30 R 17 A . o 1) PR PR AN [) 2 2 T
SRR REAERA E 1 05 55 N TSVER Xof AR [R] ] 14 (1 TR B2 (R AN R H 77 8 10
7
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JEARHR IR RN 22 S A58 ELIE T IR 4 75 T 1 B M A, 5890 5 8 1 JR) AR AL
A R IR AR T, XUZ 3 VE R A 1 M5 Al (R 52, M 22 Sk A2 HE
TN e 285 AR, RS 2 T3 SR IER & =, R =12 T 8l
EHEAT T, HERRRAT TSRS TR IE AR BN UE B @R AR, R
AR, TSR AR, E A NV T T 2 Sk R AL )
JEHR 5 4 R R AL A X 2 AR, A PO (8 T LR R B SCahis, P T )
B SCRH S R B AR A 0 BE /N (0 BT 3], FRE A 2 Sy = L SR A 4 S
5B AT IRPUF A&

1.3 ®XHREAR

ASSCIIE T N 48 1 2 T H AR O T PR RE (D52 T), AT R B AR E
BB Z —, REIRZETTE IR, HEERES A H AR R A —
7T AR AR E, H L O = 2R R, RO AR AR E S, R A A
HH RGNS 2 SR AT S0, BARIUS T — S A E R, HEESAL
FESREIRFAL 38 PR 5 2 ) SR RENS B Sl SCARRRAE, W L B M) 274 21 3R I
B HSCARRHIEAS S FRIE R R L e 200 45 R otk BRI 5 2, ]
LSTM H R AR IR L 2 ST AR 2, (H2 Bt SR I3 RN B A2 2 JEE (1 98
SEEM S EN L, BAEE < R E SR, BRSO R iE
VE(E R 16 UG AT a5 BRI el R IR K, (B2 LIERTE
FOH, AL T IERE B, 2 SR A DUIE AR UL R 15 0 N 1 I
R, KU, S R, ASCHR T TERE B RS B0y S O i
M, 5, KM T BERT FilZkia A&, BERT B &HEEIIEEAER,
W ZAZ, BRI AR NEAR, TN T A RO R B AVE R
YEONRIBNE B, A MR R IIRAF VAR B8 B R 1) 5 7] 2 AR HR R R &R
R T ARG B E R A5 S8 2 205 X R I C 12 Ao 22 [0 24 AR o A 2 ) 2%
Ja 5 5 AR AL EAT A 1., b S Uy T A IR A VL AC RE S i 0 R, IR
A EIE R AT € T TR B2 URFAE P2 1 6 AR 22 I 2% Bt 55 i A i R
N OUE BT H M R T AR S, A F I 3 AN A e A AR 4
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Restaurant. Laptop A1 Twitter #4755, LIt s R BR4eEH 1) SICA BIAI7ELL F
3RS EIIVEARAR A TR T, AT 1 BT (A 2%, (ER AR AR
FEAR, SRARIREIMN.

1.4 PR LLEH

A EENFESE LRy, BN ED T

R GRERY. o BEERE D BN A VO H R BRI S AR
SC, IS TR A TR R SCAS S B AT A SO AT A 5 B SO HEAT AL L
5T, B 7 IS B B [ A AT FEDAR, 73 AT T ST
P G875 1 1005 T 1 R M AN IR BE 2 3] TR R 5 T 21 I BT DR, o 4158
B TASCIBI NG, Ba AR R AT B4

B MRBOR SIS . AR E VRN T TR A S URE N 5 T
PG RO AT BRI, 2SO G T BEIR 17 [l ST | o e ] 28 A Y
A WL DY A5 T TP 4

=5 TRAE B B A5 T 2 O MR RHEZE (SICA # ) /v 41
A B EEVE A iR IR AR, BRI N N B TRV

SR SCAS PP B RFALE SR IR 73 AN 1 5 Uy Tl AR 3R UL AR » B i RS ELE R L
WAL T 305 B S 75 TR E A UL, PAER w7 2RO

BT SRSy . AT EEFEM M TR SCIR SR, JF kTt
LRSEIGNSEL, T RASEIRNT P, VEABE IR TR A MR O B AR AR ) 1R RE R
LR BIE A SCHR H AR (R R

BhE: BEMBEEE . MAH M AR AT e AR e g, JIf
HLIEZ5 5 70 B 4 w478 10 ) BB R B2 R R IKI R o 5 58 B Ja Xof U3 T 20 15 i o B )
W I a2 TAREAT e A2



BV iy N 2 T o0 A AR B A AT R Wi T

AT T ZHER A A W 1.1 fos

— [LmskRaEx )
Y 121 RF 5 AN ABRBESH |

12E RSN IR ’

12.2 EFRE¥INABEEEAT |

—{ 21 sanEarEE )

— 22 AR EEE U
- ommASER |23 emeanE |
(25 zmnmn )

 —
32 EHERRE

(ssgmr |
(amsve )
— 35 XEABAR ﬁ

— 36 ERMHEE ﬁ

2.4.1 EEAHE M E IR IR

2.4.3 KIGEICIZ A M4

|
242 MAEFHER % ]
]
]

244 WEKEEICIZHZ N

MEEEER |

A
3. SICAKE BRI 22 ‘

| 41EARE B IEMIE U

- (iosmamraawn |

— 43%REE ﬂi

43 INBHEEE

4323 R E

43 HRMERRE

(<
ERET IO

L ARBRRA | / LA LBETNGRS
5.RESRE ’ —l 4425 BT

K11 e SCHEZR A

1.5 FENG

AT I3 IR T SCATE I BT ORI T 55 B AR S O T A o3 A B N Ak
WEFCILR S BETEN BRI SCAH LGSR L7, VELIIR 13 IR 22 S T3k s
T AF I HTBUIR, ARSI N — B S5 E 1 24
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2 EXEAREHEIR

A 5 BRI O M KBRS MR AT 41, S AR 73, 2093
Dia] [ AR R AR L R LR AT SCA R I i MR A%

2.1 XAKFRES R

YEJN B ARVE & A0S B B BT 73, SOARIE I3 BT 1) 32 BE0JE 52 N 8 = R
SRR B ARE 5 SCATHEAT HERR ) 43 AR 8 314525 L Sl BRI B0 SOAR 1 175 ek
JEPE, BT R A W AU E, AR RIS TR, AR
F VAR EAE DA R N S P p R A A B4 P o FE SO B T AT 55
K AR R 2y =2 IR AETE, SURTR R, SR EAR SR LR B AN
A DAE— 25 B AR R0 N E ARG AR BT« 51 S 18 A R T A7 T A X =
FRRAY, W25 7€ SR I — AN B 24 H AR I SEAR B 15 b 1 2 H R 2% 1o
BT BAT S, SR F R BT, BT SCAR R AN G5 i 1) 1 IR 1 S A
Y, WIS RSN E LIREARFTLET, ZAWSE SCARP I —A s 2 AT
TSI A PR 15 SRR AR M

St TR FRABEAS NIRRT . X T2 AP HATS = {xg, -, %}
m%miﬁ*%%ﬂﬁ&ﬂ«@?ﬁ%@%ﬁ%ﬁ%ﬁmﬁ%ﬁ%%%%@mTo
ST HARGE AT R UL, B4 HARsutk, af bl —A HFrsaE KA H s
SR, RRUT: XFTFHEXAS = {xq,, %}, BIRSURT = {t,, -, t;}. THE
ANt BT SCARSH A, HARGAE B A AT 55 50 I W SCAR S Hh st B2
B MG ARV o 6T TS TR, 5 B RS I BT AT 45 2R 4L,
25 78 H AR B4 8 5 T T 7 TR A BT, BAARRIR IR X T-45 58 SUA
S ={xy, -, %}, HEKANDITHERAD = {dy, -+, dy Yo TTHIGNE M STt A&
F Wi SCA R ST 45 78 D R AR T TH SE AR R R P . BT T R A3 AT
BE B85 5 0 A THI b 25 R B SCAR A R SCAE R, DRt 77 T 17 8 23 AT E BT T LA 340 T 4
SEANRVE, HEATHE BB 0056 — S o SO AT PR B, 4 SO AL b L 2
REE IR ISR 7, DR, SR TUAL B R BCRb SCASREAIE 10 4 8 2 52 ) B 24 1) 73

11
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RACR . B, FAT AR SCARRAL I 2R EORBEAT PR 4
2.2 AEEHRR

SCARTE BT IS AR A, 18] ) R SR A BT R, SCACREAE 1 R R AR
SN A JE IR B PERE B DA S6 ZESR B B A] [ 2 o AR /N5 A One-Hot Zwhs
CBOW i F AL, Skip-gram #EF B4, A BERT VU7 LR N4

2.2.1 One-Hot 4wk

TENLER S ST R, R 2 N B BURRAE I SRR AE, 4 B BURFIE 54 1k B
FRALN A EIEIS AR 732885, 9 1 AR IR AR, A8 B AR AR AL B AR
fd ] One-Hot %ifi%. One-Hot 2wt id A2 oK 17 18 s Bl — S s 4E M i 0 &, £ 1%
Al 2 BT GRS O F 1 2, 4% ) & FR oA R R 1] H B 0 B R 76 3R R OR
N1, HAR#ESH 0. FH One-Hot Zafil SCAR EAR IS FR IR e, (H & — J5 T 23t il 4t
JE9HE, SCA RN B B 3G N 25 S SO 1R J s LR [ 4R P s g, 5
PDUB S RE 2 N R, —J7 10, X T fR R EZ (W B RE S, FI W Ae & 2 (A
BA P <RI, One-Hot 4fidhml o247 RAb P, One-Hot 2t f2 AR 415 1] A AT
HEFp, VB AE SO 4 2, T ELAR U 2 ) EARSRSL I, WA ARG,
M-3R 30E R R Z K BrRAT Ak, 208 F 5] i) A =X 1) B3RS R A
RIS ) L

2.2.2 CBOWiES &R

At 2] [ B 2R s ] LA P2 s PR AL 1) e 4 2, o 1) i o5 4R AR R AT 2K
A, JF BAE s 4R ) B R AR — MR R ) B IR R 3G, BRIk, A
A RN AT LA SR 1A 2 (A R R . 4921 284578 (Continuous Bag-of-Words,
CBOW)M g b A2 DA BN Sl 300 H Apvie], & — M it iy . 12 Ay 4
I 2.1 fios.
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WAE BEE W=

Wt —2)

Wt —1)

W(t+1)

W(t+2)

2.1 CBOW ERILEH
f£ CBOW BLHY BARTRIERE T, e HARial e E 1, RE1E21%
o L ATE R B SR, RS 20 H bR A R R OR . BN — Bl R SOR
S ={wy, -, we}, WANE L RNNC, BIBLH ARG, BLCRRARE RN 1 L
T L] ] e, R R A A v A 1 ] ) L Ay B AR E
JE TR/ ] v, S 2 S 2 S 0 30 e 4 1 T A D A 6 % 1k
K AMEP WelWere), BT EBBRIIZRBIRL (bR H ARia LA T AT 1A g 5t
HER AR BMED o B A n(2.1)(2.2):

ZlogP(WIW TW,. ) (2.1)

exp(V'V, )
Z exp(V'V,)
n=1

AP TERIRNGSCA PN, NRR RYERE AR R/, CRoRTEsh & 1
KNy vRIRF N wiK R [ o AR AR A TN R v, B LA A e A
N H AR ] FEAT T T SR A3 B SCA I il [ 2, PR G AN SOAC [ B SR OB S
] PE R LA, BRI R T

P(w| w,_ 1w, )= (2.2)

2.2.3 Skip—gramiE =S &8

iy Skip-gram #R85E DA H AR AR I A ], XA AER 4F 5 CBOW
R, 2R AR A 2.2 PR .

13
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LIPS B E whE

W(t—2)

; e
\

W(t+1)

Wi(t)

W(t+2)

K 2.2 Skip-gram 571 2544 5]

Skip-gram & B 2L A AN B As | we £ W B B M B 3C A
(We—gr o We—gy Wi 1, W1, Wegy oo, Weae)o B 2.2 FHEENTE KN 2, FIAN—B
WEILARS = {wy, -+, w,}, WEIE D KANRC, BARERE Aw,, 1530 H 151 5%
PR AAE NP (Wesclwe), BJETFRARBIIGRRRL, B AR R LA H BE LS
JE T RS A 24, At A i =(2.3)(2.4):

L:Tli i logP (W, .| w,) (2.3)

t=1 —c<j<c, j=0

exp (v, )

N
D exp (WtTH-Wn)
n=1

A I TRR NGRSO ] (A B, N IR KRYERE [ K/ . 78 Skip-gram 5
Bep, TR —A AR B2 AN B, RS B H AR A 3ET 125, Tl
45 LI CBOW BEALMERA LY, (HZFEM K, BB & . A0 /E CBOW
WAL & Skip-gram B AL B T FR A A M B, i m) & R AN S BEE SR HLA
(1 B R SCESE AR AT AR A, — MO8 I VIR R B RE R AS B0, R 1A iR ]
FonseME— 1), OB BRI SOARME UE B, RIFRATE TR H3) A5 1] 7 &
[¥] BERT 7.

P(w | wt)z

t+]

(2.4)

2.2.4 BERT 5%

BERTMIWE y—Fhsh A8 7] S5 S AL, 78 2018 FF42 Y, 4 FK 2 Bidirectional

14
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Encoder Representation from Transformers, BERT fZ 45 k)1 & 2.3 s .

NSP Mask LM Mask LM MNLI /@@'\D Start/End Span\
& x

BERT

BERT

Masked Sentence A Masked Sentence B Question f Paragraph
\\ Unlabeled Sentence A and B Pair / Question Answer Pair

Pre-training Fine- Tuning

K 2.3 BERT KLU 5[5

AERUR A 7 AE Transformer (4fid#s, 72T TIGRIIERE KA T H
AN JE B TRIAE 55 . Masked LM B 1 Next Sentence Prediction #£74, ]
Masked LM Il 545 8 J7 ik 57 SRl AE B R S I3k 7x, ] Next Sentence
Prediction #2524 2] 4] 1 IR IR .

Masked LM T ZR AL 57257 21 78 B R X iR, Masked LM Tl
S RE TSR A b, B e A SR P 4 5% HEAT B e, L SRR e i) B
T RTINS FH 7 S B3] 1) R SCREAT TR 5 1 B ], R I R 4 Y
P2 bR A5 A B R 0 B TR N . Fi T Masked LM TR 25 ik R AN A
HARURLE B 5] Masked, Pt ARG T4 A1) (1 5 B — BRI, S8 7 30A
g SRR, {H/2 Masked LM FRYIZRIEFE )7 2 (B I K RICVEE I, 61
Z AR B0 T SO A AR H B2, K Next Sentence Prediction 55 i &
—MEERE) T2, AT AN B BEEGESK, TSR AT A RRARAER]
1 B HIRTTHE, JRAA SR R G S R EAE BRI R 50% %N, T
50%;& M IR BN A U . 7E B ARE S AR 11 MES PR T KiE
HIFR T, PRICAE 77 TH G A5 I A A 55 T A A B ] DUBR T SCARAE RE ) o 1A
T ) A AR R B Y AR B 43y BN RUAT S5, BT 55 A il Il RSO AR EL
PR [ &, T YA S5 A ] i A ) B Y e £ R SCRR, SRAG I A [ B
AEFER LN EE, AREEZ P AESEE, KIS A 24
R0 AT B Je I e BDGAEE SR ZH RSORL 1) R T 5 AL OR 78 B T U 55

15
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BERT # 24 {¥) Embedding H =#B4r 205k, 477y Token Embeddings #X A fif
& i A\ (Position Embedding) 143 %% A\ (Segment Embedding), Token Embeddings
RN JZ AT DLORE &A1) e 4 B ] 78 48 1, 7EX SCARIE N Token embeddings # A&
LT, B AT tokenization AbEE . B Anf N —BUAA: I like to eat pasta
inrestaurants” , 7£ tokenization (145 81k ([CLS])MZEE ([SEP]) <= 4H A M4
FERHT token. HORN TR A)TXBEATRIZIT, DMESERN . KB, f)T
SR AL R “ [CLS] | like to eat [SEP] pasta in restaurants [SEP]” . 7 & #% A\ (Position
Embedding) /= & KA B AL SCA 7 41 b ()67 B B AT s A3 207 B ) &, Reigd
[l — A~ B m] 7E AN R A7 B BEAT AN A B A R s, Rl ISR . 2 EHRA
(Segment Embedding) & HI i N 4) 1 2e )BT, FSRIX 06+, 7 —ANA) 1A
A~ token #H 0 £7x, JE— AT A token #BAT 1 3R7x, Hilln “[CLS] | like
to eat [SEP] pasta in restaurants [SEP] ” &7~ “0000001111 7 . fEFIIZ%
GRJE, THEREA R TR, ¥ BERT MARAE, HIfiHE(Fine-
tunning) i gE, BIaIXS > RAESS, R T EAE Transformer (% 2 BT AN —
ANr2R)ZE . BERT BB T WU Transformer Zwfi#%, Transformer 4ifd Hiz A
T B JILE (Self-Attention), HBIHLES SRR A 2 Bl FIAH B &R, Ban “1am
astudent, You and me are students 7 FRATTAT AR ZS Zy HuFI W “17 F0 “me” #i2 4R
[ =N, AERNERAER G, BSOS AR PR B R A) 1, 153
W SCARFERR R, PR AE 7 T R 5 10 AT 55 A FH BERT BEAY AT DA 78735 &
Faa] 2 8] BRSO AR R R

2.3 ERMEMLE

AR 22 [ % (Convolutional Neural Networks, CNN), #5563z F T B4 R 5141
B, AERIREES SIEIER I — N EEARGT S, T 1988 F4RH, A5 AT & & 5K
FObL, S —FRETEIR MG, FEARE S EERMAR . BRE BEE. i
EMAEEE, SRS ME 2.4 R,

16
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Input Image Filters Convolution Layers Pooling Flattening
001 1 0 1
10 1 0 1 YQ;’{'.\
0o 1 0 0 0 S .§¢y.
001 0 1 0 SO 2 £
101 fa =0 10 — . — X
11 0 o0 1 o
ifafafa]a
11 o0 o 1

K 2.4 AR L P 45 AR 25 1 1

VRN LS SCA 73 81— M1, B e, KAl ) B A Ak P (1 ] 5
RN A RSN Z B Ml — i &, HEENMAE, K
ML IEAG B> GEFE R, FEFE P A AT X N AS R R] . AN IR 1A FAS [
RN, Bl HA100 « 256 FERE, R —4EEARET S5 4 E K 256,
BN — 4G RV AF —HEG R 2 A AR HONE P A0 R U RE At
R A= BRI FEEAT OB USRS ARZE A I 2 107 3, IR P R K
/NEEAT A BT SR URFE, AR SORRHE SR AR, AA) 7 RS2 URF AR, A
K98 11 8 B N A% 8 i B ARl ) i, RIS AR 1) 58 P A A0S T3] ) R O 4E L AR K
BACF R, T BTN Z BT padding #4F, RPEENZBIPUE L0 Ju R K
FERI R EEIL GRS L] DL SE BESR LR, (2SO R T Uk, 1 TR RN IS
Bt AR GRS TP I PTAT () T #EAT T ACKAMERERAE, AT Z53E4T padding
#lE, WESPZNBEIMTRICOR N Z R IE . LR ORI 3K
P AL, SRR A A B 1 AN RF Ik X S 32 X 1 e AL ot
B JE R BRI ) ) B AT AT DR s 28 TR B, 110 J A% N AT T R AR ) AT
JEREAT 73K

R M AR Al By R A ISR, Oy AU LS A n] DU Rohi
DX SHECRE, BRDERSCRE . BT SOR A 7 AT 2R 2 SR B
ANTE BRI SO BT IR, A 7R IR R AL, iR R B R R Aok
R REET, Pbe] s E R H « BRI 2 E SRR
Ji AHUEBUE LS, R ANFERE A A A B A8 e AR R K ek A, T AL R —
HBH, AERCBESCARRFAE SR U AR o, 38 I A E I 5 ml DU A SCASAS [F) £z
B 5e e R, I HIE I BUE 3L = 0] LSEHl PR 14, ko PR AR I,
WU, A HE MY ) SR A rh AR B D AT ) X 2% 2 5, Gt LR TR )

17
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A T, BRI LR P ARARNE” R EEAER], HU LA B ARG
B AL B 15 B PR e o

2.4 {EIFHEMLE

PEIA LR M 2% (recurrent neural network, RNN)#, J&—Fh N THIZ R, 5
BRI I 2 AN [ 10 2 25 AP 22 0 246 1) BT A A% 12 0 e A2 B TP 0 X 2% B
R s v AR AT S DR R B, A 102, s i 8] Fe 41 i it 4E
WARG I H AT P28 80 b B 7] 2 5 AR OGS R R, B iz 3s F T fa) e
FUTI . WL B0 A o AT 1 Ja /RO 22 R 2% AR SR BRI, 2% T SR X
[ PEFR 2% AR AZ I 28 AR e AT I AZ M 4 HEAT AR A A 4

2. 4.1 EMHZMEZHEXEIL

FEH ARG S AL, X T AN A &) oo [R] A SRl AE SCA B, R
SRR P ZR IS, FRATT IR 2 R AR R AL ) AR AR Y IR O, oA
AR LR eI EHE, Hltn:  “1like eating apple” 1 “The Apple is a great
company! 7 i aE]TH “apple” EERRIEEAIRE, (ERALGSATCIED N, A
RNN 5t Bz AR, JEA A 28 SR faf 2, LA E A S =870 ANz
Bl = A 2, L FEARZE A 2.5 PR,

0 Ot—1 O¢ Ot+1
O © o O
V V V V

W w St—l St

St+1
S —) :O :O :O >

4 Unfold 4

Kl 2.5 (3R I 25 R 2 1

18
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W R, A2 7> RNIN S5 ) ] 1, A7 T8 23 /2 I 1) P 51 190 246 1) e O 14
filtar,  “Ilike it” XA, 17 [ ) B X, Ko, “like” [ FRLR]
R X RN, “it” WA A B B X R, T RES I T] 522 [ (B 2 R
HW IR, LERE (8] R IR BE 0= AN 24 I 5N JZ PEE s [R]IN 9 2 BH AT — B
RS TEUZ D E R o I TR BE ¢ 2 eSO P A FE BT ik € 1Y), RNIN [ i A% 4%
I BRPIRZS BB 7 B 0 T s -

O, =softmax(V -S,) (2.5)

S;=f(U-X,+W-S_,) (2.6)
AF(2.5) T, t B Z0 )% H O AR, Tt B 2 BeGEUZ 1 (8 W F S AR, A 3((2.6)
, FRREIELIEMOERE, EH Atanh BB FH Reluk 3. U HRIFFHA
X HIBUER RS, W AT— NI ZIBGEUR S FIBUE RS . FRRURASS B 2 E IR fh
LM HACIZETT, FSRAER B RS RAE R, o 45 R BGR T 15 8] ¢
HIRSBUIRAS S, X B HIBUEAERE AV, MM S HEE =S, AR T
BRI ZRRAS, BRI, AEFR L X 25 Ab 31 B B4 TR RE 2 AT PR, X4 53
50 2V < BRSBTS BB TR N R R UL, DRI N T RS (R A A2
RN IR T AR R E MR, an: XA EH #4244 (Bidirectional
RNN). K57 HATEAZ X 265 (LSTM) A [m] K HH 1242 X 2% (Bidirectional LSTM).

2. 4.2 WA HEZ ML

FEEL PE PR IR 28 v, T — Ok i R RE b — NI TR B R I P45 Bk T
W, AR RTES R A A E—ANREE I, R SARREHER, FER
IR ETRSCE R, BRI 7 A 1) A ) i S 2 R SR R IR PR A 42 Y
&, BIXUAEIR #1245 M 4 (Bi-directional RNN), HIEALEFGNE 2.6 .
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Output Layer

Backward Layer

Forward Layer

Input Layer

Xe—1 X¢ Xpg1
Kl 2.6 XL[a] I 28 [0 5 A5 1Y 2 1 ]
t 2 1 i HH 68 SRR AT i e — LR 20045 SR + LR 2045 L, WL 45
F4 S VE I — A B 2B e SR B AR bR SUE B, BT 2
=(2.7)(2.8)(2.9) i 7 :

S, = f (WX, +VS_ +b) 2.7)
S, = f (WX, +VS_,+b) (2.8)
S =9(U[S:5 ]+b) (2.9)

Kb, BT RBEGRE W RoR, B2 AU SR M RV 2R, i B2 Y

(B Hb R . WAV 43 A3 I 170 (0 B2 R B 2 RO BB A B, AR S )
R RN, fAg RIS M, URRPHER A& .

HEFE R RISORN) B SCE R, MR B SCOREARS , 2 FXU A A
2oL, XA AP 28 X 28 £ TR SCAS o — BB Py S BRI, gt ) AR 3¢
AN S B3] 5 T W 4 AR PP A, 5 B i AR A 2 8 AR EL, XU 24
A2 P2 n] URE Se BN R T REAT AR, AT AR i 1 B BT I OR

2. 4.3 KEICIZHEMLE

FET B A PR 42 W0 24 25 ) [ AT B, G 2 S5 IR R 2R, 2
To PR JOE FIURE BEVH R I 5 K 12 #4245 (Long Short-term Memory

20
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Networks ,LSTM))#tReH P EIX — A @, LSTM BB E AR %, LSTM
TEAESL ) RNN FIN THINT TS BUS T TR T, B N [T 4504 Be 68 £R B8 %)
JEHAES ARG R, RNEEATEMEE . HERGHWE 2.7 Fix.

Yt

Vet ? Y1

Ot | - é—»

g | :

I |Sigmoi
O |i=: O
=

O ht—l Y e ht O ht+1
>y —

d 5 5

Xe_1 X Xt+1

&1 2.7 K ST HIICAZ A2 A 2 BT 25 4 I
LSTM £33t (R84 15 J8 4 = W BOBEAT AL B, 7 2 2 S 5040 1B AT 4 3B 13 114
FoE, RIREAE RS, dIELRUE R B R — PR E BT AL
12, WSS EEZ, WS B TR B BURIERT— M B 7 2 15
Bt . 2 =B iy, whn] DS P 51 SCASHEAT 43 B AT 38 5 325 38 11 B 4if
22 I 28 [R5k 1o
LSTM HIicdZ B il 24 T — AN T 1 5, AT DRSS (S B 21 288 fE gk
ATEERIE BRI, ARIEAZE NS P BUE AL, BUE & NS R BB S E 57,
BUA L E S 2 R B G B, X — DRt sigmoid iR o K SEI, sigmoid BREL
fod G DR [0, 1] e, Hoh 0 REBFrE MG EH S AR, LREFEIE
BAE R T R I B — A 2 PRSP SR S S E I AR T .
ST BEET AR B AT 2 AE B AT — IS 2 g B e DUE
BB 5 H AR i =0(2.10) 7 -
fo =0 (WX + W, + W, +by) (2.10)

ﬁq:" f{fﬁi%ﬁgrjy 07'31 SlngId J%jdﬁ@%&; fo\ thﬁﬂwcfﬁj\%']ﬁﬁiﬁ

A~ BECIRSANEIZ BT S HABUERERE, b ARSI i B 1F B

21
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T\ LSTM S AT 1] DS HIME BRI S S, ARG BB RAEE
feamp . &, 52 S E 2 sigmoid WG s e, 2K,
EAEAAIE B SEET TP A NG R —EZET tanh &G F 2 L2500
W, BAREE T SR an(2.11)(2.12) ok :

i, =0 (WX +W,h +W,c, +b,) (2.11)
¢, = e, +i tanh (W, x +W, h_ +b,) (2.12)

KT (11 F(2.22)F W, AREIN IS FRE I, Wy, AR L — R 1
SO EFE I, W, REAANZ BT S EA TR, o AR K2 sigmoid 0 B %L,
(2.12)=F R F LS. 10)AA, by Fb 43 AR H N T TRICAZ 5T 1) B

= LSTM $ARFEF c iz e 13 23 G S, 2 AMAPIR, &
S P B0 BR B tanh o A RIEAZ 4B IO AE ST TR s 5 LR 1
B 45 R Rofe, FA Sl — M H R TE BN [-1,1 0915 B o BARI S Ead R
K(2.13)(2.14) 7R

O, = o (WX + W, h_, +W,c., +b,) (2.13)
h =0, tanh(c,) (2.14)

AW, o REHINT T 5 x, B, Wy AR 4 H 1] 5 BRGEZ IR A
b AR H 11 5 1eAZ BT i B ) &

ERZHHH RNN T4, LSTM ARSI AN IR . TEA SO 184y
Pramsk . BT IEREOR R 44, LSTM 5 48 FH B2 805

2. 4. 4 WEAKEHRAICIZHE ML

LSTM 1 R AR W T 7 51 SCARTE g SRAT 55 Hh B0 T8 S RAZR e (1 e 8L, %o
THAE R B R U, — M) B G R ) TR S SO R E I, T
LSTM HAECIZ BRI BURME B, USRI G H RIS 2, X HUAR X v i 4
OO T SRR IS RS . B IX — T, SR H T XU m) R A2 ph 22 Y 2%
(Bidirectional Long Short-Term Memory,Bi-LSTM), H:EEA 45 W i & 2.8 Fiow .
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Yi-1 Y Yi+1 Yie+2

Forwark

Backwark

X1 Xt Xe+1 Xii2
Bl 2.8 Ujr] K T 2 28 o 28 A5 30 45 7
Bi-LSTM s&7E LSTM fifi Bt — DBy, @ fE—A LSTM KimfE#E%
—/NJT AR ) LSTM, {5 B MmN, 1E 77 1A LSTM #48 IE T X545
AbFE, ST 1A LSTM DU TR LA 3 TF AR A BT AR, SR 5 44 P AN 1E e A e
(RIRFAE ) & HEAT BT U A I RFIE R 3K, JF BN LSTM 2 AH ST, X
R o] SCAS (AP AE SR B AN i B S s T BN B LSTM AR, {HE LSTM 1 Bii-
LSTM A J5t_E#SRAGFI A0 22 W 2% ey, (G FA b 228 0 4% [ A PO R et s 42 R e Ak
B, JFEARAEEENGIEEER, ERERANDIRE. HEERES KR,
AN GBI B S R R T VA R L R WL AIAR 7 1) 3 G P X — 1)
R, FFAESERR S TS T A B ROR

2.5 BRI

IS, IO T — AN IO, AR 2 5t 3]
FHOCHIFNE, 12 S %0 RIFEN, Bl 55, TAES AR i k.
TR IR T FRATA B 55 R AR, R UL e S T LA
WU, HAE XN T i U SR, Bahdanau 48 N VB IKTE F AR TE & b
QUGN TR VU], R IVLEINA SR S EREET, JFIUE T AR
BRAE I = IR B 0GR H AU ThRETE T 2w tD- 465 25 (Encoder-Decoder) HESE,
FIEARRZER G 2.9 P
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__________ Y9

Encoder —> UG C H Decoder

5666

K12.9 Encoder-Decoder #7145 41K
Encoder-Decoder HEZE Py EF 7 4%, & %e¥ LA E NS S, Encoder
KT8 = (g, o, ) AT AR LA O TE U itY, RO NHIGEX C, HXERER
2 e R RN, 1XEAE E B 40k Decoder 2514, Decoder 45 #2618 X
FEHAT IS ERAE, RS AR e . R R (2.15) Bk

m

c,=>ah (2.15)

i i
i=1

A a B FCBCE,  oxh 4 A7 TR A, RS RN BT A, hy

AR R, AR s A . TR R SCAE B SRS, 5 X mhY C #fe—
FERT, #RZELTF ANBE B AR A m s, RS B A S —FE, £ Encoder-
Decoder HEZEF NN E R AHLH T DT EEE XS R 5] VEREJIVLEI AP 2.10 Frw.

Query value

A4 A 4 A 4

|
|
|
|
|
| .
L Attention
|
|
|
Value 1 Value 2 e Valuen :
|

___________________________

Kl 2.10 {EE I
LR 51 S SR X AR LA T 545 2 LA, BRI N =B B 25— BB
S RBUCE RO/ FL L ERESE s 55 BB ABLEERIAR G I W, B
JREEATIA AL B =FrBe RBE RES Value (EEAT INBLTH5.
o 3 FE S Query A1 Key [RIHIUEE I 74 -
R
Similarity ( Query, Key,)= Query-Key, (2.16)
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MLP [ 4%
Similarity (Query , Key; ) = MLP(Query, Key;) (2.17)
Cosine AHALL:

Similarity (Query, Key, )= Query-Key , (2.18)

|l Query IHl Key I
ot T 7 TG BT AR R 1, 51 ANTE R AINLHIZE AR R B R s i fE Hr Re
W IE R AR LR UE R, MR 5 e E S L UE R RS H,
fES AR Bt ey B 5 25 SRR FE I R 40, B A PR A Y 1 e

2.6 FENG

A B N T SCAR G S0 AT A R R 5 S VR AR R T S SO R Ik
IIATA T R, SN R IR R B EOR, G r  T AERRAE  2 FIE A
ML, BT DL EMZSEEMIMER R 5L, BIFNH TR IV [R
T BT 2] ) AR T (CBOW 1a] S8 TR T SKip-gram A7) A2 8cH H SR Y
ZNASIA A RAR A BERT . KA HATCAZ AP 40 0 25 S5 BT S0 R, O Js S A 11 2
SLBLE TR BRI A
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3 SICA RBEZR N4

77 T 2048 ISy A ¥ 1A 5% €045 7 T S A 1) 475 86 43 A (aspect-term sentiment
analysis) Al J 11 2 1] () 155 18 73 A7 (aspect-category sentiment analysis) . H Bl k£ %7
T B AT A R AR H AR 7 TR R SUB R, BRI NTERE IR, (H 2 28 T
TS BAESCRRAEIR A (5200, 1) 0 15 225 W RA) PR A5 5 46 T DA e e B g
Ao BT BRIAEASCHRE T SICA B, e AR BAAHESE A5, BEJS
VA IR AR Z5 ) (AR G T i

3.1 HBE

A EEN AR SICA B, BALEH WA 3.1 s, EEAUHEMN
KRy, —En 2R TIREAEE LR OORF ARG BRI R 1HEE
BE. BRIE. BILSTM JZ, — 70 —%eE 5 1 P SR HL. A4 T Zheng
A3 NUGR U ) it B AR A7 095 0 o J8 Fl LR 5 7 TR A AR R AR AE A, i
P TPy 50 o g A A R, i R R 5 TR REAT . SR A AL
BHERSCR 3 575 P AT E, Said T2k,
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Fipat  ____1____

Representation EO . O i

Interactive
attention |:| |:| D

| ez - (e ] |
Bi-LSTM | !
| (] - F{E . [000-00]
! 1
1
| i
i
Convolution i E==§—’||ﬁ ->|-—||
1
1
1

EEEE*'TFﬁ:u‘?lTL | CNN

Syntactic
dependency tree

1
P /\ "
| O B l specific
: sequence
Word ! .
Emb:(jrding E | 000000 | Text sequence : """""""""

K] 3.1 SICA BT 454y ]

Syntax !
information ! BERT
1

3.2 E TR AEFSIREER S

AN FEEA P TAEAS B R SCOCAR R SR E R G 47, 3 B HE 1A
AR, IBEEEE. BHE. BILSTM 2, HANGIESEE LR ETFE,
WA

3.2.1 JAHAE

AL 2.2.4 /NS IR R BERT, 2878 BRI DK, K&
w5 R BERT fi)m — 2 /F N B F ST SGHR I R s fan N BT, (21X 2 T
HERIEREE, — R LR T BB #Ef % . Jawahar 55 \PAA] 52
Kt 7 BERT ARZREHIMER, REXRGEWAEEL S TIERNEHER,
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A AR B A AT R Wi T

R REE ) FEAEEIERERAGER, @R EEOE TEREUER. B
VR EE R OGTE BERT AR 8] 2 IR BEAS B SCARITENVA(S B, BASCS 215 1o B

RS MM E SRS,

BERT 5 24 fyfay A [a) S B8 1 ] B2 B ) s 1) T AE ) R 20 B A A0 2

AR A &, BRI S5 3.2 Fios.

LTI [CLS] it was a nice movie [SEP]
1] [ & EcLs) E, E,. E, E i E,.. E\sep)
- - + + - - +
3 B i E, E, E, E, E, E, E,
+ + + + + + +
{3 14 7] E, E, E, E, E, E; E,

& 3.2 BERT i [l &R~

3.2.2 iIBEERE

BERT H5 A (R I8 3545 T ] LUK g A\ ) BRLTR] A, A2 i )] [ PO 45 JE AR
BUEYERE b o AT51R 2] BERT BEA RANR]JZ 7T LA [ 27 T (O a5 A AN [, 34T TH
FINZIR B R R 45, A B IRAF FEROR SR T IESHIE S, A
T AR E IS AT LU et e 1 AN B A
K7 F AR 5 T A -5 1 SRR X R 9 AR o I FLAE TCAR R A ] R R
B ER, ARG BT CUEHAE B e B ORI R T4 ke 5 T S A4 AN 7 T

AP . & 3.3 Fios.

28
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eat

[Wewent] [ toa ][restaurant][ to ][dinner] [ . ] [delicious

)

[although] [environment] [ is ]

We went to a restaurant to eat dinner. although environment is nice but not delicious.

K 3.3 IRAFFIIER R 5

H]-¥ “we went to a restaurant to eat dinner. although environment is nice but not
delicious” FIMKAFANEM R, J7THIFF S “dinner” 5 “not delicious” FIT 1A ) 15 &
PR EE “nice” 3T, TR VER LI AL B ALK A7, “dinner” 5 “nice”
P PR BT, ALt B AR I 5 WL UL JE 7 T8 B0 7 ) SEEAAR IR A A 2 HH AR
KHJRZE, JCHZETIALGEE B RIATHRGE, WIRIRZEE R, B Bikes
FRESRAL ) T AR R, AT UA R BRI R %, S R . (HO2
FUR Bl iR P e 22 8] A ARAIN, AN 8 B3] 2 TB] A AR AR Y, 2 BRI ) 2
AV SRR, ERIMEAE AR S rp R F A AR A R R AR A FOIE N 454, 181 3.4 o T
AN FTA AR IR R AR AR S5 4

Dependency Information

advel

ROOT UL

compound nsubj

cop
fantastic although  bar service is poor.
Kl 3.4 A MR 2 AT BI040 G54
I A Stanford parse L H3RAGEA) A & IR 2 (A AR OC R, IX LA i
R R IPIEMATF FVER AL Lo G5 A8, TITAR YT Rl A S ) P 1A 77 T ] 175 SRS B 3]
HITEA) N B EE e B AN T 15 S MAERLEE b 45 2 A ] 5 1] 2 AR 5%
7, B, JF BRSO RIS R AT IS BB AR, FEFE KAV 235
XN T RBEAR AN B AR, AR B AR T — MENME, 745 € — M A ST,
HoAT LUAS B AR AR AT A SR . B 3.5 R TR O RINHR IS FE
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—
hi | 0;
—_—) I'—’
]K I V
K 3.5 ] Ak R R HL

A4 RRIIEEK = (g1, kig oo, by ) RVMESIEFEY = (01, vig0 ) vp) 10T
HOREANI H 27 AT S OB T, AP BRLE 2 T X404 T ek,
W) T 2 B 1 A 5 A A U R i B R R, LA B 2 i s 3. )
(3.2~

exolh ¢,
ZeXp(hi ’eik,j)
i1
p
0= Piel, (3.2)
i1

Horlr, hFRBERA L, ek Fle?, 5y BRI B 4 P AR T3
HEFR, o d0m BRI oMot RARM MR R R . BBIEZERT, ¥
BERT 2% ) B A 12 (3 JE SO A LR A B I 5 0 A I 6 2 1 A7
R E AT B AT B AR, BERT f5— 206 2 A [O3R A4 BA

B'={h,hj,-,h} (3.3)

c={B'B* BB’} (3.4)

Hp, B! e R™dsert{{ K E BERT SFUZ MG, hl € RIBERTAR K 55 i HLiA|
TESBIRNER, CRRENZMHIIES.

¥ CHATIH— b, R D Rl A RO R I ANEN I BERE RS, AR
5 n(3.5)(3.6) s :

A1
C=D 2CD ? (3.5)
H=C*D (3.6)
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Rk, 155 B R A BERT FLALAN A (0% R I RAE A2 1% Hh 2R
NRANGIRE AT 2R B AR

3.2.3 ERE

AR E W 25 it FH (RS R B 0 28080, BAT- PR AR IR RS A R0t

T SCASE SRR R IR, TESCAR G A BT 78 A0ahs V2 A, S EURR 52 K/

BREW, € RFEAT JE BlIE S IR Ee;, SRIRIE G 4 /s SUE B B
HFRE, R CARFIIRERRC = [cq, ¢z, -, €l o

C = f(Hiux *W, +h,) (3.7)

Horp, fRE-AHELMEBIE R, ~REEBIRIE, SHKA KPR S

B, FRREREREC, C e RIOMK,
3.2.4 BiLSTM &

)R T2 A 28 AR R e 8 SRS A7 =R 8 1 S BRI ) B, 72 SO
I, R SCA g SOy, FTRESA i 2 LR, FE[R —SCA A R
iRl EEAN[F] BN SCE B TR iR ) e AN A Oy BEERAR EIE UE R, RA
Bi-LSTM 73 7 BT ) A [ 3REX _E RS R, BRUERH A EC = (c1, ¢, ¢p)
25 3 SO KA A, 28 IO 46 A0 5 i 4 T S 07 T I BREIR A R RIRT, B ik
TR =(3.6)(3.7) i

h' =LSTM(C) h'eR™® (3.8)

h' = LSTM (C)h' € R™ (3.9)

Hrp, nfREXCARA)FINKEE, d AR ICIZ M IBRRUIRAS 4EE . 78

ZIE A, IER A LSTM JEId BRI ~ — 4=, BRI R2 ansX
(3.8)(3.9):

t+1

p (c Iﬁ) = softmax (VTdF) (3.10)
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p(qHMﬂ:soﬂmmqﬂEw) (3.11)

R R HIC I AR 2 X 28 KRR T 1 ARSI B 3B XfE B AR RE
TRAF bR T — 1A 22 LI I, 5S4 IE S I REOIR A5 T RIPHEEE SR SIHT,
TENT— B, e Xan(3.10)fis:

H! =[] =[LSTM(C), [STM(C)] H'eR™ (3.12)

3.3 IFEA IR

AR /NS LA R RE AE 3 T A PR RFALE BRI 73, 2 B 5 T 1] ) S B R AT
B AT A28, 5 TR (0 SR BT 5 10 5 2 AR A SR SR B, 491 4n 5 T
] — By A4 R B AL TR RS, T VP IRl RO T A I B .

3.3.1 FSHEIAHHEE

7 THI A 3T i A2 REE A B 1) P I AR 5 7y T ) 5 SR 2, PRSI T 52
B, H AR 2 TR R R -2 d 1] [ SR BOE SUE BRI A2 ) 44
TR AT G I MR BIEE R, 105 5INTER AP R € HAREAT 350 R
W d ey, WA HJ5 S R SRR HAIEIL A I, AR IR 3R 70 JECR
(531, ] SHb 2 T 77 T 9] FRORFAE £ A B R S 5 AR AR B o T 77 18T ] R 4 B
REFR, FIRRAE BRI E B, AT IR SR R IR R 5 HRAF A (R 46
HRRA R, WA, FrERIR S AR, MRS SO R g . K
MAES T zheng SF A FTHE ISR 3, R HuRE i 75 2, I HE I
7 T BEAT 3 3 o SXALEAT 5 Ty 50 (R 5 — AN R Oy TR AL R R IR B BRI
KX RAERAL AR, DAHSRACR S AR AR5 o 491 40 i A (R R 48 1 49
FRIEA “obj”, TER:HEHRIc A “revitoby”. DA b fE AL FRAS B T HETRE E 7 TH 1]
IR R A RA AR Bt A 2555 1 )1 rham] [ A SR B A B N B HEAT e BARAEAS 21
ETE NI AT ERRIENERZ .
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3.3.2 ERE

S 7 T VR RS G 2 e PR 380 1 25 A M 2 A 2 5 /N 3.2.3 AR,

HEHURE & KNEREW, € RVCGEEAT ] I shiE U iEcy, RIS A 4 RiE X
R RO 2, RIS A IR IER IR Cy = [c1, €20, Canl o

Ca = F(Efgux *W, +D,) (3.13)

Hrr, fRE—ADIELMEBIE R, AR, AN KNEER S

B, 1321C, = {ef1, ehy, -, egn} € € RP*™*L, FORBEA BAFIEF XS T € 77 I FF)

FPCEAE . 38T X Cq BEAT B KA S — B A i E B 1R AE 15 B R A BAE R IR Ty =

(t1, ta, t3), VOB TRy € 7 AR AL SR B oyt 170 B, 5 Jim 55 00T IR L
APz W 284t 1) B R SCRFE R E R — FIE AR HIERE )

3.4 XEFEHE

N T TBOK 7R 30AE B SR € U TR 22 T8] AR &R REa N R SCAS P 81 5 075 1
FUBAT A H, A7 A 5 BN SRR B AT UL, PARETERAS B R 3
& AN DU A€ 5 TR A FFAEBEAT AC .22 2], X R RIS 1B SUE Boxt
7 TR R LR, (R TSR T 5 TR B R SR BRI R, BB AT AL
fill, FORA AR A B BRI AR A) 7 P I BCEAZ S, RN BOE BIME, KT BME
IR [RIEAT — R H., B ki ki o< 3l 5 BN T sz i P g, R
PR BRI R W R R -

258 bR AT B R NA I BGERES P B[R, RS, -+, hE ], EIEEE AL

il 5 75 A B R IR t g KT B BN A TR R A E e, W3(3.12):
o = exp(go(hg’tavg ))
iexp(w(hé,tavg ))

TR A B R BN SCR) AR BLE] T R 3 R B, [F I OE
BMETE R, THEER/N T 50%IN, 2o b SCE 85 77 A ) SRR UL B A FE A

a, >50% (3.14)
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Ko HEAT ZUGERITHE, Ko RoRaT oy ¥, 7B R Rt A 72 4]
THERRRE, 777 EUE X n0(3.13)
¢(hlt,, ) =tanh (hl-W, -t} +b,) (3.15)

c? ~avg a avg

W Ab 3 WA E R AR E M &, tanh NAEZ MR
[, &5 5 77 T A RN 1A IR B IECIRZS P B [RE, RE, -+, A, B E R JTHLE]
M_E R SCA) T IR IR g R BT TR KT B &Ry, anaX(3.14):
_exp(p(Wcu )
jZ:,exp(co(ht",Cavg))

A ERAE, RS EE BN T 50%F, BT R, &SRR SO
7 ] f) e & R ol (3.15) (3.16):

B >50% (3.16)

W (3.17)
.= (3.19)

3.5 BRMAMILE

A8 LI R 72 A 4t R ) e D 1 i R ISR K TR SR TR Y
RAFRIA BT MC BTN IR Td, AT IESAME RS 2 0d Softmax bR L
THEAS B RSN M, BAR TR AR IR PR

h=tanh(w,-d+b,) (3.19)

p, = softmax (w; -h+b,) (3.20)

15 Sl A8 15K 0 B R 2R F 425 51
3.6 RE/NGE

AT EENE TR AR @R, E RS BT SCREE B AP B
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T E T AR MG IO S BRI R ARG R, BT SCRHMERI$R
BOSFEOAFFEIRAZ  THEE RJE BRUZA BILSTM JZ . 455 U5 Tl a] i $R B
FERLFEREE 7 1] (R IANE R R, Br Bad R EERIZ#ATCH., il i

o REE R
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4 SRS

HR IR B 1) B I 5 A 5 T A I AR 55 AT B8 IE, AR EE BT L
ANTT AT 3R B E AR R A IR B e B E — S AR R L H AR ok B o2 A
JREVFOTEAR, A RSCIR R W SCIR IR BRI SIS Mo s, A
XLESER B E, fRJE AT A R

4.1 BfRR¥SHMER
4.1.1 BFREK

AL SIS R B — Tl ] DAVR A0 L 838 SRR 0 AT AR URE R, 20
R, 5 SIRT LAAS I b 1 B S MR AR A5 PRINE 5 30 S H BRI, DRI SRR
SR L2 1 M 028 SO0 e B D i ok s B, BRI 5007 5N 5X(4.1)(4.2)
IV

Loss = =3 XL, yu logp[k]+l16] (4.1)

yie = {} (42)

AR@ATN BN NS, ORI,y R E IR

FUSEARAEM, KATBMRER = ARE =A%, A0k = 3, AREENARE 5
B, EFBEHLBERE ) Adam S49%, 23] % B BH 00001

4.1.2 iRz

PPOTFEARAE DY T B S e R TN O R KRR MR 3B 2R 22 T (R SR RAR L
TE 77 TH A A BT AT 55 P FHHERf 28 Accuracy AT AU R [ BB (R PR AR AP I8, 3L
FHERGR Accuracy ARFRAEA TR IE AR T 7 S AL o R HESR S T T
SR IR AR A LR, M0 (R S T REAS N R R R, AR RO
P HBP G, T FUEREVS I RIX — R, FLAE RS P AR T 25
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Acc = TP+ TN (4.3)
__ P (4.4
N+TP-TN

Hrp s RTPACERAKRTIN N 1, Kb 1, WIERG, BEAREL S+
FEIEFEA, BN IEREA, TNACGRTNY 0, SEbsy 0, TNIER, BiAK
B R IEAR, PN A, NN EE A B S

4.2 SKRHIERSEWIMRIE

4.2.1 SCIOHAE

R A1 BRI S R 2y

Postive Neutral Negtive
Vg
Train Test Train Test Train Test
Laptop 968 341 530 178 808 169
Restaurant 2164 748 807 196 637 196
Twitter 1568 175 3127 346 1565 175

MEATEAR BB K AT B T B B AR, B e R R A TR
PEREEE, BT T RS B TS5 I A TR 8545 Sem Eval2014-2016 #iifs
£, A5 S06 R F B 42 ) Sem Eval20141 1 Twitter?/A TF 44 42, Sem Eval2014
Ha AR A FE R T P18 (Restaurant) A1 22 1 A HL G (Laptop) PRI 2 dE ,  H A 4R 4%
=ABRZE, RN IE T (Postive) . 1] (Negtive) FlH 4 (Neutral), W3R 4.1 fiw
Laptop Z# 48 ¥ IE R FEAR I 2R 5L 75 968 2%, MIAREE 7 421 4%, FUmIFEA
VIZRARELFr 808 2%, MIASLEF 169 5%, HIEFFAUIZE MDY 520 %, WALt
178 %%, Twitter K 48 (10 850405 73 A LA, =380 (1 EL 451 9341 73 501l 9 25%

1 R sEYE:  https://github.com/Noahs-ARK/semeval-2014

2 B4k https://github.com/IsaacChanghau/DL-NLP-Readings
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25%7H1 50%, FHRENI AR 4.1 B,

4.2.2 SCIGIRGS

AR PSRRI N R 4.2 Fios.

£ 4.2 LI TIRL E R

LI I B K BLE(E R
BAERY Ubuntu20.04.3LTS
CPU Intel® Xeon(R) Silver 4208 CPU @ 2.10GHzx 32
B Tesla P100 PCle 16GB
AT 7.0TB
WIEIES Python 3.8.3
TR FE 2 S HESE PyTorch
TR EHEE Anaconda

4.3 SEWigE

N T AL RGE B R IR, EX S HAT A, N T R AR A 2L
Ve, 7525 AT T s O A Y BEAT X LSS, e AR EAT VH AR S SR o AR R
1A LERBEAT 4T, PELHIT R 2 M PO BB R L e AR RE SEE , PRI A
MULR =AT5 AT, SER S B E . b s s BTN Al S B E .

4.3.1 SEBHIGE

FESR SR B AR T, B SOEEE EAFAE SR BURIRE & J7 T A RFAE S H
ffyie] ) B BERT dal [m) S REATH)A64, ia] im) &Il Zhad A rh 2 g 105 30
%, ARSLE S FEH fd ] BERT-Base #4Y, /& Google [—FhFFEMAEA, HA 12 4
Transformer %)=, 12 M2 yEm)), WEYEE N 768, BERT B [H) 2 3] Fik
B2 x107%, Jf HiE AR (E K% BERT Tl ZE 5 BAY AT, B E
LSTM (ISR 4ERE )y 300, CNN BRI 2. 3, A7) Stanford
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Parser FFIR L HA ik, AR S N B 14k = K/ Batch-size iy 32, H %R ¥
B~ 0.0001, ¥ EFENLAIEZR dropout FIE N 0.5, 1EN1k &%k & A 0.0001, it
A8 AF TR B T MRy 1 Adam BRI, Y556 IR Ve BUR B A 50,

4.3.2 XfLESEEE

ST BT I O T IR AL B R RE AT T EL VR A, K5 DL N AR
ATRFEE

* LSTM: iZBRLRS SCA 3R] [ AR N, Zeid LSTM RLAL Ab 7 = 45 21
)P RN, ARG I B RN AT A A, R TR R K

* BILSTM: & XU KA EICIZ A B 5 ki 2 —5, B g
TR ¥ LSTM RS SR AT 5 1 £ B g2 1)

* TD-LSTMB4: ZAERE B A LSTM, — AN AT 2 5 N\ 22 0 SCAF
T, 53— G BRI AT M SCA R T T s AR, 1R R4 LSTM B —
ANEFIE]D B AS T PR SR, XN softmax #E1T 402K

* ATAE-LSTMBSL: iZ A5 R FI F 7 TR AR RN R ER ARy LSTM JZ )%
N BRERIM— A AR B USRS 5 T HA KM RN, S e A0y i (1AL
H,

* TANDEL SZRERIAR T A8 B R AL, K D7 THNRDRT B R SO(E B A
It H I AN E B AL, 5 R R B R SO B T A L, RS 7R A
PEHURIE, VORCREREE— 04, X RE R 245 B 7 TR A LR SO R il &
T B HAR R

* RAMPT iR 5 48 FPRE T 2545 2 09 [ i A 21— S 0U] LSTM Hr,
BRGNS 2R, 252 R R E R TRE, e ER
45 GRU ARt &, DL H bRt 4 .

* MemNetl8l: {ZAEAY Y56 )9 SR e AN 145 B e 2 B — MR JE 112 %, F B
fE A7 IBC N SCAN T TR AL BAR S, B BN R LB B R SOUE B BURCE,
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INBUGRAN & Ho o N\ S 83 SRR AT R B e e A

* ASGCNP: MR FE AR A b ST B AS BURE IN 29%, 6F 77 THT W] A1
SAE BRI AL RIEE I, 25 R RN AT =38 A H., F AR R A
R AN B B AR AR AT R AR

* AEGCNPOL. iZiflfeth TiER I EERmME, X7 £k EERE
JI% GCN HEAT Budk, SE APl A0 SCRIVEVEE B, AR, 0T — A3

B LT A
4.3.3 HEASCRRE

VAl SEIG ) B R IEEE (S BRI, K5 7 TR SR HURR, A2 H
TE R JIREH =5y 43 S B AR 1 B P B R P, AR SR AR v LA A A
P b5 B BHGEAT T X H, SEIREE RNk 4.4 Fon . TEBEAEH, SURIRA
JERSEHL . XA JE AT AR R 28 AL L 25 B4 22 0 4% AR 155 TR S E A 2
55 Al SR LG o RE AU, X G Al SR s A BB RSB R R I
T RS R AR AZ A E54, Fl SICA-pos FRs B b 25 B it A el o
FIVRAE A0 2 5 ISR s o T4 2 7 THE A AR 1 ¥ Rl on Ll SR8 1 8 oy B
AMBEEL, B TR SUE BRI RS ORI 7 TR A BRI 42, SICA-A RonEE
PRS2 R 78 7 THT RV RAALE (RSB 23 LA A RS 52 T3 38 AL B ) i
X ESEIG R BN =5y F ATT-te R HEE I, —, SICA-ATT-t KR4S
RN 7 o5 my R SCHAEE., BB, SICA-ATT-c KR HITE
JINLHIAE R 7 BRSO A B, 25 =, SICA-ATT-tlc KRB LA I
BT T R AR PR

4.4 SEWERSH

N T BAFARTL I MERE, AR 45 BT 0, o N ER . Bl
Tob AR L At AR TR P M A SRR FL AR X EE 2 b, Y R S 2 R R B I S IE SE AR Y &%
R AR A R . B8 R AT S 4 b, JEIE X} Restaurant 24 4 TR AN
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THIRBIVE N RGBT 24, U TEIRAS BAE T A B B id 72 b i o iR

4. 4.1 RBITNEER S

SICA #AY 5 H AR AR b 1 Sz 86 45 B 403 4.3 s
4.3 55 LU e R AN FL A

Restaurant Laptop Twitter
Models
Acc F1 Acc F1 Acc F1
LSTM 0.6650 0.6123 0.6735 0.6498 0.6289  0.6753
BiLSTM 0.6462 0.6190 0.6603 0.6589 0.6345 0.6709
TD-LSTM 0.6480 0.6357 0.6750 0.6602 0.6498 0.6770

ATAE-LSTM 0.6865 0.6509 0.6935 0.7054 0.6987 0.7086

IAN 0.7076  0.6588 0.7180 0.6985 0.7065 0.7109
RAM 0.7123 0.6696 0.7308 0.7091 0.7124 0.7098
MemNet 0.6832 0.6432 0.6575 0.6403 0.6576 0.6434
ASGCN 0.7454  0.6563 0.7314 0.7280 0.7408 0.6908
AEGCN 0.7473 0.7078 0.7456 0.7482 0.7698 0.7093
SICA* 0.7621  0.6593 0.7490 0.7637 0.7569 0.7109

M 4.3 HRTLLE ), AR SCHE H I RLAULE 3 /N8R I Bd B B i 2 A FL
{E 4379024 0.7621. 0.7490. 0.7569 1 0.6593. 0.7637. 0.7109, &5 HIHH T HAth %
SFECAAR, SRae 4 RAER, 7E @ BUT AR dh il 15 25 B R SR B (¥ SURRAE
REJJ, MTIHETHERE, HE—IDUESE TR A .

FER LAY g, LSTM MR I HERf 2 Fl FL (B R, I8 X — 45 R R A
AR U R B i SCAR B S MR BN THTANE AN BB o, A il —
BHIX 5y, FEEUE BARXT B>, BILSTM A SEa6 45 s T LSTM #2, XY
1) LSTM A IE i) RS i) [ B S AR ) 5245 U6, B8 4 ThT M SR BCREAEAS 2., /b
ERERE, REHEAS MR, TD-LSTM BRI P4> LSTM #Z2 M 4%, $REL
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TR b SOE B T UE R, HE B EUE A, Seae g Rk
2R AR T BiLSTM, ATAE-LSTM A 2L (v - F1 FL A S5 a0 T J LAY AR E A
I L TD-LSTM 87+ T 2%-3%/A A7 . ROATER BRI In T — A ERE
LASRTS 5 7 THA R MoK, $mn 7R 77 T ] (A o 7523 = AL p s
e, LAN BEAURT RAM BEALER SN TR opL], FLseat a5 ARt 7 Rl L
FASEAd, BT VR AIHLH SN 58 0 5 77 A A 22 B iR, RAM BRI M BE
RIL T IAN B3, FI2Y RAM BV A 2 yE 5 WU S8 sl W 25 4 4
B REAT AR 4 7 TH R S BN SCZ I C R . MemNet BEAL i SR B AL G
seq2seq AL, {HAZKN Mem Net BRI ZEED, HAXIE RN Z IR
] B AT AR A MR AR AR, B Je i I A R AR B AR RN IR, R
fii 4 RBURANT

ASGCN LAY a6 25 B A Frde b, R AR AVE R @ R B AR e
2%, 5 TR RS S BRI @ ar Rk B, 2 )5 B R LI T — 38 15
B, FHUARSRAH O AR 2 AN BE B Rl A7 G &R, (B IA R )7 (115 1
=, AEGCN HBEAY [ Sz 45 BLAE Restaurant A1 Twitter 4582 1 ()36 I b A SR
H IR SICA AR AL (R 25 SERSAT B2 157, 34 o — &5 SR (¥ J5 IR A SICA B 52 1 5 i
11 AEGCN AU 7 4b 35 e 75 {5 AN 18 i JR) IR T BAT DLBR 1, (B2 b 1
EFERE AR A AR ASCHR Y SICA BUAL, dEff A F1 EIMT
T ASGCN 5, 7E 3 M 45 HERI B ASGCN BAL 73 il 51 2.24%.2.41%.
2.17%, E— RS TR AT R
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SICA F Y FyH Rl s2 06 45 B a3k 4.4 Fios.
R 4.4 JHRRSZIG IR R F1E

Restaurant Laptop Twitter
Models
Acc F1 Acc F1 Acc F1
SICA-pos 0.7490 0.6438  0.7265  0.7508 0.7350 0.7045
SICA-A 0.7546 0.6358  0.7356  0.7567 0.7407 0.6993
SICA-ATT-t 0.7589  0.6431 0.7361 0.7424 0.7406 0.7094
SICA-ATT-c 0.7578  0.6453 0.7349 0.7460 0.7420 0.7024

SICA-ATT-t/c 0.7370  0.6327 0.7281 0.7319 0.7319 0.6904

SICA* 0.7621  0.6593 0.7490 0.7637 0.7569 0.7109

HI3& 4.4 R ] LLE Y, £ BT R R R AR B0 5, TR
BZIE BRI A e 4 th BERT BRADREAL, BAMA)F P 3R G 5 13 X
B, ER A MO R M RAF A o] DU siia] 5] 2 AR &R, PRI il
Gr I AR S 25 S BH 2 bE e AR R I 2515 B 45 R, X KRB T A ikoioe
A HIARAF SR () B2

2 IR 25 e i R s TR BRF AL SR BRSSO BRI SR BRI
TR R AL R B R I BEAT, SR U6 45 RAIE IR Y I AERA A0 FL (B #RA PTRqR, &
WY 7 22 TR 5 g T ] (0 RF AL S EORE R 1 2

258 VR R A AN A B — T T AR R T, SEIG A SR AE W SR 2 1
J7 DN BN SCR A A R SO 5 T RS L, HERA SRR FL ORI OR R AR AL AT
A, AE R T AR L RIE 2 — € R, JBNERELCHERN
BREBRIN, HERRAN FLAE RIS T RE, R SCE BN T A ) 1A DL G RE 5 4 e i
R RBOR, HSERR ] 1AL R XA i S

4.4.2 BISHR

N T BAEASCIT R AR Y A AL BT 2 1 TR Uy T TR R, IR 1 RS

43



BV iy N 2 T o0 A AR B A AT R Wi T

FEAERA P TS R, AR SOR Restaurant 2 £ H R AN R VR N SR EAT
FB b, PTG ST 2 ) A, EDUIM o iR AR R 5
M, 2l 4.1 fos . B RO ERER, O R BB, R
X E I RIEHUKR .

i food but the service was !
with gra
great food the service was dreadful !
food but the service was dreadful !
w/o gra
great food but the service was dreadful !
(a)
) the staffs are and delicious noodles
with gra
the staffs are friendly noodles
the staffs are friendly and noodles
w/o gra
the staffs friendly and delicious noodles

(b)
Kl 4.1 B A HIEEE BAARAAERE BRI S B E N BR

Bl 1 (a) 1 (b)# 7~ Restaurant Fds & 1 AN =11, (a)F1f)+ “great food
but the service was dreadful” 43,8 AN J7 H S£ 44k food, service, (b)HH]F “the
staffs are friendly and delicious noodles” & WA~ J5 TH 5244 staffs, noodles, M
7B AT LU H , without gra 1575 43 A 7 b i i 5& 3 great ”— 1] SR Tl food ”
(R AR 1, T 53 B3R “dreadful” — ] 2 TN 5 T “service” FTE AR,
B BRI A) T R TEEE S, BB T A JT SR Z RIIBCR, T
with gra #2517 SRS BGA “great” LAAL, R)TFHREAEYTA “but” , RoRTT
T sEA44 “food ” F1“ service ” B AH S B B « 55 — A7l T BAFE Y without
gra A A i it ey #LIE] “delicious” SR TIN5 T SEAA A B, T with gra AR
Ry rpd i eyE “friendly” A1 “delicious” SR TN 77 THI AR A5 A 14, D NAE 2
BRG, R —Eiia, “friendly” 1&1fi4ia “staffs” , Haia “and” %
N BT JE R R AT, an SR staffs ™ 77 THT SIS FR) A7 Sl e 4 7 Dy TE 1), T84 deliicious”
&M “noodles” 77 TH SEAK (1 BB A — %€ 9 IE ) 6

MBIT-rRa] DU M, BA TS S8 8 T 155 B o3 B A mT DA 3 211R] 5 7]
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2 IR R, AL BT T A 98
4.5 FE|&

A E EEA R TR REIAIE R S B AR, 1 e A T R H AR ek B
Wrdabs, 3 RONHERRA FLAE . SCaeXdl DALSSCIRIAEE, O 7 IRV REEAT
WAIE, HAA TSR ES R, ARSI BIE, X SR 1 B AT
RS I E, SR REAT S b ASCRRH IR ALAE 3 MR EEAT IR,
e 45 RBIL T HABBA, EHT T KA.
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I

5 REERE

5.1 B%

B A ELIE X AR A e, LA 28 DR A BI AN B AT 2 H, & K8
P & HIWE RS P BN IMAER A A E kRS0, B e s 241
H BRI AL ANTT A — 8873, J7 201 I T A 55 /2 HARE 5 AL B AR 552 —
Fe— MAIRLEE (1) SCA TS B i, SERE RS W pk o> B 4%, B - 40 #r 7= S AN A
AR5 -

AR SCER X T TN 15 I M AT 55 HH R 28 I 24 15 20 R ) F- IR VE S ., R X
577 R I 8 2 1 18, ToE R AR RSN, B E RS
I JCVE IE R UL S i), 3 T B B ae B 5 T s o AT A, S
PRy SICA B, R FZAN R N KER > 58—, BT UERRER
By, 88—, R 5 TR SR B 7y, e Rl A TR IR R B LR SOCARRIE
5B TR 7 A RHEPHEIE AN B R IR, 56— 80501 1 S0E B HGT 4
FEAFEFHRNZ . EEE BRBUZ . BRI M g, A
th bR 3CE B 5 T T R R BERT FRALBITE 5 B, iFVA(5 5= 2 Ll BERT X
R AARZ AN EEAF BRIE, DU A WA R IR AF AV VR Rl B E 2, #
BAEFAE RE, B RRE 4 RINE UE R, EHBRMNTES S, AT
AU Zy 1A 2 SCRITEIL, AR I 12 #2228 5 - 8 1O TE UE B
REMS AT RO 2 ) — 18] 22 SCHITE L, 105 1) AR J A2 M 2 I 28 VR AL B .
5E 7 T A WO RFAE SR B 70, A FARAF S VA A 9l B3R BT Tt i), AN TR 75 T 7
TR ASBEAR B R A, S R 22 P 2 R BRI o A8 B R U2 0 BT SRR
(B 5 75 A RFAEREATAZ B, A BEE AR, A8 AL /N, ATEE T IR H,
RES R SCAGE R, &a, @ iERm it Zam i a5 8, DU e i 1%
SRR AE -

AN TR R PERE, 7R 3 AT EIE S Restaurant. Laptop 1 Twitter
BT ECES, HEAT AR SEIR XS b, SeEe s R PRI, IR BAE AT
RHEEEH, BT HESER, 2R EMEEAERE . R EEENE
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ANVAFRE 73 T ] FRYRFALL S B = BT 70 EAT VB RS BL S, A2 HE T 1R 0 =/ N 73
BEATRF L, B 22 A S B — A D7 T R S AE BB R SO T T AL L,
ZERAE WX = #0 B AR R BE AR TS AR, fJim FRREAT SE 0, 3
REXS Restaurant #od g b 1PN 7 32EAT 204, R BT EAAS 200 5 T 9 i
IR RL IRV e EE U

5.2 RE

ARSCHR ) SICA AN REAE TS T Z 5 I T AR 55 Th S 1 AN AR, 4
3 Bt B L AT 45 R L B2 AR AT S v, (RN T A KRR A B
SCAKE, SICA AL TN HE R AR THIEFE AT BR o SICA B A ] 14K A7 )92
WKL, B MRAF AV £ A B RE F e B FR B R 1) LA TH ¥ A 45 34T U
Ry R S AEAF R AEREAT U7 1 ] 5 B SCSCAE B LA AL o 25 R B A R 1045
B SN BRI 3 IACR, T BAEREAT U5 A 5 B SR B B AR, T
R HAEAF A IS N AT BT BT o ARRI TAR AR, K4k S 5k
AR DA K AR S 7 R RE P (45 B UL HC (P, DAE— 2D SR TR AL I
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