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Abstract

With the rapid development of Internet applications and the rise of
major social networking platforms, people are increasingly interested in
expressing their views, opinions, etc. on the Internet. By collecting,
collating, and analyzing these comment texts with users' sentiment
tendencies, businesses can better understand their customers' behavior and
preferences, and governments can keep abreast of the public's views on a
certain policy and appropriately guide public opinion, which has certain
social and commercial value. Aspect-Based Sentiment Analysis , which has
become popular in recent years, extracts the aspect entities first and then
determines the sentiment attitudes corresponding to them, in a more
detailed way, and when a sentence contains multiple aspects, it is possible
to match the sentiment polarities of different aspect entities according to
their The ability to match different aspectual entities to their corresponding
emotional polarity when multiple aspects are included in a sentence is of
great interest because of its ability to meet a wider range of practical needs.

Currently, most aspect-level based sentiment analysis models rely on
dependency syntactic trees to obtain syntactic information and combine
with neural networks for sentiment polarity prediction, but obtaining
information based on dependency trees alone cannot distinguish the
importance of different contextual words on the one hand, resulting in
inadequate extraction of semantic information; on the other hand, the
connection between contextual information and the target aspect will be
ignored because attention is calculated separately, making some models
inefficient. On the other hand, some important feature information is lost
because the contextual information and the target aspect are neglected by
calculating attention alone. Therefore, to solve the above problems, this

paper proposes an Interactive Aspect-Level Sentiment Analysis Model
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Based on a Dependency Syntax Tree (hereafter referred to as the SIGAT
model). The model consists of two main parts: one is the extraction of
target aspects based on syntactic attention mechanisms. The module
mainly combines syntactic information with attention mechanisms, first
using a syntactic parser to generate a dependency syntax tree, then using
syntactic attention mechanisms to encode the syntactic information on the
dependency tree, modeling the semantic relations of contextual words, and
selectively paying attention to contextual words close to the target aspect
on the syntactic path, giving more attention to opinion words close to the
syntactic relative distance, and introducing a Gaussian function to reduce
the complexity of the computation and avoid the loss of sentiment
information due to a sharp drop in weighting. Another part is the graph
attention network based contextual feature extraction, aided by a
dependency syntactic tree, which not only considers syntactic information
but also the dependency relationship between words, enriching the
representation of words; and finally, through the interactive attention
mechanism, the contextual features based on the graph attention network
and the target aspect features based on the syntactic attention mechanism
are learned interactively, using each other's information to supplement
Finally, through the interactive attention mechanism, the contextual
features based on the graph attention network and the target aspect features
based on the syntactic attention mechanism are learned interactively, using
each other's information to supplement their own feature information and
improve the expression of the features.

Finally, to demonstrate the classification effectiveness of the SIGAT
model proposed in this paper, experiments were conducted on three domain
datasets:Restaurant reviews (Restaurant), Laptop reviews (Laptop) and

ACL-14 Twitter in SemEval-2014 Task 4. By comparing with other
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baseline models, the SIGAT model outperformed the accuracy (Acc) and
F1 values on the dataset, confirming the reliability of the model. Also, the
ablation experiments and the analysis of different influencing factors
revealed that the syntactic information and the interaction attention
mechanism on the dependency tree in the SIGAT model made an important

contribution to improving the model's performance.

Keywords: Aspect-level sentiment analysis; Syntactic information;

Attentional mechanisms; Feature extraction
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WAIERT, AHECT AR Oy AR, AR A TN RE . R BT T R N
T—/NER), XA RETCIEA 3RS OB SR AN A H AAE G bR S
B4R S AR — P 2 Sk J7id 24 (MAMND, ZM 4RI A 7 4Tt
KA A2 %S (ON-LSTMD SRECE S (1 1 R SCRAEE S, Ao T i A B
SCARTE A SRR . I AE = AN FEAE S B IFREE (MR, HrH AR 1S B
SST-1 F1 SST-2 bfXfEEskgs, 453 E7R, MAMN A EEEET RNN A1 CNN
FEUMETY I RO LT
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A S SR B, AN R B SRR R B AR I 2648 S E (1 DTk
FREEIT HARTT T, 00T S Ty A SRR AR 7 AR BE ORI S o 40 Fan 858 A\ MUK S #9m]
AR B B IR T 2R R I (MGAND, %4 AT LASREL H A5 5 TH
SR 2 A2 5, ARYEAE RS (PD) Xt bR SCia o Be A F i S E, 1
SemEval-2014 ##E £ A Twitter H#5 5 EIYIASEAF SR, [RINuEm 1 77 1
PAZ T AT U RSN E B IFHE— P hd itk BE . Chen S8 NIRRT ZREER
JIFLHI ) RAM HE8Y, Z A BR FIX R 1) LSTM A= gacdz vl b, I 2= )
WU SRR SR B PR B0t (175 BRFAE, AR OG5 B T 5 2 1000, e Jpe
R RN softmax PREH R 73 K45 R . @I /L SemEval-2014 H148 T F1ZEid
A EL IR R PR A R OB PE e SR AR I, A IR, %A Y AT DLSE 4 1 A
2 7 S BRI RIE o [FFF, Park S8 NSV 25 € 1) B AR T TH AR 8E, 42 T
PR T5 T ARAE 75 B 73 228 LR 512 X 4% (HRT_One) FLXL ) BUZ X 4% (HRT _Bi)o
Horb, HRT Bi #BAUEH PSS LSTM M4 N7, ERSICIZn, ¥
BB R )5 W ARE R A S G AT AR P H B8 77 T 5517 IR AN DL E A 1 8 o e e
FEEAEARSE FUEY], B UE TN EE R, IR TR A R, IF R
XL & 2 AN T A)FiF, A LSTM B RefR T 5.1/ LSTM.

(2) WRIEIELE I 7%

HI T A)925 B RE W AT OB E B OR A AE K Ay, I HAT Bl T4 5 H b 1] AU A
RS, R, — 5 B EE(E B S PR A L AR A A kAT I
PRNE R FI o AEAE B SSM H) TAE D, B2 B Qiu 28 AR, A AT THO T
T3l E SCHIEVERN, 0 A R I g S WA AT B bR 7 IR, 3X
Tl 2 AL A R B — IR 3 D3R 7 L B AT . % ¥k IR B E BB
T ABSA AR5, (EIEAL b, #7057 XS Aspect-Aspect 5k R HEAT @, FIH]
% Aspect Z [AIAHKIHOC REATIE BT . Zhao 25 NWSUATE I MUK L H #5 J7 THI K
BRAE, $RH T — R T R R (SDGCND, iZ 7R P PR35 AR IR 4% 1
s TEAHSRAN[F) J7 THY 2 (AR A5G AR R [RT B, R0 P O] 3 2 ML 45 384 5 7 T P
R, HAE AL E IS, & 58— AN R& 7 TH 1) 1% AR AR 7 TH] A 1k 7y SRAT 55
ZARBAE SemEval-2014 #if 4 EIE TEUEFIAIR, FINWIEY] T AR T TH 2
[ 4K 6 0% 2 2 52 ) 5 THD 5 I 2 ) 45 SR« Hazarika 55 A B8 G b R FH 7 THI
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B (R (A% S, 4 RIS LSTM SE3L 75 T [A) 15 S L 2t 2 2%, R4 )7
FAT5 T RN KGR E AT (B I 56 &, B TR IR g g S b T
T IOREER S, AR RZA softmax 3 2 AR SR ITINIKE B 77 T (4 1% SR 1, R
F SemEval-2014 $#E AT KR SLIG, 45 RAUFSE T 1% 550 &t . Liang %A
WG H — M T BSR4 (GCND IAZ B A B 7Y (InterGCND, i
2 18 b SCIRAIRE R 5 TH] SR 2 (R R E AR OC ZoR Ak D6 R I, HE 5 H LT THI
AL EDIE IR AT GON, e3¢ B A M GRS & 7 H I BRHERS, w]
DASHE I B 2 1K) b SCia A H AR 7 T, 38 7E Restaurant14. 15, 16 L& Laptop14
SEPUANATFEESE B, S5 EOR,  InterGON #EAY ) ACC EA F1 EH¥ & T
AR, IR T ZRR ) 1 BE 8 5 i 4 SR . Majumder S AR T —
T 51042 28 A SCIIRARL (TARMD, ZAE RN T- ARG ORI B RSB R, T
He A4 5 T (115 B A B H bR » 7 Restaurant Al Laptop $rdf#E b ik47 1At
K, 2R ER, B ACC H LA B P 1.6%. IEH —Hs 2
FR 4 PR A B AR 5 T AVEAR ST R ES (SRD) X B ST 0 oA E . He 45 A
P T — MR AEE RS EEINEAHS G A (SynAt), IZBALE TR )
PG BN L], FIFHANEAXTEEES (SRD) X 1 SCi 4 BeAS R AE
R @ SemEval-2014. 2015 F1 2016 IR E T2, 450K, #%
TRAUAH AL G VT R AR Sy RBOR T . ERGHIIT i, Miao 55 APODyfig
B S BFEIAE  FER IR A s 3, SR T —Fh B SCEE
B4 (CGAT), ZAE AL FI I A)EAH X PR RS REAS [F) R S 25 5 AN R 1 63,
FEITUP I SIN T b bR B E N ANERCE B, A T T S SR R R o i K s
IOAIE FH , AR A B 6% B 4 0 R BV SUAE BRIV S A SRR R 1 B ) S A HE AR
L

AR ELFI LR, —Si Sl B AR E I 2% (GCND PUEREE R Ty 2%
(GAT) B2R#LEFFIN . F5A02, Sun 22 NBSWRZR T —Fi T 4mis A5 A
(5 T RAF B TR (CDTD, ZAS YA R ) KA 212 (BILSTM) % ) A1) F
FAEMZRR, 0% GON @ArfE BN b, DA HAR$R & AN B sC ik
IFERACH . 5IERML, Zhang 25 NPUGARAF A0 5 BRI Z AR S &, $2
—PhBE TR TR DG A T T R BT (ASGCND, AR AL 5] N —FhkE
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TI7HIM GON, WH)E(E B BERAHRIR G I8 4 R . 78 DY AN Jk v
H¥ 45 (SemEval-2014 task4. SemEval-2015 task12 . SemEval-2016 task5 £l ACL14-
Twitter) ERISCIGERY, EBRML (GCN) A LLIERH HE 25 BT I B #
KA R R o BB PR — AL F BERT AR AZ AV A (BERTAGCND,
AR 22 R 403545 BN BERT HIKEGZ, DMKTER RN, 44
ARG, BEE LR T SO T AR IER 5 8 T W S5 M VAR . 7E =40
AR BT T 5, AR EOR, AR LT R B TR A 1 e
AR, T Li 46 AP T —FUE SN L (Dual GCN) B, 1B R
A B FRAIRII 25 18 T AV E5 RS SCRE G Forp, SynGON AEHLEL £ F 5 (1
EEAIR, JERRAC T RS R AR AR O R T R A2 ; SemGCN ARLHL I 72 Ayl 3k
ESCHME, SINT RN ErkEEal b, N IERS I Z 4 IEMILES, S
SemGCN 2] SynGCN JiEgfi sk iE SURHE, £ =D A EdESE EIHEUS T8
B AE R IR R /T4 5 THT, Huang 25 NBTREH T —Flogh (KT o J 2 s
JEAY BAE 5 1) B AR E E AR (TD-GAT), %A% LSTM 5 GAT 4
FSH T bt s A RO, T DA B Sl B AR T T 1 SRR
RGN . TERERLIEH, AT GloVe NI ZANELL, FHIEMEH
BERT J&, thREsE— 4RI, Jr2Rkfist —Pitm . BRI TAER RIS
PHRHAT IR, (B % FE AR5 B o KL Bai 25 AP I — g B ) 5 R
TR 1M 2% (RGAT)D, S 2 [8] 1) % K5 BT B bR S B3l 0t B A 5] (1
L, A AR AR 2 T B SR R OR . I TE SemEval-2014 Task4 H14 /T 1T
WAHZEICARBINEL . ACL14-Twitter LA & MAMAS S8 8045 b SRi6 R W], 4%
RO TR o S R B FAEVE 0 753, TIERA T SR [A] R AR 6 20 B T4 i 49 28
HEWATE . Wang 55 APEICEEAE EER I — MG RIS %% (R-GAT) KT
TR TIUIN , e ik = R R BY T 0 A0 R Sk ) S T 1) Ay T AR RS, X P4
— (RIS 5 R AN B 88 D 7 TRV RIS E R AR IR R BR R, 17 ELASE T G — b BRI 3
174#1E . 1£ SemEval-2014 M Twitter H4E4E LHEAT 12 L5, IEM] TR RE
TEAER I (RGAT) R LA R 175 IS TR0 P HE A 2 o

13 AXEETE
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ARSI PN 28 A 5 TR B 2 21 7 R 7 TR TR A AT AL, 56 2 T4 A7
A3 ERE B S WL R 28 R 28 A8 . Bai 25 A PSR B — i3 T4 17 A0 920 £
RFR BRI, 78 )5 A AR S M R A b, 25 18 T 5] 2 [B] ARG &R
FETHRARNER, BT TERMEER . H ERTIRAFEAR L AL, Bk, X
{8 H BERT BLALHRE H A5 75 T BURFAE, T3k X 20 A [8] B ta] %o - H b J7 T 1) AR
FEs FLUk, bt R R DN 2N LN SUE RS B T MR, Rk —
SL L WH IS B o MR AR )R, A SCHR H TR AR VR 122 BT TR
15 B> HT#% % (An Interactive Aspect-Level Sentiment Analysis Model Based on a
Dependency Syntax Tree, SCHfEFK SIGAT #8Y), FETAEWIT:

(1) BRI R AF IR M 5 AL 3, B X H AT A
7 TG B A ARG AT 43 SR T, S 0 200 I 3 ) 2 A 2R e Y TR 52 2 ) B
Ao

(2) NARBKE B RIAES T HArJrm, 7% 8 3 br 5 HRHAE 5 B R SCRHE
ZIAIER, ASCHEH SIGAT 7, SIGAT BAU K& WA — 42
BT AR TN B AR 77 THAREL, 6 A7 BE B it B R SO A 5 21
FVEs BRI T EER /I (GAT) B F SCRFERREL, LUK AE VLR
AR, EFEANEAE BRI, A R80R F S 2 (B ARG R, = SR R
ANy B, B BRI, A R SCREAN B AR THAREAS B S, 2%
MERLE G N AL, % A B

(3) AIUEW SIGAT AL 250, 75 3 AT A FF 4 4 (SemEval-2014
Task4 1 Restaurant. Laptop 1 ACL14-Twitter) |47 7 5256, SIGAT BEAY iy vk
B (Ace) A FI AR F oAb UARAL . JE i ks ae o S A 7] 52 i LR 2R 1
ST AL S AT UESE T SIGAT BRI RTFEME, RAF A5 BN & AL e g
A RERTH AR RE

1.4 KXBHFR

£ SIGAT R A A 55 A BT A
S AR AVRE AL B AR TR SR D9 X3 AN R TR SR
B, ASCHEAR BRAF QM TR AR B R, I8 AR LA Rk 5%

11
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TEENA R AR A B AR5 AR SR, XPRREAXSEEE (SRD) S HME R
THZMBCE, AN R ERIRE, ARSI el ek B oy A s 4L,
e o DRI BCE 2RI B S BUS S B E R

B SIABER AP s H bS5 5 R SCZ kAR, AR
SIS EE B AR H AR5 T B4R AT bR SCRFEREAT A2 .5 2T, 3850 5 /Y
F AN R 5 B S RAIEAE B, TSRS R & 0 & A)7R A5 B H ARRHIE AR
AE ST £ R SRR, SR RIS AN RE T

1.5 XXE#H

ASCEEH RN LT AT

B 2. AREANA VIREKNE R LRSS EERMER TR TS
T 2 15 1 BT DA (R R e 5 R, IR RIR A SN 1 2 AR AV S AT 1, e
9T ARSI AR S

B TR AR SCE S EOR . AT R E AR T U7 I
TR SR B, EEARS: WA SIE S AR MO I 2%
AEER TN, R SO R %, Sa AR BT E 4

B8 T URAFANAR A B0 T R O S R R 28R . AR F T
SEHI ) SIGAT LAY LA S AL B 7y BEAT VEARI IR, T ZAFENA D — o
BT ANEE R B RS, 55— RS T EER /1M (GAT) 1)
ERSCRAESRIG fa, EREAHIEE U], T S A SR AE BRIk RE
71, ZFFALRR G R IE I R R o S R

FIE: SRt S8R AR R SRR S A RAEAT b, e
SIGAT HARUMITERE . e/ AP FadR . SRR EE . Bl LN GRIZH, 2R )5
H S BT B SRER A Rl SR ER A5 R, UESE T SIGAT BARUL T-Xf EURR Y, )
X HATACRIERISEBHEAT 208, UESE SIGAT AL I FE %

FhE: DA R AR TN SN AT B4 R T TN R A R AL,
FXR 7 I PAE R B AR TAF T R 5 8% .

A

12
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2 AEEKRRSHERERSHEA

AT EEAN BT I7 IS B M KA R B S HOR, H AR SO IR
IHTREA . RN SIS WAF AT ISR IR 48 AE T AL 5

AT o

2.1 MAERS TR

H 2000 FELAK, 15RO HTRKIBRSZ BT ORI, RSB H SRE 5 A2
(IR R o SR A T O M SR AT b AR ERANE L, 1S A
A= IRs s AHZ Sk DA S P i s (7 I e RO s A B s 2 BROAR
[FI R T A RRE B W] 2 N = AN o0 SCRS SR )T BARTT T2, o SORS 2%
ANE) 72 )& TRURLEE 73 T AE55, 1T 77 TR AL FE p AT AT 5% o AE SRR BL, 114
SIHTAESS R B PTER MG T4, HBEE A BRI R T S K1 KR,
FIPEVE IR BB T 2, il “IF B SEIErTLL, (ARSSIRIE . 7 HA E s IF
B MRS ASJTIE, AH AT S B IEANE . R EIR AT, SO
GG TR HTAES R TENER . TR T RN, £ SR KRR S RRE
L 2 LR 5 L. TRl — 282 3 R SO R84 H A 77 THEEA T 17
JERARAE S AT, DT A5 30 ST B A (0 15 e v, 3 2 7 T A IR A CAspect-
Based Sentiment Analysis, ABSA) . $ T R AW 0 347 77 T 91 18640 BT BT 7 1 2R
WHEARFEITNA

22 A SIESER

RN S TN ZR1E S5 AE B RE 5 A8 (NLP) F28 NS (ife
FUBRCAIE M) SEHRFIE A&, 5 BORE S o AR A oy T AL AT DLAR B
. i tERE, caRUZRERARITE, WEHHE LT AR

Word2 Vec K] #x AT GloVel®alfix N\, LK FE T Transformers Ff) BERT™iE = 4
,

13
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2.2.1 Word2Vec im# N\

Word2vec #&HH Google HIFATE 2013 44 tH ¥ —Fp AR I ZRiRTHR N o] £ (1) 1
B, 18I N R 2 T R 22 I 25 R 2 21 H AR AT bR SCHLR Z TR 5G &R TN
[ A R A R T AR I SRR AR (CBOW) FiBk 74 284 (Skip-gram),
e HL 2 B 30 RN T 45 R A5 A A ] o

(1) CBOW #x7Y

CBOW LAY [y e AR R AR I b SO AR SOk Ui H Axinl, RIS g4 7t
WZRERE, KRR THERMEMBEERE, K 2.1 5 CBOW H45HRE K.

HNE
(@
o
"o W R
VxN — [fanyr
L] B ®
@

o
® ()
X, | Y
. WVxN .
@ )

L]
V-dim
W\/xN
CxV-dim
K 2.1 CBOW A 25+ &

CBOW HyfiN: B H AR w i) EF3CC(w) = {w;|je[i-R,i)~[i+Li+R}
55 HARAAR SR B3RS ARG R AMAARER, RS A R AMAARER, e(w) &

AR SCEEMA R R, X ROR 2R -1 ) ) B, B RIS A
(2.1),

X=—1 3 e(w) 2.1)

Horb, w RN NSRS

14
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CBOW %t : &P( 'lc(w)) AiE ERCC(w) Ja, SCARTERAN A w

A OERFINER, FIE softmax BREGRTS, o it FIZET IR mE L . B
RIFE AL (2.2) (2.3).

P(W[C (w))=

oofe )

Zexp(e € )

(2.2)

w/[C(w)) (2.3)

L:Tli > IogP(

T —cizais0
v FoRE RN, D FRoR BTk A [ B R, e SRR IR W 1] 1) &
T RN AN LTSRN (T =2R-1), CRRNENE IR
(2) Skip-gram %
j CBOW I, Skip-gram [ HH 0o JEAR 2 di ik B A 1a] 10 & 6 1 B R 5
[ 1 /NG = B 70 VAP 3 = 100 = T - A 5 A R |

{w,

t—c?*

e Wy Wy Wy W W f ELPRER AT 2.2 RS

iR
o
o
Y
BAR Wiy |9
° (ST59=3 S
o [ o
o o o
Xk : : y2
: W,y : Wi :
o )
R N-dim
V-dim
Wl\’le .
o
o
CxV-dim '@
] 2.2 Skip-gram %4 1 &

B AR P %3 L 290 RN R Ry R, BT

15
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&R R U e R o ¥ H bR w, £ 1R A (K122 51 D9 ¢, bR sG] w, 7RI L R

5140, BT AR N FR softmax &5 245 € H bR ia) A2 bR SR B 25444
K, BEHEAR (2.4) 1A (2.5),

~exp(u,'v,)
P(Wo |Wc) - Zie\, EXp(UiTVC) (24)
E= —i > logP(w|w,) (2.5)

T —m<jam, =0
A, ERRBREE, —BORBURA MR IO . IR R T B (i ok
BB /ME, IR BEAE BT R O AR I, T SCTA AR 2 S 1, 7R R
BN SR BRI, A IR R S [ E B . FEUIZREGE R S, BRI DAAS B P4
R R, Sty 2 I AR R AR, U FoR (R E T
RN, BALREIAR (2.6).
olog P (w,|w, ) > e (u)v )y,
T TGN
I EE AR, FRATTAR AN IR 2 TR P BOE f& I RN 1), - Skip-gram #
FH CBOW % . Skip-gram FEAYLE G B, SEAESRE Dy 5 A i i #8240
L 1 50 T — 2, PRI R ] K — 28, (HISiR2 Skip-gram BEAYIL 2
CBOW LAY, 13RI RN 5 B 0 ——XF R, JoVE SEAF IR AL 2 2 ™ A
B o

(2.6)

2.2.2 GloVe iR E A\

RNAERGA RN, GloVe (Global Vectors for Word Representation) 4% —Ffim]
PR AR o 12 AR Y (14 B9 e A T T VB AR T 807 (A Word2 Vee)
gha. RHE LR C MR W Z [BIC R, KA M R0 E—3t
D, I HAEM @SR R, HEFER T R m . B g — 1K
R FEEUE BAERE, THEA—AN 7 (7)), FHAERRERLE A k1% « #id
FE BR300 (D iR . — BT, R R B R TERE E TE N R
R SORE, T L R E AT ORMIARE S I N EEE R, T

16
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“ BRI EARAEH, BT ERRMTEE . B, T AERUE T4
FRIIRAERERE, S —AT A R I HR A — MR Al &, R < Ed iR
B/MEORSEDL, X Fh BRI 1 H R N R I S B R AN AR 1 I 4
AR o GloVe F8 ) HAR SEBLAD B

C1) AR R RL R AL g — AL SR, H X, (R BLAE 5] i

BRSO IREO R R AN TR, HR R R R S SR AR
IR Z, WAz (2.7) Frs.
Iog(Xij ) =W'W, +b, +D, (2.7)

A, Fwe R FoRi &, FHWe R %% B bri & [l R SCIa i i i &,
by A, LRI TR S A . A (2. 7) KLl b, MG sik s,

HARR A (2.8,

3= 31 (X, ) (W, b 46, ~Tog (X, ) (2.8)
2

i 1
Hrry FosiB R zE s S = KN
(2) NARIEIL AR S ) REA K, BT R B A E /N, Xk
BRECAS AL EE 0L, A0 (2.9) Fiow.

f(x): (X):m] if X<X,., (2.9)
1 otherwise
JE I P A R AR T 6 B, Word2Vee & K H Rl BN SCE HH vk,
FECER AL — B E 45 BoR B ia] [n) &, 7] BE < 20 HAnial 5 LT SCHIR & .
M2 T, GloVe B K 4 R 1 Geit 5 B 5 R L F o mg 4, (E4h)
) SR B[R] 3R ey AT A I GRI R, I o REal a2 B S A A

2.2.3 BERT E=S R

BERT (Bidirectional Encoder Representations from Transformers) #& Google
PATE 2019 SE3E H ) —Fh 3T Transformer ) TRIZRIE 58, & —FiiE S i)
Jiae BB B AR R S SUR IR R R, DR AR D TR B X I 4

17
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A LA F R E R _E Il ZRim FE & A, T Se R v DUR GF i A B 5 AME 5
1155 . BERT #A 40K 2.3 fros.

qeR' [ O ] [0, ] [ O3 ] [ O |
I
Feed
Transformer Encoder
@ @ @ @ Multi-Head
Attention
f L
Embedding C ; D> Positional 5
W W. W, w W, Encoding S
{TlHTzHTsHTM{Ts} o]
w, W, W, w, Wy In[;uts

& 2.3 BERT &H &

FEA8 ] BERT 1 5 BRI, = EALHE PR AN 5% TN SR o i 5 15 00T
FATLE TN ZR P B A FH R AR ic 8, R B AMES . 3B MMES R
Masked-LM (MLM), FEANLBE i — L8 75 Z 000 0 517, I AR5 [mask 1R,
AR T 45 BOFR 28K 2 ) [mask ]3], MG ARt 2 MLM. 58 —AMES 2 Tl
4] (NSP), BUFEIERIETLEFERF A FG)F B, “H)+ B2 A T4
i, WP IARIC N IsNext; #50)F A TRFR, FRERERRBENLA), UK
Frid N NotNext, H =FH BT REMES 5 —F; Bl )5 FH[CLSIMI[SEPIXf 43¢ C IfE
AT Z A KT . K20 NSP L% 2 DI/ A) F 06 R OpFEA, HRdEid iE
R B AR

45 BERT H PRI GRATS5 m] 50, A0 2% eR B0 2 h P o 4R, 26—
43K H Masked-LM f£5%, 5 —#B7r K H NSP f£5%. £ Masked-LM Al NSP )45
KmHt, S5EE M N mask] FTARE 3], 46 N R EE TN A) 7S48 K R
AR (2,100 2.11) FIAR (2.12),

L(6.6,6,)=1,(0.6)+L,(6.6,) (2.10)
g(e,q):-ilog p(m=m6,6,).m e[12,...V|] (2.11)
L,(6,6,)= —ilog p(n=n;]0,6,).n, e[IsNext, NotNext] (2.12)

j=t

18
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=N, 0FRIRBEAIY Encoder 24, 0,378 Masked-LM {155
Encoder 124}, 6,%7~ NSP {145 Encoder IS4, V| RRiZi 17K/,

IsNext FR/RTMA T —AJEE S, NotNext FRn NiBEHEFHFENL A IIEES -

BERT [ AR K —#B 4> &2 T CBOW # A, {HF BERT &HT
Transformer ], RIS K IITE 5 RIA R8T ARHESLERE 77, JF BT LAME A
BEN ST 2% MR DL K K (R s, R AR — 28 BOME F AT 5, HEmfaE o
Lt Word2Vec £57

2.3 WERESH

AP AP HT AR R T, S ARG 5 Ab B R B — 3R, JLH
(R 2 3 BT 2] T (0 B2 2 W B30 40 T BRI 2 ) (MR A7 O 2R, D 1 0 0 18 1 [l 4
) GEERRIELE) FoRthk, Hhd— A aid&n—N 0, BNLgnsR
AW RZ AL R R BEELT, RATSEREL TN — AR A
(ROOT), PRIUES)HEEA BAAERAT —MEAF . W& 2.4 FoR, s&2%)F “The iced
Americano at this airport tastes good” HIKAFRJELE R, Hrb, “iced Americano”
FoNHAR T, “good” MFAGEAA, &AL [0 § &, NFRR 5
FEE— BRI R, 2 LTS R R /AR, EE 2.4, JiTHiA
“iced Americano " 51 J&ii] “ good ” HL. & FF B L , (HLE AR AT )24 v PR B 4000

ROOT

nsubj

det

amod
/Av 4N

prep det
The iced Americano at  this airport tastes good

pobj

acomp

B 2.4 RAFFNEROR BB

FRER AR WA R AR RE K SR 2.1 P
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R 21 REREEF X

PRAs =P
det YLIE 1]
prep SRS
pobj ] FE IS
amod B 25 1]
nsubj 24T A
acomp TEA M
root R

AT A i, S — %o TR, mliHEE KT AR
StanfordCoreNLP. "5 T. KT & 1] LTP. SpaCy 734728 L M AT 45, e 4 Tl i Hil
AR T IR G B 77 FORSE IR 5 BRI 70 BT, FRRE RIS RIS 21— 1)
B bo TESRRLEE AR AR A b e, A SR DG ST, T A B 2 R AR A
FFRF, TTRETCIE IR A WG BA i, DR, RO 7 B 238 X AT i T4t
AT ARIE S M BAE S AR R 25

24 FXRMZMLE

E KBRS SCASTE R, IR 2 5 © RN E AR VE 5 A B A BT 55 1)
FEVE, WIEAFHEMZE (RNND BRI ZE (CNND A R AL 454
O TR, Tk, BRI L (GNND 4 IE B AT LAAL 22
EMBERE SRS, TR SCRF I A F A ME R, R 4565 e AR
KY R SR AG T A B, (RS KRB RIS TSI . B TR, ARSOE N
— LR P S BRI AT TR A 2

2.4.1 ElFC HE ML

P AR 55 [ SCAS e SR e AL O B S5 A B Bt 1T S

AL X 25 J2 K NL
SEIX LB ZE M B AT RS, AT ) BB 2 RIS 2

ZIE) AT AR e
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B an A I SCA R 51 R A) 1250045 8. CIn)vE o i), Bl B8 wh i3 U5
B CUmiE RT3 EIRIED Skl i an)7 7 5, M4 s AL e
B P RALEBENAEBRMG (GCND PURIEEZ HIM4 (GAT) B2,

(D) BB

FIERR 4% (GCND & —Fh T2 i A S5 M AL B R 2 2 21 O i, g%
BRI AE IN 2% (1) — Bl FE S o LEZ5 € IR, ) B R 2% 1 B DA 41
RUONFAFA SRR, JEREEINZ)ZE GON MRS KBRS SEE, M
M SH AN SRR . HET, K2 HERE 5 AR AE 55 H 2 d i B #2425 )
FH A5 SR A ] 2 (8] AR ARG REAT 5 T 15 14 28, IR & R AT 8dfe
& EIHUAR TR AR

el G AR Y ML Ee(G(v.¢e)), EinE G 1HEA R — 40

BE AeR™, LN FoRT ALY KA. AT IR, BATH D ZoRT A

16 GON #i 1 24 B, O Fom i 8 j BRI kA, h\Y ZoR4 8 j 1

RZORAE . BARRT R E AL (2.13).
WMZO{ZAKmeuth (2.13)
j=L

R, WORRE I ETAM SR E, b RRE R RE, o %
TRALRPEROE . AR AR | 2 IR, 2 S | I,
WA =15 %9580 5 | RATE, T A =0.

H T B B AR I Be g i ELEAH AR T 15 5, B E iy s A s B4
FARA 2% b L 22 N B AT S RO R

(2) BRI

BIE R I (GAT) ZRMZRML% (GNND f—Fasfk, &R i H
TR EXT B S AT IS, HAHORUE A (1 B 25 S5 o 5 oA S8R g b 42 1Y
2% (40 GCN) HHEL, NEERSEAFHR G4BT A, GAT 51N ViR pls], R
AR A [ ¥ 2002 RURRAE 23 A (R AR, 5 a8 0 BRI BUCR &, 1931 B
PR RN - 5T TGS IO o, GAT W%k J7 T (1) B R SCiE A% 35 3 5
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HEHART AL R L JEM GAT M4, B L Z1RHEE S 3] 5 i B AR M.
K 2.5 s GAT BvEE R R0 Hoaa s K.

Softmax

OO0 OO

Wh Wh.

i ]

jshll

25 HRARBUESEE

HE, BRI SHAHATA CjeN (i) Z IR RE, BJEXAH
ARBEAT H— AL B, BEIATA G5 ) ZRKREE N R e, HEL
AL (2.14) Fiazl (2.15).

. exp( f(h, h}‘l))

“ Zj’eN(i)eXp( f (hil_l’ h;'_l))

(2.14)

g )
V%

FEAN (214 W, of FoRT R TE 25 2 ANk, A0 R j i

f(h )=

' h] (2.15)

RAB VA4 ISR R R IBEHOR | RR T R
EX — s DR TR Y

EAR (2.15) d, HIWEWYE eR:™" 2k 1 8 2 MERK IS HUERE, d %
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TSN, 7 RRER kML

S ki A ) T ORI 2 DV R ) R B P ) ROk
PG5 S O R E o BI7E 24, 45 S w, . BCHAROIRAS b AR A
W, e N(i) . GAT it % Sk 2 k1 1 S 45 s OOt A5, AT S i
PIFR . W 2.6 BN GAT HUREENTALR .

Concat/avg @

BT ZRIEE R GAT HE A (2.16),

z
W= a{ > aizzvvwh;l] @.16)

=1 | jeN(i)

b, #jeN(i), Mo =0 |FrARZMIHE, W eR™ ZrEI
U 7 AR AR ASHORIE, 7 R A, o 7 sigmoid MU B
e

FE L PR 22 TR %, GAT IRZ KPR AU 310 T EEHRER, e 2 e
I VRIS, 0 U R IR A R FRORLE, (o T P2
A% BT A I, FLIRIBE T R R AR B, (8 T A B 1
LT 0 2 A TRAT %tk GAT [O126 He 2 4 6 B I .
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2.4.2 R EZ M LK

FRFRARZE %% (RNND VR A 5 A B AT 0 R 51 46 A B T o 22
G, 3T T A A RN A 4 I TR 45 2 I RO IR AT 1O P ) 0 k7
W —. FEIETAEEL, FRRE RNN 7E—U6 NLP [R5 sh UL T Rse b i fg, s
SRR TR NUBT IR BRSO 4 R

RINN ] 28 0 28 sl i N ASEAIE 5 o KA 2 I 4 6 e R AT R
B 2.7 FFme, i3 i 0 24 45 O MO BREIRTS y, LA, SR A A OS2 1 3
RASS, IR, T EL 55 4R AR X RTRT— P SR AS S 4506 JRA%sE— A
AL B X = (%, Xy0.on %, ) » RNN GBI o € — 1 I 2050 ¢ B 220 0O R AR 45 A B 128

PE PN R rp AT EAT 36 9 5% 2, L ARt R PR AOK t + LI 200 A AR R Y, o

2.7 RNN &# K&

75 RNN 1, JEFWIEETE, BN LR R AR, 2500 e

& tanh BX sigmoid, f# ] xavier B¢ glorat W14k F5¥E # o0 /2 Relu, U8

“He” KA. Bk, MEBALEH=ASHEEHVGE: W, W, FIW,, 5

LRI S P A B T 5 SORERY (¥ (s B 1) & b, Rl by o BT R AR (2.17)
(2.18)s

S, =tanh (W, -(x ©S,_,)+h,) (2.17)

y, =o(W,-S, +b,) (2.18)

fEAI (217 MAR (2.18) 1, i x (x e R")Fmt A, S &x
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S PR BRBOIRAS, Y, TRt 2R W, e ™MV RIW, e R™ FoR 5
FESHL, nAR3E RNN JZ P2 o s b, e RY Fllb, e RY 73720 HBIRZS

A FmE I &; Ho FRon sigmoid WUEREG M X @S, R x5S, M EE
Ko

2.4.3 K HAIC T2 M 4%

KA HHAIZ N (LSTM)PL& RNN 1 —FpiE X, ffue 7 RNN HHAR B2 2K 1
I, 5 AR 28 AR L, LSTM 1 F 43 )2 B2 (A7 HORARE HARE R
WZ TG, LMEREATR H AT B S . LSTM i@ id RNN HooH 1 BRI

S, IXLE[] AT LA E I 8] 41 b R B B R SR LS B . LSTM W 4% Ay b 2
KFF R, 02 S KRR R AT SE RS 4%, it T8 ]s SN
AT, BRI 2.8 PR

A A St

/ R

Casd 1
t—ll" t-1 ;Q+1’ S{L ......

tan St

\ J

© & @

2.8 LSTM A&

(1) BEUETT: 20 TAT BUNBR B DR B A Te RS C Ly A BUER 5 B o IS Al
(IBEFBOIRAS S A ATHIA X, FFIBIE sigmoid BR &L 4 RAFAE, HARTFE W

A (2.19).
fo=o(W, (% ®S_,)+by) (2.19)

K, M x e RN ZIRRHE R, RoREs ], S Rt -1 ZI 1
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BRUIRES, o R sigmoid BUH AR FIW, e R™™Y IR | T I S R I,
nF/x LSTM EH & ciaE; Mb, e R"FRmENE, ©FKnHEZMM
ER%

(20 FANTT: ZITTAT AR GE ZRTH N X e (5 B R 2 O B 7 50k
C, B HEN LSTM At B o 12 17 AT DARE 560 5¢ B B R A5 IS 2N LSTM.

BARFEE AR (2200 A (2.21),

i, =o(W,-(x ®S_)+h) (2.20)
C, =tanh(W,(x ®S,_,)+b) 2.21)
HKef, i BB, CRREEBICIRE, o FoR sigmoid Wi 4L
FAW, W, e R™™Y RIRHATTHI S EAE, n %R LSTM &L ciisE; M
b.b. e R"F/RE AT T B &, H @ Fos m) & [/ ).
(3) Hh 1T ZITYOE T 4E0 R IeRA C RS B R AE N BBIR A&
S, fofgr i, M AT — A2 fitr e Sy AM AT X SR U i AT A A B . Bpk

HHEEELAR (2.22) (2.23) AR (2.24),

0o, =c(W,-(x ®S_,)+b,) (2.22)
S, =tanh(C,)-o, (2.23)
y, =c(W,-S,+b,) (2.24)

rh, Mo Rorfti ], S Rt ZIMIBERUIRES, Y, Rt 2%, o
oK sigmoid W F K AW, € R™™VRIW, e R™ FRMAT TS HOERE, n %
7~ LSTM [t el H by, b, € R" Ron (i B A&, H © RoR A &2 A % .

(4) BouiRaSC: BRI SR, JFe MBIl g, 2%
MR EREAREE . C AR, —E 2 i N RITIREC, BB

BITRE TR, 5 —ior &k ook C SR T IRl At
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AR ANX (225).
C =f.-C+i-C (2.25)

5 RNN AL, LSTM 45 e 3= 221 HE D it /& RENS DR EFREIN T AL 3R 115 5.,
fib R 22 BEINAR R I e AR T R0 P A i

25 FEHE

TR SIHLE™ (Attention Mechanism)  F 5% SCAE BAT AN [ STk 4 3] 43 ic
AFERBCE, & HirE BRSO RE OB R . — BRI T, A Wi
B 18 LR TTRR AN A, HHILAE H AR B e 2 5 5 R A B0 5% R 18 2 5
HE, WA, EHE-MTFHRE 2B, R SO R RZ AN .
40 #E 4] 7 “This Macbook’s price is suitable and it’s function are powerful.” H7,
St T 5 A “price”, N SCHY “suitable” tb “powerful” BEEEEE, Xt Ty H
“function” K3, “powerful” Bkt “suitable” B E T, & 2.9 AiE S HI Y
Al

Attention
Value

Query

2.9 ERINLFIZEHE

Attention HLAIFISEBIAE “RR” KL HEMATIX=(X, %00 Xy ) »
i M R AT B = DA F R R : Query. Key M Value. HitHId 5 2%
BFEPIL . BB E Query M Key HIAHAANE, il H— 1L AL BEAS 51 AL
ARG 5 TP RARES B HBUE R BN Value INBUR, i 445 20 871 R340
AR (2260 JER T AR TR TR,

Attention(Q, K,V )= Zzlsimilarity(Q, Ki)-V, (2.26)
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XA, Q, KV e R™, d FoRE MRS 4ERE, M RoRf N7 oK

Hrr, 75115 Query Al Key FIAHLRES, A =Fh# WA vk, A= (2.27).
N (2.28) FIAZN (2.29) Fios:
(1) AL

Similarity (Q, K;)=Q-K; (2.27)
(2) Cosine fHLATE:
Similarity (Q,K; ) = IICSIIIIIIE- ” (2.28)
(3) MLP M%7k
Similarity (Q,K; )= MLP(Q,K; ) (2.29)

fE NLP f£55+, F AR IC 2 RE = Olais FH 2V 483 (NMT) A,
K 2.10 NFET Attention HL#|H) Encoder-Decoder F%Y K, TE455E % ANJF 5
X =Xy, Xyees Xy ) 5 » 55 ] Encoder 445 A\ FF 51 2 i R [F 7€ 45 B2 (41 11 &:C,

Hordr C, i % B = AR 145K, ¢ 5 75 F Decoder #HAT #4152 HARE S

}?ﬁuY:(ypyz ----- ym)°

9 ¢

Decoder
> G| J
Encoder R
» T

OO - @

& 2.10 FET Attention HL# ] Encoder-Decoder £Z! &

R EE R AR (2300,

c=Yah (2.30)
i=1
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A, o FRAME, | FORBA TR 8, | 28 B SR ,
h, e Bt

VER BB, S0 MORKT, 7EALEE T TG HA, AEER
S A A MOTIO ISR, TR IR T LA AL R, 3k K Hu 3T
TIEATHAE . (ENLEERIE (NMT). 5 UM bRk (SRL) 4 [ 5A4 & ALFRAT 55
i, SEUE T R

26 FENG

AT T 7 T A BT BT % IR B SR B AR AT T R, )5 S 2
BERINE S B 57 T IR LA . B e A H IR RN R S T SR8 S R A
Word2Vec. GloVe PA K& BERT #52Y; $2F AGZRHKAF 5¢ R0 A AAH QIR BE 57 S 4%
RGN, HPUFEERNG (GCN). BEZE /1% (GAT) FEH LR
Z5(RNND; S Ja /48 7 #41) Attention AL LA R 56 T & JIHLHIMLAI ) Encoder-
Decoder %7,
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3 ETHREFAERNXEASARFROITREERGE

BT 7 H R I M B AR R B 1 Ry S TR SR A . T EEOR, A
P 22 X 2 BRI TR V205 B O BitAT 8%, R EBUs 1, EAUK
SEARAFFNERSRIUE B —J7 TV X AN F) B SCR Y BB SE, S280E E R
FEBATE s 3 — 5 e RO S B i i 2 B SCE B S H AR 5 T T8
IR, A — L s BURHIE(E E k. S0 Tk, ASCIR M T STGAT A2, 1559
DRSS € SCUA LA RAT S UL, BB S VEAH IR AR (R B AR SR S R i i o
A, MWANEHATEE .

3.1 EHEX

ATV 7 T B3 BB R f = A LR 40T BRI et
Wb, BT S = Wy, W W, R AT, 0 AT R R B R
Wi} R BARJT T, m ARERTTHEAN . H G =(V, AR) FRh]
THORAE A, Herh v AR T A BT A BB {wp, w,y, Wy, W, s AeR™MR
FABABHRE , 25 5007 w A w AR 3, T A, =1, 750 A, =03 R Fmbrash
B, A =10, RyAGR A RIEIHRSE, #5 A; =0, R, = None.

FEJT NG (ABSA) H, —ANEE 75 SO 1 1) J7 1 A1 2K,
HE AR T BARTITH w, e T HIHEARYE Y,y e (B, B, oz},

R 3.1 FR B E, Hoh i PR os R e T, WA TR R R 1%
b 7 TH] BT 6E 2% B M . BIB0/E “ This Macbook’s price is expensive but it’s
function are powerful.” #1, & “price” Fl “function” PHANJ71H, H - F1H R
MR AR, o “price” MR ILIA “expensive”, f&IHARA; T “function”
(1% 1A “powerful”, SRR . HIXTEE AN THIG)F, %H— T2
T IEAR R AN AT, A SCIAT 552 A A5 A 5] J7 T S U JFC A 7 17 Sl 1k, AT
R P PR 17 A3 BT
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& 3.1 TEFEHEBRLHwp)

The food,s is great but the service,e; and the environment,., are dreadful.

The iced Americanoy,; at this airport tastes good.

The appetizers ;s are ok, but the service e, is slow.

The Chinese dumplings;, in this restaurant taste very good.

Can be a bit busy around peak times because of the size;s.

3.2 SIGAT E&IEZNE

AT T I TIRAE AE R A A BV E R TP ) SIGAT #EAY, i
RREOA] 53 NGy, — B4 S T )V LI B AR 77 TS, R %
WU ARAE R L AT A B AT g, A IR M DGR 1 A L HAR 7
(f E RS, HR TR R ACE, HIbEE, 51N SR Sy AR
BREL, PRGBS, ) — 3 R 5 T IVE R T2 1) B R SCRFIESR I, MY
FBTANEER, WHE T RIEZRNKBCR, £8 T CRRENRR: &5
IS A R R INLENE 2 EA S, SESRAE RAGIRE ), ARHERLE SRS
RN E O R . 8] 3.1 IR T SIGAT HEZRZEH), EEAHE /M
P

(1) #NZ: FIFH BERT BEAT A S IOHAL, 4 SOREER 9 THEHLRE
AR A A B EIRAS o

(2) WRAFAPETE R L3RI A7 T ARFIE, AR SCE e R 152
figbr 4% (Deep Biaffine Parse) A= BUKAF C)VERT, ZEICEEA b, 3@ A3k 7E = AL
AP SGE R IR B H AR5 T 1 B R S, R T RGE ALE .y
PR 2R T SRR ERERE R, TR ESINT @R, W
HAERE, AR EES R T B AR .

(3) EERIIMEZ: DRI ANER R, AR ERRBOE RGN
W], 51 E BT I B SUERE R B PR A, SEAF (A 3R B 2
FIFC R, & BRPER.

(4) RZH2EZ R A3 T AR RN H AR 7 ERHE S5 5 T B )
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2% () bR SCRFIERC .5 2, B IR 7 (045 BoRAN e g o H B (NRF IR R TA fE
(5) fijzE: 2T EERFEREIEE FE LG B I BRRIEmE
RE /79BN SCRRAE, RFERL G RN B AR, TR IR A A T 1R A
ek 4

_________,

Final ‘ ‘ ‘

Representation

Feature Fusion

Interactive

i 0o o0l

Pooling Pooling

Hidden
Represent ‘
———————— GAT
Syntactic
Attention
| BERT
Word
Embedding root nsubj Deep.Tree
w; W, w; .. Wy W, The iced Americano at thls airport tastes good
Target Context
3.1 SIGAT HEZLZ5#
321 AR

FE3E T RNEE RN B AR 77 HRBGH 7, 4558 f)F- Hbs 7 xs (S,7) 5
TS = {W, W, W oW, TR — D) T = { W W W RS H AR K

BFF0, nAim 73R S FIT WKL . i 7 RUEmifE, A SCRH BERT %
R Rl RN TRl B B S B 1 I S E A D “[CLS]+sentence+[SEPT+ H AR$ K
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+HSEP]”, 1£ 79 BERT KA, 1ETE 0 EREHZRIRN X = {Xg, Xpreeen X Xogrees Xos2im | 2
X M ., 73l “[CLS]” A1 “[SEP]” Hn&X~. fE45d BERT A5, fit
5 X KM H = {00, 0 b B R R R,
1, h %R BERT Mk, {h,hy,.. 0} FoRM 780 s il R SO ) i,
TN e D b 278 BN 7 B P 5 S 1 H A 42 S i) &, [, AT
(0, by, e b T A RS AIE A5 (1 )

(ESETBIER /M4 (GAT) 119 b FSCRHERREL S, 1 %I GAT W%
SN (X, Xp0eee X, } HEAPHAEREAL, A EIRTRAREBOARSS (00,00, 00 5 B I

WA, AEIE L LR RRORAS (NN ) K e S ARAAE R A

W LIE GAT [N, 135155 LR MRHER R Hoy, = (R, i

322 KEREERE

FEZ AT TAE S, BATTIE SR AR 4 T FISE R EAL, ERPCE RN A
P 5 T AT 5 3R] AR L o T S LEE I T rh, BRATR IR AZ 2 d R B H 3
2 F F AR TR AR AR . — RSO, RATIADY B A ARy Tl
o5 bR 5 T A2 10 9% 28 1 BT SCm BE B, AR A i SRR R I 2 7 A BE R 5
M 171 B2 A B M ) S e 7, ELIRAT e 4 3 BORAT 1V A 1) 14 i I B
T AR A -

I, SRATTHR TR0 B 1 (SRDO B3 R JIM LA« 1 S TR 2% (Deep
Biaffine Parse) “E R HIRAF AR AR IUADTRAR B, IR A0 BOTETRAS B 24T 90
B, A7 R M SGUE TR B AR BRI H AR 1R S, I ] 5 e AR A
FIN ORI R I, ST TR, B D AEAE SRR fE e 85 B E
Ko B 32 & T — IR BIRAFF0IRA, B N 7 Roniziad 5 B AR T E
PR, b PD RoRIE 00 B A B SCREE B AR AR, SRD KRRtk T
VRS R BAR S B o MBI RT LA Y, H AR S T Americano ” 5 2 i1 “ good ”

Z AL B FE S (PD)AE S, & THmfe s iR LI A)iEM-NT J5 » “ Americano ” 5% good ”
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B H)EREAIR RS (SRD) A2 2, /INTALERRE . KR LTRSS JBAsJ5
(B FR )30 R T DA Rt s e £ A X oz B 28 T AE A3 A H AR T TR« 24
HeEis s — @M, B R CR P EENES SRD M5, R SRD i, %
] [ TTRRAUER, Fr 3R ok

[ root ]
[ nsubj ]
//J-;\\ oy

iced Amerlcanoneg at thls airport  tastes  good

PD 2 1 0 1 2 3 4 5
SRD 1 1 0 1 3 2 1 2

B 3.2 KIFRER SRR E

N SEILE TR R AR T, FRATTH Lo SO BN SR E, R
B H AR 5 TR ANERE B, O T AR B A R I DG R o], FRATTRE —
MERE DI ws Fon (TESLIRH, WEws=4), JF0FE O AK B R SCHRRT
AFERIACE, 5155 H bz 7 AR BOEBOA BT 6 R IIE SRS 2 100, A
It EERE AR G0 FA (3.2).

(di-#)
p=g(d)=axe * (3.1
0 —
d,=4n 1<n<w (3.2)
w n>

A D) W, AR E AR, AR SCHIN i sk S E N AR E
o Hrdr, nRIRAEMXTEEE, d RN TR E 0 AR B ALH B

aRonIE(E (iRt ita=1), puRoRBE T B u=0), o FRorbrifEzE (5

Bhilo=5). Hl<n<wii, d =n HAaEAE FEA)EARR R B A8 0 2218

PG n>wif, &d=w, HAHRBEEEEE O wR L.
FRERE TSR R AEREEE, I FLRESE RO AR B A3 iy g/ 1521

34



NI R KA A A 1S T WAF EJIE R 122 B30T T AR W

Hu =POH’ (3.3)

tar

Hrb, o RoRiBmE M.

323 BIAERIMEE

NP IENEL S A5 B B R SCRRAIE A SOl O & BVE = 0 M 4%
(RGAT) #EHURFIE. SHRAER GAT AHEL,  RGAT W42 AR 4 ) vk A it i 42 i3k
AT BIR) 2 R S B A e, W DASE G (A AVE S M (S B R A B H AR 7 T, AT IR
JEIRIIZRFHE . EATTH, JATE N GHEE GAT B8, K5/ 41 RGAT 1
M, B IE GAT SKRgmida A bridid i .

(1) BE= SR %

AT AL ARG R B bR 7 THAD BRSO, R BRI EE (GAT) ¥
TG B RS B B AR J7IH . WA ] LR N BA n M RIS G, AT
TN SRR, B G LR B B KOG &R, N R s 1
SWIRAT AL B GAT FIZ SKyE R L SEE AR 5, I AW A
REREANT N T ZREE N GAT REEENAKX (3.4).

h = Z| a[ D oW, h; ] (3.4)

Sty Y e RO A TS LR IERAOR, | RRR R,
o € RYRFA T 5 RS RIS 2 VER S B e R
W! e REOK R4 1 B85 2 AMERCKIBUEAERE, o Fomi e e, 7 %
EESRIIAN L, o Ko sigmoid WUE PR AR FE W A0 (3.5 M A (3.6),
e exp( f (h;;l e, ))

S (1]

j'eN(i)

(3.5)
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(i) (Wil

f(h e )= (3.6)

%

Horf, 2 e N (i), Wa =0, f FRGHUEBIER B, WEW, e R*

TR VR 2 MERCKIN S BUE

T RESSPR R A E BA R, IRE IR R, AR A TR
FHERE BN T PCT. 440 2 4t OBAAOIR &5 h' = {nf, hl,..., LB, ) PCT /2
e SO AR (3.7

PCT (h')=5(h'*W, +b, )*W, +h, (3.7)

K, 6 FORALMERITE R, « R BRUBH, W, e R™ FIW, e R™ HIR
AR RERE, by e RO FIb, e RY 27 rT VISR i B o &2

(2) RABERSIME

GAT EX BT AT RA WA 5 MR R, KA REx Bk E
FHCHE S, BRI TRAT B R R B R s 2%, DURAE AN B, R %

A5 HbAHE. LR SCHEER:, TR RR O KRB RE R R
AT, WA 3.3 Bx.

> Relational head O Attention head

& 3.3 RGAT & E
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B, BT w A w, 2 [ OO RA R, 46 R, B A B R
reRY . Hifd FR Kk REIIAERL, U 1 GAT % Sk 8 HUHIX 67

MK R RTINS, BEIELAF (3.8) FMAIK (3.9),

M
hy = I 2 B Wah, (3.8)

N
;" = soft max (W™ +b™) (3.9)

Horr, hil e RYZRT IR 1+ 1R MR FRIOR, B e RFR A
TR JEF N EE m A RRZ LR EARNE—RRRE, W, eR™MER
FEEMA LR LBUERRE, W eR™, b"eR'. HmAMAI ARE R

AR (3.10) (3.11) Frass

Xil+l — hl+l || hl+1 (310)

att; rel;

h'** =relu (W,ﬂxi'+1 + b,+1) (3.11)
FEAR (310 o, XM RAR T AR I+ 12 EFRR, SRR
AR, 1 RREB NS RANPHESRE: £ GaD 41, W, b, 727

TR RUESE |+ 1E AT ZRSH0E a4 &
N T EERERAE, ASCRH T HER 2 )R RGAT 1757k,

32X EBEIJE

R SR R BN B RS AAR T2 B R R, 2 ER R E R
HRESEN =Y SRNESN: A} 37w LIPS N ) DN R ¥ =kl RO N Bk
AL ALER R, A 25 R SCRFAEAN H AR5 AL, —FH A R3], LA
R FE MRAERIR . B 3.4 AR EA KR E K, 2L AT BRI 5 H Ax
3T R R AN TR SCHTE R AT, I HLE bR D5 T B RFAEAN R SORFAE IR A AR
T AHESASOREEHRFIE R B, 2 8 R A R R
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Output e | =T —=Tc—=C |
e OO0 000N
| |
() O C } OO C ™
Softmax TSoftmax
Attention Attention
Intput

Vector

B 34 ZEFER NS

FEREAT AT B 52 ) Z 01, ATTE S0t 23 T AR ROV LR (18 H b5 T AL [ B A
ST ENERE /IS (GAT) 1B R SCRFIE A1 B N A P2 i A e - BAIRAS P4
JiA &R Ny A hy, . HRIEAIL A (3.12).

. = pool (h,h,,....h ;. h))
Mg, = pool (h, ... 01, b))

FEAFE Ny Ay, Ji s A NS R RSN, FEWLS 22 (Qyr Qun )

(3.12)

B (K Ko ) R (Vi Vi ) BB R o 7E L ST A0V WL 19 L7 T

Ik, BhQ, NEWFERE, K, MV, i, B, BTSSR m A (3.13)

AR (3.14) Fm.

:

C,,, = soft max LM]VW (3.13)
Jd,

h, =LN(h, +C,) (3.14)

Forb, LN BRI L
FEVF R T B 25020 E R SO I, BLQ,, A HAERE, K, ATV,

NEE. EFERE, DAkiFEIE Tz o rEE ), BREEL AR (3.15) fa
R (3.16).

.

C,,, = soft max Quar Koy Veon (3.15)
Ja,

hagn = LN (hoy +Coor) (3.16)
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s 133 h, Al b, A NAC LR Z R, @R A T A BRI
DYIRRAE R, DUMEER 2 51 3 2 RIS 2.

325 ERAMEE
A HIERE R RRE Y 2 5, AT 05 F 5 A)V5AE B H AR RHIE
hy FIFRILBE FT5RIG B R SCRRIE by, » AT (B JE 80 5, AP0 = 34y
FRESH TR A S BRFE R & b, , FRIERA TR AZL (317,
¢ = (R, ®h,, )W, +b, (3.17)
AR BT o, W, RRATIGRRIBERE R, b, RonfmE &, & &

BARAF
PRI SRR R R h, 5, B AR SRR, I % H AR5 1 1)

exp(Wh, +b).

=Cc)= 3.18
Ply=c zc,ecexp(ther)c, G.18)
X, wlb BT HEXISE, c AEBRIES.
G, fERPRER SUBI KA N B i kg, WA (3.19).
Kz—ZZI<<(y:c)Iog(P(y:c))+ﬂ||®||2 (3.19)

Horb, | ZoRTabr i, N R IIZRERNEGE, A Rn ENSH, e #on
AR 280k

3.3 ABENG

TN SIGAT HEAL DL M AR 7> BEAT VEA I3, 32 ZEA0Fm g A0
gre R ARE R B AR R A 2O R KA RS B SR
LIRSS &, At S EIRE R AR B3R H AR J7 R B 30, A&
PREPAR T SRR BE, A 200RE Y R WL TR] DAL B R B T it s ok TR
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JIMIZE (GAT) [ EF SCRAESREL, 12759247 RO A F R 2 18] AR A OC R 2
MORMFRFIERIBRE ST fJa, AR H ] R Inem —FH R, HHXE T RIE B
Knsg B 5 RIS, LRG58k R AR .
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4 SEEETHEERSH

FEARTH, FATE LN AR Fa s TPk 0 B0 48 DL S0 R AH DG IR IR,
NG FRATN BRI A S E, S R HEAT X b S I0 A VH Rl S5, f
Jis XaERBEAT BT HE L EL Restaurant A1 Laptop ' 2 AN B A ACR M) s2 ] 3647

Hriiiie.

4.1 VE{frigEs

RVEA SIGAT AL FE ARRLE 155 % 43 BT A 55 r (10 R , A SCf FH VB 2 (Ace)
Y FLAEME AP 4R RS . FoR,  Ace BRI AT TN E A 1 45
AR ], F1ER RBA RYERER bR, EREMZE (Precision) 1A [Fl%
(Recal) A%, 1A (4.1) (4.2) iR, & Ace fHA F1 H EA&HH T

FEo

_TP+TN

Acc 4.1)

_ 2PR

" P+R
TP
" TP+FP
TP
~TP+FN

RN QD H, TPRARHEGIFEAL, TN ZoRERBIFEALL N AUKRH
BB A (42) H, PN RREURBIFEALL,  FP R BIEIEALL.

F1

(4.2)

4.2 LRGBS R

4.2.1 LI BB

97 VERFTHLLI ) SIGAT BUB, ASCRHFHE 3 A ATFHRE L35,
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F EALHE SemEval-2014 Task4!' 4 4fi 4 Restaurant. Laptop, L & ACL-14 Twitter!?!
itk . b Restaurant 28 /2 A R8T &Y. WiE LIRSS FITEAY, Laptop
B RAREICABMIIGE . BUEESITIIVET, 11 Twitter /&— A LhRiE
IEE AR . X LSRRI AP AR . YRR (Train) FIUIASE (Test), H
LTS 3 E AR B (Positive). JH% (Negative) AIFFE (Neutral), H
G THE AR 4.1 iR

R 41 EAYREENELSGITHELR

Positive Negative Neutral
Train Test Train Test Train Test
Restaurant 2164 727 807 196 637 196
Laptop 976 337 851 128 455 167
Twitter 1507 172 1528 169 3061 336

4.2.1 LI T 4R

ARSCSLEG AT AN O B 4Nk 4.2 Fios.

R 42 LHRABERER

SO E R TR D)
#1E &% CPU Ubuntu20.04
2R NVIDIA GeForce 3080ti
IR S Python3.8
IRFE 7 S HESE pytorch
FFR I8 pycharm

0 H4EK¥K:  GitHub - Noahs-ARK/semeval-2014
21 4K : RGAT-ABSA/dataset/Biaffine/glove/Tweets at master - goodbai-nlp/RGAT-ABSA - GitHub
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43 RENIGHEXEE

43.1 SRS E

FESgeH, W T3 BERT H94itdds, FA TR FUIZR BERT HEATHIA
NITAEAE B JRRFAE R 2 2T 3RAT DREA] RN 48 JBE AT 5 28 iR N ZE 2 21 10 LN 768,
BEel = 1 40 B o 300, BB EFHH BN 0.1, IR E 1107, %
SJRRE R 2x107° 0 X T T BRI ML (GAT) Igmig g, FRATR: =k
KFRRKM $H 5, EFRREEN 0.7, LIENRHBRE NIKI0®, &

% NE i 1) Batch-size SN 16, J#{#F Deep Biaffine Parse SRR IKH ¢ R, £
FRCTEVEHCRIR o FRATTIR A YA FH B BC B 1 Adam DAL ZS2EAT U125

432 FTEESEEEE

NARIL SIGAT BRIVERE, FRA TR 55— LI T J7 [H 2 1% I 43 AT 1 B B A sk
ITHER, FEASELL TR,

(1) LSTM+SynAtt!*): ZBALGA)AE BRI ER LS, ARHE L s
TR E b i 2 8] 115 ORI BE, 0 R T A [F) i A, $m TR
Rtk

(2) TANPO: R RYCNFER) 7, HARTTH S BT SO 15 B
PRI A SRR IR AR, RIS T A B E R WL B AR 7T S -
PR ERR, VLR HE— Pt e, ol P i i s A R

(3) RAM/: %487 [ B 25 181 777 T 48 PR 8 SCASERT AN () 7 THI 2 18] F) 47
A HR R, Wi 2 27 R UNLEER I E FR 7 HAH GRS RS R, TR AL B R
BN b SCREEAT R E I 43 .

(4) CGATPY: ZARANPE T 36 Ay 80 88 (3R = S ML, AR A vk AR X
BN B R SCHEI PR, I I N T S e B E N SR A B A, BRAIC T

Ul f##H7%%: GitHub - yzhanges/parser: State-of-the-art syntactic/semantic parsers with pretrained models for many

languages.
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TR R

(5) ASGCNPH: Z A2 BRI 24 (GCND WALAER) R LRSS |,
AT BARTT IS, W% g 1A 78 UE R IERIE, FEIAER L)
SPRAEEAT PRI SR /0 O, B35 FRgEAT 232K

(6) CDTP™: ZAE R 2R ] Bi-LSTM K24 )4 TH-E, SR G AEMKAEA)iE
BB ST BRI Z% (GCND, B B SCE BFIORE ¢ 28 MR I e A% 76 30 J7 T 14
e 1 RIHER

(7) R-GAT+BERTP?): Z MR & 78 JR AR M AKAF f v BT BT KL, 193] —
AN R BFR T RAER, SUIRT BART7H, R BRI (GAT)
SR SR, f i 43 St 4

(8) Dual GCNP®: ZHE AR ST | BRI 4% (GCND, — & A )ik
{52/ SynGCN, 55— MEEFHIE XK AN SemGCN, [F]i 25 & 5L 2 8] (1) A)i2:
GERRITE LR R, R T HRAT R R AT &5 SR ANERAE, #2710 2R3CR.

4.4 SCIGLERDH

N T UESERR A R, AR SR 45 AT T L R AR 1Y
Acc I F1AEXTLG, GEW] SIGAT M Rits 2. MUE W] SIGAT #EAY 5Bl (f)ik
HENH LHERE RREEE NS HEE, Bk =HEmses; 3.5
BT REMARE L o KU R I R 2, P ds: R E K/ ws  ANRIEAE . A A%
FRRTIFNAE FIE R Z IR s 43 BUHCE 48 v i 1) BAT AR M (1 ) 7 AT S 23 A,
FERHENERE AT AT AL o

441 FEBEGR

FAETYE) Ace I F1EX LE 45 513k 4.3 iz, SIGAT #%A!7E Restaurant.
Laptop Al Twitter 244 F#HAS T Bm 45 R, R BT 8 B 4 LA
SOG4 R, 7 I R P VRS SR R B R 3 SR SRR (1R
IERETT, ITIHE S U A, W — DR TR A b
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R 4.3 ZXTHABERR Ace EM F1{E

Restaurant Laptop Twitter
Models
Acc F1 Acc F1 Acc F1
LSTM+SynAtt 69.84 65.61 68.35 64.37 65.10 61.90
IAN 70.21 66.53 70.65 66.12 67.88 63.53
RAM 71.96 68.01 72.13 68.35 69.21 65.35
ASGCN 73.61 70.88 74.31 70.05 70.09 66.40
CDT 75.43 71.26 75.62 72.89 71.05 67.66
R-GAT+BERT 77.32 73.90 77.49 74.01 73.66 69.02
DualGCN 77.03 73.17 79.27 75.32 74.46 70.67
CGAT 78.81 75.30 80.35 76.50 76.06 71.50
SIGAT* 78.35 74.21 81.69 77.31 75.60 71.78

M 4.3 Al g, 7R 3 NS EEE T, SIGAT BB HERZ (ACCO M
F1 {H 75k H] 78.35%- 81.69%- 75.60%F1 74.21%- 77.31%- 71.78%, ZEFALT
Hph LA, Hrd, 5 LSTM+SynAtt. IAN. RAM. ASGCN Al CDT #i &4
tC, SIGAT Y[ ACC Fl F1 A3 TIX LuX LU A, 2[R SIGAT Je %
T BERT 2wt ), 5 LSTM AHLL, B DUARYE BSOS BE B R, SN 2%
IR IE XUAE B

FEFE TV B WL R @ AL, LSTM+SynAtt. TAN 1 RAM B8 38 5%
B IRUI T G B T B AR T AFAE , (B SCRRFAESZ 48 IR - 1 CGAT Y
) ACC 1 F1 {3 T LSTM+SynAtt. IAN. RAM FE#Y, —#F5 & K iz e il
KH T HT SRD MENEERNLS], ARYE ANEARXEE BN bR SR T AN R AL
H, AR A EAREE MG (GAT) IREAZEERGER, W7 ok
RHIERIEBE /). BR CGAT BiBYH F & M A)VEE BAIE UE &, (HEZE T 1
FOCRHAERT H AR 7 TORAE 2 B BB R, M AFATE BN, AR T
P BT BLVE R O], ToVEI SRR (S B A AN RE /T, G 2 By
ERIE I . ASCHEH 1) SIGAT BERTER N T X B2 )25, Ace HAM F1AMR T
CGAT H8Y, Wh— P UF s T IAAE BIE R FIHLH ] AT 20 s R HE R A ik

45



NI R KA A A 1S T WAF EJIE R 122 B30T T AR W

BETTH 5 7 RAERA %

FEHETR)VEME BB, G #R S A E B S WAL E .
Hr, R-GAT+BERT #A!F1 DualGCN BAITE 3 MEHEE B Ace IR T
ASGCN #1 CDT #%, Jf H DualGCN #E8Y [ #ERE L T- R-GAT+BERT . M S5
53R E H, DualGCN B Acc EAX ELIRATHE H 1) SIGAT BARUIK 1.32%, #EE
RN PEAE IR S R K /2 DualGON BRI % [E T iBVAS M B AME, 18
R TR SR OO, I SR 2 R B S B AR, AL IR AT
FOZE 53 TE WAL 2R FREGE S S o 75 B0 R 12, AL E T B i 0 S R
TR )RR AE M AR AVARE RS, X Al RE S EUE BIRIA R 7y, HESHIER
o7 BB B 52 T R PR B A R S0 . SIGAT A RYTT DL 250 7 R4S R AR BUAR
FRI AN E AT BB IR, FF AR Ace fEAT FI1fE T FIAEAL, UESE T SIGAT
{OESEI G

4.4.2 HBA L Iu

N T RAEA R H 8o 7E SIGAT A b (45 R, 7E Restaurant. Laptop. Al
Twitter 24 _E ¥ =4RSS4 AR R I

SIGAT-S: VHER 1 AJiRIE AL .

SIGAT-Att: JHER 722 HIER JHLH]

SIGAT-R: VHER T KR ENERTIMZ.

N 4.4 B, WHRRAEL A AT R #2380 Ace (HAT F1 A BRI,

K 4.4 HEER
Restaurant Laptop Twitter
Models
Acc F1 Acc F1 Acc F1
SIGAT-S 76.27 71.41 79.37 75.25 73.50 69.75
SIGAT-R 77.31 72.77 80.20 76.10 74.11 70.88
SIGAT-Att 77.98 73.70 80.87 76.90 74.47 70.02
SIGAT* 78.35 74.21 81.69 77.31 75.60 71.78
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S ot Fonl Kk, REALRAEW R T A E AL (SIGAT-S) J&, SIGAT 4
RUAE 3 DR LI Ace IR TR, 2HlFEIK T 2.08%. 2.32%41 2.10%, X
AR LA B AL T SRD 1 AJE AL AT DASE I A g A8 bR SO Al H AR 5 TH K &
LS AN [ R A, S SRR H AR 7 T 01, AI$ & H bR 77 THARHE 13
BREST .

LR HIER R (SIGAT-At) I, BRI HE A F1AEA bk, #

S BT IR b T SCRFE B3R R 0 A0 H AR 75 TR BVE R ), 3 7200 38 22 A 1Y
HERR, FEEIMEENER, WREHM A RIEA, KA B = bl
(R AN P B (R 2 B 4 o

MR R KR 14 (SIGAT-R) I, 5 SIGAT #ERIAALL, ESRUERHR
A F1EBSA PG, AR SRR = A BRI . ASERRSE v LUE H, 3400
R 5 A R 7T W 2% ) DA A TR R AR O 2R, £ 2% H ) V2R 0T B 9 D[] B
REE EASMOHOBIOR R, A B TR RE R IR T

4.4.3 7~ B B | xR B4 sE B9S2

NHIE ST SIGAT A58 (1 50 [5 2  AR SC A DUAN T3 TR A5 2 3R 47 5 DX 3R 70 #
15 B ARFRE SR IO T, FATEIBGE R A F R/ ws Fllg (g a ARl & £ BT
SCRFIE RS2 IOT 1, FATIEIA KA OC R AN 2E B R =R B N i R R, 23
Bt 7 IUAS R B0 L SE S

(1) R H KA WS 2 73 B

WS R R T 1 R/ SIGAT BERL IR SEMR , A SR T 1 3 4% L s,
53712 BX Restaurant. Laptop FI Twitter Z(4 £, H-¥H i3 B & O RN % BN 3.
4. 5, iRwE 4.1 Pros.
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ACC (%)

85

80

75

70

65

60

ws=3 ws=4 ws=5
M Restaurant B Laptop - Twitter

B 4.1 ARBERE DA WS FZR

M EBRRL, A=A AT OISR T, 2 ws =416, BERYIRIN () o g P A
BRI, FATRERE 0 R ws B0R 4.

(2) AN[FJVEAE AR 73 Ay

WL v 7 R B P AN [FJ VA @ XA RS PE RE R RE M, FRATITE T 10 4Lxfbsk
B, AN G H, fEa 0.6 M 1.5, SIS R 4.2 Fios.

ACC (%)

85

80

75

70

65

0.6 0.7 08 09 10 1.1 1.2 13 1.4 15

—— Restaurant —= Laptop 4 Twitter

B 4.2 AREERIZER
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HE P[0, 7F Restaurant. Laptop 1 Twitter 28 I, BAK) ACC H#E ki
HseT ARG, HEEa =10, BRAR I REm R Rm, Mk EREa N
I

(3) ZHIERJZIREERIFE 73 Hr

B 7 RCE RN R SR R R 2 R M e, A HIE R R B INR
Hooh SIGAT AL 2B . e b B INZBOS AL A2, A SCRHLE 1 &
L ZEIEN 6 SRR, WK 4.3 PR,

85

70

ACC (%)

S

65

1 2 3 4 5 6

—+— Restaurant == Laptop Twitter

B 4.3 NEBMEHEHSER

WATNEIFR A, B ACC 2% LS TR, B nZ%800 3 i,
FE=A B AT T Bm R 3, ik 3] 78.35%. 81.69%A1 75.60%,
H 2 mT DUR S J7 (45 B R G5 F CRRRIER R, AT E i e 2RO), R AE
A, RSO HERENEBN 3 E . UENESUNT 3 2R, HAR T R
AEFD bR SCRAEGIE 7R A B2 2, S8 KUk R B &2 40 3
FEHET LN, SAERR WA NI, X2 R R B BRI .

(3) AN[F R S IEBY 500 34

N FEAN R 56 R BT BRI b SCRAE 52, A S 7 — 25 HH 35
R R RAEM, FEAFE: % .O0MKAF K F {nsubj, ccomp,dobj, xcomp,acopm} «
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% U MAF- R & {nmod, amod, advmod, det, case} LA K H A 4K 47 5¢ & { conj, cc, punc},
FF7E Restaurant Al Twitter £(¥a4E FiFATSCE0 . W 4.4 Fror, N SIGAT BiAUAY
FBR AN KRB BB HERR 2

0.6 m Restaurant = Twitter

o
~
!

ACC(%)

o
N

> 2 . X Y 2 2 O o o T
g & 8 8 32 2 £ 2% & S5 ¢ S
s = 3 32 8 8 3 - 2 °
© T o o
o
REARH

K 4.4 ZRAFRRXRRREFHFEE ACC E T

HEITT AN, 2Bk nsubj Al amod % R, SIGAT BB [ERG R TR, 4
2:B% nsubj R RBT, H ACCHENEIHE L7200 T T 0.67%F1 0.39%, 1EH
FNESERI 108, — WS BAR DT TR, DR n] DUB G 2K #C R B T B e
I E AR, %EFR amod KX ARK, H ACCEHZ M N T 0.65%F1 0.40%, amod 1
TSRS E, — 8BS B AR 77 T S B G 5, BTLh LBk amod 8 R 4%
BER = — B 5 . NEE T LAE H, X AR OR RV EIE T T B K05
B RARATH I R, TR det. case Al punc 5, BT R,
{H AR S SR HERS R EZ M AN K, Fe ACCE 25 R % T 0.12%40.05%F01 0.09%,
MU B T 56 FR AL H B S 55 A5 Y (R R 1 20 VA AR Bk PR A DG A

4.4.4 LG 5347

DRIE SIS SC R HH (AR R A S W 22 O THD AR IR AT 45 R T RE 0, IR RJVE
FERMLEI AR R /E . FRATTIEH Restaurant F1 Laptop ZREH AN EA1K
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RYERSEBIBEATIETC, It AERE AL, H A& 4.5 F£IR Restaurant 1)
LA, 1 4.6 RoR Laptop WIS, R BEE PN AE R B ERITE, B Eit
AR NS A E sy, S Z BN

Great food but the service was dreadful !
food
with S
service
Great food but the service was dreadful !
food
w/o S
service

B 4.5 DFE1E BAR A E LA

N 4.5 Ffizs, fE6IH] “Great food but the service was dreadful!” #1, 4
“food” F “service” WIAJiTHI, I H FH IR EMEARF. AATHLEE S, X
TAEA 7T ARRE RS (with SO BA)3->Kad, AT LS InyREaf 540 8t H A5 D7 T
(I P, “great” & T7THIA] “food” AR ILIA], X R T (R SAE, B
R T WA “dreadful”y MMA AR S5 45, EANAFEES BB “food” %
e, DU PR/ AR, Btk . sk — 2 TR EIRTEG, S A
(5] 7 TS [R5 AR M 1) 7, VTR ALK TH ) DU SRS [ ) 15 Sl v, B8
FSI AR DX 53 AN [ 3 L] e 4 2R R

This  Macbhook's price is suitable and it's function are  powerful

——

This  Machook's price is suitable and it's function are  powerful

f .

B 4.6 AH R AR R E T AL

price
with S
function

rice
wlo S P

function

W 4.6 Fias, A)F “This Macbook’s price is suitable and it’s function are
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powerful.” 1, 445 “price” Al “function” FA T, 5 4.5 RFEME, Pl
J7 R A ], AR . TR s o A P A LA Cwio
S) MMT, TR, BT LA a0 T 7 — s HOBUE, Tkl
by TR0 R ARSI s et T 0 T 0B b (with ) (960 T, 7E R
WA RIS B0, IF R 1R A9 UG e b T 5 2 L

M ERFTASSBIE AV LR RS RN X 4 7 T 0 2 LA, 76
HETE 5 A ) T O ELA (5

4.5 FEEING

A () BN A5 EAE Restaurant. Laptop A1 Twitter 2445 FI6HIF SIGAT A
TPERE . R BRAIN A TV BRI BRI TR AR, 0l HEH 2 (Ace)F F1 {H;
B, FRATTX S8 e B ) A SR AR DGR B e B AT T U, T e SR
#o TEMJEESE SIGAT BRLS, ASCHRH T RIALIIZRES 1S4 LA &A% L A
RIZERY, MSRERAE SR AN, ARSCHTHEH 1) SIGAT HEAR B T Hofhxf LU Ay .
D AUE BB O [F B A 0, AT T =T RS, RIS [
R T BB BRI R e, e B ARER M I S B BT AT, UE A
SIGAT HEAY ¥y m] FEPE
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5 BHEERE

51 B4

B AR BN D, BB OB IE SN0 H A, oA
A1 e L) B L R o SR A B AT o ) L SR IO 20 7 R SERR B
M5 S, AOCAT A B AR VAR P8 1 A FH P X S — 7= i 10 23 DL AT A T st
AT DAL TBURF AR 8 2 00T — 2 FL A BB 1) R R Y BRI o THIRT G ek 4
WK, SR O R Toi 2 (1. BRI, A SCUMKRAERS ARG
EFIVER SIMLEI AR, O FE AT 5T 5 T R I AT

NG E X 3 AN E] B S H AR 77 T TRk, LA GE H AR 77 THRHE S B
NOCRMERIIR R, ARG BUE B Z R, ARSCIR I 1 TR A7 A7 22 B
7 TG A BT, SCHRETAR SIGAT HEAL . SIGAT A7 = BEALHE K47
BBy R T ANEE B AL B H AR 77 THARFE SR, 25 A R A T R R M
2500 BN SCRMIESR G @il A B I A, B SRARIE R IR R /T B
K PIANRHIE ) B 2R G S5 N R B i By 3. FEE —ER o, FRATIE
BRI AR AR A5 B AL TRV AV A Y, AR A5 e TR SCA]
WAL E, HERINEEERPERSSE— NG (ws), X% H AR R SR R
FIANFRIRCE, DA H AR B 3R 45 58 2 B i s [N Dyl 4 PR R S B
SHEREBAEE, A SCIEEA FA LGN ek S A PR R4, BRART
WHEERE. B—M)FHE 2 B2 A Z IR, JT A gL B
RUR] DAL FRATT 4 b [X 43 AN [5) 07 THT )1 S Al P o 35 3w ad i JR v 2 1 I %
(GAT) 1328 LR CRHAE, MYUFERE TAREER, MRS 1 5 2 7 fH S
#, FEVUCARFENFRR. &5, N7 FAEMFEERREGER . MR =&
[FIEC R, BATRI T R HAE 2R, W HE TR B L 00 B bs 7 TRHE S 5T
B R M4 (GAT) B B FSCRMERBEAT A B0 2, FI R 7 A5 B e B &
MRHIERISRE 7], GRLE G IR 44 2 40 S0 Hh I b
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