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ABSTRACT

With the rapid development of information on network, people's demand for
language processing is gradually increasing. As a language phenomenon, metonymy is
very common in the daily communication and writing. In recent years, the development
of deep learning is rapid. In most natural language processing tasks, it has obvious
advantages. Using deep learning to solve metonymy detection is significant and

valuable.

From the perspective of cognitive linguistics, we need to consider both the entity
itself and the context information, then construct the interaction between the entity and
the context and find the semantic conflict. To efficiently represent the entity information
and to fully apply the syntactic&semantic information are the biggest difficulties in
metonymy detection. Therefore, this paper studies metonymy detection in cognitive
linguistics using deep learning. The main content can be divided into vocabulary, syntax

and semantics:

(1) Amodel with context-aware entity representation. To solve the problem that
the meaning of entities in text cannot be accurately expressed, this paper proposes a
context-aware entity representation model. Our model takes BERT as baseline and uses
entity indicators to indicate the semantic and location information of entities, enhancing
the expressive ability in metonymy detection. At the same time, the joint training of
sentence and entity representation clearly expresses the joint semantics and improves

the precision and recall of metonymy detection.

(2) A syntactic constraint model using attention-guided graph convolutional
networks. To solve the complex sentence patterns and difficult syntactic
comprehension, this paper proposes a soft syntactic constraint model using attention-
guided graph convolution network. We incorporate the dependency syntactic

information mined by graph convolution network into representation, then apply weight
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assignment to highlight the expression of key information in dependency relations. In
addition, syntactic and contextual representations are deeply integrated, which
improves the accuracy of the model and makes effective use of dependency information

in the text.

(3) A semantic compression model using variational information bottleneck.
To solve the problem of information redundancy and extraction difficulty, this paper
proposes a semantic compression model using variational information bottleneck. By
learning to generate intermediate data from a closed sample region, the model makes
up for the defect of highly dependent on training data and solves model overfitting.
Moreover, the compression method using information bottleneck removes redundant
information in sentences. It generalizes semantic knowledge and solves the problem of

semantic diversity, which effectively improves the effect of metonymy detection.

In this paper, deep learning is used to effectively solve metonymy detection from
the perspective of cognitive linguistics to mine the true meaning of metonymy entities.
Finally, this method provides important support for downstream tasks such as

knowledge graph completion and machine translation.
Keywords: Metonymy detection, cognitive linguistics, entity representation, soft

syntax integration, information bottleneck
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[ #=% MR |

X R 69 FARFE

[%ii&&rF\
LEFEY

A3 6B ERR
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86 kY AR

1% &AL K35 LR

(%iisfiﬁj
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HowE ENSMITTTELR

2.1 FHREES

PRl B ARAE S A AT — AN % HURAT B RS ey [, A
MR AR 18 =T TR T TR B 22 31 AR 5 22w iR T
ASAEWH T RE IS T 2RI R BRI S, DL EVEAIIN A

2.1.1 ¥Ry

KIEFERT SR AR, WA 2R LR S5 LR R I iR

(1) M RUREmr: R R BT SEAAON — LR, R — A I e S T,
WA FERH TR Flan: “ B bR H AT RIS BEARH AN . 7 “ Heag
7 AR SRR, #-Da G B “SCEBUG T, o BRI LY
Fewgy “ 7, BB RI PGl EON “ R EBURG

(2) N¥n¥ewar: NWyiewmiigemsciion— DA, #ilin: «SBIEk 7
20" RO R LA LSRR “ 5= AN, M “Hn” fawE “EREEE,

(3) AN MY e e Sty — N AHH. fln: R EME
BAT R AL T o R FRARHI R — T AL app B 5 At

2. 1. 2 LA e

e —MERTER, AHHEYECEWAREL, BEEHEVIRARN, A
PIAIAIXRR AR, PLOHEMI AR ). S i B p e T “AEL, Tm
FefE AR, HELR K2 IO SA b

Be i PRI WAy, A2 A — P A e 3 — R4, RIS R ) 2R 7 A 8 A
SR ARTEBAT RT3, B, “Br 9 BRI AT T XA Rt ioe,
TIARIES G EAizsh, (BREH 22920 7 o s 947 BERre,  RIFE AT dL gy
ARl TR R BRRIE . B TERIA SR b, BiA) 2 IR &

g AR AT Y (X, BRI
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(1) BRETEBIARE: MOAFIE S F M E, Fam @ r e, (similarity)
Z b, B SLEM K (relevance) B 46U (adjacency) JRIIZ 1. Bam
ML Z HAEE—FhBHIE SR R, 1B S P BEA 3 T AU (O B gr, R B B gy A ]
LG I FE AL -

(2) BHBERAE: RN RS B, & RELHEGT,
F A i, — A2 S R AR G T T RIS (source domain), 5 — M2 45 H4AH
ST ) B bR (target domain). FAHIAAIBAL (ICMD & 85558 1S 5t
NS0 S I 22 B AN AR I R K G — 1. AR, R SITE
WHIER B —ME IR I BE 1845 H . Lakoff [18] A ka2 T M
—NERAR A HTBR F ] o — AN BARD B R R B, eI B R E T A ICM
IR R, — MM E, B IS & S i, T v DU X AT 1 o

2 U R B 2 P RS [R) B A R %, 7 [ P B R B LT R AR B R i %2
WA AR 588 . T SO R IR R, HOR 2 BUE L N 7
PR (R R — PSRRI 3, R, TR O SR> . B B
RIBF KRR, X8 SO EE Rk B E, a7 S8 I 7 572k R H
AT AR, 3R FHLAN T AT SN AR )

2. 1.3 HHSRURBE S I A Y

(1) B%wiEes

PEREE L P A oy A gl 38 A BERAE , FmAses M) 2, Reigidid o
W], FREMERRIN THEMN L. H D as o] /E o K R R 2%
(feature detectors) N TIREEMIZ MK TIILE, thoh, E&AT LABEHLA RS
CEBE LRI BE , TR B (generative model), 41 A 181 A )1 5 1 4
o2 LA B B o TR 20t (PCAD ZRABL,  E 4wt 2% Re i2E 4T 508 1k 48
(data compression), MJFIGHHEF IR BEEZPFHE. BxaedZ ZWilZ%, B
Gt i 345 27 2] B — A RAFIRFAE SR R~ SR N B, 7T BATE [ g s 3% 10 5 T2
AIN—Aor 238, WILR EE, SCRFAENL SVMAHRURIRBI 5 . %, FIH
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P BE R B 5V A W 2 AT A B OB, S TR AN IR BINR S,
22 W £ M5 AT LA 28058 LA AT 55

(2) BERMHEML

LA 8RR B 5] FHYE. (Convolutional Neural Networks, CNN) &
— MR R ENURH A A AR T, R S — AR E R LR
MM, TR 2 N SURE R IR, s ORI Rr RURFE 2 A (A A B B
2SR BRUSE R —MECF A, FAEREAHIRAN R, s 5T LS B B
MRMSHIL =, R4 ANmAEE . H5h, BRME M T EMEA ML
P 25— BE D94 — A PR T0 TR LR A — N\ Bt SR gt R AL E, Stk
(pooling) HLEA G, B RNLS AT AP FLAF N —FP A JLRFIE I SRS FE . BT
MEMIET HRNE . GRE. WS, SEREMR, EE=% %, A7
8 CNN BB FE iSO e 28 B s, R AIFRATIE e R Y BEAT T LE

(3) TEAMHZEM %

TR 4% (Recurrent Neural Networks, RNN) & —38H T 4b 3 41 %
RPN, e DL RN P S AR R MR AR R AT 27 2 o TR X 24K 5
i — I T AP AR 8RR S AT 00U 1) B g T LA ST A5 B 5 A TR 1] B 55 %50
fiEdt. MH2, mRZKESREREE, BRI EA “ B EH
27 WA R VR AT IR . KA 2 M ZE (LSTMD (2] 2 — M sk i 1iE
M M4, BT BRI =AY “017 REOREE H A
CAZAE AN A, X RPN RS AR L A P A (8] R A A S, R R R TR IR
FREE LG GE R IR BRI R IR, Sk () R R B8 K IS A B A Y A 3
J1. IRZHAREVEMEISY, W1 BILSTM %, #B/&7E RNN [f3EAh kT iodk 5 5],
A, 22U RNN BORIEAT R AR %o

2.2 EWSMF SR

Femrt HHE AR LRIESAR, W2 D00 [18] 4RIRKBI5IH
o, FMrRRIBIE SON— TS AEIRBISCAR T I SCAR AR5, CAT (AR IrR
BN TTVE T EE Gy N FE T RAE AL T 2 X 2% 1) T 1%
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KEZBIE T 4L )7 V5A4E SemEval 2007 Shared Task 8 FE#E I AE il 2
se3 [23). B, Nissim il Markert [13 1 3&T3EE (O F51iA F HURFAE;  Farkas
N [24) FESIURIRAESE A F SR 23 8 88 b R0 248 s Brun 25 A B IR!
AREEBN G| IR IR TG B v S A BN SCPE RO £ B R AR AL
Nastase 1 Strube #5 R IR B 5| FH¥E. ¥ i€ T Markert 1 Nissim [23] HIRFIELR,
FLAE 7B 2 HFAE, bt WordNet 3.0 DL K WikiNet (Z4E3E 7 RHK 2K RI4);
Nastase 55 NERIRRB] T IR . EMAHELR TR T RS20 LTSO8
$5i; Nastase Al Strube (271 M H] 7S HF BN, JFEESL 1 LAGERE F Ry HEAL Y
RIBERIREE . ROUNEEA AT S A — E MR TR, SR, BT HRHERR
WOS AR i RN L, A AR R ZE AL SR (VI L, I HLAG I R AR B 1 75 B A1 T
() NLP T H IS ) T4 2 RSAS o

sy, R 2B TAEFRAE IR AR 2N 45 . Melamud 55 A\ [42] i
HAKFIIETZ (LSTMD 35 SURHIE, MR BSTE R EE b 2 ST H B ST RN
Gritta 55 N IRIRIRBI T IR S T —Fh B TR AT A2 0 25 ZE A4 1) 1 1] 2
A PreWin, @i LSTM 147 7 BRI IS HE 1. EmILIE LS, PreWin A
R B T T i L g ] AR B AR S, DAHERR T % IR 1S B Mathews
1 Strube (281 I BERT HI4G 4L T Sid] (R N 1 &, AN 20 J5 4 HAE 4y
HEEH: Li S AERIRIRBN T HIE. 0 7 —Fial R L, 7ER MEn 4R
ERKARTF A . AR VR X B e T BARSER RN, (EAE EAT
T SEARAE B TEOL T, B fERR R BT SO T

B, TIGHARIEYFZ NLP AR5 H S T E RIS . TIZRE S 8
TSEAE R BAR BRIy, SMSTE NURES B, PR BT
TR, ATRBENCKIFMRY IS8 B TRRARIFRRGES), TR TE R
BN SCE MR E T RIS [31), 7EVFZ NLP AF 55 Hh i 2 i 7 oA i
Areg I A M ZEEAR [30] SRR . . L, KI5
N BRI h o — A B AR AR IR %

SESMALL, E AR R EETEET A, HEE T ETP ARG
BT D, BT VR BT AT 55 R SR ZAE OGP, AR S A 2R ey 1) 151 P4 A 5
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BUIR. B HEARRIRIREB 5 IR M B KR RN R AN, RN T )
SCAE BAE A S, SeBL T RRmR) BT AESE N (331 B FliEsh REZ K
Fmen iR ik, B SR S TR BORR RATE IR . LI R, A TE (A
RIEAERSRBAESS o+ RG Ir4ERTE B R [34] 8 geit KMBE B
L s iy, He 7R AR g Tr A B RS IR IR 5 TR .
R B At B, (S8R T AR R BUNE B 45 6 10Tk, X e ey AT B
fitt o
EREPTA, BT R RTHEAT ORI A
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= S BN SRR ST TR SO R AR A

31 B8

Femar iR AR 55 AR i A M i SEAR 5 TR SCZ TR SE B, SR g ok S Ak 3]
5 BRI B8 g, FrbL, SRR AT LR SO HORS 1 AT 2 A A - )
b . A Grie AR Y I A P 5 S R [ TR SRS SR SR 2K, A HER R
TR W R B B R, R AR AN . DRI A A R DR A
TR 1) Qe SR SC AR AT B AR R R AL 55 IR SCRIEHER s 2)
An ey e g — bR A bR SRR ) S AR RIS RN, 45 3 A R oR AT
LIS A R R IE XS BLTE X

3.2 MHRIAE

3.2. 1 WllgrFiAR

LTV BIE Sy SCAR U (¥ o SEEP UUR LR ) 1 v e A T AR
MEZL S SCHEfA e IAUE BAZIRRE /7. Transformer Jmf2% /2 Google £5iRIF
BN G IR AT — 3 T LA BRI A R S AR A . ARG A 22 Y
2H — AR IZ T RE, ER G IR S MU SR R K, HOUI R A K
Transformer HEZLQEVEMIPAF T IEIHIE L& (5%, SO ER IHLHD AL St
[¥] Encoder-Decoder HEALFEAT T o5k, 5 BhAE AL BE 2 Hh SCE VG 1l A (BB R
i A T K BB Bk. 4h, Transformer 7 LA 77 (0 Hu R F LA 10 3 i
B IATLAE, KAITH T I HAE.

Transformer HEZ2 3% i1 Encoder 1 Decoder #Jf. Encoder H1 6 MHIE I Z
M, FAMFERZEEEHATE (sublayer), BJZkiEE/I)Z (multi-head
attention layer) M4:i%# )2 (fully connected feed-forward network), FH.7E%& 24

I, BN T ARZEEEME R R E . BARRIR Y.
SublayerOutput = LayerNorm(x + SubLayer(x)) (3.1

16



RIS AR S

fEF )29, Transformer fifi ] 7 £ k¥ & JML#] (multi-head attention), JEit
h NAFEIEEZ ST O, K, VIF, B ZFASFET Attention BRI HH K

MultiHead(Q, K, V) = Concat (head,, ..head,) W?° (3.2)
head; = Attention(QW,°, KWK, vw) (3.3)
Output
Probabilities

Add & Norm
Feed
Forward
| Add & Norm |<_:
GOl Multi-Head
Feed Attention
Forward 7 ) Nx
Nix Add & Norm <=
f—>| Add & Norm | Naske
Multi-Head Multi-Head
Attention Attention
L ) L S
\_ J . —
Positional D @ Positional
Encoding Encoding
Input Output
Embedding Embedding
Inputs Outputs
(shifted right)

Kl 3.1 Transformer 2544 $5RIRIREI5] FHIR .
Attention K T scaled dot-product i+ 5., AXFKRN:

. QKT
Attention(Q, K, V) = softmax (

Vi
Decoder F1£5# 1 Encoder ELEAHALL, {HZFHLT Encoder ¥4 i1 7 — ARSI
TJZ. T Transformer #1%% T- RNN Fl CNN 2545 #445 BH 2 (It %, Transformer
Ji%79 ¥ BERT Al XLNet 53R IRIRB G| FIR. S5 R RIRIGRIE 5 B PR A 2k
JHEAER O

TR 25 1) JE AR B LA PR B BT 2, bk J A e 31 B R 5 A 4
sk, TINS5 ] (] R T e RS 5 R B AT R L — R R . IR B AR
S BT S P RAREE R A IR, AR LLUIZR R b 1 in] ) &, 8 A

V) (3.4)
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F 5 T 55 0 0% B RS R AR VR RLEEAT 1] ) B 1 TR, HAT, R ZIREE
S SYRSE RS ) 46 P 221 TN 2R iRl [l 2 (2 Word2Vee [41] A1 GloVe 4R !
RILBNFIRIE. & ATV, RN 2 ISIE R .

TR Z5 0] 1) B RO BEAN R LR ) &, A B R B R CGE R,
Blln, Xt “apple” ¥ B AN A&, “apple” FIREA/KRMIE S, AT HE
AR REARRT R AR, MAE BT OESR WA, e E R b &
Hog 4 —8, SEEARE AW PRl N T RSB AR S BRSO E
B, KRET Context2Vec FIR!ARIKE|FIHIE.. ELMo £ RIARIREBIGI HIE. &
BAL, HUR T AR . BERT & — AN EHE1EIR)Z Transformer W% b iE47 I
AR SRR, Sl TN SRR FE IR 2 B ARE AL B R AR S5 IS T
5 E (761 BRURIRBIGI . [78). AT IHAMMRE S SJHA, BERT 1&
WIZRATIC S R B & 2 B R 30, 33T AN IR BE XA %o, 2id Il 2k
[¥) BERT AL RS & A 45 0% B b AT oM, fEAR KA RS Bk 7 — 2
. AHE TR INGS, KHiT Transformer BRI 25K BERT fig 543 Xt
TR KIE BRI R, I FLERE AR 48T b R SR token [R5 3L,

3.2.2 18X FKRITIE

It i R ) U B R ) — AR A1 TR AE LR 0 7 3R 1 o Nissim Al
Markert (131 52 fd F A)IAS M 5 2 R0 ) SR AT Y5 73 K 85 HE AT VI 2R 1A
DL o AR 545 s i P A2 AL 1) B, Markert A1 Nissim 45 iR 1RIR 25 HE . *t
2003 FRATHIRHEER AT 738, MM EdE. BERKRE (PMW) BFRE
subc. obj) Feh Al MBI . Feain] BB E ] Fua A FOARAS L A i 1] ) R 1]
B DA R A b S0 R g e R A BB R R AE s Farkas S5 A (241 1
winning R GA ) _EIRFRAEAN B RS 70 AR L T BURHER R, 2 RGN R
BAERS T R GE, (RANSREAME g 7 R EARAE, JREEE T — A LA, E
RKERRIFAJISA: Brun 5N [26] A2 R Xerox IR BEARAT 4 K
JRIBANEM A R ATRE, B EME— — il AR R TE R E BNC (S [ 21
BHED  ETHEAS )V BN SOMALEE 1) G M B 7% Nastase #1 Strube £5iRIFR
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WEIFIRIE. A 7 SFRAENL (SVM) M TIRBRRAE, 45 BNC iz
HUCHTEVERFAE . WordNet 3.0, ZEHE E R R AN 48 6455 . I8 R IR ARFAE o A S 1Y
EF TR AR A, (B BN NIZRRIRRAE . AN i B AR R e A AR
JoVEMREUE: Nastase Fl Strube [27] #h & T HLAT 2012 4RI TAESE R IR B 51 A
W ., B Wikipedia % #: 8 KB 2 1 5 M2 W 4% WikiNet, i & 7. 78
Wikipedia FIZTIMES, HBIRIUBIOC R KSR SR TSR A1
PPNMAE 55 2 — 34T TINKVE AL, 2R ARAR T 124 N b B TR AR Y 10 B e
M e .

U S M R S N T IR 2 ST AR, B R R T AE AN R BR T 2 FE AL 5
RS, T A FHTE R B 4 B I 2545 31 (0 TR0 Zml 1) 522 . F 903 1 P
GloVe 8R! ARIREB 5| Y. TJIZR1A 7] &1 BILSTM £5iR IR IR B 51 IR A
MZE B4 (Left-to-Right) FM A7 EI A (Right-to-Left) 43 5l 4 % ¢ 4> #3011 L
TXEE, BT AR, e, ELMo[83]th &3 T K& A IGIRZ
BiLSTM 4% &5 4 ()38 5 B8, @ i 76 3] [n) 52 10 27 2] v 25 R IR 2 W 28 AN [ J2 (1)
FE, MR HIE token MR RT, AR T EHMEMIET. Gritta 5 A4
BWRURRBIG| AR, R T —FhIET BILSTM M4 22K 18 17 B LA PreWin,
TE_ LR CERRZ AN, BAMIMA T one-hot M FEIE M ANEFIIHER RN . Li & AN IR!
REB|FIHIE. 7E 2020 Ff A BERT Tl AR i R Lm0, 15965 T KRR
TYIGREnREE I a7k, HrERe BRI T AR AR .

3.3 [AIRE LA HT

2018, |[Bx]e| |WMIRT 4

ETX KA ETX

K 3.2 ks BT R ARERE
A% MR ) BRI SR TE T G e 5 P 8 — ) o B ey 2 R 7 e W SO (1)
POCE, N Li S AR IRIR IS FIR., AT ZRE S HALE R 7w
IPERE, SR, BEISARRTCVATE 2 Ron LR RIS 3 sk (G B A 2 %,
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PR ] 5 AL AR e R A BT o SRR SOTCIRTE IR s M SR DY, 2B aT LA 45
I=E

(1) SEARRERM AP RA W RIE. WK 32 hor, “557
VRS, A EZPMTERIER . SOl AR m] AR R R B 51 ¥ .
HIRIRKEB 5 AR DUOEEEE M SRRl Fe e SO — i N BB, A X e
Mgy SR BEAT AR AT RSN AE B G 5R, SECHRRESUE R MEF RO, 5
PR AN o

(2) DA ERLEFNCE XM BT OE URERATIE. LSO
Mgy SRl SRR ARE 1 AT IE , RIE T P I AE R, R T IRG A
Wi fE, —&k— Al H AT O SR IR R B 5 R ., HOE
ATy R SCROR B, I LB T U T RO T R R A AR
STt Wil 3.2 P, “Sn” AN ANIE XS “BORR T 47 1k
NOCE ST TR, A G gk ier. Frbl, ik peahiE S
)R SRIRIC AR, RA S U] Ay Sl — i T AR TN k78 5 A B R s |7 SOk
BRI IR R IAE AT

DRI, A 2 Sl KRR T A 2R o () 38 SRS T iR AT I I . LR
TIEEAR BN 3.3 s, AR

OLHEFICE BRI : 4% — Ml 7 HARse ki a) 7, JAES) 54
NS SETR A, I PRI SEAR A1 S 2

OB . 5] T MR 51 A\ T BERT HORL IR R

OF MR : FT BERT iU A A ] S5 B 71 B R
SCESUE RA R — DR A ER A, IFFEATHe iR )] 7

@R MRS P TN 45 SR 000 ) I SR R e i 2 28

Zi b, AN DI T
®  DURMIBETIGRE 5 A5 BERT {F il SCERAFIEAT, B R LN S0

P& TN
® NMASHRIRIRAS, fRANSERLE R TR IE SO S S, R se AL

BAEER B S IR RE
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VE S A R, MR b T SO SR T SRR, TR
R SURKII STk b F SO B0, (Rl 277 1T DA A7 20 2 i e
RiiE ¥

ZEN AT
|\ J
RABURE || TR } ‘ I
_ AEFIEES || T XRMRE
ST o B FETEN
'd N\
P BRSO

.

& 3.3 AV EG R R T R i
3.4 FERIZEHY

N T A SEARFENCRIE S, B A R SRR, AR SChE T
RlE bR SR R S A A T RN EBERT . 14507 () B A 45 7 32 53 9 DY
2, WMELEZ BRI BERT Zifihas. Mmoo Kas it Wik 3.4 fis.

| e
RISy RS
SO 000000 s
bSs=aoamemt BERT
EOEEHCOEEEE)
1
BT % e

Bl 3.4 @l BN TR SER IR LR EBERT
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3.4. 1 FHE sk

RHETN SRR BERT (R N I 22 e K, O T 3& R 6] (A 45
TR, TR T AR TR XA TR TR, Hd, B4 token
CRSCSCAR T, NI Y153 R — A BRI token) (R N 7R H 0T LR ]
TN BAR NS BN . K5 BERT TR B MG E, AR ileT
“[CLS]” #eB Ao RIFk, 1ENRFAIRIEE—> token, 1M1 “[CLS]” HJ
B 4 BRBOIR S B E - BAE S )7 B SRR, WRAE—AMES o — Xt 4]
T, MMEFHFRIRTE “[SEP]” 23 B@ix i M) 1

EBERT % N\ BB 7 2 A8, 0 i) A it S A 1) ) RSk 12 (1 S Ak ] Y1
R KT OhRC SR ), BURLE SR B T Sk R gh R AE N S fR R A, L
5 B R A 3R S Ak 1) A7 B A5 R I SR S AV BAE R MR AT 55 1 R IA e
Jieo BN, FwgSCAR “2018 4, [BR]a WEER T 4.7 1, “[BB]a” & Bix
S, BATSEATE ST S I BN E B ElcE A [ R SR SRR A, SRR T RN
FERARZ AT RE “87, R — DR RRS “47, B M %
NTESEAR 2 A 2 JE FIRF RN “$7, &b seibti)n, s —Fhor 8 2
i, LELE R ATE RN “2018 4, $STEESWIWHR T 4.7

3. 4.2 Higmtd oy

VIE R A7 AR S HiRiEE RER E —R ARG, @id%T BERT /)
W g D 454 1) g ) B RO

(1) EF3GENER

£ BERT Jf RSB, BERT BALKRFERPRIRAT “[CLS]” ¥l token 551
A8 . “[CLS]” 7E BERT Fixt S MBRCIRA &, xR T 4)6) 7 ATHE
token [ ERRAE T AEREREGMRMFRR, BATRBUZEREN AT L
T ERR, BN Hoo

(2) LB FER
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fF—ANSk, TREAFZ token ZHAK, HLUISEAR “H 7, token “ L
AR R B He 2 ey SCA )5 5 x A token BRI EER IR, m & H bR SEAK
et fEA) T IR E, n R HFRSEE e fEA)THHIGTRALE, SEiy, ATRUH
H FVH 2[R EFHIFRRNIAE er. EBERT #il-T¥#iifk (Average Pooling)

G H PR SR B — [ RN He, WAR(3.5)FTR:

n
1
He_n—m+1th (3-5)
t=m

(3) &5 F P XRRRE

EscrhEiR T BERT PR AR R BETE, 43 5l o 5] s Al — X )
TRoR o FEPAT SCASHIALEE B i) BAE 4506, 75 BRI SN — )7 CRARUEE
ST MEAES) 1 FEES] 2, BTSN A R KT RR. R
WHMES T, BT B A AR S i A0 F3RoR, 2B RIMIUE S
Hfl FH — X A) R R TR R [47) R K, JRATH SeA i iC A5 AR NS = A
AT R NGB BERT B8, BARSRL, FE5)T3RRm HoZ ), N “[SEP]” 7}
BRAFHEAT B, HEZ SR IEHE SRR R A & Heo

N7 BERT MR RSEINERE, P LN RR. R/ SSRRE,
BRI EREE, WESEHI RN W W, (WESE N b b, 153

B 2 {7 LG SR e & 17 RN Hina, 007 F 3R -
Hfinai = p(W*[p(W'concat[Ho; He] + b']) + b°]) ~ (3.6)

3. 4.3 FEWRa

FEIEIE ST BERT [ Mg i 45 3R 15 29 B SC W IR 0 R A BRI Hpnar 25 »
B A EERN softmax JZ 4B AT HUE SRR KRB MR 04, It
dropout b& £ v ] e tH BLAGE S R, i @B 7)o
p(ylx,0) = softmax(Hfinar) (3.7)
Horr, yeY @A) 7o IEwE RN, ofaramg A ¥ S5, A
TERESH W w45,
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3.5 SEZIGIOE
3.5. 1 SLRHIRAE

N T VRS BRI VERE A SCHE 2 AN A T 13 ST W A A A0 g R vh SO
WA S AT SRR
(1) SemEval JE3 R MR MEHIELE
SemEval (23] f&—/MHb s i 88, Fh o ] (5] 5K 15 sk 128 v 1) 080 g e
i, AFE 925 AN YIZREAE A1 908 MR EE . SemEval Hdfs 4 Hh 12 43 A £
80%F % My 25 (literal, bk on #h B b () 400 = 0 BCIR S AR D L 18%7F% M 28
(metonymy, FUHn& AR 78 FEh 1) SR Bl FEH A ) T 2%IR 54328 (mixed,
HOJEIIX oy A2 5 R 5D, DUBEADL H 2R 15 vh R i 2 5 RS 8 1Y) B 88 20 A Ll
(2) ReLocaR F XML
ReLocaR 53R RIRBI5| . A4 H R Random Article APT H R4
PR, TS 1,026 MINZFEAF 1,000 MIRFEA, ReLocaR HiEi% ik
FFEG 2RI 0 A LEBI 20 5:5. 2B EL T SemEval #5547 LT LM s
® LR T HLNGHME LLIX Sy (R RARSE, AN S NG R AR R R
® g R A A (R AR 43 A1 B Y
® ZHHEE AN MFREE AR, PIE T ARER R .
(3) CoNLL ZEXXHEMisiEseE
CoNLL [28) ®& T K4 6,215 MEA, 128046 & i fm 4 LM R 55
CoNLL 2003 Shared Task f&4(5 2], AN H—/Mad&dsid, CRFEE—E
(R, HAEM SRR A R IR R AR W £, PR AR FRERT
SemEval fil ReLocaR #54.
(4) BB CHEWBIESL
H T~ A R AT 55 b T RS D I By, TR A R SO A T At R A
FI, BATRI DSORGB 4, B SOARBI . N R KO R AN TR id b
B T B R
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OXAFE: Ll SemEval. ReLocaR. CoNLL Z& ¥4/ IR KR4,
i P VBB B T IR I A, BR84S B ORI REAR

QAT B RFE: FEIEOMEEINFEARIEERERZE, RAIE
T A AN i SRR R 1R 2 Wi SCAR I G W 1R A1) 7 1EAT N DAL IE

@ANTIHRE: FRATR MG SCAR 1 H bR SEAR AT N AR, PASRAS ST

8

= /oo

i E SRR, (38— RIS ARC IO hSC BT RE A, A SR ik 2t
SCRBAR AR TAETE S BRI, MRS S 1,986 4
BT SRR IOREA, JEBENLEIS T BB IY 1,192 A I ZRAE, 794 M
RAEN IR

3.5.2 XErAE Y

fastText #22: fastText /& Facebook T~ 2016 4R — ] [ & v SR SO A
PRI R fastText 7E5AR EIFEARKEH, HENAIEFFEUE, EXE7E
551, fastText AEHUSFIVR B I ZSFHARSE HORE L, ZNAEYIZRIT 7] b EE IR B2 /Y 2%
RYFZ B =R

CNN &8 [T AR RMA S CNN B8, hiANE, BRE, ik
JEA softmax ALK . ABRAE CNN 1% S8 BUGARR 200 4 7 — L R DLl
IO SCAS K

BILSTM+Att #2Y: 7E¥i@f) BiLSTM 3N 7R AR, KR4I T H
RKINAE] o

Paragraph, Inmediate 1 PreWin #£&!: Paragraph. Immediate 1 PreWin 1%
REHR IR BT IR AL DR ST BILSTM {F L2 . A TmT LA
[FII K token ZmftpiiE Al [39)] [44] HHRIRWBISI HIE. HiRUERIRB5]
FIE ., FFRARMR R PR 25 9 15 B # Cone-hot) ) & o X = 62 7Y 7 176 4%
token [ /5 N A A, Immediate x B 2185 ST 22 M ANAT I 11) x A B 1
AR N Paragraph B BT Immediate £ IIhEE, MAEAS LR —
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B 50 AR 1 A 43 K2R 0N s PreWin 2 HY T 51A & 1 AOMES:,  HOE#RiE A
JE) [ PR BRI BN o

PreWin (BERT) #&Z: ZBA G H T BERT X A ) PreWin B, FR
54K BERT 1E N7y 3645, T2k J5 461 Glove IR A F#i)y T BERT ik AKA]
G A B ] B

BERT-MASK AR : iZ#RUR AT T 2020 4, 2 FE MR 1 A0k 55 07 AT 78 i
R ZBALE BERT 5Ll BAE A H AR RR K B0, 278 2 80E 5 BiE
B 7 A ELT BERT REAY (40 etk

3.5.3 SEERAE RS

(1) BEFICEMBEEN AR LR
R30I R B £ AR R S 46

iRl Acc Precision Recall F1-L F1-M
fastText 70.0 70.4 70.1 71.6 68.8
CNN 73.1 73.2 73.1 73.3 73.3
BIiLSTM+Att 73.1 73.3 73.4 73.9 72.4
BERT 81.7 81.6 81.6 75.4 87.7
EBERT 85.3 85.1 85.0 78.4 91.9

R 3.1 R T ARSCER IR G T SCIRGN 14 S AR TR 1 SRR DA R DY i
F A 22 WA 2 S B AE | rp SO i B 4 B SIR A5 SR, o, DU e g R 531
xif EEAR AL 73 59 fastText. CNN. BiLSTM+Att fil BERT. A it 5 MFM i br
X5 AMRBTERE MR TS5 R I REEAT T AT VEAE, RUGRHE S (Acc).
FEHi% (Precision). A BEZF (Recall). JEFEMIZRM F1MH (F1-L). 3250 F1
5 (F1-M)o MSZEGE5 R AT LAE ), fastText. CNN Al BiLSTM+Att 7E 1 S5
WIMESS EZBEAK, BERT B FEAE TSR0 1 5 KR BE 0 KiE$e s 1 48
br. EBERT 1E&IUTFHMFEbR LA A 254, AT BERT, EBERT £ Wi #s
P 4N a0 R, B TERMIERAH.

(2) FEXHBWERRECARB LK R
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N T kRIS A b SRR ) S IR T SRR R R, FRATTAE
SemEval. ReLocaR #l CoNLL % 3 ##f55 FathAT 1 2 4N L.

3.2 B T IRATHI BN 2 o Sk R B 27 ST 22 I 25 A E. CoNLL
ReLocaR. SemEval ##E4E IR . FIZAEA BERT 7EF s 48 HIR1S 11
AR 7T BILSTM I RAEA, MRATEAETINZEA BERT i
INT B E D7, A1 T PreWin (BERT) #E%Y, %KM BERT A EL, HU(fE
TAVPNERTE: Li S5 NERIRIRE 5| FH¥E. 1) BERT-MASK %8, fiH] 1 HA5
R T, AN T BERT (AR, MG 7AEE AERISE R, M aimTr
A BRI BT A SCHR R R b SRR ) S A R 1 R R Y
EBERT #HLLJ BERT-MASK, HPERES M, 78 =/Edade bl 0 nlik 5
94.7%, 95.5%F1 89.2%, T H Aot rIA AL

3.2 JEOCHIE R AR SR 45 2R

CoNLL ReLocaR SemEval
R
(Ace) (Ace) (Ace)
Paragraph - 80.0 81.3
Immediate-5 - 81.4 81.3
Immediate-10 - 81.3 81.9
PreWin-GloVe 87.9 83.6 83.1
BERT 89.5 91.3 84.7
PreWin (BERT) 92.6 92.2 87.1
BERT-MASK 93.9 94.4 88.2
EBERT 94.7 95.5 89.2

N T BUEITNERROR, BATRE T S5t AT B R R o
(3) LA Bl SE %
ARG — P ¥R BERT AR DA H AR Dk, Sk, RATEIE
T =K HOAR AL
1. EBERT-NO-SEP-NO-ENT: 7F EBERT f%&fht |, EFFLESLAPIMITE
e AR FE T SARTE A &, Wl AU AR IRAF “[CLS]” X
1 1) B R AT 732K
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2. EBERT-NO-SEP: 7t EBERT {5t F, & FRAESZARFI MK F8 7 28 (E A%
BT SRR B R SO A B RS R R .
3. EBERT-NO-ENT: 7f EBERT [{J3Eht |, FEFIARTE L EE4RH T 5L

(NIRRT

WELF 3.3 051, DL b =AY ER L EBERT 30 56 ks, Horp BERT-NO-
SEP-NO-ENT XUl Z, UEH T SEARIR R ey ARG R i AR A il 1 2

LETTHR .

FERER AT, OQ RAREUT R SO A AR SR TE L. BRI
XSRS IR FE 7, WIJEIRE AL A AR, BRCBISARER, sk
e AT UK SR A B A5 BAE 6 3] BERT IR . S —J51H, R 3Cm
Hbrseh i E R G #— D FE 7 RRal & s UG R, W B RRG B e i)

HERA S
3.3 JHRERSEIG R AR T
. CoNLL ReLocaR SemEval
(acc) (ace) Cace)
EBERT-NO-SEP-NO-ENT 89.5 91.3 84.7
EBERT-NO-ENT 94.4 94.5 86.4
EBERT-NO-SEP 94.3 94.6 87.0
EBERT 94.7 95.5 89.2

(4) SEiAfE BRI

N T kBRI R SR BAE AR S B DTk, FRAVESM AT T S

{5 2 I DRI Ko
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Munich WV WV
100 A . bert-M . ft-bert-M
4 Fo bert-L 50 - ft-bert-L
& . 2ol
50 . Armer
0 -
0 ’ o
Srady
pall Fii J:J al
e 1
Fii —50 7
_50 .
—~100 - —100 A
—-100 -50 0 50 100 —-100 0 100

K 3.5 SEARAE B BTk e

ZRAMEH B R CRR, AR — [ SER R R AN B BERT #A
3.5 gz 1 BERT {E GO A= HITE AT IR EE CE BRI T, A B D9 oM
JG)o Horhr, “wv” SRR R CRIR T, “bert-M” 48 e gy SEARAE T A
() BERT HHIiE LRRDAG, “bert-L”  FrARFEM SLARIERGA AT A BERT HH (15
MERTRGAR, “ft-bert-M” F8 ¥ i SCARAE T J5 1) BERT HRTE URIR /M, “ft-
bert-L” 5 AEFE I SR LE LI 5 (1) BERT )15 SRR 730 A o

FEETEIR, #£ BERT MOIMRTMA SRR R, HAl LFRRI A0 5 R 4615
SMAEAKR, FW T BERT AR, kG BFRRIaE AR 55,
1A B R, #E BERT TS, e AR i i) S Al 2 L T AN, R B
T JE BB T DX o) e i AL R i SR B BE T

SIA 1A T ) 265 W AR ) FRD R B8 2 ST RS RN AN AR B BN SCROR AT T . BR
RN I R ITIE R B T AR token I\ AIEREZ, B3I BT SCRR %
RO AR, A SER SRR DT SELe, 1R T SEAR R 4N B R
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TR ZRiE 5 R opm] OO B e man i Um0, B0 1 BT i R A I
ft .

3.6 AFE/NG

AN B A o A i SCAS R ) SRR R S [P FRUREAT T T o B X e i SO R S AR
SCHEVARE B B TR, S 1 2 B I 25038 5 ORI IR A B 7 i
A R o AU SRR A T SE AR AN BN SCRIRIER SR 2 N, ok T BT
SCRININER RS B E R B SRR 2, SEARE BT 2 7
AR, SR T — MRS B SCREN SR TR CRR IR EBERT, R
FIZET BERT [fHLe M 28500 BN SORSEARTE AT (5 B R &, TRRCEL TS 1iE
SRR R WX A AR ATE  B SEARGRRRE, 398 1 SRR S BT
AR BIRIRIAZ ., AT T+ g AR ) A AE B 20 A0 A (e 2 SRR IE 1 SRARfE R
FERE MR AL S5 T O 2L, JFUER] 7 AN o th AR R e % A3 Rt i o e v
PR P SRS B B
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HIE TR RS R EGR M 2A) ik 2 R AR Y

41 B8

e iR @ SR 5 BRSO R R HERE, R SRR SR T S S IRAFE IR
ok, A& BRI S B — AR, ARk, 2T BERT [
RS AR RCR, SR, SRR R I TR RN, W H Arsedk (481,
ik T RN, W E T SCERIRIREIGI HIR., X SR BOE 115 2
AENR, 2O GINEANE R 1 SRR AR 22 Rk, FATTA D e mar iR i)
AR R REAR R TR AE S, WARE T AERIR . 2R, O I RREFIRBA T
PR AR —ALFEA7, SCAR RS B3R T K A9 A5 BRI 1 e
IR HER A . Ll AEFBER LR AT I 1) Wil (501 sedbm e
AR PR HE AR R SE (0 ) R 20 G ey el — R VA MO R ) BT i, S A
IRFIR AR R RS AT DARRAT RO BR -

4.2 MHRIAE
4. 2.1 BRI 2%

TRIE 5 S/ BB AR HE DL K B ARVE & A B AN U AR B T BRI RS, 1
IR BE 2 ST AR AY, BRI W4 BEAR DR AR 22 1), (B2 B I 72 I RAX
AR 1) 75 BT L B A5 R e, el 2 3 AR S A U P 2= TR 54, e
A F B TE 7 T A, 5 R Y — 4 P 4

AU 22 N 45 1T DL o R A T — 4 ) 4 (AR PR R R I BR A5 b, TR 22
BRIt B N 2= 458, LWaniEdE R, 785 R WifE 5.
DFEMER SR EE S, X EEN RGN SRR A RME, BEA
Ui iy, EXMBER T, BEERMHEML% (Graph Convolutional
Network) MiIzTiAz. EIAEFRHE N 28 2 — TR EIEE #EAT IR 5 27 ST 7%,
B A% O R R FH A A BT RS S AT SR A T AR Bk 1 R R, JF
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(R IR VR AEAS 25 S A R AT I i o 2], TG M AR R RN S A AT
S, YRR EAWMEES B, HACRIEE T Hfh 5% .

4. 2.2 AT AR

K A74)7550#T1 ( Dependency Parsing, DP) #4315 & HAT N 5 2 18]
HIRAF R AR B L AVE S . ARBCT S R 7, ARAE AT I aF A T
AN BRI AS B (K8 S, T 38 I 3RV R A2 v SCHEQROR A IR AT, 1
HAB A MR AR R MR Z, T, KE (A7 #nT DU IXMHESERE
No

AT I3 18] ) SCFC R 2R B R ARAE o A I SR B . 58, A) 7 A% 03l
T2 SRS AR B B D Ty, EAR AR, HIR, B R R AR S
Mok &R o KT UM SR R L, BARTT BLEVSE 9 AR s AR IR R 3R B 5 A

U

(1D =M G AR LR, RIZ 0BT

(2) AT RIHAD R #E B T3 — gy, BIR T #%0 B A KT 4

A1 WAL RIFERR

KARFM | Tag Description Example
FiERKAK | SBV | subject-verb PaE b —IRAE (K < i%)
EKRFR | VOB | HIEEIE, verb-object ikl —RAE (% --> 7€)
W56 % | IOB | [A]$%51H, indirect-object | FKikith—RAEGE <- )
HiE % | FOB | i B8, Fronting-object | fhft 4 FB#FIL(TS <-- i)
e DBL | Double i B IR (7 — )
EHRFZR | ATT | Attribute ST H(L <-- ER)
#%»5% | HED | Head TREEAN )T %O

(3) ATl AR BERAF T P4 B A ) e

(4) WERr A BEEMNERNIT B, s> CAERT AT A B ZIH,
WA, Moy ClEMNET A, BEMNET B, BEMNET AR B ZIAF2E— K

97
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(5) LBy ZEA WIA AR A EANE AR R, A TG 72—
SR, KA PANE AR E R AR

R AL Jor TH AR UMK R R, 18 X 5¢ R 2RA ] DABEAT IR A7 70
B o ARAFR AN CA R BAR A O EL, filtn, AMaMURa:. OB=
LT REHE? @B =AW LT ? A 2E BRI B &) 7 1015 L, A
AT RFEIMRIA R, KERAGH, HoN GBI AR D E .

ATT
fRAD \\‘/ SBV —_~ VOB —__

NH U N v R
(_A_\ f_k_\ (_k_\ l Vr ! \
Ir = T

Sx
/ssv\ / RAD\

(_)\_\ (_A_\ /_}‘_\ ) Vo !
9= = i3 HY JL?

Kl 4.1 WRAFR REENE T

W 4.1 s, XPRE)TSSARAE TS, AT TR AR A IR FR A [ 745 1)
TR PR T LS ) T8 L

BT ARIE 5455 M 7E 25 T RS 5 A0 HRAT 55 R AR OC R (491 [50]
(531 [54). BSOS 5 TH AR AR S8 Bm T ARANEE AR STl 5%, (H2 H
AL, TEEEMRA E R RARE . a4l NLP 2328115 [17] )5
K BATRNBIE T WA N AE F R AT 55 VA 2k

TEHUE TAL BN B, C8 A K& M TARRB AR RAE A RRAE AT 2
Kambhatla $5IRUREIFIAPE. NG T — DRI RS, @l EEk H UKW
AFETC . AREANE SURF R BUK I R Zhang 5 N RIKRIRBI S AR,
FE T AESEATRS A N AR S HRFAE (9 D510, (EX 2R VR 0 HE & 450 (A2 1k
RBUR . I I T ) T8 P B T P (R A58 20 R B R P o £ I 4 AR 40 T A A
W, BT AR T 2 PR T e SR (s B A SR s LB U FH A
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By flln, Xu SAERRKBIGIHE. 4 708U Sk 2 18] 558 1A
AR MR Ry Liv 5N (57 73048 A3 I3+ 22 0 46 AN R eh 22 X 2% 5 JF:
T H ARSI AA R a8 T 5 R B AR 1) IR 2 R] PR B A AR 6 44 Miwa AT Bansal [58]
W SEAR AT BR B A JE 428 (LCAY Ry AR ) sk [ T R
fRrih SR 78 2 B KBS . Zhang S5 A [161 MIBR T W4 H AR 524k 2 8] 7] A
FFAE R 9K 2R 1) g JL 8 A0 B 30 100 B3] SR D /I W 75 R M) o X e A B A 792 VAR g
MEBRAM R R FR, AFEBEATRESBR—AHRER, AT Rk
B, Guo N (171 F2 7 — A BTE MY AGGCN, ZFEA#E GCN ¥
JER 03 TR AR GRS 7 46y 56 A e R RSN I, A P RIS O R R 15 38 EE A,
50 R Jo F ARORER 2 o H R AROBE G 2R BN IR 8 A AE 5C R AIUE %5 BT
J& 161 [17), K riEZ Ry N 25T BERT (MR sy vp BA7 4 B 2
)9

4.3 A B Ao

FEm L — P E)IRE L BT, XM ST SR TINRE S
ZHIBEFE% . Je Rl B TR R IR TR B 5 AR [12] 875 1 F M i S AL IR
FEANH Fr R 2 8] B2 b H S SE 0 R ILA L, R SO, RS AN E
S IRSEARARRE, AT REBGE SN E, Bk, HARSEARH R I & SORMERTE X
B BB R wigt (13 08, ARERE S KERWEIE S, R R &
i B RE BN RERBOCR, W “RAEREEZYIE” F e
KA “VUHER-ZhE 7, RTRAHE B PR eI Dy AR Sk, i ¢ EHEE
BRAGHE TR R ICR U -BAT 7, AT AFE BRI PRI O
SR DMERISERRHT, HOBUE S REW IR T % AU 55 Era R [17], A,
FAVANAEFEERBANE S TN TR B EAAE R . 4w D7, AT LUE
R — S8R NLP LR AL AT ARAE 20 R AT A3 Z IR AR BOR &
4.2 JE7R TR A I BEAT B R i — A, B a7 5 il 2
[/ nsubj RAREH] 7 “Hn” M “HafARRREE” ZEEPIRAKR,
M “2018 4E” 5 “Yily” Z[A8]f¢) nmod MR RoTiRED, SR, PUMER T
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Repifpoc RS R, I EMFEIKRE, SEGT “Sn” —migaEf &
AR ARAE P OOEE TR S, BRI RERESR S m 7 iR
THBAER “UOE” g, B, A BT R v RN R A0 R R B

WO

CcD NNP VBD NN

) ) 1 1
[ VT Vo ) )

20184, Ox gl w4

8] 4.2 B SCARAT ST 2344

AE T Je R TR 4R 3 B SRR N 4% 1) ] AR I 28 1) 7 20 SRS Y 3k AT B
i, FARRITEEAR GO Kl 4.3 Bk

ORI L€ —AhRvE T BARSekidmee A, HCHM nlp TR
STREAR AT IRAT 00T, RIS token Z A FIKAFR R, HEKFRRE;

ORI . F 0] 71 B F SCE UE B AA)EE B NEE T BERT %06
A

@#MIRH: Jawahar %A [59] #2iH, BERT 7R 3K E A B A R R
B RO IS BT HAPE — e WA N TR TE 2 K IE B K OC R, A
T — AN ET R BRI, RO R BERT R & I 3 BB M 4
o 52 AT TAEGRR I XA, FRATT RIS B G B e AR 0 0% A AT A 403
FREE 2, A R AR AE T e B NN, TR A 2 T = 4R S 1
B A 4 SRt AR L A o 2%, FRATIIAIAS B A et R R T s A ) A
KRER, HEBRTAMHEKRIA)EMES.

@B AR ) de 2 m TR H AR S R v 28 28

AT TAER TTHRRAE T
o AN[ETHTANERAH one-hot Zwtd 77 x0, AL H KGR N 25 fil AR A7 1)

PG, ERH e N AR
o i LIER JINUH N B S AT B BIAUE S BE, R T A)VEAE B
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PR, 3R R AIRCR .
® IR EEER T O FNEANE SRR AT IR G B Rl e, 15 1 AR
iESuN

4 HgAm
o J
Ve Ve
BN AR } ‘ REREADHAE 1 RREEEEA
A J
' Y Y
RS RIS AT/ E . _ e
GBREE ‘ EENESE ‘ REEER
AN J
HRoT ARSI A

4.3 GREEIR Jy E
4.4 FEAEIGERY

N T BEDRAR A B R B IR ] AR AN VR Ly LR Z2 S5 I, AR 4
— MR 2 TR R 1R SR G RN 25 AR 2 R B EBERT+AGCN, il 5
NFREWRAF R SR FIRORE & IR R1E UE B . &5, ] EBERT Zwhdds g i
SRR IR AT, JF 8 I X TR R AR U AR B R R R, 4R iR )
BEAT AR R 0 BT, SR I RHOC 2R B I e O B AE R, A1 BERT R — ikt
R FNERNIZ . VA, A ARNERNZ St 1B & A0VE R R AT SCRIR Y
R AREE . AR A BARSEH) EE T LA DR, IR AR EAR TN R
NGRS RIRKTE R FERN E AN SRR, sl 4.4 T

4.4.1 RRwiLE

=T T AER TS T EBERT fAUM LL T- BERT B AR RRYE, 7EA
e, M ] EBERT 0% BERT #EAT4AY, HEM =42 0R 2 XU RN o
EBERT /R4 )2 K5 N1 N/CLS, St, SEP], I CLS R a) T IR I
WFF, St /& WordPiece Tokenizer (BERT 431l #%) “E & [ token %1, SEP
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FMER: ¥ SRHAE

(Wiee) e ~
I : \
AR
( S K ] ) s ) i
T Il i i | e — —
Hoé | He 1l | \\
5 /: wma | | mmEm II AR A% |
| [Jijo40306| 030405 '
| II|020607]| ---{0.20408]| !
y\ Io50.20.9 0.40.10.9 :
|
(| ‘ sszenns |
Ny
RIEFHH R 12 t3 |
1Y t1]1 0 1 |
\ 2o 1 1|wExz |
~__ tloo 1| m=_/

( ETBOR ) N~ >
%__ _C‘)L__ é___ é___ CB___ é ||i ( - GHEAR . ) i
[CLS][ZZ] % ... 4 [SEP] l}:{miﬁﬂ[%f;{ﬁ‘*] i
‘ i T |

Kl 4.4 FETVER e T 00 BRI 45 675 20 R EBERT+AGCN
FRRANA) T RIS BALKIT ORI AT S fENfAN, JtH BT3GR,
XF PRI N T A) T4 x A token A7 B KR RAY, 70 7R 4R token SR IK
ASLok, [T BIRANSES, BHRAS,:

h = concat[Stok; SP°%; 5:°9. 4.1)
FEIE N ANEESE transformer Z i Ay IR ER J5 , b ER1G 2] 155 x M E
Kt R Rhy -

hY = Transformers(h?) (4.2)

4.4.2 RRMNFE

fEFR RN 552, BERT ffi [l WordPiece Tokenizer ik— 545 51 43 1 i
WordPiece 5132, i, 5 “played” 20 E| N[play, ##ed]. SR, HKAFED
AR PATIZ— B R 2E], R 7 B AR g AT g 7 i, e ™4
ToriAE Bk, Nk, BATEHH token 5 EIA RN, FREIL N token
IR SE Y it A Sk E A RS BAR RN o AR Axs +++, by A WordPiece [¥] BERT
KR, xv y 73 R HR] piece FIRKIITIA R I ISR RG], 132 FEA 545 5 17
HIHRA N -
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y
~ 1
= 4.3
. y—x+1zht (+3)
t=x

WH=[hi, = h]N—DEEWER], BT LRI, dr g —4
W RERE M, K WordPiece HIFIRKIR H FeAfe 5 B B 3RoR . BOVHRE M
3% 1 AJEG B 2 WordPiece HE: R, T — NS R 1B 1A )RR -
H=HM" (4.4)
E, MR AR, KM e R™, m RoRE AT AR AL
n &7~ A WordPiece Fn 2 G K

4.4.3 FRERNZ

FNERUN E I IS VAN ) AR AE B T AR . BATHT Guo 5§
A [17) W75k, EaRERE Eh st 7R a R G B, RIHEE SR
TR, SR SRR RN TE ] 4.4 AN
I3 BT SR AR R RT DU SE (5 A s AL B o ARV SR 2
HEEAARAE 3 I, TR SR B B ST E A R BUE . AR R AT —
AN H g R TR ORE NN, IRRRIOC R A5 BRI T X SRR, A
RE (A ISP I RN B ST VERRAIE o
T RRAE A b SR SRR, (B SRR = A R W aR 4L
Fe I FVE R LR R, T AR AR )3 5 ) R B R Al R R AR R
B A B A BRI T H 2 GON 22 a3 AGCN 284, FoRA:
= (4, if non — attention
A{(p(ﬁ x HT),if attention
QR—MERJIREL, W additive B5IRIRIR BT FHIRE. . general dot-product
HEARIRIRBIBI ¥ . 5 scaled dot-product &5\ RIS FHIE., Lidxttl, &
ARG T scaled dot-product.
FEERR BRI TR REEERE . AMAsEHN, EEsSmE
BARTE WEEEE. &AMASEHR, THRIMXNENTEEND.
(D REFEFRZRE

(4.5)
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2= 8 B G AR R AR BRI 52 45 SO L 1) QB FE 4, W2R token
M j Z AR R, W 45 =1, B 45 =0, f£2ZEEMRMEH, @i
EE 1B -1 ZHATRBRUIEH, 135 token RxhAD:

n
R =p (Z Ay WORTY + b“) (4.6)
j=1

HopwORRREE, bOFRRMEME, o RBIFERE. BVERYH
JERIRGEORAS . FERAEIMBRIERE b, AT ST WO I R 40 B R AH 454 r
IENSH

(2) ERARERE

AT 0735 R IO R R MINAE A)7E 20, BIA 1 RIUMKAF R RAFLE, 0
FRRAERRZAME, WRBELRANELA T RIS, MFHEETERAR
F TR, 7EIRZEKE NI RA M FER, BERIFARE.

TERTF TR ST R, R ESERMATHEE (soft-pruning)
WX EBRANEREE . X —E, R RYGEE 2 G B IR R E 5 Y.
BB TS 0 ~ 1 IR AR EHEREA® . AOH LR A X155

QmQx(KWl-K)T>
Vd

O Ml K 43 5l 2 SEE S1 6 query 1 key, O Al K #4511 — RN E R
H, d #mAM%E, W e RXFIWK € R FRET 3 KB 5, AORXT M
TH ANER SRR R . L DL LR, K Eh O R 1 AR RE 4 B ikl
THIERIFEREA®, A FrhiRoc R, FERlRREN. 2R, BHEX
TERIWLHIAS BURR AT B . A% SR RO BT R I R AAT 22 B T A R A SR R AR
WORR, ERIAEIEE, TSI TVE R BRI R 5B IR HIALE,
A RO G T A5 B R )

(3) BEEZR

ZHTH AR IR IR B FIR. O, R ERN SR M BT
WAREMEE, TR, BROGEREERERYIEZNARER, HI%HE

(4.7)

A® = softmax<
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HZH GON B, G ANREEREHA LA TR, S TR IR IO E,
A TR G T2 HE RN, 8 4.5 for. BRHEmn
IR RITHAG— T2 R R B TR R g

(l) _ [h(o) h(l) ,h(l 1)] (4.8)

Hoh( R et e R R R, R, L R R TR A
Forne NRESHRE, WFEPRRZGESE diigaen FAT T 400, FARFRN
dhidaen = d/L, v L Y728, d NEINAERL, a0, & =280 83, MAm
YEREN 768, W dhidden = d/L = 256, HZCRITERITA T EHH— 4R 768
(256 X 3) WiFa&oR, &XFE, ZZE BRI ERA R T REREE, B
BA [ B L) token {34

BRI N ANRFEER S, DO R HER IR BRI N A SRR,
H NIRRTk 4. BT EREEREH A X BAR IR A:

RO = (Z AOw©Og® 4 b(z)) (4.9)

Forf, R A, WO RO 4R T A2 3] AL A R

K 4.5 PRI 25 451

(4) BHEHEE

2R N AL R N NGRS IER Z 4 R oR i T H G, 153 R& 5.
hout - outhm + bout (410)
hip = [AD, ..., A)] 4.11)

Ryyere N ANER LA AT RN, Wous R bou 7 5 I 2531 18] 75 24 5T 1)
A B A 2
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4. 4. 4 B Es

X— BB RARRBUIRS TS H B 2028002850 F. Roax HBESE 1
token ¥, HoZIn token JFHSLEHT “[CLS]”, 1EANBEANA)TFFHIMIRIN

BBy, ., by RETXS AR R S E BRZRIR, x My 735130
SEARFIA] R A 2R SIS /R 5 ﬁﬁ%?ﬁ@% AT R % 1) S 2 -

1 -
H :—Eh 4.12
¢y —x'"+1 ,t (412)
t=x

N T SEBUR 522K, K Ho M He SR IBGEE R, I8 83 IR 5 i) 38 Bt b4

ELAEBROEZ, HNH softmax Fb AT 2 2 U :
Heinar = p(W*[p(W'concat[Hy; H.] + b']) + b*]) (4.13)

exp(Hfinal)
r
exp Zlo |(Hfinal)

¥y = argmax (4.14)

VIR HAR R I p— A2, | D RFTE BB R, d R
] RN YRS

4.5 SLIGUE

4.5.1 SEg ¥R

N T VEAS BRI VERE, A SCHE 2 AN A T 13 ST W O AR A0 g R b SO
AR LIRAE, BT L —E AN SemEval 5 UL v I A 4R
ReLocaR S 3R £, H b Ui g 2 Ak, JATASME TN T WiMCor
HyEge [28) AT KB SOAREE - I5IIE

WiMCor ¥Mi¥HEEE: K2 HINA MEmEBEE EEMBE EAR, Kk, 7
W EEAE R ) e W et 2 B3 AT P-4 . WIMCor IIZREERL 92,563
ANEREIGSIAN 31,037 ANEEMTSEA, S 1P B R AR ) 80 1 tokeno H
TREARI BRI, BT R AE IR AL T 60,000 AN A S R H R A
HHRTET 10,000 /MEEASSEAFI T A T o
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4.5.2 SLIREE

(1) HI/mPLE

FEMRI I R 3R L, BRG] Stanford CoreNLP [63] T HIEATIKAE /)
s IR T ARAF AR R4 R AR AR [, O 7RI ERE L, R b 2N 1K
R 7 R FISR A . FE AT RAE b, RS F R XA BEEAT TSRS, (H A M
SRR ERITGE .

FEXT T BERT 4l B g S A b, 84646 Devlin % A (4] WIJ7E, fEEH
BERT A 1) 4318] 25 5 51 43 1 s B iA] B (WordPiece) o A T 36 B AN B 52461 B
HIFF S L34, W& SemBval K K7 5K 4 256, ReLocaR A1 WiMCor )
BRFHIKEE N 128,

(2) XFHSER R E

WAV A Z AR B R EBERTHAGCN 5 AN A28 A Y e e, i T4
L TAEMBR S RE R BN SVM, IRBE2SIRR BILSTM AT ZRif 5 B A
BERT. ELMo %. N 7T ¥iF EBERT+AGCN BUHEBHIRIR, A 5% [17]
%Rt B, K TR EBERT+GCN, FFANTRE T AEMHESE

(3 NESHRE

StFpif 3T BERT B, #1461k BERT 4afid#5(M1Z 40N huggingface K
AHE S8 @I TE e K T ZhiB R)FE b S P /S T M5 B AT 45 Masked
Language Model 1 Next Sentence Prediction [4), )] token 75 3] 7 1RIF )%
fif. szieeE REH, RHAKXNEHUEZ (cased). & 24 > transformer ZmfidER [
BERT-LARGE F Ay L 2R, o) 4 vy 30 0 A AR e e

X SemEval. RelocaR M1 [ @ v SO i #4545, BB AL AL F K/ (batch
size) N8, Il epoch HIEE N 20. XFT WiMCor ##54, X FIINZ: 11 epoch
R R TS, BRATIES {1,2,4,6, 8 HIEHZ KIERBIILE N, WES (5 x
106, 1 x 10-5, 2 x 10-5}FFiEFE AdamW Ir W UG F S FK ., &, (N=38,
Ir=1x10-5), (N=4, Ir=2x10-5fI(N=4, lr=2x10-5), (N=4, [r=2x
10—-5)PURh & 73 57 SemEval. ReLocaR. F & A WiMCor $#E 48 )%
RIER .
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EBERT+AGCN [l Z548 B T Tesla v100-16GB GPU, A7 ¥E K% A
BERT-LARGE ) 1.5 1%

4.5.3 XfH A

AT AR S P B R, B b — S T A A R AN A
SVM+Wikipedia #2E: SVM+Wikipedia f&HiE TR SOTA FiY, &
¥ R AL T BUE M 4E 3 T R 4% 1, (R [ 3h & DU SRR F 56 &R
LSTM I BILSTM #%&: LSTM & H i iiftiT 0K ds 2 — [65), HT A
AL 5 BREURASRHE M DI RE, 2R T AR IS R, w2 M T %
Flt NLP /45 [66). BiLSTM 7E LSTM H)J&Ali = AP J7 ) B0 >k Stk token 8
AERIRRBITI R, HIESRHL T A BN SCEATHER. A, RATIE S0
%F GloVe 1 ELMo PRSI #eom it 4T 1, AR ORI 25 SRV T S5 48
BERT-BASE/LG, +AUG, +MASK #8&!: BERT 4ufid#% ] LUK AR 10T 51
NIREES AR R, Li FANERIARREB|FI HE. &4 7% BERT-BASE
BERT-LARGE ] =#As [ 7 2
® BERT-BASE/LG: fffi F — /AN Z il 388 10 200 4R HEAT 30
® BERT-BASE/LG+AUG: i3 #dls 1 s B AT i, K ) H s 1] BEATL 25 6
Ry A SEAR AR R RIRE AR
® BERT-BASE/LG+MASK: fEYIZRAR A FE 8 H A 1] 88 i 77 7260
BN E bR AT TR, fEEARSZE A, FHEARIRRF “[ENT]” BT
N1 H bR o
EBERT+GCN #R&): X AR AR 0E, 0 A O 5 2247 R F AH )
RIRCE, 38 I P R I 245 4 )23 S B B ) R
EBERT+AGCN ##%l: EBERT+AGCN &7E{E EBERT+GCN [f15:4ih i) gk
5L TVE R iR S EIBRN S ANEL R . EBERTHAGCN H iR 51 32
K — MR RIS, T WIOC R B S B ACE, SR 22 R G AR A e
Ao

4.6 F At BHA SO I B BERT A8 (1) B AR SEI 7 %€, £04% BERT.
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EBERT. EBERT+GCN 1 EBERT+AGCN.

(@) CX S

( BERT ] ( BERT ]
1 I 1
[CLS] Spain [CLS] [ENT] Spain [ENT]
(a) BERT (b) E-BERT
( GCN J | ( AGCN )
| 1
( BERT ) ( BERT |
1 1 I 1
[cLs] .. [ENT]  Spain  [ENT] .. [CLS] .. [ENT]  Spain  [ENT]
(c) E-BERT+GCN (d) E-BERT+AGCN

Kl 4.6 T BERT FEAY [A] 45 0T L
(a) BERT #EAUEH T ARE I H0 SO token J5FIME M, FFAKHT
“[CLS]” R ) 5 27 HEAT B M A ) o
(b) EBERT #A7E BERT )Ml EXGIN 7 SLAk$8 /R 4% “[ENT]” FHHENg sk

AR X6} 87 Y S AR [7) B R 7S o
(¢) EBERT+GCN fAI7E EBERT J:At E3HN T GON #idk, DUREA)LEZ 0
PN NG R A

(d) EBERT+AGCN #AY#E EBERT Al FH#GhN T AGCN Fibk, DLEH)E
H77 BN T AIEFI, A 7 OARIERAR R R ECALE 1 RE

4.5. 4 SEEREER G0

(1) BEPSCEMBEENNERR LR
R4 HIE TR R I AVA AR R S e 45 R

iRt Acc | Precision | Recall | FI1-L F1-M
EBERT 85.3 85.1 85.0 78.4 91.9
EBERT+GCN 86.5 86.6 86.6 90.8 82.6
EBERT+AGCN 87.4 87.4 87.4 88.3 86.5

# 4.1 F /R T EBERT+AGCN. EBERT 1 EBERT+GCN 7& H 3L i a3
£ s R, MET EAEL WA EBERT 5 8 Fl i FH A ) v 29 31 11
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EBERT+GCN %Y, EBERT+AGCN 7 & Ii4Ehr E#45 2] T ELECR 3T, Bk
TRATMRE AT b SO R e B skt BB TR AR MIES R, R
SO T2 W ] ) B AR SR L SR AR — 2

(2) RNHIRERNERBLGLER

TR IR AR SCHR H ) T R 098 5 1 PR A R I 2 ) 2 SRR AR 1
R, £ SemEval. ReLocaR Fl WiMCor 33 ¥#5 45 _Fik47 T % EL 556

fE SemEval fll ReLocaR %454k L5 RUNK 4.2 s, RAPJER T A
TR T AR FLAA . 2k FIEFIHEMZE, “+NER+POS” FRIEF:L A
£ NER Al POS HFiE .

B, MR (Aco) LR, FETHRHME TR SVM+Wikipedia 5441
YEREATIIRE T~ H AT R 2 BOREE A & W 25 B, (B K & TLRRAIE T 48 9% 19 N T B
ARSI RAZ I D S ;. LSTM RGNS AE B 750, B0 token
FORMEE SAMBRHESE T, K1 T REGNER, [EATEREREZ, BT ELMo
FORNOARME T REHE X, A SR A (NER) AHAMERA] (POS) HHE
PALIE CRTUARR), SEOXF RN BILSTM  (ELMo) AT/
PreWin F)7EMITILE RelocaR Al SemEval #¥E4E F AR KK T L LAY
LSTM (GloVe), fERFHFERE LAEBH T ANEARAF M (0 S 24

H5UIEM TAEMLL, EBERT+AGCN BB KRS, HEE T 460l 4
Ro BRS04, EBERT+AGCN BHEAL T3 TRHIE LM SVM+Wikipedia
B, [FR IS T S LSTM. BiLSTM Al PreWin 7E Y FOTRE 22 ST, ik
b, FATHK EBERTHAGCN 5 3 Fift JeA TG 2 0 B A B BEAT T EE#: EBERT

CERJELIR SR ESA] BERT #2280 FI EBERT+GCN R f)74: 2 B 1) SE A 8%
51 BERT #24), £ SemEval 1 ReLocaR ${#i4E I, EBERT+GCN ¥ ERf 253
bt EBERT #2511 0.3%F1 0.2%, 1t BH B AR 28 W] DL A2 At m 4 SR 4 206
MfERE, WNMmE—EBREERGBEEIERR. M Immediate 5 77 % Xt
EBERT+GCN HEAT B BN S2IG RORFE WA K, BENLIEFEIX 4, o H R 5
KRBT AT 27 AR . EBERT+AGCN 7£ SemEval fll ReLocaR #i#i4E F
. EBERT+GCN 43 3215 1 0.7%F1 0.2%, 15t I3 T2 Sk g & 7 AL E ML 1 5
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AN BT B G AR 45 S0 4 3

BX A 2= H

2k 'm g oo

4N, EBERT+AGCN [IAR7EZ (std)
WHAK, REREMANNRAZ 4T N E .
F 42 JCEE AR ) R TE AR Y S G o

s SemEval ReLocaR
FI-L | FI-M |  Acc(std) | FI-L | FI-M |  Acc(std)

SVM+Wikipedia 91.6 | 59.1 | 86.2(N/A) - - -
LSTM(GloVe) 85.2 | 28.7 | 72.6(1.48) | 78.4 | 78.4 | 78.4(0.91)
+NER+POS 87.5| 27.3 | 77.4(1.34) | 80.6 | 80.6 | 80.6(0.92)
BiLSTM(GloVe) 83.2 | 37.4 | 75.4(1.72) | 82.9 | 83.0 | 82.9(0.85)
+NER+POS 88.8 | 37.7 | 82.0(1.36) | 84.2 | 84.2 | 84.2(0.69)
BiLSTM(ELMo) 91.9 | 54.7 | 86.3(0.45) | 90.0 | 90.1 | 90.0(0.40)
+NER+POS 91.6 | 55.6 | 86.1(0.47) |90.1 | 90.1 | 90.1(0.36)
Paragraph - - 81.3(0.88) - - 80.0(2.25)
Immediate 5 - - 81.3(1.11) - - 81.4(1.34)
Immediate 10 - - 81.9(0.89) - - 81.3(1.44)
PreWin(GloVe) 90.6 | 57.3 | 83.1(0.64) | 84.4 | 84.8 | 83.6(0.71)
PreWin(BERT) - - 87.1(0.54) - - 92.2(0.48)
BERT-BASE - - 85.0(0.46) - - 81.5(0.54)
BERT-BASE +AUG - - 84.5(0.85) - - 91.0(0.72)
BERT-BASE +MASK - - 87.1(0.89) - - 93.9(0.52)
BERT-LG - - 84.7(0.71) - - 91.3(0.54)
BERT-LG +AUG - - 85.0(1.10) - - 91.4(0.86)
BERT-LG +MASK - - 88.2(0.61) - - 94.4(0.31)

Ensembled BERT-LG
P - - 89.1(N/A) - - 94.8(N/A)
BERT-LG +MARK 93.5| 60.0 | 87.6(0.55) | 94.0 | 94.0 | 94.0(0.58)
BERT-LG

MARK+ENT 93.2 | 66.0 | 88.8(0.63) 952 | 953 | 95.3(0.44)
EBERT+GCN 93.5| 67.5 | 89.1(0.60) |95.5| 95.5 | 95.5(0.46)
EBERT+GCN Immediate 5 | 93.6 | 65.7 | 89.0(0.50) | 95.3 | 954 | 95.4(0.44)
EBERT+AGCN 94.0 | 68.3 | 89.8(0.85) |95.7 | 95.7 | 95.7(0.34)
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R 42 A H T AR RS FLAE, BT ReLocaR =4 M Al g 43
G IR SR P T REAR T 50%, & —DRPAT I EHEEE, bl ReLocaR (1]
F1{H Lt SemEval ¥ /. ReLocaR 4 &2 1AL AL ) F1{H AR AL T4 Rk
7, EBERT+AGCN #; EBERT fll EBERT+GCN H 2 AT, M, SemEval
Ml R FR L W R 23 0 80% M 20%, XA Ty S B M R IR R B,
FERERANRE 7870 M 27 2) 15 SURFIE . FAHIREAY, 40 LSTM, fE¥ 3 B F1 EY]
BARTAR#Emi2%, 1 BERT Al EBERT+AGCN 7E F1-M f84r_EA77E B & T AE
§E, 1XFH EBERT+AGCN BLAUZHR T 44 10 A) 05 B R AR FAE R AN 2 1 BRI o
MIME 2, FLERN R R EBERT+AGCN 7E SemEval 1 ReLocaR H#likE] 1
Bl (R, HLBE NS (R hE R 1R 78 2 A 2 1 o

# 4.3 WiMCor ##i4E bl 5 1

WiMCor
;i _
Acc F1 F1-L F1-M | Precision Recall
EBERT 90.3 79.8 95.8 74.5 86.0 74.5
EBERT+GCN 91.3 81.7 97.0 74.8 &9.9 75.0
EBERT+AGCN 91.8 83.0 96.5 78.2 88.5 78.2

BEAh, N T BB AR R R, BUAME R WiMCor ¥ &R HEAT
S8, Wi 4.3 Fron, EBERT+AGCN FE K E# & 115 0L N 4K IH Re PRIERIAY (1)
EREE, FERATRURIL, SEANEL R NGE TR RAMES RUR, (HERA)EL
HOR IR A 55 ORI T ] 2

(3) ARAFRED A TAERRCRNT LR K

ZERIG i T EBERT+AGCN Al EBERT fEN | A1) 7K B N Hknf i, wil
4.7 Firne SREGTE SemEval Fl ReLocaR #(#fE4E FiE4T, T ReLocaR HI*F354)
TR SemEval &, Jy T3 2IH NIEMKISE0, FERVEE SemEval £ 4
R R I,

e S5 b BT R I i SCAS ) T AR T RERE A 4y SRR I, SRR U T
® AR BTN SR U A DU SRR
® ULl e Sk e ) SCHE ], AniE i (predicate), KHIT(EE SN

M2k, ABGEER.
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200 ==length distribution -4-E-BERT+AGCN E-BERT E-BERT+GCN

1
\‘///‘\ N 095

04

€ | == s
§ 100 0.9 g
o | % ; 08s &
0 : | : 08
2 1 24 0 36 42 48+
Sentence length (RelLocaR)
=3length distribution -&-E-BERT+AGCN E-BERT E-BERT+GCN
200 1
A o ik 0.9
160 \%r i, e s _\*/\‘\/\‘
—_ 08
_ 10 = —
§ ; E o 0.7 %
£ = = g % _ 05 £
= =  — | (2]
=] =] = 05 =
= B B = E B = —
) 8 54 6! 9

80
40 E
0 :
8

Kl 4.7 AR E) T BE A R AR R0 B SR 6

K, 2T 8 A RUAR e (RAE e Ko Ay e RE, —SEBF 7T BA, BERT
R = 42 R A0V R AT AR, BT, Tang % A\ [68] iR T BERT 7R
KA R TEMA L. SR 4.7 715, BEEATKEREMN, BERT
IHER AT BT R B, ZETIRAF AR A v] DAAE — e R bk bl L, IR %
RHTHRERE, ), BRE TR AEM S E B DR s R 2
NLP 1£5%5 EHJRCR, BERT AVANBEA ROA L 3R4FAE, I EBERT+AGCN APk EE
SRR ANEIRAF RN RE i T IERER T R JRATAILEEE], EBERT+AGCN 1E it
AARAT AL T EBERT, I HEEHE A TR, FORAIRTTAAS T N
RE. GFETEER, B AT T HTER RSBG4S A2 R
AGCN 7 IS 5 B T E K )1 5 MR 3 SR AR RO B

¢

s [

H
n

Sentence length (SemEval)
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(4) AFEYIZE epoch FAERIR RN H 216

N T W ANE L B A 5 e R B AR M e, 1% SEER LL#R T EBERT.
EBERT+GCN 1 EBERT+AGCN 7E SemEval fl RelocaR #{#f54E ikt T 20 4
epoch ] F1 {HAIHER A, W& 4.8 Fros.

ifid ReLocaR ##a%E EHILLEL W43, TERTJLA epoch ™, &M
EBERT #1 EBERT+GCN HiRIZRAG [ H4F iy F1 MdEmi=x, 5—Jrm, il
EBERT+AGCN (W M 25BN R %, BASHE 2, SEFIM F1 EM
MiRTIES YN

RELOCAR-F1 RELOCAR-ACC.

o B e e — T — = — = =

0.95
0o N

123456 78 91011121314 15 16 17 18 19 20 " 12345678 91011121314 15 16 17 18 19 20
—e—E-BERT  ——E-BERT+GCN E-BERT+AGCN —e—E-BERT ——E-BERT+GCN B-BERT+AGCN
SEMEVAL-F1 SEMEVAL-ACC.

9 AN\ e
88 SN T e e
6 : 4
86 /
5 84
82
04 ).
12345678 0 6 3456 7 8 910111213 14 15 16 17 18 19 20
——E-BERT ——E-BERT+GCN E-BERT+AGCN —e—E-BERT  ——E-BERT+GCN E-BERT+AGCN

Kl 4.8 A [FIUIZR epoch BRSNS LL S5
L HAS epoch ZJ5, &MERHEE TRAAS, B[R] 11 58 2 5 75 AS 1]
o 1124 epoch>15 J5, EBERT+AGCN [FPERELH 2L T EBERT+GCN #1 EBERT,
UESE T G BUEE 4 T 1) A )VEAS B R IE I S B 2 i v T AR AL SR I
W %Z SemEval 4 T 15 M1 ReLocaR RMARIEE R, ArbA, EAFEHESE
RS R AR BONFRE . TR K ) 22 R AN (5 1, SemEval
FHELT ReLocaR 75 %25 £ 1] epoch SR SLHLE RE 1A € -
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(5) AFEHHEE TEBBRN LR

4.9 %78 T EBERT. EBERT+GCN 1 EBERT+AGCN 7 A [ ¥4 & N i
RRBHUR Y. BT SemEval 8 8 ORI RE AR, 7R850 B/ N HEAf
FRBERZ, HHREUAK, FrAHTE ReLocaR FifATS06. SI6 R B I
PE B N I EHR 41 {20%, 40%, 60%, 80%, 100%), HWi7t/a k¥, EfE
RAEH 20% M 2R84l , = Fp i 2y ] DLSRTS 4500 90%I1 F1 {8, ik,
EBERT+GCN/AGCN #5355 1| 1 5 45 4 (1) R /N I AU

o o ! OE-BERT
' [ OE-BERT+GCN
[ E-BERT+AGCN

Percentage of training dataset (%)

Kl 4.9 AN[RIHE B H R AR LSRG

MALTL A BN, TEAE R I SR 05 46 T LL#, EBERT+AGCN 474
T EBERT, 7EFTAMEHEERE T, EBERT Ml EBERT+AGCN (114 REZ F 46
ZRT 04%, U EFE /N, EBERT+AGCN HIEHAFE IR, 2L fiE R
.

(6) MIZRIRBEXT LSEH:

SRR AN M AR RS AL RS R OA R 2 DM EEE RN
2AERBEYUGE, WK 4.4 Pus. R IBH B En fE B AR R 2 T RE,
B HEER RS RS TIEREN . R 45 PR, EIREEEE S
WET L, GEEEBSR T ESD M L, QEEERGRTESD 5, Rk
W TR, U TR T EHE S R R RS SR ERE R,

44 W MASEEEEE B ZE 0T E

EBERT+AGCN ReLocaR (Acc) SemEval (Acc)
M=0 (FIHRiED 95.7 89.8
M=1 95.2 88.9
M=2 95.2 88.3
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R 45 AFRTRECN AR

EBERT+AGCN ReLocaR (Acc) SemEval (Acc)
L~=2, L=4 (WItG&H&E> |957 89.8
L=1, L=2 95.6 89.2
L=1, L~1 95.3 89.3

(7)) AEERIILEE THRES R LR
E ReLocaR ##i e b, NRNER B MM ZEIF AL, HN=4TH
BRI a5 R T HARPTA N BUA, F1 HIXF] T 95.8%. SemEval ##i4E I, 14
INVER BT UL R m A A M B, 2 N=8 I, R EIRAEN FLERHER,
R 4.6 R T 2 KER B 3 B R Sk R VO R A R
B 4.6 A[AFER ST SRHOR TR SS Hxt b

EBERT+AGCN ReLocaR SemEval
e Acc F1 Acc F1
N=1 95.6 95.5 89.4 70.1
N=2 95.6 95.6 89.4 68.3
N=4 95.8 95.8 89.8 70.5
N=6 95.6 95.6 89.3 70.3
N=8 95.7 95.7 89.8 70.8

ik, MARFATRIBAE, B2 A9TE R TSk A R AT BAART A [R] 5 38] ) 2 Ry
Lk — DAt aE, (EHMNLPRCIR I ERKE, L2 RERE AR
RELFRIRCR, BEAE LB, M Tl s, AR e T
Fa s B B

(8) LHIBTF

2SI IE I SRR T, B R AR RIMT AR RRN RO o 45 $E
AR S Al fERETE FDRAIE 4 (He later went to manage Malaysia for one
year)”, 5K “ HoRVENE (Malaysia)” 5 “ BoRPUEH) 43 A7 8 “ R
WEFIERBA” FRBES IR AL R, TTRE “ R PG L Aoy — A Feiaria] . ol T
AR “E (went to)” HUFE/RTEMNRGER, JoANVAL AR RN 7 SR FHIE
(K173 “45% (manage)”, BUEFHE RS “ERAMTT7 BB, L
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AR FARE R S R oK« TSR VG MO ARFE I b A DA @R AR Y
B H P RAL fERE L3 o] @ i fe] £ EBERT+AGCN A7 rp 45 S e o

Nl 4.10 Fros A SCAS S IR AR RE R RAG ], o
e  (a) EBERT #i %! Transformer it %5 1) °F- 2407 E B JIAUE
e  (b) EBERT+AGCN %7 F 1] Transformer & it %8 f -2 7E 2 S AL E
e  (c) EBERT+GCN 1 EBERT+AGCN H v B A b (1) P 449 B JI B
e (d) EBERT+AGCN A {yE BB H K 3575 2 1B E .

ZSEE T, (a)F(b)XTEE T A)VEZ HAE SRt X BERT gwfid 23

(d) LB T BRAVA L RANAE AV 20 R 2 R R RCR 22 57

later
went

W
T

to

manage

©

Malaysi

-
o
<

[
c
c

year

-

ater
went

to
manage -
Malaysia
for

one

year

He
later
went
to

(@)

manage

Malaysia

for

one

year

He
later
went

to
manage
Malaysia
for

one

year

(©)

oo

/,
-7
v 0
s E 2,
£ 2 %2 E 28 5 2
He
later
went
to
manage .
Malaysia
for
one
year
(b)
s 2
o
- g s o &
£ 5 % 2 e 2 8 5 ¢
He
later
went
o =
manage
Malaysia

(d)

K 4.10 AL FE AT ALAL

”rﬁJ ’ (C)%H

0110
0.105
0.100
0.095
0.090
0.085
0.080

0.075

B4 EBERT A Transformer Zwfild (v = S50 RE, DK ) 245 ot

BRI TR 2T (a) T4,

EBERT #HLHE X HIRAE, EBERT LM

PN 1% B RN HFRiE, S30 EBERT 1Y token MIALE 2 /0B 7E(b)H,
EBERT+AGCN KV B T AERIERF “f85 7 Mk “IRpgiE” L, mAZ



RIS AR S

“F7 BUHAMAHE OGN token, WRINANERIR AGCN J&, BANIRAER RS EHB
PR SCA I A)VELER, i EBERT+AGCN W 47 ik % 06 B2 token J-EFFA
MR R FIER.

N T YA ENE LA R A 22 5, eSO S AR SE M AT W R 404
A S Ly hER “HfEk LB TS KRB (He later went to manage
Malaysia)” FI/ i ) “—4 (for one year)”. fRBAE, )AL 518 R AIsL
e, R BES T G A, REREGIER, MR R T
N “— (one)” H “4 (year)” Z[AEMIE RS B BRI R R EA
FRIEIBLE, XA R 2 5] Nk

TR 153 B R AT U B PR e N O B R, VR A B L %
FAOGHI AL . Al 5 Transformer Sh 2 IVE R I MEAE, EE 1T
SRR R ACE R T IR O R E B I, AR IESEN
FORE AT AL, DUIE WY B R 0 R R AR B . W B 410 BT R
EBERT+AGCN 1, M) “—4E (for one year)” HIRTEIERIER R, 0 “—”
5 ET 2B CR, EEMESIRIERT, RREXRRINES
R LB R, T 2 Sk R IR NN, AR AL TG 7 T 4 v e BY B SR
m%, H3h AR m RS R .

4.5.5 5%

AL LA SRS B4 22 A J7 T 73t EBERT+AGCN #5288 55 EBERT 4%
REPHI S, ik 4.7 Fios.

TR SR . “ 2R N EARR BRI RBIREE, “ V7 M

“X” %7~ EBERT+AGCN #1 EBERT HIB 1) 1E % .
(1) & XA

EBERT+AGCN J#E I ARAF ¢ RPN SEAA R, fE41 5] ST, 235 “2015 4F
L7 HH BT OEAWSRE OCR, kS ERGHE T AR, EiEL
LMW T, ERT “53%” 5L FXZHMKAERRRE,
EBERT+AGCN ARAeH: “ 387 Hihy “ DI — A F 247,
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R 47T ANEBRERR AT

# %il4] /+2% | EBERT | EBERT+AGCN
WA NI g 40 1.92 K (2015 £5
S1 gy X X

F£) FM=EPN 1.93 K (2015 FATIAMI

B EE. EE. R, fF R, 2
S2 | By R ARG Hrf RPAT 17X BN EF . T | B X v
MY ANZ i )2 A A S AT 55 o

X ST BB R AR E A
S3 | JFEE S, MATISCR MNP R, I 518 X X
BSIPIR IR FFH VIR o

IXFKIE B3 1965 4F 9 A M2 T 50 J35k, fi#
S4 | Hp gk 1958 SRR PR R Ay 2 | X J
G, B skEIEESZH 100 7 E

ey <t AR ofe 412 75 /R B AA B il A1 IROK R, G

S5 | A “RBEME”, RONMEE 300 AU | i X X
214 95 NHET15 %%
(2) BAWE

FERE R AE S, IR S E R UR IR B G A, W — sk
A T HABSARTEINEIE, A RATRER — NG F ) sk, 82 2 — ANy
B, HAEW SR RAERE, FE0A AEL W) EBERT M DL #E# &
Z B AL EE UK R, EBERT+AGCN LR T304k “RARHF” ANEIE “HaT”
IR IRAE DG FR, AT IERA T T #0201

ER S ARMIEN T, EBERT+AGCN WAl R ik . #lin, 78 S3 +#,
e G RUARZE Gy aR B “H 7, WX EISEia# 2 “F ¥ J5 ti A% -1ar R i
ZHEPEEN”, AR S3 PSR “ ATy ai - R B2 7. EBERT+AGCN
DI85 P R e RO BR B E , H 2ES T ShERI Sty , — BAVERI R 24
fEiid 7 EBERT+AGCN BRG], KR R A4

(3) FRBRE
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FEREIG SCA T, VF 2 30 SR I 7R 35 A A S BRI L AT 44 ] . X BB
BRI AIR, G ARG T AN AR EE T, TESELS NLP AR5 13 3R H
MRS ALE BT SN SER AR e, SECTHRVERZ. thin S4
“RARSFVE” FRIGJE 1958 FF M —#F RS, EBERT RAEIEMING, MifEaT “&
W75 CRERCFRE” Z MBI R, EBERT+AGCN RINHUKE “R A T2 1)
XY R TR (AR, S5 MZ —A EBERT+AGCN A 2R (1511,
JESCHPR BT AR BTAR” SRR CORRAE, ER BT AR R RE
%%, EBERT+AGCN A il B, WA shBoeiesnilfa il “ A"
CRIRATT IR ERCR, B ORRIR SRR

4.6 AFE/NG

A B0 MRl PR DI RN TR R AT W T B B e SO B IR Gl e, 7
R AN BL AR Z A OB B 7 BE 5 R ), 4R H T — R TR R 04
TR ANEL R, B e g%, 58 B HER RN AR
KR RIS AR AR R AT AU AR BC, A DGRAS 1 IR S T 0
REJD, 0 HBE— D3RI TR B HER A . B2, PR HE A IR Y e s
AT RO A R A M SCAS PR M g T B 5 o ) UM OB SR R ) L, e T A
[RISCA I H g

55



RIS AR S

HAE T ARME BIRERE R4 SRR

51 5|8

AR B 55 v O AT, T 2 A SO ) LS SO HEAf e T Y
B, RamTWREFEINEDRIE, P AR R A B okE%, A
LR BT TP RN Z5SCA NI SR 7 1 1) R 24 A0 R ) SR 0 1A T ok
PRI, ARG e T U R B B AT A, A BUS A A A
Fh, ZHEEERCAAEBICR M BN GRS RB BRI, 3 RE SCRFIE
EC A BTLL,  MBERL R A VE AN S A Ve 1 M BESR B R, OO ARIE SO
ARSI SCAREAT 1R R ICNb 2

AT R CLR PSR RL: 1) Qe 98 5 A 7R Stk oR R0 SCAS 0 P UL
oA R 2D WnT A — AR SRS s, MR RE SUE B IR, B
SRR AN AL o

5.2 MHRIAE
5.2.1 B HmhL s

oy At s (VAE) & —Fhg [l BB, 2 R BE 2 S 4tk b — AN AT
IR FE A FHESE [69) 4B RIRIRBITI K., $ROE T —FhdE T HEZR 1) 77 2052
ISTESH], BRTHBRL T R A g v . RBWE B AL RE x £— K
HIRZ R BENLFEA, HIESRGA pux) 2 RAN, A w LAEH A 246
IS EIER po(x)RILPIXNEZEFE, VAE K4 G R B p(x|2)p(2) T
1P 35 X 2%
®  NIEIMG po(z)E K — A EA & 2
® eI pe(x|z), TE z: 2~ po(z), X ~po(x|2)I5EMETR, BN xo
fE VAE W5 \iBTEAR & z Ls R AR AR, A B TIRARE I Zhid 72
LR . T B SRS IMER pe(zlx) /& AR HI, Kingma 1 Welling [69]
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b GIN T R BB o Aiqe (20x), LR “recognition” FEAY, RITAUIL L
JEHMER po(zlx), IXRF, BFTLE B T BOKAES F 5 (evidence lower

bound, ELBO), A2 B H% M LLAL R 132 Bt BUU SR EAT AR AL SR A 1
log po(x) = By, (z1x) | log po(x. 2) —log g4 (z|%) | + By, (z1x) [ log g4 (z]x) — log po(z|x) |

(5.1)

Los(x)(ie., ELBO) Dicr. (g4 (21%) |1po (z1x))
W] LS
Lop(X) = By, 7,108 Do (x12)] = Dic(qpz120)|IP6 (2)) (5.2)
ERP LR - BOVEMRE, B IUN pe(2)5 pe(x|z)Z [AH) KL #E
(KLD), KLD f&—Ffliqe(zx)# L po(zlx)IIENAGEFE . 6 A bl 24,
PNHEBE S, N TR ZE BB R E R AERE, Kingma Al Welling [69]
1 I 2 Bh e 75 AR L e (1 T SR e g o (e )L HTNIBTE AR B 7 ~ qu(zx) KB S5, il
ZAFE AL e A, B
z~qe(z]x) = ge(€,x)and € ~p(e) = N(6,]) (5.3)

VAE BIgRd 2 C I E R, KEMmA x A HRRE. KR EH ik
A H LM E, BT z 8 R E 2 8] 7] LA SR B AR GG 2B &,
VAE 7] DA s bric B8 BB 2 o0 1, H2, BT VAE fElZad A
Wy w2, IR BRI B D IR 70 B, AU VAE gt #s x—z Al
IR 3 z—y AT T .

VAE H 3 TR 77 SR I 7E 2 (M P 0 5, 3958 1 AT R AR A 2545
SEVE, SR, FET VAE MBRAEE 2 AR MR BRI 2R, ikl fedn s,
It,B-VAE Hfiii[a] T8 F InfoGAN £5IRIRIRB] T VR, IXKF, 7] DAAEf R ok
FRERA:

Lo,p(X) = Eq 751086 (x12)] = B X Di1. (421201 [Po (2)) (5.4)

Herp gt bk B H St 1R ) B AR R ORI E N 2 FIFRAE y Z AV
BEEE, FNERTEYS y BRIER. (5.4) Hf4 KL 8 TRT DL4E /N
BB ZERE, P CAAT BLZE RS AE H bR ek 5t KL T B4y PO SE 2 AU, DAY
DTEBZ=0 ZA% T INZRANIARS A S D (M 72 5 . B-VAE ARG 550 1T g g(2]x)
RS EMB, FIR A0l i/ Mb KL TR KAk B S BB IR AT R AL 136

57



RIS AR S

A x fEE. K, B-VAE i) H bR Dru(qpni(z/x)|[p(z)) ) KL BUE AT AVE B4
HAEFe A mIDS B E AR E 2N B, T Mq(zx) =p@2)if, KL #8ER

=5
%o

5.2.2 A5 {E B

FERZHAGOT, AT 2 M55 T Wl 27 = — N HAT po(y|x), TIAS
e~ MALEMMES pox), H, x Z—MRANA)T, y 23419 BT 2565
Zo B z ZIGFEALE, M x #HATEEZ R, R —ArPERE 2z, O
FNEE AL BEANBERS NS 5 I(xsy) <I(x;2) P & WG B HIEOL T, il SRR IESR
BB x—z—y HIE S

B AL BEANEE LG, W DU AR AT AR IR GRS (z = x0 SRR E R HIE
B KA, SR, EXPhEdE RoR A Repk b S IGO0, R ER B Ak
FERIZIR N et B LR R, B, Jwmbs 3 AR a8 2 I HAS BI(x, 2)
<SIFRR—MEEBA AR, HhI2EERAW, HirA:

méelxl(z, y;0) st I(x,z0)<I, (5.5)

HhIREAFER, REN HRZ RGBS Z AES Y Z RS ERE R,
[F P 7 A AT REH ILAER AT 5 Y TRIIME R

oA RS (VIB) [72]) & —Fd T B A5 B (S BHIR I B R R ESE .
VIB fEf RIEEAL & 2 AR y Z 1A BAS B(z, y; O)WIER ML 2z 5 x 2
AR RS

Ryip(0) =1(y,2z,0) — B X 1(x,2;0) (5.6)

T AR BRI, SRR TR CH AR R A, T &, VIB fi
ZHARU N R
Loy, x) = E,, . [logp, (x|2)] = B X Dyt (4215 |1Py(@) < Ryis(®)  (5.7)

BT L, $RTHE R IE 1) 25 & T 2200 BUR Jo S BEb R 58 U7 22, T A
Tk e N KL 8%
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VAE 1 VIB dE & ML, BATRA R SAET VIB H—41 40258808 T VAE
IR R 2%, HAREE Z AR RS AL S R {ERE . VAE Il VIB # & i8
HE B WRRE T, RS, EMNRRERIEARTEE .

5.3 A BE Ao

K51 UL R SR SO

B4 eS|
BEWIEET 4 vy
SRR AF e
L P((SVS] = RSP LIES X AF e
L PN NS REN SR PN AF e

AT B O 2515 5 BT AR 2 15 BEHEBAT 55 TR IE A 21 N R HIRCR
i, REMMGRENSH, AR RGNS, 1,
FERXP I R TE 5 AR rp 2 ) B K B AE v e 5 Fe i S5 A B k. 3t
SR IR SRR a1 L IR L 1:4 R A BRIRIR B 5 FVR ., BDAETE IR
P e M SCAS T (R SEAR AT R R 2T B i) . AR 5.1 2841, K2 HOR 4 g e
AT, CHERTIRIE BT AN, WNAEERERRILER, ARG
“HRIEER T A7 R, Ay ST aE] “PrEER,

e FIREA AT R S IR RN “URIK Y, B “Ba” KRV
Femar R OL R, AR AR X b H B A e B S A L A T, T A e
SIBHAL L IS BRSO SR S . BTEL, TR
ANRT DL A [R1 B0 ot AN A o 1 R R i 522 B v o ST R R o
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s ~
> pxm
(. J
Ve 'd
PIRFEREIEX EBRRARER
A\ J
' 'd ™\
L+ TCIEN{E 5 40 EE LR EERTIERERS
g VAN J
- ~N
o BRI
— |\ J

K 5.1 15 SRR VA B AR B

HJr L HTARESIEARE RN, AREM AT RA AR B, TR Z
OH - Hemar il 1 20T B AT IR, HBERE, SORHSCHE UE R
KEGRK, RMEEL X R RE S, 7 ZIF R A e iR ) 7
SO R I SUAS IR T8 2 AR A A B g

PRI, O 1R b e, A g A AR AR RO AT SO A B HEAT
WHg, HARBINERAR BTN 5.1 fs . B Se MAREE H bR SEAR I &) 5 rh i B
SEARII RS, R BTN SRR BN SR AR AR 2 A AR R, SRR RSN S
PR SRS e e, AR R 0 iy ) 2 SR TOU L A s R F) e S 2

SR, FATTAFR STBRAE T
® [EHIENALAR /> b Jris, P24 BRTE 3L, B A .
® [ERAVMIULAEJTi%, ERRIURER, MRE SCARRIEZ FEAL R, S

B SCRRBZ AL -

5.4 FEREIZEH

EE 5.2 AFATAE MIXINFBERT [F) R RZEH, 8 b DA BEHR 2 ik -
EBERT %ifi3#% (Encoder). {5 B/ %H %% (Compressor). 227} IE N4k &%
(Regularizer). ZH[AJH4r 2645 (Classifier).
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(— [ NS T
- E§ ol e (R A N (% 2 o 0. ¢ A EEECCEEE ‘.\I Latent

[CLS] I B : representation
*I. %‘ i . [ e

|

|

|

|

|

El

2

+
LayerNorm iz

(L)

| &
| | :
| I |
! I Contextual : I Dropout
oo | Regularizer | [oopos )
: ____._ _______ : (o= —————————————————— Feed-Forward Network (Residual)
. Entity-aware 1HE F——===— - :
: | | -
P BERT THE: 9 : 2 llel! |~
- ) ! ] 7 . S 5
(ew )t ) g8 -85 ||5| 0
Iﬁm = : | § O | Y B |
E>§ g2l 1™ ! a i
I |
I o Entity : ege :
|_Encoder | { representation  Classifier |

K 5.2 BT A2 05 RS TE SRS BAR M  MIXINFBERT
RS M N 21 S B B RAR A«
@ K NI 74 A\ EBERT Zift 85 RIKFFEE token I R CER IR
@ K SARFIRIN SR i ds, DA A R R AE B
@ # LR BN SCENEAR Sy gt ds b, SRIUTE CHESE
@ G IR MR A TR N Z R, R

5.4. 1 {5 BIBUE4A#s (Compressor)

FRBRAEFH 1 — AN FAT RN SO0 2 454 1) A B AT R X 2% e G o, 1% R 46

ZRHPAN A ReLU J0E R 0 28 14 % 45 2 40 45 T R
e = FFN(H,) = a(0,W,H, + b))W, + b, (5.8)

Hrh, BE5EZRMEHAARKZE, BRAERS PR 7 adiEm s,
HEEWTT UV TWANNAZRNA 1T BER, SARf6H i4E 52 2 ) 2
dinput=1024 %Ddoutput=256, Wﬁ%ﬁ%ﬁﬁﬁ‘]?\]%ﬂ% (inner-layer) é&}gdinnerzlozél'o

5.4.2 A4 IEN4EES (Regularizer)

MIXINFBERT K J& 3555 Afi q(z[x) 1F 08 £ SCRoR 1045 B, Herb, JRiR )
AiE I B M B-weighted KL AR KAL log ALY Mtk 8t /i x (U152, 1M
I AL A5 BE 6 A 5 360 A 55 e 0 se S AR UL AC o
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WEFCARHT, SRR A 2 SLAE AR R 2 b TR AR AR AN A
e PR L B ) B0 Sk B A v VAT (8 ERE MR,  F50 73 S K3
BRI PR AL RO ] E A SEAR S AR X T AR A B SOy . BT
SR s T RABIER, LR SR, XAMEEARERRE; M
B, ETRSCEROMARFE ML, S KRBT RKFL.

N T RZERIE M 4R R TR TCRRHE,  FATCLE GG IR & 15 S STHE 2y
S, SRMAZ D IENAL T L, FENZRE bR I IERAL . S BRI R
TR q(zx) B 1AL — ZURSL RN i i e e D, g B A5 ) AR s 3t
RS 2. KPR RE T, BB e Mz AR EAHOLH, PRIE e X 5 5 I
BRI, AT DL 2 . IR A5 SR SIHE SR 1 i 2% H Am v] LU R U3k

7N
Loyp(r.x;2,€) = Eq¢(Z|x> [logpe (¥12,€)] — B X Dk (qpz120|IPe (2)) (5.9)

z N BTN SO T A ETE A B RIRS S RN, e MM SRARIEIETS B 1 K 4
IRARTR, RonHoE 5 14> token td 733, Ho &7 JE ) token 741k
FSE “[CLS]” XML BS & i, fEuf¥ B R SCREREiRAN, FFAHES

A I3 2] BRI RS RO 2
Ihy On = M(H,), Z(H,) (5.10)
Z =€, X 0op + up and €, ~ N(0,1) (5.11)

5.4.3 @WHEAH52KE (Classifier)

N T SEBUEr 2RTI, MIXINFBERT & 4644 6] 1 bR SC A& Ho Fl 5244 i)
B OHe %k, IRl g R BT 7 K20 BB 4R L, a1 B TR
eSS
Hpinar = p(W"* * [p(W'[e @ z]+ b'])+ b*]) (5.12)
exp(Hsinar)
exp ZLF |(Hfinal)

y" = argmax (5.13)

y IR B T PR A h — NG, | TR 2RI, d 2

Bt 7] s 4R
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5.5 SEIGIGE
5.5.1 et B 544

AR EE ()L AR SR W SR € SemEBval. ReLocaR. CoNLL T4
k.

TR SO MR, WE A TR KK 256, fbab PR/
(batch size) A 8, AdamW W53y 2 x 10-5, Ik epoch MIHEH 10,
dropout rate 5 0.2.

(1) FCHAEERRIIE SRBSLINEE R
5.2 PEHE AR ROTE SR S 44 2R

R CoNLL ReLocaR SemEval
FI-L | FI-M Acc(std) FI-L | FI-M Acc(std) FI-L | FI-M Acc(std)

SVM+Wikipedia - - - - - - 91.6 | 59.1 | 86.2(N/A)
Paragraph - - - - - 80.0(2.25) - - 81.3(0.88)
Immediate-5 - - - - - 81.4(1.34) - - 81.3(1.11)
Immediate-10 - - - - - 81.3(1.44) - - 81.9(0.89)
PreWin(GloVe) - - 87.9(0.22) | 84.2 | 84.8 | 83.6(0.71) | 90.6 | 57.3 | 83.1(0.64)
PreWin(BERT) - - 192.6(0.32) | - -] 92.2(048) | - - 87.1(0.54)
BERT - - 89.5(0.84) | - - | 91.3(0.57) | - - 84.7(0.71)
BERT+AUG - - - - - | 91.4(0.86) | - - 85.0(1.10)
BERT+MASK - - 1 93.900.54) | - - | 94.4(0.31) | - - 88.2(0.61)
BERT+MARK | 95.7 | 92.0 | 94.4(0.67) | 94.3 | 94.5 | 94.5(0.58) | 91.6 | 64.7 | 86.4(0.83)
EBERT 95.6 | 91.7 | 94.5(0.30) | 95.0 | 95.1 | 95.1(0.39) | 93.0 | 68.5 | 88.5(0.52)
MIXINFBERT | 95.8 | 92.2 | 94.7(0.26) | 95.4 | 95.5 | 95.5(0.28) | 93.1 | 70.6 | 89.2(0.44)

52BN T HET AR ME BB TE R A7 B 5 B sRIR g IR,
“F1-M” Ml “F1-L” JyfemdMarsemg2E i) F1AE, Acc Ml std R B i A
SERIUERf RN R (bR ZE . A T 1Al MIXINFBERT (36 MRAIGE 11, X0
PR RREAT T 10 YR LA B ASES,  FFid 5k S0 ORI~ FH51E .

63



RIS AR S

MES2 T LA H, E=AEdESE L, MIXINFBERT #{k T2 #if i) SOTA 5
T BERT+MASK #5 iR IR E 5| H¥E., 7057 CoNLL 325 1 0.8%, ReLocaR
E4RET 1.1%, SemEval LIRE T 1.2%MIERR .

ARt & DB AE R 2, W DLR L, BN E 2 R AR B
SVM+Wikipedia FfJTEREVIIRIL T3 JLAE I 2T BILSTM (P& I B 7, 4
Paragraph #%!, Immediate F%Y 1 PreWin (GloVe) B, SR, %7k MK
T RHE LA, FERR KRB AN S A, BHAG 7B 3E— 2 R A . PreWin

(BERT) LA—FiE LM 77 2L BE 2 ) token R = 8 IURRE, 7ERTH =
MRS EREDEREIE T Paragraph. Immediate F1 PreWin (GloVe), [A]F%iF
BT T ZR0E 5 A A0 TR MR 1 B B

BERT IR T PreWin (GloVe) ZEALGRRE =1, 1l BERT+AUG
1 BERT+MASK 43 il H T 408 3 5 A0 H A5 38 bE Wi $2 =5 7 BERT [ HERE
BERT+MARK 45 REH], FAli Y SRS IR 10 B AT DAS s — &8 70 A 2 g 4k
B

MRS, MIXINFBERT #AR1G [ S AdF IR, #id 1 HrA % i)
FiRY, {045 Paragraph. Immediate. PreWin. BERT+MASK 1 EBERT. }t:4h,
MIXINFBERT 5| A5 SURSHLH] i 55 7 OGS E ., MR EBERT A
b TR R .

MFI{EKE, MIXINFBERT fE# Wi bR LLAR w2t 7, (HEA/EH
WK EARE T — V1A Y, SRR T EAERS R ASME R B TR .

(2) BRI SOE BEXT EE

ARSI LA T =PI ZE ReLocaR A1 SemEval ¥4 bl g,
W odh &, o 2, & &l 28 2 il /LR BERT+MARK, EBERT,
MIXINFBERT [#% epoch &+ AEM R LALE . il 5.3 E 5.3(b)Fiw, fE
MIDFEE IR IR B, BERT+MARK R I HER FEIK:  7E epoch 0 2 epoch 2 fir
B, MIXINFBERT MJ#ERFEA LK BIFE T 7E epoch 5 £ epoch 10 BB, i
Xf ORI B AE R R ER AR RS E o 70T LI 45 R, MIXINFBERT 4R HE R 2 A5 A
AEZHNESE, ERAA RIS NSRRI EEE, ENSG— TR 7%
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FRIRCR, U5, ERAARIRE R, HYEREM AL T P xt b AL, 4
W TIREE BIMBUT R R & H SRt

RelocaR SemEval

(a) (b)
K] 5.3 AN Sl BT b
(3) 1B X AEHRIE RS
5.3 1 SUBIHGH L as

Rit] CoNLL ReLocaR SemEval
FI-L | FI-M Acc(std) FI-L | FI-M Acc(std) FI-L | FI-M Acc(std)
MIXINFBERT | 95.8 | 92.2 | 94.7(0.26) | 95.4 | 95.5 | 95.5(0.28) | 93.1 | 70.6 | 89.2(0.44)
Xk
95.7 | 92.0 | 94.4(1.12) | 93.3 | 93.1 | 93.2(0.89) | 89.1 | 52.4 | 82.3(0.91)
Compressor
Xk
95.6 | 91.7 | 94.2(0.25) | 95.1 | 94.8 | 94.9(0.48) | 93.0 | 70.2 | 88.6(0.28)
Regularizer

AT AR R 2 B R SCIE MK AR 73 g i 4 (Regularizer) HISEAARAS S
A (Compressor) KU UE PR AR AY p= A ) s, SESG 25 RNk 5.3
Pis. FEARMEYEE L, SMBRBRETTIE ARB, xF T 8OK K Hod 4
CoNLL, Regularizer X CoNLL ] 53k Et Compressor f TR 5 2 2, 1% T8/
1% P54 ReLocaR il SemEval, 2k Compressor f5, HT2E 7 XHIE LY
FMEThEE, BIAIMEREKIE R %, MLLT Compressor, Regularizer f1E MLl F2E
ER/NEEE E R RMEER .. B45°kE, Regularizer fil Compressor #BX 4544
FIPEREM L T — % B DT

(4) 255 BRRBCRRAE

PRI IR [R5 N AR R RIS DL N ROMEREZE SR . SRIRK

SRR (VIB) By 7 @G BMma (IB), 45Ruw%k 54 Pis, 1

l
F
heid
=
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BRSEA PO R VIBHIB (BN CERRAEH] VIB, SHARRMIA 1B). IB+VIB
(T FCRRMEH 1B, SURRREH VIB). VIB+VIB (| FCRRH VIB,
SARFRNEN VIB), IB+IB ( B FICRREH 1B, SRR R IB).

#* 5.4 o5 BACRRALE

TAEE CoNLL ReLocaR SemEval

EFx Jefk FI-L | FI-M Acc(std) FI-L | FI-M Acc(std) FI-L | FI-M Acc(std)

VIB IB 95.8 | 92.2 | 94.7(0.26) | 95.4 | 95.5 | 95.5(0.28) | 93.1 | 70.6 | 89.2(0.44)

IB VIB | 95.8 | 92.0 | 94.5(0.52) | 94.7 | 94.8 | 94.8(0.33) | 92.8 | 68.6 | 88.3(0.94)

VIB | VIB | 95.8 | 92.2 | 94.6(0.32) | 94.6 | 94.8 | 94.7(0.33) | 92.8 | 70.1 | 88.5(0.68)

IB IB 95.0 | 90.7 | 93.5(0.47) | 94.5 | 94.6 | 94.6(0.48) | 93.2 | 71.1 | 89.5(0.60)

SKIRAERAT LA, 20 REREREL N ik 5.4, 1R
SRR TSR E R, BERVE AR ZE, UL BAR R I ANE A T SR R
N MR EH N AT L RSGRAR, fERZHIER T, SRER T @M
FURR R o

gi BRriR, VIB MZT BN SRR E & s, (RAERITRA VIB
+IB {E N AR R G5 . 54k, BERT (XUUE A T — N S 4 (i it A b B2
(mean pooling) RAJEE b F XK, FEFRM LT CRHERS, BERT ANAJ G 43
BERL TS, VIB R LUK I e e M f 28 R B

(5) BEHIRERBICRKAE

55 R T ISBHR RS AIR, H—HP X~ Y $R1E X 1255 LIk
B Y WA EE B30IE, S. R C 43737 SemEval. ReLocaR F1 CoNLL %
Yt HThRiE ARSI Z S, (£ SemEval Al ReLocaR I Zki A5 7Y
ZACRIEATAE . ML R, KA CoNLL 188 s th A A S5 %2 TLAN
R, FAEHEERS M, FrLAfE CoNLL illZhiIMi R 7E ReLocaR H
SemEval ERAEIFCRAAZE . 1AL, £ ReLocaR A SemEval Ll ZRHIHRLAE
CoNLL FIGAF i ERE L T ReLocaR Ml SemEval, X3 #F T RATHIEAE,
B SE AT o e o P I SR Bt T2 M iR ] 1) e 28 SR AR T ELK

MBI BESr AT, BT D S8R5 B, BERT+HMARK £ = /MR R )
. (ERENESEASLEG H, MIXINFBERT X3 /M AT 7 B IF 1z 1L,
JIT A MIXINFBERT 7E1% S50 o B T SE 47 IR I .
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R 5.5 EHIREBAECRIGIE

- Hif BERT+MARK EBERT MIXINFBERT
FIL | FIM | Accstd) | FIL | FIM |  Accistd) | FIL | FI-M | Acc(std)
R—S 80.5 | 59.2 | 73.7(1.56) | 81.1 | 60.0 | 74.4(1.15) | 80.8 | 59.9 | 74.1(2.01)
R—=C 88.5 | 82.2 | 86.1(2.62) | 88.9 | 82.8 | 86.5(1.88) | 89.9 | 83.6 | 87.6(1.39)
C—R 92.9 | 92.5 | 92.7(0.58) | 93.2 | 93.0 | 93.2(0.59) | 93.0 | 92.4 | 92.7(0.71)
C—S 88.5 | 66.9 | 83.0(1.20) | 88.7 | 54.4 | 82.5(1.95) | 88.8 | 66.1 | 83.0(1.30)
S—R 753 | 56.4 | 68.5(1.89) | 80.1 | 69.6 | 76.0(1.60) | 80.3 | 70.2 | 76.4(0.90)
S—C 86.1 | 65.9 | 80.3(1.95) | 89.5 | 75.0 | 85.2(1.04) | 88.9 | 73.9 | 84.4(0..72)
(6) AFEHESH TEBIPREXS
% 5.6 NAMSE M RMBERNTLE (SemEval)
2 dim B=1.0 B=0.1 8=0.01 8=0.001
F1-L | F1-M | Acc F1-L | FI-M | Acc F1-L | FI-M | Acc F1-L | FI-M | Acc
32 92.8 68.9 88.3 92.8 69.5 88.4 92.3 69.1 88.1 93.2 70.3 88.9
64 93.1 70.2 88.8 92.9 68.5 88.4 91.8 65.7 87.9 93.1 70.3 88.8
128 93.4 73.1 89.4 93.1 69.2 88.8 93.2 69.4 88.9 93.5 72.9 89.5
256 93.1 70.2 88.8 93.1 71.4 88.9 93.1 70.6 89.2 93.1 71.3 88.9
* 5.7 AFAESHECF AR XL (ReLocaR)
z dim p=1.0 £=0.1 £=0.01 B=0.001
F1-L | F1I-M Acc F1-L | FI-M | Acc F1-L | FI-M | Acc | F1-L | FI-M | Acc
32 94.6 94.7 94.7 94.2 94.3 94.3 95.0 95.1 95.1 947 | 949 | 94.8
64 95.2 95.2 95.2 95.3 95.6 95.5 94.8 95.0 949 | 944 | 94.6 | 94.6
128 95.0 95.1 95.1 94.6 94.7 94.7 95.2 95.3 953 | 94.7 | 949 | 94.8
256 95.0 95.1 95.1 94.5 94.4 94.3 95.4 95.5 955 | 95.0 | 953 | 952

HSHIERE (Flanz_dimMp) &5
45 T/E SemEval I ReLocaR #(#i4E S HUR IR IR . z_dimy
NN ZM4ERE K/, Mz dim=128 B¥, 256 I 45 B 4f, iR N s 4 i
N R SBURAATE LR A4 BABRRIRUR B R E, 2B,
p=0.01 B, ALV REIA B B f
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5.5.2 fEiRHT

A A JUAS A [ B 5 A2 A ff B e it BERTHMARK. EBERT Al
MIXINFBERT [{ A1 %

RPN NI A SR <287 DN HFR SRR bR%s, ik “ v
X7 R =AM AIB Y IE T 5 15 .

(1) AL

T BERT (WL T bR SOR T SAR IR e S8 bn s, SR, 44—
M)A 2N SRS, BRI A 2 2 B HAB L ISR i) 4. S1. S2 J@
T H AR SR Ho A SR R I IR, FEIX R SCA T, BERT+MARK [A]
IS4 7 S1 A1 S2; EBERT IEAATRMI 1~ S1, 5 WX - SEAA ) B f 033 I AFE
—SERLE BRI, ARTT, EBERT i ToESLAER, ST S2 M
MR MIXINFBERT ~F#2%5 [& F T SCHMSHR(E R, FFdAT £z, 1B
T T S2 M4y

R 5.8 SRR T

BERT+
# %1l4] s EBERT | MIXINF
MARK

REM B “oek 27 A2
“RAFIFE” XA, EIERMN
S1 Fevan X v v
11182 2 = 8 1w A

RAEAE(E B 2R E A

P K P B AN /N B I 0 3R AN

S2 | H, EEMEHEE, KBiarER | W X X J
EWIE LY.
iz v AR BE SR OB 2E M 2 IR

S3 gy X J X
R
BEHP D RAENRERE, 1M

S4 |23, X X J

AR R A BN R PR

(2) FiRRA
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TG “H)” FoRIARZ AT E R R, A1 S4h, T “HEE”
A B XAES” Z 1A )8 58 R THL, BERT+MARK KRR H H KA 9k
¥V, 1M MIXINFBERT BRI RAIH T “48E " mIEFm 2 3.

FENGEIEE T HIR L LoRE R RN A, SRR K b
A, MIXINFBERT {7 — /M85 IEMME A, 2 3138 ik SR Az pl R s
FORUMZIRIRZRIE R, AR AR EE SRR & 3L

(3) HICRF

7 S4 11, MIXINFBERT 2 fiialil “N.7 i<, 12N 7Lk “HE1” 5
FE SR “ 2R, RSN, SR, MIXINFBERT 7EiH %]
B ST RS E BT A SR, I DA SRR 4R 2L MIXINFBERT,
ARG SR TP Z IR R ORI R R, PR A0 R ik 1) 2N U

5.6 AFE/NG

AN B SO Q] S I W SO (R IR LT SURIBIEAT T ERHE BOUR K B
PIOEFRABZHEM R, SR 7 — R A5 BRSNS R g, %
A FH AL 045 A2 B I S 8 SCHESR, J5S 1 e ey SCA AN TR 1) R 207
SOERRE, RIE TR e . o, AR IENALE TR 7R
o BRSO SR8 B s, B b G, AT SR e ) 1 O UR LR AR,
FRmr R R K S TH R I T SR ORRR ;{5 BRI 2 4% 68 45 B IR 4 HoR
HERFIE AT RICRAE R, SOUE SRR £ M. 2, Pt i
B U AT RO DA e YR ) AR R SRR IR, AR D, B R
ZHEOUR, m i E IR
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HNE ZigHRYE

6.1 45t

It LI R A S R (R 3 2 R R A ] RS2 B KT I B SR T, N LR et
N, AL T BINLE R R, AT B3l v I LR AL P S
PRELSE S SURNMATRIE R R S AT, B s /2 —Fh s b 21 S
RIS SGRAMEST, BUA IS TR B 2% 2T 1K E AAE 5 AL B 5 i AU SRR
B ALy, W LASCHLRT R SeARBEAT IR, (E i T e i A e & vk v iR
AE CLER AR LS 5 4 B LS SRR S, TR SEIUALE AR o A R SCAS A (18 e
WAL, ANBURT BLh 9845 BRI I@ AR, IR RERS SR THE BRIACE,  FFERA
LA, BAARH EE TR SO A

e RO SE LR R, R B A SRR S BN SCZ AR L, IR R
B Feugyin 5 bR SCZ AR AR LR . b, SEAR ORI 5 15 0% R BB
R EEARYERE, 10 B SCHRIR AT BLp Ay Ak S A FIARANTE U B R1R, TR
5RI R AR R RE B IE TR R AR . Bk, ARG S
SEMBEHIR, RERRRNC . AES B SR IS, BE 7R WA ) 3
e, BAARTTERG R

TR —: BRRT XA LG XEERHRT B — s BSiig
7 R USRS 95 A R (R B A, AT 2 (A DR RG T AR B 5t I T ) e g R
AR TR SE B — B R SCHRIR, HERERA TR, R, FRATFE e mar A A v
AN T SRARFER, R 7P ASHE AU L A SEAR R R RS 5 1 SRR S B A
Femr R AE 55 I RIE RE F15 M — P & SEARIRITC IR 1 |1 SCRR A
M EBERT, {155k & 4o Al AR AT Rt &A1 L 5%

TR —: fRRT BRANAp RSB LIE 8. H TR s 7%k
Z R NLAETE E B EEA b, T T AR R R, 6T i A S R
WA TR AN B S0 G, BARH T AERIR . B, JRATT AR EEA0E S5 1 4 B
P e P W, AR R T BN FVR A R AR R T, R T R i
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H GON SEAERIN, EANERIR S R MR A\ BB s Ry 1 —Fpa)ik
WAL E 73 Bie T35 AGCN, A7 RO Br ATk RIR A e

RER=: BT XA LT XERITRAERBEFHKIE: T HuiR b2
—NNINGED 7R, AERERSORT, [FEICR. RERAZHENIRIEHEHE
W, 3G AR SUE SR, XE SCRYBEARARLS PR, XA I i HE R R A5 7R B A6 1)
TR AR RIS R AT AW, & RO R AR T . Oy T e R
BRI RRERES, AR TP E R G — R AR IE AL 59 2L
AEERARRISCA K, il oI5 1 1R A AR SORSIE SR Za 80K, i 2 [
SE MR B, R OTE U BIUAR, SEELCAR B A AL .

WA ZHE ARRE, A LAREE T

W—mAA T IR SR, A TR LR T =
AR ] R AR SLFRIBIE TN 2 B A B T AN S BT R

B EA G T A e R A A ST STERATAR SE AR

=GR T RS SEAREN IR ) B R SCRIR IR A . 2R AT
Zpp BERT R REEARAL, JRAsn 1 s K SEARIRFIRE /15 BEXF SR RIE BE
D55k, BRBA LR TR R g, $Ras SRR )P R OB B S, Y
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i A A Rt .

6.2 BY

AR SO FE MR R SEAR R IR < RIR AR DA S URIRIX = A ] R AT
THIRHETE . I SR IG5 70 Hr, FAT3R 5 iR IS TR RCR, (H2
FELUR 5 AT RER — LE O ERITR A A -

(1) SEAk bR CRR 753 i st

ARSCHES =B g 1 — MRS SSRGS R ik, I S
PRFR7R A A SEAR BN SO E R, Tt 1 SHRAER R I RIERE T, AN
ARAEWAERI TSR] TIGUE. (BIE, 127 EN 5 SRR Wi U7 v B A
TPt SE, A X EEAS token R o B B EAFAEHEAT SR P B L. R,
B R L iz s O AR HEAT AL, A5 FH AL 70 P SR R B T SRR 3R 7 (A0 K
M.

(2) AR RBA RIS

ASCAEF I E AR SEH T —Fp SRR 48 3 B R M 28 AR A R A
IR 5 1 2 TR B AT O R SEEL AR RIR B A R . (A, TR
xR token UIKAF R RAFAE S BT X 70, MBI IS R RN SEAREE
ML RARTE, PreVAREFRIF AR RS2 A, 3% R IR R &
ISR B AR HEATIOAL, R DRARAE RN PR S B A

(3) HRIMET AR

72



RIS AR S

ARSCHES FLE g T B T AR5 BB 8 SR EARB, e T 4%
Mg H) 11 SCRIE PHERAE o« FRATTA 73 vl LA PE A b B2 B ) L 96 X
KR, ORI, ERZIEOLN, RIRTERIN SN EIRFE iR ey, DLEAN A
THAE ORISR . 4R OR AT DL AN RIAR B, JF AT AR BE ORI R 5
PRFIRIRE AN ERAIR, 32— DR T SOARTE &

73



RIS AR S

[(11.
[21.

[31.

(4] .

[51.

(6] .

[(71.

[81.

[91.

[10].

275 SCHR

HI%2, 731, PRt s . iRt S Rt ], BP9, 2015, 26(1): 40-51.

Graves A. Long Short-Term Memory[M]//Supervised Sequence Labelling with Recurrent
Neural Networks. Springer, Berlin, Heidelberg, 2012: 37-45.

Peters M, Neumann M, Iyyer M, et al. Deep Contextualized Word Representations
[C]//Proceedings of the 2018 Conference of the North American Chapter of the
Association for Computational Linguistics: Human Language Technologies, Volume 1
(Long Papers). 2018: 2227-2237.

Devlin J, Chang M W, Lee K, et al. Bert: Pre-Training of Deep Bidirectional Transformers
for Language Understanding[C]//Proceedings of the 2019 Conference of the North
American Chapter of the Association for Computational Linguistics: Human Language
Technologies, Volume 1 (Long and Short Papers). 2019: 4171-4186.

Zhang S., Zheng D., Hu X., et al. Bidirectional long short-term memory networks for
relation classification[C]//Proceedings of the 29th Pacific Asia conference on Language,
Information and Computation. 2015: 73-78.

Mao R., Lin C., Guerin F. End-to-End Sequential Metaphor Identification Inspired by
Linguistic Theories[C]//Proceedings of the 57th Annual Meeting of the Association for
Computational Linguistics. 2019: 3888—3898.

Gritta M., Pilehvar M. T., Limsopatham N., et al. Vancouver welcomes you! minimalist
location metonymy resolution[C]//Proceedings of Annual Meeting of the Association for
Computational Linguistics, volume 1. 2017: 1248-1259.

Li H., Vasardani M., Tomko M., et al. Target word masking for location metonymy
resolution[C]//Proceedings of the 28th International Conference on Computational
Linguistics. 2020: 3696-3707.

Pustejovsky J. The generative lexicon[M]//Computational Linguistics, 1991: 17(4):409—
441.

Chan Y S, Roth D. Exploiting syntactico-semantic structures for relation

74



RIS AR S

[11)].

[12].

[13].

[14] .

[15).

[16] .

[17) .

[18].

[19].

[20].

extraction[C]//Proceedings of the 49th Annual Meeting of the Association for
Computational Linguistics: Human Language Technologies. Portland, Oregon, USA.
Association for Computational Linguistics, 2011: 551-560.

Fundel K, Kuffner R, Zimmer R. RelEx—relation extraction using dependency parse
trees[J]. Bioinformatics, 2007, 23(3): 365-371.

Janda L A. Metonymy in word-formation[J]. Cognitive Linguistics, 2011, 22(2):359-392.
Nissim M, Markert K. Syntactic features and word similarity for supervised metonymy
resolution[C]//Proceedings of the 41st Annual Meeting of the Association for
Computational Linguistics. 2003: 56—63.

Nastase V, Strube M. Combining collocations, lexical and encyclopedic knowledge for
metonymy resolution[C]//Proceedings of the conference on Empirical Methods in Natural
Language Processing. 2009: 910-918.

Nastase V, Judea A, Markert, K, et al. Local and global context for supervised and
unsupervised metonymy resolution[C]//Proceedings of the 2012 Joint Conference on
Empirical Methods in Natural Language Processing and Computational Natural Language
Learning. 2012: 183-193.

Zhang Y, Qi P, Manning C D. Graph convolution over pruned dependency trees improves
relation extraction[C]//Proceedings of the 2018 Conference on Empirical Methods in
Natural Language Processing. 2018: 2205-2215.

Guo Z, Zhang Y, Lu W. Attention guided graph convolutional networks for relation
extraction[C]//Proceedings of the 57th Annual Meeting of the Association for
Computational Linguistics. 2019: 241-251.

Mahabadi R K, Belinkov Y, and Henderson J. Variational Information Bottleneck for
Effective Low-Resource Fine-Tuning[C]//Proceedings of the International Conference on
Learning Representations. 2020.

Lakoff G. Image metaphors[J]. Metaphor and Symbol, 1987, 2(3):219-222.

Kim Y. Convolutional Neural Networks for Sentence Classification[C]//Proceedings of

the 2014 Conference on Empirical Methods in Natural Language Processing (EMNLP).

75



RIS AR S

[21].

[22].

[23].

[24] .

[25].

[26] .

[27].

[28].

[29].

[30].

2014: 1746-1751.

Seo M, Kembhavi A, Farhadi A, et al. Bidirectional Attention Flow for Machine
Comprehension[C]//Proceedings of the 5th International Conference on Learning
Representations. 2017.

Lakoff, G. Metaphor and war: The metaphor system used to justify war in the gulf[J].
Peace Research, 1991, 25-32.

Zhang M, Ai X, Hu Y. Chinese Text Classification System on Regulatory Information
Based on SVMJ[C]/IOP Conference Series: Earth and Environmental Science. IOP
Publishing, 2019, 252(2): 022133.

Markert K, Nissim M. Semeval-2007 task 08: Metonymy resolution at semeval-
2007[C]//Proceedings of the 4th International Workshop on Semantic Evaluations. 2007:
36-41.

Farkas R, Simon E, Szarvas, G, et al. Gyder: Maxent metonymy
resolution[C]//Proceedings of the 4th International Workshop on Semantic Evaluations.
2007: 161-164.

Brun C, Ehrmann M, Jacquet G. XRCE-M: A hybrid system for named entity metonymy
resolution[C]//Proceedings of the Fourth International Workshop on Semantic
Evaluations (SemEval-2007). 2007: 488—491.

Nastase V, Strube M. Transforming wikipedia into a large scale multilingual concept
network[J]. Artificial Intelligence, 2013, 194:62-85.

Yang S, Feng D, Qiao L, et al. Exploring Pre-trained Language Models for Event
Extraction and Generation[C]//Proceedings of the 57th Annual Meeting of the Association
for Computational Linguistics. Association for Computational Linguistics, 2019: 5284—
5294.

Mathews K A, Strube M. A large harvested corpus of location metonymy[C]//Proceedings
of the 12th Language Resources and Evaluation Conference. Marseille, France. European
Language Resources Association, 2020: 5678-5687.

Socher R, Perelygin A, Wu J, et al. Recursive deep models for semantic compositionality

76



RIS AR S

[31]1.

[32].

[33].

[34] .

[35).

[36] .

[37].

[38].

[39].

[40] .

[41] .

over a sentiment treebank[C]//Proceedings of the 2013 conference on empirical methods
in natural language processing. 2013: 1631-1642.

Rajpurkar P, Zhang J, Lopyrev K, et al. SQuAD: 100,000+ questions for machine
comprehension of text[C]//Proceedings of the 2016 Conference on Empirical Methods in
Natural Language Processing. 2016: 2383-2392.

Glavas G, Vuli¢ I. Is supervised syntactic parsing beneficial for language understanding
tasks? an empirical investigation[C]//Proceedings of the 16th Conference of the European
Chapter of the Association for Computational Linguistics: Main Volume. Association for
Computational Linguistics. 2021: 3090-3104.

XL BT LG 2 21 510 SCRIR B i B mar 1R[], B st ive Kaa a4k, 2011,
11(3):59-64

SRR, AGLLYE, o WY AR T 1) BE M R ) f0 ] T S R AR R ] OB B,
2017, 31(3): 41-47.

Wt JH B IR FET Gt a9 DGE B AL B R N R G OB SR, 2007,
(1): 133-141.

T, B AR EET A RN DU A v R B AR T VAL TH LR AT
2007, 24(9): 67-70.

Vaswani A, Shazeer N, Parmar N, et al. Attention Is All You Need[C]//Advances in Neural
Information Processing Systems. 2017: 5998-6008.

Yang Z, Dai Z, Yang Y, et al. XInet: Generalized autoregressive pretraining for language
understanding[J]. Advances in neural information processing systems, 2019.

Robinson, Jane J. Dependency structures and transformational rules[J]. Language, 1970:
259-285.

Mikolov T, Sutskever I, Chen K, et al. Distributed Representations of Words and Phrases
and Their Compositionality[C]//Advances in Neural Information Processing Systems.
2013: 3111-3119.

Pennington J, Socher R, Manning C D. Glove: Global Vectors for Word

Representation[C]//Proceedings of the 2014 Conference on Empirical Methods in Natural

77



RIS AR S

[42] .

[43].

[44] .

[45] .

[46] .

[47] .

[48] .

[49] .

[50] .

Language Processing (EMNLP). 2014: 1532-1543.

Melamud O, Goldberger J, Dagan 1. Context2vec: Learning Generic Context Embedding
with Bidirectional LSTM[C]//Proceedings of the 20th SIGNLL Conference on
Computational Natural Language Learning. 2016: 51-61.

Mesnil, G., He, X., Deng, L., and Bengio, Y. Investigation of recurrent-neural-network
architectures and learning methods for spoken language understanding[C]
/INTERSPEECH 2013, 14th Annual Conference of the International Speech
Communication Association. Lyon, France, August 25-29, 2013: 3771-3775.

Baroni M, Dinu G, Kruszewski G. Don’t count, predict! a systematic comparison of
context-counting vs. context-predicting semantic vectors[C]//Proceedings of the 52nd
Annual Meeting of the Association for Computational Linguistics (Volume 1: Long
Papers). 2014: 238-247.

Collobert R, Weston J, Bottou L, et al. Natural language processing (almost) from
scratch[J]. Journal of Machine Learning Research, 2011, 12: 2493-2537.

Yang S, Feng D, Qiao L, et al. Exploring pre-trained language models for event extraction
and generation[C]//Proceedings of the 57th Annual Meeting of the Association for
Computational Linguistics. 2019: 5284-5294.

Wu S, He Y. Enriching pre-trained language model with entity information for relation
classification[C]//Proceedings of the 28th ACM International Conference on Information
and Knowledge Management. 2019: 2361-2364.

Li D, Wei F, Tan C, et al. Adaptive recursive neural network for target-dependent twitter
sentiment classification[C]//Proceedings of the 52nd Annual Meeting of the Association
for Computational Linguistics (Volume 2: Short Papers). 2014: 49-54.

Peng N, Poon H, Quirk C, et al. Cross-sentence n-ary relation extraction with graph
LSTMs][J]. Transactions of the Association for Computational Linguistics, 2017, 5: 101—
115.

Liu J, Chen Y, Liu K, et al. Event extraction as machine reading

comprehension[C]//Proceedings of the 2020 Conference on Empirical Methods in Natural

78



RIS AR S

[51]).

[52].

[53).

[54] .

[55].

[56] .

[57].

[58].

[59]).

Language Processing (EMNLP). 2020: 1641-1651.

Joshi M, Penstein-Rosé C. Generalizing dependency features for opinion
mining[C]//Proceedings of the ACL IJCNLP 2009 Conference Short Papers. 2009: 313—
316.

FuT]J, Li PH, Ma W Y. GraphRel: Modeling text as relational graphs for joint entity and
relation extraction[C]//Proceedings of the 57th Annual Meeting of the Association for
Computational Linguistics. 2019: 1409—-1418.

Kambhatla N. Combining lexical, syntactic, and semantic features with maximum entropy
models for extracting relations[C]//Proceedings of the ACL 2004 on Interactive poster and
demonstration sessions, 22. Association for Computational Linguistics, 2004.

Zhang M, Zhang J, Su J. Exploring syntactic features for relation extraction using a
convolution tree kernel[C]//Proceedings of the Human Language Technology Conference
of the NAACL, Main Conference. Association for Computational Linguistics, 2006: 288—
295.

XuY, Mou L, LiG, et al. Classifying relations via long short term memory networks along
shortest dependency paths[C]//Proceedings of the 2015 conference on Empirical Methods
in natural language processing. 2015: 1785-1794.

Liu Y, Wei F, Li S, et al. A dependency-based neural network for relation
classification[C]//Proceedings of the 53rd Annual Meeting of the Association for
Computational Linguistics and the 7th International Joint Conference on Natural
Language Processing (Volume 2: Short Papers), 2015: 285-290.

Miwa M, Bansal M. End-to-end relation extraction using LSTMs on sequences and tree
structures[C]//Proceedings of the 54th Annual Meeting of the Association for
Computational Linguistics (Volume 1: Long Papers). 2016: 1105-1116.

Jawahar G, Sagot B, Seddah D. What Does BERT Learn about the Structure of
Language?[C]//Proceedings of the 57th Annual Meeting of the Association for
Computational Linguistics. 2019: 3651-3657.

Bahdanau D, Cho K, Bengio Y. Neural machine translation by jointly learning to align

79



RIS AR S

[60] .

[61] .

[62] .

[63].

[64] .

[65] .

[66] .

[67] .

[68] .

and translate[C]//Proceedings of the 3rd International Conference on Learning
Representations. 2015.

Luong T, Pham H, Manning C D. Effective approaches to attention-based neural machine
translation[C]//Proceedings of the 2015 Conference on Empirical Methods in Natural
Language Processing, Lisbon, Portugal. Association for Computational Linguistics, 2015:
1412—-1421.

Huang G, Liu Z, Van Der Maaten L, et al. Densely connected convolutional
networks[C]//Proceedings of the IEEE conference on computer vision and pattern
recognition. 2017: 4700—4708.

Manning C D, Surdeanu M, Bauer J, et al. The Stanford CoreNLP natural language
processing toolkit[C]//Proceedings of 52nd Annual Meeting of the Association for
Computational Linguistics: System Demonstrations. 2014: 55-60.

Sundermeyer M, Schliiter R, Ney H. LSTM neural networks for language modeling[C]//
Thirteenth annual conference of the international speech communication association.
2012.

Si C, Chen W, Wang W. An attention enhanced graph convolutional LSTM network for
skeleton-based action recognition[C]//Proceedings of the IEEE conference on computer
vision and pattern recognition. 2019: 1227-1236.

Hochreiter S, Schmidhuber J. Long short-term memory[J]. Neural computation, 1997.
9(8): 1735-1780.

Tang G, Muller M, Gonzales A R, et al. Why self-attention? a targeted evaluation of neural
machine translation architectures[C]//Empirical Methods in Natural Language Processing.
2018: 4263-4272.

Shibata T, Kawahara D, Kurohashi S. Neural network-based model for Japanese predicate
argument structure analysis[C]//Proceedings of the 54th Annual Meeting of the
Association for Computational Linguistics (Volume 1: Long Papers). 2016: 1235-1244.
Kingma D P, Welling M. Auto-encoding variational bayes[C]//In International Conference

on Learning Representations. 2014.

80



RIS AR S

[69] .

[70] .

[71].

[72].

[73].

[74] .

[75].

[76] .

[771 .

[78] .

Danilo Jimenez Rezende, Shakir Mohamed, and Daan Wierstra. 2014. Stochastic
Backpropagation and Approximate Inference in Deep Generative Models. In Proceedings
of the 31st International Conference on Machine Learning (ICML).

Chen X, Duan Y, Houthooft R, et al. InfoGAN: Interpretable Representation Learning by
Information Maximizing Generative Adversarial Nets[C]//Proceedings of the 30th
International Conference on Neural Information Processing Systems. 2016: 2180-2188.
Alemi A A, Fischer I, Dillon J V, et al. Deep Variational Information
Bottleneck[C]//Proceedings of the 2017 International Conference on Learning
Representations (ICLR). 2017.

Lakoff G, Johnson M. Conceptual metaphor in everyday language[J]. The Journal of
Philosophy, 1980, 77(8): 453—486.

Lakoff G. The contemporary theory of metaphor[M]//Metaphor and Thought (2nd edition),
1993.

Fass D. Metonymy and metaphor: What’s the difference?[C]//Coling Budapest 1988
Volume 1: International Conference on Computational Linguistics. 1988.

Sun C, Huang L, Qiu X. Utilizing BERT for aspect-based sentiment analysis via
constructing auxiliary sentence[C]//Proceedings of the 2019 Conference of the North
American Chapter of the Association for Computational Linguistics: Human Language
Technologies, Volume 1 (Long and Short Papers), 2019: 380-385.

Lin C, Miller T, Dligach D, et al. A BERT-based universal model for both within and
cross-sentence clinical temporal relation extraction|[C]//Proceedings of the 2nd Clinical
Natural Language Processing Workshop. 2019: 65-71.

Qu C, Yang L, Qiu M, et al. Bert with history answer embedding for conversational
question answering[C]//Proceedings of the 42nd International ACM SIGIR Conference
on Research and Development in Information Retrieval, 2019: 1133-1136.

Brickley D, Burgess M, Noy N. Google Dataset Search: Building a search engine for
datasets in an open Web ecosystem[C]//The World Wide Web Conference. 2019: 1365-

1375.

81



RIS AR S

[79].

[80] .

(811 .

[32].

[83].

Nyagadza B. Search engine marketing and social media marketing predictive trends[J].
Journal of Digital Media & Policy, 2021.

Raganato A, Tiedemann J. An analysis of encoder representations in transformer-based
machine translation[C]//Proceedings of the 2018 EMNLP Workshop BlackboxNLP:
Analyzing and Interpreting Neural Networks for NLP. The Association for Computational
Linguistics, 2018.

Zhou J, Cao Y, Wang X, et al. Deep Recurrent Models with Fast-Forward Connections for
Neural Machine Translation[J]. Transactions of the Association for Computational
Linguistics, 2016, 4: 371-383.

Clark J H, Choi E, Collins M, et al. TyDi QA: A benchmark for information-seeking
question answering in typologically diverse languages[J]. Transactions of the Association
for Computational Linguistics, 2020, 8: 454-470.

Vakulenko S, Longpre S, Tu Z, et al. Question rewriting for conversational question
answering[C]//Proceedings of the 14th ACM International Conference on Web Search and

Data Mining. 2021: 355-363.

82



RIS AR S

[1].

[2].

[31.

EEABUEZM T FAHAIE AT & REVILL

XXX. An Extensible Framework of Leveraging Syntactic Skeleton for Semantic Relation
Classification[J]. ACM Trans. on Asian Low Resource Language Information Processing
(TALLIP), 2020, 19(6): 77:1-77:21. (E=AF#)

XXX. An Empirical Study of Incorporating Syntactic Constraints into Bert-based
Location Metonymy Resolution[J]. Natural Lanaguge Engineering (NLE), (&,
2, BARE, S

XXX. Mixed Information Bottleneck for Location Metonymy Resolution Using Pre-
trained Language Models[J]. ACM Trans. on Asian Low Resource Language Information

Processing (TALLIP). (& faHd, 2 _AFH, SI—1F

83



RIS AR S

EEARZUEZM T FAHEMES5/UIH

1 IUHSRIE: 2021 455 BT “RHAQGEMATshRI” ioh-RIm H
WH %FR: I 25 & 5 E 5 2 HRIREIA R A28 512
TiHY%: XXX

HATBAPR: 2021~2024

84



RIS AR S

B

TR, WG, IR T L AT, (B AR R B A T AR AR
IR —Z, A b AR HR A

FE=F WA AEET, ERZIME T HMO M AR T U R H5 234
Bi, (ERMASREER . EZIMENRAIE R, 5T, AmEE 7T RL R,
FEIE, T4 17 2 DTS ATARIR AR RN P 22 A S !

34k, Bk BRI = AN F AT, AEBA 2 ST AN A i ok 1R
20 W, R BSR4 R B AR U S T R B0 R s IR, [ I S 1) e 1)
Yoo RSPFRRITAH . EhsRFE. TR FEEERIEWE, RIS AHE B)
R RL 1 AR (E T i SR 7 A A i !

(7 i 33 BRI A BE, R AbATIZE T PN A SRR R KR 2 2T A LA
B, PR TBRIMEAE TG, A MRAR A A IT T3, 2l
B, VI _EARE R 2s T RS RI B !

ZAEEHHH TRV AR, R sl BB SO E 28— ki Bk,
ANERTA Z DR, BAEREFEZAN] AT ZITRSE AT 2 7Km vk
RN G A, BEHBIMISC R, fa, B RAR R R A !

85



