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Research on Entity Expansion Technology Based on

Multi-Feature Fusion

ABSTRACT

In the era of rapid advancements in information technology, the
exponential growth of massive data and textual information has made
entity expansion a critical research area in natural language processing
and computer science. Entity expansion leverages contextual information,
semantic associations, and multi-modal features to enrich and extend the
semantic representation of entities, catering to user demands for
information retrieval and semantic understanding. This technology
significantly impacts system performance and user experience in
applications such as search engines, question-answering systems, and
taxonomy construction. Its importance is increasingly prominent in both
scientific research and practical applications. Currently, entity expansion
research has progressed beyond traditional domains such as names of
people, locations, and organizations, gradually focusing on web-based
data. However, the redundancy and unstructured nature of web data pose
significant challenges. For example, how to identify changes in public
sentiment from a small number of social media posts, and even predict
potential social unrest, has become a problem that urgently needs to be

addressed. Moreover, entity expansion techniques are expanding into
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broader fields, including industrial intelligence analysis, academic
literature mining, and knowledge management. These advancements help
researchers efficiently extract valuable information from massive datasets
and construct semantically rich knowledge graphs, thereby providing
robust support for research and applications across multiple domains.
Consequently, with the continuous growth in data volume and complexity,
entity expansion technology not only holds substantial academic value
but also demonstrates wide-ranging application prospects in industry.

This work focuses on entity expansion and conducts an in-depth
exploration in three main areas: entity synonym expansion, entity
abbreviation expansion, and entity set expansion. The specific research
contents are as follows:

(1) A method for entity synonym generation based on a flexible
perception domain and multi-layer context is proposed. This method
addresses the issues of ignoring global entity information and error
accumulation propagation. It fully leverages a flexible perception domain
and multi-layer contextual information. First, to determine whether a new
candidate entity should be included in the synonym set, this paper designs
a strategy that combines a neural network classifier with a flexible
perception domain. In the classifier, a three-layer feature interaction
network 1s constructed, mapping entity-level features, set-level features,

and sentence-level features into the same embedding space to extract
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more comprehensive synonym features. Second, a dynamic weight-based
entity synonym expansion algorithm is proposed, which utilizes the
trained neural network classifier to expand the final set of synonyms from
candidate entity words. Experimental results on three public datasets
demonstrate that the proposed method outperforms existing approaches in
generating entity synonym sets.

(2) A Chinese abbreviation expansion method based on multi-feature
fusion and global context is proposed to address the issues of ignoring
semantic associations and dependencies between labels. This method
consists of three stages: candidate abbreviation generation, multi-feature
optimization, and global context evaluation. In the candidate abbreviation
generation stage, we employ a novel Chinese Pretrained Imbalanced
Transform (CPT) model to generate multiple candidate abbreviations,
enhancing the accuracy and comprehensiveness of the prediction model.
In the multi-feature optimization stage, each candidate feature is
evaluated by integrating part-of-speech, stroke, and dictionary features. A
quality score is then assigned to filter out the most valuable candidate
features. In the global context evaluation stage, a contrastive loss
approach is used to train the Chinese abbreviation prediction model,
incorporating global context information to ensure that more effective
candidate words receive higher scores. The abbreviation with the highest

quality score is selected as the final output. Experimental results

Vi
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demonstrate that this method outperforms other similar approaches in
abbreviation expansion.

(3) A bidirectional context-based entity set expansion method is
proposed to address the challenges of relying on high-quality annotated
corpora and sparse supervision. This method consists of three stages:
supervised signal enhancement, bidirectional context module generation,
and iterative guided expansion. First, the supervised signal enhancement
module mitigates the issue of sparse supervision. Then, the context
pattern generation module integrates XLNet to automatically generate
entity context patterns, while BERT encoding is used to extract
high-dimensional semantic representations.

Finally, an iterative expansion strategy guided by generated patterns
is employed. Entities are progressively expanded based on contextual
similarity scores, achieving efficient and semantically consistent entity
expansion without requiring manually annotated corpora. Experimental
results demonstrate that this method outperforms other similar approaches
in entity set expansion.

In conclusion, this paper focuses on the research of entity expansion
technology and proposes innovative solutions to key challenges in entity
synonym expansion, abbreviation expansion, and entity set expansion. By
integrating multi-level contextual information, multi-feature fusion, and

generative language models, this study significantly enhances the

Vil
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accuracy and efficiency of entity expansion. The research findings not
only enrich the theoretical framework of entity expansion methods but
also provide essential support for various applications, such as knowledge
graph construction and information extraction, highlighting the broad

development prospects of entity expansion technology.
KEY WORDS: Entity Expansion, Synonym Expansion, Abbreviation
Expansion, Entity Set Expansion, Multi-level Context, Multi-feature

Fusion
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B 1-1 s S5 ]
Fig. 1-1 Organization of the paper

(1) $2H 7 —MEE RN SE 2 2 LR UEEMESR. &5, 81 Ak
e TR R SLAR NN [F] SRS, 20T iR AS AR 4 ) A% 5 RE IR, R
=R BRI, KSR AR TR B R E], AR
IR SRR o IR, ASCBETE 1A T 3h 2B (1 SEAR R SR 2 %, A
PR R 22 R 4 7 S8, WA a4 SRV Hh i e A 3t [ SR B o fE =
PIHFEER ERYSEIRY, TR SRR SGA AR A 55 BT I T ik
(2) & 7 — MG 2RI S 2R BT X POR AN R k. 12051k
B Ik R A R ZRAEL AN 4 R B SO = AP BL. B, FEIRIESE
W ] A BT B, R R A DOE TR ZR AT A e ds (CPT) BRI AR a2 M ikidk
ARm&RE], DARTHIN R HERA I SR . BEJS, EZRHEE B, Gt
28 A ] SRF AR R AT VP0G, IR BCBE T B, AT A AR . BeJA
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FEAJR) BRSOV B, SINKT EEA5 R I R 1] TN, SR 45 & 4 R TE B fE
B iR ERIE R SR E M), RARE RS . SLIE /B, %07
AL 1Y AR 55 AR T B T ik

(3) JEH 7P 0A BRSO SER R ST T TR A B
S XUE BRSO UE AR T R = B, E G, I S S
SR g M B . BB R, R R SORE U i 4 & XLNet H 314
SRR BRSO, IRl BERT iS4 iU m4EvE R a, RAETAEK
RG] 3 HIAAY S, I B ST B b R Stk S &, SEBLEA
TAREROL N R 8 S B SR Y g SCIRE R R, 2T iR SRR G
I IRAESS PR T HUA T

1.4 WXHEWRH

B NE, RN ZHNT.

BRI, MRS RE R LRI TR S AN A S i T LR
RIUIRE B TR 0, 55 M BASCTAE N

5B RH I AR . AR R B IS SAREARA A, SRR A
wHMR. BRES AR, SRy RITIEM IR

H= W HEHIR 13 WA TAEM TR ik . R &R 2N
FAFEM KA IR . A WU IR RE DL SRR S R A

BANTERLMERE . EE A TARAT B4, X TARMIRSH A 24T
T, 2 HRSR AR IR 75 07 14D o

<
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£2EF EUMERSHEXEANE

2.1 EAMZSHIR

(1) SRR S24R3R % (Named Entity Recognition, NER) & [ 2R iE = &b
HO(NLP) P —Ii 0TS, BEMIEG SO T B 3R H R AR E T X
B SEAR, IR SEONTIE S, B4 Ha . HILFR, IE).
HI. £2mfBfr %% . NER [4T55 A5G U0 S 7E SCAS p (1300 5 LA R i e L BT
25 5], BInfE “Google was founded in California” 1, iR%] “Google” N4
£ (ORG), T1fi “California” AHh4 (LOC). SLARIRBILEVEZ B H 5 3
HHEZE M, GlanscAsy R0, 5 B, RSV ERASILL K in % R G5
CIB IR ARG SR LA N SRR B, N 5 SRR AL FE RN S AT B T AR
TR SEDL T VAR R TN AR UT RS Can BN ZRaA 30O GeitHLas % 2] 7 ik
CInZ&AHBENLY CRF) PASGE AR 2 R FH R 7 S BOR (40 BILSTM-CRF .
BT P ZRTE S AL BERT 45) . IRES 2107 Re R A R SUE B 2 2%
B e &R, MIMHEET NER (v 1558 Bk

BERT BiLSTM CRF

X T1 FL T1 T1

T T i T

T n N
Transformer |, A"

S s s m—— -
E1 E3 E3 Ea Es |.

Pre-training Feature Fine-turning

2-1 SEARRIRRE B
Fig. 2-1 Named Entity Recognition Process
i 2-1, AR SR IRAUTE S, B AR A AR
Tt Jo B SCASEAE 0) B FH v s £ A0 4 A AU Y] CoNLL-2003 122 Sk i
OntoNotes, LASATIVAEE ) H E XEHEE (kY. SRlas) . XEHIREIEH
PA BIO #& XARIESEMARER], RoREARKITIEB) HE@OMHELEARO). i, A
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F-"John is from New York" [] # ¥ 4 [John B-PER] [is O] [from O] [New B-LOC]
[York I-LOC], F+Hi"John", & — M A% FAR(PER), "New York" 5&—/NMHb s 5L
R(LOC). i NHHE AT 2 A0 2 FEE B3 e TR 2 (KRR /T, BRI/ E B
AN B, T B R — 8, HAERIEHESE GEE 80%H T IIZk, 10%
M FEAE, 10%H TR0 . #edh, MRB I 5T DA Az R B el s 1 o
BN 7R ¥

HOHE TRAR FT 2 SR U AR ALY SR 0 DS ER T , I T0% S 2 SCAR I e 4 g
RIn] AR AR IfA% 2o B 58, T SORTEDE, B2 RIVFFS . TR FAFE HTML
PR BN, KGR TN IR B IR CIRYE BT 5 7R i,
SFATF ={ 1, 2 , MAEATREEHTERTFS ={1, 2 , } 5,
T BB 2318 5 1R P A BEAT R SR, W OR SEARBR A IE AR LG B AN 1A
Blln, #5<Apple”#i 7y A“Ap”Fl“#ple”, M NFIAILZE—MriE, B5, I
FRAE, BE4EFRSFE R (W Word2Vee. GloVe) B I R CAHIGH#R A\ (4l BERT.
ELMo), A48 ANl 7 iml Wbt B m gk S 2s 7) . ghdbh, S8 7o Bl g AT %114y,
KB o NG SAESERIREE, A ORI ZRRI Al (0 A PR R0k

A e SER IS5 TR A OB B, B TAE 55 7 3Kk B & DL 5
PRI PRE] . /NSRS, R0 % HEBENLIA(CRF) & —Fh A 20 g #%,

FOl 8 SURMERR L (-, ), IPECRESIERKS7), HirmEON:
( ( -1 ))
( (-1 ))

(BN R AR A A a8, BURIR A I AR {L. b, BERT
2 SRR N e R E TR R, Hina0y:

(.. )= (=) (2-2)

(2-1)

b, R, BAERRE,  RFEERYEE.

K H 5 BiLSTM-CRF £54, w] LL7e 70 M B R 3C6E B IR he 28 v 51 ft on 4
RZIHR . B IR e T AR YR S SR S vERA PR AN BRI #E . i,
BRI DistiIBERT) I& & & BISZHT R4+ .

ARSI G B LA F b eR 2, LA g AN Kt mh 22 20 SEARR R it
o LT, MANDARERFS ={ 1, 2  WHNEKEE =

10
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{1 2 . YERRHBEGMARKRE, 052 SRR
=— () (2-3)

=1 =1

oy, RFAIKE, ZEME,  REXIRE WTIAE . EEH
CRF Z, ki n:

=— ( () (2-4)

WL R EIERT AL GHEA D RIaERE GHEBED MSHAR

o Cnfi ] Adam RAGER ). o 1 IGSREBR Kz AR 7y, AT DU R s 1 aR R

COnfF] SO & ey BEALEAD A E ZREA, Bgl AR IR &Mt . 12

555, ATLOEE G 2Rkl 5 HARAE 5 (e R0, #F—P 4

FHERIVERE

H A H ] NER YEM R AR HERIR (Accuracy) FE#IZ (Precise). # [A1F

(Recall), HAHE AKX HIUINT:

= (2-5)

= (2-6)

= (2-7)

Hep wEIESE, RS, NRIES, RS

(2) Sefichke. SeiR%%ERE (Entity Linking, EL) & — et ) [ SR 1E 5 AL T
B, HHEMRZEGSCARFHISARIE K (mention) 5 1R ZE 1 1) HAR SR 17T
FCFI ORI . SEACBERRIE AL & =AM 0 HR T s 1 502 A SCAS H iR ) R VB 7E 1 S 4
Fe L, X BRI BTk, AR A BURIE SEIR RS, Xk
M8 SRS P REXT L R RN FE SR B, I A Al R SCULRE, A% S
A G R 5 5 R A I SR, RIS BB o IR TR AR Tz B R R A A
VB SCH MR R ) 5 4 UK

N 2-1, FESAREER IR, SRR SARAE N — AP R, HAES 2
M B SRIE T SO ks T BE A g SR PR 08 BREAR] o 31X — I B R DA i R T
HIJTESEIL, B b I 2k sQUL AR R, B m] LR AP &8 52 ST BOR 5k
s F 4 HBEAL (CRF) XU LSTM (BiLSTM) 5 BAYHEAT 5 41T . iR
Tl H B SRR R T R 0 B B, RS G R SORU AR (S B Bk — 2P A 3

11
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BB DR AR AE B B b AR I A R UL (R HER 5] B T IR ) vk,
MBI ZE R PR R Y AT BE AR e SEAREE S o 5l an,  JEad 4 AT Wikipedia [f)8E£2
AR, ] DL ST N S SR R R, IR R ACR .

——————————————

——————————————

! I | I |
| ., . | | ! |
| SPRREEE | : 01" S
| I ! ‘ [ |
I I I i I I
E 4 AL i i pIE<]o ‘ ‘ B ‘ 3 ! A :
| |
I I I ; I I
! | | ! |
(Query )= : NI T = :
; Trief % ! ! | ! T AR |
: ! ! t '
! I I ! I i
. ! !
| L |
I ) I ; ;

Kl 2-1 SEAREERGRER K
Fig. 2-1 Entity Linking Process

SR B SR BERE K OCRERR Y, R SR HHRAR LI 7« D T SEBURSHE Y
THIBL TR SRR BRIk SIAAR ) bR SCEAT V8 UL . T3l 18] & R R 7
%, #iltn Word2Vee B¢ BERT, Ref% A BEhAR1E A5 B IFNH T SR8 8. 1k4h,
SRR P I S A OG R A RT R T s, 8 I R R S R TR 1 06 &R I O L
PageRank BUREALFESEFE, AT UG 3R BN SOE SURRI 0GR . ok, BT
TR FEE 2 S (1 i 3 7 4 L BN S A T BRI 7 R 3 2 Y I R R
o] BR SCMSHAZ R R 2%1E R R, IR T RE kRS Tt.

SAREER AR PN ) 53T 2 o TERNR SR, SEACRERE R TR
SER AN IE A A B T () S AR G — B HNR R T, T B S ) DG BRI 2% o FE 1T
SCHZE AR R IR B R G0, I SR B RO 230 Hh R SRR T 5 AR e
SERORIR, T LA IR ST 22 45 B HER R R 2 R e K P o lk4h, 18
SCARIZHRANIG A b vy, SCAABEH2 R % 35 B IR0 RN 2 206 B SO Hh A O SRS
B NREIR SR

S SRR BRSSP IS 1 T2 R, B AT T I 22 EE Pk AR £ 4
AR LRI 2 SOV IR S ASTH BOR 1S 5 2%, W “Apple” BERTLAMRSERAF], W
A DAHRAKR: [FI, KRS i AR5 BN, 8 DL v 1R ) A L
Beo b 3CE BA R R LR AT BE - 3R GoxE DA E $2 S BARE S, e 7R

12
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FESCAS . Uk, BT SEAR A AT L, R0 R R AR BT AR R SR iR
HONE g

SR, SHARBER SR — T L B ARTE 5 A AR ST, Rels A RuhiEx
SCARMFIREE, M SEHUE BRI S 5A M. @i s & BT 30E RR.
KR T O) SRR 22 S Tk, SR BERRBORAEMEREAN N FVE B AW e, H
WA EE X 2 Ik Mg SE Pt AT 2Lt e AL .

(3) HRJE: SLARY AT 55 BAE B B 0 RR AR A% 0 S8 . AR
J2E R SR RO (1 B A, 32 AR R O SR R SR A 11 A BN
SRR . FHIR IS SR R SR TRl oC RAL AR, B IR E R,
FOTREE RENE NP FR SR B 3G S R s ik S & AL IR R 45 R A ik He -
PR FE AT DR PR RN R R 73 Dl FH R 2 ARSI 2 PR, — 3 2 N S s AT A
A Ve BRI,

F2-1 KRS

Tab.2-1 knowledge base examples

FRPEATR BT FEER BRI E
Wikipedia it TP, WEFE SR e 5 RER
DBpedia it BT Wikipedia, ZEMLAEE SRR B B MR AR T2
Wikidata it FRAG TR, XRFZEE MRS, ZEST R
Freebase it H BEZ IR Piseat s 3 M o2 i
UMLS gk BEEFERERSG, Lk B2 22 [F) SRy fe

OpenCorporates 4l 4% TGRSR SRR R (5 B2

N 2-1 38 P AR 2 SR AT 55 A e 2 R IR e —, FEAEE
Wikipedia. DBpedia. Wikidata fll Freebase 2. X8RIV ZEAL S T >k H &AM
MR ESR KR, Blln, Wikipedia /A4 ERE ARG ERMEF, N
AAEMRRE Er, 7 DB BE (5 B AR U RN A1 LG & - DBpedia Fl Wikidata
M2 7E Wikipedia B:fili FHE RO LR EREE, A8 I 15 RS2 T 454
IR T, E TSN E R . WA, Freebase fE AR MR ANRETTH ,
BOT 2 EEEP ARG R, RECEIRER, B2 RS 5
85, I3 AR R R LA T S R 2R, E ST SR R AT S5

AT AU P DU 5 TR 5 AU ) SEAR T O 3R, R A SR R SR A3 B ks
B BRSO FE . AEBE AR, UMLS (Unified Medical Language System) 34
T 2ANEEARIERYE, NS ARE R SO A4 17 TR A T F & R

13
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fEE R, OpenCorporates 55 MR A M E T LAF R, BEWE SCRF 5 A RIAHER
RISEARY™ FRAT 55 o AR ELIE A RN, USR8 (AR 2 ol 1) L M A s E
Ve, &G TR S SRy e H R, (HHERUEEEAR.

FOAREE I S5 M AN 22 PRV BRGSO SEARY R I RCR » AESCAARY FEd RE T+, Ji
TR I RO AE e SEAR L BRIEY e 4 R UL A2 9 SR Z TRl R (R R 2R o
an, AERSGRAY RAESS T DL KIR EE R SR HUSEAR (3 44 5102, LA IR X
ik . AESEREE G T AT, FHTR I ) 70 SR 2R BRSR AR K 2R HES D S
HIFZHR R IZ 8 SR . BEAh, FIREE BB AL S AT M 2538 w] LLFE B F
A R B G AR S M) ) SRR

SR, KR EEAE SRS FEAE 55 AR B I — LBkl &5, RN A I 2k )
FUR] e B A IR TC IR SN S R BHT IR SEAR AT OR 2R o 100, B % SEAR AN Zh 25748
AR AT S A AT REAE IH AR RITR P R o LU, IR IR A S8 B VAT R b
AR — LA SR AR R AN o BeAh, AN[RN RN R R 2 [a] i) ks AR HE A 2
—, AREAEEUE RSN IR I . I, B CE AL S RAE S, R
ZEE 2R RR P, JFIE I RREL G BRI B X8 RN R .

SRR, FIR AL SEARY AR ST Th Il 1 ORBRE A, i SO SR 2
ARG 1 3R ST SCRF . BEERIRIESORN R, R AR PER S Uk, ah 4
SR e R g8 4 O TE I B R Ao S TR A R R EE IR T, SRS
JEBRRENSAE T 2 S by h R A B AR

22 SRR AE

2.2.1 EFHN SR R

BET R R SEARY i A& — PR G E R R A, T T a4 f e
Bdledpsrh o XA 738 N e SRR M SCA R B H AR I 24T FE
PRI AT DL ST IR N GA 3 ] A s i) i FEoxr o i, SO A% R BULE
Frrp, ATRLRTE AN UM ILES “PADUin BT B T RO, BRI TR
HRF A 2R AT B SEAA o IR VAN SERE AR, AT ZER R R 2R, [
SEAE N R 7 5 T RIS o

14
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TPCRE 0 4% 0 T LG S ALt Fliid: 05— Sk ApL s =
(o2 . b SHTROBELRIFARLEEMN  OT SR RES

 FRSEIL, AT LB IR RIS, M S T B £
LENUESCLE

=[ - - -eld+@l - -~ I+[ - -1+ B

BeAh, AT AT DU AR S B, R AT 4 o i
TAUEAPAT, W FARSA 0L T SCRFAE, TGRS S A 0 1 %

B LI AP U (B 5 o DU S, L3R PR B
i, BN R R, TR B RS . 57, 44
o SR AR O B BB LA, MUUICRLRORR AT REKIR TR AT,
L 45 7 A LT S 4 SR S0, ROV
T LG ET

222 ET ETXHISEIERT R

BT BRSO SARY B S0 A F bR SEAR R R SOR AR, ATERLZE FR 23 H
5208 SO ORI H A se A o FLEER SRRt o3 AT (AL, B SCMLLR 1] B A3
HBEAR AR B R 3Crb e i, “SERAR]D” IR RHE A R 1 R SCh B
BL, HAthdn “a07 “B o FAR A BRI IR SO . XMOUNEE &
REFRIF IO 5%, TEHAE R RBE B N R B

BRSO LR G BRSO S EUE B . A AR SRR ARk s ik
FEVERL R ACEL,  HOCIBR R n] LLE I R B BT 5

_ )
(., )= Y (2-9)

Fob () )Fr A RIRHEIE E A R, T ()R ()R
CAIE M IIRER .,  BE, PISeUEiE L R,
SARRFRE B T LR ORI TR R B S AR R
SR, T DT A R DU 2 P i 5
Co) =T (2-10)

T F AN Word2 Vee B BERT 7715, BEMSAERTE LT SCE BRI
A E XA E MR R . Fln, ik BERT IR ZEHRN, FATAT DU B & %

15
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(RITESE 0 M H bR SR (135 SCRe

BN SCTREAE T TG AN TSR R A R A 55 BAT S 25 09, B0 A o AT
PR o AL TR AR 7 i [ PR 9N, XM VAW BE ST AR 7S, 3B e sk
PRI B

223 BT REZFINSLET R

TR 77 23 5 ki v 33 1) o7 > 07 20, A SR 5 BT SCZ TR TR E 1 %
R, NIAMRY RAES IR TR R T R . SR T7EM BN SOEAR, IR
STHCHTRN 28 WY 25 1) i K FRIK e 77, REREAE AR 1E 5 A B MR EUH H AR SR iy
ik, FEENE ZAH R MBI e o X B I7) 2 A G FARR 2 I 26 . JEFR 22
“% . KFIAILIZ M %% [ Transformer 554444 .
TR 5 2] R SRS FERAE AT ARG Y LU R LA B3R E 58, SO A1)
T TS RN JE SR B v 4 r) S ), TR BURFIE R R -
()= - (2-1D
Hop o RN, REAMIERS R, K5, H LSTM 2 Transformer

R N7 14T B SO . LSTM BT PR B AR R -

= ( + 1+ ) (2-12)
Horp 2 4uint 2R, M ) & .M RERZH. T
Transformer W', 183 2 Ky B LG, 7T LU RIGHIAHIE H AR SER 5 B S
ST IEEY

(, )= (T' ) (2-13)

Hepo L R AW, BEAVERERE, RRENYEE.
e, AR AT DU 0 R A R AR TR T e N\ P 1 v ) SRS
A, mAE AR (A GPT) W B AR sk se i . idiE %522, WilgkiE S
FRA (4 BERT) AJ DAPREE N EAEST, #E— D4R TH T RS R A& R i
TR IS 55 2] TR A SR IR AR 55 AT IR 5 o R D o, (B v vh BB R oK
AT AR 5030 AR A e B DR (10 D B [ o AEAROR I FT AR, 38 45 5 RR
TR DREARSE ST, TR S ST B T )2 (A 55 h SE B R B

16
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2.3 Tl

NLP 453 T 25858 (Pre-trained Model) 248 5 2% CUFF R I IE R 42
B TN AAT S AT VISR, A AR AP B T R0 R B S 4, 3
BN EH PR OB o PO SRS R RS 0B AL TR IRLFERY NLP AR5+,
N AN SCAAR SR BT SCAR G328 SCAR A J 5, 058 (1 1 R A5 PR 9 3008 (Fine Tune) .
FA L TAR Gp L8 5 SRR BE 2% 2] 7 ik, TN GRS RN 25 (&1 8, 532 7E NLP
AR I T AR RR B P B, 9 T E A IR T BATE 2018 4R R A A T SR A 2
BertSUWZFTHE T+ —5 NLP AE55103%, #7558 “NLP 4tk ) BLARm 7.

FEASCH, SR RIS T 5 s A2 BRANSCAGp 3 BRI, AT X By
W R T G B 25 T BB A 21

2.3.1 Bert

Fad TUER AU, Bert SR BENE B2 X BISCARR LR SCE B R . BN
Bert BARIMISE I, Horf Trm FoRRs LSS AR Transformer 4% 4%, E Row
BINTH, TR . 45K Transformer FIFR AN AT 225 SCHRBY . 710
WZEPTBL. Bert BT ZRAESS U0 T -

&l 2-1 Bert £ 44 [&]
Fig. 2-1 The structure diagram of Bert
(1) MLM (Masked Language Model): K H#81Y “Mask” FEHLE 5 N 751

Hr AR, AR YE OO I JF 4% F Transformer [ 2w a5t O A BF 73470 45,

17
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ToI 5t R o

(2) NSP (Next Sentence Prediction), RH] Transformer )45 &5 il 15 4] B
5iEA) A MMNEX R, BIAIWT A FB BRI RSN E R ORR,

TERAM Bt X FHRE R NLP FIHATS, 100 75 B4 I8 Bert ZER A% X
AOFRTERE, SRS TE Bert A2 R H 2R i @ HO R H RIRT . i) )
AT, Bert B B A H S FRER AT RN = ( O
EINGERMRE ST, 2 Bert SRR . A JCH A NLP N IFEAT55 1030
77 A 78 Bert J5 SCHH AT

2.3.2CPT

CPT (Chinese Pre-trained Transformer) & iETHGE T HEL, 2 — M yHaC
H IR 5 A PRAT 55 5 B 8 i IR L 7 S . %2 BERT 1E SR K, CPT 456
1 Transformer 2249 5T ZREoAR, B AL 3 NLP AR S54RI o 7 2=
AR P SCE R BT TE B ISR, CPT BEIR A T SCEF I FE

HEXE ETFXER.
|' CPT :
| |
: E |
| UDec | | :
! A c E [SEP] |
| - [ R N I | |
| I !
A R T R T B i
| :
| S R IR I |
: [CLS] A B ¢ D E :
| -Dec I
T o |
: [CLS] A~ B [M] D [M] :
‘\ S-Enc /,

N

Kl 2-2 CPT 44 &
Fig. 2-2 The structure diagram of CPT
ik 2-2 Fraw, CPT HIZEH /2 5824 Transformer (7844, HH = ANEB4r2H Rk
(1) H:ZEZm53% Shared Encoder (S-Enc): H A 4214 HF = /11 Transformer
mias, BEMIRE S AN A B A HEE SRR .
(2) HfEAAISES Understanding Decoder (U-Dec): —/MNEAEEHZEHFER S
[1)3% Transformer Zw34%, LN NLU (£S5 1t. U-Dec HHIAZ S-Enc HiIH -

18
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(3) 4 B fi# 15 %% Generation Decoder (G-Dec): — A~ E 7 i H i & 1)
Transformer #5358, B2 NEA B IEEH XA A BAT S BT G-Dec FIH
AESERI S-Enc %t A T IXPANRRE RIS S, CPT v LARIEHEH . 4
a1, %F NLU /£%%, 10f#H S-Enc A1 U-Dec 5t 7] LURFAROE CPT, I H. Al L
FHAM PR HERT Transformer A% #%;1%f T NLG 4155, CPT >KH] S-Enc #1 G-dec,
HIE R Transformer 4fiffa 2% . @id ANFEFIAE, CPT REWAH RS H T & 50 T
WATSs, RAMATEINLESE, HHREHETF IR . 5RZEHE WP
B0 PTM ARJE, BATNIEE MR 3T R 7 —NR-FRHELE . 58 FL A
P, BAVEH —AEIRI IS EE R AR CPT MRS 28 . FRA MR IR = s 35
TREE T SCAAE BRI R 08D T AR IRE [], IX T TIE B e 2o L2 B R B 5
R A2 2. IR-IR BB AL CPT X T B A BUNSHOT A5 I BRI AR U 55 58N
W SRR T T SCAR A ) CPT I, R4 G-Dec & —MNRAURIDES .

2.4 KB

RERGNA T IAY BRI IR SHAR, N5 SR Fuitft 11
SIS SRR 1ok, AR T SR S S A R A R AN S A AR
B S A A A O, FEA AT T RN SRS R I AR A, A
WRPE (W1 Wikipedia. DBpedia) 54U AR FE (1 UMLS) (1) 5 FH 3 5 R R BR 1
Fk, VEAANE T VR F RS U7k, AR TRy . T L
NI SRS, LIRS 2 B B TR B S ST I SRS R TTE IR AR
U7 IR VRO e S S R AR R T B, AR T TR
BERT. GPT) (3 Al 2 AL STARY JRAR 55 R OB FH AL S, 3l T 25 5 4k
WML, AT T BRLTEE SCERAR AN A i R L. AR 4 25 0 Ja B0 S
37 S i) R PRI R N ST AN QBT T VR I 5 H B0 1 A THI A B B AN R HESE
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F3F ETRERMEBIZEEETICHISERE IAE B

3.1 5|5

SR [R) SCIA] ARl AR 5 AR B AT (14 B B TR, HoA L H AR 2 TR
A9 B AT A (R E LEidE AR — HM AR REE A, Flan<UsSA”. “U.S”Hl
“United States” ¥R R [Al— E 5. SLARF SGAE MR R I 5, FERS. 2
AR N PAEST P HA T 2N OME . 2810, B VAL TS 70 B ik SEAA i
G R U RN R EAEE T A AEANL . APFTLRE T —MAaN
EnSynFields FUHESE, J8Id = ZFFAEAZ HIRMA 2% R IR0 X 28 70 S8 2 S B AL
EERGAEMGIE, B S SR R SR A R

3.1.1 HRfEA

b5 e RGN ZAEALIE 5 RIE T R IVWTE N, SR SR A2 iz B s o i
TR E IRVE B R AR AZ IR T o B, FE AT P B S I A AR A
I, REFEIEHRA “EE” 5 “United States” A LR, PR “HRmGH”
5 “Washington” FIFEAON RIPE. SXRNER AR RE /10 T3l 2 F T IS LR R B H
L

FAT, SR TS0 [R) Sl A e it e 32 2] Loy N PiERTT i HEFr 58I ik
CAR T BUESS 71 HEFP S8R 1% 38 X fsade dn] 2k 44 L T REVEEAT HEFP
TS HEFP &5 RAATBIRL, S Mt SCAR R Sl o PRI, SR SRTTIEAEAT AN AT 3 b PR
BEAMEILSEAR, B T 4R BTN U Bk SEAR SRR R AESETHE I o WY
BT 55 77 1% R S A [ SCim] A 25 G A2 90 g I A28 B S AT [ SR (o Asr il
SR JE R IR e e iRl W 2H A AR B R] SCIA] o R, IR AR5 IR Z 5 B B S AL,
B o R BB BUR IR I SAREI, M B AR A et R (v R 1

B IR T AE AR HE AR A by S I T W A K T BRI PR e o AR 32 S T [ 42 )
BERAE, “SRREERNE. Fk, B&E—MEE%EE2REEIFHEDRZER
KWWk,

oif
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3.1.2 (GRS AR R ARR R

HE 7 5 B 7 AE T SRR A B LA IR DS PRI, SR P ST i 2 v B 7 2
TCVERHAGIE SR Z A AR R R o X — RIRME R BE S B R E BB, s
A5 S v o R PSR SR R B Z bR SO KRR I 4 0

TEBEI BT i, ik 3 1) 06 (1 A= R 5 28 () SCAR] 10 A2 i P AN O f i A
B = B B R B A SO AL o SR — B B R 1R o B B B BU A A4l
SRR LIRS AR

e B A, AR T EnSynFields AE4E, A5 DAUF BT

(1) ZJRFHEAS B 2% i b i SR R ARFAE . B2 I RFAE AN A1) 7 )2 R AIE
SRR ELAR N 4, AR B S A R (4 RS B A L.l WA A R AL,
R TEZ RIS BB AN 7R, 03 1 i SRR AR R

(2) RIERFNEA 2% 73 85 Bt — M RS R AR P 22 X 2% 70 2R 4%
SR EE A TRIFRR. HRBELE Z2ELMER L, shEk
5T A AR 3 S A N T) 3R]

(3) HE T B APCE G A BUEE S — B T Eh SR E A R U,
AT ANAAE AR 2R bR BT A AT, i v A ) SRR BT &, /N 73 SR B
PRI RRIIRE N o

IS = RARFIE A TSN 28 B 2 2] SEAR AN E) SR IR, AHEREEE T 2%
B SUE B RIS 25 R A b #E S fd . SEG NA) 12 (R 1 53 44
ACH, ATEBLXLOCR ., T T A S G A R B 5 T AR R
I R T R ZEAL IR B . EnSynFields HE 42 RE WS A RS0 B 77 V1 S A4 7]
SCTA] AR PTG 1 4 SR S R AR 5 R ZE A 1 1) 8, 3T AR s SR g e M A0 7
£

3.2 EnSynFields 1E2%2

WIS B3O, AT YRR AT SEARE SRR A RAE AR R A, it T —
A 1o R SEAR ] ST A S HE 22 EnSynFields, J 44 FRR YR T 95 SCHA 4 &
Entity Synonym Fields, B A4 “SEAK[E SCIERER 7. 1Z AP T A T7 7R B#% 0 JBAR
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—E AR Z MR (BFESRE . AR TR, GEFAZE LT
15 BORHEAT SLAR R SGAY e . o, “En” BUE “Entity”, “Syn” £ “Synonym”,
“Fields” W58 1% 77 1%t 2 FFAEAC HAR A BT o OB RUAEZR ] 3-1 B
EnSynFields HEZL 3G =ANSCBEM s = 2R IE RS IR M4 . R 3% Rk o 26 K
2y RARFIIE T B S BUE A UL

(1) ZJERHEAS IS MG AE BN, F T Hli R sk se ik 2 [l i 42 R
FRE. ZEMEAESEEZE. £5 20T ERNETXUEE, v D 84N
SV TERE S

(2) RIFRENIBANE L5y 88 1% 5r AT R H K2 PPl 2 5 RO 3T
(RIMBE L SEARAN N M AT SR B P o B B — AN A RIE AR 2%, RE% 2 130
SN bR SRR

(3) BT BNABUE M F SR A vk it 7 — Pl T 3 BUE 1 S A4 R
SCAY Fe S EEBTRAEA SR, IR IS Rk R 8, B T
SAAEARF B, AT B e S R S AT 5 I 0%

= JRRFERE I A 4
46
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WIKIDATA bas :
S3 C ter,( »nopol
AR
art scene attracts global attention and admiration E%ﬁ"%?ﬁ
The mayor of unveiled plans fo ner_infrastructure. /,:TJ?E
Brexit negotiations continue to impa nesses in .
____________________ /
s (e (Comawe Y e T rETTTT—
/ 20 movie RIS A Great Britain 1
| - United States 0
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|‘ Manchester States w 1
\ C Automobile ) ( United States ) L& USE 0
e e 7
e e v \ L e e B
, Y e R | I Py = R
| | | Synonym set | | Classifier Y s AsetX |
| generation | N, . <\O |
\ I | | | N Candidate t |
/ | |
N o o o o e G °© % o Plies |
e N T ——— N : W : : eI /) |
| United States | | NG J| : AFiledsF |
\
IC USA )C America ) ( film )I —_——————— \ Candidate Fileds t /’
_______________ N
%?Kb%ﬁlﬁﬁ‘]ﬂ)@ﬂiﬁiﬁ?ﬁ R P 25 5 Ao

3-1 EnSynFields HE4E MR
Fig.3-1 EnSynFields Framework Overview
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3.2.1 = EHHERZ Big M4

N 3-2 fos, —RRER BN { (= ) ( = ), ( — )}k
Ey (= ) EEEZm (- YNETY (- AR = RRAEA R %
RE 7SR |ERMA RN LT UEE, ik, 5 ME) T RESNM6 S
et 7 RGN

N
Entity Layer Set Layer Sentence Layer

Bl 3-1 = RHRRIEAE B 2% HE SR
Fig.3-2 Three-layer feature interactive field network architecture

(1) Hdfa sk
N TR SCR AR SR, A S AEIRE AL BN T, B I SRR e E

Hm R e, IR BUR 7k BT B 3

SRBHE R DA 1) iy 4 SRR TR T AR RS AR B R 2 B ) 51
A, RIsfAsIH .

SEARSEHAE R D SL SRR RERAS, 5140 DBPEDIA SpotlightS34 I >k
KB R IR SR 5 R 5 R R R T N S AA AR DR B o SR 1 B R TEORLEE 1) [R) S A]
Fip 7B ] DA ALZ AR W 415 5, DA B FRAT AN 46 SCA TR Bk rh R AN AE SR
HH AR Aty S AR R] S

)T AR SR BM25 15 Bk R R F ok MU SOARTE R R R
NEAHRI )T o Z P LI FERX M, BN EPH 1 HRAEW I BT C50k
RV BRI o 3K MGk R (1 ) - T Rl ) K BRI ) AR (1 B 3SRV 4
I B AR T Sk i 1) 746
(2) MR AR R RFIE I 4%

HE) S SR R R ALE I 5% 1 ) g S SR B SR R 8 SR R e A 3-3 s,
SEARYR N PSS Rl N TR SRR B AR TE SO FR, AT LU
PR SR B SR TE M (= )
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R 1 IR RSCRERE R R GE SR, IR ARMNIE SR A0
) — ERSCOMEMSG (- ). Bl M SRR (11— )=

{ 1y 2y 3y 4y 5y 6}°

M 2. WA A S SCARERE R E AR T, IR ABATE A

FoORsEiEr) — BERSOCRMEMNZ ( — ). B, o F SRR
(2= 3)={4 5 & 7 8 o 10

SEAR 2RI X 2 B G X SR 2 TR (R T8 SUAE S EAT B, AT (i 2t 22 iy
5E S IR SOR A I AT 3R

Entity mention @
Entity context A\
Entity Field [

- M
Entity Layer Set Layer Sentence Layer

Pl 3-3 SEARRHFIE R 4%
Fig.3-3 Entity-layer field network

(3) M A R RFNER 2%

AR T RZRAE NS ARGRIERE LN B R . WlE 34 fos, £5 RN
TEM 2 VP 2 A%IE 50K (candidate Entity) @R, N T HHEEA BIEA TG SE
#, BAMEH T PR EESREGHIE X ME (- ), WERSERR &
A RFESCE, IRATHE RS S = {M, M}LUE G ZHFE. B, S, =

{M1, Mo}IS, = {Mg, My, M2 i N EE S HFAE . AR SLARIR KM SiHIMg - S, 72
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BT AL T SEAR R RFE R, AT IE — MRS RFFIE RS (S, — S2),

FFINTIS M IR o 91411, Sy NS, IR 2% 2 F(S1 — S2) = {My, Mp, M3, My, M5}
EAEREM 2 R ARG R IR O BT SUE R X R 1 A R IR 3R]

SEMNEE AR &R, Mg 1 R SGA A2 s i — Bk AR Sk .

=,

Synonym Entity @
Candidate Entity

Set Field TS5

N o,
S1 / M’ .Ms
ssociate
.Ml 8ss .M9

Entity Layer Set Layer Sentence Layer

Kl 3-4 L5 RRFIER 44
Fig.3-4 Set-layer field network

(4) FEEA) T 2R E N 2%

A TR BM25 {5 B R FE R VP4l A1) F1SEAR$E S (Entity Mention)
ZIJIVLHCEE . BEAh, FRATEERG 5 G SR S A1) 7K AN T34 45 1]
=, D 2R Mg (T-DIE R XER.

HApkth, &%, WHAFRSSERELNE (RESE D,  FRERTH
N SCHR R B SR R B . R, TR SRR R A, SRR SRR
LOIMARE, W, e PR EEdE, £=, BT . FMskigk
(AR S HOH 5 BM25 703, BM25 TR AU

TF (K, +1)
TF +K,(1-b+b-sen length/avg sen length)))

BM?25=ICF- (3-1)

Horbr JRORSEARSE RN AT . RO SEMR BRI AR A R IR A
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M RENSHE. TRt TIIRKE. E SIS N
e, T BM25 73 H00 SO A 7 BT HEFP R SATHES o« 90 BRI A T4
GORTPALE RS . BT SURRHE M 20 08 A5 B BT D)1

Entity mention A
Associate Sentence mmm—
Sentence Field

D - -
Entity Layer Set Layer Sentence Layer

Bl 3-5 A5 JEARFIE M 45
Fig.3-5 Sentence-layer field network

AT ) TR IR SORA R A 72 BN CE S W 3-5 B, AT
JRIRFAE I 268 i V7 22 s £ 7 418 NS A0 7 2100 T I SO R, JATER LT
R A1 B R TR SRIBE SO (- ):

o, fEH BM25 5 ERRENE, DR R AARSCIERI AT A TSR
HA T 7B FLK, MR SEARSE 1(1 )M (2 JERE
JRRIZ ARSI, MIEATHE —MEGEMZS (10— 2). B, o f AR
e (1= 2={1 2 Jo

K BM25 FARA) 7 R AR AR R 45 RENE A3 RO DEAHE ik 7)1, B PR PITiE
BN E B SR RS R B AR G, T SRS HE L S SEARE AN [F]_E R SCH I
TS Lo IR T3 TR A A B TR SO BT B8 2R B8 3L, 4R 1 LS A
HERA T -
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3.2.2 RGEREISHEZMNLE 5 A E5

Nl 3-6 fl, AEAHETACL I =2 AM K I e, JATME 17—
MRIGHERBME 0 Heds, Ran (), FERSGA 25z E RIEK
.

FAF ERIEAP L W0 2% 3 R AS I A H Ar R VA Rk se A 2 i & B & e A
SCAEE . SERTIIWTFTUER], [F) SR 22 2] R ORBAE T 2 5] ABTRIERY, ARif 7338
e of [ SCIA] R 4 AN o FLIUIIK iR 1 e M SR B D 4 R i 58 SR s [R] SCiAl 5
oK, PRJE dREETH SR R SCRl & 1 e B CBIL, i is i IgE & ). o
TREX P Bz B 22 5 e A O, TR AT 1 — A L I H A e K
SRS AZITVE IR SER R N RF LR A AR R SR (5 5, B SRR G R A 7
JEZ IR T SEARF SR R BN SUE R e SEBRM I, SEAAR[R] SCIA] 9% 22 1A E A
DRI SR A B (ORI, IR G AR GME TR E R UES, 4
T L P28 ST A 8] ) R BB o

BT = JRRFEAC B IEINES, ASCHIE 1 — A RGBSR 20 Reds s XF sk
. G M) TREAT BN AL, ik 3-6 P, BRIITERDRES (0 )HIEE
HEZR, FEAUFHZATAT IR 4 (). EEERT I (@] IEENLE L
, ERES x (EMN, B> RS, &7 AR H Q(X) - XA 3 Q(X)
LU = IE7EE 2 Rt €

Wil 3-6 PR, SEFSCA% (1, 20 ), MRIESHE MI=ZHFIERS B
mas {0 C = ), ¢ =) (= )} FAHZHELLE 25 PRply i Rk JaK
APy A% B, BES (1 2 A (120 ., A
PIERG D HEL P RIBRE A5 ()R ( ). HE ( YA () Z I
ZAH, RoRUr:

(. )=« )— () (3-2)
Hep (O)ZmARHEES BRESE,  ( YRR SAA AR R X
WS TR
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Set Scorer ©

O x DXy

i - S(Z
. et bty sun Sl e Lo
O Y X, Q)@n}

’
7/
/

\
\
\
AN ’
m © Set Score O(Sum)
/ i S
O L O(S) eduet > D(S.m)
O i

+ I f(s,m)
add sigmoid

three-layer interactive field network

Kl 3-6 RGN 2 W 45 73 45 88
Fig.3-6 The architecture of flexible perceptual field neural network classifier
Hk, EZEREAS B2 KRR b, DU B3G9 0 77 205 2 SR ROR,
BE - MREORMBEERRR. BEES { (12 o N {

(12 o OVRABUSESRS, BABEERAMES (O (). iHH
(O ( )ZREE, ForuF:
(.= )= () (3:3)

Hp (O )RBANRZIREISURE SGRES  ME S, (0 )RKERE
AR R SR IRINBIE GRS RS A

THRUX AN 22 55 By SR E A, I8 RECK BTN RS
AL HONMEER . N T W58 I SO AR A5 ROZA R I B ) ORI SE S, MR ()
NI

¢ )= )= cC.H+ C. ) (3-4)
Hr =;;%#%ﬁ@ﬁ,(,)%%Mﬁﬁi%ZE%%ﬁE%%

o (0 )RAERBRGE SSRGS IR R BRI 5 12 7 i & 0 2
FAT I log-loss /F R BRI AT A (. )o ()RBWT:
()=— . N—- @@=, »-Q-) (3-5)
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Hep =1, B0 =0. 8K, BATKRREEREH ().

3.23 ETFHISNENESERE L

TESRHIIBE T, SIN TG A ME D, RIS A VT4 A GGE S i
AR SRR 1ZSENER IS G TP 88 KT FERE  DUR € 2 75 120 8 [ ek
WA MB|ESGRES e R ORTERE SR mmEES
75 NG0B B A I R 24 At

IR, M FAR FE SR R NRFIE R IR SUAE 5, 20E TG EMA T )=
Z IRV SEARTE] SR E R SUE R MeAh, BB G HE I, A EREETT R
T I AN~ 248 P B A s ) T AL, G R R A ) T 3 T HH R KR B R i e o I 1
R B A A R I AER 1 BRI

N T ARG R I, AH TR T B A RUE ARG AT VE BRI
T A A P AN 1), R v T R AR BRI HE R X TR SR B AR
ZNASBCE AT LASE AN AL I ZR AR, SR8 78S B SGVE T B Al IR R 2 A 1R 1)
B ERHE

T FRRASTAT 10 IR PR, JE T BB 1R & AR ORIV R A T 08 R
B, FEGINT IS S R 5 B TR IR 1 R A A B SR A R A
FEAFES . WL EAR R RS 2 A F R, 1206 B0 € 4 5]
SRR R B A B D SER AR A o S EIARYE [F) SRR & b sk Bt
AN EGWRE, Bk, R YRR AR, B, THE s sk ey
FAES PSR . ZEIRIAZ O B H RSG5 2K B IR A
e, FERULTHE AR R E  , ME)E, NSRS, B
AFEA AR A REAT DAL, FeA A E R E RN R (. dm iz,
M R ATE N Gk sk A5 58 8 (R DG, 6 MR 1 A 5000 2538 5 i 1) v AT
1 G o PN =T B THE S ey af iR =g - AT § B4 AP iBuR IR RER 5
SR AR 4y FC AR i B SRR, SX ki T AR A AT (2R . TRANME B
LU

= (/_+1) (3-6)
Hrp RSk, _ RETINNES MFESCEREE. 1N T kR
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53 BEA 0 I DL
SR 1 PN A S oA HIOK 25 i Pt 16 L IO, AN A S o ks 4
& AYAZ XN 3 LA N IR E 36 B e S AR AR AT T 8. PRI T

1

=—= _,( () (3-7)
Hrp,  RORE ADERTRIESHIRE, FORESEARLE,  RoRTIER.
XA S B B AR AE RN ZRB AR 8] B Zhif B 5 A S & AL R
AT R A PR, BRIAAR A (R s i 32 225 BAT BOCBUCE A [R] (Al
AT ELB. AR, BATESR R BIE EN 0.5, FFAERERHr H IRt

O SRR BE B RE M .

Bk 1 BT hSEM R SGA A R EE

A (D RIFBEMEMErRE (0 ) () RIEKARRIER =
( L 2r ); (3) *%%I‘EE‘HE (0, l)o

%&1 iﬁilﬁjﬂlﬁj% =(1 20, ) , =1 = , N = 5

1o BUEEIFIRINGE — DEERE 15
2 for BAMEESL/R  in do
3: N -0;

4 N

5: foreachset in Entity Synonym Set Pool do

6 total entities » sum of entities in Synonym Set Pool;
7

8

weight( )-total entities / (number of entities_in_set( )+ 1);

- min(sets, key=get set weight);

9: end for

10: if ( , ) > _ then
11 : « , ) - _ ;
12 : -

13: endif

14: if _ > then

15: _.add( )

16: else

17: . qd b

18: endif

19 : end for

20 : return

WS 1 PR, BRANRI RS =8 (1) RG22 45 70 8 43%
(. )y O RIESARVRIRNCRR, G MERBE . ZEER TR ARTER =
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(1 20 )EEWSHARIDGREL =41, 20 o ) HEKRE, &EIEK
Mg, JHREBEIA SRS Wik, XHRehiEs, 4ekE
WEIBLAISE P BC, H3h ARG IR, BUGAURA R s S
PUEARI SR G AT LUAL . XSl FRATINI AT R R 22 () 45 7y 45
KA FCR A Z SRS AR RB R G R IR . WAz R A B AE
WK NI AS .. BN, WORBERBIERT . WA 2 ik ek g g
&{ PEREAmBE G, ZAENERE— B EE RN A R P — IOy
1k o AZSEEIR AL A AR 21 [R] SRS

3.3 EWSLHERD

FEAI R, 9 1 VPG EnSynFields J5 7824 R SCR 7 A Rk, AT
AR BT TS0 BT, BATHER TR A, RR SR A R .
e, ANWRABIIT I EnSynFields (RN A IIZRG 0T, o 7L HAR
ESVLTIF

R3-1 A B SN R
Tab.3-1 Used datasets and knowledge bases

Dataset Wiki NYT PubMed

#Documents 100,000 118,664 1,554,433

#Sentences 6,839,331 3,002,123 15,051,203
#Entity Mentions 98,664 31,702 96,588
#Entity Synonym Sets 4,920 1,494 17,972
#Entity.Fields 98,664 31,702 96,588
#Training Entities 8,731 2,600 72,672
#Training Synonym Sets 4,359 1,273 28,600
#Test Entities 891 389 1,743

#Test Synonym Sets 256 117 250

Knowledge base Freebase Freebase NMLS

3.3.1 SEIGHUIEE

BAE=AAFILHHREE EYES T EnSynFields. Wiki 25454 K% 100,000
o MR R IR B SO, T2 6,839,331 M) T, FE{# ] T Freebase 411K
FEo NYT BEEGHE 118,664 Rk H (LB ) HIHmC#E, 33,002,123 4
47, [FIRERFH T Freebase &R . PubMed Hidf 45 sk 1 A 3L B2 240 78 T A 24
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150 J3 ks 30 i B &, it 15,051,203 M), FEN T UMLS SR .
DBpedia®1& Wiki F1 NYT £ 45 1 s AR B2 8%, 110 PubMed MIA# A T PubTator[¢,
AL, FreebaselVHI UMLSISIAE R 22t b7 FH FIX e i 4 . 7RSO it
FErf, FRATBENLERE T — B BEdE sk, FIRMMATIIZR. BaEENTHEMER
W% 3-1.

3.3.2 XfEEAE

ARAAE R S TR LT i

*Kmeans'®): Kmeans & —FP G B R, 12752080508 LR BRAAE N
BEREIN, I H A R R 2 0 [F) SR A SE G o B R TR SRR R 1 [ X
ST R

*Louvain(®: Louvain /& — Mg TR H A R I 25 4L X S5 44 R B0 T e
BV, ZITIERIE TR SEARI I, Herh AR Mgk SRR — AT L SRS
AR TRV SR SR R RN I ELAn SRS i v 1 R, T ) 1]
VIIBuIR

*SVM+Louvain!®": SVM-+Louvain A& —F B 1 W B 7 ik, 25 —Br BRI
SVM BEAT[R] SCIRD S50, 585 — B BR) F 35— B B il 4 [ SCam x5 — A ],
HAHFHE Louvain BIEMLE &, 3] —ANF LA,

*SetExpan+Louvain®!:  SetExpan+Louvain +& P BB 71k, WA Bl
H SetExpan (5 EHEAY RE D), DRI R PR Bk STk K A
IEARKE, SR HIIE K-NN B, 9 BAES B, K Bid Louvain SR A 1%,
LASRAS R] S 2k

*COP-Kmeans!®2l: COP-Kmeans #& %5751 B K, HHAG T HTRE
[¥] COP il Kmeans 5%, ZHEEMHARE B FREIE, =& 7 REMHE
BVERIRS E P . 12T EOR R W E SR TS B K, IR IR IR SR il
AT LI

*SynSetMinel?’l:  SynSetMine & —Fh I B IS E ik, HWIGEM B2k
Hedh. BB Bh, RHEEG AR R A BRI A .

*EnSynFields: EnSynFields J& $RATHE H (19585 T~ 7R I B 38 i1 S [7] SCim] A= i
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Jiik. HERE G 2 )7 BN SUE BT B B E [ SR AR SR, s s
] gt rh A R [R] SCiA] o

3.3.3 BEHIEE

XTSI, A1 i Shen 55 A AR 50 4ESLARIR A TTIER, Jy 1%
BB S TR AT AP L8R, FRATKE SRR N I 4E 25018 58 2 500 T
TR S, RATRH T LERZXRETT . XT EnSynFields, FRAIE
TSRS 50 #1250 )RR 802 N U Heds F TN ZUREE . IRER T
=R 2500 500 H1 250 15 RS B A . ARG 21 %58 0.001
(¥ Adam fRALSVE KA EnSynFields %, 3 3-2 At 7 HABI ARG 24

®3-2 WSHIE
Tab.3-2 Hyper-Parameter settings

Hyper-parameter name NYT WIKI PubMed
Learning rate 0.001 0.001 0.003
Dropout rate 0.3 0.4 0.3

FieldSize 5 5 5
0.5 0.5 0.5

3.3.4 SLIGLER ST

SIS H R PP A S ) SCim] S AR B R AN 3 o D T 70 o0 B AR SE G 45
B ARTTRE Y N FA TR SY « TSP RGN TV BRI 22 I 25 3 25 45 TP RE

R 33 RABMERM LI (BlF g R T RIZARIE) . FRATAGE R FEH,
EnSynFields £ =M AT S BRI T LU

W 3-3 fion, M 5% Kmeans Al Louvain [ A8 /KT EnSynFields, 3=
TRFNEAIA R AR ICE S, XIRE] T AR5 I 9 7ERE. 5 EnSynFields
FHEEL, SetExpantLouvain I HIBARAIIERE, {HEHE EZ Kmeans 1 Louvain,
X &N SetExpan+Louvain /& — BT B B 5%, R K Sln 4845 B A
Louvain 5%, 5 Kmeans HyEAMI L, COP-Kmeans 5555 1 K H Il 2555 (145
BB, DT I B R SR TR SRR A v LR e . RATTULSE E SVM+Louvain
R R B (G T AR LL AL 73k, RRAE A SVM il 3R M BHE S 9 A A I ]
(P REZE . SVM+Louvain [ Bk 52 BT EATTI 22 S REASA BEAA S S AL,
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A B AR
F3-3 4[] S A B B H g

Tab.3-3 Performance comparison of entity synonym set generation

NYT Wiki PubMed
Approach
ARI(%) FMI%) NMI%) ARI(%) FMI%) NMI%) ARI%) FMI%) NMI(%)
Kmeans 28.9 30.9 83.7 34.4 355 87.0 48.7 49.9 88.0
Louvain 21.8 30.6 90.1 42.3 46.5 92.6 46.6 52.8 90.5
SVM-+Louvain 3.6 5.1 21.0 6.0 7.6 254 7.8 8.8 31.1
SetExpan+Louvain 43.9 443 90.3 44.8 45.0 92.1 58.9 61.9 922
COP-Kmeans 33.8 34.6 87.9 38.8 40.0 90.3 49.1 51.9 89.9
SynSetMine 44.9 46.4 90.6 56.4 57.1 93.0 74.3 74.5 95.0
EnSynFields 48.6 30.0 91.5 38.7 60.5 93.8 71.6 78.2 96.3

SynSetMine 7E VE G877 A8 T H Ath 7738, {HA K EnSynFields. 1X & KA
SynSetMine RFIH T SEARZIUTE R FR, 20 T SRR RER, XA IR
Pt ) SO R DL BT e BRI AP aR B, R (IR NI 25 I 25 43 S 25 AN T3
ABUE ARG AR R FT LR i SR R SR R AT 5 IR0

(a) Negative sampling sizes

(b) Training epochs

556 \\ -®- SynSetMine 074 | —@- Synsetmine [ 8 "
. —-4- EnSynFileds -4~ EnSynFileds £l S /’
* 0.73 / AN /
\ <2 2 . 7 7 L]
0761\ N m L EE 7y 2 ! ‘\ /
Y e 0.72 . A A
" - 3 Fa /
\ [ 3 * [ 3 / B N
'\ N N LIRS N 7y $ S
o 0741 \ g X 4 071 7 i g [ 94 A%
S \ RS 5 1 / / \
g % / “e. 8 670 ; r---% AN/ N
& 0.72 A R o % 7 K N
RV S Y ’ / \
3 ] 0691 /& i/ ¥
N ) AR /
0.70 4 \\ 668 ,l 5\
\ / /
\, Selt
\ 0.67 / ¥
0.68 1 - - 7
\
i 066t
5 10 15 20 25 30 25 50 75 100 125 150 175 200 225 250

Negative sampling sizes (NYT dataset)

Epochs(PubMed)

3-7 LEEAS R REAS R /N RIS B F1 2344

Fig.3-7 Comparing F1 scores across different negative sampling sizes and epochs

AT VA RG22 238, KR A NYT 1 PubMed (1)
BAE 4 L T EnSynFields #1 SynSetMine ) F1 73 %t B 3-7 (a) BRTHT
NYT Hda £ R A 5] PR AR B (3K 28 943 o SR 4E 7R, 55 SynSetMine AHLL,
EnSynFields #6431 8 &1 F1 ¥F4r. @] 3-7 (b) Fow, XFhEH7E PubMed
AR M SN ZRB BEA IR B 52, EnSynFields 054755 4% F1 ¥F5. Ll 45
W], RIGERANISANZ P4 5y A% AT DL SR SRS ANA) TR — AR 2,
FAG HL RS BB SRR RS A RIS b o XA B R i 58 T A AR o ) SCIAL
T GE 7 -
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3.3.5 &R

AT N Z A O AT Bl 2 /Ny RN 2 50T 1 (.o S5 5 S B £ 5
MRE.

(DA AT BEFZ R AN 4 B

T A TR b PP A AN [ B8R 0T V43 25 244 (152 ), JRAT TS AS [ e B =
RANAT 30T o 0T VF53 38 3R I N 20 Transformer, S [8] 1 BeGEUZE KN ROR
4200, 250+ 300, 350, 400. Xf T 1¥7 a8 3K ) )5 FEJEkZ Transformer, AN[R]H)
Bl 2 K/ MR RN 200%2, 250%2. 300%2. 350%2. 400%2. & 3-8 Bk T =4
B4 ERFIE> 23S 280 ) ART A FMI. ] DARREER], 24 [&0802 K/ 200 %%
AR 250 B, BEASGERI IR RE SO R B . SR, R A (P AR 1 BE A B
o I It N R PRIk, FRATIAN, IR Transformer REj8tz K /NG H A 200
£l 250, F1 posthidden JZ Transformer K/ M 400 £ 500, & 28 143K P
I NEPEEEAEH DS INE TS R

Layers(a) tyersb)  Layersid

3-8 073 A A AN R JZ K/ 25 2R

Fig.3-8 Results of different layer sizes for scorer architecture

(2)A~[E) Embeddings 4 1) 73 #r

FELRE 21, RN RN 2 82 s AL 28 25 SRR (KA 28 o 3RAT i it [
SE T HAh B S BT 25, 50, 75, 100, 125, 150 Z [8] 2728 i N 4EEORIR R IX
—rio B39 JER TR K/ANAHEH NYT F1 Wiki 2045 % 1 SynSetMine Al
EnSynFields 14 A8 (K50 . FXAT1E %), EnSynFields 4524 F SynSetMine, 1% 4
JEARE R, BARSHBUR G A ISR HE. a0, ZBAR7E 25 4 AN AE
Flo M4e80KF S0 0, e @ i, thak, seiesh REW, BATERERR
RS MR EE
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0.6 0.7

—8— EnSynFields —e— EnSynFields
~&— SynSetMine 4~ SynSetMine

0.5

FMI

0.4 0.5

25 50 a8 100 125 150 25 50 75 100 125 150
NYT Wiki

K] 3-9 A [A] embeddings 4EfE, ARITIEERHRE NYT M Wiki F )45
Fig.3-9 Results of different approach on datasets NYT and Wiki when varying the dimension of
embeddings

(3) AR a2

Bk 1R T BN GERINE, I MR B ER eI R &
HA AL SR o 5 v ) R R R SRR P AR S (M 1, R A A 4R
Bo XSG H AR B XN S HON LI AR A . JATE A RIS
JERNIEAN 22 P 25 73 S8 A AT SR AL BT, P R BRI L AR . 18] 3-10 &
TR RIS B R BE TR BAERRENE, 0.4 % 0.6 178
PRI & B Arid . BbAh, 0.5 IBIE 2 — DB RIE S, AR REIEE Lindk
MR

FMI Score for Different Data Sets at Various Probability Threshold o

75 1 =g
[ Tl - _
SH=msEs o-----u
70 A -@- NYT
-~ Wiki
-M- PubMed
65
<
3 60
a [ T
o ‘_____—o-— \.._____‘.\\*
55 A gty
50
Q-——“"'_—_—-’-“—-*"‘ -
45 N4
- -4

0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75
Probability threshold a

3-10 AR B AR 125
Fig.3-10 Results of different probability thresholds O
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3.4 RENGE

ARG T — P W SCATE AL 26 o SR SR [R) SCR] (K595 o 7 i 17— A
ZJRFHERR BN ES, BAEMREAE . BERMETRZEN E N UERE. AT
FA W e S AL 75 NN [F] SRR 6, FEHY 1 — ol SR PR IR sl 22 X 2% 7 5
#r, IR G T T B AU W SEAA R SR AR B . AEVPAZTTVERS, SER )
=B LT, IR S5 2R IA IR SedE IR AT 7T SEIR AR R
W, TR A SR R) SCIA) A2 B T O PEREDL T H AT iR et R

£ 5 SRR T, A TR TR E sl AT G ] SR 1) Je A S ORGR T S 4
[l SO AR BT IR IR o B4k, IR it —Fh SRS, LA RX 703 SR
5[ SCeAAs, AL BRI 2 SCEIRDEE, - AT 32 ey S 4 [R) SRl e R vE R 1
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£ 48 ETEFHERMAMNEF LT3 8 3 4ag 17

4.1 5|5

A 538 H AR SRR HEAT A im0, JF BAX ORI 5 SEAR AR B A 5< Y
[ LN SE R, S BUCEEIRIE T AL 0 46 17 Drfp J5UA &5 SCo ik, ASiig
T MR ZRHER G 5 2R B SUE B A A0 A o SCHERS R SN 5 7 . BAR T
o INEE A TN ZR I DUE AR T Transformer 2E B R A B 22 AN e 4
W ie] s B e, 8 2 R RO AR B Y e R I s, AR BT SCh
XTI ) T B REAT R 5 VP o SEAREE KR W, 12T VAR A A FAE 55 R A T
B RT3, AT T s P 1 S B

4.1.1 Rk

247 W ) A T T R 6 B4 S B BB T T R — R A R IA TR R H
SR = AL B b B R S SRR 1)V AR P A T AR i 1 S R IA IR T
ETEAS RATER . SR BEE: I in & KRGS R4 7 OEER . flin, “ABC”
R “A4 4T (Agricultural Bank of China)”, 1fj “i& 7 & “ &% A2 (Tsinghua
University)” FI485 . £ EMRZRE (R #, @Y BEHHES 45051, 1]
DA S5CH TH 2% 51 B 1 A i AR 3 R 7 S 5 SRR AE G P, AT B8 i b 2 FH P 75 oK

SR, 55 S A R B T A B R A [, A S 4 ] 4 2
FENE AR 2 R4k o HR SO 1 0] B BB SR R RIS R AT 1 SOOI
TR AT . B, “IAR#iAfii % (Severe Acute Respiratory Syndrome)” (K4
5 IR HEER T A FR R, 1 “ NRARE K (National People” s
Congress)” MI4i'S “ NK” WBMEREAES I G TR L. Hehb, o oeHd
i 1] 3 P RE R I L 1 P SUAGARRAE, 0 “#0%% 128 (mathematical expectation)”
465 “HHEE 7. 3Kl 8 2% MR 22 R I A 45 r SC0F W] T e oA — TUEL A Bl
I FAESS

FURT, K22 B SR ] T30 7 VK 2% ) R A e BB AT 5%, 0 i 4
MR FR R SRR . B, BN (CRE) BOALE I 757 7 51 AT
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PREE, 3R AT Z IR A AR FARROC R o B TR S5 22 I BOR IR, R
R ICIZM 2% (Bi-LSTM) S8 AU 32 ] T 4l ml TAT: 5%, Gt B shiR
B BSUARFFERT Z AT 53 25 AR, DA A a8 SORIR | R XUE B,
LA B A PR 25 R S5 7 T A7 B 2 1) SR BR A2

4.1.2 Q)RR AT R R B

gt rp ST ] TN 3k A SORIBAN B R S5 B o T8 3 AR SEAR IR 2R
HERFAE AN AP EE ), i 2 1 SIEAAR 8] (138 SCORIBRPEAT B R SCAE . 41
an, AET “EFR BRI G 2 (FIFA)” 485 “ ERp 287 i, AR R R
THT (1 RFAIE 7T BE TV 78 20 BR AR HLAE SORHK

BUAT 3 BB 5 R 38 5 M08 T B 10 e R MR T 4 i 7 A b 2, TR 780
A FHFREE Z T8RRI MR R 2R o I R BR A2 W] i 3 BSOS TR TE VR vEE B 7 912 745 2 11
MIACE, BRI TouIm ) e PEAN B R

SR (4 AR O R AR AT W R IR K AT I B AN SUE S, LA TS
VRAE AL FRAN IR 5 305 5 B 1 S ek 1] P 2 I e JR BR A, e DA AR R C— B
HA AR & o B 4 A

N T ffGR FaR 1A, AT R 2R E R A A 4 R BN SO SCAE
WA TN 592, I P = AN Bt P i A

(1) foiderd: plifbib

M BHT ) SO A P AR Heds (CPT) BEAY AR B Ak i in], $i2
THEIREE & I ZFAEIEME R, R SRt 7e 70 i ik £ 22 1a)

(2) ZHFEPLEHBER

SR 2 ) AT R] SRS PR R R 1 A I AR AT VA, i 1A R RS
3 WA e HY foe F R SORIRVE AN £ R SCE Ak g7 . 38 2RIl &, 2
AR T AW ] (8 FREIU R A8 P R S — B

(3) &JFy B R SCiPflifsEs

FEA )R B R SCPHE B B R Uk s B 257, G2/ EFUER
LIRS DR fi 126 246 W ] (91 L — Btk o I8 Id 45 & B R SO B4 ia) 7> BOBUE, it —
AINACTIMEE R, fe A5 A5 70 d v (R A s el 1 D i
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AW FUAE TR P SN2 4ERFAE, BFETE . FATEs /i Ania s 5, 4
SETHE AL )G CEARRE ST, A WO LR R R B 227 B R SUE IR, B30 e i 4] 1
D ETE Sk, (LA T 45 HE AT 5 S br il K, JRERRiE A . 2451k
DAL R STVl = ANEr BRI HRS] A R (020 4 Wi 1] 25 R FR) 22 A e e 4 45 2R 1K)
mRE. g8 EPTIR, AR ANEES RS2 RIS RER, Wk
T A THERRIIRYE, Dy SCAa s NS4 7B B, IR REmR AN BRI
JITSEIL TR E R T

4.2 TP HERE R TNIFESR

Nl 4-1 firzs, A SCAEN A TN SR A6 = A o3k i i A K
ZAHEDAL A 4 )R R SCvEAl

T T T ~ a
" N T T T A\
[ Udec § I T T T ! [ (TTTTY
| — A B Cop Bl | LRSS | || Stroke feature fI 1 gyt |
i Tt | | — | |
=== e L e
: I I ERBE : T I I ER b
[ T O T e [ Part of spesch)! _ ! I\
| TEaiae BBl N
| | I\
| [GslA B CDE | | eee | : = [ | eoe I\ 1
| = | | | ; | | (R
BN EERE G- Dec Lo R I pikionan
| fasiA B [M] D [M] [ ) Il feature J | B,
| = | o | | T \
\ S-Enc CPT ; Y Candidates N M High-quality \Template
S S B e B e B S e 2 - candidates ) L
y N
Ny = s N i
T {0 1 2 LHAERAL b &
I
I
|
N £t % N [
FE SRR R EBARES BTG ERE RET . /// f
Chinese Academy of Sciences “ZKY"” is the comprehensive research and development center for /
Full Form natural sciences and high technology in China. 7
SR R E B AR S SR RGE SIS R O
: “GKY” is the comprehensive research and development center for
| ,’ natural sciences and high technology in China.
( |
Knowledge Base ‘\ .\
VN o [ B2 B2 o 6 SRR 5 e R G 2
by by il g
Search Engine Global C LY SRR Lo Cosine Similarity
/ w} % S~ Chinese Academy of Sciences is the m
. . \\ comprehensive research and development center
Outie B lopdin ~~—- for natural sciences and high technology in China.
2 JA kR OCPHil

P 4-1 H SC g el IAE 2 1) e AR ZE A

Fig.4-1 The overall architecture of the Chinese abbreviation prediction framework

(DIRIEAERG A LR A — R =[ 1, 2, JHZERIBIL, A+
SCHIGREEAL CPT AE R Mk enkia] =1 4, 2 , ]

o

QR4 MEikgEnsinl =[ 1, o 1 GRERELEIFE K

R PERFAE S 28 AR AR AT SURFAE, S BR AP e s i) . e, ARG M
MEREMRIEAT = 1, 2 ]

40



8 W YN T e VAT

() &R £ T IV BATR A BM 25 SFAIE IR BN SCIRASEBOR ISR 2
M BN SUE R AR RX e AR B AE R 325, AR RNk iL 1Y)
BN 30 FRATME IR Els SR ZR A AR Y, s e AT AR s2 AR D PR A 2
Wo VAL 254 200 v (1 1] 73 P B o F) 0

4.2.1 {EIE G 1R % A,

FEAT T, JATH) B s S A4S, ASEI e A B,

FATM A E T transformer BN T BERAY CPT, 7EH XCOCAE G 47
gk, MERNEATHIA SRR . W&l 4-1 Fizs, CPT HYZH /& 58 %8 Transformer )
A, A LRSS (S-Enc). FRMAMIDSE (U-Dec) FIZEifE
2% (G-Dec).

HARKUL, FATE CPT M N ER RN (), BN I AN
Transformer L[ [1] f& . Transformer 4wt ()3, 1M Transformer
firrt e e (-, )ER. BE—NE ER7EEIEA, CPT BHEMAKFE
LU

0= () (4-1)

= ( -0 [ 1] (4-2)
Horp X K Transformer Jifd 3 &E, IR Transformer 45 i /= M FE5
R 5 ¢ DTS A AR a0

0~ ( < )l [1’ ] (4_3)
= (1 ) L] < (4-4)
= () (4-5)

Hrb 3RIR Transformer fEIGERIEE,  FRIORMAILIRT EAMERARES, FFH

()FRAT MIACR FE R L R softmax 732888 . RSN,  FoRfi
FEHIIIEE AR, Hh R e 5 R ¢ SR AT 95 18 . (A, CPT
REMSAER MRIERS =1 1 2 . 1o
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4.2.2 SYHEML

UERRARE E R MEIEAEE N, ZFAERAR B H bz IR s
Rk . B CPT MR MM RIEAE S ARG, —Shmic il fE AR B T4
TRt Kk, FAIEH ZRAEI B BORAAC AT I #Aa O E 1 ik i .

FEARTT A, SRATTHR A RF 5 IR D0 5T G X6 v ot B ok 4 5 it AT LS 2k 7
e, BRIPUIH S MRIEHRS

U PERFL: JEW,  SEARA BRIV AL R ER 20 A F R A e B s TR, A Ak
NS A R 1B DR B 1 2 B ¥ o SRl A A 0], BARIR SEAN R A VR s AT,
WA HERRAE AR 2 8k, O EATAT BB ZARRNE . A S A A S0 1A A
jieba 1 XA il FEAT 20 A PEARIE o RN TEARPOR T — MLE  , 441
PRI 5 v o ATV SRR 26 5 mh Al Pk (0 SRR SR R i 5 B
WP bR oy R R R A, R H ROV R .

CSEEFAE: U IR G I A AR, R R B .
i, AE CIERURZAERTRE)) o, BRI b &) 516 R KRG R)M=#(7
K)o EFEEED W TAPRARIGES “IERAER) 7. M RikgE s, WA
BATFHRECPEEE . CENTRTTEE 7 EE, ®ornA . THEY
WU T I B R A IE AR IC A R o i, i e A PR (B b e o IR B

T MRFAE: TSI RE AT AR R SEAR 4 RS 1548 L 7 i By S 1 311 3] S
3 H o R R AT R b E T b AR T B A 44 3R] A RE R AT SRR R 2 5 OV E 1 4
o MR MRIERE, BIMEECAFE, £ NP S 7. IR
AEGAE TSP AL, PR AR E v R & .

=ANFFE RPN S5 R I INBCT- 1A G 1 - AR R4S FLTUE SCBI R E A0
FHBR B R R E S, W ROy m AT S0, RS, W
ZROTAL B ARAERERS ={ 1, 2 , }. BEEEZE
fiE, 2RV SR AL 1 X b 4 RO ZR S VPAl, S 1 00 FRORS JBE AT vl 52
M.

4.2.3 £ ETFHE

AT AR FF SC A et 1) A SR B = SR B TR SRS IR AR B SR I H Ao
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H BT BB EAMs , BN TR ETOMEEREZE. AT
B W R 3C , AT CN-DBpedia A2 /SRR F1E B E AL (3=
ZHFSCERAE T, BOVENEREG 2, SRENFEE. KA BM25 Hik
S ) AT AL A . BM25 YR AU R

— ) (1+1) )
5= + -+ /) (4-6)

Hr SRR AR A TR SRR TR B SR A .
M REMSH. _FonfTHKE. _ R TPHETRE. BT BM25
I3 BN SCA )1 IEAT HEFP R SO )7 AT HEA » 0 BB R RS R L SE
oR. 1950 iRE ATk N e B A E 1 B S

ALK BM25 SRR T &R BRSO ER, A Rehid i RiE A . Bt
AR IR PTE _ER SUE B 5465 M e B USRS — B0 AR & A b Sorh e v
F R R E S SR, N A4 S w4 & 735 KA, Aidge 1 3L
S FH M R HE AR 12

MEEMEE . BN MEREEESES ={ 1, » . b} @RET
SCUPA AR [ AR A DAL B R SCA MBI AR S, B DR SE HERA (i 4 515 0 = T
AKHERIRRIESS

NTREBEMrggS BEP LN &, ROAMRERS B LTI
). Blhn, iR 2 CAERUREET, & “AbRtT, RS B SCR sz SO e

foedbw”. g ERdEmRERN MrE4HSE ={ 1 » . I =
{ll 1 ) }%ﬁy\j :{ 1y Iy ) }’ U?%@J /I\E'E"?E;J:—Fj,ﬂ?%ji
{11 b ARG B PPAL R O PR I B SO R AR AR

Rt fEd, FeAi1f# ] Sentence-BERT ( Chinese Pretrained Transformer
encoder) X &4~ B 2 EFSCRA AT 4% . Sentence-BERT J& BERT FEMY ) —
AN, HFAERA TN TIEM T BERT MZEMFIIZERE, DU IFhiE B
ST SR)5, BAVEH[CLSIA MBI ANE N e R, T3
R

()= () 4-7)
()= () 1 =1 }= (4-8)
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Heh ()R ETFX W, 3FH ( YRR ET B

PEMAR AL 5T RS A B R SCEE BRIk N 2 18] ) A 52 AU
VE NI GG R 155y« e, MRIESERERT AMEIRYE S 1F A H 45
HARW T,

:{ ) }1 = ( ' ) (4-9)
HA ()RR RZAE, 3R ¢ BIHRA .

4.3 S SERAH

AT AR Bl S BT IR AR BTG . BeAh, AR TS
TR TR S ) S g 2

4.3.1 SLIGHIEE

Bl T sede, JRATEH ATt S aams R &0, o adE emk
BVEAS . 2R AR (80%) WRAEEE (10%). Mik4E (10%). N T
JIAEATHI LSS, AT SCH B R ScdiskF e HdldE. Wk 4-1 Pror.

Fea-1 POCHENS R B S

Tab.4-1 Chinese abbreviation dataset statistics

Type Test Validation Train

Total sample number 9,465 9,466 75,724
Avg.length of full form 9.6 9.7 9.6
Avg.length of Abbreviation 4.8 4.8 4.8

4.3.2 MEEFE

FRATESE T DU T LR, DABRIEBRA TR (ot etk o FRAT T I e bh R
TR R . BB —EHEFP bR IO AY, 58 R EHE 7 HI A A, JRATT A
R & T 7 51 A U A

(1) AU bR e AL

*CRF (Conditional Random Field) P8l —Fh£eH H T 17 71 s g A Al b i
(RIRER EEASAY , FE4imE ] AR O AR, BB S AR R . B AT RIS
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S B AR TR R A B A e ]
*Attention-based Seq2Seq'®): Attention-based Seq2Seq A& —Fil i {# FIIE = AL

il Sk w7 41 B 7 AR B R 03], %775 DL L Seq2Seq BEAY g BEAl, SR HIE
ENLED AU HEAT Hifid, 9B 4 AR AR AS o & B ARG 45 R 1005 17 U R iC B o

*Transformer!®!: Transformer /& —Fh3& T H UFENLHI IR BEAF L N 2%, |2
FF B 7 505 . 545 GE R 00 22 W 26 25 B 22 I 25 A B, Transformer
B e S b 3R 7 41 b R ER B ARG R, IR SR AL BRI 2R 2

*BiLSTM-CRF®): BiLSTM-CRF #& ALK X m] < Fa HIic 42 (BILSTM) %% 5
%1:BEH13% (Conditional Random Fields, CRF) Ai45#, A HIbREAES TR
HBGRPERE . BILSTM F T WIS SR EURHIER R, 85 ¥ AL 345 CRF
JE AT AR RS T o

*BERT-BiLSTM-CFRI®: FEIXAM 32 A8 FH 8 P FU AR AL RS, BILSTM B
Je M H] BERT 152 KIARIC IR H S5 BUFP FIRFE . Bl S, {8/ CRF X 8 #t47
PR

(2) FFHNAE AR

*CPT-base: GPT (Generative Pre-trained Transformer) #& 3%+ Transformer
PR RS R TIZRiE S0, 2 H AT Se st SOOI A 8 2 — . CPT A &kt
R AR BN UE R, T E R RIE A S .

*CGMTE: CGMTE s F0AI 14 tH 1R 5 T 22 5 AIE £ 1 10 4 s ] Tl 77 2% 0 "B 4
HEVERAE . ZERIRFAEF F RRE, AR TE B B TN S g i n] o

4.3.3 ;HRHSCIG

FEATTH, T HIEFE S AR AR AR 5200 22 REAE DAL T B TP s 4 5 1 PEA
BATR G T AL, SRS VPN T 2 RHERALI B PR . Bk g SR LR
T

n 4-2 s, A HUTT 418

(1D MERFTE RS S BOE A RE B2 N R, X ORI T 3T 2 RRAETRAL
SRS E 42 AT kot D T ) B

(2) THBRATATRAERS 2 FEOE BV BE R %, REGMRHEM R, R
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VR E AT AR 2 e F
(3) HEBRIA PERAIE & 3 BUS VR RE (0 SORIE L T B, IXRIIZARF LA I 8
(B4 5 N LG R B B E ] o 12T 5 i/ DR R, ] PR AR A 2L
PEAE T & REMEHRER AN S BTE R SURIMB IR A Ar] o il tn, shim] AL 23 ] LLRGE
SEAR BT 2 JE TEEE AT, (H Al Resh ZAURNE, IX 4l W A R S e
Hri,
Ra-2 ZRAEPLAC IS B BB T 45 R

Tab.4-2 The results of ablation study on multi-feature optimization strategy stage

Multi-Feature Hitw1 Hit@3
All 49.8 73.2
no any feature 46.3 70.5
no part-of-speech feature 47.5 71.1
no stroke feature 48.8 72.7
no dictionary feature 48.5 71.4

43.4 SLRERDH

wmE 4-3 frw, AR E R T
4-3 WS T P R LA

Tab.4-3 Abbreviation prediction performance comparison

Model type Model name Hit@l Hit@3
CRF 39.4 50.6
Attention-based Seq2Seq 32.8 47.6
Sequence labeling Transformer 34.6 48.5
BiLSTM-CRF 43.4 66.6
BERT-BiLSTM-CRF 449 71.6
. CPT-base 47.7 67.0
Sequence generation
Our Approach 49.8 73.2

(1) CGMTE £ Hit@1 1 Hit@3 $&¥5 L2 4Tt 7 2.2 N Er AL 12
ANE R, HET A A TNE, B BIRAE T A R

(2) H5HEF CPT A pUI4an& AH b, 38 ik 2 FRAE R e 2 o B0 ik Hh 14 1 ok
B A AR A BT TR B, UE R T SO SR A

(3) AT A CPT ik, BN EFCE SV MBS, BB aess
PR FRTE, BB T &) R SO R R AR D5 T AR A
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4.3.5 REISHT

A AFSE (i S 8RR B R PR RE .

804

50 4

40

T T T T T T T T T T T T
2 4 6 8 10 12 14 16 18 20 22 24
M

Kl 4-2 AR Hit@k 45 R
Fig.4-2 Hit@k results of the generation model

(1) e i B ) B I«

FEARATH, AR 8 VP Ak Y (B 45 5 e AR 25 BT 1) . B0
b AR 2 BRI S SN B A S T RETE . SR, BEE B B
FshKe,  FF UG R AL ) T S AN i AR S8 0 . ] 4-2 o, A dsE
M) Hit@K g5 R EoR, BikFEA S M, Hit@K JEREE K 13— nm e
I XA OB AL 1 PERE IEE BRI B PR BRI, FRAT PN ZRIEAR 5 ) 1 B
N6, 8, 10 F112, M 6 FFih.

(2) R SCEF R

FEAFTH, FATEHEAFT7E bR SO PGB BOE B 60&E 10 - R 3. RIS
SR VPSSR 1) B B AH P 43 o — S R BT SORT R AL B DAk ASE 2R ) 0 1
IR A AR 7] T 7 A OGRS 2 o AR B RSOy — A R R R 1
S, BN N CATRESIANE 258, RNk 5 2 (K U AR RIS, 1R 1
ERSCRTRE TR AL R AR S . HIR, FEHRGRI S, AE RSO R
ZE 5 AT RE AR AR o 3 KA B SCRTREASEPPAS AR A DA IX 43 1E ) A R ) PR B bR
SCARIETI

AT WFFRAE F R SCRER A TER MR, BT 4.2.10 SRR B
SCIEFRSRRE, RA DO B SCEMT R RCOCK R, IFE B R SOR R Z BRI S
B AP, DA R FGE S BT ORI, KR E N 200 2 S ENAA R
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AR, BRI, A3 E N 50, 100 1150, th4h, FRATEH E T VRS
RO L FHE O, B AME R B R 3 IMIBLLT, JATCR A e 517
(B AR 2 18] (AR SEAR B AR eI 0 2. sk 45 R W& 4-4.

FA-4 A [E s R 4 5 AT 45 R

Tab.4-4 The results of different candidate abbreviation numbers

M Hit@1 Hit@3 Training Time
M=6 47.6 69.4 1 h 13min
M=8 49.8 73.2 2 h 38 min
M=10 51.5 74.1 4 h 15 min
M=12 52.7 74.8 6 h 27 min

4.4 KEINEE

A SE T R SC 4 g ] BN 5 ik, AR TG I R A AN T A
Transformers #7242 e 2 Mg IEAAIS ], PRAE 1 PSR (e VE AT 2 i £
ZHRHEALEY B, FATER A T RPERAAE | 2B I RAE AR SRR, R IMRIE S S
Sy BRI A, AT I v R R A S o A AR B s Bt
T NZR, DA ORBE A RN R 4 5 3R B8 i A 0 . SRAREh RARHT, AT
JTESEIL T R BReR .
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F5E ETWE L TXHWXAREEY R

51 3|5

it o5 5 S AR B DR e SR AN IR B Fi 0 K, e 2 3 e e mh
A HE R CEONE B AR 5 AR E AU R — . TSN, ik
&9 J& (Entity Set Expansion, ESE) {F 2y B #R1E 5 AL H 5 (5 B A R A% 0 AE S
FEfE AL RN RIS V8 SCR2 3 5 T M AR, 23R G T )2 K%«
KRR ST M H br AR D Bofh 1 SR Bk Al_E, MO SCAS B R
B30 & R T [ E SR A SR B, g5 i1 etk de & { “ i,
“HAR”, “IEFEKR” }, ESE BRI e A i E 2 8 T B 5 setk, i <1
R “WRARINE” s ” & o ZBARASHIRERER W& RGAE Bk
RAE MRS BREE, IENE CEE NAIRE R SR E Bkt r A
SCFFo

7

511 BxEk

KRG T IR RS H R 2T Web (50, 8 MR 51 50K
90 2 T T PP PR BB SCAR SE Y . AR, SRR IRAFAERCRAR. § VG IR
Il . B B ORTE 5 AL BRAIHL 82 ST BRI, SRRk s A 5k
BTN L XL TR A S A AR SO A AU, IS AE R R A
R Bltn, Y FEL CHRIEMNT, HZEMNT, EERERN T R TSR B
FhD I, KT S MR R A E TR SO (an R TSR E RN D, R E
2N SR i S (VRS NI B i S e R S 11 2 2 1 R 1 DN S

RGETERERINAAENER EBUS T it (HERREAEZM. &
SR ) TR EAE 50T 1 o B ) PR o AE LS S A, SRR PP AR I
HAWERS, HRhZ MERINERER, X EREm LT SO & . it
G, IXEETTIE T A R SEARYT JE Bk, RIS 2 08 R 1 S AR SCRF R S
(NNETE
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5.1.2 [G) RS 4 R AR R

FEXHE SRR A L, ARSI FE 2R 5 AT R BoR, JEH 2 A H
A B F A H AR R T SO AR REGE F AR (I GPT-2) alid % ~1 K
PR BRI ECE 95 0T, BEEAELE e SKAR TG DL R A5 2 A5G R 3
KA TR AR EAE T, HAE R B SO AN T ] 5 R R 2 AR i
M SEIEE R G SEERRM SRS . BN, X “RiR” IXRER b7 Sk,
GPT-2 AIZER “TER [N N7 AR BRSOk, X i zin) A
P VP AR FL A 328 S AR & 75 5 D 7 SR EAT AR BL IR 1 SCRFE

PEAh, IXEETFRIE I N T 2 BN SO A R RESE . A2 3K —HE2E
PR RS e T SR S A 5 o SR B SO A A4S 20, s SRR
SCAREE AT o IXFN TV RHEI K VA AU EAR 1 A 5805 P (M BE R i 1), 34 J
B HE X 2 A SO Y TE . fig

AW E LR — DI TETERMK A SRS 9 AR AL, 18I B 3h AL il
SRR BRSO, SRITEIEREAE I . BRI S, A SCEE S G A iR
FRAL B SORBMET S, Bt T MNAY RIS, Bl RiEH
KAEET T GG THEMEL, ZIHEAAAERREA 2 W75 N A BE 5,
IR DR R P ) S 5 S B B SR I T RO R R o B T IR R 28 AR SR R
B RAES I RERIT ), R SIS RIE 70 RN, B 5 B S Ai

5.2 KIFESH RIESR

MR BT T, AR BT AR R SRR ST LR AR R RE A R R, it
TR SRS S AR AR, AR 2R AN ] 5-1 P, SEARSE & AR AR 28
FFE=A R WEE SR, bR OB RSS2 e

(1) W BHE S5 MBS G SRR ) 3 22 Ao 2 g s i B 1) it
i A A PR T SR S AL SR A A, e SR e g 14 i i 1 e A\ 8
FERIIEHTBL, M TSI SEAR SR RS R URE , i ide t 5 R 18R 5 A oK
B SEAR, JER AR TEA o, IR R B 55 78265 o8 RIS IRk s 4
N T SEIX =, I BINZR A 3] AR GloVe Kon SR, 18I R a2 AH U T
FARMEVE 7Y o ARG BOE M UL RME, Shay edh 78 I, Fefafritde
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B DT IRME R SR T IXFPEh SN smAL 1 R TR A AR, A
Ja sk bR SO A RN SRS R SR AL T 5mA T1IE 5 S

__________________________________________

= RS T . \

| e | RALETTBRER oo 3T mtere |
(R
: Seed Set - Cheviolet | — | | : Prev-text i I;&)nte‘xt P‘attem b | . :
| o lo| B 1 || QR [V b i Manybusinesses |3 - . Expansion Set
- s | Tosla | = | —— | XLNet | . JL _i| competewith |1 | ! '
| BMW _ |=— | ol— el T 3 | compete with | = 57 T inthe |1 | 1 [Chewrolet o] | Gheymlechli)
| Tesla ) | Ford [0.835] | | . [y ! . ! (I ! BMW |
) \ ! !
' Leee D10 ‘ B e e [ o
| / [ | ! R ! [ |
I / | XLNet | | ! g o 1 Chevrolet
: Chovolet I»— N Chevrolet J0.91 | | // . _l // ! EnCoder : E (] ! E Nissan :
i LA Nissan [0.8§ | [ L | see
| Nissan B Il o / | | |_ | |
| |_Mercedes |— : @ | — [ Mercedes 073 _|_ 47 | P i | [ R e ! |
| Bing | .)l Bing  [0.43 : | [Cin the market |-~ i = FJ_Q-\[ i : : |
XD e ® ¢ |
:C didate Set e0e | : O kR Next-text ; egintl Il | :
andidate Se . Sememmmmmnmer
I O TR (]

e s s i ' e e s e . e s

B 5-1 sEARSR G FRAEZR (1 A AR ZE A

Fig.5-1 The overall architecture of the entity set extension framework

(2) RSO A R b SO AR U R (A% O AT 55 2 [ B A A R S A
() R SCREER,  ATTE B N TAR R AR . JE 3 45 A XLNet S5, %4
B SIS () B SCAS RIS SCAR, T SE B 1R SR, R TR SR AL E 5N
[MASK]#RIC A 22403 thAh, iz gl N T RIE R R E AR, RAETESL
BHAS R b N SO A i L, AR LU 2 R RLE R . AR R
ARG BERT 2T 9w, $eimde BN SRR, T8 Se R a] 118 SORHK
Mo X —BEHA R RO T L NSO IR RS R, B R T 2 RS
ERLAE ST, NSRRI T OGS SRR

(3) FI TR ARG 3105 SIS EUE B SO RS
FIBNASBCE B RNG , B0 LSRR A P & . 7726, BT BRSO #oR,
VLA SR 5P A TAR A, AR TP 43 s IR St B b DR I S N
ARG AN, SIAShABCENLS], R S AU I A R A R R 0 okt
B GO KRR A I I, PR RIS S IR0 . BRI R, AWTE
T rEAGNEEES, E2RY EPEEEIT BirE SN E. &L, %
PRI AR B AN B R 1 S BURY R SRS S, FIREY R R AR e
YRS

5.2.1 ISE{ES1E5E

W TR R SR BCR AR N GEE AT 3-5 DRI R 74,
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TAGE SR R A R B BT, X AR N RM G B Pk B b
MAEMFEEZ, fEkEmDd, WEESRa g, BT e, RAMEH T
RS S I smiE, DL B BB IR SRR ik SR . 45 TE UM A TR T
SARSE A Esseed ALK HIRIESLAASE A Escand, ARYESLAA SHIMAF 7ok ES
FRIARALLE SR W SR 2 75 ROZ A AN B Fh -T2 S BB S8 & RS B . HL Ak,

LU T SEAR SR 2 TA] AR 5 PR R i s SEAA Escand A1 Esseed 1] [
SEAAARMEAT 72

=== () () (5-1)

el R, C C) O NERMIADEIREZENRZEE,
RoRIR SR MERR 7y, FoRSSR iR MR RR, HE ON:
()= ) (3-2)
Hrp o PRI A . 0T 2 AR R SR, R EA T RE R
AL EARAE FAVCR TR R, MM e ERER R g . 0, AT
W B AN 1] 1R ] ) P AR A SR R OR
2 H TR, BATR] LURGEARLLEELS 73 KA i {8 S 5 b 1S R B 22 T 11
FAACLEE o AP R A SEAR 5 b7 AR SE B R A U4 20, U SR L I 0k -1- 52
LG IR TSR R . EEE RS, £ ESE IRE T, RERSMTE
AME SRR B B SR, BT LARANT 5 22 [R] I M fige 128 5 mh 25 B I SEARMLLE vy F) S5
o AHB, WAL LR BA 5H T SCAR RS IRAR LR 20, U 244 H A
WK G ER. SEhr b, FATRE ERATREME, B, o fa, BIX
ANTR] B SR ORI A S2 AR S 5 Eseed MIAS/INIMB % SEAREE S Ecand 17 SEIL 9 -

= {1 Se( )=} (5-3)

= {1 S =50)= ) (5-4)

TSR T4 P RIS, 3RS b AL 1, AT

FAT MO T BRI B (SR AT RO . WS, BRI T S0t
WA R B R PRI SRR I R
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5.2.2 W6 TR pR

A R S R A Y R (BSE) RS h EREER 8, HHRE
N SRR 8 S AR R o I b SRR, AT 9 5 SR IR R 5 Sk
P RS OCRESC R . ARG b SO AR B R R T N AR BRE R
T S HCSAR ) BN SCRFAE, AR RO TR SRR R SRTT, XS TT ER TER
JE 5B R AR, IR ) SZ BRI M RS IR o O T R YIX — ), FRATTTIN
TR T XLINet 1N OB A s, Jl i HXUR HESE & @2 iae ), Bk
JRHT A (previous text, Tpre) FE SUAS (next text, Tnext), M ITIHE 22 588 1) F R 3L
B

EN BRI AEBNET AR RE IR . T H RSk, ATE el
H XLNet B A il 5 ARG IIATE B R 3C. Axan ke

= ( 1) (5-5)
Horb,  RORAERUNHETOR, iR B ARSI BTRE T UE R, (-

) o XLNet #8Y, @ HE4iE 5 @ B4 R T BRSO B ARE & UK.
[ [FTRINI SRR, PR il SR A ORI R 2

XLNet [RIBRF 2 A0 T & B8 RIS 25 S8 1T 5 OB &, Db A BERE
Mo ORFF 550k R AE ORER, Sk T ARG )58 BN SO B IE B il L
FESEBRRI R, BG4 524k E Y “Ohio” I, A2 RRHIRT SCA AT AE A “Many people
live in the state of ", AT N JE SR b R SCAE AR AL 738 X — 301 At

SERCHT SCAR AR UG, J5 STAR( OB BRI T T SCA R B bR
SEARIE BB it XLNet B8, AR 5 Sk E BB A
JEE R, AR

= C 0 D (5-6)

Horp[ 1308 LR, BERASY AR RS BEIRE L%

B, 2 EHARSLAR E SN “Ohio” B, 454 FI A “Many people live in the state
of”, XLNet 1] LA B J5 A “which has beautiful landscapes ™. X X [a] A= i [
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g, ARRHMR T b SO R S R R
AT SCARS JE ORGSR e 8 B SoE (), Hasn
()=0 I L] (5-7)
Hep (O)Fmsetk podun) B esial, s HarEmiEsUER. [0 1R
PHERRE, FERTSOAR. SRR E RIS SCAR & 58 OB AR 1A 2.

B, X1 HAsSEAgk<“Ohio”, AR B R XS AT B8N “Many people live in
the state of [ ] which has beautiful landscapes”. XA ANLEEE T 15 L 5E
B, OAE S5 BT % AT DU [ B S AA PRIE SURFAE

7E RO FE (B 1325 R ) — A B 2] & XLNet fiRfidh SeEms e £, 7E B
SCAERGIRR R, A NS B AR BN A M 2R S HERTE . D T G A
R AR, WATEEE T Top-p SRR MADHENS . JLEARA RN T

= A I} ()= (5-8)

Hrp ()2t fstRrAr, R R,  RPER KB,
F T 8 25 VR B i ik TG 1

Top-p Mg AL PRI I RAE ARV ], B OR 2R B SRAE R R X S A
e, [N OREE — 2 BOBEHLIE o AR5 92 BE RE ORAIE A Bl SR B3 SO SR, X RE
g SR THE AR I 2R, TN e SR SeAR T e S (LB 2 ml e

BT XLNet f_E N SO F0AE RSl A i SO0 R SUE B, AR e HAH
FAESRA LN, B 1T TR RIS 456G Top-p RIS ERNE, A4
JR A AR AR S HERA T, (RN R B SR R BRAR 1 2R A, $tmn 1 RkeR
AZARET T, FEBLH AR S SEAARY ™ AT 55 Hh i 9 K N IV 77

523 KRS E

AR I Y R A SR AR 55 T A% D R e H A A A
() R SO O e SR BEAT HE P A e, B DY R 1 SeAA 4R 5 (Seed Entity
Set)o SALGEE T — BN SOBRARUE T ROEANR, AT5Ed 5I £ R
SIS SANAUHIL ,  SE RS vHE Hh 21 % 32 SR 5 M1 SIEAA 2 B R SOR AR
M FE R R IRCR SHER . A ias] T MY LR T DU BB “EF
SCRAAR) SARAE T ) E B m B E . "fEbIeat B, BT 7S
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B EA . BE SRR SRS, BARGREE LT JLAE R,

BN RN MR S ke AR S ARe ¥ bR SO B S C(e) 2 H
Az AR (3.3 7)) A8 B v B B b SO B FRATE A IR (4 BERT
5 RoBERTa) XfHEA b F SO kAT [r) B R

()= ¢ () (5-9)
Hep (O)R2%E 128 A BRSO, ()REE g4I S A~ EF 3
BN, (- )%t 4 Bert f A,

ARG AR T BN SO A O T TR R SURFIE IR &, MR SR G B
TS BEE 1 24t

BN SORR A TR TH SR I PR A SCRFAE, BATRAREAS SR BN
SRR BT R G, RS IR R SRR

__1 [ ()l
()—m -0 O) (5-10)

Hob (O)RSEE M E TR, | (OPRSEE K E R SORAR S H. XMEE
TR ARG S LA, b 1R B SOE SCGRIEN T
FIN N SCREARCE : Oy 7R oe8 B SO, AT RS BT X

RO E . DI H SR RS B RIE S ST SR 21

CO) C )
= 5-11
OV () ¢y (5-11)

Hrp RoRss A BN SO, (- )RR ZAAEE R EL  IBUE
e SR BN SRR

(H)="19" - () (5-12)
R IR 7 2R S 5 Hh i E T SO A (TR, R B (R 6
BT
BT SOMMARE T FESRER T AL b R SCom e, BT i 92k 5
TFAEA 2 AL . B AR

1

()= CC)x () 6B
ik (OVRFMEIN LTSRS, () ()Rl
SRS TSR LR SR

R0, 4GS R4 A0 Y, 40, 9122920k 5 A
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SCRI IR S e

FERFUGEACTH, I SRS & A G FEARAUNE AT 2 fo i O TS84k (AT 3
A IR AR, RIS RIS & RS BRI s s ik, IR REFr Lt tT, HE
PR EER AR AR BURIE R S V.

5.3 SKIWSLERD

NEAEFTHE I IVE A R, RSO T 24 A R B R 3T 5250
XEHIRE IR T T 2 MBI, SRR, AR HE S MR S
RENE 22 T UV A S A AE A [ AR 55 S A% FE N (PR RE R I o A S8 mh A FH 110 2 B2 2
L FE Wiki ZidE 5. APR $dE4E AT SE2 $Ud 4L

5.3.1 SLIHIESE

Wiki: SRS TICYERE TR — T4, e STy A b )2 A5 B Fm it
etk — . wAIEERG 1 8 MESE, AP EA M. An ER. Hh.
U BB FAATOE AN S N S . AEANIE SCRA N IR L2 AR s ih g
&, BNMESEE 3 AR T SEA, T R HRE TR RS SR sk . Wiki
Kol S BRI b, &S A R T VELE & B AR TR SR B RE R I
B, 78 “EZ” FHh, MrSmEa gy b EY, CHAY, “InEXR”
VREEKBELZHER LR, W “MHEE, AR 5.

APR: JZ M Associated Press I Reuters [ 8 3C & HrAa gt >k, et 1 5 4%
T BCSE N s AR M OB . IR E EA S E K. BUEISEE M 3
ME X 5 Wiki BalEEERLL, RAE SRR TSRS B8 3 NI
SEAR, iR G N o 1 P A VS RO SR . APR Sl SR RS R AE T IR BB
SEVEAN R P, NI IR R AR LSS R B e R SR A 1 BB SORR L i, AR 36
I S, R SERE SR REN { AR, ek, “HETCREN ). H
PRt R H AR A, “pR P ELIR” A “TRIBIE,

SE2: J& SRy i s v A e K e BBkl itk i B el S 2 — o 1288l
LT 60 NE X, FRIEICHEN ", Gl 2y, PR, AR
&, BEARBIRAE T 1200 DRIk A ), HAUELEE I Wiki A1 APR %
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Yt & H TR TR R R 2R 55 IR L. SE2 AR S M = M ik
BUEHE GBI 2 FEE B, /5 2R R BOGRZ AL R /A0 R SCER AR RE T -
Blhn, £ “AeEWi” St , FrrseiRalgedn] “oK7, Wk, “4mE” }, H
bRy S AR AARR, W AR AT L

5.3.2 XftEAE

N T AT VLA T I VE IR, ASERE R T 2 Fh SRy g U7 ikt AT
St IXEE TV aE T ARG AT AL 7 18 SURA T I BT IR 2 ) 1
SRR DL R e TR I R T30, 307 A AN R RS A& F 2 5%

*SetBxpan®l: J&— P I TR VT & SRy B ik, &7 ikiE I %A
Jr kR BRSO, R X S R R SR

*SetExpander!®®: 1% 75V F R 7€ (1173 S 28 S TG S A4 /2 75 Ja TP 142
S RBR NS R SCRHE

*CaSel®”: 1% J7ik4h 4 Skip-Gram I R SCRFAE AR NRFAE 6T 15 b} 22 Hp (1) i ik
SEARHHATHEF? , ARG R PSRy R SRR

*Set-CoExpanl®l: %71k H 314 it & 15 8 SR Al B A, DL SN 2 AR5
SCEERS i)

*CGExpan!®: %715 BERT A4, &R, EIEKA
PIRT, B SEAR S R SR T E — 20, Bk T SO R I

*SynSetExpan!”: 1% /5 24 H i i 1 [7] SCiA) {5 55k B8 f R F F 7 oA BR
B ES.

*ProExpan!™: it 7 —ANSARGL HERGE S, IRAE WA SEAARIE (15
BHEE BT TR 2

533 SLINRE

DNIGAIE AT 4R VR BE . SRIRTE Wiki. APR Rl SE2 $idfdE Filhfr. ixi
Hlsteins 1 2 FiE SCRAANA R R AL 55 5t el 2w el ik 1y e fe
TIRZ AR . S i) AR i B AR R 7 . S BRI R bR . 7ESE
B, RN EOE A 0 SRR ST AR EE . KRN, BEALIEEL 3 AN RS
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MR HAI I T T2 & (Seed Set), 1FNY AL /- (L SLAALE 5 (Candidate Set)
UL %08 SR T BT AR SR . SRR AP M7 3, R4 R ST
AVEVE 3 1B TR ANy e fh 1S &, ELBRN A58 21 H A AR BA B %L
B 1

WNAR LI R A T — SR R S HOR R R B AT SR A K
10 BRSO, H TR Ak SURFIE . b OB e B 2 MR AR A il
RORT B AERAVERT T ST T E 1. RRIGEAT ISR BRI E N 5, &%
AR 20 YR AARAEY e R TP Al TR A CIA B HARURL, WY red iR AT 4 1k
R SCHAUME TR 2 TR B BN 0.8, R 1500 im T BME IR Se ik 4 24
MAF TS, AMIRIEY EAIRHERTE . i PP R RBCR, S5
K H MAP@K 1E AL HERR, MAP@K & —FH T IF5 5 B R RGBS Ay
JRAT & Mdahs, BIEMEBAERT KKK MR B R PPt e4E
TEPRERR (AP) M2 IRSEIR 45 RINETE, 2 DGR A VERE 1) E
TEARbR. BAkHL, @ ir5HAN:

@ = .~ 4@ () (5-14)

Horp FoRSEI AN FERE SCRAA SRR S8R, FoREil) BRI SEA
SE relg(K)FoREE K ADNRBITR SIS, HHEKMNY 1, S8 0. 1A, K
18 ) 8 58 4 184G DL RG A TAE[24], [27], [43], B, K=10. 20. 50 i ) MAP@K .
AR SCH TR TE 1 T AT 7325 1) 5 RS R B Ia AT =I5 B A 4

®5-1 AABEESHIE
Tab.5-1 Different data set parameter Settings

WHEE  EKANE MTOANE BhsAgm L ooow BKE e

HE %K
Wiki 8 3 500+ 10 20 0.8
APR 2 3 1000+ 10 20 0.8
SE2 60 3 1200+ 10 20 0.8

5.3.4 SCUGZER AT

Wz 5-2, AT RITEEZ AN ERE FRREENTIA 7L, T
HZAE Wiki. APR 1 SE2 Bi#E ) MAP@K Takr FIEUE 1 4% . X —45 B
TN T AR RN R Ze g 5t 8 R RE D Az A RE . Rl 2 TE Wiki 24
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P b, A IR AE A S I 5 M AL AN 2= S5 A A BE 3 5 T I HE R v P o
P, SCHRAETE 0 “E R M “am” o, ¥ Ress R ZIE R 90% L L,
BIE 1 J7 AR RO M TR G i oot H AR SEARI A 3R AR 7). /£ APR HidE4E L,
VB 1 37 Fel RS B B AR G A B 4R, AR SO R sh A AR B b SR A
T SCIBLE, RERSA RAE B IRIEEE, £ “BUC” A “SEREM 7 83000 UG
TRERTI. XRY, TEEHRER. BAERZ MERN, iR
JRKEER A FIF, 7R PR PEN SE2 B4k, ASCO7ikiE 45418 Uik
MBATHENLS], BIMELEIRIE SRR K. KRBT, VIREFERT K
AN R gh B R RIS B HE S T, HE MAP@K $R AR ELIUE ik R 5%-10%
XS5 R FE 7 WA 1 AR ST VAR R RUASAT 55 Hh B & R At A0k 53 4 1 SR 00) B3
W

SRR R A LAt — 0 B T AR SOV HIIL S A% G275 1210 SetExpan
A CaSe 7 b T OB BT BA RN PERE TR NI, A SCI7 VA8 54 A4 s o
B BN, A RIRAN 1 AR G5 0 [ E AR AR s B sk . LN, HEET
CGExpan I SetExpander 2577V AH LG, AN STV REMS 383 25 & 1 L B F SCHHRN
(7] B AR R S A SCRFAE , 3884 R AN T VAR Z AR I R PR A o FE IR 57 >
Jii% 75T, SynSetExpan A ProExpan <5 /74 SR H &R TH SRR BETT, (HiT
RAORPERGS, JCHAEZ SCRABIRMG 5 T, I RASTRER. M T,
AR ICTTIEAE AL BT A SO R SOIBCREE A0 S0 1 RS B2 5 208 1 R
BF-~FA

SRR, ARSONEAMUEY R LR TR T, IAEIEqT R FaRI
RAfo R LT ORI A s i i in 7 — @ i S, (ESEiR Y], 7R
Bl f EASOTNERB TN A S A T4, SR TEEREES . %
WGk BRI BN T ARSCOTVEAEY RS 8 SR BE T RZ AL fE 11 LI AR,
SR JEAT 55 B HE— B W FEMSEBr N St 1 150 F .

5.3.5 {&BI

DR NI FUAR AR () S B AR AT 2 00 1 RE A R, A SCHEAT 1 PRAR AR 7y
Braess, BV T LUF =7 X MAP@K [IR2m: bR SORBEUECR . ik s
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AT 08 BB LA LGB AT T R XS AN s 1 AR AL AL AR R DOk, 3o SE
B EST IS BUE R B 1 KT

| VA
7z

R5-2 ERESY EVERE L

Tab.5-2 Entity set extension performance comparison

s Tk MAP@10 MAP@20  MAP@50
SetExpan 0.944 0.921 0.720
SetExpander 0.499 0.439 0.321
CaSe 0.897 0.806 0.588
Set-CoExpan 0.976 0.964 0.905
CGExpan 0.955 0.978 0.904
SynSetExpan 0.991 0.978 0.904
ProExpan 0.995 0.982 0.926
Our approach 0.997 0.985 0.956
SetExpan 0.720 0.789 0.693
SetExpander 0.287 0.208 0.120
CaSe 0.619 0.494 0.330
APR Set-CoExpan 0.933 0.915 0.830
CGExpan 0.922 0.990 0.955
SynSetExpan 0.985 0.990 0.906
ProExpan 0.993 0.990 0.943
Our approach 0.995 0.986 0.964
SetExpan 0.473 0.418 0.341
SetExpander 0.520 0.475 0.397
CaSe 0.532 0.497 0.420
SE2 Set-CoExpan - - -
CGExpan 0.601 0.543 0.438
SynSetExpan 0.628 0.584 0.502
ProExpan 0.683 0.633 0.541
Our approach 0.686 0.641 0.545

(D BRI AT R R
BSOSO B AR RE TR SRR SR B R . SRR A R
N, B BTN SOREECE N 5 BEINE] 20, BB MAP@K fiEAR 2 I Se bk E Tt
JEEa T RS . AR 10-15 A BT SCBR, A PERER R, 2
BN AR BESRT T AU BN A IR i 2 1 B R SO AT BE ST TU AR A

M7 e FRIRS R 1 o
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