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Abstract

Abstract
Research on Knowledge Driven Ancient Chinese Glyph Identification

and Semantic Tracking

The ancient Chinese characters, represented by the oracle bone inscriptions
(Oracle) and bronze inscriptions (Bronze), originated from the pre-Qin dynasty. Their
writing font had not yet been unified. The same ancient character can possess more than
one different glyph, and there are obvious differences between them and the modern
characters. Up to now, there are still a large number of ancient Chinese characters that
have not been deciphered. In the ancient character deciphering research, experts should
compare the related glyphs in the whole history, explore the laws of character evolution,
and ultimately infer the possible corresponding Chinese character for it. However, there
are tens of thousands of glyphs in Chinese history, and their glyph, pronunciation, and
semantic knowledge are described by unstructured image and text data, which are
scattered across different historical records and platforms and difficult to be associated
and retrieved. Ancient characters deciphering highly depends on the human experts'
experience, memory and reasoning ability. Facing the above problems, the goal of this
paper is to use artificial intelligence (AI) to construct a knowledge graph linking
Chinese characters and glyphs; based on the knowledge graph, to quantify the glyph
similarity between ancient characters to recommend similar characters for experts;
furthermore, to predict the Chinese character label for the unknown glyphs to inspire
experts for deciphering research; finally, the visual analysis of the diachronic changes
of the meanings of the target Chinese character is generated. This paper has significance
for the inheritance of ancient Chinese characters. The details of the contents and
contributions include:

Firstly, focusing on the problem of glyph, semantic and pronunciation knowledge
integration and linkage in the field of ancient Chinese characters, this paper put forward
on the ontology model and construction method of the diachronic Chinese character
knowledge graph (ZiNet). The related works focused on linking tangible entities, such

as cultural relics, rubbings, etc. However, the problem of how to represent and
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interconnect abstract knowledge of glyphs, pronunciations, and meanings has not been
solved. In addition, the existing work only focuses on one specific type of ancient
characters, such as oracle bone inscriptions, and cannot describe the evolution of
Chinese characters throughout the entire history. Focusing on these problems, this paper
defines professional properties and relationships around the glyph, pronunciation, and
meaning in ZiNet, integrating and linking Chinese characters from various historical
periods such as oracle bone script, bronze inscriptions, Chu bamboo slips, and clerical
script. In addition, this paper proposes a semi-automatic data processing and annotation
process in collaboration with experts, including rubbing image denoising, radical
detection, interchangeable character annotation, and font database construction. At
present, ZiNet has been applied to an intelligent retrieval platform.

Secondly, focusing on the problem of ancient Chinese glyph representation and
the ancient glyph similarity quantification, this paper put forward on the ancient
character glyph similarity measurement method based on knowledge graph. Related
works mainly calculate the structure and visual features of Chinese characters, without
modeling the semantic relationships between radicals. Radical is significant for the
ancient character deciphering, because it can reveal the pronunciation, meaning, origin,
and the method of character creation. To solve these problems, this paper uses random
walk and deep residual network (ResNet) algorithms to respectively represent the glyph
entities in the knowledge graph and the character images, and proposes three similarity
calculation methods, including pictographic similarity (PicSim), radical description
similarity (RLCSSim), and radical semantic knowledge graph similarity (GraphSim).
Experimental results and the qualitative analysis showed that this method can capture
the visual and radical semantic similarities and meet the demands of experts.

Thirdly, focusing on the problem of multimodal feature fusion and unknown
ancient Chinese character glyph deciphering, this paper put forward on the ancient
Chinese glyph identification method powered by radical semantics. The existing works
generated the corresponding modern character images for the Oracle glyph based on
the image generation algorithms. However, these methods only use the visual features,

and the generated images lack the logic of radical composition. Their effects will be
v



Abstract

limited if the radical composition of the target glyph has large changes through the
evolution. While human experts can associate the unknown glyphs with related
characters based on their radical features. Facing these problems, this paper proposes
an innovative task of ancient glyph identification, which fuses the features of image,
radical description text, and character knowledge graph to classify the target glyph to
the character label. And proposes a multimodal Chinese glyph identification framework
(MCGI) composed of multimodal encoders and a decoder for this task. The experiment
proved the effectiveness of this method, as well as the effectiveness of the radical and
visual features for the task.

Finally, focusing on the problem of the discovery and visual analysis of diachronic
semantic changes of Chinese characters and morphemes, this paper put forward on the
method of character morpheme sense mining and diachronic semantic tracking. The
existing works carried out word sense disambiguation on the contexts of historical
documents to generate a visual analysis of the frequency distribution of the meanings
of the target word over time. However, these works did not analyze the morpheme, the
Chinese characters can be used as morphemes to form compound words to express their
semantics. Faced with this problem, this paper extends the existing methods at the
morpheme level, proposing a Chinese morpheme sense mining and tracking (CMSMT)
framework, training a dual encoder Chinese character context representation model and
constructing the corresponding dataset. The experiment showed that this model can
enhance the effects of word sense disambiguation and morpheme sense mining. And
the case study shows that this method can express the semantic changes of Chinese

characters from two aspects of word and morpheme.

Keywords:
Natural language processing, Knowledge graph, Multimodal feature fusion, Glyph
similarity measurement for ancient character, Ancient Chinese glyph identification,

Diachronic semantic tracking for Chinese character
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FREARER MR T — RV 5RH, 6045 22 FHITE 22 5 1) B 32 S H
HICRBIET &, 2 NERE ST R ST — I H B SRR St
VG HRRIMVE R IR A 4 SO R b SO IR 61, BT AT HER L



THRFE SR

T AR APER R GRS BRSO AR ARYE TR L SO SC AR
FIRAE PSRRI S5 . R RS “R 227 TR, 22— ALFOR#AT
R P 85 R A DAR AR I 7E e -5 18 0 i R 2 BB 5 T R R i S
A E BT Diviner, H—UCK H B AL B8 G NBIHESCH “KRE” TIEH,
KgHRTT 17 TAERCR .

gi Eprik, NI REMREl SOl FOL SRS 7 RBAERI LR, JFEZ A
Wsch B, WIS S AU E . R BRI AR RRE R
B2, AN TAEMREERRYE: (D KRSHETAES TR — BSR4
&, (HRAE T B IO TR 78 7P ES N, TR A S A
A MRS RS HE, AlE 2RSS B ) U S B R s T S R AL
(2) ZA AT BALEA B NKIRE T, Bl AR K 2 41 05 AR 55, 11
W S E U EIRIRG L BTN SRR ST N4 S A TR
BT R AT 2 REREN AT SO R — AR . SR S iR 307
M Eim . IR S D SOk B R SCER IR, TR T T R
F22 f BEEAT ORI R, H AT AT BZLE A B A IR R RE . (3D Wi X
TR S SRAE R FR B SE R AL BRIRV R R, T S B UK
5 2 SRR = B S 5 EE, AM TR R AR I 2%
1. 2.2 &3 RIR B MR A RHTT

FIAR S O 2 BN T TR SIS FIR I 2L 85 SCHEK, - Europeana Tl H
R iy PEEAMZAR M 8 i 38 AL S e R B Ak, SEa
TR BRI S A = R AT &R B0, Ichpedia W H M8 T — AN AREH R4, H
JRENS I8 IV SCRIH B AG ZR SRR IR B SO A I 77 7o 3K B Carriero 5 AR T
BRASCAIE = AR RSP FEE N, SO AR E A e St Pk
W) mW LA AR R A ER R URE S, T S R S
FRRIRAETE L EHRARGER, (Rt 1 X S ist A B BN AR 5k, 3RTT 1
IR A IR . A2 SO AR ERE T 704Uk, Han 58 AR H 7 — AN SUE
ARG 1sOBS P, ZRGCF HE R SO WE S0y KT 1 A
o Xiong 2 NFEH T — A ZHEHE SRR BTN, fhA e 45 1 H A SCaisin
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B3 4k

B, GHEEART: (D BECRElRA (2O BEURERKR 3 H
HXEAEG (4O FEZ4@sdE (5 HEC DNA $E3dE (6) HiE
ZHdE (7D WAL (8) WEEREE (9 BEXCHEEEE (100 HE
SOBESCCARLD) BB A SRR AR (12) HE SO S EHR (13D
HR SO H B SCRTR S B0 T OGO Se 4, DA RARXS BRI I  SCITE
. BT RS ER, TR R RS AR 2 .

75 T Ah B ] Y SCRN R PR B RIE ST, A Dy 2 A R AR e ST
Princeton WordNet (), 7EE IR RE M, [F] A4 (Synset) J& %5 B ia) )5
KAE TG, AR SRS s A ERE S AT, R R — AN — R FR TR
(ID)  fi L)€ X (Gloss) A—LE{f FIREG] o 7] SCial B I3 i 5% S AH HOE L,
T ROME A& 8 M 4%, o i W2 BAL R R (Hypernym) AR AL % &
(Hyponym) , bA7¢RERIE Lz Ak, TR RFRE X R, 6l “3)
Y7 & “THASMT A, R WA 2 AT RS . B
WordNet 254 5Lt A48 T 1R 2 HoAtE 5 M5 iE 5 FRL AR, Zhang 58 N i
S — /N ZAAIE WordNet, 7O PQAC-WNISU, £ iE Z HJC 411K % Open
Multilingual Wordnet COMW) [©21, BabelNet!®-**IF1 The Universal Knowledge Core
(UKC) (651 55 73F LAJR] SIS Ry 4 76 2 tH S 44 M (R 1l AR 2 o X e i R
CAH T SO B[RRI R IR 2 B I0E 5 A HAT 551666,

AR PR, EniR IR g2 B T SO = A RGRNE AR H ARk 2R
(LR T ST IR AT R B A 6 TARIR IR D> o SASCIRAE R LAERZ Han %5 A
P SCER B, HRRMEASE: (D AR SO R ERE S0 T8
B S RERG SCE AU RS A, Bl ARIR, EARE. 1t
SCHRL FHFEE, AR EONIMIR A T IR T RS 5k, HIA
TAEAN VR 8 7 SE B B T S 28, SR RBAE 56 B 10 [y s P IR T (1 FLEG
AR (20 EHCFRIREG IR RCR TS PRI | S U AN IR
Rk, A0 5 2 R R R R B AT R A . DI B ARIESERE
RITRALFE . SR HIIBONI BB TAE . anfarF) F B B4 IR 77 Ve e 22 1) A A7
1, SETHENR B AL R SR SR A R — B AL



THRFE SR

1. 2.3 WIXXFFARUBE THEAH KB 5T

DU TEARBLRE T AR EL T ERRRIE R UL AR 2, H A A AR OC TS X
BARDT . Qi NK DT I UGG 3 LA I LB i 17455 B 43 53l e Ak AR A 1)
&, A AEA ZE S0 5 1) Jaro-Winkler Distance 535 70 Al THE AU,
R A B B 2 A AL 5 SR B Hu 58 N H —Fh T 28 i 1) 7 1) B R T vk
G5 G DU R R RO JE I, R U O — MY 32 4ER 7 A ) 5. Wang %5
NP FFRRN TR FE SR B =0, L NsEs 2,
FILGR B FART, B FRIR AT FRIE N, LD AL v S Y
R, A SO R R 2 o0 i R ST B A (B RO AR EE D). Su 88 NSt T I
T RN B AL, A AR SR B ZRiD a5 (Convolutional Auto-encoder,
convAE) M HIEUE F 25 2 FTERHIES) . Lin S8 NMIEE 1 I 55 350 1 AR S,
FHHE AR R AR 0 v, 2T ZEESE H 2CTransE B, 22 3]0 5E
R RN, TR AL E T 5T Yang 25 N\ H] FH AR o 32 #: 4% (Vision
Transformer, ViT) %8, FESF M2 Fh A O350 b2 T 6 bl 2% ST EAT 1 I B
IR, DU UGB g i o) ok v B 3 2,

ATLVE H, AR TAEM R EME . . P&, ME . TR XA
JE YL ) —Fh e 2 M T AR R R, NI S TEARLRE , X 2677 k5 T AR
D7 ABRN ST HRO SR ST I i (D 2EOTELRITE
BT, B SR 2 RAE S IR AN, Ban, &S R R
S AR 3 MRS A 2 s ol SO R B T S AN, TR S A AN TR (- R A
RE R MRE, Beht, ST ARAEPEE . gl IR T AT AR R
fBE. (2 MRIFIERERS & S B AT 18 SRR #EAT T 5, il — 2 e
FRMWEIEEZRER, H2EETE SCHIHEA, WA ZAA 7RI
O TAERIMBLRE T8 2 02 o 7 B 1k NSRS A RS Tt ik
BEEF N S A BR T A S 7 TR AR ALY E HEAT B &, TASSCHI H AN 9 T
KRS ST, ERERREE TR R )7 X 75 P &7
J7k B A RIS, AT S AL S AT WA, DRI 75 50 B A1 SR
BEAT HE— 2D A AL RS R
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B3 4k

1. 2.4 NTHEGRIESIHIHCFERBRHXHR

B E R —TEEE AR, RENTFE. 7. F X B
ZAFBEBATARE I, JEX R AE RS T T BEAT 78 0 R . BUA IR T R AT 55 1
Al WA INEILAE D, K TAEZ NFIRMBENT, BFIAE Lt 3 F-A
JE AR R, Nl SO RIS % . Zhang 55 A\ AR ATEG IR [B]— 20 A0
LR BUEFIAH SRR B, 4R 07 H P, Chang % A3RH T — M Tk
B E SO AT 4% (Generative Adversarial Networks, GAN) HEZE,
PR Sundial-GAN, M4 A\ & SCEE, ARG ML EE, Mgt
PUAS GAN 46 K42 5 SRR L, 8 — A2 K8 LT8R P — MR R PR R BB,
Guan S5 N T — T T 20 0F 4 B BB A i Sems AR B B SCIRIMGOGS B2 1 IR
PTG, R, Sy 7 ST 2 > FR - SO0 JR 33 A 445 A 4 L LS 81
IR T, AL G N R A M R R R, S5 1 BRS R A AR 5 2% D A5
AMAESI). Wang 55 NG H 1R 2 A SRR FE 5L, AT TS B SRR G Ay AR
(IR, R 5 ) P AR i S AR R R AR L 210

28 LR, AL S SO R I M AL T RSB B, IR 7 SR R
T (D MRIAERZAVEET MG S BURASE RHE R TR EAT 8RR
BT B A UL (1 75V 88000 T A ot B ol SC IR RS (H2 H R &E
A AR I SR A, DR AR R BRI R B R L, Bz
K 1.4 (a) JE/R T Guan %5 NPWRAE I FA KA SO B R4 R EH], v ULFEH,
AT T3 28 o) 8 5 R R — 8 43 B SO T s 3 B S S AR

MIEseE, Bk « 7w El <7, EERERZEN T, AR T KE
EAEER B R . 28 RS WA ARIZE, DIELS SRy
BRAREER . (2) FETER A B A SN 5 24 B VR 000 21 R R SR A S
NS BB D7 BRI RO BRI, B 1.4 (b) JE7R T Wang S5 ANy
PR PIAS AR A B SO R A R (HAR TR IR IR AL T, X XE DA 3 10 5
R, HABAFALE S JFAOCFAR A B RAT ORI ZE 5, Toik o8 BREL IR N i %
e, BRI H 2 — Bt /& EHE R ARG SR AL R Bl 11 T R 7
IR 2 AR I A AL S BRI “F5 7 AR 1 DX, Bk Ea AT
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THRFE SR

N

PEWUS, ERSUBREIIE CR” L “W” L “k7 ) RRIE L, LR
P Cl” ) WREIRS 8" FARERR, FILACUNE T TR R
e SR FISC T (KR S L ELEUATRE B S A7 5 0 5 T 0 B 8 SR
HEAT R 5 AR IAE S, TR AL BUR A 0 R 50 47 O

AN

B 1.4 HXTENS S FERERESG

1. 2.5 AT FIiy g SCER BRAH ST 7L

NLP 4 (a0 18 SR (LSCD) f£45 5A ST TR BN G, H Al
KRB LT SCRNFIE R IR A5 SCRFE o 38 150 [F B ] i B
FTm] N ] 1 P B SR T SRRV PR SR 75 R AR AR A o RV [ B ] 23 RS RN
BB A PR . FFSHA, k747 (Skip-Gram, SGNS) HIHEAL IR L& 45
A (Continuous Bag of Words, CBOW) 01, YA ANAVL KR N B — IR A &,
MBS AL, WA R MR I T 2515 5 A8, m LOATEASRIESE S i R — 4
WNCAE A R ) i, AR IRVE B 2 S o AR LT — S AfF 54 FH s A Y
SKAZ IR ST, T AEARLEE (G0 B RN RTINS X, IR —
ST ARSI N TIEEAGIAY, Giulianelli %6 A4 H T 25— /MFI A BERT 1L RIEN
To W BRI 1 AR A K 77 1080, Kurtyigit 25 NAIE B, #2545 70 M1 15 1 A2 704 243
A DL D 2 IR SCAEAETOT. Rosin 55 A$&H T —FFR N TempoBERT ¥ [H] |
FOCEF AL, 2B [EE SR SCAR BB B SOk B 5 E SR AN
PERESY . Teodorescu & N ARV SCAR AL IR g 1) SCYH 08¢ e 1, 1
XLM-RoBERTa FBAYSEHEA, Hu 55 NHRH T —Ffin] LRI AR IIHESE , iZAEZE
BT BERT Alia] A6 H AR AT TE P SEERh B vh 1 bR SCHEAT 3] S B, AT

12
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RN IR 2 SCHR PRl IR 8] A2 A0 RT3 AR 73 AT 2R 7s Y, Shu 25 A TAF#
TEZMESE, XU I eZe 2245 TR ST 1R AT AL, 38 % AESS
AR T AN DL R SCOPRiE TR RO 2,

Teodorescu 55 A\ B, Hu 55 N5 Shu 58 NP TAE 54 SCH) Hr—2, Al
AR ] SCAAASI EASE Dy i) SO 05 SC il 7L, ] DA 3R]V R 4 — A LI i A2 Ak
A AL E B AT AIAL T AN 2 SR ARV 1 SO 75 AR A B F0EI 23 R AT 1AV 55
SCHPRIRL RN o BRIEAS SR AR AT AESE, (ER AT A7/ — 28 /IR E: (1)
LA BT T A B SR AL A DL 5 T ST 3R o« DU AERR B IE 2 M4
TEONRE ], BEEIE S MR MR 2 g IR B R SR IR R, DRI
PR RS SO TRRENFE R A EEE L. (2) WIZRRE SR AE
DU AR SO B VB2 & 2RSS P IRCRA IR, /& Z5— PhriR B ko
BRLEATINGR, F TR RIS SRt T B — B .

1.3 A TEAESEIH R
ARSI P 2 SRR B 5 1 R 1.5

Bl 1.5 AXWER. AETENERE. AREE. HRAFS5HR
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THRFE SR

ARSCHHA] 1.1 B AR IR0 S SO E R S Bk R S SR R R, Bk
T 12 TR N LA REIRBN I & ST R IR, 43 6t SO
TG R EIR B 5 SR L o SO I B E RN S AR
W S A RHER & SR TR LD iE 3R X e
ARAY RIS AT 1) R R QBT 7S, 40 IR AR SC ¥ A 255

VU SHURFE 58 2 18] B AT PRI R« 58— DU A i IO - iR B R 5 T L1
FIREFUER, FERARBCN 7, B rT DUNEE = = DYIt S48 At anisum
HOE SCPE B IO AU T R R ) o SO AR B T SR VR TR R M T
B R SR A B — T DU R B A SOR R, AT — D B A I (7T
FISCT, [RS8 2 (5 Bl T 58 = S M e AR 7L, SR E S =5
S R TR L

VU THIRFE 58 N 25 B AR R

B—, HNEXFER. EXEEEIRARNE S 5RBRAE, &RICHR
PIEF 50 R B B FA R vk o AR SO iy SO AT ) SRR 6 R AT S, 2
T — AN AR, BRON ZiNet, ZiNet FIAMEZEE LT XX, A K
B W TR, WCT SO A R FSGAUR S, el e
T AT SRR AT IR R, FE LAOREE P SR AR SO . g A
SCER T 5 R K UMERI B B S 8 A T, SEILE A SR SO R AR B G %
e RPN RESOEMBT AR AR RSP BAT IR, AR R
HAEHE L. &3¢ BRIAENMTL 16000 KA CFFH, N TEE
VFREREFE.

B, SXE R FRREAE LRSS E B A, A0 T4
WEE S SR AR T i A S T B AL 8 RR ik 22 N 4%
(ResNet) 73 )% AR B o (1 T8 Sk Lh AR UG AT RRIE R R, R T
ZIEHPE (PicSim) « EAFREIBARIE (RLCSSim) , LA S-S SR AR B
M (GraphSim) =Nl SCFFTEAHBUEZ IR AL 7775, PicSim & &AM R,
RLCSSim ! GraphSim 1& & H M M 2 B P AR 5 7. B & IPuE, 53
LOTERALE, 125755 NFEE TR MR AR LU R 73 BB AT S8 i I IEAR G, 30

14
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B2/R AR RECH 0.8422, p<0.05. HIE ST TS 201 8 M2 i B
BT IERE I Z B R R, FF& N CEFEmLlmoR.

B=, S X FEEERER G 5RMFRERERE, K300 RHAE X
HRIREN & AR T A SR SO IR AR AR %%, B
FHAF R EB SHIEE, B RBIPE N SCFRE, B R SUR L 3T
Fo NULASCIRH —ANH 2T BERT. BEVERE /M4 (Graph Attention Network,
GAT) F1 ResNet ZH it 114 22 A5 25 i B 2% A1 — N T B AR s 24 ) Jl AT L - TS 1)
F7 (Multimodal Character Glyph Identification, MCGI) , R F R AR & 71
RTEME S IR SR DA BB - iR B 1 22 B ARRAE , E 17 58 C A= TR I 5L
PTG, 251 SR T RIAUSE RS SCRFAE, AT X S0 R A e kAR
IR F I AT TN . SCBGR I, HIL AL, ARSI RS T L1
ROR, LIS IIRR 4 R IR RN 73.7%, DI LI HER RN 56.5%, FFIEH]
A SR REAE & TR A T R RIAE 25 1A 20

0, XN FERE RN R RS S EE, ACFANFERS
X245 P iE X BRER T ¥R . A SO O NEEE R Z T Ty e, 1T —
MFAER S A2 S P )CEREFHESE (Chinese Morpheme Sense Mining and
Tracking, CMSMT) , ZAHEALEFEN FIEE RSB ZR. 17 SO B BRE X
248 35 B RN S AT AL DA S IR . B — MO & A S R 5
B SCI- 1R SCHdR4E, FSRIUIZREE T BERT MW gm0 a% I RACAA . szig
RINZA RO D717 SO B 518 3 & BT 5 R BRI, B X
SR B 1) 224810 43 T 2% B 2% 7 ¥k T LA MRIYIE 45 308 28 19 ) T R D (R SR AT R
INe BJEARSCHIAT T — MBS, RICFVE NN 516 NG = 18 LT
I AR Ak BAT IEAH G

AL TR BRI R

B, ARSCHER T —ASE A I DU AR B (ZiNet) , St Befig Rt
NFFH . FEEFERMAREER, S I e AR, & AR
TG FWFAR KRB T RS EAE, IR T 580EE K ME SR a3 S
LSRR

15
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B ACSCHI T R SO A S (GlyphSim) . %07
T AR, GIH R S SRR 8 O TR R, AT L
B S O BE T A AR B, 36 T BAJ R VBRI B V8 SURAT AR, R 1
T S B A vt SO U R (O T 73K

B A S TR, B 3 SO R 1 U
FE T AIRBREN I 2 B U TR BB (MCGD) o %07 7 G e bl A 7
SO G AR A S AR R RE , I\ RN 5 0 R R e
ST ST, R AR A R R A R R R AT O, A
AL 507 B SR B T — AN BT g

P, AR T AN B A U S I SUBERAES (CMSMT)
— AU R AR, IR T T BRI 1 1 s SR ST b R SRR
VA S A 1 SUIR BT TR BVE R, RIS E 2 & UL,
FA LTI A SURIVE 264 SURR AL B SRR AT T A BB G404
1.4 RXMHLLE

ARSI AT, FEARE SO EE NS

1 ENEW. BT S RS, AL SR T I 1 PR e
SRR AT 5K 1 S b s SR B AC (3248 5 82 P 8 3L, SRJE A28 I PO S IR
LN T/ B IR 7 SO S R A R R B, LA B A SC I ANIF 5 Py 2550 I A
S TAR, FER O 7R R IRPEHEAT A T ALA S, BB BASCHITIAS B SE P 2
e I IR BB AR

852 B ARRER . A5 A AR SO T 0 0 AL TR S, (4R
IR . PR A R T S R L LR

B3 NP IR B . AR ST AT 5 )
T R P P S 5 AR AR 5 0 5 T 0 17 S A o P e e
2, AR EUR R FIRRE . TR R . BSCIBR AR A i 1 3
7, R AR AT IR AR A SR I GE 5 B IR % i
W B SRR A
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55 4 FONFF AR ERE A SO IRV TSRO . B e IR S5 I
5B RJE BRI TS, B O M R =M, SR
K 5P, BREBIRE SRR SRIRE . EESRAR . EMEN T 5 T

W

~

55 5 BN A 5B (h 3C7 TIARA G R  E Se A A SRR  E BAR SCHRIR LA
FAZARFWIE S R AR T5i%, A SO R BRI SO BAR
TR RSHE R AL SRl S, 3RSl 5 VP05, G sede it i i
TSR, BTN TP EAR SR E, iR R SRR, BT THE IR
IS S HIE B IZAE ST I ok

55 6 TONDUTHI DI 1R EREZ TS o« B SR A AU AR 3R S SO AL
FRARCLSAZAE S5 B bR, SRJE ARSI TE, SRS, DUy iEsRdon
RN ZR, TEE CIZHE S DUR IS SRR R 5 R ALAE, 35T R4 e sk
R vP A 5 DU DI AL PTAAE Ar 52 61, S5 Jm o R0 7 1A T 5 1 3R AL
GAEEPS i

97 ENEGERE .. BT AW E . DS RN T, IR
BT AR Z AR AR BT 1) o

AN

17
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B2 MAS A

F2E  MRMIRER

ARERAH G AR FAR R B FR BIEEOR EL A NLP F CV U i 502
2.1 WA AFIRERE SRR R . B R AR (Graph Attention
Network, GAT) , AIAEH GAT X F1iR B o S5 i TR 2.2 19
AN 1B FBA, 14 Transformer HJEEAZLN) . BERT ALl SR A1
Wl A BERT KX SO SCABIE AT RAE . 2.3 Wi T 50
22 X 2% (Convolutional Neural Network, CNN) FIH 55 4% e 28 ( Vision Transformer,
ViT) BT ENL R, ASCREA CV BEADG  SC F EHR B AT R A, Ik
Ah, BAE T EE SRR S RHE AR S S B4 VILT (Vision-and-Language
Transformer) , VILT X T A Z SR &R ARG IEH.

2. 1 SR e 5 4 P 43 1 7

2.1. 1 HIHREHE

AR PRI R 8 ML PRI SCRIREE , T T Rk Bt S e PO s e LA K R
XM 2012 A IRA T YR, H A TR b O (3 R
Bk RN HIRNLE , X YU 5 T SRR RE, SEBLH 5 AL 18 2 5] 5.
TIPS BT SR -6 AR -SL BE SR M-SR A M =
TR, SO IR B T X ECST AR R, il <R . <%
(7. GRS B 2.1 RN ETR E RS

Bl 2.1 FREE RS
FREEE R B R 5EARE A Z IR, SR EIRNAEZ .
REHEAELREZ b, AR B RS, 8 AR R AT B .
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THRFE SR

Bl < N-AETEFAEAMRT o “RrAEE-FEANT L “REN-B TN, RRE T
R T g S B Jee OB, M TR 58 R AT RS . Bl J2 2 i U i 5
B, EER BB AN — RIS, Bln=Jcdl “ (FHaE) -+
A7 AP R R OSSR N L NEE
SRR S

RR SR I St 5 A B RR R s O B 2 NSRRI, $R 40 17— bl
21 B B A s B 5 30 RR I AR SR AR a8 B NSRRI BT
T AR E S AT AR, S5 AL A Rt AT BAERIR i 4E N o) B TR A
MNSIRPESA SIS R AR S5 5, HATC 2 Z NV TR e R )
BERG DEAHER: . Bt RIRVESEZ A0 B, EEEERT, &
gt o> i BRI X ™ 90 ) S S ] g AT AR AT R, 3 4 HL R )R B
W — A AR B, SRR RIS AR B ORE S SRR, A R (B
RKIMEE, HEERHEH S AE R .

R URL P A i R R 00 I 31 R A Dy P 2R R ]t A e AR R P
P, 3 P R I A Ak A R, R ORI T BRI B, AR
JERE, St EE, BTt Bas 4 i@ iR B S a4 Yago™. Freebase™ .
Probase™”. Dbpedia™'. CN-DBpedia ™45 . 43 15 1% H ik o s 408k 1 i
Rl BR5E . BE . RS E EYUE AT N, B RS iRIER
XD, ABSREAGUE VIR, HARAED KRR LAk AUz il Sk
FOTR TS AT EL A0TSR TR P8 AT SE RN b (R X2 R B vy Jot 2 ) S8
JZ, RSCHTR  FA) s D R T At T R R R

LR TR0 2R, RS AT N TR A B S e, N TR
T BRI T T K A B A HLHI SRS, AN R 44 BT IOR 22 ) 98 ST
SCi] it WordNet™, A A4 %2 (¥ iR B0 22 AR IR S, SEARI D 2 B B 1Y)
JiiE, SN T IANR R R A LA, B RN . B sl 1 AR
2 MEIKM B QA7 RO BHIR AT B A, I HOIUBLEOR, (BB AT B
SR S AL R R R AR A 2.2 Fws, o —ANIE AR R i R
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B2 MAS A

E 2.2 FIRENEMEERIESHERA

k2.2 fs,  ER BN R SRR A RE S A . RO . JESS
M EE =2, SR S R Ed AR A A =AM (B FiRRL S
ERIN T A5 SIS 72 &P S (R 5 st v SR SeAA . Ja 1 A K SEEAARTR] Y
KH, I NLP AUATE 55t 45 i 4 52448 17 1) (Named Entity Recognition, NER)
88911 5& R F1JE MEEL (Relation Extraction) 192951, 3R M [ 4R1E 5 SCAKE
R R SR AN G R R

ENIR Rl 15 R R MEICHRE Y el D38 ) i o G A 2 381 e R bRt S ) TE
SRS G AR A FE, R NLP AE 55 Sk 55 4% (Entity Linking ) [97-1001,
Horh H T2 B2 SEARH B (Entity Disambiguation) HMIJLIEHME (Coreference
Resolution) , SEAAVH IBCER X 546 22 SR RIRRIE AT BEXT LT 22 AN AN [F) (1 SEAA
fHoL, BN “SER” X — I RE AT MR — MR, WA DR ASER AR, Sk
TH SRR T AR S AR BT A B0 T SN2 AV TR 0 S R S A e ) I
TR S TR L o ) S o AR A T AR 22 AN RO I [ — SR R A ] R
ST AR B AR X AR AR I I 1) T 0 ¥ SE A 5

KRN TS AR (Ontology Construction) « KIiRHEFE IR EiFAh, /&
X R FRBT AR REAT BT PN B R, AR R TR A U R R R A U
e — 583, AR DA el B3 @R SeBl, SRR X Sk 41 5%
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THRFE SR

R ERALOR R AL FRHERL, AR IR BB A4 (Knowledge Graph
Completion) 1011051, 5 FE 3 IT LRI A SEAARRIOC 22, HESE HA S iR I e R 2R 1) 56
2, il « G D) B -2 a7 L “ER-AEEAR-ER i DHEELH ¢ (R
BORY -EAERAA-ER” X — = e AR X PR ORI DLE I B T2 R Ot
TR TR B2 S LR VRS o BB VAl 0 AR B RIS B2 AT S AL, A
T B 37 ELAE AR R R SR R B R 1 PR Do
2.1.2 EERSI MR

KI#h 2 4% (Graph Neural Networks, GNN) 10615 — 8 FFf - b 7 ] £ A4 $ 375
[RIFR 2 PR £ BT, AR IR, A8 9 4% 58, T — b B TR (Vertex ) F1321 (Edge)
FORTMERIRRBEE . — NEWURRN G = (V,E), Hh vV 2TUR
Ef, E 2GS, 5ERGEHNMEMss, mEHRmMAmMZ (Convolutional Neural
Network, CNN) [071 fEFRHZER2% (Recurrent Neural Network, RNN)!0SIZE b
NG SO SR SE AL A BT 5B AN 5], P4 22 0 24 75 B2 58 T R TR 11
RFR, I S A SR

AR I T 15 2 A 2 9 25 R A8, 451 4 P45 A5 X 4% ( Graph Convolutional
Network, GCN) . EiE® /1/M%% (Graph Attention Network, GAT) B H 4wfid 2%
(Graph Autoencoders) - FIZERM %% ( Graph Generative Networks) — FlTE[R 25
% 2% ( Graph Spatial-temporal Networks ) %5 LAiE N A [F] F4E 55 F & E 257 ., GONE)
re AR P £ AL (LA, e AR R RN R R B AR AINE S, K E
SRHE 5 MEREIAT R G, AR —NH N SRR R, X —d a2
W, BT R AT 1 B S5 M R o GATIMOE T34 75 WL 38 0 AT & 10 A
MEE R, R L A T8 1 R ARSI RL R, iRk T GCN B AR fa 5 550
FCALE [ 1, JF B GAT &—FRaMgs, L 17BN B, HFEEs
AN R AR RORIET

GAT BT = I HLHI BT SRR R, R RN

h = {hy,...h,}, h; € RP 2.1)

HrhnFom BRI A, by R RCUETIRHE R &, DRRFHIE ] &

MdEfs, B ZMaEE, b
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W ={h'..h,}h,/ € R (2.2)

Horph, N AN ER BT EE WRE R &, D% 1T SRR AE 7] &

R R AR, Hp NS R TA S ET AES, a 2R R

B, FoRABJET AR R EERR S, o()RERAERBTE R, WSS

WERE, BRI IGTIE, W e R,

h' = G(Z i Why) (2.3)
JEN;

EENRBOHE AR T :
_ exp (LeakyReLU(a’ [Wh;|[Wh]))
% = 5 exp (LeakyReLU(al [Wh[|Whi])

XH a e R, RMKENGENSE, ||FrRMmEMEFPHERIE, LeakyReLU

e MEGER AL ARy, Ko sRAUMERER, MMMEAET 0.

_{x, x=0
Y= Sx, x<0

ILA L5 B, GAT IR 45 A R4 4 £ AR AN
BT I AR By, 405 H ST W45 (R E RIS, T 4
BRI . N T R R FOR TN, GAT R T $3kiE8)
BUB, EPRCERH SR e, RIS GER R, AR T
W= W0 Q) awhy) 2.6)
PRI IR 2 BRI 7 A KRR, (R BN T
9ttt

(2.4)

(2.5)

1A 1 K
hy = U(Ezkﬂzjav.a{‘jwkhj) 2.7)
2.3 JBIR T GAT MZEIE R 1 R BN SR ) 2 1 B fE, H
o =R B AR =N E R T3k
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2.3 EEFEAMSEETENRITELRE

2.2 WIISRESHEE
2. 2.1 Transformer %Y

PHZ X 28 B AR NLP AT45 83 3 FH () AT B2, 30 o) 4 4 50 v 4 1) SO AR
REAE A RAE NN, R, SCRRAMAESHIENES NLP RS H B E T, %
FVC 2R A 25 B3] i\ (Word Embedding) o 1 BX N\ A] LAY AEH A 5B W Flr,
EFSTN A, AN R — NS ERR, XFRR - BT ORI,
RFM: RIS Word2Vecs! FI GloVel'', i Zh A& R R AR 7] LLE S LT
SCEIAN TR AR A AN R BN, BB NN — 1A 2 SCHE AL, #igk BT
SCH AR RS, RIS 3] T 52 N

AT AN EEH NG E S BRE A, i BERTPY, T2 DL K
GPT! B, X SE Tl 4kiE 5 AR 2 LA Transformer 145 # NIRRT, Wik 2.4
7R, Transformers A] LL4> N4t &% (Encoder) FIf#i%#% (Decoder) M4y, 4
it 2% XA N B SCAS 2 0 P A — AR 2R RN R, SR IR e i A% N 2
MEERNE (Self-Attention) , #JH] HER B JEH A& T SCOHAR R KA
FEAE, XA EAT B30T, A8 PSR mT UAE B bR SCAHSG IR RN , #5Jm i
Be—ZAiin Mg, A i 2O KRR IR o ARAS S 0 D0 S AL 2 i HH R RN 32
AT RS, A RO fi 24 1A T &5

24



B2 MAS A

2.4 Transformer Z5#4[E]

TR ZRiE 5 A5 R 42 HR A FH g A 28 AN AR RS 28 IO AN 1R 7 28, W BAA3 o B g X
(Auto-Encoder) « H[EJA3, (Auto-Regressive) FVEAHA, [ 4mhgziiiny, 4
41 BERTBY, RoBERTal!l, ELECTRA'S], DeBERTal''® Z{ii ff] Transformer f]
DR A0 43, I8 LA bR ST A R I 5 T BOA H AR, RIS T
Y NLP W3R4T 5, HhanseARsr 26, 1 SUH B 1B Hres. [ [l A il
JSE) TR e N N T 1) 271 R S I Al w1 M TP A S (=R S/E PAN Y S Vb
— ARG A, R 2 T B RE S A RS, B Z . $i%. BRHL
FNEE, EBAE GPTUS, JRABAUE FHmid 28 FARIL S, W TR
N BB AR A AR 55, EL AL s e, AR A TSI BART! ) BigBird!!'!
o RIHAESAEH BERT SEL, T 30K AR 44 Transformer 1§ FH 1 H =)
Pl (Self-Attention) LAK BERT 7 )1l A w7 A

2.2.2 HIEEIVLH

HyE = JIHL#] (Self-Attention) #& Transformer ¢ 55 2 {355, & B HI N FE
=AFEFS: & (Query) . # (Key) AME (Value) , ‘Bl 2@l XA
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FFHNHEAT A R Z A AR B3R A5 1« B R ILSE I & ST S Bkt &
TR IR, AN E W R A E N T R &, S5 a5 DiAUS B [ AT Sk A
XA B RS AR BN T 5 T AL B S H AT B R, HAEALE AR AL
—ANFEHIIR IR . AER U AR, XN RN T 51 1 R,
X' R B TN SRS AR R N FE RS, WA X 26 amad YI ZR 15 3 1 2 408

5, Q. K, VIR EWIERE . SR AVERFE, d) 2B FERE— SR 1 4
%, e Hsoftmax ek B 4 R AT IH— 1k

Q=Wwe%, K=WKX, V=w'x (2.8)
QK"

X' = softmax %4 (2.9
Jd,

O AN BRI B A TS AR WA 2.5 PR

B 2.5 BEENINSIRITEELRE
SIS E I RFIERIE BT, 2R 155 T PR 28 A A — IR 22 SkIE R ML
fiill (Multi Head-Attention) , 2 kiER MUK RIS BEAT 2 IREMEA e, 13
PlZAEl . AVERE, K2k T, TR gV HERS &
ER 3R
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2. 2.3 BERT #RI YISk 5 M AR

BERT FEAL A6 F 77700 N TG-S D 3R, TETIZb %, BERT
TR R SCAR BRSO T 4R, X — i BEANEE S e 1 RS, H
BERT %] B HARE S B “iBI&” , BERT & LB A I 255 SIS N
FEfidiE S #5% (Mask Language Model, MLM) , K —%) 75l (Next Sentence
Prediction, NSP) , 7 MLM {E45H1, BERT 25t #i A\ i SCAHEA T BE ML A HERS b
L, —RA 15%M 1A 2 B RS R E AR IC “[MASK]” 3 4h—/NER o 1] 2 4%
Br s AL AR, T AR IR R ORAE AN, AR 551 H b ilid bR S i HAth ] R
RIS . NSP AR HAC— R a) FAE NN, 4RSS /2 HI Wi A ) 1 75 4L,
B TEVIGRE AN 6] 720 B AR Re 7). ARSI TN 2R AR an ] 2.6 Fiom:

2. 6 BERT =B B3I 2512 2 E 51

2.6 s, 1ER SRR SIRALET, SURMT4F (Token) J7 31 75 4k ib
PR & 8 AR R T S AL TR A, R E A RIS “[CLS]” , 4R
5 9 “[SEP]” , #ERDGFF5 N “[MASK]” , 40 “ /R AT B A J6” ¥ 4 kb #E A “[CLS]
PRETHI[MASKDG[SEP]” , For “ 17 P abl & #Oy i brid, = ERA T
Tl . 7£ BERT HIHINZ, TR FIRHENATR RN T 51, Hh & — AR/
FoRA— AR & . BERT IR 3 AT R ARG R, 22 i 1) &
(Token Embeddings) , f]-F A& (Segment Embeddings) , I & [7] & (Position
Embeddings) - WAV G #51 Encoder JZH 47— 5 4if%, BERT
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[¥] Encoder Z/2 B _E— BTk i) 2 M AAR 544 1) Transformer 4t 3520k, %
A TR ARG IR o £ MLM AE55 0, SRS BIrnt 52 1) 4 Hh 220 e 1A
e AN — Ak B E, B AR BR3P B Rl R 2R 23 48 T NSPAF 5548 H [CLS]
AT 5 s R A Al i, [RIRERE IR Dy — A R 8, AR 36T
X e LI 4y e A
TERNGBBREE G, AT BERT B8N AT NLP 152K N5+,

A B ST 7 2, TE TR IR S5 N AR R R R 50N RIS 1) 3 4R v x4
RUEATROR, 7T AR BEAR R () S 40 E 2 SO A AR (W A 45 o e (56 P AN TRD 0 43 14
5 5, BERT W] UG H T 2 NLP A£5%, B450 4 MERMMESHEA: (D
)R ULECAESS, EE R T AW AN SCAR RIS AL, B R SR TR —
ANFE, EEAHCLSIA B R & (2) TR RMES, NH T8
SR TRy AR 2, S8 R I [CLS AL B B e 1) & (3D )%
REG:, BTN — M, FRZTRE RN RGEE R/A B IR, (4)
Gria). fn SRR R AIRREAE S, TR N — M, sz E R
it L [ B AR A . BERT % H P 1] 5 28 3 2 PR 78 45 R A — £ bR 5 BT ) Bkt S Dy
PRESTMR, AT LLVE S Aty o 22 o0 28 A7 (g N Bk 477330 — 25 A A 3

2.3 THHEH R
2.3.1 BRI KT

LRI M4 (Convolutional Neural Network, CNN) J& S H LA 5 4735 ()
FERHEERL. CNN 28 NHRINJZE. BHUZ (Convolution)  ib)Z (Pool) . AxiE$:
JEFIART A BN e UG 4 B R A R A B, B 58 (Width) | 1 (High)
FEEH (Channel) =AM4EfE. HREEL 2 M ERZ (Convolution Kernel) $i
WU HREAE, i SR B AR R R IE R 46 RS (Feature Map) , REAMFFAE
UK B — NS FUZ SR B ARRAE . 1 AL)E PO TR, BTEIRIUR A R
RIRFE, 8% R A RGBT B0, FRIRRHE I I 4ERE, Bkl G, P
BRI . (R4 2 BRI FNBAIRIE S, @i R R A — 4 &, T
SRR RGO IERGEE, RAERDEREAR RS HEMER. B 2.7
N—AEERANEGERE. fER T ESEE .
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& 2. 7 EFUTE S EZE S

1998 4, CNN Z X Lecun $i¢ i | 25 —> CNN f%45 LeNet-5 191, JJJ-fi# ik
FERFIIUES, GEHNERE, WMBEAEEREZ. 2012 4, Alex
Krizhevsky ¢ A#2 H 1) AlexNet! 2280025 5 NMERZE, 2 MREREE, LK1
MEEEREE, 5 LeNet-5 fHEL, KIGRIRTE T ML RN, 7£ ImageNet
2012 EMEORAIPk TR LHUS T REEPERI ), AU CNN RO T FE 3t EAL
MAALTY . VGG-Nets!'2& 2014 4F 4 K% VGG (Visual Geometry Group)
PR CNN B84, 7] LB AR R IVRRRAS 1 AlexNet, B8+ JLANMZ . [F)
F GoogLeNet!' 2B, GIlH s L4 H T Inception Bk, 7E4% T BEISH
BFEIR, IR TIEFLFIOTERE. 2015 4, AT fEBAHE H 1) ResNet! 176 X 44 @ i
51N 22 RSP SRE g PR P 228 I 24 B 20 R BT 5 AR PR A Il R, Bk 22 AL
filigh kg tn il 2.8 s, X0& CNN M2 e B E KRBT, @i X — 03T, ResNet
Al DLSEEL 152 ERIRIZMES, 313 VGG 1 GoogLeNet = (VAR .

2.8 ResNet (ERIXEIRRE AL
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2017 £, BEEI/IRKY¥. HHEKY . Facebook FAIR SZI6 = Bk & 2 H
DenseNetl!?4], f&% 7 ResNet 5% Z 454, FHLL ResNet, DenseNet [ 4% A )& —
EESEZE ST E AT A EAZE, SCIRHMEEN, BRI RE, KiE b 2508

=

Ho

2.3.2 Vision Transformer f%#Y

Vision Transformer( ViT !5 2020 A4 K H2 H K NLP 4514 ) Transformer
(2.2.1 %5 N FE1E 25R0MRL, EAEM T Transformer 578 b3 B4 AE 55 14
BEJ, JBR T REEMIMIICHT . X T CNN B, VIT Bi&E & A KSR
LW TN 5. VIT BB EEARZ WA 2.9 Fix, TUUEH VIT
KM 75 Transformer ACBSCARFZISRAIEAE, B—EURHAE ST UK R
) — A

& 2.9 ViT {&RILEH)
VIT BALK 5e 8 1 B R D)0 2 A BB (Pateh) , 43 e PRI AR 5
Fa UG BB = S R A — M\ (Patch Embedding) » 7E EGHF 511 Sk 6
IS IN—/MEAGFRIE[CLS], KM — MK . 2855 A 1 Patch Embedding 517 &
itk \ (Position Embedding) #H 1, 15 F| &4 A &, % A Transformer Encoder
B, B 5 ¥ [CLSTRE R it r) 4% A\ 22 J2 )R 4% (Multi-Layer Perceptron, MLP
Head) Bk, fsf FJARE LM o0 B0 2449 3 73 FAR B IR
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2.3.3 ZESUKESER

R R4, BBESIME CV. NLP A1 — R AT S LEUS T il i ik
B, RIS A G i AR AT R 2 AR, T LA T -1E E ISR (Vision-
and-Language Pre-training, VLP) J7 7%, i # % T EHE CAVLHS (Image Text
Matching, ITM) FIH#ESIE 5@ (Masked Language Modeling, MLM) 1F-55#E47
Wk, JEAES BN RIS LR T . VLP B8 3 2 = K84y, RIS
Zmithas (VE) . XAHiDas (TE) MAZSAEH. (MD #idk. VE 1 TE ik 5)
o PR AN SCAS FIRFEREAT 5, 10 MI JUPKE VE AT TE 3R EURRFEHE TR S

Wonjae Kim %5 \2ORREAR 5 18 5 458 8 42 I8 EUGOR SO A RS T S A 2 2
5 B A SHOIAE, DL A ST ¥ 2w i 45 SR 5 i VR FE A Y 1k 4758 B4y
AVUZE. 513 Wb 5 O A 57y, T B 00 s R B T R SRk e o
P HHTRME RS B, AR SCANIY, 35 2 38 Y55 SO AR Y R 4 FH A
RET), W SRR B R R BT RHE S B, AARBALE CLIPU2, 253
e PUFERR 5K 77, i Transformer X BRI SCASRAE FIAS H AT IR
R, AR FILMPO, 58 4 38 M AISCRERR A R A i gmid =, K
OB TERAS 1 AE B BT, ] Transformer o BRI SCARFAE [ A8 B
AT R, AQFRAERY R VILTU26), R 5K & 2.10 Fos:

2.10 VIiLT IS S R B R KL
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ViLT ] Transformer Encoder L ViT-B/32 KT EMAIIEIL, K #
Wi, RISEx BGOSR RAED 4\ Transformer 197730, 2T ITM
1 MLM 55 TR AT LALE T VP B ResNet 25 & 2% (¥ 400 5 4 A5
#%, VILT 32| ViT [ Patch Embedding 4% EMGHFAE )R A&, 5 FH A% a7 o 2%
MEAR ORI B SRR, FEM I EE AT Transformer FIRHERR S, OHD
PN TR () S HOUBAZ AT I R, A USSR Bl BB 4 Fr M e
2.4 AKBING

ARFEFBENE T HAR T BIEAEAR o 1 5% 5niR B 1 4 s i
BARBEATRER , A4 7 ] DU AR B 25 3T R AE Y GAT A 485 /46 NLP
U1 Transformer 2R IZH A FVE R IHLE], BAK BERT A1 “ IRl 251
A7 ARG % BJEAE T CV AU CNN BB, VIT #8, DL
LRGSR SR, R RN ZiNet DU RIR B R4 @ 7572
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FI3E RNFARE R

TSRS EAE, Pl A S EARER . SRR A S B
FE TGN HAE SR BRI R, R A EIR B = 251040 . B4k
EES, Tk EFIE . 5 57 B ARARL IR o S0 DA SR 56 2% oy 500 DA e FL B A
WFIZHT o B0 SCFRIREE S ORI B, A SCRTH IR T — AN P U 5
NERE, BN ZiNet, BTEXMNFHIFE . FX5ZEMIRETRHIA . HECEE
He, TER—iK & DR M TG . SO B TRV SOER SEAR T RURIE X
RERM DU FIRM S o BbAh, T SO -4k 2 A28 a0 1 A BT bR i AR
FEEM TR KA, FFEFET R E M RIARS ), RSO 7EE B s i AR &
W EIE, BT NLP 5 CV IARCGHAR, sSelln AR BB EmE . SR, &
AR E R T BRI b S B A B AN SRR SR I B Bh Ak g, 9 5L K UME
HEATRRE, R ORE b 0 R R TH AR B A AR . A3 3.1 NS,
3.2 FRA A ZiNet R ETE 280 AR I, 3.3 T4 ZiNet HIR @I FE,
AL 5 S UL I HME 7 :CLSCR I B E A% . 3.4 54 ZiNet
HETIWG S B, 3.5 TAGIET ZiNet FR B KL N AT 6. &5
3.6 WL IZE,

3.1 5%

H B0 SO TG 7 SO U IR DL R AT 2 A 5, A48
FINAR REEAREG . BSOS I BRSSO 6, AHRH
TOME A AT 5 A SR AR S A ), & KA TR BRI T2 0 iz h £
FTHAT A, FRIA R SCEBCRTE— e . R IRk Ui TIEC A
HUAH IR R, #4738 stk 3y mT Ao SRR RANBRAE I B AL UG 5 SO Bt
U, AR G SRR R B SE 25 A BHIR A @ T AN D . HAR
SCEOAE SR I A FE SO R B RN, AR AR s T FE SRR, R A
=AEEM. DNA $58 . WA HE SO, IFREX SR, LA R
M. SCTER. B SORSEER, B — kRS AR 2% .

AN SCF R ERF R SR G B FHhi: (1D Wl e CE
BEEOALAA R, 24 mT I TAE SV T30 UG SUAR SR S5 12 Se k2 [ 1 EL .
TR T WA & S 3 TR FE SRR EIRME S, I DLk a4
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FR SRS 1) BRI R AR B S 35 A, T8 T SUMMLL SO 1R R I 43 vt -y 307
MARAEREZ. (2 WESCFIE S EARE, OfF K SCERIRE S
B G REE I SE A S0, iR S, R R — AN [ T sk A
SRS, A BRI D AR R . (3) AR B A AR Aok
Gy NORIE S SO TR E R, AU 5K 7R X 1 SR aG Hdie i
ITEE . R RS RE TR, REMR TR T OV Byt e G HdE
HEAT P e 13-141 540 515231, #F NLP 43k, SikuBERTE*, GuwenBERTS), CANCN-
BERT OV VU8 Tl R B L e 4 N T~ 451 U 400, 0000 J73 k2 SR v e e e
SRS, A SRR AR B SR I R T2 R AR B R, BT AR KRR AR
T SR BT (A R

BESE IR IR, AR SCHIE 7 DU R e S A i, AR E A DTk
7 ZiNet, X258 — ANl AITE SCRIRSRIH [ &S 7 s I K H %
FEAEIE AR B R . ZiNet 58 30T H X, SCFIRA. TR S S0
SO ENES XL [E GRS SRS, RS SR T AR 2 TR
B R AR, MR — Tk EiR % . 504 TAEAR, ZiNet LT 5 7.
T TR R ENREAT & SCFIHIR, AR X L5 GRSk OBy 307 B A
REHE, H H ZiNet 52 PIrHHER, B8 SRS [F] ) s A7 T SR iR I
FHNEAR, RRRR SO A SR ERAR X ST M AT AR, DR AT DL (AT
ST AP AT R o AN, ZiNet 1 920 i SO TR 55 1 AU iR 1
SV AR EE SRR i, UL RS L RS 5HdRbR 5 AR B .
NPT ANR SR STERRE, AT NLP 5§ CV 5%k, Ll 7 A
PR M . SO R AR BT AR B A NE, FFRR T
55 U M R

HAl, ZiNet CEBSRE FEH L. &30, ZFHK 12620 M5 LT, 6792
ANORET, 2787 MARBEICT, 52498 sKIGAEG, BLA 68901 2k Hi 130k,
ZiNet £ 7 3L 70 UE A IR KIS ME, AT DL R R INRE R &
5 B AU T 5K s B R T S E AR SRR SO R 2 RSB B, BT LS ST
AL ERASE &, SO AuTi AL SRS & SO BRI R, Bl e BUR R
5, R IRAEFIE . 30 SCTHRRIEAE DT H AT REAR OGS, R A S
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BEATHERAITIIN, A7 B Uk SCHEAT R AN SO R AR Rk, BB AR
AL, ZiNet WA LAIRSS T XA BL B GR 5 R AT, Dyl SCF AT ST AR H 58 2 ok

3.2 PSR EE R 5 A AR

3.2.1 ZiNet WIS MEHEE X
AR T, JERAETENRE T TR Sk R G R, 3
FAAARTT LU R0 R B P ) R B (T T i) 25 A AR AE AL 11 o RS 07
KEAE, £ ZiNet HE LT 9 MR, BFEHLXY. SCFEIRAR. . 5.
WOCF O W X [ SRS, AR BAR B S SR S A
(R EHE 1 L3R 3.1
3.1 ZiNet B9 9 MM REENX . EHERGIMBIERE

B 3 SRR BE gtk

M ESCTRSCELE, s SR SCIAARR SO
Unearthed '\ H&. HWE. R HE S5 00006 5 v ARG, X
relic o ES NN &'

MR b i
Huy P sEmY.

SRS
A BN FRE ARG NFHFRS A
Character B ZARERKR. P
rubbing S 3]
FIY WFHBERE, A0k “Ia7 MREXXCHEA AR RET
Glyph [ — AN S A2 A [LRESIA . REER. #
A, MWESHEUKTE 1 7% “E”7 R4t IR

AN A — I

2. HIERfE <, WY

AR 7Y
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gk
B & X S BE R
A MRS R NSRS WA, RET
Radical 1 . AREREIG
N
75}
LR Es Rre RS, A 15 HE TR LTk
Ancient AP e St P I 'S B, ERRE
character BRIl Tk A 7
Te_/NEE
T sk
L e SN ST IE LR PR “18” SR FHRAR
Character —~ CUBRTHERRET, ORT &
K R IARIL 7 8 1 A
M7, KRBT R—A
WMERIICFFFT, AR
2 g BRAR L7
ke LGS h B/, T I 44 R
Word MWoriE AL, BT s
WICHEANCFAR, £ fHe
H A R 2 A SO AR
ST TRHC A X R P E ] T X A i
Sense {18 P WoRSCER, T
S
G4 FRoRFE—BESR XIES Synset{id &, {E1E: 5E X
Synset T8 B Wi &,

5.}

SR A RIS, 0l =S MR B A SN “ RS 7, ZiNet
PR SR B A ME— B 405 ID BEAT RG] . Bt s s, 2
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% 3% AR FHrinBiER LME T X

PEATLUOASCA (String) « B (Image) %% (Integer) 52 MR, H LA
RSEARK B e i, BSOS B e AR o iR L ¢ ik
P L C“IRAREUR” EEE, 70l S Bl 1 L8 J M IR A S R SCAS R B8 2
/SR = 572 s N = 5 7 N 1) (il £
3.2.2 ZiNet BIRARE X
ARIONMEEE ST 15 P EESRR, W15R 3.2 Fiow:
3.2 ZiNet PRI 15 FHEEXR

K& i {1 =TREARH

£ Contain FIE HAE faCE) - BE -

J&F Belong to FIY O BER) - JwT - m_WE

HAfeL Similar to FI¥ FIY TECE) — AL — B CTAA D
% U Synonymy R R & - UL - A

B AL Homophone — #B4: R A — BEEAHEL - A

& B Contain radical — #B14 R & — g - 1

XML Correspond to  FF: N = XRF - A

#1& Describe LFHA FIE

- A - 1E(TE)

KJET Derived from XA M C SRRt

4k A Evolve into HF L fE_HiE - sl - 15

i 15 Tongjia HF L i _4& 30— i — W

4B Compose L (LI i — M - (EfE

7 & X Process ]I ST i — A& - RRErE

5% F Recorded in LI FSGmgE AR A ER - Wk T - Synset{{E
15 ¥k}

R MES: Hypernymy I LI Synset{{Ef ik} — L AriES —
Synset {5}

RAMEF A TTRN, EEWDEE, HRBS 2 mRESCRR. Flan (7
-5 -8 T 5 L AR S R AR . vl DAy se ik,
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AEUA K T RR BT A /N SCH T, B SR a- R R-SEAR b7 =Jud, Bl
“AE-B R, SO RR B = e M R EIIXEESC R, ZiNet 7] L
XEFIE T8 7 SO B 5 1) S 7 3EAT FLIAI T, 5 ORI 2%t I 1 PR 4
P S2SCHRAE 2 AR A K dfE
3.2.3 ZiNet BJZEH

MR E3CE e JRIEMIC R, ASCEL “187 Fouil, X ZiNet FIZEH
MEHIAT A, B30 o “f8” FAERRERE I LT3

3.1 RN FANAEE (ZiNet) ZRAE
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R BLVE AR08 SO SRR E AN IR P S IR S0 S I B
TS 30T LS &G FSGAESESERIRE 7R 78 57 UL .
a7 AT SEER RPN T, rRlm R AR
s, HEFERANE, EG S ONRBRIA — PRk, ZiNet #1287
KRR LA A A S sedh e, ARIR 2 5 TR I AR AL RO S 2R, 1
Ja, WSSO “m WE T . e e o T _ET M g SRk
PERBRB A — A0Stk “18 7 o, FoR el T F— AR B
I ERPE 2 IRE TR R &R, WEH “R” BEuERRE 17 W7 E
ko NFRT AR, AR3CZ2% WordNet 1V AR K48 ML 458, S0 7 stk
DR B BRI, RVE S SOAROCIK, R & g4 2[R SGA] SR
LATR] SCIA] B DX L 5 SORA R BRI R SO ARV BLGE R . ZiNet i85 T H
TSNS T IR EE B 2 0 AN BB A B B L 1) 5 P SRR 3
Yookig A, TG SO TR A B . SO DR SR B SCAT &
.
ZiNet FHREIE MAR I BAT R A, A7 LU TR SR E S -
. ZiNet MULET W3 SCP AR SAT IS 2 R LG, 38 L E
TXFH FF T XEMGS AT E IR, FFHRYE X L g G ok KK
T, BRI
(1D FEFREE, ARIGE “FI7 M54 8, AR, 90
IO LN B S e EEE P2 B L WS i e o A A S A I R b 7
B, AR R AN AR B A 2 R B TE SR R R B i
B
(2) AR R, ASCRE T I M “F GRS e, PR DSGAEN
Ant, AElRe S SOM R BB AR SCIUELIGEK,  EANER It RS S
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CHOTEME R T30, Ho 0B (D & 0r SRR MR
KA SBOT TR . H SRR S AREE, WILE RS, RV, W
LS5 B R B MR . (2D B 7 VR R i i SRR A A7 %6
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ARG BB AR TS VE R B T B I AN REHL AR RN RS T
BT, DRI S S G54 ARG BT 5 A4S | 28 i K 5 5 T AR UL AT 5
(R Tl SO B K TR UL, BRALSE_ L AR LA, 444 BT B Bl Hh P35 5
S TR BB TERC R AR B2, QSRR i SR s B T TE SRR AR AL ST
STl SCF R SR A A

BTV RS SIS, ATEMTTERERE: (D =BT SRR IEA
WU AT )73, FRA GlyphSim (Chinese Character Glyph Similarity) , X 5%
T A FTEA AR AT E BT S, HRSS T AEAL - TEARE AR (¥ S B B FH o %07 1%
ST ENAEE AR 3 F A4 ZiNet U7 FIRERE, AME SRR
B I GIEARLRE, AR DUETE T A M8 4 AR . Bk, ATk
7 B IAIE (Pictographic Similarity, PicSim) . B4R AL (Radical
Longest Common Subsequence Similarity, RLCSSim) PR #fE1E BTG AL
(Radical Semantic Graph Similarity, GraphSim) =F AL T 7%, Ik H it
TRE . HHE EIEHE T ZiNet M, b SCFI7 I LURGR AR 2 RT3 3
AN K RFATROR, ARSI IEREE RoR SO I E SURFIE. (2D
N SCAE K] 8 P FE B SO 4 ol 3 R S0 5 R A SR VR AT VR A, T
SO EE R IR, AR T 7 R B A h R SO AR AT 43 5 B AT 4 2 1]
SRENIEAHK R, Spearman’s AHIMES 0N 0.8422, AN HE T3 G AH L
(RT3 BRSNS B R 0.3241, BEAL, FEARLE SCFHEFENNR T, 57.13%8 b5
VE AR X 1T LA %7 VR IR 5 A7 (Top-5) HEFRLE R 5%, LW T i%J7Em
B, b, Xt Top-5 HEFR LS SR 8 1 43 A v] AR B 1% 77 V2 RE A 4 4 1) m] REAE
R EE MR

4.2 fEFEX

€ (c1r €) s L HGRIFIFRKMANE LT, o Se, ® A Pl T
o G, =191 9n'} G, =977 g}, HPGCRFIBES, gERRFH, nfim
Al M, TR, M7 R —HiReWER: B, =
{pr - Dipg b Py BmgiEIRES, I g A — A HEF TSR,
Rg={T1s oo Tiny 1} TR EBAE, Ry B 00 P42 06 7 L 53 A DAL 155 O B
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H5l. A—NREREKG(V, Rel), HHVRRIREEHPIFTA T A, Rel®
ANEERE RN, RIS K G A ST I S =R SR E T R, SO
BEHC. FIRESG. WHEEGRTIICE, PLAHEAIZ AR RM L%
EIEKGH .

AR A R — M F AR TR, FRO GlyphSim, #iA ¥ ¢, 5
TR G, Goyr TATIA BB S P, SEBIERFIR,, » LU A
HEREKG, B e Se, AR 4, 22387 0-1 18], BT 1 RoRe 5
¢, TR L

4.3 HXFFMUETHEITIE

4.3.1 J7¥EREMR

ARSI F AR T S IPE A 0 DU Ao _E AR, B E AT
T RGUE SCZ IR AR o ELAAR ARV AR oo AR G

—. PRS0 S P IE RRRR BR S P E TEAAEEL, AT R A A
L o WLSEARBATE 3 B N GIE F AR X — AR B, 7R 50 H B S
di, RIB I RS, KA 40%, Bl <157 .« o “T17 B
A7 S8 ik P 1 2 ) A 1) PRI St )3 SR 1 S0, P S i e R
FHERE BRI SR HR ERF S A0E ok, Bl <717 @IAE <17 b
IMFFERER “TIT17 W& S, EAEM ST LR ARRLN . R A ik
FRIRL S T &S ARABL, 6 AT S Bl SO AR IR AT REAHOG, filin“ 7 5« 57,
REAE AT

Z. B RERESCRRME: WA SCF LI A, B A R BAT
ERFR, WEATHAEAE . WFER T 2T FEEs, BaflaE
FHRITE R, CARIE AR A R w7 2, e R
B S MRS HE BTG, Bl “M” 7, BN “KR”, &
TR A7, RRRBEA B LR A7 2 AR R R — AR = i
FIE, il CnyT ol <7 oR €87 ARk, TR SR . R AR
FE DT RGUR R ATTRGER I, 7EVEJE &0, AT 5 DT 60%, 2
B RZIE 30%, MRIETATRSE T MARE] 10% /4. Bk, A5 R
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E AR R A, S SO AR SORISE & s FEAR G, SCF IR R
(] FRI AR AL FT DA R o SO 2 S S TR R R IR IR ORI, AR S A
B SR B IR BARFEFR 1
(D) 3 WA TR HREREAE, WEATEAME R A
(PRE
(2)  HWHEA R B FE IRAESERE T HESCOCR: GRS
FICALETE AR HIFRAE, W EATEA IS A Bl “p8”
H E7BTRET: K7 47 OREERE SR ‘b
5 MEeE e, EhSChEEENERT: ‘R 5 OCRT 2N
Fl =ik, BAERAERR: “J17 5 “7)” BAERAXR.
(3) #MOEEFN EAFEHLR: WRWNSTFRESEAEBE, WEiA
A AR SR . 38 F R A Rl R R A — SO I SR T R B
R F — SCF PN TR TR B — X3 oh, HAbH o 4 5 A M 1R
NI — o A AE QG 1 T R . i, @7 FIERE SO AR
NFEETE, H—ANEETEC 7R oA TR CE,
TEXAEHI, <47 <7 R—xH@EREY, EEFhRR “XE”
(I8 o ISR — R TE 2 AN o SO G 7 2 p R DB, A SO
CATTE IR
B 4.1 JRos A DA AP 5 3R A SOMALLE (1 S 491«

[ 4.1 PSRRI S ERHIE AR TE E 5
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MR LA TEARALRE (VA b, A SCBETE T ROBAHEBUE (PicSim) . #B4F
RERAALE (RLCSSim) + FBAFE S AR (GraphSim) =Fh =T AHALEE (1)
HEG, R 43.2, 433 F14.3.4 TN, Ho PicSim 2 T HHE LG
AR M B G A SR T I A HFAE, 11 RLCSSim A1 GraphSim T M B4 SC A Al
ZiNet SR BLIRIFBAFTE SCEE 3R U R G IR IE R T BEAR AL
4.3.2 FMUETHEITE

ASCALEFH ResNet W28 S Uy S0 U P AL B AE, D7k El 4.2 Fos.
BELTFEENC ={c1, ¢zr oy} FTAMEBREENP ={p1r D2 s P}
P ZEAT 55 2 ¥ B B p 4 KB RLI SCFRRZE ¢ e f(ple) = ¢, Hrio2 2
TINGRIRI SH . MEFNE Gp, fdh—AN C | R, LR CFhRs
cHIRER . RGP IR, SEAEEME R R 74528, i e/ MEAE X
TR R BR 2R S .

B 4.2 KEBUETERZE
ASCAE M 24 | C |4 R AR N BB I RHIE R R e . X7 gk
eI YL E Nz T L I BB S A Py AT BB R BT 24 -

1
9 = — v
€ %|§:% (4.1)

ijPg
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RBIPTA TR e9 5 , ARSI 1) & 8] IR 52 AH AL BE A5 3 T X6t
(91, 9;) Z B HIFAALE 7> FPicsim(g;, 9;) -

PicSim(g;, g;) = aCosine(e;, e]

_ / / 4.2)
{ a=1, Rginjoqt(D

0<a<l, Otherwise
CosineRnRZMETHE, XHEFERD—NESHa, CEHADFRIL

SRS 1E U R, a =1, B, ol EN—NKT 0 H/AT 1
MME . RyATTEgEL& A B AE LA 588 i B 1E ORI RS .
FRAFIE SOR R ELEE 431 W TR SRR, T FE. RAE. RE, DU
GBS

B, il SCFA (cpr ) MFRESG,, G, o He, 2SR
FAAMAE > i PicSim (cy, c) BB E N F A IR AL & BOARBURE S KB

PicSim(cy, ¢;) = Max{PicSim(g;, 9;)}, w3
(9: € Ge,, 9 € Ge,)

4.3.3 EAEHRALET R

RLCSSim 5 7E B & ARk 7 1) (B AR A o A SO — XA i) 7 %
(90 gNFARNABENTHIAE AT SR = {11, - Tiry 1} Rg= T, o TiRg 1} gl
P PP 41 v O HE 2 4 B L7 (M 28 U 58 1, — ol e e e, e BJE T,
58 YIS AMETRIN o 384 51 v SR B /N R ) A, T A 0,5 e ) ) TR A
BB S “15 7 5 ARS8, 4, By R FIRE
Wik, WA EHF I s EARY,

N 44 NFR g 57 g MR RRAR BRI tH Rk RLCS(Ry, Ry )

FOTAMEFESIR FIR, 2 A0 B ASET 5 . (ARERIAAL, |RLCS(Ry, Ry )|
B 55 A S8 P B F B A L R A 0 5 A R B, S8
430 H5 T O SO ISR, I RPN B R B P AN PR R
KA AR K BRI 1, S ST A SRR, (B R SR, U]
R AT AR B I — NS0, 0<0<1. 7EIRM A .2 AL
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B ERLCSSim G, TIHRYE AT 4.5 THEA T SCF AR, & SCF 2 18]
FIFHLRE 5 A 30 4.3 — R B N e T T4 6 2 T8 AU A 5 R AR
2 % |RLCS(Ry, Ry,

(4.4)
[Rg,| + IRg; |

RLCSSim(g;, 95) =

RLCSSim(cy, ¢;) = Max{RLCSSim(g;, g,)},
(4.5)

(9: € G, 9 € G,)
4.3. 4 EARE SRS R
RLCSSim [ARMAE S HUR B8N, N T EEmdE s RoRTFIE, HIRGE
BRI 73 8, AT T RS SCEE AU (GraphSim) , & —MELE
. PR g 53 e =R AR RS SCRR G, il B A L
FIKEGE R, WK 43 s, EHPEE=MMKER: R1(c, g), R2(g, 1), UK

R3(r, 1): RURSCFRIFIEZ BIIMNB R F, WREE— I fld T3
m WIHEEATZ ML — 500 R2FER FIRAE A B SRR, R HE—
O R ST A, I TN I T — 2500, AR — A IR R34
BRI Z RIS R R, WA BAAES 4.3.1 1 BT 3B 3L =2
FikL I A IRES RE, B R R, AKX ST B A —
il o AZABAFE SCER BRI MR E ZiNet FAHREE, R1IS5R2CRFLL
M ZiNet P EHGREL, R36 R S F % Kt — Pt ikE.

AL ) N B8 SN R I A T SCRRALL AR 3B A B AR DG 52 T AE i 4 v 4[]
F AR, Bk, WARK 4.6 For, MABHIGERE (node2vec)
AR S ) B ed , node2vec f2 R TR B 2 5T I BE ML L SR 1
P28 ORI . AR A FEN g ERoRE, RIEANL 4.7, HEA
=5 T2 1) i) T AR SEAR LA BEAS B T TR ROARALLBEAS 73« B, 4578 i 30T
WAWA T, WA E SO IS SRR k3 U5 Esoh A
4.3, 4.5 MF, BIEERNEATAE FRAE ZRIFABEE R RE (A 4.8) .

e] = node2vec(KG)[i] (4.6)

GraphSim(g;,g;) = Cosine(e?, e;‘.’) (4.7)
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GraphSim(cy, c;) = Max{GraphSim(g;, g;)},
(4.8)

(gi € Gcl' gj € Gcz)

4.3 BMEEX EERMEITESE
wa, WRIEAK 4.9, KLHBEXPicSim. RLCSSim. GraphSim = AH{LLEE
SR BUIMBUER ARSI LT (cps €0 Z A1 B AT TEAAS 2 GlyphSim(c, »
)y Hyis vou v =R BIORCE, EATMEBUERT 0 N T 1.
GlyphSim(cy, c3)
= y1RLCSSim(cq, c;) + y,PicSim(cq, c3) 4.9)

+ y3GraphSim(cq, ¢3)

4.4 SEH51P4h

4.4.1 SLIOBHRE

AT (BRI ZiNet ) —HB 5> - SCHdE, FERLE 2543 ANHIE SO
7 H 1260 NN ERET, 1283 NIRRT, et 2912 A4
T, 586 MEAFFIEA 15175 MuAEIR, SFFAFIA 5.2 MEAEIE.
H 7t SO AR SO0 X F A SC AR B AT R, LB AR

(D FEXFNIHECER S BIEE: 2L E 5400 ANHFF 7T, L
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Log il xk BN 3R K br i oM L B A
HSimScoreSeq{Score(c,1,¢12), Score(czq,C22), ..+, Score(ciy, Ciz)} i =
5400, 5400 ANFE ST i A 2543 AN FIE SCRBEHLARERA, 5014
FORAGIRAATHIARAER B — X i SO s IR A EEAT Y2, 3T 07E
/& 0 2 10 S, A SO IR IARURE BE i g, IS0 BE3 10,
R 0. =B KS 5 T IZWbRE AR, FATEFARA IR AL
BN A ST R AR
(2) FEHEOSCTEIESE: ZHIREC S N FARER 6405 AL
X FX: HSimSet{(cy, c11), (€1, €12), v, (¢ € )} i = 2543,k < 5. HF
PEORON 2543 ANHE SO R MR 5 MBATIASY SARL
e, RIESCTFRERBIZ R E 7S, EhmEdfEs,
UL KB SEE RIS, AR, o LR 5T T IRE, MIER
AN A IERRE) ST, 24T 3] 6405 MHLH & SCFXF, B4 HE 3
PIRARE T 2.5 MR
4.4.2 VIR E
ARICHE T =NV R bR
—. AREHEEARDUEIT 2 HIAERIE R B (Correlation) = A SCAE ] 7 /K
ZHKME R (Spearman’s Correlation) SR PFAl H B ST X ARSI AR 73 i 4h £
5400 215 ZBRIE R AIAURE 73 B 5 A S5 i 5545 H R ARALLEE 7 Bz Ta] A AR SR 1
P R IR AR SRR, BRI 1, AR SCElkss, T SES-1, &
MSimScoreSeq N5 NZEFrIERIHSimScoreSeq Xt v i) B A SC 5 2245 H AR AU
RPN, A RTE R EON:
Correlation = Spearman(HSimScoreSeq, MSimScoreSeq) (4.10)
.. Top-n MBISCEX BHE SCHPSCZEEERBEZER (Coverage) : AL
IR AU B R T iy 2543 SHE SO IIA S THREAME 2%, IFHE RS0 &
AR, B2 WA SCHEFERIAT n 4 (top-nD AL, SEXH n BHUE N
5, 10, 20, 50, 100, 200. ASCIFHEBRARTA 2543 A HE SCHEE I top-n AH
ASCE S A SO AR 6405 MHBLF XTI E & LB, Z3E6s B 5P
fili P 35 230 00 2 5 B R A RE A BIAI LI ST WA ST iR 45 Y top-n A
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L3 7 X B4 & N MSimSet{(cy,c11), (ci,¢12), -, (¢ cin)} i = 2543,n =

(5,10,20,50,100,200), 7 5% 2 1) H A RN:
|[HSimSetNMSimSet|
|[HSimSet]|

AT ASOEI AT A 1 R AT AT 7 AT T

Coverage = (4.11)

?>

(1) HE3C top-5 FALTFHER 01508« AN 6 M-S MR TG R 1E
P B SCHR A top-5 AU B SO HEREAS R, alid 0 A A AL SC 72 1)
BRI 5EAE SURE BAAMANE,  RRZ BRI 50 B A L RE
SIS SO0 AR BLEE R g

(2) WECFIR A &AM, A SO & SCEAR S T T 2912 A%
A e ) IR REAT AT, DR B O R A SURMIE R 7R BE
7o

4.4.3 MU S5SHRE
SEHR T PR BL R 7 AR SCHE I =R AR BE T S R AR EATT A A
JNEAT T, R a4

(1) ResNet

(2) RadicalGraph

(3) PicSim

(4) RLCSSim

(5) GraphSim

(6)  y,,RLCSSim+y,,PicSim

(7)  y,,RLCSSim+ 7, GraphSim

(8) y,RLCSSim+ y,PicSim+ y;GraphSim

Horb, 5 (D 5IE () AL % BT RZ A T2

g5k, PR IARD T8 VERFE 1) 7 T A ALEE v 55 AR TGVE R Tl S 38
PR skt A S At R ASCR R R A P R i vk DA B AN F A5 5 P iR R g
RBEATRI LG o 7792 (1) ResNet &R T BB ARLE 32 T77%:,  ResNet )
RIS PicSim MH[F, (HRAERE K FIE M ERZHALE T RN A X 702
A5 MR R BE SO GBI TS, IR Ea (AKX 42) o WEIZEELR

PEay
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H B2 R 3 T B RRE 1 F T AR AR B S A Rtk J57% (2) RadicalGraph
AR T AR B S B2k 7 i, S5 ASCIR Y GraphSim J7VEANF], %A1 &1
G Liu 258 AN FEH 100 55508 AR ERE 2507, B G A SCHE ol S 3 F
ZIETE R R RN, Liv 558 N0 S5 E AR ERSE 7R 542
AN “FEHRM” 5 “REHR” MMOCER, LURRAR & X L A Bk 2 e BE K
PRI, AER ol SO B IR SRS B, DA SO LRI B — R R
AT R J7 S GraphSim A

Jiik (3 ik (4 RUJGIE (5) X RIASCHE H I = AN AR B By
e I (6) TR () AR (8) ARSI =R AL T, B I
FEIUE =P 5 B HAME, DARCEREALA 1 AT DRI S I BUR

yRBUERT 0 /T 1 KBS H, ABLRERK v vos vz EN 04, 03
0.4, By~ Vias Vars V2RI WEN 0.5, PicSim ENEBSHak E N 0.4,
RLCSSim JJVEMESHOBEN 0.7, NREXLEESH, ACHINERET 100
AU SCFRIHE AR IR AR, X 2 AMEESHE G 3T, 133148 top-10 7%
KIS A . LA ) ResNet W28 2508 18, #itE K/N (Batch Size)
N 64, “£>]F (Learning Rate) A 0.001, MZEZ3T 90 4> Epoch IR, A CH)
H} OpenNE® L A58 node2vee 5%, R LAMEIASH, W5 IR mER
YESEN 500
4.4.4 EBERER ST

LAl 57204 Spearman HSCHEAR AN 4.1 Fias, MEEHAET LA H BUR
510 (1) AT =FARUE BE 20735 Wom tH IEAH oG, Hor PicSim iy
0.3241, RLCSSim )y 0.8188, GraphSim &y 0.7763, iEB] T =Ff J7 3% (4G 2k .
(2) I =M 7R T HE A AR TR 0 8, Hirh RLCSSim+ PicSim+
GraphSim 5 A\IERERIARCMER R, 157008 0.8422, RXUCHIASCIR ) LA
SCFEF AN B B VR BAME, A B SRR R S Ry
TERT DA B IR . (3D FET-#B 44 ) RLCSSim 5 GraphSim J5 % #1375} 5
THT A B PicSim 75V, X ULBIEAE SO Tl S0 B ORI R AR E

5 https://github.com/hengdos/OpenNE
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T FIAFE, WA E R B EEIEH. (4) ResNet 248 77 5% 4
AN IERI S, MHIMETS 4 N-0.0248, PicSim FIAHSSHETS AN T 5 B A2 1358
B0 D 20 5 3 AT, X 0 AN T AN SR A 3R IR RFAE A 2 AR R T S
HHEAT AT &, By BRSO RIBAR R T &, (HRAF & RIVIE TN
TR W ECGIAR AN, AR BR T — S, K43 BBy B A 2 R 2
HHTLFE T, REEH T BRI AL, (A AR A 2R R,
DRI LS 2 i A 4 5% U AR ABL 7/« (5) RadicalGraph 28 532 (FHR S 454y
9 0.7016, KT GraphSim 753, VLB SCAEHHR B HoIn A4 2 18] 1 SR
FHGTFRMUEER, 55 CFERKIARHER .
* 4.1 PIRRSEXMRBLIER

ViR Correlation
Score p-value

ResNet -0.0248 >.05

RadicalGraph 0.7016 <.005
PicSim 0.3241 <.005
RLCSSim 0.8188 <.005
GraphSim 0.7763 <.005
RLCSSim+ PicSim 0.7614 <.005
RLCSSim+ GraphSim 0.8391 <.005
RLCSSim+ PicSim+ GraphSim 0.8422 <.005

BRI R IR 42 Fos: NGRS B nr L DU B E 4
(1) SEESE ST DUIE B AR SR A R, top-5 HIFE 75 R d i ) LIS 2]
59.75%, top-100 &= Al LLIEF] 95.08%, top-200 4 97.86%. 1% 1t B FE 52 b AH
A SCFHREFF R, top-100 BOHER BRI AT 78 55 26 80 70 AR L S0 (2) 1
/INEFE R (top5-topl0) HITEH T, RLCSSim+GraphSim FIRCR B Uf, THEHETE
BIK (top20-top200) KM T, CLCSSim+PicSim+GraphSim % B if. iX
A PicSim A R T RRAEE T MR RIESC7, R R RCORI 5T T
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ZE ERTIR, SRR RSO ) = A0 VE B A, AR =R OTE S
PEFA, T LU H AR T SR P IR R . S R G AR TR H RN T
TEAHNE B BB ZEAR R, A L ERRFI R SRR ARG UM TER R, AL
ST E SO R AR o« 7ESEBRR F K 2 4% ek, CLCSSim+GraphSim /&
R FEBCRMB M HEE S 5erh, T RLIEHE CLCSSim+PicSim+GraphSim,
T E HUS SN 4T 3 5 b, CLCSSim A& —Fp 7 (8 . {8 B 47 7% . PicSim
&S TR RIE ST

#< 4.2 Top5-Top200 tHIN FEBER LWL R (%)

ik Top5 Topl10 Top20 Top50 Topl100 Top200
ResNet 11.55 13.74 16.71 2226  28.79 43.45
RadicalGraph 52.07 61.28 69.93 79.14 85.42 88.93
PicSim 19.53  24.03 29.74  41.25 50.27 59.25
RLCSSim 52.63 65.21 74.91 86.15 91.83 95.93
GraphSim 5390 64.84 7496 8592  91.69 96.03
RLCSSim+PicSim 4239 5251 64.59  78.61 87.63 94.53
RLCSSim+GraphSim 59.75 7037  78.86 88.70  93.99 97.38

RLCSSim+PicSim+GraphSim ~ 57.13 6949  79.75 89.41 95.08 97.86

4.4.5 i FHEERB 54T

4.4 JER T AR 7 GlyphSim (RLCSSim+PicSim+GraphSim) -
PA K ResNet 5 RadicalGraph WM J7VEX “J17 o “87 o “H” o “FF” .
“AE7 T RN SCF top-5 ML FIEHER SR, BT =2 MR ROE
N JaE0R R 2 A EA AR SRS T, RSO A SCF K
QAL R ITRREE T8 1 BB SO R AR, i “ T NN R B SO R
AR “A8” , WaESCRR Ry “—7 v “ N7 “TN7, mnRazHE
MR—AREET, WA “-7 For.

MEBIRRTLUE X TR RIE 7RG, A SCH) GlyphSim 77 ] LUR
5 PicSim JEHR 2L TR SR ATHERE . Bl <017 5 “717 o “J)”
Her o B 5CAr . B 57 “R7 5“7 SREA
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A ERARIYE, ETIA 3T GRS i 2z 1 I SRR 5, il an
“T17 AR 2 5 TTAMOIEAT TR, 917 AR SCONTIIL, T R
SCNBETS, 1“7 AR Y K2 SRR SMEYa R, “H7 A SOy
# (BYD , “H R MEEYIRRE . A AR S AR T T A A T
R, B, “@®7 5“7 . “A7 5 “%7 RSO E TR
T R 5 H RN BE A SO AR R A AR, N, WA

“HRT L R SR, N DCTIRIREE R, BRI “H 7

4.4 BAEI top-5 HHINFRIMEF A

ST AT RU, ASCH A GlyphSim J715: AT DU 3318 SRR B,
MR HARA S AT HERE . X T 487 5, ASCHER B TN AR, B S0 1
AEHM 7, HAREMZAES N7 MXWEMT, FoR NEFR TR
WA S Bl BT FAEEM 7 A A7 RRAEMRIEIR, AR SCNG
Wio “FE” FIA M EALE TR, ERABSCF S-S “2”, S04
Ky ARICHPERIHE —MRRISCT N “BE7 , AN “8%7 , HigIaE LS
“BE7 AR, AR AR SR B AR, R SCREE <o 4T AR
ASCHEBR BN E W =AML ST 7 FISERR S G TR, Blin, fAd
AR “ 7 W Sc s 7 54887, RSO SE, “K7 78 <
5 K7, SR NEFTERIMEE.
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5 ResNet J775kiEATt0EE, AILAEH, ResNet JiE{E T SER-IE, Frifess
() — LS TR FE AR RO b B M AR A, (R B (8] 0 s R R, BRI
R RIRZ AR & CF LR R, Blay “717 BHEER “8” (RAR
Wk, FRECKARVE L T (FIIWISC, AR e, BLEON “fE 7 HERE
FIRBET “[EJ]]” %5. 5 RadicalGraph /75T HE%:, Al LAEH, RadicalGraph
it VAR Z A E M R AR I, B BT s Z AR AR R R R, R
P TEAEAR SE AR T AN AL 7%, A RadicalGraph AR A8 SCEEAT i3
B, MWESRATLIE H, By “37 FHEFRRIE S0 E <7 8“4 MHE
A, (B WA RS~ 7+ — S S G I 4R, TSI VRN 37
THERE T . KT L« TR iRy, midnt AT LSS A SC GlyphSim
TR
(D ST BREEEAEERE ST 70%, & S0 AR E
AR RO BE R, DR A AL BSOAH A (1) S A e TS EOR AR, 2 TR
IR, IRALAGAN W SRS T AR AL P B LA & U TR /oK
GlyphSim JH 5 F AR AESEAT RoRm 51HE, AT RAERIX — [ @i
(20 JEIEAERNR B o B AR 1S SOk RBEAT R IR, GlyphSim REfg i #2 5
B2 B ORI ST, X SARLX Tl SO L Kt U
i, ERRERE 7 MR, R U5 R KRR
PO A 15 SORLRE B T N7 SR HAB AR, PR Ay “227 7t
FT BT KT HEONMSCT, AR iR . R .
4.4.6 FIREBAILSIT
4.5 & XH¥ F GraphSim J 542 BT 2912 AN HUE SCF TR 1 v 24 ) & 11 v A
e BRI 30 MR FEIERE, EIh AR S 1% i S 3k
I RGBAE. FTLAE W, R —R b i B s SO, B ansh 8 i rh s
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(2) [t+v]HRGAT[42]: —MpFET SCAFIR 5 W [F) 93 2 Ju L ) 2 A Rl
JiE, S AAESCAAE B 515 R SRBUIMABL SR, DA TERL A5 B
SIS R IRBUIMBL SCARFE, AR5, A3 T T35 RbG R PP Al A [ RS (R R
MR EENE, R HES FIRAMNZRERR,

(3) [trv+k] IMF[41]: — P A T 0 R PRk 1 Tl (1) B B a2 B2 A il
EHELE, XA RS HMTMSIR R, R AT RS

¢ https://huggingface.co/SIKU- BERT/ sikubert
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(4)  [t+v+k] GlyphSim: ASCH 4 B K FIRARE TR, 20754
X pa N R RS e oA (EP SR N DS TR s o A (2% SRl v S i P |
HIARABARE , K IR 7 I8 70 S AR ALLRE B K B 7 T L S - hn 2 7
5.4.3 HBELRRE
AW IE. KGE 1 ME it #5737 { H ResNet50 Cours) . GAT #iI BERT
Cours) BRI, FEVHRELSLIG T, ASCH e ZHARIDE (ME) #E4T R,
VAl ME 43 5l = 2S5 B, RIS SR (T) L IR AR S (K6
Mg (P MAESIRER, PUREIE ME idds it & i, R,
ARSCH AR MCGI BB AT W A SESe, X e MCGI 7E =P i 2% 28 & 1 FH B
IR, DL RS 2 73 ) R P e B AT i B 2 ST I RO RCR, DA BRIE AR SO —Fh
DAL FRADER BTG B . REPPAN AR AL T
1. ZHEAHBE (ME) FIHBISLLR.
(1) ME(t+v): AU R SCAR MBI ME Zwid s, RI7E M 25 1Y
LG AN S A RAE .
(2) ME(t+k): AU A AR SCAR AR AFAE B ME Jwfihas, BIZEMIZ5 1)
RLE JE AR S TR BB RHE .
(3)  ME(t+v+k): SEH[) ME gmbd#s, BY 5.3.5 T B
2. MCGI 58 BE 7V HITH B S 5 -
(1) ME(t+v+k)+IE: MCGI ] ME 5 IE w65 25 2E Bl ) e™ fil eV REAIE [ &
TR, iAo 2% R F TG e B
(2) ME(t+v+k)+KGE: MCGI 1§ ] ME 5 KGE %t 284 i () e™ Fl ek g 5 AiE
) S AT MR, PR R G M B A
(3) ME(t)+KGE+IE: MCGI f# /] ME. IE. KGE =FfhZmid#s 4 fiftje™. e¥
FekORFAE (7] 5 HEAT ARG, ARS8 KA TG B, (B2 ME 4t 35448
FFAE R SOAR(E B
(4) ME(t+v)+*KGE+IE: MCGI {ff] ME. IE. KGE = fZmid a8 4 s frle™.
eV Tl ek RFAE () & HEAT AT, MRS 38K H G B AL, (H2 ME 4nhg 3%
Rl A R IR AN B AE R
(5) ME(t+v+k)+KGE+IE: MCGI f# f§ ME. IE. KGE = FZmid a8 4= sl e™.
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% 5F IAMEL LR IR E LT MR A

eV Rl ek FEAE [a) B EAT ARG, AR AL 88 R 0 M BB A, B A SO i)
MCGI 8 [ 58 BTV
(6) ME(+v+k)*KGE+IE-s: MCGI f§ ] ME. IE. KGE =Fhgmhd#s £ p )
e” Fle I KEAE [ B HEAT ARA,  FRADAR R R B % ST A
5.4.4 "M 5SS HRE
ARSI AN PR AR AL 3 -
(1) IE#FRZE S HAERT 123310 ALHEF H 1)~F3 el (R@1-R@3-R@10)
(2) EWRZRFEHEY (MR) AP EEHEY (MRR)
ARSCEFFETHET VPN AR AR, IR U 55 1078 75 8 FH 37 55 2 A o S0 -
FORE B 2R B OO T FRAHER R AN IR i ] e & T I — 2074548, LK
XFRERIAR R T , LARR RABATT (R AL F R4 /Mg e S MR R VS o IERAAR2ETE AT
n A7 S EEAI DL S MR . MRR 1573 AURT DAV SR HERA M, AT DUk sk
7 I8 Y P S A 1 2 A SRR I I 2 S T % P v B
£ IE 4t e il gerh, ARSCiBEHLE K/ (Batch Size) A 64, %%
(Learning Rate) 4 0.001, epoch N 150, EUEAFMERILEEd, N 768; £ ME %
P st , ASCfi ] 768 4Ef) BERT JEafiiAs, HEA/NA 64, EIIHKN
0.00002, AR ASHFFAE H R I4EE d,,, N 768, epoch }y 100. Xf T KGE 4mfh#g, A
A% H OpenNE2 T H A2 ] node2vec BRI AL B 7 MUKTER N, AU 1%
T HEIBGASEL fr i 4E 5 N 1000, £ FRAE GAT MZIZE 5 4 epoch,
2139 0.0005, fHEEK/NA 256, EITEAFE A& HI4EE d, Y 2000, fEiDas )
HEHa. Ry HBEEN 0.4, 0.5F10.7, XEELTE 0.1 A1 1.0 28, [AFEHN
0.1 MZLA EXT 50 NEAM T TR A AT R0 B E MRS T I &
SOV, ARSCIIEAT 3 IR, IR I B E A R
5.4.5 EWERHHR
TERAE RN 5.3 Fron, ASCKEMAEIEIR 5.4.1 15 P H bR 7 3Lt
MR 75 DIy I 0 i BEAT VAl IR 5.4.2. 5.4.3 AR A AR PR
TP VIR, N AR AR, 3 A DRSS, SR =4
SNASCH) ME 2 25 PR B Sy, 45 DU 4 Ay A SO R4 77 922 (A R sz 6y . 26 PO A
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PRIE ) ME(t+v+K)+KGEHE Z AR I 5E 85, mfEas RV ORI R
o, A TAAP R RELS R ORI RS,
% 5. 3 FMIRRA KA R

ViRiS FEBF R T P b R T

R@l R@3 R@I0 MR MRR R@l R@3 R@10 MR MRR
[v]DenseNet 299% 39.6% 50.5% 411 0369 23.8% 35.1% 47.9% 591 0316
[v]ResNet(ours) 35.6% 48.7% 61.4% 292 0441 28.8% 402% 532% 369  0.369
[K]GAT 58.7% 77.8% 85.5% 34  0.691 369% 51.5% 68.0% 153  0.469
[JLCS 50.5% 66.1% 76.9% 58  0.599 28.6% 433% 52.9% 480  0.378
[t]SikuBERT 674% 79.4% 85.5% 86 0742  35.7% 47.6% 57.7% 482  0.435
[t] BERT (ours) 70.6% 82.8% 88.0% 82  0.777 404% 53.5% 62.4% 454  0.485
[t+V]VILT 66.7% 81.1% 87.5% 70 0743 51.7% 633% 70.8% 348  0.587
[t+V]HRGAT 652% 744% 81.6% 185 0710 36.1% 46.0% 53.3% 722 0.424
[t+v+k]IMF 63.0% 76.1% 85.6% 68 0710 38.6% 54.8% 68.4% 157  0.448
[tv+k]GraphSim  69.6% 85.8% 91.6% 9 0.784  44.1% 62.0% 79.1% 62  0.557
ME(t+v) 68.6% 80.3% 85.5% 84 0755 559% 643% 72.1% 260  0.618
ME(t+k) 71.9% 84.1% 89.0% 70 0782  41.1% 53.7% 61.7% 363  0.487
ME(t+v+k) 69.2% 793% 85.8% 94 0754 565% 659% 733% 271  0.625
ME(t+v-+k)+IE 69.4% 83.6% 89.0% 32 0772 504% 65.8% 753% 131  0.594
ME(t+v+k)+KGE ~ 70.7% 853% 90.5% 19  0.785 52.7% 693% 79.1% 97  0.625
ME(t)+KGE+E 72.1% 87.1% 92.8% 13 0.801 51.7% 68.1% 809% 73  0.619
ME(t+v)+KGE+IE ~ 72.6% 883% 93.0% 12 0.808 54.8% 71.1% 82.5% 69  0.648
ME@t+v+)+KGEHE — 73.5%  88.5% 93.0% 13 0.812 56.5% 71.8% 821% 70  0.659
ME(tvHk)tKGEHEs  73.7%  86.5% 92.0% 30  0.810 557% 70.6% 80.8% 91  0.646

HAETHRINERIAT RN, AR 5.3 Hhal DR 2R £ i

AR RAERR MR BLAMA A fiabs LARIUAS 1 i (145
(2) ZIHEAE LR o] U T RA TSP ARZEHERE, XSRS

AR

(1) HRLHL,
» BEUBIEIZ T IR

MR FH R Ui = 1 R@1 HERR 0T LLUIA R 73.7%, §I 10 A2 HEFZ R AT 78 &% 93%
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% 5F IAMEL LR IR E LT MR A

HIIEMbRAS, (ERXT PR I BOR B, &mil R@1 #EZFN 56.5%,
B R@10 #ERIZ Y 82.1%, TESERRBHI b, DI S0 & ZE a1 56 2 1Al
n PLCTFAREA REE B B L IEMSC T . (3) X ME ZRi% 8 AITH it vl LG
H, SRR 2RSS B A7 (ME(tv+k)) % 7 I 20 ) Sz 06 45 5L B B4 T
ME(t+v)Fl ME(t+k)ZH &, {H 2 3L 4 i ME(t+k) 4 & B i e, 2Bk E
SEREM) ME RERUATSIRINAS T i AR, AT RAUER] ME 4wt &3 Bt 5 .
(4) TEX B4k J7iE M Al 2 56 b, J8 3 b & ME(ttvtk)+IE Al
ME(t+v+k)+KGE+IE. LA & ME(t+v+k)fl ME(t+v+k)+KGE H& J5 1= ) S2 56 45 51,
A PIIEBIA SR Y KGE gt s8I A fiabr LR0A . Rpl2 KGE Zwhd s
WS BRI IE# SCF AR 10T 342 (MR FRbr HAAEH B MIER,
ME(t+v+k)+KGE+IE f] MR % ME(t+v+k)+IE [&{% T 202, (5) FEXHEAR TR/
THRERSZE T, B Eb# ME(tH)+KGE+E 5 ME(t+v+k)+KGE+IE sz 455, wf
PAIE B AR SC ) ME Zit i 2% A e AR VR BE BEER R AT RO, SR )2 0t T I I 41
iR AW R . (6) FEXMBARTE IR Seie v, J8 i EE AL ME(t+v+k)+KGE
5 ME(t+v+k)+KGE+IE ) 45 R, 7 LUk B IE 9 % 2% 19 A &% 1%,
ME(t+v+k)+KGE+IE %} T ME(t+v+k)+KGE £ A febr LA #RTF. (7)) A0k
A TE S 8 B b LB 3 s B 28 (ME(t+v+k)+KGE+TE-s) AT FH I W B
i Es (ME(t+v+k)+KGE+IE) 72 K2 Hahr ERIEGE . KRKIVEF IR BT
Fft, —AFRRBERGAERN TR TG, BT/ S8, Bk Te i
B AR A% T DU S RO
BRI IR MR SR FEIERLAS IS B0 A% T2 AT 5 M DTk . A HAR
BIEMERITUE L, BT30R (1) BACRERE (k] BRI L5 R0 T
(v B, [ORE R@1. R@3 R@10 FRARIIE 0 Em, KA AT DL,
FITE MR fabr, A SCFRAETIRZ MBS RS ZERT R, XRE T [v]
JNEMTERE . B2, A SCHVER BRIk R R, R—3E 5.4.1 W4t
REHFRRBEBEICN 1-3 4, XA 2 LAX 7 3B 2 SR A TR R-AE, T
A2 B AL B S b WL L . AR SCBEALIZEL T 150 4> ME(t+k) B g 7336
R FIEAEAR, KILH T 108 M 73 KB H & H ALK SC A2 b . il
it Eh A 2 AR BT DO R IEREAT B AR, JEE X ME(t+k)-5 ME(t+v+k) 4 it %
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(R4 SR, AR SCOR I AR P v S I 0 A 1 SCARR AE o I 0 U 4L 1) BT iR 5 K
(ME(t+k)) , AEE Pt 2 A ORGP, e 30— 20 Rl W0 PR R AU JU) 7T A S
FARTE IR R (ME(tHv+k)) 5 JE R LA F AR 7 I 2 A1 A7AE 55 K
FRATTE SORIR, eI ARERE 32 25 2, 1 J7 i 20 0 75 2250 2 1) AR
RAEFE AN 7T

AR TAEMRRME: (1D AR T 805 AN U Hr2E T 1) 1279
AN OEERRI T ST RBEAARER ST IR, TR RS TR AR AL
WARTTREE R, PRI B R T 0, iR MR B 2 BR K. (20 ARSCH)
7715 R TR 2R TR AR AR AR T IR 8, FF HON TR 2 R AR AR AR
SIGF I ZRZ, ZIERIBERNE 2, AKX P S LR AT S P AT L
(3) BRESFRRAERFHESL, 72 SCRR B SC, m sk, . aTA RS
MWRNSCFHERH AT EEIEE, SHESERTER i — S,
5.5 ARE/NG

ARSI SCF BRI A SERR T R, $e T AR RIS, #
T I TR A AR S B AR IREh 1 2 BRI T, BT ZiNet I
FHRIR B RERE T I TS SCRR IR, S H T A SCART B R AR AE
I TEARNESS, ST gt RGN, A SCHE H 17 50 LI 2 R R HEAff 238 7T LA
KE] 73.7%, X DI IR B HERF N 56.5%, HILHEL, ASCHIBIRAE R
ZHARAR EAIUR T R R, IR T %O AR R . I FLIE I A RS A
RUMIPPAS, UEBA T A0 RS 5 A S B2 T R AT 25 1A 3, (s
JET 3 A IR (Y DR TE O, 17 X R I A R R R ST, R AN AT A
IR
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% 6F RFiEEAHNIEEE I ELRIZS &

F6E WFERFEZWEHFHE R HE

FC T S TT BB RS & . 2RISR R 2072, T4k, NLP
T A FE K BB 75 AR P 37 S 3 A AR Ak 51 3 T 4 SR 7 R A
ASAl . 7SI M BRI ST SR 1R . % FIX USSR ARG Z SRR
TR0 AR 56 o U VR RIS, LB T AR RV AT 1 SO B,
He Rt AR AN 10 SCITUBE e 108 LRI 43 A WAL A0 7 (EL o i BT 2235
LT AR v 2 M Al A SR A S PRt i, A B0 T A
VE R A 2 T XL S A K I S I B0 SRR AT H 5 A e A 447
ok, AT ZiNet PRI g — ML 3000 42 BRI SUTEERLE,
Y5 — ML EBR B, FREBUA S R T R EIE 22, $2
— ANPUFAR SIS I SURERAESE (CMSMT) |, ZHE 48 (4 0 52 55
FORBR S, SUTRRR . WA USRS BRI £ IR, sk
s 4 SRS P A T AT LA BRI TR A e . BUR FE MBI SEiE R, A
R TANC 5V 2 IV SO M A MRS I EAR 6. A2 6.1 7R3 3,
6.2 TAGAB T A UGB L IEAE L, 6.3 T A it i SR 7%
(LR, 6.4 1A A %07 I BRI VEVPAS 6.5 9 A Al 518 36 U8 1L
HIAIDCHES T, 6.6 0k AR 25 (9 T AT R 5.
6.1 3|5

IV I S 25 B 0 (O T S US40, ] S B 0 25 R 2 SR 5 2%
RREIRL. G, TR, S R AR N, TR T <%
S IR T S0, IR IR d i CHOT 1S L. RNCE OB T
FEAR, A0SR R SRR I, T IR0 A SCE - o 1 HH R 8 i > 5
W, AR THE LB S %, SCF. Ji s, A B Uk (OB, (H 2
(S ARHE T SR 10T B AN 43 A R0 77 S8 2 AR TS FL R 4 T

SEAESR, NLP PG S B ) K R A3 1 1% 4908 1 sk A v i . 1%
BERT 53R I T 4515 5 A0 BE 08 R 352 2 00 b R SORRIE, FE R L R e
ot BARAREATFOR, BT XAMIBELIORAE, Hu S04 W\ T il i S
B, DLARRIRE . P 0 7 533 FAR I AT — N SOBIAIEE 5345 D i A5, A7)
o VAT Y AT T ST, R oA ST — A 7 S e £ £ P 330
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BIATGEVE, WA 2 a1V P SO B T] AR A0 PR 8 43 A o A B A0k 34T
Shu % N\ ) CAERAFIZAELE , ML T SEZE A4 T8 SUR AT Fom 5 T g2l
KT, HENERIE &I 7 ANE, B DME NSRS, MR DR IE R
W E & E A, Fik, 238105 R BT OB TRERE S MSCF IR R
IR A R, BRAh, AUk = F T 00718 SO BRI 4248 1 Bd e 517

BRXF UL B S, ARERNESTRERE: (D B8R TFE SR
ERIBE G, AR N T EBE R A GRS BN OB AR, 8
YA B Pl N SCURI A SRR R 1), DA S — A ] g 58 SCRR TR BHPE
(2) A3 Hu S5 NS 8 SCERES T R BE R Z 0, Bk, A
AR ST bR SO ARV GR T — M C R R A, SRS R AR A 1R ) 17 s S
BRIERLEE RSO IaE R & S, FRZ IR T AIE R I, S a IR A
T ER PR 7 TH L7 AN SCIU A P AT AR A S AP O R, o BRI 5 5 15
FOUTZIR ARSI . (3) ARSCHE 100 N W FHIFEAH, SHE
(RIRIVE 2 S 0 R 32 SRR S A AR EAT GE v 20 A, RO 3% BAT 5 AR G
Mo RSN RE N, HJE BERT BAUHM, ASCUIZRIRIC RN B A 5
O ORI AIEE 2 SCHHZ AR PR RS , SO IR 22 1 55.08%3 =1 2] 74.19%,
B XIZIE R F1 08 59.21%32 w3 75.14%.
6.2 WFHIBERMRFIR

RFGEIPF WE S B R RS RIE A0 REATRZE AN A

Ve AV RV 2R 2 B B /N IR ) AT, AR SR RV b
e BRI Z H R A, B N, A A B A B A
DA b R0 2 A o AR A T B KT e ) 256293 AN R A 1A 41T 85%(217967)
W2 AR RN AR, 6.7% (17148) =AU FAR, 7.8% (20016) HVY

RLE 2N
SIS RNC I SC, A AT BAAT 224> SCI A (R A 3L R SOt m]
LA 2Rk R R .

P W RDARMICRATS . WRIEF SO EER Y, 7 AT B F 2 5
B A, WA PUE AR R AR I ME R, IR AR BOm 7 B A
PN R AL
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% 6F RFiEEAHNIEEE I ELRIZS &

EE: IBZ S MAR/N RIS E 5 BA, EDUEY, REHER
se =M RER . — ORI, B & S AR R & UK

DU DUE ASYRINS B AR A8 1 d /N LB, BEAE Hh e IR R R FIA RN 3R 7T,
T 7 A TR SR A i = A T 5 A1 o PUrlE SR ISR F AR T B
SRIMTIEMTHL S W2 Ay B 1 TV A P R 1 R A R A B A m] . I -4
— N SCTRU AT P 155 1o B o B T (R4 RS TT e 2 R AR 784k, fldn, TEBRAR, 1 2 I
FEL S L EEA R HBEE N, EX A RRE XL IR C AWk, &
ATATREAISROR BEAEE 2o R, A7 0 SRR MRS 5N B8 SR EFHEZE
6.3 TPt iE L BRER TV
6.3. 1 HIEEZEMR

AR FNG A D7 IS SUIRER 76, OB R & U298 5 IR SCERERHESE
(CMSMTD) Wil 6.1 fiizr, BAFEUEADIER: (1D LFERRAEMIZ: (2
SCBERA, B BRSO H AR 2 R B AH R IARAE : (3) THER S A2,
¥ S0 XIE BT DU B S A i LS ;s (4) 15 OB RR STk, 1]
(2 A (3D HER AT IR BT SR AR IR o

6.1 BT X IREFHESS (CMSMT)
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56, ASCHT ZiNet H R EHE M E — A - B SCBE S, AR A
VEARNE . S 4 S A2 ORI AT 22 4% 3 SE B B B R STl AR ST A
R 25— N T SR VBB, R bR SRS R I ek
AR R A RN, A LA A SRR AR 23 1) B BT, 3T LAY
TV BRI AN [R) SO AT 9 L o

SR E RTINS, AR SO S e B PR KRG 3 S SCkiF R P A R B
FRUF T R SC, A R SCIRNE RR R AR R A R SOz A
IR AT B R o ARG L TAZ A S IR G 26 LIRS, SR IAT
25 {0 I F) A 380 3o SOt bR SR B ERRIADE 20 KB TE R 3 LI . 9,
B 6.1, BT N7 A EAMEE SR RN L CHIRHRERIN” AT Xt
fE JRIE BRI M BFR 7, B RSC “eeee s JUE I, SR I A EGE -+ 7o T 7
TR REB] RN LT

VAR OB AT 55 10 AR IR0 AR DL AR ST Al A2 54 R 41
AT LU RIS S 517 ASSOH H AR T 5 5 R AR I IR 1 SRR N iR
SCIR” o PRI, AT S 1 B R ALK E RIS U AT A R A
A CTHEATICHE . 10, B 6.0 07 FRI=A S “ZEI7 . “HIRH
REMIN” o« XMEAR . JRMhEE R RIS RIS < T ANC G © d e
e U CHTT Y CHORIREIIN” U, LS ORI fR b e
PR SUBUHILAE .

Bt XFF EARBUT IR SO, 720045 — 73 SO A1 B ) 6 455 4 S5 A
TS IR A AR AT G, ASOAT LA R A A B Sk 3R 12 300
[ IR 231 AR AT 52 R 48 SR IR AT AL T o A3 6.3.2
N BHARENE, 3 6.43 TINBRNFIEERRZHA, 5 644 WNPIEE YL
WFsm, 5 4.5 VA PIE B R,

6.3.2 BIEENA

ASCHIFE T — AN TAZAE S 10 SU0- | FScsdin e, FTission i il
G, LA — AN v AN SIS 2 R b F G S Sk R T PR
PUFHVE AR, Horh - 1 R SO 4R B 72 8 A I AR (KT L, A
% SUSAE 7 52 SR P BB - R SORE A B, AL 9 AN H
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(D
(2)

(3)
(4)
(5)
(6)
(7
(8)
(9

BN AAREPTALK RS, EE R AT
IFTEIBT B BT SO AR B S E) B e AR SCHIAR R 98 32 iAok dl 7

TR X 1E), dn P 6.2 B, BROAEIAGR RIr JEBUA . i SO
LR BUR B REE N, BORE S AT S S E B
ASE AL, (H S UIRLIE (I [R)RIJp AR M35 Il 5 0 S5 b i

B EF IR

PERbAARR: R SORIERISCAE S A R

WS HARD T BOACAE B SO A B RS .

HC ID: H bRia I mE— R .

WC: BRSO E AR EAARR, AT R E (M) SR AR .
XIEID: bR S H dwia] e S A ME— 1R .

SCIUE e 55 i OIS SRt I, 3l — 2P a) 1

[ 6. 2 X RS 7E R ERAY B (8] B X 53

JF UG R B ZiNet YCEE I T DU W SR . AR SCMIA i A 42 B Al
CRFEDL) X, BlA). A SCREARREE MG R, 3R X 8 kAT
4k, ACOREE AT = A0, BN SRS SO SRR AR 55, el A
ISR E TR, WRAEEEME TS B A B R T iR, mL, X
Ti- b SCHE AR P LA 265289 ANV 392213 AN T 844236 5% T 3L,
PN E GRS 1.35 NI, FANFEE 5.26 A I, AR ETE I
A 191 N ETRSCREAR, BADDUFHIXIE 3.91 S BN CREAR, Apalgiit 1
DUE AR AR SCR, CUC BT A R S8R, LR 6.1, IR B
()BT E L an i 6.3 s

7 https://baike.baidu.com/
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ARSI B3 S SCRRVEARK I B 45 3 S SR B e B J s AR o TR I ) B I
KB GRAEIERE) 8, 2R E R 20 1275, 8 b BB s Bl TR
IS FOCHREAT, BRI /DU HOC. MBI SRR, A 0EE A3l
R AL AR I 2SR E oAE B, MR E R SCR AR IR Bk
TCAERRERISCHR, SR04 T2 WIRIK 4569 R ALt SCHk, 347t 4.13GB.

® 6.1 M- E T HFEENRITER

b | HILHE XIBRE LETXHE
B AL () 8996 47,341 185,071
& 256,293 344,872 659,165

B 6.3 A EREMEER ETSXHRELLGIST, 1-10 ARFHEHKES
6.3.3 WFIBRR B

R BERT A CL28 TR Zhdd 2 mh 27 20 3038 T 1 bR S0 SCRFAE, (H2 38
AN R VAR G ABA R SCIGURT DX 73 AN 8] 4 SCTR, PR e AR S A ST - b SR SR A
1 SCIH B (WSD) 4155 EXF BERT # BUBEAT#E— Dl 4502 — 7 BB A1
ICwHl LR e, WSD {551 H IR B — ks f, ffif5f(w,c)=s, s€S,
Horps, RwlI BT % CRIES, s BN e hwRR I IER LI,

8 https://github.com/garychowcmu/daizhigev20
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AR TARME—ANERE AL UGS 2R, A FR TG BN SO s 28 A1 S T5i 4
fa%, MR IR REEHIINE 6.4 Fim. bR SCOmAD AR IOH A S B AR Fwik
ETFCCARE e, ¢ = {[CLS],dy,...W, ..., dy, [SEP]}, Hrhds2 EF e by
¥, [CLSIFI[SEP]/Z BERT ¥lE T UAMZE AT . TEIZBA IR, whisl
1% — 5 LU 5 oA R R 5 MASK],  LARRGE B ARTAIC IS B, AR R
T4 2 = BT SO H AR S0 R SCIRA ORI . AR R SO R R R — B w
(ot R4 AR Dy B PRI P 1 m 4R 1 SR RS, . WS H ARV B 2 AN 4
FI S A] A SORE TR s LT 4 RN (RSP S . TR 5 2% AR\
5eg = {[CLS], dy, ..., dm, [SEP]}, Hert g Rw i BifR)— Mk LI 58 CARF 51,
dRFFH P FARF o AR SO S 2% 1 5505 — 240 H K dy B d X5 R mAN RN 1
FIMEAE A X T g i ) R oRmr g .

& 6. 4 N FIBR T RSB LEH
AR ST b S BUR AR HZ AR B AT U 25 o 0T B R SCOm g A da N 1R
A LR EFRANL Cer w) KRR SCI0 4 28 10 Fan NS 75 w4 3 s e
U E S SCAR B (Gr, G s s Lo A SCEHER R B AR 1IE w5 155% SI50
Sk Sk € Swm@@ﬂﬁ\ﬁﬁﬁﬁrﬁ,ErgkE@%@Z*HME

c
rwrgk

score((c,w),s;) = —" e
w gk

(6.1)
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8RR B b AL g, 330 1R A LI R AT, FF 2 8 FLAR AR 328 SCI0T 1 18R
N o ARSCAE A SRR 5% s BN SRS 2 A R, 3 SO

gscore((cw),si)/t

f(C,W) = —lOg (62)

Y |5wl| e score((c,w),sj)/T
]=

Hrpr RS, ACHEERENRIME 0.5. LIS F#LK K/ (Batch
Size) WHEN 64, LT XHIGHEHMASKIFIMREE N 0.2, AL XITA- LT
SCEARAE FIIZRT 50 A epoch. &idillZh)a, b FCdmiddsine — EMi TS
A DL EHEAE N 1 B o h I BREw I 3RO

TE ORI A B e, A8 P I 2R (AR mT LA {5 R A g b SOV B
ST 45 HARATEwRIFT AR B R e, K N BRI R S0 s g
i, gt w A B R AR IE B R SCIRANTS, o KT w iR — Mk s, B E
RISCA P SN B IR i as o St SO RN (1 g, 1y, s Ty} ASCHSE
1o, 5 A U Z 8] (R AR SEARLLRE , I 326 AR AL FEAS 43 B i 1) TR D liEw
FE B SC o T S

6.3. 4 ER XIIZH 7%
6.5 FoR T “Ii” 153 LI R

[ 6. 5 1B E NI &
BONEE RN R TR R W I AR PTE B AR, AR E A A
A IE “I7 T XEATILES, i, B < HImT mgEE— A Xk
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A AR, RVCECRIR U7 5 CAERL B A IR “
GETERE 1”7, VLRSS “Oh” ) “HUm” I . ASCEMN—AME, BRI
IMRANENTERAME G, WA ZIERFTIENE S5 G & SCRA AR
BARKYL, X T HARSC7w, BRwiE D s SCRkiE R E A EmAS R 3C,
FRATT AT LR A AR 1) B SOt 3 PR w B R R () s, o et R
TRBAT LTERAESS, RS BT SCrhwit RIS, T s I ] B R R
g SRR i SCIAR) P A V8 5 1 8 1) P 44
ST A Hw S S A, A SO LEFRE 77 R H A S RALE .
SHFEEEN— A X Ties, AXHHEHL M Er, 5wl I &
{5y Tsy s T, JLINIARTEARBLIEE , 46 52 A i) SCIT5 MEMDURE S5t e F) S ST i
ATUCHLE, S KRR /N T 0.01, MZE A 1A U5 4F fo] 307 U
UUHC, [HONASSOR B AR 43<0.01 B, KZHAIUCHLE A IERIK . 755 %
I KT ICF WA LI, BT DA 3] — 20 B ) A 1 S, 4 DL Y
A1 XHORT 3 B, B LU Bw 15 & X EEMS,, T, MS, € Syo
6.3.5 PIREXBRURRTTE
ARSCHET Hu 55 NS H 10 7 007 ST T I e 3 A kAT o, (A2
K ZINEY RENERZM . BARYL, SCFwiE—A T, ISR 73 A 1 [ i
AT AR RN -
Twora(s) = {P2L P, .., PO (6.3)
Tmorpheme (51) = (PM;, PM/}, ..., PM;'} if s; € MS,, (6.4)
Ho, Tyora(s) Fom 2w By 538 15 16 VA% B B s; 1) 7 B 3026 43 A1
Timorpheme () EWAE N A1 115 AL FH BFs; (DI BHRZR A A KR o {6y, tp, ., b0}

FELEH n AR (632°41) o PSRIPMIU Rl SUM:

. N/
P = Sl (6.5)
[Swl s '
k= thk
;=105 M, 0.5 X :
PM.* = 0. XW+ . W (6.6)
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ot N 5 28 31 S0, (BT TRI B Bee D B 450, NM R 20 IR
RN 2 2R IR 5, FERS T B e s, DUIC (9 52 & 1] (R B4 i, NS, 7E
e 18] B B 5 s, VLA A 2 4530 1 OISR » )5 3205750 Tyora (5 M Tmorpheme (Si)

BEAT VYR 2 T 2640 &, 49 Blls; I ESEIR A RoR, @ whEAS XI5
BEAT AR IR A0 BR AT, W] AAS B0 AT SCIRBE I [8] 5 P AR AR AL 1 TR 234

6.4 SEI51PMh

6.4.1 LW

S 43 S0 SR A ANE 22 SCTHZ I8 AR BEAT & SV AL, 71 IR
BT SR T Se], BUREEE: (D CHRBIVEG: 4 HARDUEER
TRV RURE B B SR bR 5L, RS AT 1 SCIA 2 R R R R 1 T, LUK
& (Accuracy) AVFNHRFR. (2D EF LIULAC AL 45 5€ B R0 LI,
RN EULRCE A i) LI, A SO AER % (Precision) + A [HI% (Recall) 1 F1
1FAE NP FRAR . (3) ASCHREEGIUT “UH” 1 SIRER AT AL 21, 1
NEMII T L ENER I RIAE 6.4.2-6.4.4 T4
6.4.2 XTRAEHEER

ARSCMNEHE G BEALAEL 12000 A 1R 30 H BREVE R R A SO0 25
PR A, WHREAE A S SRR Gk A SOR S8 B ARl &8 T
FECE B AT A, BN E A i IR (G4 1.35 A4S BlR /T
DU MGG TR CFYY 5.26 ) o AU — AR SUIURR 25 I 2R A %K
RIS BE— BRI A =R A — M INZRFEA I B ARl JIZRAEAR %L
BRTET 7HRHRENE, AGNZGFEASE/NT 7 KT 1 W HERETL . &4,
12000 NRFEAM 3 A7, B4 2000 MFEA: ZREEARISCY (C-multD) ;
INFEAR I ST (C-less) 5 BAFEARINSCFE (C-one) 5 ZFREAINE A (W-multi) ;
DRERIIE AW (W-less) LURLHAFEARIE A7 (W-one) .

LI AN JE 4R 1) BERT 7 bert-base-Chinese Al bert-ancient-Chinese /£
LR, W TR, ASCEHIIGRE P REA R SO HARENC ISP BE S
S I ) SRR A8 A 7, THBERIIAR H AR A (RN -5 8 R I SR N 2 IR 4R 5%
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FEACLRE I BRARALLRE 19 43 e v 1) LI E R 8 25 R . AR SO 8T 6.3.3 15/
T, 50 B St 29I UR 16 A bert-base-Chinese i bert-ancient-Chinese 57,
HAEN A F3ATOAIIZE, 42 1% bert-base-Chinese (ours)Fl bert-ancient-Chinese
(ours)FS RS, XA bR ST B AR RN #EAT R A, DYAMEE R 25 R AnER 6.2
Fm, SR R B A R .

3 6.2 MINRFLE

g it C-Multi C-Less C-One W-Multi W-Less W-One
bert-base-Chinese 52.68% 45.15% 23.61% 69.90% 69.20% 43.65%
bert-ancient-Chinese 55.08% 46.10% 25.46% 73.15% 70.70% 42.30%

bert-base-Chinese (ours) 68.08% 63.25% 58.18% 76.15% 76.55% 65.65%

bert-ancient-Chinese (ours)  74.19% 66.55% 60.03% 78.70% 78.10% 67.10%

CERRW], B RS BERT BT LIHA B RO AR AR, o
PR, 2R — N NZEEARRITE G T (C-One) , bert-ancient-Chinese H]
FERA AN 25.46%, EVIZRMEAS R T2 T 7 BB L T (C-Multi), 1 147 55.08%

AR B RO R T T4, W-One A 42.30%, W-Multi 1] BLik 3|
73.15%. A KL bert-ancient-Chinese (ours) 7] LLEF C-One 4 KRS T M 25.46%
$&T1 2] 60.03%, C-Multi M 55.08%3&TE] 74.19%, EH] T iZARY ] LR &3 =
S AN T R SCIR R o
6.4.3 WERLRAILACEI SR

VB IR VLS AR5 I 5 th =07 BHE 5 BEAT VRS, HOd R R ASChEpL

MEFEH LTI 200 AN SCIREASFEAT VAN, 45 58 R vPAR IR0 ST Y3055 I 14

Frid M HE AW R4 UG R, R EANERE N — N T TR
Z VU A T 2 A3 SCI0, W SR AN LA TR o B bR DL CIERE T R — A

Fri] X, UK AN BN 7 SO USRS R o e fa AR SCAR 2T 200 AN
7 IR UCEC SR, - F S AL H (R VT 21 04T LR, 45 Rk 6.3 BT
A LAEH, AR (bert-ancient-Chinese (ours)) ] F1 5434 75.14%, i J&
f BERT %Y (bert-ancient-Chinese) (1] F1 1353MK 59.21%, 1% i3 BA SC AR
U] AR THE 2 U2 IR AE 55 BB
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*® 6.3 NF-EANIMLELER

Lt YRS FEJCIE:S F1
bert-ancient-Chinese 67.71% 61.23% 59.21%
bert-ancient-Chinese (ours) 77.25% 79.12% 75.14%

6. 4.4 DT Pt iE X BRER AT ALAL SR 45

6.6 JE7~ T PUT IR B SCERER T RAL 734, AN R E AR ) i 24
R 7 FRIASE LI, SRER NN I, R RN M T B AR E R X

T

B 6.6 XF “IM” BNEXIRERATAAM RS, SK&FmaPINI, ELhRTEER
Xt FBE (a) AIACFIEREXAEXEN; FE (b) AR IR

FEREXEW; FE (o) HiEE IR FRIENL T
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el 6.6 Fs, ZJHEKILT 11 AEZR I, “ 7B SCUE T &5 1
bel e iy, i B ZE RN R A L, BEARAZ CTRAE Ja T 43 IR A B2,
EIAEATIIRFE — N H B o “HUM 7 ARG R L ZHIN” LTOZHTE %
JUHAE “HUm” BACT “ZFERN7 OIS L. “XHE . e, B+t
HORERR ™ R SCIRAE T oy IS0 g oin, (BRI ACA T RERE S . HiX e H]
FALE, K2 BHAl SO0 LEAR /N (<2%)

ARSOERS N X B R A AT T A i B 6.7 2
B B — A1 7, T DU “I7 L T IR L YR L R

IR A AR S RAT IRTE AR R, @ TR AT AT AR Y, T A A

e AP S B R R S A7, e 2B K S IR UK
L AR AR NRENCAE AR S5 1 O01E R IR AN 2 ROR, X UE “n”
TRMMEAEREHER, E2EBRDERMNT RS,

6.7 “TIN &M FIRRMATIILIRER SR )
6.5 TAIC5IER I AT
ARSI 53 TR AL IR S (G T 0T, BSR40 A
A
SPRRVESu N NUTEE SN S A e
(2) WAL SIS0 M 2 SOTU A PR R 75 B A G B, i,
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DU EANE XA E RN EWRICN RIE, BT _BEHRETH
THER?

(3) AV SIS % L [ 1 3 IR ARG 3 e 75 B AR G, i, SR
PUF RN SCIRU A F AR A G nads, A% UIEIE R P R B da
[FIREf R 2

ARSCIEIL 100 AN A5 DA AREAS B S 1P 3 U8 22,19,

(P23 FH 0 SOREEAC 3.57 A, TER/A—ANP) i A1 B o 8 AR 2 K T
0.1 ) ST 8 R F SCI. 35X =AN [ /R 234 4 0 L3RS 6.5.1 - 6.5.3 5.
6.5. 1 BHEFEWIRILEIER IR HEIZR

ARG M Ge vt AN [ B TRV B H AR I A Sy B 1 e YR R A el R A

RN s, STREACT 8 515 20 Dt Ee 24k, anld 6.8 Fira~, B B Al )
HERS, B L) BB, B R RIS S aE R AR
TETAVC R SRR B B AN SR 3 I, 0 H0E 1 JE PR 3% 2= 1
WZHHHE, R B & R TE T IME S o R AR N SRR AR o U AR A )
P sEE 3, i AR 3, 2 A B ) 2 R B T R

& 6.8 BE WAL 5B R MHET LB
6. 5. 2 WL 5iER XIKAE R M S

A SCAE ] LI A e (Al 6.6 A ik e Kb 2D Al B Bl X3 ) T AR
SR SO FH ARG 7«
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PX) = f f(x)dx (6.7)

XTI, POOMMA, AR, POO¥ R THEE 0. A3 Blit
B 100 AN I 1279 A IR 73 B N RlIE T CanfEl 6.6 HSEER R #i0
FITE SO0 (I 6.6 LR BRI I Al AR A0 ¥, 5 15 3 B 13 LIt
IBEAT 2 P91 Sequ (Py (X1), Py (X2), o) Py (X1270))» LA BGE 3R LIS 23 Aii

FF 5 : Seqm(Pn(X1), Pn(X2), o) Bn(X1270)) « B JE» THE HH A7 41 2 8
Spearman FHCYEN 0.751, p<0.01. Z&5RFEM, Fa7C SIS X R 1)1 2= LI
8 AR A AE BRI IEAH DGR R

FESLHER b, ARSCE— 250 H 1279 AN U (B, (X;), B (X)) IS AR 11
FRALEE 4341, A P AH AL BE () 1 B X0

fre_sim(P(Xl),p(Xz)) —1— |P(X;,) — P(X,)l

P(X,)) + P(X,)

A U A AR 2R B2, fre_simidiT 1, 5L 0. AT 1279
AR REFRIRNE 5 &R XRA S (B, (X)), Ba (X)) Hifre_simiy¥ikiT 7 Giit. N
TEHMTEE, ASGETTRE T 1279 MEENE A (P, (X)), Po(Xk)) i # kififre_sim
1955, BEALZE & A BOAA)TE SCIURIE 22 LI035k B AN A 5] (1 L30T 45 R AN 6.4
FtuR, SR R A2 28009 0.628, BENLALE B P A2 0.354, Wilcoxon £F
SREFIE (Wilcoxon Signed-Rank Test) 8] IR VLHAL AL A& (1570 8 5 = T Pl
WUEE155r o Lo bl LATS 3Rl 5 A0 82 1 15 2% SO FH A% 1R 3 Y I
FHRTE

% 6. 41279 A ILECFAREH S T 4E & B0 1 F SRR RO E 72 70

(6.8)

XFHEHH) A ¥ (P25, P75) Wilcoxon SRR
z P
fre_sim(R,(X,), Pn(X)) 0.628 (0.340, 0.851)
17.185 <0.01

fre_sim(P, (X)), Pn(X:)),i #k  0.354(0.145,0.657)

6. 5. 3 WL H5IER XK EH MM
ASCLL 0.1 X TE] g SCIR AR 3 A7 B A AT H 8, 18 2058 — A LI 2
BEHUTHSeq, XA 1279 A SCIUREA RV SCI0 R B0 B BT 2T 9%, 19
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FNC XIRF 4 Seq,, = Seqy,, ®Seqy,, ..., ®Seqy,,,.,» MFEIHL, Xt 1279 4~ LI
RE A1 1 2R L0 R i B O A AT PR B, A BNE R LT A Seqy, =
Sequm, ®Seqn,, ., ®Seqn,, - KLt Seq,, FSeq, #AT Spearman FHIEHE /34T, 13
B 7 ARNE S 1 R A& Z [AIHIARSRE Y 0.731, p<0.01, X¥iH]—
B RBOERIEMA KRR R .

ASAER AN 6.9 REMFA IR B M- HAME, BEBE 1279
ML AL (Seqy,, Seqm,) MBS HIMIE. Tl AIGEIH5E T
1279 MHENL XLITH A (Seqy, Seqm,) » § # kHTEHEFEIER Y, BEHLAE G 1

AT OIS 38 (I3 Ak B PN AS R . 55 R Aan3% 6.5 B
tr_sim(Seq,, Seq,) = Spearman(Seq,, Seq) (6.9)

#® 6.5 1279 N ILECFIFEH X & BB ILE 571

XA A Hhr (P25, P75) Wilcoxon & S BRI 3
z p
tr_sim(Seqy,;, Seqy,) 0.555(0.051, 0.862)
17.308 <0.01

tr_sim(Seqy,, Seqm,),i # k —0.082 (-0.587, 0.510)

ERRE, BRI 0.555, AR[RSCIBE HLAL A 0 A 30N
—0.082, Wilcoxon SRR Ron, FCXHH& AR & m ThpLA & . BT
LA EA3AT, A SCA Rl 5 1 3 SCIR AR A A 55 A7 78 36 TR IR TEAR G o
6.6 AE/NG

AR BRI SCIREFAE B AN VA AT T4 e, BFE A @ I B R n iR |
BEATIE 2R 2R, e 245 30 U DI AR RoR . SRIRas FAEW, 54
[¥] BERT BEALAH LY, A ST BYTE SO0 591 FH 1 28 ST e i AT 45 R AR T
AP« SCTUR ARSI BE MN 55.08% 42 = 5] 74.19%, 8% X2 IR 1) F1 15
I3 59.21%R = 2 75.14%. FIRRALAIE 1R 73 B B R AGIIE Y iZ 07 ik Re s i L &
3 F TRV ANE 2SI I AR A A . 5, A SO G491 4 B R B
I IS B 3R SRR FI A 5 IR BRI IEAR GG R

106



[2:3

F7% Ba5RF

BTE H4g5R#E
7.1 TER%

A A IR S LNARE R 58S PR TE . S35 %
P 5 AR T AR T | 7 S s AR A e 0 45 vy ST B T ) 5 o ) gt e T N
BERC MW FE, FESER TAELI R :

B ARSOR T SO AU S AR 5 5 R B AR CHEAT TR E X, IS
BHEUME, Xl SCE SR EER T AR B SRR, M T — Ak,
Al R E DI AR RS . RN IE, SRR ERCGE T RS e . 3. #
fEI7E N HIZ) 1800 RN, 16000 RANEH 7, 550000 RAN I, 5 H
TRELCTFRETE.

B, AR T ST AL BT E T, RIS ST A
AR, AU I SCE AR, B SO R SR A . S
EBA, %075 N SR B ARLRE 0 BB A B i (0 IEAH DG, 30 B 7R B2 G
FHN 0.8422, p<0.01. FHIHTRH, ZITEERRBE I TR UL FE 2
FHRBEII S0, FFEH CrEE MRk KR,

=, RS A o SO R T, SR T SRR AR S5, I
NI T — MRS S BME BT SO S I FTHR BB RHIE ) 2 B2 G
Aty . SEEUERA, HIEETTEMLE, AU T IE R HUAS 5 A B IR AR
SRR I HER RN 73.7%, I HER RN 56.5%, JFIEM T E& 535
PHAEAS RN T AR BT 55 35 H A DTk

VY, ASCERM T —MNMFER S X298 5 P SCRE T, Wik 17—
TR R U A AL BB RAE Y, JEM g F T BRI 2R B 4 . %0572
XF AT BV AE SCERER Y R BB R E T, ARl 5 15 2 1 7 TR U1
A HEAT R AT T RRAL 73 8, ANGE T 20 A v A DL R ST 5 18 2R ST
et AR A BA IEAH G

ZE LRk, FEEARTIIE, ASCRKMEIHT R TR AR K, Jf
K IBAE SRR SCE TR R, Nl SRR IR . R AN TR R0 55
TS FEH T BT HRE SURR AR T 22, FFUEB T SO 1 2B RHE I A 2K
e ENHTTE, RE AL D2 H TE 7R/ X E%&E2 A Jrm, H2
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TR SO LR AR S S SRR, ERA BRRE, AT
SRR T DU AR L SR BRI 3 . TR ST RS
BB SR SRR AT, o T IR SO R R S e BT B L
7.2 T/ERRE

1AL 515302 AR, R OR R4 FRR RS2 AT BRE) 1 o 0 it <L
TR, R AL R G T LA O SO U AR A A KR B AR RS A TR
A0 MRBRRES . UAR 5 SO M B R A EAE J, 3R — TR g Pl
HIRSE. MENRHZTURIYIARE, TIEMARE RIRME, Ak E R T

S, AR AT IRBN 8 R AT E S AR R . HRT
TR R TR IRAETER, AT SE IR, 55 e R R
I S B — (AT 5%, 7330 5 R M 7 T DAL 5 S 05 T A R e S
HES DR R BRI I, I BT B T I I I 2R i e e, AR
S F AR AR I G A R I . FE SO BT, BRFah, A
B FAELRIE T ECh E TS0, BUABR S EERR, Gt 45 H ARG
F SRR SR A e SCIRIEAT X5 WAV SO 5 B S it
FHB ST . BHASCA T, 3k AT RN S0 BA LRI T 25— 4E
%, TERR LIS AR E ARG, LRGSR b U2 BSKHE, B
WM. T T VB 2 R R R T AT S TR I 0 48 SR AT R

B, T ORI TS . AR S e 5 A,
TR BB R S R 5 5 B s 1 56 3 R T S — B TN B
SETALIR . FURSIR S RRRR A SRR, RTHRIR A B I ROR, FE
U TR B 2 2T ) 8 S A R A B

B, R ST N . BRSSO RS (T4 A
CHBRESHA, TP SR RO TN KRR AT RIE M-,
SR T AN T 50 147 S0 7 2 s ARSI TN 25 R S 7 %, FEA RS o B \ i I
FPTRAIR, SEBLSCA B 1 S 2 A O 1 8 SRR AN 2 E X 5%, 32
BEGE— Ol SO AT R L AR MR AR AT SRS . R 5
CAEA IR R I 125, 5 N2 50T LRI AR 25 15y 2 S A 3k
FAEH, REE AT SREDIA T SO LI BT R

108



B Lk

22 3k

[1] XIONG J, LIU G, LIU Y, LIU M, et al. Oracle Bone Inscriptions information
processing based on multi-modal knowledge graph[J]. Computers and Electrical
Engineering, 2021, 92: 107173.

[2] YANG X, ARORA A, JHENG S, et al. Quantifying character similarity with vision
transformers[C]//Proceedings of the 2023 Conference on Empirical Methods in
Natural Language Processing, 2023: 13982-13996.

[3] WM, Jete, ALK, 5. HeFRRALE AN 65 T A AU SEERT 7T
[J]. EERHBHKZ54k, 2019, 31(6): 886-891.

[4] 8%, 250, ROl S0l BA B R SOy B BT R ] T UER
4R, 2017, 31(3): 33-40.

[5] £%, REHAE. —Fog BB 7 T IEAR L TSR R 0] THENLN FH AT 7T,
2013, 30(8): 2396-2397.

[6] SU T, LEE H. Learning Chinese word representations from glyphs of
characters[C]//Proceedings of the 2017 Conference on Empirical Methods in Natural
Language Processing, 2017: 264-273.

[7] XU, 224G, BT 55 B AR R R 22 S DU IR AR o B 1.
5 BAER, 2021, 35(12): 48-59.

[8] CHANG X, CHAO F, SHANG C, et al. Sundial-GAN: A cascade generative
adversarial networks framework for deciphering Oracle Bone
Inscriptions[C]//Proceedings of the 30th ACM International Conference on
Multimedia, 2022: 1195-1203.

[91 GUAN H, YANG H, WANG X, et al. Deciphering oracle bone language with
diffusion models[C]//Proceedings of the 62nd Annual Meeting of the Association for
Computational Linguistics, 2024: 15554-15567.

[10] WANG P, ZHANG K, WANG X, et al. Puzzle Pieces Picker: Deciphering ancient
Chinese characters with radical reconstruction[C]// Proceedings of the International

Conference on Document Analysis and Recognition, 2024: 169-187.

109



FHAF WL

[I1]HU, R, LI S, LIANG, S. Diachronic sense modeling with deep contextualized word
embeddings: An ecological view[C]//Proceedings of the 57th Annual Meeting of the
Association for Computational Linguistics, 2019: 3899-3908.

[12] &F%5, $Rek2y, 0%, 35, 5 DUE R SR TE R IR E RN BT FE[I]. o
S B AR, 2022, 36(5): 21-30.

[13] SHI D, DIAO X, TANG H, et al. RCRN: Real-world character image restoration
network via skeleton extraction[C]//Proceedings of the 30th ACM International
Conference on Multimedia, 2022: 1177-1185.

[14] LI H, DU C, JIANG Z, et al. Towards automated Chinese ancient character
restoration: A diffusion-based method with a new dataset[C]//Proceedings of the
AAAI Conference on Artificial Intelligence, 2024: 3073-3081.

[15] LI B, DAI Q, GAO F, et al. HWOBC-A handwriting oracle bone character
recognition database[C]//Proceedings of the 2020 second International Conference on
Artificial Intelligence Technologies and Application, 2020: 012050.

[16] WANG M, DENG W, LIU C. Unsupervised structure-texture separation network
for oracle character recognition[J]. IEEE Transactions on Image Processing, 2022, 31:
3137-3150.

[17] WANG M, DENG W, SU S. Oracle character recognition using unsupervised
discriminative consistency network[J]. Pattern Recognition, 2024, 148: 110180.

[18] ZHANG Y, ZHANG H, LIU Y, et al. Oracle character recognition by nearest
neighbor classification with deep metric learning[C]//Proceedings of the 2019
International Conference on Document Analysis and Recognition, 2019: 309-314.

[19] LI J, WANG Q, HUANG K, et al. Towards better long-tailed oracle character
recognition with adversarial data augmentation[J]. Pattern Recognition, 2023, 140:
109534.

[20] WANG W, ZHANG T, ZHAO Y, et al. Improving oracle bone characters
recognition via a CycleGAN-based data augmentation method[C]//Proceedings of the

2022 International Conference on Neural Information Processing, 2022: 88-100.

110



B Lk

[21] LI J, WANG Q, ZHANG R, et al. Mix-Up augmentation for oracle character
recognition with imbalanced data distribution[C]//Proceedings of the 2021
International Conference on Document Analysis and Recognition, 2021: 237-251.

[22] YUE X, LI H, FUJIKAWA Y, et al. Dynamic dataset augmentation for deep
learning-based oracle bone inscriptions recognition[J]. ACM Journal on Computing
and Cultural Heritage, 2022, 15(4): 1-20.

[23] XU Y, ZHANG X, ZHANG Z, et al. Large-scale continual learning for ancient
Chinese character recognition[J]. Pattern Recognition, 2024, 150: 110283.

[24] ZHANG J, ZHU Y, DU J, et al. Radical analysis network for zero-shot learning in
printed Chinese character recognition[C]//Proceedings of the 2018 IEEE International
Conference on Multimedia and Expo, 2018: 1-6.

[25] CAO Z, LU J, CUI S, et al. Zero-shot handwritten Chinese character recognition
with hierarchical decomposition embedding[J]. Pattern Recognition, 2020, 107:107488.
[26] CHEN J, LI B, XUE X. Zero-shot Chinese character recognition with stroke level
decomposition[C]//Proceedings of the Thirtieth International Joint Conference on
Artificial Intelligence, 2021: 615-621.

[271HUANG G, LUO X, WANG S, et al. Hippocampus-heuristic character recognition
network for zero-shot learning in Chinese character recognition[J]. Pattern Recognition,
2022, 130:108818.

[28] DIAO X, SHI D, TANG H, et al. RZCR: Zero-shot Character recognition via
radical-based reasoning[C]//Proceedings of the Thirty-Second International Joint
Conference on Artificial Intelligence, 2023: 654-662.

[29] ZHANG C, ZONG R, CAO S, et al. Ai-powered oracle bone inscriptions
recognition and fragments rejoining[C]//Proceedings of the Twenty-Ninth
International Joint Conference on Artificial Intelligence, 2020: 5309-5311.

[30] ZHANG G, LIU D, SMYTH B, et al. Deciphering ancient Chinese oracle bone
inscriptions using case-based reasoning[C]//Proceedings of the International

Conference on Case-Based Reasoning, 2021: 309-324.

111



FHAF WL

[31] GAO T, YAO X, CHEN D. SimCSE: Simple contrastive learning of sentence
embeddings[C]//Proceedings of the 2021 Conference on Empirical Methods in Natural
Language Processing, 2021: 6894—6910.
[32] XU Y, FENG Y, LIU J, et al. Conf-UNet: A model for speculation on unknown
oracle bone characters[C]//Proceedings of Knowledge Science, Engineering and
Management, 2023: 89-103.
[33] ZHOU R, WEI J, ZHANG Q, et al. Multi-Granularity archaeological dating of
Chinese bronze dings based on a knowledge-guided relation graph[C]//Proceedings of
IEEE/CVF Conference on Computer Vision and Pattern Recognition, 2023 3103-3113.
[34] E&W, X, KT, %. SikuBERT 45 SikuRoBERTa: T [f%7 A i
CPUEEAH) PSR By pt dt S SRR FE[d]. BBIEIRIE, 2022, 42(6): 31-43.
[35] CUL'Y, CHE W, LIU T, et al. Revisiting pre-trained models for Chinese natural
language processing[J]. arXiv preprint arXiv:2004.13922, 2020.
[36] JI Z, WANG X, SHEN Y, et al. CANCN-BERT: A joint pre-trained language
model for classical and modern Chinese[C]//Proceedings of the 30th ACM
International Conference on Information & Knowledge Management, 2021: 3112-3116.
[37] ASSAEL Y, SOMMERSCHIELD T, SHILLINGFORD B, et al. Restoring and
attributing ancient texts using deep neural networks[J]. Nature, 2022, 603(7900): 280-
283.
[38] LUO J, CAO Y, BARZILAY R. Neural decipherment via minimum-cost flow:
from Ugaritic to Linear B[C]//Proceedings of the 57th Annual Meeting of the
Association for Computational Linguistics, 2019: 3146-3155.
[39] DEVLIM J, CHANG M, 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, 2019: 4171-4186.
[40] BAHUE, DRIRIa, AR, N T BB R G g oL k], PUE S S
SEREST, 2021, 12(3): 128-135.

112



B Lk

[41] LI X, ZHAO X, XU ], et al. Imf: Interactive multimodal fusion model for link
prediction[C]//Proceedings of the ACM Web Conference, 2023: 2572-2580.

[42] WANG P, WU J, CHEN X. Multimodal entity linking with gated hierarchical
fusion and contrastive training[C]//Proceedings of the 45th International ACM SIGIR
Conference on Research and Development in Information Retrieval, 2022: 938-948.
[43] WISHART R, PROKOPIDIS P. Topic modelling experiments on hellenistic
corpora[C]//CDH@ TLT, 2017: 39-47.

[44] KESTEMONT M, STOVER J, KOPPEL M, et al. Authenticating the writings of
Julius Caesar[J]. Expert Systems with Applications, 2016, 63: 86-96.

[45] OCHAB J, ESSLER H. Stylometry of literary papyri[C]//Proceedings of the 3rd
International Conference on Digital Access to Textual Cultural Heritage, 2019: 139-
142.

[46] RONG X. Word2vec parameter learning explained[J], arXiv:1411.2738, 2014.
[47] YOUSEF T, PALLADINO C, WRIGHT D, et al. Automatic translation alignment
for ancient Greek and Latin[C]//Proceedings of the Second Workshop on Language
Technologies for Historical and Ancient Languages, 2022: 101-107.

[48] FANG A, LO F, CHINN C. Adapting NLP and corpus analysis techniques to
structured imagery analysis in classical Chinese poetry[C]//Proceedings of the
Workshop on Adaptation of Language Resources and Technology to New Domains,
2009: 27-34.

[49] HE J, ZHU Q, CHEN Y, et al. Bronze inscriptions classification algorithm on
imbalanced dataset[C]//Proceedings of the 5th International Conference on
Mechanical, Control and Computer Engineering, 2020: 1715-1718.

[50] ISAAC A, HASLHOFER B. Europeana linked open data-data.europeana.eu[J].
Semantic Web, 2013, 4(3): 291-7.

[51] MERILLAS OF, RODRIGUEZ MM. An analysis of educational designs in
intangible cultural heritage programmes: the case of Spain[J]. Int J Intang Herit,
2018,13:190-202.

[52] CARRIERO VA, GANGEMI A, MANCINELLI ML, et al. Pattern-based design

applied to cultural heritage knowledge graphs[J]. Semantic Web, 2021,12(2):313-57.
113



THRFE SR

[53]1 BAI B, HOU W. The application of knowledge graphs in the Chinese cultural field:
the ancient capital culture of Beijing[J]. Heritage Science, 2023, 11:77.

[54] FAN T, WANG H, HODEL T. CICHMKG: a large-scale and comprehensive
Chinese intangible cultural heritage multimodal knowledge graph[J]. Heritage Science,
2023, 11:115.

[55] LU L, LIANG X, YUAN G, et al. A study on the construction of knowledge graph
of Yunjin video resources under productive conservation[J]. Heritage Science, 2023,
11:83.

[56] YANG S, HOU M. Knowledge graph representation method for semantic 3D
modeling of Chinese grottoes[J]. Heritage Science, 2023, 11:266.

[57] WAN J, ZHANG H, ZOU J, et al. WuMKG: a Chinese painting and calligraphy
multimodal knowledge graph[J]. Heritage Science, 2024, 12:159.

[58] Quan H, L1 'Y, LIU D, et al. Protection of Guizhou Miao batik culture based on
knowledge graph and deep learning[J]. Heritage Science, 2024, 12:202.

[59] HAN X, BAI Y, QIU K, et al. Isobs: An information system for oracle bone
script[C]//Proceedings of the 2020 Conference on Empirical Methods in Natural
Language Processing, 2020: 227-233.

[60] GEORGE M. Wordnet: A lexical database for English[J]. Communications of the
ACM, 1995, 38(11):39-41.

[61] ZHANG Y, LI B, DAI X, et al. PQAC-WN: constructing a wordnet for Pre-Qin
ancient Chinese[J]. Lang Resources & Evaluation, 2017, 51: 525-545.

[62] BOND F, FOSTER R. Linking and extending an open multilingual
wordnet[C]//Proceedings of the 51st Annual Meeting of the Association for
Computational Linguistics, 2013: 1352-1362.

[63] NAVIGLI R, PONZETTO S. Babelnet: The automatic construction, evaluation
and application of a wide-coverage multilingual semantic network[J]. Artificial
Intelligence, 2012, 193: 217-250.

[64] NAVIGLI R, BLLOSHMI R, LORENZO A. BabelNet meaning representation: A
fully semantic formalism to overcome language barriers[C]//Proceedings of the AAAI

Conference on Artificial Intelligence, 2022: 12274-12279.

114



B Lk

[65] GIUNCHIGLIA F, BATSUREN K, BELLA G. Understanding and exploiting
language diversity[C]//Proceedings of the Twenty-Sixth International Joint
Conference on Artificial Intelligence, 2017: 4009-4017.

[66] BATSUREN K, BELLA G, GIUNCHIGLIA F. Cognet: A large-scale cognate
database[C]//Proceedings of the 57th Annual Meeting of the Association for
Computational Linguistics, 2020: 3136-3145.

[67] LOUREIRO D, JORGE A. Language modelling makes sense: Propagating
representations through WordNet for full-coverage word sense disambiguation[C]//
Proceedings of the 57th Annual Meeting of the Association for Computational
Linguistics, 2019: 5682-5691.

[68] MAO R, LIN C, GUERIN F. Word embedding and WordNet based metaphor
identification and interpretation[C]//Proceedings of the 56th Annual Meeting of the
Association for Computational Linguistics, 2018: 1222-1231.

[69] LORENZO A, MARU M, NAVIGLI R. Fully-semantic parsing and generation:
the BabelNet meaning representation[C]//Proceedings of the 60th Annual Meeting of
the Association for Computational Linguistics, 2022: 1727-1741.

[70] MIKOLOV T, CHEN K, CORRADO G, et al. Efficient estimation of word
representations in vector space[C]//Proceedings of the 1st International Conference on
Learning Representations, 2013: 1-12.

[711KIM Y, CHIU Y, HANAKI K, et al. Temporal analysis of language through neural
language models[C]//Proceedings of the Annual Meeting of the Association for
Computational Linguistics, 2014: 61-65.

[72] HAMILTON W, LESKOVEC J, JURAFSKY D. Cultural shift or linguistic drift?
Comparing two computational measures of semantic change[C]//Proceedings of the
2016 Conference on Empirical Methods in Natural Language Processing, 2016: 2116-
2121.

[73] ROSENFELD A, ERIK K. Deep neural models of semantic shift[C]//Proceedings
of the 2018 Conference of the North American Chapter of the Association for

Computational Linguistics: Human Language Technologies, 2018: 474-484.

115



FHAF WL

[74] YIN Z, SACHIDANANDA V, PRABHAKAR B. The global anchor method for
quantifying linguistic shifts and domain adaptation[C]//Proceedings of the 32nd
Conference on Neural Information Processing Systems, 2018: 9412-9423.

[75] KAISER J, KURTYIGIT S, KOTCHOURKO S8, et al. Effects of pre- and post-
processing on type-based embeddings in lexical semantic change detection[C]//
Proceedings of the 16th Conference of the European Chapter of the Association for
Computational Linguistics, 2021: 125-137.

[76] QIU L, TU K, YU Y. Context-dependent sense embedding[C]//Proceedings of
the 2016 Conference on Empirical Methods in Natural Language Processing, 2016:
183-191.

[77] LEE G, CHEN Y. MUSE: Modularizing unsupervised sense embeddings[C]//
Proceedings of the 2017 Conference on Empirical Methods in Natural Language
Processing, 2017: 327-337.

[78] GIULIANELLI M, TREDICI M, FERNANDEZ, R. Analysing lexical semantic
change with contextualised word representations[C]//Proceedings of the Annual
Meeting of the Association for Computational Linguistics, 2020: 3960-3973.

[79] KURTYIGIT S, PARK M, SCHLECHTWEG D. Lexical semantic change
discovery[C]//Proceedings of the 59th Annual Meeting of the Association for
Computational Linguistics and the 11th International Joint Conference on Natural
Language Processing, 2021: 6985-6998.

[80] ROSIN G, GUY I, RADINSKY K. Time masking for temporal language
models[C]//Proceedings of the Fifteenth ACM International Conference on Web
Search and Data Mining, 2022: 833-841.

[81] TEODORESCU D, OHE S, KONDRAK G. UAlberta at LSCDiscovery: Lexical
semantic change detection via word sense disambiguation[C]//Proceedings of the 3rd
Workshop on Computational Approaches to Historical Language Change, 2022: 180-
186.

[82] CONNEAU A, KHANDELWAL K, GOYAL N, et al. Unsupervised cross-lingual
representation learning at scale[C]//Proceedings of the Annual Meeting of the

Association for Computational Linguistics, 2020: 8440-8451.

116



B Lk

[83] SUCHANEK F, KASNECI G, WEIKUM G. Yago: a core of semantic
knowledge[C]//Proceedings of the 16th international conference on World Wide Web,
2007: 697-706.

[84] BOLLACKER K, EVANS C, PARITOSH P, et al. Freebase: a collaboratively
created graph database for structuring human knowledge[C]//Proceedings of the 2008
ACM SIGMOD international conference on Management of data, 2008: 1247-1250.
[85] WU W, LI H, WANG H, et al. Probase: A probabilistic taxonomy for text
understanding[C]//Proceedings of the 2012 ACM SIGMOD International Conference
on Management of Data, 2012: 481-492.

[86] AUER S, BIZER C, KOBILAROYV G, et al. Dbpedia: A nucleus for a web of open
data[C]//Proceedings of the semantic web, 2017: 722-735.

[87] XU B, XU Y, LIANG J, et al. Cn-dbpedia: A never-ending Chinese knowledge
extraction system[C]//Proceedings of the International Conference on Industrial,
Engineering and Other Applications of Applied Intelligent Systems, 2017: 428-438.
[88] FANG J, WANG X, MENG Z, et al. Manner: A variational memory-augmented
model for cross domain few-shot named entity recognition[C]//Proceedings of the 61st
Annual Meeting of the Association for Computational Linguistics, 2023: 4261-4276.
[89] CHEN J, LU Y, LIN H, et al. Learning In-context Learning for Named Entity
Recognition[C]//Proceedings of the 61st Annual Meeting of the Association for
Computational Linguistics, 2023: 13661-13675.

[90] MA Z, DU J, ZHOU 8. Noise-robust training with dynamic loss and contrastive
learning for distantly-supervised named entity recognition[C]//Proceedings of the
Findings of the Association for Computational Linguistics, 2023: 10119-10128.

[91] IMAI S, KAWAHARA D, ORITA N, et al. Theoretical linguistics rivals
embeddings in language clustering for multilingual named entity recognition[C]//
Proceedings of the 61st Annual Meeting of the Association for Computational
Linguistics, 2023: 139-151.

[92] CUI W, CHEN X. Exploring automatically perturbed natural language
explanations in relation extraction[C]//Proceedings of the Findings of the Association

for Computational Linguistics, 2023: 3454-3467.
117



THRFE SR

[93] HU X, GUO Z, TENG Z, et al. Multimodal relation extraction with cross-modal
retrieval and synthesis[C]//Proceedings of the 61st Annual Meeting of the Association
for Computational Linguistics, 2023: 303-311.

[94] SUN Q, HUANG K, YANG X, et al. Uncertainty guided label denoising for
document-level distant relation extraction[C]//Proceedings of the 61st Annual
Meeting of the Association for Computational Linguistics. 2023: 15960-15973.

[95] VEYSEH A, DERNONCOURT F, MIN B, et al. Generating labeled data for
relation  extraction: A  meta learning approach with joint GPT-2
training[C]//Proceedings of the Findings of the Association for Computational
Linguistics, 2023: 11466-11478.

[96] PEREZ E, STRUB F, VRIES H, et al. Visual reasoning with a general conditioning
layer[C]//Proceedings of the AAAI Conference on Artificial Intelligence, 2018: 3942-
3951.

[97] WIATRAK M, ARVANITI E, BRAYNE A, et al. Proxy-based zero-shot entity
linking by effective candidate retrieval[C]//Proceedings of the 13th International
Workshop on Health Text Mining and Information Analysis, 2022: 87-99.

[98] YANG D, XIAO Y. Multi-task entity linking with supervision from a taxonomy/[J].
Knowledge and Information Systems, 2023, 65(10): 4335-4358.

[99] HOU F, WANG R, NG §, et al. Exploiting anonymous entity mentions for named
entity linking[J]. Knowledge and Information Systems, 2023, 65(3): 1221-1242.

[100] LIU Y, TIAN Y, LIAN J, et al. Towards better entity linking with multi-view
enhanced distillation[C]//Proceedings of the 61st Annual Meeting of the Association
for Computational Linguistics, 2023: 9729-9743.

[101] SHANG B, ZHAO Y, LIU J. Learnable convolutional attention network for
knowledge graph completion[J]. Knowledge-Based Systems, 2024, 285: 111360.
[102] ZHONG H, LI W, ZHANG Q, et al. A unified embedding-based relation
completion framework for knowledge graph[J]. Knowledge-Based Systems. 2024, 289:
111468.

118



B Lk

[103] PEI S, KOU Z, ZHANG Q, et al. Few-shot low-resource knowledge graph
completion with multi-view task representation generation[C]//Proceedings of the
29th ACM SIGKDD Conference on Knowledge Discovery and Data Mining, 2023:
1862-1871.

[104] REN H, DAI H, DAI B, et al. SMORE: Knowledge graph completion and multi-
hop reasoning in massive knowledge graphs[C]//Proceedings of the 28th ACM
SIGKDD Conference on Knowledge Discovery and Data Mining, 2022: 1472-1482.
[105] SHANG B, ZHAO Y, LIU J, et al. Mixed geometry message and trainable
convolutional attention network for knowledge graph completion[C]//Proceedings of
the AAAI Conference on Artificial Intelligence, 2024: 8966-8974.

[106] MARCHEGGIANI D, BASTINGS J, TITOV I. Exploiting semantics in neural
machine translation with graph convolutional networks[C]//Proceedings of the 2018
Conference of the North American Chapter of the Association for Computational
Linguistics: Human Language Technologies, 2018: 486-492.

[107] GEHRING J, AULI M, GRANGIER D, et al. Convolutional sequence to
sequence learning[C]//Proceedings of the International Conference on Machine
Learning, 2017: 1243-1252.

[108] LIU P, QIU X, HUANG X. Recurrent neural network for text classification with
multi-task learning[C]//Proceedings of the International Joint Conference on Artificial
Intelligence, 2016: 2873-2879.

[109] KIPF T, Welling M. Semi-supervised classification with graph convolutional
networks[J], arXiv:1609.02907v4, 2016.

[110] VELICKOVIC P, CUCURULL G, CASANOVA A, et al. Graph Attention
Networks[J]. arXiv:1710.10903v3, 2017.

[111] PENNINGTON J, SOCHER R, MANNING C. Glove: Global vectors for word
representation[C]//Proceedings of the 2014 Conference on Empirical Methods in
Natural Language Processing, 2014: 1532-1543.

[112] RAFFEL C, SHAZEER N, ROBERTS A, et al. Exploring the limits of transfer
learning with a unified text-to-text transformer[J]. The Journal of Machine Learning

Research, 2020, 21(1): 5485-5551.
119



FHAF WL

[113] RADFORD A, NARASIMHAN K, SALIMANS T, et al. Improving language
understanding by generative pre-training[J]. 2018.

[114] LIU Y, OTT M, GOYAL N, et al. Roberta: A robustly optimized BERT
pretraining approach[J]. CoRR, 2019, abs/1907.11692.

[115] CLARK K, LUONG M, LE Q, et al. ELECTRA: pre-training text encoders as
discriminators rather than generators[C]//Proceedings of the 8th International
Conference on Learning Representations, 2020.

[116] HE P, LIU X, GAO J, et al. Deberta: decoding-enhanced bert with disentangled
attention[C]//Proceedings of the 9th International Conference on Learning
Representations, 2021.

[117] LEWIS M, LIU Y, GOYAL N, et al. BART: denoising sequence-to-sequence
pre-training for natural language generation, translation, and comprehension[C]//
Proceedings of the 58th Annual Meeting of the Association for Computational
Linguistics, 2020: 7871-7880.

[118] ZAHEER M, GURUGANESH G, DUBEY K, et al. Big bird: Transformers for
longer sequences[C]//Proceedings of the Advances in Neural Information Processing
Systems, 2020.

[119] LECUN Y, BOTTOU L, BENGIO Y, et al. Gradient-based learning applied to
document recognition[J]. Proceedings of the IEEE, 1998, 86(11): 2278-2324.

[120] KRIZHEVSKY A, SUTSKEVER I, HINTON G. ImageNet classification with
deep convolutional networks[C]//Proceedings of the Advances in Neural Information
Processing Systems, 2012: 1106-1114.

[121] SIMONYAN K, ZISSERMAN A. Very deep convolutional networks for large-
scale visual recognition[C]//Proceedings of the 2015 International Conference on
Learning Representations, 2015.

[122] SZEGEDY C, LIU W, JIA Y, et al. Going deeper with convolutions[C]//
Proceedings of the 2015 IEEE Conference on Computer Vision and Pattern Recognition,

2015:1-9.

120



B Lk

[123] HE K, ZHANG X, REN S, et al. Deep residual learning for image
recognition[C]//Proceedings of the 2016 IEEE Conference on Computer Vision and
Pattern Recognition, 2016: 770-778.

[124] HUANG G, LIU Z, MAATEN L, et al. Densely connected convolutional
networks[C]//Proceedings of the 2017 IEEE Conference on Computer Vision and
Pattern Recognition, 2017: 2261-2269.

[125] DOSOVITSKIY A, BEYER L, KOLESNIKOV A, et al. An image is worth
16X16 words: Transformers for image recognition at scale[C]//Proceedings of the 9th
International Conference on Learning Representations,2021.

[126] KIM W, SON B, KIM I. ViLT: Vision-and-Language Transformer without
convolution or region supervision[C]//Proceedings of the 38th International
Conference on Machine Learning, 2021: 5583-5594.

[127] LEE K, CHEN X, HUA G, et al. Stacked cross attention for image-text
matching[C]//Proceedings of the European Conference on Computer Vision, 2018:
201-216.

[128] RADFORD A, KIM J, HALLACY C, et al. Learning transferable visual models
from natural language supervision[C]//Proceedings of the 38th International

Conference on Machine Learning, 2021: 8748-8763.

121



	摘要
	abstract
	第1章 绪论
	1.1 本文的研究背景及意义
	1.1.1 研究背景与挑战
	1.1.2 研究意义

	1.2 国内外研究现状与局限性分析
	1.2.1 人工智能驱动的古文字研究概述
	1.2.2 古文字知识图谱构建相关研究
	1.2.3 古文字字形相似度计算相关研究
	1.2.4 人工智能驱动的古文字考释相关研究
	1.2.5 词汇历时语义跟踪相关研究

	1.3 本文的研究内容与创新点
	1.4 本文的组织结构

	第2章 相关知识概述
	2.1 知识图谱与图神经网络模型
	2.1.1 知识图谱
	2.1.2 图注意力网络模型

	2.2 预训练语言模型
	2.2.1 Transformer 模型
	2.2.2 自注意力机制
	2.2.3 BERT模型的训练与应用模式

	2.3 计算机视觉模型
	2.3.1 卷积神经网络模型
	2.3.2 Vision Transformer 模型
	2.3.3 多模态视觉语言模型

	2.4 本章小结

	第3章 历时汉字知识图谱构建方法
	3.1 引言
	3.2 历时汉字知识图谱架构与本体模式
	3.2.1 ZiNet的概念和属性定义
	3.2.2 ZiNet的关系定义
	3.2.3 ZiNet的架构

	3.3 历时汉字知识图谱的构建方法
	3.3.1 历时汉字知识图谱构建流程
	3.3.2 古文字领域数据处理问题
	3.3.3 古文字拓本图像去噪方法
	3.3.4 古文字部件标注方法
	3.3.5 古文字字体库构建方法
	3.3.6 古文字通假字标注方法

	3.4 历时汉字知识图谱实体统计
	3.5 基于历时汉字知识图谱的智慧平台
	3.6 本章小结

	第4章 基于知识图谱的古文字字形相似度计算方法
	4.1 引言
	4.2 任务定义
	4.3 古文字字形相似度计算方法
	4.3.1 方法原理概述
	4.3.2 象形相似度计算方法
	4.3.3 部件描述相似度计算方法
	4.3.4 部件语义图谱相似度计算方法

	4.4 实验与评估
	4.4.1 实验数据集
	4.4.2 评价指标设置
	4.4.3 模型与参数设置
	4.4.4 定量实验结果与讨论
	4.4.5 形近字推荐案例分析
	4.4.6 字形向量可视化分析

	4.5 本章小结

	第5章 部件语义知识驱动的古文字字形识别方法
	5.1 引言
	5.2 任务定义
	5.2.1 异体字形相关知识与分类
	5.2.2 古文字字形识别任务定义

	5.3 古文字字形识别方法
	5.3.1 模型框架概述
	5.3.2 汉字字形知识图谱
	5.3.3 图像编码器模型
	5.3.4 知识图谱编码器模型
	5.3.5 多模态编码器模型
	5.3.6 解码器模型
	5.3.7 算法步骤与损失函数

	5.4 实验与评估
	5.4.1 实验数据集
	5.4.2 基线方法设置
	5.4.3 消融实验设置
	5.4.4 评价指标与参数设置
	5.4.5 实验结果与讨论

	5.5 本章小结

	第6章 汉字语素含义挖掘与历时语义跟踪方法
	6.1 引言
	6.2 汉字与语素相关知识
	6.3 汉字历时语义跟踪方法
	6.3.1 方法框架概述
	6.3.2 数据集介绍
	6.3.3 汉字语境表示模型
	6.3.4 语素义项挖掘方法
	6.3.5 历时语义变化表示方法

	6.4 实验与评估
	6.4.1 实验设计
	6.4.2 义项识别实验结果
	6.4.3 语素义项匹配实验结果
	6.4.4 汉字历时语义跟踪可视化案例

	6.5 词汇与语素义项历时变化相关性分析
	6.5.1 单音节词汇与语素的历时比例变化
	6.5.2 词汇与语素义项的使用频率相关性
	6.5.3 词汇与语素义项的变化趋势相关性

	6.6 本章小结

	第7章 总结与展望
	7.1 工作总结
	7.2 工作展望

	参考文献

