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ABSTRACT

In recent years, various fields have gradually begun to attach importance to the
rich knowledge hidden in texts. As an information carrier, knowledge graphs can
effectively store and express the rich information contained in complex texts. In
order to quickly locate information that matches user needs, knowledge graph
technology has been applied in fields such as military, news, and search to provide
reliable knowledge services to the other applications. Existing methods often only
focus on high-frequency data when reasoning missing relations between entities in
the knowledge graph, which greatly limits the application effect of the knowledge
graph when the sample distribution is unbalanced. Therefore, how to construct and
reason knowledge graph in the case of unbalanced data distribution is the core issue
that needs to be addressed in this article.

The knowledge graph construction and reasoning methods for unbalanced data
mainly face the following three difficult problems: firstly, the large-scale text only
contains sparse knowledge, which making it difficult to accurately and
comprehensively extract hidden entities and relations from unstructured text and
construct knowledge graphs; Secondly, there is a problem of missing information in
the knowledge graphs, and there is a long tail distribution phenomenon in
knowledge graphs, which greatly increases the difficulty of reasoning missing
information due to the unbalanced distribution of data; Thirdly, with the continuous
updating of information, in practical applications, models may need to face zero-
shot entities, which have never appeared during the training process, and existing
models is hard to effectively deal with such entities.

In order to address the aforementioned research difficulties, this article will

focus on the following three aspects:
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1) Knowledge graph construction method based on hierarchical feature
representation. Text data has problems such as free expression style and sparse
knowledge distribution, which makes it difficult to effectively utilize text data. To
address this problem, this article designs a knowledge graph construction model
based on partition filtering networks. This model divides text features into three
types: entity features, relation features and shared features. Through feature isolation
methods, it enhances information exchange between different subtasks and avoids
mutual interference, ultimately constructing knowledge graphs from complex textual
data.

2) Static reasoning for long tailed distribution data via variational
heterogeneous attention networks. The knowledge graph construction method can
transform unstructured texts into highly structured knowledge graphs. However,
there is still a lack of information in the knowledge graphs, and due to significant
differences in the frequency of occurrence of different entities in domain texts, there
is a long tail distribution phenomenon in the knowledge graph. Therefore, this article
proposes a static reasoning algorithm based on variational heterogeneous attention
networks. This algorithm effectively aggregate information by dynamically
calculating neighborhood information weights and enhances the semantics of the
central entity; At the same time, in order to improve the performance of the model
on long tailed distribution data, the wvariational information bottleneck was
introduced to improve the performance of the model on few-shot data. Through the
above methods, the missing information in the effective knowledge graph is inferred,
thereby expanding and completing the existing knowledge graph.

3) Dynamic reasoning method based on multi-layer propagation for zero-shot
data. With the dynamic update of domain text, the types of entities are also
dynamically updated. In such cases, the model may encounter zero-shot entities that
were not observed during the training process. In order to reasoning the relations

between zero-shot entities, this article proposes a knowledge graph dynamic

Vil



R AR S

reasoning model based on multi-layer propagation mechanism. Through the entity
information propagation module and relation information propagation module, the
correlation relationship between zero-shot entities and existing knowledge graphs is
fully explored, and representation of zero-shot entities is generated to assist the
model in reasoning and completing knowledge graphs.

This article focuses on text data in the specific field and explores the key
technologies involved in joint extraction, static reasoning, and dynamic reasoning in
the process of constructing knowledge graphs, ultimately forming high-quality
knowledge graphs containing rich knowledge, thereby better providing knowledge

services for downstream applications.

Keywords: Joint Extraction, Static reasoning, Dynamic reasoning, Knowledge

Graph
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TER B R 5 SRIIUT S A G B A R B I ST IR N2, 558 KAl
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RS MRIE DA R RARMANZ, 5 DR SRR, SLAEDS

B R AN, WV %05 SRR S AU S5 AHG,  th5 58 R IUE 5540

Ko MTRXFEFHRE, BEALEL AT AR I =T

Sp=¢ 7y 2.4
ZJE, HIEEAIRANR . RARNEGIEI TR R SORE BRI 8 =

MRy, MSAEE. RAGESIEEE, AT,

A

Og. ¢ =0S’t_1'ft—1+05',t'f; (2.5)
Oe,tzoe’t_]'ft—l_‘_oe’t'ft (2.6)
Or,tzont_]'ft—l_‘_oy;t ft (2.7)

bR, ARALEE SRR R SR RN Z/R T =10, RISk
R IX . KRR XAILE X R, WAVE M n, £on 5 e BUESS A 5%
MEE, n BRSRAMBESHROELE, nRRE5WMEFEAH KNG
Ho HSERRNES RAMNZ K AR, n, NSRS X530 XA A
fERIER, 1 NRBADXEIRZ X NAF#IER, B

ne,t = Oe,t + Os,t (28)
nr,t = Or,t + Os,t (29)
ne,t :Os,t (210)

W EARD R, R E RS A RNE B RAR LR, TR E TS E
RIE LMLy, w00 MAEAMAS AR Z B MR, RIE & B A%
MR H.. 25, I R B R 73 X AR BB R AL «

U, =tanh(n,,) (2.11)
K., =tanh(n,,)-u,, =tanh(n,,)-tanh(n,,) (2.12)
/unt = lanh(”m )_lus,z = ta”h(nr,; )_tanh(;/ls_t) (2 13 )

I EARD R, AR RS N SCAS P BRI = RS R RRAE, RIS AR
AL RARRFEAIILERFAE . (H S0 45 R8I = B0 Rk B A = AR O,
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REWRE A RIS RFE 2 8] AT REAA A (S B ICREUS B R 8 1 RENS S
ANFPRAYRFEZ [ (AN LR B, AE A iih 7 =RRr bR e Uik, bR AR
FRAY RIS 2 AN [R] A ) 2 B e, DTV BRI R A v mT REAFAE IS AR T
AR BRFAE R

L A (2.14)
oo (et a Mt o
VARV A VAN

. 1 N 1 (2.15)
*expldis(u,, 1)1 expldis(u,, p1,)]

_ (Bl = i) = )] BN, — 1) (= )] (2.16)
o(u,)-o(u,) o(u,)-o(u,)

Heb, Ju R ERRK, dis ARERE, ASCRHARAES, oA
JiZE, ERREEANE . ERITHE AR CRIERER T i n i BUEE 2
£ 0 2 2 208, HBUEBAR, BWEAFRERREX 2 R, EN1Z K
TUARS MR RAE D

i AH R =B R AR SR A 2 I 2 O N 2 e PR B A U2, T4
B AT 2P EEURAS b, EN TR AR — AN %1

P

]pt :L(I?e,tHﬂr,t“ns,t) (2.17)

h, = tanh(f,) (2.18)

2.5  FHREEREESE

FEREAT MR BTSSR ST /T, O 1 BENS BB AP RO R R ik, (A A 2
FEREAT RN B AR S5 I RE P RES A R A I 2R SUE 2, BA TR AN
ZIFFIEBEAT R, A5 3 2 R R R (AR AR -

lLle = maxpooz{tanh[L(ﬂe,l || /’ls,l)] 9999 tanh[L(/’le,L || /’ls,L)]} (2'19)

1, = maxpool {tanh[ L4, || tt;,)])s.... tanh[ L(t, || 1, )1} (2.20)
ACEE T B AR B A @A A DL S OV e L, BARTRT A AN TAE
%%, EVSAREUESS 5 o0 RIMBUTSS o X T SEARIBUE S, AHALK) H bR iR
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T AT SCAS A AT B BT SEAR N HR A, DT IR B R ], BRATI TS e LT
— SR SRIEES T = (people, organization) , X THREANERM e T, ATTHHEH

T FEA (s,,.08,) A T BBSAR MR R I IE T N py . FRTHE V0T
ty = Elu[L(u, | |u,ll1)] (221
p;; = sigmoid [L(u;)] (2.22)
o, Wl FORBATF A (s,,.0008)) RFE, FATE BRI HAZTF 5 S0k
R

T RABMPULSS, AR HRR R B LR R. BT E—PER
Dy I SIS AR F S S A, DRI S A 5 S S AR TR AEAE B R R
Hose ko WO S ERL, ATk E X R R EMES
R = (compete,. .., collaborat €) , X THEPMKA yeR, ABMITFHE Y LLs, Al
SRR R SEARAE N T4, BLs, AR IR I SERAE A RAR, BT I8 5E R A r KRR
IR N, BARTHEITIRR

sy = E[L(p, [l 0lp,)] (2.23)

pj; = sigmoid [L(u;)] (2.24)

W BT, B RES T H A A\ USO8 R AR TR TR A1 O SEAR 1)
BERAE, JFRENSRE DI RS HE R I SR Z AR R R IR RENE, J9AIR
PR AT 55 B3 0E 1 24l

2.6 fRKEEL

X w MIINZREE, AR R H % BR AL Loss 1 =3 7 2 Ak, AR Sk 4
HUE SR B AU Loss, »  AAFR I R MEUE 5540 2% bR U Loss, FIMRR AR R4
FEAETE] TU AR 5 9R 11 Loss, :

Loss, = Y BCELoss(p;.p;) (2.25)

pi€E
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Loss, = > BCELoss(p}.p}) (2.26)

pheR

oo pg Al ARRAR BT (S iR 5 5% &, 1 py A py MACR AR S H
SAFAERISEMR R A, Loss, BB NSEF B3 AR SCHE TSRO A TH S M
WIZRE H R AR RAR, R AR = AN B 73 B0 R (B AR T

Horpr, AL i R L B R A 5 O A [y B p 3R AT 0 AT
FARTE , A A3 = T BRME & I R B R A 22 56 A B0k R ATAE
A TR g Y 0 A B BRMEL & IR IR A TR T 22 S A Bk R ANATAE B I IX
— 7, ARERRENS A R S8 R ISR AT S5, T HL AT DLRE RS Ao a3
AR AT B AR AE 1) = 0 4H S 1 )

2.7 SEIGHEH E K

FEAS 1 JRATTIE AL S 56 X A B 412 b 6t T DX J0E 19X 2% ) R VR IR ) S A
RIEAT VA o £E 2.7.1 /ANt seie i b K O 8E SR EAT fl Biliid s £ 2.7.2 /1
X RR BB AR 55 R VI SRR EEAT 4, JF 4 I SRIR A R 2
B AE 2.7.3 /N A E PR AL R P REEAT X B S 20

2.7.1 Hutefiig

N T BRIV AR P RE, AFEAE NYT. WebNLG. ADE =A~AFF
AR, I AR R T ARG SR AR T T SRR IR, X AR
g 1 B ARt L an

WebNLG % #5 46 4 28 1 #] E & N H A 15 5 4 ¢ ( Natural Language
Generation, NLG) fE55Ik55H), Eadk i) = o4 KJE T DBPedia, fHEN
AN FHA BN AEM. R¥. BE L REE. IR E AR
5019 &N ZR%ds, 500 4536 UE K AN 703 20 MR dE, o< RISAIL 171 i,

NYT #3EE BRI B TR R FAESS, HIURRET (AL
KA B (1 S i AT IEAR i 44 SRR B S R SR . H
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2005 4F-5 2006 4F BB EE R H TR IZRER, 2007 4F (35T I 8 RHU 4 FH T
MR EE . ZHIR LT 56195 KN ZREHRE . 4999 256 UE 4R A1 5000 2%l
W, KARFBIL 24 i,

ADE ¥#i4 ¥ 4 Adverse Drug Effect, EIZ5¥)A R NiERE, %5dE%
W SCAR R Rl T4 R EA R RS, L7 3845 2525504 #1427 251
W, KRR R,

ST 157 QTR 1) 4 B A AN TELIBR I 18 % R I Pl e SREBCEHE I A 1), 3
S [ S ELRE R AR . AR N . NI HAR FRERMRIEZE . HATT &,
FRAT3E I € e FE AR AN B [ W il e A BT R R, 2 EidEid o). EE AT
S8 SCRIHLN PESRAR I AR BE 4R s 25, 18I N TR0 77 sU Bs 4R HEA T4
1B, AT BOH R USG5 . 2R S B4 1849 XN ZREHE . 200 255
TEHFEAT 200 26 MAKGE, KRR 15 Fh,

R ) B AR N - EORIE T A AR, B A A S S
HENY), WSCESUIEAZARU, HUGEW K IX e NIAHCAE S . 55T
Hoym AL kg 7 L, FRA T | R BRSSO T IR, 3 )4
FFE IR TERE, R & RS 5 N TARE 177 M i e 4 . ZBdR 4L
5 55958 Sk UIZREUHE 13417 S5 MAKE . 11191 SR 3iEEds, KR RFAIL 18
o fEA— IR, ZBEREMINGE SRIEE T RAH 35.7% M0 T8 2
ANZI0, TR — LB ik 54.6%, 3% B IR 12504 L XA 1 ok
e 2R T

i b, ARFRW R A BIEE R ES =N HESE (WebNLG ¥
. NYT HJE4EA ADE 844D DAR/NSeie = B g8 G [l B AR A e
HHEE) , Hh NYT a4k 5 A RHEE £y KM EE L, WebNLG Hii k|
ADE %45 £ 5 3 151 500 52 0 Ay /N R MO B o T e R R 1 0 23 A 15 O
2.5 i
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BN T e S VAT

b N 56195 55958
1 e IgRE

Mt &
| mmm IGEE

3417
11191
104 -

5019 5000 4999
] 1 3845

1849

108 -
; 703

500
427

200 200

WebNLG NYT ADE MEMIEE BMEEE
KRR BIR

K 2.5 HdRfESdR A — %, v BN log RUE. JLrf, NYT HdR 4R 5 AR SR S0 K
a4, WebNLG #i#a 4. ADE Hds 45 15 8 i) Bicdls 4 O /N R ol 4R

2.7.2 WhiE 52 HE

(1) PR

FOAR EITE R AT 55200 1 ASCAR R B SR 2 o &, RI=cd. ER A
RUBEAT VEAG B AR v, A0 0 g I A b SR AE I = s A A e
gold num , TR TR SCAS HAELE I = TR HANEE N predict num o % T TG0

SE, PRI = 0 5 HSEAFAE R = e AT UL T, 5 SRR 5 2R )

WEHE, WA TS, 75 0P ES . @k IX Ry 2, XA A Fioil A ) =
TCHA AT e 1 e N support_num , BETIATFEAZFE (Precision, P) . A A
F (Recall, R) M FUEX =P EREATIHE, BAHHETT 0.

FEHE (Precision) , 1ZIEHRHI & SONBRHE) = e, SR
=ICHMT S L], @ Oy AT

_ support_num (2.27)
predict num
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AEFE (Recall) , ZIRFSKIE OB LUK = Jo 4L FSLAF AL
=JuH P SRyt @ an Uy AT

R support_num (2.28)
gold num
F1{8 (F-mean{8) , ZiBtr AREHIER S A BIRPAAFE5, £ 0K

R, BT O ) 1 2 i, S T ST 5
_2*P*R
~ P+R

F1 (2.29)

(2) ZHWE
FESEIG P AR AUE 2 | — 2S48, FEAEFIE 1% epochs. 1
FAETHE T dropout Z . e KICAKE S . i T AR B s S 10 2 R UK,
BIHAE A IR L ERES R aEA 2R, BRI 2.2 Fiok:
* 2.2 HBSHKE

HESH RS B
Ir T H 0.00002
epochs WEZRFEIK 100/200
embed mode Zihi 77 2 bert-base-cased
4 R 0.3/0.5
isolation RHAE R 5 7 dis/pea/cos

2.7.3 LR HT

AN 32 B X LL G 45 SR MR B 4 R T AN . H,
ARFTEIAENYT 445 WebNLG Hdl 65 EHEAT 7 AP EESRSe,  DUHGIE A SCHR
HH PR T 43 DX T 8 D 2% 110 R R ) i ) il AR FR A Rtk o kA, 3ETE ADE %idfs
e BB A ERMR AR FEAT T UERE SRS, R T BT v g AR
PuR iAo
(1) XJLb a5

N T IRIEATE NP TR R, R A TE N AT A A SO
fE NYT Al WebNLG AT T 0 LEsEgs . RIS, dEHCT 10 AR R x) sk
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B 2R, DL 78 0 W A B 15 6 tH O VR AR . X 10 SRR AR )
9 A& : GraphRel™. MHSAP?, CasRell', TPLinker!®, SPNI®U, CGTL2,
CasDE[®], RIFRE®, PRGCI#IAT TRNIOO!, i o 7 78 iR (& b Sl AF 55 3
WA T BUIFROR, I B EA — AR . XS seia g R ansk 2.3 sk
2.4 FioR:

# 2.3 WebNLG Hds £ nf b s 45 3

Model P R F1
GraphRel™! (2019) 44.7 41.1 42.9
MHSABP?T (2021) 89.5 86.0 87.7
CasRel™ (2019) 93.4 90.1 91.8
TPLinker® (2020) 91.8 92.0 91.9
SPNI! (2020) 93.1 93.6 93.4
CGT!®2l (2021) 92.9 75.6 83.4
CasDE[®) (2021) 90.3 91.5 90.9
RIFRE!® (2021) 93.3 92.0 92.6
PRGCI®I (2021) 94.0 92.1 93.0
TRNI! (2022) 93.5 92.7 93.1
Proposed 94.2 94.1 94.2

2.3 BoR T AT S E BT WebNLG Sl 5 F i xd L szt 45 4,
SO £ AR W AR B A AR A T R R AE RS . BRI FLE RIYEAE T
SERARTE, HECT 2022 4EHE H A TRN AR, AR RIZE IR = AMEHR E 2> R
THT 0.7% 1.4%H1 1.1%, X500 BINER] 1 A pirfie th i 2% 20 X 2o 30 R 2% £
SRR P U AR [ R0

bR, M 2.4 PRI DURIL, ABRAE NYT #0455 EHUS T A
B, B S BAF AR ZEE . N TIRFX — IR B N, 3847
X NYT 45 5 WebNLG il R I AFEREAT TR A M. %%, AT
PLX— IR R F 2 WebNLG #4555 NYT Hs 478 88l i & B A7 TE 5 1
5. BICRRE], NYT HHEAERET (AAnHHR) , JF R
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W7 A 207 NEARBENS A 2 N TARERI A, H 2 15 K0k 1 ot &
M A B PRIE . AEAS B BT tH R R by, AR FAT 55 1045 B A AR s f
FIXARZE R P TOR, BFIE BT X IR . 1 WebNLG 4 4&
W R s, ANMEAE R, e R EARRR I, W
T AR AR A

® 2.4 NYT HdladExt b seie 45 5

Model P R F1
GraphRel™! (2019) 63.9 60.0 61.9
MHSAP?T (2021) 88.1 78.5 83.0
CasRel™ (2019) 89.7 89.5 89.6
TPLinker® (2020) 91.3 92.5 91.9
SPNI! (2020) 933 91.7 92.5
CGT!®Z (2021) 94.7 84.2 89.1
CasDE!®) (2021) 90.2 90.9 90.5
RIFRE!* (2021) 93.6 90.5 92.0
PRGCI®T (2021) 933 91.9 92.6
TRNI66! (2022) 93.0 923 92.6
Proposed 923 92.5 92.4

(2) FLERFAE VA Al s B
R T ARG A I 43 DX i X 4 A e 0] L P e AR SR, Ut
fbidt— Bt T = H SRR T VE AT T IR, EAT A “Proposed”
“Proposed w/o share” F1 “Proposed w overlap” , N | &M 58 4f 1) ) BH X —
SHISEER T, AN S A K] 2.6 X SEEG T VAT FE AR -
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[[i%ﬂm@} [%%mmﬁ]’

[©00) (000) (000
7 S

T en F t[i%%ﬂ%] [%ﬁmmEJ]

HERHES ER

SCAHA

( LA )

Proposed w/o share Proposed w overlap

Bl 2.6 JLERRE Tl ST AR 2R 1], AR RS e (30 0 R IE T 1 1 A

SN “Proposed w/o share” , {EIX—HBIr sEderh, I SEAA L
NZEGRARNZNCARAE B IR BAS B SLAR R IE 5 8 RAF4E, ZJa, A3
TRHIE 73 B R R T 3 8 SEAR R 5 R RFFE P B S Ay, BIL S RFIE . T
XI55, REWAS 2R E T SRR BT 55 1 SEARF I AN 22 T 5% R BUE S5
FRISQ ARAFAE, T SEAR ST 55 15 90 R AR 55 229 R0 AL S R I 4 5 57
ZJa s KRR A T REAT RO ERE M AR 55, AR S5 B SR 55 5 5%
FAMHUE S

SN “Proposed woverlap” , FEXZHSCEG Y, A DLSAARRN Z
R AMNZAZEAFRCARRIIE S S RFFIE, EAR =3 2 18] 3L R A Ry
MEREAT 7 B S MER, IEERAE A SRR 5 R R L2 e B T5—
Hscia e RT3, R ERME O S AE T SRR R IR S R R R IR, JF AR
I, EBTHARE B HK, KA RE 2 S SRR REAT AR B R AR 55
I3 LA ROR X BB 015 2

I H R N AR T R AR T, FEGICHE “Proposed” , FLRAKTS
IR SR SRAL,  DXORIAE T AR R 20 8 3R SRR — R R 9 kR A
ARSI, DL SRR RS T 47 AT (5 B ACH., JRAEIEIEA ESIN T
Rk R S kG A RS AR AR R AR L R . vt S TH RS 36 1) AR T i
JG . AFIIAE N IHAEEE ADE 5 5250 % 0 E [ s 45 BkAT 1k, SEIGAS
Rk 2.5 Fios:
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R 2.5 HESEEEUR, SKIREIARRY] T R &R A R

Dataset Model P R F1
Proposed w/o share 78.30 85.96 81.95
ADE #(#54£  Proposed w overlap 82.02 83.44 82.72
Proposed 82.15 85.65 83.86
Proposed w/o share 97.99 73.00 83.67
e B4 Proposed w overlap 90.56 81.50 85.79
Proposed 87.24 85.50 86.36

SRIG AR BN, EREEIEAE L, BV AR SEARRHIE 5 9% REFAE T SR A
I ERHERAT 0 B, R A FMABES B, AR A 7
HERHEAH W R RS, F1A0 BT 2.12%, Mt — PRIt =5y
MEIN AR S, AL FLAS 0 FRRAR S T 0.57%. 1£ ADE 34l 4 sk
g R E Z R0, BRAE F1 A0 0 mige 1 0.77%15 1.14%. X —SZ56 45
R LSRR R B A @ AR 55 B BB MTEH,  BefS A RUK 4 THE AL A
SRS 00 R AL B TERE, RN REE SRR 43 B HEOR I SRR N AT 2
HH R LEASE AR B A R FH 3 4 KA

SRR, FATEED, EREEEE L, BEE SR T SRR R b
BHTIEH, BRI T B SR AR FT, (R AZ D T, R
THEAL) F1LAF 0 Rl Bbe FRATVCIR 2 A BE & A TAT S A 85 B
H AW, BAERI = o H N B SRR 2T, I 30X — IR H
Mo

ST ERSEIGAE R, ATMEE RN T 5 A AVE & L RE (A A 1
5, WTEINETAES NGB EHE NN ER, ZERENZI AR
FARS R FEAMALN, R AR 2 X T 88 4S80, BAA
7l FAT 25 [HE I SR RN 2 5 R RIRNBAFIER R B, HREE TATS RHE
IR R REA A AUX 3 F, (AR S DL 7 4 X E 05 B, T —E F2
FE B RR I TR R s 1 A = 2H SR E I SRR S B R NSO AE B3R
W) 7 ZARBRRHE, I R R SN [ 7R 55 [ 6 AUE B2 B
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SRR RE O 78 2 A & AR S S, mPEREIts. SIS, SEiRss
Rt — AR AR BRI R
(3D REAIERR 28 7 1 i 2 56

I SEEGAIE R 1 5] NS AR RE 05 A R SR TS R %A HE AR
BRI, X SRR BN R R B 7 V2 B 15 R B AN R SR AR
FFOEZ A ) TUAR 5 PR ISR THE Y PR RE, LA RAN 5] ERFAE B 125 7 1 0 AR [
PERESZ M2 SAFEX A, WURAFAE DX ], AT MR R 5 77 10 A2 () M RS T T
AU,

Ht, AE ADE AL . By HE L R R A b BT T
VOZH SR8, DASEAR T4 AN [5) 248 2 (AR Bk sk 28 AN [ ) 2 (R0 452 24 42 B (1) 52 )
Hrh, Proposed-None i@ it Ht SERFE 73 B9 2 4 M SEARFHE 5 5¢ RBFHIEH 43 55
H ZF LA IL AR, IR E M A B T T R R B A A 5
Proposed-PEA. Proposed-DIS. Proposed-COS & 7 73 B Hi e S REAE (1 L it
AR ESCH po v py s oy BORFAE R B R ECRE AN [RS8 1 FR) AR I ST 31 A [R] 1)
s A 2 v, dEm P B A . HAR P SEER 45 RNk 2.6 Fios:

R 2.6 HRALRE B TR BSR4 R

Dataset Model P R F1

Proposed-NONE 82.12 83.28 82.69

. Proposed-PEA 81.08 85.17 83.08
ADE ##5 %

Proposed-DIS 81.87 85.49 83.64

Proposed-COS 82.15 85.65 83.86

Proposed-NONE 96.82 76.00 85.15

. Proposed-PEA 87.24 85.50 86.36
Wt e A

Proposed-DIS 94.01 78.50 85.56

Proposed-COS 95.09 77.50 85.40

Proposed-NONE 74.53 47.85 58.28

. Proposed-PEA 74.60 48.37 58.69
[EEERE/TES

Proposed-DIS 67.55 54.35 60.24

Proposed-COS 76.92 49.52 60.25
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=R BRI A RE7R, TR NI LR & Tk, BRI
RERANGINAEATRF LR B A 247 B2 52T BRI =, @l ANFE > X1
FAEREATAELRG &, £ ADE $d 5 EARAN F1 1520 ETH T 1.17%, HAbTs
PR GETE AR AR L, ARAN F1 G0 ETF T 1.21%; £ AR
a5 L BT T 1.97%. XA = Hdla e BT RS0 U B8 T 5T RFIE R B
JIRRENE A R AN RIS 2 T8 R R 5 70, B R R i TR g
I H, FEFTERHERG R TN, AR % e B9 RS AR5 AR R B8 7 R X A AR
PEREMIIRTT K

I, BATE SRR AR b, BRG] NRAAE R 8 7% e B i) 44 (]
REFL P BAEERNRTE, (ERAMERR ENFE - EREN TE. X
ERESINRHERG B 5% 5, BRSO TR 2 M =Jud, (EHE
AR AT P NI B B RIRAN T, BT ST NFFIERS & 5 )5
PR FE S B A RIRANE ISR 50 &, X BIMERE A R R 52 2 T 5
PRI REME, (B (B SR [ b T R AR R e M ATISSCAS b U BE 2 A B
i, BN SKhr R K o

2.8 ARz

A T 2 BRI FT U] AR SR A IS A P LS SRS 5 SEAAR X 22 T8 [
KFR, BABZIIEAIFRETE . Oy 7 e Wi R AR5 A U A 298
AR, NI R 7 55 T L B v BE A A AR R R, 2508 I R
PV B USRS HATIZ90 . B I3 T 22 25 1 735 T A9y 2k e
TRl S BV e 1B e e TR I SE g i ey N S LR ) 05 2 T BT b
B BB ARAL — 52 7 SRS A TAE S5 I AR AIE, (B IAIBR Z AT 55 (R 34k
RO O A2 BT BR ) 7 AR AP s 3 TR S B R0 36 45 i EDCT5 92 [ i i i SEZ A
ST AR S5 AN SC R FAESS P R E,  (HAEIX R i WA AEAN ] A 55
[AVRFEAZ B39 BTU A S Bl 2 (R, e R ke s R

TS SR M s [, AR SO T3 2 YRR R s U RR B T k. R
RIS, ASCHRH 13T XS E R 48 AR S A A, 15 Jeiliid BERT
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PRGBSO RN A, MRSRIRAN R 5 R AN R SR

fiE R ARRFE S IETAFAE, R R RFAE R 2 5 1250 e A TS 380 A ] 1) 1) £ 72 )
FEATHER PR S TUAR, T SERAS [FAE 55 18143 FHARFAIE R 52 .5 T8 PRIk AR B 2
AN B SLYG EAE I BR AR BT 1T ROR LESE R ST R SE S, TR A
P ORI R AT T Pl S

gi BRIk, AR e RO AU B S 4 K ok R =8,
i I RR EE I B S BT SR IE S, RS TAFSE
By Hedit
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B=F HRKESMHESRRT AR SHEERT A

3.1 HAHERENERRESE X
3.1.1 R

fE b, AR T T IR ORI F R R U,
IR R R T A B AR, R IR 2 T IR SR
BRI, AT, T ISR A b, WSS A b R ST P
BT R 2 ORI, 58 S PRI S IBA  H AE Bke, KIR
TR R R ST, SECE SRR AR, S A R S A
TR0 0 B U BT ST HT SR . IR, KR AR 7 (e 7
R T KB 0 SR 53 R BB T MOk 556 R T 4
RAIHCR, BBk T X AR5 R BRI . O T R L3k )
B FLEITREL T O BB e i i o 0 I B ARV 54 5 4
BT, ST R 135 L LB AR PRI o R S B i B, S
TGRS L

A AT AR F A 45 3030 % 5 = TCALAE 2 LR AR R A7,
S AR L o 7 7 R e (2 B T, WA 2 7 ) = 7 2L A i
MRSk ERT, BUA ORI AT Ao R AL ST B R
SET B MO AU T B WS RO . Hofr, T B MR T 5 5
2 AR SR B R B = TE AL A B, K7 vk AR M R A T
NG AR T R A0 B % KT B B U A = ot 4
Ty = (e o) FH 5% 28 1 M Sk 9 P 8 R 90 P PO B R4 £ LS oy T 150
WP SRR G SN LR R, FILHISEHIFA BN T 5 2 0
BB R R FEE o 105 3 R AT R T P 2 0 46 7 VR O S 4 0
BRI R AR A B, O T A ORI R E R B s R S L
FEN G T — 5 51 0 B 1 7 LRS00 S8 7 50 e 2 2 1 =
fEE. FEIAE T R ROR.
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BT, HAKINS, ASCIRM T — i o e oM, 0B e R e
ARSI R B TR SR 5O RIBLE . IbSh, AT AR K
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3.2 FETAR I FATE R A W% IR S HE AR Y SR HE 2

BT A0 S M VR R ) W 4% 1 iR AS HE B A A (Vardational Information
Bottleneck for Heterogeneous Attention Network, ViHAN) >R H [ /& 9 - fift i
K] (Encoder-Decoder) 70, IX & — PN o LI B 484y, FUARe 4
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3.3 FET A FAE R A I A HE Y, il R R IS RO AR E
SBIIE I, IR RNE B M R DR AR SEAR 5 D REAS R R B IERE
BARKY, X FRREE R R =0, AR E S AR L

70 AT SR SRR OC AR (B BERE L, JFARAE T S48 R L SEAAR PR AT 485

BHATRSE, FNESEREASRIEEE, DSRERANE X ErR. N1 ik

PR B % B4 (RIS BUDFEAR RAE, AR SC IR 5 ISR R RFAEREAT I I8

I & =B AT TG R, AR TR A AR A SR 5 PEA R R 1

RoRRES . B, A ConvKBUI T = e A RN BT, IFRTskR K15

AT, 3.3 VR TR AR AR
AR EREAE T ST I T ALy S A T 7T IR 2% 0 i S A TR v B B
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FE AT R8RS R B o ) I 15 R B E IR R i SR 5 R R38R, A
LUy A FIAZ 70 45 oM 3 s A KR o A PEA LI TERE s 3.4 /N4
ORI (R b P o, BRI ] 3 T 2 L 45 A ) PR e SR AR AL R AT R A HE P

£%.
3.3 FHEZmidzs

G B 25 (1A 55 A2 AN RIR RS mb 22 20 B AN RO ALE s D9 RS 2 1 v ot
ENFEERR. ZgSasH PN E K. 1D FRER IS, IR
WL = TR B AT, RS 2] I FE SR A Y BT = e R SN o ER I E
REFE, 2 Ja fcda 20 21 ) B B AR X rh O SEAR (1 5 B 3EAT 15 o, 18
Z A R RS RAR IR REA IR AL 2) AR08 BRaU S, 125
TR g s 5 a2 T 15 B, 1% ER ) REW A R TR R IR DR
FAEMIRE ST . HARAH IR BEFAR AN T -

3.3.1 FMIERTIMZS

AR R RORIE T IXRE I — AR JRARITA B AR o SR
FISEEE, A B AR SRR S 8 B A FRERE /08, 7k
IR R 0 2 A T AN R 2 A B B N A4 BEAS R TE R 0 B B ok
B &, AR SN NMBSNE AR AR E RS A

FEMHT =T t = (e, re, PP EZ M. SER S R REWINES U
W = 44 4; (3.1)
Wio ijQk (3.2)
ERARE, W) RN HET=I0H R R o Sk SR e, A B E 2

DR Z SRR G R ARSI K. Kb, W, BRI e, 71 5¢
For BB W EZEVE R B BRI, AR RN XS & = u R AT
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JET RN E, X IR G, AR AFT = e A R AT E B RS
B0 s DUEE AR URAR, W R AR
a, =W |e, || relu(Wy ) || relu(W,, e,)] (3.3)

HA, o RS T AREE B ST = oA E KRN, WO T ISR
WS B, BOEREBUR IR T relu BRI, ¢ 5 R = E I HHE
Ak

W FR77E AR A SR EREN =AY EENFEERE, 25,
B TR 2 AN F] = e H G B R G 2N SE R R Rz HTAFE =04 )
HEMAAEEZ R, BTN SE T E RS T A RIREEREE 177
o NI, AR =R AERE R 130 n TR, W R

_ ep[GELU (W "a,)] (3.4
exP[ZO'(WRai )]

Hrf, o ABUEREL xR ERE TR PTE = T R S, R
LSEfRA e, BT =04 . @I softmax PREL. GELU Wi bR ORI EE 46 B W
A A =Je HIAREE 08, 5, 8% 0 Bk B AR = o4l i)
R BT IR R, BRI AT 2, AL BT /0385 B R RISk R
ANZH WU FR

n, = sofimax[o(W ", )]

¢, = BatchNorm ( Z n.a,) (3.5)

Hrf, BatchNorm AbREAL RS, T8k G D FE A SLAR AL AR 3845 2L /> i
FEMAN TG B BT A A MR R e Ja, N 7RSI E N
FERIEGORER, AEURE 7 2R ERE M NER 715k LI
N2 JTHIRAE, JRRR B T AN FER Sk s 3 AT %, AR

e :ﬁ [ BatchNorm(Zﬁ[maim) (3.6)

Xi€X
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Horbr, MRS IER IR BT ERPHERESBOCRD
UEPE S SR A8, N T RIS RIS S SR R B A
RS IE I — AR RS 6 R IR AR BEAT T 2R A, WnF

Fo=rw (3.7

WX TR, SHRIIE CRRP CAE S T FEEWAEER, HRE
RN Z SR B B B S S B ik, A RLE A R WK AR
RS B WE BTGNS, AR
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H AE TR R IR DO FE T A AR IEAU TR B, PA IR mp AL AE D
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Hop, p BRIk H A MRS S, M X Rl RoR I E T E, e
A% H B4R FE AN r 2 — . ERIR 2 5 Ji5 IR SRR R RN 1 SRR
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AR, BAgT7 2o did 2 AN I8 A0 = Jn AT RS L, IF DL K
FIWr = e H AR BT AR B = e H AR R L =cHH M, ConvKB
HIHT 73 BRI AR OR 9
Fy(x)=W-|lu, ReLU(E,,R,,E)*C, (3.14)
Horr, ¢, REBRERIEMESNANE, ZSHNESE . AT E
PR 25 R AT PR, TR IL SRR W e RMYP HEAT SR ERAE “ .7 153 =
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FiRREAA, FADIAERRE W 4T 7 L, ENfIg &, I HxF T35
=JCHREA, | RBME N 1, TR =, HEUENDY-1, HHEKEME
R RS R X 7 F L = JrH 5AFFE L =Ju .

3.5 SEWER S50
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i SUAE, IRt PRV 7 AR AR DR A SR A R . Hirh, K EAE
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SHEBEAESS, N AL IR SRS HOE, 1 3.5.3 /N1 s 45 Rt
17 7 50

3.5.1 Kl
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BT RAKAPBAESE, 05 14541 NIRRT 237 F5E &R . WNISRR U &
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* 3.1 BIEREEIES

HmE L RKRE NHE  RIEE  WRAE

WNI18RR 40943 11 86835 3034 3134
FB15k-237 14541 237 272115 17536 20446
FB15k 14951 1345 483142 50000 59071
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MBI THARE M A h AR, FHINE, FBISk-237 Ml S
FBI5k $i S SiAh 2 (Al (X R B %, 10 WNI8RR 55 37 e 445 5 b S A 2 [d]
¢ 2R MIAI R gL X TR AT FP I SEAR R & P SRR B 22 (O35 R
UM . BB TEAR IR IR 3.1 PR

3.5.2 MBS HKE

WRAEAT S, B SRRSO 1 N SeAh 2 (B /T REAFAE IR 2R, AR
TN R R SRR S R AT, I R BOH FZ o R ] REAE T TR A R s
R b Ik, AERATHRBIEREG RS, B E A MEE SR SR R T
ASREHATIT 00, IR s I SEARPE O T R 4518 . EIgRdREd, AT
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WAL PAAEM RS, kS sE = oA N fad il B 4 s =i ke
A 1 Sk SEAR B SRS BRI UREA . FEXHISE A HEAT PRAS I, DU K A TR0
B R SR MR IS S A SEAR B o B T A SEARBEAT 4T 20, FFARIE AN R SLAR 115 73
AR AL T £ 45 S

ARG R T ¥ HE# Mean Rank(MR). P31 %4 Mean Reciprocal
Rank(MRR). HIT@1. HIT@3 Al HIT@10 FL /NP F8 AR AR TR BE 1 DFAi
brE, BARINR:
(1) MR

4 MR 2RI 205 AR A S s = ol S F S st = Ju A AT T 40
HEL e AHAA I ME . T IR SRR, MRAEER/)N, 358 B AR it
TP S AR R TR 58, ROBEZY B M RE R AT, T MR EBR O, U330 B A 2
TI (0 45 55 IER 25 AR ZEROK . MR E i o R 07 ik B

MR:ﬁimnki (3.16)

Horr, SRS T = u AN E,  rank, RORS > = Ju4LHEREAT 73
fE44
(2) MRR

F B EHHEA MRR 5P HE4 MR 2R, i8S sk = oL H 44 i 31 80
FEME . it MRR BIBUE VEHIZE 0-1 2 8], HAZAEBRET 1, 3R 1t
ALy, HAFEAXR.

1 31
MRR =—
|S|(;ranki

) (3.17)

(3) HIT@N
HIT@N f8 2 A FeAr,  IEiE R HF AT N BIRER . XTI AE
WA — AR, A IR RIHEAAETT N, WX R HIT vH#0hn 1, &%
¢ HIT 7 BUE B DA SE B A E/E Dy HIT@N WIME . [/ MRR, i{HHUE
JOFEITE 0-1 Z (8], B 1, iR B Ry, mridad an o7 g 21
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HIT@N:éJZ::I(mnki <N) (3.18)
Hrb, AR IER N=1. 3. 10EALRERN PN IR, [ E£R
indicator A&, HAENFMHNENIUEN 1, ENHAED 0.
FEARF oy LR A 2] T — i@ S8, TEOFEFIFR gD
epochs. fEIG#FIIZK epochs. YRt R IE AFEARLLAESE, HARWIER 3.2 Fins:
® 3.2 HWSHWE

S X BUE

Ir PR 0.001
Encoder-epochs Gt 2 I 2R IR 3600
Decoder-epochs RIS BN ZRES IR 200
n-head EN= WAL S il 2.3

3.5.3 T

N TR A S, AT /E WNI1SRR. FB15k-237 #il FB15k —
AN FEECER S B AT T O LSRR, JRIEHCT AR (DistMultB! |
ComplExB2, ConvEB?. RotatE], g-GAT“2. ParamE-Gatel™. DualE(, D-
AEN®D) R RA R0 (I LR R . X SRR E S ST 5 L A& —52
MR, @I 5 ENTHATA A bT, RER IR AP0 UE A 3 42 tH X 7 ik e A 1) sk
AR

[, N7 IRUES MR A Rk, EEAT TR ST I PR T T AR
SRR BEIIRAMA o [FII, O T BRI AR {5 ORI R e 85 T R B2 T
BRI G S, AR SCIEWS R REAR SR 5 /DR R8s BT T
BB BRJE, I SRR T TR R 1SRN BN S [F A A T
RIS

49



R AR S

(1) X b seat e Bt
% 3.3 FB15k—237 EudE A} bl Szt 4

Methods MR MRR Hit@1 Hitw3  Hit@10
DistMul®! (2014) 512 0.199 28.1 30.1 44.6
ComplExB? (2016) 546 0.194 2.78 29.7 45.0
ConvEP? (2018) 245 0.225 31.2 34.1 49.7
RotatE" (2019) 177 0.338 24.1 37.5 53.3
g-GATH# (2019) 210 0.518 46.0 54.0 62.6
ParamE-Gatel”?l (2020) - 0.399 31.0 43.8 57.3
DualE™1 (2021) 91 0.365 26.8 40.0 55.9
D-AEN™I (2023) 164 0.429 33.7 47.1 61.1
Our work 169 0.567 50.8 59.4 67.8

TEAFLH PR 45 FB15k-237 A FB1Sk WS i 45 RNk 3.3 F13K 3.4 i
S gk B R AR 2 R AU ZE MRR. Hit@1. Hit@3. Hit@10 P44 1E4s B
T ILEAA, BIRAE MR $845 EIXT DualE B8, (HHEUE T AHIBR.
TR WA AR T 1 T )35 T8 3 S M 0 I 4% P B A EEABE A S 5 2
#* 3.4 FBI5k Hdla xS L skia 2 R

Methods MR MRR Hit@l Hit@3 Hit@10
DistMul®!] (2014) 42 0.798 - - 89.3
ComplEx2 (2016) - 0692 599 75.9 84.0
ConvER? (2018) 51 0.657 558 72.3 83.1
RotatE" (2019) 32 0699 585 78.8 87.2
g-GAT* (2019) 33 0.868  82.4 90.2 93.5
DualE73 (2021) 21 0.813 766 85.0 89.6
Our work 29  0.896  86.7 91.7 94.1

AR, % 3.5 R T A R4 WNISRR F I sege 4 . ME
AHMEEH, AL MR I Hit@10 $8 b5 b B E 00T A SRR, 75 A4
br B IR T3 AR . [E) B, FRATTVE & B E FB15K-237 |, DualE f A
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Hit@1 135 L AR AUK Z) 20%, {HE WNISRR LI EE AR &y 7% A 4 . il
TSR P AR AR IR AT, BATUON B b 22 57 1 R R 7E T FB15k-237
5 WNI1SRR A T =& (485 &, 1M WNISRR %L FB15k-237 A T
MR R ZE XK R Bk, 58RI % 5] SR 2 IR OC R 1) DualE 55 #5178
WNI18RR ##li 4 b RIL L, 1A 24 ] AT 845 2B U 7E FB15K-237 b
RILRATF

F 3.5 WNISRR s £ xT bb s g 45 R

Methods MR MRR Hit@l Hit@3 Hit@10
DistMul® (2014) 7000  0.444 412 47.0 50.4
ComplExB? (2016) 7882 0449 409 46.9 53
ConvEB? (2018) 4464 0456  41.9 47.0 53.1
RotatEl"!! (2019) 3340 0476  42.8 49.2 57.1
g-GATH2 (2019) 2037 0429  36.1 47.7 57.2
ParamE-Gate[” (2020) - 0.489 462 50.6 53.8
DualE™ (2021) 2270 0.492 444 51.3 58.4
D-AENE ST (2023) 2248  0.484 443 50.0 56.1
Our work 1447 0474  39.8 51.7 60.9

N TIEE — M, ARSCGE T =A A SR A S AN S I 1 —
BRI AR SRS IR AR S AN AL, H Gt g Rk 3.6 Fion. Hdl oR,
FB15k-237 “V3 B SEARIAE 18.71 A>— Wi 4B skfk, 1684.75 A —Fri &Fskixk,
FB15k 52 KL, BALAEBEE 7 HEHABEER . HYTME, WNISRR
SPIERAEARCE 212 BT AR, 6.64 AN BT AT S, X ZE R OE
e I8 U R E AN R R 4R _F S 45 RATAE 22 R IR

J 3.6 AMRMEEGIHENL, WNISRR HE 40 ARIR (S BB S T3 At B 4

s LB AR GED) A CRED
FB15k-237 14541 18.71 1331.60

FB15k 14951 32.32 5800.87
WNI8RR 40943 2.12 6.42
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(2) VHRASEI SR I
* 3.7 FBI6k-237 Hdle Rl RISLIG AR, 45 R oA 5 B D S A R TS Y
FEDFEARSEAR E 1 RE

Methods Tail Head MR MRR Hit@l Hit@3 Hit@w10

HAN 10 - 296 0.125 5.76 12.75 25.93
ViHAN 10 - 280 0.190 1353 17.28  33.74
HAN 20 - 306 0.159 8.49 1522 32.53
ViHAN 20 - 242 0.215 14.10 21.96 38.94
HAN - 10 545 0.489 43.85 49.73 60.43
ViHAN - 10 285 0.537 47.86 56.15  64.93
HAN - 20 421 0.526 46.80 54.35 64.37
ViHAN - 20 235 0.577 51.77 60.17  69.14

AICHAT T IERASEES, DARER AR E B 75 n] DA BB A 3R IR )2 ik
RIBSFURFIE, IR AT DREAR SR BRI, Nk, ARGt Tl b
B SR H DL AR X AT HEY . 25, IR D 1 10% 544040
N “tail-107 SAE, LR BRI 20% 200N “tail-20” 24k, 2 )5, 8
T X R 2 S AR A SR AT AR B, AT 23 T3 4R FEAX PR 2 A0 A S H BLAE K
B 1 Sk S ARRT R S B IR [ R B B
F 3.8 WNISRR AT mhsLIn s R, 45 R B/RHE IS RE S A IR AR AL A

DREASEAR BT RE
Methods  Tail Head MR MRR Hit@l Hit@3 Hit@10
HAN 10 - 3447 0.107  6.18 1055  20.73
ViHAN 10 - 2907 0.147 9.81 1527 24.36
HAN 20 - 2263 0310 2557 3251  42.73
ViHAN 20 - 1958  0.345 2821 3746 4521
HAN - 10 2242 0282 1686 3677 44.96
ViHAN - 10 2130 0340 2623 36.70 47.78
HAN - 20 2023 0354 27.07 3982  50.73

ViHAN - 20 1886 0.417 3535 44.11 53.94
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WRIEHTSCR R T, A5 BIMSTRE NS HIFR T RS IS TURKRHIE, S i
BUFE/DREARSEAR ERIVERE . 3R 3.7 FI5R 3.8 MR I0 45 SRR R 1 Sewi pg 4 . g
B fE R 7R TE few-shot SEAR I BUAE S SEARAy B IE fE R SR B, SIS
S Ja ¥R A RS TR R g PR RE, X — 4R S RATAE A — 2L ik
UER T A5 I 1A R
(3) HSHELRA R

N T IRFAFRER IR B B 2 A R SR SRR IE I RE A, AR SCBE
T TESJERA BB S .. BRINS, TR0 RIS
FEBRRRUN] 2 A S M T T W48 R T 0 i SR SR IR A RIS RUARAE, A5 e
(ot &5 R AT RS, TR 122 S SRR . fELE, 8 VIR ER
TIMZE KOS 5 20 BORL A R BE 7 AL R 3E 5o, AL 1 iZ SR If
WG 2R bs EAERERIARAL, s HE 48 B seie i R i 3.5 fhos

40 T T
Hit@1
a5 Hit@3 g
—A— Hit@10 T
MRR*100 o T~
30t MR/10 A A
25 /
E 20%
g&l_l‘
15
10
5
; |
1 2 3 4
EEISANE

Bl 3.5 JER SISO TR IR SRR RE D I, Hor MRR 4B AR BAIK B0 P R
BT, FCAR TR brbk = Ul B 14 RE AR LT .
Ak, A EISEA ILBIESE FB15k-237. FB15k Al WNI8RR =/ JL##E
G BT TAHE R SRER, SEER A5 R WK 3.9 Bk
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R 3.9 RS EOR TR SR SCARRFIE E T KIEN, o MRR FE AR 1 W 1 g
s, HORTRbRA U TR RE REBRLT

Dataset Model MRR Hitwl Hit@3 Hit@]10

HAN w I head 0.495 41.7 532 63.7
HAN w 2 head 0.508 42.9 54.7 65.8
HAN w 3 head 0.514 45.2 54.1 63.5

FB15k-237
ViIHAN w [ head 0.528 45.2 56.6 66.5
ViHAN w 2 head 0.567 50.8 59.4 67.8
ViHAN w 3 head 0.548 48.4 57.6 66.8
HAN w I head 0.439 36.5 48.4 57.2
HAN w 2 head 0.434 35.2 47.7 58.7
HAN w 3 head 0.449 36.5 50.0 60.0

WNI18RR
ViIHAN w [ head 0.459 37.9 50.4 59.9
ViHAN w 2 head 0.474 39.8 51.7 60.9
ViHAN w 3 head 0.462 38.4 50.8 59.9
HAN w I head 0.826 76.2 87.9 92.4
HAN w 2 head 0.886 85.9 90.6 92.7
HAN w 3 head 0.890 86.0 91.4 93.9

FB15k

ViHAN w [ head ~ 0.853  80.3 85.2 92.8
ViHAN w 2 head ~ 0.889  85.9 91.1 93.7
ViHAN w 3 head ~ 0.896  86.7 91.7 94.1
fE 2 ElR AR B SEIR S5 R T8 70 AE W] 1 1 Sk (M o 2 56 3 R A Y
AR SEARRSE MO o B RSN WTEn, BB 1 R E 52
Bl ETVE T BERES . BATA N SEOX — BRI SR 2 BERE R kA
wahn, ARRENS SN A 2 ) SERRRAE, (B AR S o 2 U &
SMEIS, ERSEREIRBRIE TIX 48,
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3.6 AE/GS

A TR0 R BT el i R A A B (45 SRR K I8, BEAT T AT PR
ASHERROE T 6T IE I AR B A AR R R A RO RN B T 5, AR A B
SEFENRR, ERAFAER R SHR(E BRI A8, X0 PR SHEE HEfRIT
FEAT NV R F By i) U 0 P XU iy SR R HE o I P 26 T JB A s o L] A 2 B
SRBEMB AR (VDX v MRE AN R AR A5 S AT HERE, (L A0 AR /DR AR 1] [
RAGE, [FINAER G A S IR 25 8 R A, X8 AR B AR A (1 P e
TR

BT B R, A SCEAT T R o AT FEAS IR A 70 S A A HE B 5 k. L
RS, ASCES G IA S HER D IR AR IR 1) BB X et 1 264200 57
FER SIS S HEEAR AL . B oG, 5 2 SRR i A il g S ok 2%
TR MBS TR AR IS BRI E A, ik gt 5 RES A RN R & A EE R
PETE TR s PSR RN B F1s e, AR IME SN S A 4% 4 H
RAEBEAT IR0, SRR TUARRFAE A R SIS e, G SRR iz A 5 & e
Ve, AR TR DREARSLR S DR R BRI &5, Ed
ConvKB #5545 (1) B 24 HH BEAT A I IAT B SRR 55 . XTLESEgR 5
TH RS R 25 R R AR B4R T I AMN A 0B 5 LS T O0 S i TERE,
FEAE DA SR G DA R R BRI R, X2 RERBA AR A 2.

LR PR, AEE A0 R ATE R M 2% S HEEAR A e 7E )
FEIRANR SR B3 AE R SRR 2 HEIT AT RO B OGBS AR 18] (T AE R R, 4E
DHEARSAR S REA R R EHIUS T AR IIROR,  BEVAT R X R R A
SERENEHEAT IR A o
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BT HRFHFEEETEZEERNNSHERTIE

4.1 BN GEMRESE X
4.1.1 [

b BRSO A T KR AR A AR oy R RS R i, i
XF O FHVR B AR 73 B R S oh (R (5 AT A4, MUAE R
SRR R AC R EHUAS T SRR, fEDFEARSEAR S DFEAR S R BRI
RUf. 2RI, ERBRRICTAEE TSR E SRR AR, B, xR sRst
A, ARSI FUTH 1R 25 AR SEAR (R AR B S sl A HE R T

T USSR AN ST, PRIEY I, AR RN, SR R
HRAEAE A8 2 AN YN ZRI B8 00 B SR, X MRS £ 52 b B A A P
A 75 B0 SR R BT A AN AR B SR I R AR BEAT HERE . IXSAEYIZRIN R 1
I SR RO FREAR LA (zero-shot entity) o HHT7ESL PR R4 C
A R R BT e DL 75 DT RSk, DRI — el A S T R b - il . T
R FREA AR ), W TN LT AR SR BLVE R AT IR I A B AR A5 ST S A
AR SR 0] B R IR AT HERE,  IX ST IR R N B A HE AR A

ENASHERLTT V% B AE MR DL TTVE NS I R BRI 21 B S A 15 A7 5 0
FRIGREE . Bilhn, FEFrE S, R« SARH 1y B2 [ 5 [ A%
GYR AT FURT IR 5, AR SO B B, X a] e O AR B gk
ZRRRE R, A HERE S HE ABEAT o B — 1, Bl BERT Bl
BT FREA SCARSOAA IR 1) VA AN T4 B = e QMRS B 5k 24
AR SEAR S H IR 1) 771 T2 BRI P A B SCAS SR A0 3 o £ B R AR SR AT R
7, I SO R R SRR DAAR R O R0 VR 1 R SR 1% SEAARFALE 4 1) 7L
M58 AN ASHERAT 555 103 47 B = o R kM5 R A R i i A PR A B =
TR IR FREA LA O FIR B Z AR AL SRS B, BRI A SR
BEAT R I 58 BB S HEBAE 55
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R AR S

E 3R T3 BOR A AT LA T ) AR A SR B ASHERAE 55, (EE I T
AN IXEETTEAFAE LR JR R A -

(1) FEFF R A SEAR A TR 1 75 1% B R e 6 M SR AR SO A i
WS 5 R AR IR, (HZR AN SO IR SRR JEE 5 AN B, RIS AR SCAR
AR ISR 5 R AR G BN EEAT KR AT, it DK 15 i A
BRULZAh, HMESOA B 5 ks B 2R R PR e, IO A P RE A T
GHIESP

(2) FETHB) = 0 H RBAR B 77 il a2 40 A iR B 5 A A sk
PRZIAI R, TS B T REA SR I s R R, IR0, BUA VA2
RIS 2 ML RE A R BETE 73 1) 7% RS AP ISAR 5 AR G R UL, AR e
FEOT IHZHR SEAR B (SR IRIC 2R, IR (R PR e 7 2R L

N T Rk IR AE R L, ASSCHIE FE IR 7] F AR T 2 SR AR I A Bl SR T
o BARME, ASCHRH R T 2 BRI SRR 12 R JE
SEARAE R IR AN R R AT IR 70 I NRTR E FR R USEAR SC RS B B R ARG R
I 5K P A R A R AN SR I v R, T AT B A HEEAE 55
W BT, FATIE T AL BESRI MR RIR I SN BB, IR R
A IR B FIR AR A SR A R, SKIAR S s Sk 4, A&
W EE TR

(D Wit 1 —Fopr R AE BAZIR T %, X TR SEAR AT Rom iy
R E R A B AN SO 45 12

(2) L 2 J2 A% 3R BT 5 2 A SR ) 408 iy S A 55 40 i 0 & P4 5 1Y
FH ETXEL, FFAEIZHR LR RIS B R A il R G E LR e 0 %
JE A FR S 1 A R

(3) EZNHHEEE ISR R 1 A5 2

4.1.2 AR 2 X
BHASHEF R 35 BRI 0 ) A . BEE AU CSCAR AT B, B SR

T AT, HUITAD R P i AR A ] e o AN AU A O A 5
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FEARSZAR =T . i, FRATREE D 1) L& T REA SEAR I = Ju A
B, BN 2@ A IR B RS B |AEA SCAR AT AL, 1T 58 ks
SHERAT S5 . AR, AT E SO GRS P HO0 20 i 2R Bg v 6 = {E,R}, H
HE FI R 3 R SR AR b I se kS S 5k RS RSP
RES LI ZREE P AN AE I SR, XM AR AR SRS IC VE® = {e9, €5, . ef}e

GG BT SAREL, ShASHEPAT S5 T AR SLAR B35 SCHR A BRI,
PR A T v LA SR SAR IR A R, T2 a6 250 FH A PR Pl B AR D)
GRS T RN . EXMIEOLT, BTS2 ER R B TR R =
TEh 1y, = (e, 5,e)) Bty =(¢),5,¢)» Z=tHAUTHOMELA e e E 5EHEA

SR e® e E° 4H Ao

BERNRE e =7t ISR
EDrE o = EnRz
v '[1’ f / % A ] )
By N ;13" I Nt > it
Pt SHA o g
T e @ + i f‘”“’"‘_ STpk | aSHEE =
\ X
=1 f fE ﬂr-* ar afr
> . 8y . S / \ -
" Bm aE vy R ? o B

K 4.1 FrE AU E SRR G, B LSRR IR I ZRE BOR B R SE4R, Rtk

LA oRIE I R R EE M DT I B R R, A RERFROR T EHERE R R

B 4.1 JEom 1 g sl SHEE B, i USRS AT SR,
FHR B S A 2 R RE 8 MR a8 i =Jodl (248, &1F, 7o)
ACEAE, AEI, WD, T AR R SRS ST I ZREE MR I .
SNASHEE AR SS wi2 W “ B 5 HAR C RSk 2 1852 75 Al BEAFAE R R &R

FEZE SRR, XAy R, EOCIR R, FE S U
LSRR IR B TE, RAL IR ITH AT . TR ThEE S,
T HEBAE A A PR, DL o 23R i B e 8 DA SR cdfE vl e MR 3
e MAEXS AT AOE AT SE A AR R, T RE S LI ZREE R 8 0
T2 IR Al TR JT5 St T dr BUUR ST, S AR AL 55 W2 il XX e
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i N R e A e

SARCRAT NI 7, IR AT B ST BT AEAE AT B, IO 5 4R it
CER(E e

4.2 FT 2 RALREHLE] 3 S HER R S A HESE

N T FRRFFEARSLARRE, AR 12T 2RI 2h S HERAR T
RN JZ T, BATR R R IITTVEGINE EE, Wi SE I 78 73 (A FH 224
AR NARGIERE: 25, BIESSREEEREE S KRG BRR 8 02
WEFEA LS O RIRERE 2 R R, LR 5 4 R FEAS SR
EERR, T AIASERAE S . R A I & 4.2 P

LS B

’4\\
°<

%?ﬁ@%%E
WA -—1}@" : / =

"ﬁ

NS =
|
EREEET
|
ENToR

P e | e

Bl 4.2 BT ZEAERRILE RS AR A, RN JR B R R TS A,
i 2 E AL I B AR SR S R ROR, B e R S AT 55
IO AR S T 2 R AR SR N L A Sh A HEPA R 1 BT H B 5 55 54,
FE NI =B A 4.3 75 P B i A\ Fdls 9 2 LS AR (s e N
HHRIATHUAL B, MR SAR S SUE A 4.4 1R 41 2 R AR FEHL ] 0 B A4 sk
BT AR SAR(E BT ORI G A1 A5 S AL SR LB A BT S M LA BT K8 i
4.5 M PELR R 1R (e 8 QCL R A0k ek B T S5
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4.3 A NE

R ECng, RN EEOREE Y, AR E TR AR I 2
MO EFREARCARN IR A TR SRR T, AR
RGBS P AR — % Me TR e, IIHE (e,r0e,)» BT —%F K
[ M e, 8 e, KU (e, or'se;) » BABAERE AL RERS U0 5C SR I 7 A1k, BbAd
o KRR RN . ZJa, X T ORSEAEEE = {e,e,,....e,} THIRFAD LK
e, AR NGRS BB A SEpR e R AL AE B LME T R8T 5 X T
THREALAREEE® = {e], e),...,e5} » FATTIHG 4 B4R Hh i LA T A SEE AR OR 28 0 4.
HAE, Pstke Akl BART AT

e ={C1 1).C2 2, .C, )} (4.1)

Horbr, (r,e) FRAFAETEUN (e, 1)) I =J04L, X T 2 B4R, ABIAR
(1, N, ) #7723 R 22 B A5 08, A AL R e 8 B o 7 0 % 4 A 5
BEATHI

BeAh, AR B FAT ISR S I AR T, 75 ZE0 B s SR AT R DL SE
R EAESS o BT RIR G T AR R AN AR AL — X — IR &R, B R REAFAE —
XN ZX—IEXZHIRR, KRRk R SR 5 504 s e A
A BE AT TR A Th SEAR Y BUIR S 4E SR T IR AA AR RO 7, (AR AR
ABARLF ) S IR B RSB 0. Nk, AR EHBGFRETVE, R
PRI P G T SR B8 £ A 1) A 17 0 LA DR 2 B e e BB R A

HARM S, S FIEEA=TH T, =(e.1.¢,),» HIFHERFR H=J0H
Sk SEAR e, XoF LK) R SEAR AN Kl ny, AR SEAK e, X IR SR SEAR AN Ben, . JFRI I
PG R T SR p, BARTHE I S

p=—1 (4.2)

n, +l’lt
R p BES AT RS N B B P S AR I o A DL, LR SR s = e
Fhr, AREDIBER p 0BT SSAERAEE R, B DL p AR S5 =
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TRZ ) S S A 5 O SR PR PR RO REALAR SOSEAR,  BLL- p BURE5ORE 25 = Ju L
HH ) SEEAAR B RO SRR IR PR (R REATLAE FOSeA, B2 AR B SR Bt SR I A R Ry
e SRR S IR A Z B

4.4 ZJRAEREHLE]

Z JZAEIRNLE] 5 AL B A H O R AR B IRAH B8, 22 3] AR IfE B
SR Z U R A, AT AR A SR A B R . e SEAR AL R AR
AR ZR A AR AR LR 08 70 H4) 1 o

4.4. 1 SEAR(E BAR R

S BT B B 7E A S I S5 b L SEPR e, T LA A
WEIEBRE L SRS BN R, HRARRENSIIIT AR B Bt s S 2
e SAT, 7 GEMOHE IR P06, KR AR 6 T A AT S A L i
P o 75 XA B LSBT AT AL P, SARAE o0 15 25 R -840
SRR, XA AT S AR DU R A, A, A&
AR T — R R SR A R B, RS REEES % R
PEREAIR, LU RO A TR A SR A0 A L WA B8 47 0 T TR A
RO =

KREBAEOVE ST 4 — S PR RATEREN, Hoxfh
LSRN IR G R —RERY . I, (EBR AT B, SRS A IE” A
I AR AR A LT SR MBS (R N, R i “ A1
MR AR5 5 b0 S B T A AT ML ST 8 5 EL A TG “SR7” AR
R X 14,

Wi —ZNHLI K BT S8 = e vy, = (e re,) U R R 4
o BT BREARSARIOEE, = AL T AR — AN SRR X, A
e E BT TF 155 3R 5 I 16 2R M 04 5 RS S e o B 2 Sk st 9
T SRR R Sk S 8 S, LR
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a’ :W;}/ (4.3)

explofa, -v)] (4.4)

> o(a,-v)

He, wy o v DHUI%GSHL vy SR SRR R
A, o NBGERE, E AL LeakyRelu BBV 0SB B, 1% 08 B0
RTZHAAMAEFTALLE, X T/ T 0 AN L 0.2 1 R4, @ Bid
T, BHREIRARRENER I & o, EERRTHEREXRRZEE
N ERERRE, o BEWHERR r THIHM =ud B3, Xt |
A = e H 2 IR A5 B AT

FERRR RN E TG, (R0 AR i 1) S A 5 J2 o0 Bt
TR HBER S S RRERE RN AR IR E—A KR A
Sefds, LT SRR A AR R R E . LB B ) <
KEZNH, 2 “Toq” MNEN KE” B, TN B h T 5 SRR R OE,
M2 3547 XFRA “HE 2R B, %SO IR 44 45 TR RAR FE 95T
X A A E KT R AE E bR )i RAE SR & E ) EFE RS R
FIXPEME RS, ABCHUR QR 77 s F AR S A ) S AR 5 7 )2 4547

b, =Mla,le,] (4.5)

a, = softmax[o(a, -v)] =

explo(b,, u)] (4.6)

o, = sofmaxlo(hy, W)=~

;
€€ Xer

e, Wy,  *2Fu SHIILSEL o AR RSHAMIE A&,

o IR, RALREEIRAFAR I SR E K R r FINER S0 IR AL
EB,., -

TEIREE RZE R N B SR 2 & i HUs, RATEDE — 5 RS
BREIRSAR E R ) B, I AT 2, RO RS Bl A T S AR S A 11
VAL, AR T A A s ) A B O SRS B, BRI AR
e
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Se=a. B, (4.7)
e, =66 (4.8)
H, e ®RMFLARKIMERR, e, Fon4aT = 4 AR JE LAk At sk

AR E RN . 8 EIRTT 0, AR i ThiE i SeR(E BAL SRR BR UK B
WIS NFE B ER .

4.4.2  RAME LRI

SRS BAL R AN 1 o0 SEAR AT ARSI S AR b 3R A5 ' 18 S
BH), BARER IR EE T RRIEN, (HIRRRZ HERE TRAMF
B Bk, AT Hamaguchi 55 A4 H 4L #E MO AR, (K
KRR RRIR AR BT e e, T AE 3R & <B4 AE B I A sy b b 5
KEAPEENFEE LT UER.

B S, MRS ke, BRADHAEIEN KRS R ER LA
KEMES ={(r,e1) (re), (rne)BEATIHHE, MiERE ALK
BEHAEMEG RAREE, HEBARITREDT:

S ={T/ (e, )} (4.9)
={T(e,)} (4.10)
e, =S, US, (4.1

Horp, SURIREM e £ o AYIE A SEAA R RX A IE MR R R T
BRWFERR, SRR e £ o 103 [ SEAR G RN 225 3 17 5% R e

BT 3R ERIR . BAT X5 B BOUFSE, AmfS 2 & ik e
IR = TR R R A IR SR (5 Boey o Hor, BB T THR TS
X FHIR:

T"(e, ) = ReLU {BatchNorm [ Linear, (e, )]} (4.12)

T.(e;) = ReLU {BatchNorm|Linear,(e,)]} (4.13)
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F3R 22 3 Linear, M1 Linear, 73 il & 7 1E A 0 R A [ 58 R AL U,
—ANERMERA R, RERARYE AR R A FIXS SR E AT R, TIAEAL SR
AR R RHRFE . BatchNorm Forr#Efb /=, H U2 2P J= 10 ey th &5
RINA AR R BUETEHE, XA G AN [ SR 5% 2 A e 402 a1 )R A1 2 gk
SRR AR H] o BeAh, B R W] AR RS SN 3 O B R SRR AL
TR SICE S . fieJm 8T ReLU i o8 HO0 o th e 22 oo iEAT I g, T8I H
PRES M TCi S5 R, AR R R4, AT AR 2 B A A AR S R
B2 e I 0k P T G A e R S 0L 5 (1 )

4.4.3 WALZE

W BB, BRI SR T Rl S SR SR B e, FIZE R R E B
ey, ZJm, B E Q Xt E— P iER#ITERSE, M=t
S B SR IR 243N o R AR HIAR T T A AL T x4 SRR, 435
K WEE AR e MFTE = 0B AR RIS BIRRF B DL OR KM, Rk
JiAan R

YT (4.14)

1 <
ean = Q(S)avg = ;Zizl xi (4.15)
€ = O(S) e = Max(x,,%,,..., X, (4.16)

ER A X AAF BT X AREEAR K E L x, MR =udl
2o S ALRRSZ AN K R AR R AL B 01 U RIS 2, BRI Ty =Jedife
A% 34 PR I SRR K AEARR AN AR 2 A B AR P 45 B R R b 52
A, TP BB U ARR I 25 R AT 45 S IR0 oD SER AT R

4.5 FEHHLELE

PR AR A S A AR 20 TR S A5 S AR FR AR T 5 50 AR A5 R AR SR
CAT R R AT R A B S SR IV R SR RIS 2, R4 I 1 g ) &5
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LTI N R A LRI B, T AT S BN A M 5. (R,
AT —/NT 4 R0 = R T AT IT Ay, AT, A2t A st
[ TransERARLIE i) SBAEKHT 4r BREGHEAT B, 3 F—A =704l 1y, = (enrie,)
HH R
flere)=e+n e (4.17)
HR4E TransE (A, JRAT7 kL B e, 1596 R R r, 2 IR RAT
REPEIL LA R e, . B, SN = R4S = LA, TRATA BT 4
B 0 4 R R TR BT 0, T 2440\ = 04U R F 9 = n AL, JRA175 2
5T BB AN 25 R AT RS 17 «
9T 97 IR R ep B B R AR Sk = TR R 03 4y, ILALR
FR 450 i1 57 ERRAR 2 B8 ( Absolute-Margin) SHETRUHETIIZE, MR Y
WP 4 E AR Z (022 bk, FUAH T
L= f(z)+max{(Z- f(z'),0)] (4.18)
Sob, veq R AANEL AL, ve g Fom = R = AL,
BB, TR R i 44 A 2 5 = TR 7 3T 4 DS B (1
B A IR TR, R A Y R R R 2 T4 s = R T 0
HOP5r, T Ak = ol T MBS 5O 934

4.6 SEEGEEH E T

ASHR I3 R SO R I 2 T 2 R AR FRA LG R Sh A HE B Y 34T SERR PP A
BEAL, ARE SRR IR A OB B B FREA AR R, O A SRR AT 1 &
BRI IR SES . 4.6.1 /NS4 1A FREAR AR B S Ay it i A
4.6.2 /NI T ENASHERAE S PPN R 5L E SO E . 4.6.3 /XY
S 45 KT T R S50
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4.6.1 HEEmEEiL

X B 43 B O A s S G I 1) |AE A SR R £, LA 5Lk
briz iR a] B L BREA SR 0 8. O EHE AR G REEE . SRBaE
PRI A FLEIHEAE WordNet 1. Forp,  E R AEE 1 5T SC R4 H 1 i B 44
AR S ASHE AR A, SRR S I B IR T Al 5 Al [T Al
KGR EAAERRBRR, ARMIEE. SRBEES A LHIEE
WordNet11 FAHR G THEHR U

# A1 ERHUREREEST

BIRE KAk ER KRS [E% 3 RAES W%

HE A 65156 18 96301 5288 5146
SRR AR 5912 8 14869 1316 911
WordNet11 38696 11 112581 5218 21088

ZJEs N T RERSAR AR SR NG S L PR N 3 S, AT REASLAR,
SEAEST BT AR ER: (1) BENLIE B S B R A SR
(2) MBI FREAR AL EH I SNRE . BRI T .

(1) BEHLZERCE TSR B A SRS AL B RHEEE S P R H Lk
PNA = eIl G, FlEX R EREALEE. 25, BES
AR =oAL Sk SR B TREA SR iE 5, iC “head-N” 3 # R
PRI AR A BAEA SEAR MRS, 10N “tail-N” 5 K3k B SLR B 1B AR
AR, 10 “both-N” o i3t bik 77 n] LIRS 2 M () F e AR S
WikiEdE G ZJa, N T RIEFFEASARS O RIR ISR R, R %
WesSKAALE 5 ORISR AAF AR TR R A SR BR A5 B S & I T REA S i 4

I
= o

(2) W EMALEEMEF O IIGE SN RE: AP, LA
BN DRI FAEA SRR SN G R AT R O . SRR A R
TREAR LR = o4 A N B 1IN 2R, DAUEAAIDL BB Bt i (1 &1
FIRERE s IZREEE — DTSR N = oL g v e S i A B 2k
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AIEASEAU0AE BE 7 2 i R B e D P B B R AR SR i Bt s 2R h
B FREAR AR e s 7 XTI, Uy sl ER AR
FEAMTEREASARR =J0H, IRFAR K = e B R e, DU
SR L IR A S TR A SR B AT 55

JR I 25 FHALIRE R

Bl 4.3 BREMERRE, B e N INGREEE PR DGR = o, MRS FREA
ARG, BRI FREAR SRS I SR FIA SR AT B, TR B 4R
R ERT LT By ] 4.3 BRI AR . N T E AR AR, AT 4 E

N=1000 5 N=3000 @& #u4, Wik k77 A ae8 M 5 a6 Hos 4 bty i

INANTH ) FEREAS SEAR I B B £, el 2 B #1000 (Head)  HF}-

1000 (Tail) . F#-1000 (Both) . Fi#}-3000 (Head) . F#}-3000 (Tail)

FEFE-3000 (Both) o XEEHHEE VRS THE B W R FiR:

® 4.2 AREIEEEIEST

Head Tail Both
N 1000 3000 1000 3000 1000 3000
SEARSE 65156 65156 65156 65156 65156 65156
THEARSLARLE 786 2056 975 2827 1100 2819
PlIEERS 67542 54030 91687 84384 65953 50867
MR 2826 4058 1166 2412 2984 4512

HHBhEE 28609 41804 4606 11807 28693 41267
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5 AREHE R, A IR WordNetl 1 3838 [F#¢ 1 75 20K 2 D93
IAE 4R, WordNetl1 4 WordNet U5 4R 1) 148, 12 8s 48 /& Hh i AR AT =
RGBS 16 F AT ENL AR & Bt 1 — PPk R0 5 A s
i, EANE AT HL A LA B HES, i L 2 R (0 SO A R Y
%% . 3EId WordNet] 1 4 2 [ I [7) ZE A A SEAR O B £ IO PR RS 2 0038 4.3 By

VAN
% 4.3 WordNet1l s St it

Head Tail Both

N 1000 3000 1000 3000 1000 3000
SRR 38192 38180 38180 38089 38165 37978
FREARSAREE 348 1034 942 2627 1238 3319
W ZREE 108197 99963 96968 78763 93364 71097
IGUEEE 4613 4184 3999 3122 3799 2166
ML 994 2969 986 2880 690 2708
CHEES 4352 12376 15277 31770 18638 38285

SRR AR S FIR AR SRS A AR, T A Rl AR L R S
FpSEAERT D, ALELE 5912 Fhsifhk, AEBEEIREMN +r 2 —. HEIXFME
T, EREN=3000 W& PR ERFEALALEL R, SHMRBEETRERR
WA, AFIFERAIIG SR, Ak, ELEHET, EamdiEs Fig
1 N=500 #1 N=1000 #§ i 75 SAy d Frfictlade,  BEARMN o

44 SEERERIRST

Head Tail Both
N 1000 3000 1000 3000 1000 3000
SEARER 5912 5912 5912 5912 5912 5912
FREARSAREE 475 877 472 877 828 1388
%S 11961 9749 11986 9688 10263 7295
ML 320 518 300 538 468 750

HHBhEE 2770 4615 2759 4729 3670 5755
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4.6.2 RS SHRE

(1 PP RS

T ARTERBSERAES, AN TPRAZAES AN = ol & BIERPEA),
HI=Jufl 2R 55 . AL, BRARR PP RHER ROV I PP Fia b . AR
5, BAGEIE VT RO e AT S BT, TR SN TRME I =
e, BATONHIFEL =0, o TR KT BIER = d, A
WAHONAESE S =Jcdl. )5, KR TIIE OS5 MREAS 1 e DL k4T
X LRI 3, B a0l h

P correct_num (4.19)

test_ num

(2) ZHKE
AR R LB ) — e B E RS, TR EYERE . IZRK
B BUE. ORI mORMEMNL. FFRE i, BMETR 2R
N =T R TN F L= e BIE . SBIR B TE R A B 22 BE LR 4
JEh A E R mRMEN AR B MEE B2, B GE AN RZ
o AT & 19 S AN XSS BAABOE N3k 4.5 s
® 4.5 HSHRE

S X BUE
dim I B 4E L 200
epochs WZRIREL 10000
A EAHIEN 300
depth LRIIR 1
sample_size R AR A3 64

Ir R 0.1
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4.6.3 SRS

N T IRAEA AR TR R, A = AN A E R T S e AR A 1)
PEREIEAT T H0AE . X ELSEE6 R L 1 48 1  TransE A7 15 38 T &1 9% & F1 AL
[ g-GAT#], IGNNBOE Y FI D-AENWSISE Y {E L AERE AL, I 5 &A1 47 %)
PO S BG DAIGHIE AR B2 42 HE 7 VE 1A 20 . TEVHRLSEIR 4, WIRFL T % SR B,
SRAFEBS SR AN Rt Ak B O 7 2 X A 1 RE R 52, 046 Max 7 5 Aveg 7

A, HEATAEGLRS XA LT ESRE.
* 4.6 WordNetll 4 sLihst

Head Tail Both
Method Pooling 1000 3000 1000 3000 1000 3000

Max 58.1 56.3 55.2 54.2 56.8 56.8
Avg 63.0 60.2 63.8 63.9 65.3 63.9
Max 62.2 62.8 63.0 61.9 67.2 65.1
Avg 75.6 71.8 72.0 72.0 75.6 76.0
Max 76.4 73.3 72.5 62.6 67.2 58.5
Avg 83.5 80.5 78.7 72.8 75.4 67.9
Max 80.6 79.7 79.4 71.9 72.9 66.7
Avg 81.3 81.2 79.6 73.6 76.1 72.1
Max 82.2 77.3 76.0 67.7 70.1 62.8
Avg 86.0 83.2 82.9 74.5 80.1 74.6

TransEP*(2013)

g-GAT(2019)

IGNNI1(2020)

D-AEN[431(2023)

Proposed

R 4.6 s, TEATFEIESE WordNetl1 - [FsRIf gl R, Tt KA
P T AT ARHORHRE BREAT I S, AR T 2 BRI a5 HE R AR
PR RE IR T A SEAERE R o XUl AR R B AR T BAT S 47 AR AR S L
BEST, REWS O RIR B b S 0 8 U R R AR SEAR BOFAE, AT E B A HE R
55 TS A AR I

£ R S R BEE R I LR AR AR 4.7 Fos, SRS R ERAE
S EE T 2 JRAR SR X 2h A HEEL AR RENL A R0 NI A AR SEAR (A, X
FOAR TS kR (045 BT S R HEWT . HULRIRE, X EREgEETm S, Sk
W =Jedl b R SRR N T REAC SR, 57 % S A il F) HHE Bbfr T A A S A
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BEATEMI R R W1 PRSI RPN, M HUR SOy TR A SRR, B
FH P 0 H Sk S A 55 38 B Sk S R R SR B v T4 13% 0 N T IR FTIX — B
SRR, AT N GREE I EARE 73 A AT 1 b B Sivtortr, ATk
IAE I ZREE T AT AE 43234 TSt Ak B Ay RS, T 23621 Fhse 44 w4
TERSR SR, X R R 1 SR S A S TR A ST, R R 5 O B 2 11
MG, XA TR A SR S A AR IR SRR B R KK
P, M S EURE M DUAE, DR DU R AN [ Bt 4 - R AT B 3
ZRMIAR .

AT EREURSES SRR R

Head Tail Both
DataSet N Max Avg Max Avg Max  Avg
. 66.7 749 698 87.0 662  73.7
[EEER1E/E S
3000 o652 708 679 839 646 703
- 500 70.6 735 683 732 679 724
CAEIEACIoE S

1000 633 69.7 68.0 72.5 65.2 68.7

I, ZE& AL Z7E WordNet 1 Zi4E4E . B RHE M & R4 -
MIRIL, FRATRIUE T Avg J7 2 it Ak 2 0 RCR 46 21 T4 Max 77 2.
FchdE R, Avg 7 AR BEAZ IR OGS BRI 0% & A 2Rk 5 2
FIR A, 1 Max 77 2 AR AT AR X — i A rh (GE I A d 3 1) SR RS Bk 4
W BRI RN . 2R LSRG R, Max J7 RS2 38 SCHK

g Rk — B R, AT B P RE AR B 22, T Avg J7
IR 28 RE O AU P A ORI L, DR AT DABAS S A PR RCR

4.7 REGS

AR B0 S R S A A b AT BE 8 3 A AR T R SR S SR A S )
A, BEAT TR R REASE T 2 RAR R S S HEE A T . T USRI A
Wi SET, AT TR EEANWT I 2 SR 1 R R AT, AR R
LIRS AR 2 () FAREASEAR, ORI HER PR R Bk B 17k
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BEIPAWE: Fe T R AR SLAR SO IR 1) A AN T4 Bl = e L SR RS B 7
. PRI, AT AT RED SR SORIR T 2 BIZR, 5 & EF2 I ORI 2 i A2
LA 205 1 SR SEARA B IRRFAIE, 3 SO (R PR RE A2 2SR

B IR R, AT 7R T 2 R AR RS SRR A, 2R AR
TRET A = e RS BTk, A2 RIS B A A Al i se AR 1%
RS HURI R SRR 7800 125 F& AT mUAFIE T 29 R IRE E o X —T7
o AREHE W AT AL RE IS8 S SO R R VERE M2, [RIN fift ik 1742
PRI B 7R  SEAARF IR SRR (1 ) L, A A AR AR S0 TR AT T SE S RACR

i Eprid, AER AT 2 RG] 2h S HEEA R e s A7 Rotb 12
W= u A Al S OGS, IR SR Sk R m R B AR E A &, JRE
TREA AR IS R A4 R
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5.1 Arigh

FOAR P 2 — bl i 45 4 A = e 4L 38 & AUk A b = R 1 SRR,
EIE I R AAE A SR Z R R ORI &R, HE MR A S i iR P 454
s . SR, FERERE AR FEA O A AN O R, AR ZRiad
FErp, EROAEARH BB S, A EA BRI, S FEA R MARAE
WZEBTBUR B, XK 1 RS HER U XERE,  JF ™ B 7 R
L 2N R L

NBE, ASCWEIT T AN ETAE A R AR B A SRS, BAE R
USRI R R AT FE R RS . AR, OO E ARG s, XA
WEE ST SRA, I EAMMAENE B A b e B, X5 R R K
PR G PR, [ IS AR A PR AN S A8 Pt D S R AR B R 1 Rkl &%
F AR R S T

1) S SCA RN PE K BRI B A%, el AN IZ 5073 Hicdfs o P2 30 H 20 A7 Wi it
IR, T ASS A I = e B AT A7 i 5 3RS, SEBURR % (A i I O Jim 2
55 58 M SR M 4

2) T ARG e B, 20N L SRR 1A B AT
FEEE . 1 T RR BTG T R A A R 0 AT RN, BIORER A A Y BB
%, XA AL DLORAIEAE DR AR SR RO HERRRG 2, BE I AR % 1 ot &
PRI T RN

3) Bt U SCAS AN W1, AR AT R 7 20 2R AR R AR £ (1 S
PRBEATHERE . AN(TIZ 80 FREAR AR S O SR EE 2 B R RIBOC &R, T HERE
TREAR SR HA SR 2 TR AFAE TR AE SRIHRIR 2R, SR HIE FC FP b ZHUE AR R (1) 1) 7L

N TR BRI, AR SCASUESCAAE A, PR T T A AN AR A
SRS SHER TR . AT RN T
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(1) EFJRRRFIER R B FIR EE M T . 9 T RERS AT it
A e R A AL B TR, 2 A A FE IR T VR R R R R R SR O A
RIseih RHR AR, A — B & SR B S SC RO A TR 55 . AR, B
A BRI 2 21 (B & i OB AR AT ek S BAN R 55 181 IR A 35 L AS B
FERNX — IR, ASCHR 1T DO R 2% 0 RR B A AR . AR
il Bert # A WA OCA Sl RS B, B SRR AR A SC R R
JE I BRI TAESS T BIAFAE, 2 R A IR SRR 70 88 2 A SRS AR
i FEERFEA I RRFAE, I B AN A5 2 bR O A [ 2 R R AL IR A 1) AN
I s g, W SEIEAIZ MR IS, SA&RZNIRTT 1 RiR K
F AT S RS 2 5 A [l 22

(2) AR 7 A FEAS AR 7 S RSB T i . O 1 SRAN R B 3
FAERREBEA SRR, H ATEE A S HEE AR A AR B T 4
T 73 T A5 2 SAR 5 R R R RN, 1A 280 A ISR TR A7 RO A 5%
Fo AR, HTREBAMUN A, SRR IR B D, XA A
AR SEICEAA RURRF AL R, AF3sfE 4 5 2 AR, Il 240K
A AR B DG 5 rh O SEAR B SRR R IR AR L T R . BRI, ASSCER T
SR R I A S B 07 R SR 1) G 5 2% - A A 2% SR A 7O,
G R A T DT AL R TR VR SRR, MRS I 3 B = e 2 1 A R IR N RFIE I 52
IR SRR S . BRI S B, AR TR MTERE I M s ST AR
KRG R ARMEENE, WA MR EEEL, Wb OseRiRoR;
ZJas FINAIME B g i o 5 i 4 2 8] 45 S T 1, i 51E
5 HRAVFHL IR s AE R B o fidE A _ERIVERE; AJa, K ConvKB 1E N
fifphtds, I N HERRM A WL PRI =T BN RIRHIE, TR = Jo kAT
103 I s S HE R 55

(3) MHAFMALET Z RO SHEETE. SIS T2 2
SRR A ] fE 2 B T REAR AR CUINZRI AR AR RO B ) S 4D 1)
A, BB ZR A R E AR S S CA RR B ) SR O% AR S R R B
FIZhASHERL. DAL, QT3 292 AR A SR S A RIR S 2 1) i) e iBe e
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oy HRHIRX AR > SER AT RN, RSB A HERAT 55 b iR TR (1 R L.
XX A, AR IR T 2 RAE P I Zh S HERAR . B, AR MR
o, BATHBRIAR I A BJE SR, TR SRR T RTEMAINEE, RN
AR )5, PSR BT EAN O R 5 AL IR
By AIRIUOR B B SEAR RN I R K SRIAE 2, AT 2 T PR 2 300 AR A S AR
52 RR B Z 18] () SRR RIS AT R IE; f& %%, RAIZS P TransE [
BARBAT A SHHEEAESS . XI5, AT s SRR R G A2
JREFEASAR S O RIREE Z R ORISR, A ZAEA SR I R E K 2
BEAT SEINHERE, A3 R R R B 1

AR SC LIS SCA K G g B A, SR Y I [ AN ST A 1) e TR B T v v
PV, ARG TS EE FIRR RIS, 9 AR e R SR S AT EE A

AR
5.2 WtrREHE

N T RERE IR AR SR A U OO SO A E R RN, s AR A
XX AR KIRBEAT A7 A, IF 09 T i L R OB RE AR SCES £ 3 3 (1 IR AERE 7T 1
WMNARE: (1) FETJRIFFER S AR BT R @ 55500 17 AR
B SR SR R =Jodl, IF PLRARIEWE 107 SO0 BBt AT 76, IR TS
BUE VAL (2) SRR RIS AREA R AR SR, A
BARTE VAR DREAR ERRILAE ST, RIS oRAb 1 RR IR A2 AE B B R A
JEFR ), SEBLRN R B R FSHE R (3) B0 SISO AW 1 i R
PEASEAR AL, SR T R TR T 2 BRI aSHEE A, s A
PR A4 M5 BAZ IR ERE A AR S A FIIR B Z MRS &R, Se A&
155« A SCHIBI FUAE R R I TE AL 5 R VR Pl PRAT 55 Hh S BUAS: T 3 B RCR
RENE A R M AT A 28 pf i T R A FR B . AR, JE et — 2w, B
BRI TCN BFMINFAEA R AL, T AT G, Bk,

(1) FF R RFFAER SRR B @ Tk, A Gl R R i S AR
RAEBEAT R 53, AT SEBLAS A FAE 55 1) (5 B A 515 S bR B 2 (B (VT4 . R0
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N GREE A L AR LB R A A 45 2R, RS B2 ST ] LS N DR AR 2
IR, b S A v LS OO

(2) AR AFEAR AL 7 S E SR A, A a5 R
HRSTREERAT R SR T AR RIAEA R AR A L RITERE, JFikedt 7 — Rl i EE
B AHLHEI A B G WELE R . SR, IR TR BEAR S X SEAR TR R JE IR
RATATIEAE, R AR SAR SR IROR 2 W (O Bt B B A7 AE — E B it 1)
TR ST SEAA TR ) J2 R OC R BEAT A, it — D IR TR R P e

(3) M FFEALT 2 RN SHEE T T, AR SCH TR A SR
FRIT) i, et 1 SRS RAL IR BT OC S 5 BRI IR T 12 TR A SR
AT FHTR BTG 2 18] 1R 2RI IR 22, PR Pl B = e 2H SR BB S M o R AR S ]
AR LR I R BB o AR, R TR R T A B = e A ORI R T I,
D] A A B 5 S D B LB M LI R A SR REAT A Rt ie, T 3 B0 A
SNASHERAIRS L N R BRIUL, Ja SRR 0T ST AN T A Rl & A SO B S AR R
BRI, DAUERE ST REAS SCAR (R AL, AT BE 4 R 3R 4T B A HEHAT 55

(4) DL ChatGPTURARZR B KIS 5 57 A B B B A K& ME M iR,
FER BE 7] B Uk ST T SRR RO . BRI, FEARSKR BRI 7T Hh AT PA kR 28
BB QU FR B SRR SRR A, IRl T AL HE R AR Ty
AR R R R R IR T30, AMIBERS IR = KT 5 AR AR RS R Sk
ERR, WRESIRTIE R PTREE, (AR R AT EE . RIS TR,
T B R 3 24T 25
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