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Abstract: Knowledge graph based question answering (KGQA) analyzes natural language questions, performs reasoning over knowledge
graphs, and ultimately returns accurate answers to them. It has been widely used in intelligent information services, such as modern search
engines, and personalized recommendation. Considering the high cost of manual labeling of reasoning steps as supervision in the

relation-supervised learning methods, scholars began to explore weak supervised learning methods, such as reinforcement learning, to
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design knowledge graph based question answering models. Nevertheless, as for the complex questions with constraints, existing
reinforcement learning-based KGQA methods face two major challenges: (1) multi-hop long path reasoning leads to sparsity and delay
rewards; (2) existing methods cannot handle the case of reasoning path branches with constraint information. To address the above
challenges in constrained question answering tasks, a reward shaping strategy with constraint information is designed to solve the sparsity
and delay rewards. In addition, reinforcement learning based constrained path reasoning model named COPAR is proposed. COPAR
consists of an action determination strategy based on attention mechanism and an entity determination strategy based on constraint
information. Itis capable of selecting the correct relations and entities according to the question constraint information, reducing the
search space of reasoning, and ultimately solving the reasoning path branching problem. Moreover, an ambiguity constraint processing
strategy is proposed to effectively solve the ambiguity problem of reasoning path. The performance of COPAR is verified and compared
using benchmark datasets of knowledge graph based question answering task. The experimental results indicate that, compared with the
existing methods, the performance on datasets of multi-hop questions is relatively improved by 2%-7%; the performance on datasets of
constrained questions is higher than the rival models, and the accuracy is improved by at least 7.8%.

Key words: knowledge graph; constrained path reasoning; constrained question answering; reinforcement learning

H AT, BRI 22 1 2 3 K iR B s U2 R i B MO S P B E R B R & D) R iE . ANk d
FEPVEAT, Hoh, ()8R SRS B S AR R T B ) AT S5 A AR A e, g R PR [
i, MR, AR RGIERGRES BB EHRNARHTFIIR, AFFEZREAMED CHE
KI5 B, IEFHRE R, AR B i 25 (knowledge graph based question answering, KGQA)® & 7£ % [A] [7] i 1)
B F H OB AR, BRRE AR K M = P A S0 R R B R
BT SIH KGQA HiAR KE /) ok R M BIAn 55 W 100 2. 56 R M 24 S 7 A0 45— b B o
R R, B 5 i) ) HE R A S AR BB VAN S Ok RAE N R — BRI TINS5 IR RS, X —BkrbRid o8 R H
PEMBE BRIT E NIRRT W 4 S 40 Lk B BUE P45 1L R R, 2k &b, BREE R
BT — Bh L 1) 26 R O AN DARIE, X B8 U7 VL 70 #E B2 R HE H B A2 7 TH AR AR T AR IR HE A 1. (HZ,
YT RN VGREA, HEEMAR B ATE X R T EPA NI L. 0T B R R s Sk i, O¢ R B 7%k
FEBCN G HES NGB E. H— W, BREHINEATENTICRR, HEZOHEEE, RiE
A7 80 25 18] (R 20 00 A AT IR A B B IR 18 R B S ikl o (vl B0 4 AT 55 R O B IR ] KSR I A, SR A K
FHE RS ESMEAE RIS BE R, At 2 b 22 5 VR 30 B A2 30 AT R A% 48, AT SE BB B 5 40088, fitb
HEH L FE.
A7 B ) 2 ) AR R AE A IR = e P B M8 L, B AT CBUS IE T R, AT, TR PR
— S LG AT I )R, ) B AR R A T T DL {(e0,r1,€1),(€1572:€2)s - - (@ meCanswer) ) T MG R BEAT 22 B 4R 3 A RE 4K
FER, FRBETERAEINEEREASRERAKE), BRI, Tk EE 2 il A e i % HE
AR, BT REAK. (RIS, TR ) A A B U R R T IR A SR AE R, M DUTE B AR 0 S R v L v 1
P, CEEW T SRR, AN, R RE P IS AR A S B, SHPE ARG R
TEHEFE X AT B AS [ o (8] 15 Uiy, 8 2 BRI B A 0B S a3 5. DRIk, X 17 B ] 0 4 s A DA Ak B 5 A 4 3R
52 A ) 7.
BT B b, T smA A 3] B AR 2 PR n) 2 T I P 7R B K T 4 D 5 T
(1) KEBAHEESHME B AR A). BT 7 E R H e B 7 T Igs, RA Sk
PEAR IR G — PR B R IR, AR B M . AR B AR ORI, MREALK, &7
A 3 Tl B RN RE 3R (1 [ R

(2)  ME LA ¥ 24 B9 I A PR AR 4 3. 0T T A L AR R, G R AR R A 2 R ) S A Ak 0 B A AE S
X, TR S VAT B A M, AN A D FOE AN E, TERA S IO, BATEEM
HIER R, BRI RRACT

T RPN B L R B R B R, A SCHR R R T AL S AR R B ROR, BERA ARG
Rk B UL R AR B A Y. BRI S, ATk Z AT 3 £
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(1) 0T 2 i FH AE 3R o) f, A SCHE T RlG 20 (5 B 2L 5 B T SR g, AR P il O¢ R AN SR 29 A
B5 18] R AE S PR SR, R HE PRI AR P 1 — B IR IR M B e A N R AR YR, AT 5]
S RLE M R R SR B R R, D4R s AR I R AR

2) W TA TSR LA R P R, A SO T BT SR 2 5T 1 2 R % 4% 4 3 455 B (reinforcement
learning based constrained path reasoning model, COPAR). 7E% REGAHEFLN, WIEIEZE 1P+ 5
KAFIMEZ T, FIEBEN R R B2 ALk, W & SHE L RS BAE N e ik, ek
FERRBARZ )G, WNABERNEATERN, BHECEFRNGEE. B E LS HEEEEARE L,
AR T HEERESAR. hb, Wb T AR IR SRR, B T HESR R AT B AR

(3) EZABAEAE AT, 5 AT e B TR A ) PR B R AT X b, DA T HE R E O FR AR, 0T
TR P PE R EAT IR, J3 40, AR SCIREF XA %30 4 BTk T Y Rl SE 56, DUIE B AN [F) A5 B sk A 2R 4
E A

ASCE 1 AT AR B R ) AR DS AR A BIR. B 2 TG A SR SR HE B AN B R W] R SR AR

3 WA AAR IR A RS A B, 25 4 738Xt SR IR B0 T PR AR AL (G Ak, fRJE R A

1 FREEREIEEXTE

HHT, ©f KRR ERE & 7. 2T 54623 RL (reinforcement learning)!' ) KGQA J7 %
HEFRBRAR W 22 S AN R B R SR A f, 5 4247 5092 PRA (path-ranking algorithm)#H L 46/ T R 2], [H
B A HEER B (AT AR, Xiong %5 A2 H K DeepPath! 'l L4 5 4k 22 > 37 FH 0 0 0 BV HE R0, 3 B A vk B A
SEAAR 2 TA) B 9 R TO0H0 A = S SR HI T R, B O VE AN 8 R IR A BB, AT R RN TR, RLA Y
A BR. Das 25 A\ $2 ) MINERVAUS ) 5 11 B % DeepPath #E4T (9 25tisk, {4 ] REINFORCE! 52 35 S 3L T 3t
1) gy (1 a1 TR P 7 BRI . RO VR TR RS KAk D head relation, )W TR AN, BRI T 40 38 52 2% [n) RV B

DeepPath Al MINERVA 3% F i) %l & Policy Gradient J5i%, £33 T M {EMEX—5 3 F, Shen A2 H T
M-Walk!" AL, Z A AL ] Q-learning, LA off-policy J7 ZH it 54k 2% I A AL, Wan %5 A2 H 7 HRLUOELAL,
X} Policy Gradient [J—Fididt, A HES L FR 4L o3 AR AP LW BiAL 2% 3] SRS )2 IR G i, T 0 7 S5 JE
AT GBS I S BRI B AR 25 18], B AR 22 8 UM ;. Wang 8 A4 H T ADRLUHESR, 3l 3 xR
5 Y1 5 Z8 HE BRI 25 K A B R B v AR LTV, 8 Actor-Critic B4 BEMESE AT AL, Zhang 4%
NP 7 — b [ 38 LA 2 ST (ARLYHE S oR gt v &2 2% 1m) 285, 3 3o B i1 938 17 % 4% 26 B 38 A Bk R R A%, DA
8 T 8RR Bk B AR S

R T RN DT, Qiu 58 NEXF S ME 48 R 2 Bk K &, £ 1 SRN (stepwise reasoning
network)!' VAL 3 8 7 B ML SRR 24 5D AT RESCTE M SC R, il L B A 1R 4 ) R RO R A R,
R R U AR BRI 5 SR G E F (). 4, B R BIRIAY R AR Bk H AR s i oL, BRI BI R A B &, 1
SKHU PR A% 5 1) 824 P 58 RIFAR MR, X S dhui Ak 3 ST 2 o1 i ok — M T4, Lin S APHEH T
Action Dropout /7%, M—ETEE F2EAR 7 iX — i) . Kaiser 28 NP8 T Actor-Critic #2111 T CONQUER, %%}
HER B E st R B %%, Bl S 2 AN e 7E MR EE 31T AT HE R, I DA n) 8 EE A 1 7 M 2 e =X
SRSl

FE22Jh BB Y J7 T, MINERVA (1) 2 Jily o8 205 B B IR I — e R B S 17 5 51 EL bR, L% bR K2 s SR 22
B ) ), G5 DAL 2 ST I 2 ST A R — e MERE, AR 28 A AR Ak 2 3] O R AR U i) 2 ) ) AR T R R R K
Jily B K% AT 5 . Lin 25 ANUOURF 22 h 8BV 4 7 ik, 3 T £ 1) SR b ok N AR TR SR £ T B AR P S, DAY
/b A7 THT B AR B2 00, SRNUSIZE G BR i B4R T — b Potential-based ™" 42 il ¥ F 75 vk, 5 3 5t % 45 % 1) o 455
S 55 FE AR A B ) A AR R FE I U7, AT TG 5 8 B JF Atk Dy 2 S % AR 5 I B A SR %) S i I ) AL

TR S T VR A R 58 B I AT N 2, AT R D IR N ARV SR, H 2T X
2% (LB ) IR, B S B T 7 VAN R T AR A TR A RS R B4R 4 3. Lin 8 AT R 3124 i se 4k
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Ja — R HERE T R K 2R i, R 12 T e P SC AR RO 20 BRAE L, AR T TG R 0 S BB oy SO, TR v
Tt . SRINU®IR I 155 2 1 17 o K A 7 i FEE A b e, 708 80 240 S 20 SR A 1A 7 26 138 o T IE A
TR, 7% by 7 8 P T e B R B AR AR D0 AT O HE R OC &R, T AR B IR IO ER S SR A SO v it i) 2R Jih 28
T B8 5 E 1 [R) IS 255 18 73 S BB A0 8 40 SRS JE 0 ) R ) 7 8 P, DA DR IR SR B 5 SR 5 [ 8 o ) R HE R R
LA 1 LV SOMIORHE,  JF HL6 Gt I 240 R A HE PR 3R

2 AREIZFHRESFER

2.1 [EIREE X

IR R 1] ZAF 55 A4 F P R ) B ARG S 10 R, 5 26 2 A ) ) P SR B P, R R ) H SR ) S A
2 2 R B R X R A, AN TR ) S A R R RS AA, AR 5 AH G I R ] R AT I A A
BB A %, AR T SR B AR 51 R B b B SR 5 SRR o ol i A R R R e Ak, 2
T FU A R R B AT HE L AR

AHEG DR BB 7 R ) 2, AR ERE AR E S ANREE, FESUHOM S SIS R B G Rk,
I, ESegh H DUT AR R 24 3 IR A OC 8 XL

BN V(ZREGRIETR). 20 B A% B2 i 0 1R PR 24 3 1) B AF 45 PR HE SRR %% 1) R rp il 30 o ) S 4
JBPEME X 53 A FE B en BARSEMER E, LIRSLARLE E,. 1) B L TR AR 7 5601 1l S 14 249 SROFR Ry SE AR 24
TR 1) R SR o N R P AR SR R (B R L AR AR O B O AR IR R R ) A RS AR ey, TR R B
AR, EHIRERE G HIRE A g 1E R A RAWIARE E T HER, IR B KRN L MRS b DK
W A5 LY TR BB 2 TR T R A

EX 2(REIEAREIE). 45 AEQSARE RN ERIE S N g, K1 EE R & 5 78 508 B ok
AT RERARHERE, HARIE FLIR [ (0 HEBE B AR SRR 28 1 R 5L E N B RIR I 45 .

TR T35 A R ), JE s A el — A = n A F SRR N R, B2 = HF S E A
B R, TR BT R A A S 3, IR BT 1T B 22 Bk i) R ) A BN LG Ab S R 4 TR
) TR R

B 2.1 BT — M WARE HAES A8 “Which film starred by Forest Whitaker is directed by Mark
Rydell?” K 5] 2 1% 1] /&5 fr 75 22 000 0 R 7 B S i SEfl b, AN 32 ST 55 Mark Rydell ik, il X R
directed_film 1%+ 23 4A%E & [Even Money, TheFox]H I —AN 41 fiAE N G870 RHESL 45 5. B 11 S 10 25
HERENBLEESPHENEFE A, REHEHIT T SRR, DINGREEY 20, B HRIY
SIENEM AR, X TR RE M E. BENILFE P& %k Even Money, 7E3 T 55 I B HIHN T,
RSB TR AR, (H R R B AR TR HEA L B “starred by Forest Whitaker”iX —#) 55 B, #EH % F
HITE XA e 5, IR R4 R 2 Z 25 m. 25 B ORE 2 68 14 4% % /2 (Mark  Rydell,directed_film,Even
Money) ¥R % B IE A (192 S STk, B P2 75 2200 R SL R A R TR oK, BEERS%T Even Money 7 st JEFEC AN =640
(Even Money,acted_film,Forest Whitaker).

2 i) #AZ A“When was the film starred by Forest Whitaker and directed by Mark Rydell released?” i, B
TSRS Mark Rydell, BEAFIEMER, W Fi%FTILEEMark Rydell,directed_film,Even Money), (Even
Money,released_time,2006-05-08) FEATHEFE. H Hf, 35 &1 Even Money A A% K (Even Money,acted_film,
Forest Whitaker). #RT0, IA T 504k % 2] i) i) & 8 AU FE R R M SR Bk A i) i B vy, B0 AT DA B3k 5248 Even
Money, BbH T — Bk 4 3 B 5FH A7 & i, B (Even Money,acted film,Forest Whitaker) fl1(Even Money,
released _time,2006-05-08). 7 i% < R Nreleased time HI# 4%, M EHZRIAZ R A, HAETEEHIEXHNE
5 @A LU AN T IR SR RN acted film (42, WA TR Bl 5 Even Money T /i, FHiEFE F—1MRA
released_time, M T HEH %1%,
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___________________

\
| IM: Which film star red by 1
: Forest Whitaker is directed :
| by Mark Rydell? ,'

___________________

New York

The Fox

Sandy Dennis

male 1934-03-23

B 2.0 — AN TR 2 3 R 1 5 IR )

M B IR S 43 AT AT B AR i) 2 B 2R T I — R 22 00 R DA HE SR BR AR 2 AR 4 SN, AR BR AR
REETR. & PSR RN N2 AR ARG RS, DA R HE S 2 R IR T3 M 240 0),
R T7E — AN S R AT N 2 A SEARI, Ty 3E 20 (5 S AERR R ST, e EE B 42 p SR A sk B 290, HE
PR AR A 3, AT I RO 3, 55 1 MmT DLJB B BRA R, IR FHRE S, MK, N—
PR EEGE BT — B8 RAATHEEE, (B RR B R0 AG, MR A &G UE BT, TR
BHZE.

22 BIRAIRRRITIZER

AHIE U SR B () 25 1) B AR HEER AR P A PSR ), TR BRI B FE P, MR 2 ¢ 2 R TR RRES
5 Z) ¢ < BRRRETLR, BA LR, Ak @B BRI R R FE . AT Rk, & Re iR A S B
2SI AR 12 ) 4% 455 B0 ) SR 0 BN A 25 1) o R B AR 3R AT VRAl, PTA5 BB A B0 1E IR BUBE SR, BREE I 45
R 2% LM AR R R, BDRNR B G A1 B 2815 5 1) g

R T BRI — AR TR, T LR RRFSFER 4 N FEoER: RE S, SifERE 4. K
DM P S R, RN ERE W E AR5 F, SnRNIRRWT.

(1) RE=EH S

REZE SR RH TP A RS s NES. TERTD ¢, IR s, FHREZRE GRARTER 25 ¢ BOWME, 77
ARAE ME AT BN ERE R W TH 5. TELR BT S, YATPRETRTRNA s~ (q.emenhneq)eS, Fh, e, A%
SE BRGS0 g W) ST, e, AR TE B AR HE R FE Hh B0 BRARTE 58 ¢ 20 BIK B SEAR, b, RN REARTE I (7] 25
¢ Z HTIS ZI 0 7 sk HE B R AR, ¢ Fhd s T HE BT AR AN I TR BT BOA I SEAR S R A RS R, g RERXT B
B B ATE S BT 38 B S A 1) 240 SROGT 0] RS R IS B I B RO R g 5 SRR e, WA R 2 RE R, T
FEHRARAEME. RFAF, & LWIHRE 56=(g,ewenhoc,qo), FHH, h=D; c=[-1*L, L NIFEHEBEZEKE,; q=
QuestionEncoder(q) N /8 g WX 46 9w Y.

(2) ZhfE=sla 4

FMEZ A 4 SRR FTAIME a FIEE. TERE s, 7TREUW BTA SIE IR G0 M aT I BN1E S 1) A(s,). TEAE
GUEN IR B B 0 BT S, BEAMET MRAR AT R e BEEMPTAE Mk, GFKR IR ELE, B As)=
{(re)l(e,re)eGt. F4b, HMTIESZIRAESS b, 1a] 8 4 28 2% A2 1 B2 R A ] 5 1), BRI 9 B A SE4A 51 N “self_
loop” R RIEFETARA L, VER LRI ATATINE SR — AN 301E, B8R HE O B0k 25 5797 s IE Rk 24 21
MHAKE LB, ATEF self loop” H I ME K A2 HEHE 19 28 1 £ 4.

2 1R P R R R B[R] — 20 RN L 2 AN SRR, IX PP B A 5 A) e Th 7 B OR & I v SRR A i 25 (R, TE T
X=X 2 R AN NI SLAREE E'={el(e,re)e G} ISR BERT, T M A B S w20 A A SEAR, FEA REARTE 27 1B
a'=(r eV LARAE B & XAV AR BEAT FIWT. DRI, A SORR AR MRl i E T OB A MU B EE X RE
BRI NUEIISWEZE, BD A(s)={rl(e,r)eG}, Fh, re RFINEG I e, MIERIAX NI KRR, ZITIEA BN
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BB AN SEAR [ BN AT 2 B R 4% i 72— & YE BBl Y, RIS AT — 5% 28 5% Z ) B [ SE AR AT X 43, 3k T o 4305 2 2 3R
) S A
(3) REHBME P
WRAEAE BT RS S Eh R M S, 258 REARTE ¢ I 2R EUIIE a=("e"), WA AR, RAS — & ml LLEE e
E si=(qeree g, FH, ho=hoa, WHRBE, Plsilsa)=1. %A ORI EE S 0 B 7 ik, ik
BEEEZ G RAefE Uik oL R, HRRX B2 A TE, WSARREFEANGEHE. A SCEH ARG, W)
P ARET MR g FIREEI AT BE I A RS e Bl 2 P AT
(4) e % R
— SRR, R BRI SR T R R B, RS, RA U AR R A IR B AR R euns
B, A BefF 2] — AN IEAE 22 5, (EHERL T A2 BUHE R i 2R Bk B AR AL, WA AR B2, A XQ.DR:
RQJ:¥,HQ—5M
0, otherwise
SRT, 2R A G RE S R US4 RS B IEAE 225l W SR Y AR AR &R, MILE I 2R
HHA, Ja A B LU ) 0 07 O R B HE SRR AR T AU 2R A Rk, BERHEE YRR T, HF ER A RS
R TGRSR, 9 T RIS 1) R, AR SCIR SR BT S g, Beit 1REE 20 RS B 2L 5 R 4
23 BMEAREEMER &K
AR FE T 77 89 2 50 8 (potential-based reward shaping)P7 3% A 4 B GE A& B4 — B S SR L2 ).
TSI B I R B — DB R F:SxAxS—R RIETIE W, FTiwe: 38 it g sk
(s#s7,a,8"), FATERRER B p.SoR, H18 F(s,a,8")=yd(s")—d(s) B, HA, s RRE IR, s BRRE s ZJF0F
—/MREE, gS—R RRBRER B GRS S FIELh R WIS, T T. AREREHS)— EFREE LR ok
YRS S BARIRES Z MM, F8 e MR 7 IER M E TS IE# X RiIE SCHIERENE, HARA &
o RGO E5E S, W TR ARSI EG,a,s), WEH NI yd(s)-Ks), H15358 L2
) 2 Jah A1 A A5 B, o TS B UAe S R IR, T DR AR A 2B W 2 il 5 A A 32 4 2L R R AA ) H B A 2 3T B
s SR T — UL
BT ARCHET R BBt 77, BB KRR A TDIRES s, B EEIME av 4K ey LK [ R
RE s BEIFIEIR, BRIERAN Rsplspa). TERBAES S, B RAR R — IR0 B3 EXT R ¢ R B S
g AN OC RIEE L EARTE ARG, RSB RIBIWARER c N5 A ¢ FINAEK R
JeSTARARNT L. BRI, AR SORE DR B B Be R IR R I DI B SR B8R b, AR R c MEBET M ¢ 1Y
M EARR g BIE SRS RER, HEAR AR

2.1

o(cos(z,,q)), t >0
¢@J={Q ;g (2.2)
Forr, 7 RO Ke LS S ¢ BN T S TR SR B, 1 24 SRR A 8 i i 5% 77 ¥ A B 5 PR 1) B3RS, o) P T R
A 56 785 77 (V0 8 0 2 Jilh o 5010 52 SR AR SCAT 45 R it 3R Re K S, 7T DA B2 BB T SR L F (5,005 141)=
yH(si)—(s,). ARTE Ng 25 NPOVRHEFFT S0, K 3 Jih Y T R 4015 26 4 il R B 45 A, R R A O R A SR b
REEAAR. B, A SO R a2 2(2.3) s
R (51,5141 =R+F {51,015 111) (2.3)
Ho, R MA@ IR 3 L3 .

3 ARBEHEIEER

ASCBEE TR SR B PR 2 SR R B AR E BT COPAR. 5 1% St 3k T 0 Ak 27 5T 1 1) B BB A L,
COPAR [ 1 B A (50 R BRAR RS, AL 10 2SR ) A T SR, RE 005 X 24 R 10 A v 8 T B S A e 249 ARSI A
BEBEAT X7, NTARKAE 17 B8 20 RAE B 4 JRHE B 2 5 8] FE SR B smg b, 2 TR R AL R TR & 4
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HAE B SRS P ARSI, R 20 PRAT 2 DL IR Mk 5% AR Y SRV FEIE O RTHERE SR &R 5346,
FEEFESEAE A R 2 J5, COPAR REfS A 41 2 5C 8 K 240 TR 5% 2800 [ P ¥ N s HEAT SIEIN 5387, AT 7E 1%
BN —BER RN, HEANRERIERE (915 A5 E. COPAR [IHEAAHELZLINIA] 3.1 fios.

s cuenhuc) E? N W =@
L
;
S IR,
o
SHNAEE
| [ _meemEm PR
A(s)= W)EG i
‘D 22 kKT
(NENEN N ol anfeie | ME | scokimse | SEHA
(] wals) | 97| Plemlsoa) [ ot
J

K 3.1 ZRER AR HER Y AE SN

B 3.1 IR TR ) AT ST . SR EERE . REESER KAWL REX S R, MRS R E )
TR MR Y ATPRE s7(g,e-enhncq), IWETTSER e K15 B9 AT ATAT BIBN1EZS (6] A(s). SRIE 2854
AR IR g BIESTBIRR v LR SARSE E, AT TR, B8 ATk S0 R SLR AR, S5 il @ik
ITHERG, BRET /RS, RN, FR5S HALE R E 945, BJE#EAT T — B2,

3.1 FAEXKRSAREEEXS

A 71 R AT 3 B i) A R 3 H SR A S AR B R P AR 1 AN SRR DN RS, KT AR B
B R B L SR, IR VA A A B N HE I B R AR K EHE T FE AR S 2. 0] f“Who plays defender was
born in Reading whose WOEID is 3299777, 1 i ¥ ) Berkeley Neural Parsert'! /22 % H 4T @ dr. HFREEH i
SIMTEI AN, SEAR Reading 7 T iZ @ . S 2R B H 1% il 8 K Sk & R 1 E,=[Reading,defender,
32997], MR ANELEHN defender i& 2 @ PEE 32 997, #H 3 BUERL B4R, AbT 1A f) 3T Reading JokE it
B SuNil ik

X AT PR ) H 2 T SR R )3, AR SCARAE FFUR I Berkeley #1285 @ AT %5 159 21 0] B A0 AR S0, 55 M bR
U P B 1] B (PR AR VP ) B A TR (BRZS PP AR 1 AN EME 9 2524k, AR 30K 4R 58 SUNBR 2
NP’ HFHr22 3008 'NNP (1. 5 inl ) A & 32 o4k, MEEL 3 500y ERRSE ik, #%H, MEIEEEE 1 4

FERAIN RS AR R 2 R SR SR G, B 1) b SCAR AT X LA S B e, ) R PR R B TR RN, T
T AT gAY, FREF)EET RNN 773 R e R ICHT J5 PN B i) BRME 2, TN T BB R 2R 20 o IA) i, 29515
BRI RedEE K, KRB RGP RE UE BIZ@ A%, Transformer Jnfd #3181 5 ¥ = 1L
2 [RA) T AP ARR AN 2 BT A2 A, BT A SC AR SR Transformer P 4 A5 4% 50 3 % 17l R R iR B3 v ¢ Rk
179wt
3.2 REEMEIEE

HEuE N g b, - B AR AR Ik 4 SRk B K S 1) U R AR MR B R UM R BPIRES s K Bh1E = [A]
A(s)), WA RRSCA q AT TACEL 5, 1980 3 K e, AW TARLE E,, 1T Transformer 4 A5 35 155 POk i) 81
Je R Z Gy AR AR 2 (R ) [ SRS AR & BRI R R RUR, AR, &d— RN E, B
Y HTRES T ENE BIMEZE 73 A0 a(als,), H5HEo0 A0 KAE—DNENME a,, FFEFRTBNAENT RLIIOC R v, X5 0] g, EAT T2
FEH, TESTAREFRER 4y, Wil AR SR SR EGREUATREMI A RASE R, B U ml i) SR TR Peqslspa),
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RE AR X — ME R A, B — DK ey, BEXTIRENILIRK R o XS [ g, BEAT SEN EHAS B g, RETOEE
BET = MIRE si=(q.eerhincqm), PRI R, IFEAT T —BRRER. AT Al FiL . Sk
e F B il US4 B A S B
3.2.1 BT R ALK S 1 i P A

FERRNGER BRI T HE g AArsifEan 4. P Legie b R EAERR b SCAT0RE s Jq, B Rk
BRI X B 8] A4 Th DR R Hr, BRATIR R S AU S 1RO 2 BB 4 A 8] eh A B4R ORI,
W AL HIENAE a, ASCHE SR A0 BRS¢ SEE A(s)HIIBIE o BILFERIHLHIEAT L E, R
HRDIRE T A g FREAEIER X SIE o FOGER, HILE R RAEEIBER RS q;, W48 q) 1
SLEE a K3 L2 B Score(a,q), MAH1%T7 1245 BIAAE 22 6] th T & ZAE a=red(s)fiE X ¥ Jm, WHIH—f
13BN B I BEZE 53 A Pals,). M E L5/ 3.2 FoR.

‘ - W) IWERESY
RAL SlE s
A1t 435

6)
)
2 P (a,\S r)
(T E— | |9
i
e EE S
[EF e

3.2 LRSI 4%

ELHCRE 57(q,emenhne,q) T, TR E 78 PR 55 o W3R BB 24 130 B shAE 2 18] A(s)={r|(e;,r) e G}, T
TIAIENE a=red(s), WWHEXNPMKKR r 5HET0E g=0w1,w),...,w,) IR B ) B (K AR DL EE 73 4L,
K153 2 45 R 0 — AR AR, ST AT 3 2 1 5% F00k LA i) b R A B BV R I EA=(a, 0, 0), H
AR R R r AR R ¢ = (0w, a0W,,...a,w,). LR E, (THEIE a BIiE 05 Score(a,qg), H
HEARWG.DHAFTR:

Score(a,q) = rW,q" 3.1
Horh, r RN FSIESE A(s) P BIE a X R R R r B RIR, W, RoR M SH. KR rIBRANH LR 4
R AT
g =A"®gq, (3.2)
Horpr, @FIRW X AL B, ARRIHERBRR r WS g RS BIERESONE, AKX
R
A = SoftMax(W, - cos(r xq,)) (3.3)
Ferr, cos(-) 7 ) AR R AR AR T L 1) B [ RHAULRE, W) SRR I 2% 24

WIS A, TR BIOC R 5 T N g, MUCRCREEL. SR A K R INTE X B JE, HIE
SoftMax JZHEAT IH—4K, (8 rI15 ZIBN1EZS 18 A(s) P RENIE a, FIBER 0 2(als), WARG.4HFR:

exp(Score(a,,q,)) (3.4)
Zae ), (Sl)exp(Score(a,q,))

FHIEE, P HRAE LA RO Z 1 0 i e ls), DA 528D AGs) hRE— M @, W5 MBI 0
A r=a,.

3.2.2 T A HUHY S A i 5 S

YRR SRR mE B R R rea, B AR B = {e],€),....el, ) B, BB SAARMERE. X T 18] 5 il B AT 45
&, B 2A SR A LATCZ ) £, 2 A Sepfide B2 A 7] JF AN REmi EBE A viEm P, (EX T B ARG F Rl ¢
FESSR G BRI A SR G QR O, — B SR A 5 IR W, QKRB ok, BME ¢ R 1EH,
BRI RMARIEF S R, SORMFRAR TR e 2, HA 5 BRI >, BRA k. i, ek

7(a,|s,)=
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& F Be it B RFI S RAE D RBHAR 4573

FERRIG, BRI AT, 7R R 52 b Ak 11 ) 40 AT B3 2 A 244 I T REPE AR S ST S B A4

AR SR B ARHE — X % 50 0 B I SR AR EE B rp S AR 2 240 TR (R 15 D0 SR B SRR I R S 1) . AR SR
WAL E, 2T AR SR LR A8 & E N7, MR ) 3L R i, £, AR, e —
PR REFETT G, FHRRRI B TARE B SSARTTBE A, 5 B AS ST B 29 345 BT A5 47

HARME, ARIFHRIEEAMEBGFIELERE ES5ARLKE E 2 MRTE ERLERL RE
constraint, Bl constraint={(r.e.)|(e',re.)€G,e' €E e.cE.}, FLMEIRSLIRLE E sk e N fr, KA ARG 1)-
ARGI)THL R KR r, 5400 0B g W15 S BHERNL AR5, BRI LHREE constraint H AR e % R
TR 5 Score,., ¥4 SN LI A 73 BUR A OR T BB o) B 2 AR 53 SR INAE 9% S [ B 445 47

AN AR B SER e AR IATE A BOT B S INE LR o, il 7 8 B A AR 1 B
281841 Score=[Score.;,Score.,]. TEHEAT LI 43 B E INET, ESSE PSR Y-S uN o s N N NS WY s DS
WK R, sk Hello Dolly! %) 5 (lyrics_by,Louis Armstrong). 7% 3K {5 1% SZ A4 £ o [R] — SR | 43 $0% = 1
LR BOHAT BN, JARBEZH, WA R R A R — 3 5 BT R AR, &5 R 415
43 Score HHAT A — AL ERAE, [FRT15 2 SLIREE B TR AFAS AR L AR P(e, [sa,)=SoftMax(Score) J SEAK I N )
ZU. BE 3.1 IR T T A R S BN e ) v B AR

FR4E DL I AR5 B S R B2 0 AT, A SCEE B RERE S R SRR e 1 S A Bk R ) SE ik, AP
e=e'. MR ' TESLAAE R AN AL B, PTAELIREE constraint TR NALE 1 ' LR, Lk 2, 78
P BNgEIE AR B A S B R R EE P IR, IR LR constraint TP 5 RS FHOC B /- 4K, H
AN BECRAE BT A A0 5 1) A5G, X T B 3.4 4, BB n ARAE SEAR IE B Plep|s,an)ib B T4k
e;.1=Hello,Dolly!, BB Xf B K £ H 4 ¢ =[(performed_film™',Louis Armstrong),(lyrics_by,Louis
Armstrong)], i, ZIH SR Louis Armstrong il iT performer, lyrics_by £ 4N 3¢ RAE T 5L1K ey, AT B M.

BEXT Bk SR b0 AR R, R E AT BRI R SR e=e FRIRINBIH N R AR EE ¢, J5, FI
LR TS TR BB AR, Bl BARE RIS 2 R AR e, MFIMLAR, WAFFE TR -5
MW, RIRFLREMN e MFTH LR FF 5 B L RKR r AT ey BATRSEAER e, [MME—Z
W (ree.).

ik, FEEFRTRR r 25, EHE R SERE BRI TR A0 P, ARYE Pk FM N SEAK ey J5, I
EIST ey X RLILI IR o 4770 SEAR L5 SCAY AR IR 0 b A SR AT AR HE, AR B TR Stk B U R EE ¢,
3.2.3 S In) R R H

SR G — BRI A A FE AR R A, A BRI R SR AHNNWARZ G, M
BT BE AR 00 R A R 08 RN 1) AT BT, AL @k SRS RE R, B ATE F Bk 28
IS BT, AR &R RIEFNAERE. BATS, A AT HECIEFRNIRR r A H KR r X 1
g=wi,wa,.. w) PR A FE R I EA=(ay, a0,..., @), HIEE I EER A BRI R, FEHITE
5% R AR B PEEJINE o, HARXWG.5)HR:
&4, a e{ai |, >l} ]
>a, n),iell,n] (3.5)
0, otherwise
b, n BRI EK . BB RIS g, P 5K R HRMEERERINES A A =(a],d),....a)).

A2 A AR R R RN Z N FEZ AL, B r=tw twatw,,, HF, w RIRKER r X RAL
BRRERE, m RAKEZKE. WM TN TERIEAT N q) = (aw,,ayw,,....aw,), A g 51
R R E SRR v M ORI BUE 1E B, B AT ARYE A N (3.6)1F 2R v, AH IR AN [ ) =R s

I~ 2 ma/w
W= % a0 (3.6)

[0]*d, otherwise

r__
al=

© TEBREEEEIEDT  htp/ www. jos. org. cn



4574 RAFFIR 2023 4% 34 A% 104

e, r, HRER r W RRIR, d R [ S 4ERE, w R A0 & g, A8 kAR I e 8RR, n RoR i K
FE. BRI g, R 5K R v AR E R EER g7 = (w], W, w)).

NT B R R 5E R ER (K06 2R, B A ATk g, R S g, ARG FTR, PAERN TR K e

AL PN
4, =44 3.7)

A FRTTEE, R PR B SR OC R M E AR B = {(raea)s o (ravea) U RZIRA
25, SARBIEFTERIKER rure,..ora XBUG —IREFH W BERR g, AT EH, 7EF - KXRIEFZ
K R BRI G R AE B R, M TIH2 5 0¢ R FAEm 2.

TE 38 Ik 5 W ) 4% R Bl R S B A i M RT BRI AE o, J5, SMORBEIR A T —BESE e RN RIZ)
W, 1] RRE AT R AMER B R R 1 RARKR v 5 BT EHIRE gy, REFEHEBE s.0=(q.000
e, 1,C,q+1)-

3.3 BRI X ARCIERER

AR BB A2 AV R AE ¢ 2 5, SR FH ST 10 8 SC2 SRAL B8 5 3 TE T i W B A2 0 2R, BIR] — 24
TRSEARAE B 7R HE R B AR P 2 /N SR B iR A a0 XS T 293 1) @ “Who directed the film which was composed by
Jerry Herman and performed by Louis Armstrong?”, {2 %1% % £¢2F Bl #% 42 (Jerry Herman,composed_film,Hello
Dolly!), (Hello Dolly!,directed_film,Gene Kelly), 4524k F Xt B2 5 5 5 M [], [(performed_film™',Louis
Armstrong)], [(co-worker,Louis Armstrong)]. A LLE tH: 21 SE4R Louis Armstrong 43 A E F F HE #1842 (10 5 A
SEAR Hello Dolly! & Gene Kelly I, H 524k Gene Kelly | [11%) 5 (co-worker,Louis Armstrong)-5 [ g A~ AH 5.

A% B S T HE 3 R AR AR e AR R TR R e, TEAS B B R AR =s1,a1,50,40, oS pan &SRR EIZR
0L e Ja, MAEEE U A REAT A EE. BART &, & eX LR c F AN LR (e )BT ST, HAFER—
LR SCARAE TR R AR SR E RS, WA Z A R B A B S, e AR Sk I &, JF——
F1) 2% B SO 29 o Jont A B ) AT BRI 20, d ot vl B 0 SR B AR S AV RIS LA R ) A R HES B A e 5
o] g RIAHALRE, 1973 85t i B 20 I DU AE i B AR B e 28 20 3.

Xt F 842 (Jerry Herman,composed_film,Hello Dolly!), (Hello Dolly!,directed film,Gene Kelly) & % SE 445 B
M4 K [-], [(performed film™' Louis Armstrong)], [(co-worker,Louis Armstrong)], 7] 3 i £ K 924K Louis
Armstrong [F]B1E H T1% #% 1% A [F) 5244 Hello Dolly! % Gene Kelly, f7/EBRZIH I . [Ff, W oGid s
A T () SEAR AR XL BAE A RARTE AL E, SR )5 IR YR 20 R 544K Louis Armstrong 7E ¥ AN L3 A2 2 /0 HH B
— XN, F) 2 2 o SR AR B AT v n] R tH IR S L, i 3.3 PR,

Louis Armstrong Louis Armstrong
.o\'\“e‘ &,
1 Qv.s 3z
® composer” director ® composer™ director N\
Jerry Herman Hello Dolly! Gene Kelly Jerry Herman Hello Dolly! Gene Kelly
(a) £ performer {f T Hello Dolly! (b) I co-worker 1E T Gene Kelly

Louis Armstrong

.
.\\\6 2
o
QQ«S s
a . ‘e
.composer . director N\~

Jerry Herman Hello Dolly! Gene Kelly
(c) PIRPLITRIFIN 25 &
3.3 EARBOLA RS BB

MR 3.3 Prosit) 3 Fr RSO0, W LAASE] 3 Sl LR KRB A2, LR 3.1,

o
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BE 5 BEsmiR B R B R ) K 4575

K313 AU N )RR AR

A RETE L R 7.
3.3(a) Jerry Herman, composed_film, Hello Dolly!, performed_film™', Louis Armstrong, directed_film™', Gene Kelly
% 3.3(b) Jerry Herman, composed_film, Hello Dolly!, directed film™', Gene Kelly, co-worker, Louis Armstrong

Jerry Herman, composed_film, Hello Dolly!, performed_film™',

Louis Armstrong, directed film™', Gene Kelly, co-worker, Louis Armstrong

& 3.3(c)

FEAS B EEFP 29 FAH BUAR B LR BR AR 7. 2S5, K ) R gt 77 0% 7 #EAT b, AR5 RAE A 5 (3.8) it 5

P I AH AL -
sim(7.,q)=cos(7..q) 3.8)

Hordr, ooy g HVRLRER R 7 KR g 1A BRI, SRIBUMLL L B i) 20 SRR AR A D d 2 (Vi R B A
3.4 ARBEFEREE

COPAR R 15 T 5 S 240 SR 0 B4 0 1 2 52 B L 95 3 S P 240 SR S R X 43 B e S
o) R SRR KR AR WAL B BRGNS 1 T RR.

B3E 1. COPAR 584k 3 T 72

BN BRES A g, MIREE G, FESEK e, ARERE E, HEHBTKE L;

B RERAR b, TRAH

Begin

1. ep=€, hoe=3, c=[-1*L

2. qo=QuestionEncoding(q)

3. s50=(q.ere.€0,h0,¢.40)

4. Foreachtin[l1,L]:

5. A(s)={r|(e,r)eG} /PAATRES s, BIBIAE =5 18]

6. For each a=r in A(s,):

7. a=RelationEncoding(r)

8. HEINME a 5 g W15 L5 S(a,q)

9. End for

10. a(als)=SoftMax(S(a.q)) I AR5 50 )3 — A3 B S FE P
1. R (als)REE—DBNE a=r,

12.  g=UpdateQuestion(q,,r,) /1 5E 3 ) R TR

13.  E'={e|(e,r~a,e)eG} IR BN KRR rea, XS RLSEAASE EY
14, THESEIEEME P, 1 LN constraint

15, IRIELAREFME P, EEUSEIK e, HE WAL ¢

16. For eachr, e.inc,

17. q~=UpdateQuestion(q,,r.) Ve A TN

18.  End for

19. hii=hiH(ape) /5 3 R SR B AR

20.  c[t].append(c,)

21, s1=(qseres€i+15M141,C.41)

22. End for

23, XFERAE B LA R AT A AR F

24. Return h, ¢

End

TS TATXPRE RIS s, HIRER 22 JC R BT T 0 3, Herh, eo 7 B B A4 S 0 BT Ak 1) 60 R P14 o 0y 4
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FALE; WA E B SR T e, ho R J7 L PLSRIRATE, FORICSRHE TR BR AR UL 33 1) 00 R R sEAk Moo =
B0, ¢ RoRMHBATENTANAR. BTHAE DM RS ANAR AN SLBLRPER, BiNEHR c
FIR AN B OB B ARG L. & SRk SR AR R I S AK e TN, MITRINZEARL ¢ WX RALE; A TL
W, NSRS E N, B 2 AT ST QuestionEncoding() RS 3.1 i A AN GG 7 vEST F 8 g BT, 75
FIWIE o] ) ] R IR qo. JET, 28 3 4T3 BIATIE IR SRR s0=(q.e1-€0.h0,¢,90). AL TARRAERL 1L E A
[ 52 K L, SVERSE 4-22 47 WA — B PR AT I 00 R B SR S #2588 5-11 47 9 0 Rk R AR, Horp,
Ji ¥ RelationEncoding(-)X SNE M &GN ENE a MR r #ATHWID. 5 12 1710577 UpdateQuestion(-)
KHEE 323 AR TTEE XL R r X R EBEAT . 5 13-15 7 ALREH ARSI, 28
16-18 T4 XS LI R K RBEAT W R SE By, ke K ey J5, HIEEE 19 17 REFE M 0 R S SMRID R B A ho.
320 AT W INAE 1Z LR B HIG R B2 o, AN, REFEBE sp=(g.ememhineq). EEE S-211THIE)
PELORZS I, BB MR AT =51,a1,50,00,....s.ar LA RLSEAR ERIZIH ¢ 55 23 17X LR ¢ fAAE#R AR B
SUI G BUHEAT AL, 753 B A LRI ¢

3.5 JIZBR

FEENR B ) 2T 55, smAb % 2] B0VE ISR B bR o i RWAE BT A [0 2000 B i dr 0 20t B i IR, dn
ARG PR
J(O) =E, el By [R(D) [(q,a)]] (3.9)
RD)=Y1 /'R (5,.4,.5,.) (3.10)
Hh, (q.0)eD FRBABRLE D P FTA 25 (q.0), 74770 M %S H0H O HR4E K08 77 AR B %, R'() BT
LI REL, I
AH R, 1) BT 25 U1 25 B AR B SR EE B BE T AR S A G 1D)FR:

Vo (0) = By Evryio| T Volowmy @) Xy R (505, | (3.11)
Sl mhads) BT TERAS 5, FHUE A0 mRIUH 1F a, MM, R(susio) R TEIRAS 5, RIUEE a S s
AN, (AT LRV Sth, (3B A A ¢ 2R, 0 ) 6 B,
G B A S BT B R, I 4 0 24 5 2 O A S

4 SCIGSHRT

4.1 SEIOBE
A FBAE 4 DNEHRE EXTIRATIR 100 T34k 27 =) (0 AR S 20 A B AR HE R S R EAT VAL, R 40 4
T BEEEN G AT, b, 58 2 AR ERE t se R BB M E AN, B 3 4. B 4 4 5 D Ok R AR
W i = Je A A, 5 5 PN B SR & T AR I i) R, mix 87 B 4R b T 1] 2%
e PQ A PQLP?: Bl PathQuestion Fll PathQuestion-Large, iX P43 % /& 3L T Freebase %117 2 #4 & T
JBCI A R PR 1) K 4. AR S8 e A 2R LI X R A A K B SR R B 2 WebQuestions! A
WikiAnswers!®, SRR AE I o] RBEAT [F) SO &4, DRI, AP B 9R0E & i) R A 205 N 2 Rk,
T ) 1 — S o 0 B0 5 3 St S i) A DL AR ) R A P R AR, XA R SR I 2
Bk 3 Bk i 2 % B AR
o MetaQA: 2018 4, [H Zhang® % A& H 1 b 52 4080 1) i) 25 B0 8. % M0HE 45 b BT A ) R A 4
MovieQA ' f FL A1 R & Wikidata ZE AR, #odls DU 2 (B 02 B 2885 3 MR, Vanilla
text data.NTM (neural translation model) text data 1 Audio data, A ¥ H R 461 Vanilla text data 4%
. ZEIR AR LR A E o 1Bk, 2 Bk 3 B 2 S, A SC BRI E A 2 Bh.
3 Bk SR A B BE AR B AT SE S
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A Be iR B R F) AR T REH A 4577

e KQA Pro: KQA Pro ¥ Freebase ] T4 FB15k-237 " ) 5244 %t 5% 3 Wikidata 3555 HgHTH B, AT
1% Freebase [ [f15¢ &% ¥ i Wikidata B, KR40 T ARG EE &, AR WEMEFEAZ
FEME, A5 2 PR R, R L 3 SR AT R A S B 1 29 TR 22 Bk (multi-hop) )@, 3@ i 3L
$RHEH Find J2 FilterStr )R8 J AKX 1] BEEAT 07 8, 15 B A SCATE A KQA T4E KQA-s. N T
Tt — 5 b B8 IF AR SC 5 VA LE 0 BRI R L s, FRATE I SE T 3RIE] 8 ) Find BY FilterStr Mg
FIANEL, BRI R T4 KQA-s I AL T4 KQA-s-NC il KQA-s-C iXFEANEB4r, Ho, KQA-
s-NC Jy Find B FilterStr TR NN 1 1 KQA-s T4, % T KQA-s 1 iTA LA W £ Bk I #; KQA-s-C
4 Find B FilterStr DIREANHURT 1 1) KQA-s 75, B 7 KQA-s H T 2 £ Bk 7] 2, KQA-s Hf

PWHERIRE.
# 41 LREUEE
B | SEMEC | KRN | =rds it R £
2-hop 1908
PQ 2215 14 4049 3-hop 5198
mix 7106
2-hop 159
PQL 5035 364 12 248 3-hop 1031
mix 2 625
2-hop 44 610
MetaQA | 43234 9 134 741 3-hop 42 671
mix 122018
mix 671
KQA-s 131 890 960 489 224 con 176
no-con 495

WeAh, AR FR B R SR R G R A SRR N T — AR I R B S A4, AEAZI0H B
g . Pk, SeBRAE A 0 H0 R RS R bL RSk 1 AR RS R sEIg AR, ARET OB A SR L R
8:1:1 MLLBIBENLA AIIGRE . B IFEFMRE. Hoh, AL TELBR ISR R, KXo 45 2% 1) 2 5 Bde R A
Z W, U R IIGEER. AT 8 AP R R, A A T 2 AN ARIBEALE TR R I R4 . 3RIF4E K&l
AR, T IR BITE AL 45 AR S £ IR S BU T34 B
4.2 TN Etr REERE

A SCATS R R b 2 R 75 BUIA 22 R0 A (B W) 20 BOMERA 2R Ace) SRAE A SCREEY A AR o, HERAIZR Acc
A R@. DR

Acc = correct_num 4.1
N
HHh, correct_num FoR IR A LA H B IHRSE B AT R AL M HERE B A2 B X BIA B B AN, VR
TN IBREARA L.
T B R AR SO BB 6 LA B JR 0 29 TR R RN A AR, AR SR 5 3 TE B R RS KRR 1
KVMemNet. SRN. IRN 4T L%,
(1) KVMemNet?®l: — N3 15 B 2 1 i BUBEAL 4540 5C 0 17 B 7 4 DB A % 9 0 X AR A7 78 9 77
W, TEFIRE RS R A, AR S I A A7 H 00 B (S R BE T e ) B, AT SE IR R R X
PO E R IR AR, R BT 2 A, SE I i o A I AR B R 2

(2) SRNUS: BT b2 5] (O HE R HEAT 32 Wh HE FRAR A . 225 VAR R HERE 2 A1, SR FH B0 2 BT i) 3t
A7 SE 3, AT R A O WL A A5 A 2 A — Bk O v il A R 43, R T VK e R B R AR FE A R
BRIy 1, 3 72 T B A1 o9 3 ) R, 1% 07 VE AL B AR ) AN 8

(3) IRNP: AT AR g it AR AL, A, R RBAIE AR ERER, Ky Eikx
A5 R IR R R BRI OC R, JRARYE TN (¥ ¢ R 5 1) A AT BE BT, 1% 7 1R ] A 2 o i)
AT G, SEGE S B A k.
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WoF TS I KBS, ASURIEIGAIFEE 085 RIHT F R, R AT, AR SO AR 1] )
BT SFE A o R gAY i iA B 4R W BN 100, ik 3 ANJTIER A BRI | B 4ERE, & TEN S
Hom Wk 4.2, BASRH TR Glove i 7 & AT HIA6 4, WS ZAN 80 E N 2, dropout R 0.1, TELH
WEHGH 73, = e BN BN AR A R AR RS S0 I R G SO E TR T M MEH e, A5 S0R R{E et
HA 0. ERFRERT SRR BRI B AR T, Bt BRI n kB 0.95. FEEBAR L
g, AT H ADAM BREERALES, WITR% 22 Ir B H 0.000 1, L2 IEMMLALE HFARE N 0.5,
R R B BN 0.01, IEMMLIRZB, 38 )9 0.01.

% 4.2 COPAR 5 HAth J i AR R 2 H g %ot ()

it KVMemNet IRN SRN COPAR
RIS HE | 14739783 176600 1196 600 464 004

4.3 LWEHERSHH

N T UG UEAS SCHR Y B T A 2 5] B 20 SRR A% HE BB 0 P, AR et LR 5 LA R TE R
2R 1 e HE VAR 2 BB 4R LR BLEEAT L, BARS IR 4.3,

#* 4.3 COPAR 5 H: il 5 v 455 704 75 S [ B 4 1 140 14 1 26 L 52 (%)

KVMemNet IRN SRN COPAR

PQ-2H 9155 96.4 96.3 98.4
PQ-3H 79.4 90.2 89.2 93.2
PQ-M 85.2 91.3 89.3 94.5
PQL-2H 70.5 83.8 78.6 89.6
PQL-3H 63.4 82.5 77.5 85.4
PQL-M 68.6 82.6 78.3 89.1
MetaQA-2H 84.3 95.5 95.1 97.2
MetaQA-3H 53.8 93.9 75.2 95.2
MetaQA-M 48.6 94.3 83.2 97.3

HRE LA b 508 45 ] LUE
(1)  AHFIHREH I COPAR £ PathQuestion. PathQuestion-Large & MetaQA #4542 F AL T a1 sc it
B L A R TR T 3R A A SC T BB Y A 0 A R b St R s AT A R AT Rk (4 22 ik i) AT Sk R K AR
iselllR
2) TERABEAMITE ) PathQuestion K MetaQA $#E4E |, COPAR S8l T 8 HERA . A SCIA,
TR AR 2 B SR T B AN B MR sl AR A ), N> T EHRI i R 75 % 8k in) R L
ASCHT IR RPERE IR, RITEBEIRZ BN T, BiE COPAR 15 REA Ak EAG AL ¢ &R R Stk
1T
(3)  FEHIIR B BUAR % K EL I B 558 /D B Bl £ PathQuestion-Large |-, COPAR WM fRE S iR #H 5 i
BB SR A PO AR, (RO T AR Y, FRATT N I S5 DR VA A% S AR S i SR P D ) A i B R B B A ik
PRI 3 T AL
KVMemNet #4155 32 US4 AH G B T BB BAE N, ARG S, BIEC R EE D, HEA A S
P ER K, BEICZERZ, FIEER, BIEE SANAZR. IRN BARRKRBEAENBEERFR, HH
SR A AR AL N A A, BOEIE S BN AT . SRN EAE— 2550 Rk BRI, B 4B SeAR priE B il % &
TEW, 5 KVMemNet TR &R, (2S804 HEECRR, S22 3B 2 T30, ACRINER%
MRS FTE BRI F R RFREIEN, KR4 T AMERE, TRIE D, HASCE W F S8R 24 W
B 1) R AT T AT ARRIN, MEREG S5 R AT VR Y, ASCATR AR BT Rk
N T IR AR A AR B TE My A 0] R AR BERE 77, AR E R KQA-s KII 43 vty 20 AN AN 1 249 3B AN T
£ KQA-s-C. KQA-s-NC, 7 AEPN & LdhA7 sSL0e, 15 3 00 & B M 5 W3R 4.4,
K 4.4 PR g RRY, ASCHTIR 7L COPAR 1154 KQA-s MHERE L BB AT I, KL T A AT
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PR EAE AL A A AR B ML R R B . TR TR, AR SCHE A 4 R i) A B B AR R — X 2 O R XY
R SEAR B AT T AW, iR A B A RSk, B TR 1 AR . FE AN B 4T e R R
£E KQA-s-NC |, COPAR 5 g3t (93 T BB AR 4% 1) RGCN RS /F ey 3R - R BUAR 2, S03F 1 A SCHTIR A
TERHUS RN IR B b (s AR B A 7). 7 290 in) 4R 2 KQA-s-C |, ARSCPTRAR AL A1 T HoAh A AL, RGCN
KA B GRS R A U ARG, mRNEEZEENRAN, TIRERHESZ. BAMS, ZHiEE—
SERRPE LR T 75 SR EUE ML R ), (EBZ TR, SRN SR BRIk S HESR, HoahE 2 e it
{E 1R Z A B TE BRI (] 25 R % B SR 1) — S I v M ai e, BRI T AN A0 1 B AL BERE 77, 218
B LA ) AR A HEBL R AR P2 A SR, iR A B R ) BRI R

R 4.4 [A1ZFLH )T HE R R A (%)
KVMemNet RGCN SRN COPAR w/o con

KQA-s 35.8 66.4 55.2 71.6 64.2
KQA-s-NC 48.5 75.8 69.7 76.8 74.7
KQA-s-C 13.9 27.8 8.3 66.7 8.3

# 4.4 1E5 51 wio con FIRAEA LT PRAEM th AR FI 20 AR AL B ES 7 SR B 45 . T DA i &Y
FORHUES 7> J, B R A 20 R 25 B 4 KQA-s-C b B vE B Al T [, 5 [RIAE 2R T 9 AL 22 S ) U7 7 SRN R A
FEF, TTTAIE B 17 5068 240 3R f Ak B 7 A6S 704 v 8 e 240 2R i) L ) B 4%

4.4 HEAOM

N T B IRUE A TE P SR AR A v 2 0 BEUE A Rk, ARSCER G S R AT 1 AR Se R, i SRR
IE 85 T X B (A R0 ) B

(1) TR IIHLE (30 5 L8 8 HEME 1947 28 1 e

N T BRI B AF 2 3 I Y A5 0 WL o X A TR B AP B (R RS, AR SRS Bl A 0 R I AN SR P R LA A R
w/o attn 5 AR model HEAT T Xf EL, 7E &R & HE R LRSI 45 R L& 4.5.

R4S FEIEFEE R AU AR 1 Rk 56 (%)

PQ-M PQL-M MetaQA-M KQA-s
w/o attn 39.7 84.4 90.5 61.9
COPAR 94.9 89.1 97.6 71.7

TG AR R SRR L, SRS R 4% v 2 A I S SR A VR AL BB TR SR A SR AR B
PEREI A BT N B, AR, SR FEE RIE R A ER—H K RIEHMN, EEIVHEAREERS
R AR IS R, — R BRI T HARE BT SIS R TR R ML EILE S B R i .

(2) ZYBRALFLEL 43 (0 R 56 E

T BEAE A SO S A ST AR TR M 2 R ) A s AR . SR RSRIUR S R . AR
AbFRIR WS, A SO AR COPAR 5K A 49 A B (— VIR 29 A (0 b 2, 6045 3 RS 4k 5 240 SR SR SR IX 4
IR IREN S 5 AR AR E) (A w/o CONL ARl 25 3 S A 5 24 SR 4R IX 70 23 AR 2 w/o BENT KK
FH B A AR BB 43 A B w/o AMB TE 45 A 203 i) i) 895 45 KQA-s & KQA-s-C EhAT T XTHLSEER, 25
SR 4.6.

R A6 LR AL IR 53N BAR A R B IR UE (%)
w/o0 ENT  w/o AMB w/o CON COPAR
KQA-s 66.4 70.1 64.2 71.7
KQA-s-C 47.2 61.1 8.3 66.7

F 4.6 PR EiG g5 FIGUE T A STATHE % T 2405 0 — R 50 b B e 094 Rtk 7EREAY w/o CON 111
UG SE AR, ARSI A AR B o X R TR AR I AN, - AT T o, TIEES AT
2 R SIE A 34 X 05 S 240 TR AR BT R A A5 R g 2

TEREAY wio ENT {45 R, 32 MSE Ak 5 2 TS 42 X 4338 3 il A% 2 1 28 e 1k BB R i K. % T il 41
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HAR ORI 22 A e Bl PR AR, S A OGRS 7 R AR B A DL I S AR O RSk, R REE R TR
AR Sy 2 ST A i il B0 B A2 A8 50 0 B K A 0.

FERE w/o AMB _F 1) 25 5 5 B AR AR AR A Ll e ff P2 AR B 2 AN K. 3 Al i ) AL 4 JiR AT T A 1 4 S0
b, AT A B SR 249 SRR R A AR B (L R R I BE AR, R AR ST B B S AL B SR A
2.

(3) SN i i B ) A7 2801k 56

9T BRI AR SRR SR F) S I I 250 S0 948 23 R 0 T A AR B A A Y, AT 2% Bl £ B 0 AN SR 1)
SEH AR > IR TY wio uq BEAT 1Sk, JF 5 BAREIREEAT TS b, Seinaf R LR 4.7.

AT SN i USRS 0 ok B AR T () A R B IE (%)

PQ-M___ PQLM MetaQA-M KQA-s
w/o uq 85.6 732 76.8 41.0
COPAR 94.9 89.1 97.6 71

MNSETR 25 JRvh iy DL, SIS i) RS S 40 X A R R R MR LK. 3K S T A A S A 010 o ) R
b, 5% EAHKRI R R e 24, T By HL I TE v S 4 X 4 2 T AR DG (R G &R T el 780 B 3
IITEAF L PSR BIE BRI IR 2 5, HH LA 1] R (R AH BT 23 REAT #E 7, TEREAT T — IR BRI R H R b P
PIAESR R R, 18 T R R AR . B 4.1 R T 7EX @ “When was the film starred by Forest
Whitaker and directed by Mark Rydell released 2”33 4T £ 5 % 42 i ik F2 w1 1) /280 5 37 b .

R B H
S5 & = 8 4 8

Ff30 62955208
1 hop p u

1 hop r ‘!‘

1" hop ur

1" hop uc —
X [ |

2" hopr ‘

2" hop ur ’—‘

B 4.1 AR s R R

K 4.1 B 1 0] 8 B 4% 4% v(Mark Rydell,directed_film,Even Money), (Even Money,released_time,2006-
05-08), & Sk xF B 29 4[], [(instance of,film),(acted_film™',Forest Whitaker)], [-]. 18] B ¥rid #epr, 7645 1 Bk
RAEEF AT, HhAWEREARERTEEBSTAR b, Fh, WA 29 AR 1) 26 R0 ) BT 88, #
T, W2, R 1% hop p; i85 1 BkOC R directed_film 2 J&, 4 in) b 5 2 A0 ¢ 150 43 147 H6E
a5, XM 1 hop ur, FR¥ESLAAIESR IS FRIE SR ST Even Money, JFE1 % 1E FH7E 1% 524k L 29 5 [(instance
of,film),(acted_film™',Forest Whitaker)] 43 5l %t 7] @ 47 528, 52 ) 1% hop ue, MII7EHEAT 56 2 Bk Rik
eI, AR MR 2R eV E R AL PR A5 B, BN released time 1R MR L FT vEFE A5 B, xoF B &I 9 2™ hop 1, AT
ST A HE B

(4) 25 of H A A RPE 3R AIE

9T B R A SO T SR 2 STAESE T 22 B i) B A 5% 00 B Sl A 5 B S SR 3 R BE T PR A T 7 ) SR T A it ek 4
WA R, AR AR A BRI wio pr 1B &HHESE LT SLE, FE5RARBIRIBEIT X b, Stin s R
el 4.2 fis

Bl 4.2 Frnmscie sl B AR SCRT BT 1 22 5 ek BOE S U B e AR £ 28 HARI B OL T, W] LU 7Y
PSR B A B AR I S il A B EL A IR B 5%, 217 0 1 DB T 2 Il o TR B — IR B AR I B ) #AR 4 24 AR
AR ITER FEL i 5, 55 B IRESHHEIE S EAE R, WG —A IR, B, f—ANFamE. &5
VRS A AR T ) e SR I FE B LR S, R (AR T ARAIE TE S A4 H AR A AR (175 0 T S B L A ISR
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AR ST B R U 2 ] 2 A B RO B R T R SRR, IR B R T A 2 3T B R U 2 R ) 2
HEFRAA COPAR. XTI BEAR B2 A i S SE IR IR, W 29 SRR A% 5 o L) AR BA FEE AR D9 SR 22 il A 4548
RIAE BRI G5 H AR AR RO ATIR T, AT A4y 3t 51 SRR 2R, b T BoAT Sk ol P 20 A ) R, S 0 3
SR BRARSEAR . ARSARBEAT X 2, ARG T RR AR HE R AR b — N R RN B2 A ARG L, SR 7R T
TE R ML 0 B0 1 0k 5 SR 5 B T 2 SR S AR 1 5 SR, A A SR I L L R L EAT SRR . AR
R R IE PRI AR 52 2 J, ARAE CHERE O Z00T 1) RN R IK HBEAT Zh A5 58T, AT DR E HE 2 B A% F) IR A 4 R
JilA. BN, BEE T ERAR UKL BERENS, EP BT TR AR HE R A R L. COPAR BT R 1 1L Gl A5
M 23 T7 3 i R AN X RO R AT AR B PR M), AT RE 2 AL R 2 T AT AR B 4E S, A 1A EE B4R,
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