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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 design knowledge graph based question answering models. However, 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
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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, a 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. COPAR is 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) 5 3 R B U2 A i J2 00 S v AR R B A R D0, Bt i P, AN
FEEAUR, Horp, B P IREUE B SRR R T B B AT S5 AT A A 1), R [l
B, HEHSR. AR R I EARRE S SR AHXHNEHTIIR, AP HERAIEE ORE
s B, JFTRE R, AR KR 72057 (Knowledge Graph based Question Answering, KGQA) & £ 3k A i 5
MR8 28 Je FLORIBC AR, BSR4 v B P 10 SR SR A

BT VRFE S 11 KGQA AR KB Ao R I B BVRI55 In B I 28 90 R IR BY 5 o) 7 vh (e g — Atk 2 it
FErh, 5 i ) HE PR AE B AR BB VAN SR I OR RAE A R — BRI PO A5 2R RS, X — Bk bR id o8 RAEH
EMBE BRITEINATUR M M S 8. Lk B TUE P45 LR R, A& R TE, REZE.
BT — BhHE R 1) ¢ R O AR e, X 48 77 V2 70 HE B 2 ORI HES B 12 7 T A0 AR T AR i e R 12k (B2,
YT RANNGREA, HEBME LRATE XRMTEZPANFRL. 0T B0 HrR R sk, e RIEE %
TEB B MARM AR NEEIRE. H— W, BREEITEATEANTRIL KRR, KK OS2 R
17 27 () (R 26 73 A AT RS 7% H 4 R RS0k, Bk 2 HEFAT 5 @08 5 /R o] R SRt 72, e X
P SR IE B AR N MBS B, 50 & 1 2 i 4 #E B A2 04T 1B =0 A% 1, A SR IR TS S 408 3, iRk
TR,

T B ) B2 A AR R AR AR = e P AN DL AL ) A, H AT CHUS IER I s . SR, AT R
— B LA AT R ) A, ) B AR T T DL {(e0,71,€),(€15792€) )seens (€107 5 Conerner )} S EE AR HEAT 2 B HEFE A BE 4R
BIER, PR ERFEINEEREARERAKE), YRR KN, ToEK S5 R 8 % 1
AR, 2180, RIS, 7R i 350 4 B U7 vk s T Rl R AV SRAE R, X DATE 6 A% 0 S B v A0 R oA A 1
B, MHEEWS LA RZCE, WA, R E AR S R, JHEIE ARG BERTE
HEHE PR AR B AN [R) HP ()0 A, (0 2 BB AR s S 3. TRk, ko 7 R ) A R R DA A R A A ) TR
5% ) .

BT Bk b, BT oA A S0 AR R 2 PR ] 2 I IR B T S A AP T T (1) KSR SR
M HAE B AL i, T oA 2 ST 7 VR A 85 e B 07 AT N 2R, R M UCE IR iR 5 — P BB R s
i, A ReFEIE 2R, MAR EBHEUBECRRT, MRBAT K, 27X m AR R, (2) MLk
PR ) O J0) REHE SR R AT 40 3. 0T A LSRN ) R, HCHE B PR AR AR 2 R ) S AR A b B AEAE 4R L, T aERAL A )
T VEAE B A A BRI RN I IR 20 RO B — AN, TEBSAE 0 SO O R RS B TEVE O IE i v ok, 5 BURE B AR R AIK
™

T REVENR BRE A R A B ) ER PR, A SCHRE R R T AL I AR R B ROR, AERA A HRE
R R B U R AR s A R R, BT S, ATk AR LT =

(1) X T 22l B i FH B3R 0] A, A SCHE H Ril& 20 R AS B I 3 Jh % SR m, AR AT i 8 RATSE R A 5 B
55 1] 7 PR DG PR At SR, HE P R P A — A IR BB B 4F B IG AS A N R B T AR H, AT 5 S A AL TE i
Y IE B PSR IR R, i — 2D 4R m i B I S A
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(2) X T SR E B M 20 TR A, AR SO B TR AL S ST I 2 TR S 4% HE 2 B Y (Reinforcement
Learning based Constrained Path Reasoning Model, COPAR). 7£% R MAZHMEH, MRIEER VLT HE LRI
WEZ A0, B O RN L 2 ATk, # & SR 2 RS BAE N SEMOE BRI IKTE . EEFE TR RN
Ja, WRERREATER, MG CEBNER. BEAELT PR ERARGE, SE T HERE. R E
THT B A AL B SRS, 2 v 41 2 AR P oA A A

(3) FEZANHURE LTI, 5 TS0 iR T oA A% ST AR B AT X bL, AT v A 26 9 HR AR, XA
B MR AT IOVE. 594, A SCEE MR &30 vt T VR TE S8, DUIE B A [R)AR R A5 2 5 44 P B 1Y) 5% 0.

ATCE 1 AR AR B B A G iR R SO IOIR. B 2 TR AR B AR HE A B R AT R R AR

B3 WA EAR IR H A R B AR HEI R R, B 4 T I L SEIR IS E T PR B A . e B A AL

1 FUREEREIEEXTITE

H AT O KR ET iR i B i wF9T. 3 F 94k 2% 5] RL(Reinforcement Learning)!' ') KGQA J5 ¥
PR AR (1) 2 S A R P A W SR ), 5 B 42 HE P 527% PRA(Path-Ranking Algorithm)Af LE 45/ T 48 & 23 (8], [F)
I R SR A AT R, Xiong 25 AJR K DeepPath! Vi ol 5 Ak 2% o1 W 3 i L sl 28, R TR VB A
SEAAR 2 TA) B 9% 2R TO0IU AN = S AR A )/, B VE N BN R R IR HAH R AR Y, AT R AN i, B v
FEI A PR Das £ N3 H ) MINERVAUS N 6 25 4 [ %) DeepPath #E47 12k, {1 f§ REINFORCEU 5%, seil T
i 1) ity FRD A1 U P 0 B () 5. (EZ T VR ) LS KAk S <head, relation, 7> 20, BRI T I A B A 2% In) R () R
71.

DeepPath Fil MINERVA X f 1 # /& Policy Gradient /7¥%, 3T ME B A VEIX —4 3 F, Shen S A$EH T
M-Walk!" S5 7 %584 (i Fl Q-learning LA off-policy J7 20 el ik 3 4k 2% >J B AL Wan %5 A2 H T HRLUOBE AL, 2
%I Policy Gradient fJ—Feiidt, BEANHEM I FE 4L 40 ff 0 P 0 5EAL 2% 50 SREMG SR IR G i), T 06 o S5 R kAT
GRS 2 I BRI B R 25 18], B E AR R 2 S 1R S M), Wang 55 A$EH T ADRLUTAESE, &03@ ik %o ¥R J5E 2
SIRO ORGSR AR (0 25 AL B R SR AR ML R T R, ] Actor-Critic HIEN BEAMEZLHEAT AL, Zhang A
PIVPE H T — b 3 I 58 1 2 T (ARL)HE 22K A vk 52 2% 1) 285, 3@k 18 v 130 O B 45 A o 2F ok R 4%, LATR
TR Re R BIA H AR S,

FEA8 2R 25 AR AL 7 T Qiu &5 NN B /RIS 2% 25 1)k K0 i), 42 HY SRN(Stepwise Reasoning Network)!®!
RERY, SR R TN R BB S HT P AT REOCVE R &R, B v AR B 5 ) R oG R AR SR, SRR
MR TTIERGRANE T H. 54, FREBBEEARDNE HAR SEN, BRI R AE R, (HRIUW
A% 5 1) R R R 5 RIS AR IR, IX S 4R aR Ak A ST BB (¥ 2 3] R — 2 TR, Lin S APHEH T Action
Dropout {7515, M— R _EZZE T I 8. Kaiser 28 APYEE T Actor-Critic $2H T CONQUER, £5%t%01iR &l
W E iR B, 51 S 2 A B RTE AR B L AT AT HERE, I DL i A ) O =M A B SR
Jih.

TEXE BT 77 T, MINERVA [f2 5 oR B050 B BAA M — B TR bR T 2220 H bR, (HIZ R E0E wr R  ih#
B A TA) A, S0oF B 2 ST 1Y) 2 ST A R — e MERE, AR 253 H B AN 5 30 T SR A ) 2 I ) AR v BB AR R R 2
il R K% 0] B 5. Lin 25 NUOURFH 225 S8 (6 5 ik, 3t TN 5 00 Sk i N AR SR A T B AR O 2 A, AR
A7 T W B 5, SRNUIZE ShBE Rl 4Rt 7 —Fb Potential-based P 2 Jih ¥8 7% 7 ik, K 3 S0 B4 X6k F [ P 45
SR 5 FEAE A ) AR DR FE R D70, AT TG R A B R A T V2 R AR 5 A R 1) 2 T A R ) L

FEF AL S T A R A S B T AT I Sk, A TR B AR RN TARE RS, (22,
T X 52 2% B 20 SR 1) U, B S D BB T 5 AN g B AU B A AR B 4240 3. Lin 28 AUV 2% fe 3] 24 52
A J5 — BRHEIR BT R B 2L i, RS T A HT Bk E SR A S B, R I T 26 4 3B A SO, TR
HERA I 3. SRNUSLRF o) 545 2 100 5 Sk 4% 78 o 3 DRl b, 038 B 0 SR 4 SR A5 190 7 26 1 v T IE 1
BARHS, 55K 5 S A RN S AT O R, WM A H R I HEE 45 ] AT i 1 226
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SE T R £ B8 105 [ ) 25 e [y s HE 3R B AT RN 24 S A ST ) R O 7 3 B, DUPRUF AR 2R 4 3 4 SR 5 ) 0 v () S HE 2 G
F LA FEE SO DG, I HLBE e 240 R I AR B AR 1R
2 AREIEHBESER
2.1 [EEENX

SRR P ] B AT 45 MR F P R A B ARIE S I, 1 R o b A e R SR R P, KRR R B s A
7 A R R e AR K N YT A, AT ) SE AR R R B T RS, JETE S A G R U R AT AR R
BRRAB R, AU HTE A0 A 5R o HL S AR B 5 Sk B B 0 4 B A BB AR SRR,
LR T R R AR E L

AH G AR R B 1 2, AR R R M A S ARG R, SRS S5 HEE R R AR,
I, T SEZE H DT i B 24 B a) A DG e L

B 1 AR, 2 B ARHE BT H R B 20 5 ) B AT 55 (A BT AR B )RR R S TR
VM X 53 A E RS e, « AR SCIRBE B, QOSSR B, 10 24 R0 %[5 260 4% I S5 A 11 240 SRRl S R 240
1) R 240 R Rt R R B R 3 B A SR PR I 20 SRR R B I SR M) R () 32 L SE R e, BT AR YT A
K, TERNRERE G HARYE 108 ¢ 915 8 DL R A R SLAREE E HATHERE, IR KN L BRI EAR h DL A
LY I ) SRAE B B 4%

BN 2 FHREREARF S, Ao e B A HRAE B E RS M g, AR ) B R P g
ATAVR S AR HERE, FFARHE FL IR 1] HE R 26 42 SR B 28 1) BB SEARAE 8 SRR Bl 25 i

___________________ Robert Tannen

New York

Sandy Dennis
1934-03-23

Bl 2.1 —ANF T 02 Ay 2 3R] R R B 7 B s )

T T A AR a8, 8 Al — A = on A FERARE R, HEAN S nHFSmdE A &
RO R, RN SRR P A S 3, IR BT 1R B 22 Bk e R 1) A A RN B AL B R AR T
R = R

B 2.1 @R T — AR E B G S 8 "Which film starred by Forest Whitaker is directed by Mark
Rydell?" K 5] 25 1% I 8 fr 5 22 00 R 7 B S ). iz sl b, SR 95 50 Mark Rydell %, itk &
directed_film &%) 2k 42 & [Even Money, TheFox]H [ — AN s AE N S /0 e 45 R B Wi s m & 071k
KEZEMNBTMEGPRENGEE A, REHREHIT T —PRE. DINGRELE ZH, B I HRE 53]
FIEMMHERE SR, HXFERERTE. BENIGFE P ZEEA Even Money, TEE TR EMBRT, &
RERIS B T B E 2L, (BILR& R 2 P IR A5 "starred by Forest Whitaker"1X —Z)3R /5 B, #HHEEEEM
HXATEE, A0 4R 2 Z B0, 25 2O UE 2 A8 K 1% 7% /£ <Mark Rydell, directed_film, Even
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Money>#R 2% I TE 1 (1) 27 28 S, HER I A2 35 200 & SR 2K R, BIEFXT Even Money 5 miILACA11R =040
<Even Money, acted_film, Forest Whitaker>.

2 ) 8147 4 ""When was the film starred by Forest Whitaker and directed by Mark Rydell released?" i, i 13 =
USRI N Mark Rydell, E453 28 IE#IZ 5, W75 % 7 # £.<Mark Rydell, directed_film, Even Money>, <Even
Money, released_time, 2006-05-08> 17 #EH. HH, 7 25 Even Money 7 i S 2 <Even Money, acted_film,
Forest Whitaker>. #ATM, A & T 504k 5 o) 0 M Z AR B AE R R MR AR L A2 b, R AT LARIE 24K Even
Money, BT —BHEHBAZE WAL, Bl<Even Money, acted film, Forest Whitaker>Ff1<Even Money,
released_time, 2006-05-08>. %K% RN released time WIEEAE, W B AEFIAZ 5 A, N TS 8038 XN
EHREMLEALE; HiEBERAN acted film FIE5E, WIEF IR E Even Money 195, HERE T 1R A
released_time, NI T HEELEE 12,

AR S A 43 A R, B e R PR i) 2 i AR TR A TG — X 22 0 B/ DA BCHE B B A 7 A 4 SO, b B
REE TR &SR EZR RN N2 AR ARAE R, A SR L HE 12 b sk e R A% 4R,
IR T 7E — AN 26 R 5% B 2 AN SEAR B To VR AR 38 20 SRA5 S HE B U SE k. e IR v AN sER L AR, HERE
BAR A S, BRI IR P FOE B, S — Rl DUR R b BR L) 0N, RIS 4k FRE R, RKHERRAE, 5 —M
JIEBERIERE T B REATHEN, HiZ)ERAE R R G, HEBLEEAR T A & IE S RN B, IR
1 2.

2.2 GIRATRRRIIZER

AT A S0 R T i 5 1) B A HE R ANCA 7 40 o S e, R BRI EE AR , HETIN R ¢ R PR IRES
5tz ¢ 2 BiPIRESTEOG, B DR R, WG E BN DR R I IR, ARSI, B R R AR S
B S P 2R 12 ) 5 A5 Y Sk ot Bl A5 1) R R S AR JEAT 1T A, P AR B AN SR Bk OB 28, BREE I 45
W UL SR 28 SRR AR DGR 2., BR AR ENE ¢ F1 B 28G5 1A .

BT MR — HAZ BEX R, T BRA RSN A EE T RE S SiEE 4. R
SR P L2 R, £ RERE MZALSH, FIIUENRRUWT.

(1) RF&Z ] S: RE 0 S BHEFERE s WES. ENME ¢, RE s, HARKRE GRARIER 7] ¢
MR, TARERMERATHEMENITE. EAREELEST, UATRETRRN
s, =(q,e,.€,,h,0,q,) €S, Hh e, NG E BRIET A g T LB SE, e RN BATHER 72 B RRARTESE ¢
WK SR, b, R B RRRIERT (8] 25 ¢ 2 00 20 (0 g s AR BB A, ¢ il s T HESEOE R A A AN I [ 25 i Bk
) S AT L 20 SRR S, q RS b — i B R B AR BT Ik 4 S A 1) 24 SRORE 1] R R S (R I R R . R g 5
TR e, INNREREE, HELEDAZ. KRS, & LR RE s, =(q...¢.h.c,q,) , FT,
hy=D, c=[1*L, LNEIHEKE, q,=QuestionEncoder(q) N8 q MHIUEGwID.

(2) IMET (A A: SHEZIE A 18T ENME o S, IR s, 7RI A ShERI RS 8 4T R BIEZ (8]
A(S,) . TEAEGU AR B ) B AT 55 R, B E 2 B R om R i e, BRI FTA i, G458 R RO L R Sk,
B A(s,) ={(r.e)|(e,,r,e) € G} . T4b, HTLESLFRTSS o, Inl BRI HE B AR K B R R B 2 1Y, R T D 1 S
AN"self_loop" K RIERLLARA L, VERYHT AT IMET R B — 20 1E, MEAHEECRAE R S HIE R
W R KT L), ATiE$ "self loop" H FAE M B A5 4k 1) £ 1k 2% F.

2 R B A R B R — 9% 3R B 2 AN SR I, IX Fh gl 2 (B 0T 7R R E I v R A 1AL AR T
X=X 2 K RN R SEAREE E'={e]| (e,,1;,e) € G} P ST IR SRS, 77 N 8 29 R 524k, JRAREAR AR S 1E
a'=(r',e") THISEARIE B o XF AR BEAT FIWT. DA, A SCK B Be R U mT T fE W OB T A UM G EE X R
EERRAUTIIMETR, B As)=1{r|(e,r)eG}, HhreR FRGIE e BIEHLN IR R. ZITHE
B K A SR (W B AR 2 () F AR e — S YE F A, RIS R] DAY — 3 22 9C F 5% B2 (1) S AR kAT X 43, 3 T 0k 4%
T LY TR
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) REHEBMAE P WAL T ERE SEERIE XL, 258 BEARLE (I ZIRIWENE a, = (" ,e") , WA LA

ERE— AT LA 5, =(g,4.€ 1,,16q,,) » o b =h va . WEERZVL, P(s,,|s,a)=1. EXAK

R RIS M7 vk, BT a2 G R A e Uitk oe &R, & KRN N 2 /NSRS, SERFEFEA R
. ARSCEXT ARG, IR BRIES M g KRR ] 68 1 2 fDIRES BB 2 P kAT 5L
(4) XpheR% R: — kv, HEhRER IR SRR NN BN, EASRT 5P, RS hmRL
Bk HERS S e, I, A BEAR B AN TEAE 20, 75 E 5 B b S B A 42 3 B3k FRR A, IR 218 5% i,
i 2.1 Fios.
R®J=¥’ v =Cus 2.1)

0, otherwise
SRTT, 1Z R B R A TERNA B R UG A RS BE AR, W M ARSI EnE S MoK, 7R IR AT
H, I AL 1) 1 2 2R B R HERE AR Y A SRR . BRIk, R ROCRAC T, JF ARG A Ae S B0
BTVEW SR, A 7 MR UGX AN A, AR SCHE H SR BB T S, Bt 1RG22l R 4
23 BEAREENENEH

SR T 0 0 22 51 #8 . (Potential-Based Reward Shaping)PH 3 AR 48 fe 44 i 45— b sh AR S (it 22 il
BT AMERIERIE: & DRMBERB F:SxAxS > REZFETH AN, FiwL: S8 i
H<sEsp,a,s'>, BRI 4:S >R, 5 F(s,a,s) = yp(s) —g(s) . Hop s, MBELIRE, s F£R
REs ZJFHTF =R, ¢:5 > RERBEERE ¢ IRE SEIZLIR WG, 7 IrinF 7. Hrems¢(S) —
SEREFE ERER M ARG S AARIRES Z M BB, 25 B RE R b £ 1 IEWH A0 3l 1F 55 IR 58 R 15 SURBE 3l AE,
HHae s amm. mymel e, T8 - MREEB TR <s,a,s'>, #EH — DEINK BT K il
yh(s") —@(s) , EAFET FISFE I 2 A AR5 A0 2%, s A R e SR (RIS, wTOR-UE A58 Y 2870 22 ol 15 A3 FH 2 4k 2%
Jal 8 B A 1) B A AN 2 =) B B AL SR e — B0,

BT ARSCENE A B BT vk, AR R R A AR s, B3 BN1E o, « Tk e, « AN 1) R
RE s, FEIR AR, TBXAERIRZN R, |s,a,) . FERIBALSS S, B REA R — A IR A3 E X5 B 5% & R
SR g hEADSKREE L EAFESEHRN, REEBNRIRBIMARE L c RS R ¢ hL2HRR
R RSEARFE XS RL. B, A SORIE B R SR RN T s R R B AR b, ARG E c M EREST A ¢
A AR q I8 SOR 3R R EFR, R AXRWQ2)FR. Hd 1, oRBEAREE c TR b, 114
WRERAT ¢, I A TS 7 D G RN, o () AEOE R
o(cos(t,,q)), t>0

mm={ N o

(2.2)

MR 2 T 98 77 1 B B il ok B B L R AR AR S b o B oRe B X, AT LU AR B R i B R
Fy(5,00,0501) = 705,00 — 9(s,) . Tl N 25 AVRR ISR, 0 RIS PRIV 6 5 - A e A 4, R
PRIEEAR SIS B ARPRFEAAS. Rk, RSO Hn A NQ3)FR. Hd R N ARQDFTR 22225,

R*(St’at’stﬂ):R+F¢(Staatast+1) (2.3)

3 ARBEHEIEER
ARSCBETE T B S8 U B 1R 20 TR ) AR HE B AR COPAR. 5 4% 45 2 5 4k 27 5T 1) ) E A R AR L
COPAR [ Z A [ 50 R BR AR R AL, AL 7R LSRR AL BR SN, B8 X0k 24 5 1] v 16 2 R S R S 24 SRS A

AT X7, TR 17 B8 240 SRAE J5 4 D HE B 2 25 8] FE SR B smg b, R TR R AL it 1 R & 2
FAE B SR PR T ST, 0 L BRAE J2 DA R T %A M 5 28 1A 03 OB IO T HE B R &R 3 4L,
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FELEFFSE AN A A 2 J5, COPAR REWS (I H5 41 BE 5 28 [ 29 TR 5% 20T 1) il ) iR A\ R BEAT SIS 50T, AT A2 28
BT BRI, NS RHERLIE L5 B COPAR B AHEZLINIA] 3.1 R,

& s =(q.e h .cq.)
s, :(q,ew,e,,ht,c,q,)L g Om) J:m— UL WRLL | P

TR
Rt

SR !

( N\

e R | :

| A(s,) = {r| (¢, P € GY! T, T )
S mm ' :

| O] L s | stk .

O T fals) | a=r |Pealssa)

eoommmmmme e - )

1 3.1 2405 o TR
Bl 3.0 JRoR T AT SR B . STARBERE . RS R AR E K b2 R, TN A A LB
SRR WM E YRR 5, = (qey.e, hcq,), M ARTSIHE o, A HT 0T 47 BB R 0] A(s,) . HEE
0B B AR q,  SITEREREOE B ¢ o ARSI E AT AT, B LT BRAOE R SeiE Rk, at
W E RS, BB R RE, RN IR A R E R, BS AT R B
3.1 EENASHRIEER S

A J7 3 R a7 B 308 B ) R e SR R SR 1D S A B M AE R R B — AN SRR D R SE AR, 0 TR I F B
B R (L SR ), IR VA A A B R HE S B AR AR K B HE L FE AR T 2%, 0] " Who plays defender was
born in Reading whose WOEID is 32997?", fii Fl JF i /) Berkeley Neural Parser!" st Hak A7 @bl 38 3 b 24
B4 AT BT, SE4R Reading A7 T i W8 £ . 0T R0 H 2 i 8 d (9 S 4k & J8 Y8 E, =[Reading,
defender, 32997], HHFANIGEEL defender B /2 J& PEAE 32997 #45 S Zf B s 24K, 4bF 0 A) 3= T 1Y Reading
T e e T RS AR ) B AR R %

X AT PAIR ) S 32 SRR i ) B, ASSCAR I FF VR Berkeley #4148 AT 25 15 21 ) /B A AR 2540, 4% MR 25 4
R S ) B 1R R (R A VP )BT 1A R (B PP )R B — A A RE N T Sk, AR SO & R E SO AR
'NP' HFhr25 355 'NNP' (#3a]. #5 ) G) Ar Al 8 32 524k, I ae R 3 S p oy F2 RSk, 2 350 WU e B 3 — A sk
S ER UM

FERRIN T2 S e L9 RSAR G S5, 4 I 8 o SO 47 5% B0 ) 55 5 4, S 57 i 880 o 3] 9 R TR R, 1ETTD
X HHEAT RS, 5 FEFIFE T RNN #9776 R BEIREUAT 5 PIAS S A9 (5 8, o0 T EEAL R AR A ) R, 200115
S5 SR I RE AT Re AR R R, 2B TS W AN A 15 UE B NS, Transformer 4 i% &85 B V= S HLH
) AR AN RN 2 BT B, DR A AR SR FH Transformer (19 9 5 25 3543 0T 0] 280 K 1R B oh 08 R g AT
Y b,

3.2 REEMKIZE

SR 10 2% rp B B SR AR IE R SEAR IR B L Se i B R AR, AR AT BRE s Kb R (A
A(s,) , MRS g #ATTACEE S, 158 XM YK e, RAR T E,, #Id Transformer %A% 35 15 Bk ]
T 5% 2 0 AR R YR 2 () o i R SRS AR 5 BRI R RN, AR 2 — RANHE, 5
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FIUHTRAS T NMEM MR 54 7(als,), P REE—ANBIME a,, FREFXTBNIER BRI 2 & 7 X0 1] & q, BEAT
SE R MRS IE R ML AR LA E E WA REMARE R, JEE A L s B R
Ple,, |s,,a,), BRABIYE LM DA, EHE— ALK e,,, SXRIAIATRKR v 5 18 q, 347 2545
Fq,,, FHEBET DMRE s, =(g.ee,..h..cq,,), GRHBEEE R, H#T T —BHER. AT
BB EE . S I B R 1n) BB T Y B R S L
3.2.1 EFFAENNFINNEEFRE

ARG EHERES NS g GATIMETE A PR ERAE b, IR EARIR b, BOUTDIRS s J5, Bk H
AR SER A FENAE R T, AR R LS TS R 2w 2 18 R BT SR B SR B,
IR I BNIE o, . ASCHE S T MR s q, SAIEZSIE] A(s,) FIIIME o B EE APHEEAT R H, SR
HEPRAS N 1 q, PEANAEE ST o MR, BB R A TR N ER W BER q,, RIENEq,
THEBE alf1i Lo 8L Score(a,q) , MRABUL L, HRNEEM B EINE a=re As,) B Xz G, *H
A— A BB ERI R A Pals,). HMZEERWE 3.2 Fik.

- A BIERE 2R
S it
= 2 P(a, |s,)
(MW E—~| |o
N1 EF — O
7] R TR R

[EREZN
I 3.2 e Sk )
£ 2 1R & s, =(g.e.¢,,h,0,q,) T, B B AR I 5 bW %R BB Y AT B B 1F 2
A(s) ={r|(e,r)eG}, WMTHHEMME a=redls,), THENMNAIRXRrSLETHE q, =(W,,W,,..,w,) HIE
A ] RO R AR 40 5, 41980 1 2 SR 3o 01— P B 0, (0 T80 36 24T 56 28 0 57001 0 o A B3] 00 2
TIE A =(a,,a5,...a,) , HILRFIX LR r BAW I EELR q,' = (0w, 0,W,,..,a,w,) . TESLHERS B, 1H 5 )
1€ a BB L3 Score(a,q) , HAtE W3 D).
Score(a,q) =rW,q,”" 3.1
Horb, r ZoRGETSETM AGs,) HAME a WRNFIRR r RN ERR, W, RRMESH, KR BEI SR
At HE AR
q'=A"®q, 3.2)
Horr, @ RoRPIIAEXS AL BARTE, A RRRRIFEABIR KR » 00 q, oA SR B R IRCE, 1R
AR
A = SoftMax(W, - cos(r xq; )) (3.3)
Ferr, cos(-)F ) R B AR e v 55 1R B 2 T AHBLRE, W, 3RO 48 24
W EE R, WARRIC Ry 54T q, MULECRR . SREBI PR A R RINE Xz 5, KHE
it SoftMax JEHEFIH— 16, [T SIFIELS 1 A(s,) *HEEAENIE o, KM A6 7(a, |s,), WARG.FT
exp(Score(a,,q,))
ZMA(S/)exp(Score(a,q,)) (3-4)
Hiot, AIAREE DL E1S RIS ERE 0 A 7 (a, | s,), ANBIHEZSIE] A(s,) HRAE—DBME o,, BE S HTBEE £
(% Fr=a,.
322 BT ARAEEIEFRE
MR RIS R TR K Ry = a WL Z NSEAR E'={e/e,,....e,} I, TE5ESCpRIIESE. 18 4 1] T

ﬂ-(at |St)=
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FME, E'R2 AR DUTCZE R, 2 A SRk B A [ R A R HE R A AE R V. (B0 T B ARE S A
A g SRR BRI SREA LRI, — B SRRk #RIEm, (82 SR Ja SR, MR Rk
1EH, BRI RBAE LS R, KRR AR E, HRS SBULFE />, BRA SIS, B, fEEFF
TER AR, LA SR, 7 AR S B L B 17 553 A B35 22 A SR B AT BEE A D SR A
ASSTHRE AR — 0 22 5% 2R 0T I (K SRR R B b S 4IRS DR TS SR SR (U7 V. AT
WAL E, 2 NN A EOE B ARSI, E, N NRRZ A BARL R . & E, A%, WAESE
—BERRIEFE L, FIRK RN LI SEARLE B ISR AT REII L0, R RS SE AR R 20K (E Bt A

a1

BEHmE, ARIFIRISEE LMt B EESAE B 5L RENAE E 2 WP A EZUIERNARE
constraint , Bl constraint ={(r.,e.)|(e',r.,e,) € G,e' € E',e. € E.} , JFUMEIESTRLE B Hp sk o' AL, RAHARN
(B.D-GB3)IHELAN KR r, 541017 g #1153 BAERA KRB, 1539102 W EE constraint HVEEAK e %F B )
TALIR TG ) Score, , FiZ IR B HTA 73 8O 8 (R T B €) 10 29 A 73 FINAE A% SR 1K) e 445 45

ASCH ARG E A SR o AR BATIE L B0t H 5 S IR Sk o, il b7 VAT B8N STAR I i
#4357 Score =[Score,,,Score,,] . TEBATLIH 53 BB NI, 25 18 3 29 IR BUL FE o n] BRI N5 [ BEASAH JG 1 24
WK R, MNSZ/K Hello Dolly! (%1 H (Iyrics_by, Louis Armstrong). A< SO 5 %k SRS v [F] — Sk b 4 B = i)
LR HOHAT BN, MARRLZE, WA EEA R E 0 SRR AR, 58N RAR
53 Score AT I — WAEAEAE AT 15 B SEAREEE' P A AR IR FEME R P(e,,, | 5,,a,) = SofiMax(Score) J SEAR XS R )
LU, B3 BN 1T A ST R M A T B R

MR DL b R 15 2 1 SEMGE B o A, A SR IUE W ME 2R B K IS0k e /B D 24 A k3% 58 1 s 4k, B
e =e' . MR e fESARE R PIARXS 7 B, T 1EL) LR constraint IR EINT RAL B o' LR, RiRid 2,
TEA3 MR % AR E h A AR FE B AR P IR, b 983 295K 4E constraint W 5 18] AN A K 38 43 203,
BB ORUE T A L3 5 A A OC. W T 3.4 il 7, RSB AR Se i i B 28 Pe,,, | s,0a,) ST
fA e, .1 =Hello, Dolly!, I 3k BB % B i) 4 K 4 ¢, = [(performed_film™, Louis Armstrong), (lyrics by, Louis
Armstrong)], LY, #JH SR Louis Armstrong J#id performer. lyrics_by £ MR R/IEFH T3k e, , BB .

BEXT BRI b LA R R, TR E AT BRI B LK e, = e’ HIREVEI X R L AR ¢, 5, AT
ZIRE RO LR BRI AR, EAREREE 2 KA R T e M F LW, WALE S F B
LI, ASCIEFLRTEN e, MITHEAR T B &S AR KR AT e, FARTEN ¢, BIME—Z) K

r,e).

- téﬂlﬂ:, TEEFETERR r 2 )G, (BB RS R R B Pk 2010 P, IRYE P IR FMBIL K e, )5, IF
£ X e, XTI LR o AETE SR BB LA RS O, X A SR AT Ab B, s 415 B TE Sk b B U2 R 4R
c .
323 EETEIREEH

% 10 A A — B HESR T ER A AN R B B . R BRR TR R SR R XN N AR G, Mg
X B8 A% 00 R I )R 56 BNt ) LR AT SRR, AT 35 4 1) R R S R R RAE R, BERTE T — BRI Z B O
HERT, AMigmXREFRNHERZE. BAMNS, A XERTHECEFEN LR n AR KR r, X 10 &
q,=(w,wy,.ow,) FRENBITNER INE A =(a,a,,...a,), BERDBEER G WA BRI R, HEH
THHE 52X RS EMHRMEPERINE o, HAKXWAE.5).

a; 1
» o ela o, >—
o ={Ta GG (3.5)
0, otherwise

Fop o R K A B g, o5 6 R g M A R R S A = (')
KA B A AR R TR N B AR LA, B r=w, +w, +otw,,, Khw, ZFEER o
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X RO B R [, om RN KR, SNF M TESEINEA KHEq, =(a/W,,a,W,,....a,'w,), WLEAT

PA¥ g BEAF N G E KRR rn AR BCE 15 B, Bt aT R 2 5(3.6) 75 21K &, #H S IR 1] () 1] B 3R
.

n
r — E a,'w
t k=Lk=i k7 k
, | == a #0

w,/= air ! (3 6)
[0]*d, otherwise
Forbn, % B 1, (TR R d R R, w, F5 A0 I g, R A & SRR FOR, 0 R 1 K

R AR g, S R e I M BT 4 = (W)

MY BRI R e R HEER IR 1, K ATk ) q, P2, WA EN3.T7), BAERTR — K R
THELE N

q=q-q" G-7)

RS LR, B B R F g S LTI ¢ = (e, ), )) (1 TR

Ié

MO, 53 BRI TR IR R ryryry RORIE — BRI R R g BATEH, WIET —IRKRILHF

ZHTH BRI R B B HE R, AT ok Rk SRR .

TE 38 T 55 W I 265 v 3 A 0 4530 00 1 8 A AT R BNME o, , ToMOE BRI 8 T — Bk IRk e, BT B 43R
¢, MBEMBAHNAMENNIRR , RARKR , WHBEHETEHBFS g, REEERE
St = (@881, 1,1,6.4, ) -

3.3 BRI NARLIEREE

AR BIHEEEE 12 ¢ MAHRE c 2 J5, UK Lk Bl LA RAN IR T7 ik L R B AR B AR, B[R — 2
WA FEHERE B 2 2 AN Sk p s . Bilan, 0T 2R 8" Who directed the film which was composed by
Jerry Herman and performed by Louis Armstrong?", {8 ARIY i 2642 6 12 <Jerry Herman, composed_film, Hello
Dolly!>, <Hello Dolly!, directed_film, Gene Kelly>, /A~524% L5t ILIH 3 HIA[] [(performed_film™”, Louis
Armstrong)]~ [(co-worker, Louis Armstrong)]. T A H, LI SEAK Louis Armstrong 43 HIAE F T HEFL % A2 A
SEAK Hello Dolly! B Gene Kelly &, H.524K Gene Kelly L1125 (co-worker, Louis Armstrong)5 ia] FRA A 5%

PR AR S AE HE PR AR A B AR VR e, ES B EERAR ¢ = 5,a,,8,, 0y, 5,,a, BB TR EINAR
0L e Ja, MAEEESUMAREITAE. BATE, BAMARE c PRIFALE (r,e,) BTG, B A
— AR LA T B AR AR LA B, WA B B, il iAW SR I &, HF—
—F) 2 BAT BB 2 o R AL B BRI R A LB, i v S S B AT B 2 SR LA ) A R AR R AT T,
5in @ q WAHALEE, 1550 5 i B2 I L AR i B A% B iR 28 20 3.

Louis Armstrong Louis Armstrong
‘ C
. 0\'(‘\0 o\&,

O.
1 ?ed ’49
o composer” > director > Y comgoser'[, director ) Y

Jerry Herman Hello Dolly! Gene Kelly Jerry Herman  Hello Dolly! Gene Kelly
(a) LK performer V£ 1T Hello Dolly! (b) £ co-worker fEH T Gene Kelly

Louis Armstrong

" <
oﬁ"“e\ 2,
A 2.
o 7
9 . <.
direct.

@-composer’, ~”  director )
Jerry Herman  Hello Dolly! Gene Kelly
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(c) PARRLIR A 2% 18
[l 3.3 B A% b X A L S )

Xt T ¥ 12<Jerry Herman, composed_film, Hello Dolly!>, <Hello Dolly!, directed_film, Gene Kelly>, J % Sk
SRR [(performed film™, Louis Armstrong)]- [(co-worker, Louis Armstrong)], ] FIWr tH 298 SEAK Louis
Armstrong [RIBVEH T 1% B A2 WA R 524K Hello Dolly!}. Gene Kelly, fA1EBEA LI B, B, 6 id kit
PEAT ) SEAR A AL BAE R A RAEERIAE, R LN LAK Louis Armstrong TEBANHEH AT Z 0 H L
—WREIFLN, B2 4R SR TR B AR AT B tH BB L, i 3.3 FTOR.

RYEE 3.3 Fros i) =M T RelE oL, A8 20 =20 A B R AR, Wk 3.1 Fiow.

3.1 MBS RLR 4 AT
A gt YURRAT 7,
Jerry Herman, composed_film, Hello Dolly!, performed_film™, Louis Armstrong,

A 33@ directed_film™', Gene Kelly

i 3.3(b) Jerry Herman, composed_film, Hello Dolly!, directed_film™', Gene Kelly,co-worker, Louis
' Armstrong

& 3.3(c) Jerry Herman, composed_film, Hello Dolly!, performed_film™, Louis Armstrong,

directed_film™', Gene Kelly, co-worker, Louis Armstrong

FEAT I EERR L A DU R LR A% 7, 2 )5, K ) T 7 VAR 7, 3047 g, SR )5 R4 A X (3.8) 15

PIE FHALE .
sim(z,.,q) =cos(T,,q) (3.8)

H, v o q 4 AINAREERE ¢ RIA R g WA 8RR, w25, SRRUM LR B 1 29 B4R 1R Dy f 2 1 HE 2 It
1
3.4 ARBEEBEE

COPAR 1Y SR A5 70 150 SCAY SR BE B A% (1) 3 200 PRAUKE 32 R0 S AR L A SRSAR SR X 70 L /R iRk 4%
I BT SEAA R BR AR AT HRAR B, AR INSEE 1 T,

Bk 1 COPAR R T 72

BN BRBSHE g, MRELE G, ElSfke,, AWRLAEE,, HIBEKE L
Bt RIEEA L, TEAKR

Begin

1. @=¢,6 h=0 c=[*L

2. qy=QuestionEncoding(q)

3 S =(q,€,:€0-M,¢,4,)

4. TForeach ¢ in [I,L]:

5. A(s)={r|(e,r) e G} IPARPIRES s, 37 2% 18]
6 For each a=rin A(s):

7

8

a = RelationEncoding(r)
TEIME a 5 q B8 L 50S(a,q)

9. End for

10. z(als,) = SoftMax(S(a,q)) IR BRI 50 V0 — AR RIS PRI Bt 2
11. IR 7(als,) RFE—ADB0E a, =1,

12. q, = UpdateQuestion(q,,r,) /15 3T 0] B 2

13. E'={e|(e,r, =a,,e) e G} IRBIR R 7, =a, WAL E

14. T E SRR P y LR constraint
15. MRYE SR B P, Sk e, , WETT R ¢,
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16. For each r,e, in c,,

17. q, = UpdateQuestion(q,,r.) EE:AEFE TN
18. End for

19. o =h +(a,e.,) IEE S 4y

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

21. S0 =(q.€,.€,.1,h,1,¢,9,)

22. End for

23, X AR LR A R AT A B B
24. Return h, ¢
End

Bk 18 1ATHIRES RIS s, PR TR AT 158 L, Horh e, 7 8 B A de 4] P Ak 1A 60 3 L b 1001 10
B, VIR F RSN S e, , hy TR P L PRI, RIS FHEIL RE AR IR B 00 00 | R sitdk, WIddib s 4k
D, ¢ FRMERBAEDENTAWANR, HTHEE DT ASADLR AT ATLRWTER, BIMEScX
ANRCEONHEE R K E L, AR Rk sk e, AR, WRIMERR c WRALE, HRAMR, N
XL BN AS . B 2 AT B3 QuestionEncoding () K 3.1 T A48 I 4m B0 J5 v20) ) @ q 64T 9w 5, 175 20046 [ 35 11)
MR R q,. BT 3T R BIVIIEIRERIR s, = (q.e,.€5,9,0,qy) - A LAEKHEI AW E NEEKE L, 5
R AT R 22 AT AR BT HEAT I R R SR PR AR, BB S AT A 1 AT R RIEFRLRE, HrhIrik
RelationEncoding () % SAE 2 M HH AN ENAE a SR K R r AT A0S, 58 12 1T HI7 1L UpdateQuestion()>K:
3.2.3 AT IEE IR BE IO R v 0 W AT R 2B 13 AT R 15 AT N MOR B R AR IGE R, 16 1T
B IR ATHN M AR RAT M B R BT, Mk e, T, BVEE 19T BRI KRR LML ERTR by,
20 TR Z LR EMARILRERR o, MBI, WEEBZ s, =(g.¢,..¢.,,h.,6q,), BEEHE SITRHE
21 ATHIBHE SRS 1 8, A ERIRE IR ¢ =5,,0,,8,,0y,...,5,,a, KAAPIEAKR FIZR ¢, 8 23 1754 H ¢ f7
TEHEAR PSRN DUAT A3, £3 B AL Bl ¢
3.5 JIZB#r

TEENR B ) B AT 55 b, A2 S BRI H AR N SO RARTE B i 20 B dr4n Bt BRI IIE, A
K3 12)F 7.

J(O)=E, eplE: s, [R(D) (g, a)]] (3.12)

R@)=Y V'R (5.4,5,) (3.13)
Hift (q.a) € D 3R MR D h A AR (q.a) . 7,(0) ZR S BHCN 0 RS WS 7 AR B RS o, R'()

NTERNR L, y AT T
R, ) 25 AE 55 U 2R H B ) SRS B 2 (K8 A s i 2 50 (3. 14) B,

T -
V,J(0) = E(q,a)eD[ETNlrg(r)[Zt:()VB logz,(a, |s,)- Zk:tR (5558411 (3.14)

Horr, m(als,) BARAEARE s, FHRYE R 7 RIENE 0, FIMEEE, R(sp.a0.8.,) BARIDIRE s, RIENTE a, Bk

R s, B RINE. EASCLRINEAES T, BRIRERIE ¢ MRELH ¢ )5, AR 5 & 2ot
BITiE, VRS A BRI S A i1 R IR, SRR S 4% 2K 0 AT T
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4 LW
4.1 SEHIE

AL F AL VYA BRSO A SCHE H 0 2 T 5k 5 0 B0 R S 20 o B AR HE SR B AL AT IR AN, R 4.1 45
T BRI G, R A B0 R L SR R HE AN, B = BB 4y D Ok R AN BOR
WERE I = JoH A, 38 AN BRI AR, mix RonEUE R AT &

PQ Al PQLPY: B PathQuestion A1 PathQuestion-Large, iX P§##E 4 & 5L T Freebase %R FEH9 & i T
G P e B AR E Ol R R E I R A N 28 SR I B0 HE 42 WebQuestions! > Al
WikiAnswers™*, S RRHR A= i 10 il R8UIE AT ) SCIA0 85 8, DRI L o (0 1 1 AR 5 il BB R R 2 R dk, )Tk 4
AR — S 5% e, 5 0 5 STtk A ) AR AR I ) HE SR B AR R, XN R A el 2 Bk 3 Bk I A
Xof B A K

MetaQA: 2018 4FHi Zhang! % A $i H I e 5 AU ¥ 1) 25 50008 4R, 1280008 6 v T 1 R 3 1K 98- MovieQA
TR R R Wikidata ZE R, B8R DARI B R ROE AR, S EIEE S 3 MR, Vanilla text data.
NTM(Neural translation model) text data. Audio data, 7 i F JR 45/ Vanilla text data Z(¥E4E. ZEIREERIE
HHEMBSARKES A 1B 2 Bk, 3 Bhi 2ot Hodfs, ASC R BAEBE AR 2 Bk, 3 Bk AR A M EdE &£ it
17 5L 5.

FT 41 LIREELE

Hamsk iRl RRM =JodH pE ¢
2-hop 1908
PQ 2215 14 4049 3-hop 5198
mix 7106
2-hop 1594
PQL 5035 364 12248 3-hop 1031
mix 2625
2-hop 44610
MetaQA 43234 9 134741 3-hop 42671
mix 122018
mix 671
KQA-s 131890 960 489224 con 176
no-con 495

KQA Pro: KQA Pro ¥ Freebase [f] T4 FB15k-237 W[ Sk %} 5% 5] Wikidata FFxF H#kT79 B, ATH
Freebase |15 & ¥4 #e i Wikidata B, KRG T R EE SR &, BH I EMETE AR 2, a8
Z Pl A 1) . AR ST 32 B AU AR A S A B8 M 20 IR 19 2 Bk (Multi-hop) A8, B I KPR HERY Find K
FilterStr Z % & FAth W00 X 1) #3047 0 ik, 45 B0 A ST G KQA T4 KQA-s. iy 1 B ik — 3B I8 HIF A 30 77 1%
FEL) SR 0] B _E A R, A SO St 3R /Y 19 B Find 3% FilterStr AR, # R I B A T4 KQA-s
XI5 N T LI T 4E KQA-s-NC. KQA-s-C FiFh4r, HH KQA-s-NC N Find 8¢ FilterStr ZREN 2N 1 1 KQA-s
T4E, B8 7 KQA-s 1T H 21K % Bk 5 #, KQA-s-C 4 Find B, FilterStr THEE M EUK T 1 (1 KQA-s T4E,
BT KQA-s HFTH LR % Bk i i, KQA-s Bl 35 TR &

we Ak, ARSI AR E S SR AR G R AN SER I T — AR T A A S, RSN NEA = n IR
W, R SR A R A SR R P R B B SRR A AR B R A . SEIR R R, AR TR A B S R R
8:1:1 MILLBIBENL A I SRE . BUELERMIRIE. Jh4h, ARSLIGTESCFRIZRid b, b5 4% 1) 25 0 B4 KA
ZWR, U RNGEH. T8RS EANY, RUEH T ZAANEIBENLR 7R N GRE. WEE &N
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R, TOUIR VP 45 R R T S0 2 K JE I F A E
4.2 TN EtR R EERE

ASCATY SR PR B Ak B 4K BB TS B IA 2 T A (B 1) 25 I HE A 2R Ace ) RAE A SCRE BY [T 0 pm it A 3
Ace Bt AKX DR,
correct _num
TN
Horp, correct _num Fo~il I AT LR H RS B I AR HEAT SRAE R HE B IR R A BIA B R A, N
TR BFEARNHL

T B IR AR SO B B LA B S 00 29 TR R Ak, AR SR S A TS B R LA KRR 1 T
KVMemNet. SRN. IRN 347 Hh#¢.

(1)  KVMemNet!?®): — NP5 AR A0S AR A1 5% S0 iR B0 1 4 LB B 6 B T AR TFE N 77
AR TR R0 R kA b 1 E P A v 1 B R SR T I R v, AT SRR CHE . T R B 2R I 1)
B, B L e, BT S I A SRR TR £

(2)  SRNUSL B& a4k 2 o {HE B0 kA7 R Wk A BEASE RY, 20 VA A VR HE B 2 B, SR 2 SRR LN i)
AT 5E T, SR R R DAL A A5 A T A A — Bk O v )RR R TR 43, R VK A VR AT R AL FR A BRI 1,
24 B 3 T I 8 A5 0 S I R, 12 7 V2 AR B RE ) AN AR

(3)  IRNPTL: EA A g 1 (32 e HE AR AR 76 i B ok A P OR P 26 R IR AR M N WUBHE B, IR I3k 25 &
5 i) R A AL R I B Rk A D0 R, FEARE TR0 1) 9% F 0 1) REEAT SR, %0 V2R P 1A AR R %o i) AT S,
FHOE UE B A RTEUR.

f TSR0 s K S, AR SORIBIGIESE g BT Fah . RIS, AR SO a8 R A 1)
BYERE . SRS R 5% R IE B AR 1 4k FE BN 100, B3R = AN ISR A AR RO 1 B R, & TR S
ik 4.2 fion. BEEER A SR Glove 1 M 2 TR, iS22 E N 2, dropout 4 0.1. 7E
LR IE 7, = Jn N NA R F AN AR KRG LT R A BE ST R T RME e, ACKR
e WEN 0. MEEFIRER T RAEREARE L EARN S S, Bi-drnEm i ®F p 88N 0.95. £
HEENGE RS, A ADAM B, W65 22 I W E 2 0.0001, L2 1ENAGECERFT 2 1% &
0.5, BT RS ¢ BE A 0.01, IENLH K g, %R E A 0.01.

% 4.2 COPAR 5H & SR S 5 & X Lt (4D

Acc 4.1)

Model KVMemNet IRN SRN COPAR
WM E 14739783 176600 1196600 464004

43 LWHERS5 S

N T B UE AR SCAR H R T a4 2 2T ) 20 SRR A HE TSR (RS A, AR TR R A S LA TR R
2R 1 S 1k U7 VAR 2 B 4R A SRBLBEAT LU, BARSE RUNSR 4.3 Pos

3 4.3 COPAR L5 H & SEHEE BYTE A [F) B0 9m 45 b 1 v A 2 L 5 (%)

KVMemNet IRN SRN COPAR
PQ-2H 91.5 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
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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

FRAE A L SEIg 25 AT DUE H: (1) ATF AT H 94 E. COPAR 7E PathQuestion. PathQuestion-Large /%
MetaQA 4 & AR T 2417 56 2 ) AR AY, 31X 3¢ B AR S P S 488 B R 408 A 2550kt ot 5 s 9038 B T T3 40 358 1) 22 Bk
7] R HEAT O RIARAEI. (2) 7% R FCE AN B D Y PathQuestion &2 MetaQA (#i4E I, COPAR 28l T B & i)
WERF B, AR SO 93 AR P 2w S5 A4 e 2 0 S 5 AR SR B R 25 1A), AT 98D 3R T B L. 78 22 Bk il
b, AR SO R M R, RIEBMEUR Z ST, AL COPAR A7) RE 0% A7 Rt B H: fl 0¢ 28 S Sl 1)
T (3) TERNIR BB R SR LN ZR 53 b 1 54 22 PathQuestion-Large I, COPAR WM RE L2 T LR AH
T 7 E (R HHE AR T S A, AR T A AR R, AR SO HG S ER] A A4 DR A S BT SR FH ) 1) RS2 N B R B Bl AR gk B
B = JTAL.

KVMemNet 45 32 AR A G BEA T BB AR N, TEAIREIG S, EXREED, HEATEI S
IR, BE IR Z, THEER, B EE SHNAETE. IRN B XRBEAIEARERFEER, HHE
K ] S AT S ) B g A, B B B AAAE. SRN 78— D K RIEFEET, B 00 SR FTER R il % &
fEWN, 5 KVMemNet I, THHEEEC/D, (HYTAH SRR, Z7EeZ KL Tl ACmiRTER
PSR PN R R R F BN, KRR T s E=E, TR D, BARSCE XA SR8 14
W RREAT T A RREL, RIS AT U H, AT TEH BT LA,

T BE AR SO AR B LR T A SRR R ) AR R RE 7T, AR SRR SR KQA-s RI 43 R A SR AN 2 )
PNT 5 KQA-s-C. KQA-s-NC, 7 AlfER A ¥ 5 b A7 5280, 15 3000 S R R B Q3R 4.4 PR,

F 4.4 [A1 2 2 1 i) B HE 26 L 3R(%)
KVMemNet RGCN SRN COPAR w/0 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

R 4.4 FiRgE R, ASCFTIR T COPAR 7RG SE KQA-s MHERIE E B A 4% MRS, 1iE T A SChr
PEJTVEAE A F AT Sk R M 29 AR A ik, SR N, AR SCAE S 20 B 1) S HE R B 45 R — X 2 Ok R
R SEAR B EAT T AT, v R A B A 29 TS A, B Y R AR R . TR R B 2 B i) (Y A 4
KQA-s-NC |, COPAR 52 #E 2k T EI B A M 45 i) RGCN MR AEHERf R FRIUA 2, 36UF T A ST RLE
IR B T B AR HEERRE ). AR R KQA-s-C I, AR Am it F H b8, RGCN
KA B A AU 2 5 G 2 i SR AR IE B, SR 25 B RN, THEEBHRES, BAIN S & FELE—E
TR LT R A SEAREUR ML AR R ), (H Sk = FTARREPE; SRN SR GRS SJHERE, 3 1E 23 [ B v fi
FRAZAGE R AE R A BT (0] 25 PO B S 1 — 25 MR M i sl A, BRI T s AN ) 2P 145 B AR ), 43
LA TR ) A AR R AR ) S, TR AR R AE ) BRI A L.

43 W5 — 5 wio con RRTEAR ST ER RS o R SR F A0 AR AL B30 43 IR SESR 45 2R W DL H 2 2 B4R
SREGER 35, W2 AE 29 3R ) 2 2005 4 KQA-s-C 1 [ e 26l T B, 5 R RE T 540 2% ST 0 J7 7% SRN 3R 7R ¢
P, AT VIE BF 7 55 £ DR A B AR 2R R e 24 SR ) AT ) B B
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w/o attn 5 BRI model HEAT 1 IS EE, 7E B IR & Hn 5k LI 45 Rk 4.5.
R A5 BERFEI I R AL AR ) A R RIE (%)

PQ-M PQL-M MetaQA-M KQA-s
w/o attn 89.7 84.4 90.5 61.9
COPAR 94.9 89.1 97.6 71.7

IO RERN, SREABIRIAALL, SREE N 4 o VR 1% B R SR A VR R AL B A R SR A SR AE LI
PEREIS AT BT N B, AR S AT BOX R Al e 0 IR IR R fE4 — D50 RN, HRE IHLGIEFERR S ER 5 Y
A R ARG B, —ERE EREHE S TR, Z SRR T3 B AU TR S R 1 5 b A Rk

(2) LR AEFERER S A R 58 IE

Y B8R AR ST AT S R 1 2 B 1) R ) SRR I BT A HRIURE B B R
AL FRSREG, A SOK BRI COPAR 5K L UL BE(— VI 2 R Ab R, 045 3 f Sk 5 2 SRS AR X 43
ZIHRE R B LA HRAL ) A w/o CON. SR =5 U SE AR 5 A RS R 4R (X 20 38 73 IR w/o ENT KK
P S AL By B ZY w/o AMB TE 41 A 203 1) 8 1 404 48 KQA-s & KQA-s-C AT T X HLs258, stig
SRR 4.6 iR

K 4.6 LT 45 ] BE AR B A AR I8 IE (%)

w/o 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

R 4.6 TR I SER 45 FURAIE 1 AT R B0 T 20— RS A B I 0 A Rk, FERER w/o CON L1
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FERR wio ENT R4 RN, FRS ik 5 20 RS A X 73 70 e A2 F) B Ak BESZ AR, X T i) )
TR L R 25 AN SR B R AR, T RS A S R 2 R R R S I K SR D S AR, — e R N E R
PEABLAE Sy 2 S 3 PR A B PR A 70 5 R B K I 0.

FERL w/o AMB L F 45 SR 5 B AR A LU E Al FE AR B Z2 AN K, 36 A2 i) AL A Ji AT T A 11 40 0l
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(3) SN ) B (AT R SR IR

9T B8R AR SO SR #5238 ST 30 7 F 0 T AR R ) Y, A SR & 0 4 RS SR i) e
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AR 4.7 SN I SR 40 0 R AR R A R SRR (%)

PQ-M PQL-M MetaQA-M KQA-s
w/o uq 85.6 73.2 76.8 41.0
COPAR 94.9 89.1 97.6 71.7

NS Be 4 B i DU H, SIS ) g S SR 0 40 e B A A R R S M RO, 3K H T HE B AT B v A
A, 5% RAHKRII R R Re A 24, 18 B HLI 0 58 4 X 4 M Al i Al DG (R 0 &R, T 1) A B S
SIERFUCR BT ANE B A R Z S5, #H AR ) (0 R R A AT HE R, FEREAT R — UG R R R Ab R
HIAE KRR R, TR R R AERR . B 4.1 IR 77X 17 8 "When was the film starred by Forest Whitaker
and directed by Mark Rydell released ?" k4T £ 5} 1% H& ik 2 A (1) 1] 8 56 5 i 72
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