KIPS Trans. Softw. and Data Eng.
Vol.9, No.8 pp.243~250 plISSN: 2287-5905

Ct
=

n}
ol
il

x|
=

fujo

Sst 4 ME JFm MY Jur X2 243

https://doi.org/10.3745/KTSDE.2020.9.8.243

Ao
olo

Bilinear Graph Neural Network-Based Reasoning for
Multi-Hop Question Answering

Sangui Lee’ - Incheol Kim'"

ABSTRACT

Knowledge graph-based question answering not only requires deep understanding of the given natural language questions, but it also
needs effective reasoning to find the correct answers on a large knowledge graph. In this paper, we propose a deep neural network
model for effective reasoning on a knowledge graph, which can find correct answers to complex questions requiring multi-hop inference.
The proposed model makes use of highly expressive bilinear graph neural network (BGNN), which can utilize context information between
a pair of neighboring nodes, as well as allows bidirectional feature propagation between each entity node and one of its neighboring
nodes on a knowledge graph. Performing experiments with an open-domain knowledge base (Freebase) and two natural-language question
answering benchmark datasets(WebQuestionsSP and MetaQA), we demonstrate the effectiveness and performance of the proposed model.

Keywords : Open Domain Question Answering, Knowledge Graph, Complex Question, Graph Neural Network

0% & %

d

o 4 off -

L

TS 9% A AP 2UZ 44T A S

71 o] Rt
a - =2

OF
2

ohjet, it A4 Tex Aol Quie Hle 27 Sfat waEe)
Apelol Aol tfs] A% 214 A% I T 2EL TR

4] T FNe) A 87 BEAR Agio] WS thet 2L olsjuat
22 592 Baw ) B =ML 0E § 22 aT7sHE 24w
ST 5 e AF A4 2D ATk A REIAE A4 THZ A 7 AR Eoh o2 Lt zhe] P B4 AE 8%
2o} ohje}, F o] 1t 4 7ho] Wit HR7IA B8 4 G, Eaeo] Hold 4 Y I AFWEONNE o] g3ttt  EFolE

=3, At ndo] gakel 954L ety

719 : OF =ojol B2 SE, XA IHE, =% T2, IHZ MY
.M B

‘:H?FE 2|4 Hlo]AE EGE Q17 th4ls] AF¢do] FEo|
AAE T 4 Qs A5T oo|HE= AAIA TRt Hoks

Oﬂ’ﬂ Z9A 282 & Aok 59] 2 =0 A4S AT
(deep neural network)& ©]-83t AAo] A 7|&sc] &
71Ho® HHete] wel, Z|4] Ho]A 7§k Xa'% ol

FHE

AT AREA7|ZH LU0 Yo HREAEE 7]&/ Ao A
" 308 Wol e (el S Ad S % 2 A8 2
AE 71& i, 2020-0-00096)Y YTt

# 0| =E2 20209 FASEER SN F AP TR AFTE o]8gh
11”51 ZEHE 78t A& SHY AR Und =& A% A9
£ 2B SR

11 151% 7é7lEH'C" i A et} w
Manuscrlpt Received : June 11, 2020
First Revision : July 20, 2020
Accepted : July 22, 2020

* Corresponding Author : Incheol Kim(kic@kyonggi.ac.kr)

E =oQl9] X]4] H[o]AQl Freebase, A0l AE SHS gt Wixut= dlojg =<1 WebQuestionsSPLE MetaQAS

og

]‘g‘tﬂ' AlFELS

(Knowledge Base Question Answering, KBQA) £A4|2}
o|& ofidsty] gt thFgt REEo] 3 WA= A FUNSH
I et GutA o g v A F3;(corpus)ol HIBH, X4
Hlo]A(knowledge base)= WHE EE(triplet)d} T2
T2 FHE A4S At glerg AR ZF(QAN
ZE5|7F A o R golsitt. shte] 2|4 ERES
7HA(subject entity), A A&AHrelational predicate), =4
o] 7§Al(object entity)® A= EE, o]2 F A 11O
TAE Yetdl= she] AHd(fac) 2 1S 4= ot whakA]
ohRo] EREER ool A4 Ho]A= JHAl E(node)
=1 15 79 IAIE B3k {H(edge)E=E +3=+= oF
o] & 4] 1 Z(knowledge graph)® & 4= St} o||gt
X]” I s EUE Ado] AZe] gk g 27] oA
7‘]“ = QoA ANEE 8879 FE(reasoning)
52 HHM(search) ZHgo] Q- HTh

% This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/ licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



244 FHHAN2|SE=2A/ADEY0 H GOJH S8 HOH H8E(2020. 8)

____________________

_____________________

cast_member Star Wars:
James Arnold Clone Wars
Taylor f
performer characters

Star Wars Episode II: E
Attack of the Clones |
/

Fig. 1. Example of Multi-hop Inference on a Knowledge Graph
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2 =RolAE A4 HolARRE 254, AR
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£ oA itk

A4 HojAs K= (VERE BT 4= Ut} o714 K
£ A4 HlolA, Vi AAEY Jd, P EFE ¢ = (s,71,0)
(s.o=VreREY AY, RS MAE Atol9] A AEA=
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g A4 IHE g5 9= HE JIL 5 Atk
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(preprocessing)g ©l-&sto] 4] Ho]AQl FreeBaseZH-E]
2281 AR} A A4 TS o] gakh Aok wdle
ZE 2179(Question Encoding), A4 13T E(Knowledge
Graph Reasoning), % 9l&(Answer Prediction)2.& o]F
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AR 939G £33 A (Recurrent Neural Network)2]
St %21 LSTM(Long Sh ort—Term Memory)2& Ado] &
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Question : “Who played Obi-Wan in Episode 2?”

<> entity node

Question
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x L
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Entity node
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Knowledge Graph Reasoning
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hy

W score

Answer : Ewan McGregor

Fig. 2. Overall Architecture of the Proposed Model

A =50 Haf ARl E(sigmoid) F4-E A8 1
A2 g B A4S W A wEA Ao e g
o e,

3.3 X4 Oz 2

A4 O 20 oA AAFTS S5 flsl AE AN
Aet A HeAE dudiitt. AR I AeA= GloVe
AHF F= o83tk A =9] 7] EAZEZ GloVe 9
19 @ 4] 2=E v)g] Shatt WY 2 ol8gith
A4 JPgm 22 RN thF F FES S5 A6l
Ay 2= AATY F2E A3t F, 7|E0] 4F
A FP5td A= thEA & =RolAe 4 A8 §3
(BAYS F7Foto] o] ARgslitt BAEE 58 BEX L&
(target node)etal & wf, % A3 S AMEOIH B3 &
9} o2 k& 7to] Wig YRt oft)gt B3 =T o k&
= 19 W HEE 85 4 g A AY SHeE A2 W
&g HJRE Lo 7H0] 9 4W H{element-wise product)2Z
Qs ME FARF EA ARV AxE FRE 2=t 48 84
34 A S-S o] Ao 2ZA LEof tfsh thekst WEt
AEE EWE 50l o & FES 79T 5 Ut
B AR - AL iAo mhEl BA-ASL BA-TE W=
& Q1A Jo) et A A TPz A3 FE7F BA-AE
A2 BGNN-AS} BA-TE ARESH BGNN-TZ 1 4
t}. Fig. 32 BA-A9} BA-TE uehd 1go|th

BA-AE BH LT9} o] L& o] L9} o] LT
g 849 JFS FYcte] W FPHE Fols HAeE

Equation (1)¥} Zt}.

=)

oo o

[Se)

BA— Alw) = FFN(%E TR Vepl ) (1)
+3 (hq(,,lf Ve hf/,lf D)) (W, ENw), v =)

M) ZE =29 ol xtE9 e RIth
Equation (D)4 o]% ==7]2] 249 5& $3std 22

AAE 29 51 HBZ 28 YErh

O : target node
O : neighbor node

Fig. 3. Two Different Types of Bilinear Aggregation: BA-A and BA-T

W JHE o= AR Bquation (2)9F 2t

BA—T(v) = FEN(Y, (B!~ Vo~ 1)) (v ENw)) )

B ERoAE BE wToh o kT 719 W JRg
Z85H- BA-TE ol8dth 3.28 A% W Ul
BA-AZ AL8T LU} BA-TE AH8F HU9| thE F 28

58g Mg

MA =& 7342 Fig. 49 22 F2E Zd=th o=
Equation (3)¥ Zo] yehd & Sl
hlu =(1—-a)*LAw) + a* BA(v) (3)

Equation G4 k= Stolmiztetulele] shgatct. o]
2ol vt 43 SULAT 4 4P SUEAY 48 1Ll
gepurt. LAC] tfe AN Equation (DNAAE Aol
2 23 s 54 40, Aol R 5 A, Y
8ol o3t of% wTEY W YW il g olgwich

o}

Equation (49 || 7|3+ ¥Z(concatenation)& %3t

LA ) = FEN(RI VDS D]) 4)
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Question : “Who played Obi-Wan in Episode 2?”

Question
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Fig. 4. Entity Node Update

AE2 B LT gigt 2 A2 djdohs JEE & 5
Uct. YR, B3 L E2RE Yhs 13 d4" ol
CE9 EAEL B3 Lo tigh 2 A2 digoi] g
FEE & 4 vk ©2hA Equation (5)2 2ol A48 S3l
OJgt o] =50 Wik PH pl VS AAS o BE k=
& 50je& 1T} dEH o] kEE9 EASE Tkl &

z
V

C2RE ke 743 4248 ol EE0] EYse

B =5 AR ES SE i‘:7} ol% LE5d W WA
oF AE9] d¥dol met e Fol S (attention)S FHA

7HSA g ARG oA %’r—ilﬁ A2 Aol &2

H2
TAE e oI% =29 540 § 2 7EAE € ¢ At

WV = FEN(Z,5,_
—FFN(X.X .

L FENG, B 1)) ©)
(o) FENCz,, = 1))

Equation (5)°A] reroll i3], N & EZ Eojo:
ZHAlzt ‘Eéﬂ ol iEES’J X“B;.} NE iEiEEi W=

ag %%% Segstr] o1 ARTE Skt ) Ao
Bug olgalof et Wetq Fig 4% A Eo) 54

Bfo} &
WOV AT o Aol BG4 Al Vg olgt.

T3 A S0 93t o] LEE9] Wt B pl-1e A
AR i AR 0|83t FHF & o Aol FEY
EA p-Ve 271302 Equation (0)AE LSTMY] FA
24 AH(hidden state)& ©o|-83tct. o]F I A1
Al Z+ glojolE AA wjuitt AHdo] AR AFH AAES

LEE9 W JHE JPAg Ao AET} A4 I
A9l A L EE AR o2 FE| XD (multimodal)o] B2
ASolgt AHdo] AR EAS LSTMLZ JIF Yol o]
o= d&o] d58 MAEY & EFEE 08T Aot

OE & 2 SHS st & Y T3z JFY 7|8t £2 247
LSTM(q) =0
I ©)
TN, , ) 1>0
Equation (6)2] v€ V= A& A wEE &
Sttt Equation (5)014 A¢io] %__]—E—L]-

Aol B
of Wsf o & F485Z 771 9180 Equation (7) o]
FAHUF 75 AL

n/] = softma:c(thf/* 1)) (7)

z, 2 TA AEAe] dud e o7} o] LEET E
= AN Hsf AZEWA(softmax) FFE7t FshXich
BA°| thgt A4 Equation @)ANAAH & Ay X
BA-TE 8k B3 =9} o] L& 7to] e JHE o] §
st A4 BE o] ko] s A A8 -8 ote A
Hop B3 52 509+ 7HiF} d4H o] ESO] i
AR = Aol o £2 Z5S HAth weEtA E =8
e B2 pog 5012 43 AZH o] EE of
SARE A AE P P

BAl(w) = (8)
FFN(R! !
hfj ||
FENCY (B =V Rl D)) W EN, (v)
S 2 1 BE LEof i g1A] opdA] ERFst
€ oA 2RE FYA. &4 T HolyE] A=A QIE
23] &4(binary cross entropy loss)& AR&glct.
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4.1 Hjojg Eekn R sk

E =79 At 9L Ubuntu 16.04 LTSOIA Python
Held 2HolEH 2Rl PyTorchg ol-&sto] At Zd
o 3 ¢ HrkE Rt A% 89 Hold FACeER:=
WebQuestionsSP[4]2} MetaQA[51E AR&-st3itt.

WebQuestionsSP+= A|4] H|o]A9] FreeBase® EHZE
AR @& =Hdl AE 3 HolE FYolth o] HolH
A2 F 4737719 Addo] AEL HHE F 30987= &
HL(training set), 16397} FHZZ(validation set)O.&2
T4E0] Qt}. &3] AA AR < 70%E 22 & FES
Q75F= 94 AEE(single-hop simple questions), 2F
30%= 2-& AE-=(double-hop complex questions)o|th.

MetaQA= F3tet #ed AEEE 144 dHold I
?l WikiMovies[115 Eti2 4" dolg ol
MetaQA+= @ &9 @< 5% AU 3-F7H419 55
AR ZIARE oF 407t 7 o] Y] AR} EHEE +44H
o] Aot & =FoA= MetaQA9 T & AR 2-&
AZES AY ol&sttt

gl sh5Z Qo A AY I AFFHBGNN)Y Hlojo]
Znumber of layers)+= 3, ¥H2 S557|(epoch)= 100, St
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&E(learning rate)2 0.0007, ®iX] Z7](batch size)=
WebQuestionsSP2] % 10, MetaQAS] 4% 20202 4
Aottt AE2 64GBY Wl HE2e} Geforce RTX
2080 Ti 17HE ZEGSE HFE S0l =AU

42 ¥s Yt H¥

£ =RA = Aklsks 2E9] 45 B7F HE = Hits@K
F1 score& A &5ttt Hits@K+= EHolgta d&3t AE
% 7P A4t 22 KANE A3 o AA go] 23ty
o] gr& H|&S YeRdH Aot

A AR AP Ajtols BEO 4] Tm 224 4
A A9 8IE Holx= AYolth A3 AT S o
(LA), & A3 &34 A W(BA-ASH BA-T) 181 & ¢}
ARE3S T(BGNN-A2F BGNN-T) Ueht A5S H|wolY
t}. Table 12 A #A AYS Fsto] S H#olth. o] A
FoJA= BGNNY a7k BGNN-ASA= 0.1, BGNN-TOJA]
£ 0.302 HAsHtt.

Table 1014 E5o] T dlojg Hg WebQuestionsSP2}
MetaQAol tisl A48 SHLAT & AF SHBAZ BF
AH&-8H= BGNN-T7F tiR-29] HrofA 7P 43t 5=
Holoh A9 SHCAT B A7 SHBARE Bl FE =,
A% SH(LA)S 5ol B A8 SHBAET 5T 452
YERHITE. WebQuestionsSPOA] Hits@1S 7|02 H
W, A9 AT B A48 31 =5 AMEot= BGNN-TS
BGNN-A7} A% SH(LAT AREFS wHEeh 242 ofF 1.5%
o 9F 0.3% B =2 5= HolFrh E, BGNN-TE A}
|%E 7} BGNN-AE AHEHES w2} oF 1.2% o =2
J5& Bt 53] MetaQA tojg A3l o & T
AREEY 2-F B AEEY AL, E =EolA Ajtet
BGNN-T®} BGNN-A7} o2 #HAl50] s o & AX=
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Uk A4 DTS (Fl(key), ‘Hvalue)) 2] HlE2] &0
2 o5& KV-MemNN[1]2 Hits@1o14 9F 46.7%, F1
scoreollA] 9F 38.6%F 7155t 7P W2 A5 EIth

3HH, Table 32 MetaQA ol 3o sl At =&
I 71E AY 2dE9] d5< vt AY A5 vEhdh

Table 304 0] AQtsk= HElo] Ad50] T Ao of

Table 1. Performance Comparison with Different Reasoning Methods

method | Hits @1 ‘ Hits @5 ‘Hits @10‘Hit$ @20|F1 score

WebquestionsSP

LA 66.9 79.7 83.3 86.0 58.2

BA-A 19.6 19.9 29.4 39.6 0.6

BA-T 44.7 68.9 76.5 82.2 35.4

BGNN-A 67.2 80.5 83.3 86.1 59.1

BGNN-T 68.4 80.9 83.9 86.0 61.0
MetaQA (1-hop)
LA 95.7 99.5 99.6 99.7 90.7
BA-A 83.3 97.6 98.7 99.2 65.6
BA-T 94.1 99.3 99.6 99.7 90.8
BGNN-A 95.5 99.5 99.6 99.6 93.8
BGNN-T | 95.9 99.6 99.7 99.7 94.7
MetaQA (2-hop)
LA 97.3 98.6 98.6 98.6 91.5
BA-A 83.4 97.3 98.3 98.6 62.2
BA-T 95.2 98.4 98.6 98.6 86.6
BGNN-A 97.2 98.6 98.6 98.6 92.3
BGNN-T 97.7 98.6 98.6 98.6 92.6

Table 2. Performance Comparison with other Models on

WebQuestionsSP
Model Hits@1 F1 score
KV-MemNN[1] 46.7 38.6
GraftNet[2] 66.7 62.4
Ours 68.4 61.0

Table 3. Performance Comparison with other Models on the
MetaQA dataset

Model 1-hop 2-hop
KV-MemNNI[1] 96.2 82.7
GraftNet[2] 97.0 94.8
Ours 95.9 97.7

A= GraftNet[2]H o} F 1.1% © ZATE 23 & tig)
A= GraftNet[2]5t} oF 2.9% B =t} o]H 47& Hol= ¢
Q1 T A9 A il AR} Ak shte] EREER
B HIE g@3E 7 4= Qlof o] LEE9| W AWV EQ
Q7] fEoZ Heltt, E3] GraftNet[2]9] 3% 7iA| =ofct
PageRank 55 Fojoix AEa} AW A off 085
7] thizo] @ AR =2 de Hl Aog F=3)

Table 4+ AT 229] 394 H71E 5l WebQuestionsSP
dlojE ol thaf AQt =dlo] =343 A3 F 4R 2
7H] B3 A& S99 AlE HEhdTh Table 4914 Exo],
AE 1, 2, 33 Zo] ths & FEZ 890 B2 54 AR
Eof tisf], A9t 2L A (ground truth answer)@} LX]
Sh= 9% 9¥(predicted answer)E52 4% AL AT
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Table 4. Question Answering Examples Resulted by the Proposed Model

Question

Ground Truth Answer Predicted Answer

1. Who played Obi-Wan in Episode 2? Ewan McGregor Ewan McGregor

2. What club does Cristiano Ronaldo play for in 2010? | Portugal national football team, Real Madrid C.F.|Real Madrid C.F.

3. What voices does Seth MacFarlane play on Family Guy? Kevin Swanson, Tom Tucker, Brian Griffin, etc. |Kevin Swanson

4. What was the last movie Sean Connery was in? Sir Billi James Bond
5. When was the last time the Dodgers won a championship? 1988 World Series 1981 World Series
Q. dE &9, A& 19 A9 I3} “Star Wars Episode = AATHBGNN)S MEA L35k Ut} Freebase 2

II: Attack of the Clones™o 42+ “Obi-Wan Kenobi’&
A71gF AFo] F=RIA] &= ololth. o] Aol et HE<d
“Ewan McGregor' & A|4] I AofA Zolf7] $JsiA
=, AEoA AFH A eESOIHA HE A =9t A
£ W7 Q)= o] =511 “Obi-Wan Kenobi” @ “Star Wars
Episode II: Attack of the Clones’?] W&t JHE 20|
2835k "7} ik E3] “Obi-Wan Kenobi””7F “Star Wars
Episode II: Attack of the Clones’o] 5733ttt= A TS
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McGregor'& FE off o] /|4 =E59] W R ugt
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