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Abstract:

question generation over knowledge graph. Traditional KBQG (Question Generation over Knowledge Base) methods main-

This paper proposes a method based on subgraph rephrasing to solve the problem of unseen predicates in

ly use annotated Q&A (Question and Answer) data (question and logic formal pairs) to generate questions. However, anno-
tated data can’t fully cover all predicates in the knowledge graph. It is still a challenge to generate questions with unseen
predicates in the knowledge graph. In this paper, we propose a semantic decoupling method based on subgraph structure. By
decomposing the subgraph corresponding to a complex question into atomic subgraphs, the multi-hop subgraph containing
unseen predicates can be divided into single-hop subgraphs that are easy to handle. In addition, we design a subgraph re-
phrasing procedure to train a subgraph rewriter on large-scale unsupervised data through sampling the predicates in the data-
set by subgraph sampling. The subgraph rewriter will provide natural language form for subgraphs and effective information
for generating questions. This paper quantitatively analyzes the performance of the model at different difficulty levels. The
experimental results on GrailQA and other datasets show that our method achieves the state-of-the-art performance.
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The Sisterhood of the Traveling Pants 2

starring Amber Tamblyn, starring Lucy Hale .

the Traveling Pants 2

( | film.performance.film
L. The Sisterhood of  |.....
film.film

initial release date

————————>2008-08-06

The Sisterhood of the Traveling Pants 2 is a
2008-08-06 comedy movie.
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the sisterhood of the traveling pants 2

starring amber tamblyn, starring lucy hale.
the sisterhood of the traveling pants 2 isa
2008-08-06 american comedy-drama film.
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Fe 4RI T IR AE TPORRIZ A GO Y ) T
ASCIR) Iy L ik Z RN B . ] LUE B AR S
D5 BRAE AN BCE S 45 b 2 00 1 [ 0L 0 2 e oA
B MR A LT & A 2 5B K CopyNet, A7
%09 BLEU-4 7E B 4 BBl i T T 2.84/6.33. X
F0 0 U B 7R S 7 1 R BB A% O B 1 S, SCRE AR AR i )
TR WIS AR

FLR M, A SRR Bt AR e =X, B o ik R ok
Pk, — 2095 A& RDF &, 5 — K& H B HIER .
Hirr Graph2Seq Fl JointGT E A7 A7 [5] Al 5 A, WLEE 21| 78
GrailQA-QG I+, Graph2Seq ) BLEU-4 #f Eb F* JointGT
th 2.27 4R 4E WQCWQ-Unseen X045 £, Hif 4 U &
KT 4.91. 3 J2& i BHR4E 1047 2 S 3009, 7E Grail QA %X
WAL, 45 SRR, bnid 51 75 R L i 25 S S A
A iy 44 AR TN IR 1A Oy [ 81, 35K 25 S BObR v B2 il
] T B DR & B T A WQCWQ S 45 b, 45 5
SPARQL /4], A ide A B (5538 50 m 11384k, HORZER
RERE A N 5 iR, )R] P “teach at” 75 B %
IR AN S 14 A2 B8 X A B, 3 s & LS8 3
S, AR A G N T MEE

JointGT 1 JG7E KG-to-text i Bl | Il 45 , 4R 5 16
QA i M, L oz AL ) 58 R T4 S
B SLISE R TE Grail QA-QG Iy EREA K E R, H:
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P A WA 5 DLHLE Y Graph2Seq & . SR AE 4.91/5.9/5.54. M5k, X} F CopyNet, /A LX) b T RDF [&]

WQCWQ-Unseen B4 4 19 “ AR WL "5 T, JointGT AH L
F Graph2Seq & T KIEMEET:, B-4/ME/R-L 43 5I3ETH T

32 R0 X ol g A A R B B2 ), ] LA 31 L
EHIE A i A REAS 1 25 R iR R ) S B

R4 TEGrailQA-QGCFAWQCWQ-Unseen ERILIGLER

N A " . M7 [ A1 e THEA YN
AE/E S . T SR
B B-4 | ME | R-L | B4 | ME | R-L | B4 | ME | R-L | B4 | ME | R-L
RDF & CopyNet | 1.7x107 |40.51[37.91|58.28 |24.77 [29.11 |47.35 | 19.67 | 24.89 | 43.59 | 25.68 | 28.64 | 47.89
RDF & Graph2Seq | 1.3x107 |41.63|39.08|60.47 |25.11|29.34 |48.30|26.92 | 31.09 |49.11|30.21 | 32.45 | 51.61
RDF & JointGT 1.6x10° |41.08|39.02|58.82|26.14|31.27 |47.93 |23.40 | 31.26 | 47.44 | 27.94 | 32.94 | 50.23
GrailQA-QG i
. CopyNet | 1.7x107 | 42.98 [40.00 | 60.64 |27.34 [32.18 | 50.93 | 22.49 | 27.92 | 47.51 | 28.38 | 31.45|51.37
(5#3k)
YR 8
N Ours 1.39x10" |44.83 (39.46|59.83|30.79 | 32.72|51.54 | 25.35|30.93 | 48.10 | 31.22|33.14 | 51.63
(SFIEA)+3CA
RDF & CopyNet | 1.7x107 |30.31(32.27|57.97| — — | — |20.97|25.69(48.61|26.18|29.30|53.73
RDF Graph2Seq | 1.3x10" {30.94|31.76|57.74| — — — [18.69|21.65[43.69|25.69|27.13|51.38
RDF JointGT 1.6x10° |35.02(35.37|60.23| — — — [25.37/30.20|52.91|30.60|33.02 | 56.92
WQCWQ-Unseen
WHRIE A (SPARQL)| CopyNet | 1.7x107 |30.43|32.55(58.08| — — | — |21.44|26.25|48.76|26.46|29.70 | 53.86
ZHRIEA(SPAR- )
L Ours 1.39x10" [36.51(35.76|61.24| — — | — |28.09]30.52(53.80|32.79|33.39 | 57.88
QLA
x5 HEEES
petE 5 eyl
GrailOA BHIE (AND opera.opera (JOIN opera.opera.librettist "Karl Haffner"))
rai
B ) which opera has the librettist of karl haffner?
PREFIX ns: <http://rdf.freebase.com/ns/>
SELECT DISTINCT ?x
WHERE {
s ?¢ ns:book.author.book_editions_published "The World As I See It" .
) BHPE A )
WQCWQ ?¢ ns:people.person.employment_history ?y .
?y ns:business.employment_tenure.company ?x .
?x ns:common.topic.notable_types "College" .
}
b n) What colleges did the author of The World As I See It teach at?
4.6 HEASEEE IR EF 30% J& A A A B 285 I ATHELLIX 23, AR 3C

A BT T Rl S8 LA A AN ) o3 B SRR R
e, BEBR T e SOAS WU A A 2 P X RCR
FLUR g e b SCAR 3 390 80 A i 2 S A 19 S AR ik A
03 FH S 2 B P 0 P G SCAR T, LI B 3 SO 11
AR SR BEALIE S B IR A BOE AR iE
17 SUOFBCFEIE, 55 W4 TARIMEZ: . SEIR g ]
W 6 o, AT LAE B, FATHY 7 vk 35 s e T 45
5 AT AR . Ak, AR iy 2 A L
BRI , DX 0 [ 1) 5 SCRVA 22 Rk, 5 3l 2 B-4 6

(1905 PR B I Rk, BOAIE T S A Ak
4.7 ANIiFMH

AR N 590 o 2 s S R [ A B 1 8 SR AT T
N TS . B3k AR ) B bRAR e — 30, 1
B AR R PEAL FE A

ZWCHR[16], A S0l 3 4 PF 4 A B, I Bk
ARG PR bR 74T 43

(U TE IRV 35 7 A U SOAR SR B Rk T 4 12 5
R (BT i a i . (2) A SREE M HE i i v
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*R6 HFRLIS
. ) M ST R S A4 FREA SAR(BRIEZS)
Fohi e 7k =
B4 | ME | R-L | B4 | ME | R-L | B4 | ME | R-L B-4 ME R-L
Ours 44.46 | 39.25 | 59.01 | 30.84 | 32.71 | 50.96 | 25.56 | 30.97 | 47.63 | 31.25(0.33) | 33.11(0.24) | 51.65(0.88)
TR | 4321 | 38.19 | 57.98 | 27.55 | 31.37 | 49.68 | 22.45 | 28.05 | 45.02 | 29.33(0.82) | 31.55(0.81) | 49.69(1.27)
GrailQA-QG
il SRR | 41.86 | 36.81 | 56.25 | 28.28 | 30.65 | 48.75 | 23.80 | 28.57 | 45.36 | 29.08(0.81) | 30.78(0.78) | 48.68(1.12)
Bedf UG SO | 41.02 | 35.88 | 54.85 | 27.70 | 30.07 | 47.62 | 23.28 | 27.73 | 44.44 | 28.52(0.51) | 29.83(0.54) | 46.87(1.06)
Ours 36.38 [ 35.66 | 6037 | — | — | — |28.22(30.57[53.16 | 32.77(0.24) | 33.35(0.32) | 57.11(0.76)
TR A | 3517 134495922 — | — | — [26.73|29.20|51.51 | 31.42(0.57) | 32.09(0.53) | 55.73(1.01)
WQCWQ-Unseen
Bl SR A | 34.60 | 34.17 | 58.79 | — — — [26.12 | 28.73 | 50.97 | 30.83(0.48) | 31.70(0.59) | 55.25(0.99)
B UL SCAS | 34.33 (3330 | 57.18 | — — — 126.96 | 29.02 | 50.65 | 30.69(0.28) | 31.91(0.33) | 54.17(0.61)
FAT 2 25 A LR SCARFT 43, N 1B S 43, Herp 543 03 ATy B AR IR ML AR AT TR EE . an P 4

WO E SR, 3  IEE IERHE O, 1 e Tk
PR .

X T PEAG EE AR A | A S0 51 AR $ 46 42 v i
T 1004 BT 1 I 5 % P ) R A A, AR S0 )
AT A H50HH A 1 0 3 4 Rl BT 100 SRR . AR SOk
PR IR M HE T H0 il 5 B Y JointGT 1k FL X 42
VEAG S5 5 W2 7, 0] LU B, 738 25 BB 05 HEWR JF H iR 1%
AR IR 1), ) A A BB A% A A s o o Y ) . (A
TR, IR 28 7E Grail QA-QG $RH84E |41 i ST
A B AT HAR T A A R R AT X i — IR T
I Grail QA KU SEAR T MU [ SR ILEE . Ak
Ui, ARSI L Be 08 & B AR IE 18], JF H IS TR 9 3¢
AHEAE A e o A ) R
4.8 EBIHH

A/INAT LA WQCWQ H i 4k b 1), B /R T

7, FE B8 U FE I B 38 3 film. director. film” & A UL
SR 2 W N (S SR AN S 7 s L /A B i i M R - gy
SPARQL , 3815 52 % (1) RDF 7 & ; 45 2 45 , ¥ RDF ¥ &l
Pef s 5B 3 0 X TR —DETFRTE L ER RN
WRE e 9104k 5 26 4 28 f T I 2R 6 0 -1 RT3 3R 405 3R
BT B3R SOA s I, 45 8 2 4R 8 ARG i
SCAS ) A e 2 R 2 T . 3R 8 41 i T A (]
J7 2 09 A2 B 45 S . Graph2Seq XF T A< UL 59 15 10 12 Ak g
AR, AR P DT SR JointGT W 3% A 4 ik
HY 533807 19 1 - Ron Howard “ 778 (direct) ” T 1% HY
R, M AN JE“ S (star in) 7. M ELZ R, AR SCH 7 7k
B A BT B Y ). O HL R R SO A
T SE Bl A jl T B T3 (is directed by ) 7 TR X, 31X
i — YR B T e ik SCAS BE 8 S A AU 2 1R A SR
=

S PO

x7 ANIEMH
. GrailQA-QG WQCWQ-Unseen
SRiKEe
! WA SR/ TR B H AR
. single 78% (4.9) 4.11(0.19) 82% (5.4) 4.35(0.16)
R g (T EIZER)
CVT 69% (5.4) 3.89(0.22) 71% (7.3) 3.65(0.25)
X . » JointGT 83% (3.3) 4.28(0.19) 84% (3.3) 4.27(0.18)
) R S A (1)
Ours 85% (4.2) 4.30(0.16) 88% (3.9) 4.85(0.17)
B B A a) 98% (1.9) 4.20(0.22) 95% (2.1) 4.81(0.17)
&8 ROIHH 4.9 SRS
e P g ROHER T — L8 R IR A S 1), O 1 7 (8 i
Graph2Seq what clay animation did clay animation direct? m ’ ZIS jc’{%%% EF] # i‘?ﬁ ﬂ:/;f‘ E]/‘J @ﬁ *H;ﬁg ID %Ej‘eﬁ %X‘Tm
- — . 2B e B O 0B 2 AP R 5,
ointGT what clay animation movie did ron howard star in ?
o hat elas amimati , direeted b ron howand? W% 9 W RER , PE 1% I BE (the Theatre of Pompey ) J2&1E
S what cle at Vie We >t ward? N
ur: at clay animation movie was directed by ron howar 5 T 38 ) S ,ﬁ)ﬂ 1 B i j(% (Pompey the Great) @;‘@
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1, ZEEX 2, FEERFE
PREFIX ns: <http://rdf.freebase.com/ns/> Ron film.director.film -
SELECT DISTINCT ?x Howard >{ Willow

WHERE {

?c ns:media_common.media_genre.child_genres

ns:m.0g2lq ns:film.director.film 2x . wil film.film.genre Stop
?x ns:film.film.genre 7c . flow motion
ns:m.02fcct . Stop media_common. ¢y
} motion | media_genre.child_genres |_animation

3. PIMERy T

<P> film.director.film

<P> film.film.genre

move on its own.

move on its own.
<P> media_common.media_genre.child_genres

<H> Ron Howard <D> Ronald William Howard is an American director, producer,screenwriter, and actor.

<T> Willow <D> Willow is a 1988 American high fantasy adventure film.

<H> Willow <D> Willow is a 1988 American high fantasy adventure film.

<T> Stop motion <D> Stop motion is an animation technique that physically manipulates an object that appears to

<H> Stop motion <D> Stop motion is an animation technique that physically manipulates an object that appears to

<T> Clay animation <D> Clay animation is one of many forms of stop motion animation.

4, FEARSCAR

willow is a 1988 fantasy film directed by ron howard.

willow isa 1988 stop motion fantasy film directed by ron howard.

clay animation is one of many forms of stop motion animation.

K4 EEabr
x9 HRHW

SELECT DISTINCT ?x WHERE {
BEIE A "Julius Caesar" people.deceased_person.place_of_death "The Theatre of Pompey" (?x).
}
BRSO The Theatre of Pompey was built during the reign of Julius Caesar.
P 1 [ Where was Caesar when he was stabbed?
Ours Where did Julius Caesar die?

Y, AN 2 R A 37 - LA (Julius Caesar). X &G f2
BT R L IR) R

5 it

RSO T — ol T3 [T B i ) TR A T %
RERS FAE I 2% S, B TR DL A 33 Tl A7 5 4 9 2
R AR T SPARQL B S SRk A A A day A, ]
FHBIZRTE 5 R LR R TE e B Bl Bl 2% 1 7141
Bk g BERE XA & R WABTRI B 7 R B2 R KA
FITF AR . SR SRR AR SCRY T kIR B 1 e
PERIPERE .
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