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Question: Which U.S. president's grandson married the daughter of
another U.S. president?

4 @ [ Hallucination

Output: U.S. President Benjamin Harrison's grandson, Benjamin
\Han’ison I1I, married Ulysses S. Grant's granddaughter, Elizabeth Grant. )

/{@ + Knowledge Retriever )—( Lack of interconnected knowledge }

Output:

U.S. president Joe Biden's grandson is Beau Biden Jr. Former U.S.
President Donald Trump's daughter is Ivanka Trump. There is no record
of a grandson of a U.S. president marrying the daughter of another U.S.

ident.
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Output: The reasoning path is generated based on this question:

rrrrrr

. ) has grandson . m: to daughterof .
Dwight D. Eisenhower —————— David Eisenhower Julie Nixon Richard Nixon

Based on the reasoning path ,we can infer that Dwight D. Eisenhower's
grandson, David Eisenhower, married Julie Nixon, the daughter of
Richard Nixon.
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Algorithm 1 ZERHERREEARAE B

Input : Question ¢ , Knowledge Graph G .
Output : Reasoning Paths T’

*
structural *

1: T'* « (Z) 5

2: Employ GloVe to get initial embeddings v of g .

3: vflmtm are processed through LSTM, where the final
hidden state v, represents the question.

4: Initialize the entity embeddings v. by:

0 _ .
Ve =0 (E(e,'r,e/>€g Uy - Wl ’

5. for 1< 1ton do
6: Construct a match vector m?

) ) (e,r,el)
mzeme” =0 (W' ©Wav,) ;

7. Aggregate matching messages from neighboring by:
f)é = Z(e,r,e/>eg PSZTI ’ ml(e,r,e/ ;
8:  Update the embeddings of entities as follows:
vl = FFN([vi ;1)) :
9:  Probability distribution P could be obtained:
P’ = softmax (V)W) ;
10:  Update the loss £,, based on P* .
11: end for
12: Obtain Reasoning Paths I'*

structura
13: return Reasoning Paths I"

by:

; based on P .

*
structural
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Algorithm 2 RRP &k

Input : Question ¢ , Knowledge Graph G .
Parameter : Ay , Ay and 6 .
Output : Reasoning Paths I'* | Answer a .

I« 0.

Gnerate semantic reasoning paths I'] ;

Gnerate structural reasoning paths I'; ;

for 7' € ('3 UT3) do
Compute the semantic similarity score Si(q,~?) ;
Compute the structural similarity score So(q,v*) ;
Combine these socre by:
S(g,7") = A - S1(g,7") + A2 - S2(a,7")

8 if S(g,v") > 6 then

9: I'* .append (%) ;
10: else

11: Filter ¢ ;

12:  end if

13: end for

14: Sort (I'*) by the S ;
15: Feed (¢,I'*) to LLMs to get answer a ;
16: return answer a .
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S(g.7") = M - S1(¢.7") + A2 - Sa(a. 7). (11)
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WebQSP cTWQ
Category Method Mitsal  F1 Hisal  Fl
KV-Mem [31] 46.7 34.5 18.4 15.7
EmbedKGQA [32] 66.6 ] 45.9 -
Embedding-based  NSM [33] 68.7 62.8 47.6 42.4
TransferNet [34] 71.4 - 48.6 -
KGT5 [35] 56.1 ; 36.5 ;
GraftNet [36] 664 604 368 327
. PullNet [37 68.1 - 45.9 -
Retrieval-based SR+NSI\[/I [;)8] 68.9 641 502  47.1
SR+NSM+E2E [38] 69.5 641 493  46.3
Flan-T5-x1 [39] 31.0 19.9 14.7 13.2
Alpaca-7B [2] 518 343 274 222
LLMs LLaMA2-Chat-7B [1] 64.4 28.0 34.6 16.9
ChatGPT 66.8 39.3 39.9 28.5
ChatGPT+CoT [40] 75.6 _ 48.9 _
KD-CoT [26] 686 525 557 -
UniKGQA [19] 772 722 512 49.1
ToG+ChatGPT [16] 76.2 - 58.9 -
LLMs+KGs ToG+LLaMA2-70B [16] 68.9 - 57.6 -
KG-CoT [18] 84.9 ; 62.3 ;
RoG [17] 85.7 70.8 62.6 56.2
SubgraphRAG+ChatGPT [27] 83.1 69.2 56.3 49.1
SubgraphRAG+LLaMA3-8B [27] 86.6 70.6 57.0 47.2
RRP(ours) 90.0 72.5 64.5 56.5
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GBSO R — A Y A IER S L L. TSR MR . — BT R RS, A2 GON
TR AN [ 36 2 TR R, AT AL T AR 2 25 5 M B R R A
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o SR [38] Bl PRI RS, M T RS
HEPE R AR T AT o XA T AR B — 1~ B4 B A
BOMEZL, DA SR ATAA] 1] i) 7 B A

REGEFHAL (LLMs): (1], [2], [39], [40] FIHTIZ
KRB SR, ARG H) 2 i 5 BRAR AR 1 A4
E SR8

LLMs+KGs Jik: —FiRG ¥, # LLMs [WfFRERE
115 KGs W5 B G, AR S HERERf M: .

o KD-CoT [26] 5] AT —FpHITHIK S R HERESS ,
1 55 ANERATH ) A2 E 56 T R AG ACE A% R ) HE PR B
ﬁoﬁﬁ%%%T@ﬁﬂ%ﬁ%%,%%Tﬁﬁ@%

o UniKGQA [19] $2H T Fp T II gl SR )y
W, IR BB RN SR S T g TR R A
P, BT AR

o ToG [16] 5I AT —F#r#ifiE, H LLM (CHIFE
HHRERE (KG) Bk TR i R, A Roh kA
WRMEPAT .

o KG-CoT [18] 1 B e ELL Ry At I, BRI A—A
INFIASERA « B A5 11 P A R ST AR 1 6 e el e T L

o RoG [17] &£ T — M HRI- R R-HHEHES . RoG A AL
FRIEAE, SR X S 5 A5 A SR O P i G R A LI
o XU R FNWBRARME N AL LLMs #5475 245
Fa AL FI R 0 T 3L

o SubgraphRAG [27] &£ 17— MEIHEL, ZHELRE
SRR L R RAWL S AT = FEIT LRSS, T
R H R TR, R A i 4544 B s A
RGBTSR «

mE IR, BATE LB R . XFRM R A
W% G T RO R R B vk, HOPERR B AR ARRRRE,
RO, 24 Bk (] LLMs BEFrHE Ry, Hk
REAN I — L BT AR R A Y5 . X2 R A B8k LLMs
HABRKATE LGS, HEZA RS LIz, SR,
Ff LLMs 5§ KGs &5& 007 R & AT HALZER, Hh
KGs #2250 FR AN T LLMs FE3ZHm&s 15 B
AL o SXBEZEIR R, K LLMs 5 KGs Z5G L T—
FhA SR 53050, Bboh, 5 LLMs+KGs ZE5]H)
HABRI T EM L, AT 7 ¥ELE WebQSP fil CWQ
BlEse 1 SLl T s it e .

KU, 7F WebQSP %54 -, |ATH /5 ¥AE HitsQ1
L T EGEW RoG ik 4.3 NES A, IEE F1 %4
EBAST L7 ANES ST R DAUE R T BAT
T AL T HE A T ) SRR AR R B AR Y R B AL
Hile BAL, AT EE R T HARZR R 15 3] 60 A~ H
A3, AR T g AR AR S AR A S R L
o [FIFERL, 75 CWQ $dligE b, JATHH¥ELE Hits@Ql |
E RoG it 2.0 NE S, UERH 7 HAE AN PRAZ 22 A i)
FA R . 2Rk B HA 2B A X 22 1L Bk PR 2 i)
RSP YER PR R I S A ) F B  SO R RN TR 2 S  BE
it (RN, X EMH NG 7B 251 LLM
SEHLEY, X FRBAFRATT B O R To R MO T R K LA R
BUPTHR B A S5 I RE MU YR Z IR 5t
S ARG

D. PP 327 R #F 5
H T FATT B O YA i P A 5 AT R T O R A
7, FATVEAG AR A A R HE B RE SR R T 2

Methods WebQSP CWQ
Hits@l Recall | Hits@l Recall
GPT-40-mini 67.08 40.64 41.43 35.95
GPT-40-mini + RRP 91.10 81.52 71.68 66.79
ChatGPT 66.77 49.27 39.90 35.07
ChatGPT + RRP 89.93 79.34 63.07 57.99
Alpaca-TB 51.78 33.65 27.44 23.62
Alpaca-7B + RRP 78.13 59.34 48.40 42.00
LLaMAZ2-Chat-7B 64.37 44.61 34.60 29.91
LLaMA2-Chat-7B + RRP 86.79 75.39 59.78 54.76
Flan-T5-x1 30.95 17.08 14.69 12.25
Flan-T5-x1 + RRP 69.66 45.90 40.61 34.27

TABLE 11
P T IRAEAR R LLMs _EIPERESR T

Do ST HATEANTAL, FRATE SR HESE R A
A Y2 SRR R R AR . RS, FRATREIR LA )
FURH B () BB AR PR IR 45 R R i LLM, e 1T RES H 1%
FF XS ARE S IR, MICTR MR £ I agh
TRXREEAER . fE WebQSP s, SEmMIRATH
Jr R A AR YY) HitsQ1 77k T 2 e Tt. filan,
Flan-T5 x1 # bi% A 6 FHIRAT KA I L RE, 1Y
T 38.71%. HAth LLM #£ Hits@Ql $riiBid T 20% 1y
et X LU ZE SRS T B LA A A0 ) A PR A S R TR
AUENIEMERINEE T, BT R W18 S AR B AR A AR
£ CWQ FiasEd, Epadtil: GPT-40 mini £
Hits@1 HRBLH 30.25% YK, HoAth g ing LLM
SRR 20% PIFETE. XS EHE A Y — B0 P A
fﬁ,ﬁﬁ%ﬁ&ﬁﬁ@%ﬁﬁ%m?ﬁﬁﬂ%%Tﬁﬁ
HHEFEHE 77 -

LOEEREER S, GPT-4o mini £5& 00T HEFLEE 1%
HEAESE, #E WebQSP Al CWQ AL T Hor i HERG K .
XSGR TN EE S, E, BRI vEA AR
FRES AR PR AL T R B R B S0, AR ANE F BT R T
M SCA T EEHERT . HOR, TPATFEROE, &A
B T YR A B YR 2 BRIV 50 T AL T —F S 1 v ok 42
AR I A0 e | S N A N Y ki P N < P i
KI5 RN R A AT R, FRATH IR B A A B T DA
TEA PR B F RO h VR Rl ] HA R aE TH . BFE
2RI EAT S R T B H st

E. 5B BB 5

AR MBI E I SESE, 0 A o 280 o
TR g ORI AR A B B EE S AR R
S SR EHIESUR B S 85 B . Bk
i, A RRESUFERIAE, A\ =1 -\ HERGHER
MR, HEMIEFENEE M+ A = Lo S5 THIIRPEAG
ﬂﬁ%ﬁ%ﬁﬁ%ﬁ%@@ﬁ,ﬁﬁﬁﬁTéﬁ%i%%
5,

B3 R TR 0 IRCR. 24 0 M/ IMEIENE] 0.6
i, BUPEREEHPE R, HAE 0 = 0.6 IAEI RIS,
WX — i, 0 WIS P EERE T e, JUHRTE 0
= 0.8 WKW RAYNFE. XA R AR 1
0 SRR PRI AN S R HERRR AT, AT A B AT TR IR
AR DA . AE 0 = 0.6 I, BARLGKE] 7 e,
AR R T ARZBOAM KA, RN TR A
AR AR, AR B E R, KRR SR
7, HP AR, SEERE TR
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B 4 RIRTHEE M (AR Ao ) BOZSARTT 2 45
Ko BEE M MR/ MESEME] 0.5, BIRLPEREFRIET),
HAE M= 0.5 BFREIRAE. A\ AYUE— 00 S 2k hE
. X—ERBET T WebQSP Hllskim s, i A& &
TGS B A SF 2L, 2 Ay I, BRSBTS
ZIRCE, XERYIHETH RS 72 A= 0.5 I, i CHZS
R B RRCER R T 58 SR T . B A = 0.5 )5, 45t
FRALE R, I A SR R BT T
TS, AT BORR R PERE T % -

F. 3 TR Ko fo iR [ 5 g G i bt

Knowledge Graph

Characteristics Freebase subgraph ~ Wiki-Movie
Number of entities 2,566,291 43,234
Number of relations 7,058 9
Number of triples 8,309,195 133,582
Accuracy Medium High
Average inference time 2.9s 2.6s

TABLE III

P T BRI S AR I R L L

TR, FRATEEE WebQSP f1 CWQ _E R
T B, XA B SR AR 2 LA KL
Freebase HIIREEZ FRY. SR, M BLSE A A H )
RSN ReA R R ZE R, M3 E—2#ld 5 AN
FBL AN AIR B RE AT HO R, DAVEAGFRATT I va i e bt

3% 111 fr7n, Freebase 147 2,566,291 52k, 7,058
MRFR, BIE 8,309,195 N—=Judl, fEN—PHARE

PR AR RS . T e s Ao & KR
B, HEEBER R RIS, BfiS 2, Freebase B
KIS R . M2 T, Wiki-Movie {8 43,234
NS, 9 AN AR 133,582 AN I04L, AU RS A A
HERE, BT Wiki-Movie BRET 840301 DA Sk 4
B, HEdR R ERH AR . BARINE, Wiki-Movie A
i@, Y Freebase ML, RIHBARAIGR bt

Methods WebQSP (Freebase) . MetaQA-3(Wiki-Movie)
Hits@1
RRP(ours) 90.0 99.5
RoG 85.7 89.0
GraftNet 66.4 7.7
PullNet 68.1 91.4
EmbedKGQA 66.6 94.8

TABLE IV
P4t 5 A T AR T Y e

XF LR SEEs, FRATTERE T —H AR H L T
SERTER TV iy, Hi WebQSP XJ M. Freebase ¥4/,
MetaQA-3 X Wiki-Movie 4. 75K HUAR I 25 H A5
FRERE, AL ETE R BT A B L, B
BT RENLS . XNEERF-LEUET RRP EH LT
B EErE. AN, RATIE T RAT T EER AR E
% BRI ], A BLUEAZ A2 5 ] AZBEANTT .
XASELFE—HHIN T RRP AE S0 06 AR R (i i T 3k
f%%ﬁTEﬂﬁ%ﬁﬁﬁ%ﬁ%,K%ﬂﬁ@%%ﬂﬁ
IR

G. H ety

Semantic  Structural Rethinking Hits@1 F1
v v v 90.0 725
v v X 88.3  T71.2
v X v 86.7  69.5
X v v 774 679
v X X 84.8  68.6
X v X 742 67.3

TABLE V
XTI WEBQSP I ALBTIT.

WKV IR, BATHEAT T IH AT TS A PR BA TH ) HE
PRI TIRR . SG5RE, T SCGHEBL AR R
A By R, XIAST LLMs WmBAEsmae Jy. MR
&, GHHERE AR A BB RASET  SA e 1 R P
F R EORR R B k. LIRS, Bk
PR AL AR B R B R i K R EE . SR, XL E
TR R 7 IR T AE T BUE 2R L K — Bkl
B ] B B HE IR AT . HR)IE T, BT RES IR L
TR B AESEH R 5 AR A I RS A

MK PRSI, A SRR . TR SRR
TR ERIE ) A A S, I AL R AR T A
ZHGEREPEIE . L, RS R R] LAY ) 4 T
HERG Y TR AR AR, 10 o L L B R Y 22 28 R A B
BEAh, A S A 5 fi i AL AT — A B
SEE N E— 4R T T IR . WSRO o 08 i B A2
AT U, R T 2 FIHE AT B4
IR BT A R A R BRI T R AR, 8
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Question

The newspaper Zerkalo Nedeli is circulated in an area that has what as the official language?

Reasoning Paths of RoG

Zerkalo Nedeli — book.periodical.language — English Language
Zerkalo Nedeli — book.periodical.language — Russian Language
Zerkalo Nedeli — book.periodical.language — Ukrainian Language

Reasoning Paths of RRP

Reasoning paths are arranged in descending order of significance:

Path 1(structural): Zerkalo Nedeli — periodicals.newspaper_ circulation_ area.newspapers —
Ukraine — location.country.languages spoken — Ukrainian Language

Path 2 (semantic): Zerkalo Nedeli — book.periodical.language — Ukrainian Language

Path 3 (semantic): Zerkalo Nedeli — book.periodical.language — Russian Language

Path 4 (semantic): Zerkalo Nedeli — book.periodical.language — English Language

Outputs
is circulated is ffkif

RoG: Based on the reasoning paths provided, the official language of the area where Zerkalo Nedeli

RRP: Based on the reasoning paths provided in order of significance, the official language of the area
where Zerkalo Nedeli is circulated is 75225

Ground Truth

Ukrainian Language.

TABLE VI
RRP ZBI5. RRP WA MR, HAR RS R EE e, Amil LLMs SRIGEARNE S

TR BN KA S EAR R SN, B R B R R 1 e s
FEPETH T RARHERE A HERA I -

H. &6 5%

g VI Frn, SEROIOHTRIT RRP BIEHTE. &
Jo, XXM, SOTA Jrk G4 “Bidlk” 1 “JHH
T M2, RRP BIA A T AR E X 15 5
X5 R S EA ¢ . X KRB AL LLMs T A & PAE
Fff PR IX 2 [P A P A 3% 8RR SR R HL [ A 1) 12 A LA
ik & . RRP AROMAE /R TR R AR Z A8, 4
JSE A TE R E A (O HERBR AR . LUK, BT X SR PR AR
SOTA Tkl T RIS, 11 RRP Gl 1 iR Bk Ay
R T U SE R, R AR X — R AT
Hi RRP HEZA: Jif) Ax iy HZ 387 P i BRSO LLM
PR AL ORI X ER 18

L % 3kt a R AR
VE SCHEBR AR AR SRR 157 AR A RO B A, ]
DAV [l 5 A 45 5o SRABRRCANTE 5 s, Hob < )
> FORIERI N -

Semantic Paths Generation Prompt

Please generate the valid reasoning paths that can
be helpful for answering the following question:

<Question>

Fig. 5. HIT L8 AR AR R .

TEFATEEN RRP HEZLAS 3] 4 m HA P Y B AR )5
LLM HEPL ARV N e AP TR o i i A ER R A A )R
514 LLM AEBIERESR. AXEZIRMEE, SrBi
WF 6 s, Hrb < fERLERAR > FoRA PR EEL AT
S

IV. 258

FEASCH, FAFE T RRP, &R iR B
SR TS RERR A B T vk FRATRHESR s b 2 5
T LLM 38 SO 9 R A LWL i) A1 > 314
MFEESEE, WORERLE AR A . S Tt

LLM Reasoning Prompt

Instructions:

Please use the reasoning paths provided below to
answer the question. The reasoning paths are listed
in order of importance, with the first being the
most important. Your task is to derive the simplest
possible answer and return all potential answers as
a list.

Reasoning Paths:
<Reasoning Paths>

Question:
<Question>

Fig. 6. KRAUEFRAUEMAY SRR

—HR AR R, RATGIA T - DEEER, R
HA ., AR BB AR, (A RERE IFU HE FedE B
AR 52 7 ) B A I R i) LM fERE . FEPTAS A8
Pask LRIz KR AR W], RRP AR 2R 5 2 fifi ok
MbERE, BT 2R L. EENE, BEE R
T AR RS LLM i, AR TixX i,
DGR T RATIT A BRI Y e, B 5 A s,
RRP fyBisib ., RIHE R SOt 7 Sl LLM 42
IR JCaEaRANE, TR G 2| MBS, o
T AT R IR BB . RERR, RRP NARTE
RIS R T 5 BRAR 7 THI A R0 B0 T RS Bkl . LA
O R A R AR g S B AR ) BE A DU T <) e B
GIFPRTE T FIAERRIE, I BN AL TR
THREAE. BATHBH R, FATHEZR AR O AR
SR DL ARl I 8 5 TS 2 R el 1 8 8 5 AR M) B g e e
BRI, e AR B RS 5 RE SIS
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