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Chapter 1:
What is Knowledge Graph Question Answering



Background

KGQAZH?

» Knowledge Graph Question Answering
v EHES UHERIE W, O AEnt HAE Y E KGoM BfAct S
Yelolh HHs NS0k U

v 3, KGO DT HEE 201 012 BB5I0] SHS WA 4 YEZ ot 22 2H

What is the nationality of Katherine Corri Harris 's couple 's children?

Philadelphia

@ Katherine Corri Harris

nationality

Catholicism

)\ 4
Q United States
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Background

KGQA

* Simple QA
v Lt Triple2 HE Q& Jtsot AR
EX)

Question : "Where is Jack Ma's birthplace?
Triple : <Jack Ma, born in, Hangzhou>
Answer : “Hangzhou"

« Complex QA
v' Multi-hop question S E&fsH 22
EX)

Question : "Who are the directors of the movies starring Jason Wu?"
Triple : <JasonWu, star in, Wolf Warriors> <Wolf Warriors, directed by, Jason Wu>,
Answer : “Jason Wu"
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Background

KGQA &2 (1)

*  SP-based KGQA (Semantic parsing)
v XA EEE KGOJ|IM Al 75t Logical Query 2 IS 21 Bl ==
v dHE
» MOS0 =S
v oHAH
» SPARQL AnnotationO| & QsHH H|EE=0| 2
»  SXOHERO| CHet M2 7o
A= SPARQL Query? ARl 271561 EHH0| LI X| 8= BX | EX|

LS -

NER | [ Entity Linking
Dead _| Q23883 Dead sea _/I SPARGL Query Generator
/”' ead sea 7| a4022 River -
Question Relation Classification/ | —
Which river flows into Relation Generation KG
the Dead sea? Pa03 SELECT 70 WHERE —
mouth of the watercourse | {wdt:Q23883 wd:P403 70} l
( : | Answer
‘ Retuticn Raniing Q40059 Jordan River
‘ P200 .
inflows | . "
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Background

KGQA B2 (2)

* |R-based KGQA (Information Retrieval)
v AR 2EEE KGE| HE(Triple, Subgraph)E ZHAHSIH 0|2 7 [Ho = FHHS A%
v AP
»  SPARQL QueryE A8 BH=X]| QO &
- 2EHER 20| X3
v oA

= MED[EOHAR S R AR S Kot

Retrieved Facts

Q: Which country » Knowledge _.{Obama, Bornin, Honolulu) |

. A > —» LLMs |— A:USA
is Obama from? Retriever (Honolulu, Locatedin, USA)|

' Backpropagation
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Background

Dataset

«  Webgsp (Web Question SP)

id question answer gq_entity a_entity graph
string string list list list
WebQTzn-0 what is the name [ L [ [
of justin bieber "Jaxon Bieber" o "Justin o "Jaxon Bieber" o [ “
brother 1 Bieber" ] "Plnk",
] "freebase.valuenotation.is_reviewed",
"Gender"
1.
[
"1Club.FM: Powex",
"broadcast.content.artist",
"Plnk"
1.
[
"Somebody to Love",
"music.recording.contributions",
"m.0xrqpshe"
1.
«  Cwg (Complex Web Question)
id question answer q_entity a_entity graph
string string list list list list
WebQTzn- What state is home [ [ [ [
3513_7c4117891abf63781b892537979054c6 to the university "Washington, © "George Washington o "Washington, o [
that is D.C." Colonials men's D.C." "Connecticut-Geoxrge Washington 1994
represented in ] basketball" ] Division I Basketball Tournament Gan
sports by George 1 "base.marchmadness.ncaa_basketball t

Konkuk university

Washington
Colonials men's
basketball?

game.tournament_round_instance",
"1994 NCAA Men's Division I Basketba
Tournament- East Regional Second Rot
1.

L

“Nemanja Mikic",
"basketball.basketball player.positi
"Forward"

1
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Introduction

LLM 5%

J¢Claude

1255101 210] 0ot L 44 5248 2%

ot

. CHEO| AL ClOJE{S

i

+ QIS NLP TaskOflA] El0fit M52 &l
v" Code(Text) Generation

v QA
v" Machine Translation

« KT XM HELF D SSHLERO| CHoH BA2lsHE Al

L—y
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Introduction

Hallucination

* Hallucination

v
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v
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O] M2 7yt ZIFE (2h2)2] =08 ZHg3iH 3, BA 3y STl cigt Exio)7 #510] T
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Konkuk university

il
of
Ir

11

S AbEOl Cf 2o

Ho| oL ©
= HETo| Ws TE = WEts 752 Ha

Graph & Language Intelligence Lab.



Introduction

RAG( Retrieval Augmented Generation)

. 5 = B &

Structured Data

/.-"'
% -'/

Unstructured Data

/ Chunks Vector DB Retrieved Response
4 (Embeddings) Chunks Generation

* Indexing THH|

/ HAES HAR LT HER QMY
* Retrieval £t

v’ Query2| UHES BIE2lE ChunkS2H2|0|H RAMES 7 |EC = OfASH0] 22 Chunk ZAH
«  Generation EHA|

v ZMEIChunket 2| EES Eeoh Q2 E LLMO|| X|lE
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Introduction

GraphRAG( Retrieval Augmented Generation)
KG-based RAG (GraphRAG)

= AR =gl 22T G|O|E{H|O| A A A X[ A= Hgfot 2T Q@4 HM

e T
- KG=HEE (head, relation, tail) ZEH2| 2=}zl TripleZ X%
- BIAE 2H01242 NRfolo] TR 20 i 2 IS
—
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Introduction

GraphRAG( Retrieval Augmented Generation)

« J|Z= EA J[2tRAGR} GraphRAGS| XH0|H
v J|E&RAG
»  H|™H textual corpus(Document, Chunk)ZS H|& HIE{ =2 Bzt
= FARZ D[HF HAHOY| o ESI0 Lo E A HEE S20| ZAGHK| et

- z0% 3%
- S% 2X2| 59| TEISH ZAS 2 Ql0f, HIHKQl Y YO = Ofey 2t

v KG-based RAG (GraphRAG)
= FUMHEHE
s X 032N 2435}
- QAretHE #OtL2f AT Y e 112
— 1Z 20| 112

» Hallucination 2t}

Document Retrieved chunks

LLM-only ﬁ .—.
) * ?—'.D Response

=)
LLM

Graph RAG _ _@.
raph .,,lt

@& KG ‘@ Subgraph
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Introduction

oto| T 2Ql(Retrieval and Reasoning)

Q: Which country _|Knowledge | | __{Dbama, Bornin, Honolulu) |

) . - —= LLMs —= A:USA
is Obama from? Retriever (Honolulu, Locatedn, LISA}|

Retrieved Facts

Backpropagation

« KGERE 2HE YHE FZ5t1, LLM Reasoner? | HHEE 28010 EitH A/
 Retriever 5= 3A|

v" LLM based retriever

v" GNN(MLP) based retriever

= SubgraphRAG
= GNN-RAG

v' Agent
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Introduction

oto| T 2Ql(Retrieval and Reasoning)

.

Retrieved Facts

Q: Which country _|Knowledge || __{Dbama, Bornin, Honolulu) |

) . - —= LLMs | —= A:USA
is Obama from? Retriever (Honolulu, Locatedn, UE‘.A}|

... Backpropagaton | i
SNES
v Triple
= JHEHO|I =ZEQI Triple WENE =&
v" Subgraph
= HTE Entity@t =H FYEE F0 SMZE ==
v Path

= 5 OH 02l Entity?t 4S5 LIEfL = PathS A0t ==
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Introduction

I}o| Z2fQl(Retrieval and Reasoning)

Retrieved Facts
Q: Which country _ | Knowledge __(Dbama, Bomin, Hnnululu}i Lol Lums U A Usa
is Obama from? Retriever :{Hanﬂlulu, LocatedIn, USA)| -
E Backpropagation ._
i HFH
°
Promptlng O H Input : | will definitely watch it again.
J Soft Prom pt Label : Positive
__I_LXI-IO | I—IE Ex Hard Prompting Soft Prompting
" piie e i
I will definitely watch it again. It is [MASK] 1 will definitely watch it again.
= H'IlEEOFXA IﬁE_ﬁAIjiA—l ‘_ ks y gain. |
— -I H=a | (@) = |'o o Fw—ixed ol ~
/ Hard Prom pt Input s Embeddings Input Token
(Herd prompt) (Soft Prompt) Embeddings
- X|.?_:| O.I 'SC:J EH Where, [MASK] - great (label : Positive)
(a) (b)
< (W
» X[No|X| Qi=Lt= T
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Introduction

I}o| Z2fQl(Retrieval and Reasoning)

.

Retrieved Facts

Q: Which country _|Knowledge (e i)

is Obama from? Retriever '-{Hunululu Locatedin, USA)

Y

LLMs —= A: USA

Backpropagation

_________________________________________________________

. B0
v Frozen
v" Instruction Tuning

v LoRA(Low-Rank Adaptation)
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[2023][Arxiv] KAPING

(b) Knowledge-Augmented Language Model Prompting

Retrieval *

[Prompt]

Below are the facts that might be relevant to answer the question: f
(Black Eyed Peas, has part, Fergie), (Black Eyed Peas, has part, Kim Hill),
(Poseidon, cast member, Fergie)

Question: Which member of Black Eyed Peas appeared in Poseidon?

Answer:
[Generated Answer]
Fergie
* Retrieval
v Triples HIAEZ Hat £ QH|E 20 94 2 HE0e| fAd(Cosing)E 7 [HIR2 A
A_Ili
* Reason

v’ HME Triple& Prompto]| 24
v' 3P0l Finetuning 2R giS

. Knowledge-augmentedlanguage model prompting for zero-shotknowledge graph question answering
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[2024][NIPS] G-retriever

- J|IEEAE
v I E X0 = Hek A = 25| 2/
= SequenceZz H2t A| TokenO| HOFX|H, XSt Al HHE &4
=>RAGE Sl Z =2t 2 HHETHHM

—

m
Jal

Textual GraphOi| Cio MZ22.2 RAGE =¥
Prize-Collecting Steiner Tree(PCST) £|Az} Y11 2|52 S5l Subgraph ZAH
T MEQF I I O| HIAE MEHE ZA|0f 124

< <A
0
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[2024][NIPS] G-retriever

Architecture

e Step 1: Indexing - oo
all bad canada node attributes.
album)r * e
. BT nationality * -
——parent : i H
bieber pa bieber pildren : i
\ —& jaxon '
ibli bieber
proﬁ:ssiorjSI lnsx _siblin f”/
g
ocﬂdc]'—cd"c attributes LM *
m.Ogxnnwp ‘/
record

male
producer

Question: What 1s the name
of justin bieber brother?

justin bieber, this is justin bieber, jeremy bieber,
Vi, = argtopk,, .y cos (zg, z,)

Justin bieber fan club, justin ...

E}, = argtopk,. g cos (24, 2)

sibling, sibling_s, hangout, friendship, friend ...

Step 2: Retrieval

@ frozen
: Qﬁ trainable

-------------------------------------------- Step 4: Generation ...

% ?
(Self Attention Layers)

e ¢¢¢¢¢

P Projection
raph Em:uder

sibling children

0 ——sibling——» o
m.Ogxnnwp g bieber

Step 3: Subgraph Construction

* Indexing
v AR ehaE

—

LM 7|2tO 2 Node2}

e Retrieval

Konkuk university

1 0Ol
j:

o

H= AEO

(Text Embedder)
8t = (‘F: E*) textualize(S™) query q
jeremy . _
st parent—> bicber 5* = a.rg‘l_nax Z prize(n) + Z prize(e
bieber L. 5 is connected neVs

node_id. node_attr
15, justin bieber
294, jaxon bieber
356, jeremy bieber
551, m.Ogxnnwp
src, edge_attr, dst
294, parents, 356
356, children, 15
551, sibling, 294
551, sibling, 15

nodes of 8§

edges of §*

Question: What is the name
of justin bieber brother?
Answer:

— cost(S)

ecEg

104 2424 Node, Edge Setg 74

Graph & Language Intelligence Lab.



[2024][NIPS] G-retriever

Architecture

e Step 1: Indexing - oo N Step 4: Generation ... .
. : $ frozen :
all bad erih node attributes i i ®) trainable axon
album™” » o T T node_id, node_attr

ionality . FEE | 15, justin bieber
justin : ! jeremy nationality LM H ; Zn i 204, jaxon bieber nodes of §°
parent g . : HEEE |

bieber chlld.rcn_‘_* \;axon ; Vo i (Self Attention Laym] 356, jeremy bieber

E \ “\'bl' bich [ | 551, m.Ogxnnwp

: icber A | AP )

: prolk:ssionSI lns\ Slblmgﬂ/ HEEE ¢ src, edge_attr, q:t

j gender—edge attributes LM * HA | 294, parents, 356

: \ m.Ogxnnwp ¥ i 356, children, 15 edges of §*
: record H : A [ 551, sibling, 294

producer mule 551, sibling, 15

(Text Embedder) Question: What is the name
T T of justin bieber brother?
Question: What is the name L §*= (V" E") textualize(S™) query g Answer:
of justin bicber brother? :'.'.:'.'.'.'.:'.'.'.'.'.:::f.'.'.'.'.'.'.'.'.'.'.'.'.'.'.:'.'.'.'.'.'.'.:'.'.'.'.'.'.'.:'.'.'.'.'.'.'.:'.'.'.'.'.'.'.:'.'.'.'.:'.'.:'.'.'.'.:'.'.:'.'.'.'.:'.'.:'.'.'.'.'.'.'.:'.'.'.'.:'.'.'.'.'.'.'.:'.'.'.'.'.'.'.:'.'.'.'.'.
e e e N [E— Jeremy §* = argmax anze + anze — cost(S)
_ justin bieber, this is justin bieber, jeremy bieber, B Justin ___ =" bicbe
Vi = argtopknev cos (ij', zu] justin bieber fan club, justin ... H : bieber - e o ~hildren Sis g;nfectsd nevs ecBs
: siblin
E; = argtopke.:b‘ cos (ZQs ze) sibling, sibling_s, hangout, friendship, friend ... ; 5 m.Ogxnnwp —sibling ) i«:l:;
S Step 2: Retrieval RO (SOOI Step 3: Subgraph Construction  ---------ooreommmmmmm e :
Subgraph Construction
= O L -'— (@) = - =
v’ PCST 22|55 Sl 7tsth 2 Nodelf EdgeE &t P& Subgraph 135
n = "' oy B . =
v g0 22 B, CostE 2[28f0k= Subgraph &=
Generation

v GNN2 E3{| 1=X HH, Textualized GraphZ 2610 Bt A
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[2024][NIPS] G-retriever

o M
oo
Setting Method ExplaGraphs SceneGraphs WebQSP
Zero-shot 0.5650 0.3974 41.06
In | Zero-CoT [18] 0.5704 0.5260 51.30
nierence-only CoT-BAG [44] 0.5794 0.5680 39.60
KAPING [1] 0.6227 0.4375 52.64
Prompt tuning 0.5763 +0.0243  0.6341 +0.0024 48.34 + 0.64
GraphToken [31] 0.8508 + 0.0551  0.4903 + 0.0105 57.05 + 0.74
Frozen LLMW/PT | - b triever 0.8516 +0.0092 0.8131 +0.0162 70.49 + 1.21
APrompt tuning +47.77% 128.23% 145.81%
LoRA 0.8538 £ 0.0353  0.7862 + 0.0031  66.03 + 0.47
Tuned LLM G-Retriever w/ LoORA  0.8705 +£0.0329  0.8683 = 0.0072  73.79 + 0.70
A Lora +1.95% +11.74% +10.44%
SFHIH
° o|_|-7:” |
o =
v U SAFGO|ZE 2=
= Noise &¢!
5 Ore 7
v YZEl SubgraphfHE 18]
v Multi-hop
Konkuk university 24 Graph & Language Intelligence Lab.



[2024][Arxiv] GNN-RAG

e« EX|
/1 O

v GNN 7|2} Retriever

" GNNO| I2HEXz| 5HS L&

v UHIE 7|20 HISH SAT T E JoAES
SEA OIS
=T AO

GNN-based KGQA

LLM-based KGQA (ToG)

2t
AL
Ot

k-0 Multi-hop question0f| &t

LLM-based KGQA (RoG)

.

© Prompt: " Which of the Prompt: "Which of the R

> Depse ¢ following relations are following relations are Prompt: "Generate

Q retrieval O relevant?" relevant?" helpiul relation paths. "

-

e O—0O5 [um|— O O [ Lm — | LM |—>

o . . . .

c Prompt: "Given the retrieved knowledge, m Prompt: "Given the retrieved knowledge,
E can you answer the question?" can you answer the question?"
(o) i

S low—> G — [im] > @ - [uw] > @
P | L J
o

Textualize + RAG Textualize + RAG

25

Konkuk university
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[2024][Arxiv] GNN-RAG

Architecture

GNN-RAG Prompt: "Generats hejpful relation paths.”

C: “Which language do Jamaican people spesk ™ )
A: Engish, Jamaican English ol Urien
L

Denge nebrioy Reasoni ing Shonest \\jll'
Tor GNN {%} A Eng . . Paths
— | GMNN — - =T U=, »

" Textualize + RAG

Retneval

Jarnaica -z offickal_lang uage - |

Jamaica - language_spoken -= | I

Jarmaica -z close_io -> Haili -> alficial IEIr'lg.m.gE == [Fre —_— | L | —» | A: English, Jamaican English
Jarmaica 5 ocaled_in - :

“Which language do Jamaic a1pec-pe speak?”

Reasoning

* Retrieval
v 12§ L 2= === GNN RepresentationS 7 |0 2 HE/QE (50| w2t "
(Softmax)

BB TP RS OS2 WY Sz Yzl

v e 359} TopicentityS HZBH= Shortest path #2610 Reasoning Path LIE}
LH
-

v GNN2| A2 1-hop2 LLMZ S5l ZAH
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[2024][Arxiv] GNN-RAG

Architecture

Retneval

Reasoning

GNN-RAG

Frompt: "Generate ekl relation paths.”

A: Engligh, Jamaican Englsh

L 1 o L]
: "Which language do Jamaican people spesk’? > | LM

+RA
—*g}b'

oy

Reasoning

= | Gra » .I'-\.._'.:_. IMaical

_ “‘“ \f/i

" Textualize + RAG

Jarnaica -z offickal_|sng e - |

Jarmaica - kocaled_in -= Canbbe

Jarmaica - language_spoken - Jamaican § =]
Jarmaica -z close_io - Haili -> afficial IEIr'lgua.gE' e

"Which language do Jamaican peq:le apeah?

* Reasoning
v RetrievalE Soll €2 reasoning pathE HIAE

NS

Konkuk university

= 11—

27

= | LM | —» | Az Engligh, Jamaican English

SHVerbalization)sHq LLMe| @lzdo =
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[2024][Arxiv] GNN-RAG

=,
Type \ Method WebQSP CWQ
\ Hit H@1 Fl Hit H@1 Fl
KD-CoT [Wang et al., 2023] 68.6 - 52.5: 557 - -
StructGPT [Jiang et al., 2023a] 72.6 - - - - -
KB-BINDER [Li et al., 2023] 74.4 - - - - -
KG+LLM ToG+LLaMAZ2-70B [Sun et al., 2024] 68.9 - - 57.6 - -
ToG+ChatGPT [Sun et al., 2024] 76.2 - - 58.9 - -
ToG+GPT-4 [Sun et al., 2024] 82.6 - - 69.5 - -
RoG [Luo et al., 2024] 85.7 80.0 70.8 62.6 57.8 6.2
G-Retriever [He et al., 2024] - 70.1 - - - -
GNN-RAG (Ours) 857 806 71.3 66.8 61.7 594
GNN+LLM | G\N-RAG+RA (Qurs) 907 828 735 687 628 60.4

+ oo

v" GNNO| Multi-hop0ilM £2 Retriever?!X| 3

Retriever 1-hop questions 2-hop questions
#Input Tok. %Ans. Cov. | #Input Tok. %Ans. Cov.
RoG [Luo et al., 2024] ] 150 87.1 | 435 82.1
GNN (L =1) 112 83.6 2,582 79.8
GNN (L = 3) 105 82.4 357 88.5
Konkuk university 28 Graph & Language Intelligence Lab.



[2024][ICLR] RoG

. JIE 2

v KGY[HFLLM 2 HHAI0| KGE ARME X|A| 7|0 2atof|n A2

S92

v KGQ|relation path? | X|&6t= 2|02 A S =861 2

= [ |

¢« EX|
/1 O

v" Planning-Retrieval-Reasoning Z&{| %=

O
v LLMO| AMEl PathS 7|80 2 dE Otsth Z20tE g

Konkuk university 29
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[2024][ICLR] RoG

Architecture

Knowledge Graphs (KGs)

.

|’b¢m0;m1-~:) _ Q )

{ Y

' bty ¥ Scrent - New York
member_of T Do R o Lemy_of
(/‘ae ‘d;‘é""‘“" 'N";{Gmmn, n?)in(-x"ﬂ_n i '
' Ny, Dehwgre / & '
\ marcy_teo -\\f;,‘h‘ ﬂ;/ ) 7 '
' P T, - — city_of |
Gusden) 7 Swerk_in Alshingten y- K )
\—_— (Prescent ) 4 / (_ Maom: ) ’
X > T, < 1

Relation Paths Z / Q[;é.}ql )

~
[ z) :born_in —+ city_of

zo: graduatan_lrm —+ located_in
23 : profecsion —+ work_in — city_of

dse )
Prompt: Please generate Py(zlq) CJ

helpful relation paths for X
answering the question @ Planning

( Question: What is the f— J*La La I
nationality of Joe Biden? 1 T oree guag » )

A /

> - >
Inférence Instruction
Finetuning

* Planning
v IODEDEZ S5} LLMO||A| relation pathZ A4
» Relation path : entity0f| B[ QP aba X| 49| X|A] HA D15
v’ KGO|| 7 |HF5t relation pathE 44356t | 2[8H Instruction Tuning
=  Shortest path
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[2024][ICLR] RoG

Architecture

Knowledge Graphs (KGs)

'
'

' -~ ~ '

S - S — of |

- / araduate from / U ty of | located n b |

‘ae B-d: ;57 ek \ '

' \Dekwgre / & .

' 1 R ’E-.. S [ !

' N &SF of |

@ Retrieval \ Reosonmg pmhs W z
g ty of

(. born_in -~
Joe Biden ~— Seranton » USA
aduate_from located_in
Joe Biden &£ =2F%8, University of Delaware -0, USA

\

@) Reasoning /

( Question: What is the f— '”La La Models (LLM
\nahonalify of Joe Biden? 1 T e ” )

|

> ! >
Inférence Instruction
Finetuning

* Retrieval-Reasoning
v" Relation pathZ 7|22 = BFSE S5l Reasoning pathE M
v AF1}Reasoning pathE 7 [9ro 2 EtH H/d
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[2024][ICLR] RoG

- SHAHE
v Shortest pathZ Supervision@ £ At
= 2| JEE FE0h= Path?} Shortest path?} Ofl 32 2l = US

vV UMZE3le

« 29
v Relation path2| 50| 58
A

v ol kst s ddoteHl 2 ety

—
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[2025][ICLR] GCR

« J|Z&EXH (RoG)

v (&S| Hallucination 2| Al
= KG 20X FES 38 33%2| Hallucination

¢« EX|
/1 O

v KGHAEE LLMe|C|ZAH 1}
NP

. AE[E 4 Qe PathS A

v KG-Trie =

= Trie: EAIE 2EfS Y=0H0 Xdoh=HO|E =

Konkuk university

Faithful Reasoning Path
Invalid - Format Error
Invalid - Relation Error

15.0%

18.0%
67.0%

Figure 1. Analysis of rea-
soning errors in RoG (Luo
et al., 2024).

@

o
5

&
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[2025][ICLR] GCR

Architecture

(c) Ours: Knowledge Graph-constrained LLM Reasoning

Knowledge Graph
- : Reasoning Paths and
Hypothesis Answers

(% Reasoning Path: =)
n—
USA B PRt George W. Bush

/" Spouse_of
'
[
'
)

Laura Bush
# Answer
\Loura Bush

@ 6raph-constrained | Reasoning Path:
Ex-preaident
= ~—+ Barack Obama .—> || ® Inductive
e Reasoning

@ KG6-Trie
Decoding
USA —=
Michelle Obama

Construction
KG-Trie | 1
ﬁ ‘/ Spouse_of
o R i \:, # Answer:
; O :

VAN

\Michelle Obama
(& Reasoring Path: A: Based on the paths,
the answers are: Laura

A

o et b S Trump
., Michelle Obama,

2 O\ D . Marry_to
%'”(I‘O‘ﬂ-—-;—oh!dmﬁa'l‘mmp
OO0 Melania Trump.

) # Answer.
¢ \Melania Trump o)
J

* TRIE Construction
v' Topic entity= £E{ BFSE S0l| Path &4

v’ Tokenization2 E8HA] Trie HENZ X%t
=>|LMO| £ EZZ Prefix@ A|ZlSH= L2 KXot
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Architecture

(c) Ours: Knowledge Graph-constrained LLM Reasoning
Knowledge Graph

Reasoning Paths and
Hypothesis Answers

Reasoning Path: =3
USA TR, George W. Bush
Spouse_of
——— Laura Bush
# Answer \
Bush

e '
@ Graph-constrained | (@ Reasoning Path:
, || @ Inductive

@ K&-Trie
Construction T Decoding [ Beprosidens kom‘
____ j_l 4%, Michelle Obama Reasoning
D e O’Q\:: m:rm
° O:- O T
. 00 \ (& Reasoning Path: Based on the paths,
' & ’OO‘OI! DA o gresifay Do,m]d'n-m"p fhemsml.m
' %O-O‘;r""’“ Melania Trump mdul
() ~ ) # Answer: m
________ 7+ \Melania Trump =,
* Graph Inductive Reasoning
= X M=
Oz XS HEH =

v’ MAME| reasoning path@t hypothesis answerZ 7 |t
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« OHAIE
v" Hallucination H2|

v

AN

ot
oA
HL
\
H
oot
(It
1>
$£0
Ojo

* KGO 223t PathZ SIS 24 BXISH AIK| Ko SiT0LD, S5er)
AR =EE 24

84} /0| QU= HRE A O BIIX 2o10| HRE S MY

e O | Ol
Al2|gt A ol X2 A8H
Faithful Reasoning Error Reasoning
WebQSP CWQ
60 -

= 60 A =

= 100.0% = 100.0%

o - 62.4% = 40 -

% 40 DRl % 48.1%

é 20 A é 20 A

0 T T 0 T T
GCR GCR w/o constraint GCR GCR w/o constraint
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- J|EZXIE
v GNN ?|gt Retrievers topic entity2} entity 2te| HE|E HHASHK| 2t
v DO | =ZEdut =2 53 Al0|0fl= Trade of {7+ EXK
= LLME 02 H S& = Query T =2 AHlA S
= GNN, LSTMZ} Z2 lightweight model2 HlAHH|E2 XM X|at £20| 0{2{2

« EX|
—/ O

v Lightweight MLPZ 7 |[Hlo 2 B8
v’ Topic entity0liM2| 2% HE|Z AHit (DDE)
v’ 2438 triple scoring2 5ol HAH £ & 1AM
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Arc

nitecture

@]}

. 0]
B O s
So.9 90
° ‘0 @
; ..-&?.n ..O
g CPASY
8 4o
OO0
O = : -0
'QO' N0
o a=gC ©
O;

Reverse

£ E3|), triple2| head, relation, tail2| IH|E

DDE(Directional Distance Encoding) AHAt

Konkuk university

[Zq, Zy, Zy, Zg, DDE]

38

Graph & Language Intelligence Lab.



[2025][ICLR] SubgraphRAG

Architecture

—
S /"Whlch organizations have business partnerships with at

Bezos, and Blll Gates - but weren't founded by any of them?”

:Qg \teast one company founded respectively by Elon Musk, Jeff

 Reason

v’ AME Triple& Linearizationdtof LLMS|

@ fm
/‘i / A

- Mxrrmoﬂ BLUE DRIGIN
o Relationships

.
A — —+ company founder
G - - : \ <+—» business partnership
¥

= == 10070 2|

Konkuk university

-

SubgraphRAG

Step 1 - Topic entity 7, extraction: f.d). 1'\

s S '_, ----------------------------------------------------- | Step 2 - Subgraph G, extraction:

Step 2.1 - Structural Feature Construction
Option 1: Directional Distance Encoding (used)

~
o gl g 2z = z(G, q), bidirectional- propagatlon(sj
/". ‘l. s is one-hot encodings of 7,

E ' Optlon 2: GNNs (not used)

-

Step 2.2 - Extract Relevant Triples in Parallel

Top K triplesin 17
| pu(tlze. q) {( ; = T | T ] }

Slep 3 — LLMs for reasoning over g,

| {32 “Use the triples in helistas 7'@
:Q—': evidence to answer the question” 7 f=u=

g e

_:_—

39

@ list of answers:

[Nvidia, Nasa]

N

The reasoning is as follows.

Nvidia has business

partnerships with:

1. Tesla founded by Elon
Musk

2. Amazon founded by Jeff
Bezos

3. Microsoft founded by
Bill Gates

Nvidia was not founded by
Elon Musk, Jeff Bezos, or Bill
Gates.
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=L
- P

v 1007H2| TripleS ¢!

v" Heuristic Supervision

WebQSP CwQ
Macro-F1 Hit Macro-F1 Hit
G-Retriever 53.41 73.46 - -
RoG-Joint 70.26 86.67 54.63 61.94
RoG-Sep 66.45 82.19 53.87 60.55
EtD - 82.5 - 62.0
GNN-RAG 71.3 85.7 59.4 66.8
SubgraphRAG + Llama3.1-8B 70.57 86.61 47.16 56.98
SubgraphRAG + Llama3.1-70B 74.70 86.24 51.78 57.89
SubgraphRAG + ChatGPT 69.21 83.11 49.13 56.27
SubgraphRAG + GPT40-mini 77.45 90.11 54.13 62.02
SubgraphRAG + GPT4o0 76.46 89.80 59.08 66.69
SubgraphRAG + GPT40-mini (200) 77.82 90.54 54.69 63.49
SubgraphRAG + GPT4o (200) 78.24 90.91 59.42 67.49
SubgraphRAG + GPT40-mini (500) 77.67 91.22 5541 64.97
O| }A| HIO
- LRI T HIR X
SR =Xe] PS5 OF Z2XHoH= H<2 Ol
TTo ot S | Shortest path01| 1t EXSH= A2 OfH

- A

Konkuk university
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* Shortest path &2 OfL[2} =2 X421 Path 112
v Ot S0P HENE SR0HEE(Q|D| 0 W) E HIFE = US

v OIS A 48

 Retriever@t Reasoner SZ/M0 2 Xt
v' End-to-End fAlO 2 Sk
v B84

« FIMO=Z
v’ Intent & (5 A|AH)
= CifotPathE B4

v Path=2| HE o= 7= ConsistencyE eh&
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