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Reduced pipeline complexity, improved semantic coverage
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Paradigm Core Workflow Strengths ‘Weaknesses

Direct LLM  Query processed directly by LLM for  Static inference, low latency, strong lan-  Static knowledge, hallucinations, weak
answer generation guage fluency multi-hop reasoning

RAG Retrieve relevant documents and inject  External grounding, reduced hallucina-  Flat retrieval, no relational structure,
contextual evidence before LLM genera-  tion, updatable corpus weak compositional reasoning
tion

GraphRAG Graph-aware retrieval followed by sub-  Structure-aware retrieval, explicit multi-  Graph construction cost, higher system

graph reasoning with LLM

hop reasoning, interpretability

complexity, scalability challenges
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AEFEAXTFAFME GNN-LLM RARALUN SRR .
Method Year Paradigm Subtype Interaction Key Mechanism Strength
GLEM [42] 2022 Collaboration / LLM4GNN Co-training Bidirectional =~ EM-style optimization Strong graph-text alignment
LOGIN [43] 2024 Collaboration / LLM4GNN Co-training Iterative LLM as consultant Selective knowledge injection
Distillation [44] 2024 Collaboration / Explainability ~ Supervision One-way Knowledge transfer Efficient learning
GraphEdit [45] 2024 Collaboration Structure refinement  Indirect Graph editing via LLM Improved graph quality
Robustness [47] 2025 LLM4GNN Structure One-way Edge refinement Robust learning
SaVe-TAG [48] 2024 LLM4GNN Augmentation One-way Data generation Handles long-tail data
GNN-RAG [49] 2024 GNN4LLM Retrieval One-way Graph retrieval Multi-hop reasoning
LLaGA [46] 2024 GNN4LLM / Explainability Prompting One-way Graph-to-text encoding Structured reasoning
InstructGraph [50] 2024 GNN4LLM / Pre-trained Instruction One-way Instruction tuning Zero-shot ability
Gspell [51] 2025 Explainability NL + Structure Hybrid Text + subgraph explanation  Interpretability
GraphGPT [52] 2023 Pre-trained Instruction Unified Graph instruction tuning Generalization
HiGPT [53] 2024 Pre-trained Instruction Unified Graph tokenization Heterogeneous graphs
GOFA [54] 2024 Pre-trained Graph-native Unified GNN inside LLM Deep integration
GDLALLM [55] 2025 Pre-trained Graph-native Unified Graph-as-language Efficient encoding

Encodes :‘ %I 7

Graph Topology &
Local Structural
Patterns

High-Level
Handles Reasoning, Natural
Language
Understanding &
Multi-hop Inference

| Knowledge Graph

Scientific Property
: Question Answetring

1
1
1
1
1
1
1
1
Prediction !

Graph Reasoner
Graph to Text Encoding Sequence Ficnhan
Node A connects to Node B. Modeling Mechanisms

o—0O

Symbolic
Representation

{A>B,B-C}

Graph-Level
Reasoning

Reasoning Reasoning

Zero-Shot/
Few-Shot Graph Generalization LOss of Graph
Performance  Understanding Topology

Kl 4. iR GNN-LLM #E485 LLM ff25 GNN JusCME& e, 2% BB eSS -5 18 SR & Jy Th 10 22 5+

& 4 I B 3 (GraphGPT  [52], Instruct- VI HiHEERZE (KGQA)

Graph [50], HIGPT [53]) I ALE BL T I HEHUE S
AT (LLaGA [46]) XI5 B 5 CARER . Ji
AR (GOFA [54], GDLALLM [55]) BT EH

2 SV EN TS (AL L

AL T AR ERE I (KGQA) JUsi bt
J&, X RIEF R (graph-LLM) Rl fr i 5¢ 52
Jrhl. KGQA BYEM eS8 3 _E AT HE R
Kl B AEFEN, KM R2pieAFoR. @
R TR RS2 L, KGQA RGBT 4l s
AR5 RS S DU ] AR 22 BB

FEGERY RS BT IR U T SO . 4754
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PSS R BB )l R SR BRI
FIRG OBOTHIIROKE . SR1, XKLL IR n] I e, 40
3R L 17 A B Ak B 25 A £ 7 T i RE T PR A o

RS 1 i T 0E A AT AT ) A
(KGQA) 4o KA HERET |4 | 15 SURBT & 5
BREM, Tl D SHER, M SE U R g Bz Ak
MFE RS [, R SRR EERSE S, A8
TEBAIEFE, Tl AR 2 A a7, 42
THEESLHER M .

FEATAT R FATEE T IeaR I ZRAn R T s A
R s AR R AR, TR EIA T AT R R
W RS REREE. [, FATETHE 7 A R SR
ARTAEAT 5 HEBE -5 22 BUBE ) Z TRV AP, DASERRAIR
el % R EL AT R 1) 25 AR G

A, RGBT RIE#IKE KGQA

Je s Ik ELBE P IH R AR 04 1R 11 3% 17 25 07 3k B A
IR R AR BRSO AR . X LTy
AT PR RHERL, 55 1810l P el 00 B 1
A, AFFAR A R B AT S BRI B BRI RS,
WEARESE FH 4 U Rt 3 A2 14 R TR P

REMERGRY], KRBT DA TC T 58 e ET I g5
AT DU PATBIASHERE . AN 2 B R . R
PERER IR BN SE e A B2, (HIX L7k i 2 e
R TE IR, e TR AR B SR R
AR P [P 5 0 5 A

TE [56] H, AR LT AR 1 ) g AT B
AARRERE TN E RS AR T FinQA | #%
FRYEEE T ORI 2 1 B A e R P
BT T —MICUNGRRUK R, K H AR AT 2
WIEE (NL2GQL) , FFEBIFERIE SRR AT BT
AP R MR T R o 1% YR BN R s A R P ) 2
R B ST R DI R A R, AR LS I
P RAR G A S LV T TG, R THESIES
R AL S RE o

15 [57) AR O A O B 0 =7 ~)
(GAIL) XFRifFHA (LLMs) JEA7H0R, ST
FURNE S TR E RS (KGQA) BITERE.
i 7 —FESR, A GAIL 515 LLM [ffERAT
N, BRI GEARR BRI DL A s HER Y
FRRENEE S %A KGQA Hdlidk Bt T T
PEA, DATERHHAEAR SR 0 255 S A R

1E [58] W, A LT 5 A —f4  KG-LLM
FOHE SRR B2 TH AR B v 0 22 R T M B, ISR
AR (LLMs) KFgsH e B Edmse4ioh B R E &
P, RV TROE DAE R SR G AR o HbATTRT
P AR A o B ZERE R Y B ARTE SRR, R 2
L (PARZAIER) 1R 302 2)) %5 Flan-T5. LLaMA2
Al Gemma SEFAY, DATHINICHT &5 MR AHIE . %07
7 WNI18RR Al NELL-995 S byif 2 Bk i 42 11 0] B
e BT 7Aoo TAER AR SR SR
PERE T M foy B T AR R

B. K& ARG R0 5o iR 1 ) ZAER

DR ZR 344 58 178 0 T I 35 1) 25 HE 07 RS B 4 ol 3]
HEHK L, DASRTHE SURBT . (5 B 58 28 R 2 4
HEHRE ). EXSERGE T, REALEFE N G, 15
SR T AR BCPTIRAT AR, BRI R S N 8
RN R N P ) A

FIREEREN, KIEFHA (LLM) S5 $2 76
Btk SHEBRHERG S, JUHGE N T 28I % )8
BT . REWIE, TESZMAIRE. B AHIE
PR A e, AR AR R TG P S A IR
TIFEAERR A, X HEZh T B AR i 5 B uEpL I Y
FrEEpi ot

A [59] Hr, AR JRAE T BT ) AR R N
HEREN SRS, 132 L T KGQAAMAT HER, %
HEZEA A RADRL SR 5 TR A 22 FR L, 45 A
IR RTE 5 B AR A B2 T (0] 25 5 AR EE A 1 B 28
EE . Z BRI R R 518 SO & A4S
A, PASCRES I RHRIR RS 52 8 20if), HEAERS JphRL
B 2R S A S SME R ST % JB KGQA 155 F Xz
BT T VPA

A [60] Hf, MEFEC) TIOR8 5 FIR &3 T
I EAT S5, X AR IS AL [l 5 7] il 5 199 42
W=oed. AR TR RIS I, SRET
FA R (Generate-on-Graph, GoG), Z K KIES
BLAL (LLM) [R] B0 18 2 i B R AR 5 2E U 55
= ICH PAYESE FHE M FIR TR . GoG R TR E-#R-4
JHEZR , BBk HHBIR R E0E . BN RAF B AL
BANFSE AL IEMVES . MAE R T KGQA A
HEF BN e AR ELE I (IKGQA) Hidde
IS T IR, GRERW] GoG TR ST YR M
T IR IV
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TEATSL [61] o, VEFATE ) Tl pa D AR oA
RUP= AL L s O A R, SR TR (LLM)
ERRERE A RS (KGQA) LRyTERE. M1 T
— %8 READS BHESE , ZHELLR: KGQA A h—
RAVHE RS (iEFRER. TR 5ERE
BH) , FEBETE TR R0 S0 A S SR DA A b A
HIERE FRHER., iZ A WebQSP, Complex Web
Questions (CWQ) 57z 48 3 KGQA %ifii4E
EREFT T VAN, AR TR AU T 4w R .

VIL 35t 5 RAE F A
Vs (SGs) FRIsP e Eixi g, XANE
P [62, 63, 64]. KBRS TR, @il ek
LHEAFE MG, (elEARIECAE.ORLS, Ik
J8 GBI, FEPATR AT, RO 5P
NI RAR I 5 37 55 PR U A R B JE

A BERER

FIRLHI IS AL Ry SGs B 2 [R) 2 B2 TS [) 455 S5 WA~
DTS . BT ASIRIAERE, BRI AT AR el =
de . A R R T _ @R, =i
Pl A5 4 B e R AN A LT A5 S, AT S BT
P S RE [62, 63, 65]. IfEE A 1 K2 A HE
IFIREAS . PRIUL, AR, BT DU B RS
A . EASE A, FR A E R
AL, RASAE R AL AR T T RESEAT P4 fb . AH EL
2R, BhASE 2 BEE H I ST 5 LI B T s R
RIriEk [62, 63, 66, 67].

B. XA &91ER

RBEAE A AL S5 PR IR A 6, XEMmEn
FEHESE . AT/ BRI DAL VAl / BiE

FESERE R, KBRS RARBGEE R,
XLETCEE B [5, 68]. LEMRNT /B, KA T
PRSI (CCREEES ) HEFE SN SILITR,
Blandgstial . —oodl. ZEREXH a4 66, 69, 70]
FERU R, KBRNTMeh Bk . ABhfE. et H AR
w5 SR (66, 67, T1]. FEFALT, RN TPPG%R
INZ AR — 2k IR PEEON PR [72, 73, 74, 75,

C. %84
PN EEERY/E - SRR E R T e SN AN L
R R -

10

1) £ TEABAES T, FEEEMNREGEEE
gERIALE A BT —ASE Efe Fon s 5, il 2
B NGE R =

1 [5] . fEE#E T SceneLLM H T 8354 &= K
AR (SGG). HHESRALS = AR B MENES (v21)
WIRE, BT IOE SR (LLM) MHERLDA K375t 18 (SG)
T 5, VL it B R W IRFHE IR AR S5
R G N R ETES (—RIIF5 token) . 2
&, T W BL, M5 token iR A$E/R (prompt)
H, FFA R4 LoRA SRR KIEFHAL, AN
AAHEHR T RARSFRIR . &5, T35 B A0 By
B, HT Transformer ) SGG Fil S AR wi— P B
BoRASAE R A B . LI g5 R %R, SceneLLM
fE Action Genome (AG) ##nde b, T4FEMS Y
SCELT M HIR AL recall@K Mg,

TE [76] WP EHHEH SceneCraft H F##7% 3D SGG,
W SCARE ARy 3D R, IR LA S TN
Br: WrERR SRR, SC W, Watmaiiit.
PAREE=:2] o FES— B, RIBFHAL (LLM) MSCA
TP AT (3D Pfk) IR, s, &
MPREASTE ™, MWRBLBE IR E AR & il 10 4> 3D Fil,
HPR B SO B AR AS 2 e W — IME e A G551 . 2
#, SceneCraft FF %5 87 5 4F 7 A HE /N T 50, PA
B ARG R R I A RS BB, RN
AN R RE, DAK 22 LI B 7 B A 1) 1 A A
B LLM-Planner #7237 50 ER L. 7256 =P B,
SceneCraft ffi fl—Z PP AL, 456 2B SR
s, R R R, AR RA G
5

2) #E: WA, RIESHEAKHIRZ BRI AT
SRR, ARSI .

EditRoom [77] /& — 1 # & = 4 scene graph
edition (SGE) HEZE, BEHE AT/ SFARBLN) GniE: JiE
e PR, g B, WINATHER . EditRoom Ik
H IRE T UL 5 A i A VE i A 50 X
FFEPI FERI: o SBULI A S As . FEfy
LR, HIRE S R — g 2 A
b5, EditRoom i H]E Y BB 8 54 B B st
HAndzm 5t

) 5 B 4 % (SGEdit) FI KB @b 5 50
KIHE J7 K PATHES-2D SGE {f:45. SGEdit £ & WA~
FEW B RS EGmE. S KaARR,
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y

Graph Type ]

L
S

Temporal-based

F)W

Statlc ] Ejynamlc

[ LLM-powered SG ]
(—[ Main Objectives (—[ LLM's Role [
\—)[ Generation \—)[ Reasoning
J Dimension-based

\_)[ Edition Parsing/

Translation )
\—)[ Retrieval \—)[ Planning ] [
\_)[ Navigation Evaluation/

Verification )

P 5. M HER. KiE R A G R0 108 237 357 P HE SR A 700 2

SGEdit {1 i KA UK B 1) 37 53 e A 48 2 i3 57 14

A . BES, SOR— YRR A S R
W B Or. AN —PrBe, KERGELIRIE, doeth et

AT SR S T 3, I B A A T S 4T 55

3) ¥k MMERAET, HREAESILRS],
MR T, Hr s s 2, kT
BAESS

1 (78], AEFR N T ET I = oA i A
(VIGT) Jrik, T WA R h TS — 4ey ik
K. KL GPINH B A AN Fn a2~
TEA—BrBe, VIGT 537 5t R —Jodl e, Horpgh
SAE - RA-EE I, BRG] B AR
JEs ki B A = e g AR E R 4 R R
AERSEBL. B AL T OREFA 7 781 , 1i4 R A )
BRI F R (LLM) 345, XPIRRRRAE IS 25
WG wee I, T T BB e i, (EHEER
J1 M 25 MRS = ICALAY top-k MIPL = JC4IR HUBTHR
o A, A RBIR—TE AR, T TR
ELES I

3DGraphLLM [65] & —Ff#rS-3D H¥E, BRI
R R8s, IR RN, A
FE A R F PR R . IR
BLT 2D FFAE (ANSCHEAIEN (55 AMILER R ) F1 3D FRE

TH. = 5%

(ARAULMAMEE) o FJS, FIAOGE-15 5 45 A
Transformer $EEWIARTZ [RIMTE LR, IR H 5D
IBE R RN R, &, YRR XERREE LLM
token Z3[H], FEIYIAFRN token FIEER k-3L48 T
RFRi A S LLM, M35 iR H sk,

4) A TR, IsE AT S SR Rk
TEMEE R S AT 55

(71 b, EEFEHEH T Time is in my Sight
(TioMS), X2 —fMETFRIEFHE (LLM) mild
NZEH, & T EhaSIEE, IR RS0 3 SR
K EAL A BB AR . 7R BATR
d, RGB-D it ot 37 5% B A B AL BE,  DAKG N9 14 1%
HERFR, WAL N/ AP 2T R i = 4L
B, PR R BRI AR R S L, e
g L . FERURIB R, OB S BRI R R
5 CHIE, K5 3 RE TR AL ABCRE, HETEIR
e EER RS

TE [67) 1, VAP T —F T4 3D =
Z-shot Yk HARSMi s (SG-Nav) , FlH %5 &
YERFIEF AL (LLM) J0 EEFR . TR E
FEA TSR ELEENE. LLM 5] S0%FR
PASCFRHERAT. TR p, BB RGB-D UL £
U A2 3D S, FR s L 2R
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2 111

XSS HER BT R TR SR EA R f R A (R1:

HERL, R2: fRMT/3E, R3: MUk, R4: PPAh/5030E) Hivsia .

Research Work Year Objective Input LLM Role Graph Type
Rl R2 R3 R4
SceneLLM [5] 2026  Generation Video v v X X Dynamic-2D
SceneCraft [76] 2024  Generation Text v v v v Static-3D
LLM4SGG [69] 2024  Generation Image+Text v v X X Static-2D
SDSGG [79] 2024  Generation Image v X X X Static-2D
PASGG-LM [80] 2024  Generation Image v X X X Static-2D
Planner3D [81] 2025  Generation Graph/Text v X X X Static-3D
LLaVA-SpaceSGG [82] 2025  Generation Image v v X X Static-2D
GraLa3D [70] 2024  Generation Text X v v X Static-3D
IntegraPSG [83] 2025  Generation Image v X X X Static-2D
SGFormer [68] 2024  Generation Point cloud v X X X Static-3D
ELEGANT ([74] 2023  Generation Image v v X v Static-2D
HRSGL [84] 2024 Editing 3D scene v X v v Static-3D
SGEdit [85] 2024 Editing Image v v v X Static-2D
EditRoom [77] 2025 Editing 3D Scene+Text X v v X Static-3D
ScanEdit [86] 2025 Editing 3D Scene+Text v X v X Static-3D
SAKR-Edit [75] 2025 Editing Image+Text v X X X Static-2D
VTGT [78] 2025 Retrieval Image v X X X Static-2D
3DGraphLLM [65] 2025 Retrieval 3D Scene v X X X Static-3D
TioMS [71] 2024  Navigation Video X v v X Dynamic-3D
OSGP [66] 2024  Navigation Graph X v v X Static-3D
SG-Nav [67] 2024  Navigation Video v X v X Dynamic-3D

I E R (VLM) KAk sy AR il SEry . e85
Arf, LLM X370 st XA T30y, PARERR AT
WRRANT, MT R =20, L6
BIH PRI, SG-Nav 2 N 200 BB iz 14
DAL N5 R e DB P, e 2 e SR

7 1L PR ELAR T B et i T KB SR 3 557
FIRESE.

VIIL. B8 REIR- IR AL

[87] W EH LT IF & LAFA (LLM-Agentic
IR , XE—Fhn R B RIRELR, RRE1ER
P B A 1 [F) )6 25 O AR B AT SR A B AR E
ST ARG E PR IGEE, TR SR
BRE AR LK L —— L FE UL LR 2% 400k R )
ar. DAG AL AS 0 [al &5 5 B RE AR — K5 ) P A il %
e F BB 4 A ) AR PRAT T Rl A HE B A R Y
(LLMs) XJ 4384 45 647 2 fife 5 2540 4k, 1T IS 43 A

5 i W) 673 5 22 4 3 B DA B i A 22 73 B AL 26 B RA AL
il AEVERETTTE, MEE M T AdultPii $dEgE (5
32,563 Z5ICSRAN 18 DERE) DAL —A ST GPT-4o
RS S (BHF Apple FRAAMRA) TR MY
20 MR BRE T A . SRR, %7
TRAETE SURMTHERR RO R AL, AT T
FERFR NS, It DAG AL BE WA T TR
EFRHRAE | AR DREE ™A% B RL DRIRE A TR IR T 12808

[88] HfEH LTI A& X-GridAgent. X—HT K
W) Agentic A ARGl A AR TE T &l A s b= 2%
HLR AT, (]I A Bt e T R H) A e A DA 52
P E R TR . HRARR ) =202 280 (LR
PR E RN ) . H AR AT O B A g
A ARG, PR B S AT 5212, SRS
AP TH (41 Pandapower #5Hk) #2170, SATHEMIRI
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TR RGBT A RIS ME R
NS5 Jr A BRI BT TR R BRI R 2l S A
AR HREFHPERE, MG T BRI A BT AR
R LLM 3RS it AR B 38 B iR
AR RIS (RAG), PASEILA KRS #4 1 a1
B ER R . AR ORI AL Geblar s > 5L
Pt (H T Z el I R B0F0 A P i 3 e T oA
5 R X-GridAgent Fef% HERHIRMF 2 Lm0 B ARG
FEoK, AR, T RMSTEIR, AfmE
AIEEE S RG . LA RN, RARGEAMEI T
R R AT H B, AL, ATy TR
PRI AR WAL 55, BB BAR T AN L LA R A0S
Ll AR ER

[89] MIEE LT 5| A GraphSearch it
TR R A (GraphRAG), GraphSearch
&—Fh Agentic REM R TAER, BE 715 LU
HEEMACEARMIGEAR R, BRER=. 21
PRFNBCHAL Y B, BRI T 47 6 7 A 5 Uk F1 ) &
4544 . GraphSearch 27+ T K ABUE FHIAL S 25110 141
Pz B R HEBRRBE Ty, ok T RJE RS 2R AN R G B R H
BRI R AATFE SN2 Bk RAG Bk BV T
GraphSearch, %55 3R HAE 2 S MERfR R A A4 BT &
R ETE45 RAG 5RHE, RS T H Agentic J5 ¥k
e RIG R A P A k. 3R TV B8 TIEET
EITE . BReiA 515 S B UE R i .

IX.

ARAYE GO T A OB A AR 2 A U Y 52
BRpy - a4 A B R G A AR R E 15 KA T S
AR Ty, LRGN N 0 R e . AT
FEHL BT ST R B T 5

S NS LORSIN A R WE L BN NS L R ]
RATNFRAE RGO HERE ., B R E 5 PRI 2R URE )
PR 1) 435 5 A 75 S ) A B8 A A R N AR 254 1L 8K
IR L3 p W IR P

TEATT A, FATIE 5 9% SR AT ) AR
PG L4 BT, R RGANA R Fx
Gk, FATRDT T E-RIEF R (Graph-LLM) J535
AR THERE . S AT RREIE , AR i UK Bk
REERGIRR T B F ARSI SR, IR
BT PSR T T

13

A Mgz BRI ST

FERBA (LLMs) SETEFRMEE, Sl
S e o Py SR B e R NS R W o BN
T Y PRRI AR 1] 45 P 45 1) B 5 4 12 ME DATRE VB B - ' 46
PR, MRBE Gt 1 e 2 U TR SCHR 5 R AE
1o T IREEST R R HEE AN A I R R R A
Wz b, XERE IR TRHUASIRE . 2SI K
PR A Y ol SR P R A

PHIBEERI, P BOGE R AR RS i 1d
SHEPRES A AT AR O T R AFAL , BN P E A5
AT BN, S5 G R B 5 R 5 B A Bk
TR, WA RERTHREW JavaScript SR AIFAIRR
TAE 75 100 P 5 |3 8 U T A ) 2R e R R 75 R 2R Py e
PR T R ITIRAR . X EA LT T
I HER AT T IRBHE , 380 22 445 VB I
Peft T R

B TR 2 A, BT IR R (Graph-
LLM) Bt HoAR C s B T A S O A A
HE AT RIR S PSS WA T R R TR R
AT BT UES, AN R S, A
S PR P[] Bt i pb KA TR RSl Y BIL e A Bl A A I o
SIS, XL RS 1 M5 2 - R T — A
W 245 2 A=l Ty SE Ao T e . T LA ARG
BER T EL 5 A R

1E [104] w53 T i A 0 28 0 20 R TR A 108
& JavaScript fUB. fATHE I 7 —Fh 44 DeCoda
MR G TR, RITRE A T ETIEFAE (LLM)
KRB TR S — Bl B B AC S B 22 ) 7 ke i
HELN T2 2 EAA I ALTEALIR VA )5 1Y JavaScript
B N fh g iEEm (AST) |, BJs, —F R A4 A
I8 E B BTG 2 )2 1 T B 98 4 B2 X 6 AT
JR AN A R ) B A O R RHE ZRAE T A B TR R
JavaScript $ia g EUEAT 7ML I fE S 2 00
TY TR SR DT (BN, F1 A5 2% 94-97%).

1E [105] b, AR s (LLMs) %51
AR5 B E R 3CT RE Sy, L TR THaR i AR
MPERE. fbf1feth T M4 8 GRACE MHESRL, %Ik
ARSI FTR (RAEIGIRIARS . R MO A A2
MR EER) BARBAGR T, IR R
PR, BT S AR AR LR A R AR L A
Bl ISR A TR TR A AR R A S U R . BT B
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x 1V

P R REM S R SR A B S E SR F AR HE 28 S S DT S e

Model Category Method Overview Key Contribution
Agent-as-a-Judge Evaluation Multi-agent evaluation with plan- Framework for reliable LLM evalu-
[90] ning, verification, and debate ation
MAGMA [91] Memory Multi-graph memory (semantic, Improves interpretability and long-
temporal, causal) with guided context reasoning
traversal
Graph-S3 [92] Graph Reasoning Stepwise supervised retrieval using Improves accuracy and F1 on QA

AgenticMath [93]

AriGraph [94]
AgentBench [95]
Self-Refine [96]
ToolStorm [97]
COT-PLUS [98]
GraphAgents [99]
ReaGAN [100]
GraphCodeAgent
[101]

AgentVNE [102]

AgentEdge [103]

Data Generation

Memory Graph

Benchmark

Refinement

Tools

Reasoning

Scientific Agent

Graph Learning

Code Generation

Graph RL

Edge Systems

synthetic pipelines

Multi-agent math data generation
with filtering and CoT augmenta-
tion

Dynamic KG with episodic + se-
mantic memory updates
Multi-task agent evaluation across
planning and reasoning

Iterative self-critique (Draft — Cri-
tique — Refine)

Unified tool integration with API
chaining

Structured planning with recursive

decomposition

KG-guided multi-agent reasoning

Node-level agent reasoning with
GNN + RAG

Dual-graph modeling for

repository-level code generation
LLM + graph RL for agent place-
ment

Multi-agent orchestration in edge-

cloud environments

benchmarks

Matches larger models via high-
quality data

Outperforms RAG and full-history
baselines
Identifies
gaps

long-horizon reasoning

Improves generation quality

Enhances task success and compos-
ability

Outperforms standard CoT reason-
ing
Improves cross-domain problem

solving
Strong performance on graph
benchmarks

Outperforms repo-level RAG

Reduces latency and improves ac-

ceptance

Improves efficiency and reduces
API calls

14

PORFE T SORBI, 51 REA T fEaf R 5 . 1%
Ty ¥EAE =AY IZ B e ARG ) B HE £ P 5 (Reveal ,
FFmpeg+Qemu FI Big-Vul) #4777 iF4l, GRACE
1E F1 180 EE T IHATET token FIETE
HUETT .

1 [106] w1, VEH LT IPAL IR T K IE S AR
(LLMs) FEJERAT B RAS I g b . i RS
Hb A AT TR VA RS B G ] 3 Ak B AR OAS (R A B S O
(R A . CWE #5842 775 DA 5 T B v 4

Freg3oR) o ARG A RIS T SCHATHERL, A
Kl C/Ct+ JeHAMIET PR L. PHSEZ A
WATH AR IR 42 (045 Juliet, OWASP Juliet.
CVEFixes 4§) E#bfT, AR IR 22 re
PEREAN F1 4500, SRR T U Hi KR T v AR Tl A
MR PE S5 R BRI, A ISR R BRI T SO
FEPAER] T 710 o
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Electronic Medical
Record (EMR) Note

[

Patient presents with persistent

h
#R)) Clinical Al Agent

s ™
% Medical Knowledge Graph (KG)

o S QLD Tes,, Symptoms

Diseases =

|}

cough, fever, and shortness of breath.
History of COPD. Diagnosed with
community acquired pneumonia.

Entity Identification l
Contextual Disambiguation

<o,
= Leey,,
s

Started on antibiotics (Ceftriaxone).

o
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Paradigm What is it ‘When to Use Why Use It Where It Is Ap-
plied
LLM-Assisted Knowledge Graph Construction LLMs extract ~ When large  Reduces manual  Scientific literature
entities and amounts of  annotation mining, enterprise
relations from text  unstructured and simplifies  knowledge bases,
to automatically documents need traditional multi- biomedical
build  knowledge to be converted step extraction  knowledge graphs.
graphs. into structured  pipelines.
knowledge.
Graph-Enhanced LLM Reasoning (GraphRAG) LLMs reason  When tasks require =~ Graphs  preserve  Question
over retrieved  multi-hop reason-  relationships answering, fact
graph  structures ing across related between facts and  verification,

instead of flat text

facts.

improve reasoning

domain-specific

documents. consistency. search systems.
Hybrid GNN-LLM Models Combines Graph  When both struc-  Leverages Molecular property
Neural Networks tural graph pat- strengths of  prediction,
for structural  terns and textual both models:  recommender
learning with  semantics are im- GNNs capture  systems,
LLMs for semantic  portant. topology while  knowledge graph
reasoning. LLMs understand learning.
language.
KGQA with LLM LLMs interpret ~ When users  Provides Search engines,
questions and  need natural  interpretable enterprise
retrieve  answers language access  reasoning over  assistants, legal
from knowledge  to structured  structured and financial
graphs. knowledge. knowledge bases. knowledge
systems.
Scene Graph + LLM LLMs reason over  When tasks require  Scene graphs  Robotics,
scene graphs  visual scene under-  provide structured autonomous
representing standing and spa-  representations navigation,
objects and spatial  tial reasoning. of visual  visual question
relationships. environments. answering,

AR/VR systems.

Graph-Agent-LLM Integration

LLMs act as
agents that plan
tasks and interact
with
based

or workflows.

graph-

memory

When
complex multi-step
tasks

solving

requiring
planning and tool

use.

Agents enable au-
tonomous reason-
ing, coordination,
and workflow exe-

cution.

Scientific

discovery systems,
automated
analytics,
engineering

decision systems.
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