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Abstract

I GraphRAG J7 3007 & 454 filt A SC
AgG| SRS, FHMHEERE=cHE
FESrAR L, DT B TR R ) 78 5 Y LA
HERf . SR, FRATIERE, K SeAHl
R TH SRAE 1Y 3 AR B T 2 3 Ak Hi K 2 A4
Ji - F S A A, BRI T SR 2 A
R R s R G AN PR
A, T = 0 2H I S AR BE B X ¢ R 4 H
B URBIURR, W] BE T EOME PR B AR Bl Ok BB
R, RAPERRERR. Jfox s
AL, BATR R -5 K (Atom-Entity
Graph) , —FhEASHH. B Al SRk %
SR 9MH . FERATH I, HIHA
R R E, By H A B8
(1) 2 S BTG, T AR RDRL BE ) SeAR He, 3X
AR AR o R AE 8 2 3% F A W OA A B
o, M SE B 5 2 k2 i) 0 AR 1) 0 48 X
5o SRR KRR B HAAE.
it 45 G AP PageRank 5 BT AH 5%
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KR ben A i (RAG) (Lewis et al., 2020; Gao et al.,
2023) B KAEAL (LLMs ) (Guo et al., 2025a;
Yang et al., 2024) 5 M EER}HE DA SE B H %
BUESS AR EE S, S T1 T S5 SR A 25 5 e Affy
K, 2 RAG k4 (Karpukhin et al., 2020;
Izacard & Grave, 2020) W8T E T EAGK R - R3¢
R38R B KB SCARY, A TIRON, FEERAA
FEHE B RIATIZ . SRR A B R BT
RRFEE EARER T AATE S, (RN A IR
FB, W THRZBER N R R, HETIATUR L
T, SRR R A OIS B E 2 AP HE R A
AE ) R BLESS .

TI— MO SR E M RAG Bk, XA HE
HRAMWMARAL L2 — BAREAET=
TCAH R R R IR TR, A8 2R ARl
JE (Zhang et al., 2025; Hu et al., 2024; Wang et al.,
2025; Mavromatis & Karypis, 2025; Peng et al.,
2024; Chen et al., 2025), B2XFHH E %5 B R E
T SCAHGHEA T R . AR, = TeH B SRS ATk
HREPORTE I R T RE B UER, X
FREXTTHER R )2 R R X EE. S HFE
LBIP R S R (S WiUE S N e g~ [V
TR B A [ 1 B v, BR A 7 AR AN [ ) A
WTRRANSEAFEEGE S, ATREUIITXIAH K N
AR R . A, TR e BT P BT SE 1
ZICH X RPN Z IR . oo d A AR
A RE S BUR ZR R T HERE PR AR AN SE R BN IR, B
Lt AR R, Rl 1FR, GraphRAG
TR I B g5 BB R AR R G R A, (EAERFIHE
FALAURTTSE . Bilhn, H5 “E S g i mE
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Figure 1. ZFI7EMANRRIE S RTI R . J5E RAG SRR SCA BN A BT, il i SR P EF TR .
GraphRAG i = e s R 45 iGN, R X RS R, DASSI AR ARG | Firde th A et 755 4 P 0 RAZIDRE B2 4
FRIE TR RN, G S RS, ITTERIR T B AR SRR . SRR ) e

F B A R S B REAR (AR 2 R 2m R Ak
SRR & RHE), K5I IR AN R EE I DNA $i
1irt 22 25 R R AR R R 4 R — AR FE C R, H R
SR BRI R . I, hIXRRGI5]1S
(R 2R A Y 2 2540 LB LA S B E R E
HAE

FfRR A HIRA R SR G AR RBRE, A
BT —Fh 4k AtomicRAG [ 3 ik 2 ¥ g HE 28
HEZLR—RE -5 E (AEG). FEFWALIER B,
ERHER AR R . ARSI, FROMAIE
J5 1, EREERNEARER . AEG it Riricryil
SR A MDA 20X 20 S S PR O i S A4, A
UK R SR (A oevE) PARJE TS5 H &
SR (REHE) MXR. XFETERNERT
AL RTE HASHRZR, LR R 24 R
TR, TR A SRR TR PR R A5

FERL R BT BL, AtomicRAG SR £ ) 7 MR, Ff
R R SRR AN . AR E S Y R R
ST XTER TR, AT S B -5 R B AR
VCRC. R, —Rhsei bR R R AL 45 & SO
(RURE 5 BT B AR S AR, R HE AT A J T

i, g REBRURIE RN, IR
FERTA T B AR BN I . s (bt i 4 i
AL ZE AR TR R AR R, i
FETH T AR B S S R S R YA T

AT =05 (1) FATHR TR - S5k
(AEG), X2—FiBipmyRaEiik, Mg &
U BT Bl ok AR A, B SR R
PERIEREE . (2) FATBET T —FhEif B & AR R
Tk, BRI MBI AR T T, AR5
AR IR PFLRELR] , g v AT s ELAH G
eSS o (3) MBS A S AE T A HEE B ARESE
%, BATUEM T AtomicRAG FEASZE HERH R A1 i 2
BT Y T e B R, JUHAE R 2hIER 4l
B2 Bk R B

2. MG TR

2.1, R B R

R A i (RAG) Sl A R AMIESE I 3 TR R
B T SORAFMCAE L, BREFEA (LLM) 1Y
i B AKYE (Qian et al., 2024; Hou et al., 2025),
B T BRI HOMN R G Z 5, PR R SN RIS
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£ (Dense X Retrieval) £, FEREHHHAT,
TR RS ZR RE B TG 2R o 2 DA ST ¥l 1F) 25 1
AE (Chen et al., 2023), HIB/b 245 2R B 1Y B I5 I 25
FLIF GG SR R S P AR R A, R S0k (Con-
textual Retrieval) HREANSCAH IR € T1%
P B UER, G T BRI R BM25 fR,
Hat—2Zam T EHTALS . #0602 BRE BT K,
HyDE J8 i R SOk A F & &) (Gao et al.,
2022); 1fif IRCoT ., Tter-RetGen PA K iUl MDR £
BRI R R AS, WAFRG R 5 A HERRE S A0 4 Bk
RFEAT, B SRR (Trivedi et al., 2022;
Shao et al., 2023; Xiong et al., 2020), FHAt# T
TAEfn RAPTOR F1 LLMLingua i@ it 2 kAL 2041
AP RgEdE T TR BT ST R E, T Self-RAG
DFEfRA A rh o H FeA A SR RAG &R (Sarthi
et al., 2024; Jiang et al., 2023; Asai et al., 2023), R
EHG TiXE R, EAEZEERT, WERE
P SO R UE PR EEATT Pk f

o

2.2. - TEER RAG

HEFHEEH RAG (Luo et al., 2025a; Guo et al.,
2025b; Luo et al., 2025b) i 1 K 4544 41 2L UE P
BT SE MR R IR, KA R AT A LBE ) top-
k P Jg il G 1 B B AR GO . AR
GraphRAG (Edge et al., 2024) F| H15& 5 2404 2 1
g5, AL I G R A SO R A S AR
FEWZEAHES . HippoRAG (Gutierrez et al., 2024;
Guti’errez et al., 2025) $HITH K% 5 AL PageR-
ank MZ5 G, WA AR AT 4% , SCEl IR
RSB PZEkE B G . LightRAG (Guo et al.,
2024) I B G SPGBk Rk Lk, TR w i
[ 5% 2 [ 3. GFM-RAG (Luo et al,
2025¢) 2R H EIFH I 2%, B30 X 2514 Ak iR
M2 BRHERRRE ). SRS, BT I Em
PR T R B A Al s SR R,
P IERAPE S —80hE, DARARRZE BB A B2 5 1
Pk g 5 BR AR 2 A T SR s 2 AR S AN 58
By, ZHERE SPHEREIOER, SRR
AFEE

3. Jitk
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POABTBL. (1) RSk i (B4k), T i
AR TSR B (AEG) fEATIRAE: (1) J
THNGEE, K ¢ EEAE TN F R (i)
FARIIRER SR, i AEG 4855 ARk
JEF5 PAK (iv) JECF0i , WIS EA TR R HE Y pA
TE R BT SCBE N AE B o X P AR Bt
[l ¥ 8 — A B i K 8, 1 T 416 2 BIEE A
o] A A A

3.1, B -tk Pl st

ARRECF 5 —ocdl i e A fhI . 25 2 TERE C =
{di} Xy AT SR A Y d; N — A2t 584
TR KBRS, HAEH AR R O r 4R,
PAFIEN LR & o BhJS, AR (di, &) BABIEE
AR FIEAT SRR T 5 SIS IR, A
T A ={ai, ... qin} I=JCH T, CEXRXE
, Hp R FORIUA X FZE . el U THEFE
HR Bl SEAR- LR BT RIS T B
e R U SIS R R e st N

Foit R T4 S —PNHRIR T a,; € A B d; HF
Hriiis/ D HE S ERES S . BHmEH
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RRECFSE (AN IS4 f IR AR ) , TR 2 &Y
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AT ER, FEREEH R X9k, H E(aiy) C &
FR

FAE S LR E = e, €im, M di T
FPE S (B2 s Fg 52 &) RA1EEE N
AL TR A TR B 2R R A = UL A
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w(a,e) = 1.
(1)
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Logn = {(e,€') | e,¢' € E, co8(2e,20) > 75} (3)
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M g, BATEN— BRI PR ifE i 4
PR RIEFEHA (LLM) % i o Bl — 4451
SIRIERT c(q) € [0,10); 4R AYTRAN B IL
BfsR. 5 c(q) it —AEE BE 7, WIRFZE
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c(q) > 7,
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TR Mg 75 = 1) TR ) 2 23 5 2R AT W A HE )
BRI FRIRERWAM A AEG 1K bx
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Rl o SERURTRT, SRR A4 ATk
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SR o B T T AR UBEAR T 2T SR i (e 5
WA FEfTA SR, RATRE o =01, Xl
oI I T sE i, (Rl OR B D T o

Ptk & P oA G BTALEAR SR RFE . 3,
IR EAL PageRank [ & ry 1EH
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Hr my & my BRI, p € (0,1) REFMMR.
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(BGE L B R ) (SR 4t b SCRr AR
JET o A A B

ac A, (8)

1E G PRy AR SRk ReE, T ¢ RHET
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TEFTA el Pl K = 25, JRURERATE T4
W &

Ro)= |J R (10)
q'€9(q)
bWifs, FATEEPRR DRI RBLE F
B, XA a € R(q) WH a REXRIGAN g
PWEEHAM K, MR — i85 T4 S(g) C
R(q). B, T4 ¢ (UNT RE: 2L B,
1 BT A0 SR T IR 5 B R K.

RO LR, Ll i e I3 BT P SORY 22 i
—HEIH, IIEANIEEE

A*(g) € S(q), (11)

RER B[R] — S v 2 9 B Y - D 5
HIG, DARES SCARTUAR I RS BT SCRER

4. JH

AT T L E . FEGR . ATEE
PATBFE R (RQs): RQL: AtomicRAG 215l
FIAHE? RQ2: AtomicRAG IS FEAHM:
MIPEREA T TTHR? RQ3: FoATi I 3-SRk & 2 A 1
THABE AL T7307 RQ4: SHRSRERG R K
WS RETSH& THG R UEF R AR RQ5: AtomicRAG
TEZRG |V FIAE 7 T B FF A e 2 BN AP i DL PR 5%

4.1. JHE

Bl ks . FANT7EPI R H Graph-Bench (Xi-
ang et al.,, 2025) B4R B HE DL = Az
S i 2 Bk B £l € (HotpotQA (Yang et al.,
2018). 2WikiMultiHopQA (Ho et al., 2020) Fi
MuSiQue (Trivedi et al., 2021)) _F#Ffili AtomicRAG
WA . YT Graph-Bench Medical A1 Novel, 2%
R VOIS LR ) AL F bk, A
Zeder2 . BT LAHRA Al A R XTEEHEA
HimE, A1 Graph-Bench 1 AR ASR
UE—FCE - R SCR 4 FI R BB 256 4> token, HE&H]
434 32 A token. VENTEMTRIR, AR Graph-
Bench $2 i1y £ EHFE (ACC), ZIBIREET

BT ORIVE SR A W 5 BT i AR T PSR 1
AN E S ST IR LB SR AL,

UGB YT AT REAMETTIE D AP (1)
J5i b RAG: s FHIAH [] 4B B 00 A 1 A 285 A6 % i
K gk, oy BIAE JC H HE R A HE R R DL Bk
PiFAh. (i) IR RAG: it 2 Nghm 44
IEE AR RS, 4 MS-GraphRAG (Edge
et al., 2024). RAPTOR (Sarthi et al., 2024),
LightRAG (Guo et al., 2024). HippoRAG (Gutier-
rez et al., 2024). HippoRAG2 (Guti’errez et al.,

2025). Fast-GraphRAG (CircleMind-Al, 2024).
LazyGraphRAG (Darren Edge, 2024). KET-
RAG (Huang et al, 2025), KGP (Wang

et al., 2023). StructRAG (Li et al., 2024) DA
} GFM-RAG (Luo et al., 2025c). & #f{#
AR R, BT AT J7 R R A [ Y i AR A
(BAAI/bge-large-en-v1.5) . KT &4k i1
TRUEF B TEAS, BATCEA B TR
(GPT-40-mini). SEREHIMEIEILFHR A.1.5,

4.2. FELRE (RQ1)

MR B TR B A s, RATHE
Graph-Bench FIZ Bk EHHE b, FFizES 2
SRR ELE RAG AR DA KT 2 HEIHE 5 RAG 3
WA T TR Z55RNEE 1 Fos. RO ¥ELERT
HAEF I AP35 (Avg.=64.9) FRIRAE,
AT EL . HETENE, RITEKR
ZHAES Y P HUS T =155, H7E Graph-Bench
(Novel) Reason bF355—, FWIMERERRTFHIEH
R S R AR SN, TR e JAT 55 Y
HAG 3k 1

TEZAIEHERANGUE b . PERBHE THE iir g S v 2 P £
FF—2.4F Graph-Bench(EE2%) |, #&A1ik%] 73.1 °F
%5y, M T R e +8.3; & Graph-Bench
(Brais) b, FA1IKAE 60.7 5, T+ +4.3;
w2 PSS, RATHUS 59.4 F394), T
+6..0., 7 B X 174 5L HE AR 7 2 R A T Bl 1 e, (51
i MuSiQue) 1, FEFHIRE A, X B RN
RedE FHIE T Z BhiEE A re i as, mEaE(R T
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Table 1. £ Graph-Bench FIZ k25 £ ¥ BEL#s . Fact, Reason, Summ. fl Creat. 43R F5RIFLkR. B4,
FTR SR EMGIEAR . &4 Avg. NITELS R TI9155 . BAEES R0 KPR, WAESERL FRIZK . BRI TR
T Ours X FHERLMAITEMET (PAT); + BTt

Graph-Bench (Medical)

Graph-Bench (Novel)

Multi-hop QA

Method Avg.
Fact Reason Summ. Creat. Avg. Fact Reason Summ. Creat. Avg. HotpotQA 2Wiki MuSiQue Avg.
Vanilla Retrieval-Augmented Generation
RAG (w/o rerank) 63.7 57.6 63.7 589 61.0 58.7 414 50.1 41.5 479 54.0 31.8 32.2 39.3  50.3
RAG (w rerank) 64.7  58.6 65.8 60.6 624 60.9 429 51.3 383 483 54.5 32.1 33.3 40.0  51.2
Graph-based Retrieval-Augmented Generation

MS-GraphRAG (local) 38.6  47.0 41.8  53.1 451 49.3 50.9 64.4 39.1 509 52.2 374 37.8 42.5  46.5
MS-GraphRAG (global) 16.4  15.6 19.8 20.8 18.1 36.9 432 56.9  41.1 445 37.6 39.5 35.4 375 330
HippoRAG 56.1  55.8 59.8 644 59.0 529 385 48.7 389 448 38.1 29.8 25.7 31.2 46.2
HippoRAG2 66.3 61.9 63.1 68.1 64.8 60.1 53.4 64.1 48.3  56.5 67.5 47.5 41.5 52.2 58.3
LightRAG 63.3 61.3 63.1 67.9 63.9 58.6 49.1 489 238 45.1 57.0 44.2 23.5 41.6  51.0
Fast-GraphRAG 60.9 61.7 679 659 64.1 56.9 48.5 56.4  46.2 52.0 62.3 47.8 42.1 50.7  56.1
RAPTOR 54.0 53.2 58.7 624 571 49.3 38.6 47.1 38.0 43.2 66.4 50.1 43.6 53.4  51.0
Lazy-GraphRAG 60.3  47.8 57.3 622 56.9 51.7 49.2 58.3  43.2 50.6 54.6 40.4 39.1 44.7  51.3
KGP 52.3 51.5 54.5 63.8 55.5 54.2 46.3 51.2 40.3 48.0 52.3 38.6 37.2 42.7 493
StructRAG 55.4  56.2 62.5 60.2 58.6 53.8 46.3 54.3 422 49.1 49.2 52.3 24.9 42.1 50.7
KET-RAG 60.4  39.6 45.3  43.0 47.1 554 36.6 52.5 46.0 47.6 45.6 24.5 22.6 309 429
GFM-RAG 63.5 67.3 51.5 63.3 61.4 51.0 49.8 66.3  57.8 56.2 68.6 43.6 39.9 50.7  56.6
Ours 72.6 74.8 76.8 68.3 73.1 61.0 53.4 68.5 60.0 60.7 70.5 56.8 50.9 59.4 64.9
Improv. vs best baseline 16.3 17.5 18.9 10.2 183 10.1 - 12.2 122 14.8 11.9 14.5 17.8 16.0 16.6

FRBkVEC A it

B D8RR AT I IAAE A R I By S T
SGmrEReTRTE, BT AR, AR
SEHYL FRE RS, 7E Graph-Bench (PE%:)
Ly WATE IR F LA /E E PR T T
+6.3/+7.5/+8.9, RUIMFE AR R FEE58 T 5%
il 2RI HE A K TG e Ay, AR
LAt Hi—3 k. 7E Graph-Bench GHfréiis) L, A
TEIRA R ISR KB PR A5 1 (B H hietE
s E), AR T TRERBATERE, AN
A/ T AARBNZ BB ZEI, FHidm TR ER. H
2N, ZANEMETT IR ] () AR A ) 2 B
T e R PR, (A A
B EPERE T MR AW AL T 25 h iR A&
PRAGAGIRE S H X P XU 7 Al B 5 ) A

Table 2. FE=ABAEL LA MSEE: . 155 NIoRMXTT
AtomicRAG {24 F%. ERGR: SLiAdtiRE#Z; AQD:
SRR AS: JETRE KA R T,

Method HotpotQA  Medical Novel Avg.
AtomicRAG 70.5 73.2 60.7 68.1
Single-module removal

w/o ERGR 68.4(12.1) 72.0(11.2 59.1(11.6)  66.5(11.6)
w/o AQD 67.8(12.7) 72.3(10.9 60.0(10.7)  66.7(11.4)
w/o AS 68.0(12.5) 71.5(01.7 59.8(10.9)  66.4(11.7)
w/o KA 62.2(18.3) 64.3(18.9 52.7(18.0)  59.7(18.4)
Combined removal

w/o {ERGR, AQD} 66.0(14.5 70.8(12.4 58.6(12.1)  65.1(13.0)
w/o {ERGR, AQD, AS} 64.5(16.0 69.5(13.7 57.5(13.2) 63.8(14.3)
w/o {ERGR, AQD, AS, KA}  54.0(116.5)  61.0(112.2) 47.9(112.8) 54.3(113.8)

4.3. fsERg R (RQ2)

2% 2 I8 THE HotpotQA . Graph-Bench (Medical)
1 Graph-Bench (Novel) FRJERISELE, ffiH Avg.
YER T 2GR . AtomicRAG iKE] T 68.1 ) Avg. 5
PR AT B —BIRE 2 FEUE AR T, X R REE
Tk B &AM R EAMER, midE R —dt.
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Table 3. V&Gt it FA 1A% THE Graph-Bench (PE2)
RS R DR SRR R AR

Method #Nodes #Edges Avg. degree Avg. clustering
KET-RAG 3,134 2,421 1.55 0.24
LightRAG 1,942 2,220 2.29 0.09

HippoRAG2 10,660 119,489 22.42 0.38
GFM-RAG 9,569 40,444 8.45 0.29
Ours 14,586 146,115 23.04 0.39

R . R R A M R . Bl
ERGR/AQD/AS 4 BIEFIE R 1.6/1.4/1.7, Ti
B KA SEUERREAIRE R 59.7 (-84 ). X
g 5 HIEE—3: AQD £ HotpotQA Lk
K (—2.7 ), ERGR 7E&8da4E 1Y SEMEREL
SIRBE, MR AS WRZARIEMRE, RHFFiEE
AR P M 7 T PR THIE IR ME R R

WA FEBR TR0 . SRR SRS PRI, TERE
TRIREEEN: FEEER {ERGR, AQD} &1y
{H TP 3.0, JE—2 M AS SRR IR SN =
4.3, XERWME (AQD). EHR (ERGR) Fli%4
g (AS) ZAIFFAEN] S i B M

SR A SR . BEBR AR L (KA) £
FEERERE T TE w/o KA AR, FRAT1EE
HRIE AL, R TR B e A ik SCA R
ENE R FIT. B KA, “FEE0daE
IR 59.7 (—8.4), Mt LRI ARE (4
KA) J&, TEREIE— W 2 54.3 (—13.8 ), XL
R, ORI B H B B2 AZKET, Ik
PEERAR I S AL TTE T S dE T, RS LFBL
SRR ) SCAR TG 2R

4.4. FFES BT (RQ3)

BER R, FRATM 22 Ak @ b B U R M 5 T
S FITRL R R ) S B

gt R 3 e TEANSWSE IR, 5%
BB EME AL, FRATRY R, IR B Fy o
B Jry e T o X A A R T AL A 2 BEIESE , (2
A BN BE PR UE RIS IE A 5O E 2 A A -

W SCSOM - PP AR 5 B 1 SRS B, FRATTF

Average

Comprehensiveness Correctness
6.70 R0

5.8 ¥50
Redundancy Relevance

M Ours M KET-RAG M HippoRAG2 M GFM-RAG
Figure 8. 3% SU8UN . BT RIEF AL Graph-Bench (P&

%) HlRdE b 1 BRI, R IEe . A —
B, TURTERI AR

TTRET KIE SR LRI PP . 78 Graph-Bench (&
27) b, FRATEE 10 i Sk (AR} RS
WH) , HNRA M @R B PR 1 Bk, 45
L SR S AR, FAT 1] gpt-oss-120b (Agarwal
et al., 2025) AP, M FLASYERE XS0, ok itk
PRy Bk, ABEM., —FH., TAEM &®
Mo ATRFS IR PG BCEY, HAER 3 thaTdl
feghit . FATWE S, 5 KET-RAG ML, 2wtk
WsE TFH (6.60 %fH 6.70), i KET-RAG fE7T4
B S B AL SRS, AtomicRAG FE1E
BPE . AH AN — S TR B, R T
TUREE, MR RAG $2AE T T 252 My A H A
TE R

4.5. BeFBCEM T (RQ4)

FATMAT =A TP (1) BiE Top-k 221k
I A % token AU, (1) ERE BN SCHUATT
R, DA (i) BRR AR R AER .

Top-k XEORMIFGW . TEE 4 7, token JHFERM
k=1 W) 3245 RGN 2 k=25 WY 6230, 17 HEHf
FAER NP k BHRGESET (B4, Reason Fl Summ.
M k=1 %] k=3 B3F FTt), BEEFERRL k i
TR (RATE £>10 FHiT), RIARZE @ IR
PCAERE R Top-k JuFE N R, MASMIRRE
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100 7000
Fact - Reason g Tokens/Quer

ACC (%)

Figure 4. K2 Top-k S HOGEZMERFEM token KM
5 Top-k #5& AtomicRAG F: KA ZR G HIH 514K
H, T token K JER R i M) BURTRS 2R B 572 ) LLM
BT AL token #.

80 RAG
RAG+Rerank —#— AlomicRAG
70 —— KETRAG e
LightRAG

—#— GFM-RAG

60 { —&— HippoRAG2
5,

44444

32 64 128 256 512 1024 2048 4096 8192 Ful
Retrieved Knowledge Length

Figure 5. 47BN SCR BN AOHER R A4 iU 7E [ 5E 1Y

RSO AT, R ERE SO RIE A A R A
PRI token ¥k, JITA J5 JATE A RTS8 2 1% U

HHIANT IR,

AR FibERe. B 5 R, 6 R TS
T, BATRIRED RSN R, AE BRSO
512 token HFikH| 70.8 MHERS, IHAE 73 AT
FE, MaREEI RRTIRONGE, HEREER
B SO RE R Hide TR AR, RIWITE R 32 IR 1Y
R, AT R B AL SE B H 3w 200
s

BRER. £ 45 THRERNRERER. 4]
A e T R T I R v rh s B b, BRI
22 0.79 #, T KET-RAG 3 2.73 £, HippoRAG2
7 4.50 5, GFM-RAG 3} 6.08 ', LightRAG %
13.99 Fbo X —hnEPCR 5 AT R LR R R —
B} MXVEGRRERER LT, e T RRRS
HEENZRY .

Table 4. &SR L. TAVMERTFHE (QA) 1
token JH#EE (PAEJIIT, M). Bk token A (&3] +
QA) . I RIERAREREREK (ACC) ., &4 token
ZHEYPL iR, HFAKGER (Fn + 55 afiEg.

Method  Index tokens (M)

QA tokens (M)  Total tokens (M) Latency (s/q) ACC (%)
Vanilla RAG 0.00 (0.00 ).00 2.87 (2.68 + 0.19 2.87 0.01 62.4

KET-RAG 231 (174 + 0.57) 2445 (24.42 + 0.03) 26.76 2.73 47.1
LightRAG ~ 2.66 (2.35 + 0.3 61.51 (60.74 + 0.77) 64.17 13.99 63.9
HippoRAG2 154 (1.18 + 0.36 4.29 (3.96 + 0.31 5.83 4.50 64.9
GFM-RAG  1.52 (110 + 0.33)  2.08 (172 + 0.36) 3.60 6.08 61.4

Ours 2.24 (1.67 + 0.56 2.63 (1.97 + 0.67 4.87 0.79 73.2

4.6. Token JF4j (RQ5)

4 45 T7E Graph-Bench (Medical) Fg&5|/#
i) token f & . FERFNERR. JATHHIETER
FHIRE T token JHFE T HIIL TR TR G 5T 2 48
P RAE . R GFM-RAG 14 token
B (3.60M), (HIHEERNE (6.08 #b/#if]) HUEM
R (61.4 ACC); AtomicRAG AR R
[ SE LT mefE e 3, HS token ¥ TAHIK
*F-. 5 HippoRAG2 fHI, FATAHERTIHrEZ A
T /b8 token (+0.70M), (HAEAMIETE THE
token (-1.66M), fxZ& i token {AST A (4.87TM %
b 5.83M), [FIBFHERRSETE T 8.3 NE /. Bk
MH, AtomicRAG T @[y BoRHH T8 /INW#i
AT, AHZIFES I PR AR AR R BT B token i ]
DA MR T RN R3] T 58 A

5. 4k

KRR TIA RAG RGHAIRERIE S FIRER
G Z AR DA T RE L, IR AtomicRAG
PASR ZCHUAE 2« TR SO O AR TR 8 1M
AR TSR B R A PTG R A e, M
AR T . KR SEIRI, BT e A AL
FRE RIESEEE R E R R B3, IEZ B
T S B A A HER R RCR AU, AtomicRAG
JCR X IR G e A A ) A S AR T 5%

]

ARSI E T B AEHE S LAS 2 > Gk K R I 5 T
o FATMBIFT AT e R Z Mt 2w, (HIYTEH
FE BEAF A58 o



Title Suppressed Due to Excessive Size

CEP TN

Agarwal, O. S. et al.
model card. 2025.

gpt-0ss-120b&gpt-oss-20b

Asai, A., Wu, Z., Wang, Y., Sil, A., and Ha-
jishirzi, H. Self-rag: Learning to retrieve, gen-
erate, and critique through self-reflection. ArXiv,
abs/2310.11511, 2023.

Chen, S., Zhou, C., Yuan, Z., Zhang, Q., Cui, Z.,
Chen, H., Xiao, Y., Cao, J., and Huang, X. You
don’t need pre-built graphs for rag: Retrieval
augmented generation with adaptive reasoning
structures. ArXiv, abs/2508.06105, 2025.

Chen, T., Wang, H., Chen, S.; Yu, W., Ma, K.,
Zhao, X., Yu, D., and Zhang, H. Dense x re-
trieval: What retrieval granularity should we use?
In Conference on Empirical Methods in Natural

Language Processing, 2023.

CircleMind-AlI
graph-based
CircleMind-AlI Blog, 2024.

Fastgraphrag: High-speed

retrieval-augmented  generation.

Darren Edge, Ha Trinh, J. L. Lazygraphrag: Set-
ting a new standard for quality and cost. Mi-

crosoft Blog, 2024.

Edge, D., Trinh, H., Cheng, N., Bradley, J., Chao,
A., Mody, A. N., Truitt, S., and Larson, J. From
local to global: A graph rag approach to query-
focused summarization. ArXiv, abs/2404.16130,
2024.

Gao, L., Ma, X., Lin, J. J., and Callan, J. Precise
zero-shot dense retrieval without relevance labels.
In Annual Meeting of the Association for Com-

putational Linguistics, 2022.

Gao, Y., Xiong, Y., Gao, X., Jia, K., Pan, J., Bi, Y.,
Dai, Y., Sun, J., Guo, Q., Wang, M., and Wang,

10

H. Retrieval-augmented generation for large lan-
guage models: A survey. ArXiv, abs/2312.10997,
2023.

Guo, D., Yang, D., Zhang, H., Song, J., Zhang,
R., Xu, R., Zhu, Q., Ma, S., Wang, P., Bi, X,
et al. Deepseek-r1: Incentivizing reasoning capa-
bility in llms via reinforcement learning. arXiv
preprint arXiv:2501.12948, 2025a.

Guo, Y., Su, M., Guan, S., Sun, Z., Jin, X., Guo,
J., and Cheng, X. Routerag: Efficient retrieval-
augmented generation from text and graph via

reinforcement learning. 2025b.

Guo, Z., Xia, L., Yu, Y., Ao, T., and Huang, C.
Lightrag: Simple and fast retrieval-augmented
generation. ArXiv, abs/2410.05779, 2024.

Gutierrez, B. J., Shu, Y., Gu, Y., Yasunaga, M.,
and Su, Y. Hipporag: Neurobiologically inspired
long-term memory for large language models.
ArXiv, abs/2405.14831, 2024.

Guti’errez, B. J., Shu, Y., Qi, W., Zhou, S., and Su,
Y. From rag to memory: Non-parametric contin-
ual learning for large language models. ArXiv,

abs/2502.14802, 2025.

Ho, X., Nguyen, A., Sugawara, S., and Aizawa,
A. Constructing a multi-hop qa dataset for com-
prehensive evaluation of reasoning steps. ArXiv,
abs/2011.01060, 2020.

Hou, Y., Zhou, S., Liang, K., Meng, L., Chen, X.,
Xu, K., Wang, S., Liu, X., and Huang, J. Soft
reasoning paths for knowledge graph completion.

In International Joint Conference on Artificial
Intelligence, 2025.

Hu, Y., Lei, Z., Zhang, Z., Pan, B., Ling, C., and
Zhao, L. Grag: Graph retrieval-augmented gen-
eration. ArXiv, abs/2405.16506, 2024.



Title Suppressed Due to Excessive Size

Huang, Y., Zhang, S., and Xiao, X. Ket-rag: A
cost-efficient multi-granular indexing framework
for graph-rag. arXiv preprint arXiv:2502.09304,
2025.

Izacard, G. and Grave, E. Leveraging passage
retrieval with generative models for open do-
main question answering. ArXiv, abs/2007.01282,
2020.

Jiang, H., Wu, Q., Lin, C.-Y., Yang, Y., and Qiu, L.
Llmlingua: Compressing prompts for accelerated
In Confer-

ence on Empirical Methods in Natural Language

inference of large language models.

Processing, 2023.

Karpukhin, V., Oguz, B., Min, S., Lewis, P., Wu,
L. Y., Edunov, S., Chen, D., and tau Yih, W.
Dense passage retrieval for open-domain question
answering. ArXiv, abs/2004.04906, 2020.

Lewis, P., Perez, E., Piktus, A., Petroni, F.,
Karpukhin, V., Goyal, N., Kuttler, H., Lewis,
M., tau Yih, W., Rocktédschel, T., Riedel, S.,
and Kiela, D.
tion for knowledge-intensive nlp tasks.
abs/2005.11401, 2020.

Retrieval-augmented genera-
ArXiv,

Li, Z., Chen, X., Yu, H., Lin, H., Lu, Y., Tang, Q.,
Huang, F., Han, X., Sun, L., and Li, Y. Struc-
trag: Boosting knowledge intensive reasoning of
llms via inference-time hybrid information struc-
turization. ArXiv, abs/2410.08815, 2024.

Luo, H., Chen, G., Zheng, Y., Wu, X., Guo, Y., Lin,
Q., Feng, Y., Kuang, Z., Song, M., Zhu, Y., et al.
Hypergraphrag: Retrieval-augmented generation
via hypergraph-structured knowledge representa-
tion. arXiv preprint arXiv:2503.21322, 2025a.

Luo, H., Haihong, E., Chen, G., Lin, Q., Guo, Y.,
Xu, F., min Kuang, Z., Song, M., Wu, X., Zhu,

Y., and Luu, A. T. Graph-rl: Towards agen-
tic graphrag framework via end-to-end reinforce-
ment learning. ArXiv, abs/2507.21892, 2025b.

Luo, L., Zhao, Z., Haffari, G., Phung, D., Gong,
C., and Pan, S.
model for retrieval augmented generation. ArXiv,
abs/2502.01113, 2025c.

Gfm-rag: Graph foundation

Mavromatis, C. and Karypis, G. Gnn-rag: Graph
neural retrieval for efficient large language model
reasoning on knowledge graphs. In Annual Meet-
ing of the Association for Computational Linguis-
tics, 2025.

Peng, B., Zhu, Y., Liu, Y., Bo, X., Shi, H., Hong,
C., Zhang, Y., and Tang, S. Graph retrieval-
augmented generation: A survey. ACM Transac-

tions on Information Systems, 2024.

Qian, H., Zhang, P., Liu, Z., Mao, K., and Dou,
Z. Memorag: Moving towards next-gen rag
via memory-inspired knowledge discovery. arXiv
preprint arXiv:2409.05591, 2024.

Sarthi, P., Abdullah, S., Tuli, A., Khanna, S.,
Goldie, A., and Manning, C. D. Raptor: Re-
cursive abstractive processing for tree-organized
retrieval. ArXiv, abs/2401.18059, 2024.

Shao, Z., Gong, Y., Shen, Y., Huang, M., Duan, N.,
and Chen, W. Enhancing retrieval-augmented
large language models with iterative retrieval-
generation synergy. ArXiv, abs/2305.15294,

2023.

Trivedi, H., Balasubramanian, N., Khot, T., and
Sabharwal, A. musique: Multihop questions via
single-hop question composition. Transactions

of the Association for Computational Linguistics,

10:539-554, 2021.

Trivedi, H., Balasubramanian, N., Khot, T., and
Sabharwal, A. Interleaving retrieval with chain-

of-thought reasoning for knowledge-intensive



Title Suppressed Due to Excessive Size

multi-step questions.  ArXiv, abs/2212.10509,
2022.

Wang, S., Yang, H., and Liu, W. Research on
the construction and application of retrieval en-
hanced generation (rag) model based on knowl-
edge graph. Scientific Reports, 15, 2025.

Wang, Y., Lipka, N., Rossi, R. A., Siu, A. F.,
Zhang, R., and Derr, T. Knowledge graph
prompting for multi-document question answer-
ing. In AAAI Conference on Artificial Intelli-
gence, 2023.

Xiang, Z., Wu, C., Zhang, Q., Chen, S., Hong, Z.,
Huang, X., and Su, J. When to use graphs in rag:
A comprehensive analysis for graph retrieval-
augmented generation. ArXiv, abs/2506.05690,
2025.

Xiong, W., Li, X. L., Iyer, S., Du, J., Lewis, P.,
Wang, W. Y., Mehdad, Y., tau Yih, W., Riedel,
S., Kiela, D., and Oguz, B. Answering complex
open-domain questions with multi-hop dense re-
trieval. ArXiv, abs/2009.12756, 2020.

Yang, Q. A., Yang, B., Zhang, B., et al. Qwen2.5
technical report. ArXiv, abs/2412.15115, 2024.

Yang, Z., Qi, P., Zhang, S., Bengio, Y., Cohen,
W. W., Salakhutdinov, R., and Manning, C. D.
Hotpotqa: A dataset for diverse, explainable

multi-hop question answering. 2018.

Zhang, Q., Chen, S., Bei, Y.-Q., Yuan, Z., Zhou,
H., Hong, Z., Dong, J., Chen, H., Chang, Y., and
Huang, X. A survey of graph retrieval-augmented

generation for customized large language models.
ArXiv, abs/2501.13958, 2025.

12



Title Suppressed Due to Excessive Size

FiF 55

FESRERAL TR TEASRE, DAANSE IR SONE, SEsE el I, PR B TERESETHAORIE, IR Bt A 1
A% 55 A eSS T PP, AR EMERCE . S, KRB ER EEE TR DA GE AT I
[l /token/ BUA M i, BHERPTA SR REAE — SR T . 5 B Wil 7iHASC I A U,
AR AR KIEF RS T M4 ERGZR R AR ML e (PPR) HSEL, Wi
YOO R IR S TR T, B C WA T SO T RA B A SEREUE . 25 D R e MR B
WFoe, W TH RAG SN RAG 22k, Eyn SLB M, Uk I ) 4 4 A 2R iy 42
XL, 5 B TS K& R R SRRt PASCER IR AT A . RS, R 7T WA T
JATG RAG HYJRFRIE, I8 5 b i e s S eleadE o7 1]

A [ SEHLPETERS
AL JEAERIIC BN T
AL EES

FAVRFEUETT VA APIZE: (i) Vanilla RAG, B[R A R ZE SGas AR ERR A R IRK 4, 0 e 4% R
HeFP A A AP OL T 2647 PR (i) Graph-enhanced RAG, R ET B4 H SRR T &
4, 4035 MS-GraphRAG (A# /4 7). RAPTOR. LightRAG . HippoRAG . HippoRAG2, Fast-GraphRAG
LazyGraphRAG., KET-RAG. KGP, StructRAG PAK GFM-RAG.

T RAG.  FATESCARE B T — MRS R E, FHEAS AtomicRAG FHIFM A Mids . FAi]
d TR JIEEHDY, R RAR I WUT; PAL WrEHEY, 48T ] bge-reranker-large
Xk g B SCAR ST R , DABGE IR 529

WilE RAPTOR flid i MR IEHH R HIL BB BB S, ERRARPIRR S| AP B, &
WEEZARIZG (HHAN P E) JEATIGER, AT SE BARIBURHRAN 1Y 5 42 )5y R SCRIES R e -

MS-GraphRAG (AHl/%)5) MS-GraphRAG KFHEREH USSR ALK, I SRR,
WA R A LASEAA R AL QB AR IS SR AL B 8 AR IR, 1717 4 Ja e 2% DU A DX 3 ) U 3 DA [ 5 e
JEM T, Gl A SR S AR 2 S B

LightRAG LightRAG 7ERFI TR T EIA TRER LML, SCRAMUEG AR AL E S5 R
AR R B, SRR S B8 v R T PR e i

HippoRAG HippoRAG MifkHE srfyd— TR R B, i &% (Hian, ML PageR-
ank) SCHLRIRAY L BRI E . ALHILETC T RO Stk A m S A HERI IR R TG DU T, $201 T 2Bk
UESE A BRI -

HippoRAG2. HippoRAG2 1t HippoRAG NUAKH KRG R AR b, B9k 7 BORBA 6, I EAR00
M T RIE SRR, BT 2 BHERL S 5 T R ULl v S B .

13



Title Suppressed Due to Excessive Size

Peidill RAG. Fast-GraphRAG 2—FhPARAR Tl GraphRAG 284, i@ Pk PR /ALl R in
SEMY BN ZR , AESE PR AE IR 29T IR BIAH A5 ISR B

Pl RAG  LazyGraphRAG il (5B A5 R AR AT 55 HR BIHERT B, Bib T RiTIAYR 5 1 H
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hE SRS M. BT R SR L LR Y K 4G GRAPH-BENCH (R B AR, PABRIRA T HE . X
T Medical #il Novel 5:ifE, FeATE M E 71 GRAPH-BENCH £, PR X SERR S 7L ] 1 HO R IE S
s NI TG . X Multi-Hop {155, AR GRAPH-BENCH FUE, SR IR RLRERT]
R RAHERARE , HHAES AtomicRAG AR SER 26 F T BEATIFA .

A.1.2. JF¥ RAG BBl ®E

TR, FRATE ] gpt-4o-mini A AR AKALAL, BAAI/bge-large-en-v1.5 fE R ABIAL, R AR
RRFF AR EBLE N 2048,

T AT B H retrieval top k=256 H T LM K. X T2 Bk A M), AT RH MRS o @ HHE
(max_sub_questions=3) , Jf 4% 5= fEfil & {8 (complexity_threshold=6.5) , DA ¥4 ) fif
A B Ak, [F U BEAE IR A AR Y A0 b E T A e 0 T IR A 2R, FATT A A M
b U1 HE % (propagation_method=ppr) , H "' damping=0.3; £ il — X kil ik KNN # #,
synonymy_edge_topk=2047, H-% ] synonymy_edge_sim_threshold=0.8 ¥Ff7idjE.

AL R ST R

%6 BTN AR TR (AEG) MRS, FERAT AEG 1, 85502 Jeik4s
KR B ImIREEA (CRRJET) BFREE. AR =R AL (1) MDD TR S-SR (Il dt o/ %
W), (i) [l SCHFERAE SRR SR (i A KNN FISEAE) , DA (i) A f I iEsede i seik
T (TSR I o X LBGETT R F it T R AR A PR/ NVRIAR BPE A LR BRI, B IR T
AMEET AR R R AR
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Component / Parameter Value Description

LLM gpt-4o-mini Generator used for final answer synthesis.

Embedding model BAAI/bge-large-en-v1.5 Dense encoder for atoms/passages and queries.

embedding max_ seq len 2048 Maximum input length for the embedding
model.

retrieval_top_k 25 Number of retrieved candidates atoms per

query for downstream selection.

synonymy__edge_topk 2047 Top-k nearest neighbors used to construct syn-
onymy edges (KNN).

synonymy__edge_ sim__threshold 0.8 Minimum similarity required to add a syn-
onymy edge.

entity__node_ weight 1.0 Weight factor for entity seeds when initializing
propagation.

entity_top_k 20 Max number of entity nodes retained per query

as initial seeds.
entity_ sim_ threshold 0.3 Minimum similarity for an entity to be consid-

ered a valid seed.

propagation__method ppPT Graph propagation method (Personalized
PageRank).

damping 0.3 PPR damping factor controlling restart proba-
bility.

passage_ node_ weight 0.1 Weight assigned to passage/atom nodes in the
propagation graph.

propagation_ num__iter 20 Iterations for iterative propagation.

propagation_num_ walks 1000 Number of random walks used for Monte-Carlo
PPR estimation.

propagation_ walk length 10 Length of each random walk.

max_ sub__questions 3 Maximum number of induced sub-questions
per query .

complexity threshold 6.5 Threshold for triggering query decomposition.

Table 5. FA T RAG LB PO A S BN E

T, EEREERA AR R E R, BRI R, BRI R S RAT, L
AR R R L . B ORI SR 1 RSB I, XS R R — B
RIGERVET ARSI, (SR RBBCRAR R T A R U 2 B R AR R

A.1.4. ZfTH}. TOKEN % & K iAoy fi

K TR T AToMICRAG FRBIBAEZATING] . token (I AT MSA T H A A 0. 45 RRET
Fou g KARR S A B B0

MISFTII AR, SR ICIRER R 15 T ind il , 5 S HATIE =702 —PA b X TR
LI 5 AR IT A, HO TR S R R (LLM) M RAARK. M2, # KA LLM
SRR SRR ARG TS A R AR E T TR, AGHAE TR AR E] o
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Dataset #Nodes #Entities #Atoms #Edges #Related #Synonym #Containment
HotpotQA 112,995 84,592 28,403 479,895 177,734 276,577 25,584
MuSiQue 118,218 87,446 30,772 488,497 175,794 286,923 25,780
2WikiMultiHop 59,782 44,750 15,032 234,008 93,446 125,422 15,140
Medical 14,647 9,087 5,560 143,919 21,068 99,707 23,144
Novel 59,807 40,217 19,590 176,948 75,665 83,481 17,802

Table 6. HANEARER I T-FAKE (AEG) Givtit, S5 B seias s RIS L. ORI . 7 SGA
PAR R SR 5 3

Module (AtomicRAG) Runtime Tokens Cost (USD)

Time (s) Share‘ Prompt Completion Total Share | Prompt Completion Total

Atom—Entity Graph

K 188.84 9.4% 1,673,875 563,101 2,236,976 13.8% 0.251 0.338 0.589
Construction
Atomic Question
. 111.60 5.5% 739,474 303,724 1,043,198 6.5% 0.111 0.182 0.293
Decomposition

Entity-Resonance Graph
nirymResonance tab 735.80 36.5% - - - - - - -

Retrieval

Atomic Sieve 210.69 10.4% | 10,098,938 158,475 10,257,413 63.4% 1.515 0.095 1.610
Grounded Answer Generation 210.33 10.4% 1,967,021 666,828 2,633,849 16.3% 0.295 0.400 0.695
Total 2,018.46 100%‘14,479,308 1,692,128 16,171,436 100%‘ 2.172 1.015 3.187

Table 7. BRG HIIBFTHE. token JHFEMFE T AN . ATOMICRAG H, “Prompt” #1 “Completion” 4 HFERIKEKRES
FEAL I F B i AT token., MASPAZETC (USD) NEAL7 R4 .

M token R AM)fEHKE, Atomic Sieve g EETTIE, I token JHFEFIBAH) 60%. X
R ), PRI R AR prompt EHATANRLE . R B BIA KPR U8 . Atom-Entity P4
AT ) i 227 AR T AR KB — IR PR BCER I LLM A, T Entity-Resonance G 2R WA G| AAEA]
LLM token FF44 .

BRI, X—0 R, AtomicRAG [ A 32 il DR T R B B £ 5 23R T T 1) AL 475 DA
e % T LAy TG R T R B () SR -0 g o X R 1) 20 B (A5 1T DA X PR b A T O A —— Bl e
I3k 77, BAE e B B A e T G TR i BN K 4R

A 1.5, P $EFR

FA1EE Graph-Bench W 3PAL ML, FFR-EARHERT AL BUTT R AR Frolih, FRATRA & RUEmRIEN
FEMEHRIENR, RIGARICE PEAE SO S ERI S SL IR A, DAk St B S AR S i (B AP AE LT i 5 42
B B IE R EIE ORISR B 2. (R RN, RS A THET KiE T HE20 B RIE R 55

TNy B AR, TR MRG0 AL, BB RS B S S SON S (IR EfR R B L
Graph-Bench).

R BSRMEHE (ACC) Midssa (1) & amEM (i) miEagFEEibie, WERTEHTTM
HEIEAG:

ACC=a-FC+(1—-a)-SS, (12)
Hi o B—MERE (FRATBAEH o = 0.7, 45 Graph-Bench).
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Embedding Model Fact Reason Summ. Creat. Avg.

bge-large-en-v1.5 72.6 74.8 76.8 68.3 73.1
gte-qwen2 (1.5B) 70.9 74.3 76.2 66.7 72.0

gte-large 71.4 73.7 76.2 66.3 71.9
nomic-embed 71.1 73.4 77.3 65.7 71.9
bge-m3 71.7 74.3 75.1 66.4 71.8
eb-large 70.2 71.5 75.1 66.7 70.9

Table 8. % ABRUMINTRESCS . B R ARLAROR, SR TR 430K,

PREHE. FCIEFME FC L B IIET ST, JERGh—F F1 KUK 197353
FC - 2-TP ’ (13)
2-TP+FP+FN
Hrft, TP FRCHIEMN EM G, FP 3R8HE (405) aiisos, FN R E s R8N
RO . AL (BIHYE, FP) Fhtls (BFHE, FN) #4785, £ Graph-Bench
i, TP/FP/FN Gt 3R KA s B (LLM) KPR a5 2% e S TR BRI 52
I, Graph-Bench ‘B 72~ A7 o

P SCHIDUEE 15 SCRIBAEE S i BT iR AR AR SZAHLLBE R A A -
SS = cos(e(9), e(y)) , (14)

Ho g Ay AR BRI ER NS HESR, e() FICRMGTEIHIRA IR . ZARE R R E 2R [
It BB 2R il X5

B. i B 5 A B
B.1. il A B RLDESE

FAVELRER R TSR A AR SRR EE R LT, SHIR AT TIHR S . 3% 8 Wi, 1k
BEXHiR AR FLA P AR U SR Y T S SR A BB R T A R 5 Z BhfE R B, b 48
WP 9155y . TR RIEBIA T, bge-large-en-v1.5 FE-V4y155r LRI, IFAEN AR H I =1~400
76, RMFATAIRR RUK Sde 2 an TS T SCARRLE T B il Ol PRI . RIHZ TR, RV L
B2 ERIR AT (W) nomic-embed) , {HIFA— g M H A SCMEHERT AE Jy S 58, XKWL
A SCAR T SCRMBLEEAS J2 AT /2 22 Wb 5% R R IESR e B a6 oKk . BRAESS A, AT T A S5 P R
bge-large-en-v1.5,

B.2. Kiff 5B T4 i e

FATE SRR RIKLAAE, AU LLM & PRZEDRIFTAE AR 0. % 10 R TR IE04E5R B
RPEME. BERNE, AtomicRAG fEARE THE FIRIVEAREN : H5 RO/ SR B R TRk
MPERESR T, (EA IR RIS HEA R EF RS, R T 2R IR TR R R, AR I3 5057
{HAREERR, GPT-4o-mini JKF| R AV 58, I H B AR D) 2 B L 55 A A AT 5C Y W] T
BENWE: SR, BIEEGEHE/IMYE T (40 Qwen2.5-7B Fl Llama-3.1-8B), %y i RE4ERF G BRI M
fE, IR R U B R, AR 1A s i At
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Method Fact Reason Summ. Creat. Avg.
RAG (w/ rerank) 57.6 56.0 62.0 60.9 59.1
GraphRAG (local) 49.2 61.6 59.0 61.7 57.9
GraphRAG (global) 40.0 61.4 51.1 59.2 52.9
HippoRAG2 64.5 64.1 64.7 60.8 63.5
LightRAG 64.4 64.7 69.4 63.3 65.4
Fast-GraphRAG 62.0 62.4 65.1 63.0 63.1
RAPTOR 50.5 52.9 58.9 61.5 55.9
Ours 68.2 71.1 74.9 68.9 70.8
Improv. vs best baseline  13.7 16.4 15.5 15.7 15.3

Table 9. fEBEFHHRAE LM Qwen2.5-14B #EA7 A MEUTALRIMER F (ACC) . Avg. NIUAFGERFEE. Improv. vs
best baseline FR TN HEAI T RAERME CREFERATA ) MAEXEF5ET (NG T FRiT)

Vendor LLM Fact Reason Summ. Creat. Avg. AAvg
® OpenAl  GPT-40-mini 72.6 74.8 76.8 68.3 T73.1 -

& DeepSeek DeepSeek-V3 69.3 73.0 79.5 67.0 722 -09
72 Qwen Qwen2.5-14B-Instruct  68.2 71.1 74.9 68.9 70.8  -2.3
72 Qwen Qwen2.5-7B-Instruct 64.7 69.2 73.2 65.3 68.1 -5.0
00 Meta Llama-3.1-8B-Instruct 64.7 67.8 70.8 62.5 66.5 -6.6

Table 10. LLM - T-BIg Ml . FATHE TR ISR AL EHFIE (Ave.) . A Avg FRHX T GPT-4o-mini
Xt #3281k .

# 10 /R, GPT-4o-mini RS0 (71 73.1), RMAIEERRERAZMELT, A sa8n
FERIR 2 — A KA . DeepSeek-V3 R MR % (72.2, (K)5 0.9 43), HHEREAESS H S
EERI (79.5), FIAESRALAH IR G, HRKSUARGRAE I HaR, e S SO S ) AT 45wt
F GPT-4o-mini, Qwen2.5-14B-Instruct HEZ %6 = (70.8), {HA& T Hm A=A M55 (68.9), BERA
(A2 S 06 WIS 1) 1 I G RS A k4, TR A8 Sk . AL Z R, IR g A8
SR R (68.1 F11 66.5), JUHAER 22 5005 T %5 iRtk B3, X SEMRERRFIRZRE LT
SCT 2R R £ Ko 4 Jmy % 53 1 D T ) B MR IR AR — 2

B.3. BR*FHUS BN L LR

N TN IEME ] GPT-do-mini FE A AR RIPPAG SR A 1 B4R, ATIE—PAEG —PPAGE T . FF AtomicRAG
HHAENEN RAG Tk KR EEAE Medical 3% TR, % 9 08 THEITA TR R
Qwen2.5-14B JEATA AW 1 & ERI R (ACC), WASEENEE )7 Graph-Bench thill. I FEE T
PRAE TR, M REZE S T B SO T A R G R AUESE AL SRR A o, T AN ] T
PP AR o

BRI, AtomicRAG P54 (70.8) ff, HWRMBIGFMEME A LightRAG (65.4) il 1L
X > TEFTA AR, RTHIRS— 20 SHRGRAIM AR, AtomicRAG FEH50K %
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Retriever Fact Reason Summ. Creat. Avg. AAvg Time (s/q)
PPR (Baseline) 72.6 74.8 76.8 68.3 73.1 = 0.79
RWR 62.4 70.9 74.5 65.0 68.2 -4.9 0.78
Power Iteration 70.7 73.3 78.6 67.9 72.6 -0.5 18.67
Katz Index 707 73.0 769 657 716 -15 20.28
Label Propagation 67.2 71.5 71.9 65.5 69.0 -4.1 1.38
Weighted BFS 61.0 68.1 69.8 64.3 658 -7.3 13.37

Tuble 1. PeRYHSRMSRITHESIR . TRl TR T 8RB A SS9 (Ava,). Time STHAF. A Ave FIRARET
PPR 43425 L

SORMERE . ETR SCI MR A O ISR TE TR Ak, A1 Improv. vs best baseline 17T E 4. X4
GERERN], RIBEAE ST 3 KA AR LLM gEATAR AL PRI, 0 s 4 UM S8 (AR SR AG 28 th B AE
U E R B ARG, SR T Bl ] O P O SR A AT SRR 6

29 W T A EHEY Y RAG, B GraphRAG # R B0 (4H1/4/5) . HippoRAG2. LightRAG,
Fast-GraphRAG. RAPTOR PAKRFATH AtomicRAG. 25184 vs AAEFTRAE T AtomicRAG FHX T4k

SR AIER i ACC 42TF (PAE 7 mit) , FEGE— 3PS 30t T Il A P RE2Z AL P«

B.4. B R K

FATHA TR SR J5 7 P AR R IR T ) AR IR 35 AR MR SRS« AL A3 B (RWR)
I A HRRT A SRR P AT R HE R IE AR U HEY (PPR) o Rk A e AURRT B2k
fi# PPR WIEE mi e, BN Katz f8EGEIETTE RN 7 5] HARSS R B AR ek A K A T hi i
RS EE RHATHER o FRiC B X CARCE e R AT AR i () RSB ™
PR ZRMET Y 5, HES G A, A —Fh S AN 37>«

# 11 /R, PPR ETR-IERBUE FRIR AR, DABARMRRIER (0.79 Bb/4&#)) K13 T s LR 615
4 (CB¥ 73.1) . RWR R FTHS PPR Y (0.78 #b/#Fi)) , (HUEMZKIEFE (B 68.2, A
B =—4.9), RUAERFETE TR R A=A 22 HHEA AR E , X0 AR N b 4155
AH], Power Iteration Fl Katz fEf55 AR 11 (SE¥4 58 72.6 1 71.6), H. Power Iteration 7&if
B O R A PRI (78.6 XTH 76.8), (HPEFELMEHLIE RIS (18.67 Fil 20.28 #b/#xif)), ULAH
ARSI KRR G 3T TR AmiC xR (1.38 #/#i)), EFSRIRZE (7 69.0,
AP = —4.1), X 5iFEEFERNY 3, SEAHREE SRR, A BFS #BiARME2E (P 65.8),
] B AR e 18 (13.37 BB/ 2if)) , RPASEET B 5 & X E B o vk vl S i I AR A 1, E R AN
PRIMELAE Y R BRI S, IS R Rl (PPR) 1ERERARK RS SRAREL
(RWR) 44k T i Z i, YIRS/ B2 (Power Tteration, Katz) FEiH5H B STELRR R AL,
AP HOT S (BRcAEsk. kL BFS) AR T KA ks .

B.5. PPR WS ¥Hus

FMHr T ET PPR AIURIG RN A S B e R AR K p AT Fh T A R
Aseed o TEFTHSCE A, FATRFFEZHM . A0, EHEFPAUVEBECEAZ, (U8 A S5
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Atom weight (Aseed) Fact Reason Summ. Creat. Avg.
Damping (p) Fact Reason Summ. Creat. Avg. 0.01 71.1 72.8 76.2 67.5 71.9
0.05 71.3 73.2 76.5 65.6 71.7
0.1 71.8 72.6 77.2 67.2 72.2
0.1 72.6 74.8 76.8 68.3 73.1
0.2 69.8 72.5 75.7 66.3 71.1
0.2 70.0 72.7 75.1 64.4 70.6
0.3 72.6 74.8 76.8 68.3 73.1
0.3 69.6 72.9 4.7 65.2 70.6
0.4 70.5 72.9 74.9 66.1 71.1
0.4 69.9 72.6 74.4 64.4 70.3
0.5 71.3 73.2 76.5 65.6 71.7
0.5 69.2 72.1 73.3 64.0 69.7
0.6 69.8 72.3 75.1 67.2 71.1
0.6 68.4 70.9 73.8 60.4 68.4
0.7 71.9 72.9 76.5 67.9 72.3
0.7 64.2 66.1 69.5 60.9 65.2
0.8 65.1 70.6 69.6 64.8 67.5
0.8 62.7 67.7 69.7 59.4 64.9
0.9 61.7 67.6 69.2 66.4 66.2
0.9 59.5 62.0 64.1 58.7 61.1
Table 12. X THF/ WAL p BFIHASER . SAE5R M 1.0 59.0 62.2 62.6 553  59.8
WFER, WESERATUELRIR. PR
f Table 13. RS TR TBUE docea - JEEZEALTRLIE,
UAEGE R TRk .

WRBRL p o R 12 HHUZ R TR p = 0.3 FHEAAAE 4 “HtERY, B IRG R BIATI950 . &
/NBIBAE (BN p € [0.1,0.2] ) SSEYEFN-T-70-117 i Bl B4 Joy i, XA B T 0 B 2 b ) SR 25 3, (3L
F5 FECTHE R B 2 BEBIR A, A ERE] THEBIERERYIRTE . 24 p M 0.5 )5, BEPLITEZH#
BRI S AL OUR AT R B T, B SO IEE P e H S AR . 2 p
BRIy (Bt p>0.8 ), FrAnl ErvEREy R T, X5 P 2w R sl 4 D SR Y
WE—2.

PR TBUR Aseea - 3 13 P 7 PEAR A)5 70 PO 45 B RR TR i . FRATT A BLE BE A P 180
(Aseed = 0.1) g BUAR LR (R, KW TRAIN (55 VAR 25 | Sk fE , (B0 SR gO iy B
ZSRIDATEREZ B 4 Ascea 13/ (140 0.01) B, PPR SO TR LI SEAREERVE , BRAR T Bt 0%
FERE S A . FHR, % Ascea IR (B > 0.3), WIATHE IR TR HER P DRSS F T
MR TEN S, SEE ARG TR, PMEZHIGRICR, EATERERE Acea — 1.0 25 T EEEH

SRS, XL R, AtomicRAG fE—F-PrgdLel F 255, o PPR 4G T Rt T
TaF, HIRFHRA R 2 Bk s & B it 7ok AR JEHE M g g . BRAESS AU, FRATMEH
p=0.3 F Aoeqd = 0.1,

C. M

C.1. 8 1 WUEl: AEG LRAET T Wilba 7 0 Jan i el i s XL 4 i P A5 B P

AR T AtomicRAG Hiff )R- K K (AEG) MFoR S8BEELE . FA15R 47209502 H
FEFATATI, kBRI TR T EEN RAG fr, s 28 g Ui i R Bk 2

WBRTERV AP S IR R RS R — R e . AR IR R 2 E A

Gxe = (E,R,T), TCEXRXE,
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HAgA=ICH (h,rt) € T RN REZWT r(h,t). N OEIRER. Tk, RFES A

7.

=

AEG [ili. AEG & —MRWE Gape = (V.L) , HERENV = AUE . IBXNENHIET a € AK
B, HhENRT2—MUM . BEEaE. KRR IEAL: SRaE0

Leont = {(a,e) |a€ A e &(a)}

SRR e TEIT o PRER R Fst. nIEmR Bl Sk — SRR R AR, A RS
BRI o

C.1.1. Azt KRR RS A Z] B & A P IO A

Definition C.1 (KG-to-AEG embedding). %5 - hF FEAREE G = (6, R, T) . A8
TFEE ©(Gka) = (V. L) IR TP =5cd (h,r,t) €T , QIB—DETEN anre € A, HFET
ij—‘éﬁﬁ%ﬁ%ﬂ T(hat) ) #&E g(ah,r,t) = {h,t} o TIETJ Econt %ﬁﬂ@/ﬁi\ﬂl (ah,r,t;h) ﬂ:_n (ah,r,ht) o Zif"ﬂ £ 7?]\%\
TAEAIE 2R

Definition C.2 (AEG-to-KG projection). & X— %5 mxa, BEXf (Gre) WSHE-— B TEFRE R IR
B, YRR ENET an,e VTR =004 (hyrot), FEREIAEG I =TS

Lemma C.3 (AEG can represent any predicate-labeled KG). *f T %18 847209400 A% G , &
A mka(®(Gre)) = Gka -

IERR. MRS, XPTRAS (hort) € T, QAR —DHIE G r(h,t) RT anre » 388 mxe E
A 2 = ged HAUK A ix 6= e, A mke(P(Gke)) = (E,R,T) = Gka - O

G C.3 F£W, AEG FEFR KRS 7 1 2 /0 518 AR i iR B i B e — AR B Rk T

BAIIAEE N R AEG JRAEFRIE BB ke (B Jmiss B F SCRy Ay 5 it ), i i)
FRyE R R W TCvE FOn X 2 F B, BRARRIE b iR R YR 28 i 2 BLh e el .

Definition C.4 (Contextual distinguishability). —/N3RRiE LT T R 489, WRER AR DEE
AR KR (K] (h,r,t)) HETFSOEXHNZEARR (FlanstE. B, HEs0iE@yragbRei) riE
PAERAF RS, ARSI

Lemma C.5 (Predicate-labeled KG is not contextually distinguishable). 718 @726 402035 K E P,
BAH AR X A4 (hyrt) 89 &IEE L RPGRA AR — 2, BRIy R Z28 458X 2 0
SLE, TMeiey ETFLEFREER.

IEA]. FERAMERIR NS T, TSGR R (hyrit) € E X R X E o WERMAUESRILZAFRY (R, 7, t)
, EMSBUEE T fE—IoR . HEESSH A BN R GRS AR LT3, FRREFE TR K1,

BRAES ARG (B0, TR/ W i SR REE ), TSRt T 5ERg i S . P, SRR
5 FICATIKG M -
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Theorem C.6 (AEG is strictly more comprehensive than predicate-labeled KG). H&£—4A _ETF LT R 4
by AEG, ifm EATIR AR E 0 fo iR FE AR AR 95 Fm AR R 0912 8, RPN XLy R Z2A BRI X A i
agseE .

B BEBANIT a1, a0 € A, ENPEEMFERRPAZG (b t), (BFEETIOELEAFEZER: a0 Wi
TE LRI e F r(ht) WAL, T ax WIETES—E T e T r(ht) BOL, H e # e (HH BRS04
RSN 10, VRIS R 8 R AT TE AR AT 5 B BRAE 2511 ) ARl AtomicRAG PRI E XL, #1 a;
YA B S A, AT MSE I SO RAFH T AEG o XN R Tl 0 S SR A
1, Hty g g e i

MEHZ T, ETARER KG BELAURE AL G N A — &850 (h,r,t) , ANITERT o 5 e ZH
W, RPETIEE C.5. B, % AEG B BERE KG hioR, BRI REARER. X
R o AT O

C.1.2. Eiebh: MR SOnT Ik b by W RS 11 1) 320 5 LR 1) A%k it

fefRBR. & P R MEfL PageRank (PPR) W 4T TS AL RS M. S — AL &
PPR ¥ /&
r=pm+(1-p)P'r, p € (0,1).

REGE RN AR R K R AT R I T (O T2) . B IE— DI IR WUIR S A

17
T:( T > e =(1,0),
€ 1—¢

Horpr oy RAERENLIEE Mg XK R &R T MRS, e 2N T EE R S RS
Lemma C.7 (Relevant mass under two-region PPR and monotone leakage). 4 ¢ = (¢r,p1) AEEH L
W PPR 55 da9 X T {R, I} 94850 % .

p+(1—pke
p+ (L —=p)(y+e)

YR =

Bk, R0, L
p

PR~ —————
p+(1—p)y

Y

B opr KT v S AR

iER. % PPR ANGISHFERN o = pe+ (1 —p)pT , Ht op+or =1 o KL DRI R X~
KPR M A FHL, HIE or B v AR O

FIEE C.7 M), FT AR 3R i S T 4 o Dt 240 v rodsiil .
Assumption C.8 (Predicate-edge noise induces larger leakage than containment backbone). X[ & i)
HORVEARNBGR K 2R, B BRAIE TR AN 5 A s KIS R iR 20 S &0 —H % . 1A, 1 AEG

o BB SCR-SCIRT (R IR E R SO ) B, AR S A R ST N T 2 T S R R IR
HlFE—AHF B € (0,1) ZW.

22



Title Suppressed Due to Excessive Size

Theorem C.9 (AEG yields smaller propagation leakage than predicate-labeled KG). #£Bi% C.8F, W
AEG 7| A2ty 28 KR A 20% 2 Yane < ke M FiBidiriEefoin @is Aok, Ak, L0 FRRE
iR PG > OKG L RE R i R F X

TR AR ARE R AR R, SERGE U2 1] e A i i 1S T SR A ) i B S B IR AT RE
P RIS I, XN ROE e TR T BT R REILIERER, AN yke

1E AEG w1, ETHEBHUEAN T NEE e BT o WEBHE e € £(a) , M a B —5EK ¢ 1
Fetodidl ¢ € E(a) o KLUERALAELE L2 BIHR LR 29, HRdniRi C.8, o] Aits DIk fil
[ PEA KT ME BRI . B S-SRI, (L TTRRBRHITE 8 VAN I, 78 AEG HEJJT R
AR R AN T IR AR R ERE R P I O, IXERE yaee < ke o

g, SIF C.7 £ or BE v BREEBEL, KL oaEC > RS | M yape < yka BFHTAEAZER O
ghe e C6 (Jkgsestt) e C9 (fLiebt) nffmi 1.

C.2. a2 MUEW]: KR ST AT B TR %

AR T XA A DERCJEEE, HEUiP T AtomicRAG (5T G A7AH A2 10 3 A M ] REREAG 2 AR A
AFIRE .

C.2.1. Gi—myiatl: FHAG RIS HEY

2 A FORE UL (AtomicRAG HFRET) MFH . MMM ¢ , BRIRAFTE— M R/N ek
A*(q) C A, ZIEERIIFIEMERITLER, il m = |A*(9)] . —MERFITL U (i, B, THE.
XL AR, =S s ) WFESMEA—MIERSE C(U) C A . EX

r(U) =A@ nCU)l,  MQU):=I[CU)

r(U)
MUY

Cov(q,U) = Ln[j), Pur(q,U) =

C.2.2. MURLEE BATCHRE: Zr BIRERRAEREAR AL, ARG R/ RIS DR 15 DL A )
R — T HONR PR s(q,a) -
S(qa CL) = Ky (a) + €ay Y(a) = 1[(1 € A*(q)]7

HH i > pos Ap=py — po > 0 Fl eq NWALFDH o R R . 0ot R AP, R
T 1
S(an):W Z s(q,a).

acC(U)
Lemma C.10 (Expected score gap equals purity-scaled signal). &~ Ut & r:=r(UT) > 14 M := M(UT)
, BA U R r(U)=04 MU )=M., 0
_ r
E[S(q, UM)] - E[S(q,U7)] = 77 Am.
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BB JBIF S(q,U) HBUN SIS GBI, (L SR T 25, S
(BT H A v/ M4 0

Theorem C.11 (Misranking probability bound degrades with coarse evidence sets). 55|32 C.10 48[
BIRE T,

P(S(.U7) 2 50, 0) < exp -S540 ).

402 M

B 4 D=2S(q,U") = S(q,U7) = 7Au+ X, H X R sr iy i s Iz 2. IRIE K
WEEPATE, X 2 (V20/VM) -k . ARk R AT

P(D < 0) = IP’(X < —&Au) < exp(—T2(AN)2> .

402 M

SEHL C.11 3R], MRERRRAIT (K M H/hr ) 2380 & e SHHS A RE .

C.2.3. dHETCAETIZ-k T A 78 5 71 B FR A 1 2R 2%

Theorem C.12 (Coverage upper bound for overly fine units under top-k). & FTHEAMEE 2T U ¥
B |CWU)| <c (Bl4e, A3 =BFE 00 c=1), 3 FHEE top-k £4 {Uy,...,Us}
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AtomiecRAG Case Stuo(y

{ user query Q :

Why are fair-skinned individuals who use
tanning beds at higher risk for BBC, and
what are the recommended treatment options

if they develop this condition?

Atomic Query
Decomposition

Entity-Resonance Graph Retrieval
NER

Q-~ &

¢ {Entityl, Entity2..3

Rettieva !
\

{ Mnulti-entities:fair skin, tanning beds, BCC, "complexity_score":
| I|treatment options 7.0> threshold 6.5
1 1
: IFAulti—hop reasoning:risk factors » disease | »~

mechanism » treatment | (T~ T~~~ °7"7 (T TTTTTT~7 =
:Feat: | user query Q : + | otowmic query ;
'ures' Compound question: "why" (causal reasoning) + Semsmmmm o e-- T T T T S~

"what" (fact retrieval) &1 “What are the risk factors for basal cell corcinoma in Fair-skinned

wals who use tanning beds?", "Focus "relationship”

"What are the recommended treatment options for basal cel

I
| | . ins: eti ; b are the recommer 7
h I@:zp::ﬁz:la knowledge domains: etiology + carcinoma?", "Focus”: "entity Q\D)PPR .D - C] J
l ) 5
v
( Answer@ \

Atomic Sieve
Retiecval results Fair-skinned individuals who use tanning beds
are at higher risk for basal cell carcinoma
repeat x (BCC) because their skin is more sensitive to
\ UV radiation, which can damage the DNA in
~ basal skin cells, leading to cancer. If they
,' AN develop this condition, the recommended
' irrelevantx = = treatment options include surgery, which is
By 4 the most common approach, as well as
- radiation therapy or systemic therapy,

@ depending on the specific case. Early
detection and accurate testing are crucial for
@ectxve treatment planning.

7 -
[} !
A ) AT ;
“Tanring beds increase the risk of developing Skin cancer, particalarly ..‘ Dol all o comeer 15 cmveed by exposare 5o OV vodiation From the s or Somwing
individuals with fair skin, red or blond hair, or light eye color.” Leds, which can harm the DIA inside basal skin cells.” -

tanning beds, which can harm the DVA inside basal skin cells.”

F

“Basal cell skin cancer is caused by exposure to UV radiation from the sun or “Tanning beds increase the risk of developing skin cancer, particularly in individuals w:thj

fair skin, red or blond hair, or light eye color.”

“Certain risk factors increase the likelihood of developing basal cell skin cancer, .& ng

UV light exposure, Fair skin, red or blond hair, and light eye color.”

r—Kw—aaf'*\

including UV light exposure, fair skin, red or blond hair, and light eye color. irrelevant

o

"Certoin risk Factors increase the likelihood of develoing basal cell skin cmenr

"Basal cell skin cancer is often found on the face, head, and neck.”

42 = irrelevant
)
Surgery is the wmost common treatment for basal cell skin cancer, although radiation
therapy or systemic therapy may also be used.”, 9

ommon type of skin cancer, with about 3 willion cases diagnosed every year in
the United States.”

o )

“Basal cell skin cancer, also known as basal cell carcinoma (BCC), is the most J

“Indoor tanning is a major risk factor for squamous cell skin cancer, as wing o an
types of indoor Tanning machines inereases the risk of getting any type 0 "Basal cell skin cancer is highly treatable and curable, with early detection and
e ] getting any typ ,e‘:‘,eat ghly ] y

cancer.” treatment being crucial.”

e

‘ "Basal cell skin cancer is often found on the Face, head, and neck.”
E "Basal cell skin cancer is often found on the face, head, and neck.” \ rEgbat
\

irrelevant ‘ (

ateve "Basal cell skin cancer, also known as basal cell carcinoma (BCC), is the most common type

of skin cancer, with about 3 wilion cases diagnosed every year in the United States

Figure 6. ZHIT7T.
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System Prompt:
Your task is to extract named entities from the given paragraph.
Respond with a JSON list of entities.
One-shot Demonstration:
User Input:
Radio City
Radio City is India's first private FM radio station and was started on 3 July 2001.
It plays Hindi, English and regional songs.
Radio City recently forayed into New Media in May 2008 with the launch of a music
portal - PlanetRadiocity.com that offers music related news, videos, songs, and
other music-related features.
Assistant Output:
““'json
{H
["Radio City", "India", "3 July 2001", "Hindi", "English", "May 2008",
"PlanetRadiocity.com"]

Figure 7. iy S (NER) HYSRIAR .

System Prompt:
Your task is to extract both RDF triples and knowledge fragments from the given passage in a single unified process.

Requirements for RDF triples:

- Each triple should contain at least one, but preferably two, of the named entities from the provided list - Follow the format: [subject, predicate,
object - Clearly resolve pronouns to their specific names to maintain clarit - Focus on factual relationships present in the text

Requirements for knowledge fragments:

- Each fragment must be self-contained with clear boundaries - Focus on concrete facts, discoveries, achievements, or specific processes- Include
essential context (who, what, when, where) within the fragment - Preserve precise numerical values, time periods, ranges, and measurements -
Include complete causal chains and deeper applications/implications - Prefer specific, verifiable information over general statements - Fragments
should be atomic - covering one complete idea or fact - Avoid redundant or overlapping information between fragments - Each fragment should
be retrievable and useful on its own

Prioritize knowledge fragments that contain:

- Scientific discoveries and their implications with clear temporal context - Historical developments with clear outcomes and time periods -
Technical processes and their specific applications - Causal relationships with measurable effects - Quantifiable facts and measurements -
Complete purpose/application chains (not just what, but why and for what purpose)

For each knowledge fragment, identify which entities from the triples are mentioned

in it to ensure consistency.

Respond with a JSON object containing "triples", "knowledge fragments", and

"fragment_entities" lists.

Figure 8. %i— = 0205 5 JE I HE R .
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System Prompt:
"*You are an expert assistant for a knowledge-graph RAG system.
Decide if the user question needs decomposition and, if yes, write atomic
sub-questions that cover the whole ask. Question: $ {question}
Decompose when:- Multiple entities/relations or multi-hop reasoning is needed - "How/why/compare" reasoning that
spans steps - Compound prompts unlikely to be answered by one fact
Do NOT decompose when: - One fact answers it (who/what/when/where) - Only one entity/relation with a direct
answer
If you decompose, write up to ${max_sub_questions} sub-questions. Each must:1) Cover exactly one aspect 2) Be
answerable independently via retrieval 3) Stay in the same domain/context
Focus label options: "entity", "relationship", "reasoning”, "context".
Return JSON only:
{
"needs_decomposition": true/false,
"complexity score": number 0-10,
"reasoning": "short justification",
"sub_questions": [
{"id": 1, "question
]
H

- Ifneeds decomposition is false, sub_questions = [].
Output:

n.n " llfocusn. "entity"}

Figure 9. BB 5 1M R
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System Prompt:

Your input fields are:
1. “question’ (str): The user's question2. ‘fragments before filter' (str): Knowledge fragments to be filtered
Your output fields are:
1. 'kept_fragment_ids" (KeptFragmentIndices): JSON object describing which fragment
IDs to keep
All interactions will be structured as:
[[ question ]]{question}[[ fragments before filter ]]{fragments before filter}[[ kept fragment ids ]]{kept fragme
nt_ids} # JSON: {"keep indices": [0, 2, ...]}
[[ completed ]]Objective: Filter knowledge fragments to keep ONLY those directly relevant to answering the question.
Each fragment includes an "id" and the “text’. Choose the ids that should be kept.
KEEP fragments that: - Directly answer the question - Provide essential context for understanding the answer -
Contain key facts needed for reasoning
REMOVE fragments that:
- Discuss tangential topics
- Mention similar but different entities
- Provide generic background not needed for this specific question

Return kept fragment ids in JSON format: {"keep_indices": [id1, id2, ...]}
Return an empty array if none are relevant: {"keep indices": [}
Do NOT invent new ids. Only choose from the provided fragment ids.

\\\\\\

Figure 10. S FITIJEFLRER
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System Prompt:

As an advanced reading comprehension assistant, analyze the provided passages and questions meticulously. Begin your
response after "Thought:" with a step-by-step

explanation that shows how you synthesize the evidence. Conclude with "Answer:"

followed by a complete, self-contained response that addresses the question with

all essential details.™™

One-shot Demonstration:

*Context Documents:*

Wikipedia Title: Southampton

The University of Southampton, which was founded in 1862 and received its Royal
Charter as a university in 1952, has over 22,000 students. The university is ranked

in the top 100 research universities in the world...

Wikipedia Title: Neville A. Stanton

Neville A. Stanton is a British Professor of Human Factors and Ergonomics at the
University of Southampton. Prof Stanton is a Chartered Engineer (C.Eng), Chartered
Psychologist (C.Psychol) and Chartered Ergonomist (C.ErgHF)...

*Question:* When was Neville A. Stanton's employer founded?
*Expected Output:*
Thought: The employer of Neville A. Stanton is the University of Southampton, and

historical records state the university was founded in 1862.
Answer: The University of Southampton was founded in 1862.

Figure 11. G MZ I HERBAR .

System Prompt:

As an advanced reading comprehension assistant, your task is to analyze text passages and corresponding questions
meticulously. Your response start after "Thought: ", where you will methodically break down the reasoning process,
illustrating how you arrive at conclusions. Conclude with "Answer: " to present a concise, definitive response, devoid of
additional elaborations. "

One-shot Demonstration:

*Question:* When was Neville A. Stanton's employer founded?

*Expected Output:*

Thought: The employer of Neville A. Stanton is University of Southampton. The
University of Southampton was founded in 1862.
Answer: 1862.

Figure 12. JI TR0 M A PR BAR -
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