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Knowledge Graph-Guided Retrieval Augmented Generation

Motivation

* Conventional RAGS| HE =gt 2t 9| ot
- 7|& Semantic RAGE (AX|Z2= MZ G1ZE) Z2HE SO 2 Z3I6IX| 2 3t
> = HEE retrieved chunks 2tQ| relations £ 2 E. (LMO{|AH| O ' 20opA] 22

@

Retrieved chunks

M-only ;

LLM
® Graph RAG _ _@-_ I
KG Subgraph
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Figure 1: A comparison among LL.M-only, Semantic
RAG, and Graph RAG paradigms.
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Method

Knowledge Graph-Guided Retrieval Augmented Generation

* KG2RAG 3|12 3: 3 steps-based “retrieve — expand via KG — organize into coherent context”

1. Pre-processing: Offline KG 3= (HA pool)

: Raw O|O|E{All(HotpotQA) = 2t chunks KA triplet 3= (s, r, 0)

-> chunk index2t mapping dll&2] (s,r,0,c)

art of New York City is the director of the romantic comedy 'Big Stone 1
Gap' based?

Retrieved chunks

Big Stone Gap is a 2014 American drama romantic
comedy film written and directed by Adriana Trigiani.

Big Stone Gap had its world premicre at the Virginia

Radhika Rao
djxcclrcfi)bx. —

Knowledge graph

Green Village

_genre
N .m.mamic comedy

2 | Film Festival on November 6, 2014.
3 I Love NY, also known as I Love New Year, is an
Document Indian romantic comedy film directed by Radhika Rao.
+
Expanded chunks

?based in
Big Stone Gap
directed by ~——_premicred at

[+ Adriana Trigiana +@

Virginia Film Festival

Adriana Trigiani is an Italian American best-selling
+1 | author and film director based in Greenwich Village,

New York City.

Gap -~

Big Stone
directed by

Organized paragraphs

Big Stone Gap is a 2014 American drama romantic
comedy film written and directed by Adriana Trigiani.
The film had its world premiere at the Virginia Film
Festival on November 6, 2014. Adriana Trigi an
Italian American best-selling author and film director
based in Greenwich Village, New York City.

I Love NY, also known as I Love New Year, is an
Indian romantic comedy film directed by Radhika Rao.
The main plot was taken from the Russian romantic
comedy "The Irony of Fate" (1976).

driana Trigiana

% '\ B Response:
--- Virginia Film Festival/ Greenwich Village, New York City. |

LLM Generation \m

» 1) Llama-3-8BZ 7%
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Method

* KG2RAG i 2|3: 3 steps-based “retrieve — expan
2. Retrieved chunksZ seed chunks &f0tA{, KG £ f2} e
graph-guided expansion

Knowledge Graph-Guided Retrieval Augmented Generation

d via KG — organize into coherent context”
ntity/relation0| 0|0{X|= CFE chunks 7HX|

- when to stop? hyperparam. m-hop (B HE2| LiS| 2 E edges F7} &15)

Query:
In which part of New York City is the director of the romantic comedy 'Big Stone
Gap' based?

Knowledge graph Radhika Rao
directed by —
ILove NY —~
Green Village @- L S

Retrieved chunks

“~.__romantic comedy

Big Stone Gap is a 2014 American drama romantic
comedy film written and directed by Adriana Trigiani.

Semantic-based 1
Retrieval

, | Big Stone Gap had its world premiere at the Virginia

| based in
1 ) Big Stone Gap
- premiered at

directed by
| Adriana Trigiana e )

Q Film Festival on November 6, 2014.
I Love NY, also known as I Love New Year, is an

Document 3| Indian romantic comedy film directed by Radhika Rao.

Virginia Film Festival

) » D= chunk C} 2B 2

= e 9L2
Expansion N O I Se ME.

+
Expanded chunks
Adriana Trigiani is an Italian American best-selling
+1 | author and film director based in Greenwich Village,

New York City.

Organized paragraphs

Big Stone Gap is a 2014 American drama romantic
comedy film written and directed by Adriana Trigiani.
The film had its world premiere at the Virginia Film
Festival on November 6, 2014. Adriana Trigiani is an
Italian American best-selling author and film director
based in Greenwich Village, New York City.

I Love NY, also known as I Love New Year, is an

e 2 | Indian romantic comedy film directed by Radhika Rao.
3 i coméﬂiﬁ » | The main plot was lakf:r} from the Russian romantic
L T comedy "The Irony of Fate" (1976).
Big Stone Gap™~~~__
. iy = 0O
@ Ty LLM Generation \m|
e o Response: -
________________ Virginia Film Festival; Gi ich Village, New York City. | =)
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Knowledge Graph-Guided Retrieval Augmented Generation

Method

* KG2RAG 3|12 3: 3 steps-based “retrieve — expand via KG — organize into coherent context”
3. Relevance =& chunks 2t =HA{, coherent paragraph @EHZ organization

> filtering& 2I3! relevance &= query2t chunks 2te| SALE 8! 22821810 X

- Eh= merge Qt5t, MST(Maximum Spanning Tree) 7|8F a4l XAl A =20 2]

In which part of New York City is the director of the romantic comedy 'Big Stone Knowledge graph .
Gap' based? ILoveNY
Green Village [~y o
Retrieved chunks "~ romantic comedy
b ]

Mbasaiii
- | | Big Stone Gap is a 2014 American drama romantic ased "F‘ii Stone G
5"']':':'{”":““ comedy film written and directed by Adriana Trigiani. 1 ) § Slone Siap
etrieval N
, | Bie Stone Gap had its world premicre at the Virginia ., directed by ~—premiered at
Film Festival on November 6, 2014. Adriana Trigiana @
Virginia Film Festival

I Love NY, also known as I Love New Year, is an

Document 3| Indian romantic comedy film directed by Radhika Rao.

2 Context Organization:
+ ! -

2o HAZ(DFS)E

Adriana Trigiani is an Italian American best-selling

+ aNl:'l\):o:{:?‘:l cﬁ‘ll,;. director based in Greenwich Village, o p— ] [[l‘ E.l" —L'l_: E.l &! C h un kS

Big Stone Gap is a 2014 American drama romantic L |,OE=|

comedy film written and directed by Adriana Trigiani.
The film had its world premiere at the Virginia Film

Festival on November 6, 2014. Adriana Trigiani is 2 H |- | t
i | fotal st ool L e P e - entities 7t relation
based in Greenwich Village, New York City.
= AlO

5 | ILove NY, also known as I Love New Year, is an _(5 [ ——I re ra n k

Indian romantic comedy film directed by Radhika Rao.
The main plot was taken from the Russian romantic =< x =
" | comedy "The Irony of Fate" (1976). 9 E cl)_:i X|‘ 'I = A E
5 M= HO |—|--|
—_— A -

LLM Generation
= ) [LimGmernon ] (Y
G

Knowledge graph [Pty “" Radhika Rao |
dirocted by .-~
o acaaas JLoveNYy — -~
\"Gréen Village . .‘\ e R

KG-based Context
Organization

coméﬂiﬁ

\ romantic dy
basedin Do - @ _--=T7T
Gap™=--___
remiered at >~

____________

Big Stone

! directed by
: Adriana Trigiana

ich Village, New York City. | =)
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Knowledge Graph-Guided Retrieval Augmented Generation

Experiment

* Main Results
- response quality: /& 2& Z%
- retrieval quality: LLM 9= 2™ chunks?t GOtLt reference factsE & BHESH=}

Hotpot-Dist Hotpot-Full Shuffle-Hotpot-Dist Shuffle-Hotpot-Full ——»

Methods

F1 Precision Recall F1 Precision Recall F1 Precision Recall F1 Precision Recall . .
* shuffle setting: LLM

LLM-only 0237 0259 0234 0237 0259 0234 0.158 0175 0.58 0.158 0.175  0.158 =0~
Semantic RAG 0617 0.646 0643 0528 0558 0535 0508 0533 0524 0422 0449 o433 AKX XAl H{K|S &[ot
+Rerank 0652  0.685  0.665 0587 0613 0603 0532 0560 0546 0447 0476 0456 i
o
Hybrid RAG ~ 0.653 0676 0655 0551 0582 0558 0520 0548 0534 0443 0473 0446 :I 3 XA O[O E

LightRAG 0.293 0.288 0.480 0.261 0.259 0.364 0.285 0.284 0.404 0.202 0.199 0.293 D *—I |_|-| O| e nt|ty§ OEI
GraphRAG 0.400 0.408 0.491 0.169 0.157 0.429 0.351 0.365 0.401 0.163 0.155 0.362 =
KG?RAG 0.663 0.690 0.683 0.631 0.665 0.643 0.545 0572 0566 0.507 0539 0512 Category L|'| E|-_
=PI bolels
Table 1: Comparisons in terms of response quality between KG?RAG and baselines. € ntltyg | -” —

setting.

Hotpot-Dist Hotpot-Full Shuffle-Hotpot-Dist Shuffle-Hotpot-Full
F1 Precision Recall F1 Precision Recall F1 Precision Recall F1 Precision Recall

Semantic RAG  0.343 0.206 0.894 0300 0.178 0.790 0.321 0.201 0.837 0.268 0.167 0.708
+ Rerank 0357  0.224 0932 0306 0.197 0.833 0339 0.213 0.886 0.286 0.179 0.754
Hybrid RAG 0.354  0.222 0921 0.302 0.189 0.795 0334 0210 0.837 0.279 0.174 0.739

Methods

LightRAG 0.234  0.150 0.638 0.132 0.083 0.340 0.227 0.148 0.535 0.116 0.073 0.295
GraphRAG 0.255 0.167 0.594 0.180 0.113 0470 0210 0.138 0.482 0.199 0.126 0.510
KG’RAG 0436  0.301 0908 0.310  0.203 0.838 0405 0.279 0.840 0.305 0.193 0.790

Table 2: Comparisons in terms of retrieval quality between KG?RAG and baselines.



Knowledge Graph-Guided Retrieval Augmented Generation

Experiment

* Ablation
- Coherent Organization: retrieval &0{|A 82|0(, response 0| A ZM4|
- KG-based expansion 21} response S&0|A S2[0], retrieval Of|A ZM|

Response Quality Retrieval Quality
F1 Precision  Recall F1 Precision Recall #Avg.
KG’RAG 0.663 0.690 0.683 0.436 0.301 0.908 8.11

w/o organization  0.660 0.678 0.679 0.259 0.153 0.963 16.76
w/o expansion 0.626 0.653 0.645 0473 0.341 0.842 441

Table 3: Experimental results of an ablation study conducted on HotpotQA in the distractor setting.
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Knowledge Graph-Guided Retrieval Augmented Generation
Limitation
* Wikipedia-based Context

- HotpotQA, TriviaQA, Musique = Wikipedia 7|2t Benchmarks

~> 7|2XH 22 Wikpedia X472} Entity-centricO|2 2,
H| &S &0l web-crawled data, EHQIOA & ZHEX|= o2 XMoo 2 Lt

Olo

o
©
S
Q
[}
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SetKE: Knowledge Editing for Knowledge Elements Overlap

Motivation

* Knowledge Element Overlap (KEO) &X|
- X 2|Al: “7|& knowledge editing (KE)= overlapping knowledgeE % CHEX| &£ ofCL"

- conventional KEE E4f T triplet (s, r, 0) Ll 0 2 o* =& 6t= task

But, SIA0|A= &2 (s, r)oll CHal 2] object 7} A0 £ A=t &4l Ot
5 t1: (Roman Empire, continent, Europe)
t2: (Roman Empire, continent, Asia)
> &, £t object editingO| OFl, object &g TXIE L2t |H| ~Hdt= EX=E 2HF6HO0F StTt
(s, T, 0)9(5, -, 0%) 2} OfLIt, (5,1, 0) > (5,1, 0%) 2 2| ’“OIE CtA| sHOFstC

Copyright © 2024 Natural Language Proce:
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SetKE: Knowledge Editing for Knowledge Elements Overlap

Motivation

* =
Kn0W|edge Element Overlap (KEO) —||_—X'" [ O knowledge neuron = passing direction - -» knowledge location ]
- X . x= = old Al 0
"'l-(a) jlt KEO-”*-I I:l-_r d = |—|- cl)—:i $Roman official Tarm sRoman - existed in the Europe
. O (@] L _ re) el mpire anpuase Tmbire sontine
_?_(b) KEO CI)_:|AO|'O| EIO-I EI- [[H 'ITal_-I %l‘* gl- *lj_ll'gl- s[:mpm, language R s[:mpm vumm?um -
Roman N —— ‘Gaius Roman a existed in the Asa
Empire = PEIOT O ctavius Empire ' continent

> J|E0l= HEY I 5 TR|0M 5= 2F L= YL

- 24| overlapped knowledge O|A= HEE I 2X| A42ICt
(B2 2?7 knowledge overwriting:

‘ s T T "’
b;.

_ . 8 }I’lﬁl?l ZJ
e.g., 20|22 /X2 AfricaZ HE2{1 5tH, Europe 220t s
OtL|2}, Asia 7HX| Africa 2 HOH{ MR ™{HZICE)

(a) Normal triplets localization (b) KEO triplets localization

Figure 1: A demonstration of normal triplets and KEO triplets,
along with a toy example showing how they are localized within
Transformer-based LLMs, where normal triplets are mapped to dis-
tinct neurons, and KEO triplets are mapped to overlapping neurons.



SetKE: Knowledge Editing for Knowledge Elements Overlap

Probing

* KEO TIMt ZOJLtLt?

- J|& Qs KE #HIX|0F=321 “Counterfactual” H|O|E{AIO| A KEO H|O|AZE ZE2IA E|AE

— —
= KE HIHEE=E ML 2t
> |T'__ JEHES 95 55
ROME MEMIT
W Normal | 100 o 9540 WM Normal | 100 04.20 _— Normal
KEO KEO
82 64
80 N 75.36 80 78.70 77.04
74 32 72,51 70,00
65,18
10.44 60 60 60,03
18,93 19,12
2181 40 40
Score Efficacy Generalization Locality Score Efficacy Generalization Locality Score Efficacy Generalization Locality

Figure 2: Comparison of editing performance on Normal and KEO type for MEND, ROME, and MEMIT.
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SetKE: Knowledge Editing for Knowledge Elements Overlap

Method

* Knowledge Set Editing (KSE)

- object e THIE ZEEH 7oK, set Tl ZEd= |XIok= XM= KIE (s, 1, 0) > (s, 1, O7)

MO

t1: (Roman Empire, continent, Europe)
t2: (Roman Empire, continent, Asia)

- e.g.) {Europe, Asia}=E {Africa, Asia}=.
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SetKE: Knowledge Editing for Knowledge Elements Overlap

Method: Benchmarking

* EDITSET: KSE M #iX|0f3 oHE0{8

- WikidataOf| Al &4?24=l 710742| KEO relations =04 A{,
7|& 131t AX|= 3174 2 relation subset= 7|HHO 2 40,9047} instancesZ 2H= 2.

- main %! ablation A1%10{|=, 10,0007H, 7,5007} instances A0t A2 (H| =Z?)
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SetKE: Knowledge Editing for Knowledge Elements Overlap

Method

* SetKE Z|2l¢|3: Set Knowledge Editor

AKX X Cocl-
A TS = == O AL Uzl o= l=lL Lo Knowledge Editing
Query: ‘20t =2 M CiFOf| fIX[sH=7}? N -
Ly, y) = Z ly#01Leair + Leonst
Guide Ihc];,'ldiling

—?— A A oy o| o|& M
=X 1) y*1, y*2 of|A knowledge overwriting 2| ?{&i4 PR L

=4 2) y"3 oM QES B = HEY.

| a4 workers Z] jobs

B. Bipartite Matching (0|2 Oj&!) 7|2 M P 0’: ; T N Eyl‘ =

: PEIO| 0| =4} ’._i!z*ﬂf%éfé SHEE) detg dd iIn maNE

*How? Hun_garlan Algorithm 5 Josl 1 [os] [ 54 o6 os

 # L OISZHy)T SEZH(") Afol2] TN HIG Al SR | | 5=

> E[Xol A 7| (HEO|I 7Y 0000 L A dE] e e EN

* 25 OftH y7} OftH y" 2 E5HO0F DEO| M Xl X|Al : o] LxdoM 1B
—_r"_jnc_% 7|'7é|' 75'!7‘” 3H7_(|'.:'_:|A'| @Qépﬂ —f—@%xlg 7E:'Io'| A. Pre-edit Model B. Bipartite Matching C. Post-edit Model

*AE MEE EYRE, oS MEE YE UF
> MA| H|E0| | AV E|E2E X|HO 2 HIHN Figure 3: Simplified illustration of the SetKE framework.



SetKE: Knowledge Editing for Knowledge Elements Overlap

Method

* SetKE Z|21¢|3: Set Knowledge Editor - B. Bipartite Matching (0|2 O§Z!)

1. §IxH ek
(Roman Empire, continent, O) - (Roman Empire, continent, O*)
O: {Asia, Europe, Antarctica}
O*: {Asia, Europe, Africa}

He(y) \GI=(y) U (Asia) 7, (Europe) 3 (Antarctica)

1 (Asia) -1.0 0.0 0.0

> y%j (y™: Asia, y"2: Europe, y*3: Antarctica)
y_i (y1: Asia, y2: Europe, y3: Africa) Y2 (Europe) 0.0 -1.0 0.0
/ Y3 (Africa) 0.0 0.0 0.0
. & set AtO[2] (O-0*) OiE H|Z A|4tst0{ H|E E(Cost Matrix) 75
. pair & H|E%&t C_match()

Crnaten(,7) = —P(§; = y;) : S setOl|lM i-th index, 0IZ set01|)\1j -th index =&Z M,
_ EE*'OI o= y* j7t &X FE y_iet Ex 2HE
~P(EE|UZF) S sz ool fo|uA(-)7F 20f glonz, Ux| &80 24
H|(C_match)& SO},
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SetKE: Knowledge Editing for Knowledge Elements Overlap

Method

* SetKE Z3|219|3: Set Knowledge Editor - B. Bipartite Matching (O] O§%!)

3. Y¢7tE|et Y nE|So 2 A4 HE" o3
- ZHZH(Workers)Zt 0[S4f(Jobs) ALO|Of|A] M A| H|E2| &0| 7HE H2(F, =& &0 7IE =2) =& =8 37|
- &|%| o§3 Aok
Jobs
Workers =€) \oI5(g) ¢ (Asia) g, (Europe) s (Antarctica)

§ Y1 (Asia) -1.0 0.0 0.0

§ Y2 (Europe) 0.0 -1.0 0.0

ys (Africa) 0.0 0.0 0.0

* ALIE|R A (RHEH: HIE Z[2) * ALIE|2 B (SRE)

§ e (y1,%1) : Asia <> Asia = —1.0 01 E8) o (y1,93) : Asia <> Antarctica = 0.0 (LHY - Asia7t L}2 ©E0| gI8)
§ « (y2,92) : Europe <+ Europe = —1.0 (02 £8) * (42,42) : Burope > Europe = —1.0 (02 &8

B e (y3,83) : Africa <> Antarctica = 0.0 (25) o (y3,91) : Africa <> Asia = 0.0 (L1 - Africa’t L2 #20| gi8)

« Total Cost= —2.0 + Total Cost = —1.0




SetKE: Knowledge Editing for Knowledge Elements Overlap

Method

* SetKE =3|223: Set Knowledge Editor - B. Bipartite Matching (O|= O{%!)

= = . = = at continent did the Roman Empire exist in? |
- £|Z &4 o 2yl oSl 22 Vs K| ¥dlol T

Km}wledge Editing

Oﬂkl Antarctica S %FEQFOfE _I?l__b"_l:lf _'E_E-H-HO'I Africas I7E|_O|_77|%>_7 | B. Bipartite Matching C. Post-edit Model

= ASIaHASIa. Europe~Europe 0[0] & i E &S0 tisiM =, oo o
2A10| 7{o| EHMFIX| QtoDO 2 7|EO| 2HIZ XAl TCHZ 9OX| plified illustration of the SetKE framework.

Lo ——

N it L(y y)=2nb oo+ L
—_— ean ’ 4 i 20 -ed it const
_ Z l{yJ#‘ﬂ} Lﬁ(]) + LCORSt Guidclhc)i;ldiling
j=1 é, DHgEl_l AéI_O_” I:H _(.)_H A_| Dl_l' —/EAEI 7:”AI_|' i(j) = ((}’1,}’2).()/2‘};1).('y;\vl)';]s?]l
o _ _ TTTE Workers (%) jobs
5 . L edit_pi®(j): MEH=| Ojzl0f| CHal| HZ! 2HE M=K S™H5I= &4 S 50 34 5 5 94 99 »:
: . L_const: HE| HQ|E H{0{Lt Ct2 XI*'( cali y)0| npo| =X =5 fos o] 1] ]
< X|2F5H= KL Divergence 7[gte| &4 A 00701} | v 08 !
% 06) 108 V| 0.6 0.8
: - “7|Z0] Antarctica (y*_3)E L{HTE 3H 0| = {X| pi_j Of| M, AN I REY S
5 - EANIRE N FEAN IR
O|H|= HEFQI Africa (y_3)7t LIS BES =oap EL| S i e i o
= ‘Enr H="0|2ts 521 22X MA|IE 2APY HiR= Al ofL| 2}, e L S o




SetKE: Knowledge Editing for Knowledge Elements Overlap

Experiment

* Main Result
- KEO &&0f|X:= KEO & KE YYHES MOf 95 & LI=L}
- Efficacy: ®HEEl X|&(Target Edit)0]| Cia] 2EO| 2| =6t HEIS HOtLt YetstH| £ ot=X|
Generalization: 3¢t X[Al2 2= CHE HEfQ| 2 E(f2{=2|[0|d S)of| CHsiA = SHIEHA| EHot=X|
Locality: TE! CHAMO| OFl 2t Qi = X[AS0f| Ciell REIQ| 7|= 4&0| HstX| &1 & XL =X|

— —
Score: X|i &8 G ds H=+

Table 3: Numerical results on EDITSET for 10,000 edits (95% confidence intervals in parentheses).

g GPT2 Large (760M) GPT2 XL (1.5B)

f‘” Editor  Score Efficacy Generalization ~ Locality | Score Efficacy Generalization  Locality
; FT-W 5146 58.13(0.5) 45.29 (0.5) 52.58 (0.4) | 55.18 65.66 (0.5) 50.97 (0.5) 51.24 (0.4)
s KN 4221 38.22(0.5) 37.46 (0.5) 54.89 (0.4) | 40.65 35.93(0.5) 35.86 (0.5) 55.29 (0.4)
MEND - - - - 38.75 89.58 (0.3) 81.58 (0.4) 18.52 (0.3)
£ PMET 43.34 40.82(0.5) 39.24 (0.5) 5198 (0.4) | 44.13 41.15(0.5) 40.08 (0.5) 53.39(0.4)
Z MEMIT 49.65 49.53(0.5) 45.64 (0.5) 54.59 (0.4) | 56.60 61.12(0.5) 55.07 (0.5) 54.11 (0.4)
K ROME 64.08 72.03 (0.4) 69.63 (0.4) 53.84(0.4) | 65.89 75.27(0.4) 73.58 (0.4) 53.62 (0.4)
§; SetKE 71.47 88.57 (0.3) 80.91 (0.4) 54.77(0.4) | 75.28 95.90(0.2) 91.68 (0.2) 54.14 (0.4)
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