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Figure 1: The illustration of RAG, KG-based GraphRAGs and Community-based GraphRAGs.

RAG vs. GraphRAG: A Systematic Evaluation and Key Insights
arXiv:2502.11371
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Query:
In which part of New
Gap' based?

N

York City is the director of the romantic comedy 'Big Stone

Retrieved chunks

Semantic-based
Retrieval

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

Big Stone Gap had its world premiere at the Virginia

(=]

Film Festival on November 6, 2014.

Q

Document

3 I Love NY, also known as I Love New Year, 1s an
Indian romantic comedy film directed by Radhika Rao.

& )
dlrcc(cd by /’!.
ILove NY —
Green Village .Z\\gmc
“~.__romantic comedy
based in
Big Stone Gap
directed by —_premiered at
Adriana Trigiana """x—,.
\ Virginia Film Festival )

+ Graph-guided
Expanded chunks Expansion
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
1 comedy film written and directed by Adriana Trigiani.
The film had its world premiere at the Virginia Film
- ~ J Festival on November 6, 2014. Adriana Trigiani is an
=T _f«'.ﬁ&]ixké Rao o Italian American best-selling author and film director
Knowledge graph < P based in Greenwich Village, New York City. ]
- di d by . < k
g el 2= KG-based Context
_ 'I Love NY — - ()ra;iizatl::nﬂ N I Love NY, also known as 1 Love New Year, is an

| Gréen” Vllagc \“ . sonte L . L “ | Indian romantic comedy film directed by Radhika Rao.

] N 3 o . ) . .

: L -~ ~._ romantic comcdy N The “;a".:-l?lllm was Iﬂk‘(:l.] from ;hc Russian romantic

. "
L] : based in TR, I comedy "The Irony of Fate" (1976).

] Big Stone Gap " --._

! -

! directed by .

i Adriana Trigiana T | LLM Generation |

v ~ Response:

W e erg]pla_Ellip_F_c_sg\_ra_l' Greenwich Village, New York City. | l=l

LLM

Figure 2: Workflow of the proposed KG?RAG.
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Prompt for Triplet Extraction

Instruction:

Extract informative triplets directly from the text following the
examples. Do not add any extra words, line breaks, or spaces.
Example 1:

Text: Scott Derrickson (born July 16, 1966) is an American
director, screenwriter and producer.

Triplets:

<Scott Derrickson, born in, 1966>,

<Scott Derrickson, nationality, America=,

<Scott Derrickson, occupation, director=,

<Scott Derrickson, occupation, screenwriter=,

<Scott Derrickson, occupation, producer=

Example 2:

Text: A Kiss for Corliss is a 1949 American comedy film
directed by Richard Wallace and written by Howard Dimsdale.
Triplets:

<A Kiss for Corliss, year, 1949>,

<A Kiss for Corliss, country, America>,

<A Kiss for Corliss, genre, comedy film=,

<A Kiss for Corliss, director, Richard Wallace>,

<A Kiss for Corliss, writer, Howard Dimsdale>

Target Text: <target text>
Triplets:

Figure 3: The prompt for triplet extraction.
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Query: N
In which part of New York City is the director of the romantic comedy 'Big Stone
\ Gap' based?
Retrieved chunks
- 1 Big Stone Gap is a 2014 American drama romantic
Semantic-based comedy film written and directed by Adriana Trigiani.

Retrieval

Big Stone Gap had its world premiere at the Virginia
Q Film Festival on November 6, 2014,

I Love NY, also known as I Love New Year, is an
Indian romantic comedy film directed by Radhika Rao.
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N I
T = e
In which part of New York City is the director of the romantic comedy 'Big Stone Knowledge graph divected b
Gap' based? I Love NY rected by —
Green Village O~ genre
-k
Retrieved chunks . romantic comedy
- 1 Big Stone Gap is a 2014 American drama romantic based mB' S G
Semaml'c-based comedy film written and directed by Adriana Trigiani. 1g Stone Gap
Retrieval — - » ] i . directed by ~__premiered at
- | Big Stone Gap had its world premicre at the Virginia , . —
Q | Film Festival on November 6, 2014, *| Adriana Trigiana +0)
3 1 Love NY. also known as | Love New Year, is an . Virginia Film Festival v
Document Indian romantic comedy film directed by Radhika Rao.
+ Graph-guided
Expanded chunks Expansion
Adriana Trigiani is an Italian American best-selling
+1 | author and film director based in Greenwich Village,
New York City.
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In which part of New York City is the director of the romantic comedy 'Big Stone Knowledge graph . ’.
Gan' 9 directed by —
jap' based? ILove NY ——
Green Village ~_geure
Retrieved chunks "~ romantic comedy
- 1 Big Stone Gap is a 2014 American drama romantic based mB' St G
Sema“".“‘b““d comedy film written and directed by Adriana Trigiani. 1§ Stone : ap
Retrieval s - - - . directed by ~—_premiered at
Ny Big Stone Gap had its world premiere at the Virginia X . —_
Q “ Film Festival on November 6, 2014, Adriana Trigiana *.
3 1 Love NY, also known as | Love New Year, is an . Virginia Film Festival J
Document Indian romantic comedy film directed by Radhika Rao.
+ Graph-guided
Expanded chunks Expansion
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
1 comedy film written and directed by Adriana Trigiani.
The film had its world premiere at the Virginia Film
p ~ N Festival on November 6, 2014. Adriana Trigiani is an
. ---==-"""Radhika Rao '\. Italian American best-selling author and film director
Knowledge graph » Rzl i " based in Greenwich Village, New York City. 1
i e e KG-based Context
o ---TLoveNY— .- ()ra:zizatl:;ln“ o | I'Love NY, also known as | Love New Year, is an
\ Green Village L genre — 2 “ | Indian romantic comedy film directed by Radhika Rao.
\ R S - X ) . .
: RO ; ~___romantic comcdy; « The mau‘l"r‘)lot was tak‘cn f‘rcjm the Russian romantic
L : based in 5"‘--:-_"'-‘w,—”'/—“” comedy "The Irony of Fate" (1976).
! Big Stone Gap™~-~.
1 .
1 i igi S~ LLM Generation m
I\ﬁ‘adrla.l:m Trigiana . Response: 1 | s |
T Virginia Film Festival, Greenwich Village, New York City. | =

LLM
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Query:
In which part of New
Gap' based?

N

York City is the director of the romantic comedy 'Big Stone

Retrieved chunks

Semantic-based
Retrieval

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

Big Stone Gap had its world premiere at the Virginia

(=]

Film Festival on November 6, 2014.

Q

Document

3 I Love NY, also known as I Love New Year, 1s an
Indian romantic comedy film directed by Radhika Rao.

& )
dlrcc(cd by /’!.
ILove NY —
Green Village .Z\\gmc
“~.__romantic comedy
based in
Big Stone Gap
directed by —_premiered at
Adriana Trigiana """x—,.
\ Virginia Film Festival )

+ Graph-guided
Expanded chunks Expansion
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
1 comedy film written and directed by Adriana Trigiani.
The film had its world premiere at the Virginia Film
- ~ J Festival on November 6, 2014. Adriana Trigiani is an
=T _f«'.ﬁ&]ixké Rao o Italian American best-selling author and film director
Knowledge graph < P based in Greenwich Village, New York City. ]
- di d by . < k
g el 2= KG-based Context
_ 'I Love NY — - ()ra;iizatl::nﬂ N I Love NY, also known as 1 Love New Year, is an

| Gréen” Vllagc \“ . sonte L . L “ | Indian romantic comedy film directed by Radhika Rao.

] N 3 o . ) . .

: L -~ ~._ romantic comcdy N The “;a".:-l?lllm was Iﬂk‘(:l.] from ;hc Russian romantic

. "
L] : based in TR, I comedy "The Irony of Fate" (1976).

] Big Stone Gap " --._

! -

! directed by .

i Adriana Trigiana T | LLM Generation |

v ~ Response:

W e erg]pla_Ellip_F_c_sg\_ra_l' Greenwich Village, New York City. | l=l

LLM

Figure 2: Workflow of the proposed KG?RAG.
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Paragraph A, Return to Olympus:

[1] Return to Olympus is the only album by the alterna-
tive rock band Malfunkshun. 2] It was released after
the band had broken up and after lead singer Andrew
Wood (later of Mother Love Bone) had died of a drug
overdose in 1990. |3] Stone Gossard, of Pearl Jam, had
compiled the songs and released the album on his label,
Loosegroove Records.

Paragraph B, Mother Love Bone:

[4] Mother Love Bone was an American rock band that
formed in Seattle, Washington in 1987. [5] The band
was active from 1987 to 1990. [6] Frontman Andrew
Wood'’s personality and compositions helped to catapult
the group to the top of the burgeoning late 1980s/early
1990s Seattle music scene. 7] Wood died only days be-
fore the scheduled release of the band’s debut album,
“Apple”, thus ending the group’s hopes of success. [8]
The album was finally released a few months later.

Q: What was the former band of the member of Mother
Love Bone who died just before the release of “Apple™?
A: Malfunkshun

Supporting facts: 1,2. 4. 6,7

Figure 1: An example of the multi-hop questions in
HOTPOTQA. We also highlight the supporting facts in
blue italics, which are also part of the dataset.

HOTPOTQA: A Dataset for Diverse, Explainable Multi-hop Question Answering
https://aclanthology.org/D18-1259/
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Method Hotpot-Dist Hotpot-Full Shuffle-Hotpot-Dist Shuffle-Hotpot-Full
ethods

F1 Precision Recall F1 Precision Recall Fl Precision Recall F1 Precision Recall
LLM-only 0.237 0.259 0.234 0237 0.259 0.234 0.158 0.175 0.158 0.158 0.175 0.158

Semantic RAG  0.617 0.646 0.643 0528  0.558 0.535 0.508 0.533 0.524 0422 0.449 0.433
+ Rerank 0.652 0.685 0.665 0.587 0.613 0.603 0.532 0.560 0.546 0.447 0.476 0.456
Hybrid RAG 0.653 0.676 0.655 0.551 0.582 0.558 0.520  0.548 0.534 0.443 0.473 0.446

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
GraphRAG 0.400 0.408 0.491 0.169 0.157 0.429 0.351 0.365 0401 0.163 0.155 0.362
KG?’RAG 0.663 0.690 0.683 0.631 0.665 0.643 0.545 0.572 0.566 0.507 0.539 0.512

Table 1: Comparisons in terms of response quality between KG*RAG and baselines.
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Hotpot-Dist Hotpot-Full Shuffle-Hotpot-Dist Shuffle-Hotpot-Full
Methods

Fl Precision Recall F1 Precision Recall Fl Precision Recall F1 Precision Recall

Semantic RAG  0.343 0.206 0.894  0.300 0.178 0.790 0.321 0.201 0.837 0.268 0.167 0.708
+ Rerank 0.357 0.224 0.932 0.306 0.197 0.833 0339 0.213 0.886 0.286 0.179 0.754
Hybrid RAG 0.354 0.222 0.921 0.302 0.189 0.795 0.334 0.210 0.837 0.279 0.174 0.739

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 0.210 0.138 0.482 0.199 0.126 0.510
KG*RAG 0.436 0.301 0.908 0.310 0.203 0.838 0.405 0.279 0.840 0.305 0.193 0.790

Table 2: Comparisons in terms of retrieval quality between KG?RAG and baselines.
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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 4.41

Table 3: Experimental results of an ablation study conducted on HotpotQA in the distractor setting.
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Response Quality Retrieval Quality

Fl 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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—e—Semantic RAG
~s«=Hybrid RAG

F1 Precision 2
07 0.7 07 Recall =*KGRAG
0.68 —_— /—'
0.65 .7—‘\\. 0.66 /\ 0.65 //‘/“
0.6 / 0.64 / )
0.62
0.55 0.6 0.55
k=5 k=10 k=15 k=5 k=10 k=15 k=5 k=10 k=15
(a) Response Quality
Fl Precision Recall
0.6 0.4 1
0s 0 0.95
X 0.9
0.4
02 0.85
03 0.8
02 0.1 0.75
k=5 k=10 k=15 k=5 k=10 k=15 k=5 k=10 k=15

(b) Retrieval Quality
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(iS50 hop sluxi) M Glideo p5lie 4 s 3,5 0os
Sy M &) Carnnss 505 Canawliw KG2RAG O

Response Quality

Retrieval Quality

Fl Precision Recall

F1 Precision  Recall #Avg.

m=1 0.663 0.690 0.683
m=2 0.656 0.681 0.674
m =23 0.658 0.678 0.675

0.436 0.301 0.908 8.11
0.420 0.291 0.917 8.53
0.421 0.284 0.924 8.19

Table 5: Experimental results on HotpotQA in the distractor setting with varying m.
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Response Quality Retrieval Quality

F1 Precision Recall F1 Precision Recall

Hybrid RAG  0.653 0.676 0.655 0.354 0.222 0.921
KG*RAG 0.663 0.690 0.683  0.436 0.301 0.908
—5% 0.662 0.681 0.676 0.434 0.306 0.898
—10% 0.654 0.688 0.682 0.432 0.305 0.890

Table 6: Experimental results on HotpotQA in the distractor setting with triplets dropped.
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Jbe Semantic RAG & Suop jbaww ¢ cuwl GraphRAG ¢ LightRAG

Method Avg. retrieval time  Avg. generation time | #Input tokens  #Output tokens  #LLM calls Extraction time
Semantic RAG 21ms 2,500ms If"i%h":*“\ﬁ_ '2f259 22{; ! 2"

. . . GraphRAG 791 5 s
LightRAG 40ms 5,600ms KGZRAG 561 7 | s
GraphRAG 42ms 5,500ms
KG*RAG 25ms 2,300ms

Table 9: Comparison of average LLM and time cost per
chunk during KG construction.

Table 10: Comparison of average retrieval and genera-
tion time per query.
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Method Avg. retrieval time  Avg. generation time | #Input tokens  #Output tokens  #LLM calls Extraction time
Semantic RAG 21ms 2,500ms If"i%h":*“\ﬁ_ '2f259 22{; ! 2"

. . . GraphRAG 791 5 s
LightRAG 40ms 5,600ms KGZRAG 561 7 | s
GraphRAG 42ms 5,500ms
KG*RAG 25ms 2,300ms

Table 9: Comparison of average LLM and time cost per
chunk during KG construction.

Table 10: Comparison of average retrieval and genera-
tion time per query.
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