oy
1=
ol
oy
0x
0x
o
>
e
~
>
10
]
=
re
-

SO ot =AF 429

elSSN: 3022-7011
https://doi.org/10.3745/TKIPS.2024.13.9.429

The Transactions of the Korea Information Processing Society
TKIPS Vol.13, No.9, pp.429~436

A Survey on the Latest Research Trends in Retrieval-Augmented Generation
Eunbin Lee' - Ho Bae'

ABSTRACT

As Large Language Models (LLMs) continue to advance, effectively harnessing their potential has become increasingly important. LLMs,
trained on vast datasets, are capable of generating text across a wide range of topics, making them useful in applications such as content
creation, machine translation, and chatbots. However, they often face challenges in generalization due to gaps in specific or specialized
knowledge, and updating these models with the latest information post-training remains a significant hurdle. To address these issues,
Retrieval-Augmented Generation (RAG) models have been introduced. These models enhance response generation by retrieving information
from continuously updated external databases, thereby reducing the hallucination phenomenon often seen in LLMs while improving
efficiency and accuracy. This paper presents the foundational architecture of RAG, reviews recent research trends aimed at enhancing
the retrieval capabilities of LLMs through RAG, and discusses evaluation techniques. Additionally, it explores performance optimization
and real-world applications of RAG in various industries. Through this analysis, the paper aims to propose future research directions
for the continued development of RAG models.

Keywords : LLM, Retrieval-Augmented Generation, Hallucination
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Table 1. Optimization for RAG
Goal Methods

The retrieved documents are
Correctness | factually accurate and include no
errors or incorrect information

Search for documents related to
Context |the query and provide
Relevence |appropriate and useful answers
to question

[24-25]

Efficienty in search speed and
resource utilization, along with
optimization of system
performance

Efficiency [26-27]




432 HEX2|stE =2 HM133 HM95(2024. 9)

AU 244 &GS A off LMo 2283t b
olH & At HL3r THE &= 5ol Aok = 3L
ot &3] Shi, Freda, et al.[22]2 8] FE0|u} =24 HHA
d =2 AUE7t 87EE &doA] ndo] EHQ3 RS
st o ZHAof % z?—_- A=A AEct F7H

% DUE SEE=] BYRT JUE RASES 4N o
89] YAES F71ot0] B FARE FATH WHS A
QHsict. it olefat WA A 1 } BE 4] H8HAL

o, mEl A9 ¥ glo] F7HEQ] ZEILETt o&s)
of stH& md A9 7jAo] dQsirh= ©ilo] Utk

o] QJof| %= Asai, Akari, et al.[23]= A0 = FA 7]
Hho] JHE gristal Aeist= IS A TEA| A0 F7}
Sto] RAG HE9] AEE wol= S Akt o= &
HERQl 282 AT o FA) 7|5k 852 845t 4
S s A= d Aol At HA ARl oA = o
As] B0l B2 3E= BT 5 St AT Aok

4.2 pEy

AREAHS] #Et B A7 HAE=A Btk
7&”‘—‘"% EA7E AR A7 AH @70y EHa A

E= AL SHE ey AR 2R} sk JEo| o

OH AAsty {83 FHS AT 4 qlojof gtk

Wang, Zhiruo, et al.[24]= B33 &, ol 53, 4
A5 RS T3 Al 71X g A= AHESto] f-83
oy} j_ejx] oro Huho. ;37,].;(4 oz -_,L.,_o]-‘— HFHS Aot
ok I8y o3t e 7le2 W% EFsiAY =44
Ql Ao thgt FA Aol A= 7)Aol mlmlsioh= gHAIR o]
woug Autslstr] ojHrk= £4o| Ut

Ma, Xinbei, et al.[25]% A #29 THAA EHHA
AN Aol AHEAY FEE 7o g2 FA HE AAs)
o] 8-23= Rewrite-Retrieve-Read 4] Attt o]
£ 5l *PQ-X}«] A} A= Q3 A4 B Afo]o] &
g = =2 FAsketo] Qo g HHE AT

LLM] & *éa FAI717] |9l He, Zhenyu,
et al.[26—E A £ro| $8& & REST(Retrieval -Based
Speculative Decoding) 2@ ARttt o] Hdl2 T A0
A FE=H E9-A<%A(Context-Continuation) 40| E3He
ol Ho]EH|o]AE E-Esto] o EHoA AZEE THs
do] £ ETS BU-ASH HogRE HAtoEn A

AFos 2 A WAL FE HHL Lokt

Jin, Chao, et al.27]= 3t=go] Z2HoA AM T84S
2AsH7] Tt AFE APt AAE FEO S AH
£ Knowledge Tree® F43}3, GPU} Host Memory A&
o] 7§4JeF= RAGCacheE A|tsto] & AXS HAAZ O
., LLM of &A1 AS fIet 24l 74 AlA"E T Bl skl
Sz Ho 1.84] 2 FS S5t

5. RAG 45 7t

5.1 It =M
RAG =AY T H4HE SH9 E4& H7id ff 32
Al 27FA] oA o] Fo] R tH28-30].

) $AE
Ddo] $9e AT W P BUS FUsHA Wy
o] *"*éﬂ‘”bﬂ Bkl YA Gt gule) 8IS
LS WA g

A Aot AREAAG 258 o) IR Fau,

2) #AA
wdo] A Sdo] AREAe] AET ZHAQ o
Q=] Yriste] wdo] AEo] HHsHA Esla =] &

|
o

a)

QIsiet. AT S0l AAAS ol B TS 44
33 Y=AZ Shelste] mlo] ALgAY] 87E AT ol
3 A WA 4 U 71%e] Ak

5.2 T7} atx|

RAGY] 52 B7IE 4= Q= tAE" A2 34 4
9]-3=HQA, Question Answering), iSF=Z(Dialog), FH F&
(IE, Information Extraction), $=(Reasoning)o& T&&
4> Slth. Table 2& RAG 229 theAER 2 AA 7Ha
£ HojEr

293 &4 tx Al Hlo|EAl e &= Natural Ques-
tions(NQ)[31], PopQAI[32], HotpotQAI[33], ELI5[34], TriviaQA
(TQA)35] 5°] Ut o] o 3 AP Wizard of
Wikipedia(WoW)[36], KBP[37], HE & ZY-2 WikiEvent

Table 2. Evaluation Tasks of RAG

Tasks Datasets
Natural Question(QA) [31]
PopQA [32]

QA HotpotQA [33]
ELI5 [34]

TriviaQA(TQA) [35]
Wizard of Wikipedia(WoW) [36]

Pialog KBP [37]
Information WikiEvent [38]
Extraction RAMS [49]
Reasoning HellaSwang [40]

CoT Reasoning [41]




[3 ], RAMS[39], 32 22 HellaSwagl40], CoT Reasoning
1] 5°] Ak

5.3 7t X|&

RAGS| H2AEY Ade B71g o, 2 2
9 ARE AR FoSHE FGolM Rl s

Be AlEokeAl Brreh] Al do Sl ey &

Q

2jo]) At 7]

R84

2 ﬂJlO

[l

X|5l=2] 245l= EM(Exact Match)@} F-E2Q1 LA
7Vok= Fl A RS ARSRITH25, 41-43]. AR =4
£ AccuracyE ARSSHCH2, 23, 41, 44]. 329 &
71 = MAUVE A #£5 A8 (18, 30], SE2
BH71e o= BLEUilingual Evaluation Understudy
Score) ¥ ROUGE(Recall-Oriented Understudy for Gisting
Evaluation), ROUGE-L A|E& ARE3IH17-18].

ol o o mu o ofo
2oL
m{%

:E:, O

e ox
rulo o

5.4 HIt 293

RAG 7]9t A ARE 71617] ol Saad-Falcon, Jon, et
al.[2812 ‘=sHE HPHEQl ARES(Automated RAG Evalua-
tion System)}< AP o] WHE Fo7] EHIAE AE Qo
A SEE AsoE Briela, 4 HIEHE Akl HHAe
2, g, B4 fAE, 4 A 5 ot HESE 59
RAG Al2H9 A% W7Iskt Es, Shahul, et al.[2919
RAGASE= Al 7HA] HIE=]Z ARESto] RAG AlAEE B71sE
o SAE, @9 A4, B9 394 59 5S4 ‘:]10}01 bl
7t9] Bk T3St WikiEval dHlo]BIAS =3I, oS
7k 88351t} Hoshi, Yasuto, et al.[45]2 /\]'*9-1}7]‘ 2]
s Remeval 718k LLME 7Rdstal B 573 2 B77A] 7t
5o sh= ZEAYPAE ATsto] Hod= ATt 9l
o] 9o RGB, CRUD?} 22 #lA|wta E3F RAGY 5=
B7FE 4= ATH46-471.

Gao, Tianyu, et al.[30l= 22| g2 £0]7] flsf Aty
BAE IR ZHE R AMslo] A5 BAEC] oL

S F7hela, AA4E 9189 HEry A 4 52 AAH
o7 BWrlsly] 93t Wix|ula ALICES =353t ol &
o AMAA AT HE 7FedS ANAdskth

°]5<4§ AAAA 7 B7FE 7heA ofs ZEdEa A

o|FolA UAFF B ZH|lou Qoo Bk e
?‘i:r’{— HZ3E Aol 3k tha2Ql IolA RAGE
S = Sl 7S] tigk A7} o] Fol Aok & Aojtt.

oljg
_\.Lrﬂrr

6. RAG2| S8 =0F

RAG HE2 Bl=7| Holste A4 JEE S vt
om, o5 HloE o] Ao HAIZEo 7 FMI HJHS 7]
o2 S-S AT 4 Atk 0|9k & 7% H4< g8stod A
=32l ]QO] a3t Zohd Aol E3HA717] 99t &8
Ag-=o] ARbEIL Qlek

Lozano, Alejandro, et al.[48]2 94 A&o] g8 4 1k

&3 RAGS} 2 E4A ll & A~o]
g STt A|AE % A|RFgILE. o] AJA”IE RAGE 285
of 9l Fof AFAEo] 4l AT AHE Ao = o
sl 98 A9 HAEE ¥L 5 =S FOEX RAGY
& Boks gAstaith ey A o= RAGOA Axd
AH 089 4%|7} Y= ARE WAS 7l54Jo] 9lo] o]
£ WEHOR 4ol A2 AL & Slrh= AL STk

Kang, Haogiang, et al.[49]> &§ EoFollA AT 4= 9l
= &7 349 ‘ﬂ%-@r 27 AEsl9lt) ol B HME &
ofo A] RAGE A28 1 dhAal 2 o) Bz FARS o] 38t
= Sl AFE FAE AT

ru

ojAH H& ozt 9=, AP, WE T HIH A

i 2opel Sl BT 4 Sl B A9 IS et

I A3tstr] fIgk A7t RSt Jin, Jiajie, et al[50l=

RAG 75 HEot golsH +dstal B71E 5 &’l% B}

H YIS Alkete] A7ARES] 8FARNE Bl
2 IFA7IA
7. E% UM W

T AAHE Al = HAER ofyg} o]H]7], TR &
o7 Blel HWERY HolHE st &8 & Qe
LMM(Large Multimodal Models)°] 535ttt Th4st =&
9] golHE AT 4 = gE Qo] 24| F84
o] FZHI Qo B = o]F AT 4 U= RAGY] A+
83511

RAGE AM&SIE|2tE oA s] o] WAY e
BE dZ & e BAVE S webA Sa% 2%
] RAGY] SE2 & o7 AFel= AL I & .
Yan, Shi-Qi, et al.[52]:& HM Z2AA F FHE 749 4
B H4 Brista ol A4 Aol wrgdsto] RAG ZE9
38L& Ascte ZES AQbetGitt o]9F Zo] RAG =¥
9 o= AP, AEAEE EY s = AEE B Y
N 59 A7t 712 sttt

AAT} g ol sk oA WSt H
Tot &2 A4 v GA| sfdsfjof & Aol o] F S5S
7] Yol AEE oS EE€F0E Aot A = s
7hdo] E g5ttt RAG ZE9] AZE o] HAHZHE of}
st=go] HAIE Bol A9 58 FHA7I= A7 28
SheH53].

o] ook LLM 2 & ApA|of] EA5h= 43,
ozl HE EAE RAGE B9l ET 4 Ut} Shrestha,
Robik, et al.[54l= E|AEOf|A] o]n|A] 2 AJ/dS}t= Diffusion
ModelolAl &% HAst= AR HAS sidsty] s &7
o|ujA| Tlo|EH|o] Ao A K& o] & FATIo] o]F /]
Hdo] 21& A W oE HIS Asfet] g AT
AQrstatt. o]X¥ RAGE EE9] HEF EAIE didst] ¢
g o2 {854 E8d 5 S Aotk ¥, RAG &

%, 1o
o, flfo rsh
ok o,

A9, A% 5



434 HEX2|sts| =2X| 133 M95(2024. 9)

g2 ARSSHE Zlo] 258 B EAE S2A1Z & 9tk ¥
gt 2| 3of 7|Htete] HEFE £o)7] ATt ko] 5|8 4
Al FFslslr] oj#f2 E]RE HEFS Z_H'%"IZ} o 7] ol
t} RAG 2dlo] E4 &
S 39, gt THS Xﬂ%’-

Chamber) @& 2 4= ItH55]. waka] RAG E 9] %+
1H7‘q A H%*% QAAete] Elo] 5 tizbE o R Wrlshal,

8.4 E

RAGY] 542 A5 LLMOM e o= 9l oy §
AL HEE 5= = 385 471 =AUt RAGE AH&std
LI E1101E1Hﬂ°lii$‘51 HE— AMstal o] & 7|Hte R §

< Adots IFES 5o AHEAS] 8o A3t FEst
SEE AT £ Utk LMY A2 FFA7171 Yl &
st A B2 SHE AT & AUE RAG A7t s
Y= Qi

E =52 RAG 71€9 71E NL8E A9 o, LLMI}
Aot 452 IAZI7] gt oget A7) EXES

o_uHE

Astgct HAst Ao £ I AT, B, §84
o2 FET 449 WAE 7143 RAGE B % e
ST B ARSE Ausle B ] Safl
U AR Aol S-gate ATE ofF] 7] BAof Bafshn
27140l 7t " Qslct,

RAGE LIMe] 7KL Q= e
2ZA Yoz yAF Al Holo] FAL &
%olth. RAGO] BH< Ijgtsty, FoF

5 2549l 0|24 A7 % S8 Ho

Q]

g
K)
o 1%
= 4y
0

o
Jo M
IS VI
QL 4 %o
HX A

=
o
=

4

w0 1P i

)

Q.
©

¢}

|28

References

[1]1 M. Alex, A. Asai, V. Zhong, R. Das, D. Khashabi, and H.
Hajishirzi, “When not to trust language models: Investi-
gating effectiveness of parametric and non-parametric
memories,” in Proceedings of the ArXiv Preprint, arXiv.
2212.10511, 2022.

[2] P. Lewis et al,
knowledge-intensive nlp tasks,” in Advances in Neural
Information Processing Systems 33, Online, pp.9459-9474,
2020.

(3] K. Tian, E. Mitchell, H. Yao, C. D. Manning, and C. Finn,
“Fine-tuning language models for factuality,” in Pro-
ceedings of the ArXiv Preprint, arXiv:2311.08401, 2023.

(4] S. Chen, S. Wong, L. Chen, and Y. Tian, “Extending context
window of large language models via positional inter-
polation,” in Proceedings of the ArXiv Preprint,
arXiv:2306.15595, 2023.

“Retrieval-augmented generation for

[5] O. Ovadia, M. Brief, M. Mishaeli, and O. Elisha, “Fine-
tuning or retrieval? comparing knowledge injection in
llms,” in Proceedings of the ArXiv Preprint, arXiv:2312.
05934, 2023.

[6] Y. Gao et al,,
language models: A survey,” in Proceedings of the ArXiv
Preprint, 2023, arXiv:2312.10997.

[7] S. Robertson, and H. Zaragoza, “The probabilistic rele-
vance framework: BM25 and beyond,” Foundations and
Trends® in Information Retrieval, Vol.3. No.4, pp.333-
389, 2009.

[8] V. Karpukhin et al.,
domain question answering,” in Proceedings of the 2020

“Retrieval-augmented generation for large

“Dense passage retrieval for open-

Conference on Empirical Methods in Natural Language
Processing, Online, pp.6769-6781, 2020.

9] M. Lewis et al.,
pre-training for natural language generation, translation,
and comprehension,” in Proceedings of the 58th Annual
Meeting of the Association for Computational Linguistics,
Online, pp.7871-7880, 2020.

[10] G. Izacard, and E. Grave, ‘Leveraging passage retrieval

“Bart: Denoising sequence-to-sequence

with generative models for open domain question
answering,” In Proceedings of the 16th Conference of the
Buropean Chapter of the Association for Computational
Linguistics: Main Volume, Online, pp.874-880, 2021.

[11] H. Touvron et al., ‘L
language models,” in Proceedings of the ArXiv Preprint,
arXiv:2302.13971, 2023.

[12] J. Achiam et al., “Gpt-4 technical report,” in Proceedings
of the ArXiv Preprint, arXiv:2303.08774, 2023.

[13] K. Guu, K. Lee, Z. Tung, P. Pasupat, and M. Chang,
“Retrieval augmented language model pre-training,” In
Proceedings of the 37th International Conference on
Machine Learning, Online, pp.3929-3938, 2020.

[14] D. Chen, A. Fisch, J. Weston, and A. Bordes, “Reading
wikipedia to answer open-domain questions,” In Proceed-
ings of the 55th Annual Meeting of the Association for
Computational Linguistics, Vancouver, pp.1870-1879, 2017.

[15] W. Shi et al., “REPLUG: Retrieval-Augmented Black-Box
Language Models,” In Proceedings of the 2024 Conference
of the North American Chapter of the Association for
Computational Linguistics. Human Language Technol-
ogies, Mexico City, pp.8371-8384, 2024.

[16] W. Yu, H. Zhang, X. Pan, K. Ma, H. Wang, and D. Yu,
“Chain-of-note: Enhancing robustness in retrieval-aug-

lama: Open and efficient foundation

mented language models,” in Proceedings of the ArXiv
Preprint, arXiv:2311.09210, 2023.

[17] Z. Jiang et al., “Active retrieval augmented generation,”
In Proceedings of the 2023 Conference on Empirical Met-
hods in Natural Language Processing, Singapore, pp.7969-



7992, 2023.

[18] A. Asai, Z. Wu, Y. Wang, A. Sil, and H. Hajishirzi, “Self-rag:
Learning to retrieve, generate, and critique through self-
reflection,” in Proceedings of the ArXiv Preprint,
arXiv:2310.11511, 2023.

[19] Y. Wang, P. Li, M. Sun, and Y. Liu, “Self-knowledge guided
retrieval augmentation for large language models,” /n
Findings of the Association for Computational Linguistics:
EMNLP, Singapore, pp.10303-10315, 2023.

[20] J. Zhang et al., “ReAugKD: Retrieval-Augmented Knowl-
edge Distillation For Pre-trained Language Models,” In
Proceedings of the 61st Annual Meeting of the Association
for Computational Linguistics, Toronto, pp.1128-1136,
2023.

[21] S. Yao et al., “‘React: Synergizing reasoning and acting in
language models,” in Proceedings of the ArXiv Preprint,
arXiv:2210.03629, 2022.

[22] F. Shi et al., “Large language models can be easily dist-
racted by irrelevant context,” in Proceedings of the 40th
International Conference on Machine Learning, Hawai,
pp.31210-31227, 2023.

[23] A. Asai, M. Gardner, and H. Hajishirzi, ‘Evidentiality-
guided Generation for Knowledge-Intensive NLP Tasks,”
In Proceedings of the 2022 Conference of the North
American Chapter of the Association for Computational
Linguistics' Human Language Technologies, Seattle,
pp.2226-2243, 2022.

[24] Z. Wang, J. Araki, Z. Jiang, M. R. Parves, and G. Neubig,
“‘Learning to filter context for retrieval-augmented
generation,” in Proceedings of the ArXiv Preprint, arXiv.
2311.08377, 2023.

[25] X. Ma, Y. Gong, P. He, H. Zhao, and N. Duan, “Query Re-
writing in Retrieval-Augmented Large Language Models,”
In Proceedings of the 2023 Conference on Empirical
Methods in Natural Language Processing, Singapore,
pp.5303-5315, 2023.

[26] Z. He, Z. Zhong, T. Cai, J. D. Lee, and D. He, “Rest: Re-
trieval-based speculative decoding,” in Proceedings of the
ArXiv Preprint, arXiv:2311.08252, 2023.

[27] C. Jin et al., “RAGCache: Efficient Knowledge Caching for
Retrieval-Augmented Generation,” in Proceedings of the
ArXiv Preprint, arXivi2404.12457, 2024.

[28] J. Saad-Falcon, O. Khattab, C. Potts, and M. Zaharia,
“‘ARES: An Automated Evaluation Framework for Retrieval-
Augmented Generation Systems,” In Proceedings of the
2024 Conference of the North American Chapter of the
Association for Computational Linguistics. Human Lang-
uage Technologies, Mexico City, pp.338-354, 2024.

[29] S. Es, J. James, L. Espinosa-Anke, and S. Schockaert,
“Ragas: Automated evaluation of retrieval augmented

generation,” in Proceedings of the ArXiv Preprint,
arXiv:2309.15217, 2023.

[30] T. Gao, H. Yen, J. Yu, and D. Chen, “Enabling large lang-
uage models to generate text with citations,” /n Proceed-
ings of the 2023 Conference on Empirical Methods in
Natural Language Processing, Singapore, pp.6465-6438,
2023.

[31] T. Kwiatkowski et al., “Natural questions: a benchmark
for question answering research,” Transactions of the
Association for Computational Linguistics, pp.452-466,
2019.

[32] A. Mallen, A. Asai, V. Zhong, R. Das, D. Khashabi, and
H. Hajishirzi, “When Not to Trust Language Models: In-
vestigating Effectiveness of Parametric and Non-Para-
metric Memories,” In Proceedings of the 6lst Annual
Meeting of the Association for Computational Linguistics,
Toronto, pp.9802-9822, 2023.

[33] Z. Yang et al., “HotpotQA: A dataset for diverse, explain-
able multi-hop question answering,” In Proceedings of the
2018 Conference on Empirical Methods in Natural
Language Processing, Brussels, pp.2369-2380, 2018.

[34] A. Fan, Y. Jernite, E. Perez, D. Grangier, ]. Weston, and
M. Auli, “ELI5: Long form question answering,” /n Pro-
ceedings of the 57th Annual Meeting of the Association
for Computational Linguistics, Florence, pp.3558-3567,
2019.

[35] M. Joshi, E. Choi, D. Weld, and L. Zettlemoyer, “TriviaQA:
A Large Scale Distantly Supervised Challenge Dataset for
Reading Comprehension,” In Proceedings of the 55th
Annual Meeting of the Association for Computational
Linguistics, Vancouver, pp.1601-1611, 2017.

(36] E. Dinan, S. Roller, K. Shuster, A. Fan, M. Auli, and J.
Weston, “Wizard of wikipedia: Knowledge-powered con-
versational agents,” in Proceedings of the ArXiv Preprint,
2018, arXiv:1811.01241.

[37] H. Wang et al., “Large Language Models as Source Planner
for Personalized Knowledge-grounded Dialogues,” In
Findings of the Association for Computational Linguistics,
Singapore, pp.9556-9569, 2023.

(38] S. Li, H. Ji, and J. Han, “Document-Level Event Argument
Extraction by Conditional Generation,” In Proceedings of
the 2021 Conference of the North American Chapter of
the Association for Computational Linguistics: Human
Language Technologies, Online, pp.894-908, 2021.

[39] S. Ebner, P. Xia, R. Culkin, K. Rawlins, and B. V. Durme,
“Multi-Sentence Argument Linking,” /n Proceedings of the
58th Annual Meeting of the Association for Computational
Linguistics, Online, pp.8057-8077, 2020.

[40] R. Zellers, A. Holtzman, Y. Bisk, A. Farhadi, and Y. Choi,
“HellaSwag: Can a Machine Really Finish Your Sentence?,”



436 HEX2|stE =2 133 HM95(2024. 9)

In Proceedings of the 57th Annual Meeting of the Asso-
ciation for Computational Linguistics, Florence, pp.4791-
4800, 2019.

[41] S. Kim et al., “The CoT Collection: Improving Zero-shot
and Few-shot Learning of Language Models via Chain-
of-Thought Fine-Tuning,” /n Proceedings of the 2023
Conference on Empirical Methods in Natural Language
Processing, Singapore, pp.12685-12708, 2023.

[42] B. Wang et al., “InstructRetro: Instruction Tuning post Re-
trieval-Augmented Pretraining,” in Proceedings of the
ArXiv Preprint, arXiv:2310.07713, 2023.

[43] 7. Feng, X. Feng, D. Zhao, M. Yang, and B. Qin, ‘Retrieval-
Generation Synergy Augmented Large Language Models,”
[EEF International Conference on Acoustics, Speech and
Signal Processing, Seoul, pp.11661-11665, 2024.

[44] Z. Shao, Y. Gong, Y. Shen, M. Huang, N. Duan, and W.
Chen, “Enhancing Retrieval-Augmented Large Language
Models with Iterative Retrieval-Generation Synergy,” In
Findings of the Association for Computational Linguistics,
Singapore, pp.9248-9274, 2023.

[45] Y. Hoshi et al., “RaLLe: A Framework for Developing and
Evaluating Retrieval-Augmented Large Language Models,”
In Proceedings of the 2023 Conference on Fmpirical Met-
hods in Natural Language Processing: System Demonstra-
tions, Singapore, pp.52-69, 2023.

[46] J. Chen, H. Lin, X. Han, and L. Sun, “Benchmarking Large
Language Models in Retrieval-Augmented Generation,” /n
Proceedings of the AAAI Conference on Artificial Intelli-
gence, Vancouver, pp.17754-17762, 2024.

(471 Y. Lyu et al.,, “CRUD-RAG: A Comprehensive Chinese
Benchmark for Retrieval-Augmented Generation of Large
Language Models,” in Proceedings of the ArXiv Preprint,
arXiv:2401.17043, 2024.

[48] A. Lozano, S. L. Fleming, C. Chiang, and N. Shah, “Clinfo.ai:
An Open-Source Retrieval-Augmented Large Language
Model System for Answering Medical Questions using
Scientific Literature,” In Pacific Symposium On Biocom-
puting, pp.8-23, 2024.

[49] H. Kang and X. Liu, “Deficiency of Large Language Models
in Finance: An Empirical Examination of Hallucination,”
in Proceedings of the ArXiv Preprint, arXiv:2311.15548,
2023.

(501 J. Jin, Y. Zhu, X. Yang, C. Zhang, and Z. Dou, ‘FlashRAG:
A Modular Toolkit for Efficient Retrieval-Augmented
Generation Research,” in Proceedings of the ArXiv Pre-
print, arXiv:2405.13576, 2024.

[51] W. Chen, H. Hu, X. Chen, P. Verga, and W. Cohen,
“MuRAG: Multimodal Retrieval-Augmented Generator for
Open Question Answering over Images and Text,” In Pro-

ceedings of the 2022 Conference on Empirical Methods
in Natural Language Processing, Abu Dhabi, pp.5558-
5570, 2022.

[52] S. Yan, J. Gu, Y. Zhu, Z. Ling, “Corrective retrieval aug-
mented generation,” in Proceedings of the ArXiv Preprint,
arXiv:2401.15884, 2024.

[53] Z. Wang, S. Teo, ]. Ouyang, Y. Xu, and W. Shi, “M-RAG:
Reinforcing Large Language Model Performance through
Retrieval-Augmented Generation with Multiple Parti-
tions,” /n Proceedings of the 62nd Annual Meeting of the
Association for Computational Linguistics, Bangkok,
pp.1966-1978, 2024.

[54] R. Shrestha, Y. Zou, Q. Chen, Z. Li, Y. Xie, and S. Deng,
“FairRAG: Fair Human Generation via Fair Retrieval
Augmentation,” in Proceedings of the IEEE/CVF Confer-
ence on Computer Vision and Pattern Recognition, Seattle,
pp.11996-12005, 2024.

[55] M. Narayan, J. Pasmore, E. Sampaio, V. Raghavan, and
G. Waters, “Bias Neutralization Framework: Measuring
Fairness in Large Language Models with Bias Intelligence
Quotient (BiQ),” in Proceedings of the ArXiv Preprint,
arXiv:2404.18276, 2024.

[56] E. Lee, and H. Bae, “A Survey on Retrieval-Augmented
Generation”, Proceedings of the Annual Symposium of
Korea Information Processing Society Conterence (KIPS)
2024, Vol.31-1, pp.745-748, 2024.

o 2 ¢l
https://orcid.org/0009-0004-9319-4648
e-mail : eunbinlee@ewha.ac.kr
20234 o]3tofRtet . Alo]HEQPHF

(8
20239 ~9d A o|sfoiRphsta
JAFAEFAT A
T4 Eok: LLM, Retrieval Augmented Generation, Synthetic
Data

HH =3
https://orcid.org/0000-0002-5238-3547

e-mail : hobae@ewha.ac kr
2007 AR (UCL) AFE TFsHEHAY
20099 AL (UCL) HEEHAAL
20219 Algtigtn AATS (kA
20219 ~@d A olstoiAidistaL

Aol umebsia} 14
FH41EOF 1 Al Security and Privacy, Synthetic Data





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


