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Abstract: Retrieval-augmented generation (RAG) significantly enhances the performance of downstream software engineering tasks such as
code generation, code completion, and program repair by combining information retrieval with language generation models. As RAG
develops rapidly in software engineering, it is difficult for researchers to comprehensively grasp its current achievements, challenges, and
future potential opportunities. This study presents the first systematic review of the application of RAG in software engineering from 2021
to 2024, summarizing and deeply analyzing 108 relevant high-quality studies from the perspectives of RAG’s core architecture and its
applications in software engineering. Firstly, the key architectural components of RAG in the field of software engineering are discussed,
and a detailed summary of common types of retrievers and generators is provided, with the integration methods of both summarized.
Secondly, the application of RAG in various downstream software engineering tasks is mainly analyzed, such as code generation, code
completion, and program repair. Additionally, a systematic review is provided for RAG’s practical methods and technical trends under
different task scenarios. Finally, the challenges that the current RAG application faces are discussed, covering three stages of knowledge

base construction, retrieval, and generation, with the future research directions and potential development paths pointed out. Generally, this
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study provides a comprehensive review of RAG research for the software engineering community, aiming to help researchers have a
systematic understanding of the current achievements and an insight into key problems, and promote the further development of this field.

Key words: retrieval-augmented generation (RAG); software engineering; large language model (LLM)
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A TH%E (software engineering, SE) /& — N2 KB E P4k, TF T R H 0TI w - TR IEtAn
U At R . B BAE S AT (I8 BT RIZCE) K Rl Rt AE F ) 248 o, S0k TREE Bt
PSS A AT B A, DL ORI LR GiAk . AT S A ik oy Uk B A — AN R IR R M 7 ), B T
FEOSERE T 2T, 3 H KLk — B 2 3R R AL A 563 B R4k, FIZ0E 5 B8 (pre-trained
language model, PLM) I Ki%E 5 # % (large language model, LLM) [ H B8t — S HEsh k4 LREM K. & W
BERTP!, TSN GPTV 45 48 0 58 et 78 K MUAR R AR VE 20 B0 B W B I, RO ZE SR 15 5 402 (natural
language processing, NLP) Sk T 2 Fh 5 44T 55, HAEARREIMR . IR A AR P B E 557 T R ILH T 58 K1)
777, LA ChatGPT MK M HT— A LLM & XM SR, v B 3B AR ST 25 Kk T8 bLaE. SR,
A TR A & R R N R 2R, BT R MR 58 2 N3R5 ke RIS 5E AL AL (retrieval-augmented
generation, RAG) HEZZI{I42 H, J97E Ak A2 4= RGR A PLM #ll LLM $28t 7 — %4 %42

TER M TARAUAE FH (1 RAG HERL 2 — M4 618 BRI R 5ABAERMIR GG, T TH TRARG A Bz
SRS, W 1 FTR, RAG HEZSEE AN 32 B R TAE: Mg (retriever) 18 I 25 10 AH ¢ 1 AARD 4 B ST
B4, SRS M BTAT 25 AH SR I AQRS o Bl STk, A s A5 B (generator) T3 T3 S84 22 I A4 R A i 0 AR 6D 1 B
BiEE T %, BARSII B, F RN B ARTE SRR . AU B A G D 8 20 1 2R EAT 401, JF A
T Transformer F)Zm A% & H A0 4 ) 30K, IX 28 ] A4 1 N BB USSR, JFiid B B >0 0738
SRAARD TG IR, BE S, K2R 25 P 1 6 1) S 7E TS A4 S 1) 1) S 808 B Th AT 2 P R 532, L4 M L o) B A
Z (W BM25). ZHEFEKZR (W1 CodeBERT il [ &) AR AT B MR 2, P8R M40 b s ik
SREURH SCACHD Fr BB SO, i 20 B R R AN, SRS HE P AL, B ORAS R 4 IR AH OGS Z e, i R B M5
SO g R A R O L, JF S R IE A WK A R4 S R N AR s, 2B AR A PLM (11 CodeT5™) Bk LLM (W
Codex"), 38 1 A0 25 AR R Al A5 5 1 17 B2 15 S A RO & 75 SR IR B8 B2 8 130, i 45155 AP ) 4% (1 8 P B B2 %
B TLLEIE R T (prompt engineering) KA 2 B AID B BL N AR AR 7R 1, BTE AR BUBEEY P9 3B 51 N 2R
R IR, PASEIU R R AT B AR R A . RAG SRR ALE T, i K R AN AR E, AEgIg AT R
APLHRME R i s B 5 R 0155 2 AR RE 44 3RS AL s e iB Rl i v, 35 3R TR R 7E Ab 3 42 R sliie e 3
SO BRI HhAbh, AR 2 28 AR A & I 2507 ik — P R AAS 2R 5 A2 B W 1R 05, A R A e
R Hh A= s 0 5 At R e R RS, i DR A e 2 SR PR A 1 R AH DG

APRL: KR R R AR
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Bl 1 T RAG HESEMARRE R R 5 2 i e

BRI SR A BCBORTE 8 2 B R R AR 55 T A5 202 B, O JR B0 H 3K 1 T R o U, o,
RAG 7EARFGAE p AN 4 U1 @i A AN EARAD AR B . APT SCRYAN A S, S s 4R o = & () | R 3, 4
LR B 4y bt PR AT 55 75 0K £ A SRR B S ANRIRAS I 518 = b, Sl K 28 D S AB SR BRI O BT 3T, 1 A
RO R iR RS AR A, T3 B AN T HIAERA L. A, ZEAAAD M L. Text-to-SQL MRS VERE A ik,
SEAESS Y, RAG JHIE 2 A R AL A R N 2R B R, i T AR S Gy st PR AR S5 A AN S, ZE B
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TR R AT A B H . RAG 3845 B A - IR AL R TS B i 253 1, I R R AR O 1R 3, 8 S A s AL e
JO R B B G R B 5 B R AR, Pk AR AR e I Bl K, B LT B I

ASCELE T OA W AR, JEEE T EPE R R I T, RAG TERUER TR AL X (1 S 2 . 4 DX 98 N A ]
LR T B 22+ RAG M AF TREFA R SRR R SRS, Ak, 3]RE T RAG W @34 TR 5T
Fy AT & 3 — 0TS M AT Bk AR, I B ROk RAG AR TAE X B FC M AT e 0 Al A2, AR TAEST 3 F
RAG [0 TAR AL X R AT 4 1 (0 [0 650, (0 70 N A RE 08 T X —SE 9 R R 10 AT, FRHESN 5 B R M R .

g5 LT, ARSCH F BTk R.

(1) FE4EX RAG BEARTERR f ARG 77 AT 4508

(2) X E P AMET RAG TERRAE TAZ o (R 703047 2R G510 (31 URN s 45

(3) FELHA» A 45 RAG HEZRAE R T o B8 LR FEAN S48 L1, 20 b /R [ AR 7 2 o 5 o iy 465 M Ak e
L, BEALXT LRI BRI S5 1.

(4) S5 HET RAG HORTER A AR A (0 22 ZERR R, 48 H RSk T RERIHIF 077 ).

(5) IRNIRTT RAG TEAFFF I AR IR AN R A 449 S A R 3 AR B P i B A R, JB7R T RAG AR
TESRFHRED AR BB 1 SIS S B AR IR AG WU PR 1 4 7 T 11 S B AR

S SR R, AL TAERE LI, Wu AU, Zhao 2 A", Gao 25 AU Fan 25 A\ "% RAG # H R
A (NLP). AT AESRNZ LK LLM H R HBET T R SCERSER, B 70 EE s E R 7E NLP AR5 1
RAG HARRIF, WSCARA S XGRS, MBS, H P Zhao 25 N "R 783 % F RAG for Code 1] 5 Fft L
IRAT 55 a3 Ar, (B B = S 002k TR R AR AT 55 FOTR N A3 M R4 S Pk i, A v R 7 S PR TR S o o6 e (A k
iif. Zhang 25 N PURGI LR T LLM fEAE TR IR, 3 K5y 2 T RAG HEZLHI R, (HIF R4 RAG i
AT GRS AT

ARSCES 2 AT TELH U B AT (1 3 AN 5 0] B LA 2R F ) R SRR AT 2k, B8 3 15 A AT 2021-2024 A 1]
RAG TES M LRSI B GES, AR REHE. FERETY. RIEES 50 BR R 5 4 QIR
T RAG HELE HH R 2R 48R AR B (0 DGR AH A 5 454, BLHE ARG 22 J A i L A 2R S RA TR IE. 28 5 T/ 2845 RAG
TEHAF TR R BT % I BAR R, i JAE S N SR I BUR 5034 58 6 19845 RAG HARIEHAF T
T2 7 FH v T A ) 2 B b, iR PE A . T STAR BRI S 6 SR IE A 5 e, R AT RE AR D T R SR
W I, 55 7 Tixt A TAR AT A 4.

2 TR

AATEAE T Petersen 25 A PRI Kitchenham %5 A P15 H () 7 #E I, V407 28 TR B 1O R 6 SCRR S U7 7.
2.1 WARIEEE

o HEF I 1: RAG fEF A LR Al A 2 42

o T Ft ] 2: RAG AL IRATDAE 55 (ke 28 23 A0 AL e B S ) 2 A+ 42

o TFFT Il 3: RAG 7E 3K TF2 A 1 3 B N 2 A4 2
2.2 HRRM

NT RGN E S RAG FARTERAF TRRATS5 o 1 L AR 22 AR SR, AR R HEsEit 7 2B £
o B R R SR, AR ORI . ZERIER . N LI 5IR T ERAN 8. AT F0 M 2 1Y) OGS A 2R el
Gy A — 77 THNA 5 B0 T2 40038k (1 4% 0 fF 45, W code generation. program repair. code completion. code
summarization. code review. code translation %5; % — T BT 5 RAG F AR KM S FIARE, U1 retrieval-
augmented generation. code retrieval. RAG. retrieval and generation 2. 1X— X E K E 17 SR Mg B AL SN E S IE
R 5SS S5 A 1K RAG BT 5E.
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& SpringerLink (https://link.springer.com/)s ACM Digital Library (https://dl.acm.org/). Scopus (https://
www.scopus.com). arXiv (https://arxiv.org). Web of Science (https://www.webofknowledge.com). Google Scholar
(https://scholar.google.com/) LA f& ScienceDirect (https://www.sciencedirect.com/). B J&, Xt b SCEREF T N L
e, JATIZR PR SCRI bR NI N ) IE SO, SRR SR B RETE R RZ 32 M2 RAG B K skbr
RIGAE S HIR ST, FEBLIERE b, 58 T 98 RS WM IRAE RAG FEACKY A /s 18 5 SAF 55 rb B FH RTS8 4 A% 0 STHR.
[, RN B B 20T REAETE R, JR4R i SCHR T J A THE, 2% T IUH X T RAG BF L ARSCLRiR Ui
AT HERANTS, HEHE— 2D R A TR TR P RS VR T B AR AN B B R 18 S B SRR A 51, LR IR
RS R AT RE R I AIMESCHT T, i, TATER TR i — A5, JFfE RS iR 5 5
AT FEAH IR, AL IE — 4 BT T A7, I sh R 1 10 /65 RAG ARGz FIAR S B985, T+
ASCRAE, RAZ AL AR 25 b, 2 EA R ALk SR T FTX 3 ME, LE T 108 /55 RAG
BORTEH A TREACTDH AL S5 b BT SR B R I 7, D95 80 i BUE T RS H SCHR B Ak

3 WRIERE 1: RAG R TIEh RS A2

3.1 HhRAETE ST

AFTHT T 2021-2024 4F, £ T RAG W3 LA B SR H RE S, W& 2 PR, M0 e B %
B, A 2021 SR 2 FRIRERIN, B 2024 FEIAF] T 70 f. X AR, H 2021 LK, T RAG KT
o7 PRI L 320 s S L I 9 ), 9 FLYE 2025 4545 B B K0 70 i e

80 ” 120 08
0 100 |
60 |
B s0l 80 |
g@* 40 + Heol
3 25 & 38
30r 40}
20 b
10 1 20 .
0 - 2 0 2
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(a) FEREKH = (b) Rt kFH =

2 T RAG fER M LR A0 7 R K

T RAG HIR AT TRE I 7T SOl K, 5 2R R 7E T B 30 M R et Ak 5 B IRt A, 1526 R B8 5 46
T AR = RO B BT A ORI 18 52 R 1 A REBOR M550, B 2R ARG R 2R 52, e T Al
RARAD Fr B AR B & AR, KU % [ 4T 0 ARG BEAR AN 42 BT 451 PLM (W3 %, LA LLM W1 GPT-4, GPT-4o0
135 K, MR T RAG BALZEARRS A BT THI I RE 75 38 v AR A B R AN IR T B i AU g4t 77 s
L0l BT R B Sk T SR I3G K e Tk SRR SO, T30 T RAG 7 SERRIH A 1)) 2 R 5 BRI FE 4L X
A2 ARG, e T AR SRR D, LR KN EILELRS) T 2021-2024 4 (7] RAG 1E 51 TAESUR I 5.3 K
J&, FETURAE AR MREEG K ).

BARKE, BE RAG HARAE A TAESUR I R AW, R T A B 20 70 R X — 7k R e TR
FER . AL R SRR, U AE A SRS AE . BRI IS 25051, RAG B T3 K. iR
(BRI KNS B T 2R X RAG FE R AR TR b R 190 180 B i, B R 36 FLAE S bR Tk B R 32 i 5.
KRBT AT B2 it — DR RAG H5HADGE ARG &, HlA0H RAG HELL S5 H E R Agent 454, LAWK
TR HZE 2RIk,

3.2 TS
ATTHCEE 108 F 6 SCIEA B TS 258U A A fE OUEEAT 204, & 1 B1H T 84 RS WEEH TR R I8 3L
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HRECE. N TR, JATSIH TR SCHEA DT 2 AR
R 1 RS 2 B TS

W5 KRB CCFZ e WA (%)
arXiv - - 36 33.00
EMNLP Conference on Empirical Methods in Natural Language Processing B 11 10.00
ICSE International Conference on Software Engineering A 10 9.00
ASE International Conference on Automated Software Engineering A 6 6.00
ACL Annual Meeting of the Association for Computational Linguistics A 4 4.00
ISSTA International Symposium on Software Testing and Analysis A 3 3.00
AAAI AAAI Conference on Artificial Intelligence A 2 2.00
NeurIPS Neural Information Processing Systems A 2 2.00
TOSEM Transactions on Software Engineering Methodology B 2 2.00
IST Information and Software Technology B 2 2.00
DAC Design Automation Conference A 2 2.00
TSE Transactions on Software Engineering A 2 2.00
ICSME International Conference on Software Maintenance and Evolution B 2 2.00
ICLR International Conference on Learning Representations A 2 2.00
FSE ACM International Conference on the Foundations of Software Engineering A 2 2.00
oAt — — 20 19.00
g — v 108 100.00

SRR, 67% e R RAEZ S FAT VP& I H AR T4 b, o EMNLP Al ICSE J2& A% 55 52 0 (1) 14, 4
BIAAT 11 F0 10 BAHKIR ST, HJ2 ASE (6 5%), ACL (4 5) F ISSTA (3 5). MAh, REMIB T KL KA S
WX RERW, BT 2000 U BA T & Rk, 57038 B T e 2 R RN R I TAE. i SR
e R R A, BIEHA TR, N TR REM B ARE 5 B RN, oirds BRI, HA 33% MR SCRE R
ATV, RIEBTE arXiv b, XFRF L5 T AF AT 078 K8 A 18] Py I3 2 (1 3.

33 wIBEE O

TEHT RAG MM TR AP, WIHES MR AR S S, & N5 0 5E G2 B v H

M, DRI R B S AT 55 M 2 AR VR 3 AN T TH R R R A, I 3 B,

C++5% C5% 1S 5%
C# 4%
Ruby 3"SA) 2
TypeScript 2%
SQL 7% yp p
QL 7% Go 2%
Verilog 2%
PHP 2%
Kotlin 2%
. Ring 1%
i EomY dred text 1%
0 ructured text 1%
i 7% Bash 1%

Python 31%

3 T RAG fERE TREUEMT FT Mg 2 5 0 A 1 DL

Python I Java 1E & FHEIAE =, 40 BITEL) 31% M 22% BIRFFE P a0, )i B AR 58 e, ARAS AR A
FE A SRR A I 45 AT 55, BB T HEE B AW EHELE (0 Defects4). CodeSearchNet Fl CodeNet)
JHAE LRI R A T2 R . C/CH+ BARTE B A3 AT RIS (0 5%), HIE RG M mfE . PR LFIIRIE
ARG SEAT S TP o5 YR S A, AT RO BE 5 32 FF. JavaSeript Al TypeScript 75 Web F & AR < M5 4 ik
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Kotlin Fl Ring B 76 RARHF 70 EL BN, (EHAE VN . B RS A 20 BOE PR 20 B &5 2 NI E 55 b 8 % H s
IR FAANE. teAbh, 25T RAG MW FLiREs TARIEER. RIBAR. RIBHE. BREE. RIS EE. Wil
AR, RIS A KA F) SQL 252 R P AT S, W M FUAEAT & 28 L B 2 M. IR B 2 B A B T
TR SR8 5 B BUTE 215 5 SCRERAN [ B2 3% 5 R 158K 3 REE A i 7, R BB A SR AW £ |, KoK
RAG HARGHEM — P8 55 2 WAE S ME RN NS, a4 LIEE AR 2R E.
34 ERIHER

ARATGEAT AT T URER B SOk AT 2 19 46 Ff F AT PLM Al LLM TERR A TR 45 B I L. N BE &
Gitth JR WS B (AL 3, B 4 TR NI ARy 43 A IR B PR 15 O, SEit 7 8 MEBULE 20212024 4F ) (1 H IR
AR, HHE 4 7T UL, GPT-3.5 &4 A B 22 AR (3L 38 IK), | iz I FAE g i 4y, JLAE TR 2023 /1 2024 455
F| . BT, Codex (12 IK) F1 CodeT5 (12 IK) SR 18 H DIRTE & RAT & P IFaL R A, R R 47 (i@ A
P, e HE A A S5 1E B 5. (AR, GPT-4 (18 ¥X) M GPT-4o0 (8 1K) Kl FIEUEAE 2024 4 5.3 14
£, PRI T — X LLM 7ESEBRBE 0 sy A S 5 Sk RIES, — 58 4 DeepSeek-Coders CodeGemma
Al Qwen2 5 H 2023 4 J5 FARHE TN, WML FE3F FF BB AT KA B (1 933 B H 2 b T+
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sl 6666555444333
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LS SSSSESSSEESS B5E5a0 858755 8955558555585 558
TOJYOSTAYATSTES FSSI0EST 5SS SYSTNGEFTSESIOL 59§
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3.5 WEiO)RE 1 45

AR H T 2021-2024 A, T RAG RIE M TREM AW 2B H BE K, REFELTHEMN 2
e G NE] 70 5 AR RIEE I, £ 67.00% ML R R TR FATIESF IR g2 AT, H P EMNLP
FICSE FNTE R, k2 ACL. ASE Fl ISSTA, 1fi 33.00% I SCRKAGAE arXiv b, [ HAIF 78 A DL 4 i A R
I 53 22 WIF AR 36 1 TR . N TR RIS B4, B s RHOEHIE; TE9R 218 5 /0 4ii L, Python. Java
REEHNES, TRZMNHA TR RIS, FE7 1852 RTINS T #AT %, C/C++LLK JavaScript Fl
TypeScript 745 AL 5t EE N, HAhiE = W Go. Verilog. PHP. Kotlin I Ring 5 FLF%: /N, HAE LN
P B G A RERE FEAE A U R I R A (. FERRRY S, A 7 T, PLM A LLM 7E RAG 2244 HR A R 2R 28 A
A RS N, RO A A B, IR GPT-3.5. GPT-4. CodeT5 Hl Codex 254 il e 7Y A i e iffy HL— 3
AT AN B, IR T T AR A S VAT 55 TR A 1.

4 WsRiElEE 2: RAG AIBRBIES I RBF[NE RBFRFREZMAA?
RAG HESLE 1 6 28 #45 F1 A RS ) B2 % MR, A MBI R 5 RS 1y K2R BGRE 0 45 e R, AR B v 17 9
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PF TR ARG AT 55 00U R . — R 5, A R 38 R BUARASFE . HAR SCRY BI04 B 0 ik H 5 1 P i N e A
KM B RSB R, AR AR MIFE LAl B 256 F0 P 755K, S A 618 SR D BEZR MRS . 185 @M %
GERL AR S RAG HEZE T (e AR BT RS FE: B e A E R B R B8 1 SEIUML ) SR O A, 3%
g BHE. BESERERTELILER SR, BERT T AR R 1 Ry s, e s iR 54
FAE RAG FEZE N SRS J 7, N JE SR s RS bR b iR R 5 5%
4.1 KWEF[AH

2R A8 AR AR HP RIS N B WA S IS R, ST R R T 4N S5 55 A5 2 2 B AR AL A7 4 S
VCHC. ARHE IR E 015 B3R R 7 s LB VAL, M0 F IR R TR 58 3 25 M R4, BHEM RS
FNRA R R AT RBA R, REMEIX 3 B RBIZOHLH S ERT R
4.1.1 WEik RS

PR 225 R AL S5 B R 75, i B R G T H R IE AT AE DS VT AS, AR TR B s, @
WU, T 5 B R B, W SCRY A AT A A R VS AR AL, I 2 ST AR T AR HERR 5], 10 SN R AR & S0RS P )
HYBILA B RIS ; I 5 TR S B, P a0 N R0 20 40 B AR T D — ZH DG B, R R AR AR X e G 1A 7 28 5| A R AH
FRICHY, FRAE G A M RR B (0 Jaccard #E B9) X SCRYHEATHT 20 HET . L8 AT O TR SR, BM25S 2&1F A
BN 2 BIRGBRL 2R e P27 32 SRmgs ol P ] SRR, ST P A0% 7 0 ) 7 SO PP A H B 2R . SORY KR DA R 3R I3
F10 T8 SRS A 2 S DR 2R SR B SRS 5 B VA A DG k. TEAT R AR R, B SR AN SR AR A R B HE R 5, iR AR T
TESAS SO IR H AL BRI, F P RS B S, R E0IE R BM25 Bk HAaA SO S A 2 (8]
IAH SRR 2. BLARTH &, BM25 SARRE 25101 78 SCRY AR (IRl SCARY IR 5 DA B 3 TP 2 AN SCAY B 1)
Wi P (SRR ) SRREEAS 2, DT IR X154 I REA. 55, R SRR X Se1F 0 X SO HEAT HE P, 1R [a]
H5EWBRARMCRISIR. BT HERIE R, HEAR S, MR 2N TR AW REZRMRR
{255 . AH TR AAE SCERILRE 0, BT R M LA AE SO (B3R T AS (R R 1R Rk
412 EHERRM

FAEK ZOR PR R R Y 2% (40 CodeBERT™* !, GraphCodeBERTP“A UniXcoder™ ™) 5 1) 11 SC R 4 5 1%,
R I R, IR L [ RS A SO AS VR R U R B SR, 1 S P g T A A B o AR ST RS HEAT [ Ak AL
T, R A ) AL A O 2 R B B, M P RS I, 2R G0 e A [ R S g R A A )
T B oy 22 2 0 T R I 1) B 5 AR A SR 1) B D IR ARBA RS (R SZARABLEE ) SR PPAl A DS M s i e AR A AL 15
SR SCRY AT HE R, IR [ 5 B E X A SR SRS B3R 5GBS L, AR R 2K T i 2 AR
T 5 SO A A8 SCEEABLRE 0, AR08 IR BINE SCRAMERC AN [F) (M 2 R 20k, N E AR BRI AL il RIS R 518 %
AT 45 v R B B S P03 I RN A 77 50 RRGUOEE B 1 75 140 Gt i) 25 A QRS J2 0 R 4 4 31 725 i A0 AR A P
[ — 2 SO A T

K R AARA A R, AR F A 1T DUdE— P Al 4) P28 — R A DL TN GRem BB 35, o5 — 25 e
TEAT S5 T R Gmida AT I ERPE A, X5 T58 1 28071, AR A3 B OB M I S B w4, A xHs Y 2
BOIAT S BT I 25, 1% 8 R A8 T T T 15 B 2 20 073, ORISR AR 15 ) B R 2 S0 ARAD (1 15 SCRAEE,
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