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R TR AN T MEHATT TR, BRI EFEMRIILAT oM, LM AFTEEESRRAFTE
BHEARK E . A, PHATT A ERG EHAEE T T a3, HKid T KRy koM ER, AT EMER,
FB T — AT RIE SR 6H7 7 ik (AR Lsplitter), A T A sh45- MK ik, T4 69K 7 %, Lsplitter 24R4E 2
KRN A KB T ARG Z T ki Ah— 2947 k. R, KiEE A 2% 2P A ed 7 ik, 40aF Kig E 42
A g ofg4E R, Leplitter AR K T2 B 49 Sk, 432 Lik 4 B &AM 7 ik T R— AR K a9 7 ik, e atix
AR R L RIATHES . sH A S Java B P49 2849 MR FEFIATT £, 45 R AW, AMBAE G s SAERALSEIE 4
%, Lsplitter 494 £425F T 142%, LT KETHB 7 %, 41 2RI T 7.6%.
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Large Language Model-Based Decomposition of Long Methods

XU Zi-Mao', JIANG Yan-Jie’, ZHANG Yu-Xia', LIU Hui'

'(School of Computer Science and Technology, Beijing Institute of Technology, Beijing 100081, China)
*(School of Computer Science, Peking University, Beijing 100091, China)

Abstract: Long methods, along with other types of code smells, prevent software applications from reaching their optimal readability,
reusability, and maintainability. Consequently, automated detection and decomposition of long methods have been widely studied. Although
these approaches have significantly facilitated the decomposition, their solutions often differ significantly from the optimal ones. To
address this, the automatable portion of the publicly available dataset containing real-world long methods is investigated. Based on the
findings of this investigation, a new method (called Lsplitter) based on large language models (LLMs) is proposed in this study for
automatically decomposing long methods. For a given long method, the Lsplitter decomposes the method into a series of shorter methods
according to heuristic rules and LLMs. However, LLMs often split out similar methods. In response to the decomposition results of LLMs,
Lsplitter utilizes a location-based algorithm to merge physically contiguous and highly similar methods into a longer method. Finally, these
candidate results are ranked. Experiments are conducted on 2 849 long methods in real Java projects. The experimental results show that
compared with the traditional methods combined with a modularity matrix, the hit rate of Lsplitter is improved by 142%, and compared

with the methods purely based on LLMs, the hit rate is improved by 7.6%.
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ARAS IR & Fowler Al Beck T 1999 4F & URHE H AN 1, €48 0 2 5 B0 304 (0 Vi1 il . 4n SR R e A
PR L ] S, 2 B R B R R T . AT R A AT LY ) B AT SR AR SR R A LR, B
DLHARTS SRR L FERFIEAR AN . R AR AN 5 vk, A ER I, RIS AL R & N MR bx, 2B
HL2xfifahr . EH (refactoring) H1 Opdyke #2 Hi B, JEAEASKAE SMIAT IO R % B AR HE4T B 4. B S R
0 T A S 3 e AR A R AR R S B e VA R B R S I R T i O H T, K 2 B AR T R PR R N
HEPRAL T BBk B3 TR

KRR AN ARG BRIk 22— T, 38 3 S AR o 277 A 7™ S f) i i ). — T, UK T A2 4 A 7 ek A LA
Bl s 2™, S5 T, B T AR R NS TR, KT T O R LA 2. X R A3 R AR
NET PR EEERRSE, R DMK ITVEIEAR S G, R FRA 06 5 R 1 Bl 2 VAR 26 e B I A0 20 A3
5, VA BCIRATRE MR GG 7 3 R O3 it 22 /DA D53k, i T AR SE T IR0 R0 A, FR RN AR T 2 R v e U,
XA R 7 S R By NP R R TACRY S B vk T R T B 9 UL BT T AR O R VE B
FEAR A P 45 SR 5 T R K e vE BN LR RE AR TR ok s R A6 15 ) B T DA . Ja 35 i MRS 3R 2
AR T (Undeh GO 8 ) G B R P AR 1), AR AR A R i BT AR 2 L A e 6. AR IR B T v R KA 3
T o R AR, AR AT B DT AR S T R RARAREE.

KB F W AR O & R SCARAE S (B S #EUS . SOR 28 MRS AR B U (94 T A, Hssh
FT v — S 3 TRRAT S5, AR AR i POy AR i 45 PR s i R P22, KB SR R UK 24000
03 B MRS B9 7, RO B AT K IEAC RS B PV, B Bt N SR8 A RIS S AR R T i BT
%[25,26].

R T PR AR TTE R, A SRt AT B ST E M BAR AT RO, T T S IRIE AT A R, 1R
T RIS RIARRTT & Lsplitter. X145 %€ WK J732:, Lsplitter 2xARYE 5 A& 2N AN KAE SR RS 5 — R 5
ST AR T B B ARE B, ol KR SRR AR & & S BN B EIR 4y, 72 A — SeAH A8 BAR LR
15 R T THBRIX AR 7772, Lsplitter F1) FH 25 FA7 8 SRR & H & 28 B AU 7%, e 2% 183 2% %
TR B (18 B AT HE R, AT A Java T H 1 2849 MK ITVEIHT TS24, seI0 45 BRI, MBf%
47715, Lsplitter (i HRIEF T 142%, FHELIE T KE S BRI, i R84 T 7.6%.

AL 1 WAERK T ERIF R TAEFBFAIUR. 26 2 WA K750 AT BT, 28 3 A BA SR B
T RIE SR TAE. 25 4 15X LhsLIRIGUE 1 B J7 vk 00A 20bE. B G 198 1 AR O 1) B L 45
AL,

1 HEXIIE

1.1 KEENHE

K I7 153 2 F8 I (T vk 2 AR PR G 4 ARAD, B —ANB 7%, F3h R 07 V5 BR B8 SURERT
U, AR T — 28 E Bh e A Sh 7Rk o iR 7 ik, X T 0 5 B4 AP S5 B B (R 5 VAN T A ik

A B RAE K P R T . Xu 5N PRI TR A . AR PERTRE A P T — R TR GEMS,
FHNRX AT S5 T — AMHLEE ) 0 88, U 7RI MIZUR . Yamanaka 25 N U9 8 71X A TR, I H
code2seq it 1177 12 4 A5 B RIS FE BRI ZRML 38 2% 21 43 2K 38 5 GEMS M LL, AT 142 H (M B AR HERf 5 T 1.
Shahidi 25 A PR H T —R0E T EABTEG R Bk R T R T R AhATTIEAT A HT AR, ARIEAT 54T 2 5 R
TE R B, S8 Sk T A R 2K AR B0 4 T AR UK ARAD AT, AR 0 MR T S A 15 40, AT B foe A, b AT T AR A
Ji 2 2B A B 39 5725 A 44 Fernandes 25 A\ P74 7 S 2004 (ROABE 2, R R AR R 2 R o Sz i o A R 4R ke
HEAT W S R AR N, e A Bt A TR R 8 T B T R ARG () 1), HEH T LiveRef TH.

FHopth 5 v A FARRD A B BIAS S, Wi SAB R . 5 il L P RN PP At ), 3k I 265 B 5 Vgt 4T
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M FE SR Maruyama 25 A U T — s 4 1 DG K VR T U A I, iR T R, H AR D)
Jr DX PR E AR 52 R, AT 3RS T A0 B A A e 77 8. B T X BT, AT T — AR R R A DA
Tsantalis 25 A\ P iX —J7vEHET T3 8, I T IDeodorant TR, 51N T —H @ 34k 532, it B R F
Pk IR B 528 B 1 5 BT SRS R EPIR SIS B AL . AT OKHERE T A Sh AL, N BRI 4 1
EHEAR A T S T . SharmaP$2 H T — R 44 DSDCEE 5 25 M ) 3 P, 1R 500 40 gt K g ik ok s
%, Silva 2 AN PR T KA TR, 1% T B3R 2 H RO AR &I 45 TR B A B, AR, & H ik
FEHL A IR SLTE ), I35 R R/ NE A BORT AT LLIEAT BRI VE A AT 560 SR, SRR 45 M AR Bl P v B A9 i AR RS
PB4 95 TR HR A543 0B 15 A EAT HEFE 7% 5 TDeodorant AH EL, 1% T EL g 5 A5 50 R 51 75 92 h i 82 AR 1,
Cui ZE NI T —F T H REMS, % THRH 7 ZHE K CPG (0IS &1 [) Fonik, #4 1 WL BRI E %
IRTE, A FINLAS 2 5] A RAR IS A 7 VR A R R AR AT.

BRIz 4b, Pomian %5 N\ P9 2008 A RS 5 BUELSREEAT K 5 20 A A BUA 10 A5 5 MR BB AR e JR At
(I, E K 22 5007 RIEANTIAT . A THE KOS 5 AL A i e it b, Fl AR 00T, 50 7 2 T RIE S BRI K
J7 553 R WV R AT 4T 1.

1.2 Kr5Eam

KPR I — 73 NP AR SR, —Fh )y i T KO AT, BT —AMRAD - B, 25 T Ko ik 4y
fiR, WA AT R, WALAK I, k2, WA, GEMS!', REMS! A Shahidi™ i 7 s #5487 X Fh 5. 5
b AR S B B KA 1 . Marinescul HSE T AERN T L0 CYCLO(ZE YA G 44 FE) 6 b5, Ik B i 24410
TR S K IV, Lanza 25 N P T 4 AMRRD R (LOC (FRF%4T). CYCLO. MAXNESTING (8 K&K F)
I NOAV (Vi A4 5 550)) KA I T77%, MiIX 4 P i 0 T S A I, 1% 07 7 A /& K D7 vk, Moha
2 N UM S AR RS K B SRR I K T 3, AN AT AT K B R I T A ) 7 TR AR 2 K U7 % Yoshidal YRl
Charalampidou 25 A\ P26t COH (A ) %5 ReAE . fh Al TiH4 COH A LOC, FE#fi e — 5 122 T g I A K 7 vk,

Wi T 3T e R a0 B A I 2 A, Liu 256 A PTREHE 7 —Fh 3 08 B 2 31 (K D i 0 k. A T
R LOC. kb= ISR SR (LCOM1. LCOM2 Hil LCOM4). COH # CC(Class Cohesion), ¥% 7 H T2
TR 2 SRR P Bt 2, I PSR (ARG I 45 SRR I g v 5 K ik, SRR 4 R WA, 5 2 T iE AR L, 1%
JTEA T W R

2 KHEZED R

NTIRFCK BRI RS, ATABE T Silva 28 A PG [ — AN AT SR L. SHIREAE T 448 4 Java
Tk, AT T RN G L bR BAT 1K T 707 il LA, F 4% R Cossette 1 Walker 1943 07 VA ¥ B 470 A
3K AT G, H E SR ASET E SR, o, BT E Sh Ak AR B T IR R, e AR
SR ALE A3 A A St i T — Sy B (R 5, T AR R 44 B R 4 AT A Bk R AR K T IR A R R
ST HoAb AR AN TR, Jorh, FATIERE T 0T B SRR AT AT, FE 154 AN TV R ) EE A 451

BN 1E B ES— A ET G RS, GitHub b AI3RASI T, ¥R L7795 N LA TR LK.

(1) FEHUEA block ISR AT 7 i,

(2) PRI —ANAR B 8 SCRIAT AR A0 43 B4 36 43D,

(3) PREUARAG A o — B A S VR ELRT S 237 40 5 (K B 5D,

(4) FRHUK 772 AR AS 2 R I L.

(5) NJE T B PRI, 7EIXAMRAE il A7 7 Hofh 5 AR DG 1B 24

(6) HiAth s,

AT AR AR D R B VR S5 M AT KT VE R, 28 (1) FO — AN s B ARADER (block) $REXHE K, 1E R —ANHT
(ST 7 2. R, IR LR B BAT B R b S B M RO M, SRS AT DA AR ) T e AT e 5 (2)
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FRR TR AR HEAT ), e BUZAR R S WG s i F AR A, s XA 5 2K, Tl Bhgi AR
J3E, TRIA K A2 B AR OGO A AR R AE ke, 3R (XA MR ERALAR BE. 58 (3) SR ARAE SCA S5 M EAT SR I, 5T 1CRD
TR AN ZEAT, SIS AR T e AR 2 O T AL K BLve, SR 5 X Lk Bk SR BN 1 77 ik 3% A7 2 mT AR
TFRN AL G0 S ARSI (0 8 2800 B, S RIS IO S MR FE. 35 (4) SRR AE B IR a6 T Al 7 vh A7 42 F AR
i, JEL B AR, S AR RISk, 5 (5) SRIIE AR P AR A8 B A AR (Y B8NS IE SR AT 0 M, IR LR
—EEIFAE AR O H K IE M, R RO e AR R AL LS D RE . R Se AR, TR T i e i — AR 2y
SRR IR,
Silva % A\ PHES 8008 A AT B BRI T 00 R S 2 R R 1 TR,
R 1 Silva S8 NAEY ROECE P AT B SR T5E R > KA L

B s e (%)
(1) FREIUEESACRS 20 13.0
(2) PREUALR B AH A 18 11.7
(3) FETVER A2 AT IR HT 31 20.1
(4) & ARSI F2EL 5 32
(5) N8 T E AL I HEEL 72 46.8
(6) HoAh A 8 5.2

A UUREL, @ T EM RIS IR T R I, T 46.8%, IX R MIAESLBRIT R, R R AEREAT K 51540
I, B A A B R T AR A, AR N T BT A IX AR B B AE SE BRI A A v, AU A
ESIIREY R FRIE R E B VNG, TR Z AR S AT A R AT RETFBOA AR Ak A CRE IR R 1 2]
158, ER L3 S bR E AL RME B S0 . JE TR AN AT SR IR, o 20.1%, XU HITT AN B2 A2 4 5 A0
I, WA R AT BEAT 1248 23 B, XA 5 SR SR AR P AR P X SR AT KT VE M, X — i R4
(Y12 5 AR 1) >I A58, ARRS R AL 2 i BN ACRLIZ 48 SN T B 1

PRIV AR AD RN LA B AH RS 40 5] 4 13.0% 1 11.7%, X 2K 07 vk o0l i Jk ARG B 5 0, B
PRAR R A 2 5 B A AU B AR A S ARY B, IX ISR T7 V570 A B T B e AT A T s R A T e 1, g/
AR BE I 1 SRR DAL FE L. IX R W, AR S5 AL TR 2 i kS o S B T, R IT RN AR EA I A e %
JEIIRIRZ —.

AR IR BN 3.2%, B EEVEA T 2. B2 A A2 S BUCE I TURAE SR, it
KI7EI R S PIACRS B, T2 53 AT A AL AR SR, MTT 8 ot B i B R 37 25 e

HA SRR G 5.2%, XU T KITVES R Z A Ak, FERTTIER D, AT e A7 AL — a3 SR Bk 1%
B, AFREAR T BRI — 47 ARG E R # J77%. M Lambda ik U BT VA S, X B6 4% 1 ] ik 75 ZEAR4E AL
PRI DLRAR AT, BN AT 50 i 7 58, X2 40T B sl KR i I — B

IS Silva 55N UYL A TF R 154 AN FT B SR TR SR S ¥ 4 SR A B, FATT I S 4 SRR
1, FF RN RAEREAT K ITVE S i, BRI I 25 A AL AR A, it AR B, ARG R, VR AN 44T 4515 B R 4R H)
KIFEDMRTT 5, MR AR H A SORIT A 3R F . AT TR R B, 255 K 3 A, Wit Ih R B s e K7
T LA

3 ETRESREMKEEDMEE Lsplitter

PATSRE 9777 Lsplitter 411 1 fow, Hod L BERIR KIEF B (LLM) H119 L, th3RRK 7772 (long method)
HH1 L. Lsplitter 43 AL T 125,

T 2, AR AT B S v o AR T A TR, AT RUR IR, R TN T ThAk ¥ R S I HEAT (Y EE A DA
b, RE 53 16 B R 22 B DIARRD 45 b sl B VR G5 M N RN . I — R B, BT 7 — 23 R R, R T
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— RINAAT K I B0 i 7 .

Ik, &5 RPTEE IR, BATAT LU B, FEHCEHAAY A $E BUAR B2 AR IS A ALY 18 SCRIHAT BT 1, T K8 & 48
TS e Bl S AN R AR AL, R e A1 AT BETE 4 22 IO 7 v AR AR AR S B PN SR AR A B, I
ARG F B AT B 2 58 6 7 I D g, & A R 21— AN J7 1k R, Lsplitter 2 FHE 5 ARl 45 8 K TT 1.
R4 25 2 7715, Lsplitter 2 3% M T2 AR H shi @3 os, R APL I F¥E A R 387 I it 4s K8 = AR .
KBS WA 25 8 K T VR AT 0 f, ARG AT KB SR 0 48 IR T2 B 5 B AT B IR AL B, iR BT AT
(AP

55, BT R R AU AN T ORE SR 1 — REK T 1R 45 R, Lsplitter AR BT I E &G bR, X
i3 B A 5 AT HE P HERE.

[Method 1]

| DT R A5 | —
: :

OERIFT | —>
% /

@FE T RAEA (©F S A M

BEAT 3 i B I AL
Bl 1 Lsplitter 77750

3.1 BETFBAAMNMIKTTEDMHE

K IVES R RO, JRATRIA 4 BT 2 He T AR A R HEAT 1Y, 52 BB PO A RS AN i B B AH O
(RARTD R ARG ARRL AT SCHEAT 73 M 10, 5 TR 847 B4R IR AR SO Bk AT 20 A ), A AR AT &5
FIREAT S0 AT . B2 TR 20 I, RATVEEXTIX 4 RIGTE vt 7 AH LI B A U, DA S 30 S8 ok #ff FH A R0 K 732
I

BT EHR A A 3R R, Lsplitter K5 Araé4< T2 40 1 1B A) 388 (for, while, if-else, try-catch) A7 i) BT A AG Bk,
X T —AMRIE R, 007 F TR0 2 DA 240, 25000 A2, DK F i A& T

() ARAEH A AR A T 3 47, Al 7 iE B K1 80%.

(2) ARRD e Al H 128 B AR ARRD HUE A A 14

(3) iR £ HG—/MH I (return B throw) HAEARTSHIAE.

DA b2, 56 1 AN BERIRE TSR IO R A B, DA% 1 i K s i B 7, G PN 254 T 2 A AT A
R B A B IR, T Java REGH —AN 5 R A8 — /MR A, 55 2 A SRR T 3x AN KU, diE St
T e rp St A 7 SR OBl L J5 SRS 4k A

0o AR B AH DR I ARABAR Y, Lsplitter ¥ A ZS K J7 ikt BT AR &, FEARHE F 10 8 S 4y (TERIB E N A AH)
B0 (TERAE AR A ) Rl or B 53, %o T4 — AR 45, FIT R T 2 LA 240, 22006 A2, TUDRE I N
I

(1) AE 51 8 RS 887 < AR A 22 X

(2) ZE o FARRE AT 3 47, Al 7 B 80%.

(3) XTI XAy, EA A HAM AR B A R 5 AR, BARRER D iE ).

(4) X TAE A, A EEZAREIE A AMAED 1A, ARZSELHIMREREG 4
HH.

PLE 4 ANEAEH, 58 (1) AN AR R T A8 A AR PR B SR AR TSR, 8 S8 43 ARS8 43 B2 AN AL 1
AT LT 2, Ja 3 AN S TR T AT S PR sl o T8 e Sy, %A AR B AR 9 iR [EHE IR Rl 25
JE 72, DS AN T 52 FLAAE 5 T A P A A 8, X T AR B F B0, A RAE N S Rk AT A Y, ) 5
ARG P Bk —F
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BEXRNAEREAN AT H 5 BN ELEARYE AR L5, $R B AT HEREHARS (51 70 G54, 42 A WA GRS B e 75 T DASE
BRI 3 AN AR AT I, an SR w] BA, DI A B 3o

B H R ACRD B AL, B e FRAT 2 M8 PR BE AL S 4 R il OB VE A AT — R0 7, bRy AN AU N T IR,
AR FRFE R s (A EAT LEAL, A5 A5 /0N A HAUA SimpleName J& £ B A — 5 H AT LR st 555G &, 1
PRI AT B ARRD, 500 8852 AXHL, 42 HEH I A QRS R 15 W] DASR IR 3 AN S8 AFEAT 0, fnn SR vy B, J0 A A A 151

X T AR I, FATT SRS B 7 AT T AR, An SR AT PAIE R BRI, MR FAE el . anfRA 24
B I S e 1 — MRS B, WD A ARATTAR R B, SR A2 J T 7 S vh 2 0k N HER IR .

32 ETKIEBSRENKEEDH

KIEFHM (40 ChatGPT 45) 18K [ S AR ARACHY, e AT 584G mT AE IR B W R AT 1 B, 1A R AR
T Fy BOAT RE 2 78 B BRSZ I D RE, ££ 751270 A it e AT S8 A vl Bg 70 e 21 =] — A7k Rk, 3RATT AT A A
ARG Fr BOHEAT T3 k00 M. e T3 — SR BE X K D v 4 A R ARATE, JRAN VS ORAE 5 A 45 18 MK T i 0 g
—2H/IN R P TRARES e B TRV AL Pk R 2 AR R IS M AR K. ik, FRATME 4 Liu 25 A P AR T T 4R T
2, BUE T — N DA 4 8 20 R SR AR

(1) 7R Suppose you are a skilled software engineer and now you should refactor your code.

(2) /£45#278: Please decompose the following long method into small ones (based on the blocks/variables), but do
not perform any other refactoring on the original method.

(3) R $2E7R: Please give me the resulting methods with comments for each method in Javadoc format. The new
methods should have unique method names. Please avoid tiny methods(less than 3 lines), empty methods, or new classes.

(4) #bFE$ER: Don’t generate code summary. Only give me the new method.

(5) K5 iEAMA: Here we present the to-be-decomposed long method in markdown format.

FATESL R PR E T — SRR 5] 3 ORTE F A BT B, 5 5, FEAE 5o, JAl1& 70 3 Fihdie
AT, R RTE B A AT KT VE R ST R PAT KOk i BT R R AT KTk . JEW#H
e AR AT S T 5 T A0 SR R R 8 6 DL PR P A T vk 2 AR TR, AT DR B 51 5 K 5 R B A X X W 3K i
HEATH . HR, BoA145 JF KB S #574 but do not perform any other refactoring on the original method, [ K & 5
RUA] BE AT B KT VR 2 il A FLAB BB A, BTy v 5 20 B 1) BB i 4 5, IR R 0 1) BRI 4. 5, WA RN
5E Please avoid tiny methods (less than 3 lines), empty methods, or new classes, LAJE /b /N7 i8035 25 7 V25 SR i R2 i
; B, B3R please give me the resulting methods with comment for each method in Javadoc format, [ v EAT7E J5 4
(R AL B A R AR R T 5 R AR A RS & T X A N SR I (AR B

AT B — A TT RS 3 FAS 5] (28 B B 23 3R 4T 22 TR 2, 20 ol A B DAAS 3 AS R IR T 45—l
AT, KiE F A AR KT LM 73 B SURA LM A — RSV BhIT % my, my, ..., m,,, BI

LM — LM’ +{m,,m,,..., m,}
33 AFEEMBNERAES RESBERAH

FERTE 5 B I il 28 SR oy, 8RR A — B AR BL K D7 vk, a8l 2 JiioR, verifyShardInfo. verifyCurrent-
Nodelnfo I verifyUnassignedInfo & HMLLHI 7715, ‘BN 1HA MR 71k AL 2 4, FA T LUK E11& IR —iz,
T 5 verifyClusterAllocationExplanation.

L, TATAE MR 7 —Fh B T 00 B A& IR 5%, 6 9507 9008 i JRUR 75 72 o (0 HE S 5 70 gk K (A AR UL R
Ji.

3 JRR 7 4SBT I B B DL methods UHIN, 4 3HIDLELIELE 1T k. 7655 4 47, TRATH 57
P AR RS SimMatrix. 7E58 5 AT THE AN TAR KRB R B C. 58 8-18 17, i ERE BB KRB/ IBT
AN T, SRS BT XIE, R EA RS W BLE IR i REA XA BLEIE, AT A IS
7r, B Z AT B I X AL EAT & IR 4R A 321K, AR 70 A 435 9 e B A A 1



B T KBS 6K AR

J**
* Verifies the shard information in the cluster allocation
explanation.
X
private void verifyShardInfo{ClusterAllocationExplanation
explanation) {
ShardId shardId = explanation.getShard();
boolean isPrimary = explanation.isPrimary();
assertEquals("idx", shardId.getIndexName());
assertEquals(®, shardId.getId(});
assertTrue(isPrimary);

b2

Ve
* Verifies the current node information in the cluster allocation
explanation.
*/
private void verifyCurrentNodeInfo(ClusterAllocationExplanation
explanation) {
ShardRoutingState shardRoutingState =
explanation.getShardState();
DiscoveryNode currentNode = explanation.getCurrentNode(};
assertEquals(ShardRoutingState.STARTED, shardRoutingState);
assertNotNull{currentNode);

/*W
* Verifies the unassigned information in the cluster allocation
explanation.
&
private void verifyUnassignedInfo(ClusterAllocationExplanation
explanation) {
UnassignedInfo unassignedInfo = explanation.getUnassignedInfo();
assertNull{unassignedInfo);

2507

/**
* Verifies the shard, current node, and unassigned information in
the cluster allocation explanation.
74
private void
verifyClusterAllocationExplanation(ClusterAllocationExplanation
explanation){
ShardId shardId=explanation.getShard();
boolean isPrimary=explanation.isPrimary();
ShardRoutingState shardRoutingState=explanation.getShardState();
DiscoveryNode currentNode=explanation.getCurrentNode();
UnassignedInfo unassignedInfo=explanation.getUnassignedInfo();
assertEquals( ix",shardId,getIndexName());
assertEquals(0,shardId.getId(});
assertTrue(isPrimary);
assertEquals(ShardRoutingState.STARTED,shardRoutingState);
assertNotNull{currentNode);
assertNull(unassignedInfo);

¥
A AR
K2 AT E IR T
Algorithm 1: Location-Based Merging
Input: LM’, methods
1 initialization
2 while True do
3 n « len(methods)
4 SimMatrix « calcSim(methods)
5 C « calcClusteringCoef ficient(SimMatrix)
6 methods.sort(by clustering coef ficient,descending)
7 curBest «<— None
8 for m in methods do
9 id « m.id
10 for length in [2,n] do
1 for start € [id — length + 1,id] do
12 end « start + length — 1
13 if canMerge(methodsg;ary,... end) and
methodsgsayy ... end-Score > curBest then
14 | curBest « rr;ethodssmr,,...,z,,d
15 end
16 end
17 end
18 end
19 if curBest # None then
20 | merge(curBest)
21 else
22 | break
23 end
21 end
K3 RETAENEGIFEE
33.1 AL

3, BYRIEE 4 470HE methods MIAHALEESERE. BEANT51E (my R my) Z 1A OARABURE & SCUnF
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Similarity(m,,my) = CS (m;,m,) + S S (m,,m,) + VS (m,,m,).

AL ELEE 3 AR 4 WARMEALEE (CS). Z5HARMLEE (SS) FIZRELARLEE (VS). Foh, A ZARBLRE RARE KiE
BTN T 0553 AR BRIV 77 V0 4 T SAS A 0. SR ARALLRE 2 5 AN 7 VR TRl R B VA 5 R R AR AU, T
A B ARMALLRE U3 s 3 o A5 P A AR B ) B AT

XFT A B ARLEE, A ZE T LCS (KA LT 541 Ml AL, 4 AW AR RE: th Vs 5 88 A B
TiEAA RN R, 0T B ORI 5 R R 75 9244, AR S /N R BEAT 2] 6T UERE, AT Javadoc VERER]
TR A0S A A ARALLEE A 52 S T

CS (m;,m,) = max(Sim(name,,name,), Sim(comment,,comment,)),
2XLCS(A,B)
len(A) + len(B)”

X T GEAARABARE, FRATTTE 577 V004 2 1) il R 8 V2 AR B . 3R DT vk vh B S A A R B BRI A, AN
& SimpleName {5 )&, FFTHEPIANT7 V(8] HH R4 R TE 240 S50 1 EL VR D SR AR DL

XA RAR M, FRATTHR AN B ) 3L 5228 B Y B

canMerge BRHUH T HIWT 75 ) DA I — 2007 . R 2 LT 264, AT ACEAIE I —1

Sim(A, B) =

(1) X LT AL A — IR
(2) X EL T A A ALRE 23 B B — i 1Y A
(3) RLLT VL AR S A AN : EA T AU LRI, JF BAEETE B2 DG IR, i, ARSI if iEA) 1 else
(ECIL A TR
(4) X LEETT IR K AN R JF TR 80%.
— RIVITIEIIREALRE 73 B SO F T2 T 1 P AR AL EE, & SCan T
Z Similarity(methods;,methods;)

i#]

..... (e—s+1)x(e—5)/2

332 JEMEIE

N T FERITIEIB G I, AR A RIE F AR e . Dk, Bt 1 BAR SRR

(1) MR Suppose you are a skilled software engineer and now you should refactor your code.

(2) 11:45#27~: Now here are some Java methods, please merge them into one method.

(3) AbEE$E R Don’t generate code summary. Only give me the new method.

(4) IHJ71%: Here we present the to-be-merged methods in markdown format.

I IXAMER, KIE 5 EAH B IRA AT T 2D TNEZ A& IR, A, IE F 2% 2 A s B0 a5 F
AN, FATFEREAL R TE S BERR AR ok, IF it T BUR R,

(1) 37K~ Suppose you are a skilled software engineer and now you should refactor your code.

(2) IH/77%: You have merged these methods into one method. Here we present the old methods in markdown
format.

(3) Hi /7% You merge them into this method. Here we present the merged methods in markdown format.

(4) 1145427~ : Now please give me the new method invocation for it.

(5) IHEA %A F : The original method invocations are:
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(6) AbHFEIR: Don’t generate code summary. Only give me the new method invocation.

XA, BATRT BORE 2 pR B P TE A B IR — A, A0 2 BB e, RS e B0 R A
A verifyClusterAllocationExplanation (explanation), X 1 JiR 454 C 5 7& S50 1.

X, JATAERTE 5 R A S A A5 SR BEAT DAL, VR eade ST T 45 SRR i A A .
3.4 ZEREF

i 5 A A AN R TE 5 R, AR T — R AN IT 70 g B T, 9 17 v o i AL S 2%, Al
B FEAFHRIUY B i — AT A N B A B i KA AT B8, A 9 HEFe L &, B

axmax(T (line;)) + (1 — @) x avg(T (line;))

Forr, T (liney) TR 5 i A7AE A i T b BRI OB, o 9B 0 — A R 80 RATVN, 0 IR 773 b i — 17,
n SR IR T (0 OB =y, 050 B2 T VR T A BRI, DR A R R b 2 ARk T B — AT IR B IR
HOF-F- 2 8.

FRATRE H MR BN ANHEFF, 8RB OK FR 5328 TR RS BT 34T HET.

4 LIRS

4.1 KR

FRATLE Dorin ¥ (146 R EH &£ b dk47 5258, 1% 335 5%/ H RefactoringMiner 7 IntelliJ Community Edition
FI CoreNLP BRI H it A7 42488, 15 2 A FK 7150 A X R ERIRRE, FEdbAT ik, 25 73R paT
AALFIR T 1225 TR E SN HEAT B Sh B 5O, A& dL 2849 AN TJ7 573 i EE A SEA. IX AN T B 7R ML
WH A & IIE, BITRBIBEC s, AL 5 & s, AN, GitHub 4 X RS8R 2, 40 1 40 /50 1
JiR, RE TR B B ITT R 5. 1280 S AR S iLan 36 2 P,

Hoo e TiH FEA S
Intelli] Community Edition 1176
Dorin’s Extend Corpus CoreNLP 1673
IS8 2849

42 1FMiEIRREESE
TEARSCH, FATE R FHTE 3% 222 T K0 o R B E VRN Fa br. R U in RHERE 5 R R AP 7E 3
— AT RS A BRI 45 rh SRR A B I ARAD P BUAE 3% MR ZE W ILHEE, MV ar b 7 b5 . B0, st F KN
len 9771, HBORAE P SEBRIR L T sl~el 1T, TEAEHETE T 58 s2~e2 4T, W /2
s1=3%x(el —s14+1)<s2<s1+3%x (el —s1+1),
H
el-3%x(el—sl+1)<e2<el+3%Xx (el —s1+1),
W AZATT 40 i . A B LA T RIS AR 5 MEIET 6y 7 3% (KA Recall-5) fA T RIS
BT A LT A 3 (104 Recall-All).
FRATH BT 7712 Lplitter 5 LiveRef”. Shahidi i) T/ "Rl EM-Assist™ B4 ELk, BT P J7iE4RE T 464007
R, BE—MEETRESHAN T E.
LiveRef &5t T4 Gt V5 7E Intelli) IDEA b SEILIK — N D2 50 (048 0, 24 B AT S0 T & 05 93 R0
2%, ST AT, A B AT B 3 47 HORHBRL 80% JEACHS K J3F i) AT 25 40 F) 32 24 QAL B AR e 3.
TEAGIE TR, REARYE OGRS 2R P . WP AGAT . A SR BRI S A B AT HE 7 AT HERE.
Shahidi 1) TAEJEF 5728t 5c 2 B EAT B AL 24T, R FE A0 5t P A 2 0 ok A AR B, AR A B T 345 3
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FRREUE, FFCAE XK T AT BRI HE Y.

EM-Assist &3 T KBS HEM LI MK G20 R EN TR, o — BRI EELARNESHEE, RENKIES
BT AR B 25 AT 8RS 00T, S SR AN AT AR TE B 5 8, vt 7 — R 908 R UM% 4 AT ROl B
Z RPAT UAF RN 2 AR 25 R, 8 vh B AN 7 22 (M AR AN AT B B IO AT HE P 4L .

43 SLIHFE

FAE FH Dorin %2 # Intelli] Community Edition A1 CoreNLP /NI H {F N2 i8R 45, FEHAT K 7L
TAE. Frfa SEIG I TERC & S5 /RIS AR 17 A FE 23 F0 16 GB A7) Windows 10 HL8s LiEAT. N T /R KIE S I
srOCMERE, FAESLIS FORIE SR A 7 GPT-4 B8, X T — A KT7 %, BAA19 KA R KX T7ERR
5 A S A AT A, T 5T RIE T AR A, BEFPSE Y i 2 AT 3 IROIF AT A28, SRR ik 00, M HE
UM BEAT HE .

TERAT 5, BTA AT ERE FH Java 155 905 116, £HXT ARSI 2047, SR Eclipse f JDT #E47 5280, Xt
T REFHMM P, KM plexpt ) ChatGPT FESRSZL. X FSE %R, fEE 53 T4 B A5 B X KIE S H AT
gE AT, 1 g =2 fE N, fE4E BHEE T, R o =0.2; 7E 1 FH RIS = A i R vh, AR M S5 TR P&
55K B, temperature k5, K1E SRR K 7 v 0 il AR R ik s, DR S FRATTIE ] temperature=1.0 1A | GPT-4
Eith
4.4 TWHERESH

AT VPl LSplitter FA 20, FATHEZT T LR 4 AN &L

* RQI: Lsplitter /& 75 1f LASRAF LLBUA 1K 7 00 i L RS AT i 45 52

* RQ2: Lesplitter H {J A [R5 43X &5 S 1 52 10 1 ] 2

« RQ3: T2 L WA AN Lsplitter 737 145 42

s RQ4: AT E 425 Lsplitter RUR 2 [A1H %A R R?

RQI1 W7 T Lsplitter {11 AE, XA 7045 L ¢ Lsplitter FI3EHE 72 [17E 3% B2 E R arh R 2R, RQ2
9T T Lsplitter o E i 2SR B AN LT RO0E 5 BAY I S0 7 RAESR = K OB R VE RE HOAR RUOHE, 4 1) B 1E VP4l
— B TE AT R A SRR RQ3 R VAL & N X T Lsplitter 43l 45 FE V2, X WU 70K A Bk K FE
FF R A8 B PR Lsplitter 43 AR FI 45 BB E, AT GitHub A ERIUH FFEL T 60 AN VAT E M), RS T
3 AT T E AR SRV X £e45 8L RQ4 W FRF S PR BT T AF A T7 A B 44 5 Lsplitter P RERL
R ARIRER, EA B AL TR GG 7772 AN [FIFR BE I I LE B 4 M 2 an T 520 Lsplitter 047 77 V5 7 AT 55 1)
VAR

RQ1: Lsplitter /& 75 7] LASRAS L IUA B4 55 7 L B B U 45 512

N T IR UEIX AN ] AR 45 5, FATHE Lsplitter 52T &40 /75 ST LiveRef. T4 40 77 v B AL 45 [ 45
A [f) Shahidi (1) TAEFI3EF KI5 5 A SLIL ) EM-Assist 7k 4T T 6 UsESs, J-05 TR0 5 MERE T BRI A
HEFE 7 SRAE 3% WA BB TN dr 3, SR 45 S g 3.

# 3 Lsplitter 5 LiveRef il EM-Assist J7 iV fg L

ik Recall-5 (%) Recall-All (%)
Lsplitter 453 47.8
LiveRef 6.5 8.0
Shahidi’s 18.7 24.4
EM-Assist 42.1 44.6

5T 475529 LiveRef #HEL, Lsplitter FIPEREH T W35 H2Ft. Lsplitter ) Recall-5 F Recall-All 737514
FEGTTVEN 6.97 f5F1 5.98 £if. X KM, 44 Gt JjVETE AL B 7 V5 7 fRAT 25 I AR ZE ORI J IR E, T Lsplitter 44 250
FEIR TS R R, BUAS T SR AT (RO,
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553 £ 45 5 vE AN BRAL 4B [ 45 & SEBLIY Shahidi i T/E MR EL, Lsplitter (14 A8 th 45 BT32 FF+, Lsplitter )
Recall-5 1 Recall-All 43 591 2.42 50 1.83 £, X 3R, BRI T B0 FE S5 QHHE TAE, K550 #AT
A1 — 2 [ R 3.

BT RIE S A ST H) EM-Assist A7 H, Lsplitter 1% A%t 41%5 5 47, Recall-5 Al Recall-All 73 5%t
EM-Assist #& 51 1 7.6% Fl 7.2%. iX i8] Lsplitter AU AEAL G 772180 BT R IR, 75 D ek i K05 5 A8 7 Vi
WREPRRE R4 70, TEIA T ALK 575000 AR AT 55 AR B0 25 M R el S k.

%5 I, Lsplitter 26K 720 i BRI €, X Ul A §T HA O AR S T 2L At A s B s ok 1 IEAf 1) B, [N 4
JEILT Lsplitter 753558 FH o 1998 7).

RQ2: Lsplitter " 1A [R5 73 % 45 S 14D 5% 1 e 2

N T RIBAZ I R, BRAT TR 4 AL P i o R R K 3 75 2 A e 4 L e K IR AT 0 R, L TR S
ANHEFE T BRI HEFE T RAE 3% MR B R R R 3, SLI6 045 IR 3% 4.

F 4 Lsplitter 74 SL50 T/ 5 R UL FIRAE 5 8 1 5Tk (%)

Jiid Recall-5 Recall-All
Lsplitter 453 47.8
A JE R =) 28.8 30.3
AN A 5 A 35.5 38.5

MEERTTLLUE ), # Ja k 2CE R RS 35 1 B 46 6 2o 0 385 T AU {6 FH SR S s ) A 000 IX 3R A, Lspllitter H 4%
o 45 B Be A AR T 5 R AR B M RE. SRS S s (1 25 SR AH L, Lsplitter [ Recall-5 1 Recall-All
S ARTE T 57.3% A1 57.8%. BARE R AHUTE S ff 72 AR T — AR, (R AR XS R, J5 e Ut s it
A7 B P 32 A R ] 5 A R B TV R R AT A R 2, e — B AR RAR TS RS He A AN g5 F 4k, (BT & 2= AR
037y ey, JLRE 752 BR. T (A K8 3 A ) M RE AR L T B AR A B B IR T, X R, KB S RATE K Ty
VR R BE A AR B 5 2 0401 AN A R 2, TS IS X R R I ER A SAT, DRIE AR M R AR T
Ja R AHU, {55 Lsplitter ()8 44 35 SR AH LL AT 22 5.

25 b, SEIR 25 SR B, Lsplitter 456 1 8 R AHUUFNKE SRR ES, BEFIA 1 8 J R0 iy 17 5 i 28, XA
B 7 KTE S B R IR RE ), RE R AR . X — R — P BRE T Lsplitter BT 2.

RQ3: P27 S WMAT WA Lsplitter 73 i 45 52

B EM RN T RSP RIS T, N TR RIRSS. R, B SRR DL o i T S BT
e EER. T IRAFX AN, AT GitHub BiEEE T 5 NMAH star &2 BFFFREBE, W% 5, I H PMD
] NcssCount FiI 45 F BRI B i KA K 77 7%, NCSS (non-commenting source statements) & — M5 &STEAR, ©
SHAERARUR, 5 A3 XU TE 6. NCSS B K, BB 1207V A FURRE A FE 8RG8 T Be A K AR I R k.
WFARFANIE , AT BN T iR RS 12 N7k, Hop—ANJ& NCSS {E /MO %, — A& NCSS {H i K
W5, HARTTEEH NCSSAE 41 10 H, TATEG A Pk A T h A 8 5 ik, e, B ELiEs&E T 60 A
i

#5 RQ3 friksinmiH

T H KINHE JIERE RS H
Elasticsearch 190318 24692 2620814
Spring-framework 81407 14736 753634
Guava 58713 6866 515764
RxJava 33980 3003 314914
Ghidra 172589 19216 1816009

FATHEIX 60 ANT59 LISAT Lsplitter JEATKITIEI i, FFIE T 3 A 450F 5 MR FF SR 73 i 45 RAT 7%,
ArRER AT 20 3 4RI Java 2206, BATEREEN AR REASEA T AT 1-5 7%, 7380, Fon SEAEW
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s b, 3 R SRR 5 B S TUIARTT. SEiRma R IR 6.

MEERET LU L, B2 P 516 Lsplitter 705 AT 291004 3.72 73, W] Lsplitter (05 Sk B33 T
FEFF A RT, K2 H0) 70 i 07 S Dy, s v TR ot B S . A8 3 AR P PP AR AR —RE I 22 5%, LI
PRI Lsplitter S22 77 G2 A HirE .

®o FEFRITHER

TR 5 I
1 3.62

2 321

3 434
Py 3.72

L5 b, PR 7 A IVT 4 2 B Lsplitter RER A2 T M ER (3t = 07 & 14 40 A A0, 3X 50 Lsplitter 7E b P [ 2K B FIHL
BRI IR H B, #BE PR RR R 47 B R, SR FAE K 7 a0t p (7 ) A0 2.

RQ4: FE R T E 4 5 Lsplitter 30 B 2 184 ¥ < K2

J9 TS Lsplitter FIVERE 5 77k B A B 2 1B 126 &, FRATTLE RQ3 [AEA b, B A58 T HA LR NCSS 5
TP RAT 2 W96 2. RATIRIE NCSS a8 4 41, 18 T4 A 8. WM. WA 3o S i,
FHFABERR, WE 4 fios, BB R R 7R N NCSS 78 B, QU mR 777003415845

425 |

4.00

375 |
2
§3.50 |
v

o

[60,63]  [65,73]  [74,92]  [98, 494]
NCSS

B4 FRorfR 75 NCSS Af 4y % R K

MGE R T LLE 4 R A 3015 2 AEAN IR NCSS S B ARG AN K, 38 B AR 43 o0 A5 1A PEAR 5 s i
ANFAIIRNLT-AE ), TR 1 NCSS 6 4 B07a BBl BE T, 3 v] G 5% B 7E AL FIL B8 57 2% (1) J7 VAR, Lsplitter 114/
A RENE A KR RE. R A28 2 S NCSS G [65, 73] LT —ANSBHE, X RIS B R, R 2R
BRI B .

kRIS, ATEHAT T P AL, AL NCSS 5437 Z M 1% K. NCSS 5155 2 [0 ) 2 b A 9% RECA
0.017, XHIWH Z MIMLEH L RNIT. 5IX— KK RMKN P ELN 0.9, im0 H 15 MK 0.05. XE
Y, MESEMETE ST bR R 3. BRI, W LIS 4516 Lsplitter (RS 575 2 6 ¢, T HAEEA R E 24404 F
TRFFFRE.

25 I, Lsplitter (1114 GELE AN [R5 24 F2 FE 1K) 77 vk ih 30K B L AR v X R e . RV AE AL B8 B R D7 VRN, e (R Tk e A
R PR MIIEsh. P KT 0.05 FISEHHA 562K B, Lsplitter [(PERE 5 AR I LB E L.

5 IEI\ é:lgl:

TT T AR AR IR R, L ek B AL SR . SR, 0K T VE B B, TR B sl e K TT ik
SR U e, FATEASCR AR T — P A T V5 3777 1 Lsplitter. 277 VAR BT X T 52 Br 0T &
HREFRIFER R DL SR, R R AR 5K A D i, AT 3 HY A R SR 5 2R
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EARPTHR B R AR e i 5, ER R SCI N3 Java R 7. AR Ml 2 (AIRACES o M dih i

) AT REE S F I, W Rk R B R A AR TE U ER SEBZ R ). IS BT AN A R A
FEABLYE, MR ASSCA 2R IR B P9 BB A M 3 it A RAE AR AT BE 2 S — RE R
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