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W OB ANRKMAFLT, REGRBR I A EH CRATE, BRI T HE RN, 22 7T 525 AFT a9 14,
ﬁ&if%iﬂ%é’ﬁ% P FedT S, — B 4 G B B AR SR, TR B BA L SR ik RIRAT B [ B SR A A AR IR A
%4 BAT. T B R AP AT IRE &2 GAE R e R K F K, (2446538 28K (delta
debuggmg, DD) 7 kR # K Z MK Z K, FHA T EE SRR H A D, Hoe 2 KT 15 LR A
R, KA R AL S KRB E £ BT —A A TRAE SEA AT 698418 5 7 x—DISAC. % 7% ik
B L TN E AR X ITE A B B —h 4835 AR TR R, JFil i AR R ) eI R K &, Fi PR T@
B it A2 P RARIRE ] 69 AT BARK. 545449 DD kA, DISAC RALAL S E B RN 4B L R & 41k
b Z 0y EF XARHZ &, N A TF LA R B LR, WH a8 rats I 3. 2B R A9, 5 DD 7kt
DISAC E#4:F4 T B MR fetf & LA L ERF. B4R mZ, DISAC /& Defectsd] # 4B & LB ERFHT
633.65%, fE = )34 ka3 R AT 733.75%. sbét, % DISAC 5 DD &4 A0, R ESFIRG T 2.36%
F2 8.66%, RERZ T @B R, A P £ I T, DISAC 4642 SARE A 2 2 E 2 59.90%, FEARIRA 12%. X4
R &, DISAC AR ZEM18 B H A QR BIR Y T R Bt K 042K, N L LRAR R MG BES
PRIt EF R R AedS R
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s RS X T, RERIR, R, BRI, B, BOCR. HE TR AR AR UM BT BRI R B V. B, 2026, 37(5):
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Defect Isolation Method Based on Semantic Analysis of Code Changes
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'(College of Computer Science and Artificial Intelligence, Fudan University, Shanghai 200438, China)
*(Shanghai Key Laboratory of Data Science (Fudan University), Shanghai 200438, China)

Abstract: In modern software development, frequent code commits and updates have become the norm, which accelerates feature
implementation but may introduce new defects, thus threatening software stability and reliability. Once a defect causes program errors or
failures, the development team should take quick action to isolate the defect to ensure the continuous operation of the system. Defect
isolation is a key technique for rapidly locating the problem and restoring system stability. However, the traditional delta debugging (DD)
methods rely on numerous testing attempts, resulting in significant performance bottlenecks under a large change set. Additionally, they

fail to effectively utilize the semantics of code changes, making it difficult to accurately locate defect-related code changes. This study
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proposes a defect isolation method based on code change semantic decomposition—DISAC. The method decomposes composite commits
introduced by the defect into atomic commits with single functional semantics. It then models the sequential dependency between commits
to ensure that the dependency chain will not be broken during the isolation process. Compared to the traditional DD methods, DISAC not
only returns the smallest functional semantic changes but also preserves necessary context and dependency information, thereby providing
developers with more complete and accurate support for defect repair. Experimental results show that compared to the DD method, DISAC
significantly improves defect isolation efficiency and accuracy. Specifically, the isolation efficiency is increased by 633.65% on the
Defects4] dataset and by 733.75% on the regression defect set. Additionally, when DISAC is combined with DD, the isolation reduction
rate improves by 2.36% and 8.66% respectively, significantly enhancing isolation effectiveness. User experiments show that DISAC
increases root cause determination efficiency by approximately 59.90% and improves accuracy by 12%. These results demonstrate that
DISAC not only improves defect isolation accuracy but also reduces unnecessary change combination attempts, thus showing higher
efficiency and stability in defect isolation tasks committed by complex codes.

Key words: defect isolation; code change; semantic analysis; large language model (LLM)

FEBREAFIT A b, D T DRk mi JS2 A W7 28 A0 B0 75 5K, 03 AR S 52 AN ST EL oA W 2. I i A9 1) A8 B B
SR T ThRESE IR, LI N T BREABE SN R UL RS RRELEE AL (continuous integration, CT) %5 T g% J% i
KT Sh B FEA5Z, (ELFAS By I E AN FL A U 51 i B 1) LA BE R RE 0, i DAAE AN SEMA $2 52 PP IR Th RE T 92 N IR
RGIBAT, 5T T RN G 52 A i i 5, e R AR S ) A B SR8 Lok, (ELIX — i REFB I 70, 7 B0 I
PHAED BRI BA.

D] I 15 20 A SR 8 B 25 7 ¥k B AR R T — i ) S B T B 17 V% P AR AL DU R I 3R 58 J, ik — DR v s o 5
N R BE A AR AR B8, 4 FC A FLAt AR rh 25 S [l VR e AR B 2R 455 T DA PR Pk 52 38 R L I I AR R IR A,
AT 38 G 5k o o 8 2 Ty BE AR 52D 3K — TR AN RS A 250 S0 PR A0 S5 A% B 1T 5 A A o i X, 3 Jis SRS i 12
FRAE T I IR], R ARER R G AR MERUT R R EE T AT

P B A2 — TR 2% H R P AT 45 ) FESE B P R b, l T A IS AT R, B IR ARAD 4R A A
B EANRETER IS, R0 A B30I R AL G BB B B M HE— 2B ok U i, JFR N RT RErE— MR
RIS S o 2 A ThRERIG 5 . AUHY B A BRE B U0 AL S5 AR S . 24 ARG IR GRRE H BB IR, TR N 57 s S A e 52
SRS T PO B L 5 ONBREE A FR 23, X HHEAT [0, () Ak 3k G oxof At D RE BT A s s A P AL e . A3
A AR SRIT RN AN $E 58 N AT VEAR R 20 A, DA BE A28 S8 AR/ Y B LSRRI FE BB FERE B, TR RN 57
A RE A AR T R AR G RS, T PR Vi ok 1) O A AR ) 7 A R RS 5 1.

1895 1A (delta debugging, DD)! S B AR AT 20 S 1) R Bl 189 7 125, L% 0 JERBL R S5 A0 [ R AR i 2
FEA A, SEBURT BRI KRR B 6 TSRS R X, € R £ (X) = (T, F), o f FRoR R IR AU AL AR Rt AT
IR, IR EME T RoREEA KA, FRREERALKL. DD (1 H AR 23R 8 BN B 5 F4E X ¢ X i3 £ (X*) =T,
R 3o [51R Ji5 h Fav 2k MRRE A TR H & i T 59440 X & — AN e 1 2 T3 (non-deterministic polynomial,
NP) R[], DD SR 36 AR 221048 S0 A4, FO R bk S B3t X ), 38 A0 447 /DN e o 90 BB, A ¢ HE A R 25 5
NERBARARAD A TE . B8 b, DD LL O (n?) M 7] 52 4% P 58 SR B 51 NS A 4R 1.

DD A BE K4 B P B 1 fie /N A B BT (AT D) IR B S B SR B T AN, (EH R IR T K
T 75 R, R TN AT A REEAT T R A U (BB it 52 3 9, DD 5 AA7E B2 RIREE D (1) B
AR TEAR G MBI KR, DD PERE 25 T . FL JA 4 /NI K 9 TR AT B 25 4 77 3, 3 B0 K (R BORI IR 8] T 41 S 1R H %
B AE BHEA PR B A e i) 3 5, DD AT RE R AB It K T A4St 45 SR X PR T DD 78 R RUSA GRS
ARG TP & A (2) DD Sk Z XA URD AR B T8 SUAE SRR 68 7. FLRE B i R (A i 45 SR ) 224, T
RFE 5 EALE N 5 DI RE SRR A e I, P RE S BUR B 45 R P 5 B8R TC R A AL 5 (an o e s AR
P AL). XL 2 R B AR AMXTC B FRBE B R, I ] BERA R GE2h RE sl T YL H AT A& 50, (3) RIM#E DD [
i B8 25t R N BR PR AR B, LG SRR SR Z 0 B B R SCE S AL RS B R BT e T i T S I BRI ) e B R,
TERN AT 5 [0 S i A 5 A DR Akttt s ) AR B0k Bz e Y [, 369 0 7 AR E IR B A 7B R 3.

fige e L3 i R W A PR R A — 5 T A R x B AR A 5 AT S AR 53— 7 TR AT AEA RS AR R 2
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[FIER 715 SR, S DD BORFHARER RS XX Rk . 24 5 44 AR AT A 00 AR A8 B R A R B e vk
A L[] BRI RE 7, X 46 0 V8 i A B 2 (RS 2 TR ARG &R, A5 ARG SE 4 43 0 2 AR e B A B S 3R AL
HRAZRINE RS T I RIESNZ T T &8 XS B, SEEA KBRS TE /T ReskE T AR R IR
BN, H AR T RE, LR AR 45 TR IR A DL B BRI RE BT 55 T oK. Ak, BRI RERS IR AR B VRL
FE, YRR G RSN T I A6 2H & 48 22 0], HG R IS5 R AT ReW & 2 M 3R AT, (AR AT 2 M1 (1 9% 2 A A M LATF 2.
FERN T2 W S B A2 I L4232 I L [FIAE A 51k, 10200 T A B — 4258 XA A e AR S i R &
R L E AR SR TAE.

BRI, AR SCHE T —FhdE T RS AR B8 15 S 43 T IR BRI B 125 7 V5 ——DIS AC. 1% 5 2% H 78 58 43 fift R 50 BFa 5% 129 14
AN OB . TEAR BRI, A 46 T AR A R AR RN GE 5 R 1 e AR R A 5 NIRZE (defect
inducing commit, DIC) HEAT /3%, 5 38— R KB B — DRl U R THR2E, il DIC HAZTEX S —ThRER
TR SRR R NS R AR AE, N S SRR R B PR I B KRS T TE SRR B B i E R, DISAC X — R 1R+
PRATHAT P 5 FRASE, R4 R 2T 2 IR] O A 0C 2, T DR AE B 2 A AN 2 1l DA 8 (] ) iy B . B S, U —
I3 EEHRNE E 5T 7 51 KR I R T3 38 I HAH AR H 247 B 2. 54440 DD J72:4H b, DISAC AR [H T /b
WD ReIE ST AR T B B R SCRMRERE B, AT RN R G SRSk IAIE E 1R 4L T B 58 B HL s SRR

N T AR 5 I K, A SCHE Defectsdd a4 PRI a1 Bk e 4 B AT T 0 L SE G AN Bl Se 5, DA4s TR
PPl DISAC FPEREAN &2 A (0 DTk, X LL st o R B, 55 st i) DD HARAE LL, DISAC (¥R & 20 42 7 53 il
N 633.65% Fl 733.75%; [ 2 BRAE Defectsd] HidE b 77504 K, (HIEARID AR 5 U K10 B3 SRR 4 b, iTh
R = B P M B 3 5 12.42%. k4, 24 DISAC 5 DD &5 &8 F I, B8 820 2 B4 T+ 19.47% F1 30.30%, [ &4
TR HIRE T 2.36% 1 8.66%. 8 MRS 45 5 TR, 18 IRMEH 5 SN DISAC J73% HBE B 3 R A R 5T
Bk, 55, N T VEAS DISAC XFIF RN 7 BRAR SR BEAR IR ) SCRERE 7, A SCITE T A P 5288, 45 %W, 5 DD 7
Et, DISAC $2 7 FH P AR DR 58 R 4T 59.90%, HR IR 8 v i R 4R THZ) 12%.

25 LATR, AT E B TR T

o L T —Ph I AR AR T E AT IR B B B 5 V. BEAE AT R T 51 R R R R A T R AT R, 2
TH T S BE e 5 PR BE AR A, FE CRIE AR DG Th B TE H 12 B4 I RIS, AT RN R4 T G W i S AR S A5 5.

o Ji iR T BB RE B TR, IR Defects4 FE 42 AN (A1 VA B B0 45 A0 T 78 40 1S, BRAIE T AH LA
il DD J7i%, DISAC fESRE B AT 5 L RCRAIEREIS A B3 3R T, A oh, S8 P s23irsk 7 T RS k.

AL 1 AR AR T B B B FUAR O AR, B 2 T IR AR SO A i B B HL R AT 5 3 T
A ASEI R B, ORESEI R . FEAETTVE. PR IRRR . SEIGIRFECL e S BN B 5 4 TN SRR 4 R T
fRANEAN AT, 55 5 AT RG4S, FR AR AR TAE TR .

1 HEXITIE

AFINET T RIDAR T LB SR RS B AR D¢ AR, RIS =R, AR TE A2 o0 fR45AH ¢ 1A .
1.1 #EEFR

BRI —ANER B B RN BT R TN E MR, JeE R B, AT BUT TS E AL
AP SR AT AR T, 8 b R B i 7, 3 R SR e A /AR R AR B R s A7 51 N BB R ARAD. R SR 1 1 &
R EIEZ Zeller 22 N T ddmin 503, B3 X0 R A = B HRORSZIL, BT 1 A SRR AS 2 18] B ¢
NG R ELE RS . S, ddmin 4 BT T 85 Rl 4T, Misherghi 25 A U5 N T HDD, A 45 F SR 42 5 4
WA Heo % AR T CHISEL J7 kb AT ARG A fa1, {3 F 88402 >) i ¢ ddmin =54 0] B 2 H AR 8 1L, 5
AN R 48 R E, TS 5R ddmin (5 2. (22 ddmin %0 8RB A AR, R ddmin A8 KBk
Bk, {H R IR R B A B ST A B, BN BRI T R KB AT R A &R B B 121 &2 T
B AR, Wang 25 N R HL ) ProbDD & —F AR AT ddmin (83, FERER BRI S8, EARIEIR M s
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T AEAAL THARRE AR B T R OGN T R, R SO BRI G K. ProbDD SRR A, HE 2 BRI E Ut R
A0 WA ST BB T B 5 T, I MBI TE SEBR AR FEAS H E H BT . TS D K AR TR R 2 B R A IR (compile
error, CE), 3 B i iRt A2 v o8 7t Mk 8, 2551 N 584 5 BB 45 5. Hashimoto 25 A V42 T DDJ
15, B SHIRACRG AR B AT AL B, XAETEAR S R RS AR BE AT 0 4, — B AR BRI AR TR Z M A
MR DG Z 11 10 . SR, LA O O B IR AR B ARTE A — 5 B2 51 N BRFE B AR, [R] B X Foh B AR SRR ddmin.
Song 2 AR H ) C2D2 HE H BT EGHT ) DD S35, 45 F 3T 40 B A4 R AL, f B ki o8 R S U040 1%
B3 ) R, AR AE KU FARRE R PR M.

2 AR RE 08 T 1R85 51 N SR IE K DG B O, H i T 1 SRS AR B B B R AR OC R, X LR G
FFBUl s IR AR K E A AR AR S A 7R I A2, A0S RE 6 2 K& T8, 1 H e 2 e A7 2 s
e 90 [ 0 T BB AR, WP ol 12 1 280 e AN A 1 1R 52 ™ E R ). 5 38 TR R I R AN [, A S 3 TR AR 5 G X,
T A KR S AR RS AR 58 3 b, TR FEA 1) TR, Ak T 5% R X R B 25 sz e, AT SR T B A
i N ETi D AW R S
1.2 TEENHR

F BT CEA 7 %50 T e a8 B ACRY 20 fif i B IK J7 3%, Herzig 256 N UOME F 1 — Rl T 15 R X IR SR925k Ak 2 i
FFA G, AATA N SN Z R HI 95 R RS ATRTE#. 25h, Wang 25 N H T CoRA, X2 —Fi iR 28 i
ARGy 59 A A TV R 1) B B 7 v, R A T —Pd s A AR 2 AT R AR PR AR LA RS ) FR R
T IER I A 4R 38 LABEAT AR 5 5. Barnett 55 A P42 i T CLUSTERCHANGES, “& i #i T J7 v 1 52 A5
P& R B 2R AT R 281k, Guo 28 N P HI T CHGCUTTER AR, F LR #i e R M E AT 2 A B 148, [A]
IR 75 30 4 6 R 03k R 461, B2 1 AT 81 00 A IF 1. Muylaert 28 A P35 T RE 5 400 BT — VAR AS il BB R
FRAS T E AR ) A BOR SR R 28 B A8 FE4E . Dias 22 NPT K& T EpiceaUntangler, J& T AR5 45 K4 T % 4
R T R —MEA MR, HMEE R E NRE TR, JHEd — L TR T IR A RS 5 il iR w2
. Taeumel %5 N PO H T —F1 4 4 Thresher (19758 B2 B T H, SR AT 38 97 A BHIAS SCREFF &N BAG 28 S 3E4T 4%
SRNFRAT, o ol 2 ot T 4I0E JEE 1) B PO . Y amashita 25 A P72 1 T ChangeBeadsThreader (CBT), iX /& — i T 7
S FIE AR B B AL, ZH AT 4 MNEERSELRTELSE, AT EeT L0346 I 8F L. Shen
2 NPT SmartCommit J7i%, 31 7 — Rl 3 R 10 R R 50k, B AR T AR EARRD 2 18] 2 R sk I,
FEvrt 1R TR 53 A T A o R R

AL P X 2 T AR B BN [E A FE T, X L6 TARAN T B8 1 AR SE AR 2 Ja] P40 A FH O R, ARSI AR
TEERIRAR 7 0 — I EE 2 AR T ARRE 7 i 2 AN B SR — VS B B T4 58, 75 2 A % p8 AR 5E RS 115 SUAS
B, B, A SR AR P o A A OS5 AR B SRS IR AR 52, DRIIE T AN RAR 5 10 AR B8 A A7 1.

2 BETHBEEIEX D HSRIERE A

2.1 RREEER

DISAC JiEFZA Y 3 N FEM B KR M. RIDBESRMAEETEREE, mE 1R

TEMRHOC R AR, 1 Jefril e A WA AR (8] i BB RIS AR B, I S5 M 10 A8 TEARRE B 7E A8 T iy
o AN HERR 5 BRBE T R TG AR B v 2, AT JEAID AT L AAD XURS R S5, A /MR DU RIBE, FRAR S
AN B AR RS, Z SR AT IR AT, BT AR AT R B AR ARG B (A (AR % R, IR AR T
ARG 18]I DRIE, S J5 878 B8 RS AL 4.

TEARD AR TERMRIT B, LA 1 B B A5 30 B A QRS A T AR ¢ R BEVE N, 1 S 0t A8 BE QRS S 2 [R] £ 7E 1 5K
HOR RBAT A I, PR BT KIS 5 8 108 BE AR HEA T V8 LR, B 358 &4 i N 2 A AT B —Th6iE LA
TR, W A3 B A B8 4R K FOAR AR o 4l R .

TE B8 58 B RS B B, 4543 AT B IR B P RO — IRIR ZT, B TR B AR M AR O0C R AT SR 0 HE
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X BT A TRBE B 68410 B 7 & 2155

PP AL R AL PP 31, 2 Ja A =03 Bk i U5 9, R B SIN BRI A B 14, RG22 (K B AT B — DHRE I BREE SN %
TriE R B I NS I A R RAE S5 AN RS 7 A P IR P A HRAE 55, R A — 9?7;21%)(3’])???5”%@&
Oy AR 2, A R AL T SR e A R

R AR — KW FR > iR R O hunk O MHXZE hunk
O B2 hunk O R4 hunk
LB Gian @ O @ @ |Ewiis e ii| ©_P@ @
Iy —
AR fE A
TR /’ % BEE N Commin  Commie
\ refactor feature enhance
Token R :
Tﬁﬁﬂ}% :
9%%1% ﬁr{ﬁélzﬁiz%& :I=>
iﬁkﬁ*ﬁ‘: ! @
i IJ:_FI : Commit3 Commit4
Tt J feature enhance add feature
R A TR
PASS FAIL
I
TIE 151 S A ER A @R | e
ey e a9 110 %E@*@ il
\Committ_Commitl Commit3 _Commit2s ‘ot Commithy_Commit3 | Commit2s
1 1

BI1 T AR AR S AT SO HT A R e o 2 7 A AR 1

22 KX ARME
221 ALY

AR T ARRS R 4e AR Git TR SR A P AN RCAS B B BT ARRE B e, BAASk i, Git TR LA
FRAS (ARG, FK e AT 8 10 22 57 CA— Rl 5 itk 1) 7 :RE . A2 T F o 8 T ARAD B (diff hunk, 78 F 30
fAIFR hunk), ‘&8 5 B — ZLAH AR 9 B A 1 AR ARRD AT 4L AR 762 SCRIBE 70, hunk B 40 A4 B ARHE A8 B8 (1) e /I B,
FHAERFEAN 43 B BAAL
222 BEHLYE

ErXt4h € DIC P INAERIBES H = (h, ..., h,), BEILIEREREB B = H\Hywa, FH Hipe T E
LB TE AR AR IS . 58 X by € Huoe U Hieyt U Hagte, Wy € Higy FeH e FOR AT KU AR T, H o 783
FAAAIRAB T, H oo TR MRA DA 58 . A5 58 i Y8 I8 3 45 /)N 5 SR AR AR S0 R, PRS0 BT 000 52 21 1, 5t v 60 s I 5 1)

BRI, DISAC i8I 28 58 AAD BT 7E 1) SCA% 6 AR R SO A4 4 PR T DU ARG 0 0 07y o2 75 J8 I A DGR o
537 A8 TEATS T 28 18 SO 44 5 4% DA S AT Hh (¥ 51 R AR 100 IR o, 2 75 J8 T T8 D6 SCRY A8 B 5 adl i i A 1 B AT AR
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T N GAEVEM (abstract syntax tree, AST), FIWT i, T & AR ARG 2 5 H &S, 40t #7192 8 s
BARIRSF (BB IR 27 Apsr (h) = 0, W h; € Hypes B Apsr (B) # 0 B Axoun (B = 0, W h; € Hypo, FoH Apsr (1)
Ko by WA AST HIZESE, Anonn () FEFRIRSFTT 1048 T 22 53

223 WEAKHT

25 U SR AR TR 1, DISAC ¥ 28 5 ARG 43 i oo M AR 8 0C BRI 77 #5488 H JavaParser (https://javaparser.
org/) BATERASTET 0T, K 3T — MRS RTRET 2 9 WA R AST, @i L2 i AST AT AST 2
V¥ ) 22 S R A2 IR B PR ARG AR B (R Bk IR P A QAT AR B 2 TR AR R AU — AN =04 D < H.E, T >
FR hunk Z A AKHEOR & Horh H R B AL, Hp B TR E N EAME— ID MR ERBI. E &R
H TR RINER, E = {(s,1,7)|(s,0) € HXH, s # 1,7 € T} 7~ E PINE K EEP DA RIS AR T
B, i AR AT R, T RARKIUL B IS, T = (Tuep Tum ), FEEE T BRI VE: ARSI T, A1
AR T 515 G202 BB ARSI M8 AR [F], DISAC J7 i 0155 RAE IR IR YE 2 —, 45618 Xt —
AR AR, DR A A PR T A 0 45 R P MR R R AL AR i o 2R, 38 4 T IR B A Ak AR i o R 1T S B
1A IR RS

Taep AEARRD M TAE P R B I, ARG Z R 4k AR . I F DA S B0 5 %55 &, DISAC & X F £ e )
WA BT O R, R I RL 2 IR (R A G 2R, SHo0e L Pt St 8000 2 (1 7 B 74 I, 355 Bl 1 5 7 B 2 1] f) e et Ak i 5 44
BRAh, ASCAEF T VENARARSE R I —Fh AN TR, RN AR 2 [AAEAEARLC R A SCHR T —Fh 4 & SR ML
ANEEMAE TR, B AT

Ty (Rish}) = Su (is 1) + S (Bis ).
SCAFAANE S, T FRFAMES R, HiEATN:

IC(h)NC(h;)|
max(|C (h)],IC (h;)])’
Forr, € (hy) FR by FFFER, 1€ (h)| ZSEA IR, |C (h) 0 C (hy)| IPIA A E S 3 17 45 O 1B
S MIEIT LA AST A5 i AR LT e i, HE AT

IN(h) NN (k)|
max(|N (h)|,IN (r;)])’

KA, N (h) TR by 19 AST 5 58S, [N (h)) A1 SR A BIRAD, |N (h) 0N (hy)| AP SE e 36 9745 2
Kok, N T FIWT h R b RS BEHUUKR, 5IN T HEUERE 0 (FEARSCRF R B E 0N 0.7), M Ty (b, 1) > 6
B, JURAA by Ry 2 [EAFZERE AR IO R T
23 RIBELTEIRE
23.1 W&

N TR e G KT AR ok IR (B AT AR A TR TSR K SR, DISAC ARHE MK R4 DIC HH AR 5
AL BEAT VB AR 5 & 7F. 54877 R 227248 DISAC RIEAR I IR i B AR i 05 2 (A S 3 &
IR [ —FRAZ, T A HTE Tk 5y B SR 5C 2R, DISAC 58 3L 1 PR3 T MBI R 3T R R = {Reies Racp ) -

Ree REEATIRIRIIGII KR, SPIANTEAAELARGGIR b, A h, Z IAELER BRI, 40 (T (h — hy) = T V Tap) A
(T(h; = hy) = T V Taep)s WA by Ry 2 [AAFLE B A BRI SRR OC R, 10N Ree (i, ;). X TR HE 5 R
7~ hunk 2 (B FELEAGFR 5| IS S B 84 G54, A0SR A Tarjan SLvERINARBIC 2 B, 4 TE B IRAK U S 58 45 35
—ANARATIRA FIHR, 8L 5 SR A A2 P A SR P 0.

Ry R SR FFRBR IR AR AR A SR BOC R AR R IR R vk, 2Ky B0 BSNARK, MR 2
FERBIE R, FENSEIE (OREE. BRI FUR EHE, S AR ke 25 5 A BERE AR A,
X SRR R R B T A LR, A 2 R AR e A T AT, 2 by SE O T AR R R BRI A, B —AMR
e b, S A ARSI R, B T(h; — hy)= Taep, W RV by Z TEAFAE— RO RFAR I BRAKAI S R, 10 Rygp (his 1))

Stxl(hi, h}) =

Sus(ishyj) =
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NPT S A TFRAE EE XSG RTEE S 7 % 2157

TP AR OC Rl T I BRI s B S M A T a0 5 iSO R S T AR, AT e S R AR
k.

1 DISAC HI¥I 5 fR 5 & IR KmE h, T 1E& I B DL E PR R o¢ R A AR E, @ 0 7E J5 Zud 72 h 4T
T 74 B8 1) e B, AT DR AR A 11— SO AT vy 4 B
232 HETORIE SRR

R TE IR AR AR AE A A H HP KI5 &R D. DISAC $2HH — 3 T2 ek 0048 J il SURME 75, B H
BE— YRR N 2 MU B —TF RIEEIIN TR 4E C. DISAC "B REAR 2 Go 5L T-B BLIE SCRMER! Qwen-turbo™,
HLAE 44

o Yuifide. UTTIRIRMIAK) H F DX H it — g, 18 2 RIEF BN TREE C = (e, by ¢ = (s
Ty .y i), FEAENVPAR T B2 B i3t — 0 A0 38 5 PR A

o SN (PRAbAR). MEI2% A% O Th RS2 1 33 MR N2 JE (token) HIHKJE, BT RIS AN ANFEKE
PRI, 3t i 7 VIR 3G I E, TR R SR i N B P SRR T, I U0 245 0 T token PR B2 2 705 68 HA BR 1) dn 58 ) )
token &8 H PR, B3 H 1L AR T AID I b, AR R TERHEL 5, H4 by = s;, B A AR B8 T 305 BEAC B SR AR I AR AR
It %, MITA Bk D token K. A T iE AX — B b5, DISAC il 5 T 40°F ) hunk JEFEALH] 5 S W0 2% 0 $1F :
(1) BEA LA B B 7E git diff H, AN SOAR 38 DRI b Bl o 2 4 12 S BT ARSI Ay — AN AR TR
B, DISAC ¥ H 2 45 AR S 1) B, AT R A 8008 & (2) BN M I Bl M B 2 R8N 4 8 I sl e b
DISAC fRE K & LML, HAREATERIHR, LRSS R RAND. (3) BT s k. %
TR ITE RIS MER, DISAC fREE 75584 5, # FARACRS SEIL 4 0 77 B AR . (4) AHALTE e, X T 2t
A [F) A e 44 P B AL S o, X SR T (E A I AR R A A —A by Y, DISAC Ko HoAE A S 2L

B 2S 2340 N ER AL, BN AR ARSI 3R, E B token K ERF A PRI ZE K. 27 idd LA SRR
ATHTE I 2 75 SR, BRI 2R SR B A5 SR ——3% H h BT B R IR I 0 by BT T ThREAR NG X, Pk ix e
TR RO R AT IRAR. TG H R AR50 7 1 RS B e A 4k 2247 40

o PR ICAERS. BN ORI E EIR T R R PR A R SR AARD AR TE ) B B S, AR A Y R
B EAER, L BRI RGBT SO RS AE T BRI AT A A 7% get_deleration_method. get
comment, 73 Al F T 3REURE 2 ARG AR B8 AT 7E 5 v 1 52 A0S, DAR R PE R B VETE AR T I B A R B B IX 7
TR PSR AR B SR A T B AT ) bR S, AT 75 B I B b B AR AR AT AR B 1) 3 SRS . bR SR AR ) A
FHOK TR 5 AR S BR 75 R B AT SR8, B ORAE L 2 8 B R UE B

o PPAlVH S AR RS B TN P AT (R AR 25 SR AR PR SRR, R I SRR AR A EAT VT A 1A AT C
) o AR A H & L R S AR A R A R E A SRR N IR B & 2R A MRS H IR
[l 25 PR AR, PR HA B R BATEE S 2 NI RGN IR H EFEE By, Sa 2T AMERREHE
Liv XTI ¢y o FTLAA I, PR Bt — 8 s 70 B T 3R 58 4R b, TP AT S5 A Rl 2% 18 5 50 A e R A ik S
AAEALIIVEA, 2R R T TS 35 k= 3 DN A WA, T2 AR LB 1R JERRI%AR; FIRT, DISAC
W T I RIERGPIR h =10, I8 th BRI, AR AR 4 o) 26 b X — WL R P AT 1 3k AORS B 5 200,
R VP 1ok P2 7 - SN 7 P9 5 i, [RIRN) 38 B T 3 B AR SR 1) BE R VR 7%

SN T R AR IR it DA 7 (5 R R B AR AT 55, DISAC 3B M AR ISR 7R (Prompt)”, itk S5 R AL 4 N #5142
/. DISAC 34 4 /> Prompt 2871, BFGIRTBE /. ADEMBEA R AR B AE SCRIVPAT T SR B, N4 H
T AALS M Prompt, AMERAIEALSE 5. L. AN EENRE, ({3 ISR 565, 12817
IF Ak 5l JSON A% 2 f i A\ B,

o PRETAT R, (1) AE5E 50 WA T IR R TS, (2) #UMA): BUE T AR E R 24 TR,
3) NS B G B FARD KA OC . H Prompt 4R LK 2.

o WTERHE A . (1) fE55 8 5 WIRA T N ARHE AR 58 A8 I L AT 45 (2) A% UL BT XA R 2R B ARG AR B
FRPEE BN A B 5 AR B 2. 3) M B AR EANL(E R, H Prompt BRI 3.
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You are an experienced and detail-oriented Java programmer, tasked with decomposing
code changes into distinct development activities. I will give you code change hunks
from a commit and dependencies between these hunks. Your task is to decompose these
hunks into sub-commit sets, where each sub-commit represents a distinct development
activity. Each sub-commit should include Included_Hunks listing the hunks it contains.

Diff Hunks: {{code change hunks}}
Dependencies: {{dependencies between these changes}}

K2 RIS

You are an experienced and detail-oriented Java programmer, tasked with summarizing
code changes into meaningful description. I will give you a code change hunk , and your
task is to summarize the changes based on the type of modification. The types of
changes can include: path, class, method, or refactor, each type requires a different
summarization strategy:

File path changes: Summarize as a path-level change.

Class additions or removals : Retain the method signatures within the class and
generate a description for each method.

Long method additions: Retain the method signature and convert the code implementation
into a concise description.

Refactor changes: Summarize the refactor with brief descriptions of the changes made.
Format your response as a clear and concise textual description.

Diff Hunk: {{code change hunks}}
K3 AT R

o VAT R (1) AR5 5% I 1 9 T3S R BPF A B AR 55 (2) U BE T R o — By de
AZH . (3) FNE B s Z AT U 7R 28 K HAL S AR AR AR i . L Prompt FREAR LK 4.

You are an experienced and detail-oriented Java programmer, tasked with generating
commit message for each sub-commit. I will give you code change hunks from a sub-commit.
Your goal is to provide a structured commit log including the activity type and a brief
description summarizing the sub-commit.

Diff Hunk: {{code change hunks in a sub-commit}}

B4 EAH AR

o PTAGTH Bt (1) 14515 50 AR IEAE sl M3 S AT VA5 A s i, T 2 BATE A& 2 AN F AT SR AT H
HFER B, B A MRS B &R ERATAIE () #ML: B VTASG T S, Fr i ) e 145 R IE A
AR, IRER, MR TR IR 45 1. 3) NS B B FTE T 858 A A 1 S /E AN . 3 Prompt 45
BRI 5.

I will give you the commit messages for each sub-commit. Your task is to assess whether
they require further refinement, such as splitting logs that include multiple
development tasks or merging logs with similar purposes. The output 1is a decision
whether the evaluation is TRUE or FALSE. If the result is FALS, provide a revised set
of sub-commits with messages.

Sub-commit Logs : {{list of sub-commit messages}}
5 TP B RBHRR

TEARIBPFARFAR T, DISAC fZ& W% tH v — A ASZIF RGBSR LR A C = {1, ¢a ... ), FeTPEEANT
PRI ¢; e CHRE— DML IFRIES, 2 MBS/ BB ¢ = {h, - ). BESE, LI\.&;&?'JT?TE' AT IE] Ak
BRARES D= {(ci,c_,»)|ci,cj eCAciP ¢y}, }, Wk @n, e ci,Ahy ec)) A by, Me; o ¢, Hre - c; Row ciFc; 2 [8]
TEAEN AR OG R, Bl o) IRTE ¢; 2 JEHEAL.

R, D DR 5 SR SRR R 5 (0 IE A AT, FRATTX HOBC &R o R BEAEAE I IR BE AT T AL B, WUk (Fh, b € e,
Uy € ) Ay o Iy Ay i o W IF e ¢ ey BT RS, 274 PEANBR AL T2, i 2 B S B e 2
[FAFE BRI 96 R, DISAC 2 EATE FH N — MR 442
2.4 HRIETERES
241 RS

MR RAERPRAREII LR C = (e, ca,..., 0} UK R RES D = {(c,-,c,-)lc,-,cj eCAci ¢y}, Hrrve, - ¢; TR
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¢; WAHEIRSE ¢; Z )5, BT (52 38 HRAE HAR BT A2 2 JG #EAT . AL, MO REES D ik T T HAC Z A K
BB, FR T — M IR L FEA S, 4% Kahn SR PR 5 1 FARESEE S ¢ RUREIOC RES D MR
) JCFR B EAT S ANHEFR, AT A e — AT RBOR R K2R L7 51 Kahn 503235 T 5.0 AR, 8 4, X1 B i A
TR (THRA ), AN (BT At sl (030, RN A TI— A T P S RE L, KT A
29 0 75 BN — AN BAF R, XSS RN A WOBOC BRI T 5258, AT AE 9 HEFe B . S S BAFI R B N
JEE29 0 BT R K M B HE P 45 . IR, B BRIZTT s S ol (BT AU JAR T ARG R). X T
SF A BT T F TS A (IR 22 19 A TR 50, A N IR 1. A SRS A N BBl 22 0, DK I A BA B
5 BRI, EBIBAA . SR SR RS 15 BN L BT A RO R IV T THRETII C = (e eay v}, FE
A THRAL ¢ FIIRSSIFF AR A2 D IRIBR R (i), BRI ¢ ¢ I ¢ tHBUE ¢, 2 5.

TP HIIR T AT A1 B IE B A BRSSP REAT HR A1, 38 S T ARABR 2%, RAIE 1 5258 ARG 2 A5 217 i
M. IXAMYN 5 S (BRI R B S i T T AR IS, I A R0k b T el T SRS A % T BRI RO ], A DR S
R AEANSZ SE BT AR AL AR T 1 TR, 5 T 76 5 S R o S8 T v 2t 1R 530 A6 6 25 SR
242 BRIEAR RGBS

IR VB ACEE S €, DISAC 5 B4R B SLbR 51 A BRI U325 ¢4, € C, JFBEATRR . 15 DD A, DISAC
CAMRIEES Z MK R D HIRASES C BN RA IR R NI T HATH R, ik, &4, WL
A RTELRNEXH] [c1, c,] T FHREL L MIBRBE T AIREE g, Fo € 2R FIIIRAL, ¢, AERHFIIIRAL.

DISAC EZNE X 18] EAEH — /3 AR BT R . A F () TR $ESE o AR IR 45 2R, 3% el fi
it (PASS) BRI (FAIL), HFrR2FENEE | NS HORE R PASS #7554 FAIL MIHR7E ¢y TETF—25, EHY
A DX AV R 58 ¢, B m = {HTJJ o i A j R AT R XA A L 25, MR SR AL ¢, ISR F (c,0).
W F (c.) = FAILAF (1) = PASS, W ¢, 2SI NGRBERIEE AL, Bl ¢, = ¢, 15 1E3E R IR F (c,,) = PASS, Uk
FE R HILE ¢, ZJ5, FIHEAE R X IELE DN (e, c;]s WER F(c,) = FAIL A F (c,._1) = FAIL, JUREURZE GG H ILLE
Cn ZHT, KRR XA (e, 0] RIS _EIRBBRGT/IMER X (], BRIX N RAA —MEZRLBIFTFE F (o) =
FAIL A F (c;-y) = PASS, WA VLB 3E cye = ¢,

H1T DISAC MR Z A 2 D 4% C BN ZPEIXTH], D8 T DUR DR AE 5 R0 7 o AR i e 4
A8 Z B PRSI . 49 4, B ¢, v ¢; (B ¢ ARALT ¢)), WIFE — o AR R o, AR EL 5 ¢ I IX TR AHE R 55 ¢ [
DX (B 2 . S PRIE T BRI 2 v i) i 48— Sk

TER BIERFEIR AL e 5, DISAC BEFEFHECr CC, Horb O HELE ¢ SHLHT P IRMBURFRAE, B RS B2 21 1 5 SR b
FHRII T 122

3 st

3.1 #RiE

9T VA A ST R TR AR TR AT BRI BE B9 75 1% DISAC BIA R, FRAVEF 5T T LT JLAN IR &L

o RQI: SRR ITIEAM L, DISAC 75578 Hibes e B A 55 Hh i P fig T 2

© RQ2: DISAC J7iZ /& 75 Rl 1 sm Bl A 1 & R AR 1 1 e ?

© RQ3: ASCHEH 1 DISAC 532 A [R] 4L RG24 5 M 5 o B 125 A A4 5 v I P 2

© RQ4: DISAC J7 i 53 B iR 7 R AE 5 Bh Bk B AR BRI 8 AT 45 R 04 R AN (i 4o a2
3.2 SCIGHE

N7 WAl DISAC J5 i /8 BB B AT 45 B PERE, FRATMEH T Defects4I POV [ I i g 1V AN S o 42
Defects4] & —AN 2 I 20 N T30 E Sk SR 4, ‘& h 835 AN AELSE Java T H H IR B Bia L B R
WL X T ARG, TR T FRAGERER (Vo) FIERFEIE IERUAR (Vys,), EATZ BRI Z R85 T S55kIET
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SR AR, FA e F A AR A 22 S AR A BV BN A, Defectsdl IS4 (L 1 BRI 12 52 (1) 5k B 5, 3 44 5 5 e
N T MEFEHEATIOAE, AT LAE AR RQ1 AT RQ4 5256 Hh 1 L SEAR %S (ground truth). 7E 2 i AR 7T VR I T
26 S BT FRAS Vg R Vo AT 11 1, B ML B0 248 809 ANBRBEAE A ST 2 50 04 . RegMiner #4722 )
[5] A  BF A AR A0 5 1035 AN RIE BB, Ha 3T A0, B R ME— — AR B 51N TE R R R i £, 223 AT
BOAE R I A 10 AR BB ANERE IR 0%, FEASC I S S T T TR S 1 1025 AN E BRI,
HAZ#e e c2D2!vh Sl N THAERE T BRI AR SE 4L, WT LLIE Dy RQ1 I RQ4 S50 4 W v Af 6 1) A< 38

RSO FUIE 523, 0] U3 SR b e 4 AR AR SRR (hunk FOBCE) 2% 5 T Defects4l, FATRIEACAS AT
ert e e s AR AT T B SURT I, AR AR DU 2 7 s R B BB RN 20 Sy 5 AN X, ansk 1 AR 2 . JE, BT
FUECA SCRT 5t K] DISAC B B R 25 77 A6 AN [ RSB B 3R 4T (R g4 8% 25 I F e e A A 1 1, 5 [ ) S o 8
BT LR 5 AN X R EAT S50,

# 1 EEERMEESE S o HEE S # 2 Defects4] FAEH S HE RS T

X [&] & X [] AET s
AIRALIX IR (1-46) 622 RAZIX 1A (1-4) 404
WAL ] (47-92) 122 UARIX ] (5-8) 141
WEIX A (93-138) 47 KX H (9-12) 65
LX) (139-176) 31 L X A (13-16) 43
BIHEE X E] (177+) 94 BIHEE X H] (17+) 61

3.3 HEERE

A B B 55 10 Ee o, S0 s £ SCRRF S0 R 26 FF IR R 50, JR 1L T ik v £
{7 ddmin 507, ProbDD L3 VRLERH0 C2D2 Sk 1) A AT ISR A b3 A7 B0 (5 S A BRI s
BN AT R FE 2% 147 L. 7550 S 7E AT 18 5 U Bk 4 DDID sk B LA R 52 5
el AP, I 5 SCHR ) DISAC J79:45 FEAT R L.

RS2, AR A 1 TSR 4 B SmartCommit ™ —F{L 3 T A5 T AU el 2 )
PRARSEHE, 1B DISAC B b ASTACTS T-ALH74r 44, HEAT 0 He 5236
34 TIER
340 BRI TG A

P T B 5 BT o U1, S P 35 0 T LA P A

o RN I 4% E KO (HERN): 76 H0AE I 1] P BB 3 11 30\ BB 25 T ARS8 0 A5 T A, 7 )
TR T A A 2 B AR A 05 % 58 DD S, 45 DD 7 B B04AT M E IR B4 2 b, % T-5056
SCARA 005 L HF I DL DISAC 70 B B0 I B ALHE, A S004 DISAC SEB el 1B L5 20 min, 76 (R RS
W N 52 RO L, 12 TSR 7 I 7 546 H B A 5 ]

o LIRETHIE (LIRE (%): 'l;{'lH*' el E R BN B B AT AT A, H R A A

., WL BB, SEECTAA.

342 PSR S A

FM TR E DISAC £5 505 AV (200 FFL P S8 o SR B VP67,

o 18755 FRIFHIA] (min): FFL P 55 FR 8 31 R DRV 2 £ 25 FR 1 T2

o SEETTEE (%): FR 7 S ] A TE 5 0 AR TR i 5 L T4 (1

4 LIRS S
N T PP AR SR B TR R OR,, AR AR IRVE R BT 10 S 56 7] LA BOx RS 45 3R, JFREAT 70 A
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4.1 RQl XWHERES R

o RQI: SRR T VLA L, DISAC 75578 BB b B 4E 55 Hh P g T 2

B %of [ VA B B B 4, TRV B 5 I BRSBTS 7 4R, B RAT IR A7 BIE, A0 SRR IE i
ERERSE N R EA RS T 5 KBS E, BV E T BB E. X T Defectsd) BiiEsE, BRAIMEE
IR AT R e B B 10 AR T AR 748, BHUT IR TI0E, B kM, BRE %A BN FEFaE TBE
SRPA AR, B e T SRE AL E . FRATICR hunk BRI/ 4 A, eI gE R gk 3. 3K 4 FioR. B A
TR A BB 3 R 45 7 3 P I B AL

23 1 Defects4] HiE4E I8R5 5 DISAC J5i%k i sSzih 4t B (3£ 809 4453k
ALKl (1-4)  UAKIX[E] (5-8)  XmlX[a] (9-12) X E] (13-16) SHHEX E (17+)

ik H:419% 1614 85% H63% 814 EHAEE
#IWIh %) #ITh %) #IWTh %) #ITh %) #IWTh %) #ITh %)
ddmin 378 25.44 133 50.02 55 50.88 39 60.01 53 64.02 658  38.00
ProbDD 378 24.77 133 4436 55 43.66 39 41.89 53 42.57 658 3291
C2D2 404  25.76 141  49.89 64 51.83 42 59.71 51 64.47 702 3823
DISAC 391 25.03 139 47.66 60 49.24 45 55.62 48 64.23 683 3536

DISAC+C2D2 391 26.11 139 52.32 60 52.33 45 61.65 48 69.19 683 39.59

4 LERNASEEEE S DR TR S DISAC Jrvk)seie gt B (3t 1025 &85

oo ) s Ul ] iz X 8] BRHE X ]
WMEJE%L46) {M&t'z'lﬂ?‘z(g’”) (93-138) (139-176) (177+) el
J7ikE e o F67% F51% $123%

YA IRb 2% VSV A a1 IRD 2% Yb & a1 IRb 2% Yb &
e PRy DRy POy PRy SOUE gy SO
ddmin 453 4178 77 4719 38 2696 19 3775 33 2708 620 40.03
ProbDD 481 3532 81 3584 40 2290 23 1118 39 325 664 30.62
C2D2 485 5207 70 4898 31 4055 10 2791 9 7.98 605 45.06
DISAC 490 4842 79 4151 48 4183 29 3874 51 2936 697 4584

DISAC+C2D2 490 56.38 79 49.45 48 49.71 29 44.15 s1 34.68 697 53.72

1t Defects4] H¥a4E AT 6 G2 R LB SEIR 45 RNk 3 For, St D81 5, DISAC 742 T 683
% N Ih I B %, L ddmin A1 ProbDD £ 3.80%, bt C2D2 7 2.78%. i £ ZR T ME M =, DISAC {45 B35
Lt ddmin 1 C2D2 1% 2.64 F1 2.87 /4~ 43 &, L ProbDD 5 2.45 AN E 73 5. BT Defects4T £3i 48 H 443 hunk 305
BN, R RARAE X 5] L AR 22 3, 25 A 4 4R HI A B 8 2 iy, 1 L A X R R B ZE B A K.

TE 51 V3 S B R R AT SR BN 090 S B0 25 R 03R4 FoR, s Th3UE T &, DISAC P74 T 697 4Th
ke B R, H ddmin £ 12.42%, L ProbDD £ 4.97%, kb C2D2 £ 15.21%. #2308 T H1E 1 =, DISAC K45 R
Lt ddmin 15 5.81 ANE 43 £, b ProbDD 5 15.22 ANE 4 A4, b C2D2 5 0.78 N E 4 s WS X A RINKRE, 16
AL DX AR VR AR X JA] L, DISAC 7732 B Sh R 150 DD 7k 2 B K, L1838 b C2D2 1% 3.65%; 145 1 & X 1]
A X F] |, DISAC 7700 i h B8R 2998 2 14 i % &= T B DD /7.

FHULTT 0L, DISAC BVETE Defectsd] Ef A2 ANEL/NM [R5 E B 48 H 10 20088 R s Z T DD, {HARTER A
R [E GRS SR 4 LA B2, Th R s SUmZ R B I m. BARE, fERIhE 8% -, DISAC B EffE
5 1) DR 2 By AR IO, — 7 THI R MR G R A AN RS, AR 3 0 I A 0 R DR B AR 380 g 4 R 48, SR
BRI FE H AR AE G B AR 58 — T T S AR R R AR A AN VR T, 95 1 D 2 O T ) — 4 A R R P 15 B S AR
25 9L PASS #4534 FAIL FUHR3C ey TELIIRE -, DISAC Ba &8 BB A& 1R 30, R EA I RIS AR
PRI SE &, TRIGEE F 43 $UE P L DD (145 FORLBE K.
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T, LB A5 R IR, 1E Defects4 Haf & 1 B IHBR A £ & b, SR DD 832 C2D2 J7 v 1P 341847 I [A]
SN 682.66 s Fil 987.91 s, T DISAC 772 HI°F IS AT I AN 93.05 s Al 118.49 s, 43 HIEE T 633.65% 1 733.75%.
DD BATE IS 2 o 77 ZEAN WTRR B R i I ARAD AR B 4R, AT S R AT i, DLIZE 4 /INER PV L. X R IR 1) U
AR ER A A 9 O I ], L R AR AR B R BY T H B A AR 0C R I, I [RI RS NI 2, 2 MR 2 I 1)
THEOL. FHELZ T, AR DISAC J72adid 45 A 80 o iR, R KOG 5 B8 2 4 48 B8 ARRG 138 A5 B LAEAT
Prfi, e 5 R H Z o0 BRI J7 84T, ROk 17 3047 2 31 1 2 B0 R /R B, R A% LA G 35 T 4 P I B S L v
R TIN 225 SR, E & 1 o ol 2 0 i &2 2 BRI T SRR

IRSIOVERA T DISAC TESRFARG 25 H B8 77, N T SR SR GRS 25 45 R IG B/, Al — P s 4 R s
Defects4) FlIl C2D2 H 4 fa ) 3L SR A A8 T AR JEAT X Bl 7E BTA i Th 249 b 2R R AR R 2 401
42 RQ2 XWERSHHR

® RQ2: DISAC J7iZ/& 15 R 1 s A 1 i iABoAR A PE fE?

DISAC #&4t 7 BA 1 LRI FERE B 45 5L, (Ho8 T RO AN A3 5T 3K, 8307+ 7 DISAC 5 C2D2 HAMISE
58, LAVl DISAC J7vE1E SURR 25 1) 45 2 75 Re 8 3t s PR SRR S Re. BLRT 5, 7 DISAC KH4R%8 24 sk 21| 5
— IR TIRAC )G, 20 N Bt R Bk C2D2, DASZ I T 4R B B B b 5, S EE a1 R
HRMHERE.

SEIG AR RN 3 MR 4 £ )5 — 1T TR, 7E Defects4) 244 I, DISAC+C2D2 J7 VL2138 Lk DISAC BAR$RF+
423 NNE S8, o C2D2 & 1.36 AN 45 a5 1 BRI EREA SR 42 I, DISAC+C2D2 J7 VAR K e 5y 1 B b b 25 AT 55
IZ1 %, A EL DISAC J7E42 71 7.88 AN 20 £, Eb C2D2 $27F 8.66 1 43 . [RIN, SZIb 45 B IR, 78 Defects4]
ByE 520 B A SR [ AR S 1, DISAC+C2D2 J7 ¥ P35I AT (7] 5353l 9 571.42 s 1 758.16 s, #HLL C2D2 43 42
F 19.47% F1 30.30%.

FE1% g T, DISAC &AW IR 704/ 1 5 235 B PR A 48 R 2 1A), 2 2 0 38 i iR B 1) T )
(AN THE T4, 185 Se 47 1 DISAC 374 2P BR, DD 5035 R 78 5 /)N (148 2% 25 (8] Py e 280 B 25 S5, 95 380 5 IokS 1 1
S5, T TE S B R 25 wh 2R B L A v (R B R R S e 2k, 380 T DA S s R BOR M .

RUE A TR T T 8RR P RE, A0 DISAC #eit Aoz fd H bk, DISAC 145 BARE T
SR ) BN SCAE XUE B, B GIbR A R TR, AN, 20 E SRR R B R, 5 C2D2 A H ARG
R
43 RQ3 SWHERS N

© RQ3: ASCHEH 1) DISAC 52 AN [R] LR 7 n 4] 5 M 5 o B 125 e A 52 R R 2

ASCAF FH Defects4] FEF B FEEHRERAT T BT, AT RMOI A T R MEBLEL . | R SCREERS
DAL A st SV R SR 0 IR B3 v % B 0 A R RO SR A TR, X e RRCA 73 31 A DISAC - preprocess
DISAC ontext» DISAC-yatuate- $EF1, FRATIE 53 ) 44 AT A% B 4 A 1 73 5 H A A A FH AR 23 17 £ SmartCommit 5%,
DA B A ARG 5 BB AT YRR 1) 7 58, AR TE AR 00 3R A 5 K0 5 BB AR AR A E R 1 9] 8 2 AR, 20 illid i
DISACgc F1 DISAC, | v P85 FRATTI 823 L8 4 Fl i AS 7E Defects4 AN (a7 ik i H0m 45 AT ik AR R A7 (A8 4k, 43
A 5. & 6 Pk,

S SE R, MR AR B SR AR Bl AR AR AR FH I, DISAC 7 VETE A B 48 HIEAT Bk I
B BSAE 55 vh & 4R bR A RS T B, rh A R TR SR B ERORI Tt A s 2 B T AR M B i O, 3K 3R I X e BT (5
V4 B B9 AT 55 35 B G DTk, R, FRATTR I Defectsd) B 4 v 2078028 1) 7T BRI 82 308 /1N T [0 U sl o 5040 42 1) R PR s
FE. T[] VA B b B 42 A 28 B 42 P2 K /N K F Defectsdl $iE 5 v 4GS AR 56 42, FoA IHE X s 20 1 0 42 20
AR B R B9 A 55 P DT iR L X 7 SR o o B9 4 55 14 DT R T K.

BRI, 25 F TR AR S 80T AUD AR B R R R OC R G A BT & 0F, KB T E8MES
P A2, R ReFI AR o T AR N e B, 3 B I AR Y 1R 28 2 T e, T e AT £ A R B R,
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AT B e o 8 PR HE A R B, 5 R SR A, DR SRS R JE IR IBGE 2 (AR R SUE R, S S A xRS A2
PR Z W FOCRE, BT B R SUE B R, B AT BT IR B O B R, SRR B RCR. SR PR B AR
JlAs I, R Z R G RIS VR RPL A R, B T 3RA H ARG ST, B F 2 ARG SN TR A
TEAERRE — P BUARAL, XS BT AR B T8 SN U AR AR, X ash 56 8% 20 PR T 58 M 1 4R PR B 303 B AS )

.

%5 1F Defects4] 4L 8RR )75 5 DISAC Ji%k i sSih 4t B (3£ 809 4454k
RO X A (1-4) AKX (] (5-8)  KEX[A] (9-12) ifLlX [A] (13-16) BSHEEX ] (17+)

ik H:419% 1614 85% H63% 814 EHAEE
#IWIh %) #ITh %) #IWTh %) #ILTh %) #IWTh %) #ITh %)

DISAC preprocess 359 24.19 106 39.52 44 43.22 34 45.16 32 52.87 575 29.88
DISAC ontext 387 24.89 137 47.61 59 49.14 45 55.62 47 64.01 675 35.24
DISAC ¢ygjuate 367 24.72 119 41.95 45 46.24 37 47.43 31 50.60 599 31.70

DISACgc 389 20.03 117 30.93 40 31.77 29 28.51 30 35.63 605 25.28
DISAC v 301 21.15 81 33.84 36 39.62 23 41.20 18 47.06 459 26.55

* 6 TERIASREEGESE LI E A4S DISAC J7iksLin st B (3L 1025 &304RE)
&AL X ] (1-46) AKX TH] (47-92) WX (93-138) EifiilX [f] (139-176) ESHEEIX ] (177+)

- 6434 1424 674 514 F123% EHBR
W) ”(“’ff 4 Qﬁ(@f Hh Qﬁ(‘fff AT LR (%) R Qﬁ(@f HTh Qﬁ("ff

DISAC preprocess 451 37.35 63 3844 30 2771 17 2230 25 1426 586 33.81
DISAC_onex 485 39.38 76 41.10 43 31.62 24 24.46 38 1802 666 36.53
DISAC_qyauae 446 37.15 69  39.14 27 27.20 15 20.11 21 11.41 578 32.65
DISACgc 435  23.25 51 10.13 6 5.12 13 17.01 4 2.57 564 19.02
DISAC v 384 3025 48 3492 19 25.16 7 16.55 6 10.03 464 27.48

AR T YRR 5> B A4 F SmartCommit S5 & He i, LTI R B B 183 7 X B _EZ RIS K, (HAELE R
KRB, 3 —25 450 K I, SmartCommit HFME AN 35 FEAKHOC R, RAEF 7035 FEAR T 2 A (K118 R R, S EIFMHL
FERR, FAE R T4 I8 H A& T 2D He, M TE 25 5 383 g 19, (EL B 16 B B8 10085 BE AN IR 4> T S IR & R I,
FELIERAG BEK T B, FEARSERFE R 29 45 R AEs e, R B IRMR A R O S AL, lTh 2 f ke 15
BTN B, Forh 2998038 T BRI BEAR N /N, 3R TR DR BB 6 A8 T RIS I AR K, R 5 A TR S DA M A A% 5 ) B AL
PRI G R, S 3O AR T8 2[R 1) 56 R4 2%, 5 ) I 8 M 1k P IR AR R T 26 (R R B Z ARG R, KBS
TR TR B AR 0 r P A 4T, AR 240 ek 26 el B 2 /8.

DA - V8 Rl s 36 % B, 0% R 0T 5 KIS S AR B ARED R e B ELAMAE A, W R A X B I S )
MRHAREZEEA.

44 RQ4 ZWLERSHH

® RQ4: DISAC J7 i 53 B iR /5 275 4 Bh SR B AR BRI & AT 45 = 0 AE F AN (i an £ 2

ASCHRE PSS, BRI IE DISAC J7vELE R ISR AL 5 o2 A1 55 _ERPE AT . SEERILAEZE T 10 44
BAH 45U LE Java AT R EW BT ICAE, BATREBENL > 9 A 2HH0 B 4. SEIRHIR N 10 NS 5 ABRAE
(PRt TI-T10), B 5 T AR FARG A R X (8], M55 % T A0 O A0 HRE R B 45 RN EERL b, 3 — B
1 R SR B AR AR SR TR 3 52 BRI, AT 55 10 58 AR TRIBR #7114 20 min 9. 28 7 ARS8 A P2, SeaG st B FE 51N
PEAT I & SR AT T 28 IR IE, BARSR 3, A HIEAT % T1-TS HAEH C2D2 Sk 47 B b &, 1 7E AT 55
T6-T10 H{{i | DISAC J7 R B ki, B 20 & 7l 22 HE, fEAE 5% T1-TS $ {8 DISAC J7¥, TE4F4% T6-T10 1
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HI C2D2 Sk, PR S A8 A A D5 3 e HE IR 7 . SEERIERE THC S 15 5 IS5 2 i (8], ] C2D2
WS N LG IE Y L S BRI A S AR H R A IEAA 2, JFUSCER T P AR IR S 15, SRer 4 RNk 8 P,

®T LA

ZH 5 14 T1-TS 1F55T6-T10
A% 1 FHC2D2 515 B i FHDISAC J5 92:33E 4T 5k BEa el 129
BZH 1 FHDISACT7 BT BB B 25 {5 F C2D2 515 P8 B S ff

K8 BRI G NMESS SRS

il {E45T1-T5 f£45T6-T10

SFY SR A (min) P IERE (%) SEYSE RN ) (min) - P IERZE (%)
A 16.2 72 8.7 92
B4 11.0 84 15.3 80

S5 R R, 1 DISAC SEVAR) 45 RAEAT 55 58 BT 29I TR A0 7€ i IERf % L X {8 T C2D2 553%. 1T DISAC
T IE I A A AR S PR SCEE AR S R e B RS RIS S RS, A TS 5 EREh R AT
RS P 3h, AT 55 58 BN H) BE 4. [FIA, DISAC A3 T4 SCR AR 5 [ 25 07 3 RE 6 SRS At 2 0L 1Y 51 A s i 1)
ARRSYE F, FEBh S 5 % T AER U0 SR AR A SR K. R XS SE06 2 53 R U, K2 #2535 £0K, DISAC Kk
B A5 R BAT H R MR SYER TR, R, AR AMOACE 1T A2 T, C2D2 £ 385 Hodfa b 45 Hh R 2
REREHE, Bes 3 B DUl A GRBE, (ER 58 2 45 b B B B2 o SRR, 300 1 5 Aoz AR PR A i B2 . 3 33 A AR SC
SE TR OR T BRFE R SE R L, BRI EE A LN UE BRER, NI RN R AR e R T H
SCHF

5 B 45

AR FETACIDAS B A T $ th T — ik B B 25 77 7i——DISAC, 1% 751245 5 ARG AR Ok SR FIARES IR 1 X
5, B R EIRA A AR BN A BT B DI RE AR S 4R, PN 2R A 2R (K B0k, s o 5N SRR 22 5
TR, P T R B S e PR A

5147, DISAC BA RFERIILH. 15k, I ER WA 51 N BRI AU AR S SO 0, L (el 0 77
1%, RENE I DB BRI, AT OR HL At DD REREBR (K 1L 32 AT AN 325, R AR T SR e R B i R GeAa e P
THUE. HIk, DISAC Wi B A S TR A AR Z, B R T 58 8 (1 LR SOl UE R, ST RN G e s B 4
Tt LA A R A B PR S R, XA bR SR SR B 1k gt — 28 0 A R AR R A i R 4B S SR S it T IR S Y
B, R, DISAC J7iLREW S A& St DD J5ikgi &, ML T A 2 T-AUIS A2 5 (Y Sk bR 2 BOR e 2 28 T Uk, 42
TR o B8 2 e R AR AE IR P AR, g b PR AN S A A Ok 2 AR R 12 B S D s R g R 7 56

FEARR T, W LA — 2P AL DISAC 77, fl4n, ol LSBT KiE SR, i — b m AR i 4Rk
AR e o 5 F TG AE A 2R A, AR SO 8 R A B AR S 19 0 T~ T A B FR) K A SR A ) R, SRR AT AT RE 51 K
RIR IR GE, 6 270 75 92 A AL BV Bl R R A A BE — 28 PR R e £ K RS 2 AN B2 2% T H A 35 o 4 5
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