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OB RSk, SZZ A —HFRA IS TG0 K AR, AR IZ R TR R RS IR TR R B AR TR R A
W, SZZ Fik st BB BATATIE IS A A A IRAT AL, XHFndE £ R, it a TURAEA 69 b gt B sk, FF R
ARt SZZ Hiki 47T Blt, RS S A SZZ TR, A, B BT AH XA R HABATIER 54 3) APP B B 4k
Fé TR A A AR 49 B vm. AR A SZZ AR ATIE M) K E AT A5 5 APP BP B SR8 4 FUR AL AL 44 F ), 2F 4 FF SZZ
FE#AT 2 MR FAEFR A, B 4, IR GitHub & ¥ 17 AN XA 4 3) APP R B, 448 PyDriller T B Jh B4
FF . R, KA B-SZZ (JR4& SZZ JiAR). AG-SZZ. MA-SZZ #= RA-SZZ iX 4 #f B ik AFiz 5035, R/E, ARIE I 1)
3 R348, AR AR, AN R R et Hife i 48w )2 5 K 50 5 1 5 Bp ad SR A T AL AL B, A AUC.
MCC. G-mean 14484742 F-measure@20%. IFA TAE& Bindg 47 PAE AR M 48, JH4% B SKESD #= SHAP H-7%
24k R HATG T B E WA 5 TTAB AT, B at b 4 #F SZZ Fik AR AL, AR A (1) BB IFER T
e S77 TARZ A et X A (2) B-SZZ. AG-SZZ #= MA-SZZ 4% A7 89 K £ 21 R AUC. MCC 134 Rl 42
BT, A2 Ak & G-mean 134T I&; (3) B-SZZ 4% &, F-measure@20% 135 T &, fm FEXAF &0, B-SZZ.
AG-SZZ #» MA-SZZ 723 'F & T 63 hn; (4) EREL G475 &, TF) SZZ Ak ¥afnids2 & Tk A
HLH 3G EEA, T H la EEAMS NG RA 20,

KA Bpat AR AR BRFA TN, A3 3 APP; SZZ Hik; 35BS G0k e VT Rt TAR B RAdm; SRR A2
FEES S TP311

) ATt R, D, W, BGE, (E7, X2, SZZIRARASTXTF5 2N APPEIT G FU e AL AR RE B, o
%, 2025, 36(10): 4558-4589. http://www.jos.org.cn/1000-9825/7297.htm
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2 E7% 5. SZZ RAFE x-A53h APP B i Sk F4 TN M A8 o AEAR 04 v 4559

3(School of Computer Science, Wuhan University, Wuhan 430072, China)
*(School of Computer, Guangdong University of Petrochemical Technology, Maoming 525011, China)
*(School of Cybersecurity, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: In recent years, as an algorithm for identifying bug-introducing changes, SZZ has been widely employed in just-in-time software
defect prediction. Previous studies show that the SZZ algorithm may mislabel data during data annotation, which could influence the
dataset quality and consequently the performance of the defect prediction model. Therefore, researchers have made improvements to the
SZZ algorithm and proposed multiple variants of SZZ. However, there is no empirical study to explore the effect of data annotation
quality by SZZ on the performance and interpretability of just-in-time defect prediction for mobile APP. To investigate the influence of
mislabeled changes by SZZ on just-in-time defect prediction for mobile APP, this study conducts an extensive and in-depth empirical
comparison of four SZZ algorithms. Firstly, 17 large-scale mobile APP projects are selected from the GitHub repository, and software
metrics are extracted by adopting the PyDriller tool. Then, B-SZZ (original SZZ), AG-SZZ, MA-SZZ, and RA-SZZ are employed for data
annotation. Then, the just-in-time defect prediction models are built with random forest, naive Bayes, and logistic regression classifiers
based on the time-series data partitioning. Finally, the performance of the models is evaluated by traditional measures of AUC, MCC, and
G-mean, and effort-aware measures of F-measure@20% and IFA, and a statistical significance test and interpretability analysis are
conducted on the results by employing SKESD and SHAP respectively. By comparing the annotation performance of the four SZZ
algorithms, the results are as follows. (1) The data annotation quality conforms to the progressive relationship among SZZ variants. (2)
The mislabeled changes by B-SZZ, AG-SZZ, and MA-SZZ can cause performance reduction of AUC and MCC of different levels, but
cannot lead to performance reduction of G-mean. (3) B-SZZ is likely to cause a performance reduction of F-measure@?20%, while B-SZZ,
AG-SZZ, and MA-SZZ are unlikely to increase effort during code inspection. (4) In terms of model interpretation, different SZZ
algorithms will influence the three metrics with the largest contribution during the prediction, and the la metric has a significant influence
on the prediction results.

Key words: just-in-time software defect prediction; mobile APP; SZZ method; mining software repository; interpretability; effort aware;

empirical software engineering

A TELIK P ) PR R R, R i T AL RO AT AR S R A R B ) 4% TR R H AT, R IRB A R
VX 3 30 12 (https:/newzoo.com/resources/trend-reports/newzoo-global-mobile-market-report-2019-light-version), iX
WK A Bt T F Bl 2 17 37 ) SR . AR, B P G SR AN T B i, SRR B & T B 7 S BT S
Bln, fE# 5 APP (IR A EACIE RE th, Hy T — S AN AT 28 (K 3, B A IS R P R AT I 7T BE 23 51 N BRI, AT 52
Wi A o BRI, A AT BT AR 2 BT R I R B B O S BB 4 A SR I RN B HEAT 1B 5 B — BB ) 5 L ok
fry i g .

N T BRAR A R o Sk 1 FSAS I BT B i, BF 0N DA T A O R R e T Y. AR, 1%
F AR 37 2 5603 M. Kamei 28 N UM Z 435 AR TR 9 BV BRBE TR (Gust-in-time defect prediction). AH% T 5l 52
A BRSSO e 1O, I o TN T LA B RN AR A B /> () KUK AT, 7 ARG AR B4R 58 B B AT k4T
TI, DA 5 2 15 ke 51N BOARTE, AT SE 25 5y BEAT SR I € AL, 8 T RO\ 5 R i) S kA7 A0S o A, I 22 5
FEACRE 4R 22 A R LB . bh T BB s 0000 B AR LA AL BB P 5 36 90 e i, GG T A g A7 o
B HW RO AR SE S IR 7= i, Bl InA2 sl APP. [A M, A SCRE ST T2 17 A2 30 APP FA B S0 i s .
FEFE R (1) #23h APP {4 A7 Ji 138 B0, FRASIB AR BB, X0 T K R BB Rk 20 B2, DA
DR ARCAS RO A 52 1 5 B R (2) P T DA I B3 T 3 5 A8 A2 3l APP ST, SR sl o 8 A ] P (1] 35 7T g
R, FEGRBE LR A RE R ARIR B 15, SR A B TIF AN R IE kI, 3) M AR Bk 2L, i R LA
SR AT DARE G FH P AE A APP JS2FH Iy A 3 i) 28, 3 17 S P R

A RIVERF A B T B A v, AT P4 38 B g st e R 1 5 o 5 N SR 0 38 B HLvp e G BE AR A T 22—
BAFTT RO ARl B 5 7 OR BRI TE P R, Fah ik 51 NG AR TE AR R RE BB BRI, BN R T SZzZ
BV, BAE AR I NI AR 1219 S77 ik i Sliwerski. Zimmermann 1 Zeller iX 3 A7ffF 55 A 32 4 U2,
R ST B DA SR e A B NBR A AL B, B4 bug. fix. crash. fault 5. BAKIN 5, SZZ ¥ JetR AR
AR T ] 7 e £ G OB P A Sk S8 L R, R X AR T o A e i AR AT bR A BRI AT . FIR, SZZ XX L
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4560 HAEFIR 2025 5% 36 A5 10 49

BREAATREAT IR, CARAI B8 1 R 51N IX B i AT 048 T . 3K 268 A A BN BRI H9A8 T, 7E3R 13 51 NBR I 19
LG, SZZ W ILIATILIE, RAAF BRI R AL, RIS NERIE AR,

F AT, Y 22 BI85 S B TR 72 #85% A SZZ S350 R 5 51 N B b 19 A% 58 590 34 1 Hdfe Ak 1 T
. SR, e il (B 58 R I SZZ S 1 REAT B (AT 09 AR RS 58 e % b W R A SR B 10 78 5, AT g ) 17 9
F B e o 11, A AR R v ) A B A A B AR I 2, P P AR B A B NAT AT R, (E A R
BN BIN T B T B R AR S, $8 %78 58 5N T BB, (R AR BRI N I BINERRE. SR, DA 0 BB 4
A0 B T B 78 R #87 R R TG ) SZZ By, T AT B 2 5 S50R0E R AR 4D 1 B, 3 T 5 ol o T 0 A 7
1 14 B 5 A R

N T RRDR G SZZ S A AR AR B (6 ) B, B TN B R — R A ek SR T DU B (bR i R
BN T AR SZZ HIk AR M RE, Fan 2 A UV [0 FFIFHESL R FHHEAT T SZUERF JC I3 B-SZZ. AG-SZZ.
MA-SZZ 1 RA-SZZ #4771 LL#e. A1 R I, B-SZZ+ MA-SZZ SHiE AN ] R 5 85 R I e b T A5 284 g6 1 i f 2%
FEAIK, T AG-SZZ NIl &> S EUBLTY M fe .25 T %, S8, (1) %W 5K A out-of-sample bootstrap 22 X 46IE A V53147 il
BUEE I 43, ovT e 2 50 A 24 B0 R A8 SE SR T -2 A (0 A48 58 (L an A 2023 AR AR SE S0 2021 4R AR BE), 3% 5 SERR
AR RS FEAFE. (2) J Aot B B3R (0 AP 4 il R, 12 00F 9019 PR BB AL R CREAE B A K I R 408 13 47 24 P-4,
XAl RE L G B RS BRSO AS B 1 25 U0 (3) A% AT R PR T B Bk (ST R AR R AT T AR
SRR, T ZBE T SRR R AT R AR 4R AR B TR RS BT A AR B W SR TN 45 S AT AR, R
P 2 AR B AR SR AR T T (¥ B A T 45 SR AT AR S s b, RRAE S 0 R AR R A B R e R AR B [ A
SR, A Re R R XTI (RIR) 382 5128 (TEBRIE) SEml. BT 4 R AR R BEAR R S X7
PRI RSN, AN REMRRRASE AL AE AR TE b (R TR0 25 31, DRI G T v S i HE 7 PR AN AR T b % i B e XA A ) BT ik oK
/N R SR, BEATLEEAT Z0HE K1) 43 PT RE- S B 2 i 0 7 S SR TN 2 Wi (AR B, T SRAS AR T 2 B AR TR A 1Y
1 B, [R] R 22088 R T 485 S 1 S 0 AR A RE AR A M B AR AR R AE B0 AR T L sk, DA ISR R AR F
BT Bsf d50 o7 TGS 20 1 i e 9 PR e i 5 9

WRAVIEN, 1245 M1k, A — T LA SR A BAR PR B2 X 5 APP BB Bk e IO A 20 (¥ P e 5 i
MR, N T RANE — 2 [, FREE I I A R 2 A, AR SCR AR PP AL 7 AN [F] SZZ SR IR AR R 28 5 6t
T3 APP B B fe UM AR R g . B, A S GitHub _EXEFE T 17 AN KA S0 APP T H , Hrb 12 AT H
SRR, H i Kamei 28 A P32 10 14 N8 T BE &, 78 C3ERE EAEH 4 Fh SZZ BRI TR AR R
FA B 1] 3 30 Kl o3 7 AT B Rl 43, DATE A& SEBRIG L FESRAPir a2 b, {f ] SMOTE SRAEHE, DLk =
ARG RS AR R E A I BEALARAR . 4D DU S 038 4 [0 U 43 SIS 88 73 1) A% e B0 Ak 2 42 SR B T A 2
PLITAL % SZZ S A AR B i TN B AP e 5 g B 2 0, I SKESD Al SHAP B30t Pl 45 S k47 4 vt
BEMAGLE 5 0T R AT, A SOR BN, SZZ A5 R ARTE AR T S5 R ) APP BV A 25050 b TR0 2 1) 4 B8 5 M ek
72 A AN R AR P TR A

AR EZETTRR AT,

() 1E 17 DN H ERIBESSAE LR T B-SZZ. AG-SZZ. MA-SZZ Fl RA-SZZ B IBHRARE iR BX1#45) APP
RITBsf 50 o T 14 B 5 A e 1) B2 .

(2) S F IR 8] P 31038 SBRAIE 7 v, B0 A St SR B rh (I AL, SR ven S B & SR (R Sz, LT LAE 4 A
2 A T 2 B, DASE AT & SERR A RIS AR

(3) {8 F SMOTE SRAf 532 1] LA Rt 5 P I R E0R, (R B T R G 0 AR AIE, 90 T 2 1, G Bh T3
B b 2 ) N2 A, [R]85 Ok B B (R SR S AR

(4) R SKESD I SHAP B0t 25 kAT HE 7 LR SRR 4, I SZZ 453 Arik A T & e 3 APP
BRI Esf 50 o TN %) 2 i 5 AR, AR — S i R SR BRI FE T (9140 1a T nue).

(5) MZE T #3)) APP BB Sl Fe TN B 42, A FF AR SCHIEAR 7 LTI S 6 45 B, 8 T oAb A k47
JE SR FT (https://github.com/Owner-MR/JIT-DP-for-mobile-APP.git).
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AT 1R TOH TR TAR. 55 2 W BRSO TAR. 58 3 R A SCIUERT TU R VR D 3R,
5 4 WG E AR SO FUR ) RN SR 25 IRBEAT RN AT RS 5 5 TN SIS BEAT b S8 I R S A AL, 5B 6
TS A SCHEAT A 45, FFX AR T AR AT R 2.

1 HRREXIE

1.1 BiRERES S22 5%

TSR, B AR 1) 0T 2 0] R A7 B0k i 2 1t 75 N 3 IOy, — S S0 R B, Z50HE 45 0 2 1) R 2 S5 Bl o T A 2
PEBE I L. Brid 22 N USRI, FERPEIT R RE b, HF RN 5L AT BEAS 2 G S B AR RS AT VRN A, S Bk
Ve e B AE S NTEAE P 5 5 SEBR I A IR A4 . Bachmann 28 A USO8 2 2k PR Sl B TN 700 38 J% 1 e b 22 5
W AT T WEFC, 4 FA W B 22 S 2 AR 1 s Al ™ S S DL W TS OB R R T Bugzilla 1) ITS #4815,
A SC I TR SRR T Git BRAS T 1 R 45

T R TR 5 6 SRR T2 R DA R A B 2 U B SR TR AR R () B2, Kiim 25 A POBE LR B (hiE N
SRBEAE ST PR IG R FE) FMBR B PRy N OB B E SERR A BREA) AEAS IR 4R, 45 % DA SR I B R ARV AR AN 4L
5 ELAE 25%—35% IS4 1% 35 0 S5 T AR 784 B 12 6. Antoniol 25 A B0 Kochhar 25 A P2V B3B3 16 B4R 5 4
Frik T G BB, (ESebr_E IR B, BRI A L. Herzig % N P14 7000 2 ANBRBEIR 5 3E4T T N LA,
AbATT R B BB AR S R 2 T BUBR PGS SR R AR, (AR L KGR 3 (B B 4R R AR K L. 7RI R
Tantithamthavorn 25 A\ PR NHIF 76 4 5 AR A PRV B 1 5 6 ST J2 56 TS 200 () S0, Ao A7) % B 48 B 14 ol
R 2 H R ABE T (1 3 B 2R AR (A AR A R T8 B B 52 M. 7 S PR IT R FE R, P R N 3 A 1 — IRARKD AR 56 AT
WA 5T (B0 12 2 RCED E ), Herzig 2 A P IX R AR SRR S 2% (4 RAS AR 58 B Al AT I AR 2 AR
1535 B AT (R R B AR v AR IR AN K, R D 3043 JE BB 10 ST A SR bR v A Bk . TR, S 28 ARG AR
BT P T AR TR A 2 i e 58 2 R M. e Arb, AT Tk — 20 B 0 R B, 52 2% A RAD AR B 25 S I ST A 16.6% FRIAH O
BRBAECR, P2 AR T B e, T T SO A R PR A AR B RO s . 5 A [R], AN SCE S AN R SZZ B
VR BB BRI R R B A R R S R Bl APP BB R B TN ASE 2 PR 2 0, I e o SZZ BV AR By il R
1.1.1 JR4A SZZ (basic SZZ) Bk

N BRI A R b A B S T, Sliwerskid 25 N "R T SZZ BK, BRONIE LG SZZ (B-SZZ). B i —Ff
FE T RR AT ) I3 58 B SRV, JE I A M YR AR 110 A B g sk AN B R 2 TR R OB, SR e L T g 51 N BRBE AR D AR
B 1 JERT B-SZZ HBI RSN APP T H A — AN R B, /L3S 4 NS ER

o NI IEFH R RIEE ZF IR E . LT 2 5 B 4 H W 8RR 4t (issue tracking system,
ITS) SRATfEELREH 2, B0 JIRA, BEANEBEXT B —ASME—FR IR, HRR (I H A R-B R IR, — BT,
TR N B E B UG, 208 BB bR IR A SR E B B2 (5 B . £F Git BT Il RS0, B-SZZ ¥ e fER A8
B HE AR S A E G OB, 40 Step 1 77, B RS B S EE I “Fix”, RN ZIBEBE T HE.

o R A BREE RIACTEAT . B-SZZ F I FiAS #% H R 4t (version control system, VCS) A7 diff 4 2K1R Al B 12
SRR S IARAGAT. 7 Step 2 WY, B-SZZ HIE R A H G B 1E E RS & AudioPlayerFragment.java SCAH4H 1) —
1T if B A, BT H DKM T S84 R, I B-SZZ B AT fEE B [

o WA G NSREA TR TE . B-SZZ 53254 & A5 R e (1 ARG AT HEAT W1, TR HE A e A QAT 1t o I BN AR BT 3R,
1113 A S5 B (AR 3 20 1] B A A 1R 24T, R H AR i S ] e 5 IR 2 4. Sliwerski 28 A28 vVCS AN B iE
e s (F140 git blame) SKXHRS P 234705, 40 Step 3 s, B-SZZ R 5 HAZ B 292¢9bf15 5 N\ T Hbg.

o PR H I NBRIA RS B4 T i 8. B-SZZ 6 5N T BB 1AL S EAT L, {5 40, TR 5] N R AR B R %
RAETEERBEAE R 2 7, TEERFEIE R AT 056065070 (3232 H HAZ J5 BT iR B/ 51 N SREE 178 5 AR & IS0 A,
BEAE 2Bk, AR TE 292¢9bf15 HIHEAS H HITE BB R AT 05606507b 2 /i, 3£ HEI N T 05606507b A& & KB
fit, it LA B-SZZ 4 HARBIAHI N T b (A5 5.
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Y a Commit: 292¢9bf15
L. H#: 5/14/2021 e --- AudioPlayerFragment.java
Step 4: e AR T B 232 4 %5 New media player screen Step 3: iR AT RES] NBRIE [ AZ B | +++ AudioPlayerFragment.java
44— - AudioPlayerFragment.java < X X
+++ AudioPlayerFragment java - if (media.getChapters() !=null){
+ if (media.getChapters() != null &&
+ if (media.getChapters() != null){ !media.getChapters().isEmpty()) {
FINBRFA AT yy

Step 2: HIBIE S
NN

N Commit: 05606507b
Step 1: IR RS S AR T Hit: 6/15/2021
42 P4 %51 Fix for highlighted seek bar
on episode without chapters
52 AudioPlayerFragment.java

A\ 4

Git
B 1 JE4E SZZ LRI BRI I — Rl
1.1.2  ETFEREM SZZ Hik (annotation graph SZZ, AG-SZZ)

Kim 2 N\ VR B ] B-SZZ SEREAT BB RE 2577 A K B e 5, A M4 2 1028 S8 g AR IR A BTN T B,
I H B-SZZ ¥ERAT . & BAT A U el (ARG 4 it ) 48 A48 SUAT S BRI ) A BB . g s B el
SARREAT FEA 5] NBRIE, S8 B-SZZ HikRE R 5. $55 &1L B-SZZ 51k Step 3 H, B-SZZ HimHG 5 K
K S S AR IR A BRI, BRIk, b B i ARREAT AT R 52 B-SZZ 25 R IEMME. v T R vk LIk 1] &4,
Kim 25 N2 T AG-SZZ. 1£ B-SZZ ik Step 3 1 i FIVE RS PSR IR ARG, AR e Bedr &, VR B AT LABR I 5
AT ESUE B (191 an 38 D00 B AARSAT).

1.1.3  FET oA SZZ i (meta-change aware SZZ, MA-SZZ)

Da Costa 25 N "R B, 4R B-SZZ 51 Step 3 Wi Kot i (4 ik & I B A S Jd MEsE ), T 2>
ARG 1) 7 5 SR R 5N, SRT 765 AN B T ARAL SR B, A2 1T B & B2, T AG-SZZ 18R 244 HR
BIREIN T BRMERAS T . T AG-SZZ T71E_FiR A f, Da Costa 25 AN "#E AG-SZZ MyFERt b dksT 1 i, $2 3t
T e BN SZZ 5ik, Bl MA-SZZ. i@ it i3t AG-SZZ w3 B, AT 38E G4 0 B S0 ) A A AR s
1.1.4 FETARIEMHEIM SZZ 5% (refactoring aware SZZ, RA-SZ7)

Neto % N PIWLEEE, JE R 1K) SZZ(B-SZZ. AG-SZZ Fl MA-SZZ) %44 FHIAREDAT (18 i 0 4 (45 250
PR N ERIG. EAAT 25 SZZ S92 Step 2 1 Step 3, HIFAN B TR FEEW;, AT LATE Step 2 HH M 8 44 55 A44T,
£ Step 3 HlR G AT, BEAIAT 208 AE 9 BREHEAT BIVR, AT JE iR 0 IR P 5 NSRBI B . s Bk
Phi, Neto 25 A W T 5 TAES EAGIK A SZZ, fbAT17E MA-SZZ [fFEA AL M T —Fh 44y RefDiff [f) Java 1%
i S ARG T L 27 S 2% TR AR A AT HEA T — 25 i R A B, AN R 5 A4 (A RS AT A M s

1E SZZ W 5| NERFE RIS T AR R, X 4 P SZZ BUEIRTHF AT WK 1 Brosity 4 ASBIR. e T R 2 A0 7E TR
MBS T BREAIZEEE (Step 1) A1 BRI LR 1 5] NBREAZAREE (Step 4). 1 AR ZALTE T, WAEFE AR IS1T (Step 2)
AN GIN T SREA AT (Step 3) BHE A T A F M R H0E. 4 B SZZ BEMMEIR 2 0L )5 30k 1 Fodh, TH BRI &
FITTERSL SZZ 1) Step 2, LEAZ S BRI A S kUl 1 FCIE S A BRI RIS, R MK H] T SZZ ) Step 3, 7E Step 2
A AT L, R BN T BRRE AR .

1.2 BIRTERERERBETIUM

A 55 TP A OO 5 AR 2 B P T 000 A BB 0 S5 B 5 ] 42, R T KRG, B R R A S A SR RE RS B 1 TR0 A5
RUA] g 2o AR T A7 AR A SO R B A B Y, R N 53 E IR Aty B 7 08 S B 0 T il T 8 K. Bk,
—AAREHZANEE EAANTT RN BB AR TN T ERFE TR AR
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2 E7% 5. SZZ RAFE Ex-A53h APP B i Sk F4 TN M A8 e AR 04 vl 4563

£ 1 & SZZ LI E ML

S22 ik IR W s
e RAIVCST TR A 2 TUAE S A R R
Bszz (oSt SURERI IR RIHTEOANE g st i 7 o — oA, 3

FRIENEINT BREE A T

Kimss U pszzpy EPRAATS PERAT I R AU el I B SO R B R O R,

AG-SZZ ﬁﬁ*ii&ﬁ?ﬂﬂzi& FAEVE RS AT, HRAREAT I NS SRR B AT IR EL et R (s R R AR

= B 54T, IRAIBIN T BREE R AS T

MAszz D2 CostaZ N'"IEAG-  F:BRARE TR BT B (2 2B AEAG-SZZIFERi b, {8 5 G I i F2 b 20 5
3 SZZR A BTG A IR S A RSO B T ) RIS AT e AR T AR AT

RA.SZZ NetoZ N"IEMA-SZZ  7EMA-SZZIIHEG Btk — B LB KAY TEMA-SZZEFER b, 1R 5 BREE B A2 o 20835 5
; RSt Lk T TR I EAAT RIS E AT

SRR PR L3R 9] 5, Mockus 25 N PO H 1 ARD 25 B 20 550 10 R A e e N, 250 P K b SO RS B B 4 Ak, Atk
IR T WA 4695 3K IMR) FISRFE TR AL, — A IMR 2 AN E AN, IREE RS H Tid 30X 88 IMR [
03, DMETARVESFE. Kim 55 PO A IR A QRS A5 5 H 2 ) o e TS 28, T 30531 22 AN PR 1R 01 2 7547
TEGRIE, P35 45 Ak BT 78% MIHERGIRAT 60% )7 [81 2. Shihab &5 A BT ) Tl 8 R 00 H 2 37 A8 B AR, AR
TR A AR B S TR AFAE SRR AT I, BT 5 ARRE SR 3 i . A58 SO R BRFA M ) P 5 738 B A G ) sl
B 5 5 DA BT RN B M 4 56 LA QRS 2 B A TR B b ) 3 R . B S, Kamed 25 N PRI o B AR e v gk
RTINS, F T T AN SRR IR S I ARRS AR TE /& A 5N 1 BRI, JEH AR RIS 3R i e 0. B kb, il
TR T 11 ANH C/CHB8 Java 40’5 IR TIH , G35 6 ANE044 B 7 m (1 R B TFIR I H A1 s AR LI E , iR
PRI B FMET 11 ANEIRE. TR b, R A2 [RA > 2885 8 7 TAE B BN (EALR), R4t R
B AR AL T3 BRI 20 0.64, 7E 20% W LAEZ IR0 T 35% WA R IR AE . A F Fi M )5 48 BV I 3144 e
TSR AL T 58 J7 RS,

FESEBRIT AL RE R, 1 FE A B AR s B A0 208 T A5 BT RN RUR AT RE 2 (0 IR I, BEFE N R il 1 AR &
JEH (effort-aware) AUMER: U TR BB 45 I R N SR 5 S s TOU R 8 1y 45 SR, o R 75 [0 s 2 | (—
9 20%) HIARREAT B e A B R b A5 it R o b, DR TR vy At i B TE BRI AR T, ISR U B RS it AT 12 B
Yang 25 A PSR T — R 8 R R G HE R 0 JE B A B BB BB T 7 9, 5 2 A WA AL AT X
o5 PR W (A SR HEHE P 10 T M B AR T3 0 A B Y. B, Liu %5 A P4 H 3EF R churn (¥ 8 1678 T
VERRIIHEF A, 7F Yang 2 N TARMIZEAE I, Fu 2 A PRI T —Fh 4 OneWay F T {/F B8 o e R e Gk o ot 00
J5i2:. OneWay ¥ Jafli Fll Yang %5 A PO TE WG B RN ZR A0, 8 B Btk TR BCR IO RY, SR J5 B T 35 Ul
B I s T AT e g ), Huang 25 A 7R H T —Fh 40 28 ST HE 5 1 T4 5 e B ek Sl o 00 7 ¥,
BN CBS+. Z iR T C BB LT 54 B4 EALR (9848, 78 7 NJFEDE _E 475058, /5L LT AN
EALR, FIT 4t 947 Wa B R LA o i (1 RS P2 . Chen 25 A P¥SR T 22 B AR A6 550925 - BV RS Sl e 000, 32 o
MULTI #8Y, Hor—A> AR B fEfc R IR AR EA AR TE (4, 79— B AR B 1R s R TR FE R DA 7 A 1 AR &
45 L W] MULTI 7 Popt 1 Recall@20% $5¥5 AR T-xF b 75 %, BT, Li 25 A Mt — b T/ 58N tri-training
2 1B R AT SR B TR 5 vk, S &b SRR B BT AR R B B P AN R R Ay Bl 2R AR T AR AR A St Ah, I — L TR 65
R TR ATE 7 41 E 5 45 A JavaScript 71 H _E S F A W 5 0 W B 1t B

B 5 VR 2 S R R B R R e, B S AN SRR R I T B R B3 A0 IR R FE I S VR A ST AR DA
SRR IR SR BREECRBSE 2R 51 B 7, 46l A T R B 15000 b . Yang %5 N MR VR BE BLA5 4%
TR A SR BE TR, 152G, A2 G0N U TE IRRRAE 4 A N 380 W0 28 o L2 ST IR PERHE R, SR, SRTIUIN A A A D AR B
I LRRERIM EL, 075 T B I T BE . Hoang 25 A WO HY 17— ot 303t ROV FE 2 STHESE (DeepdIT), AT MRS
ISR AR B E Bl ST R ERRAE, 45 SRR DeeplI T LTI et FISR LAY, [ 5, AT TR T 0 EEE
) 2% BRJUER B8 2 STHE SR 2 ST I AN I B ARS8 70 A A 0, 1 HL PR ) B S8 BT 51 5, #2817 —Fh CC2Vec
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4564 HAEFIR 2025 5% 36 A5 10 49

PR T st ok AR CC2Vee 14T 1 S Se i ) BRIV AR Bl p TN B 53r, Zeng 25 A USIFE R ANBEHE 46 b Sk b
52T DeeplIT. CC2Vec AL St 1H RIET SR FETUMALRL, MbA1R I CC2Vee FHARIRL LT DeeplIT, thAREEIMT
5 23 1) RIS SR TR AR 2 . 2 AT 48t — b 2 3 00 AR ARG AT R AGE ) RIS R B T30 7 V5, B4 LApredict. 2553
KW, 7L H N 5T H 50T, LApredict FIAE 250 FIRCR ER R R T 55 TR B 2 ) s Y.

E RIVAS S5 g F0 I A AT AR P 7 T, Pornprasit 25 A UM 5 36 AT R BOR LIME FH T RIVRH e b 150l o, 42 11—
Fft ITLine J532: A TR 28 58 B AH SR (AR 4T (O F500 15 g% . it J5, Pornprasit 25 A PO HY — Rl 38T 5 3 000
WAL TE R AT R R BLIE, fim 44 N PyExplainer, H 145 ol BIVAS S Bea FO A AL (O B 5 LIME #H L, PyExplainer 7E4H 8L
FE. RO . fRREME— P 5 SRR — B0k 5 T R BT . Lin 25\ O B IR E DA G e T A
AT TR VR AT, 76 20 AN FHIRIUE b seas, A AT A A A SR AN 100 B 4 AR Y AR DX I H T e, AN SB R ITH
F 25 (RIARMAD SH R, M2 AT E RS R S I R B ek 3R T B £ 5. M, 5 ETHE 2%
2 TN Z AT B 0 A5 O U RO ARRE, JF AN R, 45 2 BT B 1 LT SCIF . Zheng 25 A PP BEALAR AR
F 7 BV A SR B TR AR B, A ] LIME BEA7 #7845 R WA, i i Fh oy vk ] DA 31 R TAE R 96%, Fi8i/b I
RN 45% ) TAEE. BRITEEE N B0 SHAP HAR F - B GREE T, A A% 56068 F SHAP 23 Hr 4] 46 B 42 4%
E, AR5 45 B0 im 4L BT S E % 2. SR 5 B SMOTEENN 032 %) 28N g H i 14E 47 1 07 s S 4k, 48 P 45
A 2] ) XGBoost HEATHER. %5 K H] SHAP X Tl 45 Gk 47 ] i etk 43 #r. Yang 5 A PYSZIESEA T LIME.
BreakDown Fl SHAP iX 3 P 214 I S A T RIS R e Tl 25 SR A Re. 72 6 ANFUR I 45 SRR AR A
A ERFMBERE, WABEIEE R ERETHFZER PN 3. T ME 2R TH, SRBER AN
top-1 B uHES B AR MN—3M, AT H top-3 BEEoHE& H BA B — 8. 7252 brIr Rt 2, AT
A% R 2R TG DG AR A SRS BT e N 07 B8 G R B A A 28 (1) TN 225 SR

U4k, Pascarella 25 N P14 A5 58 2% (b 55 54T 1 RF 9T, A7 (B A0 4R A8 3 5 Fh A (5 s A JE S 1) SR LK, At
ATER T B8 AR B 1Y) SO R SR TR AL 72 10 NIRRT E b, STEe 45 FR BIARA 1B B v] LASRAR B8 i 1)
AUC 5% Cabral 25 N\ P02 (& 21| B B F5000 A0 E AP 1, 2698 1 10 A GitHub FFIRIR H BEATHE 7T, 45 R %W
AT A Y LU SR ZRAR T AT G-mean Fabr LR IUAGFEUT. 5T RIVES 3 A b YO0+ R B ot i it Je, Bk T &%
SCHR [3,57]. ST, 5 AN ], AR SCEE AT R bRV AR SE AL Bl APP BRIV 6 T 14 RE- AR RS (1) R .
1.3 #3) APP BIBTERFETFUR

Scandariato %5 A\ PM1E Yk Fe B TR 5 APP FOBRFE T, Al fiTik £ — AN KIUAE B APP (1) 5 MIRAHEAT 5256,
I S 35 ) B Ly 2R B AE SR 2 IR LT APP A2 75 47 6 BB, Kaur S5 A PR ST 35 Y, 286 T 01 K FE R B o it i
B TRONAE T B 72 5h APP ROARAS 8 % 1 i B o0 HAT S AP AL fE. Malhotra Y ] 7 N23h APP #%E T 18 4N
BT 5k S B i A ST AR 2 ) (M 2 K, IF AR TS R BB R M BE A 2. Ricky 2 AR, 2
2 APP BRRE TN 7 TH, SHEMAI AL LG G S R M Re BE AR R4k, — SERIF AUR] A B RSO R4 SOE V5 (abstract
syntax trees, AST) SR AR B A S 1], - FH TR0 RS 3h B TR 5 vh & A B A RS . b3k Sk = 200 21282 Ik
K APP BREE TR, Catolino %5 N "R 7L BA, 28 5 J2 Uk 5 3&E FI T8 30 APP BRf TN

Zhao %5 N ™HEH T —Fh 444 simplified deep forest (SDF) (17715, FH T3 APP HIV i B[ T . 12455 7 42
TARGARAMDIT ERR SRR S, e T — AN A RIS M AR 78 10 N 23 APP ibA7 5258, 45 R W
SDF 7E F-measure, MCC LA AUC iX 3 MEREFE IR L (1R I B0 T I LRI . D9 SR A AN 18 il 3 5o T A 734
(RIS2, Zhao 25 N PR YT — Tl 11 B J e D A dgfe g TUMI A 2R — KOPTIDIL. %48 i 56 R FH A 2 1 3 9 e AR v it
URBAR AT TAR B, DUIRAS BB 07 RHE R s, 65, TEURFE R I 4% rp 5]\ — Bk T ARAN BURR (1 28 SURR AR 2R Bk 4L,
T 25 FE S S B Sk R AR SAS T4 1 . TR 15 AN RSB APP _LISCIG 45 SRR I, AHLL T 25 FhIRLR vk, 18
KZHIEH T, KPIDL 7 2 A TAE BT br B RIE N R, FIFEH, Cheng %5 N I H — Rl 44 KAL KI#5
T [ R R B T 7 925, ABATT B A A AR 32 B M BOR TAL 3 R AR A, A S A R B PO B 2 ST VR FEREAE
Fon. AE 14 DB APP AT 250, 45 R KAL MIPEBE AR T 20 FlSELRAAL. Xu 25 N M8 19 N3 APP

© TEBREEEEIEDT  htp/ www. jos. org. cn



5% 5. SZZ RAFE x-A53h APP B i Sk F4 TN M A8 e AR 04 v 4565

MBI T A S B0 R B8 100 B B S be TAL R, 76 342 %25 APP L iEAT MR, S2I6 45 B 3% 0 b AT A A 2 L
14 AN FELLREAIPERE T 4T, 03l #3245 N T4 Android #5h APP BB T AR 84 () W] gl g Pt 9,
i 25y AL X LIME #4788 240 4615 3] ExplainApp 771k, 7£ 14 M85 APP Tl B 4T SCEe, 45 R R W
ExplainApp 757 ¥: 0] LARRERE 5)) APP B A i Ff T AR 284 75 380) 1) S 451 T &5

IR R SGERL B APP BB TN BV AR, SR T AR (0 AR BT B B A 1 B S AR R S e AN T 2R
B H AT AL, % SCERISIE 7B E briE 2 6 7 5l APP B R TN A5z . 36 ik, A SCEk SZZ FRiESE
XRS5l APP BV IS S e Tl DU A Y 4 e 5 A R PR 5 ) T R T I TR AN IR SEE B 9.

14 AL530HK [5] R TIERMEX 5

Fan 25 A\ PIE 10 4> Apache JFIEIT H _E RGURNTF I T SZZ FERFREE (1075 5% RIF AR G5k 53 90 0045 7 1y 2. A
B R AR, A3CA LTI ARIZAL.

(1) T2EXF 5 J7 . Fan 58 AT [ Apache JFRINH #E4T STUEHT AL, A S 17 AS#3) APP T H #F58 SZZ
AR BV 1) B8 St B B SR T 4 e 5 AR R R JR DR s 1) BB APP [ A JE B8 A, R A I A R
P, XN T R I R BRI 5 B 2 o0 B B, DA AR RS I AR M 5 B . 2) FL P T LA B Bt b R 4R 5 4 FH B2 30
APP N, R SREATEAT AR B (M #5A FT e kAR, TEGR M6 IR 25 RE /R PR AL I 0k, X0 Bh T RN B
BRI 3) #3h APP AHEL T HARRI NG E 2 M, HARI B oCH T, T R IUANAE Bk i mT DLk b0 B 7 7844
APP [ FH I I8 B ] /5, g s R R S, BT ER A T B A A & T AR 3l APP B2 A R .

(2) H %1143 75 2. Fan 28 AR H out-of-sample bootstrap 38 X I 5 1R BEH R 0 Il x5 SR 4, HaTae &8
FH 480 AR BB T 2 BT AR SE (bhan A 2023 S (978 58 TG 2021 4F B8 5, IR0l F 5 L R T RIS R 1R
R i S o o A 7 T, S T T g WA O RS A  J4RG BF 1R0 , fak FH AS 2% B e T K] 3R 38 XL 7 VR Bt AL
R B YR EEATF & SL b IF R FE. SR, Fan 25 A out-of-sample bootstrap J5 7% B AL HEAT E s &) 4 A % &
FSERRIE L. 5% TAEA [, AR Yang 2 A UV T3 H 05611 18] 2 50 10 Bt &) 40 7 vk ke Bk
A, CLHE R G SEBR R AT RIS R,

(3) BT AL 3875 2. Fan 55 AR BENL R AL BE AT JSE T4, SR BR AN LA [R) E508 SR AE B X R ff
TOUASE B 1) M e 5 AR R A (TP s ). | T JRCR AR SRR 2 B AL Bk — 350 23 TE R B B ARAE A4S T, T e 3 3 U A5
RASCRAT R, KUERENL KA Z L5 R R B BRI Frit— % 5. i, ARSCRANT LR
KFE BENLIERAE . A /D HERIE RAE (SMOTE) MBEHLIS RAL R4 4 Fhis FH B RAE B T2 3P (1 2L
R, DAECECAS R B0 e FE X B 3l APP RTINS B T 14 RE ) 2. 45 5 K3 SMOTE 2k FRIL A, A
AR A SMOTE Hk AT 28 8P, RIA]OR BRI a6 50 HROARAIE SO AT 35 2 AR

(4) TERUARAE 7%, Fan 8 AR REAE 58 B0 7 oW M g AT & R f R, 13 AN oo HE& . 28T, % AR
HUAT RBR: 1) FRF E ZE M5 7% N GEMRRE i u i A Y ) AR R M K/, AN BEMRRE R W ASE B = 2E TR 28 (R PR 1B
KR (TCHRIE) S0, 140, la (32 SE RN ACRSAT £ B o ERME B M HE 42 s, NS la R E
T, 15 la X IE A (B 8FE) 35 oHkiE) BIsm oy m AIFERE, X A JC TN 2) 4 RflRe H R AR /oo 0 A
BUBAKRZ I, A BB BUAE AT R T &5 5, BRI Te vk S Bk R 7E SN AR T | %A B B o X AR B [ BT ik
KN, 3) IR 5 P AT E LR, % TAEBA BRIT SZZ AR ARy e L () R M Fe i 7 A, N vk bid
A8, AR CAERAS T A E AT R, SR N A TH I SHAP J7 Bt T i RE . 1% 5 A e B (147 A N
S BT 42 R R RE, 3 BT HEANAR T (1) TR0 25 SR AT R AR, T 7S A B AR R 5

M2, ARSI R 7T, A5 Fan 25 AFTRH R SZI ST R Java B S W5, ZR EERAET KA G
i Xk ARIGHE . ARSI DL R SRIE IS S WA SR AN R, TEE0E R 43 77 T, A SCR R [ %143 75 AR B S v
PIBEALRI 7377 20, A6 SERRH AR, RSP A3 75 T, AR SO L T 2 FloR RS, 8 PERE s LA SMOTE
BEHEAT 2 E P, BRI RTOR BE IR A K R E RTS8 i 2 eV, TERS BB U T, ASCEINT SHAP BiyEN AR
SIS A S ABEZR ) TR 225 SR TEAT T AT AR, R S T b B AR AR Y () SR TR, BT Bk 4 AN DA K
BAEITE BIANE], NI R BS54 5 Fan 58 NI A4S RAFEZ R
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2 HuEEME

2.1 BUE&E

HAEFIR 2025 5% 36 A5 10 49

ARSCAERY 17 250 APP T H #92K H GitHub, Hrb 12 AN H Sk E 26w w7 17, 24k E GitHub FH14
PBEig . MUBRCRINFEEN T H . 3 2 4 T30 APP (W BE .. 1 HiH. B HEEEMNFH RA-SZZ &
VERRERISRBE L. DL 17 ANT0E 5237 2 B 0 0 D7 s B iR T Git lRARTEH RSt

F2 3 APP RN E

T H SEi A1k H AR B LA (RA-SZZ) (%)
Afwall 2 R G0 B K A 2012/12-2022/7 1815 35
Alfresco Al N A B 2012/8-2022/4 1528 11
Android sync [R5 1& A 2% 2011/10-2015/7 3220 43
Android walpaper BEYLT| 4 2014/4-2021/1 796 38
AnySoftKeyboard 2 R G AL APP 2009/5-2022/8 7088 18
Atmosphere I £6% S DX BT HE 28 2010/4-2022/5 6074 34
Chat secure Android Nz @ iNAPP 2010/3-2018/1 2910 30
Facebook Android #L2ZAPP 2010/5-2022/8 2718 16
Kiwix AR T R A 2012/2-2022/8 6312 14
Own cloud SCREAAE B 3 APP 2011/8-2022/8 10261 16
Page turner Z WA D A 2011/12-2021/10 1265 18
Notify reddit F-FERedditi B AL 2014/7-2016/6 232 26
Conversations RIE 3@ FHAPP 2014/1-2022/8 6879 25
AntennaPod RERIETAPP 2011/12-2022/8 8222 22
AndroidAPS W PR i 5 IR I APP 2016/6-2022/8 14053 13
k-9 HLF MR 7% 7 i 2008/10-2023/5 12062 16
SeriesGuide AN S BRI K B APP 2011/7-2023/3 12289 14

2.2 HEEETAER

R ot B A v (1 2 B PR e SO AT VR 28 AR SCAE P Kamed 45 A PR 1 14 AR R R G, IXSURE T L
LERUE WA R I Sk B TR AR R BLALSF . 3% 3 X 14 DNEERICREAT T8, K0y 5 NERL, 7 9 S o A1
ML B DL AIr ks 2.

®3 BFEETUHE

Eidi s fEEIT ik
ns AHEAEMHEIT RAHE (number of subsystems)
. nd AT AE D) H 340 (number of directories)
e o A8 SR (number of files)
entropy A AR ARRS FEAH AP K20 AT (15 B)
la AR BN ARES AT 4L (lines of code added)
FAE 1d AR TR BR AR IB4T 4L (lines of code deleted)
1t AREE 2 1T ARG 4T 2L (lines of code of files touched by the change)
=i fix AHERTIEE T G
ndev PZ AR AH S I SR AT I B 2 )T K 8 $ i (number of developers)
ks age 2R SRR DG S AR IR I — YR AB 28 5 %73 B 1) - 4 e 1) ) B
nuc X AR AR O SO REAT B B AR BE 45 & (number of unique changes)
exp PR QIR H A& (experience)
T RE G rexp FF R T HHRAS AR 4 & (recent experience)
sexp TF R CARAC AR B Hh M B)1% AL B AH 96 T R G HI R (subsystem experience)
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5% 5. SZZ RAFE x-A53h APP B i Sk F4 TN M A8 e AR 04 v 4567

AR 43 A7 248 P K 28 5 34 B IR RAS A3 A EAT B Ak, LA AR 03 AR 43 A1 15 A o A AR 3R iy 3 A 5 1),

FAS A P P ARAD AR T R RN, 5 AR R AR B, vk IS (B OB, 4 e [ Bl B T, DR B 2%
VEIDN {1

H 4B — A Fix [E5, %% &0 RF R AR HE R A E T 6. SERT AT R, B T B AR 5
LA A PR =R B g, F ELAR AT AR 51N T 3 (B 1057

T3 S 4 P T 43R T R N D18 SSUARRS BT i B 1 SRR B8 g 58, S AR BIF 7 o, K R S A I BA PE SR R bR T
TP K 4. Matsumoto 28 A\ "R e 46 L, YR IF & SAS BGE 1 SOF A A7 4 45 2 s,

TR 250 4E FE XA 56 7 st O F RN R B AT T &4k, ARIEIF RN R RTS8 1978 T ) sE A g (1 B A
Mockus 25 \ PR B, L0034 8 T RN RARAC HAR B — AR 23 5] N BRIE.

72 BT IR B B, 1 %%, 18 PyDriller” 2 BUIH H 4 Git €)%, 1§/ traverse_commits 2608 7 Git F &,
X H I T R 40 A, SR AR SSAS B MM TG0, BB R R — AN 8, P A BIRRIRL
HR A5 R, 10448 T Y Hash 1D, #2758 H %5, 31 DL xml #2077, 8 T R4 R . Jk, 1 xml SCfF, 5 5F
ARG B, AT ERIGE R, 4 A D AR PR TSR, R, WA SO A AR bR A
IR
2.3 HiEfRE

AAER 4 FPA R E) SZZ Bk S BdE 47 bR, B B-SZZ. AG-SZZ. MA-SZZ UL RA-SZZ. &8
PyDriller” T B X (4N 5 APP 19 Git ARS8 B H BT IR, Git ErP & T B & G328 AR AR 58 )
S, A IE U 3Rk 20(bug)|(fix)|(crash)|(fault)|(defect)| (problem)|(error)|(patch)|(wrong)” A H i it H 25 A 5 5 Bt 1]
(140 bug. fix. crash. fault &) PR {5, SZZ B LN IX L OB B IR AR S8 AT W18, 1 R ) H & B
HIARADAT, HFRIEMPLEAR BT 5] N T 6 FE.

S FASCEREL 17 N8B APP Wi H, i 4 Fh SZZ 554 APP 31 H #H1T H B4R vE, 4 APP %R
BT 4 Fh SZZ BFLEHIFRIESE B Neto 25 N VR B, RefDiff T 76K 2 ACRD F A8 5L AL RE R BT, RA-
SZZ Lt MA-SZZ {E R 5k b J7 T 5 AN e, Fan 5 N PI% RefDiff T H BEAT T 3000F, A pififE g B 24EM
Java JF R 58, FEMRATTAERE T K3 RefDiff 78 10 /NI H Hi5 3] T 97%99% HIKEFE, L MA-SZZ, RA-SZZ 7*
A FA N TN, DRI, AATTH RA-SZZ B AR 45 FAE N BUSEAR S S0 LR ] SZZ Sk bR vETERE. 5 1%
FTAE—FE, 30K RA-SZZ S bR S5 AR N E SRS R 48, RN RA-SZZ Fibeid i 4o v R e . 3L
A% 3 Fh SZZ SV MFRE SR VE AR I 24, 18] RA-SZZ AE BRI 20 FsE AT PEREVRAG . 2% 4 44t 7RI
RA-SZZ ki ERE NS B4, Giit B-SZZ. AG-SZZ il MA-SZZ 4% R RiEMIBE Kb H. K 4 Al LLE
i, B-SZZ. AG-SZZ il MA-SZZ [IRFR K IG IR, FEARFF AR 1 frid.

# 4 B-SZZ. AG-SZZ Fl MA-SZZ WIiAbrEE K 5L

iH _ B-S7ZZ _ _ AG-SZZA _ MA—SZZA
; HIRFR U AR (%) HIRFR U bR i (%) HIR bR b (%)

Afwall 359 20 267 15 241 13
Alfresco 366 24 92 6 79 5
Android sync 420 13 301 9 270 8
Android walpaper 208 26 63 8 98 12
AnySoftKeyboard 1329 19 1174 16 1079 15
Atmosphere 939 15 608 10 490 8
Chat secure Android 356 12 208 7 153 5
Facebook Android 399 13 282 10 254 9
Kiwix 1211 19 1096 17 1007 16
Own cloud 1959 19 1658 16 1519 15
Page turner 124 10 103 8 82 6
Notify reddit 34 15 21 9 19 8
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%4 B-SZZ. AG-SZZ Nl MA-SZZ WIRFRECE & 5 EE (8))

5iH B-SZZ AG-SZZ MA-SZZ
HiRAR A R H (%) iR bR A AR & H (%) HibR AR & H (%)
Conversations 1058 15 898 13 782 11
AntennaPod 955 12 661 8 524 6
AndroidAPS 2270 16 1730 12 1614 11
k-9 1415 12 1137 9 967 8
SeriesGuide 1652 13 1422 11 1295 10
SERSE

IRTFT 4 Tt SZZ S5 Fbm iR 1R A 6] 8% 2y BV B 50 A3 TOMUASE 284 (0 52 0, AR 35 3% S0 P40 4 % 1 S R AT PR A
. AT, AT 5 AN AT A AR

RQ1: SZZ HiRARiE A 5 2 u%ﬂﬁ%$¥@ﬂ‘%%iﬂ APP A d5f b T A 2 f 14 i 2

RQ2: SZZ 45 R bR IR 5 R 5 R M 2P T A 2 APP B 6 B TN A 2 1) 12 i 2

RQ3: SZZ HRFFE AR B R TS R A P R 14550 APP RIE S A TR BY (14 ff 2

RQ4: SZZ 45 R bR IIZZ 5 R R 2P T I 2 APP BV 5 b TN A 2 () A g 2

RQS: AN [FIHH KA Sk 8 P R X B i 2

Bl 2 45 T ARSCIEF AR R, 385000 8 MBI,

/

| |
=k
| |

| FH |
| pyDriller | )| 0%@
——————— 3 | S »

| |
| [
E=ON ks
AR N 0
s | @
P mm 1@
| PyDriller | |
| demEs | | B bR B
| bug, fix,error | ——————————— )
| BT | @ 1<i<n-5
SKESD I— — /—Ei — —I
I st
1 I 1 I ————— vy
® _b‘ Orwms OO0 . GOwe ! £ - |
) e]e) O |
I grse Wik I
l|||| R R : (i, i+1) (i+4, i+5) :
SHAP e - = -
(© wm

K2 SR

(1) eSS APP i Git O, IREUEM BT
(2) IREE A B BER AT S, 8 ] B-SZZ. AG-SZZ. MA-SZZ Al RA-SZZ iy BIhRTBUE.
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(3) K B A T 4 R ST I ()RR, R0 DI SRR A 4R

(4) W45 4 Fh SZZ FIEFRE R NZRE, M HBENLARAR . Ab 3R DL 7 5 8 B8 [B] 19 43 288 385 53 71l 46 skt RV Es) S5 e Tl
(Eith

(5) XTI A A AN AR TR (BPSefi)) Tl H2 A 5L N 1 HT B,

(6) INASCH 2.4 FTATIR, ¥ RA-SZZ FrvERI BB SN N B G &,

(7) %o BB BR Ba UM AS R 3k A7 M Re VA, R 1H BT HR 5.

(8) FRJ i/l SKESD 1 SHAP 53273 sl %f Tt 45 SRAEAT HE 7 15 R
3.1 HIETALIE

Tantithamthavorn 25 A U2V B 6 14 52 5 1) 55 585 70 2 S5 i L A Bl s o000 78 ) ek i 55 Ao DR e, i
IX 14 AN 0T A2 R AR 1 1 R S I B 5 T AR R R R 3T S i (R 7T Y, A D R S T A Y
R 7 BT SR AR AT T AL 2T, AL FE T AR5 N5,

HAmm At BT HOE 5 O o B BB AR A FLSC 43 B, BRI 75 ZER R 147 3 — AR AL B SRR ER 1R
(YR X 2R, A A5 R ) 20 A N34 50, 5 58 R 9t —HF B, AR SCR A InGer1) X308 4. BN Fix & — A 23k
G, RUEASK FEE AT A FE.

JE B UM M S0 T AT 034 B K S P 8 7 2 xSl o T A 8 72 A i U2, b4, B8 B L ROAR SRR R AE AN A
TH FrRe A A 2 Rk Bk, RSO AN SRR TG 8 ol T A G A B B, SR RGBS 1R
AutoSpearman 5356, 13 5% 45N T H #3547 Spearman A5 S 20T A5 222047, LA EUE & T,

3.2 BIE&EXIS

St BV e S5 s T b K (K ) 4, AT (RO S A O, X A R IR i A P 58 SR B AL R 43
AR 7 KIEATF G LBRIE L. filtn, ] 2023 FFF222 AR TR 2021 BT R T EIN T 8, ZIHA/FE
R AN, IS S EUFI AR R . NI, Yang 28 A PR T — i3 i )R 1) a1 40 vk

M Yang 25 A CYRG I ] 51080 53 T30, b TFREANTE , ASCK T 28 AR B3 H AR THERE, I — A
AR EARE 5 —H. B —DNIE WATE TR 8 n H, WIS N5 i IS i+l 41, TRER N ER i+4
5 i+5 1 (1 <i<n—5), WITORIES NI ZRIEAI A & WA H AL SE B0, SXRERI 2 OB e 0 R - (1) K2 H0
HEITF AN 2 A, 2) B IIGRERMNRE RGP A IR, i RIT RN VA 28 2 1 E1E 5 5 £ 6t
R, (3) B ORI ZREEANII ARG 08 1 ST (4) {3 A -5 T A% B HAH 0 110 745 B 5040 i £ ST 0 285 12k
33 1RBME

%% Fan % N DO IC T AR, ASCREFHBENLARAR . AN ZR DU TR 45 [0 3 Fh o 2 Bl AT BRI M 2, fEAE 4L
Or RN AR BB S HE R PR 0 40 590 A e B G s TR ASE Y o S, AR SR T CBSHUT ) T AR B K B
IR B TIOINEE R, A58 B ATARIE B B A B M R, TEAR ORI b, BENLARAR 4D 2R DU R0 I8 4 B )= 4 S BLAE
P R & 3 "1 randomForest 457", naivebayes £ "Ll K glm %5
3.4 BTN IERR

AL B T AR T 1 B, ASCfE ] AUC. MCC I G-mean X 3 ANAE LAE IS0 TEAS Fa b, H O LR
HERR T 5T e AR R U7, Ieab, (8 F-measure@20% F1 IFA P LA B IEE0 T 545 BT,

AUC (area under curve), B Hi 2% T HTHIAR, H8521#E TAEMMZE (receiver operating characteristic, ROC), ROC Hfi
LRt T AE A BIE T FEBHME 2 (true positive rate, TPR) % T BH: 2 (false positive rate, FPR) [ HT£k. AUC
AT N [0, 1], 5 AUC #3578, WHAIERERIMRGF, & AUC 1555 /N T BEE T 0.5, T B A8 B 1) Tt 4%
BTN, BT, AUC B 32 5 T BB FmaT 70 7, T b Hodfs 5 0 2 A RSP (K 4, 1T 4UC
A2 H 43 A7 DA SR I R PAT s, BRI L A AP AT 55 T VRN 8.

1E =432 5, MCC (Matthews correlation coefficient) T+ 5 T I Af F0 BL S2AH 22 18] (1) 5% £, HLHUH 75
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N1, 1] BT B, AR R A 5 SERRE 58 A AN R S4B 0 B, i 2 ) T A AN S BE AL TIN5 {5

1B, DA A B T 225 SR 5 S B o0 58 4 — B0 BRI L, MCC 0 | ISR R IR LT . BT MCC Faiw

R TIRIFIEREGORTA 5 5, U TP TN, FP A FN, FTM AR R — RO G AR, 15450 T
TPXTN—-FPxXFN

T JTP+FP(TP<ENIN+FP{TN+FN)

G-mean'™ & — B ifiy it 1E R 61 Mk B 2 10 P47 (R 48 b, 38 F T 2R P (K 5000 oy b B4R & 8 T BALTE
ANESER LRI, @ v B LA A R AR I S PR BE . G-mean WTBUETEREA [0, 1], HAR B R R R EA
2800 b R BUBR LT . A AFAE RN AT, G-mean REWE T4 /D HCERF ZHER T /02 Re, tHE AKX T:

G-mean = \/Recallx (1 — Pf) 2)
v, Recall 37545 IE6f TR A R I 140 4% S 185 52 o fk o A8 B () EL 8, P27 JIG B o PR 4 B0 ol Tl g ke o ) A% 58 5
SEBR TG BB AT T ) L3R

F-measure@20%"7 & —Fh 56 T T/ B A AN P45, F56 8 20% H1EARS17 (lines of code, LOC) K ffi i
TR N TR T/E R, N Precision@20% 1 Recall@20% FIVAFIF%0. Bert OB 738 B, E R ZHIE LT,
I HBLAE 20% O SCEFBARRS AT o U, BRHA SCAE ) Fomeasure@20% AR K PP Ai 3T T Bk a0 £ B0 B Gl e 950
AR, AR SLA KR

F-measure@20% =

Mcc

(€]

2 X Precision@?20% X Recall@20%
Precision@20% + Recall@20%
Herhr, Precision@20% $8TEREH] 20% ) SARRGAT 45 IEAf FI0 J S e 1038 B o8 T G B A8 B ¥ L 8. Recall@20%
FRTEAEH 20% M ARRDAT T B 1E A TR0 a5 e (1) A8 B8 5 S Bk f AR B8 11 LE 2R . Fomeasure@20% 45525 58 116 L

PR R RNR 0 T ALY PR T 23 R 7 [ 36

TFAPT R ARTE BRI R v, TER LSS — A S bR BRI 2 T R A, P DAl e o000 1 o 1 2
R, BACHIBI G AR R R IR SR A ML i SRR BE AR, 7 AR U I . AR B TS TR BT 4 IO AT & AR BT AR
TR, TFRN R EENH AL, AR R4kl s & HABAL . IFA THE QR
IFA=k (C))

3

3.5 St

NTRIGAIE SZZ bniE k2 M RE 2 J e B BB it 252 X, A SKESD (Scott-Knott effect size
difference)” i3 4T G 1 5 3 MR, SKESD J&— R 448 EL i 5032, ‘B 45 4 T Cohen’s delta %508 K /NI E TR
FOHTEAR, AT —ABMERI S NES 5 R B3 2 R HIARL (2<0.05). 555 i ABREE TN TA/E—FE U5,
AHATHHE SKESD W, T %6, HEH SZZ Aryt Fik A/ B b2 0847 45 R BME 1T SKESD M, 15
B SZZ FEME R H F FIR. Tk, HHATE 2 & SKESD MK, 331680 SZZ HILTERTA I H L% %
HEAZ, HEA e M ARy M e Bk T, 13 04T %6 SKESD MR, AT1S 2|5 Fh SZz Bk A W H L4, XFEmT
PLLRE 2 FEANFIT B A B REAR I IXFh 7 VR RE 0% A2 1 LU BRI VTAL &M SZZ vk, % [ERAS [F I B H AR 22 5.
3.6 FIIRTERERRARE! SHAP

SHAP (Shapley additive explanations) #& —Fh 541 56 MR 7k B, B 2 125 4 1) Shapley (S, 7T
& T B AR R AR R BRI AR, FESRAE T — PR B T 45 SR 00 U7 v, T LA B AT B AR B
Y] R A A AR AR SR AT TN . ] DA 7= 4R X T 00 &5 SR B DT RAR BE, DA RCREAE AR AR 738 A0 T Tl f47 52
XFERIARREE B T AT EEARASE Y (1 P SR AR, AR B R TN &5 S, 35 B AR WIS i) R 3. Al SHAP J73:
IR0 R (1) SHAP — 7 A5 K R B TE S R RE 7 323, B AT LIOK 5 B Tl A 204 47 4 JR e, 0] DI B AN
TOUIN S5 SEBEAT R B AR, G A SRR, T DA R AL e SO A AR ) P g L R AL R ST A AR ) TR 5 e
BN, BT T AR ) R BEANAREAE (1A X B B T R AR, RN A R AT AR AN AR T R T R
T, A BT R IR AT AR BTG U, (2) SHAP BA B EEAN, W DAORIE AR o 8 1 FFAE MR 44 o
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Sk, K 2 1 AR ARG T 7T SR A SHAP SRITH RIS B 4.
BAfHh, o TR, RS 2 Ay th— AN A, SHAP #E— /o] I PERERL, 4 BT Re e 3 e A ok 2, i
A —AMRHE S B ) TR, A DI R & NRRAE, BOSER § NN x;, 55 1 DA RIER j ML x, B
XA S TR y,, 2 A 228 5 H AR AR 8 A E AR B AL, 10 Yoase, WIER § ANMFFAER) SHAP fHA:
Vi = Yoase + () + f(x2) + ...+ f (i) )]
T AN SZZ ARSI B T &5 FEAT ARRE, AR PyPI (Python package index) JE 71 /) SHAP &
1240, (https://github.com/shap/shap).

4 SBOEER

RQI: SZZ #5RFRE 7R B R 5 M AP R 194550 APP RIIE B TS 54 (1 14 sk

WEFLBNAL: 75 PRIE JF & I Fi o, RITES S50 5 T A5 20 AT DS B o R N SR S 38l 1 31 6 670 B M R 5 N T
Fa, DA b BEATAB R, (RIS 38k 5 1 4 58 2 B E ST\ BT E o, AR = I & 20, 2810, B TR R TAEF 5
A SZZ S R ARTE FIBAE X AL 5l APP BN B i TR 2 1 R o mm. (R k, 7SR PR LR, A SR N
J SZZ BB RS T RE 5l APP E A e T s 7L 44 A F 5 i

WHIE 7 WA 2 Fi7R, # RA-SZZ brvE BIBHEE AL, 73 B-SZZ. AG-SZZ 1 MA-SZZ i i
A 548 B RA-SZZ M ALEAT LL A (RA-SZZ 1ENFEHEREAY), LLCRIRFEIX 3 B SZZ Sk 0t 7% 5l B i e 73
TUAEZY P B8 A RE . SR P BEHLARAR A3 DU B A R [R5 SRR YNGR 2, 43 5l B AG. MA Fll RA, i
AUC\ MCC~ G-mean UL J TAESRIEAFEIR F-measure@20% F IFA $a b5 RAPAL LAY, 555 M A SKESD Fe itk
o} 4 AT LU A HT.

SIGEE R R 5 I T KRBT P 4 Fh SZZ FIETE 17 AN EEsh APP I H 4R, LUK By AG. MA 7!
5 RA RIS E A L, 64T B IS SR DI R (FIRD). B 3 JBoR T 4 Bl SZZ SEAE AR 432548 11 SKESD
Gt 25K, T UL EAER, WIS BL R &58.

%5 FTUILT 4 b S22 Sk mBe

R % = a9 N “A
35y B-RAMGEIMAELL (%) 35 AG-RAGDHMEEL (%) 1575 MA-RAFGSHIMAEL (%) 55
RF 0.8 95 0.8 95 0.8 95 0.84
AUC NB 0.72 106 0.68 100 0.68 100 0.68
LR 0.73 97 0.73 97 0.74 99 0.75
Average 0.75 99 0.74 98 0.74 98 0.76
RF 0.35 92 0.36 95 0.36 95 0.38
NB 0.22 157 0.16 114 0.16 114 0.14

Mcc

LR 0.26 90 0.26 90 0.27 93 0.29
Average 0.28 113 0.26 100 0.26 101 0.27
RF 0.68 105 0.68 105 0.68 105 0.65
Gomean NB 0.59 109 0.54 100 0.54 100 0.54
LR 0.62 98 0.61 97 0.62 98 0.63
Average 0.63 104 0.61 100 0.61 101 0.61
RF 0.27 87 0.30 97 0.3 97 0.31
Fmeasure@20% NB 0.26 93 0.28 100 0.28 100 0.28
LR 0.27 90 0.28 93 0.29 97 0.30
Average 0.27 90 0.29 97 0.29 98 0.30

RF 3 150 2 100 2 100 2

NB 2 100 2 100 2 100 2

IF4 LR 2 100 2 100 2 100 2

Average 2 117 2 100 2 100 2
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6.0
\ \ } 45
1 £3.0
£
RN
T T T T T T T T T 1 0 T T T T 1
O R RN CIRN o (SN B CIIA V¥ O
?*ng Y’%/QJ/Q‘Y’/V @ Nd @Q;/?* Q./QS’Q/S\Y*QS’
S G I $ g SR T S
(a)AUC (b) MCC
6.0
\ | \ is
2
B e
E +
bpog s
T T T T 1 0 r T T T T T T T T T T 1
LB RPN RN A I A IR\ (N S DRI S AR AP RN PN GNP
\od Ao 7,8 28V N A Al
‘b/‘&/\&/&/\%/\%%/éi&g/@/ %@\%/& QS%Q/\%,/%Q?/Q&/%Q)/&%/Q&/@/
(¢) G-mean (d) F-measure@20%
6.0
45
g
Z3.0 *}\
=15
0

(e) IFA
3 BARPAELT 4 Fh SZZ 5L SKESD itk 45 5

(1) B-SZZ: fEAE G 48455 1, MELF] B BAAANT T RA MEBILE AUC J5 T HI1593 5 HE A 95%-97%, 3 (5 L
N 99%, IXAEFNER T 43 2688 EART RA AR 7E MCC f645 L, B R 5 0 M5 T RA AR AR 90%—157%, F-
B N 113%, AXTERRER DU 43 2588 LALT RA BEAY. BhAb, 76 G-mean 845 L, B BEELAGS 0 HAXTT RA FEHY
I 98%—109%, P33 i LLA 104%, {OZH[EH 752848 LT RA AL
TE TAE RN Fa bR 7 TH, K B BAA X T RA BTE F-measure@20% 75 T I155) 4 87%-90%, “F-35 i Lt
N 90%, TEFTE /3254 EANI RA BEAY. 76 IFA J71H, B AN T RA B 191850 N 100%-150%, “F35 &5 Lt
117%, SFERENLAR RS> 258 AR T RA B,

(2) AG-SZZ: TEALGeabr /7T, AG BEBLH) AUC 1557 AHAT T RA BLZY 11553 5 HEoA 95%-100%, P35 5 EH A
98%, INFEANE DU 732K 88 5 RA BIRUAE Y. £ MCC J7TH, AG #1520 F4 T RA BB A5 738 90%—
114%, P35 &5 EE oA 100%, {AEAN R DU 432588 |55 RA BAUA Y. Ak, 5T G-mean $6H511 5, AG 115
Sy HXTT RA BERLEITR 4 & HON 97%-105%, “F37 &5 LN 100%, ANTEIB 4R B3 42588 KT RA FEAY.

A TAF BT bR T 10, 5T F-measure@20% 1Ml &, AG F AN F RA AL 1550 93%-100%, 13 5 Ltk
N 9T%, AAERN R DL Hr 7y 288 B 5 RA IR —2. 7F IFA J5 1, AG BERUHIN T RA BIAL75 90 9 100%, 5 RA

AR — 5]

(3) MA-SZZ: TEAL e br 77 TH, MEE3] MA AT RA BB H) AUC 135 5 HoA 95%-100%, P33 5 Eb oK
98%. A3 I, INAEBENL AR IR 20288 F B ZLT RA MR IhAh, 78 MCC J5TH, MA # BT RA #EL 15
539 93%—114%, V-3 5 EE A 101%, AFEAN R D773 2848 EAR T RA MY, 72 G-mean $EFRT71H, MA HEAUAHXT
T RA BERELHIFR5r o5 He ol 98%—105%, T34 5 EL ol 101%, AN EZ 45 (A1) 40 2488 KT RA B,
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7E TAE R BANFR AR JT T, X F F-measure@20% T &, MA BRHIN T RA BRI N 97%-100%, T35 &
EL o 98%, AXFEANZ U173 2538 b 5 RA B —3. 76 IFA J5TH, MA BEURE T RA BB K1550 4 100%, 5 RA
BRI — 3.

SKESD £ & M, 7 AUC L, BENLARMSr 883815 T IARAIPERE, JF H B. AG. MA 1 RA R MEREAK IR
I, 5G4 P SZZ BRSO & kN EE T ORI AR ] )3 2208 BOR RIFR BE I RS FE MCC L, BEHLARAR
PR T AR, H 4 B SZZ B ] (AR IE AR — . £E G-mean L, FENLARMRAIIRA T HRACHIHERE, 22 RA
FAZY () R K T oA 3 P SZZ 58, 78 TAE R AR bs 7 T, BENLARIR > EBRTE F-measure@20% b HERSR
BT RARRITERE, RN G 4 Fi SZZ Sk MPEHEC R, BhAk, Fh2 VT HirE IFA 3RS T BAR M PERE, B
MUARAR I BE R f R 22, S5 53R 5 R IBIER KR, MEAe T B A S D8 AT Rl J5) 3 45008 22 S 38K BT s B ).

RQ2: SZZ HHRFFE M AR T & T2 T4 T 1553 APP RV BREA TR ZY (114 5E 2

T shiL: R PATIE O T, HATE R TAEFF AR AR SZZ kst R AniE s 5T B 5 APP RIS T
BRI BE R NIETE RQ2 1, A SO HATIR AN AL, ©F TAELE A 2 RIS 5 b TS LI, 5 45 P 50 KA
FEA K Kb FR 5l 3 5 PO AR T ) A 7, SR T A A K R P AL KRB B, I AT Rl 2 5 A S i e 1),
HET SR 1 1 B, ik, A S SMOTE KRR B X Bt 47 2 5 P4, N [RIR AR BLE 0 e R LS 4
1 RQS.

TV o T — N T )PP 50 R 4 B I 2R, AR S0 Jafdi ] SMOTE SRAF B AR AT 28 47, #2465 K
BENLARAR . ANEE D2 BB 4 [m] )5 43 2588 23 IR i B-SZZ. AG-SZZ. MA-SZZ Fl RA-SZZ %), i 518 AUC.
MCC. G-mean Fl TAFRIBHTERR F-measure@20%- IFA KA GE. B J5 % HE B-SZZ. AG-SZZ. MA-
SZZ Fl RA-SZZ BRI &5 5, 35 SKESD Gt 7 v 06t A A5 20 i 79 0 45 SR AT 23 #7.

FHR R K 6 FIH TR PHEM T, &0 580 R 4 i SZZ BIETE 17 N3 APP T H 45 R, Kl 4
JEIR T 4 Fh SZZ Bk SKESD Giit- &5 R, 5k, TS H LT 4518,

F6 KEVHIEILT 4 B SZZ HIEN AUC 154y

el A% : A0 MA RA
545> B-RATFSFIMEL (%) 1849 AG-RABIMEL (%) 54 MA-RARMIME (%) 549

RF 080 04 081 95 081 95 0.85

NB 071 106 0.68 101 0.67 100 0.67

AUC LR 0.73 97 0.73 97 0.73 97 0.75
Average 0.75 99 0.74 o8 0.74 o8 0.76

RF 035 90 036 2 036 ) 0.39

NB  0.22 183 0.16 133 0.15 125 0.12

Mmcc LR 027 93 0.26 90 0.26 90 0.29
Average 028 122 0.26 105 026 102 027

RF  0.68 100 0.69 101 0.69 101 0.68

Comoa NB  0.60 11 0.54 100 0.54 100 0.54
LR 0.64 97 0.63 95 0.63 95 0.66

Average 0.6 103 0.62 99 0.62 99 0.63

RF 029 83 031 94 030 o1 0.33
Fmeaswe@aos B 026 93 0.28 100 0.28 100 0.28
LR 026 84 0.29 94 0.29 94 031

Average 027 83 0.29 9% 0.29 95 031

RF 2 100 2 100 2 100 2

. NB 2 100 3 150 2 100 2
LR 2 100 2 100 2 100 2

Average 2 100 2 117 2 100 2

(1) B-SZZ: {eAE 4 far 71, B B8ULE AUC J7THINAS 53 15 bE RA BB 94%-106%, “F3529 99%, {NAEANER I
oy g BAR T RA B, 75 MCC J71HI, B AL 15 739 RA BRI 90%-183%, 35 (5 Lo 122%, INAEFN R
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U3 3 2588 AL T RA BB 7E G-mean J71H, B B84 143 45 5 bt RA BB 97%—111%, “F35°8 103%, [RIFEAY

FERPER ULt 70 26 8 AL T RA A7,

1F TAE R EINFa b5 5 1, B #AUE Frmeasure@20% J5 TH 11350 4 RA LK) 84%-93%, T34 (5 Lk 88%, 7F 3
Fh o2 FIMRT RA BLAL. 75 IFA J510, 3 43288800 B HERI15 4> 5 RA BRI A —E.

6.0 6.0
45 * * ‘ 45 { | \
an on
£ 30 * ! £13.0 \
g7 Eh
= 1.5 & 1.5
+
O r T T T T T T T T T T 1 0 r T T T T T T T T T T 1
‘Z*O@‘Z* %@g@ov@ \zv@()% > O %quy
v v 7 Y » o N D
P e FIT TS L A R R A PRy
(a) AUC (b) MCC
6.0 | 6.0
4.5 } 4.5
g 2
éS.O | §3,0 s \
= 1.5 3 1.5
0 r T T T T T T T T 1 0 T T T T T T T T T T T 1
< » O ¥ & SRR\ R¥ R O > O 2 erQy \ad
Q s 4 /s ¥ > Ao /.Y @
ST PEVEESEE TV E VS
(¢) G-mean (d) F-measure@20%
6.0
34.5
53.0 +
1.5

K 4 KEPEBLT 4 Fh SZZ B =R SKESD Fiit ik R

(2) AG-SZZ: TEML Gitatr /1T, AG BEBITE AUC JiTIAR53 & H RA BEAY 95%-97%, T34 98%. ANTEFM &
T 2% BT RA BEBY. 75 MCC JiTH, AG BEELHITR508 RA 1) 90%—133%, T34 5t 105%, [FIFEXAE A
U 03 2K 88 LT RA ML 7F G-mean $645 L, AG BERLEIE4) 15 RA BRI 95%—101%, “T-¥14 99%, {X 1
AR 4> 2588 LAKT RA B

TE TAEBIBAR IR 7T, AG BIUTE F-measure@20% 77 TH 1377 N RA B 94%-100%, 35 (5 LE 96%,
AN 2 DU i 2588 5 RA B BUA Y. 16 IFA J71H, AG #1535 RA L) 100%-150%, T35 /&5 L
117%, 3 For K38 1) AG BRI MK T RA BLAL.

(3) MA-SZZ: TEALGi4aHs J7 T, MA BLBUTE AUC JTH IS5 i b RA BRI 95%—100%, P39 98%, (N TEAH
Ry 68 B RA BB — B 7 MCC 771, MA BU457) 9 RA BRI 90%-125%, ~F-35 5 ey 102%,
RN DI 2K 8 BT RA #RAL. 1E G-mean J7 1, MA #8195 50 (5 HE RA BRI 95%—101%, P34
99%, I TEIB 4R H 43 235 AR T RA B

1E TAE SR AFEAR T 1, MA BLBAE F-measure@20% 77 H 1145 538 RA #AY 1) 91%-100%, “F33 &5 Lk 95%,
AR DI 42588 | 5 RA A — . 7F IFA 7718, MA AR 145559 RA BRI 100%, 3 Fhr 25881 MA 1
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15505 RA B —3L.

SKESD Zit s L3RR, 75 AUC J7 T, BENLARAR S 883018 T S itk ge, 7 H B, AG. MA 1 RA FiR!
PIMEREMR OB, 54 4 i SZZ BILEIIMIE R R, 56K 6 PSR RE, BEALARR 145 Bt im & T HAh 2
il g3 2%, A8 AN 2R DU R I A [ )9 23 8% 23 1S 7 B3 BRI, 78 MCC 845 b, BENLARMIRIZ T S AR 1 14 BE,
Bk RA-SZZ #5812 4b, HoAth 3 i SZZ BLAIMIHERE A — 3. 7E G-mean $845 b, BANLARR S 393R18 T AL 14
fE, 12 RA BLEUAR UL ZR T A 3 Fh SZZ B8, 75 TAERIBENTE bR 7 T, BENLARMR 3 RIRTE Frmeasure@20%
Fabr LEEARTRAS T B AR AT RE, RIS 4 B SZZ L2 M EEE R, BAk, AR TUH-H 8 TFA Fabn LB RER
BT BAMERE, BARTERENLARMABEE IR, B4 A E 4 KF, SRR IR 28R IF A 35,

RQ3: SZZ HRFRAE M AT 2 TR A T4 T A3 APP RV SR A TR Y 09 iR A 2

WIF S Sh L 50 B A0 T 1 7 B B Gl s 00 A 7R T AR e O T AT T A 0 B0, G I PR A B E R ek T
BFROI 0 DT R E, 5 AT B R AT 1) R SR I AR, I AR R AR T ) IO &5 SR, TR R A AR R R A RBECH
P14 B B T8 G 51N T R BB . AR, AN [F) SZZ B3 A vE 1R 508 X # 5l APP RIT IR (il o 903000 A5 784 A 88 1 82 il i oA
AL RUGTE RQ3 WY, AR SCHIF AL SZZ 485 R b i (1978 B8 75 2RS4 1% It N 5 88 3l APP RIS R 3 o000 A5 284 fift ek 1)
AN

F 587325 ST IR 78 U= 0 g B AL R PR 20 S 28 7 BV I S5l s TS 700 e e B R LA Ay L 8, 485 AR S Sy
iR 5124 WA 5, IGTE RQ3 5 RQ4 1, A SO0 F BEALAR R 2 38 M B BB AT RS, TER AT
5T, 5 FR—M83h APP Wi H, A CE 5K B-SZZ. AG-SZZ. MA-SZZ # RA-SZZ FriE B SR M 2 RE N1 A%
MRAERY, He5 11 SHAP HEZEXS T &5 S BEAT AR, BAh A Ar i 2%t B — 4 SHAP R 45 R, A Bt
SRS N T T H R R, S e Xt B-SZZ. AG-SZZ. MA-SZZ 5 RA-SZZ AW H _EMfegER, i
TS SRR AR A T 25 SR R RE REHE AT 3 R BE R 6. AR SOKE 3 i A A R R 1 A A2 T 8 SR AT AT
FERREAT T, 42 R RE T DU SBR[ TN 45 AT Gt 4 &R B S5 R, 5 B B oo iV A 2 4
%, AT T DG #5200 1) B B G IR R 4R FE R, T R I AR A A i . 38 )= B A RE, T LABB AR 7E 5 MR
AR b A B e 5, 45 210 58 04015 1) 8 52 0 DR 5 ) 5K/ 0, 7 (R T 5 3 B o0 B 1 2R A2 SR B 7 B SRS
AT R, N B ARSI

(D) 20 2 Fow, 5ETBra I E 94— SZZ bRik Sk, 8 &T85 105 5150 5 (R SRAart @iy, 451 SHAP
FEZETH AR E RGP SHAP {H, 13 8] — KK VI ZR4E 11 SHAP {H.

(2) BAEBATE 08— KR VI ZREEFTX RLIK SHAP {H, X A BRN AT AR RE.

(3) EE AL (). (2), i SHAP HEZEMW AT H MFTH SZZ H R 34T .

SEIREE R TR AR, B 5 JBoR T SHAP HEZLXT BT i H 1 B-SZZ. AG-SZZ. MA-SZZ 1 RA-
SZZ RIVAST il B RO A Y 1) 4 Joy SR, e R AL R 38 5 B TG V) EE B AR S, HE 42 8 v R S M K A AL
FN B IC U KN, FAB RO AR 17 21 €8, JC AP RN 7R ) € A A b 3R F&E B e WA B TR0 1) 5 ) 77 1)
TR, # R TG SHAP (B2 I, TSR 7R S L TR A 1 [ #20, 1E [ RETI0I A6 SR, (278 0K U 5 e 7 13 7k
K, RZIFER. BT UL E WS, W LR H DU &b,

(1) 0P 5 iR, la BB R OR, BREELKE AR 58 5500 A 6 F 0 R 2R K, LA /I, 0 A o 300 kg JE e
PIRE 2Bk K, 1X R la FEGRPA TN G EZ sz m, 3 AR ATEOER 2, B2 5) 7= ARG, 5 L PRI K AR L B
BT

(2) I 5 AT RUE H, 5T RA-SZZ, s2mafe B fe R ) 3 N BEE TGN nues la F sexp, Ho /il R s i& oo )AL T8
. BN REDATEURIIT R 2 O 20 A8 5 R e B AR S A G F RGN EE. X T AG-SZZ 1 MA-SZZ, la.
sexp 1t & B2 ) E R, 1t Ron B i 1 AREDAT 4L, X B-SZZ, la- sexp M 1d /& e B2 ) ¥ fE &t
1d 778 58 BT (AR RS AT 45

(3) M#: T RA-SZZ i nuc 7E B-SZZ. AG-SZZ Fl MA-SZZ A7 () TR 45 5 _E (K52 FE i 528 R B&, 1 1a
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%t B-SZZ+ AG-SZZ 1 MA-SZZ T 45 5 1
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7
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R RA — Bk, AHEL RA-SZZ Xof Tt 45 S 0 iR B A AR — S5

(4) I8 LB Al UKL, la BE R TTRY

w7

BEBINF, X T AT BB 2 (4R A0 B % A B2 73 5N T BRI

la
sexp
1d
entropy
nuc
It
ndev
age
nf
ns
rexp
exp
fix
nd

la
sexp
It
entropy
nuc
Id
ndev
age
nf
ns
rexp
exp
fix
nd

04 02 0 02 04
SHAP value (impact on model output)

(a) B-SZZ

—_——

e

High

Feature value

High

Feature value

04 -02 0 02 04
SHAP value (impact on model output)
(¢) MA-SZZ

Low

la
sexp
It
entropy
1d
nuc
ndev
age
nf
rexp
ns
exp
fix
nd

entropy
ndev
rexp

nf

exp

ns

fix

nd

04 02 0 02

(b) AG-SZZ

0.4

SHAP value (impact on model output)

e
. -_||_

High

Feature value

Low

High

Feature value

04 -02 0 02

(d) RA-SZZ

5 RACTHIEOLU NI B K 4 B SZZ #7142 J= il R

0.4
SHAP value (impact on model output)

Low

WAL e K. X HE— K ] B-SZZ. AG-SZZ F MA-SZZ %} il 45

LT SNIEN T o R S E SR N EN DA N VS A - NI AR i

TE RS ARETT IR, N T IR FEM AR SZZ SFARiE B AUHE Sof B AN 0 58 0 45 JE ¥ e, AR SO A8 SHAP AE 4%
AntennaPod Wi H #1#) 1 AT (Commit ID: eeeff6203) HHAT IR 4T. I 6 FBZ/R T SHAP Xt B-SZZ. AG-SZZ.
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A E7% 5. SZZ RAFE x5 3h APP B i Sk F4 TN M A8 e AR 04 v 4577

MA-SZZ Fl RA-SZZ LRI TIN 45 3R v % FE S e IR A28 A B S T, IR SRR kb, SRR o BRI, &
T 2 B R PR TN TN 25 RO SR R SRR S, B 6 RO B T T D TE SR B O SRR S B T B I,

AR H AR 448,

f)=0.78 =089
O=entropy O=entropy
4126=rexp 51181t
0.693=nf 4.126=rexp +0.04
1=fix 0.693=nf ~0.03
0.693=nuc P oo 0.693-age
0.693=ns 001 0,693 B
5.118=1t hoo . P oo
0.693=age ’ +0 0.693=1d '+0.01
0.693=ld -0 { 0.693ms 0|
06(2][/((;?]22006?590 0.675 0.700 0.725 0.750 0.775 0.800 E[f(;))}ioé9 0.75 0.80 0.85 0.00
(a) B-SZZ (b) AG-SZZ
f2)=0.9 fx)=0.92
2.944-a 0.693=nuc
O=entropy 5.118=It
4.126=rexp 2.944=la
0.693=nuc +0.04 0.693-age
0.693=nf 0.3 0.693=nf ' +0.02
0.693=age 0.693-1d 002 {§
0.693=1d 4.126=rexp hon
5.118=It +0.03) O=entropy ’ +0.01
1=fix Poo 1=fix ) 001
0.693=ns 001 { 0.693-ns o |
0.65 0.70 0.75 0.80 0.85 0.90 0.6 0.7 0.8 0.9
E[f0)]=0.687 E[fi)]=0.585
(¢) MA-SZZ (d) RA-SZZ

Bl 6 A TPHiEN T AntennaPod i H EH A — ST (eeeff6203) )RR

(1) 1 6 Firow, X RA-SZZ A R TINS5 5 f(x)=0.92>0, 3 B i% AR 5 4 T 9 G b, HIRIMESRBEIT 1,
BEAT BAIA A% A0 B e e A B e . | T 127 B P T 45 SR A A BB, AN SCEE A 5% e IE S TR BT R O

HIT.

(2) ¥ T RA-SZZ, nuc. 1t A1 la 58700 B A TN 45 R A 1E ) ik, i B ol A S A . AR i AR
AT 4055 38 o A 4T K0 2 8 e HO{EL K S AT 0 T S5 N R, T 1 258 DU X 9000 45 SR AT 97 0 SR, i 3k
/b BB AT B0k 22 AT T ToskRE. Dt — B b, WS BNZARTE la SEPREO R ICE N 18, XRI[ZZ LI T

18 474, —RAZ AL A %
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(3) X T B-SZZ. AG-SZZ Fl MA-SZZ #5251, ‘A 15 1278 58 (1 T &5 SR 450 ks, I EL TR0 26 45 v, 14
AT EE B FEATS RA-SZZ — 3. BART &, RA-SZZ X Tl &5 5 7 Ak 55t 8538 1F 18 ST BR I AT 3 44 FE oo/ )
nuc. 1t F la. XF-F B-SZZ, STk T HIHT 3 & H EI0/0 /2 lay rexp M fix. 5 RA-SZZ ALY, B-SZZ MR FniE:
LRSI nuey 1t Fl la FISTRRFE . XF T AG-SZZ, TSIk N R EHIHT 3 A E R0 518 la. 1t Fl rexp. 5 RA-SZZ
AL, AG-SZZ WA RFRE S nuc M la (ITTEREE. T MA-SZZ, TTRki NEZ AT 3 L EETH NN la.
rexp Fl nuc. 5 RA-SZZ AL, MA-SZZ B4 RARTE 25200 nue. 1t Al la (Y DTHRFRFE.

(4) @i A BT R I, T DTHRFR R A s AT 3 44 B UG, B-SZZ. AG-SZZ. MA-SZZ Fl RA-SZZ %} Fiijll
ZERBRRBFEA T — B AR E A AL La B2 R 0 H A T A SR B DTBR R, 150 B 38 n it 1RAS AT 80X — 2
LR T EIF RN RIS PR A 5 5 ).

R R RS RAR B T AR R . O TP A 2 RS AR T R S R, AR SCICR T TR T
H AT AR RS R 5t o, Bk R

(1) TEEAPEAF LT, 3 SZZ B, tFH T A T H P EAAESETE 4 Fh SZZ Y 1) SHAP {4, BRI
AR A E R T SHAP {A.

) M THATE KN EE, iH A8 E B ICHK SHAP B &1, BNZE 8 ITH SHAP B4 LY 338 5 g &
=LA SHAP {H 2 Al

(3) ®Ja, W T FrELUE WA AR, TR EE T SHAP {5 H.

K7 R THERAPAEDL T T T AT 4 Fit SZZ R 1) Ja 3 A 25 S (5t AL 7 A el AR
3, WF B-SZZ HA, SRR K 1 3 NEEICE la (20%). sexp (11%) F1 1d (9%); X T AG-SZZ 1 MA-
SZZ BiH SRR B K 3 M E B IR 1a (20%). sexp (11%) F 1t (9%), 1% T RA-SZZ F 5, S22 5 K 1)
3ANERITR nuc (18%). la (16%) Fl sexp (11%). X8, FEFTH WUH WA ZE b, R RS 2 REEr
2 B — B, M SE T 45 R R R BB AR (R AL 1. X — R BILAS S ORI 7t LA U 4548 — B %k 7o fd
SHAP %} TensorFlow T H H (19— e T 2% 58 34T = S iR, 048 F SHAP WP BEANBERLEEAT 42 S AR, SR8 25
FIUE T R 12 At

RQ4: SZZ 45 R bR AL T2 5 R M2 T4 A 3 APP BTN b T DU AR 2 1) fidt g 2

WFAREIHL: 7 RQ3 i, ASCHIF T AT BT SZZ AR ARyE A4S S X A5 5l APP I R S o 000 A5 704 ft
FEMIFZI. 25 F8 B ISA P 1] B8 £ R WA 2 (1 AR 14, AR Il JB7E RQ3 A b, BF RTESCFAT B O R, SZZ 45~
TR SE N 75 5] APP BRIV B o5k o TAUMU S 284 A e 1) 2 .

W75 5 T4 — A 3h APP T H , 4 3% FH SMOTE 5592 % I 25 B8 #E47 28 5 P45, 8238 4> W{E FH B-
SZZ. AG-SZZ. MA-SZZ Fl RA-SZZ FryE i B4 14 g Bl HLAR AR AL, SR )5 I FH SHAP HE ZEXF T 45 5 E 47 1%
B, FRDVEE bR E VR N — 2 SHAP R 45 R, 38 & A Piobr i S0 2 BT T B 1) A R 46 2R, Je 5 %) Lk B-
SZZ. AG-SZZ. MA-SZZ 5 RA-SZZ fEFT B UL H L HIARRRZ 5, 3 m JST X AR Y T 25 SR (¥ 5% 72 2 HE 44
il 3 BIRER T, AR SCHG 43 A 5 A1 53350 1 A 5 4 o) ke A58 L 000 &5 SR AT W] R 43 BT, FE B s iR P IR 5 RQ3
Hi R AR A

IR AR E RMEREDTIN, ¥ 8 JB7R T SHAP MEZRERTA T H Eff) B-SZZ. AG-SZZ. MA-SZZ #1 RA-SZZ
RITES Sl o T ABS 20 (R 8 SR 31 DL W%, AT DA LR 45 8.

(1) &l 8 R, Xt RA-SZZ HEAY T 4 5 1) 5% w72 5 B KIIHT 3 44 FE & 6N nue. age I la. Xt B-SZZ.
AG-SZZ FI MA-SZZ, 5 AT s KT 3 4425705 54 la. entropy 1 sexp.

(2) FIHBF RA-SZZ, nuc Al age B JCIE B-SZZ. AG-SZZ Fl MA-SZZ 1R b S M FE i 5.2 T %, 1 la 76
B-SZZ. AG-SZZ F1 MA-SZZ #5584 i Tl 45 e i) s A B HE 4G 35 0 58 1.

(3) LERE VST, B-SZZ. AG-SZZ. MA-SZZ 5 RA-SZZ 54 JB R 5 1 IEA—F, SR S 1HIRT 3
% B AR ELFE la BB )T % T 96 BB B TTER S H, Ui B la WPASERY [ T 25 SR AT EE LRSI,
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ZE5% 5 SZZ R ATFE x5 5) APP Bp B B 14 TR M AE A0 AR

o~

SEAC)

4579

TR AR RE T TH, AL F SHAP X} AntennaPod Wi H /1 1 AN T (eeeff6203) M &5 R BEAT MR, a9
FioR, SHAP ikt 712 h (G JE & ok B-SZZ. AG-SZZ. MA-SZZ #1 RA-SZZ HEE T 45 B sz m. 5
RQ3 #H [, A S 7 53343 T A IE 28 M DTk AR FE e i B B e, J6F DL B, wl LIS HH DL R 458,

1%

2%

\

&

8%

1d, 9%

m la m sexp = Id = entropy = nuc = It = ndev
= age = nf = ns m rexp = exp = fix » nd
(a) B-SZZ

2%\ 1%

= la m sexp = It = entropy = 1d = nuc = ndev
= age » nf = rexp = ns = exp = fix = nd
(b) AG-SZZ

1%

2% 1% 3%
\ / \ 20

|

\

sexp, 11%

® la m sexp = It = entropy = nuc = 1d ® ndev
= age = nf = ns = rexp ™ exp ® fix » nd

®mnuc = la = sexp = age = It m Id = entropy
= ndev = rexp = nf m exp m ns = fix = nd

(¢) MA-SZZ (d) RA-SZZ
7 KARPEHB LN ATAE I E RATE AR 1) 4 B SZZ BLRL I R B ARRE

(1) M 9 ITELE H, RA-SZZ BRI fx)=0.93>0, i BN 1248 52 F0 A BB, H ) SR/ 1, 08 Tl
A B RO FEE S L A, nues 1ty la 25 5 T8 X B AL A TN 45 SR IE 1RO SRR, 10 1d R e T RHAR AR G T £ SR
B TTER. T B-SZZ. AG-SZZ Fl MA-SZZ, ‘EATH 1% 5 HR TR A e, FAEAREK, WX 3 i SZZ &
RA-SZZ HHECIE TR 45 5K I To W& 7% R

(2) 3T RA-SZZ, X T 25 5L 7= 55 2. 25 1E W) STk T 3 2 2202 nue. 1t #1 la. % T~ B-SZZ, STk
SFEIRT 3 A ERICHHIE la rexp A fix. 4T AG-SZZ Fl MA-SZZ #HY, Gk & (MR 3 & BT HA la.
rexp Al nuc. A LLE i, B-SZZ. AG-SZZ Fl MA-SZZ Tk e AT 4 5 7oA — 2, 5 RA-SZZ JFA—3, B
5T la ERT.
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3) 3Bt L LM R I, FERE TSN N, B-SZZ. AG-SZZ. MA-SZZ 5 RA-SZZ 1E R #i B 5 A K —
B, Ho 1a B2 e XY R TR 45 SRAG 2R s ) HL ARG TN A SR G Dk oK.

la
entropy
sexp
nuc
1d

It
age
ndev
nf

ns
rexp
fix
exp

nd

la
entropy
sexp
nuc
1d

It
ndev
age
nf
ns
rexp
fix
exp

nd

=
=

e

—_——

04 -02

SHAP value (impact on model output)

0 0.2

(a) B-SZZ

0.4

S

T

S T—

-04 -02

SHAP value (impact on model output)

0 0.2

(c) MA-SZZ

0.4

High

Feature value

Low

High

Feature value

Low

la
entropy
sexp
nuc
1d

It
ndev
age
nf
ns
rexp
fix
exp

nd

entropy
1d

ndev
nf

rexp
fix

ns

exp

nd

=
=

T

S —

04 -02

0 0.2

0.4

SHAP value (impact on model output)
(b) AG-SZZ

=
=

e

-04 -02

0 0.2

0.4

SHAP value (impact on model output)
(d) RA-SZZ

K8 SREPHT/E T T H I 4 Fh SZZ #EL I 42 JR i R

High

Feature value

High

Feature value

10 JE7R T {ERE AT L N AT I B AT 2R S 0 4 Fh SZzZ B R R4 B L. AN 10 AT el
FE i, 6T B-SZZ MR SRR B A K 3 ANEEICN 1a (19%). entropy (10%) Fl sexp (10%), ¥ T AG-SZZ #

MA-SZZ RS,

=2

SUMATE R £ KK 3 AN RGN la (18%). entropy (10%) F 1t (10%), T % T RA-SZZ K5 S s

FEIR AR 3 ANERITR nuc (19%). age (14%) F 1a (13%). XR W, G 5 H KA E T, BERmRss RS54
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A% 5. SZZ RAFE 344550 APP BP B £k 18 TN M 4% Fe iR 049 R 4581

AR TR 45 AR — B, ITTIESE 4 R RN R A R vz AL M.

RQS5: A [FIBHE RAE S A R 1 BT EE Qi ey 2

9T B8 UE A [F B SRAE LSS 2 3)) APP RIS B T 14 8 (9 5%, AR5 %6 EEBE AL KRB (random under-
sampling, RUS)' FHLiL FAKE (random over-sampling, ROS)!', & /b #2538 K k¢ (synthetic minority over-
sampling technique, SMOTE)™, BHLid K #E7R15] (random over sampling examples, ROSE)™1ix 4 Fh# i 534 X%
FEROR T30 P AT R ROR, FE8E A SKESD Soi kil i) 45 kAT 0] L4 (HE (Rl B R 7R PR R AT, HE 44 B0
MZ R PR R4 RQ1 5 RQ2 BILE R, AHEL T-Ah 2= DUy 538 %8 [B1 )4 73 25 28, BENLARAR 40 SR8 4E 5 M ads b
R AR, DRI AR 15 A5 FH BEATL AR PR A 2 A 2.

fx)=0.76 fx)=0.85

4.126=rexp 4.126=rexp
O=entropy 0.693=nuc
1=fix O=entropy -0.04
0.693=nf 5.118=lt B oo

0.693=1d 0.01 . 1=fix . +0.03
0.693=nuc ' +0.01 0.693=nf —0.03 .

0.693=ns 001§ 0.693=age P

5. 118=It )ﬂ) 0.693=1d .+().()I
0.693=age ' +0 0.693=ns —0‘

0‘.55 0‘.60 0..65 0‘.70 0..75 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90
E[f(x)]=0.616 E[f(x)]=0.525
(a) B-SZZ (b) AG-SZZ
](xl)=0.9 f(x)l=0.93

2.944=la +0.2 0.693=nuc
4.126=rexp 5.118=lt +0.1
0.693=nuc 2.944=1a
5.118=1t B 4.126=rexp

0.693=age B 0.693=1d -0 (]
0.693=nf 0.0 (] 0.693=age B
1=fix . +0.03 O=entropy ' +0.02
0=entropy 001 { 0.693=nf oo
0.693=ns 001 ‘ 1=fix ’+o.01
0.693=ld 001 0.693=ns 0|
05 06 07 08 09 06 07 03 09
Ef(0)]=0.522 ETf(x)]=0.587
(¢) MA-SZZ (d) RA-SZZ

B9 JHEPH)E AntennaPod Ui H b HH—ANETH (eeeff6203) /R iR AER:

K11 258 T 1E B-SZZ+ AG-SZZ. MA-SZZ Fll RA-SZZ (il B. AG. MA Fll RA %R) iX 4 Fii
P RFEFIRAE AUC. MCC G-mean F-measure@?20% M IFA Fabr LIITERERI. BT IFA Fabr8UE I 1 Z E 1
K, AT HRE, A SO BT T log H—4bALEE. B 11 Al LA W, 5T B-SZZ #%, SMOTE fE AUC. MCC.
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AR 2025 5 36 AF

10 #A

IFA $8%5 AR T HoA RAEE S, ST AG-SZZ i HY, |4 IFA $6hr 2 4b, SMOTE 1 F HiAth R EES 1. Xt F MA-SZZ
A, SMOTE ¥t T HARAE S VL. Xt T RA-SZZ #i%, SMOTE {X{E AUC Fl F-measure@20% s LT 5

Al RAE S, A PA B B R B, AR EE T HLAdCRAE 5%, SMOTE B4k 383l ft. Bk, 78

AES O B SR 4R AR R AR

HIE LT, ASCHEBOR R HIFE 5l APP RIS BRI FHT 70 R {4 H] SMOTE At S BEAT £ -1

1%

A

(a) B-SZZ
1%

%

= la = entropy = sexp » nuc ® Id = It ® ndev
mage = nf mnsmrexp m fix = exp » nd

(c) MA-SZZ

B0 SREPHE DU T BT S H A BT 22 500 4 B SZZ AR 1) J=) Ak R

5.0
2l
gt H ) H
g {4
& 12 - Ht,
0 llllllllllllllll
QPITROO O Q [©]
fg’gﬂ%”i v%‘%”*s@'%, ey
&7 & wg«@g & 5);
(a) AUC

entropy, 10%

)

= la = entropy = sexp ® nuc ® Id = It ® age
= ndev = nf = ns m rexp = fix = exp = nd

entropy,

7.0

B 11

0%

1%

£\

= ]a = entropy = sexp = nuc = Id = It ® ndev
= age = nf = ns m rexp = fix = exp = nd

entropy, 10%

(b) AG-SZZ

10%

(b) MCC
4 PR FRSE RN Ee 25 3R

® nuc = age = la = sexp = It = entropy = Id
= ndev = nf = rexp m fix m ns = exp » nd

(d) RA-SZZ

(c) G-mean
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IR 5 SZZ R AFE T30 APP BP B B[4 TN M 48 e S AR 04 B 4583
5.0 5.0 J
5381/ | 2,338 l | \ \
525*}‘“ ‘ &2.5”\
El fop] I T
~ 12 ~o1.2 !
o4 o4 -
QO ROIVIVNIIT OIIT X mvmoovmmwcvaOvcg
S S8 S ST e S ol sons Laonh ek e s
FSES8ER5%¢8S §g$ $ TESESETSS eSS
(d) F-measure@?20% (e) IFA
K11 4 FCRAREEI LEAE 3R (40)
5 3 #®
5.1 A53Ek [5] AR ILIERLGEILATEE
N T HIEAE Fan 5\ PHEF TAERI S5 15 B — 80, R8N LT JUAS 7 TBEAT VR 2 B A
(1) A bryd o3 & 5 TH
AR BHRRIARER B & SZZ AR 2 Al fis e &,
SCHR [5]: B-SZZ. MA-SZZ fEfEi# % R, 12 AG-SZZ fEF 4615 H _EH B-SZZ 77 4E 8 2 iR bR EUR..
G3MT: AG-SZZ SEAS FHVERE A FIARKD A% SRTIN (1) 5 ¥, SR pE AR G I ARABAT, WZSAT « VERAT RIRAY

WU BB T, 3T B 59, RAGEARDAT Z TR fR0G 2, AT BE HEAfl 3t 5 8 SR s S BUR A 5. SR, SR8 A [
S R TE T BOARRS, S SIS R IR AR B, WA SO & 0 355, R H AR R 2% BB R, ARBSAT Z 18] 4K
WRARZ, 2N AG-SZZ FERITHEITH. XL L2 35 AG-SZZ FIEHNEHIRCRZ BT, TR AG-SZZ

FLIEHRBRCR, Sk SRR H I AG-SZZ t B-SZZ iR Ar$0E 5 £ 5.

(2) BETRY R E 7 T

A B-SZZ. AG-SZZ 1 MA-SZZ AR bRiERIAS B £ 8 AUC. MCC 1353 A FIFEFER T 1%, (BA 2538 ik G-mean

TR

SCHR [S]: TEEAPAHE LT, B-SZZ Fl MA-SZZ FIH AR TE R 2 S8 AUC Ji T B ERE PRI, T AG-
SZZ 4t R F M VERE T . 3P AT UL R, B-SZZ Ml MA-SZZ WA R bREZ LA S S AUC, F1 15531
G-mean 1853 75 T I B3 MERE FRK. AG-SZZ AEHRFRIT 253 A 3 1 MR BE T RE.

SIHT ARSI RAE AT A P AT 00 N — 20, 5188 B-SZZ. AG-SZZ. MA-SZZ #2xi& i AUC 184y
ANRFEE R T B, (AL E R G-mean FI115 7 FF&E. STk [5] KPR E AG-SZZ & B FEK AUC. F1 Fl G-mean
B3 AHBARSRBE, RB R AT R Fan 28 A\ PRHTIT, RA-SZZ (KRS AT SRR B AR IR, 1X FFEAS SO Fan 25 A1)

TARR A Fr kL.
(3) HERL R J5

AL AERSE YRR T I, AN SZZ B3k 22 S T R Hh DTk AE BEHE 44 1 3 RIRE R G, JF H. la (R E SN AIAR

AT H) P& o X T 45 A L E .

SCHR [5]: SZZ H AR 102 B2 AN 50 i 21 B BT () of, SCPRACE), SR ERENLAR AR 73 2 B, SZZ

HARPAERRE A 2. 3 A EE TR

S T A SRR KR« AN UCE A5 5 S0k [5] BN, P B TR TN R B A B RCR T RE S L, AL
JEE B O AR R P A R 5 T AT 2 AN A, (ELEAAOR B, 75 (8 REALARMRAT 20 2R8I, SZZ S IRBRIE IR A2 B 2 U
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AR B B SR B TR AT 5 L — e e S X

FERYE TACF T 1 ARYE RQS MR SE6 45 5, SMOTE ¥l KA E L 5 NP fg bn LBk RE 48 T RUS.
ROS J ROSE RAESE. RIILA SCEBA R IR 50 APP B A S 5 T B 78 AT {3 F§ SMOTE SR Sk x 5 [ 24
AT E A

ERAIRIEE T T : AR YR RQ1 5 RQ2 MSEIG 45 IR, #H LLAN K DUk i 538 48 0] U5 43 2 2%, BEHLARAR 20 228 REE 3R
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