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Cross-project Defect Prediction Based on Dynamic Distribution Alignment and' Pseudo-label
Learning

GAO Qin-Qin, LING Song-Song, YU Jie, YU Xu
(School of Data Science, Qingdao University of Science and Technology, Qihgdao 266061, China)

Abstract: Cross-project defect prediction (CPDP) has emerged as a crucial research area in software engineering and data
mining. Using defective code from other data-rieh projects to build prediction models solves the problem of insufficient
data during model construetion. However, the distribution difference between the code files of source and target projects
results in poor cross-project prediction. Most studies adopt the domain adaptation methods to solve this problem, but the
existing methods only focus on the influence of conditional or marginal distribution on domain adaptation, ignoring its
dynamics. On the other hand, they fail to choose appropriate pseudo-labels. Based on the above two aspects, this study
proposes a cross-project defect prediction method based on dynamic distribution alignment and pseudo-label learning
(DPLD). Specifically, the proposed method reduces the marginal and conditional distribution differences between projects
in the domain alignment and category alignment modules, respectively, by means of the adversarial domain adaptation
method. Additionally, it dynamically and quantitatively characterizes the relative importance of the two distributions

using dynamic distribution factors. Furthermore, this study proposes a pseudo-label learning method to enhance the
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accuracy of pseudo-labels as real labels through the geometric similarity between data. Experiments conducted on the
PROMISE dataset show that DPLD achieves average improvements of 22.98% and 15.21% in terms of F-measure and

AUC, respectively. These results demonstrate the effectiveness of the DPLD method in reducing distribution differences

between projects and improving the performance of cross-project defect prediction.

Key words: domain adaption; cross-project defect prediction; conditional distribution; marginal distribution; pseudo-label

learning
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FHEEE Ho — 1, RPN 18] 14 5 70 A A
XN, A o3 Aot 55 o AL (R, 8 5 2] 3
AT T w, 7T LLR AN [ ) S50 8 47 55

G4 Ao BT Ok, AU KR AR S R A 1R
E:ﬁﬁ??@%,’l‘%iﬁt%ﬁﬁﬁﬂ?n \

(9f Gy) argming, o, L(O, 9 Hd 69) (12)

N 9;,) = argmaxg, ¢ L(0,6,,04,65) (13)

/\EP B7,6y,04,6c 77 AR FEIE WS i 70 AR
RIS BRI S S H. UL A H Br
oV HAE AL N FRAAL, BT EA, BATEIEE R 4% 2
RIIN T 86 2 S 5 2 GRLPSL KA B S 122 ) (A
W HAREEON:

(07,0y,04,09) = arg ming, g, g,0:L(Of.0y.0a.67)  (14)

54 UL ARk B FR, A SCREL AdamPOIxHE AL AT
SR, HON— M IET RS E T RO, 7T B
fREABE R AR LR 1) 5 ) 3 SR L S AR SO BVl iR
LUK RPN
535 1. DPLD &k

I AT bR A% R B ok, HARIH B4
it : ToARREHY 75 [ F o0 L 1) R 4.

1) WA B2

2) repe;at

3) for (x5.y5)e(Xs,Ys), (xr.y)eXt,Yr) do

4 fRHEN (). Q) BRIE WL S FRHE R R

5)  HRABAFE ] = I ZRA B BB 7 2840 2R Ly, 2R ST TR A
6) HEA R L,

7y R AR L,

8) A BARAAL H R L=Ly-A((1-w)Lg+L))

9) JXIf&HE, Adam TH B4

9) until converage

10) FAREE S ) TR BR2E — 73 A 2

T\

3 SEES

NI AT 7592 DPLD HIA 2401, 341 17E PROMISE
Bn e BEAT S5, JRae T AH R SR 56 45 SR 43 #r
S IR BEAC B N 2.70 GHz Intel(R) Core(TM) i5-
11400H CPU, 16 GB RAM Fl Windows 11. fH 5% =&
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7E Anaconda K PyTorch 3% ~ Fi Python 3.7 SZELH].
AT E WAL LA A 7L

RQI: fAr&f) DPLD J5 i 2 S+ HAh 1 H P 8k
5 T ] A B T 9252

RQ2: AR MBI 43 A0 55 7 i 2 B T3
Aty 3 A5 VC B A 7 2

RQ3: ASCRH MRS S ik BT TR
T PR P 4 mE2
3.1 HiEE

S A K A Y Jureczko 28 NWRCEE I A T BUE &
PROMISE"", 3B 7 Hdm & 12 AT Java 18 5 1
AT E , BRANIE 3 L TR B AR
20 iR G, IX LR T R E OGRS R AR E L A
YRR E AR gR. 2 AR S286
FEARERFEAE B W5R 1 Fs. \ .

F 1 SRB6 TR SR B

BDAPY: %7 EFE T 0 A ULHL, BE0E [ 35 B A 7
AN 2 (8] 1 20 AT 22 57 4 FORCER, DU YR 500 A E AR
A1 AE L.

3.3 B

TE B A P o T 485K, — i 2 ) P VR 9 R R ke 1
HPERRVEMM AR AR, WK 2 Fos. Hoh TP Ron IR
A BRI AEL, FP 3RS R T A R b iR R A
K, FN R REE TN TR M IR AR S, TN ORI

TR A TE B B OO A )
A2 IRGERE
Ay N M 5k
LA BRI TP FN
HIT B FP N

H R RARE SR TR (%)

Ant 20 745 166 3.49
Camel 20 965 188 4.13
Ivy 20 352 40 7.80
Jedit 20 306 79 2.95
Log4j 20 135 34 2.97
Lucene 20 340 198 0.69
Poi 20 442 281 0.57
Synapse 20 256 86 1.98
Tomcat 20 858 77 10.14
Velocity 20 229 78 1.94
Xalan 20 723 110 5.57
Xerces 20 453 69 5.57

3.2 XfteAE

LR: FATHEAT 1 TUH D3 s b T i EUAZSR 6, X EE. |

L4 LR JTVEFIARSCHR Hi ) DPLD 77, 4 41 LR
D7 B P LR 4326380 s R lbAT 4 S T

NN-filter!"*: 1297 AR T H 7] S5 RFAE 1+ B 1
Sy FARIE Ha e A9E M I 2542, SR )R HE4T FAR 50 F A
T (N R4 N 2R (AR FE 3 AR I S A A 11
R T

DMDA_JFR": %7k 8 S F 4 B5 25 2 1 J& 34
M4 R R 7, FLIRAIE AN HE AR S5 5 2] J5 HEAT RS AR
2% [ [ T UK 55

TCA+!""): JEFHFAE T 2 ) 7 ik, 456 %t I
— A A RS 53 43 B 5 12 F T B B T

IDAU: %75 5 Al Bl B 4 3ok 2 [R] VT i 5 50 A
FUGAEo A, FEREE T 2 B AR R B R IE R,

46 % it+Z71R Special Issue

N T B R BT EE DPLD HyE R T4 g8, A3
T F-measure f1 AUC P/ M4 REFE 5. F-measure A&
—ANEEE VN TR, TP Bl 2 AR L. F-measure
() BB Y LR 01 2 1), 50 {7 v AR AR S L 11 4 2R
FRBRGF. AUC 2 ROC HH 4 T 77 (TR, 2 ) — 732K
THINAE AL P B S K Y B ZE R bR, ROC i 26 IR AL bR e
NEFEZE (pf), AP RN FLHE (pd). 410 BUE B
KHJGHBEB/NS, AUC R R K, 2R B AR 1) 7l
MRSy oI e /N Wy L
TR\

Precision = ———=—" (15)
TP+ EP
) ;? = pd = e (16)
| A P TP N
2 X Recall X Precision B 2xXTP

F-measure =

Recall + Precision ~ 2xXTP+FP+ (Fl%

34 LWEE

AR SCAE 2 FF B £ s 45 PROMISE SRS ESE H 1
5. PROMISE #4512 NIUH, #IREER
B, BATBEFE—ANTEAER EARDLE, FARIE R IK
YERIEITH 2 525, B g DA IR SE56 1 BT A 45 51 1)
SPEMEAE N E ARSI E 5 & TN 25 5. AR T 4
BEALE S IR0 50 K. Ak, BT AT VR D B bR
251 HARTH FEAR, BRI ERATT AN H bR I H H R ECA B
ZEIREAR, ¥ NI SR fE . SE98 h BEAL
IEHL 20% () B AR E R AR IREALE, T 1K 80%
VENTCARBEFEALE.
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3.5 LWHERESH

RQI1: fiT#& ¥ DPLD Jj ¥ & A0 T HAth 5 B 3 5%
5 T R R B TR0 7 k2

AL DPLD J7 365 HoAd i H y Ags 1 H F50 7
7% (LR. NN-filter. DMDA_JFR) £ F-measure fll
AUC ERPERERILNTR 3. & 4 Pk,

F3 ARCTFESTUH AR IUH GRG0 TR
F-measure )45 5

H br 20 B LR NN-filter DMDA_JFR DPLD
Ant 0.453 0.438 0.608 0.611
Camel 0.412 0.313 0.516 0.528
Ivy 0.587 0314 0.425 0.533
Jedit 0.584 0.364 0.534 0.613
Log4j 0.565 0.485 0.467 0.623
Lucene 0.382 0.510 0.604 0.521
Poi 0.374 0.336 0.484 0.686
Synapse 0.457 0.408 0.546 0.593
Tomcat 0.604 0.250 0.494 7 0.654
Velocity 0.454 0418 10.623 0.552
Xalan 0.514 0.331 0.501 0.543
Xerces 0.506 & 0.307 0.526 0.574
Average 0.491 0.373 0.527 0.586

R4 ARTESIH AN T SR TIN5 VA AR

AUC %R

HbrIi H LR NN-filter DMDA_JFR DPLD
Ant 0.566 0.649 0.652 0.712
Camel 0.432 0.583 0.521 0.628
Ivy 0.549 0.698 0.429 0.646
Jedit 0.570 0.545 0.568 0.615
Log4j 0.610 0.592 0.546 0.735
Lucene 0.481 0.619 0.632 0.673
Poi 0.437 0.550 0.512 0.631
Synapse 0.563 0.535 0.567 0.618
Tomcat 0.718 0.645 0.637 0.648
Velocity 0.512 0.533 0.630 0.625
Xalan 0.645 0.617 0.534 __0.762
Xerces 0.547 0.573 0.536 0.633

Average 0.553

measure 7 MR T T 57.1%, 11.2%, AUC 2r 42T+ T
11.09%, 17.2%. iX 5= Ky NN-filter 1 DMDA_JFR J5
VEAE R ALY, AR A TR H A H AR H 2 18] 5
INFERGAELE, 2 T HARRE PR A A RS B, A
ST VEAAAR Bl I 2% 43 A7 RN 2 A 43 A [5) B 2% R 50 H 1]
4 R R IR R =) S AR AR, 10 HLBh A Hu T & 1 A o A
HIoTRR, SEA Bz 70 E R REEE S, 1R T H
BRI e T ) v Re.

RQ2: AR W8 a5 3 A xd S5 5 L2 L+ 3L
e 5> A VLA A \

£ 5. % 6 g MFoR DPLD J5 ik 5 A 43 A UL
{7 (TCA+ WDA. BDA) 7 F-measure fil AUC L[
L,

K5 AKRTES AR HEIEAE F-measure | AT45E R

0595 '« 0564 0.661

M 3. F 4 BITLLE th, K S HIN R T, A
J7 R b HAR IR 2R v M RE. S O H Pk
& T J5 9% LR #H LY, F-measure. AUC 73 AT+ T
19.35%, 19.53%. 1X 52 K 4 RS 43k B o4t 4 v Sl 1)
RS LL D Y, S A HOS AR Y Te A
2 57 HL A v BV AR B R AR, B T 2 A
ST AT FOL A ) R PR Bk BRI, JE VRN HE 2 )
FEAE AN (A T00 5 8] 1) 53 A0 G o0 R, Sl W IR LS
HA I H BIERE AR, A BT LRS54 vz AR
WA, 55 H J7 %k NN-filter. DMDA_JFR i Lt, F-

H b5 H TCA+ JDA BDA DPLD
Ant 0.572 0.602 0.648 0.611
Camel 0.378 0.501 0.547 0.528
Ivy 0.315 0.369 0.392 0.533
Jedit 0.553 0.458 0.455 0.613
Log4j 0.460 0.519 0.585 0.623
Lucene 0.534 0.521 0.612 0.521
Poi 0.391 0.430 0.500 0.686
Synapse 0.337 0.512 0.561 0.593
Tomcat 0.401 0.595 0.615 0.654
Velocity 0.519 0.590 0.652 0.552
Xalan 0.462 0.495 0.497 0.543
Xerces 0.508 0.527 0.572 0.574
Average 0.453 0.510 ¢ 0553 0.586
K6 ATTIG 0 VBN AE AUC L4 3
HFRBE . TCA+. IDA BDA DPLD
Ant | 0624 0.641 0.673 0.712
Camel 0.550 0.579 0.615 0.628
« Tvy 0.537 0.531 0.554 0.646
Jedit 0.665 0.587 0.536 0.615
Log4j 0.581 0.537 0.569 0.735
Lucene 0.539 0.565 0.628 0.673
Poi 0.495 0.617 0.648 0.631
Synapse 0.372 0.605 0.576 0.618
Tomcat 0.515 0.630 0.613 0.648
Velocity 0.572 0.559 0.671 0.625
Xalan 0.524 0.568 0.535 0.762
Xerces 0.603 0.586 0.614 0.633
Average 0.548 0.584 0.603 0.661

MK 5. 3K 6 AW, K155, 43X DPLD J7
IR I M b Ath 28 L 11 23 A DG FCASE 2R B 4 (0 T 4 .
A b, AT TCA+. JDA. BDA
BEMALE F-measure ErHl$EF T 29.36%. 14.9%-
5.97%, £ AUC L4332 TH T 20.62% 13.18%-
9.62%. X /& K8 TCA+BLAY X 2 81 I H W] 114 453
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AN 55, AT ZAF 5 A0 (PR IDA AR EARSCH 1
T 25 53 AT RN 2% A 53 AT R0 5, (R 8 75 S 40 A 2 TH]
(R AE O B S AT BDA A2, A DPLD 5%
SHZYR T BARIUE OB B, A AT 7 T
AE. A3 DPLD 7555 43 A1 VU BC AR AL (0T EL S 56 78 73
Ut BH 7 AR SC ) 2% R T () 1320 2% 43 A 0564 23 A
B2 VA BE 53 A7 AR N B v AR A 1 e LA OB A
xR B R TR AR 2 B A R ).

RQ3: AR PR 2] Ji ik iR T AR
R TR RE?

N T RFEA SR O AR 25 57 2] T7 AR 1 e
BT ROR, JATTREAT T PIFRAS RS LSS IE: — M2
JURRTORFR 255 2 7%, o5 —Fhje B AL 2y 2R 48

HEAT DO RR MO T, SRR, B 1E e T MR L R )

TEEN FE bR F-measure 1 AUC L3I0 45 B, 45 5 4n
2 Fiios. ‘ y "

»
|

0.70

LT
-
0.65 | !
0.60 |
055 |
050 | _— ——
=
|
L

F-measure

0.40
0.35
JUFT bR FE I R N2
(a) F-measure
0.80
075 t e

070 | _
I
I
0.65 I -0.661 :
.| .0.595
0.55 |

1
1
0.50 | I

AUC

0.45

P SIS oL

(b) AUC
B2 AR PRS2 2] 7 iR AR P B 1) 5
B 2 BT LABE R, A A = A SRR T ) Oy
PR 2 BT A 1) 8 SR LU ASE P U ART AR ABL R 27 3T 1) Pl b 25 i 45
Hies REZG L. WNWELE, F-measure KT

JUFT Ehbrs
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28.51%, £ AUC F FIMK T 11.09%. X780 7 A
SR FH I LRI Dy b 28 2 3 7 9 ] DAE - b B vy H bR 0
H O bR 2 HERG I, ST+ TSR 1 At

4 7R

P BB I LR TRV SCAR 241 U
ST VSO, R A B 256 5. BT
B S0 20 T 4045 2 5 O s e R R S A i
LS, I T — 35 F 20 A A 22
T U095 5 BT 77 v, BT B 38 45 5y
B B 5 A1 B 51 A8 4 27
S50 L (R A 225 A 253290 0 6 L
P DY 55, R O S T . 75 24 T BRI
P4 PROMISE s8R B, FRATHI 7350 LA
XTI 1005 52, 96 L 15 5287 v E AT
ST B . A7 (0 5 F 40
1 bR 10— — B O, 0 0 T
(o AR 0 RS F L

SE 30

ZOPCH, AR TR B T A O SR U i T RAL

RGN, 2022, 31(1): 242-248. [doi: 10.15888/j.cnki.csa.

008284]

2 PRUIL, HRSE R IR BE 5 2 (X R R I OISR, v 534
Z 4%, 2021, 30(1): 29-37. [doi: 10.15888/j.cnki.csa.
007726] k -

3 Laradji IH, | Alshayéb M, Ghouti L. Software defect
prediction“using ensemble learning on selected features.
Information and Software Technology, 2015, 58: 388—402.
[doi: 10.1016/j.infs0f.2014.07.005]

4 Azzeh M, Elsheikh Y, Nassif AB, et al. Examining the

performance of kernel methods for software defect prediction

—

based on support vector machine. Science of Computer
Programming, 2023, 226: 102916. [doi: 10.1016/j.scico.
2022.102916]

5 Wang S, Liu TY, Tan L. Automatically learning semantic
features for defect prediction. Proceedings of the 38th
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Engineering. Austin: IEEE, 2016. 297-308. [doi: 10.1145/
2884781.2884804]
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IEEE Transactions on Software Engineering, 2019, 45(2):
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