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Software Failure Prediction Model Based on Improved Nonparametric Method

WANG Zong-hui ZHOU Yong ZHANG De-ping
(College of Computer Science and Technology, Nanjing University of Aeronautics & Astronautics, Nanjing 210016, China)

Abstract Based on principal component analysis (PCA) and improved N-W nonparametric estimation method (INW),
a new software failure prediction model was presented. First of all, through the principal component analysis of training
sample set of nonparametric estimation, the input number of nonparametric method was reduced. Then the variance
contribution ratio of PCA was used as the weight of the bandwidth matrix in nonparametric estimation method, the im-
pact of each imput factor on the results was eliminated in a different extent and software failure prediction models were
built. Finally, this paper gave example analysis based on one real software failure data set Eclipse JDT, The results show
that the failure prediction model based on improved nonparametric method has made further improvement in prediction

precision and stability, Within the forecast range of the last ten steps, the average error of predictive value is 16. 2575,
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and the mean square error is 0. 0726.

Keywords Software failure, Principal component analysis (PCA),N-W nonparametric estimation, Bandwidth

1 38

BEEBAFHEAREM AR EB &R BB IR FE 5 %0
ZEHEAH R KR EEA SRR RERE. 7
AT B AW 5T S, B R PG R B TR B AR R B 2
BMBIRREZ —, FFRE—BREREAB PR,
T R R TR TR P B AT 6], SRIGFE 45 E 2R AF T BB
MR RGP ESRAT AR B IR . R ERBE TR Y 3=
EHRRTI KGR B R, RIBKFHERRME R
BRI PR GBS KB S & PR SR Sk T
BT BRI B B L R R BRI BREE . & BRI AR A Bk B T
LAGE T oA & BB AT 7 78 00 B4 ke s 30 B 4 Bk B B4 5
A 53X HE AT LU S50 5 B 3K 53 DR M 0 E 37 I 24 IE 3K
PR IE , 22 PP BRI IR LS SR, 7T s B T R A
REEAEE, MRIENERKGRBEEEEFEENE
iR

AP SRFE B AIE N RIER R B N - EEF B,

T H#9.2015-05-20 K1 H#.2015-08-28

HAREFARSWROBBE T ZRED, —h, %4
BREE BB AR K LA 4 o B S sl AR R, B S BRI AR
FE RS R R BRI AR S A BE B X BRI BB S A s
FTBI ; T SIS T S A N R 2 T B b 2 S 3™ A i
[6] , %ot 28 5 R 65 A ) ) 4 A AT B . 5 o gk B TR B R
WRARFE R ERER RIS ERE ARE RS
BE VBRSO RBAR (0 00, Web) k4 B FIAAT
WG R E BT BB T 22 EAH S5HLaE% S
HHARM—EBE S TR STRAREHTHN . HEi
B AR pA T A ) A T AR AR AR SR B AR B B AR
GERTERER ORGSR, BT RK GRS RG
T ORI BRI S A R T 2 () 9 5 R BB B4 T B
FTER BRIGEG X SRR LR R E T E T HEREERSK
AR 22 T8 B 5% R FEAT 4 A7 (RO R P 43 B AR AR R
— BN Bayesian FIRR R ), RIS RR i R0
HIE RS A R MR E N — SR, ST A R
TR BT P R P B

23032 E R A TR+ T HERERFBIH H (c0420110005) % B,

FRE1990—), B Bi+A4 , FEHFF R4 R S4TSR, Email . 852118094@qq. com; B B (1975—), B, BIE %, FEH R
HEIATEE ERALS WEF 973, B, 8+, FEBR T B NRAIRS AT RERE,

+ 156 -



ERMEBA T R &, 2B e R AW EH N — KW
WEA ARG S EOT S TRBS R i BE , EiF %
SERREES, YRR ERR T — e/ E e #JE R E
ARERRBIARLARIF A+ B2, UE B LR NiR 2 F BN B
BEH R T REZH IR, S5 € AR T
BEUERASFERA SHLAT R, =AERRE. W
SR TETENBEAGRBIFENER, LFEX Q5
SERANEE S » AT LR S50 BN T EC AR, MTTAIE T
BESEFTE IR WEBFE. T K, Dharmasena
S0V F F AR S B0 18 3 5 v A 3 R0 10 00 4 A AT S k3 K i
2, FBEF T — 4 0 B R A BB #E AT T EE 443, Couto
FOTHIE TR SR ERIERZENERX R, B
FEERFW, 7EdH D’ Ambros™ #2{#) bug FEEF, KAH
64 %6 ~93 % MK IEBRIG 5 (4 I B IR R Z A EE R C R,
B FIGE A FTHR B FS ZRIME R LR, HBRABER
AHEERCEE EHRFF) #8532 BREE i 3R 4 Brpa i
HRERZEBEEA . HwangB R TESHELE R E 5T
A M AFE M EREAR AR EREFENT T EHE
FERBRBEE X S, B BRI T 1 43 5
%, HTEMREHENEERS, SR HEEEER
ST MARHARREZ N, W H 2 F A E LR
R M » 3 T 2 o TR 2 (0 48 B ARG o 5 9 BLLA R BTSRRI
SR H LB RS R L AR REARERFRE,
Xt S EEEMARAM AR S .

gt A (A1, A FA 5048 9 4k B8 o R AR 28 B B 3= 53 5%
Br(PCAEAIESEAE H MG R R T E RS2,
L/ A4 T+ A B & s A R 80 B PCA TR
ZFERIE I AMISE 256 8 RGN R ERNAE,
FE—ERE EHR T &% A EF x5 R0 1E R EAR RS R
BRI , B —2B 4R 7 B IS TR T B A B L R AR e

2 ETESHARIHRGERETNRER

FERAF KRBT A 5, £ T AESHOT R B R
Wa R ZHERN—ETMER. RHA N BHABERE
M B 4 AT o ot T JE v o cE B R PSR Y, DR A
MSHOTECEA R U EE, WIS 15 ) iR 4K
FsmT MERE, B A 405K, iR B AR B 20

HFH PR, RS R EER  B e) i & BH R 51 s B
KBTS B SRR B S BOR .

B SR B B & R 3 BT A R B B 2 ) — R A R
SRIAE G : AT 8L X R & R MR i s R 3R BT A AR B )
BER. &X' =(x,2, o) HFEREER X 90 T

ZISXfZ(yu,yziy"',yk,-)T,i=1,2,"',n»|ﬂmﬁ]§: Xk Eﬁémg
FEERE (X)) B@&%Jﬁfﬁﬁ%)‘(j@
f(Xk)— ‘L‘ o hz W HIK(—*——XL) )

h; 5B j 41%8@?@%&,&?’%%%jﬁﬁ,%ﬁ7’&“@
BAEREA S MR 8 MR RIS K« D BR A B R B R 8K

T TR B K+ B AT R 4 PR i 4 i PR

5T SR A R R s T LA 64 A R T
ERABHET kA S b T 2 A AR A B R

B oA FESE T o 3B AT £ — 1 AR R Bk A B
EEFTHRNEERCH, U B EE, FEHLEEE £
FNE ., » BVEKAF BB R . X SEBR B — R AR SR HE 2R
FREEEE. B

Sl | (152500

FX
FOX

£CXH)
|7 rexda,
)
ZUEEN-MLERECEEELZHEER, AR
WAE , T LIRS T BRI gE /b, BHE XL, TR
18 o FEAZEME, AT RAUAE A SR £ 0 20 B FRINIE

E(xk)= JI}; f(xk ‘ (11 ' I'g 9"‘,1}—1))(1‘1;;

» Tp—1 =

|z rex>dz
[rextydx,

KR N-W eS8k, £ M LT8R 748 T E f S
Pl Gopin DESr -

A E{y HKh (=)}

maw () =E(x) == (4

E{JI:IKh (JC; ji)}

ﬁﬂP,Khj (Jij_yji)— XI<{($J Yii )/h,}vglﬁm%%&
K(x)=2n) V2exp(—z*/2) i}, R (5) BINIES B H E AL
TR R AT R Rk

A E{yexp(—z—’@?&——)}
mw () =" : (5)
§:<exp<——;g-—~L§Z%L——>}
ESHEPRE Y X REGE RMMGiT. FRERHA,
FEAES HAE TS RR AR R A R S e B A 3 O 45 SR B
FHARK, MR RN EFRERENERRE ., B

FEH BT B A AR SR T R T SR
3 ETHHMIFSHA R RS

3.1 ETF PCAHIN-WIESHEIHHE
GEETEZTRNHES PR S FNAE R, 5w #1044
BR B R 18 25 B8 3R BT H R A S0HE 22 18] — M LR BRI A et
i E AL AT (PCAY B —Fp & MR E R BUF B, X PP ELA
AU RIEE B R B BT T, — 7 H M R 4 5 0
BB, 51— 5 T R R A BRI ] B A e M— B B X
BRI T RRE p B P OR RI4E BE X IR A4S RSO/ R
FH5h, ARSI H AR EEHEMATT S
AL, EERERTRES AN —EEEEESETRENERN
fERRESER XN EE RN RS T I, &7 —
ERE EREMGITT KR, A3 F H PCA HEH

(3

T ETIRBAEN N-W IS EfE 07 i R ALE ,

PR RXTSRERBRERRIE RN, BtE R
BRI BN BEAAR E P IS REB IR Bl — 4R W

B MA XM Tk T E R BT TR L K
BIEENERD B ERDMTEESZTHEERREA
A5 B A SO SR TBURE R S I » AR 98 A 5% 2R HUAE FE Y AR AIE
18, 398 Rt Iy 2 TR , 7E MR RPAE (B % L R R 1E )
B . BaWEERS. REKITHES RS SR,

+ 157 -



(D R th B AL
BT EERESZIERH BN R BBREE 0, E
TEX R SR T AR A B

I.—E(x')(j:1y29"'9p) (6)

’ v Var(x;)
Hp, o RIRRSEMRBBARRERE X, BRIMBE; » R
HEABARSAEG p IR FEM BRI LG E () F Var (25)
SRFR 2 BBERNTE.,
I EREF MR REIERE
R=(7'ij )pxprij (i,j=1,29°"9p)ny§ X *u X ; H"J*ﬁ%
EY. ry=ri . HHELXR:
k};}(.lk,' _;i ) (ij ’_;J)
r’} = n n
\/kgl(l‘/“' _E,' )zkgl(xkj —;j )2
O EFHEE SR
BHESRBFAE TR A —R| =0 B HRFEE A G =
1,2, 0, p), I HAR K /NI FHES, B A1 =22, ==+ 222, 203

PRG5BS TR BOFHIEAE A BAHERI B e, ((=1,2,--,p),
(OTHE RS TR R T Tk

¢P)

ERATRE() N

B =(2-)x100% (8
Zyi

iﬂ‘%ﬁ%(%)ﬁ:

pw=3p )

B E AR T BT STk, @ it R
KF 85%6~90%, R MAT &k M ERSERS p MNRHLR
FrEER M KEHE R W EBRS R &

GYITE EMSBAF

lijz A,-e,-j(i=1,2,"'»P,j=1,2,"',k) (10
Ak — 2B E AR R
Z=(2; m an

R B R EAE T A, Tt EE R
B ETEE =8 B f]" BERBITTERE S D,
FEURAE F AT BN, R E B (B) 0. 95 IS TR
REsD> F R A3 EE IR 2 & BUE — 4 A,
Bs (R)=>0. 95, U BT FHRT £ I E R RABEIRES p MR
TREMMEE;BIEW=[8,8, 8] R ERG=1,2,",k),
B ARBREEAEERATERRFE, W HfFE—{eabH, 8
W =[8".8" a1 HFp '+ ++a'=1. LB’
RN TRIESHEBFEEMSITFREH REEHNERE
B H=diag[h?? ki s shi Johi' =h; » 87 1i=1,2, b, ik
TR A R I EH R % AT B RER A

< E (z;—y;)?
A 2 {yexp(— 2 H 7))

i‘ijl{exp( _jz; (1.271;21 -
Her,h i AMISE WS KB RSB, BIRAESSE RN,
UL d EIES Nu(uy 2OERBFE A0 (u A BE R
B, SRR EEE A 4 EIEFHT Na(0, L)
YE AR IR %, by L 78 3 h 8 AMISE BUAR/IME B SR A 3 A3 3
FEHERE -

» 158 -

maw () ="

)}

12)

hi=0;{4/[(d+2Dn]}V " (i=1,2,--,d) (13)
Hed,o HE i NG REIRGEARRAEE,
3.2 EF PCA-INW H5k 4 se M miAE sy

FT PCA-INW W4 R 3 B0 487 40 3 DHrBE: 1
BT PCA-INW JE S 8007 1 09 B 3 M4 1 5 84 R 3%
o, w1 R,

1 5 AT [T
HERR
HANESH | 3 RHHHECA)
FR T
[ #0024 & $ o AMISER B3 % $ W B BEH |

[HAXES FREAHFRERE |

[ BEGH, BN Mw |

Bl 1 T PCA-INW By 45 3 BB Y

5 5B M 5t E B AR SR R AT AR S A T B &
MR E R R — A B E R R A AT BB R 4.
HE  BRRRRWERERS, TUUH AR ML GE
BRE T, TEAFEITEESKOEESFATREE. B
TR FKAR L8 U RAHXR A E v BB R R (R
FRY WRGFEREIR(ERDES (X, X, X} . RE
FEARHEAE (N M EUREEAD 4 il 475 A(training set) Fll
£ B(testing set) (Nw =N +Ny, W=AUB), &§&~r
AR, MR AR N ETE AKNE B AR
#E C(checking set) , Nw =N4 +Ny+N¢,W=AUBUC,

R BIRSS SRR E P NG E A #ITE
BAT AT 5 I S HBEAR M 2 HEE B, Rt Bit T %
B (R) FERBENBIBEN EBRR5T. B B (R0, 95 B9
HHE b N ERRARBEREE S p MNERTEMNELE R
JEREEFESBHFEPHERR X B EEEHZEED, F R
HEANEEE,. A H AMISE 2% KRB LT RESE T
Berp R BT B REN H, BR3P & 5
BT ETREW=[8,8 51" #HTH—ILEE, 5
AW =[a"g"p T WL B ERH RIERE H ANER
B B R e H

BUEFIAH PCA-INW S M B SHERR B HR LR
FIE A B AR ST K R R TS A e Y S A R £
TG AT BT R 4 IR B SRS A BOH TS M B R AT B3 IR, F
KM B 1 C 4 Rl#AT R BUEH ST,

4 SRS

ASCER A B — H E L R BRI & Eclipse
JDT IR BGHE IS 7 R BT A IR I, o, 3
4 Eclipse JDT @& 182 MABWEE. WEE-FOE
8 Al B #5 %, 2 91 & fanln, fanOut, lackOfCohesionInMe-
thod, numberOf Attributes, numberOfLinesOfCode , numberOf-
Methods, weightedMethodCount L } defects, 4s 3¢ %} i de-
fects fEN HAR BRIP4 R B BN HR. WERMEN—

HHRKFR




AHEFS),iE R T BATRE 5 E R SR i 4 T B 1A B a3
FIEIENR . BIEEFRERE 10 MR HEIENRIEE,
HABEERINGE,

TELI H 3R FH LA T W R R BB TR T hmatE AT LR .

(D H{H IR 2 (average error, AE)

AE=-1 3% 100 (14)
ni=1 Yi

(BT B4 HiR 2 (MSPE)

MSPE=~31— E(Lyl—)z (15)

P E&RA, y BREENLZERE, y/ EREEEH T
{6. BSR,AE {H MSPE {Ei#f/]N . W) 3 85 T S 5 S B (8
T, B RS B T BT

AR ER A SL R B IR 2 Eclipse IDT BB 4 . S W EH
B ST B — LA T, g 4 NI IE 2 R,
‘ [
-'“‘WWW

zoaososomommmomzw

RHBREK

wﬁuw‘immw ‘ > |

40 60 80 100 120 140 160 180 200

fee .t 3y
1
OSI‘I'E l Hl T

0 L] 60 80 100 120 140 160 180 200

KAWL R

‘www

4 60 80 100 120 140 160 180 200

KHBARKK

KERRM
&

=3

KEARM
&

RFARM

KAARM
&

B2 J3—4bab3E 58 Eclipse JDT g4

B BB defects fENEAR, KA 7 MUBRIIMEN
AR, NIFEHRRM AR X #17 ERD 0. DITEA
AR BAATIREAAL T8 TN R R BUERE; 2) R R ¥R
Rt BARIE(E A R & RS B SRR, Bk nk 1 Brsil.

£1 FAEERIHRS TERE

BEM  RRE/N RARERE/N
5.5766 79. 6658 79. 6658
0.5573 7. 9621 87. 6280
0.4713 6. 7333 94. 3613

0. 2018 2.8830 97. 2443
0.1161 1. 6582 98. 9025

0. 0520 0. 7426 99. 6451
0.0248 0. 3549 100

3

N e e W B

RIER 1 THLET A AN ERAWRITTRERE RSB
97. 99% (KF 95%) , L BART 4 N E AT AL T R H AT L
BRARMELR, HETH 4 MEAHEXKFERERAETESR
B 7 AR, XT 4 AMFEESFR B ESE AR, FitH
FAR R F RS BT, BETTOR 4 UG 8998 41 ¥ U
IR ZS ] .

WAz [ P B RT 172 M EIRIE VISR E A
ESPAGTHERI G, & 3./ 4 AT 5S04 X4
BaREHTIESHE AN EER.

KIRR
S2REEBBREE .

60 80 100 120 140 160 180

KBAR K

B 3 IDT YISREIREAETE N-W RSB TR G HHE S5 B SE
B Eb

=3
8
4

RFARM

0 20 40 60 80 100

RBCNR R

120 140 160 180

B4 IDT B IEETE PCA-INW S 8 B R i E S
HELEMX

B IDT YR BB EE N-W ES BT RE P LR TE
PCA-INW AES B THE AL Al vHE 5 B SCE B R X L A]
LAE B, B0 S5 B3RS 5007 ¥R [ A 1 o 6 [ 3 (B A0
ML ESEAE I 75 32 % [ UK 0 B 0 R o A R T RS i AR I R
FEHTEUE .

AR ISSEBUE - FURVISGE BRI E 10 MEEE #E4T
W, B5aRHHT N-WIESHIRAE S PCA-INW 45
PR RITE SR 10 MEERNE ERIRET .

RET S HRE)

P
Bl5 JDT SR8t N-W/PCA-INW BUE Ry BUM R 2 it
R2AHGET A N-WESHER S PCA-INW

SRR JDT B 1T B0 s A8 BT 8 AR {E .

#* 2 JDT HiERESER TR

o e g ﬁ ﬁ
T e 88 4 B N-W PCA-INW

AE 26. 5296 16. 2575
MSPE 0. 1017 0.0726

A 5 WTNERE B 4 T A R 3R 2 SR AT
AT LIE & BUH RS BT RS MR R M AR RIZE S5 10
0 T 3 B PN, BB A9 $59R 22 L oK B AT R TRIAE R
FE/NME L, U T TN A B R Tt AR L A T AR 3
T it —B 3RS B4, ¥ E 4 iR 2 MSPE 250. 0726, i
HA G 5 AR RUZE T A9 A3 8 M L B AR TR AT O AL,

BRIE  ASCET ES T (PCA) 59 N-W
BRI ERM T — MR R, (8 % 503 W4k 2

(F#% 178 1)

« 159 -




iR T SERRR .

BWIE  ASCRE TS RESERR RN T
%) Prolog i) B 3Bk LA & Prolog Xf 8+ [B] 23R #9 3iE
HUISRBEAE ST A B [R] 293 /9 BPMIN. R R B o 14T
HEHSE-EFFIA Prolog B E HARX HE RIARSTRE, 5L
BT kS REERE B SLRIE.

& % X M

[1] Fan Yu-shun, Wu Cheng. Research on workflow modeling to improve
system flexibility[J]. Journal of Software, 2002, 13(4):833-839(in
Cinese)

R, 2% —MERRAAZENTERBEFEHRDL &
54%,2002,13(4) :833-839

[2] Van Der Aalst W, Van Hee K M. Workflow management: mo-
dels, methods, and systems[ M ], MIT press, 2004 ;30-150

[3] Aalst VD, Wil M P. Business Process Management; A Comprehen-
sive Survey[ J]. Isrn Software Engineering,2012,2013(2):125-143

[4] Borger E. Approaches to modeling business processes: a critical anal-
ysis of BPMN, workflow pattemns and YAWL [J]. Software &
Systems Modeling,2012,11(3):305-318

[5] Wu N Q,Zhou M C. Modeling, analysis and control of dual-arm

cluster tools with residency time constraint and activity time
variation based on Petri nets[J]. IEEE Transactions on Automa-
tion Science and Engineering,2012,9(2) :446-454

[6] L Yebai, M Fu-gi. Research of the verification in workflow
process modeling on the application of Petri nets[C] // Interna-
tional Conference on e-Education, e-Business, e-Management,
and e-Learning, 2010(IC4E’10). IEEE, 2010.21-24

[7] Szpyrka M,Nalepa G J,Ligeza A,et al. Proposal of formal veri-
fication of selected BPMN models with Alvis modeling language
[M1] // Intelligent Distributed Computing V. Springer Berlin
Heidelberg,2012 . 249-255

[8] Lanz A,Weber B, Reichert M. Time patterns for process-aware
information systems [ J]. Requirements Engineering, 2014, 19
(2):113-141

[9] Zhou N F. The language features and architecture of B-Prolog
[J]. Theory and Practice of Logic Programming,2012,12(1/2).
189-218

[10] Combi C, Gozzi M, Posenato R, et al, Conceptual modeling of
flexible temporal workflows[J]. ACM Transactions on Autono-

mous and Adaptive Systems (TAAS),2012,7(2):451-457

(E#Z 159 O

R BB 2 FE R SBAR E E XT HE S Bl T R e A SR 1T
F RS TR R A R A B TR B A E R T
(77 2 BT RAE O th 2 0 B R 8 B SRR R IR, B0t
THESERHIESEMITHE, B T — M BRI R FRER,
BANERAGEENAETIR TERANXR, HILATE
T T B5 (SR BERLE . AT ELRBEM, TLET
FEZEEFEKEEX EHNERKR. LKBRGEREW . Z7
BETNN, -2 BE LHER TSR ABFHSERNERR
B AR BT i A0, FE B A B A et BB B T
—HRE.

FEE T RS G KRS, B
FERVISRE DR AT RE R , AR RGBT YI 4R, XA A BRA
FIEHF R BRBR . o A XEERHTRL TN, 5 F
— )5 FHER M A I GRER T T — 13, B B A 560
AN, BB G T R BT P IR SRR, BT LA R
EiEA THITEM B,

2% X

[1] Wang Q,Wu S]J,Li M S. Software defect prediction[]]. Journal
of Software,2008,19(7):1565-1580(in Chinese)
EF LS, R RO ETREARLT] HA42£R, 2008,
19(7):1565-1580

[2] Nagappan N,Ball T, Zeller A. Mining metrics to predict compo-
nent failures[ C7 // 28th International Conference on Software
Engineering (ICSE). 2006.:452-461

[3] Liu Ya-nan, Wei Zhi-nong, Zhong Lin-juan, et al. Study on the
forecasting model of power supply reliability based on PCA and
RVM[J]. Power System Protection and Control,2012,40(20) .,
101-105(in Chinese)
XM, DR, $hkiB, . £ T PCA ft RVM A9 R ik s 7]

CRMFRMERAHERI] B RERESER, 2012,40(20):

101-105

[4] Catal C. Software fault prediction; A literature review and cur-

+ 178 o

rent trends[J]. Expert Systems with Applications,2011,38(4):
4626-4636

[5] Sandamali Dharmasena L., Zeephongsekul P. Fitting software re-
liability growth curves using nonparametric regression methods
[J3J. Statistical Methodology,2010,7(2):109-120

[6] Couto C, Montandon J E, Silva C, et al. Static correspondence
and correlation between field defects and warnings reported by a
bug finding tool[J]. Software Quality Journal,2013,21(2):241-
257

[7] Catal C. Software fault prediction: A literature review and cur-
rent trends[ ] . Expert Systems with Applications,2011,38(4).
4626-4636

[8] D’Ambros M,Lanza M, Robbes R. An extensive comparison of
bug prediction approaches[C] // 7th IEEE Working Conference
on Mining Software Repositories (MSR). 2010.:31-41

[9] Hwang ] N,Lay S R, Lippman A. Nonparametric multivariate
density estimation:a comparative study[]J]. IEEE Transactions
on Signal Processing,1994,42(10):2795-2810

[10] Couto C,Montandon J E, Silva C, Static correspondence and cor-
relation between field defects and warnings reported by a bug
finding tool[J]. Software Quality Journal,2013,21(2):241-257

[11] Nagappn N, Ball T. Using software dependencies and churn me-
trics to predict field failures; an empirical case study[ C] // First
International Symposisum on Empirical Software Engineering
and Measurement. 2007 ; 364-373

[12] Lee HJ, Naish L., RamamohanaraoK. Study of the relationship of
bug consistency with respect to performance of spectra metrics
[C]// 2nd IEEE International Conference on Computer Science
and Information Technology. 2009:501-508

[13] Okutan A, Yildiz O T. Software defect prediction using Bayesian
networks{J]. Empir Software Eng,2014,19(1):154-181

[14] Couto C, Piresa P. Predicting software defects with causality
tests[ J]. Journal of Systems and Software,2014,93,154-181

{15] i, IESBEMESHT R ST IM] b5 . B
A3t ,2008:30-150



