ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn
Journal of Software, Vol.19, No.7, July 2008, pp.1565-1580 http://www.jos.org.cn
DOI: 10.3724/SP.J.1001.2008.01565 Tel/Fax: +86-10-62562563
© 2008 by Journal of Software. All rights reserved.

A SRR B
E N E 2

" ERRER AT MR R S8 = b st 100190)
(R EREBE WAV SR E R T AR, R 100190)
S(PERERE W AERSALRT 100049)

Software Defect Prediction

WANG Qing'*, WU Shu-Jian'?, LI Ming-Shu'?

!(Laboratory for Internet Software Technologies, Institute of Software, The Chinese Academy of Sciences, Beijing 100190, China)
?(State Key Laboratory of Computer Science, Institute of Software, The Chinese Academy of Sciences, Beijing 100190, China)
3(Graduate University, The Chinese Academy of Sciences, Beijing 100049, China)

+ Corresponding author: E-mail: wq@itechs.iscas.ac.cn

Wang Q, Wu SJ, Li MS. Software defect prediction. Journal of Software, 2008,19(7):1565-1580.
http://www.jos.org.cn/1000-9825/19/1565.htm

Abstract: Software defect prediction has been one of the active parts of software engineering since it was
developed in 1970’s. It plays a very important role in the analysis of software quality and balance of software cost.
This paper investigates and discusses the motivation, evolvement, solutions and challenges of software defect
prediction technologies, and it also categorizes, analyzes and compares the representatives of these prediction
technologies. Some case studies for software defect distribution models are given to help understanding.
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R B A TN AR BEAT T KT8 A0 b aR Far S A 6 AR B Fa 6 A AR A A T R BI AR

FEER: BMHRA R B A T TR AR A AR R o R H R

hEXSES: TP31I SCHRARIRED: A

BB B (defect), H Ty ik, 2RSS 7 b FAT AR 2 A1 G K AR TE A2 SC L hee . B bug. 3. KR,
R RIGEE ARG 1SO 9000 Xof i B FRY 5 3L AT AL 3 TIU) sl 5 R 3 A % 1) 285K, i B 2 R A v B A A
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ATV RS B — R R30I AR I — AN B 22 AN A0 B T8 4 21 1 3K 6450 B gt ] LA S S AL 2 3 1 52 LH R

WA R E KA. T BUA ) B AL S A B D 2w T SRR AR B R R AR O T
R R AT SRR R SR R R S B R R G A . R R LS T FE AR LA 40,1996 4
6 3 W <l W 745> 5 AR KL PR3 AR 1 T SL AR I e SO AR L BA B T R T B SR T B
KH2%;2005 45 3 H 31 H BRI SMART-1 H ERERI 25 F1 NASA 1R #E K 0 B8 178 8% 1 A A IR S 3 R
AR T 52 B T AR K FEM;2005 4 4 FRAFR R 4R SRR, SBEEY 1.1 A43EI0H) NASA B ERXSTS
DART 55 K.

SRR AR R SR A AR 30 0E T B AR A 1T fig A I I HE R B A 1 5l B S A o — Rl T TE 1 7= 4,
TR S BE B IR, HV B I AT 56 5A FATTAS B e 2601 90 st 81 B0 e e B 28 2R 2

CeBASE(Center for Empirically-Based Software Engineering)!"V /& 5% [H [ 5¢ B} 2 1 4 3 7 A 20 06 0 fF T 7
R FH A S A 0T R R AN A EALZR.2002 4F,CeBASEALZR T JLIK 44 I _E AR, JF 76 In 4=
KUK EE 8 Jm B K2 (METRICS 2002) E4H 75 T 4 5 “What we have learned about fighting defects” [FJHf i}
23 4% MR DR SR InT 1) 8 SR A8 B T 0t B T il A FRD 52 ) % 8 B 70 A RS I o) R0 AP e AT i I AE B
it B FAD AR DR RS 38 00 (481 %o AN 7 L ) L AR R 2 T SRRV B I T 100 A%, B I H IR T TR
B R SN T AR A Tk R 5 TR 1 D A TR R IR A R R R S R, DL R e
TERRAF BRI 23 A0 & 7 A 2-8 B D) B4 [RIAT VP o P o ¥R 4% TR S5 B T A LT 22 ) R B A 22 30 IR O RN
AEIYSTE S W T N DN

IR IR A A B ORE AT O kL T A R A s i [ B A R A I R () SR e T N
Sk, DA R I AT 1R 5t B T AR 7 AR R S B ) R PR A A S b DS — AN R A gl A B AT e B
PR ASE S ZR S0 58 AR A I g A T 2 T AP o, T P 0 A D0 T SO0 3 A S B )k

20 T2 70 AEAC IR T A ZE vt ) BRI g sl Hiodls DL R 228 T 11 a5 Bk 45 A1 - 0080 Y0l 404 3/
20 R B T 28 R B WO R A H IAE T ek v A Rk BA 2 VAR I8 T BEAF 7E 1) 5k B
He, LAY SE ZR Gt 10 AT LAAZ A AT B T 5 A kg A1 o v (1 442 o A Db B2 A 88 T 22 (KA L I It i sk
T A TARER AR KR e T —24.

G IRAT 5l B3 TR B A (R AR JE, AN 20 AL 70 AR AR, 2R B e F0I 43 AR AR 93 Ay i A RN 2 2 I ek
FHOMIBC A, W 1 P i 2 OO A, 12 2 415 6 T M B A O 1) a0t el a9 B 110 280 B 0 A 1B AT Tt F)
R T 250 285 5 AR ) e 40 o T 2 2807 A 4D T 0T 38 0 40 84 I 1) 149 23 A AT Tl P AR
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Fig.1 Classification of software defect prediction technologies
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1 FE7SHYERBA TN LA

T2 AP P P00 4 AR R R, U R P A R T R R A5 R e T ) S B TN T, S BVTE S St o R R R
P B % P8 A5 B AR S P 2 T 1) G AR, DA S TRO 4R A4 1T e A7 A 1 5k P B .20 T2 90 AR AR, TR Bk B - A
TERAF P4 B0 58 A BEAL I 23 AT, H I T X Bl B8 23 A 1R TO0I ¢ AR b A 5k B 7 2 AP A o o S AN ) B B 1) 5
RS 0] Tzt B Sl B8 AR A 772 ) 56 T, — SR 2 PR A 0 o ot R 28 0 B A 77 R 2 1) e AR AN R

TR S S DM 445 HR T 88 R m PR R B TN A L 85l 7 4 A TRUIU B A L e o T A 2 4 R
1.1 ETESTHRETUNR AR
L1 BT HOPE U ol B FR0II 3 AR

5 T (R A A B T 5 A vy DS 9 30 20 tHE 2 70 AR A 5L AR 1 ok B S0 4 AR Sk BB 11 22 /D E ke T AR R
BN SR R

1) b R3St B i B 2 TR 2 90 e Al T AT i DA Sy — AN R AR e i B i 24 D B 60 AT ARRH
1 AR (TR A HAL T8 100 A7ARRD 1 AN B, I H e KAl U 200 [ 3630 A0 IR B B BT 5 22 19 N 0 R 5L %
55 96 B 1K 1K 56 R 3R Akiyamal® 42 H Al TR ZS T IRPEECRE 15 ARAD AT 195 2R 5D =4.86+0.018L; [A] i il i
BT T B 4% B Ju(Withe number of decisions,subroutine calls% )X -l [ F 32 Wi ; 7E Akiyamal ) ¢ 22 2 7 A
SR AR I 2 i 1 R B T U B B T R o T R RE AT TR A0CA Gt B

2) Halstead™3& ! (1) 5k b 55 84144 A7 ) B 7T (volume  metric) (K] 5¢ 5 :D=1/3000, H i 4 A ATV S I R IE 5
FHK, V = N(log, (1)), N = N, + N,,n = n, + n, o ARG [F B AE R 08 ny OGRS RN B AR B NV AR B TR B 1 755
Bt N AR R R B A B8 7E Halstead [F G 5 2 Al S50 100 012 65k 73 22 915 7 A5 7 56 TR 90 B O L 118 6 Ak B
2 ;Ottensteint™ M F 3k ¢ 28 2K Ak 7 0 R 4 B BT 46y T 2R 8 v A3 AR A7 8 PR B B 400, DA R A 56 IE o B
R TR S 55 B4 T G e (1 I ) 45

3) Lipow!®I ¥ Halstead [ 3 At 1= 3EAT 1 5t 32 H 7 8 B3 15 il BAT AR BB AT LIA 55 R :D/L=A+A, InL+4,In’L,
o R HA, 5 0 T A OGN A VB 5 A A ORI 22 e (01 L, o6 v 0V 5 R, R EURCOK, W Fortran i 5 14 0=
0.0047,4,=0.0023,4,= 0.000043; I {418 5 :40=0.0012,4,=0.0001,4,=0.000002);

4) Takahashil7 45 AR5 55 ELAK (1 SRS Bk 0 W OR, 25 T B 063 B2 1 A 1 20 B = 67.98 4+ 0.46 £, —9.69 f, —
0.08f,, Horf' B A 5[4 % (% AL:The number of errors/KLOC,KLOC T 4TARH )./, 4 T 11 240745 5 1) 451 26 (2
{7 :The number of pages/KLOC).f> J Fi 7 i1 3 G (51 47 :Years),f; A F£ % oF X A% (4 {7 :The number of
pages/KLOC);

5) Malaiya®5 A ™I 7E B @ BE s AR & 4R B A B ol N, A TH R ZE M E AR &
D(s)=a/s+b+es, Ho s B a,b,c ]y 30, T AT THCE T F2)5 DL Re 7 ok F2 e s B DA B 2 55
112 TR 52 2% FE R ol o Tl 0 5 AR

B 7 0 RIS I 38 00, A 1 2 20 FE AR TR 02 A0 B T, AV 46 3 AR B P 5 B AN (3 5 RIS O 38 S5 3
MR AT N 20 tEAL 70 AFEARE A, R B T V8 22 00 T 3R A SR 52 2% 15 1) i 3 v i 35 44 1) J2 McCabe
Cyclomatic Complexity & 4% & & 1 yo L 8] R CC.CC I 5 5 125K 5 ot AP A B o 2 1 AE 11 42 2% B8, — bl J il ik
Pl B 08 o 0T SR I I 40 R T L (CC=e— n+2,e AR L B n AR AT R4, o5 —Fhog il i e sk B R Ok v 5
(CC=bd+1,bd R34 HIE 2 T g S5 550 G SR 47 1) [ A n % L SR 6 428, 458 o1 R A n—1 A 2 T SR B0 i A o
A7 A3 B K CCHLR & — UM . Aivosto 2 7 I B WF 7T 45 T CC 5 iR 18 S 26 (bad fix probability) ] 56
%:CC(1~10),5%;CC(20~30),20%; CC(>50),40%; CCHZITL 100),60%;i% T 57K W, 4 CCLE 1~10 I, 165 B[4 Al g
UGB L2 2 5%, B 52 2% FE (W4 van, 3X A MR 28 1 8y, CCHEAT 100 B 18 SR B 5 1 N7 6k B IR R 28 5
1% 60%.
113 BT 2 43R pF 5 5 7o 1 ik A T B AR

20 AL 90 AEAR Rl B RS AN A2 2% B IR AN W7 38t I 77 10 1 6 S R A I R SR T HE A T V7 22 1
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Ir) Xof ¢ F14) B2 B 0 oA A7 8 0P ISR 52 2% J82 45 o) S AT ke 5 24 2 ) T 0 DA S ke ) A e g 350 2 O A
PO I B . RO R AR R R AR e IO R O B 2 1 JE R TS, OO T . Web 2B & T,
B R BORSE EEB T B ST B JG (metrics-based) R e B T I 48 AR T3 Ry ) 2 B A o
FAR MR T, AT AR BV R A R % T 00 1 52 0, 55 T 2 1 ke A 32 S B O AT DG 3 1) 4 R i - CMIM %%
2 15358 BBl 4 2 T O AR I 20 i 4 SR R ¥4 % (cleanroom) 5 1275 8 14 36k BRI Bea 6 13 5 2% B 14

X 2R MW AR AT AT TR Fo0I0 25 SR R HE A PR 5 SE BRI DL IR R B P TN R AR R R T 30 22 4F AHZ Tt
45 P55 2B Al HUAH LI B AT IR B AT ISR A L I R BRI B L B AP i PSR 4R
SR R S . NI AR R ST e (R P SRR SR (R G RS R ks o — AR
)TN A 7R T 4 L B i iy SR b ) ST LT LA, AN 20 T2 90 AR Ty, b 980 B 110 L0t M AMAS D373 ik I 0 F
i E, K B SCTE SR 20 AT o BR . Jut B A5 n) 8L, DA SRS 3 At (18 SR A2 B o A
1.2 BREES M A

Kitchenha,Basili,Khoshgoftaar% A 1l i 5% 4 6 [ 5 01 7= i B &2 (software product metrics) K1 H K
(OO, Web) H I FEANPAT 2 o 55 JC Ik 14 88 500, R 4 288l ] 0 A AT 5 ko 1) 70 A1 1) 750 00F 5 45 R 1,
SRFATE ARSI P R A G 2-8 I ), B ) B Tl ax L6 4, 5 K 22 0t B 1) 2D AP B e 4y 2R i ]
VAL AR AT 0 R 43 S AR BT U B AR AT I 12 50 i O 2 2 R g 4 R AR R o Bt e A SR
Sl i 0 R T A s R B A (G s R BB B A 0 1l 1 R AL 1 e ) i [0 U AR ) Tt e [
ity U 1) L B T ik i e LA B e B S0 g1, 23 S B R T RO AR R AN 2 v Gk B R m A e B
V180, 17 [ DT AR T 22 s 3 S Al o it i A0 P 2R BRI T L S 4 S 00 R At 0 2 (R UE 3 30 1 o Rl
AT, 548 B B R B T B 1) ) R T AR

Ja 531 PR 2 (Boolean discriminant function, i # BDF), %25 [H] 1 B (classification and regression tree, i #X CART), 1
B2 K 18] 77 72 (optimized set reduce, i #X OSR), 58 25 73 H1 (clustering analysis, i 7 CA), 3 £ 7] # Hl(support vector
machine, 5 F} SVM)ZE, & b i R

LDABFRAE 8% 47 /K (Fisher) )50l 7772 LDA R £ 20 TS BI, v 50 52 2% BEAIG, e 11 2 20 ik R 02 iR I 25 204
Al v 91 20 A 2 H0 e i, AR A U S R BEAS 23 S0 T AN EL AT AR ] 0 7 2 S R 1) 22 TG v 00 0 A S T e B
AT 1 LDA = B T e B XU P R 1R 17,

BDFZEAL T LDA AN A 2 Ak J2 e BT A — AN BE e e i T — S S E (BE), W R A — AN Tl i
T AEL, TP S AN ASE LA 5 DAy v fife B3 28 A E 303 J0) 4 b I S B 2 BB R I e 7% v J BDF AT BAA Jhy 1 42 12
RN TIZE AT 2 1) LG A5 BDF (1)t 507 T 40 5 ARG XU A (1) 4% A ot T ), AR AR /D 7 AR TR 58 R TS 4l R 6
A 8 BRI A PR B IR VR 2 AR R A v AU R RSB I A tE Khoshgoftaard H cic it (R BDF 75 23, 75 —
SERRE LT85 R e 6 0 3 4 1L,

CART/E—Agi il LA e Be g 120 b e sCF1 OC 3R, 3 B B AT 43 2840 FH % T B i) 75 24T I 25 R
ot I 5 B £ A 3 PSR SUR 12 1) BT A 175 SR P AS 5 s R — AN HEL T T A
— AT AR VIR 50 0T, 2R SRR 1) 8 A AN P S0, 22 N ) e S I 7 8 i TR S e s i AT
IR A A U e e e W — A R B P R Rl R B ) TR b T 2 1 AR O N B
A, T L e 5% 2140 5 v DU A 45 5 P 10 FRLAEL, A1 skt o] AR 248 i ) PR Sl e R I S 8 06 2R A8, T e B 2 AT Tl g
T 73 31— 52 1) %, A Khoshgoftaars A K 0 FH 70 1845 50 14 o To0m 4 P Bt dsl B, DL % 43 A0 P IR R TR 4 5%
SRR 5 B 200,

OSR 55 CART J7 ¥ AL, th 4 A5 FH 43 28 (] U= 088 47 kg 00 00 A% 284, 3 3= T2 JELARUI 3o o I G AR 16 A7 38 4 1 Y
SRARAG HELF 10 43 28 [R1 T 45 4355 CART A FH BT AT 14 VI 5 42 350308 A+ L ,OSR 3= 4 Hp 11 2R 4 (1) 3 B 120,

CATRY B b A2t K i A 1) B0 42 R G 11 B8 PR T 020 D T A28 30l 70 R B Tt 4o sl v 4 P i) SR 2 0 A B0 2
A WAL K-YE 2R 28 F Neural-Gas 2R 28 1 56 F I 2R 28 3 b 3 A A b HRUTI 2 ¥ 1) 90 R B800EAT B 3 40 98,88
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J FRRE RN BT TR X S b i Oy Ty e s 3 Al g 2 21,

SVMUE — il ] (F) 1T 54 25 0 %, 1h Vapnik /F 1992 45 e 8, T LU TR 2 Ak E I 3 U s vM
(Y25 X VR A T 4ok 22 B A% O 2 4 56 UG J /MU JEUS 7E 2005 4 Db 5 I 38 K 2 55 (1 — i 18 302w,
g5 T I T SVMIR B T 5 TR, 3 AR AR AR B 53 2% P TEAT B AR 6k B 25,

] 437 AR A A P R B RS S TG T ) DG R L ER T AN [i) R G 2 TR A A S AR DG P A5 i) A, 3 R A
FH 22 153 3 B A T 445 R AR ARG 3k 6 5 s R 24 2, 3 B L A8 P 5 i G SRl SR b B LI R R B AR T
P12 ) 4% (artificial neural network,fiji#k ANN). Z#[]JH(logistic regression,fij#k LR). 2 70414 [A1 4 (multiple
linear regression, i #X MLR). & T F 51 # # (case-based reasoning, fij Fix CBR)ZE. DL & X 1 26 [] | 45 AR f A1 41

ANNGEE T3 Yo 2 R G AT FOAAT, B, 78 ERA B R TR0 45048 1 FH 110 4 22 9 % 2 02 B TR 72 IR
4% 4% 5592 (error back propagation, fii FRBP)BE & 1% 5 ik (1 AN 43 30 /A48 Tt 1230 BP AT 9 (1) S A FEABRE s I 2R 4R 1)
N B TN ANNBEAT 32 55 4442 55 45 2R 55 300 58 %) i I A LU 62 A 4k 199 8 (18 0 2 5 1) 1) HE AN A A 55
ZH.

LRZ N 2 P (0] U Pt — 25 8038 e e P [ T DA e 23 2RI BT O~1 22 A0 1 ARV M 2 4, SR X 2504
P, Fo 28 AT R TR BR T 0~1 B9 0], 11 42 S T8 95 KA IE TG 95 K 2 W) AT AT 5 e Pk IR — B 75 R 4k R
I H s VT T A5 T PR AL, 3K LA P A 28 R o 504D R, s DA TR S A 0 T T P S8 7 % 23X A A1k e
S AR N A Az P

MLRE — B Ge vt 2% 75 i, AN TH B0 T 17 48 500 — FR 41 20 5048 s 11 o 000 U1 25 2ol 5 g A o A 20
AR IR, T 5 i B 23 A PR 3 . e 0,38 2 o6 B AR B SRS EAT U0 A TR A T G Y 1 FH ECE ANk ] gk
H AR AR 5 1% IR B /N7 O R Uil 1 2 5 Khoshgoftaar /e 1992 AR IR HY FH A 6 55 /N7 RS- 38 A1 5 224
Ay 5% 25 B HOHEAT 2 E [R] JET gt 7 Sl  OR ASS 70 1250 S5 A T 5 1 10 S o T I 500 AT 30, L 48 SR e i 1
T St PR Rl A YA PO A e b R ECHE FEL -G T S L DR A P B v, 1E R 6 E 1A A T I R T
ESE

CBR 2 1 i 3R Ik 2 AH AL P 451 A 7 e Pt i) R0 JHG Pt A5 289 2 v ) Sk 000l P — 6 RH OC 1) 25 4l A 4B 2
BRESCEH 1, WL LA IR B L 280 22 3 mT DA DAy A ARLEE e 250 8 FH CBROZEAT e B T, FE AR 5 3 A 1 2 o
A 2] D AR B YT B A7 I 5 L1 R A N AT TR 22 56 R R A W, 2 T BRI R B AR A
CBR J7 i H, 30 1] DL % 2 208 2E (majority  voting) 12T 4 5 5 (data clustering) [t 0 ) Ok B 4 s 0 301 5
F4,Khoshgoftaar?t: 2003 £E il B {5 545 T Analogy-Based 52 Fi 43 S0 I ) CBR J5 i 1291,

ST 1R A FRATT I 5 P IR 15 R R AAT VP MG IR & R 7 1 L3 1127 I8 R 2 4
DA AT Gt B TR RBEER K 23 1) vy 0 B 2 PR ABE B 22 v s TSRS i gl A i 49 L AR A R o P A8 e ) 2 B8 E 50 B 26 B ke
2 v T2 RIS 58 26 T R 1) A% A2 7 — T TR TS SR bt 9l 77 MR O 7 9 08 00 %o A2 A e o 1 A B
HEAT A 10 o SR 6 5 17 TS 158 e = 0T vy ol 56 23 1) A B 0 47 a0 B2 ¥ 0 R i, DA TG 325 o 4 4 AR T
AR .

Table 1 Type I and Type II misclassification
F1ODLEM KRR

Module actually has defects

No Yes
Classifier predicts no defects No a b
Classifier predicts some defects Yes c d

Accuracy=(a+d)/(atb+tctd)

Probability of detection=d/(b+d)
Probability of false alarm=c/(a+c)

Type I error of misclassification=c/(a+c)
Type II error of misclassification=b/(b+d)

EL A7, b T 45 28 U A () PP AR R EL 45 23 W I AR 2D NAS AP [T A 7 — S e $di LA 7 (8 AT JFH AR
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(7 A5 TR R 77 3 R AT I R T, P 25 B R R R A A BBl [ 40 S BR b 0 L B A Zhong 25 N BU sk 51 T
NASA 3 LAE 20 FfFii 7 725 1 W0 1 . Khoshgoftaar e 2004 45 (¥ 9 1 4 5 bff 57 3¢ i rpr 293005
7RO FEEARTN 6 KNI H ARDEAT T HBFIPEA - B TSR] 73 28 05 46 77 AN [m) IR TR RIS A 8 28 B Al A £ 4
FSHT R R VTN S [R] 1R A 3 DAAR 31K SN [ 1, 75 A0 P S A 15 218 2 IRV AT P 407 2 SR 4 BT AN T 5%
PR R VPAN I L T3 A A7 7E — 8 1) [0] 0, R A T RIS 1 1) A AN [7] 114, BT LA Khoshgoftaar% iR
LA 25 T T2 ANTISS A5 (1 ) A5 EE Al FHECM(expected cost of misclassification) R HE & 5 Bl A X & % r& i3k
FRIIX 7 EFARIEAT I 0T B $ K Khoshgoftaary H 13X S8 57 A 76 AH R R Z¥E L H AAE(average
absolute errors)fIARE(average relative errors) X} bt 45 5, T #3 21 73 L [m] 5 7 A A6 LLEE o B I & 06
g5 1.

RN RO R AU o S A PR e N B s U T WS E S NP rapEe R i SN W DR RII 2 A€ R 22N
FREE . FROMRS LK . RGN W SEMER 2 A R BRI R G0 B 45 11 8RR HoR) SR AR &
TR RLER DL R 5 FE AR LI AIE 2 75 f B . A AR 7 T ARUE MRy AR5 38 2 46t T BT A 411 45 25 S Rl
5 AT S B YU T P L

Table 2 Comparison of the classification and regression methods

F2 WK

Methods Accuracy TyRgTig. 11 R S Others
erTor rate resources
LDA Low Unchangeable Low Only be applicable to the classification
BDF A Changeable Low ngh'o-t Type I error rate; Only be applicable to the
classification
CART High Changeable Medium Need the PCA} to decrease dimensionality;
Easy to over fitting
OSR High Changeable Medium Similar with which of the CART
. . Need the personnel for the analysis; Low of the repeatability;
CA High Unchangeable High High cost of prediction and easy to make mistaken
SYM High Unchangeable High Good model at learning and generalizing;

Lack of effective methods to determine the best parameters
ANN High Unchangeable Medium Low speed of the convergence during the modeling
Need the PCA to decrease dimensionality and model selection

MLR Low Unchangeable Low (stepwise selection, forward elimination, etc.)
LR High Changeable High Coulq be gombmed with other methods and improved in the
classification
CBR High Unchangeable High Can take advantage of availability of new or revised information

1.3 SRPATRMERH R

I AT A1 28 1 79 28830 AR 0 A i G TR 10 152 G I 2856 0 2[R 01 A5 7 v 4k 810t o A 3 B o6 2 TRV
K FR, DLIH I SR A2 3K 6 B 70 1 A ke 100 A5 A4 (1 4B o AR B 1) 43 AT AR RS b 5 R R s P I R AR £
AT ] B B[] U1 i 7 A 0 T A AN ml i G b 2 B ALk 24 SR B 77 AR R B, T S5 BOB A A B R
YA A0, I 5 AATT I R 0 A 1 086 R, N A Jit DRI s e o (R 1 0 Bl 3 sk />, L A 75 3R g 6 TAE S 51N
BB 2 BB PE R DI A S v B B S E R Bk U R I R . N B RE DT B R A DR 2R R Y, U
B3 55 3R R 2 — AN I LR AR DG 2R — SO B R Iy Y ok 3 S 2650 Ok 53 R £ 45 T R A e B Tt 485 284, 5 7
T L 2 T P A5 B 5 i K] 5%, T g e R 224 7 1 a5 e 5040 Y000 A 2 PR e B X e A8 Y - S S i R B 5 | N R
HEBR 1R DR 25, g 7 I B I 26 TR 3 AR AT 52 5 T ) 0% 2R — U T i 5 AT R B e sk 2D 5 B4 FR1 5 N, 5 — 7 1T
st B FE Bk 1) g
1.3.1 COQUALMO

6 1 W 0 M K 2 i Boehm 2 A B0k ol B e Bt 5 00 7= i 16 FF % T 5 ) N SR, S i A I 3ol 5 7 4
FE I HH 2 1 AATT DA kg R B RV R AT 5 32 1) 0% AR MG A 3B A — 26 At R 38 o) 250 et B = A S

1997 4F,Boehm ££ 28 ML il 4K 4 AN At B 455 7Y (constructive cost model, i FX COCOMO) Y JE Al & 38 H 444
JRE A H AL COQUALMO(constructive quality model), 4n & 2 fi7i.
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COCOMO I
COQUALMO Software development
Software size estimate effort, cosl'and
> Der schedule estimate
Software platform, ove ect' . o
prooject, product and introduction
personnel attributes model
Number of residual
defects
Defect removal profile Defoct [Defect dens?ty per unit
levels, automation, removal of size
reviews, testing >
> model

Fig.2 COQUALMO model
K2 COQUALMO #i#!

COQUALMO GLHEFAS T HEHY 53 5] g i 4 51 A AL (defect introduced model, fif i} DI) Ak B £ Bk 455 7Y
(defect removal model,fiij A% DR).DI #7147 23 AN 0] 38 5 1) Rl A DK 2l 23 550, LUK A IS A i N Al S50 7K
Berts i, SRR RN R G DR OB 2 R T R R R T I BB T HOR L PP EOR . R
ORGSR AN 0T Be IR I R B, 05 I 15 30 A A IR ) e e 2.

1.3.2 DRE A

i [ F% BRJE P (defect removal matrix) e Mk AT (19— Pl B AR 20 7 v B 5 R IAEIBMAAS 7 1) P 3B AR R
e o B3 07 T e T B0 2B i R A5 A B BE S O RURS B3k (1 Bl B, AT S5 48 AN 3R 48 14 B B RS B %R DRE(defect
removal efficiency), /L3¢ 3 /7 — 41 £l

Table 3 DRE model used in practice

&3 DRE B S 6 it

Defect injection phase

Defect removal step Requirements  High-Level design Low-Level design Coding o
Requirement analysis and review 13 13
High-Level design inspections 2 8 10
Low-Level design inspections 2 3 7 12
Code inspections and testing 2 2 1 18 23
Customer detected 1 1 1 2 5
Total 20 4 9 20 63

A RGBS 2850 =(13+10+12+23)/63=92%.

B AN B I BB T A% T SR Be DRE=13/(13+2+2+2+1)=0.65; BE 2L % 7+ i Bt DRE=10/((2+2+2+1)+
(8+3+2+1))=0.33; P 40 % it B Bt DRE=12/((2+2+1)+(3+2+1)+(7+1+1))=0.6; £ i ¥ & 5 I ik B B¢ DRE=23/
(@+1)+H2+1)+H(1+1) +(18+2))=0.82; H] /' &I DRE=5/(1+1+1+2)=1.00.

PNELF PR R B % o 20026 T DU H 03X 2 B30 AT 75, T T ok e A P 280 26 e A1, WA 7 R P 8 B e e o
B R RE I AT DA X 2kt St ok R o R T o R e R B R BB B R R A S T R I 4 o R
SO AR A 28 b SRR S DREAR 2 f5e 5 1A B B A% B 80 %X — M HE B IBMLA 71, J5 R Jonesf T 13— 112
HEPY RemusHiZillestr 1979 4EICSE L PE 4045 1 T DREBIR 155 7 ik b A A 6L,

DRERE R % 5 1F A8 Gk B 43 2 (orthogonal defect classification, fili FRODCE) 77 1 45 &4 1 .ODC 5 vER it T
— AN PR B R SO B R PR S 4, T PR R T R B 4 o R i T %6.0DC A3 2K T vk T B AR B
FAR 8 AN B PERFAE: ARINER A RITE B . GREAREIA . SREAGI AR FAE. SREAEUE. BRIGTEE . BRIGRIE. GRIGISEY
T e PR o 1) 12 7 9 i IR U LR BB DAL B . BIE RS AR AL IR L B & R LA R BB 1 T L A
T P K 27 R A A 1 A BB 3 2 T T — e A 5 S,
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1.3.3 Bayesian 17!

Fenton®s AT 2004 4 F] DUH-307 9 2% (Bayesian network) ¥ A, #7125 4% H 7 35t BE Sl [ TR A 5 2007 4F
P T LEAN [ A A iy JE A IR e 3 P f A e o A 7R O G2 A TR AR U Sk 5N R o sk R e v X s A
BEA P07 B 1 A0S AR e B o | NI I R P AR TR SR DG R 5 7 AN 5 Bk B 2 W] ) Bayesian M 4%, FI| F Bayesian
FE A TR T ) 60 5 o) 8 B, — 7 T AT it B R B PR A B, 5 — 7 T AR Ay B0 5 R 5 ST R 11 LU AN T b s M R B
LA 3ZE A5 ey A S PRI VRE e 88 A A TR PR A S5 R G 1 3 T s

New defects

injected

All defects Defects found

)

Residual defects in Defects fixed
e
Fig.3 Bayesian model Fig.4 Bayesian model for predicting residual defects
3 Bayesian B! Kl 4 mr st B G 1) Bayesian 528

5 AW A L, Bayesian B AT M7 G A B 72 R ECH A 58 4407 AT 5 — 2 AL 3.

Bayesian £ Y I 45 5 (1) I 5, = 22 2% 5L F Fenton AT $2 H (1) — A 5 28 A% 19 DR 2R G R B0 784 - R T 179 e s
(defects detected) X # T W3k A5 1k (test effectiveness) F 24 1 47 7L [ Bt 4 (defects present). Bifi 5 Fenton % A Xif
Bayesian5 28 (1) AN b 5cidk, H BT 245 & 200 H 2000 F0 58 2 T 45 H T Bayesian Bt [ 5| N R, 1B Rt
PO AR T2 51— RN 7 (RS FE B I HLES T Bayesiant5 28 75 512 BRI H e F5000 25 5 1 96 1E 1)

Bayesian A5 5 7E S B W00 7 1AL AT AR G 00 FH R S5 AEE A7 E A AN A2 LG i 76 A 4] 2B T LS5 5 B AR DG 1 — 1%
DAl - DA R 3 26 D] 0 T 855 564 114D 5 Wil 2, 8 02 — AN 20 36 P (1) ) W 75 2 45 - K 40 6 oK A S DAL 0] T s g 1Y) 52
Wi DG 2R 59 A0 7 N 0 22 IR I 00 8E B 1 45 0 LU0 52 0% 5 o A TDIR 285 72 TR J e 1 i AL, B 48wl At o 3 o v
[F) 45 1 SR AR e (A VT B A50% R 0 o Rt A 1 A 2208 T AN 2 e AT BT 4 %2

B ORF RA b e R 7 S B A N 5 G it B AR S s L 28 00 A s AU R (I H 8 BE L A
T G G5 TR B 5 T IR 8 06 0 AR ) 6T R I R B 5 1 ON R HE B ) 3R 2l DR R AT B8 B RT3 8 Jr ik, AT BASR 44
COQUALMOEAL v (g K Sl IR -, 45 45 T H 52 B JE 20478 88 T4 th i LR 49 Fenton A HOVFT 8t 1) 5 28 5
R BT 27 A58 PRl A R ) 25 1B 47 340 W, 9F 25 45 Bayesian i 284 rf B [ DR 5 56 &R, 45 HH 488 )5 (¥ Bayesiandt
TR ASE L 1] 4 it o, o R B B 5 T (ISCAS) PEFenton &6 ATF LA 2EAl E3EH T 2T 13 MR H 1)
Bayesianfit 8, = 2] T 0 Wl B 5N SR R AT HE IR DL R dgt B il B 1, BT 3 5 0 o 4 o R AR A R AT AL
FR P S5 JFAK 52 10 R 2006 . 418V B DA R s MEVEE ) 45 1) Bayesiand®t B (1 A 145 11 [ Y 26 T Bayesian$: A7 %
P B B SR A LAt — 2l SR,
1.3.4 Capture-Recapture 1574

LA (capture-recapture model)>K H T A2 K6 T HAR A AR BE S B E . i T 8RS 2k
A R B B I AL AR L AR 2 KR I AR IR . ARl BRI, TR A R AR T A
A hRid AW 5 o bR e AL P LA A B H SR AR S AL

E AT TR AR A A8 P A ABE TR (2 M ST, 8 AR 0 R 3o e v U e o IR Ao A ) Bl B B 2 1%
FERYLE AR 00 )2 I R e B TR AR & i T R BB AL AR Briand S8 N WFST, H AT 4 2540
BB (Model MO,Mh,Mt,Mth), H: 7328 = 2 AR i 2 B ik

TEAEY) S b B HZAR L (K 3 AN BE A B 4% A o 3L — AR (M B R AV 1 k38— 35 P RV E A i 7 v
WA A 1 I BRE N AZ R I = B 0 A IR AR ) A A A B R R R 1 L SR Y A A R A AR AT
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JHAZAE AL, 13086 /2 Lok 3 AN IEAMBB G AT A 1 RIS 2 25 By il A28 3t I ASL 1= 183 £ 77 5, ) BAXS 22
A B IR A2 — R 1 SR Ttk b AT P £ 2 S G o 0] 224 T () i e o R I £ 5 R AT A S R T
(EZ 0 T4 AF 3, W AR To VR T A2, DR O A 28 I ) 55 B 53 b — S i B ik DAL, T U K KR Al S R

PBITEA, 4 A P ALY B AR mT AT o 7 P PR 2 il S A S A S RHE T A 2 3 AN AR AR X T8 3
AR A AN TR T, H R RO S 0T LIS 2R B MO, Mh,Mt,Mthix 4 28, HAB B4 A 43 il 2 A AU MO B BT 7
(K e F 0 A B 1 JL AR 48, 10 EL T AT TR PP o N B3 7 A Bl B 1) 66 ) B33 3 77 1T 389 458 B TR M L ARE MO, 3 17 %
FE 1 (heterogeneity) 42 45, BB 5 AN B B B AT B O R BB P (B X T AN A AP 8N Dok U, e A4 R R
(K] 3 AN T P BRI MEHE I 7 0 P 7 N B3 £ S5k B o L 0 7 1T £ 25 18 B PP N B2 UL e o (A M 2 O Py,
AELIZ S T AT (0 VP oA 0 SR e, ] — il 63 A a0 00 MR 3 A 45 B R ML A D8 ik B AT 11 i A BIL AR AR
P10 HAEAS PR N D3 thA B OBk I AOBER Py, IR VP 7N B3R IR K6 1A L O PiPj. § 2 JATTRT LA
FERMO & oAt 3 A [ ], BT M RIS R M A5 TR Mth )45 491

2R Al PR BB AR B TR S5 AR SO S AT AR K 22 01 e 2 A R AR PR A AN S B R B AR AR
R AN T R 10 PR Al S50 485 R T A6 0 e B i 0 A 0 o 2 1 50 20 AT A2 I 1) v PRI £ B 45 R 1
YR B A X S B0 A 10 5 B — 5 (RO T ORI LSt G A 2 R 2 B2 1 e P - e s )y 3140

2 EhFSE TR X R A AR AR ER B T 5 R

3 A7 2 S (Y e o T R AR A R TN TR] DG 2R 1) AR 22 2l A 1 T S AR 8 R R T S TR R
KRR LTI T T S YT SR G T B I AT e B B A= i J) 3 ¢ I v B LGB B P 1) ) 06 2R 1) 20 A
JAE A A Rayleigh 0 AL, $8 500 A BE RN S il £k /3 A7 15 7Y (exponential and s-curves arrival

distribution models).

2.1 Rayleigh% TR EY

(46) Rayleigh i 7 3 T Weibull“7 GE 53 A, Weibull 40 A5 42— A2 T A R 45880 1T 568 0k 20 W7 10 B8 40 A0 1R A
KA (1 G0 v B0 SR Weibull 43 A0 (1) — AN 55 ZERF AF & 30 ME 2% 25 15 oR 2010 8 3 28 @ i 0, 4HL 7K 8 78 AN
| 0.1982 4F, Trachtenberg ™ W — 21 4¢P 350 H 454N 10tk B B0, i ML I S8 337 H (10 455 45 o B 15 50 75 & Rey leigh
it £.1984 45 IBMIFCH 22 45 ¥ (Federal Systems Division) ) Gaffney ™4 &5 ZEIBMAL I 1) 6 /4> 28 3L B e 46 I i Bt
(R A ARG & AU a7 2. PAOCIIRR . SRR RGN A B Gl bt B 3 S B B AR 4
At A= iy JE 3 0 B 1) 43 A7 .45 75 Rayleigh il 6.
Rayleighi 71 FfHE 22 40 111 85 I BB £ (1) = 2K (tle?)e O, BRI F (1) = K(1— ¢ ) Jhrh o i 1 o
— AN (€= N2t 1, F ) 35 T W AR T 7 PRI ) ), Kt 2 15 A8 R T k£ T AR (s 5l B 80 7T LA A5 B e B e 1,
BFIAD 1) EU 3 (B (2, ) K) 2035 F 0.4, BIZEA)IE B s KA I, 6 IR IR B B 2R £ by BB T 40%, R Ik, 32 FR X AN HE
S A R I T gl v DA B Gl B A DA R LR PR Rayleigh 20 AT 23 550, M TR ol B3 1 T S0 R 4.
B, 152 4 Jros i) — 2 i b Adhs
Table 4 Defects distribution in schedule
F 4 GRBEERE B R 2 AT
Weeks 1 2 3 4 5 6 7 8
Defects 69 333 316 62 25 10 23 7
UL B BT AT LAAS AR5 2 R R P e o e A, T B T ) £ b T B AR A S 2 R B
i B R BOR A1 A TR EEL ) 40%, LS B A EK=(RT 2 8 1A i [ 8 480)/0.4=(69+333)/0.4=1005, )¢,,=2, H
R AT LA B A0 A0 BB £(0) = 2K (tc%)e " =1005(/4)e ™ /® =251.25t¢ /8 F(1) =1005(1—e %), i & 5 5%,
{fiH Rayleigh #80 TT DL 41 2R 0 72 1 S 14 6 H AR BT 45 01, % B Putnam F1 Myers 75 3CHR[S0]H 1A
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R f(0) = (6KAT, e (I F(T4)/=0.95 15 FAR K% fk o, FEHE e AR NA) Ttk B4 21 9T 300 28 15 I 1) 1)
t5 T R LA R B 0GR s Putnam A Myers FH UG T 21 7 76 SRR RS 4- R G il 3 LR 7- R0 R A BT R LI
AL o BB TR 17%), 20 T2 T () A J 391 12 J0 301 0N DR RE 95 % D e e B4 e R IR, 0 KA A 43 i Jo 3
T ER ) S R B 6 T BRI AL S 0 H R A RASRI 5k B B R A N, T AR B0 5 1 i B A A i 4%,
AT LA St ] ok A Al B 3 o A

—&— F(f) with actual data —e— f(t) in actual data
—— F({) with Rayleigh model —®— 1) in Rayleigh model
1500 400
1000 300
[ 29
a 200
a
O 500 A \
100
0 \
0 5 10 0% 2 4 6 8 10
Weeks Weeks

Fig.5 Rayleigh model-CDF (left) and PDF (right)
¥ 5 Rayleigh 1% [¥] CDF(Z)#! PDF(47)

B, CLAZH 2R R I 3 SR I H I kB A S Dk B TATACRS 10,53 ANl B, RO 187 160 H 1) i AR AT
100KLOC, 2 sk 7 0 H &5 Jj 52 100 H AH Ll 39 52 0K 30 2 98 4> 5% 16 il B, 8 4, 12 T00 1 309 22 1 5 e B 250k
10.53x100x(1-5%)=1000, & 41 30 H A5 (1 BT, 26 J8, 70208 Z s 48N 2 _E 1 I Rayleigh B 7 (1A 24 =0l
AT LA 1 A ) ;5 T e 250 ) I T 2 A1, a0 18 6 oS, = B0 B S o R v T2 o A IR ) 8 R A T 2 Tt ot )
7 HE B R 22 B, 5 B 20 R HE B S T SR IBUAH I 14 2 1T 35 U

DA
(=R )

383
(=)

Defects found

00 24 6810121416182022242628

Weeks
Fig.6 Defects distribution prediction
Kl 6 Tl Bl (0 23 A Tt il

2.2 BHHHIEE

i BRI I BT I B B, I I 960 W S o B P ke o 93 A G 5 At B 7 3/ e B ) L )k B B
e BRI S HEAS P ] R R L AR AR iR BB B R O n Pk B A B O W R/ R AR A 2
(fault/failure count model) A1 224 [ B N TR 45570 (time between failures model). 8 25U Y ) 5k 4 Mk 28 43 A1 25 J5E oy
#(probability density function,{ijFk PDF) N £ (£) = K(1e ™), B AL E B 53 4ii o6 £ (cumulative distribution function,
fAI X CDF) A F(t) = K(1—e ) JLrb ¢ g Ik ), K Ay s i e K, A% S5k e 240 256 58t 2R 280 B AR O RS 2 sk
TER 2 50 A5 AR et T S PR ATE 50 v g 19 Bt A2 o R T P — P 28, 2 S VT 22 LAt T 5 1 0 A ABE 2R g i

Jeinski-Moranda(J- M)A 8 2 fgz 5 () 2 25 ) 5 AF i) A 78 22 — UM g B2 A Ak o BB % AL FF) 5/ Wl o 3 302
28 RE A S 3 A5 R G A1, e I IR A R R 48 SIS R W] DL ST I BLREAS R R T DL 56 36 M A 1 55 IR 0k A
PRI 1446 52308 T LA 35 5 by C5 20 A 7 o 1) 2R 03, 2R 8056 () IR BN Z(t)= AN (i— 1)1, 3 0 N 00 2 1
i A, g LA i (proportionality). T LATE P CHH 415 2K 2k TR, 2R R0 36 bR HI0R — AN £, 11 bt B 1) 4 B T
T8 Y, P K R 2 P T B 4 TR R G

FAL AR AT Littlewood (LW) 5 75 521 AR 1 AR [R] Ff) g e 36T 2 255 P9 586 W0 AN [, 7 390 A B 0 e i ol Ik o,
o S U (error size) 2 8K UAIK Littlewood J5 22 I $1& HH T — L6 HL A R 4 JE 5% Wk 11 3ok R A5 22 (littlewood
nonhomogeneous Poisson process model, i 7 LNHPP)>*) LNHPP L T~ LW, {H Ath {5 4 2% 250 4 14 £ A Ak T AS S
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LWL ) 25 U B

1979 #,Goel FlOkumoto™*H& Hi T ANFE MR X 7] (¥ B B AL (GO model), fib AT 15 75 I8 [R] ¢, B0
W2 ) R BIR B N(t) 7 — AN FESF IR AT i 2 (nonhomogeneous  Poisson process model, & #RNHPP), 5 i [A] 4
AR 2R 28 I 2 R AT
2.3 SHZ S HIEER

1983 4F,Yamada% A5 B ARt P AN AN AS R o B At B, 35 A0, 455 Bl A 1D 0 59 224 2 300, 2 25k F s e, 3 AT D 7 2
N A) 25 20T 2R 3R AL BT AN SR 1 JOUL I 3] 2R R0 B8R 5 XA R 33T 36 AN T 20 (10 SaE S I 1) 5 E ) 003000 28] £y S
IR B T A SR 20 A, X RS DU AR N IE IR (delay) SHREFRL AR Rl ar S kG AR Sy 2 B A i AL R
FRNA L FE, L CDF: F(t)=K(1—(1+ e ™) Forpe ALK Ay R b Rl ST B 52, A0k e b 2 00 25
M PDF: f()= KA te ™.

1984 4,0hbal® 14 HY I — il S /> A ML RS R by A8 T (inflection) ST A% MERYIN g o BB RE 2 1) e AF T4 3t
09, R BILIR) e 0 22 51 22 B BEAT R T ) s R A5 AT R X AN B AR S 1 e B 2 T R AR DG R SR R
SR A L, 2 L A 22 B A B K ik 2L CDF: F() = K(1—e ) /(1 + e ™), Forbr SGINa) K A S i [ B ol % 2
WELRE R, A BLBEIRIZ L PDF: £(1) = KAe " (1+¢)/(1+ e ™).

7 RIEHOEAL . LIRS Mk KBTS i) CDF FI PDF LL% 1.

) —-m—- Exponential  —s¢— Delayed S curve
: 1 ---a--- Inflection S curve — - &— - Exponential —>—Delayed S curve
00 F(t) ---A-- -Inflection S curve
80+ 150
60 100
40
- 50 . LA
20 A . T - A é L L 1 L L
Lop--B L3 0 !
0 0612 1.8243.0 3.64248 59657.17.7

0 061218243.03.6424859657.17.7 t

Fig.7 Exponential, delayed S, and inflection S models-CDF (left) and PDF (right)
K7 JRECE TR S I AIARTE S 2B ) CDF(ZE) M PDE(f)

B AT SR P A Rl O P B, B B A R A 1 PN R, S U AR AE 2 e IR T I8 AT
AN IR A T A AE B R FE A D5 T PR AT 5 RS SR T 2, B e K 5 T M K 2 o R T A A Ty T A AT
G, 1 i A8 0K S AR B AP T S e A T B i LA B e b e B R Ty P % v 60 b A
TR R AR At A 1 A1 SR 3 A O 25 e [ e 2 I P A 5 9T Uk o B ke ik R A 36 0 TG MY AfF 10> SR AR
G sl 1 AR — AU A E T AR 51K 20 2 4R L P ] SE PR R R A AR U R S BRI 5 [ 22—,
REHAT 100 2 Pl A 4 A5 5l b PR 2 R 2 0L A Ao 70 th A — 2 FROBCBE AT 3« 1 P S TR A R o
{EUR, K 22 BOBE R I e AT 4 280 52 B B0l PO B0 0E, st A2 22 07 10 1, SR B8 1) WOR B T REAR B 51.2) BEALA &
A REME AP 3) SRR B ARG IR fi] 5 (H 3R] REAS REAR A M A 4546 BT LA, 22 4 th A /> Bp A5 21 1

3 M REHAR

e B TICN B2 A28 113 1 AU ER) e R 475 S5 DR 4 R A5 o FOUI 52 AR AT 6 AN [ 10 385 1 T R AS [ P ) 2, the AT
AT R B BRI P 53R e BREE L AL S ALEAR0 g S HHE S DA [R], 38 T AR sl B T SR AN [R] 2R
5 BT SR EOR (P s R AP

A R B SOTIN AR PR 5 Fob 7 2 ) AN 2 RS AR T A e 24 e B 00 0 R v Meetric-Based 7 V4 42 fe Ak AC
(K, €K B X e 5B A B A £ T R AT L B G B A 7R S S S e S A e o P B B A T AR B
ol PRI A 25 A3 2 4B B A DG IR 2k 7K .

SR, Bt A T R AR 1R 5 Je I TR PREIM B3 At i W 7 P 9k e, LA Weeb 2K 18 JH A DAy 191, 5 A e 1) B 26
TR L e BT 1 B S VAT 498 — (0 bR 5 &b, 5 e B T 25 D10 O ) B0 T35 P S0 Al 7 1 SR G T
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TR A 9591 330 413 TSR AR A1 e 3 T B A Rl B AR b A PSR SR 1 2%

Table 5 Comparisons of software defect prediction technologies

x5

BT 6 TR 52 A B8R

Defect prediction technology

Usage scene

Strengths

Weaknesses

Dynamic distribution technology

Rayleigh model

As early as possible in the
life cycle when the defect
data can be collected; Need
historical defect density data
in addition to the estimated
and actual software size, and
consistently tracked defect
counts.

The defect density by
time period can be
predicted, which is
enabling the estimation
of defects to be found
and validated during the
testing.

No insight or
adjustment mechanism
for changes in the
product, personnel,
platform, or project,
which may affect the
prediction of defects.

Exponential model

The model is based on the
data from the formal testing
phases, so it is applicable
mainly to these phases.

One of the simplest and
most important models,
easy to use and quick to
implement.

Testing effort is
homogeneous
throughout the testing
phase

S-Curve model

Testing process consists of
both the detection and
isolation; Compared with
other models, it considers the
delay between the
observation and reporting.

Apply to the larger
software projects with a
fairly large number of
defects; More effective
when testing effort
increases or decreases
throughout the test
period

More complicated
than the above two
models; it is difficult
to use across the
projects

Static technology

Classification

LDA, BDF, etc

Fault-Prone module

Regression

MLR, CBR, etc

classification and prediction;
apply to make planning and
testing.

Focus on the fault-prone
modules (classes, files
etc) and save the testing
and review resources.

Difficult to balance
between the Type |
and Type II
misclassification

Metric-Based
technology

Size-Based

Complexity-
Based

Process
metric-based

Make testing plan; Need the
data of the size, complexity,

00

metric-based

coupling, historical defect
data, etc

Web
metric-based

Efficient and effective
focus of defect detection
activities

Defect density by
modules may not
predict operational
failure density; effort
may be misdirected;
models and
assumptions need
calibrated to be hold
across the different
systems.

Model-Based

Used in the planning phase;
required size of the product

Quantifies the effect of
different discovery
techniques on the
detection and removal of

Covers a small
number of phases in
the life of cycle;
Without consider the

descriptions from each
inspector

re-inspection has been
exceeded

COQUALMO and ratings for 21 quality glefedy. COHSFderS Je factors used for the
o effects of attributes .
adjustment factors. belong to the product prediction of the test
personnel, project, and or post deployment
defect.
platform.
Need reliable defect
Easy to understand and ClaSS'lﬁCatlon agd
use; modeling the matrix appro]zlc f
. . process of the defect mapping to the d? ect
Suitable to the stable life of P . origin and found;
DRE injection and removal in .
cycle and the process model. addition to the Delay of the time
effectiveness of the between origin and
ha found affect the
phases. effectiveness of the
model.
Be lack in the defect data and gifgu}zirgsar:ﬁ{s. Need expert
Bayesian need risk analysis and . j experience and
decision-making support Causal analysis and judgment
) reasoning, the trade-offs. |
ief;:;;;“lzgngt:;zu? d More robust when Need the stringent
pro . simply used to predict assumptions; Relaxing
Capture- undergo re-inspection; whether a criterion for assumptions requires
Recapture Required detailed defect P q

more complicated
estimation.

P ERREBA T
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i B TR B AR (9 = (2 TN AR A B I b e R IR R R AR R IR, AR PR TS
TERREEAR) . A B4 R I B B o TR R RSB B I oA R IR 1 ST s SR s T B R T LS B R AT 1IE
B F 7 WM T A A 00 0B DR 0 5 T DA A A P, 2 Ao P 3 R o 9 2R s K

PAFE BTN AN 20 42 70 SFEARTFLR, 242 DOk, A8 B I WAIE T 454 TREUR I D7 s o 40k T
TR 2 Rb e — AN EE B AR o3 O R R A Sl B TUI B AR A A Ao e 1y ) LA

1) {5 B O AR SE Tk T8 2% 5 B nH R AL G 10 1) 5 R e B AR SE T L & (U0 Size, CC25 ) 3K A
SRR TR AR A 5k B, B 5 A R e AR A G 1) 2 ) A R o 4 R s BT ) 0 % R (0058 ). i R EER
(XP,Cleanroom®%), # I H A o (¥ B2 & 7o AR (= S S | os . PUTIE s, B R oS R R INE L)
S 5 RS A JRUKE (1 TN 45 AR 73 380 3 33K 3 A A A o 0 A, B A AT F AR WA T 7 B R U 4 R (Size sk
CO) - E KA T EAT A2 2% B e H AR B (1 45 5100

2) SRWET T4 SRR A AR B AT ) A AT T R b A, G T BB TR g T K R 4
56 T 1D, T A 52 B B A ) al DL R i H i) B 9Bk T COQUALMO AR FI Bayesian J7 %5 &2 T
ARV T E B PR 5T IR 2% 50 B 1140 56 1 A&, Al 77 9 A0 A 30 52 B 1 AL 2R HR 1 5030 o A~ 5 4 R A

3) A3 ZERNET YA $ AR 57 PR T HH L (6 e A 43 2 R[] U e A 08 75 S s e A A AR R 6, 5% R
) ) D645 M e A0 1 B DL R TR (T Sk o m AR L R T ) LU AR 4 AT B, K e AR A Gl o T
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