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Imperfect Debugging Models with Introduced Software Faults

and their Comparisons

SHIGERU YAMADA' and TAKASHI MIKIt

Assuming that the detected faults are perfectly removed by debugging without introducing
new faults is considered to be unrealistic in software reliability modeling. In this paper, apply-
ing a nonhomogeneous Poisson process, we discuss several software reliability growth models
considering the newly introduced faults to overcome this unrealistic assumption. These mod-
els explicitly or implicitly assume that new faults are randomly introduced when the detected
faults are corrected and removed by imperfect debugging. In the models which explicitly
recognize this assumption it is assumed that there are two types of the detected faults: the
inherent faults originally latent in a software system before testing or operation and the faults
introduced by imperfect debugging. The models discussed above are compared by some eval-
uation criteria in terms of goodness-of-fit to several cited data sets of actual fault detection

during testing.
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#1 DS1 (tkyyx)(k = 1,2,---,25; 195 = 25, y25 = 136) I
WTBEFNINT A—F DWEHER
Table 1 The estimated model parameters for DS1
(tk>yr) (k=1,2,---,25;t95 = 25, y25 = 136).
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]5 DS1IIHTHEEMLBHE
Table 5 Comparision among estimated models m, Hy, v,
and p for DS1.

TFNVmlETIVH|ET Vy|ET Vu

a | b A |a B X |6
m_ [142.315|0.1246
H,; |76.1759] 0.3302 | 2.3038
Y 31.987 | 0.4496
u 36.661 | 0.0228

F2 DS5(tk,yk)(k=1,2,---,15;t15 = 15,y15 = 1138)
WX BEFNINT A— 7 DT R
Table 2 The estimated model parameters for DS5
(tk,yk) (IC =1,2,--+,15;t15 = 15,15 = 1138).

SE¥MRAEZHe| 35.5183 | 13.8601 | 39.1075| 6.8729

XBICEME | -57.219 | -53.766 | -55.358 | -52.024
AIC 118.438 | 113.532 | 114.715 | 108.047
THELREK 0.9983 | 0.9995 | 0.9994 | 0.9997

6 DS5IIHT 2 HEHILBHR
Table 6 Comparision among estimated models m, Hy, v,
and p for DS5.

EFmlEFIVHEFVy BTy
SEXIRZE 50| 1682.27 | 467.643 | 1044.35| 741.865

Y 231.73 | 0.5877

237.93 | 0.0017

+&3 DS10 (tg, yx)(k = 1,2,--+,20;t99 = 100, yog = 369)
EXTBEF NG A— 5 O EAER
Table 3 The estimated model parameters for DS10
(te,ye) (k=1,2,---,20;t00 = 100, y90 = 369).

a |b | A Ja B |k ]6 MBAEME | -138.87] -119.62 | -130.97 | -121.53
m  [1347.84] 0.124 AIC 281.746 | 245.232] 265.934 | 247.062
Hi |471.167)0.425 | 44.500 BRI 0.9986 | 0.9996 | 0.9995 | 0.9994

RT DS10 KT 5 EEMILBHR
Table 7 Comparision among estimated models m, Hy, 7,
and u for DS10.

EFNmEFIVH|EF Ly [EF Ny
SEHmE A 829.496 | 97.6068 | 127.929| 63.8506

Fd Kol B £

H: |128.901| 0.156 | 2.401
Y 31.159| 0.5367
u 10.824 | 0.0051

F4 DSI11(tr,yx)(k =1,2,--+,20;t90 = 100, ygq = 369)
T BEFNING A— ¥ OHEERER
Table 4 The estimated model parameters for DS11
(te,yx) (k=1,2,---,20;t90 = 100, y39 = 369).

i |b |Ala |B A |6
M |384.414] 0.0501
H> |137.788} 0.131 | 23122
Y 23.828 | 0.595
u 9.7452 | 0.0046
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369) 12, & NHPP EF V@A L72BAIconT
Ex B, B, FHERK M) &> NHPP €7

I | -148.6 | -84.201 | -90.455 | -82.099
a b Al a B o | 6 AIC 301.196 | 174.403 | 184.911| 168.197
M |383.191] 0.0511 HHEARE 0.9942 | 0.9993 | 0.9989 | 0.9995

F£8 DSI11ICHT 2 AL B R
Table 8 Comparision among estimated models m, Hs, v,
and y for DS11.
ETFNVmETIVH(|ET Vy|ET u
¥R TSR 688.315( 74.7169 | 184.978 | 72.747

XHEICEEAE | -127.55| -77.791 | -92.811 | -80.72
AIC 259.09 | 161.583 | 191.622] 165.411
L 0.9951 | 0.9994 | 0.9986 | 0.9994

VEETFV M LEHRL, FHEEEK H(t) 25D
NHPP €7 V% EF)V Hy, LEHTH. &3 1243,
BEFNVDEFNIST A—F DHEERLRLE. £
7z, |7 IZIE DS10 KT B KEFT NV OEEHELILE
DEERERERLEZ. BT L0, TXTOBEHET
fHFEEELAT LT, BF NV p OFEEHSRWI LA
A, 61, 5 IITTRMERBREERLZ. ©5
Iy, 7AMEBER W% L, SEFVOREMEH
BELTWVDEZEHGDD, BIZETFNV 4 2BV T
13, EOBRBICBVTOHE[IREL TVEH I LN
FhAh. F7z, DSIL EEENR S 20 HOER T — ¥
(tk, k) (B =1,2,---,20; tao = 100(%), y20 = 369)
3t AR R R4, T8, W6 IIRLA. Z
DF —#IZOWTIE, BFNV Hy OBEBS»R Y B
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