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Abstract: Addressing at the problem that the considerations of imperfect debugging phenomenon in the existing
software reliability growth model are limited, this paper proposes a software reliability growth model which takes
into account of the imperfect debugging comprehensively. Both the fault introduction and the fault removal
efficiency are considered in this model, and a time-dependent fault removal efficiency function is introduced. The
goodness-of-fit and the predictive power of the new model are examined by using a public software failure data set.
The results show that compared with other existing models, the proposed model fits the failure data better and can
predict this set of data more accurately.

Key words:  software reliability growth model (SRGM); nonhomogeneous Poisson process (NHPP); imperfect

debugging; fault removal efficiency; fault introduction rate
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b a ARG TR S ELp R BEHERR A, BB A R T LN, o b F ¢ D IR 2 20 3 R )l A 0 %R o 4
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HEAT T M A I LA T X SRR () 4004 45 L. Zhang A1 Teng!® 1B R I 41 0 30 4 EA T 7 BB 5000 T4 A
T U7 E B A SCRISCIR[6]—FE R AT 122 AN RSB AEAT T &G . S8 RS 123 -3 136
AN SR ABCEHE R S0 B PR TR SOR 2 1 4t T R 5 45 R 1) SSE 2 BhrHE R R-square 2 HUbRUE. I 1~8] 5 45
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Table 1 Comparison results of different models
R ABPE HRHE

Model SSE (fitted) SSE (predicted) R-square
Model I 2479 5009.3 0.983 6
Model 1T 10 750 9 694.1 0.928 94
Model IIT 7713 13 968 0.949 0
Model IV 8910 15 830 0.915
Model V (the proposed model) 515 715.76 0.996 6
120 120
» 100 100
2 80 § osof T
§ 60 § 60
= =
= 407 7 = 40p o/
E 20 ""—es—Real fault numbers E 201} 7 —"— Real fault numbers
/" —— Fitted result of Model I 0 /= TFitted result of Model I
or ---- 95% confidence intervals ) " =---95% confidence intervals
0 1 2 3 4 5 0 1 2 3 4 5
Testing time (x10%) Testing time (x10%)
Fig.1 Fitted result and confidence intervals (95%) Fig.2 Fitted result and confidence intervals (95%)
of Model I of Model II
1 BT U5 25 R AR XA (95%) 2 BRI UL S5 RS EAR X R (95%)
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0 1 2 3 4 5 0 1 2 3 4 5
Testing time (x10%) Testing time (x10%)

Fig.3 Fitted result and confidence intervals (95%) Fig.4 Fitted result and confidence intervals (95%)

of Model III of Model IV
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120
" 100
8 80
g
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3 400 /
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Testing time (><104)
Fig.5 Fitted result and confidence intervals (95%) of Model V
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SR VE (B AN RS, DT 32 S50 5 0 TRGIN 45 2R o 74 i 22 . B 249 R 008 A 2 I A58 28 o 0, 35 i 22 10 2 5000 ] i
o2 BUSRL PEAS R FIUIN GE 0 f4 T AR JF AN BE BE IR 10 Y T RUBERE IV 0 AN S8 SEHERE 15 DL 25 B e
T S DR Ok A S B P TR T A S B T EAT AT FE R VAN 19 R OB S i KT A SR P K 122 AN AR, 1K —
LG A 18 2 W1, A ST AR 2R 7 2 A O B U i TU R ) ARG T Al JLAS BT 1 B e 1~
IV 484 DA 25 25 AN B0 [ I, O B0 3 BUBL L PEAS R T BE ) ) B 1.

MIE 1~ 5 RTBLEDW LA S B IR 4 AN RERAH LU, AR SCHR Y R 1 e SEORS B 3t 0] 2R B0 8 AT P04,
LA X T8 B 8 500 RIDAS SCHR H PRS00 ] 58 58 f DA E ) LAl 4 ST B2
2.3.2 £ Tandem ML A BEH AT i KR B (9 525

AT A IR R B8 Aok B SCHR[15152 ALK Tandem vHSHL 2 w10 26 RACHCHE 6. SRS, 6,161 R 1 ik 4l
HOp AT BRI AT SCHR[ 1SR BUA 20 e NHPP OB HEAT LR At A B A 4T R R 4 1,G-O B
AT TR 36 7 S e PR b, A 5 7 MG 2 2R BB 4R ) G-O MRS b5 R SO tH I B BEAT 17 LA S & SR Lk 2,
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Table 2 Comparison result of G-O model and the model proposed
R2 OAIRMBR LY G-O BB LT

Test period Accumulated testing time Real fault Fault numbers predicted by Fault numbers predicted by
(week) (hour) numbers G-0 model the proposed model
1 519 16 — —
2 968 24 - -
3 1430 27 — —
4 1893 33 - -
5 2490 41 - -
6 3058 49 — —
7 3625 54 - -
8 4422 58 — —
9 5218 69 — —
10 5823 75 98 73.7
11 6539 81 107 80.8
12 7083 86 116 86.3
13 7487 90 123 90.4
14 7 846 93 129 94.2
15 8205 96 129 97.9
16 8 564 98 134 101.8
17 8923 99 139 105.6
18 9282 100 138 109.6
19 9 641 100 135 113.6
20 10 000 100 133 117.6
3 & it

ARSCR H AT Bse%  NHPP SR R 5 PR AR R (0 B e 3R AT T ik, A i 0 Ay 7 AN s SR AR 1 Y
ANTE BT T HEA LR T HT B RN S A HE RS I DU, P Tl i 40 e A W R 2R R Mg B N ) A2
A A T i AR, S O MR A 3t DL T P AN 5 S HE R L R PR e, (0 AR B R 5 S o I 19 D A S
A58 Y V9 201 2 DT 5 2R FRY B A SR 28 K s B R RS R AT T S 30 36 E e W, 4 SRR W, AR ST PR A 2R A 3K 9 41 K 2
2 RO R A LA A, 1% LU 5 M s b DAL R 00 9 T S k.

BOsH AR, 20 N A T LR S EOR R B A ST AR SR 4 S LA ).
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