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Abstract: More and more software systems have been developed to provide great flexibility to customers, but they also introduce great
uncertainty to software development. The fault detection rate (FDR) within the fault detection process shows an irregular fluctuation and
is usually modeled as a white noise. White noise is Markovian, but Non-Markov is the rule while Markov is the exception. In many cases
the white noise idealization is insufficient, as real fluctuations are always correlated noise (non-Markovian noise). This study proposes a
novel model to quantify the uncertainties associated with the debugging process. Based on the Non-homogeneous Poisson process (NHPP)
model for software fault detection process, the environmental uncertainties are considered collectively as a noise of arbitrary distribution
and correlation structure. Through a number of comparisons with existing methods, the new model exhibits a closer fitting to observation
data. In addition to focusing on the mean value of detected-fault number, this work provides a formula to compute its cumulative density
function (CDF) and probabilistic density function (PDF), thus encapsulating full statistical information of the debugging process.
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Fig.2 Predicted relative error (PRE) for correlated model, G-O model and white-noise model, from four data sets

2 4 G-0 PRE
Table 2 The MSE, R?, Bias, PRV and RMSPE results of correlated model,
G-0 model and white noise model for DS1, DS2, DS3 and DS4
2 G-0 DS1,DS2,DS3 DS4 MSE,RZ,Bias,PRV RMSPE
MSE R? Bias PRV RMSPE
a=445 5=0.04047,d=0.028,
DS1 7200002236, 7=0.1 411.8404  0.653 1 12.5427 16.088 4 20.399 9
a=308,b=0.5446,d=0.026,
DS2 720.0002228, 7=0.1 46.194 3 09133 -5.9442 33298 6.813 3
a=618,b=0.846,d=0.025,
DS3 7=0,0002219, 0.1 78.658 2 0.903 2 —6.6756 5.990 8 8.969 5
a=269,b=0.3046,d=0.024,
DS4 2—0.0002207 70.1 5.9284 0.968 2 ~0.974 3 22926 24910
DS1 a=249.b=0.0146 8479599  0.2858 256179 13.961 9 29.175 5
G0 DS2 a=97,b=0.0746 1237896 0.7678 9.694 0 5517 1 11.154 0
) DS3 a=101,b=0.246 318.5772  0.608 1 13.5753 11.889 3 18.045 6
DS4 a=173,b=0.0146 153147 0.917 8 —2.7146 2.896 1 3.969 4
a=522,b=0.0126,d=0.028,
DS1 2—0,0002236 816.3784 03124 24.601 8 14.654 3 28.635 6
a=197,b=0.06246,d=0.026,
DS2 =0.0002228 82.049 3 0.846 1 7.077 5 57117 9.094 8
4=203,b=0.226,d=0.025,
DS3 20.0005219 1579139  0.8058 8.8329 9.170 6 12.732 6
DS4 a=377,6=0.0126,d=0.024, 204094 08905  -3.698 1 2.666 1 45589

6,2=0.0002207
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Table 3 Approximation of distribution for the random integral:

I, = jo'r'(z')dz' =S =3" lj("'fl)Ar'(f)dt, where A=t/N

YN N _ N [id ool —
3 L=l =3 =30 [ @ . LA=tN
Cases <<t >>7 Others
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] L{J:p(t')dt'+Z'NLZ|:Ijip(iA—t")dt"—
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V=0, +2ZZ2Cov([1,Ii)<oo 1)
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4 4~ 7
Table 4 The failure data of Web-based accounting ERP system (DS1) from August 2003 to July 2008
4 Web ERP (DS1) 2003 8 ~2008 7
Time unit Detected Time unit Detected Time unit Detected Time unit Detected
(month) faults (month) faults (month) faults (month) faults
1 1 16 30 31 53 46 84
2 7 17 45 32 54 47 84
3 7 18 47 33 56 48 84
4 9 19 49 34 58 49 85
5 9 20 51 35 59 50 86
6 9 21 53 36 60 51 89
7 12 22 53 37 63 52 90
8 18 23 53 38 70 53 90
9 18 24 53 39 71 54 92
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Table 4 The failure data of Web-based accounting ERP system (DS1) from
August 2003 to July 2008 (Continued)
Web ERP (DS1) 2003 8 ~2008 7 ()

Time unit Detected Time unit Detected Time unit Detected Time unit Detected

(month) faults (month) faults (month) faults (month) faults
10 18 25 53 40 71 55 108
11 18 26 53 41 72 56 120
12 21 27 53 42 74 57 128
13 22 28 53 43 74 58 129
14 22 29 53 44 80 59 139
15 27 30 53 45 84 60 146

Table 5 The failure data of open source project management software (DS2) from August 2007 to July 2008

5 (DS2) 2007 8 ~2008 7
Time unit Detected Time unit Detected Time unit Detected Time unit Detected
(week) faults (week) faults (week) faults (week) faults
1 9 14 47 27 70 40 85
2 15 15 49 28 73 41 85
3 19 16 52 29 74 42 87
4 24 17 52 30 75 43 87
5 28 18 55 31 75 44 87
6 29 19 57 32 78 45 89
7 32 20 58 33 79 46 89
8 36 21 61 34 80 47 91
9 36 22 61 35 82 48 91
10 40 23 64 36 83 49 94
11 41 24 66 37 83 - _
12 41 25 67 38 84 - -
13 45 26 69 39 84 - -
Table 6 The failure data of Tandem software (DS3) from the first release
6 Tandem (DS3) 1
Time unit Detected Time unit Detected Time unit Detected Time unit Detected
(week) faults (week) faults (week) faults (week) faults
1 16 6 49 11 81 16 98
2 24 7 54 12 86 17 99
3 27 8 58 13 90 18 100
4 33 9 69 14 93 19 100
5 41 10 75 15 96 20 100
Table 7 The failure data of Tandem software (DS4) from the fourth release
7 Tandem (DS4) 4
Time unit Detected Time unit Detected Time unit Detected Time unit Detected
(week) faults (week) faults (week) faults (week) faults
1 1 6 16 11 32 16 39
2 3 7 19 12 32 17 41
3 8 8 25 13 36 18 42
4 9 9 27 14 38 19 42
5 11 10 29 15 39 - —
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