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A Bivariate Weibull-type Software Reliability
Growth Model and Its Goodness-of-fit Evaluation

SHINJT INOUET! and SHIGERU YAMADAT!

We propose a bivariate software reliability growth model (SRGM) describing
a software reliability growth process on the two-dimensional time space, which
consists of the testing-time and the other reliability growth factors. Especially,
this paper extend the testing-time, which is regarded as a reliability growth
factor in a conventional (one-dimensional) SRGM, to the two-dimensional time
space by applying the Cobb-Douglas utility function. And we also discuss a
parameter estimation method and a software reliability assessment measure of
our bivariate model. Further, we show numerical examples on software reliabil-
ity analysis based on our model by using fault count data collected from actual
testing phases of embedded software systems. Finally, comparing with repre-
sentative one-dimensional SRGMSs, we investigate the performance on software
reliability assessment accuracy of our model by using actual data sets.
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Fig.2 Estimated bivariate mean value function (DS1).
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Fig.3 Estimated bivariate mean value function (DS2).
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Fig.4 Estimated operational software reliability, R(n | 24,0.9095) (DS1).
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Fig.5 Estimated operational software reliability, R(n | 22,0.9198) (DS2).
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01 0000000000000000000000000DS10
Table 1 ANOVA table for the estimated multiple regression equation (DS1).

Source of Sum of Degrees of
Variation Squares Freedom Mean Square Fy
Due to Regression 21.5091 2 10.7546 107,546
Error 0.0021 21 0.0001
Total 21.5112 23

** indicates significant of 1% level

02 000000000000000D00000D00O000DS20
Table 2 ANOVA table for the estimated multiple regression equation (DS2).

Source of Sum of Degrees of
Variation Squares Freedom Mean Square Fy
Due to Regression 20.1505 2 10.0752 33,584**
Error 0.0059 19 0.0003
Total 20.1564 21

03 ODooooooooooooooooboooooobooooooboo
Table 3 Multiple coefficients of correlations (R) and R-squares of the estimated multiple regression
equations for the applied actual data.

DS1 DS2
R 0.999952  0.99985
R?  0.999904  0.99971
R*  0.999947  0.99984

R*?  0.999895  0.99967
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Table 4 Results of model comparisons based on MSE.

DS1 DS2
OUR MODEL 1.96356 3.09947
ONE-D WEIBULL 1,425.24" 205.688™
TCD 111.838 49.9692
EXPO 603.198 73.0885
DELAYED-S 150.005 36.6406
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Table 5 Results of model comparisons based on PRE.

DS1
TPR (%) | OUR MODEL ONE-D WEIBULL TCD EXPO DELAYED-S

50 2.311E-02 7.812E-01" —1.052E-01" 4.970E-01 3.951E-01
55 2.544E-02 7.803E-01% —1.201E-01* 4.620E-01 2.619E-01
60 2.838E-02 7.628E-01* —9.306E-02* 4.336E-01 2.029E-01
65 2.958E-02 7.271E-01" —1.006E-01" 3.678E-01 1.108E-01
70 3.034E-02 6.855E-01" —7.841E-02* 3.295E-01 8.602E-02
75 3.148E-02 5.999E-01% —2.699E-02 2.150E-01 7.618E-02
80 3.035E-02 5.555E-01" —1.602E-03 1.568E-01 5.957TE-02
85 2.887E-02 5.116E-01* —3.459E-03 1.183E-01 5.108E-02
90 2.702E-02 4.683E-01" 2.898E-03 8.231E-02 3.902E-02
95 2.384E-02 4.683E-01" 3.379E-03 4.867E-02 2.406E-02
100 1.476E-02 3.423E-01% 0 1.920E-16 0

DS2

TPR (%) | OUR MODEL ONE-D WEIBULL TCD EXPO DELAYED-S

50 2.477E-02 5.384E-01% —3.554E-01 8.743E-02 —6.164E-01
55 3.441E-02 4.587E-01" —3.720E-01 3.053E-03 —5.332E-01
60 3.795E-02 4.139E-01" —1.830E-01 9.600E-02 —4.875E-01
65 3.570E-02 3.940E-01* — 1.887E-01 —4.534E-01
70 3.161E-02 3.804E-01" 8.070E-02* 1.717E-01 —3.504E-01
75 2.597E-02 3.604E-01" 3.409E-02* 1.629E-01 —2.670E-01
80 2.099E-02 3.350E-01* —2.238E-02* 1.264E-01 —1.997E-01
85 1.683E-02 3.071E-01" —3.695E-02 8.779E-02 —1.492E-01
90 1.260E-03 2.811E-01* —1.696E-02 7.055E-02 —9.719E-02
95 9.523E-03 2.541E-01" —1.980E-02 3.312E-02 —6.373E-02
100 5.137E-03 2.048E-01" —6.880E-05 —2.434E-07 3.545E-07

(TPR: Testing-progress ratio, E: Exponential in decimal)
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Fig.6 Estimated mean value functions of the one-dimensional SRGMs (DS1).
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Fig.7 Estimated mean value functions of the one-dimensional SRGMs (DS2).
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Fig.8 Estimated regression equation derived from the one-dimensional Weibull-type model (DS1).
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Fig.9 Estimated regression equation derived from the one-dimensional Weibull-type model (DS2).
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