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Abstract: This paper studies statistical test’s assurance ability on different programs and brings forward to
incorporating effectiveness information into software reliability assessment. This can improve the accuracy of
reliability assessment. This paper empirically investigates the reasonableness of this method. The conclusion
provides a new way for high reliable software assurance.
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Table 1 The feature of subject programs
R1 LR FPRARHE

Executable . .
Program Loc Edges Dus ##Vers | Test pool size Descriptions
Totinfo 346 83 292 23 105 2 Information measure
Schedule 1 | 299 62 294 9 2650 Priority scheduler
Schedule 2 | 297 80 217 9* 2710 Priority scheduler
Tcas 138 46 57 40* 160 8 Altitude separation
Printtoken 1 | 402 97 268 7 4130 Lexical analyzer
Printtoken 2 | 483 159 240 10 4115 Lexical analyzer
Replace 516 191 664 32 554 2 Pattern replacement
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Fig.1 Program failure rate owing to different faults under statistical test
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Table 2 Distribution test of statistical test sequence
&2 ol s o Ak g

Failure rate range #Samples  Sample probability  Estimated probability

[0,0.000549] 3 0 0.037 6
(0.000549,0.00111) 3 0.046 512 0.025 27
(0.00111,0.00222) 7 0.054 264 0.040 99
(0.00222,0.004502) 8 0.062 016 0.067 956
(0.004502,0.006713) 10 0.077 519 0.549 88
(0.006713,0.009989) 12 0.093 023 0.069 786
(0.009989,0.01865) 24 0.186 047 0.144 35
(0.01865,0.02763) 10 0.077 519 0.111 751
(0.02763,0.048875) 25 0.193 798 0.176 747
(0.048875,0.097699) 17 0.131 783 0.182 46
(0.097699,0.277469) 10 0.077 519 0.087 059
(0.277469,1) 0 0 0.001 034

AR BRI A K2=8.739874.

I A R k-2-1=12-2-1=9.

765 KP4 0.05 1, 425(9) =16.919>8.739874,

PRI, AT 17 950011 T A7 88 42252 Ja A1 v, B BE AL 91 T 5 T ) Ak 2 803 110 4 A il A2 B 43 A1 HA JAE.
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Table 3  Statistical test effectiveness for different programs
F 3 Gouh IR A [F AR 0 A R

Program Max-Likelihood | o?-Based method | s*-Based method | Length of ST
a b a b a b sequence

Schedule 1 | 0.66 18.32 0.75 20.61 0.7 19.34 2538
Schedule 2 | 1.37 116.75 2.52 214,51 2.36 201.04 2577
Printtok 1 1.12 65.37 1.11 64.96 1.03 60.25 402 2
Printtok 2 2.2 37.77 2.69 46.14 2.56 43.78 3871
Peplace 1.04 55.06 1.36 71.76 1.34 70.62 546 5
Totinfo 0.89 8.69 1.06 10.24 1.03 10 901
Tcas 1.04 41.73 1.04 42.16 1.03 41.61 1555
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Fig.2 Program failure rate density curve under statistical test
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Table 4 The necessary test numbers for given reliability goal from different models
F 4 VBT ATHENE AR T SE AL THE R T i D A

Beta model PAC model

Program Nst a b Naeta dimp(p) Npac
Schedule 1 460 2 0.66 18.32 3751 9 6.2187e+006
Schedule 2 460 2 1.37 116.75 528 8 9* 6.2187e+006
Printtoken 1 | 460 2 1.12 65.37 4807 7 4.8516e+006
Printtoken 2 | 460 2 2.2 37.77 696 5 10 6.9022e+006
Replace 460 2 1.04 55.06 4639 32 2.1940e+007
Totinfo 460 2 0.89 8.69 4338 23 1.5788e+007
Tcas 460 2 1.04 41.73 465 2 40* 2.6725e+007
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Table 5 Comparison of different software reliability models
R5 3 AT MBI HLEL

Items Classical statistical model PAC model Beta model
Principle Operation profile PAC learning machine Bayesian analysis, Beta distribution
Assumption Every f_a_ult has the same Every f_a_ult has the same Differe_ng faults have independent
probability to cause failure probability to cause failure probability to cause fault
Factor Construction of operation profile  Software complexity Effectiveness of test method
Reliability  All software need the same Different software with different Different effectiveness need different
assurance test number complexity need different test number  test number
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