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Abstract In the domain of Korean weapon system development, issues about software reliability have
become crucial factors when developing a weapon system. There is a process required for weapon
system software development and management that includes certain activities required to improve the
reliability of software. However, these activities are biased toward static and dynamic analyses of source
code and do not include activities necessarily required by the international standard. IEEE std. 1633-2016
defines a process for software reliability engineering and describes software reliability estimation as an
essential activity in the process. Software reliability estimation means that collecting defective data
during the test and estimating software reliability by using the statistical model. Based on the estimated
model, developers could estimate the failure rate and make comparisons with the objective failure rate
to determine termination of the test. In this study, we collected defective data and applied reliability
estimation models to analyze software reliability in the development of a weapon system. To achieve
objective software reliability, we continuously tested our software and quantitatively calculated software
reliability. Through the research, we hope that efforts to include activities described by the international

standard will be carried out in the domain of Korean weapon system development.
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Fig. 1. Software reliability engineering process in

IEEE std.1633-2016 [2]
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Fig. 2. Distribution of software defect during test
phase [2]
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Table 1. Software reliability estimation models
suggested in IEEE 1633-2016 [2]

Categories Models
Increasing Weibull [4]
fault rate
Peak Shooman Constant Defect Removal Rate Model [5]
Shooman Constant Defect Removal Rate Model [5]
Goel-Okumoto [6]
Musa Basic Model [7]
Jelinski-Moranda [8]
Decreasing |Shooman Linearly Decreasing Model [9]
fault rate |Duane [10]
Musa-Okumoto [11]
Shooman Exponentially Decreasing Model [9]
Log-Logistic [12]
Geometric [13]
Increasing Yamada (delayed) S-shaped [14]
and then .
) Weibull [4]
decreasing
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Statisticaly decrease
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:

Estimation of failure rate
by using best model

Finish Test

Fig. 3. Application procedure for software
reliability estimation model
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Table 2. List of candidate model for software
reliability estimation

Model Assumption about failure | Input
rate Data
1 Jelinski-Moranda Linearly Decreasing
2 Goel-Okumoto Linearly Decreasing
3 Yamada(delayed) Increasing and then )
S-shaped decreasing Failure
- i Count
4 Inflection-S Increjsmg and then Data
ecreasing
5 Log-Logistic Non-Linearly Decreasing
6 Weibull Increasing a%rld then
decreasing
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Fig. 4. Distribution of software defect during test
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Table 3. Data for software defect during test

Test Round Number of Failure Num.ber Of,
Cumulative Failure
1 7 7
2 7 14
3 15 29
4 67 96
5 2 98
6 14 112
7 46 158
8 11 169
9 25 194
10 0 194
11 0 194
12 0 194
13 0 194
14 0 194
15 0 194
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Table 6. Result of Estimated current failure rates

o
Mq’ Estimated Current
Test round Models Failure Rate
(failure/hour)
Table 4. Result of the chi-square test for each model —
11 Log-Logistic 0.488
Yamad 12 Log-Logistic 0.5541
Jelinski| Goel- |a(delay ) ~ Critical 1 Weibull 0.071
RTEStd -Moran|Okumot| ed) Inﬂe_(;m LLo.g‘ Weibull| value 3 ey 0719
oun da o [s-shape| " oglstic (95%) 14 Inflection-S 0.0605
d 15 Weibull 0.007
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Table 5. Result of MSE for each model

Test Round Models MSE

13 Log-Logistic 114.02
Weibull 102.72

Log-Logistic 111.86

14 Inflection-S 105.17
Log-Logistic 108.50

15 Inflection-S 98.99
Weibull 90.29
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Fig. 6. the fitted data based on Weibull model with
the actual data
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