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Abstract: In this paper we study the Hausdorff approximation of the Heaviside step function hr (t) by
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l. INTRODUCTION
The transmuted inverse exponential distribution — (TIED) is popular for modeling lifetime data in
engineering, reliability, biomedical sciences and life testing [1]. The (TIED) is based on the contents of [2].
For the generalized inverted exponential distribution, see [3]-[5].
Some software reliability models, can be found in [6]-[17].
A new class of Gompertz—type software reliability models and some deterministic reliability growth
curves for software error detection, also approximation and modeling aspects, can be found in [19]-[22].

In this note we study the Hausdorff approximation of the Heaviside step function hr (t) by sigmoidal

curve model based on the transmuted inverse exponential software reliability model and find an expression for
the error of the best approximation.

1.  TRANSMUTED INVERSE EXPONENTIAL SOFTWARE RELIABILITY MODEL
We consider the transmuted inverse exponential cumulative distribution function — (TIECDF):

9 4
M(t;0,1) = we t (1+/1—/te_tj, )

where @ is a scale parameter and A is the transmuted parameter.
We examine the special case @ =1,
0

t,=— ,
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ie. M(t,;0,4) :%_

The one-sided Hausdorff distance d between the Heaviside step function

0, if t<t,
hto(t): [0,1], if t=t,, 2
1, if t>t,,
and the sigmoid (1) satisfies the relation
M (t, +d;60,1) =1—d. 3)

The following theorem gives upper and lower bounds for d :

Theorem. Let
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For the one-sided Hausdorff distance d between hIO and the curve (1) the following inequalities hold for:
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Proof. Let us examine the functions:
F(d)=M({t,+d;0,¢)-1+d, (5)
G(d) = a+bd. ©)
From Taylor expansion we obtain G(d)—F(d) =O(d?).
Hence G(d) approximates F(d) with d —0 as O(d?) (see Fig. 1).
In addition G'(d) > 0.
0.99b _ ;oo
Further, for >e"” wehave G(d;) <0 and G(d,)>0.
—a
This completes the proof of the theorem.
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Figure 1: The functions F(d) and G(d) for #=0.08, 1 =0.9.

The model (1) for 8 =0.08, 4 =0.9, t, = 0.0679563 is visualized on Fig. 2.
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The model (1) for 8 =0.04, 4 =0.96, t, =0.0331172 is visualized on Fig. 3.
The model (1) for 8 =0.01, 4 =0.99, t, = 0.00817702 is visualized on Fig. 4.
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Figure 2: The model (1) with 0=0.08 1=0.9, to = 0.0679563; H-distance d= 0.131394.;
d, =0.0617319; d, =0.17192.
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Figure 3: The model (1) with 0=0.04, 1=0.96, to =0.0331172; H-distance d= 0.0876238;
d, =0.0313529; d, =0.108557.
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Figure 4: The model (1) with @ = 0.01, 41 =0.99, t, = 0.00817702 : H-distance d =0.0386002 ;
d, =0.00802311; d, =0.0387149.

1. REMARKS
The estimation of remaining errors in the software is the deciding factor for the release of the software
or the amount of more testing which is required software growth reliability models are using for the correct

estimation of the remaining errors.
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V. NUMERICAL EXAMPLES
We examine the following data (see Table 1). (The data were reported by Musa [24] and represent the
failures observed during system testing for 25 hours of CPU time.)

Hour Number | Cumulative
of failures failures
1 27 27
2 16 43
3 11 54
4 10 64
5 11 75
6 7 82
7 2 84
8 5 89
9 3 92
10 1 93
11 4 97
12 7 104
13 2 106
14 5 111
15 5 116
16 6 122
17 0 122
18 5 127
19 1 128
20 1 129
21 2 131
22 1 132
23 2 134
24 1 135
25 1 136

Table 1: Failures in 1 Hour (execution time) intervals and cumulative failures [24], [23].

£[ ] 1= 136 @ TRAPISIEIINELE (9 4406925851762932 + 0.559307414823T068 @1 TN

o[t ] :=136 [1 3 (1 _ p-¥ 1446927524130718 ‘,-‘:)1-125333"‘9533"‘1"-‘15‘]

datal = {{1, 27}, {2, 43}, {3, 54}, {4, 64}, {5, 15}, {6, 82}, {1, 84}, {8, 89}, {9, 92},
{10, 93}, {11, 97}, {12, 104}, {13, 106}, {14, 111}, {15, 116}, {16, 122}, {17, 122},
{18, 127}, {19, 128}, {20, 129}, {21, 131}, {22, 132}, {23, 134}, {24, 135}, {25, 136}};

d2 - Plot[£[t], {t, 0, 25}, PlotStyle — {Thick}, AspectRatio — 0.6, PlotRange — {0, 136}];

d3 = Plot[g[t], {t, 0, 25}, PlotStyle — {Dashed}, AspectRatio — 0.6, PlotRange — {0, 136}]:

Show[d2?, d3, ListPlot[datal, Joined — True, Mesh — Full,

MeshStyle — Directive[PointSize[Large], Thick]]]
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Figure 5: Comparison between g(t)— (dashed) and f (t) - (thick).
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In [22] we consider the generalized inverted exponential cumulative distribution function — (GIECDF)
for modeling lifetime data in software error detection;

0y
git)=w 1—(1—e t] . (7

The fitted model (7) based on the data of Table 1 for the estimated parameters:
o =136; 6 =3.1446927524; ¢ =1.1268337951

is plotted on Fig. 5.
We consider the transmuted inverse exponential cumulative distribution function — (TIECDF):

17 4
f(t)=we * (1+ A —Ae‘t]. ®)

The fitted model (8) based on the data of Table 1 for the estimated parameters:
o =136; 0 =1.7646399225; A =-0.55930741482

is also plotted on Fig. 5.
From the presented comparisons, cf. Fig. 5, it can be seen that in some cases the model reliability
proposed in this article is "flexible" compared to many other, seemingly refined models.

V. ACKNOWLEDGEMENTS
This work has been supported by the project FP17-FMI-008 of Department for Scientific Research,
Paisii Hilendarski University of Plovdiv.

REFERENCES
[1] Oguntunde, P., A. Adejumo, E. Owoloko, On the flexibility of the transmuted inverse exponential
distribution, Proc. of the World Congress on Engineering, Juli 5-7, 2017, London, U.K., vol. 1, 2017
[2] Shaw, W., I. Buckley, The alchemy of probability distributions: Beyond Gram—Charlier expansions
and a skew—kurtotic—normal distribution from a rank transmutation map, 2009, Research report.

[3] Khan, M., Transmuted generalized inverted exponential distribution with application to reliability data,
Thailand Statistician, 16 (1), 2018, 14-25.

[4] Abouammd, A., A. Alshingiti, Reliability estimation of generalized inverted exponential distribution, J.
Stat. Comput. Simul., 79 (11), 2009, 1301-1315.

[5] Ellatal, 1., Transmuted generalized inverted exponential distribution, Econom. Qual. Control, 28 (2),

2014, 125-133.
[6] N. Kyurkchiev, S. Markov, Sigmoid functions: Some Approximation and Modelling Aspects. (LAP
LAMBERT Academic Publishing, Saarbrucken, 2015); ISBN 978-3-659-76045-7.

[7] A. lliev, N. Kyurkchiev, S. Markov, A note on the new activation function of Gompertz type, Biomath
Communications, 4 (2), 2017
[8] N. Kyurkchiev, A. lliev, S. Markov, Some techniques for recurrence generating of activation functions,

LAP LAMBERT Academic Publishing, 2017; ISBN 978-3-330-33143-3

[9] Yamada, S., A stochastic software reliability growth model with Gompertz curve, Trans. IPSJ 33,
1992, 964969 (in Japanese).

[10] Satoh, D., A discrete Gompertz equation and a software reliability growth model, IEICE Trans. Inform.
Syst., Vol. E83-D, N0 7, 2000, 1508-1513.

[11] E. P. Virene, Reliability growth and its upper limit, in: Proc. 1968, Annual Symp. on Realib., 1968,
265-270.

[12] S. Rafi, S. Akthar, Software Reliability Ggrowth Model with Gompertz TEF and Optimal Release
Time Determination by Improving the Test Efficiency, Int. J. of Comput. Applications, vol. 7 (11),
2010, 34-43.

[13] F. Serdio, E. Lughofer, K. Pichler, T. Buchegger, H. Efendic, Residua—based fault detection using soft
computing techniques for condition monitoring at rolling mills, Information Sciences, vol. 259, 2014,
304-320.

[14] Satoh, D., S. Yamada, Discrete equations and software reliability growth models, in: Proc. 12th Int.
Symp. on Software Reliab. and Eng., 2001, 176-184.

[15] S. Yamada, M. Ohba, S. Osaki, S—shaped reliability growth modeling for software error detection,
IEEE Trans, Reliab. R-32, 1983, 475-478.

www.ijlret.com 5| Page



International Journal of Latest Research in Engineering and Technology (IJLRET)
ISSN: 2454-5031
www.ijlret.com || Volume 04 - Issue 05 || May 2018 || PP. 01-06

[16]
[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

K. Ohishi, H. Okamura, T. Dohi, Gompertz software reliability model: Estimation algorithm and
empirical validation, J. of Systems and Software, vol. 82 (3), 2009, 535-543.

S. Yamada, S. Osaki, Software reliability growth modeling: Models and Applications, IEEE
Transaction on Software Engineering, vol. SE-11, 1985, 1431-1437.

N. Pavlov, G. Spasov, A. Rahnev, Architecture of printing monitoring and control system, Scientific
Conference “Innovative ICT: Research, Development and Applicatio in Business and Education”,
Hisar, 11-12 November 2015, 31-36.

N. Pavlov, G. Spasov, A. Rahnev, N. Kyurkchiev, A new class of Gompertz—type software reliability
models, International Electronic Journal of Pure and Applied Mathematics, 2018 (accepted).

N. Pavlov, G. Spasov, A. Rahnev, N. Kyurkchiev, Some deterministic reliability growth curves for
software error detection: Approximation and modeling aspects, International Journal of Pure and
Applied Mathematics, 118 (3), 2018, 599-611.

N. Pavlov, A. Golev, A. Rahnev, N. Kyurkchiev, A note on the Yamada—exponential software
reliability model, International Journal of Pure and Applied Mathematics, 2018 (accepted).

N. Pavlov, A. Golev, A. Rahnev, N. Kyurkchiev, A note on the generalized inverted exponential
software reliability model, International Journal of Advanced Research in Computer and
Communication Engineering, 2018 (accepted).

A. L. Goel, Software reliability models: Assumptions, limitations and applicability, IEEE Trans.
Software Eng. SE-11, 1985, 1411-1423.

J. D. Musa, Software Reliability Data, DACS, RADC, New York, 1980.

www.ijlret.com 6 | Page



