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ABSTRACT: In [1] Diwakar and Aggarwal considered a new three–parameter

expected mean number of faults - function m(t) by:

m(t) = a

(

1− e−b t
k+1

k+1

)

= aF (t),

where F (t) is the cdf of Weibull distribution with shape parameter k. Then, the

four–parameter Weibull model for open source software under the effect of imperfect

debugging will be [1]:

M(t) =
a

1− α

(

1− e−b(1−α) t
k+1

k+1

)

,

where α is the constant rate at which new faults are introduced.

Also of interest to the specialists is the task of approximating the Heaviside func-

tion

ht0(t) =























0, if t < t0,

[0, 1], if t = t0,

1, if t > t0

where t0 is the median, i.e. M(t0) =
1
2 with the new function in the Hausdorff sense.

We give some examples with real datasets.

Numerical examples, illustrating our results are presented using programming en-

vironment CAS Mathematica.

AMS Subject Classification: 41A46

Key Words: three–parameter expected mean number of faults, four–parameter

Diwakar and Aggarwal’s software reliability model, Heaviside step–function ht0(t),

Hausdorff distance



186 G. SPASOV, O. RAHNEVA, AND A. GOLEV

Received: August 12, 2019 ; Accepted: December 18, 2019 ;
Published: December 31, 2019. doi: 10.12732/npsc.v27i3&4.5

Dynamic Publishers, Inc., Acad. Publishers, Ltd. https://acadsol.eu/npsc

1. INTRODUCTION AND PRELIMINARIES

Some software reliability models and studies on their ”intrinsic properties”, can be

found in [3]–[42].

In this note we study the Hausdorff approximation of the Heaviside function ht0(t)

by function M(t), defined by Diwakar and Aggarwal.

The model have been tested with real-world data.

Definition 1. Diwakar and Aggarwal [1] developed the following new function:

M(t) =
a

1− α

(

1− e−b(1−α) t
k+1

k+1

)

, (1)

where α is the constant rate at which new faults are introduced.

Definition 2. The shifted Heaviside step function is defined by

ht0(t) =























0, if t < t0,

[0, 1], if t = t0,

1, if t > t0

(2)

Definition 3. [2] The Hausdorff distance (the H–distance) ρ(f, g) between two

interval functions f, g on Ω ⊆ R, is the distance between their completed graphs F (f)

and F (g) considered as closed subsets of Ω× R. More precisely,

ρ(f, g) = max{ sup
A∈F (f)

inf
B∈F (g)

||A−B||, sup
B∈F (g)

inf
A∈F (f)

||A−B||},

wherein ||.|| is any norm in R
2, e. g. the maximum norm ||(t, x)|| = max{|t|, |x|};

hence the distance between the points A = (tA, xA), B = (tB, xB) in R
2 is ||A−B|| =

max(|tA − tB|, |xA − xB|).
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2. MAIN RESULTS

2.1. A NOTE ON THE NEW DIWAKAR AND AGGARWAL’S

SOFTWARE RELIABILITY GROWTH MODEL (1)

The investigation of the characteristic ”supersaturation” of the model (1) to the hor-

izontal asymptote is important.

Let t0 is the value for which M(t0) =
1
2 .

The one–sided Hausdorff distance d between the function ht0(t) and the M(t)

satisfies the relation

M(t0 + d) = 1− d. (3)

For given α, a, b, k0 and t0, the nonlinear equation M(t0 + d) − 1 + d = 0 has

unique positive root – d.

The model (1) for a = 0.5, b = 5.1, α = 0.5, k = 2 and t0 = 0.934262 is visualized

on Fig. 1.

From the nonlinear equation (3) we have: d = 0.246646.

The model (1) for a = 0.9, b = 40, α = 0.1, k = 1.4 and t0 = 0.277741 is visualized

on Fig. 2.

From the nonlinear equation (3) we have: d = 0.146776.

The model (1) for a = 0.9999, b = 76, α = 0.0001, k = 1.2 and t0 = 0.1692 is

visualized on Fig. 3.

From the nonlinear equation (3) we have: d = 0.114746.

Some computational examples are presented in Table 1.

From the above examples, it can be seen that the ”supersaturation” by the M(t)

is faster.

Obviously, this ”advantage” can actually be used to approximate some specific

data.

In the next Section, we will support what is said by analyzing real datasets from

the spread of computer viruses.
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Figure 1: The model (1) for a = 0.5, b = 5.1, α = 0.5, k = 2 and t0 =

0.934262; H–distance d = 0.246646.

Figure 2: The model (1) for a = 0.9, b = 40, α = 0.1, k = 1.4 and t0 =

0.277741; H–distance d = 0.146776.
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Figure 3: The model (1) for a = 0.9999, b = 76, α = 0.0001, k = 1.2 and

t0 = 0.1692; H–distance d = 0.114746.

a b α k t0 H − distance

0.5 5.1 0.5 2 0.934262 0.246646

0.95 35 0.05 1.5 0.306754 0.15129

0.9 40 0.1 1.4 0.277741 0.146776

0.9999 76 0.0001 1.2 0.1692 0.114746

0.96 55 0.04 1.3 0.218321 0.13049

0.99 100 0.01 1.5 0.156727 0.0976525

Table 1: The Hausdorff distance d computed by nonlinear equation (3)

2.2. APPLICATIONS

1. We analyze the following ”actual data to estimate the number of software residual

faults” [56]–[57] (see, Fig. 4).

After that using the model M(t) for α = 0.1, a = 4667.4, b = 0.0293167 and

k = 0.306508 we obtain the fitted model (see, Fig. 5).

2. Analysis of Witty worm infection behavior [58] (see, Fig. 6–7.).

Here we will give an application of the model M(t) when provide analysis of this

real ”data” [58], see Fig. 8.
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Figure 4: the ”actual data to estimate the number of software residual faults”

[56]–[57].
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Figure 5: The fitted model M(t).

Figure 6: Global epidemic of Witty worm for entire world
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Figure 7: Global epidemic of Witty worm for USA

Figure 8: Epidemic data for entire world of Witty worm [58]
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data Witty World =

{{0.1, 150}, {5, 869}, {10, 2141}, {15, 3637}, {20, 5312},

{26, 6602}, {31, 7562}, {36, 8340}, {41, 8941}, {46, 9389}, {51, 9734},

{56, 10060}, {61, 10349}, {66, 10586}, {71, 10800}, {76, 11169},

{86, 11362}, {91, 11532}, {96, 11684}, {101, 11823}, {106, 11972},

{111, 12118}, {116, 12256}, {121, 12372}}

data Witty USA =

{{0.1, 150}, {5, 576}, {10, 1236}, {15, 1963}, {20, 2973},

{26, 3488}, {31, 3953}, {36, 4343}, {41, 4630}, {46, 4825}, {51, 4986},

{56, 5153}, {61, 5280}, {66, 5380}, {71, 5468}, {76, 5590}, {86, 5706},

{91, 5769}, {96, 5831}, {101, 5877}, {106, 5939}, {111, 5989},

{116, 6033}, {121, 6063}}.

For entire World spreading parameters are (see Fig. 9)

α = 0.05; a = 11753.4; b = 0.02112; k = 0.138046.

For USA spreading parameters are (see Fig.10)

α = 0.1; a = 5456.7; b = 0.0257034; k = 0.13253.

Remark. In many cases it is appropriate to use the following new modified model:

M∗(t) =
a

1− α

(

1− e−b(1−α)(ctk+c1t)
)

. (4)

3. TROPICO R Failure Data

TROPICO-R software is divided into several implementation modules.

We will analyze the following real data ”Cumulative number of failures (CNF) per

periods of 10 days (time unit)” [59] (see Fig. 11).

The model for values of the parameters a = 414.9, α = 0.1, c = 0.01, c1 =

0.13, b = 0.163274, k = 1.64671 is shown in Fig. 12.

We will explicitly note that the study of ” saturation ” by the model in Hausdorff

sense can be made in the way described in this article, and we will omit it here.
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Figure 9: The fitted model M(t)

Figure 10: The fitted model M(t)
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Figure 11: Cumulative number of failures (CNF) per periods of 10 days (time

unit) [59]
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Figure 12: The fitted model M∗(t)

3. CONCLUDING REMARKS

The analysis we conducted in this article on the new Diwakar and Aggarwal’s model

shows its advantages and reliability compared to other similar models.

For other approximation and modelling results, see [46]–[55].

We hope that the results will be useful for specialists in this scientific area.
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