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Abstract: The proposed model is adopted as a mean value function of a Non-Homogeneous
Poisson Process (NHPP) to define a Software Reliability Growth Model (SRGM). The
model is approximated for software failure data to measure the software reliability. The
suitability of the model is also discussed.
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1. INTRODUCTION
Computer software is aimed to instruct the computer’s hardware in performing the
necessary computations. An important goal is to know how to initially estimate and
subsequently measure quality, reliability of developed software. For a software
product also, the methodologies of reliability can be applied. Since softwares are
intellectual creation, generally it is difficult to measure the software quality. The
only way for a software quality is to identify systematically the opportunities of
improvement at every stage of software development. The associated preferability
of a software product may be known as software reliability. The imperfectness in
software can be known by the existing discrepancy between what it can do versus
what the computing environment wants it to do. These discrepancies are known as
software faults. Even if we know that the software contains faults, we do not know
generally their exact identity. The available two approaches for indicating software
faults are program processing and program testing. Possible imperfectness of these
approaches induces the need of a metric that reflects the degree of program
correctness. One such metric in software engineering practice is software reliability.
A commonly used approach for measuring software reliability is via an analytical
model whose parameters are generally estimated from available data on software
failures. Reliability and other relevant measures are computed from the fitted
model. In a way, software reliability is a probability measure and is defined as the
probability that software faults do not cause a failure during a specified exposure
period in a specified environment. It is useful to give the user, confidence about
software correctness. A number of analytical models proposed to address the
problem of software reliability measurement can be classified into four main groups
according to the nature of failure process studied. One among them is failure count
models. In this group the number of experienced software failures within a given
time period is a random process- time dependent, stochastic process. Since faults are
removed from the system as and when failures are experienced, it is expected that
the observed failures per unit time (known as failure intensity) will decrease. The
basic idea behind most of the failure count models is that of a Poisson distribution
whose parameter takes different forms for different models. Letting N(t) be the
cumulative number of failures observed by time t, N(t) can be modeled as a Poisson
process with a time dependent failure rate.
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[m(t )] y e − m (t )
P[ N (t ) = y ] =
, y = 0,1,2,......
y!

. (1.1)

Here m(t) is called mean value function and its derivative is called the failure
intensity function µ(t). If the limiting value of N (t) is a finite constant that limit is
called eventual expected number of failures of the system. If F(t) is the cdf of a
positive valued continuous random variable, ‘a’ is eventual number of failures,
generally ‘a.F(t)’ is taken as the mean value function of failure count Poisson
process. In the above Poisson mass function all such models are termed as nonhomogeneous Poisson processes (NHPP) measuring software reliability generally
known as ‘software reliability growth model’(SRGM). In literature a number of
models exist under this category as can be known from [3], [4] and [5]. In this paper
we adopt a generalized HLD to define mean value function of NHPP in order to
study software reliability growth. The rest of the paper is organized as follows.
Estimation of parameters of the corresponding NHPP from failure count data is
presented in Section 2. Goodness of fit of model for data sets is discussed in Section
3.
2. SOFTWARE RELIABILITY GROWTH MODEL (SRGM) WITH TYPE-II
GHLD
Consider the non-homogeneous Poisson process given by refer to (1.1) with mean
value function given by

2e − bt
m(t ) = a 1 −
1 + e − bt

θ

,

where ‘a’ is limiting value of m (t) known as expected number of software failures
eventually, b = 1/σ. If t1<t2<t3<………..tk are time instants at which cumulative
number of experienced failures are recorded as n1,n2,………..nk, then the likelihood
function to estimate the parameters of the SRGM is given by

e −[m (ti )−m (ti −1 ) ] [m(t i ) − m(t i −1 )] i
L=∏
(ni − ni −1 )!
i =1

n − ni −1

n

k

log L =

− [ m(ti ) − m(ti −1 )] +

i =1

k

,

(ni − ni −1 ) log [ m(ti ) − m(ti −1 )]

i =1
k

−

log(ni − ni −1 )!

.

i =1

The likelihood equations to estimate the parameters a and b after simplification give
the estimates as
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θ

(2.1)

^

and b as the solution of the equation
k
∂ logL
1− e−bti
= −aθ
−bti
∂b
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θ

(2.2)

As a matter of illustration we have applied (2.1) and (2.2) to three Data Sets
borrowed
from
[1].
In
fact
these
are
browsed
from
www.dacs.dtic.mul/databases/sled/swrel.hts. These data sets are Software
Reliability Data for Project 2, Project 5 and Project 17.The results are shown in the
Table 2.1.
Table 2.1: Estimated values of a and b in the GHLD-II based SRGM

Project
Name

GHLD – II
=2

=3

a

b

a

b

Project 2

41.2820

0.000281

41.2820

0.00028

Project 5

8.3662

0.000282

8.3663

0.000281

Project 17

26.3026

0.000281

26.3026

0.000281

Using these estimates of a, and b, the observed and expected cumulative number of
failures are graphically shown for GHLD-II in the following Figures of 2.1.
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Figure 2.1
Project 2, Project 5 and Project 17 for GHLD-II
GHLD with
=2
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Figure 2.1 (Continued)
Project 2, Project 5 and Project 17 for GHLD-II
GHLD with
=3
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Though there is some overlapping between observed and
nd expected values of m(t)
for project 2 data set, in the rest of the data setss for the rest of the models, m(t)
generally over estimates the observed number of failures.
Sometimes the conditional probability of failure free operation of a software given it
is tested for a specified period of time is called software reliability and is calculated
from the following formula,

R ( x / t ) = e −[ m ( t + x ) −m ( t )] ,
where m(t) is the mean value function and t is totall time duration for which the
software is already executed and x indicates the lapse
pse of time till the occurrence of
next failure. For any dataset, this can be calculated
ed provided the estimates of the
parameters of the mean value function are available.
3. GOODNESS OF FIT
The proposed SRGM can be compared for their adoptability to a live data with a
goodness of fit criterion. Generally the goodness off fit is measured with
wit the wellknown Kolmogrov-Smirnov (K-S)
S) test statistic defined as follows. The same can be
used as a criterion of preferability also between the
he models.If X1, X2, ------, Xn is a
random sample of size n from a distribution function
n F(x) and
is the
corresponding empirical distribution function, then D n = Sup x Fn* ( x ) − F( x )
.Dn is called the K-S
S statistic and it is the maximum vertical distance between
and F(x). Goodness of fit is achieved when Dn the critical value as per the
K-S table. We have calculated
and F(x) for the Type-II
Type GHLD applying to
three live data sets given in [1], and obtained the following values of the Dn statistic.
In this process we have divided the data sets into 5 parts approximately at 20%,
40%, 60%, 80% and 100% of the cumulative test times. In each portion, the
cumulative number of failures observed is also noted
d down from the data sets. The
Dn statistic is evaluated by estimating the model parameters
meters with the 5 parts of the
data set separately. The values of Dn are given in the Table 3.1. The critical value
for K-S statistic (n=5, = 0.05) is 0.5632.
Table 3.1
Calculated Kolmogrov – SmirnovDn Statistic Values

Project
Name

GHLD - II
=2

=3

Project 2

0.469

0.334

Project 5

0.79

0.79

Project 17

0.79

0.79
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Form this table we see that on the basis of Dn statistic, Type—II GHLD is suitable
model for the data sets of Projects 5, and 17.
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