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Abstract
The role of web applications in today’s day-to-day activities has 
been increased rapidly. The dependency upon these applications 
was abnormally raised. The aim of web applications is to serve the 
users with better quality. To achieve this user satisfaction, any web 
application should provide a reliable service. In general many web 
applications process huge amount of data. The quality of any web 
application depends upon various factors like ease-to-use, look 
and feel, security, performance and reliability. The reliability of 
web application is more complex when compared to stand-alone 
applications. In order to assess or improve the reliability of any 
system we use either software reliability estimation models or 
software reliability growth  models (SRGM). The vital failure data 
of any software based application or system will be obtained during 
the test phase. In this paper we have considered the dataset of a 
weather forecasting web application and computed the reliability 
of this application by using Non-Homogeneous Poisson Process 
(NHPP) model. Based on the results obtained we noticed an 
improvement in the reliability of the software application.
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I. Introduction
The main objective of software engineering is to produce high 
quality software at low cost within a reasonable duration along with 
desired reliability. Reliability is one of the representative ability 
of software development process. Software reliability is basically 
defined as the probability of predictable operation over quantified 
time interval. It would be useful to know the probability of failure 
free operation of a software system for a specific period of time. 
Even if this information is inherent in the software product, it can 
only be estimated from the data collected on defects of software 
on a function of time. If certain assumptions are made, then this 
data can be used on various models for the software reliability.it 
represents a user-oriented analysis of software quality to produce 
software with high reliability. For this process, several models are 
being developed to increasing the reliability of the software. It 
relates to direct operation before the design of the program. For 
this purpose software reliability is concerned to develop a failure 
free program, in particular conditions, the software reliability 
is capable of the software artifact to maintain a precise level of 
engineering approaches.
Several software models are used to improve the software 
reliability measurement and it can be classified  into two levels 
namely prediction and estimation models. These two techniques 
are based on observing and to build up failure data and evaluating 
with statistical assumption. At first, using prediction model, 
software reliability can be predicted initially in the development 
stage and enhancements can be initiated to progress the reliability. 
The further one deals with to estimate the values of factor based 
on measured or observed data that has a random piece of info. In 
general, these models represent a growing quantitative approach 

to the measurement of software application. Mainly the software 
reliability focused on the results like faults and failures they 
ignore the software development process. However, complexity 
is reduced and a proper plan is achieved and also new methods are 
introduced that are applied in certain classes. So, we have to choose 
the correct model that suitable to our particular case. Moreover, the 
modeling results cannot be blindly believed and applied. In this 
paper, we propose a software prediction based reliability model 
for testing aids as a way to measure and to improve the software 
reliability. 
This paper is organized as follows: Section II deals with Non-
Homogeneous Poisson Process. In section III deals with least 
square estimation. Section IV is discussed about finding software 
reliability with the help of Goel-Okumoto model. Conclusion of 
paper in section V.

II. Non-Homogeneous Poisson Process (NHPP)
A stochastic Non-Homogeneous Poisson Process is a Poisson 
process with rate parameter λ(t) such that the parameter of the 
process ratio is a function of time t. It describes several random 
phenomena including forecast prediction for some value. This 
process is an extension of this model where λ(t) it can be a 
stochastic process. NHPP model is to determine an appropriate 
mean value function to denote the projected number of failures 
practiced up to a certain time.
Probabilities of a given number of failures for the NHPP model 
are calculated by a generalization formula:

Where, N (t) is the number of events by time t,m (t) is the mean 
for failure data,  k = 0,1,2,3,... 

III. Least Square Estimation Method
Least square parameter estimation is to find out the unknown 
variables in given solution. It’s important application is in data 
fitting. The best fit in the least-squares is very common approach 
to minimize the sum of squared residuals, a residual being 
the difference between an observed value and the fitted value 
provided by a model. The linear least squares problem occurs in 
statistical regression analysis. In this method statistical inference to 
failure data obtained in test or operation is applied. The following 
formula is given by
Least Square Estimation (LSE), 
Y = a+bX
Where, X is independent variable, 
             Y is dependent variable.

IV. Estimation For Software Reliability
The Goel-Okumoto model is a simple Non-Homogeneous Poisson 
Process (NHPP) model, with the following mean value function 
using this model. In this regard, we can show with an actual failure 
data set using the Goel-Okumoto model, the least square parameter 
is estimated in the software as the number of  preliminary faults 
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and the other  parameter  is the fault detection rate which is related 
to growth of the reliability rate in the testing process is proposed 
by Karambir, Jyoti Tamak, “Use of Software Reliability Growth 
model to Estimate the Reliability of Web Applications”, Vol. 3, 
Issue 6, June 2013, International Journal of Advanced Research 
in Computer Science and Software Engineering [2].

Table 1: Forecast Failure Data

DAYS ACTUAL 
FAILURES

TEST 
EXECUTED

RATE OF 
CHANGE

1 140 200 0.7
2 125 200 0.63
3 108 175 0.62
4 102 175 0.58
5 85 150 0.57
6 80 150 0.53
7 65 125 0.52
8 60 125 0.48
9 46 100 0.46
10 40 100 0.4
11 28 75 0.37
12 25 75 0.33

Existing methodology:  a=904, b =0.51
               Applying on Goel Okumoto Model:
m (t) = a(1-e-bt) = 902
Where, a > 0, b > 0 and    t > 0
m(t) = current actual defects ,using Goel Okumoto Model.
     a = initially a is taken as total defect detection till date
      b = the rate at which the defect-rate decreases
After applying on LSE:

Table 2: Cumulative Faults of Forecast Failure Data
DAYS CUMULATIVE FAILURES
1 140
2 265
3 373
4 475
5 560
6 640
7 705
8 765
9 811
10 851
11 879
12 904

Fig. 1: Actual Failures of Forecast Failure data

Fig. 2: Cumulative Failures of Forecast Failure Data

IV. Goel Okumoto Model
The Goel-Okumoto software reliability growth model is commonly 
used in practice to improve faults data. It contains two parameters 
with the clear physical interpretation. Our approach resembled 
into ways to provide earlier estimation of some model parameter 
and the estimation is shown to be clearly simplified and steadier is 
suggested by Alan Wood “Software Reliability Growth Models” in 
1996 [1,4]. To find out the reliability of several Software Reliability 
Growth models like G-O Model and Delayed- S-Shape Model. Let 
a and b be the LSE parameters of a and b, respectively.
a= 131.7858   b=74.18681
Mean Value Function (MVF)
m (t) = a(1-e-bt) =131.7858
Where, a>0,b>0,t>0
a = is an estimate total number of failures detected
b = is the number of faults per unit time
Failure Intensity Function
ℷ(t)=abe^(-bt)

Where, a > 0, b > 0, t > 0
a = is an estimate total number of failures detected
b = is the number of faults per unit time
Delayed S Shaped 
m (t) = a(1-(1+bt) e-bt) =131.7858

Where,  a ≥ 0, b > 0
a = is an estimate total number of failures detected
b = is the number of faults per unit time

Table 3: Least Square Estimation of Forecast Failure Data
DAYS ACTUAL  FAILURES
1 206
2 280
3 354
4 429
5 503
6 577
7 651
8 725
9 799
10 874
11 948
12 1022
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V. Conclusion
A Non-Homogeneous based Exponential Distribution is 
considered, applied on failure dataset. The failure data is acceptable 
for software reliability and failure parameters are estimate using 
Least Square Estimation (LSE) method. 
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