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ABSTRACT 

SRGM- software Reliability Growth Models play a vital role in manipulating the reliability if a software and 

also to estimate the accuracy. This paper has proposed a model based on dynamic weighted fault based combination 

model for applications. 

There are various methods combined with SRGM to increase the reliability and accuracy of the prediction 

system. In this paper we have proposed a dynamic weighted fault based method combined with SRGM. 

The advantage of this approach is that the exponential growth and the S-shaped growth of mean value 

function is estimated during the testing process of the software. A non-linear regression methodology is used for 

parameter estimation of SRGMs. The curve fitting tool used in MATLAB is used for this research paper. Sum of 

Squared Errors (SSE), coefficient of determination R2 and Root Mean Squared Error (RMSE) are the methods used 

for estimating the quality of the proposed method. It is observed that the proposed method is efficient in estimating  

The failure data better than the constituent models that are used for the estimation of the goodness of fit measures. 

This novel method can be applied on new models during the testing in software projects with dynamic characteristics. 

KEY WORDS: Dynamically Weighted Combination Model, Exponential Growth, Goodness of Fit, S-shaped 

Growth, Software Reliability Growth Model. 

1. INTRODUCTION 

Software Reliability Engineering is a quantitative study proposed for the analysis of software based systems 

and its response to user requirements. Due to the high demand of software reliability in various applications, it is 

important to study the software systems in industries. As experienced in 90's with major failures in the previous 

computer software systems, there are several researches happening to prevent the failures. The reliability of a 

software system is said to be high if it can be trusted and used in critical system. It is a written fact that software 

reliability will increase its application in several reliable models. 

The term reliability can be termed as the probability that a system will perform successfully in a critical 

system without failure. IEE defines it to be “the probability of failure- free software operations for a specified period 

of time in a specified environment”. In layman terms it’s the process of analyzing the failure, causes for its failure 

and effect. Hence reliability is the characteristic to decide the success of a software system. 

Software Reliability: Software reliability is defined as the probability of a system functioning without failure for a 

given period of time in a designed environment. The whole process of software development is based on the 

reliability and quality of the system. 

Huang and Kuo (2002); Yamada (1983) and John D. Musa (1999), invented a SRGMs which works on the 

explicit relationship amount the calendar testing time, number of software errors and amount of test effort during the 

testing phase. The test effort is taken from the CPU hours and the number of test cases being executed. Software 

reliability management and measurement plays a key role in developing reliable software for effectiveness and 

efficiency whereas quantitative measurement and management are to characterize the product reliability. It is very 

crucial to decide on the software reliability during the testing phase for possible errors. There is several software 

reliability measuring tools that work in the testing phase of the software. But in specific the tools that are to evaluate 

the software failure during the time span of the software testing are called as the software reliability growth models. 

These tools helps in measuring the mean time interval between failures, software reliability function and the mean 

number of remaining errors at an arbitrary testing time point. By estimating the number of defects in the code and 

the number of defects being detected then it is easy to calculate the number of defects still remaining in the code. So 

by understanding this number it is easy to decide if the software is ready to be deployed or is still to be corrected for 

errors. Also it helps in planning the level of support needs to be given for the software and also the cost of supporting 

for the software. 

Software reliability also defines the stability of the software system with different attributes. These attributes 

include the execution time, trustfulness, software cost, software stability, etc. Other aspects related to the software 

system are the frequency of fault occurrence, probability of software faults, associated module with respect to fault, 

frequency of fault occurrence, etc. In a development stage of the software it is useful to pre estimate the reliability 

of the tool in order to deliver the software system. Based on the software quality the development time is also 

measured. In each stage of software development there is reliability tests that the software needs to undergo. So the 

higher the quality of the software the lesser is the maintenance required. Software reliability growth models are the 

models that help in building the reliability of the software from test data. Mathematical derivations can be done using 
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the reliability data derived from these tools like the degree of correlation between the test data and the mathematical 

functions. During 1970's several methods were proposed for software reliability growth models (SRGMs). There are 

two categories of software reliability models called the probabilistic and deterministic. The probabilistic is to 

compute the number of failure occurrences and fault removals as probabilistic events. The deterministic approach is 

to study the number of distinct operators and operands in the program. The probabilistic approach is further classified 

into several classes namely failure rate, error seeding and non homogeneous Poisson process (NHPP). The NHPP 

model is the most common among all because it has the ability to describe the software failure phenomenon. The 

first NHPP model was designed with S shaped mean value function. After which several variations of S shaped 

NHPP models were proposed. Though NHPP is mostly commonly used there still some restrictions attached to this 

method. There are various assumptions like nature of software faults and the stochastic behaviour of software failure 

process considered. Software engineering aims in producing quality software that can be achieved in the given 

amount of time, within the proposed budget and satisfies all the client requirements. Software engineering has a 

crucial part to be played in the life of a software tool. Among which software reliability is the major role to be 

achieved using software engineering. Software reliability is one of the measureable attribute of software which can 

be defined as the probability of failure-free software operation in a given period of time. The software failures are 

identified by programmers, designers, managers, and in several other stages of the software life cycle. The reliability 

of software is decided upon identifying and removing these errors. The software reliability modeling tools are useful 

in predicting the number of errors in the software. The decision can be made using these tools upon the releasing of 

a software tool. Software computing techniques help in overcoming the problems faced in real world using various 

concepts and techniques. It handles problems that are difficult, imprecise and uncertain. Tools like soft computing 

which holds the characteristics of plant, animals and human beings. In other words this soft computing methodology 

has biological reasoning and problem solving nature.  

Literature Survey: The reliability of software can be evaluated using software reliability growth models. In this 

section we will discuss on various models proposed by authors based on software reliability modeling tools called 

CASRE-Computer-Aided Software Reliability Estimation tool. CASRE provides the flexibility of using software 

reliability modeling and measurement as a common practice in software project management. CASRE is used by the 

authors to demonstrate its capability and functionality. 

Karama Kanoun (1993), presented a method that analyses and evaluates the software reliability using failure 

data that is collected during the development of the software product. The author believes that the prediction of the 

failure data can be improvised by integrating software reliability modeling tool to the entire software development 

stages. Trend analysis, descriptive analysis and reliability models are used to evaluate reliability and plan software 

maintenance. 

Yu-Shen Su (2005), proposed an artificial neural network based method software reliability estimation and 

modeling. Firstly the mathematical approach of the method is explained in this paper. So the application of neural 

network in the process of prediction of software reliability is explained by adding various elements to the neural 

network frame. The neural network approach is used to build a dynamic weighted combinational approach. The 

simulation is carried using four real software failure data sets. The results demonstrate that the proposed method is 

better than the traditional software reliability models. 

Alan Wood (1996), used another approach using the defect occurrence times during the system test. He 

statistically correlated the test data using mathematical functions called as software reliability growth model. The 

simulation results show that the proposed approach can estimate the number of residual defects in the code or the 

future failure rates. This method can work well to predict the number of residual defects in the delivered software. 

Michael Lyu (1993), invented a CASE tool for automatic and systematic application of software reliability 

modeling in real world projects. The author concentrates on the practical project applications of the existing 

reliability models for improving their estimation function. The author proposed a CASE tool which works on the 

existing software reliability models called as the component models. The component model acts as the baseline for 

software reliability measurement. This model out stands the other models by linearly combining the component 

models. Upon all the other benefits, this method facilitates the graphical user interface of software reliability 

estimation. 

Chin-Yu-Haung and Michael (2005), proposed a generalized logistic testing-effort. The author considers the 

approach directly connecting to the natural flow of software testing and also considering the resource consumption 

during the software testing. This way we get more accurate details for the reliability modeling purpose. The author 

also invites new techniques and tools to increase the efficiency of the software reliability tool based on cost-benefit 

viewpoint. New reliability problems are considered to inculcate during the software testing. The simulation is carried 

out using numerical examples and demonstrates the functionality of the newly formed approaches. 

Carol Smidts (2005), had proposed a software reliability which led to several issues due to the number of 

fields invaded in it. The software development companies should be trained to be capable of handling the software 

development processes and decrease the cost attached to it. Hence a graduate program in this field was proposed as 

http://www.jchps.com/


Journal of Chemical and Pharmaceutical Sciences                                                                      ISSN: 0974-2115 

JCHPS Special Issue 2: February 2017 www.jchps.com                                                                                 Page 80 

software reliability Engineering Curriculum. A graduate level software reliability modeling course is offered at the 

University of Maryland in order to achieve this goal. The curriculum involves a diverse environment to study on. 

Though there are several case studies in the field of software reliability, there are only very few that targets 

on the impact of software testing on the reliability process. 

Chin-Yu Huang and Michael (2005), presented two important issues namely efficiency and testing effort. In 

order to solve the problem of testing effort the author invented a generalized logistic testing-effort function that can 

be directly incorporated with the natural workflow of the software development life span. The generalized logistic 

testing-effort function is merged with the software reliability modeling and experiments were conducted to evaluate 

the fault-prediction capability on real data. Finally the author handles the efficiency problem by proposing a software 

cost model to reflect the effectiveness of introducing a new technique or technology. The evaluation of the proposed 

method was done using numerical examples and finally a software economic policy was concluded which provides 

a comprehensive analysis of software based on cost and test efficiency. 

Furthermore the policy also makes it possible for managers to decide upon the termination of the testing 

process and make the product ready for market release. 

Xiaolin Teng and Hoang Pham (2006), have proposed a new concept for predicting the software reliability 

considering field environment. This approach is different from most of the existing techniques since the model does 

not assume a constant failure detection rate and instead it is considered as random environmental effects on software 

reliability. The author assumes that all the random effects can be captured through a unit-free environmental factor 

using a random-distributed variable. This method is called as the random field environment (RFE) software reliability 

model which can be applied on both testing and the operating phase of the software development cycle. 

Based on RFE two basic models can be taken into consideration: the alpha-RFE model and the gamma-RFE 

model. For experimental purpose the software failure data of a telecommunication software application is taken into 

consideration. Both the models were experimented on both testing and operation mode. This new approach made it 

possible to make a possible approach to model the user environments and make necessary adjustments to the 

reliability prediction. Based on the generalized software reliability further developments on cost models and optimum 

software release policies can be considered for invention. 

Swapna and Kishor (2006), talks on the important inputs to be considered for various models and how these 

inputs can help in estimating different attributes of a software reliability model. The author starts his new 

methodology by considering the given artifacts of the software during the initial phase and how various parameters 

of importance can be computed from the given input. The author also discusses on which model is optimum to be 

used in which level of software development for software reliability prediction. There are two dimensions for this 

paper work which involves applying the proposed method into real life applications and the various parameters that 

can be computed from various inputs or artifacts. Hierarchical methods can give reliability predictions (MTTF and 

MNTF) that are approximations to the reliability predictions (MTTF and MNTF) produced by composite models. 

The hierarchical approach talks in terms of failure behaviour of the components and architectural behaviour. 

This helps in identifying the sensitivity analysis of individual components on application reliability. However the 

reliability predictions and sensitivity analysis using hierarchical methods needs to be enhanced and this leads way 

for future research. 

2. PROPOSED METHOD 

We propose a fault based dynamic weighted combination method which describes both S-shaped growth and the 

exponential growth of mean value function. We use one fault based SRGM for exponential growth and another 

SRGM for S-shaped growth. We utilize the proposed method mentioned in 7 by Kapur and Garg (1990) for 

describing exponential growth of mean value function and the model proposed in 8 by Yamada (1983), for describing 

S-shaped growth. The methods are modified for different types of debugging and then to derive a dynamically 

weighted fault based combination model. 

Derivation of Dynamically Weighted Fault-based Combination Model: As stated earlier we use a fault based 

SRGM for Exponential Growth and another SRGM for S-shaped growth. We utilize the proposed method mentioned 

in 7 by Kapur and Garg (1990) for describing exponential growth of mean value function and the model proposed in 

8 by Yamada (1983), for describing S-shaped growth. The methods are modified for different types of debugging 

and then to derive a dynamically weighted fault based combination model. Equation for mean value function 

according to model 7 is given as: 

 
Here, a is the statistically expected number of software faults to be eventually detected. B is the constant of 

probability and p is the probability of perfect debugging. P is the probability and with maximum value as 1. In the 

model described in 4, five new terms are being used for efficient debugging upon the imperfect and perfect debugging 

9. In the efficient debugging approach one failure can lead to correction of more than one fault. Hence we consider 

the debugging index 4 which is greater than 0. Hence the first constituent model is given as:  

http://www.jchps.com/


Journal of Chemical and Pharmaceutical Sciences                                                                      ISSN: 0974-2115 

JCHPS Special Issue 2: February 2017 www.jchps.com                                                                                 Page 81 

 
Here, c is the debugging index and its value can exceed 1 for efficient debugging and less than 1 for imperfect 

debugging. It is equal to 1 when perfect debugging is witnessed. Yamada delayed S-Shaped model mentioned in 8 

is used for the second constituent model and whose equation for mean value function is given as:  

 
This equation is then transferred to satisfy all the 3 types of debugging as given below: 

 
Here, a is the statistically expected number of software faults to be eventually detected, c is the debugging 

index, f is a constant. It is noted that the literature fault and failure are interchangeable. This is being clarified in 2 3 

4 5. The following metrics are derived from the fault based models. a denotes the total number of faults and c is the 

quality of debugging. By combining both the models as the sum of constituent models, sum of NHPP is also NHPP10 

because of the property of superposition. Hence the mean value function f(x) is given as: 

 
Here, w is the weightage of the first constituent model. 

We have offered a flexible method where the weights can be changed. So for example if S-shaped growth is 

dominant then the value will be low and if it is weak then the value will be high. 

In the literature review referred in 11 an artificial neural network is used for the logistic growth curve model 

and also states that the SRGMs are the NHPP models. In paper 12 it refers to classification of reliability and in 13 it 

is stated that more accurate methods are to be proposed in order to reduce the testing cost. 

3. CONCLUSION 

In this paper various Fitness and Prediction methods results based on Software Reliability Growth Models 

(SRGMs) can be compared and studied. We have proposed a dynamically weighted combinational model comprising 

of two simple SRGMs. It is concluded that the combined SRGMs deliver better results than the traditional approaches 

and also improves the goodness of fit performance. The results of the combination models can be compared with the 

flexible models. The dynamically weighted fault based combination model gives a R-Square close to 1 and smaller 

SSE and RMSE values. 
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