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Abstract:  This paper presents the application of soft computing and machine learning techniques to solve software reliability problems such 
as software reliability. Accordingly, the papers reviewed here are broadly grouped into the following techniques: (i) Neural Networks (ii) Fuzzy 
Logic (iii) Genetic Algorithm (iv) Decision Tree (v) Case Base Reasoning. 

 
1. INTRODUCTION 
 
Reliability engineering is an engineering field that deals with the 
study, evaluation, and life-cycle management of reliability: the 
ability of a system or component to perform its required functions 
under stated conditions for a specified period of time. Reliability 
engineering is a sub-discipline within systems engineering. 
Reliability is theoretically defined as the probability of failure, the 
frequency of failures, or in terms of availability, a probability 
derived from reliability and maintainability. Maintainability and 
maintenance may be defined as a part of reliability engineering. 
Reliability plays a key role in cost-effectiveness of systems 
 
The Software Engineering community is widely increased the 
value of empirical evidence to help researchers and their practice. 
It provides the way to evaluate the utility of prompting research 
areas and to help practitioners to make adopting decisions. The 
goal of this review is to introduce a wide range of qualitative and 
quantitative methods, which can be used to gather and use 
empirical evidence to evaluate various software engineering 
technologies (i.e. methods, techniques, and tools). 
 
An empirical study is really just a test that compares what we 
believe to what we observe. Nevertheless, such tests, when 
wisely constructed and executed and when used to support the 
scientific method, play a fundamental role in modern science. 
Specifically, they help us understand how and why things work, 
and allow us to use this understanding to materially alter our 
world.  
 
Software reliability engineering is focused on engineering 
techniques for developing and maintaining software systems 
whose reliability can be quantitatively evaluated. In order to 
estimate as well as to predict the reliability of software systems, 
failure data need to be properly measured by various means 
during software development and operational phases. Moreover, 
credible software reliability models are required to track underlying 
software failure processes for accurate reliability analysis and 
forecasting [Michael R. Lyu]. 
 
 
 
 

[R.K.Mohanty] A reliable and accurate estimate of software 
reliability and software development effort has always been a 
challenge for both the software industrial and academic 
communities. It is well-known that software project management 
teams can greatly benefit from knowing the estimated cost of their 
software projects. The benefits can have greater impact if 
accurate cost estimations are deduced during the early stages of 
the project life cycle. 
 
The limitations of algorithmic models led to the exploration of the 
non algorithmic techniques which are soft computing based. 
These include artificial neural network, evolutionary computation, 
fuzzy logic models, case-based reasoning, and combinational 
models and so on. This paper focuses on the outcomes of 
application of non algorithmic models in software effort estimation 
to predict the best method of estimation.  
 
The rest of the paper is organized in the following manner in 
Section 2, review on methodology presented. In Section 3, briefly 
describes the various stand-alone intelligent methods that are 
applied in this paper. Section 4 presents some of the important 
insights that emerged out of the survey. Section 5 suggests future 
scope and the conclusion. 
 
2. Methodologies used: 
 
2.1 Neural Networks 
 
The main inspiration for the field of Neural Networks (NN) 
originated from the desire to produce artificial systems capable of 
sophisticated, perhaps “intelligent”, computations similar to the 
biological neurons in brain structures. Neural networks consist of 
layers of interconnected nodes, where each node produces a non-
linear function of its input [11]. The nodes in the network are 
divided into the ones from the input layer going through the 
network to the ones at the output layer through some nodes in a 
hidden layer. 
 
NN process starts by developing the structure of the network and 
establishing the technique used to train the network with using an 
existing data set. Therefore, there are three main entities: the 
neurons (nodes), the  interconnection structure, and the learning 
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algorithm. The most common technique in the use of the neural 
network for prediction is known as back propagation trained 
feed-forward networks. Neural networks have been used in the 
software reliability modeling domain as well as software risk 
analysis [16]. Khoshgoftaar used NN in software cost estimation 
and used line of code (LOC) as the size of a project. Idri, 
Khoshgoftaar, and Abran developed a simple neural network for 
cost estimation [9]. Boehm developed and calibrated the popular 
algorithmic methods used for software cost estimation called 
COCOMO II which has three different models but the most 
detailed one is the post architecture model, which is used after 
the project‟s overall architecture has been developed[4]. 
 
The neural networks found extensive applications in all areas of 
science and engineering in general and empirical software 
engineering problems in particular. The multi layer perceptron 
(MLP) (Rumelhart et al.1986), radial basis function network 
(RBFN) (Moody et al, 1989), probabilistic neural network (PNN) 
(Specht, 1990), cascade correlation neural network (Cascor) 
(Fahlman et al, 1990) learning vector quantization (LVQ) 
(Gersho and Gary ,1992), self-organizing feature map (SOM) 
(Kohonen,1997) are some of the popular neural network 
architectures. 
 
2.2Fuzzy logic: 
  
Fuzzy logic is a powerful problem-solving methodology with a 
myriad of applications in embedded control and information 
processing. Fuzzy logic is a valuable tool, which can be used to 
solve highly complex problems where a mathematical model is 
too difficult or impossible to create. In a sense, fuzzy logic 
resembles human decision making with its ability to work from 
approximate data and find precise solutions. The application of 
fuzzy logic is able to overcome some of the problems which are 
inherent in existing effort  estimation techniques Fuzzy logic 
enables linguistic representation of the input and output of a 
model to tolerate imprecision [4].Fuzzy logic incorporates an 
alternative way of thinking, which allows modeling complex 
systems using a higher level of abstraction originating from our 
knowledge and experience.  
 
Fuzzy logic models human experiential knowledge in any 
domain. When applied to solve process control or prediction 
problems fuzzy logic takes the help of the knowledge of the 
domain expert and employs fuzzy mathematics to come out with 
fuzzy inference systems. Fuzzy logic can also be used to derive 
fuzzy „if-then‟ rules from data to solve classification problems. 
 
2.3 Genetic Algorithm  
 
GA are based on biological evolutionary theories to solve 
optimization problems. They have the advantages that they do 
not need prior knowledge, expertise or logic re lated to the 
particular problem solution.  
GA comprises of a set of individual elements (the population) 
and a set of biologically inspired operators. According to 

evolutionary theories, only the most suited elements in a 
population are likely to survive and generate off springs, and 
transmit their biological heredity to the new generations. GAs are 
much superior to conventional search and optimization 
techniques in high-dimensional problem spaces due their 
inherent parallelism and directed stochastic search implemented 
by recombination operators [4]. 
 
(K.K.Shukla)GA starts with a population of randomly generated 
solutions called chromosomes to explore the solution space of a 
problem. Then GA searches the improvement of solutions 
through a number of iterations called generations. The 
performance of each solution is evaluated by a fitness function, 
which always contains the objective function. In each generation, 
relatively good solutions have a higher chance to be selected for 
reproduction of offspring by genetic operators – crossover and 
mutation. Crossover combines materials from parents to produce 
their children. Crossover provides pressure for improvement or 
exploitation while mutation makes small local changes of feasible 
solutions to provide the variability of the population. The 
reproduction cycle goes on until the maximum number of 
iterations is run or there is no further improvement in consecutive 
generations[10]. 
 
Genetic algorithms belong to the larger class of evolutionary 
algorithms (EA), which generate solutions to optimization 
problems using techniques inspired by natural evolution, such as 
inheritance, mutation, selection, and crossover.   
 
2.4 Decision Trees 
 
Decision tree learning, used in statistics, data mining and 
machine learning, uses a decision tree as a predictive model 
which maps observations about an item to conclusions about the 
item's target value, which is an important area of artificial 
intelligence (Gerhrke and Ramakrishna, 1999, Quinlan, 1987).  
 
There are many specific decision-tree algorithms for solving 
classification problems.. those are, 
 

 ID3 (Iterative Dichotomiser 3) 

 C4.5 algorithm, successor of ID3 

 CART (Classification And Regression Tree) 

 CHi-squared Automatic Interaction Detector (CHAID). 
Performs multi-level splits when computing 
classification trees.[8] 

 MARS: extends decision trees to better handle 
numerical data 

 
ID3 and CART are invented independently of one another at 
around same time(b/w 1970-1980), yet follow a similar approach 
for learning decision tree from training tuples. 
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2.5 Case-Based Reasoning 
 
Case-based reasoning (CBR), broadly construed, is the process 
of solving new problems based on the solutions of similar past 
problems. 
 
It has been argued that case-based reasoning is not only a 
powerful method for computer reasoning, but also a pervasive 
behavior in everyday human problem solving; or, more radically, 
that all reasoning is based on past cases personally 
experienced. This view is related to prototype theory, which is 
most deeply explored in cognitive science. 
 
The CBR field has grown rapidly over the last few years, 
available commercial tools, and successful applications in daily 
use. Citing relevant previous experiences or cases is a way to 
justify a position (Kolodner, 1993) in human decision-making. 
Comprehensibility of the decision is often crucial in solving 
software reliability/software cost estimation problems. 
 
Case-based reasoning has been formalized for purposes of 
computer reasoning as a four-step process: Retrieve, Reuse, 
Revise, Retain. 
 
2.6 Soft Computing 
 
Soft Computing is term used in computer science to refer the 
problem in computer science whose solution is not predictable, 
uncertain and between 0 and 1. Soft Computing became a 
formal Computer Science area of study in early 1990s.[1] Earlier 
computational approaches could model and precisely analyze 
only relatively simple systems. More complex systems arising in 
biology, medicine, the humanities, management sciences, and 
similar fields often remained intractable to conventional 
mathematical and analytical methods. That said, it should be 
pointed out that simplicity and complexity of systems are relative, 
and many conventional mathematical models have been both 
challenging and very productive. Soft computing deals with 
imprecision, uncertainty, partial truth, and approximation to 
achieve practicability, robustness and low solution cost. As such 
it forms the basis of a considerable amount of machine learning 
techniques. 
 
The paradigm of soft computing or computational intelligence 
refers to the seamless integration of different, seemingly 
unrelated, intelligent technologies such as fuzzy logic, neural 
networks, genetic algorithms, machine learning (case based 
reasoning and decision trees subsumed), rough set theory and 
probabilistic reasoning in various permutations and combinations 
to exploit their strengths. Generally speaking, soft computing 
techniques resemble biological processes more closely than 
traditional techniques, which are largely based on formal logical 
systems, such as sentential logic and predicate logic, or rely 
heavily on computer-aided numerical analysis (as in finite 
element analysis). Soft computing techniques are intended to 
complement each other. 

 
Further, the resulting hybrid architectures tend to minimize the 
disadvantages of the individual technologies while maximizing 
their advantages. Some of the soft computing architectures 
employed are neuro-fuzzy, fuzzy-neural, neuro-genetic, genetic-
fuzzy, neuro-fuzzy-genetic, rough-neuro etc. Multi-classification 
systems or ensemble classifiers are also treated as soft 
computing system 
 
5. Conclusions and future directions 
 
A comprehensive review encompassing the application of 
intelligent techniques such as NN, fuzzy logic, genetic Algorithm, 
Decision Trees, CBR, and soft-computing hybrid to empirical 
software engineering is presented. This review is written by 
taking the technique employed as the important dimensions. This 
review is expected to act as a starting point for any researcher 
who wishes to conduct research in empirical software 
engineering employing sophisticated techniques. As regards 
future directions, we suggest that (i) decision tree should be 
applied more regularly to hitherto un-attempted areas (ii) Rough 
set theory based techniques should be applied to all areas of 
software engineering (iii) Newer kind of soft computing hybrids 
such as fuzzy ARTMAP should be applied (iv) Hitherto unused 
neural network architectures such as polynomial neural 
networks, Jordan-Elman neural networks, counter ropagation 
neural networks should be employed. 
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