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Abstract 

In today's competitive world software maintenance plays critical role in software development. It is very 

much predictable that maintenance phase of any software development consumes significant amount of 

efforts and time, thereby making this phase as one of the expensive phase. Soft computing techniques play 

a significant role   in minimizing efforts and time. 

            In this paper we have discussed about the software maintainability assessment using soft computing 

techniques namely fuzzy, neural network and neuro-fuzzy. It is found from literature survey that the soft 

computing techniques are very much applicable to predict software maintainability and yields satisfactory 

result. 
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1. Introduction 

In software engineering Software maintenance is the modification of a software product after delivery to 

correct faults, to improve performance or other attributes. Software maintainability is a very broad activity 

that includes error correction, enhancements of capabilities, deletion of obsolete capabilities, and 

optimization. Because change is inevitable, mechanisms must be developed for evaluation, controlling and 

making modifications. The key software maintenance issues are both managerial and technical. Key 

management issues are: alignment with customer priorities, staffing, which organization does maintenance, 

estimating costs. Key technical issues are: limited understanding, impact analysis, testing, and 

maintainability measurement. Systems Maintainability is an important aspect in each of these models.  A 

software quality model is defined as -A set of characteristics and sub characteristics, as well as the 

relationships between them that provide the basis for specifying quality requirements and evaluating 

quality. 

2. Study and Review of Literature: 

In this section we have divided the paper in three parts. Firstly we discussed about software 

maintainability and secondly cover various software quality models and finally we discuss about the 

applicability of soft computing techniques. 
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2.1 Software Maintenance 

Software maintainability is a very important quality attribute. Software maintainability predicts for 

relational database-driven software applications may help organizations to improve the maintainability. To 

adopts a survey-based approach where a survey was performed with 40 software professionals aimed at 

identifying and ranking the important maintainability predictors for relational database driven software 

applications. Using frequency analysis the prediction of maintainability for relational database-driven 

applications is not similar as that of traditional software applications [5]. Software maintainability models 

focus on maintainability characteristics.  The paper provides the overview of various quality models 

emphasizing on maintainability. Authors provide the analysis of maintainability of various quality models 

[6]. 

2.2 Software Quality Model 

Software Quality model is a very important for obtained data so that actions can be taken to get better the 

performance. Such improvement can be measured quality, increased customer satisfaction and decreased 

cost of quality. Different quality models such as 

 

2.2.1 McCall software Quality Model: It is the quality model which is the presented by Jim McCall.  

It defines the quality of a software product with addressing three perspectives: Product operation, Product 

revision, Product transition [8] 

 

 

 
 

2.2.2  Boehm’s Software Quality Model: Boehm introduced his quality model to automatically and 

quantitatively calculate the software quality. This model attempts to qualitatively define the quality of 

software by a predefined set of attributes and metrics. Boehm’s Software Quality Model model starts with 

the general utility of software and general utility is refined into a set of factors which are (i) portability; (ii) 

utility and (iii) maintainability. 

 



                     IJRIT International Journal of Research in Information Technology, Volume 2, Issue 8, August 2014, Pg. 52-56 

 

 

Mamta Punia, IJRIT  54 

 

2.2.3 Dromey’s Software Quality Model: Dromey’s explained a working framework for finding 

Requirement determination, design and implementation phases. The framework consists of three models, 

such as Requirement quality model, Design quality model and Implementation quality model. 

2.2.4 FURPS Software Quality Model: Various characteristics are: 

Functionality means feature sets, capabilities and security; 

Usability means human factors, user documentation, consistency in the user interface, wizards, online and 

context-sensitive help, and training materials; 

 Reliability means frequency and severity of failure, accuracy, recoverability, predictability, and mean time 

between failure (MTBF); 

Performance means conditions on functional requirements such as efficiency, availability, resource usage, 

throughput, speed, response time, recovery time, and accuracy. 

Supportability means maintainability, testability, installability, extensibility, serviceability, adaptability, 

compatibility, configurability, and internationalization. 

2.2.5 ISO 9126 Software Quality Model: ISO 9126 is an international standard for the evolution of 

software. The standard is divided into four parts which address respectively the following subjects: Quality 

model, External metrics, internal metrics and quality in use metrics. ISO 9126 Part-1 is an extension of 

previous work done by McCall (1977), Boehm (1978), FURPS etc .This model explains the quality of a 

software product in terms of internal and external software qualities and their connection to attributes. 

Category of software quality attributes into six quality characteristics: functionality, portability reliability, 

usability, maintainability and efficiency [8]. 

2.3 Soft Computing Techniques  

Soft Computing is a new multidisciplinary field that was proposed by Dr. Lotfi Zadeh, whose goal was to 

construct new generation Artificial Intelligence, known as Computational Intelligence. Soft Computing was 

initiated in 1981 when Dr.Zadeh published his first paper on soft data analysis (Zadeh 1997). Since then, 

the concept of Soft Computing has evolved. Dr. Zadeh defined Soft Computing in its latest incarnation as 

the fusion of the fields of Fuzzy Logic, Neuro-computing, Evolutionary and Genetic Computing, and 

Probabilistic Computing into one multidisciplinary system. The main goal of Soft Computing is to develop 

intelligent machines and to solve nonlinear and mathematically unmodelled system problems (Zadeh 1993, 

1996, and 1999). The applications of Soft Computing have proved two main advantages. First, to solve the 

nonlinear problems, in which mathematical models are absent, possible. Second, it explained the human 

knowledge such as cognition, learning, recognition, understanding, and others into the computing field. 

This resulted in the possibility of constructing intelligent systems such as autonomous self-tuning systems, 

and automated designed systems (Ahmed Shawky Moussa, 2003). Soft computing deals with partial truth, 

imprecision, uncertainty, and approximation to achieve practicability, robustness and low solution cost. In 

our study we have focused on Soft computing namely fuzzy logic, neural network and neuro-fuzzy. 

2.3.1 Artificial Neural Network: A neural network (NN), in the case of artificial neurons 

called artificial neural network (ANN) or simulated neural network (SNN), is an interconnected group of 

natural or artificial neurons that uses a mathematical or computational model for information 

processing based on a connectionist approach to computation. ANN is an adaptive system that changes its 

structure based on external or internal information that flows through the network. Practically, neural 

networks are non-linear statistical data modeling or decision making tools. They can be used to model 

complex relationships between inputs and outputs or to find patterns in data. However, the paradigm of 

neural networks - i.e., implicit, not explicit, learning is stressed - seems more to correspond to some kind 

of natural intelligence than to the traditional symbol-based Artificial Intelligence, which would stress, 

instead, rule-based learning. 
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2.3.2 Fuzzy Logic: Fuzzy Logic is built on The Fuzzy Set Theory, which was introduced to the world, 

for the first time, by LotfiZadeh in 1965 (Zadeh 1965).  The invention, or proposition, of Fuzzy Sets was 

motivated by the need to capture and represent the real world with its fuzzy data due to uncertainty. 

Uncertainty can also be caused by vagueness in the language. We use linguistic variables often to describe, 

and maybe classify, physical objects and situations. In fact, Crisp Sets do not provide adequate 

representation for most cases. Fuzzy inference systems have been successfully applicable for automatic 

control, data classification, decision analysis, expert systems, and computer vision. Because of its 

multidisciplinary nature, fuzzy inference systems are associated with a number of names, such as fuzzy-

rule-based systems, fuzzy expert systems, fuzzy modeling, fuzzy associative memory, fuzzy logic 

controllers, and simply (and ambiguously) fuzzy systems. 

2.3.3 Neuro Fuzzy: The requirement to improve software productivity has promoted the research on 

software metric technology. The metrics if identified in the coding phase and design phase can help us to 

reduce the rework by improving quality of reuse of the component and so improve the productivity due to 

probabilistic increase in the reuse level. A suit of metrics can be used to obtain the reusability in the 

modules. With the help of Neuro-fuzzy based approach the reusability obtained where with new input data 

neural network can learn new relationships, and it can also be used for refine fuzzy rules to create fuzzy 

adaptive system. Authors proposed in which the inputs can be given to Neuro-fuzzy system in form of 

Cyclometric Complexity, Volume, Regularity, Reuse-Frequency & Coupling, and output can be obtained in 

terms of reusability [3].  

In component-based approach, many system attribute scan be derived from the component attributes, this 

being more accurate if a support for defining and measurements of the attributes are built in the component 

technologies and if there are well defined restriction rules using these technologies. The quality attributes 

can be classified with respect to types of composition; in which each type is characterized by the required 

input for obtain in predictability on the system level. Some types show clear composable characteristics, 

while others are not directly related to compositions [1]. Component based development is used in 

academia as well as in industry for building the reusable components. Industrial observers recommend that 

a reuse approach could save up to 20% of development costs. To reduce the development cost and time, 

software reuse is used as a tool [4]. 

Soft Computing refers to a consortium of computation methodologies. It is very useful for solving the 

problems quickly, acceptably and accurately. And Software Quality Model discovers fault-prone modules 

and errors in the software. The demands of software quality have need of more powerful modeling 

techniques for software quality estimation. There is need to develop a quality models based on modeling 

techniques that must evaluate high-level quality characteristics with great accuracy. A few techniques are 

Artificial Neural Network, Case-Base Rule, Regression Tree, Rule Based System, Multiple Linear 

Regression and Fuzzy System etc. For designing a Software Quality Model Fuzzy and Rule Based System 

techniques can provide a good solution [2]. 

 

 

3. Conclusion and future work 

In First Part we have considered different papers which are related to maintainability. These papers provide 

a clear understanding of work done by different author in this field including various model of 

maintainability prediction. These papers not only address the various problems associated with 

maintainability but also give effective strategies to solve these problems. These problems may be 

component selection, maintenance oriented selection of component, component storage, etc. Second part 

includes paper on quality models in which maintainability is considered as an important quality attribute. 

Various researchers used various sub factors of maintainability in these papers to estimate the 

maintainability using soft computing techniques. Third part we have studied various soft computing 

techniques .On the basis of study we study that these techniques are very important is the area of research, 

science and mathematics etc.   
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