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Abstract- Software quality Prediction is area of research where we extract the inherent code attributes to study its impact on 
software quality attributes using range of techniques to know effectiveness of a particular method. Software quality analysis 
and prediction focuses on detecting high-risk program modules, allowing practitioners to allocate project resources 
strategically [1]. It is quite beneficial for testers, developers and project managers to know the modules which are highly 
risky and fault prone for strategic decisions. However, due to versatility of software, various programming approaches, 
languages and different platforms it is always challenging to devise standard heuristics and method which is applicable to 
each type of software. Starting from definition of Software Quality, selection of code attributes for the purpose, selection of 
method, data sets to test and standardize the outcome is quite challenging. Adoption of agile methodology, cloud oriented 
developments, mobile developments brings more challenges of quality professionals. The purpose of this paper is to outline 
the issues, challenges, state of the art and find the gap in research work done in the past. 
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I. INTRODUCTION 
 
A quality software product is cornerstone of all 
software engineering practices. The quality of a 
system or product is the degree to which the system 
satisfies the stated and implied needs of its various 
stakeholders, and thus provides business value. There 
has been common practiced approach and believe to 
improve the quality software product by following 
standard and tested process models which inherently 
improves the software quality. However, due to 
complex requirements, low budget, immature team, 
short schedule and unorganized software 
development processes faults are part and parcel of 
software product. Excessive or irrational schedules 
are probably the single most destructive influence in 
all of software [2]. Detection and Prediction of 
software defects early is major challenge for tester, 
developers and project managers. 
Software quality is defined as The totality of 
functionality and features of a software product that 
bear on its ability to satisfy stated or implied needs 
[ISO/IEC 25000][3]. Software Quality  
is defined using quality models. Quality Model is a 
schema to better explain of one’s view of quality [4].  
 
Software metrics is measurable attributes of software 
product which has direct impact on software quality. 
Software Product metrics can be categorized in to 
internal, external and quality in use. Internal 
attributes can be extracted during development phase 
where as external and in use attributes can be 
extracted during testing and deployment phase 
respectively. Software quality Prediction involves 
selection of software metrics suitable for particular 
software, its quantification, in depth analysis and 

testing to find its impact on software quality 
characteristics in order to achieve quality product. 
Vijay Kumar et al. studied that there is non-linear 
relationship between software metrics and defects, 
which results to a complex mapping [5].  
 
There have been continuous researches to find 
method and the defects as early as possible in 
development stages of software development life 
cycle using various methods and techniques such as 
Case Based Reasoning, Regression Trees, Bayesian 
belief networks (BBN) and Support Vector Machines 
(SVM). Soft computing methods are recent 
approaches which are being tested and researched for 
finding this relationship. Code attributes extracted 
from the software are often imprecise and uncertain 
so soft computing approaches are quite promising 
methodology for the purpose. 
Soft computing techniques which are being 
researched and used in software quality prediction 
techniques are Fuzzy Logic, Neural Network, Genetic 
Algorithms and some Hybrid techniques which are 
combination of two or more. 
 
Practically software quality is estimated using either 
of reliability or maintainability. Reliability can be 
predicted by finding the presence or absence of 
defects. Maintainability can be predicted by 
estimating effort to change any component such as 
class or method in the software. 
 
In this paper, we have reviewed the research papers, 
journals and articles published in different journals to 
know the current state of the art for research and 
finally tried to find different aspects of Software 
Quality Prediction and current trends. 
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II. SOFTWARE QUALITY MODELS 
 
Software Quality Models are set of attributes and 
subsequent sub-attributes suitable for a software 
product. Some of popular quality models proposed by 
earlier scholars are McCall’s Quality Model, 
Boehm’s Quality Model, Dromey’s Quality Model, 
ISO/IEC 9126-3 Quality Model and newly added 
ISO/IEC 25000. 
 
According to T. Davuluru et. al,There are two types 
of categories of models they are product models and 
process models. [6] McCall, Boehm, Dromey, 
FURPS, ISO 9126 come under product quality 
models and CMMI, Six Sigma comes under process 
quality models. However, we can add another 
category as Project Quality models. 
 
Miguel et. al. classifies the evolution of software 
quality as Basic Model which are adoptable to any 
software product where as tailor made models are 
domain specific and derived from Basic model[7]. 
Selection of a quality model for a software project is 
a common and real challenge but essential to settle 
the objective and requirements. 
 
III. SOFTWARE PRODUCT METRICS  
 
The quality of underlying software measurement data 
is critical. An intelligent selection of software metrics 
before training a defect model is likely to improve the 
end result by removing redundant and less important 
feature [8]. As said by H. Olague et. al Empirical 
validation of software metrics suites to predict fault 
proneness in object-oriented (OO) components is 
essential to ensure their practical use in industrial 
settings.[9] 
 
Measurable Code attributes are called metrics and are 
derived from the inherent properties of code. Feature 
selection is the process of choosing some subset of 
the features and building a classifier based solely on 
those. It can remove as many unnecessary features as 
possible, leaving only those features which are useful 
in building a classifier. Metrics can be method level 
or class level. 
 
Lines of code(LOC) is popularly used and 
controversial metrics for the studies because of 
threats to its validity. Lines of code depend on 
selection of programming language. It is also affected 
by programmer expertise. Comments inside a 
programs increases or decreases size of code. 
 
McCabe(1976) and Halstead(1977) metrics are 
method level which was proposed in 1970s but are 
still widely used[10,11]. Cyclomatic Complexity was 
given by McCabe gives relative complexity of 
various designs. It can be used early phases of the 
development and in practice it is a count of the 

number of test conditions in a program. Halstead 
proposed to use tokens which are extracted directly 
by counting number of operators, operands and 
constructs in the code and principally attempts to 
estimate the programming effort. 
 
According to Ankita, McCabe’s cyclomatic 
complexity metric only considers complexity from 
control graph or conditional statements and not 
considers complexity is there interaction or coupling 
between two object classes.[12] 
 
Chidamber and Kemerer (1994) proposed Object 
Oriented Programming suit popularly known as CK 
metrics suite[13]. It comprises of Weighted number 
of methods(WMC), Number of member functions, 
number of children (NOC), Depth of inheritance tree 
(DIT), Response for a class(RFC), Lack of Cohesion 
in methods(LCOM) and coupling between objects 
(CBO). Using a base of code, they tried to correlate 
these metrics to the defect density and maintenance 
effort using covariant analysis. 
Abreu et al[14] gave MOOD metrics suite for 
measurement of Object Oriented Metrics suite. It 
comprises of Method Inheritance Factor(MIF), 
Attribute Inheritance Factor(AIF), Method Hiding 
Factor(MHF), Attribute Hiding Factor(AHF), 
Polymorphism Factor(POF). 
Yadav et al. observed that 49% of the metrics used 
are OO (Chidamber and Kemerer's (CK) metrics are 
among the highest), 27% are traditional source code 
metrics or 24% are process metrics.[15] 
 
According to Lamrani, M., Amrani et al., due to the 
degree of formalism used to express them, they[CK 
metrics suite] are still frequently cited in several 
contributions and improved by other authors for 
being useful as quality indicators over many 
characteristics related to complexity, inheritance, 
coupling, cohesion and messaging.[16] 
Identifying the problems of package level analysis in 
Object Oriented systems Robert C. Martin developed 
software metrics for a set of classes i.e. packages. The 
objective of the package level metric is to identify 
poorly designed packages.[17] 
R. C Martin metrics suite consists of Afferent 
couplings (Ca), Efferent couplings (Ce), Abstractness 
(A), Instability (I), Distance from the main sequence 
(D), Package dependency cycles. 
 
Rest of the paper is organized as sections for each of 
Software quality models, software product metrics, 
Data sets, Soft computing techniques followed by 
conclusion. 
 
IV. DATA SETS 
 
Software quality Prediction research requires quality 
datasets for experiments. However acquiring quality 
datasets is not feasible due to lack system to capture 
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that data or unwillingness of private parties to share 
their data due to business policy obligations. In such a 
scenario, open source datasets are quite suitable and 
feasible solution. As mentioned, “The NASA Metrics 
Data Program data sets have been heavily used in 
software defect prediction experiments and 
recommended that researchers 1) indicate the 
provenance of the datasets they use, 2) report any pre-
processing in sufficient detail to enable meaningful 
replication, and 3) invest effort in understanding the 
data prior to applying machine learners.” [18]. 
 
V. SOFT COMPUTING TECHNIQUES 
 
Soft Computing uses special techniques like neural 
networks, fuzzy logic, support vector machines, and 
evolutionary computation to minimize the execution 
periods of functional tasks.[19] 
 
Soft computing is not a closed and clearly defined 
discipline at present but very promising set of 
techniques for problems that could not be stated 
precisely. These methods can exploit tolerance for 
precision, uncertainty and partial truth to achieve 
tractability, robustness and low cost solution.  
 
They differ from Hard Computing that it requires 
precision, certainty and rigor. Soft computing 
techniques address the problems in their domain in 
complementary way rather competitive way. The 
common element of these techniques is generalization 
through non-linear approximation and interpolation in 
high dimensional spaces. 
 
Analysis of the selected primary studies revealed that 
current software defect prediction research focuses on 
five topics and trends: estimation, association, 
classification, clustering and dataset analysis. The 
total distribution of defect prediction methods is as 
follows. 77.46% of the research studies are related to 
classification methods, 14.08% of the studies focused 
on estimation methods, and 1.41% of the studies 
concerned on clustering and association methods. In 
addition, 64.79% of the research studies used public 
datasets and 35.21% of the research studies used 
private datasets.[20] 
 
A. Artificial Neural Network (ANN) 
Artificial Neural Network is inspired by human brain 
in reasoning and decision making. In 1943, Warren S. 
McCulloch, a neuroscientist, and Walter Pitts, a 
logician developed the first conceptual model of an 
artificial neural network. In their paper, "A logical 
calculus of the ideas imminent in nervous activity,” 
they describe the concept of a neuron, a single cell 
living in a network of cells that receives inputs, 
processes those inputs, and generates an output. 
 
Khoshgaftaar et al. introduced the use of the neural 
networks as a tool for predicting software quality[21].  

In their study, they presented a large 
telecommunications system, classifying modules as 
fault prone or not fault prone. They compared the 
ANN model with a non-parametric discriminated 
model, and found that ANN model had better 
predictive accuracy. 
 
Singh et al.[22] used the ANN for estimation of 
testing effort using Object Oriented Metrics. They 
have taken the testing effort as dependent variable 
where as Object Oriented metrics as independent 
variables and found that ANN are suitable in finding 
the non linear relationship between the variables. 
 
Artificial neural networks were originally designed to 
model the pattern recognition abilities of the brain. 
They have been used extensively for many practical 
predictive and data classification tasks. There are 
many ways neural networks can be trained, and fuzzy 
logic and genetic algorithm can be used for the 
purpose. Training and learning help neural networks 
perform better in unexpected situations. At that time 
fuzzy values would be more applicable than crisp 
values. 
 
B. Fuzzy Logic (FL) 
Fuzzy Set Theory was first proposed by L. Zadeh in 
1965 for knowledge representation where knowledge 
is imprecise and uncertain. It includes the use of 
approximate reasoning, by which we model how 
humans obtain information from imprecise 
information. A major goal is to obtain a description of 
human knowledge and experience in a way that can 
be implemented on machines. 
 
Jaya Pal et. al[23] compared multiple regression and 
fuzzy logic for software quality prediction on some 
academic software projects and found positive 
outcome. It was suggested to collect more data in 
support of the outcome. 
 
C. Genetic Algorithms (GA) 
Genetic Algorithms (GA) were introduced in the late 
1960’s by John Holland [23]. They are based on the 
Darwinian theory of evolution whereby species 
compete to survive and the fittest get a higher chance 
to remain until the end and produce next generation. 
GA is a class of robust problem-solving techniques 
based on a population of solutions, which evolve 
through successive generations by means of the 
application of three genetic operators: selection, 
crossover, and mutation [24]. 
As mentioned, Researches reporting the use of 
genetic algorithm in fault proneness prediction 
application are few and recent [25]. 
 
D. Hybrid Approaches 
Hybrid techniques are used in complementary way to 
obtain better output such as Neuro-Fuzzy, the 
combination of Neural Network and Fuzzy Logic. 



International Journal of Advances in Computer Science and Cloud Computing, ISSN(p): 2321 –4058, ISSN(e): 2321 –4392 
Volume-6, Issue- 2, Nov.-2018, http://iraj.in 

Issues and Challenges in Software Quality Prediction using Soft Computing Techniques 
 

20 

“Adaptive neuro fuzzy inference system (ANFIS) 
model based on these two basic elements of soft 
computing, neural network and fuzzy logic gives a 
more accurate measure of reliability than the FIS 
model, as it reduces error from 11.74%, in case of 
FIS model, to 6.66% in ANFIS”.[27] 
 
In [28,29] Singh et al. used feed forward neural 
network for software reliability prediction and 
applied back propagation algorithm to predict 
software reliability growth trend. 

 
CONCLUSION 
 
We can conclude with following observation that 
Software Quality Definition is objective based, 
agenda oriented and depends on the purpose of its 
constitution.  A defined and fixed quality model may 
not be suitable across domains and applications so it 
is preferable to have flexibility in selection of quality 
attributes depending upon the domain and application 
prepared on consensus with prospective user and 
stakeholders. 
 
Reliability and Maintainability are most desirable 
quality attribute in software products. Reliability can 
be predicted by finding the presence or absence of 
defects. Maintainability can be predicted by 
estimating effort to change any component such as 
class or method in the software. CK Metrics suite is 
preferable object oriented metrics suite used for the 
prediction of software quality. McCabe Complexity 
metrics is suitable for procedural programs and not 
inadequate to cater Object oriented Paradigm 
requirements. Standardization of findings and 
replicating it for other application is major issue for 
research scholars in the field. In most cases, public 
data sets provided by Promise database and NASA’s 
MDP has been used for standardization and 
validation of results. An effective software quality 
prediction requires intelligent selection of quality 
standards, quality attributes, code attributes and 
suitable prediction technique depending upon domain 
requirements. 
 
Current software defect prediction research focuses on 
five topics and trends: estimation, association, 
classification, clustering and dataset analysis. All 
references mentioned in the paper suggest to carry out 
more and more researches on Soft computing 
techniques in order to make it more subtle and 
replicable. 
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