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Abstract 
This paper presents the introduction to Software 
Maintainability and its various concepts, Models of 
Maintainability, Fuzzy logic and the overview of different 
types of the parameters. Software Development goes 
through a number of phases. These phases together make a 
Life Cycle of Software Development. These phases 
include Requirements Gathering, Designing, Coding, 
Testing, Software Deployment and Maintenance. 
Maintenance is the last phase of the software life cycle. 
Maintenance plays an important role in the life cycle of a 
software product. Further this research work includes the 
overview of Maintainability Metrics like McCabe’s 
Cyclomatic Complexity and K.K Aggarwal and as well as 
some new technique to measure maintainability. 
Keywords: Software maintainability, fuzzy logic, 
cyclomatic complexity. 
 
1. Introduction 

The term most frequently associated with more 
flexible software and significantly reduced long-term 
costs is maintainability. Frequently found definition 
of maintainability such as: 
“The effort needed to make specified modification to 
a software system or component after delivery to 
correct faults, improve performances or other 
attributes, or adapt to a Changed environment.” 

Or 

“A system is maintainable if the correction of minor 
bugs only requires minor efforts.” 
 
These are obviously overly simplified. The latter is 
particularly confusing as is in fact not a definition but 
a tautology. If one asked what a minor bug is, the 
answer would most certainly be “its correction 
requires minor efforts”. Besides these rather native 
definitions, various metrics-based approaches try to 

define maintainability as compliances to a set of rules 
that correspond to measurable properties of the code, 
such as strong cohesion, limited coupling, etc. The 
general problem with this approach is the lack of a 
sound rationale for the selected criteria which in turn 
sometimes has a tendency of discussing some kind of 
technical beauty instead of effectively improving 
software maintenance. In 2003 we conducted a study 
on software maintenance practices in German 
software organization. While 60 % out of the 47 
respondents said that they would consider software 
maintenance as a “significant problem”, only 20% 
performed specific checking for maintainability 
during quality assurance. The criteria used by these 
20% to check for maintainability differed 
significantly and ranged from object orientation, 
cyclomatic complexity  limited numbers of lines per 
method, descriptive identifier naming, down to 
service oriented architecture or OMG’s model driven 
architecture. 
Hence, there is little common ground on what 
“maintainability” actually is, how it can be assessed 
and how it could be achieved. A maintenance process 
is shown in Figure1. 
 

 

Figure1: Maintenance Process 
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There is a little confusion on what “maintainability” 
actually is, how it can be accessed, how it could be 
achieved. This confusion can easily be explained and 
resolved by considering “maintainability” as a term. 
The “ility” ending is used to transform the adjective 
“maintainable” into a noun and thereby denote it as a 
property of a system. The adjective “maintainable” in 
turn denotes the assumption that the activity “to 
maintain” (verb) is a property of the object that we 
regard, i.e. a software system. However, the 
perception that the ability to maintain a system was a 
property of the system is very limited and neglects 
various other factors that have a strong influence on 
software maintenance activities, such as the 
qualification of maintainers, organizational 
knowledge management and adequate tools. This 
shortcoming is most obvious when it comes to 
“readability” since the ability to read is primarily not 
a property of the document or program to read but a 
question of the skills reader. 
Therefore, we strongly argue that maintainability is 
not solely a property of a system but touches three 
different dimensions: 
 

1. The skills of the organization performing 
software maintenance 

2. Technical properties of the system under 
consideration 

3. Requirements engineering 
 

In addition to skills and technical properties  as 
discussed above dimension 3 requirements 
engineering plays an important role in defining 
“maintainability” because the question how much 
flexibility one wants to have at what points in a 
software systems for which purpose sets the goals for 
constructing and later on assessing the required 
flexibility of the software system. For example, the 
strategy to construct the shortest possible 
implementation without any flexibility and 
restructuring or even rewriting the system in the 
event of significant changes might yield lower 
maintenance effort than designing for flexibility in-
advance with numerous levels of indirection that 
might never be needed. 
 
2. Types of Maintenance 

Software under maintenance consists of finite 
number of states .The states have a specific operating 
efficiency. The maintenance process can bring the 
software from one state to another within a specific 
time slot allotted to the software maintenance 
engineers. The software fails or reaches its maximum 

efficiency depends upon the nature of maintenance 
problems. It is generally seen that maintainability 
very much depends on the type of Programs. As the 
number of object-oriented software systems 
increases, it becomes more important for 
organizations to maintain those systems effectively. 
However, currently only a small number of 
maintainability prediction models are available for 
object oriented systems. Software maintainability 
depends both on qualitative and quantitative data. 
Existing maintainability models aggregate data into 
hierarchies of characteristics with given 
dependencies. However, data used to score the 
characteristics can be uncertain or even completely 
unknown. Therefore, it would be meaningful to 
evaluate sensitivity of the aggregated result, i.e. the 
maintainability, with respect to the uncertainty and 
incompleteness of data. In addition, real cases require 
an aggregation model able to evaluate the impact of 
changing the dependencies among the characteristics 
in the hierarchy on the maintainability. Maintenance 
has often taken a back seat where software 
development is concerned. However, once software 
is delivered it gets maintained for the rest of its useful 
life. With the continuing increase in software 
production more and more resources are spent on 
maintenance. As such, a closer look at improving our 
maintenance approach is needed. Software quality 
can be defined as the totality of features and 
characteristics of a product that could satisfy a given 
set of requirements. Some of the factors of software 
quality include reliability, reusability, maintainability 
and portability. These quality factors are then broken 
down into lower level quality criteria which serve as 
attributes of software. Contrary to perceived belief 
that much has been discussed about maintainability 
attributes, there is not much available in terms of a 
refined and organized attributes model. Software 
maintenance is defined as process of modifying 
existing operational software while leaving its 
primary functions intact. Every software needs to be 
modified to meet customer’s requirement in its life 
Cycle. Software maintenance encompasses a broad 
range of activities including error corrections, 
enhancement of capabilities, and deletion of obsolete 
capabilities and optimization. The value of Software 
can be enhanced by meeting additional requirements, 
making it easier to use, more efficient and employing 
newer technologies. Even though it is an important 
task, it is poorly managed. The fact that you cannot 
control, what you cannot measure, makes 
measurement of maintainability very important. 
Maintainability is a measure of characteristics of 
software e.g. source code readability, documentation 
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quality and cohesiveness among source code and 
documents. We will investigate how the 
“maintainability” of a piece of software changes as 
time passes and it is being maintained by performing 
measurements on industrial systems. We present the 
notion “maintainability, our hypotheses, and our 
approach. 
Across the 70’s and 80’s several authors have studied 
the maintenance phenomenon with the aim of 
identifying the reason that originates the needs for 
changes and their relative frequencies and costs. As a 
result of these studies, several classifications of 
maintenance activities have been defined; these 
classifications of maintenance and its implications on 
the cost and the quality of the system in use. Dividing 
the maintenance efforts into categories has first made 
evident that software maintenance is more than 
correcting errors. 
Ideally, maintenance operations should not degrade 
the reliability and the structure of the subject system; 
neither should they degrade its maintainability, 
otherwise future changes will be progressively more 
difficult and costly to implement. Unfortunately, this 
is not the case for real- world maintenance, which 
often includes a phenomenon of aging of the subject 
system; this is expressed by the second law of 
Lehman: “As an evolving program changes, its 
structure tends to become more complex. Extra 
resources must be devoted to preserving the 
semantics and simplifying the structure.”  
Accordingly, several authors consider a fourth 
category of maintenance, named preventive 
maintenance, which includes all the modifications 
made to a piece of software to make it more 
maintainable. 
 

• Corrective Maintenance: Reactive 
modification of a software product 
performed after delivery to correct 
discovered problems. It deals with 
fixing bugs in the code. 

• Adaptive Maintenance: Modification 
of a software product performed after 
delivery to keep a software product 
usable in a changed or changing 
environment. It deals with adapting the 
software to new environment. 

• Perfective Maintenance: Modification 
of a software product performed after 
delivery to improve performance or 
maintainability. It deals with updating 
the software according to changes in 
user requirements. 

• Preventive Maintenance: Modification 
of a software product performed after 
delivery to detect and correct latent 
faults in the software product before 
they become effective faults. It deals 
with updating documentation and 
making the software more 
maintainable. 
 

These four types of maintenance can characterize all 
changes to the system. Corrective maintenance is-:   
‘Traditional maintenance’ while other types are 
considered as-‘Software evolution’   
 

3. Need of Maintenance 

        Maintenance is needed to ensure that the 
software continues to satisfy user requirements. 
 

• Correct Faults 
• Improve the design 
• Implement enhancements 
• Interface with other system 
• Migrate legacy software 
• Retire software 

 
4. Cost and Challenges 

In this, one decides to categorize the maintenance 
efforts, it is still clear that software maintenance 
accounts for a large amount of the overall software 
budget for an information system organization. With 
the continuing increase in software production more 
and more resources are spent on maintenance. The 
Maintenance of existing software can account for 70 
percent of all effort expended by a software 
organization. It is estimated that many companies 
will spend close to 80 percent of their software 
budget on Maintenance if nothing is done to improve 
the current approach. Maintenance may span for 
fifteen years whereas development may be 1-2 year. 
Since 1972, software maintenance was characterized 
as an “iceberg” to highlight the large mass of 
potential problem and costs lie under the surface. 
Although figures vary, several surveys indicate that 
software maintenance consumes 60% to 80% of the 
total life cycle costs as shown in figure2 on next 
page: 
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Figure2: Cost of maintenance 

These surveys also report that maintenance costs are 
largely due to enhancements, rather than corrections. 
Several technical and managerial problems contribute 
to the costs of software maintenance. Among the 
most challenging problems of software maintenance 
is: program compression, impact analysis, and 
regression testing. Whenever a change is made to a 
piece of software, it is important that the maintainer 
gains a complete understanding of the structure, 
behavior and functionality of the system being 
modified. It is on the basis of this understanding that 
modification proposals to accomplish the 
maintenance objectives can be generated. As a 
consequence, maintainers spend a large amount of 
their time reading the code and the accompanying 
documentation to comprehend its logic, purpose, and 
structure. Available estimates indicate that the 
percentage of maintenance time consumed on 
program comprehension ranges from 50% up to 90%. 
Program comprehension is frequently compounded 
because the maintainer is rarely the author of the 
code and a complete, up to date documentation is 
even more rarely available. 
One of the major challenges in software maintenance 
is to determine the effects of a proposed modification 
on the rest of the system. Impact analysis is the 
activity of assessing the potential effects of a change 
with the aim of minimizing unexpected side effects. 
The task involves assessing the appropriateness of a 
proposed modification and evaluating the risks 
associated with its implementation, including 

estimates of the effect on resources, efforts and 
scheduling. It also involves the identification of the 
system’s parts that need to be modified as 
consequences of the proposed modification.  
 
5. Key Issues in Software Maintenance 

The term maintenance, when accomplished to 
software, assumes a meaning profoundly different 
from the meaning it assumes in any other engineering 
discipline. In fact, many engineering disciplines 
intend maintenance as the process of keeping 
something in working order, in repair. The key 
concept is the deterioration of an engineering artifact 
due to use and the passing of time; the aim of 
maintenance is therefore to keep the artifact’s 
functionality in line with that defined and registered 
at the time of release. 
 

Technical Issues 

Limited understanding-: Limited understanding refers 
to how quickly a software engineer can understand 
where to make a change or a correction in software. 
Testing: The cost of repeating full testing on a major 
piece of software can be significant in terms of time 
and money. 
Maintainability-: Maintainability sub- characteristics 
must be specified, reviewed, and controlled during 
the software development activities in order to reduce 
maintenance costs.  

Management Issues 

Alignment with organizational objectives- 
Organizational objectives describes how to 
demonstrate the return on investment of software 
maintenance activities. 
Staffing - Staffing refers to how to attract and keep 
software maintenance staff. Maintenance is often not 
viewed as glamorous work. 
Process- Software process is a set of activities, 
methods, practices, and transformations which people 
use to develop and maintain software and the 
associated products.  
 
6. Models of Maintenance 

Quick-fix Model 

 A typical approach to software maintenance is to 
work on code first, and then making the necessary 
changes to the accompanying documentation, if any. 
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This approach is captured by the quick-fix model 
shown in figure 3, which demonstrates the flow of 
changes from the old to the new version of the 
system. Ideally, after the code has been changed the 
requirement, design, testing and any other form of 
available documents impacted by the modification 
should be updated. However, due to its perceived 
malleability, users expect software to be modified 
quickly and cost effectively. Changes are often made 
on the fly, without proper planning, design, impact 
analysis, and regression testing. Documents may or 
may not be updated as the code is modified; time and 
budget pressure often entails that changes made to a 
program are not documented and this quickly 
degrades documentation. In addition, repeated 
changes may demolish the original design, thus 
making future modification progressively more 
expensive to carry out.  
 

    

          Figure 3: Quick-fix model 

Iterative Enhancement Model 

     Evolutionary life cycle models suggest an 
alternative approach to software maintenance. These 
models share the idea that the requirement of a 
system cannot be gathered and fully understood 
initially. Accordingly, systems are to be developed in 
builds each of which completes, corrects, and refines 
the requirements of the previous builds based on the 
feedback of users. An example is iterative 
enhancement, which suggests structuring a problem 
to ease the design and implementation of 
successively larger solutions. Iterative enhancement 
explains maintenance too as shown in figure 4. The 
construction of a new build begins with the analysis 
of the existing system’s requirements, design, and 
code and test documentation and continues with the 
modification of the highest-level document affected 
by changes, propagating the changes down to the full 
set of documents. In short, at each step of the 

evolutionary process the system is redesigned based 
on an analysis of the existing system. A key 
advantage of the iterative-enhancement model is that 
documentation is kept updated as the code changes. 
Visaggio reports data from replicated controlled 
experiments conducted to compare the quick-fix and 
the iterative-enhancement models and shows that the 
maintainability of a system degrades faster with the 
quick-fix model. The experiments also indicate that 
organizations adopting the iterative-enhancement 
model make maintenance changes faster than those 
applying the quick-fix model; the latter finding is 
counter-intuitive, as the most common reason for 
adopting the quick-fix model is time pressure. 

 

Figure 4: Iterative Enhancement Model 

Full Reuse Model 

 Basili suggests a model, the full-reuse model as 
shown in figure 5 that views maintenance as a 
particular case of reuse-oriented software 
development. Full-reuse begins with the requirement 
analysis and design of a new system and reuses the 
appropriate requirements, design, code and tests from 
earlier versions of the existing system. This is a 
major difference with the iterative enhancement, 
which starts with the analysis of the existing system. 
Central to the full-reuse model is the idea of a 
repository of documents and components defining 
earlier versions of the current system and other 
system in the same application domain. This makes 
reuse explicit and documented. It also promotes the 
development of the reusable components. The 
iterative-enhancement model is well suited for 
systems that have a long life and evolve over time; it 
supports the evolution of the system in such a way to 
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ease future modification. On the contrary, the full-
reuse model is more suited for the development of 
lines of related products. It tends to be more costly on 
the short run, whereas the advantages may be 
sensible in the long run; organizations that apply the 
full-reuse model accumulate reusable components of 
all kinds and at many different levels of abstractions 
and this makes future developments more effective.            

         
Figure 5: Full Reuse Model 

Virtually any software dependent organization has a 
vital interest in reducing its spending for software 
maintenance activities. This comes at no surprise as 
the bulk of the life cycle costs for software systems 
are not consumed by the development of the new 
software but the continuous extension, adaptation, 
and bug fixing of existing software. A lot of models 
developed to reduce this heavy effect of cost and 
time. 
 
7. Fuzzy Logic 

Before illustrating the mechanisms which make fuzzy 
logic machines work, it is important to realize what 
fuzzy logic actually is. Fuzzy Logic is a superset of 
conventional (Boolean) logic that has been extended 
to handle the concepts of partial truth-table values 
between “completely true” and “completely false.” 
As its name suggests, it is the logic underlying 
models of reasoning which are approximates rather 
than exact. The importance of fuzzy logic derives 
from the fact that most modes of human reasoning 
and especially common reasoning are approximate in 
nature. 
The essential characteristics of fuzzy logic as 
founded by Zadeh Lofti are as follows. 

 
• In fuzzy logic, exact reasoning is 

viewed as a limiting case of 
approximate reasoning  

• In fuzzy logic everything is a matter 
of degree. 

• Any logical system can be fuzzified. 
• In fuzzy logic, knowledge is 

interpreted as a collection of elastic 
or,    equivalently, fuzzy constraint 
on a collection of variables. 

• Inference is viewed as a process of 
propagation of elastic constraints. 
 

 The third statement hence, defines Boolean logic as 
subset of fuzzy logic. The definitions – 
“Fuzzy logic is form of multi-valued logic derived 
from fuzzy set theory to deal with reasoning that is 
approximate rather than precise.” 
 
 8. Why Fuzzy Logic  

 Fuzzy logic offers several unique features that make 
it a particularly good choice for many control 
problems. 
 

1. It is inherently robust since it does not require 
precise, noise –free inputs and can be 
programmed to fail safely if a feedback 
sensor quits or is destroyed. The output 
control is a smooth control function despite 
a wide range of input variations  

2. Since the FL controller processes user-defined 
rules governing the target control system, it 
can be modified and tweaked easily to 
improve or drastically alter system 
performance. New sensors can easily be 
incorporated into the system simply by 
generating appropriate governing rules. 

3. FL is not limited to a few feedback inputs 
and one or two control outputs, nor is it 
necessary to measure or compute rate of 
change parameters in order of it to be 
implemented. Any sensor data that provides 
some indication of a system’s action and 
reaction is sufficient. This allows the sensor 
of inexpensive and imprecise thus keeping 
the overall system cost and complexity low. 

4. Because of the rule-based operation ,any 
reasonable number of inputs can be 
processed (1-8 or more) and numerous 
outputs (1-4 or more) generated , although 
defining the rule base quickly becomes 
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complex if too many inputs and outputs are 
chosen for a single implementation since 
rules defining their inter relations must also 
be defined. It would be batter to break the 
control system into smaller chunks and use 
several smaller FL controllers distributed on 
the system, each with more limited 
responsibilities.  

5. FL can control nonlinear systems that would 
be difficult or impossible to model 
mathematically. This opens doors for control 
systems that would normally be deemed 
unfeasible for automation. 

 

9. How is Fuzzy Logic Used?  

1. Define the control objectives and criteria: 
what am I trying to control? What do I have 
to do to control the system? What kind of 
response do I need? What are the possible 
system failure modes?  

2. Determine the input and output relationships 
and choose a minimum number of variables 
for input to the FL engine. 

3. Using the rule base structure of FL, break 
the control the problem down into a series of 
IF X AND Y THEN Z rules that define the 
desired system outputs response for given 
system input conditions the number and 
complexity of rules depends on the number 
of input parameters that are to be processed 
and number fuzzy variable associated with 
each parameters. If possible, use at least one 
variable and its time derivative. Although it 
is possible to use a single, Instantaneous 
error parameter without knowing its rate of 
change, this cripples the system’s ability to 
minimize overshoot for a step inputs. 

4. Create FL membership functions that define 
the meaning of input/output terms used in 
the rules. 

5. Create the necessary pre and post processing 
FL routines if implementing in software, 
otherwise program the rules into the FL 
hardware engine. 

6. Test the system, evaluate the results, tune 
the rules and membership functions, and 
retest until satisfactory results are obtained. 

 

 

10. The Fuzzy Logic Method 

         The fuzzy logic analysis and control method is, 
therefore: 
1. Receiving of one, or a large number, of 

measurement or other assessment of conditions     
existing in some system we wish to analyze or 
control. 

2. Processing all these inputs according to human 
based, fuzzy “If-Then” rules, which can be 
expressed in plain language words. 

3. Averaging and weighting the resulting outputs 
from all the individuals’ rules into one single 
output decision or signal which decides what to 
do or tells a controlled system what to do. The 
output signal eventually arrived at is a precise 
appearing, defuzzified, “crisp” value. Please see 
the following Fuzzy Logic Control/ Analysis 
Method Diagram: 

 

  

 

Figure 6: Input and Output Cycle 

11. Conclusion and Future Work 

 Some traditional metrics are there to measure the 
maintainability of software    metrics like- line of 
code, Halstead’s Software Science Metrics and Mc 
Cabe’s Cyclomatic Complexity. But these metrics are 
not suitable to measure the maintainability of the 
software. It is generally seen that maintainability very 
much depends on the type of Programs. We have 
tried to show by arguments and by some empirical 
analysis that widely used traditional metrics may not 
be appropriate to measure the complexity of the 
software.  
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