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Abstract

Software quality is an important aspect for every software man-
ufacturer. In Aspect Oriented Programming (AOP) refers to the
programming approach which isolates secondary and supporting
functions from the main program’s business logic. The applica-
tion’s modularity increased in that way and its maintenance be-
comes significantly easier. But there are some other non-func-
tional factors which affect the software maintainability. In this
paper, Fuzzy Inference System based Framework is proposed to
predict the maintainability of Aspect Oriented Software System.
The Proposed approach is empirically evaluated to classify the
Aspect Oriented Software System in five classes on the basis of
efforts required to maintain the AOP software system.

Introduction

Aspect-oriented software development (AOSD) is a new tech-
nique to support separation of concerns in software development
[1, 2]. In recent years, AOS comes out as a better platform for
building a software, this is all because the limitations which
comes in object-oriented programming. It defines a new program
construct, called an aspect, which is used to capture crosscutting
aspects of a software application in separate modules. In Aspect
Oriented Programming paradigm with breaking down a progress
into cohesive area of functionality, which is called concerns, the
cut across multiple in order to increase modularity. It supports
for abstraction to group and encapsulate concerns in to unique
entity. There are top 8 core concerns in which AOP is better so-
lution than the Object-oriented programming. These are the top
concerns which is overcome in Aspect Oriented Programming.
But AOP known for crosscutting concerns, so here we discuss
what is crosscutting concerns. The Details of these common con-
cerns are given in Table 1.

Today’s most of the company work on maintaining the software
and AOS plays an important role while maintaining a software
which is made on Aspect Oriented Programming. Another fac-
tors are Reusability and Reliability, as maintainability is crucial
for software quality, reusability is also important for software
quality, reusability allows us to reuse the code, or in any type of
fault in software, reusability attribute helps us to recovering the
code which is quite useful to reuse the code or troubleshooting
when the fault is occur in the code and saves the time. Using
minimum resources and gain maximum output from the soft-
ware, and due to this software is decreased day by day , so main
objective is quantified the software quality by using fuzzy logic
approach with appropriate modification in it. We used fuzzy
logic approach to measure the reliability, reusability and main-
tainability of Aspect Oriented System. Since this measurement is

on single entity of software quality, so in last part of the paper,
by the use of AHP(Analytical Hierarchy Process ) to made pair-
wise comparison matrix of 3 software quality attribute and then
find the single value of software quality by using some assump-
tion (in generalized way).

Tablel Commonly Used Cross Cutting Concerns
S No Commqnly Used
Cross Cutting Concerns
Database
Data entitles
Worker
Result Processing
Process Flow Manager
Email/Notifications
Error Handling

Logging
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Fuzzy Inference System

Fuzzy model is the best choice for managing vague, imprecise,
doubtful, contradicting and diverging opinions. In Fuzzy model-
ing, there are four modules (Rule Base, Fuzzification, Inference
Engine, Defuzzification), which transform the crisp inputs into
fuzzy values. Then these values are processed by inference en-
gine in the fuzzy domain using the rule base created by domain
expert. Finally the processed output is transformed from fuzzy
domain to crisp domain by defuzzification module [4]. A fuzzy
model performs its operations in the following steps [4]:

2.1 Fuzzification of Inputs

Fuzzification is the first step in the Fuzzy inferencing process.
This involves a domain transformation where crisp inputs are
transformed into fuzzy inputs.

2.2 Apply Fuzzy Operators

Fuzzy operators are applied to compute the degree of support
for each rule for the generation of a single crisp value. This value
will then be applied to the output functions. The input to a fuzzy
operator is two or more membership values from fuzzified input
variables. The output is the single truth-value. Two commonly
used fuzzy operators are MIN -MAX operators.

2.2.1 Apply implication methods.
The shaping of the consequent based on the antecedent is termed
as implications. The input for the implications processes is a sin-
gle number given by the antecedent, and the output is a fuzzy set.
Implication is applied for each rule. Two commonly used impli-
cation methods for AND are MIN (i.e. truncation) and
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PRODUCT (i.e. scaling the height of a fuzzy set). Two com-
monly used implication methods for OR are MAX (maximum)
and probabilistic OR (algebraic sum).

Crisp Input
¥

Fuzzy Inference
Engine

-
Defuzzification
w
Crisp Output

Figure 1 Block Diagram of Fuzzy Model

Fuzzy Rule Base

2.3Aggregate all outputs

Aggregation is a process by which fuzzy sets are combined in
desirable way to produce a single fuzzy set. It is obtained by com-
bining all the fuzzy sets that represents the output of each rule
into a single fuzzy set. Aggregation occurs only once for each
output variable. For our model the input of the aggregation pro-
cesses is the list of truncated output functions returned by the im-
plication process for each rule. The output of the aggregation pro-
cess is one fuzzy set for each output variable.

2.4 Defuzzification

Defuzzification transforms the fuzzy values to crisp values. The
input of the defuzzification process is a fuzzy set and the output
is a single fuzzy number. Given a fuzzy set that encompasses a
range of output values; one number needs to be returned thereby
moving from a fuzzy set to crisp.

Table2 Input Parameters and Expected Output Value

S No Input Expected
Parameters Output Value

1 Analyzability Low, Medium, High

2 Changeability Low, Medium, High

3 Stability Low, Medium, High
Very Low, Low,

4 Testability Medium, High,
Very High

5 Adaptability Low, Average, High

Proposed Model

The first step in fuzzy inference step is to fuzzify inputs. The in-
put parameters to fuzzy inference system are fuzzy, vague and
imprecise value. In proposed fuzzy inference system, five char-
acteristics are used as input parameters to predict the maintaina-
bility of Aspect Oriented Software System. The defuzzification
process of proposed approach provide the predicted value of
maintainability of Aspect Oriented Software System. The input
parameters to proposed Fuzzy Inference System are described in
Table 2. Then these fuzzy sets are represented by a membership
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function. This can be best achieved by deciding numerical range
for the fuzzy input/output variables.
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Figure 2 : Fuzzy Inference system for Maintainability
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Table 3 Ranges of Fuzzy Input Parameters Used for Predicting
Maintainability

S. Input Pa-  Linguistic Numerical
No. rameters variable Range
Low 0-3
. Art‘)‘i"l'i{;a' Medium 36
High 6-10
Low 0-3
, Ck;‘ﬂ?yea Medium 3-6
High 6-10
Low 0-4
3 Stability Medium 3.5-7.5
High 7-10
Very Low 0-3
Low 2-4
4 Testability Medium 4-6
High 6-8
Very High 8-10
. Low 0-4
5 Adaptabil Medium 48
y High 7-10
Table 4 Range Values of Fuzzy Output Variable Maintainabil-
ity.
Output Linguistic Numerical
Parameter Variable Range
Maintaina- Very Low 0-2.5
bility Low 2.5-45
Medium 4-6.5
High 6.2-8.2
Very High 7.5-10

In proposed approach, five different key input parameters are
used to predict the value of maintainability of Aspect Oriented
Software System. The five different input parameters have dif-
ferent values and different number of classes. In Proposed Fuzzy
Inference System, the ranges of input parameters Analyzability,
Changeability, Stability, Testability and Adaptability are de-
scribed in Table 3. In Proposed Fuzzy Inference System, simi-
larly the output value of maintainability of Aspect Oriented
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Software is described in Table 4. After the fuzzification of input  consideration of above-mentioned sub-characteristics of main-
parameters, several rules of fuzzy inference system are designed  tainability. After that the defuzzification process is carried to
and applied to various input parameters to obtain output variable.  know the crisp value of output variable maintainability. In this
In this study, Triangle Membership function is used for calculat-  study, Centre of Gravity method is used for defuzzification pro-
ing the fuzzy value of input and output variables. In this study, cess [12].

395 fuzzy inference rules are designed and applied to get opti-
mum value of output variable maintainability.

vV ow Low Medium High  V.igh

6 1 2 3 4 5 6 1 8 9 10
output variable “Maintainability™
Figure 3 Fuzzification for Output Variable Maintainability
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Figure 10 Surface view between Testability and Changeability

Figure 6 Surface view between Testability and Stability

The proposed study presents the persistency of maintainability in
Aspect Oriented Software System while concurrent
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Result & Discussion

Suppose we have the following crisp values at input: Analyza-
bility (4.091), Changeability (6.39), Stability (7.36), Testability
(7.55), Adaptability (6.39) then output for this system is ob-
served as 6.59 which is Medium as well as High which means
that maintainability in AOS is above average and maintain ability
is easy for AOS. we can describe as if Analyzability of system is
either low or medium, Changeability is high, Stability is either
medium or high, Testability is either high or very high and
Adaptability is either average or high then we conclude that sys-
tem is subject to maintain.

analyazabiity testabiity

Figure 11 Surface view between Analyzability and Testability

Conclusion & Future Scope

In this paper, fuzzy logic approach is designed and implemented
to predict the value of maintainability of Aspect Oriented Soft-
ware System. This study also shows the effectiveness, im-
portance and contribution of sub characteristics in calculating the
maintainability of Aspect Oriented Software System but this
study, Quality of Aspect Oriented Software System is not ex-
plored. In future, Fuzzy Inference System will be developed for
predicting the single of quality of aspect-oriented software sys-
tem. In Future, Fuzzy AHP approach may be explored for pre-
dicting the single of quality of aspect-oriented software system.
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