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Abstract—Software maintenance mainly refers to the
process of correcting software after delivery.
Maintenance process is usually a high percentage of
Organizational effort to the whole process of software
programs. As a result, the effectiveness of the entire
production process and customer satisfaction s
dependent on the effectiveness of maintenance activities.
Because many factors including type of service, type of
product and human factors is dependent on the
maintenance process, And the imprecise nature of
qualitative factors and sub-criteria leading software
maintenance, accurate assessment can be maintained in
order to measure the effectiveness of programs seem
highly desirable. In this paper, using adaptive fuzzy
neural network to provide a method for evaluating the
capability of software maintenance conducted after the
tests, the root mean square error of the proposed method
was equal to 0.34331. The results show that the method is
based on adaptive fuzzy neural, maintainability software
performance evaluation is appropriate.

Index Terms—Adaptive Fuzzy Neural Network,

maintenance, Software, Measuring.

|. INTRODUCTION

The software quality is a grade that the software is a
combination of desirable properties.[1] The software
system quality depends on the functional and non
functional requirements. Needs and characteristics play a
major role in defining the quality of software. Software
quality is a vital force in the development of the software
industry. By this time, events that have occurred because
of the quality of software, are common events. Especially
heavy losses that have occurred in the areas of application,
such as the fields of military, economic and national
security, human shock has arrived.[2] The software
quality is still a concern. Entering the 21st century, the
development of human society to the network and the
data has been entered. The scale is bigger and bigger
investments. The complexity and the difficulty grows day
by day. The risks are higher.

Decades of experience show that the quality control
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software in a short period due to the unique
characteristics of software products, the general can not
be resolved. It is essential that new methods and
techniques and quality control software continuously
developed in terms of long-term research and operational
software engineering and software quality has gradually
improved.[3] The relationship between needs and
characteristics that Commenting on the quality of a
software product that might be possible. In the definition
of the characteristics and features, there is a quality. The
quality characteristics which the products more attractive,
more useful, faster and produced more credible.[4]

Table 1. Outstanding Qualitative Models with Features [5-9]

Models
1SO Parameters
Dromey 9126 FURPS | Boehm | McCall
v v Reusability
Flexibility
v v Efficiency
Utility
v Performance
v v Maturity
v Supportability
v 4 v Portability
v v 4 Functionality
v Correctness
v v v 4 v Reliability
v Usability
v Integrity
v v v v v Maintainability

The following features and different features to define
the quality of a software product from researchers,
organizations and various institutions have been
suggested that many of these features and the features of
different models of quality are the same. In Tablel, the
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number of outstanding qualitative models with features or
characteristics they'll pay more. Looking at the Tablel
above and the features that each quality model to evaluate
the quality of a system, capable of holding one of the
most widely used software features, we find The well-
known and popular models of quality, great position and
it is important to address.

Software maintainability, one of the most important
topics in the field of software quality.

Software maintenance, software product is able to be
changed. Changes could include maodifications,
enhancements or software adaptation to changing
environments and needs, and operational
characteristics.[10] There are two major phases in the
software life cycle: Phase of maintenance& phase of the
software development increase. Keeping a software
system, although apparently the final phase of the product
development cycle, but Yip showed that almost 66% of
the total cost of the software life cycle to be spent on
software maintenance phase.[11]

Because of the high cost of maintenance software, a
software client demand systems that are easier to
maintain, so the client software is often less potential
maintenance software tools that are learning it.[12]

Maintenance activities are generally carried out four
objectives:[13, 14]

e Corrective maintenance: changes to the software
to fix the system errors discovered after delivery is
carried out includes all changes that eliminate faulty
operation of the software.

e Adaptive maintenance: changes to the software
after delivery, can be used to keep the program in
place have been changed or are changing. Include
environmental changes needed to implement the
system with the system should be operated. For
example, changes to its work on a new hardware
platform, the new operating system.

o Perfective maintenance: changes to the software
product after delivery to improve performance or
the repair is done. Includes changes that organized
by the user's request. For example, such as add,
delete and  modify  functions,  rewriting
documentation, improve efficiency or improve ease
of use noted. Ideally this should repair operations
reliability and reduce repair or disrupt the structure
of the system components. Otherwise, changes are
coming gradually more difficult and the cost of their
implementation will be more and more expensive.

e Preventive maintenance: includes all the
improvements that makes a piece of software to be
repaired.

However, due to the imprecise nature of the
requirements in the early phase of production, evaluate
the effectiveness of the production process and customer
satisfaction can significantly to activities related
maintenance phase Due to the imprecise nature of some
of the engineering systems, including the ability to assess
the maintenance of the angles of analysis, variability, the
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ability to retrieve and test-taking ability
important.[15, 16]

is very

Application
Maintenance

Adaptive

Preventive

Fig.1. Objectives of Maintenance

It is also not uncommon in the software development
organizations that exert control over their developed
software maintenance. In addition, although the
evaluation software maintenance software developers
manage them, reluctant to share this information with
their clients. From the perspective of an organization's
software development resources to develop software runs
under the maintenance easier, the first cost-effective best
practices, But by providing a workable development costs
for software development and maintenance easier, more
income in the hands of the maintenance phase. The
maintenance can be performed by a number of factors,
including the characteristics of the code, enforcement of
maintenance conditions, tools used for maintenance and
affected. Besides the fact that technology is constantly
changing, meaning that the new standards for architecture
and design software systems are constantly being
established. But may be one of the standards on all
factors that can affect the maintenance of software
systems, not scientific.

Evaluation of predictive maintenance is a software
system based on existing information systems and effort
is spent on maintenance. The strengths and weaknesses of
experts, formal methods and compounds that have been
studied in the context of estimating software. Results
show that a combination of professional evaluation and
formal methods usually provide the best results.[17]

However, significant differences between the estimate
and assess the maintenance software development efforts
there, but there are similarities that suggest future studies
on the role of vocational assessment, it can also be useful
in the field of software maintenance.

Software maintenance is often costly. The strategy to
assess the full maintenance of software systems is very
important. Therefore, given the importance of assessing
the ability of software maintenance, this article provides a
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method based on adaptive fuzzy neural network to
evaluate the effectiveness of software maintenance.

Il. RELATED WORKS

In this section some works and studies in the field of
software maintenance pay.

Bandini and colleagues[18], three factors independent
of the complexity of the task of maintenance and the
ability to predict the performance of maintenance
programmer object-oriented systems examined. To scale
factor design complexity, size, interface, interaction and
complexity of the operation were selected argument. The
second factor is the duty of maintenance; two types of
corrective maintenance were selected.

Several problems by Kajko and colleagues[19] in
relation to the maintenance of software systems were
discussed and maintenance models for product and
process were presented separately. Product features
include the usual features, features variable maturity level
tracking features, etc., while in feature process,
responsibilities for maintenance management through the
entire life cycle of software.

The [20] fuzzy model to measure the amount of
maintenance software is used by Aggarwal et al. writers
consider four influential factors , namely, average
number of lived variables, average life expectancy of
variables, average complexity rotating . All inputs into
fuzzy values of low, medium and high were classified,
and in turn, keep the amount of very good, good, fair,
poor and very poor classified. All inputs and all 81 of the
model are presented. However, this model is not valid on
complex projects in the real world.

I1l. THE PROPOSED METHOD

A neuro fuzzy inference system, a neural network that
is based on Takagi-Sugeno fuzzy system. This method
was created in the early 1990s. Because of this system
unify neural network and fuzzy logic of the concepts with
each other,Both features can be used in a frame.[21]
View of ANFIS structure shown in Fig.2.

WIC1) WI2) WIG3)
B Equation (6)
—— E -
Membership Rule: Normalizati _ I
function AND Normalization  Defuzzification
Fig.2. ANFIS Structure
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In the first layer, all the nodes are adaptive and output
layer is the degree of input fuzzy membership that
relationship (1) is:

Oil = Ha, (x) =12

O = sy, ,(X) i=3,4 ()
ty (X) & gy (X) can be a fuzzy membership

function. For example, if the Gaussian membership
function used in equation (2) is calculated.

-(x—=; )?

202

Ha, (X ) =€ 2

o; and ci are the parameters of membership function

accordingly shaped Gaussian function.

In the second layer, nodes which are fixed and
expressed as a simple multiplier operate. This layer can
be output (3) stated:

2 .
O =w; =4, (x )ﬂsi (y)i=12 @)

This can be interpreted as the power to fire regulations.
The third layer is fixed and with N nodes shown and the
normal role of the fire power of the previous layer acts.
This layer has an output connection (4) is:

0?=w. L
w, +,

i=1, 2 @)

This layer can be interpreted normalized firepower.
The fourth layer, nodes, and output nodes comparative
product of the normal fire power and first-degree
polynomial model is primarily Sugeno. The output of this
layer can be in the form of equation (5) stated:

Oi4:mifi =
@, (P X +Q;Y +1,)

i=1, 2 )

The fifth layer is a fixed node labeled S is the sum of
the output signal input is expressed as Equation (6).

_ 2 Zmif
Ois=zmifi =2

W, +,

(6)

The task of learning algorithms for the ANFIS, the
parameters can be modified {ci and o; } and {r; and p;
and q;} output ANFIS to coordinate with the training data.
When the above parameters{c; and o; }are fixed output
ANFIS model can be expressed as Equation (7):
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fe—pe—2 g, ™

W, +, W, +,

By putting the equation (3) in equation (7) to (8) we
see:

f:w1f1+mzf2 (8)

And put the fuzzy rules in the equation (8) to (9) will
be:

f = (wlx )pl + (mly )ql + (ml)rl ©)
+H®@,X )P, +(@,Y )d, +(@,)r,

Delayed a linear order of the parameters are {r; and p;
and q;} to identify the optimal values of the parameters of
the least squares method is used. Least square method to
optimize parameters delayed with fixed parameters used
before. Once the optimal parameters were found posterior
immediately reverse course begins. Descending error
reduction method for setting optimal parameters related
priority fuzzy sets used in the input range.

ANFIS output using the parameters found in the path
forward will be calculated later. Output error to set the
parameters preceded by standard error propagation
algorithm is used.

We intend to continue using ANFIS to assess the
maintenance of their software. For training and testing the
network of data collection software projects are used.
This dataset contains 6 inputs and one output.[22] The
output value equal to the amount assessed for the ability
to maintain software is based aspects. The input data set
are as follows:

e Modularization: the libertine that shows how an
independent  software component is formed,
So that changes in one component does not have
much effect on others.

¢ Variability: in the amount that can be as efficient
and effective system of change that this change does
not have a devastating impact on system
performance. In fact, this criterion amount of user
effort, backup and system to implement reform by
the measure.

e Validation and Testing: This is the amount of
effort the user, backup and system test time
correction system or not, is measured.

¢ Ability to read: the amount of internal and external
documentation

¢ Return on investment: the amount of work value
due to the return on investment

e The size of the project team: the size of the team
and cycles
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Fig.3. Ability to Maintain Application Performance Assessment Model

Test Data
T

0.9

T T
O Target

L *  Output |4
0.8 " p
o
He o o}
ey @
o7t © 0% o S Lt ©
@ O & ©® g o
o0 0, ¢ * 5@ ) @
2 %% « e 2.°% we® o
0.6F ¢ * 04 erig Q-
o * g ) o .y *
&, O o % § e @ 5t
© L * 0o o o 2
05 ¥ 0 0 ocwL © * o1
R 4, O+ o0 ES & 65@0
Qt B .o ot o) & F R o .
0.4~ & ¥ %oy Q F ¥y % * T
& @ *
o % + -
0.3 o 4 o o |
- ¥
0.2 * ,
* *

01 id r r r r I r r 'r
0

Fig.4. Ability to Maintain Application Performance Assessment Model

One of the criteria used in the evaluation model, root
mean square error between the predicted and measured
values. RMSE is a useful tool for comparing the
forecasting errors. This value is calculated using the
following equation:

RMSE = (10)

This index first calculates the individual differences
observed with predicted values by the model and the
power of the heart. The square root of the mean
difference and the number of offers is the same
RMSE.[23] This index is a measure of accuracy. If the
model is generally consistent with the data better , the
amount is less.[23] The diagram in Fig5, root mean
square error for the model shown.
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RMSE = 0.34331
15
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Fig.5. Error Diagram for Model

As can be seen in Fig5, the square root of the sum of
squared errors of the proposed method is equivalent to
0.34331 Good value for this standard. Fig6 shows the
mean value and standard deviation of error in the model
with histograms. STD is one of the indicators that show
the distribution of data on average how much the average
value away.[24] If the standard deviation of the data set
is close to zero, it means that the data are close to the
average and dispersion are small, while large standard
deviation indicates a significant distribution data.
Standard deviation equal to the square root of the
variance.[25] As can be seen in Fig6, STD of the
proposed method is equivalent to 0.33972

Error: mean = 0.060047, std = 0.33972
40 T T T T

Fig.6. The Mean Value and Standard Deviation of Error with the
Proposed Model Charts Histfit

IV. CONCLUSION

In this paper, the evaluation of the importance of
maintenance software, to provide a method based on
adaptive fuzzy neural network to assess the ability of
maintenance software. More than 70 percent data and 30
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percent training data we use to test the network. In this
system, the root mean square error was equal to 0.34331
with respect to the content, accuracy and performance of
the proposed method is suitable for evaluating the
capability of software maintenance.
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