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1. Introduction

Dependency on computer aided systems is rapidly increasing day by day
and the software systems operating on it. However this quality of service by the
system is degraded by some software failures or faults to meet the required
level of performance and this make many of the people to strike off these

softwares.

1.1 Software Reliability and its Assessment
Software Reliability Engineering (SRE) is the discipline that helps the
organizations to improve the quality of their products and processes. The
American Institute of Aeronautics and Astronautics (AIAA) defines SRE as "the
application of statistical techniques to data collected during system
development and operation to specify, predict, estimate, and assess the
reliability of software-based systems"[8]. Among the attributes of software
quality, reliability is generally accepted as one of the major factor in software
quality since it quantifies the failures. Software Reliability is expressed in
execution time [102] [103]. There are three main factors on which the Software
Reliability can be judged.
e Fault: The result that causes from the mistakes in the software is called
as a fault (faulty instruction(s) or data).
e Error: When invocating a faulty instruction or a data by an appropriate
input pattern, the fault produces an error
e Failure: If the erroneous data affect the delivered service (in value and/or

in the timing of their delivery), failure occurs.

1.2 Neuro Fuzzy Models

The idea of a Neuro Fuzzy system is to find the parameters of a fuzzy
system by means of learning methods obtained from Neural Networks. Here,
the basic properties of Neuro Fuzzy systems are discussed. The learning

techniques that can be used to create fuzzy systems for data; a common way to
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apply a learning algorithm to a fuzzy system is to represent it in a special
neural-network-like architecture. Then a learning algorithm - such as back
propagation — is used to train the system. The Structure of Adaptive Neuro

Fuzzy Inference System is shown in Figure 1.

Figure 1: Structure of Adaptive Neuro Fuzzy Inference System.

2. Research Problems

With the rapid development of technology people are tend to depend
mainly on the computer aided systems in which the major role is plays by
the Operating Softwares(OS) and the application softwares. There is
dramatic change in the usage of softwares in the recent years and a wide
variety of application softwares are developed to meet the requirements for
every area of human life ranging from scientific researchers to kids at
kindergarten. In comparison with advancements of hardware components,
software achieves less progress caring a larger burden of the total system.
The potential of integrating the independently developed software into such
hardware system has enabled software designers to develop high complex
systems. However, in comparison to the hardware technology, the software
technology has not succeeded in keeping measures such as quality.

Software reports major source of outages in many systems.



From the two scenarios it is clear that the failures of software system carry

huge disaster impacting a lot for human lives. This thesis discuss about the

stochastic Software Reliability modeling with Neuro Fuzzy approach that

can be utilized at the time of development. Keeping in view of the above

discussions, a Neuro Fuzzy based approach is designed in this thesis based

on the evaluated metrics Normalized MTBF and Availability to arrive at the

best assessment of the Software Reliability for a given dataset of Software

observations, the Problem is defined under the title:

“Software Reliability Assessment using Neuro Fuzzy System”

3. Research Objectives

The following objectives are set in the research study:

To review and examine the literature on Software Reliability in relation
with Availability, MTBF and reliability estimation models and the
available metrics.

To identify the factors that affect the Software Reliability at the design
phase of SDLC(Software Development Life Cycle)

To collect the datasets of software programs from running software with
the appropriate runtime errors that is useful for the assessment.

To formulate a theoretical analysis for the evaluation of the metrics used
for assessment and development of model.

To develop a model for the assessment of Software Reliability based on
Neuro Fuzzy Systems approach and to implement it.

To compare the performance of proposed model against conventional FIS
(Fuzzy Inference System) models based on evaluation and validation
metrics to prove that the proposed model is the promising one than the
others.

To validate the proposed model both theoretically and statistically.



4. Research Contributions

To overcome the problems identified in literature survey, the research will
use machine learning techniques [158] like Neural Networks, fuzzy-logic
approaches for the effective assessment of the Software Reliability after the
extensive survey of existing machine learing techniques for the improvement of
Software Reliability [74][87][91]. In this research, a combined advantage of
theoretical aspects of Artificial Neural Networks and Fuzzy Inference Systems
for Software Reliability estimation and modeling is discussed and shown that it
is a promising technique in all aspects when compared to all other existing

techniques for assessing the Software Reliability [37].

4.1 Proposed Approach for Reliability Assessment

After observed different issues in predicting the Software Reliability
[75][90] and also different levels of severity faced by organizations in the case of
reliability issues [80], An attempt has been made to implement a model based
on the Neuro Fuzzy System.

A generalized block diagram of the proposed approach is shown in the
Figure 2. Fuzzy rules employed for the proposed modelare:

» If MTBF (Mean time Between Failure) >0.8 & availability >0.8 then

reliability is very high
If 0.7<MTBF <0.8 & 0.7< availability <0.8 then reliability is high
If 0.6<MTBF <0.7 & 0.6<availability <0.7 then reliability is moderate
If 0.5<MTBF <0.6 & 0.5< availability <0.6 then reliability is low
» If 0.4<MTBF <0.3 & 0.4<availability <0.3 then reliability is very low

YV V V

These phases are as follows:
4.1.1 Identification Phase

The objectives of identification phase are:

1. To identify the reliability factors.

2. To evaluate a mathematical analysis for the approximation constraints.
4.1.2 Quantification Phase

The objectives of the quantification phase are:
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1. To identify the how the factors are linked with reliability.

2. To evaluate a mathematical analysis for the relationship.
4.1.3 Measurement Phase

The objectives of the measurement phase are

1. To assess the metrics for the estimation of reliability.

2. To conduct the experiments for the generation of results.
4.1.4 Verification and Validation Phase

The objectives of verification and validation phase are

1. To verify the model’s effectiveness in the assessment of reliability.

2. To compare and validate the reliability model with conventional models.
4.1.5 Finalization Phase

The objectives of finalization phase are

1. To incorporate the changes and suggestions.

2. To finalize the metrics and model for assessment.
4.1.6 Review & Revisions

There is a review and revision of output of every phase for the refinement

of the study. The review and review process is depicted in Figure 3.2.

=

Z20-"HpO"="g200"

Z0-"HpO0" "2 A

Figure 2: Process Flow of the Proposed Approach
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4.2Implementation of the Proposed Approach

The Figure 3 shows the steps to be followed for implementation of the approach
[79]. The values of 2 parameters Normalized MTBF and availability are given as
input at the input layer of Neural Network.Sigmoid fuzzy membership function
at the hidden layer of neural network is applied and the Software Reliability
approximated value is found out. During validation, the values assessed using
conventional FIS system and the value obtained from the proposed Neuro
Fuzzy systems based model will be compared against two evaluation criteria

like MSE (Mean Squared Error) and Average Error (AE).

Software Reliability Software Reliability Software Reliability
Factors/Parameters > Factors/Parameters > Assessment
Identification Quantification Phase
Phase Phase

Valuel Value2 [ Value N

ClD '

y
Fuzzy membership Function (sigmoid) ‘

Output Q

|

Verification and Validation Phase

\ 4

Finalization

Figure 3: Proposed Neuro Fuzzy based Model of Software Reliability Assessment



4.3 Mathematical Analysis
In this research sigmoid based fuzzy membership function is used for
assessment.

A sigmoid MF is defined as

f(x,a,c) o)

Depending on the sign of the parameter a, the sigmoid membership
function is inherently open to the right or to the left, and thus is appropriate

for representing concepts such as "very large" or "very negative."
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Figure4: The Membership Function of the Proposed Model

The profile of the proposed model is shown in Figure 5.
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Figure5: Profile of the Proposed Model



Mathematical approximation of proposal model metrics

For approximating the values of the proposed model metrics, a quantitative
approach is adopted for calculating the appropriate results. The formula that
has been used to calculate approximated values is defined as:
Formula: Ca (xj) = C (a) - h X f(a), based on Euler’s theorem

Where, C (a) = Set of Measured values.

‘h’ can be derived by,
X1 +xXon h

Where, n= no. of values in the dataset. xo= 0 and x; =1 (since the
probability ranges from O to 1). Here %’ is MTBF. f(a) can be function, denoted
as, f(a)=MTBF/(1+MTBF)

Ca (xi) is the set of values to be approximated.

Procedure for ‘h’ Calculation
Let us take, x0=0 and x;=1then, 1=0+ 17 *h
h=1/17 = 0.058

4.4 Emperical Validation

Verification is the process of determining whether the output of one phase
of Software Development confirms to that of its previous phase. Validation is
the process of determining whether a fully developed system/model/framework
confirms to its requirement specification or not. It is also carried out to analyze
the validity of model as a whole and phase wise. Validation activities need to be
done both theoretically and practically. In the thesis, validation is done to
check about the functionality of the proposed model with respect to the given
dataset. Validation also helps to find out whether the proposed model offers
more advantages than the traditional models. An analysis of Software
Reliability assessment based on Neuro Fuzzy Systems to arrive at the

conclusion about how to perform validation process [77].



The trained NF system in Figure 6 is then tested for the 17 inputs and the

results are compared against test data and FIS output and comparison plot is

shown in Figure 7.
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Figure 6: Real time Design of Neuro Fuzzy Structure
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Figure 7: Test Data Vs FIS Output

It shows 0.1571, 0.2140 as NRMSE, RMSE values respectively. The plot of
the expected and the output of the NF system for the different inputs are

shown in Figure 7.




4.5 Data Collection

To validate the proposed model, 17 programs of Glace EMR Medical Billing
Software are taken (on which researcher has worked previously as a Software
Engineer at L Cube Innovative Solutions Pvt. Ltd.). The dataset contains failure
observations of 17 programs in Glace EMR Billing Software. Table 1 shows all
the 17 projects and the information recorded. The data represents a variety of
applications in Glace EMR Billing and is recorded in the 2013. The application
types are Patient Registration, Service Entry, Reports, Online Patient Insurance
Verification applications. The attributes recorded for each software are
Software Code, Type of Application, Size of Software (in Lines of Code (LOC)),
Number of Failures.

Table 1: Software Reliability Data Project Information

Software | Type of Application Size(LOC) | No. of Failures

GEO1 Patient Registration 22,300 14
GEO2 Patient Registration 10,500 25
GEO3 Patient Registration 9,800 21
GEO0O4 Patient Registration 31,870 39
GEOS Patient Registration 12,400 48
GEO06 Service Entry 4,870 36
GEO7 Service Entry 26,490 35
GEOS8 Service Entry 23,400 35
GEO9 Service Entry 21,700 45
GE10 Reports 10,890 10
GE1l1 Reports 28,740 58
GE12 Reports 36,350 54
GE13 Online Patient Insurance 61,800 32
GE14 Online Patient Insurance 34,700 21
GE15 Online Patient Insurance 39,800 52
GE16 Online Patient Insurance 43,200 58
GE17 Online Patient Insurance 44 600 56

4.6 Parameters used for Measurement and Validation
The researchers identified the parameters based on two observations
through a revisit of hybrid combination of the parameters used for the

assessment of Software Reliability [76].
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Software Reliability is measured in terms of Mean Time Between Failures
(MTBF). MTBF consists of Mean Time To Failure (MTTF) and Mean Time To
Repair(MTTR). MTTF is the difference of time between two consecutive failures
and MTTR is the time required to fix the failure.The relationship between

MTTF, MTTR, MTBF is shown in Figure 8.
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Figure 8: Relationship between MTTF, MTTR, MTBF
Methods to Assess Software Reliability

There are two methods to assess the software reliability:

e Counting failures at periodic intervals of time(u(r))

e Based on Failure Density(A(t)):
For the research, the researcher has used the “Counting failures at periodic
intervals of time(u(r))” method. According to this method, the failures are

observed at two intervals of time 1’ and x2’. The value of different parameters

is calculated as:
Software Reliability = MTBF / (1+MTBF).
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Normalized MTBF = (sum of MTBF values observed)/ number of readings.
Availability = MTBF/(MTBF+MTTR) , is the likelihood that a software

system will work at a given time.

4.7 Parameters Estimation and Experimental Results

The experiments are conducted to prove that the proposed approach gives
better results than the conventional Fuzzy Inference System (FIS) and other
traditional Software Reliability assessment models. The MATLAB software has

been used as a base for conducting the experiments.

4.7.1 Parameters Estimation

The calculations of normalized Mean Time Between Failures (MTBF) and
availability are done mathematically and the results are shown in Table 3 and
table 4 respectively. To conduct the experiments the dataset is recorded based
on the factors like total production time, uptime, downtime, No. of breakdowns
at two intervals of time %1’ and X2’ and the recorded values are shown in Table
2.

Table 2: Production Time Analysis for the Program Dataset

S.No | Program producti | Uptime Uptime(x2 | Downtime( | Downtime(x | No. of No. of
# on time (x1) ) x1) 2) breakdowns(x | breakdow
1) ns(x2)

1 GEO1 256 216 202 40 54 3 11

2 GEO02 324 260 203 64 121 9 16

3 GEO03 236 168 154 68 82 2 19

4 GEO04 600 450 435 150 165 16 23

5 GEO5 371 300 265 71 106 13 35

6 GEO06 447 430 410 17 37 15 21

7 GEOQO7 865 560 525 305 340 10 25

8 GEO0S8 843 615 575 228 268 4 31

9 GEQ09 943 720 706 223 237 17 28

10 GE10 135 85 78 50 57 4 6

11 GE1l1 242 130 132 112 110 36 22

12 GE12 369 240 206 129 163 24 30

13 GE13 122 68 64 54 58 23 9

14 GE14 107 72 74 35 33 6 15

15 GE15 371 265 253 106 118 18 34

16 GE16 453 370 398 83 55 21 37

17 GE17 325 285 256 40 69 27 29

Calculations
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For all observations, the following parameters can be calculated as follows:
Total Production time= Uptime+ down time

MTBF= Total uptime (total time- total downtime) for all observations

Number of Breakdowns

MTTR= Total downtime for all observations

Number of breakdowns
Avalilability (For Repairable software systems) = MTBF
(MTBF+ MTTR)

A new automated java program for Software Reliability calculation,

Approximation based on Euler’s mathematical theorem [159] is presented.

Table 3: Calculation of MTBF & MTTR

S.No. Program MTTF MTTR MTBF
1 GEO1 0 9.12 45.18
2 GEO2 0 7.336 20.78
3 GEO3 0 19.158 46.05
4 GEO0O4 0 8.25 23.51
5 GEOS 0 4.25 15.32
6 GEO6 0 1.447 24.09
7 GEOQO7 0 22.05 38.5
8 GEO0S8 0 32.82 86.14
9 GEO09 0 10.791 33.784
10 GE10 0 11 17.12
11 GE11 0 4.056 4.80
12 GE12 0 5.042 8.43
13 GE13 0 4.396 5.03
14 GE14 0 4.016 8.46
15 GE15 0 4.679 11.08
16 GE1l6 0 2.719 14.18
17 GE17 0 1.93 9.69

Table 4: Calculation of Availability
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S.No. | Program MTTR | MTBF | Availability
1 GEO1 9.12 45.18 0.832
2 GEO2 7.336 20.78 0.739
3 GEO3 19.158 |46.05 0.706
4 GEO4 8.25 23.51 0.739
5 GEOS 4.25 15.32 0.783
6 GEO6 1.447 24.09 0.943
7 GEOQO7 22.05 38.5 0.635
8 GEOS8 32.82 86.14 0.724
9 GEO9 10.791 |33.784 |0.757
10 GE10 11 17.12 0.608
11 GE1l1 4.056 4.80 0.543
12 GE12 5.042 8.43 0.609
13 GE13 4.396 5.03 0.533
14 GE14 4.016 8.46 0.678
15 GE15 4.679 11.08 0.703
16 GE1l6 2.719 14.18 0.839
17 GE17 1.93 9.69 0.833

The ratio of Availability, MTTR and MTBF w.r.t. number of programs in

the dataset is represented in Figure 9, Figure 10, Figurell respectively.
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Figure 9: Analysis of Availability Ratio w.r.t. Number of Programs
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Figure 11: Analysis of MTBF Ratio w.r.t. Number of Programs

4.7.2 Implementation of the Proposed Approach through MATLAB
The experiment is conducted with the 17 programs of Glace EMR Medical

Billing. The analysis is done using FIS (fuzzy interference system) and the
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proposed Neuro Fuzzy model in MATLAB environment. The Fuzzy Inference
Systems based model is presented with the parameters Normalized MTBF and
availability in Figure 12. The generated membership function based on
employed fuzzy IF-THEN rules ranging from “very low” to “very high” are shown
in Figure 13. The dataset will be given as training data to ANFIS systems and
the comparison between ANFIS output and FIS output is shown in Figure 14.
The sequence of the steps from feeding of the input to generation of output at
different layers of Neuro Fuzzy System like input, processing of input through
membership function and Fuzzy IF-THEN rules, the generation of output is
shown in Figure 15. The generated error after learning of inputs through
training is based on number of epochs in Figure 16. Finally, the performance
level of the proposed approach for conversion of input space to output space is

depicted as a surface in Figure 17.
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Figure 15: Neuro Fuzzy Structure
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4.8 Theoretical Validation

The theoretical validation is performed using mathematical approximation
of assessed software reliability using the proposed approach. This
mathematical approximation is based on Euler’s theorem. A theoretical
valuation is done with the formula mentioned in the context. Five iterations are
performed for getting the accuracy level of the Approximated Software
Reliability and the results are shown in Table 5, Table 6, Table 7, Table 8,

Table 9 respectively as follows:
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1st Iteration

Table 5: Calculation of Reliability & its Approximation at 1st Iteration

X | y(Measured Value) f(a)=MTBF/(1+MTBF) | Approximated value=y - h * f(a)
1 45.18 0.97835 45.123
2 20.78 0.95409 20.725
3 46.05 0.97875 45.993
4 23.51 0.9592 23.454
S 15.32 0.93873 15.266
6 24.09 0.96014 24.034
7 38.5 0.97468 38.443
8 86.14 0.98852 86.083
9 33.78 0.97125 33.728
10 17.12 0.94481 17.065
11 4.8 0.82759 4.752
12 8.43 0.89396 8.378
13 5.03 0.83416 4.982
14 8.46 0.89429 8.408
15 11.08 0.91722 11.027
16 14.18 0.93412 14.126
17 9.69 0.90645 9.637
2nd jteration

Table 6: Calculation of Reliability & its Approximation at 2»d Iteration
X | y(Measured Value) | fla)=MTBF/(1+MTBF) | Approximated value=y - h * fla)
1 45.12 0.97832 45.07
2 20.73 0.95397 20.67
3 45.99 0.97872 45.94
4 23.45 0.95911 23.4
S 15.27 0.93852 15.21
6 24.03 0.96005 23.98
7 38.44 0.97465 38.39
8 86.08 0.98852 86.03
9 33.73 0.9712 33.67
10 17.07 0.94464 17.01
11 4.752 0.82615 4.704
12 8.378 0.89337 8.326
13 4.982 0.83283 4.934
14 8.408 0.89371 8.356
15 11.03 0.91685 10.97
16 14.13 0.93389 14.07
17 9.637 0.90599 9.584
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3rd Iteration

Table 7: Calculation of Reliability & its Approximation at 31 Iteration

X | y(Measured Value) | fla)=MTBF/(1+MTBF) | Approximated value=y - h * f(a)
1 45.07 0.97829 45.01
2 20.67 0.95385 20.62
3 45.94 0.97869 45.88
4 23.4 0.95901 23.34
5 15.21 0.93832 15.16
6 23.98 0.95996 23.92
7 38.39 0.97461 38.33
8 86.03 0.98851 85.97
9 33.67 0.97116 33.62
10 17.01 0.94448 16.96
11 4.704 0.82468 4.656
12 8.326 0.89277 8.274
13 4.934 0.83148 4.886
14 8.356 0.89312 8.304
15 10.97 0.91649 10.92
16 14.07 0.93365 14.02
17 9.584 0.90552 9.531
4th Jteration
Table 8: Calculation of Reliability & its Approximation at 4th Iteration

X | y(Measured Value) | fla)=MTBF/(1+MTBF) | Approximated value=y - h * fla)
1 45.01 0.97827 44.952
2 20.62 0.95374 20.56
3 45.88 0.97867 45.822
4 23.34 0.95892 23.286
S 15.16 0.93811 15.104
6 23.92 0.95987 23.866
7 38.33 0.97457 38.272
8 85.97 0.9885 85.912
9 33.62 0.97111 33.56
10 16.96 0.94431 16.9
11 4.656 0.8232 4.608
12 8.274 0.89217 8.222
13 4.886 0.83011 4.838
14 8.304 0.89252 8.252
15 10.92 0.91611 10.868
16 14.02 0.93341 13.964
17 9.531 0.90504 9.479
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5th Jteration

Table 9: Calculation of Reliability & its Approximation at 5t Iteration

X | y(Measured Value) | fla)=MTBF/(1+MTBF) | Approximated value=y - h * f(a)
1 44.95 0.97824 44.895
2 20.56 0.95362 20.505
3 45.82 0.97864 45.765
4 23.29 0.95882 23.23
5 15.1 0.9379 15.05
6 23.87 0.95978 23.81
7 38.27 0.97454 38.215
8 85.91 0.98849 85.855
9 33.56 0.97106 33.504
10 16.9 0.94413 16.845
11 4.608 0.82168 4.56
12 8.222 0.89156 8.17
13 4.838 0.82871 4.79
14 8.252 0.89192 8.2
15 10.87 0.91574 10.815
16 13.96 0.93317 13.91
17 9.479 0.90457 9.427

% Reliability= (Average of Approximated vales/ Average of observed

Values) x 100

% Reliability after S5tk iteration = (23.973/ 24.027)*100=0.9977=99.77%

In 5th iteration, as the study got 99.77% so iteration process will be

stopped, since the occurrence of good approximated % of reliability.

4.9 Statistical Validation

A statistical hypothesis is an assertion or conjecture concerning one or

more population. To prove that a hypothesis is true, or false, with absolute

certainty, we would need absolute knowledge, hypothesis testing concerns on

how to use a random sample to judge if it is evidence that supports or not the

hypothesis.
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4.9.1 Hypothesis Testing

Hypothesis testing or significance testing is a method for testing a claim or
hypothesis about a parameter in a population, using data measured in a
sample. For obtaining the significance of the approach, the researcher has
proposed a null hypothesis as well as an alternate hypothesis. The hypothesis
is tested through chi-square test. The objective is to reject the null hypothesis

and accept the alternate one. The hypotheses are as follows:

HO: Reliability estimates obtained through MTBF and availability are not
significantly comparable/close to those obtained from mathematical
approximated values theoretically.

Ha: Reliability estimates obtained through MTBF and availability are
significantly comparable/close to those obtained from mathematical

approximated values theoretically.

4.9.2 Chi-Square Test for Aprroximated Software Reliability

2
A chi-squared test, also referred to as X test (or chi-square test). The chi-
square test is always testing what scientists call the null hypothesis, which
states that there is no significant difference between the expected and observed

result [154].

Calculation of Chi-Square variable for Approximated Software Reliability

The Chi- Square test is performed on MTBF values of all 17 programs of
dataset. Table 3 shows values of MTBF and MTTR which reflects that for all 17
software systems, all of the metrics are highly correlated with each other, with

measured MTBF values and Approximated Software Reliability being the most

2
significantly correlated. In order to further assure, X test has been used for
testing the proposed null hypothesis. The results of chi-sqaure test are

presented in Table 10.
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Table 10: Calculation of Chi-Square for Approximated Software Reliability (SR)

X | Observed Expected Frequency(e;) | fi-e; (fi-ei)/ ei?

1 45.18 1.426104 43.7539 21.51366
2 20.78 1.426104 19.3539 9.516256
3 46.05 1.426104 44,6239 21.94144
4 23.51 1.426104 22.0839 10.85859
) 15.32 1.426104 13.8939 6.83159
6 24.09 1.426104 22.6639 11.14377
7 38.5 1.426104 37.0739 18.22913
8 86.14 1.426104 84.7139 41.65357
9 33.784 1.426104 32.3579 15.91028
10 17.12 1.426104 15.6939 7.716644
11 4.80 1.426104 3.373896 1.658935
12 8.43 1.426104 7.003896 3.443795
13 5.03 1.426104 3.603896 1.772025
14 8.46 1.426104 7.033896 3.458546
15 11.08 1.426104 9.653896 4.746792
16 14.18 1.426104 12.7539 6.271055
17 9.69 1.426104 8.263896 4.063333

From the Table 10 by finding out the average of chi-square variable the value

obtained is: XE = 11.21938. The computed value of chi-square 11.21938 is
greater than the critical value of chi-square for 1 degree of freedom at 0.05 level
of significance, which is 3.84. The test indicates that there is significant
relationship between approximated Software Reliability and the measured
values of MTBF of the dataset of all 17 systems at 0.05 level of significance.
Hence, Null Hypothesis is strongly rejected and alternate hypothesis is

accepted.

4.10 Comparison of Proposed Approach with conventional Fuzzy System
The inputs to the Neuro Fuzzy system are Normalized MTBF and
availability which is shown in the Figure 13. The researcher has noted down
that for the reliability, the outcome from the conventional system is 84.5 %
and from the proposed approach is 95.5 % using MATLAB software tool. The
followingprogram has been run in MATLAB environment and produces the

results of validation.
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MATLAB Program for Practical Validation

clear

% MTBF input

aa= VECTOR OF MTBF VALUES;
af=aa./mean(aa);

% Availability Input

b= VECTOR OF AVAILABILITY VALUES;

% Read the FIS structure named as RELB
F=readfis('RELB.fis');

% Evalate the input with the given fuzzy structre
ff=evalfis([aa./max(aa)+.7,b+.7]',F)

% this section is regarding ANFIS

% train the data for it give MTBF and Availability as inputs
trnData = [af , b];

numMFs = 7;

mfType = 'dsigmf’;

epoch_n = 100;

% generate a new anfis with this training data
in_fis = genfis1(trnData,numMFs,mfType);
out_fis = anfis(trnData,in_fis,60);

ff

mean(ff)

% evaluate the data with input anfis structure
oo=evalfis([b]',out_fis)'

mean(0o)

The results obtained are shown in Figure 18. From the above the

performance assessment, the improvement of 11% is achieved with the

proposed approach. The evaluation criteria like Mean Squared Error(MSE) and

Average Error(AE) [155] are used to evaluate the proposed model performance

against conventional Fuzzy Inference System(FIS) based approach.
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MSE-= ((Theoretical validation Value- practical Validation Value)/ Total no of readings)?

MSE= ((99.77-95.5)./17).2/2=0.061038
AE = ((Theoretical validation Value- practical Validation Value)/ Total no of

readings)=0.247;

AE= ((99.77-95.5)./17)=0.0247

Figure 18 shows the results obtained through the experiment done using
MATLAB for obtaining the Reliability Assessment differences between
conventional FIS and the proposed approach. The performance comparison

table is prepared based on MSE and AE and shown in the Table 11.

40 o.0Z2Z924c05
471 o.0284017
Step size decreases to 0.003874 after epoch <41 .
a2 Oo.0Z293422
43 o.0Z283242
44 o.0Z923003
45 Oo.0Z283445
Step sSsirze decreases to 0.003487 after epoch 450
4 s O .0Z9sz2a28
47 o.0zZ83197
48 o.02904459
a4 Oo.0Z2Z84213
Step size decreases to 0.0032138 after spoch 49.
50 o.0zZ87421
L= o._.0Z85112
52 o.0zZ87124
53 Oo.0Z84c93
Step size decreases to 0.002824 after epoch 530
54 o.0zZae87e
55 o.0283845
5a Oo.0Z86851
57 o.0zZ83855
Step size decreases to 0.002542 after epoch 57 ..
58 o.0Z8e837
59 o.0z283417
[=3a] Oo.0Z8c2302
Designated sepoch number reached —>» ANFIS training completed at =3
Percentage of reliability with FIs 0O0.84846
Percentagse of reliakility with ANFIS O0.295543
L
- *

Figure 18: Practical Validation of the Reliability Percentage obtained using
MATLAB

Table 11: Performance Comparison between FIS & ANFIS of SR Estimation

Method MSE AE
FIS 0.799 0.894
ANFIS 0.061 0.247
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5. Significance of Study

This study seems to have the following significance:

The research will provide an insight to the software developers and
testers to agree with high quality software.

Software Reliability measures suggested may be embedded in an
organizations and software engineering process to produce more
improved software as far as quality is concerned under techno-economic
and reliability constraints.

It may help to understand the design aspect of the software system
clearly, so that development of the system will be made easy by
monitoring the reliability.

It may help to provide best estimation of Software Reliability, so that
developers can get clear estimation of total software development cost.

It facilitates the planning of new activities.

The proposed model for reliability assessment based on Neuro Fuzzy
Systems helps to come out with good availability, MTBF and Reliability
estimation models with wider acceptability.

It also helps future researches in the Neuro Fuzzy based systems to
develop new approaches.

The proposed approach may find a place among the measurement tools

for assessing the Software Reliability based on Neuro Fuzzy Systems.

6. Future Work and Suggestions

Research is a continuing activity. As a future researcher plans the

following tasks are to be completed:

» The researcher plans to predict Software Reliability using hybrid

intelligent system. In addition to neural network model genetic

programming can be applied further.

» The researcher plans to develop a novel recurrent architecture for

Genetic Programming (GP) and Group Method of Data Handling (GMDH)
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>

>

and also GMR(Group Maturity Rating) in combination of Fuzzy logic for
predicting Software Reliability.

The researchers may plan to conduct more experiments on real time
projects data to derive more clear conclusions about the metrics and
models values.

Accuracy of the Fuzzy Rule Generation for the Fuzzy Inference System

can further be improved with decision tree techniques.

7. Limitations and Delimitations

As every coin has two faces. The proposed work too suffers from the following

limitations:

>
>

This approach is tested on a smaller dataset using one software only.

It would be more accurate if it has been tested on multiple datasets on
different software outcomes.

The Neuro Fuzzy system also suffers from stability issues, where the
output may not retain the same all the time.

High values of MTBF and Availability increases the Software Reliability,
means there exists a linear relation between the parameters considered.
The approach can be used to demonstrate how to measure Software
Reliability only but doesn’t demonstrate how to maximize them for the

betterment of Software Reliability.

» The model is validated with only a small dataset(l17 programs of

GlaceEMR software).

The research concentrated on reliability factors like availability, MTBF and

uptime, downtime, number of breakdowns only.

8. Thesis Outline

This thesis on Neuro Fuzzy model based Software Reliability assessment is

organized as:

Chapter 2 explains vividly about the literature review on Software Reliability,

Software Reliability Engineering process, Neural Networks, Fuzzy Logic, Neuro
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Fuzzy models and the earlier approaches that are present on the same context
for the assessment of Software Reliability, its flaw and overcoming. It also
stress on the reliability model used in the research. It mainly focus on the need
of reliability, importance of reliability assessment, with existing literature and
the research gaps in the existing literature and what needs to be done.
Chapter 3 mainly focuses on fuzzy modeling and Neuro Fuzzy modeling,
relation between the findings and the approach used in the models. It also
provides the mathematical analysis of the proposed approach of Neuro Fuzzy m
odel for Software Reliability Assessment. It presents the model with five phases
like Identification Phase, Quantification Phase, Measurement Phase,
Verification and Validation Phase and Finalization Phase. The review and
revision is also done at every phase of the proposed approach for the effective
assessment of Software Reliability.

Chapter 4 shows the implementation of the model under different experimental
datasets. Also, analyses the performance and evaluates the outcome of the
conventional FIS based system of Software Reliability Assessment and the
current approach. The implementation and validation is done using the
MATLAB software environment.

Chapter 5 ends up with the conclusions, significance of the research, research
findings and suggestions for future work and the limitations of the approach.
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