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Abstract: This paper does a wide-ranging review on object oriented software Reliability, and put forth some
appropriate information about design level Reliability. Reliability has been recognized as a major factor to software
quality, an importance is being drawn to measure reliability early in development life cycle. In this study a metrics
based Reliability Estimation Model for object oriented design has been developed. A suit of design metrics useful in
measuring Reliability of software has been identified. Developed model measures the reliability of object oriented
design in terms of ‘Effectiveness’ and ‘Functionality. The study shows a relationship among ‘design properties with
reliability key factors Effectiveness and Functionality in accordance with its anticipated weight and significance.
Finally the developed model has been empirically validated and contextual interpretation has been drawn using

industrial software projects.
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. INTRODUCTION

In today’s world, the significance of producing quality
oriented software is no longer a beneficial but a required
factor. Regrettably, the majority of the software companies
not only fails to deliver quality software to their
customers, but in addition does not recognize the
appropriate quality attributes [3]. The development of
quality oriented software still leftovers a matter of proper
guidelines, finest practices and undocumented expert
knowledge. In the highly competitive software industry,
customer pressure causes Companies to go faster the speed
to deliver software products [4]. Though Schedules are
frequently tightly limited; developers are required to
weigh the importance of software quality against the
possibility of missing deadlines. For meeting the objective,
‘on time delivery’ testing time is normally reduced, which
increases the prospective for defects, leading to problems
with the final products.

This includes unfinished design, poor quality, high
maintenance costs, and the risk of losing customer
satisfaction. According to statistical information, more
than 80% of all software delivered in the United States is
not reviewed for defects, at a cost to the state economy of
tens of billions of dollars each year [18]. Under these
situations, software quality tends to suffer leading to
severe consequences.

Software reliability is a key characteristic for software
quality and is an essential factor to measure software
failures [1]. Software Reliability is the property of
referring ‘how well software meets its specified
requirements’ and moreover ‘the possibility of failure free
operation for the particular period of time in a specified
environment’ [2].There are several mechanisms to makes
the system more reliable [6]. Among several mechanisms
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object oriented design is one of the significant approach to
measure reliability early in development life cycle. There
is a common consensus among industry professionals and
academicians in integrating Reliability within the
development life cycle in order to deliver quality software.
After the above conversation our conclusion is that
Reliability is a quality factor [21].The goal of increasing
the Reliability of software is not just to detect defects but
more importantly, to detect defects as soon as they are
initiated [22]. Therefore, reducing the price and overall
time to fix the bug and producing higher quality reliable
software each build of the release of development cycle.

. RELIABILITY CRITERIA

Criteria are the characteristics which categorize the
software quality factors. The criteria of the factors are the
attributes of the software product by which the factor can
be measured or characterized. Quality Criteria provide a
more accurate and authentic definition of factors as well as
common Criteria among factors facilitate to show the
correlation among factors [12, 19]. Moreover design
Criteria allow Estimation and review design metrics to be
developed with greater acceptance and provide consent to
recognize that area of software quality factors which may
not be up to an acceptable standard [23]. After an
exhaustive literature review it is appeared, Effectiveness
and functionality are two of the most important reliability
criteria [9].1ts proper Estimation always support and help
the designers to produce good quality reliable product
within specified constraints.

1. RELIABILITY CRITERIA
Object oriented technology direct the designers and
developers what to take and what to avoid from [20]. A
Number of measures have been defined so far to assess
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object oriented design. There are a range of important
themes of object oriented design that are recognized to be
the basis of internal quality of object oriented software and
help in the context of Estimation. These themes
extensively take account of encapsulation, coupling,
cohesion and inheritance [14, 16, 17].

Tablel: OO Design Constructs Contributing in
Reliability Estimation At Design Phase: A
Critical Look
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V. MODEL DEVELOPMENT
The generic quality model [11, 19] has been considered as
a basis to develop the Reliability Estimation model for
object oriented design.

Quantification of design diagram Effectiveness and
Functionality is precondition for the Reliability Estimation
Model. For that reason before developing reliability
model, the research paper has developed 2 models for
Effectiveness and Functionality. In order to develop all the
models given below multivariate linear model has applied
[11, 13].

|Y:H+Q*X1+ﬁz*xz+ ...... +0,% X, +¢ (l)l

V. EFFECTIVENESS ESTIMATION MODEL
Effectiveness is strongly related to reliability and regularly
plays a key role to deliver high class, best quality reliable
software within time and given budget [15]. It is one of the
most important notions in design for testing of software
programs and components [3]. In order to produce.

A multivariate model for Effectiveness of class diagram,

metrics listed in [10], will play the responsibility of
independent variables whereas Effectiveness will be in use
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as dependent variable. The required data used for
developing Effectiveness Estimation model is taken from
[10]. The correlation in the middle of reliability factors
and object oriented characteristics has been established as
depicted in equation 2.Using SPSS, values of coefficient
are calculated and Effectiveness model is formulated as
given below:

Effectiveness= - 4.559 + 2.557 x Encapsulation + .738 x
Coupling + 5.353 x Inheritance (2)

Table2:Coefficients®
Unstandardized |Standardized 95.0% Confidence
Coefficients Coefficients . Interval for B
Model Itaideindil Inbaiunieind BN Sig.
Std. Lower Upper
B Emor Beta Bound Bound
(Constant) -4.559 | 5917 =770 522 | -30.019 20.901
| | Encapsulation | 2557 | 8129 | 082 315 | 783 | 32419 | 37533
Coupling 738 229 876 3225 | .084 -246 1.723
Inheritance 5.353 | 2.442 358 2,192 | .160 | -5.154 15.859
a. Dependent Variable: Effectiveness
Table 3:Model Summary
Change Statistics
Std. Error T
Adjusted
Modell R R Square of the F Sig. F
R Square Square dfl | df2
Estimate Change| Change
nge
1 97T 954 885 81264 954 |33.835| 3 2 068
a. Predictors: (Constant), Inheritance, Encapsulation, Coupling
Table 4: ANOVA®
‘ Mean )
Model Sum of Squares df F Sig
Square
Regression 27.410 9.137 3.835 068
1 Residual 1.321 2 660
Total 28.731
a. Predictors: (Constant), Tnheritance, Encapsulation. Coupling
b. Dependent Variable: Effectiveness

VI. FUNCTIONALITY ESTIMATION MODEL

The responsibilities assigned to the classes of a design,
which are made available by the classes through their
public interfaces. This refers to a design’s ability to
achieve the desired functionality and behavior using object
oriented design concept and techniques. In order to
produce a multivariate model for functionality of class
diagram, metrics listed in [10], will play the responsibility
of independent variables whereas functionality will be in
use as dependent variable. The required data used for
developing functionality Estimation model is taken from
[10]. The correlation in the middle of reliability factors
and object oriented characteristics has been established as
depicted in equation 3.Using SPSS, values of coefficient
are calculated and Effectiveness model is formulated as
given below:

Functionality = 1.656+ 1.141x Coupling + 13.336x
Cohesion + -1.043x Inheritance (3)

Table 5:Coefficients*
Unstandardized Standardized 95.0% Confidence Interval
Model Coeflicients Coefficients t Sig. for

] S, Emor | Beta | | Lower Bound | Upper Bound

(Constant) 1.656 3.752 441 702 -14.489 17.802

1 Coupling 1.141 1.247 472 915 457 -4.224 6.507

Cohesion 13.336 6.694 1.095 1.992 185 -15.466 42.137

Inheritance -1.043 751 -.701 -1.388 300 -4.276 2190

a. Dependent Variable: Functionality
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Table 6:Model Summary

Ch Statist
Adjusted R | Std. Errorof nnge Satisties

Square the Estimate

Model R | RSquare

Sig. F
Change

31414 3 2 440

R Square
Change

1.12609 680

FChange| dfl df2

1 824 680 199

a. Predictors: (Constant), Inheritanee, Coupling, Cohesion

1.384
@

Reliability= -.284 x Effectiveness -.096 x

Functionality

Table 7:ANOVAP

Model Sum of gf | Mean | g Sig.
Squares i Square

Regression 5379 1.793 (31414 4402

1 Residual
Total

2.536
7915

1.268

wlo]| w

a. Predictors: (Constant), Inheritance, Coupling, Cohesion

b. Dependent Variable: Functionality

VII. RELIABILITY MODEL

Before developing the model for Reliability, it is
important to make sure the appropriate association among
Reliability, Effectiveness and Functionality of class
diagrams. Table 8, shows the relationship values among
them. From the correlation values it is clear that both
Effectiveness and Functionality are strongly correlated
with Reliability [10].

Table 8:Correlations
Reliability Effectiveness Funetionality
Reliability 1.000 439 721
Pearson
Effectiveness A39 1.000 917
Correlation
Functionality 721 917 1.000
Table 9 Coefficients*
Unstandardized Standardized 95.0% Confidence Interval for|
Model Coefficients Coefficients t Sig. B
B Std. Error Bem | Lower Bound | Upper Bound
(Constant) 1.384 491 2.822 106 -727 3496
| | Effectiveness|  -.284 148 -1.401 -1.917 195 -922 354
Functionality|  -.096 035 2006 | 2744 111 Er
a. Dependent Variable: Reliability
Table 10:Model Summary
Adjusted R | Std. Error of Change Statistics
Model R | RSquare| * : RS Se T
Square | the Estimate quare ig
q Change | Chanee| il dfz Change
BENEEEC 831 24901 | 2 2 169
a. Predictors: (Constant), Functionality, Effectiveness
Table 11:ANOVA®
. . Mean . -
Model Sum of Squares df s F Sig.
Square
Regression .502 2 251 24901 | .169*
1 Residual 102 2 051
Total 605 4
a. Predictors: (Constant), Functionality, Effectiveness
b. Dependent Variable: Reliability

Empirical Validation is an essential part of proposed
research. Empirical Validation is the standard approach to
give good reason for the model approval. Taking view of
this reality, practical validation fo the reliability model has
been performed using sample tryouts. In order to validate
developed reliability model the data has been taken
from[19]
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Tablel1: Computed Ranking, Actual Ranking and their Relation
Reliability
Ranking
mem Computed | Actual 2 " s T8l
Rank Rank
Pl 5 2 9 (0.945455 v
P2 7 5 4 0.975758 v
P3 3 1 4 0975758 v
P4 ] 6 4 0.975758 v
P5 9 9 0 1.000000 v
P6 4 3 1 0993935 v
P7 6 7 1 0.993935 v
P8 2 4 4 0.975758 v
Po 1 3 49 | 0.70303 S
P10 10 10 0 1.00000 v

Speraman’s Coefficient of Correlation ry was used to
verify the importance of correlation among calculated
values of reliability using model and it’s ‘Known Values’.
The ‘rs” was estimated using the technique given as under:
Speraman’s Coefficient of Correlation

6> d*
I =1—Z,:— —1.0<r,<+l0
' =1

‘d> = difference between ‘Calculated ranking’ and
‘Known ranking’ of reliability.
n = number of projects (n=10) used in the experiment.

The correlation values amid reliability through model and
known rating are shown in table (11) above. Pairs of these
values with correlation values r; above [+.781] are
checked in table. The correlations are up to standard by
high degree of confidence, i.e. up to 99%. Therefore we
can conclude without any loss of generality that reliability
Estimation model measures are really reliable and
considerable and relevant.

IX. CONCLUSION

The research study has developed three models namely
Effectiveness Estimation Model, Functionality Estimation
Model and finally Reliability Estimation Model for object
oriented design. , Reliability Estimation Model measures
the, Reliability of design class diagrams in respect of their
Effectiveness and Functionality. The paper additionally
validates the quantifying ability of Reliability Estimation
Model. Beside these, a reliability index can also be
developed that may help other researchers in measuring
reliability of object oriented design.
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