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Abstract - The goal of Component Based Software
Engineering (CBSE) is to deliver high quality, more reliable
and more maintainable software systems in a shorter time
and within limited budget by reusing and combining existing
quality components. A high quality system can be achieved by
using quality components, framework and integration process
that plays a significant role. So, techniques and methods used
for quality assurance and assessment of a component based
system is different from those of the traditional software
engineering methodology. In this paper, we are presenting a
model for optimizing Chidamber and Kemerer (CK) metric
values of component-based software. A deep analysis of a
series of CK metrics of the software components design
patterns is done and metric values are drawn from them. By
using unsupervised neural network- Self Organizing Map, we
have proposed a model that provides an optimized model for
Software Component engineering model based on reusability
that depends on CK metric values. Average, standard deviated
and optimized values for the CK metric are compared and
evaluated to show the optimized reusability of component
based model.

Index Terms — Chidamber and Kemerer (CK) metric;
Component Based Software Engineering (CBSE); Neural
Network (NN); Self Organizing Map (SOM).

1.0 INTRODUCTION

Reusability of software can be enhanced by using the
structured approaches of Component-Based Software
Engineering (CBSE). CBSE includes various object-oriented
concepts such as Reusability through Inheritance,
encapsulation, abstraction and polymorphism. Features of
CBSE includes increase in productivity, improvement in
quality, reduced time to market, broad range of reusability and
effective management of complexity. The main characteristics
of CBSE are:

e CBSE considers a component as a reusable entity.

e CBSE supports the development of system as the
integration of components.

e CBSE provides facilities for upgrading and
maintaining a system by simply changing the
components that needs to be upgraded or replaced.

Software component with specified interfaces can be deployed
independently and each component communicates with other

12 Department of Computer Science & Engineering, Guru
Jambheshwar University of Science & Technology, Hisar,
Haryana, India

E-mail: ‘er.gkgupta@gmail.com,and “pkbhatia.gju@gmail.com

Copy Right © BIJIT — 2014; July - December, 2014; Vol. 6 No. 2; ISSN 0973 — 5658

component(s) by using its public interfaces. A software
component is a self contained software element that can be
specified formally, composed without modification according
to deployment and composition standard, deployed
independently from its environment without needs of other
specific components.

A component interfaces provides functional properties and can
be divided into 2 parts: Behavior part specifies behavior of a
component; Signature part specifies operations provided by a
component that are understandable by both interface provider
(component) and user (other components or other software that
interact with provider). A component has two Kkinds of
interfaces that can be distinguish as imported interface which
describes those services that a component requires from its
environments, exported interface which describes those
services that a component provides to its environment.
Chidamber and Kemerer (CK) metric used in the proposed
model includes weighted sum of all the methods in a class
called Weighted Methods per Class (WMC); count of the
number of other classes to which a given class is coupled called
Coupling Between Object classes (CBO); in the inheritance
hierarchy, length of the longest path from a given class to the
root class called Depth of the Inheritance Tree (DIT); a count
of the number of immediate child classes called Number of
Children (NOC); count of the methods that can be invoked in
response to a message received by an object of a particular
class called Response for a Class (RFC);count of the number of
classes used in the component (NC).

2.0 LITRATURE SURVEY

A brief literature review of work done in the field of
Component Based Software Engineering is discussed here:
Kilsup Lee and Sung Jong Lee (2005) proposed a quantitative
software quality evaluation model with respect to the
Component Based Development (CBD) methodology. The
evaluation is done using checklists that helps to acquire high
quality software. The model proposed includes international
standards (quality characteristic, sub-characteristics, quality
metrics, and quality evaluation process) for software quality
model and evaluation process.

Alexandre Alvaro et. al. (2006) analyzed and evaluated
components using consistent and well-defined characteristics,
sub-characteristics and quality attributes related metrics.
Kung-Kiu Lau and Zheng Wang (2007) classified and
evaluated taxonomy w.r.t. parameters, its key characteristics
based on commonly accepted parameters for Component Based
Development.

Anita Gupta et. al. (2008) discussed an industrial case study
involving a reusable Java-class framework and an application
to use that framework. The impact of software changes on

732



BUIT - BVICAM’s International Journal of Information Technology

different development characteristics (e.g. impact of reuse and
impact of refactoring) are analyzed. Perfective and corrective
changes in both reusable and non-reusable software are
analyzed.

Mubarak Mohammad and Vasu Alagar (2008) proposed a
CBSE approach that defines the trust worthy quality attributes
as first class structural elements where formalism is integrated
into various stages of the development process. A development
framework of comprehensive tool support and justification of
their role in assuring trustworthiness during the different stages
of software development is discussed.

R. Senthil et. al. (2008) described and evaluated N-tier
architecture for a component based application against the
external and internal quality factors to establish an enhanced
component model (ECM). A case study has been carried out to
establish the result that the application so developed is scalable
and robust as one can migrate from one data source to another
using this quality model.

Yoonjung Choi et. al. (2008) presented a Component Quality
Model which includes metrics for component quality
evaluation, basic guidelines for evaluations, and reporting
formats of evaluations. An improvement is made in the
Component Quality Model for the proper tailoring when
applied in embedded system domain. Two different projects are
evaluated to use as guidelines and goals for component quality
improvements.

V. Lakshmi Narasimhan et. al. (2009) carried out a systematic
analysis and comparison of three suites of metrics and several
key inferences have been drawn from them. The metric values
provided are helpful to study the behavior of metrics under
various quality factors. Inferences on complexity, reusability,
testability, and stability of the underlying components have
been drawn from various metrics evaluations.

Maria A. Reyes et. al. (2009) analyzes and proposed a
systematic approach that allows assessing and improving
products and processes of the conceptual elements behind
Component-Based Software Engineering (CBSE) for its quality
evaluation and integrating the product perspective as well as
process perspective.

Anju Shri et. al. (2010) used Tuned CK metric suit as input to
obtain the structural analysis of Object oriented based software
components. Reusability of object oriented software
components is evaluated using a hybrid K-Means and Decision
tree approach. The proposed reusability model produces high
precision results.

G. Shanmugasundaram et. al. (2011) proposed an evolutionary
model using maturity level of reuse metrics to show the
relationship between component based systems, object oriented
systems, and service oriented systems using reuse metrics.
Aldeida Aleti and Indika Meedeniya (2011) proposed a
Bayesian Heuristic for Component Deployment Optimization
(BHCDO) which builds deployment architectures by using a
Bayesian learning mechanism. BHCDO efficiently automates
the search for component deployment design alternatives and
outperforms state of the art optimization methods. BHCDO
does not require any parameter tuning to have a good
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performance as required in other approximate optimization
methods.

Mostefai Mohammed Amine and Mohamed Ahmed-Nacer
(2011) proposed Knowledge Management System (KMS)
implementation in a CBSE-oriented organization that uses
short iterations, less resources and budget, continuous
integration and intensive customer collaboration to eliminate
risks and misconceptions.

Abhikriti Narwal (2012) conducted a survey and interviews
with Software developers, Testers, Research Engineers of
many major Software Companies to show usage of Complexity
metrics in Component-based Software Systems may improve
the quality of Software. Complex components are hard to
understand and take much time to execute than simple
components and are very difficult to maintain.

Amr Rekaby and Ayat Osama (2012) proposed a model
containing  activities  involved in  component-based
development lifecycle that can decrease the effort of the
projects by 40% after few months of application.

Sandeep Srivastava (2012) discussed the relation between
software metrics and maintainability which characterize the
ease of the maintenance process when applied to a specific
product. It is determined that up to what point and in which
cases we can rely on software metrics in order to define the
maintainability of a software product.

Simrandeep Singh Thapar et. al. (2012) discussed usage of
Component Based Software Development (CBSD) approach as
a success factor for business that provides benefits like
reusability, on-time delivery, high quality, and less cost. The
major reason of focus of software organizations to implement
quality management in software development is the quality
expectations of customers at purchase time from the software.
Anupama Kaur et. al. (2012) proposed a neural network based
approach to establish the relationship between different
attributes for evaluating reusability. Structural attributes of
function oriented software components are shown using
software metrics i.e. McCabe’s cyclometric complexity
measure for complexity measurement, regularity Metric,
Halstead Software Science Indicator for Volume indication,
Reuse Frequency metric and Coupling Metric.

Ashish Oberoi and Deepti Arora (2014) analyzed CK metric
values and used Self Organizing Map for evaluation of CK
metric of component quality model. They provided CK metric
value to improve the performance using design patterns.

Neha Goyal and Deepali Gupta (2014) proposed a model that
uses unsupervised neural network to calculate reusability of a
component based software with the help of Rational Rose.

3.0 PROPOSED WOK

Design patterns are considered as separate components for the
problem formulation. All Implementation has been done by
using MATLAB Version 2013-Neural Network Tool Box. Data
Structure, Algorithms, functions and implementation done for
doing this work are discussed here. Ashish Oberoi and Deepti
Arora (2014) derived quality model using same strategy but no
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comparison or evaluation has been done, on the basis of which
optimum values was retrieved.

Optimization of Component based Software Engineering model
is done through analyzing a series of design patterns which are
worldwide accepted as the reuse design terminology for object
oriented designing and hence component based designing. In
the proposed model, firstly entire design pattern are analyzed
obtained from Gamma et. al. (1995) by formulating CK metric
analysis. Based on average, standard deviation on metrics
values obtained and weight values got through unsupervised
neural network Self Organizing Map (SOM); optimized values
for components are achieved. Here we are using an
unsupervised method because we don’t know in advance output
values for the corresponding design patterns. MatLab will be
used for the implementation purpose. The problem is divided
into two phases:

1. Analysis of Software Design Patterns through CK metrics
analysis.
2. Implementation through Neural Network using MatLab

3.1. CK Metric Analysis of Software Design Patterns

Design patterns are usually used in the software design phase to
create abstractions to provide independency in components and
to handle future changes and maintaining architectural
integrity. In this phase, CK metric values (WMC, DIT, NOC,
RFC, CBO) of each component’s every class is computed for
design patterns. To get the value of metric NC, number of
classes in each component is found at run time and added to the
final CK metric values. Analysis of CK metric values for
design patterns are shown in table 1.

Design Pattern | Metric Values
Abstract Factory
Cheat
Iy TR Class/Metrics NOM DIT NOC CBO RFC
e Abstract Factory 2 0 2 0 2
Concrete Factory 2 1 0 2 2
R T P Concrete Factory 2 1 0 2 2
Abstract Product 0 0 2 0 0
Product A2 0 1 0 0 0
e Product Al 0 1 0 0 0
- Abstract Product 0 0 2 0 0
Product B2 0 1 0 0 0
......... [Pt | [ ProductBl e Product B1 0 1 0 0 0
Adapter
I: Target Adaptes
Client SRequest *SpecificReguest()
Class/Metrics NOM DIT NOC CBO RFC
Target 1 1 1
+adapt
sR;duip;(; B Adapter 1 0 2
i Adaptee 1 0 1 1
adaptes -> SpeciﬁcRequestO; Ij
Bridge
Abstrction | #imp Iplemenor
ry > ; pené Class/Metrics NOM DIT NOC CBO RFC
{Operstion) Wperatonimy) i
- ., - Abstaction 1 0 1 0 2
AN 0 Refined 0 1 0 0 0
i <> Operationlrpf) Abstraction
Implementor 1 0 2 0 1
Concrete 1 1 0 0 1
i ‘ Implementor A
Refinedabstraction Concrete 1 1 0 0 1
Concretelmplamentord Concretelmplernentord Implementor B
Speratoiing partinlp
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Builder
Director Hhilder Builder
‘ L
Conclnuct] $BuiPar(] Class/Metrics | NOM | DIT | NOC | CBO | RFC
Director 1 0 0 0 2
3 Builder 1 0 1 0 1
Concrete Builder 2 1 0 1 2
for all bjects in structure | ConcreteBulder Product 0 0 0 0 0
Lir > BidPst; I
! YGetResu]
Chain of Responsibility
IE Handler Class/ Metrics NOM DIT NOC CBO RFC
$HandieRequest( +5UCCess0r Handler 1 0 2 0 2
Concrete 1 1 0 0 1
Handler 1
Concrete 1 1 0 0 1
| | Handler 2
ConcreteHandler ConcreteHandler2
SHandleRequast() $HandleRequest()
Command
Command
o] [ oo e
- | il Vet
5 A Class/ Metrics NOM DIT NOC CBO RFC
Invoker 0 0 0 0 0
Command 1 0 1 0 1
ConereteCaomand Concrete 1 1 0 0 2
Raceivar HECENEr 3yale teceiver -> Action(), Command
?| ¥adtion) [~ e Receiver 1 0 0 0 1
Execute()
A
Composite
Component
*Opearation)
[ client =/ %aducomponent
*Remave(Cormponent) 1.n
PGetChildintege:)
Class/ Metrics NOM DIT NOC CBO RFC
Component 4 0 2 0 4
[ | Leaf 1 1 0 0 1
| Leaf ‘ Composite
* % children T
[Foperstiong_| :Eﬁaefgtﬂ,?unem) ki Composite 4 1 0 0 5
SGotonidintagen
o. Operation();
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Decorator
+omponen () -
R ﬂK" ! Class/ Metrics NOM DIT NOC CBO RFC
| ot
Woperten) Component 1 0 2 0 1
[\ Concrete 1 1 0 0 1
T comptnent > operationf) Component
CurceeCongorn | Decorator 1 1 2 0 2
-‘Uperanom] | '
— Concrete 1 2 0 0 1
Decorator A
[ — F Concrete 2 2 0 0 3
adduiSte CongreleDecoratord ([Creartor Grertntr 1 Ty, Decorator B
SOparln| erLvsthmrU,
Hopetion) SaddudBehior) ‘
Flyweight
Hiyweights i Flyweight
st | o
: A Class/ Metrics NOM DIT NOC CBO RFC
s i Fly Weight 1 0 0 0 1
' Factory
I
- sLt:fe[ale new flywsight; F|y Weight 1 0 2 0 1
add it to pool of flywsights;
i EOTAlREDE Concrete Fly 1 1 0 0 1
weight
\
ConcrateFlyweight UnsharedConcreteFlyweight Unshared 1 1 0 0 1
®intrinsicState BalState Concrete Fly
0peration(extrinsicState) SOperation(extrnsieState) Welght
| |
Client |
Factory Method
Creator
‘ :FacroqrMefhodU
FAnQperati
"Oparston) Class/ Metrics | NOM | DIT | NOC | CBO | RFC
B Product 0 0 2 0 0
product = FactoryMethod(); Concrete 0 1 0 0 0
B Product
ComreteProdd ConcrateCreator Creator 2 0 1 0 2
""""" S actaryMethnd]) Concrete 1 1 0 1 1
e Creator
tetutn new ConcrateProduct; ﬁ
Iterator
Itarator
[
gt ‘f,f,f;g Class/ Metrics NOM DIT NOC CBO | RFC
Hreatelterator] Yson)
A Soumsen) Aggregate 1 0 1 0 1
A Concrete 1 1 0 1 2
Aggregate
relun new Concretelteratorhis), L ConcreteAqurenate 7 m Iterator 4 0 1 0 4
1 SCrataleraor) T Concrete Iterator 0 1 0 0 0
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Mediator
Class/ Metrics NOM DIT NOC CBO RFC
) Hedi
Meclistor Medator Colleague Mediator 0 0 1 0 0
A Colleague 0 0 2 0 0
Concrete 0 1 0 0 0
Mediator
Concretebediator ConcreteColleaguel ConereteCaleague Concrete 0 1 0 0 0
Colleague 1
Concrete 0 1 0 0 0
Colleague 2
Singleton
Singletgon
static uniquelnstance Class/ Metrics NOM DIT NOC CBO RFC
singletonData return uniguelnstance; ﬁ
Satatic Instance() Singleton 3 0 0 0 3
$SingletonOperation])
*GetSingletonDatal)
Observer
Subjct
WAt Qsang | *obsenes ! Obséner
Wtach{Ohsener 1| W)
Maiy) ’
T _ Class/ Metrics NOM DIT NOC CBO RFC
d forall 0 in ebgenes Subject 3 0 1 0 4
0> Upditel)
| Pl Concrete 2 1 0 0 2
Subject
ContreleSubee Observer 1 0 1 0 1
ﬁSubjeclSlals | Goncret Qbsgrin
LT Y—— thsenverSlate = Concrete 1 1 0 0 2
¥eatSite) . subjact +» getStata(); Observer
¥5State) Update)
refum SubjectStale; j
Prototype
Client prototype Prototype
“| %
‘Ope'ém”o Clref Class/ Metrics | NOM | DIT | NOC | CBO | RFC
p = prototype -> Clane(); ﬁ Prototype 1 0 2 0 1
‘ ] Concrete 1 1 0 0 1
ConcretePratotypel ConcretePrototype2 Prototype 1
®Clone() $Clone()
y Concrete 1 1 0 0 1
: Prototype 2
retum copy of self [

return copy of self IT
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Proxy
Subject
YRequest] Class/ Metrics | NOM DIT NOC CBO RFC
A
Subject 1 0 2 0 1
[ Real Subject 1 1 0 0 1
RealSubject ieaiSubiact Praxy . [
FRequest] e [SRequest)  |........... realSubject -> Request() Proxy 1 1 0 0 2
State
Context | tstate State Class/ Metrics NOM DIT NOC CBO RFC
*Request() ®Handle)
T A Context 1 0 0 0 2
: State 1 0 2 0 1
state -= Handle(); -
[ Concrete State A 1 1 0 0 1
Concrete Statad, ConcreteStateB
*Handleo *Handleo Concrete State B 1 1 0 0 1
Strategy
Class/ Metrics NOM DIT NOC CBO RFC
Cortet | telrlyy Stiategy ot : 5 5 5 :
- ontex
Yorterinterice( Sigorthmintersce]
Strategy 1 0 3 0 1
A Concrete 1 1 0 0 1
Strategy A
[ ‘ Concrete 1 1 0 0 1
Strategy B
GoncreteStrateqyA ConcreteStrategyB ConcreteStrateqyC S gyt I I 5 5 I
- 7 : oncrete
Stlgorhrintetace) | | Agorthminterice] SAlgoritminteface( Strategy C
Template Method
Abstractliass e
:Te_mm_ateMetho_do 7777777777777 primativeOperation’
S e e i primativeOperation2(; Class/ Metrics NOM | DIT | NOC | CBO | RFC
Abstract Class 3 0 1 0 5
Concrete Class 2 1 0 0 2
ConcreteClass
’prlmitweOperatlon‘l 0
®urimitive Dperation2()
Visitor
Visitor
“vlgicUncrezeE»:nmA(CaqcmeEﬁzeﬁg
T Class/ Metrics NOM DIT NOC CBO RFC
[ Visitor 2 0 2 0 2
ConcreteVisitorl ConcreteVisitor2
‘V:Z::guncrewElememA(ch:ueteElemenlN’ :x::g e ntA 2) Cconcrete ViSitOI’ 1 2 1 0 0 2
Concrete Visitor 2 2 1 0 0 2
—————— ement Object Structure 0 0 0 0 0
| CELCEITED |y 1o 'Acc’::pe.'vmw) !
£ Element 1 1 2 0 1
Concrete Element 2 1 0 0 3
[ concreteElementa | ConcreteElement & A
$acceptiv : Visitor) SAccept(v : Visitor)
SOperationAQ ‘ “Operations() Concrete Element 2 1 0 0 3
v -> VisitConcreteElementAlthis); \L‘ v -> VisitConcreteElementBithis); B]
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Widget Factory

em |

MotfidgetFactory PMWidgetFactory |
g U] YCroataScroliBar) |
SCraateWindon() ScroateWindow]) | SerollBar e

—

= PMScrolBar MotdScollBar e

Class/ Metrics NOM DIT NOC CBO RFC
Widget Factory 2 0 2 0 2
Motif Widget 2 1 0 2 2
Factory
PM Widget 2 1 0 2 2
Factory
Window 0 0 2 0 0
PM Window 0 1 0 0 0
Motif Window 0 1 0 0 0
Scroll Bar 0 0 2 0 0
PM Scroll Bar 0 1 0 0 0
Motif Scroll Bar 0 1 0 0 0

Table 1: Design Pattern with Metric Values

3.2. Implementation using Neural Network

Unsupervised neural network i.e. Self Organizing Map is
created using newsom() of Neural Network Toolbox of
MatLab. CK metric values of design patterns obtained through
first step are feed as input in the created network. The
parameters taken are: trainbuwb method as training method, no.
of training data is 21x6=126, number of epoch taken to
converge are 500. After the training, free parameter value i.e.
weight is summed up for each metric. Weighted sum is divided
by total number of metrics that returns optimum value for each
metric which in turn establishes landmark for reusability of
component based model. Also, average and standard deviation
values are retrieved to compare with optimum values. For
finding average and standard deviation values, mean() and std()
of MatLab have been used.

4.0 RESULT ANALYSIS

Graphs showing comparison between Average values, Standard
Deviation values and experimental values evaluated through
SOM based analysis is shown in figure 1(a-c). CK metric is
shown on x-axis and Values w.r.t. CK metric is shown on y-
axis.

Variations in average, standard deviation and experimental
values are shown in table 2. By getting average of all the
variations as shown in table 2, optimum values can be found to
improve the reusability of component based software
engineering model.

Average Values, Standard Deviation Values, Optimum Values,

Awverage Values
—+— Standard Deviation Values
aF —+— Optimum Values

L L L 1 L 1 1 L ,
1 15 2 25 3 35 4 4.5 L 55 6
CK Metric

Figure 1(a)
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Average Values, Standard Deviation Values, Optimum Values

Average Values
—+— Standard Deviation Values
—+— Optimum Values

0 1 1 1 1 1
1 1.5 2 25 3 35 4 45 5 5.5 6

CK Metric

Figure 1(b)

Average Values, Standard Deviation Values, Optimum Values

Average Values
71 —+— Standard Deviation Values
—+— Optimum Values

Values

0 | | | |

1
1 1.5 2 25 3 3.5 4 45 5 5.5 6
CK Metric

Figure 1(c)
Figure 1: Variation 1 between Average, Standard
Deviation, and Optimum value for design patterns.
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S.No. | CK Metric | Variation1 | Variation2 | Variation3 | Optimum Values
1 WMC 4 7 5.666
2 DIT 2 2 2
3 RFC 2 2 2
4 NOC 1 1 1
5 NC 5 8 6.666
6 CBO 3 4 3.666

Table 2: Variations between Average, Standard Deviation and Optimum Values

5.0 CONCLUSION

CBSE is a knowledge-intensive activity that helps in producing
better quality software systems by playing significant role in
achieving programmer’s productivity, system flexibility, and
overall system quality. A model has been proposed for
optimizing CK metric values with respect to the Component
Based Software Engineering (CBSE) methodology using
design patterns. UML properties have been applied to find out
the various metrics from each and every class of various types
of design patterns (components). While adding up the metric
values for each component, number of classes is calculated at
run time and concatenated with the final metrics value. These
metric values are feed to un-supervised neural network.
Graphs have been plotted with the help of average, standard
deviation and optimized values to show the variation. Optimum
values achieved on the basis of CK metric variations provide an
optimized model for Software Component Engineering model.

6.0 LIMITATIONS & FUTURE SCOPE

For the evaluation of software components, a component
quality model is required that reuse not only the functional
parts, but also achieve easier and more accurate predictability
of the system behavior. The proposed model used for
optimization of component based software engineering can
give better results if good amount of data is provided with
realistic values e.g. historical project values of a software
company that have used component based development. If that
data is used as an input and results in terms of quality factors
like reusability, maintainability, complexity, testability etc. are
given as output. A supervised neural network may give better
results as compared to unsupervised neural network which is
used in the proposed model.
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