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Abstract
The performance measurement of component based systems help 
software architects to evaluate the system performance based on 
behaviour of their component specifications. Many Researchers 
have proposed many approaches into this direction but none of 
them has attained widespread industrial use.
One of the main objectives of developing component-based 
software systems is to focus on reuse of already existing 
software components.A large number of quality models have 
been developed for understanding, measuring and predicting 
quality of software and information systems. So, Quality models 
should be constructed in accordance to the specific features 
of the application domain. In this paper, we have conducted a 
comprehensive state-of-the-art survey of more than 20 of these 
approaches assessing their applicability and this paper presents 
challenges to the development of standard, complete and pervasive 
software quality models, solution to these challenges and their 
importance is also discussed.
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I. Introduction 
Component -Based Development (CBD) is becoming more 
generalized which is representing a considerable market for the 
software industry. One of the most compelling reasons of adopting 
component based approaches for software development is the 
premise of reuse.
CBD, has been extensively used for several years in desktop 
environments, office applications, e-business and in general in 
Internet- and web-based distributed applications. In many other 
domains, for example dependable systems, CBD is utilized to 
a lesser degree for a number of different reasons. An important 
reason is the inability of component-based technologies to deal 
with quality attributes as required in these domains.
In CBD one requirement is that components should be selected 
and integrated in an automatic and efficient way. This goal is 
achieved for the functional part; components are selected and 
integrated through their interfaces.
Component based software development approach makes use of 
already existing software components to build new applications. 
This approach encompasses Markov chain, and queuing network 
modeling, for estimating system reliability, machine availabilities 
and performance. The approach is helpful for designing and 
building better systems and also while improving existing systems 
[1].
Software components may be available in-house or acquired 
from the global market. One of the most critical activities in this 
reuse based process is the selection of appropriate components. 
Component evaluation is the core of the component selection 
process. Component quality models have been proposed to decide 
upon a criterion against which candidate components can be 
evaluated and then compared. But none is complete enough to 
carry out the evaluation. It is advocated that component users need 
not bother about the internal details of the components. 

A quality model provides the basis for quality requirements 
specification and quality evaluation. Quality model depends on the 
type of software product. Many quality models have been proposed 
to attend to quality requirements, some of these models describe 
quality in general, and other models are of specific nature for 
specific purposes, applications or domains. These specific purpose 
models are modified or tailored versions of basic models especially 
ISO 9126 which is considered most comprehensive and flexible 
model by far. But, this model is too general in nature to address 
specific needs of all domains. The purpose of this study is to find 
the best software quality model from all presented till year 2011 in 
the presence of challenges to the development of standard quality 
model. Our research will be very useful for software industry to 
improve and assure the quality of software products by using a 
standard software quality model.

II. Software Quality Factors 
A representative set of component quality models is selected on 
which evaluation procedures will be applied in order to evaluate 
the quality. Application to the model set permits measurement of 
relevance of quality models(in terms of reusability, flexibility, 
maintainability etc.) to the needs of typical users of model application 
results, model scope, and the provision of recommendations 
for model selection in the context of specific quality criteria. 
Case studies are performed of the application of models in the 
measurement of typical processes, allowing comparison of relative 
process quality. A component based system quality assurance and 
assessment is surveyed that include formalism, cost estimation, 
and assessment and measurement techniques for the following 
quality attributes: performance, reliability, maintainability and 
testability [3].
Following factors will be used for evaluating the performance of 
component based model: Reusability, Testability, Complexity, 
modularity and stability of underlying components.

A. Reusability
 Software reusability more specifically refers to design features 
of a software element (or collection of software elements) that 
enhance its suitability for reuse. Reusability is basically the process 
in which a segment of source code can be used again to add new 
functionalities with slight or no modification. Reusable modules 
and classes reduce implementation time, increase the likelihood 
that prior testing and use has eliminated bugs and localizes code 
modifications when a change in implementation is required.

B. Testability
 Software testability is the degree to which a software artifact 
(i.e. a software system, software module, requirements- or design 
document) supports testing in a given test context. Testability 
is not an intrinsic property of a software artifact and cannot be 
measured directly. A lower degree of testability results in increased 
test effort. In extreme cases a lack of testability may hinder testing 
parts of the software or software requirements at all.
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C. Complexity
Software Complexity is a term that encompasses numerous 
properties of a piece of software, all of which affect internal 
interactions. Higher levels of complexity in software increase 
the risk of unintentionally interfering  with interactions and so 
increases the chance of introducing defects when making changes. 
In more extreme cases, it can make modifying the software 
virtually impossible.

D. Modularity
Modularity is the degree to which a system’s components may 
be separated and recombined. Organizational systems are said to 
become increasingly modular when they begin to substitute loosely 
coupled forms for tightly integrated, hierarchical structures. In 
Component Based  Software Engineering, modularity refers to the 
extent to which a software/Web application may be divided into 
smaller modules. Software modularity indicates that the number 
of application modules is capable of serving a specified business 
domain.

III. Analysis of Component Based Quality Models 
High reliability and performance are vital for software systems 
handling diverse mission critical applications. Such software 
systems are usually component based. Quality is the fundamental 
concept in software and information system development. 
A large number of quality models have been developed for 
understanding
Measuring and predicting quality of software and information 
systems. So, Quality models should be constructed in accordance 
to the specific features of the application domain. The inferences 
are argued to be beneficial for CBSE-based software development, 
integration and maintenance [4].
The three main component models currently in commercial use 
are CORBA from the Object Management Group (OMG), COM 
from Microsoft, and JavaBeans from Sun Microsystems.

A. CORBA and CORBA Components
Common Object Request Broker Architecture (CORBA), was 
proposed by the Object Management Group (OMG) to support 
open distributed communication between objects across a wide 
variety of platforms, languages, and implementations. The way in 
which OMG works on CORBA is to issue Request for Proposals 
(RFPs) on all aspects of component technology then ask for the 
specifications of each part of CORBA from all member companies 
of OMG to fit into a broadly common Object Management 
Architecture (OMA). CORBA is the core part of the OMA, serving 
as a common communication bus for all components that sit in 
heterogeneous environments supporting a set of facilities. These 
facilities include object services, application interfaces, domain 
interfaces and common facilities.

1. Object Services
These services provide a variety of largely infrastructure services. 
Two examples are the naming service which allows other software 
to find components based on names and the trading services 
which allow other software to find components based on their 
properties.

2. Common Facilities
These facilities are targeted for end-user applications. They provide 
interfaces for applications like email, compound documents, and 
so on.

3. Domain Interfaces
These interfaces are targeted for specific application domains.

4. Application Interfaces
They are developed specifically for a given application

Fig. 1: OMA Model

B. COM (Component Object Model)
COM is Microsoft’s component model. Unlike CORBA, which 
is an effort of a group of companies, COM is solely developed 
by Microsoft and therefore it is a proprietary component model. 
As a result, COM is only applied on Microsoft’s own platforms, 
Windows 95 and NT. It is a high level standard and serves as a 
foundation on which all component models on Windows 95 and 
NT are based, such as OLE.COM specifies a standard way to 
allow COM components to communicate with each other. There 
are two key elements for COM: COM interfaces and a system for 
registering and passing messages between COM interfaces.

Fig. 2: COM Model

From the implementation point of view, COM interfaces are defined 
in Microsoft’s Interface Description Language (MIDL). Luckily 
developers do not need to write MIDL directly. Instead, the MIDL 
compiler will automatically link the source code written in C++ or 
Visual Basic to an MIDL interface on Microsoft platforms.COM 
component is identified by globally unique identifiers (GUID) 
which is a 128-bit integer.

C. JavaBeans
According to the JavaBeans specification from Sun Microsystems 
(1997), a Java Bean is a reusable software component that can be 
manipulated visually in a builder tool Java Bean components can 
be visual beans such as individual AWT components or Swing 
components for GUI design and also be non-visual beans such 
as database connectivity
Components.  JavaBeans are portable because of the portability of 
Java. More importantly, the Java programming language provides 
an interface mechanism for JavaBeans. It supports interface 



IJCST Vol. 4, ISSue 2, AprIl - June 2013

w w w . i j c s t . c o m InternatIonal Journal of Computer SCIenCe and teChnology  333

 ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

inheritance, and interface registration.

Fig. 3: Event Processing in Java Beans

D. Relationships and Comparisons
The relationship between these Component Based Quality models 
is shown below: 

Fig. 4: Component Models & Their Relationships  

IV. Performance Evaluation methods
An approach based on queuing network analysis for performance 
evaluation of component-based software systems at the software 
architectural level provides performance bounds which can be 
efficiently computed [2].The Following figure will represent 
various performance evaluation approaches for enhancing the 
performance of Component Based Quality model.

Fig. 5: Performance Evaluation Approaches

Main approaches provide full performance evaluation processes, 
while supplemental approaches focus on specific aspects, such 

measuring individual components or modeling the performance 
properties of component connectors.

A. Main Approaches

1. Prediction Approaches based on UML Approaches
In this group target performance predictions class. UML allows 
modeling component behavior with sequence, activity, and 
collaboration diagrams. Component allocation can be described 
with deployment diagrams. While UML only supports functional 
specifications, its extensions mechanism (profiles, consisting of 
stereotypes, constraints, on values) have been used by the OMG to 
allow modeling performance attributes such as timing values and 
workload parameters. The UML SPT profile [5] for UML 1.4 from 
2002during design time for component-based software systems 
modelled with the Unified Modelling Language (UML) UML 2.0 
has a notion of a software component as an extended model.

2. Prediction Approaches Based on Proprietary Meta 
Models
The approaches in this group aim at design time performance 
predictions. Instead of using the UML as the modelling language for 
component developers and software architects, these approaches 
feature proprietary meta-models.
(CBML) [6]: The Component-Based Modelling Language 
(CBML) by Wu and Woodside is an extension to layered queuing 
networks (LQN) [7]. CBML extends tasks to model reusable 
software components. Fictions and instantiate parameters by the 
component developers. Scheduled resource demands of software 
components artifacts and instantiate parameters by the component 
developers.  

3. Prediction Approaches with focus on Middleware
The following approaches emphasize the influence on the 
middleware on the performance of a component-based system. 
Consequently, they measure and model the performance properties 
of middleware platforms, such as CORBA, Java EE, and .NET. 

4. Formal Performance Specification Approaches
Formal Performance Specification approaches for software 
components focus on describing the performance properties 
of components in a sound manner. These approaches target a 
fundamental theory of performance specification and do not deal 
with prediction or measurement frameworks.

B. Supplemental Approaches

1. Measurement Approaches for Component Implemen-
tations
The goal of measurement approaches for single software component 
implementations is to derive parameterized performance 
specifications via multiple measurements. They aim at factoring 
out the usage profile, required service, and the deployment 
platform from the performance specification, so that it can be 
used in different contexts. These approaches usually include a 
test bed to execute the components and a statistical evaluation 
framework to derive functions for the resource demands from 
measurement data via regressions. 
(Ref CAM) [8]: Resource functions express the resource demands 
(e.g., CPU demand, memory demand) of a component in dependency 
to input parameter values and execution environments. Ref CAM 
comprises of a test harness to run measurement experiments with 
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single software components and a statistical module to determine 
resource functions from the measurement data.

B. Prediction Approaches with focus on Component 
Connectors
These approaches assume an existing component description 
language and focus on modelling and measuring the performance 
impact of the connections between components. These connections 
can be implemented with different middleware techniques.
Verdickt2005: This approach introduces a model transformation 
framework to include the performance overhead of middleware 
layers into a component-based system model. Following MDA 
guidelines, a model transformation maps a platform-independent 
model based on UML activity, deployment, and collaboration 
diagrams, into a platform-specific model using a repository of 
middleware models also based on UML. 
The following figure will summarize the various evaluation 
methods for enhancing the performance of quality models.

Fig. 6: Evaluation of the Methods

V. Conclusions and Future work
Many quality models have been developed by researchers for 
improving the quality of software components.Some of these 
models are particular for some specific applications and do mains 
while others are generic in nature. First, CBD has emerged as a 
discipline which leads to less development time, cost and yields 
high quality software systems. 
Second, reusability based component quality model must also 
be considered which focus on those factors which increase the 
reusability of software component Existing quality models are 
in appropriate to evaluate quality of software components since 
these are smaller in size, different in architecture and limited in 
functionality. In this paper, we analyzed all the important research 
studies conducted in the direction of software quality models till 
year 2011 and brought out important issues which are posing 
obstacles to the development of standard quality models.

Model Expressiveness
As discussed in the former section, we have surveyed the state-
of-the-art in research of performance evaluation methods for 
component-based software systems. The survey classifies the 
approaches according to the expressiveness of their performance 
modelling language and critically evaluated the benefits and 
drawbacks. The area of performance evaluations for component-
based software engineering has significantly matured over the last 
decade. Several issues have been understood as good engineering 
practice and should influence the creation of new approaches. 
A mixed approach, where individual components as well as the 
deployment platform are measured and the application architecture 
and the usage profile are modelled, is advantageous to deal with 
the complexity of the deployment platform while at the same time 
enabling early life-cycle performance predictions. The necessary 
parameterized performance a common performance modelling 
language for component-based systems has not been achieved 
yet. The goal of this study is to create an abstraction of a software 
component, which allows accurate performance prediction results 
and to lay the foundation for the development of a component 
quality model which is comprehensive and may be used to increase 
to reusability aspects of components keeping in view all of these 
challenges.
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