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ABSTRACT

Component-based Software Engineering (CBSE) is a paradigm that aims at

constructing and designing systems by using a pre-defined set of software components. A

component is a reusable, self -contained piece of software with well -specified interface

that is independent of any application. Main advantages of this approach are low cost,

high quality and less time to develop applications along with several others . There are

many software component models available in the industry, for example: Microsoft’s

COM (Component Object Model), DCOM, .NET Framework, Sun’s Java Beans, EJB

(Enterprise Java Beans), J2EE Specification and OMG’s (Object Management Group)

CORBA (Common Object Request Broker Architecture).

However, besides several advantages, CBSE st ill faces many problems. The

research aspect of component quality assessment, with emphasis on quantitative

approaches, is fairly unexplored. The few existing evaluations are performed at a

qualitative level. In traditional approach, most of the metrics mo dels are based on source

code analysis, which can not be used in component -based systems. Due to the black -box

nature of the components, it requires considerably different approach for quantitative

analysis of quality aspects.

OBJECTIVES OF THE PROPOSED WO RK

In this work, the main emphasis is on quantitative evaluation of metrics for

various functional and non-functional aspects of software components and their impact

on the system, they are integrated in. Also, it proposes a quality model for estimation of

quality for software components. Following are the objectives which are explored in this

study:

Objective 1: To identify the metrics for software components.

Metrics have been thoroughly studied and explored for several quality features of

component-based systems. These features include complexity, customizability,
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reusability, maintainability and others. The new metrics have been proposed for interface

complexity, reusability and maintainability aspects.

Objective 2: To design a methodology to evaluate th e metrics.

We have proposed quantitative evaluation of interface complexity and reusability

for black-box components and maintainability for component -based systems. Interface

complexity metric is based on the interface methods and the properties of the co mponent

and is empirically evaluated on several Java Bean components. To estimate the

reusability, Artificial Neural Network (ANN) technique has been adopted, while for

maintainability of system, we used Fuzzy Logic based approach.

Objective 3: To explore and compare these metrics along with some other existing

metrics.

Interface complexity metric is  evaluated on several Java Bean  components and

validated against customizability, readability and performance metrics. A correlation

analysis has also been conducted to establish the relationship s between the suggested

metric and these existing metrics. Reusability metric is validated by considering test data

collected from real-life components. Maintainability prediction is validated by using

Analytical Hierarchy Process (AHP) on two class room based projects.

Objective 4: To propose a model to bring out the relationship among metrics and with a

view to establish quantitative estimation of quality and validate the suggested model.

A quality model for component -based systems is proposed which includes new

quality characteristics like complexity, reusability, flexibility and trackability along with

others, present in most of the quality models, including ISO 9126. Weight values are

assigned to these characteristics  and sub-characteristics by using Analytical Hierarchical

Process (AHP) and by conducting a survey on experienced software professionals,

working on component-based technologies. This model may be used to evaluate the

quality of the component as a single v ariable. A case study from live project has also

been considered for empirically evaluating the quality of software components by  the

proposed model.



iv

THESIS OUTLINE

Thesis is divided into seven chapters as follows:

Chapter 1 covers the basic issues and un derstanding about the components and

component-based systems (CBS). It consists of a detailed literature survey of various

metrics for CBS. It covers complexity, reusability, customizability, maintainability, and

other aspects of these systems. Some of the  metrics proposed in the literature are derived

from that of object-oriented systems with no or minor changes, others are exclusively

specific for CBS. This chapter also covers various quality models, and discusses the

major findings of these models in the  context of CBS.

Chapter 2 proposes an interface complexity metric for software components.

While proposing this metric, it considers that due to black -box in nature, source code of

the components is not available to the application developers. Only interface methods and

properties are available. Based on the complexities of these two, the interface complexity

of the component is designed. The proposed metric is then evaluated theoretically against

standard Weyuker’s properties (Weyuker, 1988) and most of these properties are satisfied

by the proposed metric. This metric is evaluated for several Java Bean components taken

from different sources. The proposed metric is validated against performance,

customizability and readability metrics (Washizaki et al., 2003). Correlation study is

performed between complexity metric and these metrics. The results show that there is

strong positive correlation between complexity and execution time i.e. complex

components take much time to execute. Also negative correlation  coefficients between

complexity and customizability and complexity and readability confirm that complex

components are hard to understand and maintain. The proposed metric may be used by

the developers to evaluate the complexities of identical target comp onents and then select

the least complex component among them for use. It will help in developing less complex

systems which will be easy to understand and will have low maintenance cost.

Chapter 3 discusses the various methodologies (Vieira and Richardson , 2002; Li,

2003; Stafford et al., 2003; Guo, 2002) to represent component dependency for a CBS

which include adjacency matrix and graph based approaches also. The main problems of

these approaches are that all of them store only the presence of dependency  and do not

store the interactions and their types. We propose a link -list based representation for
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storing component dependencies. Proposed approach can store interactions and their type,

which in turn can be used to evaluate several metrics like interact ion density, dependency

level, list of child components, most critical and isolated components etc. These metrics

may be used to measure the interaction complexity of the system and are useful in

understanding the system during the testing and maintenance.  We conducted an

experiment by taking a case study of component -based system and represented

dependency by using the proposed methodology. We also evaluated several interaction

metrics by this proposed representation.

Chapter 4 discusses several existing m easures for reusability (Mili et al., 1995;

Dumke and Schmietendorf, 2000; Boxal and Araban, 2004; Rotaru et al., 2005) and

proposes an Artificial Neural Network based approach to predict it for software

components. We identified the factors influencing re usability which include

customizability, interface complexity, portability and understandability. These factors are

categorized from very low to very high categories. Neural network is trained by

considering a real-life component data, collected from various sources. The best training

is obtained by taking different training functions, numbers of hidden layers and neurons.

The network is then tested by taking another set of test data. Results indicate that

proposed model is suitable for predicting reusabili ty of software components.

Chapter 5 is about the maintenance of CBS. Maintenance of these systems  may

require several different activities than normal applications , such as, upgrading the

functionality of black-box components (for which code may not be a vailable),

replacement of older version components with the new ones for better and improved

functionality, tracing the problem of compatibility between the new components with

system, and so on (Kajko et al., 2006). The focus of this chapter  is on investigating

several issues and concerns about maintainability of component-based systems. It also

explores the acceptance of  maintainability characteristic  and its sub-characteristics as

defined in ISO 9126 quality model for CBS. It proposes a new su b-characteristic

‘trackability’ to be added under maintainability. Trackability will keep track of various

system properties during the maintenance activities . These activities may include tracking

of system performance or resource utilization, before and after any m aintenance activity.

This may also include the possible security violations , like access authorization due to
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some maintenance activities. Tracking, not only will validate any improvement effort, but

also, it may provide insight into managing statistical control. This, in effect, will ease the

overall maintenance process. The present work also proposes Fuzzy Logic -based

approach to estimate the maintainability of component -based systems. We identified the

factors influencing maintainability of the CBS and t hen categories them into low,

medium and high. Rules were designed, based on the expert opinion. Finally, by

defuzzification process, the maintainability is estimated. The proposed model is

implemented on two classroom based projects to empirically evaluat e and validate the

maintainability.

Chapter 6 studies several existing quality models (McCall and Joseph, 1978;

Boehm et al., 1976; Grady, 1992; Dromey, 1995; ISO, 2001; Bertoa and  Vallecillo, 2002;

Rawashdeh and Matalkah, 2006) and then proposes a new qu ality model for CBS by

adding several new sub-characteristics which are relevant to the CBS. These sub -

characteristics include reusability, complexity, flexibility, trackability and scalability. It

also proposes to remove analyzability and attractiveness s ub-characteristics from

standard ISO 9126 quality model, while keeping others in the proposed model as it is.

This proposed quality model is then refined by conducting a survey on software

professionals working on live projects on component technologies an d collected their

preferences on these quality characteristics and sub -characteristics on a scale of 1 -4 (1-

never used, 4 – always used). This data is analyzed by using Analytical Hierarchy

Process (AHP) and weight values are calculated to quality characte ristics and sub-

characteristics, for the proposed model. The weight values obtained will help developers

to select only those quality characteristics and sub -characteristics, which are important

and relevant as per their quality requirement in that domain.

The proposed model is implemented on a live case study. Only those

characteristics and sub-characteristics are selected, which are more important in that

domain. Weight values are then normalized and metrics are identified for the selected

characteristics and sub-characteristics. Some of the metrics need to be normalized to fit

into same unit. The metric values are multiplied by their corresponding weight values to

get the value of quality sub-characteristics, characteristics and then finally of the whole

system. This experimentation leads to the useful conclusion related to the capability of
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measuring quality of the component -based system as a single variable, which may be

used to compare and select the better quality components for the end product.

Thesis summarizes in Chapter 7 with the major contributions of the present work.

These contributions include inferences drawn as a result of various experiments

conducted in this thesis. It also suggests some future work in this direction.
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Chapter 1

COMPONENT-BASED SOFTWARE SYSTEMS – AN

INTRODUCTION AND REVIEW OF LITERATURE

1.1 INTRODUCTION

Improving business performance often needs the improvement in their software

development performance and that is the reason, which enforces the dev elopers and

researchers to think towards the adoption of latest technologies  and development

approaches. Earlier, systems were developed by using structured approach, which was

very successful, but only for simple applications. Then ca me the object-oriented (OO)

approach, which is based upon encapsulation, inheritance, and polymorphism.

Encapsulation packages the data and operations that manipulate the data into a single

named object. Inheritance enables the attributes and operations of a class to be inheri ted

by all subclasses and the objects that are instantiated from them. Polymorphism enables a

number of different operations to have the same name, reducing the number of lines of

code required to implement a system. It is reported that during the first ha lf of the 1990s,

object-oriented software engineering became the paradigm of choice for many software

product builders and a growing number of information systems and engineering

professionals.

But, besides several advantages of OO approach, the fundament al activity of

programmers is still unchanged: writing code line by line. Furthermore, object orientation

is difficult to learn and apply for complex applications . Also, OO languages support

information hiding at class l evel, but not beyond that. Integrity  and confidentiality are

other critical issues in OO approach.
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1.2 COMPONENT-BASED DEVELOPMENT

Many information-based legacy systems contain similar or even identical things ,

which are developed from scratch again and again. From the scratch, development  is

more expensive and can take a long time to complete. Critical applications with strict

time limits may loose the market due to the delay in the development process. This has

led to the evolution of a new approach, called component -based development (CBD),

which uses the concept of reusability in the application development.  The high

productivity is achieved by using standa rd components. CBD can be best described by

the following two guiding principles:

 Reuse but do not reinvent;

 Assemble pre-built components rather than coding line by line.

Here components are viewed as families of routines that are constructed on the

basis of well-defined principles so that these families fit together as building blocks. In

the last few years, CBD approach has become very popular. Component -based systems

achieve flexibility by clearly separating the stable parts of the system (i.e. the

components) from the specification of their composition.

1.2.1 Component

Component-based software development  (CBSD) is an approach in which

systems are built from well -defined, independently produced pieces , known as

components. Some definitions emphasize that components are conceptually coherent

packages of useful behavior, while some others state that components are physical,

deployable units of software which are executed within a well defined environment .

Researchers have proposed several definitions for component . Some of these are as:

 A component is a language neutral, independently implemented package of

software services, delivered in an encapsulated and replaceable container,

accessed via one or more published interface. While a component may have the

ability to modify a database, it should not be expected to maintain state

information. A component is not platform -constrained nor is it application-bound

(Sparling, 2000).
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 A software component is a unit of composition with contractually specified

interface and explicit context dependencies only. A software component can be

deployed independently and is subjected to  composition by third parts (Szyperski,

1998).

 A software component is a unit of packaging, distribution or delivery that

provides services within a data integrity or encapsulation boundary (Microsoft

Corp).

 A software component is a coherent package of software implemen tation that can

be independently developed and delivered . It has explicit and well-specified

interfaces for the services it provides and for the services it expects from the

others. Also, it can be composed with other components, perhaps customizing

some of their properties, without modifying the components themselves (D’

Souza, 1999).

In summary, a component is a reusable, self -contained piece of software with

well-specified interface that is independent of any application. The very important point

which has to be kept in mind while developing a component is the reusability aspect,

regardless of whether or not an organization can identify what the future requirements of

the component will be. Components can be placed on any network node, depending on

application needs and regardless on the type of particular network structure. An extra

effort must be paid for the additional functionality of the component beyond the current

application’s need, to make the component more useful (Gill and Grover, 2003) .

Components are black-box entities that encapsulate services behind well -defined

interfaces. These interfaces tend to be very restricted in nature, reflecting a particular

model of plug-compatibility, supported by a component -framework, rather than being

very rich and reflecting real-world entities of the application domain. Components are not

used in isolation; they may also have the rules governing their composition.

1.2.2 Component-based Software Engineering

In Object-Oriented Programming (OOP), code is reused in the form of objects,

and several mechanisms such as inheritance and polymorphism let the developer s reuse

these objects in several ways. The principle is the same with component-based software
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engineering (CBSE) also, but here the focus is on reusing who le software component, not

just the objects.

CBSE is a paradigm that aims at constructing and designing systems using a pre -

defined set of software components explicitly created for reuse.  It shifts the emphasis

from programming to composing software syste ms. According to Clements (1996),

CBSE embodies “the ‘buy, don’t build’ philosophy”. Developing software systems from

existing components offer  many advantages:

 Development cost is reduced because  systems are developed from existing pre-

built components

 Reliability is increased, since the components have previously been tested in

various contexts

 Less time to market, since the components have already been created

 Low maintenance costs. Since the components are designed to be used in different

contexts; the maintenance of each component will be beneficial to multiple

systems.

There are many software component models available in the industry, some of

these are Microsoft’s COM (Component Object Model), DCOM, .NET Framework,

Sun’s Java Beans, EJB (Enterprise J ava Beans), J2EE specification and OMG’s (Object

Management Group) CORBA (Common Object Request Broker Archit ecture)

specification, and others.

For CBSD, many of the methods, tools and principles of software engineering can

be used in the same or in a similar way as in other types of applications or systems . But,

there is one distinction; CBS covers both component development and system

development with components. There is also a slight difference in the requirements and

development approach. Components are built to be used and reused in many applications,

some not yet existing. A component must be well specified, easy to understand,

sufficiently general, easy to adapt, easy to deliver and deploy and easy to replace. The

component interface must be as simp le as possible and strictly separated (both physically

and logically) from its implementation . Marketing factors play an important role as

development costs must be recovered from future earnings. Development with
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components is focused on the identificatio n of reusable entities and relations between

them, starting from the system requirements.

Component-based development (CBD) is expected to have bright future and a

tremendous scope for research. Present work in the thesis studies and explores existing

metrics for several quality features for  components and component -based systems and

proposes new metrics for complexity, reusability, and maintainability aspects of quality.

It uses Artificial Neural Network, Fuzzy Logic and Analytical Hierarchical Process to

design, evaluate and validate these metrics. Further, it proposes a quality model for CBS

and evaluates it on a case study from live project.

1.3 SOFTWARE METRICS

As the number of components available on the market increases, it is becoming

more important to devise software metrics to quantify the various characteristics of

components and their usage. Software metrics are intended to measure the software

quality and performance characteristics quantitatively , encountered during the planning

and execution of software development. These can serve as measures of software

products for the purpose of comparison, cost estimation, fault pre diction and forecasting.

Metrics can also be used in guiding decisions throughout the life cycle, determining

whether software quality improvement initiatives are financially worth while (Sedigh et

al., 2001).

A lot of research has been conducted on software metrics and their applications.

Most of the metrics proposed in literature are based on the source code of the applicatio n.

However, these metrics cannot be applied on components and component-based systems

as the source code of the components is not available to application developers.

Therefore, a different set of metrics is required to measure various aspects for

component-based systems and their quality issues . The following section discusses

several metrics to measure various aspects, including complexity, reusability,

maintainability and others for legacy as well as for component -based systems.

1.3.1 Complexity Measurement

Complexity is a major driver of the cost, reliability, and functionality of software

systems. In conventional software development, complexity can be defined as the
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difficulty to analyze source code, modify and maintain its modules. Several metrics ha ve

been proposed for measuring various aspects of complexity , such as size, control flow,

data structures, and inter-module structure. Some of these metrics proposed for legacy

and component-based systems are as:

1.3.1.1 Complexity Metrics for Legacy Systems

McCabe (1976) proposed a complexity metric, called Cyclomatic Complexity

(CC), which is based on the number of nodes and connected components in a program

graph. Kafura and Henry (1981) also proposed the complexity metrics based on the

number of local information-flows entering (fan-in) and exiting (fan-out) in each

procedure. Halstead complexity measurement (Halstead, 1977) was developed to

measure a program module's complexity directly from source code, with emphasis on

computational complexity. These measures are based on four scalar numbers (distinct and

total number of operators and operands) derived directly from a program's source code.

Weyuker (1988) proposed a set of properties for syntactic software complexity

evaluation. Author evaluated some s tandard complexity measures against these

properties. These properties help researchers to clarify the strength s and weaknesses of

their proposed complexity measures, which ultimately lead to the definition of better

proposals for complexity measurement.

1.3.1.2 Complexity Metrics for Component-based Systems

In CBS, development is restricted up to the component  customization and

integration. Rather than changes in the source code, its maintenance involves only

replacing, adding and deleting components  and then finally integrating the affected

component into the system. The only information available to its users about the

component is its interfaces. These  interfaces can be used to measure the complexity of

the components, which are finally to be integrated in the system. This will be helpful

during analyzing, testing and maintenance of the system. This may also be used as a

predictor of the efforts needed for maintaining the system.

Tullio Vernazza et al. (2000) extended the CK metrics (Chidamber and Kemerer,

1994). Authors proposed new metrics corresponding to each CK metric. Like, for number

of methods (NOM), they proposed weighted class per component, for number of children

(NOC), the proposed metric was number of children for a component and so on. The
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proposed metrics are also validated against the theoretical properties pro posed by Briand

et al. (1999). However, there is no empirical validation conducted for these metrics

against any industry project , thus leaving the work incomplete .

Cho et al. (2001) proposed a suite of complexity metrics for software

components. The approach considers the classes and their methods of each component

and captures the dynamic complexity , based on analysis of source code of  the

component. However, it cannot be used to measure the complexity for black -box

components, as the source code of these components is not available.

Pernilla (2002) suggested several factors that contribute to the complexity of large

component-based software projects. These include: number of entities and relationships,

number of types and software models, diversity of software representations and others.

Component brokering, configuration management, testing are other issues which

contributes towards the complexity of the system.  However, the proposed work does not

describe any methodology to measure these factors.

Gill and Grover (2003) suggested several metrics applicable to component -based

development. These metrics include component interface complexity metric, component

size metric, component portability metric, component integration complexity metric,

component functionality metric  and several others. Proposed work includes several

metrics covering functional and non -functional behavior of components and CBS.

However, the work does not give any methodology to measure and validate these metrics

for components or component-based systems.

Bertoa et al. (2006) proposed usability metrics for software components. Usability

is a quality criterion in ISO 9126 quality model, which covers five sub -characteristics,

namely, understandability, learnability, operability, attractiveness and compliance. Out of

these, only first three are considered relevant for software component.  Several

measurable concepts and attributes related with these three aspects of quality  are

explored. However, most of the work proposed here is subjective and very difficult to

measure on a real time application.

Nael (2006) proposed several metrics for components, connectors between

components, interface of each component and composition t ree. However, the proposed

metrics are very basic in nature and are based on just the total numbers and does not
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consider the complexity of individual interface. Gill and Grover (2004) proposed

interface complexity metric, based on interface signatures, co nstraints on the interfaces

and the packaging for different context of use. For each of these aspects, a definition is

also proposed. However, work still lacks of any empirical evaluation and validation of

the proposed metric.

Sharma et al. (2008a) proposed interface complexity metric for software

components by considering interface methods and their associated properties, argument

types and return types. Authors evaluated this metric on several Java Beans components

and finally validated it against executi on time, readability and customizability. Results

concluded that complex components take much time to execute and these are very

difficult to maintain. The details of the work are explained in Chapter 2 of the thesis.

1.3.2 Component Dependency

Component-based systems are developed by integrating a number of components

in the system. Due to the integration of these components , more and more

interconnections exist in the system. Interactions among c omponents result in

dependency, which leads to the complex system and results in poor understanding and

high cost of maintenance.

As the systems are becoming larger and complex, it is very difficult to understand

and track dependency relationship. Understanding dependency in a system helps

inconsistencies to be treated and resolved during the syst em composition and evolution .

The benefits of dependency analysis are clear in providing developer s/maintainers with

significant knowledge and understanding of the  system. Dependency analysis  helps us to

identify the critical components, isolated components, impact of change in one

component on other components. To understand and model the dependency relationships,

researchers have proposed different methodologies and frameworks. Some of these

representations are discussed in next section.

1.3.2.1 Component Dependency Representation Techniques

Graph based approach has been widely used by researchers for representing

dependency. Lisa and Delugach (2001) proposed the dependency representation in terms

of conceptual graphs. Conceptual graphs are formal, logic based, and semantic network
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language and are used in domain modeling and requirement modeling. A CG is made up

of concepts, relations and a possible value. Relations are connected to concepts with

directed arrows. Hierarchies represent the subtype/supertype. Authors also implemented

the proposed methodology by taking three examples and compared it against other

existing methodologies, including UML. Yi and Nahrstedt (2001) categorized

dependency into functional dependency an d resource dependency and used directed

graph based approach to represent these dependencies.

Guo (2002) suggested a category theory based framework for modeling

component dependencies. Category theory is a branch of Mathematics, designed to

describe various structural concepts from different mathematical fields in a uniform way.

The work defined several definitions and represented component dependencies by using

these definitions. The proposed model and definitions are very much similar to object-

oriented data model to represent various elements like subtypes, attribute inheritance etc.

However, the work does not implement the proposed framework empirically.

Vieira and Richardson (2002) represented the dependency relationships by using

pomsets description. Pomsets define a set of labeled events in a sequence and is able to

express what can take place after a particular component access point is called by another

component. In other words, it is a sequence of one or more actions in the form of

concurrent regular expressions. Pomsets are considered to be compact and low

computational overhead and therefore can be used to describe the component dependency

effectively.

Stafford et al. (2003) demonstrated a graph based representation for the

dependency relationship between two or more components.  This directed graph is further

used to form an adjacency matrix AM[i,j]. If there is a dependency between two

components Ci and Cj, then AM[i,j] is 1, else it is 0. This representation is used to compute

the total dependencies of a component and of the system. However, it stores only the

presence of the dependency, and not the type of the dependency or the event/interface

through which these components are dependent.

Li (2003) also described the dependency in terms of adj acency matrix and

component dependency graph. He categorized dependency into eight categories , namely,

data, control, interface, time, state, cause and effect, input/output and context
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dependencies. Author considered these eight dependencies to measure the  final

dependency by using Boolean operators. By using this approach, several dependency

relationships can be deduced. Like, if adjacency matrix obtained by all these

dependencies is upper triangle matrix, it means that all the dependencies are

unidirectional. Similarly, if adjacency matrix is a diagonal matrix, it means that there is

no relationship and components are isolated.  However, except these two information, it is

failed to extract other important details like number of interaction parameters, type s of

these parameters, interaction complexity and others.

Wu and Offutt (2003) performed static analysis to identify the interface events

and the dependence relationship by using UML notation. The work provided a UML

based framework to evaluate the similar ities among old and new components.

Sharma et al. (Sharma et al., 2008) proposed a link-list based approach to

represent the dependency relationship in CBS. Every component is represented by a

node, consisting of all its required and provided interfaces. The provided interfaces of a

component are accepted by other components as required interfaces. Component with

required interfaces is called as dependent on component with provided interfaces. By

using link-list based representation, along with the depende ncy, other information like

name, number and type of interfaces,  which are responsible for interaction  can also be

extracted. This information can further be used to measure the complexity of interaction,

incoming and outgoing interaction density, most cri tical components and isolated

components. All this information can be helpful in understanding, testing, debugging and

maintaining the system.  The details of the proposed methodology can be found in

Chapter 3 of the present thesis.

1.3.3 Software Reuse and Reusability

Software reuse has been used as a tool to reduce the development cost and time of

the software. The need for software reuse has become urgent as the size and complexity

of software have started to escalate very fast. Software reuse is defined as the reuse of

everything associated with a software project including knowledge (Basili and Rombach ,

1988). It is the process whereby an organization defines a set of systematic operating

procedures to specify, produce, classify, retrieve and adapt softw are artifacts for the

purpose of using them in  its development activities (Mili et al., 1995). Reusability is the
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degree to which a component can be reused and reduces the software development cost

by enabling less coding and more integration (Wang, 2002).

1.3.3.1 Reusability Metrics for Legacy Systems

Selby (1989) studied several NASA projects, where software reuse was heavily

used. He suggested that a reusable software module should be small in size with simple

interfaces. It has few dependencies on othe r modules. Good documentation is also one of

the properties. The reuse of the low level system and utility functions is more common

than the reuse of human interface functions. He also validated these results statistically.

The ESPRIT-2 project, called as REBOOT (Reuse Based on Object -Oriented

Techniques) developed a taxonomy of reusability attributes. As part of the taxonomy,

they listed four reusability factors, a list of criteria for each factor, and a set of metrics for

each criterion (Kitchenham and Kari, 1993). These factors include portability, flexibility,

understandability and confidence. Although some of the metrics depend on subjective

items such as checklists, an analyst can compute many of the metrics directly from the

code, such as complexity, fan-in/out, and the comment-to-source-code into an overall

value for reusability. Mili et al. (1995) considered two aspects, usability and usefulness to

assess the reusability. Usability is the degree to which an asset is easy to use. Usefulness

is the frequency of suitability for use. Paper also described the characteristics of usability

and usefulness in order to better understand the concept behind these two aspects.

One major advantage of development with reuse is the lower cost of development

in comparison to the development without reuse. Hence, one empirical factor for

measuring reusability is the cost required to reuse a certain software artifacts. Caldiera

and Basili (1991) proposed a model for reusability by considering three factors , namely,

cost of reuse, usefulness of reusable components and quality of the reusable components.

Li (1998) proposed a cost benefit analysis for reuse, which helps to decide

whether or not; reuse is a worth while investment. It proposed a metric, net cost savings,

which is based on cost of project development from scratch, overhead costs associated

with reuse and the actual cost of the software as delivered.  Devenbu et al., (1996) also

considered cost benefit based approach, while proposing a metric, called, Reuse Ben efit
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of a system, in terms of development cost. The work validated the proposed metric

theoretically against standard Weyukar’s properties (Weyuker, 1988).

1.3.3.2 Reusability Metrics for Software Components

Black box components have two main sources of in formation, the external

documentation and the public interfaces . Gill (2003) suggested some guidelines for high

reusability for software components. These guidelines include conducting reuse

assessment, performing cost -benefit analysis for reuse, adoption of standards for software

components, selecting pilot projects for deployment of reuse and finally identifying the

reuse metrics.

Dumke and Schmietendorf (2000) proposed a set of reusability metrics for

JavaBeans components. The metrics are adapted from s tructured and object-oriented

design context. This work considers the source code to measure the metrics, therefore can

not be applicable for black-box components.

Washizaki et al. (2003) proposed a metric suite for measuring reusability of

black-box components. These metrics are based on the limited static information that can

be obtained from the black box components . The work proposed that quality factors,

namely, understandability, adaptability, and portability affect reusability of a component .

Six metrics are proposed to measure these factors. 120 components were used to evaluate

these metrics. Correlated correlation analysis is performed among these metrics. Results

concluded that high understandability and adaptability lead to a high reusability of t he

component. However an independent valid ation performed by Goulao and Abreu (2004)

showed the metrics to be unreliable for components with a number of features on their

interfaces.

Boxal and Araban (2004) considered interfaces of the components to measur e the

reusability. The work assumed that understandability affects the level of reuse .

Understandability of a component can be made t hrough its interface properties . It also

proposed some metrics by considering the size of the interface, argument count, ar gument

repetition scale and others. These metrics give a better understanding of the properties of

component’s interfaces, which may help in measuring the reusability of the component.

However, proposed approach does not consider the other aspects in the i nterface, such as,

argument types and their complexity.
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Rotaru et al. (2005) considered adaptability, compose -ability and complexity of a

component to describe its reusability. Compose -ability and adaptability assess the ability

of a component to be integrated as a part of a software system. Compose -ability is the

easiness in combining a component with others, while adaptability is the ability of a

component to accommodate changes in the environment. Paper also proposed metrics to

measure these properties.

In order to develop an application by using existing components, it is essential to

search the best suitable component from the repository. The developer wants to locate the

highly reusable component that can be readily integrated to perform some clearly  defined

and distinct functionality within a large software system . Gui and Paul (2007) proposed

coupling metrics for assessing and ranking the reusability of Java components retrieved

from the internet by a search engine. An empirical comparison of the ne w metrics with

several other existing metrics is also described, which concluded that the proposed

metrics are superior with better results in ranking the components according to their

reusability.

Sharma et al., (2009) proposed a neural network based app roach to measure the

reusability of a software component. The work considered four factors, customizability,

portability, interface complexity and understandability, which influence the reusability of

black-box components. These four  factors are considered as input parameters, while

reusability is output parameter in order to train the network. Training and testing are

performed by different number of hidden layers and neurons to get the best results. The

results show that network is able to predict the reusability of the components with

accepted precision.

1.3.4 Maintainability

Software maintenance, in general, refers to the set of activities that are performed

to keep a system operational, as software changes after the system has been deployed.

Software maintenance begins as soon as a system has been released to users for the first

time in the case of incremental, evolutionary or spiral development. Maintainability is a

high pre-requisite for reusable components and component -based systems, because there

is no meaning in e.g. a long-live reusable component that is not maintainable. Therefore,

maintainability in a system should be considered as one of the m ost important quality
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aspect. A lot of research work has been carried out to measure the maintainabilit y. To

measure it, one need to identify the set of attributes /factors that bear on the efforts needed

to make specified modifications. However, it may be very difficult to measure these

factors and weighing/prioriting them against each other , and combine them to get final

value of maintainability. Following section describes several metrics for maintainability

for legacy as well as for CBS.

1.3.4.1 Measuring Maintainability

Khairuddin and Elizabeth (1996) proposed a maintainability model and included

factors, namely, Modularity, Readability, Programming Language, Standardization,

Level of Validation and Testing, Complexity and Traceability for evaluating the

maintainability for software systems. Another model (Fioravanti and Nesi, 2001) was

proposed for effort estimation/prediction of adaptive maintenance. It assumed that the

system efforts for adaptive maintenance is typically sp ent performing several operations

like understanding, addition and/or deletion of facts and modifications/changes of other

system code portions. This metric is applied on several software projects and validated

for predicting adaptive maintenance.  The res ults shown that the proposed model is better

ranked with respect to other models.

Bandini et al., (2002) considered three independent factors , namely; design

complexity, maintenance task and programmer’s ability to predict the maintenance

performance for object-oriented systems. To measure design complexity, interaction

level, interface size and operation argument complexity were chosen. Perfective and

corrective maintenance were selected to represent maintenance task. Correlation analysis

was performed to conclude that the selected attributes were able to predict the

maintenance efforts of the systems.

Another interesting work for measuring software maintenance project effort

estimation has been done by Ahn et al. (2003). They proposed a software maintenanc e

project effort estimation model (SMPEEM), which is based on the function point

measure and 10 maintenance productivity factors. These factors are classified into

engineer’s skills, technology characteristics, and maintenance environment. Survey

method was used to validate the proposed model. To find the relation of actual efforts and

function points, regression analysis was performed by taking the data from 26
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maintenance projects. Ardimento et al. (2004) made the assessment that if a component is

difficult to understand then it will be difficult to maintain it and advised the trial usage of

component before adopting it for the application.

Kajko et al. (2006) discussed several problems related with the maintenance of

the software systems and proposed two maintainability models separately for product and

process. Product aspects, consisted of common characteristics, variable characteristics,

maturity level, traceability characteristics and others, while in process aspects the

common tasks were to manage mai ntainability through out the whole software life -cycle.

The work claimed that the commonly defined model of maintainability would

substantially contribute to the overall success of the software.

1.3.4.2 Artificial Neural Network and Fuzzy Logic based Measurement of

Maintainability

Artificial Neural Network (ANN) based approach is considered to be very helpful

in estimating/predicting maintainability of the system. ANN is inspired from biological

nerve system. ANN is characterized by its architecture, its le arning algorithm, and its

activation functions. A set of data (input/output) is used for training the network. Once

the network is trained, it sets a relationship between input and corresponding output. Now

this network can be used to predict the output fo r any input set of data. Researchers

considered different factors as inputs for training the network. Some of the work is as:

Singh et al. (2004) considered readability of source code, documentation quality,

understandability of software and average cyclom atic complexity as input or independent

variable to measure the maintainability of the software systems  by using the back

propagation algorithm of Artificial Neural Network. Aggarwal et al. (2006) identified

principal components of 8 object -oriented metrics as independent variables (input) to

estimate the maintenance (output) for object-oriented systems. Back propagation

algorithm was used for training the network. Shukla and Mishra (2008) used 14 factors as

cost drivers for their study and trained the netw ork by considering different number of

hidden layers and neurons. Results concluded that neural network was able to predict the

maintenance effort.

Aggarwal et al. (2005) used Fuzzy based approach to measure the software

maintainability by considering average number of live variables, average life span of
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variables, average cyclomatic complexity and the comments ratio. Grover et al. (2007,

2009) extended the ISO 9126 model to add one sub -characteristic, Trackability under

Maintainability and proposed a Fuzzy Logic based approach to predict the

maintainability of the CBS. Authors considered Interaction Complexity, Reusability,

Testability, Understandability and Trackability as inputs to predict the maintainability  as

output. Inputs are designed by Fuzzy sets  as Low, Medium and High, while

maintainability as Very Low, Low, Medium, High and Very High. Total 243 rules were

provided to fuzzy inference engine to get the output. The value of maintainability is

measured then by using defuzzification process. The pro posed model is then applied on a

class room based project to evaluate its maintainability.  The major findings of the paper

are discussed in Chapter 5.

1.4 QUALITY OF COMPONENT-BASED SYSTEMS

On time, within the given budget and upto the level of satisfactio n of the users are

the ultimate requirements for any high quality software development project. It has to be

noticed that software organizations invest some how 80% of their development resources

for issues related to their product quality. In CBS, quality aspect becomes more important

due to its architectural difference. Here, application developers have to rely on the

component vendors or the developers. The quality of the component will have a very

high impact on the quality of the final system. Followin g section discusses several quality

models for legacy and for CBS.

1.4.1 Quality Models for Legacy Systems

Quality model is a set of  characteristics and sub-characteristics, as well as the

relationships between them that provide the basis for specifying qu ality requirements and

for evaluating quality of the component or the system . Quality model establishes a

framework to perform some kind of measurement of the specific desirable features that

are needed in the final system and perceived by the end user (Losavio et al., 2002).

Measurement of quality attributes is concerned with deriving the numerical values by

using the appropriate metrics for that attribute.

There are several quality models proposed so far. The most well known model is

McCall Model (McCall and Joseph, 1978). They presented a software quality framework
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and classified the quality attributes into three groups, namely , product operation, product

revision and product transition. Authors proposed 11 characteristics under these

categories. Second model was proposed by Boehm and others (Boehm et al., 1976),

which in addition to most of the McCall factors; also include hardware characteristics and

others like documentation, generality, economy, and others. Ghezzi et al. (1991)

categorized quality into external and internal quality and list  sixteen factors under these.

FURPS model (Grady, 1992) decomposed quality into two different categories of

requirements, namely, functional requirements defined by input and expected output and

non-functional requirements like usability, reliability and others. Nagib and Callaos

(1994) proposed the totality of quality concept for software development by giving a

quality cube model. Dromey (1995) added two more characteristics, namely, reusability

and process maturity to propose a new model . It categorized the characteristics into four

categories: correctness, internal, contextual and descriptive.

ISO proposed a quality standard ISO 9 126 (ISO, 2001) providing a generic

definition of software quality, in terms of six m ain characteristics. These characteristics

include functionality, reliability, performance, usability, portability and maintainability.

These characteristics are further divided into 21 sub -characteristics, covering functional

and non-functional behavior of the system. This model is a generic model. Researchers

used this model by adding/removing characteristics/sub -characteristics from this, so that

it can be used for component -based systems.

Bansiya and Davis (2002) proposed QMOOD, a hierarchical quality m odel,

dedicated to the assessment of object-oriented design quality. The model indentified the

specific design properties for object-oriented paradigm (e.g. polymorphism, inheritance,

data abstraction etc.) and also introduces a set of new object-oriented metrics.

1.4.2 Quality Models for Component -based Systems

For component-based systems, most of the models , discussed above, may not fit

as-it-is due to the difference in development approach . While some of the factors are

appropriate for software component s, others may not be well suited for those

components. Therefore, one need to filter the characteristics and sub -characteristics for

the existing model, which may fit for CBS and also some new characteristics specific to

CBS, may also be added.
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Woodman et al. (2001) considered the quality for the component user

(component-based application developers) and suggested eleven quality attributes. These

attributes include reusability, maintainability, accuracy, clarity, replaceability,

interoperability, scalabili ty, performance, flexibility, adaptability, and reliability.

Bertoa and Vallecillo (2002) modified the definition of characteristics and sub -

characteristics proposed in ISO9126 model within the context of components. The paper

classified the metrics for al l these sub-characteristics into four categories: presence, ratio,

time and level. The paper also suggested attributes and their associated metric s for these

sub-characteristics for CBS.

Sedigh et al. (2001b and 2003) suggested the risk and quality managem ent with

the help of metrics and proposed a set of thirteen metrics, categorized into management,

requirement and quality. Larsson (2004) collected several quality attribute s for his

proposed model. These attributes include business, nomadicity, and softwa re system

independence, footprint, schedulability, CPU utilization, latency, openness and several

others.

Jung et al. (2004) conducted a survey on 200 users of a marketing department of a

company. They used principal component analysis (PCA) to analyze the  characteristics

and sub-characteristics of ISO 9126 model. Results show  that analyzability,

changeability, stability and adaptability are related to maintainability and portability. The

work also proposes that security, a sub-characteristic of functionality, should be

considered as a separate characteristic and its sub -characteristics should also be proposed.

Voas and Agresti (2004) quantified the quality of software as a single variable by

combining the contribution of all its attributes in units. All at tributes may be measured by

using different units; therefore these attributes need t o be normalized so that they all

appear in a range from 0 to 1. New weight values are proposed for each attributes to

finally evaluate the quality of the software. Cai et al. (2005) proposed a generic quality

assessment environment, named ComPARE (Component -based Program Analysis and

Reliability Evaluation). It evaluates the quality of component-based software system and

automates the collection of different metrics (includi ng process metrics, static code

metrics and dynamic metrics), selection of different prediction models, and formulatio n

of user-defined models and validation of the established models.
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Crnkovic et al. (2005) extended ISO 9126 to propose a new model for COTS

components, which categorized the quality characteristics into runtime and life cycle. It

removes portability, maintenance and reliability from the model and changes the

definition of usability, learnability, understandability and operability  in the context of

components.

Rawashdeh and Matalkah (2006) added compatibility sub-characteristic under

functionality and complexity under usability. It removed stability and analyzability from

maintenance and added manageability to it. It also added new characteri stic, stakeholders

to the proposed model. However, the proposed model did not specify any methodology to

evaluate the characteristics and the quality of the system. Preiss et al. (2001) proposed

several characteristics under observable at runtime and obser vable at development life

cycle. These include integrability, deployability, dependability, safety, distributability

and others.

Tawfiq et al. (2007) used quality attributes to propose a new cost estimation

model. They used case-based reasoning to characterize the project for which estimate is

to be made, relative to just enough quality attributes for that  project. The description is

then used to find other similar already finished projects, and an estimate for the new

project is made based on the known ef fort values for those finished projects.

Sharma et al. (2008b) proposed quality model by adding complexity, reusability,

flexibility and trackability and removing attractiveness  and analyzability sub-

characteristics from ISO 9126 model . Paper considered that, only the required

characteristics/sub-characteristics to a particular domain should be considered for

evaluating the quality. Like for throwaway applications e.g. a system developed to solve

Y2K problem, maintainability will be of no use. Similarly, i f the application is intended

to work only for a dedicated platform, portability aspect is not required at all. However,

the financial applications will require more security, efficiency, reliability, fault tolerance

and availability. Similarly, for an e -Commerce system, the important characteristics

would be reliability, performance, availability, security, and maintainability (Voas and

Agresti, 2004). Authors conducted a survey on 36 experienced software professionals

from nine multi-national companies, working on the component-based technologies.

Survey form consists of questionnaire about their preferences of quality characteristics.  It
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used Analytical Hierarchy Process (AHP) to assign  weight values to these characteristics

and sub-characteristics. Finally, a case study was performed on a live environment by

taking the metrics for selected attributes to find the overall quality of the target

component. This value can be used to compare and select the best component for the end

product. The details of this work are presented in Chapter 6 of the present thesis.

1.5 CONCLUSION

It is evident from review of the literature that there exist no precise criteria to

measure the various quality characteristics, like complexity, reusability, maintainability

and others for component-based systems. Most of the work is either proposed

theoretically without any evaluation and validation methodology or considers the source

code of the components while proposing the metrics for these characteristics. Moreover,

the relationships among these characteristics to obtain the overall quality as a single

variable have not been explored.

The proposed study aims to estimate quality characteristics of black -box

components and component -based systems. The work proposes and validates metrics for

complexity, reusability and maintainability of the system. It also proposes the evaluation

of quality for a component as a single variable. These estimates will help application

developers to select the best quality component among others, which w ill eventually lead

to the development of good quality product. The study  uses Neural Network, Fuzzy

Logic and Analytical Hierarchy Process based approaches to propose these measures.
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Chapter 2

INTERFACE COMPLEXITY

2.1 INTRODUCTION

A component-based system (CBS) is integration centric with a focus on assembling

individual components, to develop the application. In CBS, component source code

information is usually unavailable. Each component introduces properties such as

constraints associated with its use, interactions with other components and

customizability properties. Customization can be performed through its interface methods

and properties. Those components might be implemented by different programming

languages and might be run on distributed machines; some of them might be developed

in-house, while others may be third party or commercial off -the-shelf components

(COTS). A key to the success of CBS approach to software devel opment is its ability to

use software components that are often developed by and purchased from third parties.

Therefore, the selection of a component is of prime importance for helping a developer to

choose the best component . One criterion for selecting the best component may be the

complexity. It may also be an important indicator for estimating reusability,

maintainability and overall software development efforts. If developer knows the method

to evaluate the complexity of a target component, he can com pare several available

components and choose the appropriate one, which will be less complex than others.

Components are black-box in nature. The source code of these components is not

available. Application may interact with these components only through their well-

defined interfaces. Interface acts as a primary source for understanding, use and

implementation for the component. Interfaces spell out the individual elements of a

component in a systematic manner. Therefore, the complexity of these interfaces  plays a

lead role while measuring the overall complexity of the component. However, the overall
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complexity of a component may also include integration complexity besides interface

complexity (Narasimhan and Hendradjaya, 2004). Integration complexity is d iscussed in

Chapter 3 of this thesis.

This chapter proposes an interface complexity metric  for software components,

which is based on complexity involved in the interface methods and properties used in

the interface. These interface methods may have parame ters and return values, which are

the only source of information available to us for that interface method. Depending on the

nature and the number of these parameters and return values  and properties, weight

values may be assigned to them, which can be used to measure the complexity of the

target interface method. Finally, the sum of complexities of these methods will give the

overall interface complexity of the target component.

2.2 COMPLEXITY CONCEPTS

IEEE defines software complexity as “the degree to which a system or component

has a design or implementation that is difficult to understand and verify” (IEEE, 1990).

Basili (1980) defines complexity as a measure of the resources expended by a

system, while interacting with a piece of software to perform a given task. If the

interacting system is a program, then complexity is defined by the difficulty of

performing tasks such as coding, debugging, testing or modifying the software.

There is no consensus on how to define software complexity, and the term

complexity measure is a misnomer: The true meaning of the term software complexity is

the difficulty to maintain, change and understand software (Zuse, 1991).

These definitions associate software complexity with the difficulty of performing

a task on the software. An implicit assumption is that software complexity correlates well

with reusability, maintainability or overall development efforts.

In conventional software development, complexity can be defined as the difficulty

to analyze source code, modify and m aintain its modules. However, in CBD, due to its

black box nature, component may only be customized, added or removed. Customization

can be performed through its interface methods and properties.
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2.2.1 Complexity Metrics for Legacy Systems

Complexity is a major driver of the cost, reliability, and functionality of software

systems. Several metrics have been proposed for measuring various aspects of

complexity such as size, control flow, data structures, and inter -module structure.  The

most widely used complexity metric is Cyclomatic Complexity proposed by McCabe

(1976). This metric is based on the program graph and is defined as :

V(G) = e - n +2p                       (2.1)

where e is the number of edges, n is the number of nodes in the graph an d p is the

number of connected components. Author  proposed that V(G) can be used as a measure

of procedure complexity of the program. Halstead (1977) complexity measurement was

developed to measure a program module's complexity directly from source code

(operators and operands in the module), with emphasis on computational complexity.

These measures are based on four scalar numbers , derived directly from a program's

source code. These numbers are:

n1: the number of distinct operators,  n2: the number of distinct operands,

N1: the total number of operators and N2: the total number of operands.

From these numbers, five measures are derived as shown in Table 2.1. Among the

earliest software metrics, these measures served as strong indicators of code complexity.

Because they are applied to code, they are the most often used as maintenance metric s

(Edmond, 2007).

Measure Symbol Formula

Program length N N= N1 + N2

Program vocabulary n n= n1 + n2

Volume V V= N * (log2 n)

Difficulty D D= (n1/2) * (N2/n2)

Effort E E= D * V

Table 2.1: Halstead Complexity Measures

Kafura and Henry (1981) also proposed the complexity metric based on the

number of local information-flows entering (fan-in) and exiting (fan-out) in each

procedure. This metric is formulated in Equation 2.2.
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Complexity = (Proc. Length) * (fan -in * fan-out)2 (2.2)

But in component context, these metrics may not be used to  measure the

complexity of entire component as these metrics measure the complexity for procedures

only and do not consider the other aspects of the components like classes, attributes and

interface methods, which may contribute a good amount of complexity  to the component

(Sharma et al., 2007a).

Li (1983) proposed other metrics for complexity, based on size measures such as

number of methods and attributes. In an object -oriented environment, Chidamber and

Kemerer (1994) proposed a set of quality measures f or class complexity. They proposed

Depth of Inheritance Tree (DIT), Number of Children (NOC), and Weighted Methods

Complexity (WMC), Coupling between Objects (CBO), Response for a Class (RFC) and

Lack of Cohesion in Methods (LCOM). Out of these metrics DIT, NOC, CBO and RFC

evaluate the external complexity of the relation between classes and do not depend upon

the code complexity of the methods. WMC measures the complexity of the methods and

is defined as:

1

( )
n

i
i

WMC C C


 (2.3)

where Ci is the static complexity of the corresponding method Mi. This metric evaluates

the complexity of methods for a class.

2.2.2 Complexity Metrics for Component -based Systems

An extension to the metrics (Li, 1983) is proposed by Vernazza et al. (2000) for

software components. They consider that a component consists of a group of classes, so it

is reasonable to expect that the complexity of the various classes influence the

complexity of the resulting component. The y proposed a metric called weighted class per

component (WCC) as:

1

( )
n

i
i

WCC NOM C


 (2.4)

where NOM is the number of methods available in the component. The other extended

metrics are:
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 Number of Children for a Component  (NOCC), which counts the number of

children of all the classes in the component.

 External Coupling between Objects ( EXTCBO) counts the number of external

classes, coupled to it.

 Response Set for a Component (RFCOM) is the number of all the methods in the

member classes and the methods called by those classes.

 Maximum of the DIT (MAXDIT) and Mean DIT of unrelated trees ( MUT).

The paper also performs a validation of these proposed metrics by using the

properties defined by Briand et al. (1999). This validation is based only on some

theoretical properties and no validation , even empirical has been performed so far.

Cho et al. (2001) propose various metrics for complexity, customizability and

reusability for component-based systems. Authors classified the proposed metrics into

design time metrics and implementation metrics. The work considers classes, interfaces

and relationships among classes to measure the complexity metrics. These metrics

combine cyclomatic complexity with the sum of classes and interfaces to  give plain,

static and dynamic complexity metrics, which may eventually help to estimate the

component’s size estimates. Th ese metrics consider only the number of constituents like

classes, methods and interface methods etc. , but do not consider the technical

complexities of these constituents.

Nael (2006) considered that structural complexity of component-based software

systems is due to the components, connectors between components, interfaces of each

component and composition tree. Author  proposed several metrics for each of these

categories. For interfaces, they proposed metrics, namely , total number of interfaces and

average number of interfaces per component. However, the proposed metrics are very

basic in nature and are based on just the numbers and does not consider the complexity of

individual interface.

Most of the metrics discussed above, are based on the source code of the

components and therefore cannot be used at the system level. Therefore , there is a strong

need for designing of some complexi ty metric for black-box components, which can be

used by the application developers to choose the best component and finally can produce

the better quality systems. For black-box components, complexity is mainly due to the
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interface, integration and semant ics. Therefore, to measure the overall complexity of the

component, we may have to measure all these. Interface measures are the estimates of the

complexity of interfaces. Interface defines component’s provided services and acts as a

basis for its use and implementation. It acts as one of the primary definitive source for

understanding component and often may be the only available source. An interface

comprises of a set of operations, which act as access points for interaction with the

outside environment. Integration measures are the measures of efforts required in the

integration process of components. Lastly, semantic measures estimate the complexity of

the relationship of components to application. Mahmood and Lai (2005) consider these

three into consideration while designing the complexity for UML Component-based

System Specification (CBSS). As the proposed metrics measures the CBSS complexity

early in the specification phase to identify the complex components, they can direct the

appropriate amount of effort to test and maintain these components to produce more

reliable CBS.

Boxall and Araban (2004) define Interface Textual Complexity Metrics through a

set of mathematical expressions. These metrics considers various measuring aspects of

component’s interfaces, such as interface size, number of distinct arguments in

operations, level of repetition of such arguments, the commonality in identifiers,

identifier’s length and the density of reference arguments. The proposed metric give s a

very rich analysis for the arguments used, however it considers all the arguments of same

type and does not differentiate them on the basis of their type and complexity involved in

that argument due to its data type.

Gill and Grover (2004) proposed a metric, called Component In terface

Complexity Metric (CICM). The work discusses the interface characterization of

software components and assumes that the complexity of a component is mainly due to

interface data signature, interface constraints and interface packaging and configura tions.

Interface signature characterizes the functionality of the component and consists of

properties, operations and events. Interface constraints involve the individual elements

and the relationships among these elements. Last is the Interface packaging  and

configurations, which deals that how a component will be used in an application or in

another component. First two parts of this metric deal with the internal functioning of the
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component and depend on the coding involved during the development while the third

one deals with the use of the component after the development. Although, the proposed

metric seems to be a very strong candidate for measuring interface complexity but it lacks

any sort of empirical evaluation.

2.3 PROPOSED COMPLEXITY METRIC

Rotaru et al. (2005) considered the interface-methods based approach to measure

composability degree of a software component. It considers the parameters and return

values of its interface methods to measure the proposed metrics. It justifies that software

components interfaced only by methods with no parameter and no return value has the

biggest composability degree because it does not have any external dependencies. While

interface methods with no parameter with return value will have lower composability

degree. Lastly, interface methods with both, parameters and return values have the lowest

composability degree.

We extended the approaches described in (Rotaru et al., 2005; Gill and Grover,

2004; Boxall and Araban, 2004) while proposing a new interface comple xity metric for

components. Proposed metric uses the signature or the behavior of the component

through its interface methods and pro perties, which are available even without going into

the internals of the component. For the proposed metric, we consider t he events and their

listeners similar to the methods. We propose that the interface complexity metrics for the

component will be due to the complexities involved in its interface methods and

properties described above and define Interface Complexity M etric (ICM) for Component

C as:

                                    (2.5 )

where CIMi is the complexity of ith interface method and CPj is the complexity of jth

property. A and b are weight values for methods and properties respectively, as

complexity of a interface method may have different weight value than the complexity of

a property. However, in this work, we are taking these weight values sam e and equal to 1.

Interface methods are divided into the following categories:

1 1

( )
n m

i j
i j

ICM C a CIM b CP
 

  
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 Interface methods without return values and without parameters.

 Interface methods with return value but without parameters.

 Interface methods with no return value but with parameters.

 Interface methods with return value and with parameters.

Complexity of interface methods may be me asured based on its return type and

arguments passed to it. We assign different weight values to these methods based on the

nature (data type) of arguments/return values , used in the method. Arguments/Return

types may be of primitive data types like intege r, structured data types like date, string,

array list, vector and complex da ta types like class type, built -in and user-defined

components, pointers/reference and others. Therefore,  based on the complexities involved

in these data types, different weight values are assigned to the methods. We classify these

data types in four categories , namely, simple, medium, complex and highly complex.

Similarly based on the data type, we can categories properties into simple, medium,

complex and highly complex and can assign the corresponding weight values to them.

Our assumption in assigning weight values is that a method having no argument

(e.g. constructor) may be considered as simplest method  and we assign the weight value

to these methods 0.05. All other interface methods are assigned weight values depending

on the type and total number of arguments and return types. The following table shows

these weight values:

Data Type

No.
Simple Medium Complex Highly Complex

1-3 0.1 0.15 0.2 0.25

4-6 0.2 0.3 0.4 0.5

7-9 0.3 0.45 0.6 0.75

>=10 0.4 0.6 0.8 1.0

Table 2.2: Weight Values for Interface Methods

Same table can be used for getting the weight values for properties used in the

component. Based on these tables, the complexity of each interface met hod and property

can be measured and finally by taking appropriate values of a and b, we can measure the

interface complexity of the entire component  by Equation 2.6. The metric seems to be fit
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for empirical evaluation. This complexity metric can be correl ated with other quality

criteria such as performance, customizability and others. Customizability can be used to

measure the reusability and maintainability for CBS , as direct method to measure

maintainability may not be possible (Sharma et al., 2007b).

2.3.1 Theoretical Evaluation of Proposed Metric using Weyuker ’s Properties

Weyuker (1988) proposed an axiomatic framework in the form of several

properties for evaluating complexity aspect. The proposed interface complexity metric in

this chapter is evaluated against these properties for compatibility . The properties are:

Property 1: There are programs P and Q for which M(P) ≠ M(Q).

Property 2: If c is non-negative number, then there are finitely many programs P for

which M (P) =c

Property 3: There are distinct programs P and Q for which M(P)=M(Q)

Property 4: There are functionally equivalent programs P and Q for which M(P) ≠M(Q)

Property 5: For any program bodies P and Q, we have M(P)<= M(P;Q) and M(Q) <=

M (P; Q).

Property 6: There exist program bodies P, Q  and R such that M(P)=M(Q) and M(P;R) ≠

M (Q; R).

Property 7: There are program bodies P and Q such that Q is formed by permuting the

order of statements of P and M(P) ≠M(Q).

Property 8: If P is a renaming of Q, then M(P) = M(Q).

Property 9: There exist program bodies P and Q such that M(P)+M(Q) < M(P;Q).

These properties are evaluated for the proposed metric as:

 There may be two different components with different com plexities, thus

satisfying the first property.

 As component will have at least one busines s method with some functionality,

therefore its complexity will always have some positive value. It confirms the

second property.
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 For two different components with different functionality, complexity metric

value may be same, as these methods may have same  interface structure but with

different functionality. Property 3 is satisfied on the proposed metric.

 Even if the functionality of the two components is same, both may have different

complexities as these components may be designed by using different

technologies and programming concepts.  It confirms 4th property.

 If a component is integrated in another component to get an assembly for

enhanced functionality, the complexity of these two individual components will

be lesser than the complexity of the assembly, which is as per the 5 th Weyuker

property.

 Two components with the same complexity means both will have same no. of

interface methods with same arguments and return types. However, they may be

developed by using different programming methodologies and t herefore when

integrating in the system/component, both may have different integration code

and implementation thus resulting in different complexities of the system in both

the cases. Therefore this property i s satisfied for the proposed metric.

 The ordering of interface methods and return type and arguments in a component

will not change the complexity of the new component. Thus this property is not

satisfied by our metric.

 It is obvious that renaming a method or a component will not affect the

complexity of that interface or the component, thus satisfying this property.

 When two components are assembled then besides the methods used in these

components, we may have to write some methods related with the integration

also. This will increase the complexity  of the assembled component.  This satisfies

the last property.

Out of nine properties, eight properties are satisfied by the proposed metric.

2.3.2 Empirical Evaluation of the Proposed Metric

Above proposed metric is evaluated on a number of Java Bean com ponents,

collected from several websites (Jars, Elegantjbeans, Oreilly, Java). These Java Beans

vary from very simple and small to complex and very large. The parameters passed to
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and value returned from these components varies from simple int to complex object or

component type.  Also, the number of properties varies from 2 to 75. The values obtained

for complexity from these Java Bean components by using Equation 2.5 are shown in the

Table 2.3.

Java Beans Methods Properties Interface Complexity

Temperature 11 27 8.45

Boiler 16 35 11.95

AcmeLabel 6 2 1.30

WordCount 3 2 1.40

TableBean 19 76 15.80

ConvertBean 6 4 2.20

AcmeSizing 9 4 4.35

TempModi 21 13 13.80

Tree 16 22 22.65

Calendar 15 10 18.75

Table 2.3: Complexity Metric Values

Table 2.3 shows that the Java Beans considered for the experimentation vary from

very simple (only three simple m ethods and 2 properties) to  complex (around 20 methods

and 75 properties). The complexity of t hese components varies from 1.30 to 22.65.

2.3.3 Validation of the Proposed Metric

Correlation analysis is performed for the proposed metric with several other

quality characteristics, like, performance, customizability and readability on same Java

Bean components used for proposed complexity metric. For performance, ti me taken by

these components (with default values of parameters) to execute in seconds is measured.

Customizability is defined as the ability to modify a component as per the application

requirement. Better customizability will lead to a component with be tter reusability. It

will also help in maintaining the system in the later phases. Therefore, it can be used to

measure the maintainability and reusability for CBS. It may be measured on the basis of

writable properties available in the component. Writable  properties in Java Bean
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components may be recognized by set methods (Washizaki, 2003). The following

formula is used to evaluate this metric:

No. of Set Methods
Customizability =                                     (2.6)

Total number of Properties

Similarly, readability can be measured by getting the observable properties from

the component. Readability will help an application developer to understa nd the

component. If a component is understandable, it will be easier to use it and maintain it.

Therefore readability will improve the usability, reusability and maintainability of the

component. It may be measured on the basis of readable properties avai lable in the

component. Readable properties in Java Bean compone nts may be recognized by get

methods. The following formula is used to evaluate this metric:

No. of Get Methods
Readability =                                                (2. 7)

Total number of Properties

Table 2.4 shows the values of three metrics i.e. Execution Time (ET),

Customizability (Cust) and Readability (Read) for the same Java Bean components.

Java Beans ET Cust. Read.

Temperature 0.031 0.185 0.148

Boiler 0.109 0.31 0.20

AcmeLabel 0.010 0.50 0.5

WordCount 0.016 0.0 0.0

TableBean 0.90 0.04 0.07

ConvertBean 0.011 0.35 0.5

AcmeSizing 0.019 1.0 1.0

TempModi 0.912 0.05 0.08

Tree 0.516 0.0 0.09

Calendar 0.39 0.02 0.10

Table 2.4: Other Metrics Values
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Now, Correlation theory is applied to find the relationships among proposed

complexity metric and these three metrics. For this purpose Karl Pearson’s coefficient of

correlation is used. Table 2.5 shows the result obtained.

Table 2.5: Correlation Coefficients among proposed and other metrics

Table 2.5 shows that there is a strong positive correlation between complexity and

execution time. Complex components take more time to execute, which is self evident

and is proved by our proposed metric. Also, there are negative correlation between

complexity and customizability and complexity and readability, which confirms that

highly complex components are hard to customize and to understand which leads towards

poor reusability and maintainability. These correlation coefficients and their

interpretation validate the proposed complexity metric for components.

2.4 CONCLUSION

The chapter discusses various complexity metrics proposed by researc hers

especially for component-based systems. Most of the metrics proposed so far are based

on the source code of the com ponent and therefore cannot be used by the application

developers, who do not have the source code of these components. We proposed an

interface complexity metric for black -box components, which is based on the complexity

of the interface methods and prope rties existed in the component. Work theoretically

evaluates the proposed metric against Weyuker’s properties and then empirically

evaluates it on several Java Bean components. It also conducts validation through other

metrics, namely, performance, customizability and readability and verifies the facts that

complex components take more time to execute and are hard to maintain and reuse. The

proposed metric can be used by the system developers to evaluate the complexity of the

component at an early stage befor e using it in the system for ensuring the good quality

end-product.

Characteristics Correlation Coefficient

Complexity vs. Exec. Time 0.78

Complexity vs. Customizability -0.51

Complexity vs. Readability -0.56
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Chapter 3

DEPENDENCY ANALYSIS

3.1 INTRODUCTION

Different programmers develop components, often working in different groups by

using different methodologies. Interaction among these components can be characterized

by the use of component’s interface or through other components interactions. In other

words, interaction happens when a component provides an interface and other

components use it, and also when a component submits an event and other component s

receive it. Interactions promote dependencies. Integrating a component can affect the

composite functionality of the system. It is hard to create robust and efficient systems , if

they do not understand the dynamic dependencies among components. Thus, it is very

common to find cases, in both legacy and component-based systems, in which a

module/component fails to accomplish its goal because the system does not properly

resolve an unspecified dependency. Sometimes, other modules  or components do not

properly detect the graceful failure of one module  or component, which leads to a total

system failure.

Because administrators must continuously update and modify current systems,

dependency conflicts may arise. For example, operating system administrators must

monitor security announcements daily and be prep ared to update their operating system

kernels with the appropriate security patches. In addition, users demand new versions of

applications such as web browsers, text editors, software development tools, and so forth.

Often, building and installing a new s oftware package requires updates to a series of

other components as well (Kon and Campbell, 2000). Recent research suggests that most

faults are found due to the poor interactions among components. If we can identify these

possible faults early at specification, then precautionary actions can avoid the likely

failure causes and costly maintenance (Mahmood and Lai, 2005).
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Understanding and tracking dependence relationships among components is

increasingly difficult in large and complex systems . The problem is intensified since CBS

encompasses both components developed in -house and components made available by a

third party (e.g. COTS), often deployed with insufficient documentation (Vieira and

Richardson, 2002). Undocumented dependencies can prevent the abili ty to evolve a CBS

when it is required to do so. In addition, unidentified dependencies can cause

performance related problems and failures which are extremely difficult to find in large

systems. Thus, it is important to provide ways to comprehensively ide ntify dependencies

of an individual software component and to analyze and manage its influence in a CBS

(Vieira and Richardson, 2001) . Dependency analysis helps to answer the following

questions in a component-based system:

 If a component is updated, which  other components in the system are affected?  It

will help to predict the maintainability efforts.

 If a new system of component is installed , what is the effect on the system?

 Which components are more important/ critical than others? and which

components are isolated?

 What is the minimal set of components of the system that must be inspected when

a failure of the system occurs?

 What is the difference between two configurations?

To address all these issues, it is important that dependencies among components

should be represented by an efficient and effective manner, which can retrieve the

information in a faster way. The p resent chapter proposes a new link-list based

representation for storing dependencies among components. This representation is

implemented by using HashMap concept in Java. HashMap based representation may

store the component key and the complex objects, like class. Through this representation,

we can store information like incoming/outgoing  interactions, type of interactions

(simple/complex) etc. This representation helps us to analyze the dependency level,

which is an indirect measure of complexity. This information can also be used to evaluate

interaction density for the component and finally  for the whole system.
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3.2 DEPENDENCY

Components provide system functionalities by interacting, cooperating and

coordinating. These will produce dependencies among them. Usually, a group of

components depend on each other in order to supply complex system functionality. Any

modification to a component can cause the change of composite functionality, because

the composite functionality is reflected in different components. In addition, the

replacement of a new version component will also cause the change of dependency

among components (Li, 2003).

Dependency may be defined as (Lisa and Delugach, 2001):

Dependency is a relationship involving two or more components, where a change of state

in one or more component  leads to a potential for a chan ge of state in one or more other

components.

In the simplest case of dependency, a unidirectional dependency between two

entities, d(A, B), implies that A depends upon B. If A depends upon B, then a change in B

implies a potential or possible change in A. A is referred as dependent and B as the

antecedent (Keller et al., 2000).

3.2.1 Dependency Analysis and Component -based Systems

Dependency analysis involves the identification of interdependent components of

a system. These interdependent components work as subsets of the system.  It has been

widely studied for purposes  such as code restructuring during optimization, automatic

program parallelization, test -case generation, and debugging. Dependence relationships at

the architectural level arise from the connections among components and the constraints

on their interactions (Stafford et al., 2003).

The benefits of dependency information are clear in providing the developer s and

maintainers with significant knowledge about the system  and its maintenance. It is

important to identify possible dependencies not only to understa nd which parts of a CBS

can be affected by the evolution, but also to distinguish sources (roots) of potential

problems, where more attention is needed. There are reported cases of failures in CBS

because dependence relationships were not identified or pro perly resolved during the
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system's evolution. Particular problems exist for mission -critical systems with high-

dependability requirements (Vieira and Richardson, 2002).

3.2.2 Existing Dependency Representation Techniques

Traditional graph theory can be us ed to monitor the dependencies among

components. It is also useful to represent a graph with a matrix or adjacency lists to be

able to determine if components are dependent or not. Dependencies among components

are to be tracked and stored for further mana gement. By using this approach, it  is possible

to analyze what has been affected in the system and to create determinism when updating

the system with new components (Larsson, 2007).

Stafford et al. (2003) represented dependency among the components by graph G

where G=(N, E) is a directed graph which has a finite set of vertices N (called

components) and E the set of dependencies (path) between the components . An adjacent

matrix AM
n*n

may be used to represent the directed graph, where

AM[i,j] = 1, if component Ci is directly connected with Cj,

0, if component Ci is not directly connected with Cj

d11 d12 d13 … d1n

d21 d22 d23… d2n

= …  (3.1)

…

dn1 dn2 dn3… dnn

where dij (i,j = 1, n) is the (i, j)th state with value 1, if jth component is dependent

on ith component, otherwise 0.

For example, dependencies in a component -based system consisting of five

components, namely, A, B, C, D, and E (shown in Fig 3.1) can be represented by the

matrix as:
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A B C D E

A 0 1 0 0 0

B 0 0 0 1 0

C 0 1 0 1 0 (3.2)

D 0 0 0 0 0

E 0 0 0 1 0

From this representation, the dependencies among components may be computed.

Dependency of a component Ci to other components is the number of all paths in the

graph from Ci to other component.

Di (Dependency of C
i
) = Sum of all paths (i to j) (3.3)

where j=1 to n and Path (i,j) is the total number of paths from component Ci to Cj.

The dependency graph, which is represented by a matrix, can easily be used to

determine what has been affected when a new version of a component is installed.

Gill and Balkishan (2008) used adjacency matrix based representation for CBS

and introduced a set of component-based metrics, namely, Component Dependency

Metric and Component Interaction Density Metric, which measure the dependency and

coupling aspects for the software components respectively. The work concludes that

higher interactions among components increase the complexity because of more coupling

among components. Higher complexity means more expensive and less maintainable

software. The proposed work still needs an empiri cal validation using data from real life

applications. Moreover, the work uses graph theory based notations and adjacency matrix

to show dependency. However, this approach only considers the presence of interactions

(1 or 0) and does not consider the type of interaction while measuring the complexity. For

example, an interaction involving only simple interface like parameter of type int will

have low interaction complexity in comparison to interaction involving complex interface

as when parameter is of component type. The type of interaction among components may

have a significant contribution in the interaction complexity of the component.

Narasimhan and Hendradjaya (2004) proposed static and dynamic metrics for

component integration. Static metric covered the complexity and the criticality within an

integrated component and is intended to be used early during the design stage. The work
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proposed two metrics called Component Packing Density (CPD) and Component

Average Interaction Density (CAID) to represent the complexity of the system. CPD is

the ratio of number of constituents like modules, classes, operations etc. and  the total

number of components;  while interaction densities are measured by dividing the actual

incoming interactions to the total number of incoming interactions and similarly dividing

the actual outgoing interactions to the total number of outgoing interactions. The result s

deduced are shown in Table 3.1 .

CPD CAID Result

Low Low Low data processing and low computation (Simple transaction sys tems)

Low High Low data processing and high computation (Compute -intensive real time

systems)

High Low High volume of data with many components but with low interaction

among components (Transaction processing systems)

High High Many classes or constituents with the components and high interactions

among components (Complex Systems)

Table 3.1: Density Metrics

These metrics are further evaluated theoretically against standard Weyuker

properties. Most of these properties are satisfied by the proposed metrics. This paper also

discusses the relationship of these metrics with quality attributes defined in McCall

(McCall and Joseph, 1978) model. The proposed metrics can be used to measure

usability, efficiency, reliability, maintainability and other quality fa ctors. However, these

metrics are required to be empirically evaluated and validated against some live

component-based applications.

A similar approach is adopted by Kharb and Singh (2008). Authors proposed

several interaction metrics for component-based systems to finally measure the

complexity of the system. These metrics are based on  actual and total number of

incoming and outgoing interactions among the components. However, these metrics are

just proposed theoretically, without any correlation with any quality characteristic, with

no evaluation and validation on real-life applications.
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3.3 PROPOSED COMPONENT DEPENDENCY REPRESENTATION

USING LINK-LIST

The main idea of our approach is t o provide mechanisms for:

 Describing dependencies of an individual compo nent with the overall system and

 Analyzing the influence of such dependencies in terms of type of interaction s,

dependent components in a CBS in which the component is assembled, by

deploying the link-list representation strategy.

In the proposed representation, each component has a list of components which are

dependent on it. The length of a dependency list gives the number of dependent

components and can be used as a measurement of dependency complexity. The higher the

number, the more complex is the re lation with other components.

Consider a simple case involving two components C1 and C2. C2 requires some

functionality from component C1. Therefore C2 is dependent on C1.

This can be represented by linked list as follows:

C1 C2

Use of this approach is though resource consuming but allows faster searches for

all components dependent on other components. This will result in better understanding

of the system and will decrease the overall maintenance efforts.

3.3.1 Implementation of the Proposed Methodology

We propose a HashMap based approach for the above representation , which

stores the dependency of components , represented by linked-list as discussed above. Map

is a class that stores key/value  pairs. The HashMap class provides the primary

implementation of map interface. HashMap class uses a hash table for implementation of

the map interface.

Each component is added as a key and all the inboun d (required interfaces) and

outbound (provided interfaces) interactions are encapsulated in a class objec t in

HashMap. Outbound dependencies can be used to measure the interactions for a

C1 C2
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component in the system, which , in turn can be used to estimate the complexity of the

system. HashMap based approach is better than the traditional matrix -based approach in

terms of efficiency and storage of additional information like incoming and outgoing

interactions, their number and type s etc. The components for which the interactions are to

be used are stored as a key and the dependent components are stored in a l ist that contains

the multiple objects of dependency class. The structure of the class will be as shown in

Table 3.2.

public class Dependency

{

Object  componentAsKey;

List parametersUsedForInteractions;

        public void addComponentForInteraction(Object c omponent)

{

            this.componentAsKey = component;

        }

        public Object getComponentForInteraction(){

            return componentAsKey;

        }

public void addParametersUsedForInteractions(Object parameter)

{

  parametersUsedForInteractions.add(parameter);

        }

        public List getParametersUsedForInteractions()

{

            return parametersUsedForInteractions;

        }

}

Table 3.2: Pseudo code for designing Link-List based representation

To find out the inbound interaction s, we need to write a method that will traverse

the HashMap to find out the number of inbound interactions.  The structure of the method

is given below in Table 3.3.

public int countInboundInteraction

(HashMap componentGraph, Object keyComponent)

{

       Iterator it = componentGraph.keySet().iterator();

       int inboundCount = 0;

       while (it.hasNext())

{

           List associatedComponents =(List)
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componentGraph.get(it.next());

                 if(associatedComponents.contains(keyComponent))

{

                     inboundCount++;

                 }

             }

            return inboundCount;

    }

Table 3.3: Pseudo code for Storing Inbound Interactions

Similar pseudo-code can be developed by traversing HashMap to trace the

outbound interactions. The count of occurrences in values (from HashMap key/value

pair) will give the number of outbound interactions. For each outbound interaction, the

number of parameters can be found from Dependency class object. Total interactions,

available incoming interactions, used interactions and other valuable information can be

measured by using the same approach. These values can then be used to ascertain various

interaction complexity measures for  the component-based systems. Such metrics are

summarized below:

a) For Individual Component

Based on the proposed methodology, incoming and outgoing interaction density

can be measured for a component. The dependent components on a parent component can

also be identified. Interaction densities may  be used to measure the integration efforts for

the system, while dependency level helps in identifying critical and isolated components

in the system.

i) Incoming Interaction Density

Incoming Interaction Density (IID) for a component C can be measured by

dividing Used Incoming Interactions UII (C) to the Available Incoming Interactions AII

(C). AII (C) and UII (C) can be measured as:

AII (C) = Sum of all provided services of Parent Components of C

UII (C) = Sum of all required services for Component C

Therefore,

( )
( )

( )

UII C
IID C

AII C
 (3.4)
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IID may be used to measure the integration efforts for that individual component. Higher

value of IID results in complex integration efforts, which will increase the maintenance

effort also.

ii) Outgoing Interaction Density

Similarly, Outgoing Interaction Density (OID) for a component C can be

measured by dividing Used Outgoing Interactions  UOI (C) to the Available Outgoing

Interactions AOI (C). AOI (C) and UOI (C) may be measured as:

AOI (C) = Sum of provided services of component C

UOI (C) = Sum of required services of child components of C

Therefore,

OID (C) =
( )

( )

UOI C

AOI C
                 (3.5)

OID may be used as a measure of usability of component in the system. Higher

value of this metric result in higher possibility of using this component by other child

components, which is an indication of high dependability of this component within the

system. Also, it may be used for measuring the service utilization. If a ll the provided

interfaces of a component are utilized by other dependent components then it may be

termed as efficient component in terms of service utilization. On  the other hand, if some

of the provided interfaces are not used by any of the dependent components; it means that

the functionality provided by the component is not fully utilized by other components.

iii) Dependency Level

Dependency level (DL) of a component is the sum of all the child components of

C.

DL (C) = Sum of child components of C                                         (3.6)

This measure can be used to identify the critical components and isolated

components in the system. Highest value of DL will be referred as the most critical

component of the system. Any change in this component may require several possible

changes in other dependent components also. On the other hand, 0 dependency level for a
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component means an isolated or independent compo nent. It can accommodate any

change without affecting other components of the system.

b) For the System

Interaction densities (incoming as well as outgoing) may also be measured for the

whole system. Incoming Interaction Density for the system S, IID (S) may be defined as:

Sum of  Incoming interactions for all com ponents
IID(S)=

Number of  Components
(3.7)

Similarly, Outgoing Interaction Density for the system S, OID (S) may be defined as

Sum of  Outgoing interactions for all com ponents
OID(S)=

Number of  Components
(3.8)

Also, Average Interaction Density (AID) for the system S may be defined as:

Sum of  Interactions for all components
AID(S)=

Number of  Components
(3.9)

These measures can be used to measure the interaction complexity of the system , which

may be a measure of integration efforts for the syste m.

3.3.2 Experimentation

We consider a simple system (Fig. 3.1) to illustrate the above discussed concepts

and measures. There are total five components in the system. Every component is having

some incoming interactions, referred  as required interfaces and some outgoing

interactions, referred as provided interfaces. For example, component A has x1 as required

interface and x2 and x3 are provided interfaces. These provided interfaces in turn can be

used by other components as required interfaces. For compo nent A, out of two provided

interfaces, only one is utilized (by component B). Similarly, for component E, only x10 is

used by component D, leaving x13 as unused, although available.
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Fig 3.1: CBS with five Components A, B, C, D and E

This system can be represented as shown in Fig. 3.2 by using our proposed link-

list based approach. Components shown in left most side are the parent components,

while right side components are their dependent child components. Every component is

having required interfaces (Req. Int.) on its left side, while provided interfaces (Prov.

Int.) on the right side.

Req. Int. Prov. Int.

[x1] A [x2,x3] [x3,x5] B [x7]

[x3,x5] B [x7] [x6,x7,x10] D [x11,x12]

[x4] C [x5,x6] [x6,x7,x10] D [x11,x12] [x3,x5] B [x7]

[x6,x7,x10] D [x11,x12] NULL

[x8,x9] E [x10,x13] [x6,x7,x10] D [x11,x12]

Parent Component Dependent Component

Fig. 3.2: Link-List Based Dependency Representation

A

B

C

D

E

x1

x2 x3
x5

x4

x6

x7

x8
x9

x10

x11 x12

x13
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Now HashMap based implementation of this representation can be use d to add

components in this list along with its parent and child components and incoming and

outgoing interactions. This representation can be used to analyze the dependency levels

(DL) and the dependent components for a particular component. This may also be used to

analyze the impact of change on all components which are dependent on

changed/replaced component. The values of various measures for these components are

shown in Table 3.4.

Component IIC OIC DL

A 0 ½=0.5 1

B 2/4=0.5 1 1

C 0 2/2=1 2

D 3/5=0.6 0 0

E 0 0.5 1

Table 3.4: Dependency Metrics Values

Here in this example, D is having the highest IIC, which means that integration

efforts for using this component will be more than that of other components in the

system. Also, component B and C are fully utilized by their respective child components.

Dependency level of D is minimum i.e. 0. If we need any change in D component, it will

not affect other components. However, the most critical component is C, which has

dependency level 2 and has two chi ld components B and D. Any possible change in this

component may require corresponding change s in both components.

3.4 CONCLUSION

The present work proposes a link -list based approach to represent dependency

among components in component -based systems. This approach is more efficient than

matrix based approach as it can store several type of information like, provided and

required interfaces of components and their types , dependent components etc . This

approach is expected to give faster searches for the co mponents, dependent on other

components. This chapter also discusses several metrics related with the interactions

among multiple components in a system. The information may be used to measure the
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interaction complexity of the system. Also, we may analyze several interaction and

dependency related issues with the proposed approach.



The major findings of this Chapter have been published in ACM SIGSOFT Software
Engineering Notes, Vol.  34, Issue  2, March 2009, pp: 1-6.

Chapter 4

ESTIMATING REUSABILITY

4.1 INTRODUCTION

Software programming is a highly specialized and intellect -oriented task, mainly

due to the complexity involved in the process.  Nowadays , this complexity is increasing

to levels, in which reuse of previous software designs are helpful to reduce the efforts and

total development time.  The main idea of software reuse is to use previous software

components/artifacts to create new software systems .  Thus, software reuse is software

design, where already developed components are the building blocks for the creation  of

new systems. The main objective of software reuse is to minimize repetition of work,

development time, cost and efforts and increase reliability of the systems. It also

improves the maintainability and portability of the system.

In case of component-based development, software reuse refers to the utilization

of a software component with in a product, where the original motivation for constructing

this component was not known. Here, reuse is seen as black-box reuse, where the

application developer sees the interface, not the implementation of the component. The

interface contains public methods, user documentation, requirements and restrictions of

the component. If there is a change in the code of a black-box component, compiling and

linking the component would propagate the change to the applications that reuse the

component.  As the users of the component trust its interface, changes should not affect

the logical behavior of the component.  The  clients will get what the contract promises

only if the post condition is true after the changes to the internal implementation (Judith

and Audrey, 1998).

One of the essential problems in software reuse is the retrieval and selection of

suitable software components from a large library of components. Gill (2006) discusses

the importance of component characterization for better reusability. It discusses several
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benefits of component characterization, which includes improved cataloguing, improved

usage, improved retrieval and improved understanding eventually for better reuse.

For CBD, there are two broad reuse developments. One is development of

systems with reuse and another is development of components for reuse. In first case,

application is developed by reusing several already built -in components. These

components are already tested thoroughly, which will enhance the quality of the end

product and will save time and cost. Another approach is the development of components

for reuse. Here, components are de veloped keeping in mind the high reusability. These

components need to be compatible  for wide range of applications  developed in variety of

languages for different platforms. Present chapter emphasizes on the first aspect of reuse

and proposes a methodology to estimate the reusability of the target component  before

using it in the final system. It will help application developers to compare and chose the

highly reusable component among others and will eventually lead to the application

development with low maintenance efforts.

4.2 REUSABILITY METRICS

As the number of components available in the market increases, it is becoming

more important to devise softwa re metrics to quantify the various characteristics of

components. Among several quality characteristics, the reusability is particularly

important when reusing components. Reusability can measure the degree of features that

are reused in building applications. There are a number of metrics (Banker et al., 1991,

Karunanithi and Bieman, 1993; Devanbu et al., 1995; Frakes and Terry, 1996; Barnard,

1998; Kamiya et al., 1999; Aggarwal et al., 2005) available for measuring the reusability

for object-oriented systems.  These metrics focus on the object structure, which reflects

on each individual entity such as me thods and classes, and on the external attributes that

measure the interaction among entities such as coupling and  inheritance.  But there are

some difficulties in applying existing object -oriented metrics into the development of

components and CBS. Object -oriented metrics cannot be used to me asure the

component’s quality. The reason may be that in OO development, reuse is only limited

up to class level and with in the same application, while in CBSD, we can reuse even the

whole component and also in multip le applications.
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An important issue in choosing the best component for reusability  is deciding

which components are easily adapted.  Generally, good guidelines for predicting

reusability are: small size of code, simple structure and good documentation. Gill (2003)

discusses the various issues concerning component reusability and its benefits in terms  of

cost and time-savings. This work also provides some guidelines to augment the le vel of

software reusability in component -based development, which are summarized below for

completeness:

i) Conducting thorough and detailed software reuse assessment to measure the

potential for practicing reuse in an organization so that it can be ensured t hat the

organization can get maximum benefits from already practicing reuse.

ii) Performing cost-benefit analysis to decide whether or not reuse is a worthwhile

investment. This analysis can be performed by using well -established economic

techniques like Net Present Value (NPV) and others.

iii) Adoption of standards for components to facil itate a better and faster

understanding of a component and a faster integration into a system.

iv) Selecting pilot projects for wider development of reuse.

v) Identifying reuse metrics.

Poulin et al. (1993) presents a set of metrics used by IBM to estimate the ef forts

saved by reuse. The study suggests the potential benefits against the expenditures of time

and resources required to identify and integrate reusable software into a product. Study

assumes the cost as the set of data elements like Shipped Source Instr uctions (SSI),

Changed Source Instructions (CSI), Reused source Instructions (RSI) etc. It proposes

several reusability metrics in terms of cost and productivity like Reuse Cost Avoidance,

Reuse Value Added and Additional Development Cost, which can be used significantly

for business applications. These metrics are designed by considering the source code of

the component and, therefore, cannot be applied to black-box components.

Cho et al. (2001) proposes a set of metrics for measuring various aspects of

software components like complexity, customizability and reusability. The work

considers two approaches to measure the reusability of a component. The first is a metric ,

Component Reusability (CR), which is calculated by dividing sum of interface methods

providing commonality functions in a domain to the sum of total interface methods. The
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second approach is a metric , called Component Reusability level ( CRL) to measure

particular component’s reuse level per application in a component-based software

development. However, the proposed metrics are based on lines of codes and can only be

used at design time for components.

Washizaki et al. (2003) discussed the importance of reusability of components in

order to realize the reuse of components effectively and propo sed a component

reusability model for black-box components from the viewpoint of component users  or

application developers. The model identified factors affecting reusability on the basis of

an analysis of the activities carried out when reusing a black-box component. The factors

considered are:

 Understanding the functionality of the component

 Adapting the component to the specific functional requirements of the new

system

 Porting the component to a new environment

Authors (Washizaki et al., 2003) also proposed several metrics related to these

factors, namely, Existence of Meta-Information (EMI), Rate of Component’s

Observability (RCO), Rate of Component’s Customizability ( RCC), Self-completeness of

Component’s Return Value (SCCr) and Self-completeness of Component’s Parameter

(SCCp). EMI and RCO metrics indicate that high value of readability will help user to

understand the behavior of a component from outside the component. High value of RCC

metric indicates the high level of customizability of component a s per the user’s

requirement and thus leading to high adaptability. High values of SCCr and SCCp will

lead to self completeness of a component and thus lead to high portability of the

component.

This work also performs an empirical evaluation of these metr ics on various Java

Bean components and set confidence intervals for these metrics. It also establishes a

relationship among these proposed metrics.  These metrics are applied to only a small

number of Java Bean components and thus need to be validated for other component

technologies like .NET, ActiveX and others . Though, this work considers some of the

important factors like customizability and understandability, and discusses their impact
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on reusability of components, it  ignores other factors like understanding the component

from outside, which may also make important contribution towards the reusability.

Boxall and Araban (2004) considered that understandability of the component

affects the level of reuse. Understandability of a component can be made thr ough its

interface properties. Authors proposed some metrics for better understanding of the

component interfaces by considering the size of  interface, argument count, argument

repetition scale and others. However, the proposed approach does not consider t he other

aspects for interface, such as, complexities of the arguments and the return types. Also,

empirical validation of the work is still unexplored.

 Several other researchers also considered similar factors for estimating

reusability. Like, Rotaru et al. (2005) considered adaptability, compose -ability and

complexity of a component to describe its reusability. Mili et al. (1995) considered two

aspects, usability and usefulness while REBOOT (Reuse Based on Object-Oriented

Techniques) proposed by Sindre et al. (1995) considered factors, namely, portability,

flexibility, understandability and confidence to assess the reusability.  In this present

study, we have taken account into the understanding of the components  as well, along

with other important factors  required for estimating the reusability of software

components.

4.3 PROPOSED METHODOLOGY FOR ESTIMATING THE

REUSABILITY FOR COMPONENTS

In the present work, we have identified factors contributing to  reusability and then

proposed Artificial Neural Network (ANN) model for estimating it for software

components. Neural networks have been established to be an effective tool for pattern

classification and clustering (Haykin, 2003 ; Mayrhauser et al., 1995). Neural network has

been chosen because:

 ANN has pattern classification ability and is adaptive in nature.

 ANN adjusts the complexity of the network with the complexity of the problem,

therefore, gives better results than other analytical models .
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 In software industry, the software personnel keep on changing at fast rate. So

there is vital need to collect and automate the expertise knowledge. Expertise can

help in training the network and after training, it can automate outputs.

The major advantage of ANN is that it learns by examples and has the ability to

generalize from its training data to other data. By learning from noisy and incomplete

training data, it can produce correct outputs . ANN is relatively inexpensive to build and

train (Hudson, 2003).

By and large, the neural network models have been used for en gineering

predictions, economic predictions, data mining and medical diagnoses (Widrow et al.,

1994). However, adoption of neural networks to software engineering paradigm is

relatively slow, especially in component-based development. The major studies reporting

the application of neural networks to software development have been carried out in the

prediction of maintenance efforts  and overall development efforts . Keeping this in view,

we adopted this approach to predict the reusability for software components.

4.3.1 Artificial Neural Network

An artificial neural network is characterized by its archit ecture, its learning

algorithms and its activation functions. Learning in the present context may be defined as

a change in connection weight values that result in the capture of information that can

later be recalled. Generally, the initial weights for the network prior to training are set to

random values with in a predefined range. There are broadly two paradigms of neural

learning algorithms, namely, supervised and unsupervised.

Supervised learning is the most common type of learning in neural networks. It

requires many samples to serve as exemplars. Each sample of this training set contains

input values with corresponding desired output values (or target val ues). Then the

network will attempt to compute the desired output from the set of given inputs of each

sample by minimizing the error of the model output to the desired output. It attempts to

do this by continuously adjusting the weights of its connection through an iterative

learning process called training  (Beizer, 1990; Mayrhauser et al., 1995). The supervised

learning approach is followed in the present study.
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Unsupervised learning is sometimes called self-supervised learning and requires

no explicit output values for training. Each of the sample inputs to the network is

assumed to belong to a distinct class. Thus, the process of training consists of allowing

the network to uncover these classes.

There are two main advantages when using estimation by a rtificial neural

networks. First, it allows the learning from previous situations and outcomes. Second, it

can model a complex set of relationships between the dependent variable (such as, cost ,

customization or effort) and the independent variables ( such as reusability and

maintainability). However, there are some shor tcomings of this approach also. Neural

networks approach may be considered as ‘black -box’. Consequently, it is not easy to

understand and to explain its process to the users.  Moreover, there is no guidelines for the

construction of the neural network  topologies, number of layers, number of units per

layer, initial weights etc.

4.3.2 Neural Network Architecture

Neural network architecture (or network topology) refers to the types of

interconnections between neurons. A network is said to be fully connected if the output

from a neuron is connected to every other neuron in the next layer. A network with

connections that passes outputs in a single direction only to neurons on the next layer is

called a feed forward network. A feedback network allows its outputs to be inputs to

preceding layers. Networks that work with closed loops are known as recurrent networks.

Feed forward networks are faster than feedback networks as they require a single pass

only to obtain a solution. The former networks are most commonly used for prediction

problems (Mukherjee and Deshpande, 1995).

An elementary neuron with R inputs is shown in Figure 4.1. Each input is

weighted with an appropriate w. The sum of the weighted inputs and the bias forms the

input to the transfer function f. Neurons may use any differentiable transfer function f to

generate their output.
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Fig. 4.1: General Architecture of Artificial Neural Network

4.3.3 Steps for Designing a Neural Network

The process to devise a neural network model involves the following steps

 The data to be used should be defined and presented to the neural network as a

pattern of input data with the desired outcome or targ et. Then data are selected to

be either in the training set or test set. Training set is used in learning process in

developing the model, while  test set is used to validate the model for its predictive

ability and when to stop the training of the neural network.

 The neural network structure is defined by  selecting the number of hidden layers

to be constructed and the number of neurons for each hidden layer.  All the neural

network internal parameters are set before starting the training process.

 Now, the training process is started. It involves the comp utation of the output

using the input data and the weights. A learning algorithm (such as back -

propagation) is used to ‘train’ the neural network by adjusting its weights to

minimize the difference between the current neural network output and the

desired output.

 Finally, an evaluation process is carried out in order to determine if the neural

network has ‘learned’ to solve the task at hand. This evaluation process may

involve periodically halting the training process and testing its performance until

an acceptable accuracy is achieved. When an acceptable level of accuracy is

obtained, the neural network is then deemed to have been trained and is ready to
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be utilized.

 As there are no fixed rules in determining the neural network structure or its

parameter values, a large number of neural networks may have to be constructed

with different structures and parameters before determining an acceptable model.

Determining when the training process needs to be halted is of vital significance

to obtain a good model.

4.3.4 Learning Algorithms

A prescribed set of well-defined rules for the solution of a learning problem is

called learning algorithm. Several learning algorithms exist for neural networks learning.

In this study, back-propagation neural networks (BPNNs) supervised algorithm is used.

Backpropagation is the generalization of the Widrow -Hoff learning rule to multiple-layer

networks and nonlinear differentiable transfer functions. Input vectors and the

corresponding target vectors are used to train a networ k until it can approximate a

function and associate input vectors with specific output vectors.

Properly trained backpropagation networks tend to give reasonable answers when

presented with inputs that they have never seen. Typically, a new input leads to an output

similar to the correct output for input vectors used in training, that are similar to the new

input being presented. This generalization property makes it possible to train a network

on a representative set of input/target pairs and get good resu lts without training the

network on all possible input/output pairs .

The network in the present study is trained by using Trainlm and Trainbr

functions separately of Feed Forward Back Propagation algorithm  and then result is

compared to get the best output . Trainlm is a network training function which is based on

Levenberg-Marquardt optimization. Trainlm is often the fastest backpropagation

algorithm available in MatLab, although it does require more memory than other

algorithms. Trainbr is also a network training function that updates the weight and bias

values according to Levenberg-Marquardt optimization. It minimizes a combination of

squared errors and weights, and then determines the correct combination so as to pro duce

a network that generalizes . We have used the linear transfer function Tansig for the

experimentation.
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4.4 EXPERIMENTATION

Component is developed by keeping in mind the reusability aspect. As it has to be

used in multiple applications, it should be highly portable and flexible enough to be

customized as per new requirement s. In other words, reusability of a component depends

on the fact that how much customization can be implemented on that. Com plex interface

of the component will lead towards high efforts in customizing it. Therefore, a reusable

component must be developed with simple interfaces. Also, good quality documentation

has to be prepared for these components so that application developers, who are using

these components, will have thorough understanding of these components. In sum mary,

we identified the following four factors on which the reusability of the component may

depend:

i) Customizability

ii) Interface Complexity

iii) Understandability

iv) Portability

i) Customizability

Customizability is defined as the ability to modify a component as p er the

application requirement. Better customizability will lead to a component with better

reusability in applications and thus help in maintaining the component in the later phases.

It may be measured on the basis of writable properties available in the component.

Writable properties in Java Bean components may be recognized by setter methods. The

following formula is used to evaluate this metric (Washizaki, 2003):

No. of Set Methods
Customizability =                                                              (4.1)

Total number of Properties

By using this metric, one can measure that how much an interface method can be

customized. Therefore, it may be used to measure the reusability of the component.

Customizability of a component may vary from 0 to 1.
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ii) Interface Complexity

Components are black box in nature. The source code of these components is not

available. Application may interact with these components only through their well -

defined interfaces. Interface acts as a primary source for understanding, use and

implementation and finally maintenance for the component. Therefore, the complexity of

these interfaces plays a lead role while measuring the overall complexity of the

component. Complex interfaces will lead to the high efforts for understanding and

customizing the components. Therefore for better reusability, interface complexity should

be as low as possible. We use the methodology discussed in Chapter 2 for measuring the

interface complexity of software components.

iii) Understandability

As the source code of the component is not available to the application developer,

documentation is the only source from where he/she can understand the component.

Documentation provides the ease with which a user can learn to operate, prepare inputs

for, and interpret outputs of a system or component.

Here, the term documentation of component  refers to component manuals, demos,

help system, and marketing information. Functional elements may be referred as the

interfaces, operations, or events that a component may support or require from other

components to achieve its functionality, i.e., to implement its services.  A good quality

document must include functional description, installation details, syst em administrator’s

guide, system reference manuals etc. It may also require non -functional details, like

performance, security issues, and previous maintenance activities, if any. It will help in

understanding the component and can be reused/integrated easily in the final system. It

will also help in implementing the maintenance activities with less effort. For present

work, we categorize documentation quality into very low, low, medium, high and very

high categories.

iv) Portability

It is the ability of a component to be transferred from one environment to another

with little modification, if required. It is typically concerned with reuse of component  on

new platforms. The component should be easily and quickly portable to specified new

environments if and when necessary, with minimized porting efforts and schedules. For
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better reusability, component should be highly portable, means; it should be supported by

several platforms. Here, for the proposed work, portability is divided into  very low, low,

medium, high and very high categories .

The goal of our work is to develop a tool for estimating reusability of the software

component. We consider that reusability is a measure of factors mentioned above. The

values of these individual factors can be measured by using the appropriate metrics. For

our study, interface complexity metric is measured by the methodology discussed in

Chapter 2. Customizability metric is the ratio of writable properties to the total number of

properties. Documentation and portability can be classified from very low to very high

categories.

4.4.1 Development of Neural Network Model to Measure Reusability

The training set consisted of 40 exemplars of Java Bean components , collected

from www.jars.com and www.elegantjbeans.com . The components were divided into 5, 8,

13, 10, 4 cases of very low, low, medium, high and very high categories respectively.

Further, 12 exemplars were selected for test set, to validate the network. The values of all

four factors were measured by using the above discussed metrics. All these metrics are

normalized by using Min-Max normalization. Min-Max normalization is a linear

transformation on the original data . It transforms the original input range into a new data

range (typically -1 to +1 range). Suppose that minA and maxA are the minimum and

maximum values of an attribute A. It maps value v of A to v '  in the target range -1

(mintarget) to 1 (maxtarget) by using the formula given in Equation 4.2.

target target target

v - minA
v' = (max - min )* +min

maxA - minA
 
  

(4.2)

The network is investigated empirically containing different numbers of neurons,

i.e., 5, 10, 12, 15, 18, 20, 22, and 25 in hidden layer(s).

Network is trained by adjusting different weights of neurons and hidden layers, so

that the difference between desired output from the network and actual output is

minimized. The network learns by finding a vector of connection weights that minimizes

the desired error on the training data s et. We used training functions trainlm and trainbr

separately and compared the results. T he adaptation learning function selected for this

www.jars.com
www.elegantjbeans.com


61

experiment was learngdm. We used the transfer functions, ‘tan-sigmoid’ in both the

layers, which converts the input into net output . Each of the networks was trained with

1000 epochs, keeping the goal as 0 . Other parameters are set to their default values.

In order to establish the success and sufficiency of supervised training for the

neural network models, it is necessary to have some quantitative measure of learning.

Root mean squared error (RMSE) is an adequate and commonly used error measure.

RMSE is a useful measure of how close a network is getting its predictions to its target

output values. For successful training, RMSE will decrease significantly in the initial

stages of training and converge after a sufficient number of iterations have been

completed. For this study, it is calculated as :

2( )A c tu a lV a lu e E s tim a te d V a lu e
R M S E

n


  (4.3)

where n is the number of observations

Experiments were conducted with an ensemble of networks, starting from

network with 5 hidden neurons and going up to 25 neurons to find out which of these

networks gives the best performance, keeping the output layer neurons constan t in each

of the networks i.e. 1  representing one of the five target values. After the training,

simulation was done on the network. T he network is tested against test set, consisting of

12 exemplars from all five categories. Simulation was done with both the training

functions to see the difference in performance. The optimum performance of the BPNN

model is found to be by trainlm function at 15 neurons with RMSE equals to 0.1648. The

results obtained with different neurons are shown in Table 4.1

Therefore, we can say that the proposed ANN based approach is able to predict

the reusability of the software components and can be used to choose the better reusable

component to be integrated in the system.
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Reusability

Neurons in the

Hidden Layer

RMSE for Trainlm

function

RMSE for Trainbr

function

5 0.1929 0.1793

10 0.1821 0.1782

12 0.1732 0.1763

15 0.1648 0.1701

18 0.1783 0.1783

20 0.2114 0.1783

22 0.1883 0.1784

25 0.1826 0.1801

Table 4.1: Accuracy for the Network

4.5 CONCLUSION

Reusability is the most important criteria for selecting a component for

component-based systems. A highly reusable component will help in better

understanding and low maintenance efforts for the application. Therefore, it is necessary

to estimate the reusability of the component, before integrating it into the system. Present

chapter adopts artificial neural network based approach to estimate the reusability of

component. Network is trained on training data by considering different num ber of

hidden neurons for two training functions, namely, trainlm and trainbr, to get the best

results. This network is further validated by applying the proposed approach on test data.

Results obtained show that network is able to predict the reusability of these components

with an acceptable accuracy. However, it is also possible to train the network by using

different combinations of  other training functions, transfer functions, and number of

hidden layers etc. Also, it is possible to explore alternative  neural network models like

cascade correlation model  that dynamically build the neural network architecture model.

In the present study, data used to train the network is limited to 40 components. More

number of components for training may produce better results.
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Chapter 5

 PREDICTING MAINTAINABILITY

5.1 INTRODUCTION

Software maintenance is a very broad activity in software development that

includes error corrections, enhancement of capabilities, optimization, deletion of obsolete

capabilities and so on. Maintenance includes all changes to the product, once the client

has agreed that it satisfied the specified document. Maintenance may be corrective,

adaptive or perfective. Corrective maintenance consists of the removal of residual faults.

Adaptive maintenance changes functionality to meet another requirement in place of an

existing requirement due to changes in environment, while perfective maintenance refers

to enhancement and optimization. Corrective maintenance is important and critical

because system will remain idle during this time whereas other types of maintenance

activities can go in parallel with the software operation.

The maintenance of existing software can account for 70% of the total efforts put-

in application development (Pressman, 2005) . It is also estimated that this may go up to

80%, if the approaches used in the development are not improved . A survey by Lientz

and Swanson (2000) discovered that about 65% of maintenance was concerned with

implementing new requirements, 18% with changing the s ystem to adapt it to a new

operating environment and 17% to correct system faults. Because change is inevitable,

mechanism must be developed for evaluating, controlling and making modifications.

Therefore a different and effective approach is needed to reduce the overall maintenance

efforts.

Maintenance of CBS may require several different activities than normal

applications, such as, upgrading the functionality of black -box components (for which

code may not be available), replacement of older version com ponents with the new ones
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for better and improved functionality, tracing the problem of compatibility between the

new components with system, and so on.

Present chapter discusses various issues and challenges , related with the

maintainability of CBS. It studies maintainability aspect of ISO 9126 quality m odel and

proposes to introduce trackability aspect under that. Trackability is expected to ease the

overall maintenance activity. The present work  proposes a Fuzzy Logic based approach

to estimate the maintainability of CBS. We identified the factors influencing

maintainability and then categorized them into  different fuzzy sets. Classroom projects

are considered to estimate and validate the proposed maintainability model.

5.2 MAINTAINABILITY

Maintainability is a prediction of the ease with which a system can evolve from its

current state to its future desired state. It is termed as the most difficult and costliest

activity due to it’s inherently involvement in making predictions about the future.

Maintainability is defined as (IEEE, 1998):

"The ease with which a software system or component can be modified to correct faults,

improve performance or other attributes, or adapt to a changed environment"

Another definition is (ISO, 2001):

"The capability of the software product to be modified" . Modifications may include

corrections, improvements or adoptions of the software to changes in environment, and in

requirements and functional specifications .

5.2.1 Maintainability Challenges for CBS

In traditional software systems, we relate maintainability with the term MTTR

(mean time to repair), which should be as low as possible for good  maintainability.

However, this traditional measure, which relies on source code visibility, is insufficient to

contend the maintenance demands of CBD. Component -based systems consist of black-

boxes; the maintainers of these systems do not have access to the source code of the

components. Here the main difficulty is to identify whether the problem is in the

component itself or in the system or may be due to the interaction between the two.

Moreover, if system needs to be upgraded for some advanced additional features, the
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compatibility of the new system with the existing components may vanish. In this case,

components will also need the upgradation or may require installation of new

components with the desired compatibility . Therefore, we may have to consider both

components and component-based systems separately while dealing with the

maintenance issues. Voas (1998) discusses several aspects of maintainability of CBS,

which includes difficulties in maintenance activities due to frozen functionality,

incompatible upgrades, defective and complex components or defective middleware such

as wrappers or the glue code. The work also suggests some guidelines for maintenance

activities, which are:

 Use CBD approach only for large and complex systems  where reusability may be

a great concern. For small systems, CBS may not be the right choice.

 For better understanding of the component, k eep detailed documentation for each

component.

 In CBS, suitable component selection with better performance and functionality is

the main challenging job. Component repositories (within and outside the

organization) should have the adequate number of suitable component s so that

developer can pick the best according to its requirements.

 If multiple applications share a component, but cannot tolerate changes any one of

these applications need, keep separate similar components in the repository.

Voas’s study on maintenance of CBS, though theoretical, but is a step ahead

towards our understanding and measuring maintainability for software components. The

major challenges with the maintenance of components and component -based systems are:

(Judith and Audrey, 1998):

 Upgradation/Modification in component functionality may not be compatible with

other existing components as well as the system where the components are used,

thus necessitating updating of these components and finally software system also.

 Upgradation/replacement of component may also lead to the incompatibilities in

integration process, which may require a substantial modification in interface

code also.
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 The new component may be incompatible with the hardware environment of the

application. Also, the modified compo nent may consume time or memory, which

may not be acceptable by the system due to performance requirements. This , in

turn, may require necessary modifications in the system to adjust the changes.

 If the modified component requires changes in tools used an d languages, it may

not be supported by the software system. For example, a component designed by

using Microsoft technology (say VB .NET or ASP .NET component) may not

work perfectly if used in an applicati on developed in Java technology or may

require additional plug-ins for proper functioning.

 Modified components may require dealing with the modifications in security

concerns for the software system.

To overcome all these challenges, component developers need to develop

components, which are visible, ext ensible and easily integrated into a wide spectrum of

systems. The more open components, easier for maintainers to monitor, manage , extend,

replace, test and integrate.

5.2.2 Quality Models and Components Maintainability

There are several quality models (McCall and Joseph, 1978; Boehm et al., 1976;

Grady, 1992; Dromey, 1995; Sedigh et al., 2001b; ISO, 2001) and others proposed by

researchers for general software applications, but none of them , addresses the concerns of

component-based systems directly in de tail, though, maintainability characteristic is

supported by almost all.  Out of all these, ISO 9126 caters the need of software industry

to standardize the evaluation of software products using quality models in more

promising and suitable way. We concent rate on ISO 9126 model to further investigate the

maintainability characteristic and its sub -characteristics for CBS. As this model is a

generic model for any software product, we need to restrict it to component -based

systems. The model defines maintainab ility in terms of four sub-characteristics:

Customizability, Stability, Analyzability, and Testability.

i) Customizability

It is the capability of the software product to enable a specified modification to be

implemented. Although the user (application deve loper) may not have the possibility of
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making modifications on the component, he can create a wrapper around it. Wrapping

can be made to control the component’s input data as well as to filter the output generated

by the component. For example, in Java Bean components, customization can be

performed by using set methods.

ii) Analyzability

Analyzability may be defined as  the capability needed for diagnosis of

deficiencies or causes of failures or for identification of parts to be modified. In case of

components, it is very rare to develop some functionality for the auto -analysis purpose or

which identifies the parts of the components to be modified in  the later stages (Voas,

1998). Therefore, it may be excluded from the maintainability characteristic.

iii) Stability

Stability is the capability to avoid unexpected effects from modifications to the

software. In case of component -based systems, it may be defined as the degree to which

software is composed of discrete components such that a change to one component has

the minimal or zero impact on the other components or the system. Therefore, for better

stability, dependencies among components should be as low as possible.

iv) Testability

It is the capability of the component to be tested with simplified test operations

and reduced test cost. For better testability, it is important to test how easy it is to observe

the component in terms of its behavior, input parameters and outputs. To achieve all

these, proper test suites and test case s have to be provided to test the compo nent

thoroughly before being used in the system. Here the maintainers have to keep in mind

also the environment or the platforms in which the component has to be tested for the

compatibility purpose.

5.2.3 New Sub-Characteristic of Maintainability

Apart from the above mentioned changes in maintainability characteristic, we

propose to add a new maintainability sub -characteristic, called trackability, described as:

Trackability
When reconfiguring a component for changed/improved functionality,

maintainers must perform a full cycle of product evaluation, integration and testing. Even
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if the new release of a component claims to be functionally backward compatible with an

older version, there may undoubtedly be differences such as resource usage, performance,

and other non-functional requirements (Vigedar and Kark, 2006).  Therefore, for better

understanding of the previously performed maintenance tasks,  it is very necessary to keep

track of all the parameters of the older version so that these details can be com pared with

the enhanced or changed parameters. Thus, maintenance activities may be extended to

include provisions for keeping a proper track of various system properties during the

maintenance activities. These system properties  may include tracking system

performance or resource utilization, before and after any maintenance activity, like

replacement of an old component with a new version with some added/modified

functionality. This may also include the possible security violations due to some

maintenance activities. This section provides a detailed study of the non-functional

activities performed during maintenance of the CBS.

 Performance Tracking: It is observed that component vendors usually do not

provide application developers with any performance info rmation. Hence, system

testers and integration engineers must spend a lot of efforts to identify the

performance problems and the components that cause the problems. Therefore,

we need to check the performance aspects of the system after any change is made.

These performance aspects can include various sub attributes like Resource

Utilization, (CPU Cycle, Execution Time), Audit logs, Average/Min/Max Speed,

Scalability aspect (number of users, a system can scale to without sensible

decrease in response time)  etc. The information recorded before and after

maintenance can be used for any comparative analysis, especially in the case

when a component is replaced by a new one with changed development

environment (programming language or operating system).

 Visibility Tracking: It is the tracking of public visible data and data states of

components, needs to be changed or replaced. It includes the recording of

properties, methods/interface methods, arguments, return types, exceptions,

annotations etc. It may also record the GUI events available in the components.
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 Portability: If the replaced component is developed under different operating

system environment or by using different programming language  then we need to

address the issues of compatibility also . Also the new component may need

different glue/integration code to be embedded in the system, may be due to its

changed environment or functionality. This information needs to be stored in the

maintenance documentation for future use.

 Confidentiality and Integrity: Confidentiality is defined as a measure of the

absence of unauthorized disclosure of information while integrity is defined as the

absence of improper system state alterations. This information can be tracked at

the application level for secure and authori zed access and not at the component

level. We need to track whether there is any violation of these two aspects in the

application or in the component after the maintenance phase.

 Configuration Management and Licensing Issues : If we need to upgrade the

components used in the system for better functionality or for other aspects, then

we need to track the versions and licensing issues of these components for

backward compatibility, which may arise at any later stage.

 Quality affected: Any effect on some of the other quality criteria after

maintenance like reusability, customizability, complexity etc. must also have to

be recorded for better maintenance. For this, we may use various metric s available

in the literature for measuring these aspects.

 Other Issues: Tracking may also involve the other aspects like documentation,

total cost for the present maintenance activity, conformance to various standards,

Installability etc.

Tracking, not only will validate any improvement efforts, but also once an

information process is presumed to be stable, tracking may provide insight into

maintaining statistical control. This, in effect, will ease the overall maintenance process.

5.3 ESTIMATING MAINTAINABILITY

Quantitative measurement of an operational system’s maintainabili ty is desirable

both as an instantaneous measure and as a predictor of maintainability over the time.
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Efforts to estimate and track maintainability are intended to help reduce or reverse a

system’s tendency towards degraded integrity and to indicate when i t becomes cheaper

and/or less risky to rewrite the code than to change it.

Khairuddin and Elizabeth (1996) proposed a maintainability model by

considering two separate qualities; reparability and evolvability. Reparability involves

corrective maintenance, while evolvability involves preventive and adaptive

maintenance. The model describes software related factors affecting maintainability of

software components. These factors include Modularity, Readability, Programming

Language, Standardization, Level of V alidation and Testing, Complexity and

Traceability.

Arsanjani et al. (2002) addresses the issue of software maintenance of component

based systems by identifying encapsulating and externalizing the variations around

design decisions. The approach is based on the notation of Enterprise Component (EC).

EC is defined as an architecture patterns that provide a uniform mechanism for

management of component boundaries between systems. The process includes the

identification of requirements for the system and comp onents, formalizing and

abstracting them into a domain -specific language's grammar. This approach enables a

highly re-configurable architectural style to help build and maintain reusable components

that are responsive and resilient to changing requirements .

UML is a language for specifying, constructing, visualizing and documenting

artifacts of software-intensive systems. It can be used to represent key parts of the

internal structures of the components without relying on the source code and is now the

industry standard for software modeling. Wu and Offutt (2003) present a new UML-

notation based approach for maintaining CBS . Authors used a static analysis to identify

the interface events and dependence relationship that would be affected by the

modification in the maintenance activity. The work discusses UML -based infrastructure

and corresponding regression testing for corrective maintenance activities. It also

provides a UML-based framework to evaluate the similarities among old and new

components.  The given approach seems to be quite reasonable but needs further study in

real environment to check the validity and assumptions made.
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Ardimento et al. (2004) reports the results of empirical study aimed at

understanding how characterization of components a ffect the maintenance effort of the

component- based systems. They have made the assessment that (i) functionality of each

component should be as concentrated as possible over a single aspect of the application

domain; (ii) the training time offered by the comp onent's producer usually indicates the

complexity of understanding it and if a component is difficult to understand, then it is

also difficult to maintain; and (iii) a deep knowledge of the component is necessary for

the organization before its adoption, t herefore, a trial usage of components is advised

before the final decision about their adoption.

Kajko-Mattsson et al. (2006) discussed the problems faced by software

community towards maintenance and elaborate some concepts for proposing a

maintainability model. This model considered  both, the product aspects as well as process

aspects related with the maintenance.

Artificial Neural Network based approach is adopted by Singh et al. (2004) to

predict the maintainability of the systems. They considered Read ability of Source Code

(RSC), Documentation Quality, Understanding of Software ( UOS) and Average

Cyclomatic Complexity (ACC) as independent variables to measure Maintainability,

which is considered as dependent variable. These variables were used to train the

Artificial Neural Network by using MatLab. The results obtained were quite appreciable

with the prediction quality of 91.42%.

Similar approach is adopted by Aggarwal et al. (2006) to predict the

maintainability of the object -oriented systems. They cons idered principal components of

eight OO metrics as independent variables. These include Lack of Cohesion ( LCOM),

Number of Children (NOC), Depth of Inheritance (DIT) and others. Maintainability was

considered as dependant variable. Results ob tained by training the network using back

propagation algorithm show that independent variables chosen for the study were able to

predict the maintenance efforts with a mean absolute relative error ( MARE) of 0.265.

Shukla and Mishra (2008) also used Neural Network based approach to estimate

software maintenance efforts. They chose 14 factors as cost drivers for their study and

conducted the experiment by taking various options of number of hidden layers and

number of hidden nodes. Input data selected for training was 60% of the total, while 20%
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each were used for validation and testing. MRE obtained from the experiment was around

5%. Results concluded that neural network was able to successfully model the

maintenance effort.

Aggarwal et al. (2005) used Fuzzy model to measure the maintainability of the

software system. The authors considered four factors affecting maintainability , namely,

average number of live variable, average life span of variables, average cyclomatic

complexity and the comments ratio. All inputs are cl assified into fuzzy sets viz. low,

medium and high, while maintainability is classified as very good, good, average, poor

and very poor. All the inputs and outputs are fuzzified and in total 81 rules are proposed

for the model. Model is validated against t he software projects developed by

undergraduate engineering students. However, the model is not validated on real life

complex projects.

5.4 PROPOSED FUZZY-BASED APPROACH FOR ESTIMATING

MAINTAINABILITY FOR CBS

In this chapter, we proposed a Fuzzy Logic based approach for estimating

maintainability for component -based systems.

It is often impossible to estimate software quality attributes directly. For example,

attributes (say, maintainability) are affected by many different factors, and there is no

straightforward method to measure them. To estimate maintainability of CBS, one needs

to establish a relationship of  the factors with maintainability to achieve the desi red goal.

As discussed earlier, maintenance of CBS may require a change either in the

component or in the system or in the  integration code. Emphasis in the present work is to

estimate maintainability, if the changes require customization/replacement of the

component or integration code has to be modified. Following factors have been

identified, which will influence maintainability of CBS:

i) Interaction Complexity among components

ii) Reusability of the component

iii) Testability

iv) Understandability

v) Trackability
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Interaction Complexity among components and Reusability of a component have

been discussed in Chapter 3 and Chapter 4 of this thesis respectively. Testability is

discussed under section 5.2 of this Chapter. Documentation of the component is

considered for understanding the behavior of the component , as source code of these

components are not available to the maintainers. Documentation provides the ease with

which a user can learn to operate, prepare inputs for, and interpret outputs of a system . A

good quality document must include functional description, installation details, system

administrator’s guide, system reference manuals etc. Finally, trackability may be

estimated on the basis of initial information stored for performance, portability,

conformance, security issues and other non-functional aspects. It will help in

understanding and implementing the maintenance activities with less effort.

5.4.1 Fuzzy Logic

Fuzzy Logic is a mathematical tool for dealing with uncertainty and also it

provides a technique to deal with imprecision and information granularity  (Sivanandam,

2007).  Fuzzy logic offers a particularly convenient way to generate a mapping between

input and output spaces by using natural expressions  (Zadeh, 2002). In direct contrast to

neural networks, which take training data and generate opaque models, fuzzy logic is

based on if-then rules, which are designed by considering the opinion of experts from  that

domain. It has been found that the most accurate prediction models are based on analogy

and experts opinion. Expert-based estimation was also found to be better than all

regression-based models (Musilek et al., 2000). Henceforth the use of fuzzy logic in

maintenance prediction is desirable since expert knowledge can be incorporated into the

fuzzy maintenance prediction models.

Major advantage of this approach is that it is less dependent on historical data.

Fuzzy logic models can be constructed without any data or with littl e data (MacDonell et

al., 1999 and Ryder, 1998). This makes fuzzy logic superior over data -driven model

building approaches such as neural network, regression and case -based reasoning. In

addition, fuzzy logic models can adapt to new environment when data become available

(Sailu et al., 2004).



74

5.4.2 Implementation of Fuzzy Logic

Implementing a fuzzy system requires that the different categories of the different

inputs be represented by fuzzy sets  which, in turn, is represented by membership

functions. The domain of membership function is fixed, usually the set of real numbers,

and whose range is the span of positive numbers in the closed interval [0, 1].  There are

total 11 membership functions available in MatLab. We considered Triangular

Membership Functions (TMF) for our problem, because of its simplicity and heavy use

by researchers for prediction models  (Zadeh, 2002). It is a three-point function, defined

by minimum α, maximum β and modal value m i.e. TMF (α, m, β), where (α ≤ m ≤ β).

This process is known as fuzzification. These membership functions are then processed

in fuzzy domain by inference engine based on knowledge base (rule base and data base)

supplied by domain experts  and finally the process of converting back fuzzy numbers

into single numerical values is called defuzzification (Aggarwal et al., 2005b).

5.4.3 Experimental Design

We propose that maintainability of component-based system is a measure of five

factors mentioned above. These combined factors can be used to measure the

maintainability, as it cannot be measured directly. The proposed fuzzy logic based model

considers all five factors as inputs and provides a crisp value of maintainability using the

Rule Base.  All inputs can be classified into fuzzy sets viz. Low, Medium and High.  The

output maintainability is classified as Very High, High, Medium, Low and Very Low.

All possible combinations (35 i.e. 243) of inputs are considered to design the rule base.

Each rule corresponds to one of the five outputs based on the expert opinions . Some of

the proposed rules are shown as:

 If Interaction Complexity among components is High, Reusability o f component

is Low, Testability is Low Understandability is Low and Trackability is Low then

it is very difficult to maintain the system i.e. Maintainability will be Very Low.

 If Interaction Complexity among components is High, Reusability o f component

is Low, Testability is Low, Understandability is Low and Trackability is Medium

then Maintainability still will be Very Low.
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 If Interaction Complexity among components is High, Reusability of component

is Low, Testability is Low, Understandability is Medium and Trackability is

Medium then Maintainability will be Low.

 If Interaction Complexity among components is High, Reusability of component

is Medium, Testability is Medium, Understandability is Medium and Trackability

is Medium then Maintainability will be Medium.

 If Interaction Complexity among components is Medium , Reusability of

component is Medium, Testability is Medium, Understandability is Medium and

Trackability is Medium then Maintainability will be Medium.

 If Interaction Complexity among components is Low, Reusability of component

is High, Testability is High, Understandability is Medium and Trackability is

Medium then Maintainability will be High.

 If Interaction Complexity among components is Low, Reusability of component

is High, Testability is High, Understandability is Medium and Trackability is

Medium then Maintainability will be High.

 If Interaction Complexity among components is Low, Reusability of component

is High, Testability is High, Understandability is High and Trackability is High

then Maintainability will be Very High.

All 243 rules are inserted into the proposed model and a rule base is created.

Depending on a particular set of inputs, a rule is fired.  Using the rule viewer, output i.e.

maintainability is observed for a parti cular set of inputs using the Mat Lab Fuzzy tool box.

Table 5.1 shows the values of various parameters set for inputs, outputs for  fuzzification

process.

System Name='maintainability'
Type='mamdani'
Version=2.0
NumInputs=5
NumOutputs=1
NumRules=243
AndMethod='min'
OrMethod='max'
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ImpMethod='min'
AggMethod='max'
DefuzzMethod='centroid'

Input1 Name='Reusability'
Range=[0 1]
NumMFs=3
MF1='Low':'trimf',[0 0.2 0.35]
MF2='medium':'trimf',[0.3 0.5 0.68]
MF3='high':'trimf',[0.65 0.8 1 .0]

Input2 Name='Intercation_Complexity'
Range=[0 1]
NumMFs=3
MF1='low':'trimf',[0 0.2 0.35]
MF2='medium':'trimf',[0.32 0.5 0.68]
MF3='high':'trimf',[0.62 0.8 1.0]

Input3 Name='Testability'
Range=[0 1]
NumMFs=3
MF1='low':'trimf',[0 0.16 0.35]
MF2='medium':'trimf',[0.3 0.5 0.68]
MF3='high':'trimf',[0.62 0.85 1.0]

Input4 Name='understandability'
Range=[0 1]
NumMFs=3
MF1='low':'trimf',[0 0.16 0.35]
MF2='medium':'trimf',[0.3 0.53 0.68]
MF3='high':'trimf',[0.63 0.8 1 .0]

Input5 Name='trackability'
Range=[0 1]
NumMFs=3
MF1='low':'trimf',[0 0.15 0.35]
MF2='medium':'trimf',[0.32 0.55 0.66]
MF3='high':'trimf',[0.63 0.76 1.0]

Output1 Name='output1'
Range=[0 1]
NumMFs=5
MF1='Very_Low':'trimf',[0 0.1 0.21]
MF2='Low':'trimf',[0.19 0.3 0.42]
MF3='Medium':'trimf',[0.38 0.5 0.62]
MF4='High':'trimf',[0.59 0.7 0.81]
MF5='Very_High':'trimf',[0.78 0.9 1.0]

Table 5.1: Parameter Values for Inputs and Output
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Fuzzification of inputs into output, m embership functions for reusability, surface

view for reusability, interaction complexity and maintainability and rules for

defuzzification process are shown in Fig. 5.1, Fig. 5.2, Fig. 5.3 and Fig. 5.4 respectively.

Fig. 5.1: Fuzzification of Inputs into Output (Maintainability)

Fig. 5.2: Membership Functions for Reusability
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Fig. 5.3: Surface View for Reusability on X-axis, Interaction Complexity on Y -Axis and

Maintainability on Z-Axis

Fig. 5.4: Snapshot of Rule Viewer showing some of the Rules

By using rule viewer, the value of maintainability can be estimated by taking all

five values for input factors.
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5.4.4 Empirical Evaluation

We considered a class room based project, which is a Billing System for Hotel

and is developed in Java. This application consists of three components , namely,

Mathematical Calculator, Tax Calculator and Calendar. All these components are already

built-in components in JavaBeans and  are downloaded from website

http://www.jars.com. A good documentation of these components is also available on

websites to understand the functionalities of these components. These components are

used as black-box components. The students were asked to replace the old version Tax

Calculator component with the new upgraded version. Values of all five input factors are

measured by using appropriate metrics, for the modifications required in the system. We

measured reusability by Neural Network based approach di scussed in Chapter 4.

Interaction complexity is measured based on the number of dependent components,

discussed in Chapter 3. Understandability, Testability and Trackability are measured

based on the information available on the website and provided by the developers of

these components. After normalizing the values of these factors, defuzzification is

applied for these values using the proposed model . The maintainability for these values

comes out to be 0.72, which is under High category. It means that the system is highly

maintainable and can adopt the changes/modifications in the component .

5.4.5 Validation of the Proposed Model

The proposed methodology is validated by using Analytical Hierarchical Process,

discussed in Chapter 6. Two class room projects are considered for the validation

purpose. Proposed fuzzy logic based approach is applied to estimate the maintainability

for these two projects. For validation, a survey is conducted on software professionals

working on maintenance projects in different software organizations. They were asked to

give their preferences of maintainability factors discussed earlier on a scale of 1 (never

required) to 4 (always required). This data is then analyzed by using AHP. The weight

values for all the factors were obtained on a scale of 0 to 1, given in Table 5.2 as:

Interaction Complexity Reusability Testability Understandability Trackability

0.26 0.18 0.13 0.32 0.11

Table 5.2: Weight Values of Maintainability Factors

http://www.jars.com
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The metrics for all the four factors of maintainab ility were measured for both the

projects. These metric values were then multiplied by their corresponding weight values

to get the values of overall maintainability for these projects. The values of

maintainability, obtained from these two approaches are shown in Table 5.3.

Project Fuzzy Logic AHP

P1 0.72 0.66

P2 0.43 0.32

Table 5.3: Maintainability Values by Fuzzy Logic and AHP

From the Table 5.3, it is clear that values obtained from Fuzzy Logic based approach for

Maintainability is almost near to that of AHP approach. It indicates that proposed

approach may be able to predict the maintainability for CBS and can be used by the

application developers.

5.5 CONCLUSION

Maintaining a component-based system may require several different activities

than other legacy systems. Due to the use of black -box components in the system, it is

difficult to identify whether the maintenance activity is to be performed in the system or

in the components (which is very limited due to the non -availability of the source code)

or in the integration of components in the system. This chapter discusses various issues

and challenges in maintaining component -based systems. It also proposes to improve the

maintainability characteristic under ISO 9126 quality model to add trackability  sub-

characteristic under it. Chapter discusses several approaches in literature for measuring

maintainability of object-oriented and component-based systems. It proposes a Fuzzy

Logic based model to measure maintainability for CBS . Fuzzy Logic based approach has

several advantages over other methods including Neural Network and others. One major

advantage is that it may also work without the data. We empirically evaluate the

proposed model on a classroom project. The proposed model is able to evaluate the

maintainability of the system. The model is validated against two classroom projects by

using AHP and results obtained are close in both the approaches. However, it still

requires the validation of the proposed model for real -life projects.
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Chapter 6

QUALITY MODELS

6.1 INTRODUCTION

Quality is a functional and artistic measurement used, for instance , to specify user

satisfaction with a product, or how well the product performs , compared to similar

products. In CBSD, the proper search and  selection processes of components have

become corner-stage for effective and quality-oriented software development. Here

developers have to rely on the vendors , from whom he is taking the component to

integrate it in the application. This component may no t meet the quality requirements  set

by the developers and may produce catastrophic results in a typically complex situation.

So far, most of the software engineering community has concentrated on the functional

aspects of the component, leaving aside the q uality and extra-functional properties.

However, this kind of properties deserves special attention, since they are essential in any

commercial evaluation process. A poor quality component , selected for an application

may cause a great difficulty in managi ng the application from both, functional and

behavior point of view. Therefore it is very necessary for CBS developer s to select the

best component in terms of functional as well as non -functional by applying appropriate

quality evaluation mechanism/model.

Several quality models have been  proposed by researchers for software systems

which include (McCall and Joseph, 1976; Boehm et al., 1978; Grady, 1992; Dromey,

1995; Sedigh et al., 2001b; ISO, 2001) and others. Most of these are generic models and

are proposed for general application systems. Out of these models, ISO 9126 is a

prominent model which attempts to incorporate the findings of almost all other models .

This chapter reviews a number of quality models available and proposes a new quality

model for software component. The present work extends ISO 9126 quality model by
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tailoring and extending some of its quality characteristics and sub-characteristics. It adds

reusability, complexity, trackability and flexibility characteristics which are relevant to

components and removes attractiveness, analyzability , which we believe may not be

relevant. The proposed work also defines the methodology to evaluate the quality of

software component and measure it for a real-life example.

6.2 SOFTWARE QUALITY

The discipline of software quality is a planned and systematic set of activities to

ensure that quality is built into the software. It consists of software quality assurance,

software quality control, assessment and other aspects . According to the IEEE 610.12

(IEEE, 1990) standard, software quality is a set of attributes of a software system and is

defined as:

 The degree to which a system, component, or process meets specified

requirements.

 The degree to which a system, component, or process meets custome r or user

needs or expectations.

 Quality comprises all characteristics and significant features of a product or an

activity which relate to the satisfaction  of given requirements.

These standards are in existence for a long time and their relevance might be a

little too broad. IEEE standard expresses quality in terms of customer expectation.  If a

customer's expectation is nil , it doesn't mean that a product with nil characteristics is a

quality product?  So this type of d efinition may not be appropriate.

Ince (1994) describes the modern view of qual ity as:

"A high quality product is one which has associated with it a number of quality

factors.  These could be described in the requirements specification; they could be

cultured, in that they are normally associated wi th the artifact through familiarity of use

and through the shared experience of users; or they could be quality factors which the

developer regards as important but are not considered by the customer and hence not

included in the requirements specification ".
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Quality is the totality of features and characteristics of a product or a service that

bears on its ability to satisfy the given needs , for example, conformance to specifications.

It is the degree to which a customer or user perceives that software mee ts his or her

composite expectations (Khosravi and Gueheneuc, 2004).

The evaluation of quality for a software system depends upon the following:

 Quality Model

 Quality characteristics which may further be classified into several sub -

characteristics.

 Metrics to measure the attributes of characteristics and sub -characteristics.

In the ISO standard 8402 (ISO, 1994), a software quality model is defined as:

“The set of characteristics and the relationships between them which provide the basis for

specifying quality requirements and evaluating quality”.

Software quality models have been proposed in orde r to provide many benefits:

these can be used as a base to define a commonly agreeable quality framework, which

consolidates the different views on quality; they can be tailored to specific contexts; they

provided a measurable base to the evaluation of software quality.

6.3 QUALITY MODELS FOR LEGACY SYSTEMS

A quality model establishes a framework to perform some kind of measurement

of the specific desirable charac teristics that are needed in the final system  and perceived

by the end user. Here an important assumption of these models is made that internal

product characteristics, related to the product development, affect external  attributes or

quality in use (Losavio et al., 2002). Following section briefly presents some of the

widely used and accessed quality models for  legacy software applications:

6.3.1 McCall Model

The first quality model was proposed by McCall and Joseph (1976). They

presented a Software Quality Factor Framework and classified the quali ty attributes into

three groups shown in Table 6.1 .
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 Product Operation: refers to the system’s ability to be quickly understood, efficiently

operated and capable of providing the results required by the user i.e. involving

attributes such as correctness, reliability, efficiency, integrity and usability.

 Product Revision: relates to error correction and system adaptation . This aspect is

generally considered the costliest part of the software and involves attributes such as

maintainability, flexibility and testability.

 Product transition: refers to distributed processing, together with rapidly changing

hardware and involves attribute such as  portability, reusability and interoperability.

Product Operation

Factors

Product Revision

Factors

Product Transition

Factors

• Correctness

• Reliability

• Efficiency

• Integrity

• Usability

• Maintainability

• Flexibility

• Testability

• Portability

• Reusability

• Interoperability

Table 6.1: McCall Quality Model

The major advantage of this model is the relationship created between its quality

characteristics; however, the main drawback is that it does not include the functionality

aspect of the software product. Also, some of the factors and measurable properties, like

traceability and self-documentation among others, are not really definable or even

meaningful at an early stage for non -technical stakeholders. It is, therefore, difficult to

use this framework to set precise and specific quality requirements. This model is not

applicable with respect to the criteria outlined in the IEEE Standard for a software quality

metrics methodology for a top-down approach to quality engineering  (Cote et al., 2006).

It is, therefore, not suited as a foundation for software quality e ngineering according to

the stated premises.

6.3.2 Boehm's Model

The Boehm model (Boehm et al., 1978) is similar to the McCall model in that it

represents a hierarchical structure of characteristics, each of which contributes to total

quality. Boehm's notion includes users' needs, as McCall's does; however, it also adds the
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hardware yield characteristics not enc ountered in the McCall model (McCall and Joseph,

1978). Boehm’s model looks at utility from various dimensions, considering the types of

user expected to work with the system once it is delivered. General utility is broken down

into portability, utility and maintainability. Utility is further broken down into reliability,

efficiency and human engineering. Maintainability is , in turn, broken down into

testability, understandability and modifiability. However, Boehm’s model does not

elaborate the methodology to measure these characteristics.

6.3.3 FURPS Model

FURPS (Grady, 1992) takes into account the five characteristics that make up its

name:  Functionality, Usabi lity, Reliability, Performance, and Supportability. The model

proposed by Robert Grady from Hewlett -Packard Co. decomposes characteristics into

two different categories of requirements:

 Functional requirements:  Defined by input and expected output.

 Non-functional requirements: Usability, Reliability, Performance, and

Supportability.

One disadvantage of the FURPS model is that it does not consider the portability

aspect, which may be an important criterion for application development, especially for

component-based systems.

6.3.4 Dromey’s Model

Dromey (1995) proposed a quality evaluation framework that analyzes the quality

of software components through the measurement of tangible quality properties. All these

components possess intrinsic properties that  can be classified into four categories:

 Correctness: Evaluates component whether some basic principles are violated.

 Internal: Measure how well a component has been deployed according to its

intended use.

 Contextual: Deals with the external influences by and on the use of a component.

 Descriptive: Measures the descriptiveness of a component (for example, does it

have a meaningful name?).
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These properties are used to evaluate the quality of the components.  While

Dromey's work is interesting from a tec hnically inclined stakeholder's perspective, it is

difficult to see how it could be used at the beginning of the lifecycle to determine user

quality needs.

6.3.5 ISO 9126 Model

International Organization for Standardization (ISO) proposed a standard, known

as ISO 9126 (ISO, 2001), which provides a generic definition of software quality in terms

of six main characteristics for software evaluation . These characteristics include:

Functionality, Reliability, Usability, Efficiency, Maintainability and Portabili ty. All the

characteristics then further contain their corresponding sub -characteristics as shown in

Table 6.2.

Software Product Quality

Functionality Reliability Usability Efficiency Maintainability Portability

Suitability

Accuracy

Interoperability

Security

Maturity

Fault-

Tolerance

Recoverability

Understandability

Learnability

Operability

Attractiveness

Time-

Behavior

Resource-

Utilization

Stability

Analyzability

Changeability

Testability

Adaptability

Installability

Replaceability

Co-existence

Table 6.2: ISO 9126 Quality Characteristics

One of the advantages of this model is that it identifies the internal and external

quality characteristics of a software product. On the other hand, it does not show very

clearly how these aspects can be measured (Maryoly et al., 2002).

The quality models described above (McCall and Joseph, 1976; Boehm, 1978;

Grady, 1992; Dromey, 1995 and ISO, 2001) contain several factors in common, like

maintainability, efficiency, reliability. However, some of the factors like correctness,

maturity, and understandability are not so common and are found in one or two models.

These quality models are summarized in the Table 6.3.
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Quality Attributes Boehm McCall FURPS Dromey ISO 9126

Efficiency

Reliability

Maintainability

Portability

Usability

Testability

Functionality

Reusability

Interoperability

Integrity

Flexibility

Understandability

Changeability/Customizability

Maturity

Correctness

Human Factor

Table 6.3: Comparative Analysis of Quality Factors in various Models

6.4 QUALITY MODELS FOR COMPONENT-BASED SYSTEMS

In component-based systems, it is very difficult to relate system properties to

component properties (Crnkovic et al., 2005). For component-based systems, crucial

questions in relation to choosing a quality component are the following:

 How likely is it that the component will work properly in target application without

or with minor reconfiguration?

 In what ways has the component been tested in a sufficient variety of situations and

are the testing methods relevant to intended use?

 Has the component already been used in other applications similar to this, if so,

how much and with what result?
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 What are the implications of using this component on system performance,

reliability, maintainability, portability and other aspects?

To answer these questions, we need to choose those quality attributes and finally a

quality model which may be applied on software components and CBS. There is no

general consensus on the traditional quality models which can fit for CBS. McCall’s

ignored Functionality, Boehm’s contains a diagram without any suggestion about

measuring the quality characteristics, and ISO 9126 does not show very clea rly how the

attributes can be measured. Thus, there is an absence of any kind of metrics that could

help in evaluating quality characteristics objectively, in particular when the underlying

software project is component -based.

However, there are several models proposed exclusively for CBS also  and are

described below briefly. But most of these models are based or derived from ISO9126.

Sedigh et al. (2001b) categorized the system level metrics into management, requirement

and quality. Management includes the  cost, time-to-market, software engineering

environment and system resource utilization. Requirements include requirements

conformance and requirements stability, while quality includes adaptability, complexity

of interface and integration test coverage, E nd-to-End test coverage, Fault profiles,

reliability and customer satisfaction. The relationship among metrics is described using

the influence diagram.

Bertoa and Vallecillo (2002) define the characteristics and sub-characteristics in

the changed context of component-based systems. The work divides sub-characteristics

into runtime and lifecycle categories based on their nature. It adds compatibility sub -

characteristic under functionality, which indicates whether former versions of the

component are compatible with its current version. The work also proposes various

attributes associated with the sub -characteristics and finally defines these attributes with

the classification for the measurement of such attributes like ratio, presence, integer and

time (Bertoa and Vallecillo, 2002). Presence metric identifies whether an attribute is

present in a component or not. This metric is used to measure time intervals. It uses an

integer type variable to indicate the absolute value, together with a string variable that

indicates the units (seconds, months, etc.) .  Level metric is used to indicate a degree of
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effort, ability, etc. It is described by an integer variable that can take any of the following

values: 0 (Very Low), 1 (Low), 2 (Medium), 3 (High), 4 (Very High). Lastly, ratio metric

is used to describe either fraction or percentages. Although the paper presents a good

description on quality characteristics, sub -characteristics and their measurement, it fails

to perform any empirical evaluation of the attributes on  any application, thus leaving the

proposed work as incomplete .

Rawashdeh and Matalkah (2006) also conducted a survey on various quality

models available, which includes McCall, Boehm, FURPS, Dromey and ISO 9126. It

performed some tailoring on ISO 9126 model by adding compatibility sub-characteristic

under functionality and complex ity under usability. It omitted  stability and analyzability

from maintainability and adds manageability to it.  It also add ed new characteristic,

named Stakeholders in its propose d model who are the members of the team responsible

for developing, maintaining, integrating and/or using COTS systems. The paper

performed a good comparison for various quality models; however, all the models

considered are traditional models and may not fit for component-based systems, as it is.

Moreover, the proposed model does not explain how the attributes belonging to various

characteristics and sub-characteristics will be measured to finally evaluate the quality of

the system.

6.5 QUALITY ATTRIBUTES FOR COMPONENTS

The main quality characteristics (Functionality, Usability, Efficiency, Reliability,

Portability and Maintainability) are available in almost all quality models proposed so far

for component-based systems. However, researchers differ while c hoosing sub-

characteristics under these characteristics. Proposed work in this chapter is an extension

to the work mentioned above. Following section defines the terms used for various

characteristics and sub-characteristics in our proposed quality model f or software

components:

6.5.1 Functionality

Functionality is a set of attributes that bear on the existence of a set of functions

and their specified properties (ISO, 1991). It means that the component should provide
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the functions and services as per the requirement when used under the specified

condition. Pre-existing components with or minimum changes will allow low cost, faster

delivery of end product. The sub-characteristics under functionality are briefly explained

here:

 Suitability: Suitability expresses how well the component fits into the

developer’s requirements. As the exact requirement can only be kn own to system

developer, it cannot be measured by component developer during its

development.

 Accuracy: It evaluates accuracy of the component with correct precision level

required by the system developer.

 Interoperability: This sub-characteristic indicates whether the format of the data ,

handled by the target component is compliant with any international or ’de facto’

standard or convention.

 Security: It refers how the component is able to control the unauthorized access

to the services provided to it.

 Compliance: This characteristic indicates if a component is conforming to any

international standard or certification etc.).

6.5.2 Reliability

In general, reliability is the probability that a system or component will produce

failure within a given period of time. In other words, reliability expresses the ability of

the component to maintain a specified level of fault tolerance  (fault frequency and faul t

severity), when used under specified conditions. Reusability aspect of the same

component with multiple applications will increase the reliability of that component as it

may be observed here that this component would have been thoroughly tested before

using it in previous applications. Reliability is broken into the following sub -

characteristics:

 Maturity: In component context, it deals with the number of commercial versions

of the component and the time interval between each version.
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 Recoverability: It measures the ability for a component to recover from an

unexpected failure (e.g. through exception handling) and also to recover the lost

data along with the original performance.

 Fault Tolerance: This sub-characteristic indicates whether the component ca n

maintain a specified level of performance in case of faults.

6.5.3 Usability

It is the ability of a component to be understood, learned, used, configured, and

executed, when used under specified conditions. Obviously , here the user of the

component is application/system developer rather than end user.  Therefore the usability

of the component should be less complex and more reusable and developer friendly so

that it can be assembled properly in the final system (Bertoa et al., 2006).  Sub-

characteristics of Usability are defined as under .

 Understandability: It is the capability of the component to enable the user

(system developer) to understand whether the component is suitable, and how it

can be used for particular tasks and conditions of use.

 Learnability: This sub-characteristic refers the ability of the  component to enable

the system developer to learn the component . For example, the user

documentation and the help system should be complete; the help should be

context sensitive and explain how to achi eve common tasks, etc.

 Operability: It is the capability of the component to enable the user (system

developer) to operate and control it.

 Attractiveness: It indicates the capability of the software component to be

attractive to the user. Here as stated earlier, the user is system developer, and

he/she may be more interested in the programmatic interfaces, API’s defining the

services provided by the components so that they can be composed and integrated

with the target system rather than its a ttractiveness or GUI interfaces. Therefore,

we may omit this sub-characteristic from the proposed model.

 Compliance: This characteristic indicates if a component is conforming to any

international standard or certification etc . relating to usability. Currently, no
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standards have been set up for this sub -characteristic in the component context;

therefore it may be omitted from the quality model for the time being.

6.5.4 Efficiency

This characteristic expresses the ability of a component to provide appropriate

performance, relative to the amount of resources used. Efficiency is affected by the

component technology, mainly th rough resource usage by the run time system but also by

interaction mechanism. Component can be internally optimized to improve performance

without affecting their specifications. Components should be tested on various platforms

to check the performance (Borretzen, 2005). The two sub-characteristics of efficiency are

defined as follows:

 Time behavior: This characteristic indicates the ability to perform a specific task

at the correct time, under specified conditions.

 Resource behavior: This characteristic indicates the amount of the resources

used, under specified conditions.

6.5.5 Maintainability

This characteristic describes the ability of a component t o be modified. As the

component developers do not have the source code of the component, they can only adapt

it, reconfigure it and finally test it before integrat ing it in the final product. The sub -

characteristics under maintainability are:

 Customizability: As mentioned earlier, system developer can only adapt,

reconfigure, test and finally embed it into the system, as he is not having the

source code of the component. Customizability refers to the ability to modify the

component through its limited available information, like interfaces and

parameters. For example in JavaBeans, components can be customized through its

customizable parameters (set methods).

 Testability: This sub-characteristic refers whether the component provide s some

sort of tests or test suites that can be performed to the component to check its

functionality inside (or in isolation of) the final system in which the component

will be integrated.
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 Stability: It refers to the component ability to handle the unexpected changes

during the maintenance. In other words, it is the degree to which software is

composed of discrete components such that a change to one component has the

minimal or zero impact on the other components or the system.

 Analyzability: It refers to the auto-analysis of component. It identifies the parts

of the components, which are to be modified (Alvero et al., 2005). However, a

component rarely consists of methods for its auto analysis.  Therefore

analyzability may not be required and is removed from the model .

6.5.6 Portability

This characteristic is defined as the ability of a component to be transferred from

one environment to another with little modification, if required. The component should

be easily and quickly portable to new environments if and when necessary, with

minimized porting costs and schedules. In component-based development, it is a very

important characteristic as a component may be used and reused in various different

environments. Therefore the specification of a component should be platform

independent. Various sub-characteristics defined under portability are:

 Replaceability: This sub-characteristic indicates whether the component is

backward compatible with its previous versions. This means that the new

component can substitute the previous ones  without any major efforts.

 Adaptability: It refers whether the component can be adapted to different

specified platforms.

 Installability: It is the capability for a component to be installed easily on

different platforms.

6.6 NEW CHARACTERISTICS ADDED TO  PROPOSED QUALITY

MODEL

Apart from above mentioned characteristics, we propose following sub -characteristics to

be added in our proposed quality model:
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6.6.1 Complexity

Because the source code of the component is not available to the application

developer, the complexity of a component in CBD is limited to interface methods, pre

and post conditions, properties and interactions available to the developer. Measuring the

complexity at the initial stage is helpful during analyzing, testing, and maintaining the

system. This measurement could direct the process of improvement and reengineering

work. A complexity measure could also be used as a predictor of the effort that is needed

to maintain the system. In component -based systems, functionalities are not performed

within one component. Components communicate and share information in order to

provide system functionalities. The system developers adapt the component, reconfigure

it and then finally integrate it in the final system without going into the inte rnals of the

component. We propose that complexity should be added under usability characteristic.

6.6.2 Trackability

While reconfiguring a component for changed/improved functionality,

maintainers must perform a full cycle of product evaluation, integration and testing.  Even

if the new release of a component claims to be functionally backward compatible with an

older version, there will undoubtedly be differences such as resource usage, performance,

or target system requirements (Sharma et al., 2008a). Therefore, it is very necessary to

keep track of all the parameters of the older version so that these details can be compared

with the enhanced or changed parameters. Thus, maintenance activities may be extended

to include provisions for keeping a proper track of various s ystem properties during the

maintenance activities, which may include tracking system performance or resource

utilization, before and after any maintenance activity, like replacement of an old

component with a new version with some added/modified functiona lity. This may also

include the possible security violations due to some maintenance activities. Tracking not

only will validate any improvement efforts, but also once an information process is

presumed to be stable, tracking may provide insight into maint aining statistical control.

This, in effect, will ease the overall maintenance process. Therefore trackability as pect

should be added under the maintainability characteristic (Vigedar and Kark, 2006).
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6.6.3 Reusability

Reusability is the intrinsic propert y of CBS. Reuse is the process of adapting a

generalized component to various contexts of use. It improves productivity  and

maintainability and therefore the overall quality of the end product. A reusable

component must be generic, that is, it has appropr iate features that enable the re -user to

create specific instances of the components to satisfy application specific requirements.

We propose to add it under functionality characteristic.

6.6.4 Scalability

Scalability expresses the ability of the componen t to support major data volumes.

It may also be measured as the number of users or transactions it can scale to without

sensible decrease in response time. It is related with the performance and so should be

included under efficiency characteristic.

6.6.5 Flexibility

It refers to the ease of change/modification of a component under maintenance

activity.

6.7 NEW PROPOSED QUALITY MODEL

After tailoring the quality model for CBS, new proposed quality model for

software components is as shown in Table 6.4. The sub-characteristics shown in bold are

newly added to the ISO 9126 model.

Functionality Reliability Efficiency Usability Maintainability Portability

Suitability Maturity Time

Behavior

Understand

ability

Stability Adaptability

Accuracy Fault Tolerance Resource

Behavior

Learnability Testability Installability

Interoperability Recoverability Scalability Operability Changeability Replaceability

Security Complexity Trackability

Compliance Flexibility

Reusability

Table 6.4: New Proposed Quality Model for Software Components
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6.7.1 Evaluation of Proposed Model

Not all quality characteristics are of equal importance to the software product.

Therefore, developers must realize that to design a successful system does not mean that

the system must conform to all the software quality attributes defined, but rather the most

important attributes need to be identified, specified and prioritized. Moreover, the

priorities of these characteristics and sub -characteristics will vary from one application

domain to another. Like for throwaway applications e.g. a system developed to manage

Y2K problem, maintainability may be of no use. Similarly, if the application is intended

to work only for a dedicated platform, portability aspect is not required at all. However,

the financial applications will require more security, efficiency, reliability, fault tolerance

and availability. Similarly, for an e -Commerce system, the important characteristics

would be reliability, performance, availability, security, and maintainabilit y (maintenance

on these applications occurs continuously) (Voas and Agresti, 2004). Therefore, we

should consider only the just enough and related quality characteristics and sub -

characteristics while developing a software system for a particular domain. I t will

eventually reduce the overall efforts, time and cost for the development. Empirically, we

can assign weight values to these characteristics and sub -characteristics based on their

importance in these domains. These weight values may vary from one dom ain to another.

6.7.2 Weight Assignment Technique for Quality – Case Study

To establish these facts in real practice, we conducted a survey on software

professionals working on e-commerce projects by using component-based technologies

in different multi-national companies. These companies include Steria (I) Ltd., HCL

Technologies, R Systems International Ltd., McAfee Software (India) Pvt. Ltd  and RMSI

India Ltd. These professionals have varied experience (5 -12 years) ranging from senior

software developers to the project managers. All the professionals involved have

completed at least three projects on these technologies with varied responsibilities.

Survey form (sample attached in appendix) consists of all the quality characteristics and

sub-characteristics proposed in our model. Professionals were requested to give their

preferences on these characteristics and sub -characteristics ranging from Never Required

- 1 to Always Required - 4, while keeping in mind a particular application domain.
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Response received from these professionals is analyzed through Analytical H ierarchy

Process (AHP) concept, explained briefly as:

6.7.3 Analytical Hierarchy Process  (AHP)

The AHP Model was designed by T . L. Saaty (Saaty, 1994) as a decision making

aid. It is a quantitative technique that facilitates structuring a complex multi -attribute

problem. It provides an objective methodology for deciding among a set of solution

strategies for solving that problem. Users of the AHP decompose their decision problem

into a hierarchy of more easily comprehended sub -problems, each of which can be

analyzed independently. The elements of the hierarchy can relate to any aspect of the

decision problem—tangible or intangible, carefully measured or roughly estimated, well -

or poorly-understood—anything at all that applies to the deci sion at hand. Its application

has been reported in numerous fields, such as transportation planning, portfolio selection,

corporate planning and marketing. It involves:

 Development of relative importance among the att ributes using experts’  opinion

or through exhaustive paired comparison analysis.

 Developing through an algorithm a weight age for each of the attributes.

 Performing similar analysis for the alternative solution strate gies for each of the

attributes.

 Developing a single overall score for each of the alternate solution strategies.

6.7.4 Evaluation of the Proposed Model
The survey is conducted on 36 professionals and analyzed in three phases by

taking first 10 then 25 and finally total 36 persons. After each p hase, we analyzed the

response by using AHP and we found a maximum of 3% variation in the results, which

indicates towards the sufficiency of sample data and shows that there is no much

difference in the result if we increase the number  of respondents. MS-Excel is used to

process the general data. The weight values for each main characteristic in the range from

0 to 1 are shown in Table 6.5. The sum of all weight values is 1.
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Functionality Reliability Usability Efficiency Maintainability Portability

0.205 0.184 0.202 0.160 0.139 0.110

Table 6.5: Weight Values for Quality Characteristics

Table shows that in e-Commerce domain, functionality and usability are two most

important characteristics, while workers gave least preference to portability. However, as

a characteristic, this lowest value cannot be ignored and has to be considered while

evaluating the overall quality for CBS.

Further, weights of sub-characteristics under these characteristics are decided by

AHP analysis. The weight value of a characterist ic is distributed among its sub-

characteristics. These weight values are used to calculate the measured value of a quality

characteristic from the measured values of its sub -characteristics. The sum of the weight

values of all the sub-characteristics under a characteristic is equal to the weight value of

that parent characteristic. Similarly, the sum of all sub -characteristics, irrespective of

parent characteristics, is again equal to 1. The weight values of the sub-characteristics are

shown in Table 6.6.

It may be noted from this table that the weight value for functionality is the

highest among all, but its sub-characteristics have very less weight values as compared to

other sub-characteristics. Similarly, though efficiency and portability have very less

weights, but their constituents are assigned quite large weights as compared to others.

The reason is obvious that here number of sub -characteristics are not same for all

characteristics. Functionality divides its weight value among its seven sub -characteristics,

while portability and efficiency divide among three.  Therefore while choosing the sub -

characteristics, the weight of their parent characteristics should also be considered.
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Table 6.6: Weight Values for Quality Sub-characteristics

The weight values obtained through the process mentioned above may help

developers to select those quality characteristics and sub -characteristics, which are

important and relevant as per their quality requirement in that domain. Through this

Characteristic Sub-characteristics Weight Values Sum Grand Total

Suitability 0.037

Accuracy 0.043

Interoperability 0.028

Security 0.039

Compliance 0.026

Functionality

Reusability 0.032 0.205

Maturity 0.067

Fault Tolerance 0.060Reliability

Recoverability 0.057 0.184

Time Behavior 0.056

Resource Behavior 0.052

Efficiency Scalability 0.052 0.16

Understandability 0.057

Learnability 0.048

Operability 0.049Usability

Complexity 0.048 0.202

Stability 0.022

Testability 0.032

Changeability 0.033

Trackability 0.026

Maintainability

Flexibility 0.026 0.139

Adaptability 0.043

Installability 0.037

Portability Replaceability 0.030 0.11

1.00
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weighting technique, developers can be restricted not to over design the system in favor

of a particular characteristic. It will control the development time and financ ial tradeoff

also. But if we choose only selected characteristics and sub -characteristics, the sum of

these will not be 1, as we are excluding the weight values of not -so-important

characteristics/sub-characteristics. In this case, we can normalize the wei ght values of

selected characteristics/sub-characteristics relatively to make the sum equal to 1. For

example, if only suitability, accuracy, security and reusability have to be selected under

the functionality characteristic, which have the weight values 0.033, 0.038, 0.035 and

0.028. Other attributes like interoperability, compliance and compatibility are not

considered to be important (though these have been assigned certain weight values). We

need to normalize these weight values to the selected sub -characteristics so that the sum

of all these selected sub-characteristics will be equal to 0.205 (weight value for

functionality shown in Table 6.5). The following formula can be used to normalize the

weight value of sub-characteristic say SCi, which is under characteristics C:

Normalized Weight Value of SC
Weight Value of C

 = * Weight Value of SC
Weight Values of Selected subcharacteristics

(6.1)

The normalized weight values in this case will be 0.05, 0.058, 0.054 and 0.043.

Similarly, we can get the normalized weight values of all the sub -characteristics chosen

for a particular application for a domain.

6.7.5 Experimental Evaluation of Quality as a Single Variable

Quality is the composition of all its selected characteristics and sub-

characteristics. To measure it as a single variable, one must include the contributi on of

each constituent and sub-constituent.  The objective of developer must be to achieve all

selected quality characteristics and sub-characteristics in a best possible way. However,

in some cases, it may be possible that if we increase one aspect, other  will automatically

be decreased. For example, if we try to increase the reusability or portability, complexity

will be increased. Similarly, to implement more security aspects will reduce the

performance. Therefore, efforts need to be made to establish an  accepted balance among
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all these. Equation 6.1 shows the formula used to evaluate the quality of the system as a

whole (Voas and Agresti, 2004):

Q = wfF + wrR + wuU+ weE + wmM+ wpP                                            (6.2)

where wf,  wr, wu, we wm and wp are the weight values for the quality characteristics -

functionality (F) , reliability (R), usability (U), efficiency (E), maintainability (M) and

portability (P) respectively.  Further, the characteristics are divided into sub -

characteristics, the values of F, R, U, E, M and P can be measured by using their

constituents’ like-

F = wsS + waA + wiI + wseSe+ wcC+ wcoCo+ wreRe      (6.3)

R = wmaMa+ wftFt + wrecRec      (6.4)

where S: Suitability, A: Accuracy, I: Interoperability, Se: Security, C:

Compliance, Co: Compatibility, Re: Reusability, Ma: Maturity, Ft: Fault Tolerance and

Rec: Recoverability. Also, the weight value symbols are used as a multiplier along with

the sub-characteristics (like ws is the weight value of S). Other characteristics can also be

expressed in a similar way.

Now, to evaluate the individual sub -characteristics, we need to use the related

metric. But here units of all the metrics may not necessarily be same. Like, some may be

measured in numbers; others may be in ratio o r just presence. Therefore, we need to

normalize these values in the range of 0 to 1, so that all can be fit under a unique scale.

Within the normalized range, the highest value for a metric is 1 and is the maximum

achievable level.

6.7.6 Experimental Evaluation of Quality on a Case Study

To evaluate the quality as a whole, we conducted a n experiment on a class room

based project, which was to be developed in Java and related technologies. Two COTS

components were selected and their quality were evaluated and compared to choose the

better component for the application.  After a preliminary consideration, the following

characteristics and sub-characteristics, shown in Table 6.7, were specified for the

evaluation:
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Functionality Reliability Efficiency Usability Maintainability

Suitability Maturity Scalability Understandability Changeability

Accuracy Resource

Behavior

Learnability Testability

Security Trackability

Reusability

Table 6.7: Selected quality attributes for evaluation

Here portability and its sub-characteristics are not selected, as the application is

intended only for a fixed platform. Based on these selected characteristics and sub -

characteristics, the normalized weight values are obtained as given in the Table 6.8 and

6.9.

Functionality Reliability Usability Efficiency Maintainability

0.23 0.207 0.227 0.18 0.156

Table 6.8: Normalized Weight Values for Selected Quality Characteristics

Table 6.9: Normalized Weight Values for Selected Quality Sub-characteristics

Characteristic Sub-characteristics Weight Values Sum Grand Total

Suitability 0.057

Accuracy 0.066

Security 0.060

Functionality Reusability 0.047 0.230

Reliability Maturity 0.207 0.207

Efficiency Resource Behavior 0.18 0.180

Understandability 0.123

Usability Learnability 0.104 0.227

Testability 0.055

Changeability 0.056

Maintainability Trackability 0.045 0.156

Total 1.00
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Table 6.10 shows the set of metrics collected to measure these characteristics and

sub-characteristics. Out of these selected 11 sub-characteristics, 4 (marked with *) need

to be normalized on 0 to 1 scale.

Parameter Metric

Suitability 1-(No. of operations not suitable/Total number of operations provided)

Accuracy Number of operations having required accuracy/Total number

of operations

Security No. of access controllability provided/Total no. of access

controllability required

Reusability Number of customizable properties/total number of properties

Maturity* No. of versions released so far for the same component

Resource Behavior 1- (%CPU usage for the execution of the component/100)

Understandability* Documentation, Help System, Traini ng provided

Learnability No. of observable properties/Total number of properties

Changeability Number of customizable properties/total number of properties

Testability* Sufficient number of test cases provided

Trackability* Functional and Behavioral tr acking system provided for easy

maintenance

Table 6.10: Set of Metrics to be used for evaluation

For Maturity, we assume that a component having its first version has maturity 0, second

released version 0.25, third released versions 0.5, forth version 0.7 5 and five or more

versions means the mature enough component and it may have maturity value 1.0.

Understandability can be measured on the basis of documentation; help system and

training provided to the users for the target component and 0.33 each can be assigned for

these three constituents respectively. Testability may be measured on the basis of number

of test cases provided by the component vendor/developer along with the component. We

propose to assign value 0, if no test cases are provided at all. Va lue 0.5 may be assigned,

if test cases are provided but not sufficient to test the component thoroughly and finally

value 1, if adequate number of test cases is provided. Lastly, trackability may be

measured on the basis of tracking mechanism provided by t he component developer for
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maintenance activities. This may include the provision for keeping track of both

functional and non-functional aspects like functionality, performance, security violations,

portability affected due to the maintenance activities. Again, 0, 0.5 and 1 can be assigned

for no tracking provided at all, only functional or behavioral tracking provided, and both

functional and behavioral tracking provided, respectively.

Now, all the sub-characteristics selected for both the components are normalized

on the scale of 0 to 1. The values obtained for these metrics for first component are

shown in Table 6.11. Result shows that the quality of this component is 0.583 on a scale

of from 0 to 1.

Characteristics Sub-characteristicsMetric (M) Weight

Value (w)

Mi * wi Quality Measure of

Characteristics

Suitability 1-1/7 = 0.85 0.057 0.048

Accuracy 6/6=1 0.066 0.066

Security ¾=0.75 0.060 0.045

Functionality

Reusability 7/13=0.54 0.047 0.025

0.184

Reliability Maturity 0.25 0.207 0.052 0.052

Efficiency Resource

Behavior

0.89 0.180 0.160 0.160

Understandability 0.66 0.123 0.081

Usability Learnability 6/13=0.46 0.104 0.048 0.129

Changeability 7/13=0.54 0.056 0.030

Testability 0.5 0.055 0.028

Maintainability Trackability 0 0.045 0 0.058

Total 0.583

Table 6.11: Final Value of Quality

Similar approach is applied to get the value of quality for s econd component, which is

0.437. These two values indicate that first component is better than the second one and

can be used in the application.
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6.8 CONCLUSION

Proposed methodology may be used to estimate the quality of any component

before using it in the final system. It will help in selecting the high quality component for

the system. Also, it may be used to estimate the efforts required to achieve a required

value of any characteristic. Like in the above experimentation, the score of the

functionality is 0.184 out of 0.205. To achieve a minimum accepted level of functionality

for example say 0.19, we need to increase the value of some of its constituent parameters,

without affecting others. We can achieve it by putting extra efforts in security by

providing one more controllability aspect, so that the metric value for security now is 1.0

and final value of functionality will become more than the minimum required value.

However, it may be possible that if we increase security aspect, it will decrease oth er

aspects like complexity or performance. Therefore, we need to have a balance between

these values so that the component can be used in the final system. Further, to achieve a

particular level of any quality aspect, developers must employ certain techniq ues,

methodologies, tools and processes, each of which has associated costs and benefits.

These costs and benefits need be considered while implementing the requirement

analysis.
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Chapter 7

SUMMARY AND SUGGESTIONS FOR  FUTURE WORK

7.1 INTRODUCTION

The primary objective of this work has been to design metrics and study other

aspects related to the quality of software components and component -based systems.

Salient findings of this study are briefly recapitulated point wise and some pointers to

future research in this direction are being summarized in this chapter.

7.2 REVIEW OF RESULTS OF THIS STUDY

We have designed an Interface Complexity Metric for soft ware components and

presented in Chapter 2. This metric is based on the complexities involved in  interface

methods and properties of these interfaces in components. This metric is implemented on

a number of Java Bean components. Validation of this proposed metric is conducted by

using other aspects including performance, customization and readability. A correlation

analysis is performed among proposed complexity metric and these th ree metrics. Results

show that complex components take much time to execute than simple components an d

are very difficult to maintain. Also, complex components are not easily understandable.

These facts may be obvious, though, but our work has brought quantitative affirmation of

all these.

In Chapter 3, we discussed several dependency representation techniques among

components. We proposed a link-list based technique for component dependency

representation, which may be an efficient and faster technique in comparison to others for

complex systems. Also, it helps to extract several useful measures like in teraction

density, interaction complexity, isolated components, most critical components and

others, which may be useful for estimating reusability, maintainability and overall

development efforts.
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Chapter 4 proposes an Artificial Neural Network based appr oach to estimate

reusability of software components. This  approach considers factors namely,

customizability, interface complexity, portability and understandability a s input to

estimate reusability as an output. Several real -life components were used to get the data

for training and testing purpose. Results show that network is able to predict the

reusability with an RMSE 0.1648. The proposed approach may be used by application

developers to select the highly reusable component s for their application. System

developed with better reusable components will result in high maintainability.

Chapter 5 discusses various activities and challenges in maintaining component -

based systems. It proposes to modify the maintainability characteristic by adding a new

sub-characteristic, trackability, under it. Trackability will keep track of all non -functional

maintenance activities like, security, performance, conformance to standards and others.

It will result in better understanding the maintenance task. The work also pro poses a

fuzzy logic based approach to estimate maintainability for CBS. It considers factors like

interaction complexity, reusability, tes tability, understandability,  trackability as inputs

while maintainability is considered as output. In total 243 fuzzy sets have been designed

and are represented by membership functions (Low, Medium and High). Output is

represented by Very Low, Low, Medium, High and Very High. Defuzzification process

produces the value of maintainability corresponding to input sets. This proposed model is

then validated on two student class room based projects. Results show that proposed

model can be used to predict the maintainability of CBS, which will help in estimating

development efforts and quality for the application.

Chapter 6 performs a detailed study on various existing quality models for legacy

and component-based systems. It proposes a new quality model by tailoring some of the

existing properties available in these models. It also proposes some new sub -

characteristics, namely complexity, trackability, reusability, flexibility in the model.

Further, priorities are set for all these characteristics and sub -characteristics based on the

requirement of these in a particular domain. Survey and AHP based methodologies are

used to assign the weight values. This model is then evaluated on a classroom based

project to compare and select the better quality component for the application. Proposed
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methodology produces the quality of component as a single measurable variable and can

be used by developers to choose better quality component for their end product.

7.3 SUGGESTIONS FOR FUTURE WORK AND LIMITATIONS

Since the size of the component dataset is small, results obtained for our proposed

metrics (interface complexity and reusability)  may be of limited capability. This is

because of limited number of trial components available on web sites. Other components

are commercial and have financial implications. However, results obtained from the

present study are quite instructive and give the hope that industry will find it suitable for

implementation in real-life applications. We are generating the information continuously

and hope that based on the larger size of data, the results can be further refined.

Different cross-validation methods need to be explored to a greater and wider

extent for better acceptability of the proposed metrics and quality model.

In the proposed work, we considered only the Java Bean components, as

resources for these components are easily available  as compared to others. However,

other component technologies like, COM, DCOM, .NET etc. may also be used for

evaluation and validation of proposed metrics. Proposed quality model is evaluated and

validated on a class room based project. Efforts are being made to implement it on real-

life industry based applications.

Reusability and maintainability metrics are estimated by using Artificial Neural

Network and Fuzzy Logic-based approaches. However, other emerging approaches in

software engineering like Neuro -Fuzzy may also be used to estimate these aspects,

because incorporating the hybrid approach may have greater benefits. Therefore, the

future work in this direction need be carried out to further explore various emerging

technologies. We are looking into these aspects also.
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