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ABSTRACT
A STUDY ON
COMPONENT-BASED SOFTWARE ENGINEERING

Güneştaş, Murat
M.S., Computer Engineering Department
Supervisor: Prof. Dr. İbrahim Akman
January 2005, 97 pages

There are three main approaches in Software Engineering world such as structured,
object-oriented and component-based. The last, component-based approach,
introduces more benefits to this world in terms of reusability, flexibility and
maintainability. Todays’ large scale software systems need these features more than
before. Personnel Information System (PBS) of General Directorate of Security
(EGM) is a typical large scale software system and due to its’ hybrid architecture it
needs interoperability to perform some critical business applications such as Service
Calculation. This thesis investigates the whole environment of component-based
approach and implements it into PBS by developing a common, stable, Service
Calculation software component for various systems running under PBS.
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ÖZET

BİLEŞEN TABANLI YAZILIM MÜHENDİSLİĞİ
ÜZERİNE BİR ÇALIŞMA

Güneştaş, Murat
Yüksek Lisans, Bilgisayar Mühendisliği Bölümü
Danışman: Prof. Dr. İbrahim Akman
Ocak 2005, 97 sayfa

Yazılım mühendisliği dünyasında, geleneksel, nesne yönelimli ve bileşen tabanlı
olmak üzere üç ana yaklaşım vardır. En yeni olan bileşen tabanlı yaklaşım, bu
dünyaya tekrar kullanılabilirlik, esneklik ve sureklilik açısından daha fazla faydalar
sunmuştur. Günümüzün büyük ölçekli yazılım sistemleri bu özelliklere önceden
olduğundan daha fazla ihtiyaç duymaktadır. Emniyet Genel Müdürlüğü’nün (EGM)
Personel Bilgi Sistemi (PBS) tipik bir büyük ölçekli yazılım sistemidir ve melez
yapısı itibariyle Hizmet Hesabı gibi bir takım kritik iş uygulamalarını
gerçekleştirebilmek için ortak işleyebilirlik özelliğine ihtiyaç duymaktadır. Bu tez,
bu bileşen tabanlı yaklaşımı bütün olarak araştırmış ve PBS’nin altında çalışmakta
olan farklı sistemler için ortak, sağlam bir Hizmet Hesabı bileşenini geliştirerek
PBS’ye uyarlamıştır.

Anahtar Kelimeler:Yazılım Mühendisliği, Bileşen-Tabanlı, Bileşen-Yönelimli, Ortak
İşleyebilirlik, Tekrar kullanılabilirlik, Emniyet Genel Müdürlüğü, Personel Bilgi
Sistemi
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CHAPTER 1
INTRODUCTION
Software, as a product, delivers the computing potential embodied by computer
hardware. And it is an information transformer-producing, managing, acquiring,
modifying, displaying, or transmitting information that can be as simple as a single
bit or as complex as a multimedia simulation [1].
Software engineering is defined as the application of a systematic, disciplined,
quantifiable approach to the development, operation and maintenance of software;
that is, the application of engineering to software. It is based on three layers, that is,
process, methods, and tools. Software engineering process is the glue that holds the
technology layers together and enables rational and timely development of computer
software. Software engineering methods provide the technical “how to’s” for
building software. Methods encompass a broad array of tasks that include
requirements analysis, design, implementation, testing, and maintenance. And
finally, software engineering tools provide automated or semi-automated support for
the process and the methods [1].
1.1 A General Overview for Software Engineering
According to Pressman [1], Software engineering moved into its fourth decade in the
90s. And throughout the industry, “software engineer” has replaced “programmer” as
the job title of preference. Software process models, software engineering methods,
and software tools have been adopted successfully across a broad spectrum of
industry applications [1]. The history of software engineering begins from traditional
approach that is the first methodology in the software world. Then object-oriented
approach came into this world and brought many new useful features. And the last
one is-like a return to the correct mean of engineering- component-based approach.
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In industry there is of course a history of this maturity as illustrated in Figure 1.1 and
described below [2].
In the 70’s the first traditional methodologies were defined. By traditional approach,
it is meant that software development using a set of mature and stable technologies,
which often include mainframe-based technologies, structured analysis and
development techniques, and procedural languages such as COBOL and RPG.
Applications often, built using this approach, are used on mainframes and minis.
Starting in the 80’s, over a period of more than 10 years, the theory and practice of
the object-oriented approach evolved. This usually means adopting an objectoriented methodology based on object-oriented languages. Expanding on the
modularization concepts and abstract data types introduced in the 70s, first languages
such as Smalltalk, C++, and then a set of modeling techniques, which were later
named as object-oriented analysis and design, were born. During the 80s, the objectoriented approach was expanded to a theory that covered most of the aspects of
software development, including testing and project management.

Figure 1.1 The evolution to components in the industry [2]
One of the essential characteristics of engineering disciplines is to build a product by
2

assembling pre-made, standard components [4]. The component-based approach is
the most recent approach and will probably mature over the first 10 years of the
millennium, in a rapid merging with Internet technologies and e-commerce. Right
now, component-based development (CBD) is in the leading edge phase. Indeed,
there are now a number of technologies appropriate for, and people with experience
in, the application of CBD.
1.2 The Aim
Interoperability is the promise of Component-Based Software Engineering. This
study especially aims to reveal interoperability feature of this approach. There are
three main systems under Personnel Information System such as PBS/Outside
System, PBS/Inside System and PBS/Web-service. There is strong need regarding a
middleware that holds business logic by standing in the middle of these systems.
Therefore, component-based technology and of course its methodology seems to be
the most appropriate one in this case.
In Personnel Information System, there will be necessity to reach some common
business applications from various systems, mentioned before. This study selects one
of the sub-modules of inside system, that is, Service Calculation. Since it is
monolithic application and developed through object-oriented approach, it cannot be
accessed from outside system. Therefore, this study redevelops it through
component-based approach by using CBSE (component-based software engineering)
methods, processes, and tools.
1.3 The Scope
The thesis provides background for CBSE first and then explains the implementation
next.
For implementation, only one module of PBS, Service Calculation, will be developed
using CBSE methodology. Since there is no component repository in PBS
environment this study skips searching ready-made components. Therefore, each
required component is developed by using EJB 2.0 (Enterprise JavaBean) technology
3

and a Service Calculation package is taken from these components. In addition, GUIs
(Graphical User Interface) of each various system are developed using this package.
Meanwhile, although hardware and software arhitectures of PBS are described in
implementation chapters such as Chapter 4 and 5, specific vendors, providing
technology for PBS, software codes and database schemas are not mentioned for
security reason.
1.4 Organization of the Thesis
Introduction chapter explains software engineering approaches in general. Various
approaches and process models for all these approaches are described in Chapter 2.
Chapter 3 describes Component-Based Development and its basic concepts, tools,
modeling languages, technologies, and promises. Chapter 4 describes the current
structure of Personnel Information System in terms of both hardware and software
architectures. Chapter 5 describes each step of implementation of Service Calculation
software, within PBS. Chapter 6 is reserved for Conclusions and Suggestions in
which has some suggestions for future of PBS and some inferences about
component-based software engineering studies.
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CHAPTER 2
VARIOUS APPROACHES AND PROCESS MODELS
2.1 Various Approaches for Software Engineering
As mentioned in Introduction Chapter there are three major approaches in this world
such as structured, object-oriented, and component-based.
2.1.1 Structured Approach
This approach contains basic steps of a software development process such as
analysis, design, implementation, testing, and maintenance. This thesis focuses on
only analysis and design steps and their models.
Each of the elements of the analysis model [1] provides information that is required
to create a design model. The flow of information during software design is
illustrated in Figure 2.1. For specifying software, this approach offers some variety
of elements such as a data dictionary, data flow diagrams, state transition diagrams,
entity-relationship diagrams, process specifications, control specifications, and data
object descriptions for analysis model. The design phase produces a data design, an
architectural design, an interface design, and a procedural design with the help of
various methods and techniques such as transaction mapping and transform mapping
for architectural design and structured programming, graphical design notation,
tabular design notation, and program design language for procedural design. Brief
descriptions of some favorite elements of analysis and design models are mentioned
below [3]:
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Figure 2.1 Analysis and design models for structured approach [1]
Data flow diagrams model the transformations of data as it flows through a system
and are the focus of SA/SD (Structured Analysis/ Structured Design). A data flow
diagram consists of processes, data flows, actors, and data stores. Starting from the
top-level data flow diagram, SA/SD recursively divides complex processes into sub
diagrams, until many small processes are left that are easy to implement. When the
resulting processes are simple enough, the decomposition stops, and a process
specification is written for each lowest-level process. Process specifications may be
expressed with decision tables, pseudo code, or other techniques.
The data dictionary contains details missing from data flow diagrams. The data
dictionary defines data flows and data stores and meaning of various names.
State transition diagrams model time dependent behavior. Most state transition
diagrams describe control processes or timing of function execution and data access
triggered by events.
Entity-relationship(ER) diagrams highlight relationships between data stores that
otherwise would only be seen in the process specifications. Each ER data element
corresponds to one data flow diagram data store.
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In design phase, the most favorite technique is structured programming to produce
procedural design. It is performed by languages such as Pascal, Ada and C. The
broad definition of structured programming refers to any software development
technique that includes structured design and results in the development of a
structured program. Structured programming allows programs to be broken down
into blocks or procedures, which can be written without detailed knowledge of the
inner workings of other blocks, thus allowing a top-down design approach or
stepwise refinement [3].
Large-scale systems, built using this approach, are often deployed on only
mainframes and minis. They feature as mainframe-based or other non-relational
database systems. Therefore, both feeling the heat of competition, and simply
looking for ways to improve software development can be the reason for moving into
object-oriented approach in industry [2].
2.1.2 Object-Oriented Approach
The steps of software development mentioned above are common for all software
engineering approaches. Therefore, analysis and design phases are inevitable for
object-oriented approach, as well. In this approach, design is divided into four
different steps as illustrated in Table 2.1.
Table 2.1 Analysis and design phases for object-oriented approach [5]

Phase
Analysis

Techniques
Collaboration Diagrams
Class and Object Models
Analysis Modeling
System Design Deployment Modeling
Component Modeling
Package Modeling
Architectural Modeling
Class Design
Class and Object Modeling
Interaction Modeling
State Modeling
Design Patterns
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Key Deliverables
Analysis Models
Overview design and
implementation
architecture
Design Models

Phase
Interface
Design

Data
Management
Design

Techniques
Class and Object Modeling
Interaction Modeling
State Modeling
Package Modeling
Prototyping
Design Patterns
Class and Object Modeling
Interaction Modeling
State Modeling
Package Modeling
Design Patterns

Key Deliverables
Design Models with
interface specification

Design Models with
database specification

Object-oriented approach promises a way for implementing real-world problems to
abstractions from which software can be developed effectively. It is a sensible
strategy to transform the development of a large, complex super-system into the
development of a set of less complicated sub-systems. Object-orientation offers
conceptual structures that support this sub-division. Object-orientation also aims to
provide a mechanism to support the reuse of program code, design, and analysis
models [5].
This approach uses classes and objects as the main constructs from analysis to
implementation. It normally involves using an object-oriented language such as C++
or Java that provides (build-time) encapsulation, inheritance and polymorphism, and
the ability for objects to invoke each other within the same address space. This last
point is an important constraint when it comes to distributed systems. As Orfali
nicely expresses it, “objects only live within a single program. The outside world
doesn’t know about these objects.” [2].
UML (Unified Modeling Language) contains a number of concepts that are used to
describe systems and the ways in which the systems can be broken down and
modeled. The UML Specification defines the terms class and object as follows [5]:
A class is ‘A description of a set of objects that share the same attributes, operations,
methods, relationships and semantics.’ Moreover, ‘The purpose of a class is to
declare a collection of methods, operations and attributes that fully describe the
structure and behavior of objects.’
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An object is ‘an instance that originates from a class, it is structured and behaves
according to its class.’ Interface is another important construct and defined as a
group of externally visible operations. The interface contains no internal structure; it
has no attributes, no associations, and only abstract operations.
In object-orientation, three main principles are important. Encapsulation, which is
also known as information hiding, provides the internal implementation of the object
without requiring any change to the application that uses it. The ability of one class
of objects to inherit some of its properties or methods from an ancestor class is
named inheritance in object technology. Polymorphism is producing various results
for a generalized request based on the object that is sent to.
In object-oriented approach objects of a software can be [3] :
•

External entities: printer, user, sensor

•

Things: reports, displays

•

Occurrences or events: alarm, interrupt

•

Roles: manager, engineer, salesperson

•

Organizational unit: team, division

•

Places: manufacturing floor

•

Structures: employee record

In this approach de facto standard notation [5], UML, reveals analysis and design
phases of software development.
Use cases specify the functionality that the system will offer from the users’
perspective. They are used to document the scope of the system and the developer’s
understanding of what it is that the users require.
Classes might interact to deliver the functionality of the use case and the set of
classes is known as collaboration. Collaborations can also be represented in various
ways that reveal their internal details. The collaboration diagram is probably the
most useful one. In addition to collaboration diagram, class diagram also represents
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these collaborations in detail. The class diagram is fundamental to object-oriented
analysis. Through successive iterations, it provides both a high-level basis for
systems architecture, and a low-level basis for the allocation of data and behavior to
individual classes object instances.
A sequence diagram shows an interaction between objects arranged in a time
sequence. Sequence diagrams can be drawn at different levels of detail and to meet
different purposes at several stages in the development life cycle
In object-orientation some algorithmic approaches are used, that is, Structured
English, Pseudo-code, and Activity diagrams.
The UML specification defines the state as a condition during the life of an object or
an interaction during which it satisfies some condition, performs some action, or
waits for some events. State charts describe that apparently.
Class Responsibility Collaboration (CRC) cards provide an effective technique for
exploring the possible ways of allocating responsibilities to classes and the
collaborations that are necessary to fulfill the responsibilities. CRC cards can be used
at several different stages of a project different purpose.
The object-oriented approach allows development-time reuse [2], meaning that
compared to previous approaches, it enhances developers’ ability to build software
that reuses pieces designed and coded by other developers. However, this level of
reuse has clearly fallen short of addressing the needs of large-scale development.
This key point is emphasized in Chapter 3 in detail.
The object-oriented approach has facilitated development of large-scale projects, but
it has been mainly limited to the use of one technology on one platform. It has not
really developed technologies and models for interoperability, but rather has been
mostly focused on the development of one single system. In the 80s, neither
interoperability nor portability was a major issue. The need for open systems was
already there, but the technology to resolve the issues was not. This made it difficult
to address portability and interoperability [2].
10

Figure 2.2 Object-oriented application [2]
Besides the insufficiencies of two features of object-oriented, reusability and
interoperability, their payloads are described above. The reason for these
shortcomings can be explained as the object-oriented approach changed the way,
applications were built, but it did not change the nature of the applications
themselves. This is illustrated in Figure 2.2. In structured approach, the end user
would receive a monolithic application. When it is developed using object-oriented
approach, the end user would still receive a monolithic application. Shortly, the
object-oriented approach is at the service of the functional developer, not the end
user [2].
2.1.3 Component-Based Approach
This approach is expected to revolutionize the development and maintenance of
software systems. The Gartner Group, for example, estimates that "… by 2003, 70%
of new applications will be deployed as a combination of pre-assembled and newly
created components integrated to form complex business systems." The resulting
increase in reuse should dramatically improve time-to-market, software lifecycle
costs, and quality [6].
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Basic concepts, promises, modeling languages that help for analysis and design and
recent technologies of this approach are described in Chapter 3 in detail. So in this
section the emphasis is how this approach and its seed, CBD, are taken from
previous approaches and intermediary approaches such as distributed objects and
distributed systems. Figure 2.3 depicts the transformation that occurs after objectoriented approach. The distributed object approach extends the object-oriented
approach with the ability to call objects across address space boundaries, typically
using an “object request broker” capability. The distributed system approach we
mean a development approach for building systems that are distributed, are often
multi-tier [2].

Figure 2.3 CBD maturity phases [2]
Many companies today claim to be doing component-based development when what
they are really doing is distributed system development, or using some kind of
distributed object technology. While this can deliver significant benefits, such as
allowing the technical bridging of heterogeneous systems. It does not decrease the
cost of development. It is slightly addressed by using object-oriented techniques but
not enough to make a big difference. At this point, distributed component approach
is embraced in industry to reap the desired benefits, often looked for by a software
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development organization. This uses current build-time and run-time technologies
such as Enterprise Java Beans to attempt to reduce cost and development time for
distributed systems. It becomes apparent that what is needed is something that
addresses both the challenge of distributed systems interoperability and the challenge
of how to build individual systems that can be treated as atomic units and can easily
be made to cooperate with each other [2].
Despite the industrial evolution, mentioned above, component-based technology
introduces abstraction and lower-level mechanisms but has to be orchestrated into a
comprehensive software engineering process [7].
2.2 Various Process Models
A software system, either small or large scale, is an uncertain concept at the
beginning and therefore needs to be analyzed, designed and implemented. This
completes the development but it is not over in terms of operation of software.
Maintenance is required after all steps to keep software alive. All of these steps are
called software process model.
There are various process models called life cycle [8], which are developed for
different circumstances. Traditional process models are the most mature ones, and
mostly suit structured approach. However, they are also used for recent approaches
such as object-oriented and component-based approaches in various phases and in
somehow modified form. Object-oriented approach does not offer any original
process model, which provides for its needs completely. Therefore, this approach
complies with traditional models and their appropriate combinations. However, it is
different when it comes to component-based approach because it changes the
nature[2] of software.
2.2.1 Traditional Process Models
Since each product shows different characteristics at development stage, various
project life cycles can be applied to computerized systems development. Some of
them will spend years in the logical phase, current hardware may just not be fast
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enough for the product, or current users may not be capable of this new system and
computerized background. Some of them can also be quickly designed and
implemented and then many years are spent for modifications to meet the users’
changing needs in the maintenance phase.
Table 2.2 shows the most used phases in process models and their deliverables.
These output deliverables are useful and required for their next steps as their inputs.
Table 2.2 Life cycle deliverables [5]
Phase
System Engineering
Requirements Analysis
Design

Construction
Testing

Installation
Maintenance

Output deliverables
High level architectural specification
Requirements specification
Functional specification
Acceptance test specification
Software Architecture specification
System test specification
Design specification
Sub-system test specification
Unit test specification
Program code
Unit test report
Sub-system test report
System test report
Acceptance test report
Completed system
Installed system
Change requests
Change request report

A number of different life-cycle models will be described and three of them are most
widely used; waterfall with iteration, rapid prototyping and the spiral model which
has received considerable attention recently.
2.2.1.1 Waterfall Model
Until the early 1980s, the waterfall model was the only widely accepted life-cycle
model. This approach offers a sequential mechanism among the steps of
development process. It seems difficult to return to an earlier phase once it is
completed like a real waterfall (see in Figure 2.4).
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Figure 2.4 Waterfall Process Model [5]
In the real world, there can be no high quality software that has been developed with
this process model. Because when one of the phases of these process is failed, that
software is inevitable regarding the error prone in order not to go back with
feedback. For that reason iteration is inevitable.
The Waterfall tends to be irresponsive to changes in client requirements or
technology during the project. Once they have been made, architectural decisions
are difficult to change.
In contrast to Waterfall, the diagram in Figure 2.5 shows possible paths for iteration
within the waterfall but these iterations can be very costly. Iterative waterfall has the
following advantages [5]:
•

The tasks in a particular stage may be assigned to specialized teams. For
example, some teams may specialize in analysis, others in design and yet
others in testing.

•

The progress of the project can be evaluated at the end of each phase and an
assessment is made as to whether the project should proceed or not.
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•

The controlled approach can be effective for managing the risks on large
projects with potentially high levels of risk.

Figure 2.5 Waterfall with Iteration Process Model [5]
Some authors [8] consider that testing is not a separate phase to be performed only
after the product has been constructed; it is to be performed at the end of each phase,
either.
2.2.1.2 Build-and-Fix Model
This approach may work well on short programming exercises 100 and 200 lines
long. In this approach the product is constructed without specifications or any
attempt at design. The developers simply build a product that will be tested as many
times as necessary to satisfy the client. Therefore, the build-and-fix model is very
unsatisfactory for products of any reasonable size.
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2.2.1.3 Rapid Prototyping Model
Since users operate the system and perform fixed processes, they can not imagine the
whole system most of the time and they need to be conveyed into a working system.
Therefore, it is a problem not to define the requirements entirely in terms of
development processing.

Figure 2.6 Rapid Prototyping Model [1]
As well as being used to investigate the requirements, prototyping might also be used
to discover the most suitable form of user interfaces (see in Figure 2.6). Some
advantages and disadvantages are described below [5]:
•

Early demonstrations of system

functionality help identify any

misunderstandings between developer and client;
•

Client requirements that have been missed are identified ;

•

Difficulties in the user interface can be identified;

•

The feasibility and usefulness of the system can be tested, even though, by its
very nature, the prototype is incomplete.

Disadvantages:
•

The client may perceive the prototype as part of the final system, or may not
understand the effort that will be required to produce a working production
system, and also may expect delivery soon;
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•

The prototype may divert attention from functional to solely interface issues;

•

Prototyping requires significant user involvement;

•

Managing the prototyping life cycle requires careful decision-making.

A solution [8] is offered that combining the two approaches, waterfall and
prototyping. Rapid prototyping can be used as a requirement analysis technique; in
other words, the first step is to build a rapid prototype in order to determine the
client’s real needs and then to use that rapid prototype as the input to the waterfall
model.
This approach also has a useful side effect [8]. Some organizations are reluctant to
use the rapid prototyping approach because of the risks involved in using any new
technology. Introducing rapid prototyping into the organization as a front end to the
waterfall model will give management opportunity to assess the technique while
minimizing the associated risk.
2.2.1.4 Incremental Model
Models, described above, all produce a complete product, which satisfies the clients.
If those models are used correctly, they result in such products that will have been
entirely tested and the clients should be so confident that these products could be
used for the purposes, which they wish.
In the incremental model, operational products are delivered at each stage. Software
is not written, it is built [8]. The complete product is divided into builds, and the
developer delivers the product build by build. A typical product consists of 10 to 50
builds. At each stage, the client has an operational quality product that does a portion
of what is required; from delivery of the first build, the client is able to do useful
work. With the incremental model, portions of the total product might be available
within weeks, whereas the client generally waits months or years to receive a product
built using the waterfall or rapid prototyping models. Another advantage of the
incremental model is that it reduces the traumatic effect of imposing a completely
new product on the client organization. From the client’s financial viewpoint, phased
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delivery does not require a large capital. Figure 2.7 shows each phase of incremental
process model [8].

Figure 2.7 Incremental Model [8]
A difficulty with the incremental model is that each additional build somehow has to
be incorporated into the existing structure without destroying what has been built up
to that date.
2.2.1.5 Spiral Model
Although the models, described above, involve reducing the impact of risk, they do
not base their concepts on that risk factor. The idea of minimizing risk via the use of
prototypes and other means is the concept underlying the spiral model. A simple way
of looking at this life cycle model is a waterfall model with each phase preceded by
risk analysis. Before commencing each phase an attempt is made to control (or
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resolve) the risks as shown in Figure 2.8. If it is impossible to resolve all the
significant risks at that stage, then the project is immediately terminated.

Figure 2.8 Spiral Model [8]
The strength of this model comes from the emphasis on alternatives and constraints,
supporting the reuse of existing software and the incorporation of software quality as
a specific objective. In addition, a common problem in software development is to
determine when the products of a specific phase have been adequately tested [8].
Sometimes it is not correct to implement this model because this model is only used
for large-scale projects. It makes sense when performing risk analysis in terms of
cost of time and finance.
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Figure 2.9 Fountain Model [9]

2.2.2 Object-Oriented Process Models
The critical sense of object-oriented models is iteration, which is inevitable. One of
the most favored models is fountain model, which contains circles, defining
overlapping phases (see in Figure 2.9). In addition, there are arrows, describing the
iteration within those phases. In this model, maintenance is reduced considerably.
Besides fountain, there are other models, which can be considered within object-
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oriented approach such as Objectory, recursive/parallel, and round-trip gestalt
design. These models are iterative and, incorporate some form of parallelism
(overlap of activities), and support incremental development. One essential problem
with these types of models, that is, team members, move almost randomly between
phases due to parallelism [9].

2.2.3 CBSE Process Models
As mentioned before object-oriented process models are not widely used since there
is no change in nature of software for that approach. However, it is different for
component-based software engineering approach because it changes the nature of
software (see Chapter 3), so there needs some original phases stem from the
architecture of components.
One more definition must be added at this point to differentiate software
development and the component life cycle. In a traditional software development,
process model developers are often analysts, designers, and developers. A project has
a well-defined beginning when requirements are elicited; and a well-defined ending
when the final software system is delivered. However, component production is
different. Considerably more time is devoted to business rules, business process
modeling, analysis, and design. Much less time is spent in development, while
testing occurs throughout the process. Following definition explains this software
process type in general [10]:
The component-based software life cycle (CSLC) is the life cycle process for a
software component with an emphasis on business rules, business process modeling,
design, construction, continuous testing, deployment, evolution, and subsequent
reuse and maintenance.
In general, analysis and design phases for component-based process models take
more time than traditional ones take.

22

The questions of how to identify model and specify components, how to follow a
component-based development process in a systematic and consistent manner, and
how to assembly formally specified components into the component-based system
architecture are not properly addressed yet. Though there are some studies in this era,
in this study, only two of them are selected, one of them being from Stojanovic [11]
and another one, which has been worked on in more detail, is from Ali H. Doğru and
Murat M. Tanık [7].

Figure 2.10 Stojanovic Process Model [11]
2.2.3.1 Stojanovic Process Model
A component-oriented development process model, shown in Figure 2.10, has been
introduced by Stojanovic [11], focusing on the component concept from business
requirements to implementation. This process will be called by its owner’s name in
this study. The phases of requirements, analysis, design and implementation in a
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traditional development process has been substituted by service requirements,
component identification, component specification, component assembly and
deployment. After the components of the system are fully specified, a decision can
be made to build components, wrap existing assets, buy COTS (Commercial Off-theShelf) components or invoke web services over the Internet.
2.2.3.2 COSE Process Model
Doğru and Tanık emphasize that component-based methodology is immature:
“Software development methodologies began with traditional approaches that
followed the waterfall process model. They then moved toward object-oriented
abstractions, which were finally supported by object-oriented methodologies. Now,
component-based technology introduces abstraction and lower-level mechanisms but
has to be orchestrated into a comprehensive software engineering process [7].”

Figure 2.11 COSE Process Model [7]
Figure 2.11 illustrates steps of COSE Process Model in general. However, it is
explained in more detail with a study of Vedat Bayar [12], which is summarized here
to reveal COSE Process Model and its details;
COSE Process Model building activity starts top-down to introduce the building
blocks of the system. As the activity continues towards lower granularity blocks,
interfaces between the blocks are also defined. At an arrived level where the module
is expected to correspond to a component, a temporary bottom-up approach can be
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taken; if desired capability can only be achieved by a set of components, their
integration into a super-component should be carried out.
COSE process model consists of four main phases and a system test phase:
•

System specification,

•

System decomposition,

•

Component Specification, search, modification, creation,

•

Integration

COSE Process Model starts with system specification. Problem is specified and
understood, then system high-level requirements are stated and a preliminary search
for existing components is conducted in system specification phase. Problem and
problem domain knowledge are input to this phase. System high level functional and
non-functional requirements and domain related existing component specification
documents are the output of this phase.
System is analyzed and decomposed in the system decomposition phase. Functional
requirements are detailed and required components and their specifications are
stated.
Components that are going to be implemented in the system are specified and
developed in component specification phase, either by using existing components or
developing new components.
System decomposition and component specification phases are not independent
phases. When the system decomposition comes to a stable level, component
specification phase can begin. Component specification begins with searching for
existing components and continues with the evaluation of located components. If the
decomposition level is not low enough to find and evaluate needed components, then
system is decomposed further until there is no further meaningful decomposition.
The outcome of system decomposition and component specification phases is
components and component specifications.
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Figure 2.12 Process Flow for COSE Process Model [12]
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The flow of the COSE Process Model continues with integration of the components
and testing of the whole system (see in Figure 2.12).
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CHAPTER 3
COMPONENT-BASED DEVELOPMENT
Component-based development (CBD) is, by far, the most promising way of
controlling the soaring complexity and cost of business information systems. It is
also the best way to architect, design, implement, and deploy scalable systems that
provide the flexibility and agility required by today’s enterprise environment [2].
CBD is the latest advance [10] in software development, promising the possibility of
extending the real world approach to create well-specified parts and top incorporate
legacy code “wrapped” as components.
Many software development organizations throughout the world have learned to
recognize that component development is an engineering activity. Just as CBD is a
revolutionary activity emerging well beyond the programming paradigms that
preceded it, component-based software engineering (CBSE) is both a subset and a
revolutionary extension of current software engineering practices. In the same way,
civil engineers have established standardized, time-tested engineering principles to
building bridges using reusable parts, component-based software engineers must
define and describe processes to assure timely completion of high quality, complex
software systems that are composed of a variety of pre-built software components
[10].
3.1 Basic Concepts
There are two basic concepts for Component-Based Development. Main one is the
component and the other is interface. Their functionalities are described below in
detail.
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3.1.1 Component
The whole comprises its parts, and the parts compose the whole. To compose, from
the Latin com- “together” and ponere “to put.” The parts, which are composed, are
etymologically components. The phrase component-based system has about as much
inherent meaning as “part-based whole” [13]. In the world of software engineering,
software components enable practical reuse of software “parts” and amortization of
investments over multiple applications. There are some other units of reuse, such as
source code libraries, designs, or architectures. Therefore, to be specific, “software
components are binary units of independent production, acquisition, and deployment
that interact to form a functioning system” [14]. Being independent and in a binary
form is essential to allow for multiple independent vendors and robust integration. In
the software industry, the term “component” is used in many different ways. For
example, it is applied to user-interface components implemented as ActiveXs or
JavaBeans, to major infrastructure items such as database management systems, and
to any software artifact that can be reused.
A descriptive explanation about component and its features from Kruchten [15] is
summarized below;
A component is a non-trivial, nearly independent, and replaceable part of a system
that fulfills a clear function in the context of a well-defined architecture. A
component conforms to and provides the physical realization of a set of interfaces. A
closer examination of this definition is warranted. First, a component is nontrivial; it
is functionally and conceptually larger than a single class or a single line of code.
Typically, a component encompasses the structure and behavior of a collaboration of
classes.
Second, a component is nearly independent of other components. It rarely stands
alone. A given component collaborates with other components and in so doing
assumes a specific architectural context. This architectural context is driven in large
part by the implementation, which is chosen.
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Third, a component is a replaceable part of a system. A component is substitutable
for any other component, which realizes the same interfaces. This aspect helps
during development, where parts of a system can be stubbed, sketched, and then
replaced by mature, robust implementations. It also supports the evolution of a
system, once deployed by making it possible to upgrade and evolve parts of the
system independently.
Fourth, a component fulfills a clear function. A component is logically and
physically cohesive, and thus denotes a meaningful structural and/or behavioral
chunk of a larger system. It is not just some arbitrary grouping.
Fifth, a component exists in the context of a well-defined architecture. A component
represents a fundamental building block upon which systems can be designed and
composed. This definition is recursive: a system at one level of abstraction may
simply be a component at a higher level of abstraction. Components never stand
alone, though. Every component presupposes an architectural and technology context
wherein it is intended to be used.
Finally, a component conforms to a set of interfaces. A component that conforms to a
given interface means that it satisfies the contract specified by that interface and may
be substituted in any context wherein that interface applies.
3.1.2 Interface
Kruchten defines an interface as a collection of operations that are used to specify a
service of a component [15].
An interface serves to name a collection of operations and specify their signatures
and protocols. An interface focuses upon the behavior, not the structure, of a given
service. An interface offers no implementation for any of its operations.
An interface is used for specifying a service. An interface gives a name to a
collection of operations that work together to carry out some logically interesting
behavior of a system or a part of a system.
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An interface defines a service offered by a component (or a class). An interface
defines a service that is in turn implemented by a class or a component. As such, an
interface spans the logical and physical boundaries of a system. One or more classes
(which are likely a part of some component subsystem) may provide a logical
implementation of a given interface; one or more components may provide a
physical packaging that conforms to that same interface.
3.2 CBD versus Object-Oriented Development(OOD)
The first important issue to understand the differences between these two approaches
is to keep the sense of what differentiates the objects and components.
The main difference between a component and an object is that: a component is
meant to be a runtime entity, whereas an object is an instance of a class [3].
However, components have borrowed various concepts from objects with some
additions and some exclusion. The most important additions are components’
implemented nature and integration capabilities, even at runtime. A component’s
interface has more power than its counterpart does in an object because in addition to
properties and methods, it includes a protocol plus lists of events [7].
Objects are usually not thread-secure [3], because the designer knows (or thinks he
knows) how the objects are going to be used. In a component context, he cannot be
sure about that, and therefore the components have to be secured.
To build complex units [7]; objects can also use inheritance, whereas when
components build complex units, they are limited to composition. In other words, a
developer connects several components to make a supercomponent.
Inheritance [3] is a less useful concept in a component context than it is in an objectoriented context. Because of the possibilities of callbacks and the difficulties with
ensuring the encapsulation of the state, inheritance is even problematic in a
component context. The movement from inheritance based solutions to object
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composition and message for forwarding and delegation, which was already on its
way in the OO (Object-Oriented) world, has gained speed in the component world.
Typically, a component comes to life through objects and therefore would normally
contain one or more classes or immutable prototype objects. In addition, it might
contain a set of immutable objects that capture default initial state and other
component resources. However, there is no need for a component to contain only
classes or any classes at all. A component could contain traditional procedures and
even have global (static) variables; or it may be realized in its entirety using a
functional programming approach, an assembly language, or any other approach.
Objects created in a component, or references to such objects, can become visible to
the component’s clients, usually other components. If only objects become visible to
clients, there is no way to tell whether or not a component is purely object-oriented
inside [16].
Components are deployed independently, and it is impossible to predict how the
component is going to be used. As a result, concerns about dependencies between
components, call backs, components using each other - but belonging to different
threads, safety and security, and so on - are much more important than they are in
plain object-oriented modeling or design. Seen from this perspective, CBD takes the
consequences of object-orientation to the runtime environment [3].

Figure 3.1 Component-based approach [2]
In summary, CBD changes the nature of software [2]. As illustrated in Figure 3.1, it
reveals the need for redefinition of what an application is (compare Figure 3.1 with
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Figure 2.2 in Chapter 2). Components become highly visible at run-time, and this
affects the way software is built, assembled, deployed, tested, evolved, marketed, and
sold. CBD is not only development approach but also deployment approach, and this
leads to a new way to market and buy software solutions.
Consequently, a true component-based system requires extensions to the current
state-of-the-art in Object-orientation. OO with its deterministic and limited features
(e.g., inheritance) cannot provide adequate flexibility required for building today’s
ever increasing complex software systems [17].
Table 3.1 A summary comparison of CBD and OOD [2],[3],[7],[16],[17]
Comparison Point

CBD

OOD

Interoperability

Provides communication
between different
technologies
Run-time
More flexible in terms of
hardware and software
Thread safe and secure

Development is restricted
with one technology on
one platform
Development-time
Less flexible

Reusability
Flexibility
Reliability
Deployment

Independent parts of
software
Composition is major
Inheritance is unnecessary

Building strategy

Dependent on developers’
ability
Monolithic
software
application
Inheritance and
composition are both used

3.3 The Promises of CBD
Typically, components are rather small but independent parts of a system. However,
a large system as a whole can be seen as a component as well. It is important to
recognize components as runtime entities. They exist while the system is running, in
fact: the system consists of components, and it is a component itself. Expectations,
expected

from

components

are

flexibility,

interoperability, and maintainability.
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reusability,

contributing

to

3.3.1 Flexibility
Run-time components can work independently, and, if designed properly, are much
less dependent on their environment (hardware, system software, other applications
or components). Therefore, component-based systems are much more adaptable and
extendable than systems traditionally designed and built. Usually, components are
not changed, but replaced. This flexibility is important in terms of hardware and
system software and functionality [3].
3.3.1.1 Hardware and System Software
Component-based systems are less sensitive to changes in the foundation (for
example: the operating system) than traditional systems. This results in a more rapid
migration from one operating system to another or from one DBMS (Database
Management System) to another. An interesting result is also the possibility of a
system in a technically heterogeneous environment [3].
3.3.1.2 Functionality
Component-based systems are at a functional level much more adaptable and
extendable than traditional systems, because most of the new functionality can be
reused some way or other, or derived from already existing components [3].
3.3.2. Reusability
The concept of a component, by analogy with the manufacturing industry, has
recently been developed. A component is a type, class of objects or any other work
product that has been specifically engineered to be reused. CBD appears to be the
best development approach, mainly because of its capacity for reusability and,
therefore, its potential for saving time and effort. Consequently, market for CBD
tools and frameworks is rising rapidly [18].
Since reusability is the most important for industry, a brief history for reusability is
illustrated in Figure 3.2 and its summary description is as follows [19]:
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Reusability came when programmers discovered that they spent much time to
reprogram existing data-structures, class libraries. Several commercial class
libraries began to appear and the popularity of these libraries paid people’s
attention to the promise of the reuse of software. These class libraries provided
some set of related classes, which one could use directly via composition or
could specialize via inheritance to develop software. Then frameworks were
introduced providing solution to a problem via an abstract design, which one
then had to specialize and tune. The difficulty with frameworks was that they
were abstract reusable “designs” which had to be embodied by expert
programmers. The solution was to combine the advantages of reusable designs
with those of reusable implementations. These are components, the state-of-theart in software world. A component can be defined as reusable software artifact,
which is the unit of software distribution and manageability at design and
runtimes.

Figure 3.2 Reusability through development techniques [19]
Some business goals are provided with the help of reusability as follows [20]:


Increase productivity: After an initial investment, reuse of existing assets
will enable projects to decrease the cost of developing and maintaining
software.
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Shorten time-to-market : Design time is drastically reduced because key
architectural decisions have been made and are embodied in the component
model and framework [13].



Improve software quality: Software that has been used multiple times will
possess fewer defects than freshly coded components.



Reduce risk: Risk in creating new software is reduced when available
reusable components already encompass the desired functionality and have
standard interfaces to facilitate integration.



Provide consistency and interoperability across products: Standard
interfaces and common use of components across products facilitate ease of
use and interoperability. For example, when several software products reuse
the same user interface scheme, terms and conventions are used consistently.
Reuse also contributes to interoperability. For example, when a component
that contains an error-message handling routine is reused by several systems,
these systems can expect consistent behavior.



Ensure product/system conformance with user requirements through
prototyping: Because the availability of reusable components facilitates
prototyping, user requirements may be more easily validated. This
prototyping will also enable detection and resolution of defects earlier in the
software life cycle - avoiding more costly fixes later in the life cycle.



Leverage technical skills and knowledge: Reuse enables specialists to
optimize software architectures and assets which may then be reused by
others who are focusing on meeting product features and market needs.



Improve functionality and/or performance: Reuse allows for the
investment of time to improve functionality and/or performance. Because this
time can be amortized over multiple uses of the assets, this investment for
such improvements is more economically justified than the case where they
would only be for single product.

3.3.3. Maintainability
In a component-based system, a piece of functionality ideally is implemented just
once. It is self-evident that results in easier maintenance, leads to lower cost, and a
longer life for these systems. In fact, the distinction between maintenance and
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construction will become very vague, and completely disappear after some time.
New applications will consist of a very large part of already existing components.
Building a system will look more like assembly than really building. Moreover, the
large monolithic systems will disappear resulting in a blurring of the borders between
the systems [3].
In traditional approaches, a modification request may conceptually affect only one
module, but implementation of the modification usually ends up with impacting
several modules. Furthermore, in many cases the whole application needs to be
redeployed as shown in Figure 3.3.

Figure 3.3 Traditional deployment method [2]
Using a component-based approach, the same cycle becomes as illustrated in Figure
3.4. In this case, the modification usually impacts only the component that is affected
by the modification request, and it is possible to redeploy only the impacted
component. This benefit is particularly important for large systems.

Figure 3.4 Deployment method in component-based approach [2]

3.4 Recent Component Architectures
In CBSE after specification phase there is a requirement, that is, the components you
have selected and decided to develop must be established into a software
environment to communicate with each other effectively. This environment is made
up of a component architecture and its framework. Component architecture provides

37

communication client applications and components through the interfaces of each
component without concerning internal complications and sophistications of
components. In addition, component frameworks allow variety of components from
different vendors, networks, and platforms to be integrated in the same environment.
Among the component infrastructure technologies that have been developed, three
have become somewhat standardized: OMG's (Object Management Group) CORBA,
Microsoft's Component Object Model (COM) and Distributed COM (DCOM), and
Sun's JavaBeans and Enterprise JavaBeans.
3.4.1 Common Object Request Broker Architecture (CORBA)
CORBA is an open standard for application interoperability, allowing applications to
communicate with one another despite of the different locations and designers. And
it is defined and supported by the Object Management Group (OMG), founded in
1989, is by far the largest consortium in the computing industry. CORBA is widely
used in Object-Oriented distributed systems including component-based software
systems because it offers a consistent distributed programming and run-time
environment over common programming languages, operating systems, and
distributed networks [21].

Figure 3.5 Remote invocation in CORBA [23]
The most important part of a CORBA system is the Object Request Broker (ORB)
[21]. The ORB is the middleware that establishes the client-server relationships
between components. Figure 3.5 illustrates the architecture of remote invocation with
ORB. Using an ORB, a client can invoke a method on a server object, whose
location is completely transparent. The ORB is responsible for intercepting a call and

38

finding an object that can implement the request, pass its parameters, invoke its
method, and return the results. The client does not need to know where the object is
located, its programming language, its operating system, or any other system aspects
that are not related to the interface. In this way, the ORB provides interoperability
among applications on different machines in heterogeneous distributed environments
and seamlessly interconnects multiple object systems.
3.4.2 Component Object Model (COM) and Distributed COM (DCOM)
A general architecture for component software allows application and systems to be
built from different software providers. It is platform dependent, that is, Microsoft
platforms Windows and Windows NT. Its language independency is restricted with
the number of languages that are supported by Microsoft for example Java is not
there.
COM simply defines how components and their user communicate. A binary
standard for component interoperability is provided and components can share
memory under a management mechanism. COM enables online loading of
components. Besides COM features, DCOM has a specific architecture, provides
location independence and manages connections. They are summarized below [23];
DCOM (Distributed COM), as the name suggests, defines the distribution of COMs
over a network. COM defines how components and their clients interact. COM set
the standards for components to interact on the same machine. However, distributed
applications require components on different machines to interact. When client and
component reside on different machines, DCOM simply replaces the local interprocess communication with a network protocol. Neither the component nor its client
is aware of the network protocols lying between them. Figure 3.6 depicts the DCOM
architecture.
DCOM provides location independence, completely hides the location of a
component, whether it is in the same process as the client or on a machine halfway
around the world. In all cases, the way the client connects to a component and calls
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Figure 3.6 DCOM: COM components on different machines [23]
the component's methods is identical. DCOM's location independence greatly
simplifies the task of distributing application components for optimum overall
performance. Suppose, for example, that certain components must be placed on a
specific machine or at a specific location. If the application has numerous small
components, network loading can be reduced by deploying them on the same LAN
(Local Area Network) segment, on the same machine, or in the same process.
Network connections are inherently more fragile than connections inside a machine.
Components in a distributed application need to be notified if a client is not active
anymore, even or especially in the case of a network or hardware failure.
DCOM manages connections to components that are dedicated to a single client, as
well as components that are shared by multiple clients, by maintaining a reference
count on each component. When a client establishes a connection to a component,
DCOM increments the component's reference count. When the client releases its
connection, DCOM decrements the component's reference count. If the count reaches
zero, the component can free itself.
3.4.3 Enterprise Java Beans
Enterprise JavaBeans technology can be easily discovered since there are plenty of
books regarding this favorite and popular area. For this study Richard MonsonHaefel’s book called Enterprise JavaBeans [22] is chosen and all information is
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gathered and well coordinated. Firstly Sun Microsystems’ definition of Enterprise
JavaBeans is:
The Enterprise JavaBeans architecture is a component architecture for the
development and deployment of component-based distributed business applications.
Applications written using the Enterprise JavaBeans architecture are scalable,
transactional, and multi-user secure. These applications may be written once, and
then deployed on any server platform that supports the Enterprise JavaBeans
specification.

Figure 3.7 Remote invocation in EJB [22]

The original JavaBeans is also a component model, but it is not a server-side
component model like EJB. In fact, other than sharing the name “JavaBeans,” these
two component models are completely unrelated. In the past, a lot of the literature
referred to EJB as an extension of the original JavaBeans, but this is a
misrepresentation. The two APIs serve very different purposes, and EJB does not
extend or use the original JavaBeans component model.
JavaBeans is intended to be used for intra-process purposes, while EJB is designed
for inter-process components. In other words, the original JavaBeans was not
intended for distributed components. JavaBeans can be used to solve a variety of
problems, but it is primarily used to build clients by assembling visual Graphical
User Interface (GUI) and non-visual widgets.
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Enterprise JavaBeans server-side components come in three fundamentally different
types: entity, session, and message-driven beans. Both session and entity beans are
RMI-based server-side components that are accessed distributed object protocols (see
in Figure 3.7). The message-driven bean, which is new to EJB 2.0, is an
asynchronous server-side component that

responds to

JMS ( Java Message

Service) asynchronous messages.
3.4.3.1 EJB Component Types


Entity beans: A good rule of thumb is that entity beans model business
concepts that can be expressed as nouns. For example, an entity bean might
represent a customer, a piece of equipment, an item in inventory, or even a
place. In other words, entity beans model real-world objects; these objects are
usually persistent records in some kind of database.



Session beans: Session beans are an extension of the client application and
are responsible for managing processes or tasks. Session beans tend to
manage particular kinds of activities, such as the act of making a reservation.
They have a lot to do with the relationships between different enterprise
beans.



Message-driven beans: Message-driven beans in EJB 2.0 are responsible for
coordinating tasks involving other session and entity beans. The major
difference between a message-driven bean and a session bean is how they are
accessed. While a session bean provides a remote interface that defines which
methods can be invoked, a message-driven bean does not. Instead, the
message-driven bean subscribes to or listens for specific asynchronous
messages to which it responds by processing the message and managing the
actions other beans take in response to those messages. For example, a
ReservationProcessor message-driven bean would receive asynchronous
messages-perhaps from a legacy reservation system-from which it would
coordinate the interactions of the Cruise, Cabin, and Customer beans to make
a reservation.
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The relevant distinction for Enterprise JavaBeans is that an entity bean has persistent
state; session and message-driven beans model interactions but do not have persistent
state.
3.4.3.2 The Elements of an EJB Component
A good way to understand the design of enterprise beans is to look at how one can be
implemented.


Remote interface: The remote interface defines the bean’s business methods
that can be accessed from applications outside the EJB container: the business
methods a bean presents to the outside world to do its work. It enforces
conventions and idioms that are well suited for distributed object protocols.
The remote interface extends javax.ejb.EJBObject, which in turn extends
java.rmi.Remote. It is used by session and entity beans in conjunction with
the remote home interface.



Remote home interface: The home interface defines the bean’s life-cycle
methods that can be accessed from applications outside the EJB container: the
life-cycle methods for creating new beans, removing beans, finding beans. It
enforces conventions and idioms that are well suited for distributed object
protocols. The home interface extends javax.ejb.EJBHome, which in turn
extends java.rmi.Remote. It is used by session and entity beans in conjunction
with the remote interface.



Local Interface (EJB 2.0): The local interface for an enterprise bean defines
the bean’s business methods that can be used by other beans co-located in the
same EJB container: the business methods a bean presents to other beans in
the same address space. It allows beans to interact without the overhead of a
distributed object protocol, which improves their performance. The local
interface extends javax.ejb.EJBLocalObject. It is used by session and entity
beans in conjunction with the local home interface.



Local Home Interface (EJB 2.0): The local home interface defines the
bean’s life cycle methods that can be used by other beans co-located in the
same EJB container: that is, the life-cycle methods a bean presents to other
beans in the same address space. It allows beans to interact without the
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overhead of a distributed object protocol, which improves their performance.
The local home interface extends javax.ejb.EJBLocalHome. It is used by
session and entity beans in conjunction with the local interface.


Bean class: The session and entity bean classes actually implement the
bean’s business and life cycle methods. It is important that the bean class for
session and entity beans usually does not implement any of the bean’s
component interfaces directly.



Primary key: The primary key is a very simple class that provides a pointer
into the database. Only entity beans need a primary key. The only
requirement for this class is that it implements java.io.Serializable.

Java platform offers an efficient solution to the portability and security problems
using portable Java byte-codes and the concept of trusted and untrusted Java applets.
Java provides a universal integration and enabling technology for enterprise
application development, including interoperating across multi-vendor servers;
propagating transaction and security contexts; servicing multilingual clients; and
supporting ActiveX via DCOM/CORBA bridges [21].
3.5 Architectures’ Comparison
The architectures, based on component-based approach, and also their strengths on
specific features are illustrated in Table 3.2. For development of a software system,
using component-based approach and development environment, a suitable
architecture should be selected at first. Its requirements, software development
team’s characteristics and current system’s software and hardware architecture affect
the selection of architecture.
EJB is indebted to Java [21]. JavaBeans and EJB extend all native strengths of Java
including portability and security into the area of component-based development.
The portability, security, and reliability of Java are well suited for developing robust
server objects independent of operating systems, web servers, and database
management servers.
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Table 3.2 Comparison of recent component architectures [21]

3.6 Modeling Languages
For all software engineering approaches, both analysis and design phases are
common. To perform these steps successfully, they need some tools and modeling
utilities; such as UML [15], called often with “object-orientation”, and COSEML [7],
new for component-based approach.

3.6.1 Unified Modeling Language (UML)
UML has yet been inevitable for software projects whether they are based on
components or objects. Therefore, in this study, some of its diagrams are often used.
There are plenty of tools for UML such as PowerDesigner, Rational Rose, etc.
Since component-based systems contain only components and their interfaces, it is
important to represent both of these items correctly in the system. All but component
and its interface/interfaces, are in abstraction level, that is, they represent the whole
software system.
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Figure 3.8 Components and interfaces in UML [15]
Figure 3.8 depicts a component, ComponentA, that implements interface IFoo. In
this context, implementation is represented by a solid line from ComponentA to Ifoo.
Implementation of an interface by a component means that the component offers the
operations defined by that interface. In addition, a component can implement any
number of interfaces.
The dashed line above shows that ComponentA is coupled with the interface IBar.
This provides the advantage of substitutability of components, which implement the
same interface. Coupling must be performed only with interfaces in contrast to direct
components.
The aim is to build a software system, hence assembling the components in the right
turn is seriously important. This is provided by sequence diagram of UML.
The interactions of components (A, B, and C) are clearly shown. The vertical
dimension of the diagram depicts the time and the bars; vertical represents the focus
of control of the components. Messages, represented with horizontal arrows, show
invocations of operations on the interfaces implemented by the components. In order
not to confuse the names of the methods, method names can be written with the
names of interfaces, which are contained.
Depicting the interaction (see in Figure 3.9) of components using sequence diagrams
eases the creation of new systems by assembling existing components and viewing
their interactions visually.
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Figure 3.9 Sequence diagram for component-based [15]

Through all statements above, for large scale and complex software systems, UML
can represent subsystems as components and its interface/interfaces. A subsystem
can be considered a type of package, which includes more than one class. All
diagrams are valid for these subsystems as if they are components.
3.6.2 COSE Modeling Language (COSEML)

COSEML [7] is another modeling language, which is designed only for developing
component-oriented systems. There is only one immature tool, COSECASE [23], for
COSEML.

The model building introduces the system’s building blocks in a top-down manner.
Interfaces between the defined blocks are also defined. After arriving at a level
where the module should correspond to a component, it can be taken a temporary
synthetic approach, interrupting the mainstream COSE activity. If a single
component does the job, the system accepts it. If a set of components must achieve
the desired capability collectively, we should integrate them into a super-component.
The temporary synthetic task ends when we import the super-component into the
system [7].
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Figure 3.10 Graphical Symbols of COSEML [7]
Vedat Bayar describes Graphical Symbols (see in Figure 3.10) of COSEML [12],
illustrated in Table 3.3:
Abstract components corresponding to Abstract Design Paradigm (ADP) “Packages”
are represented by Unified Modeling Language’s (UML) package symbol, in
COSEML. Internals of the Packages are specified using the Data, Function, and
Control abstractions. A Function abstraction, like UML’s use case symbol, is
represented by an oval. In COSEML, implementation level constructs are also
included: they are mainly “components.” A component can be specified with its
properties, methods, and events. Except for events, this specification is similar to that
of an Object Oriented class construct.
In addition to the above symbols, there are association links to connect the abovementioned symbols. There are four kinds of links. The default link is the
“composition” link that is used among the abstraction elements. Inheritance is
represented by a triangular arrowhead at the generalized end. The most special link is
“connector”. It is represented by a box symbol as well as a line symbol. During
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decomposition activity, the box version is used for interface specification. The line
version is used for information hiding.
Table 3.3 COSEML symbols and their meanings [12]

Symbol

Explanation
Package: Package is for organizing the part-whole relations. A container that wraps
system-level entities and functions etc. at a decomposition node. Can contain further
package, data, function, and control elements. Also can own one port(s) of one or more
connectors. Can be implemented by a component. The contained elements are within the
scope of a package; they do not need connectors for intra-package communication.

Function: Function represents a system-level function. Can contain further function,
data, and package elements. Can own connector ports. Can be implemented by a
component.

Data: Data represents a system-level entity. Can contain further data, function, and
package elements. Can own connector ports. Has its internal operations. Can be
implemented by a component.
Control: Control corresponds to a state machine within a package. Meant for managing
the event traffic at the package boundary, to affect the state transitions, as well as
triggering other events. Can be represented by a component.
Connectors: Connector represents data and control flows across the system modules.
Cannot be contained in one module because two ports will be used by different modules.
Ports correspond to interfaces at components level.

Component: A Component corresponds to the existing implemented component codes.
Contains one or more interfaces. Can contain other components. Can represent package,
data, function, or control abstraction.

Interface: An Interface is the connection point of a Component. Services requested
from a component have to be invoked through this interface. A port on a connector plugs
into an interface.

Represents Relation: A Represents relation indicates that an abstraction will be
implemented by a component.
Event Link: An Event link is connected between the output event of one interface and
the input event of another. The destination end can have arrows corresponding to the
synchronization type.
Method Link: A Method link is connected between two interfaces to represent a
method call. Arrow indicates message direction.
Composition and Inheritance Relation: UML class diagram relations are utilized.
Diamond: Composition, Triangle: Inheritance.
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Since the model can simultaneously contain abstraction level and implementation
level components, a system function could be represented in different levels. Thus, a
connector can be represented between two abstractions, as well as between two
components.
Repeating one connector at various levels is optional. A connector between two
abstractions can represent more than one message links at component level. In the
lowest level representation, a message is a link between specific events or methods
of two interfaces. As in the UML, different arrowhead shapes can be used for the
message directions, for different synchronization types.
To construct super-components, the compositional links are used among
components. The “represents” relation links the components to the abstractions
corresponding to them.
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CHAPTER 4
CURRENT SYSTEM SPECIFICATION
4.1 Personnel Department of EGM
EGM, General Directorate of Security of Turkish Republic, was founded in April 10,
1845. Today it has approximately 200000 staffs, 120 departments some of which are
in central and some of which are in outside, around Turkey. Each city has its own
directorate, which is dependent on EGM directly. There are various branches among
staffs; general service, intelligence service, struggling against terrorism service, etc.
Personnel Department is one of the central departments and performs all procedures
regarding personnel rights. All personnel affairs are performed by central Personnel
Department and its outside extensions. Approximately, there are 400 central staffs
and 1200 outside staffs. Main functions of personnel affairs are listed below:
•

Appointment Procedures

•

Seniority Affairs

•

Judicial Records

•

Reward Affairs

•

Service Table

•

Retirement/Death Affairs

•

Fully appointment endorsement procedures

•

Investigation Processes

•

Permission/Health Affairs

•

Rank Promotion

•

Adjustment

•

Compensation

•

Military Service

•

Insurance

•

Education/Publication/Course
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Personnel Department has 4 main sub-departments: Appointment, Seniority-Judicial
Records, General Affairs and Staff Evaluation. There are 30 offices in each subdepartment that carry out processes listed above.
For performing these processes, Personnel Department uses an information system
that is called PBS (Personnel Information System) and has been developed by IT
(Information Technology) office of Personnel Department.
4.2 PBS System Architecture
As shown in Figure 4.1, PBS is a hybrid system in terms of its architecture.
PBS/Outside System should be considered as multi-tiered and PBS/Inside System
should be defined as client/server but both these systems can access component
server and use distributed components as middleware. In addition, PBS/Web-Service
can access distributed components too. PBS/WS (PBS/Web-Service) and
PBS/Outside System of PBS are included in TRANSPOL network so that they can
communicate with all units of EGM. At the server side of the architecture, there are
five main items. The lowest layer is DBMS and communicates with other items
through TDS (Tabular Data Streams) protocol and its hardware specification is
shown in Table 4.1. Another item is component container and manages distributed
components used by other systems such as Inside, Outside and WS. Component
container can be accessed through the protocol “iiop” (Internet Inter-ORB Protocol).
EJB 2.0 technology is used for distributed components. PBS/Web-Service is used by
external systems that are running on POLNET such as TBS (Traffic Information
System). WS uses distributed components by accessing component container and is
used by external systems through 8080 protocol and “/personel/ws” url prefix. The
other item is application server (can be called as page server) and accepts
connections through the same port, 8080. And it accesses to DBMS and component
container through their own protocols. Outside officials and personnel users cannot
access application server directly. At this point, there is a web server for user
connections through https (Hyper Text Transfer Protocol over SSL) and http (Hyper
Text Transfer Protocol) protocols. This web server dispatches the requests coming
from outside users for three directions. One of them is for static page requests,
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second one is Web service requests to PBS/WS and the last one is for dynamic page
requests towards the application server.

Figure 4.1 PBS System Architecture
Various types of clients can access the server side items, which are mentioned above.
For Outside system, the only client type is web browser that does not require any
additional client application and utility. For Inside system, there must be client
applications that were developed for that system. This application is developed under
win32 and it communicates with DBMS and Component Container directly through
their protocols. The other type of client is external systems’ applications. External
systems’ developers develop these applications and the critical points in this
architecture are communication standard and protocol, XML (Extensible Markup
Language) and SOAP (Simple Object Access Protocol) in respect.
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Table 4.1 PBS Server Side Hardware and Software Specification
Server Side Item

Processor

Memory

Operating
System

Web Server

Pentium II Xeon 4- 4 GB

Linux

CPUs
PBS/WS

Pentium IV 2-CPUs

2 GB

Windows

Application Server

Pentium IV 2-CPUs

4 GB

Windows

Component Container

Pentium IV 2-CPUs

4 GB

Windows

DBMS

SPARC 480 4-CPUs

10 GB

UNIX

4.3 PBS System Specifications
Personnel Information System runs on the architecture mentioned above and it has
three main systems such as PBS/Outside System, PBS/Inside System and PBS/WS.
In Figure 4.2, a Use Case diagram shows associations between users and Systems
and their applications. Users are categorized into six groups in terms of applications.
In Table 4.2, the user types and the systems that they are allowed to use along with
the number of users are listed.
Table 4.2 PBS sub-systems and their user types
User Type

System

Number

Inside Official

PBS/Inside System

250

Outside Official

PBS/Outside System

800

Inside Supervisor

PBS/Inside System

Outside Supervisor

PBS/Outside System

External System User

PBS/Web-Service

Personnel User

PBS/Outside System
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2
100
2
200000

Figure 4.2 PBS Use Case Diagram
4.3.1 PBS/Inside System
Inside system of Personnel Information System is being developed since 2000. This
system is on client-server architecture and at server side there is a DBMS. The client
application is being developed by software development team of IT Office of
Personnel Department for the last 4 years. This system has two modules. The
management module, developed under win32 environment and with PowerBuilder,
uses Inside Authentication/Authorization module for regulation of inside officials’
definitions and rights on the system as user. The other part of the system is Inside
Application that also uses Authentication/Authorization module for conducting submodules according to users’ rights and authorizations over the system. This part also
has been developed under win32 and mostly with PowerBuilder programming
language and Object-Oriented Software Engineering methodology. Some sub-
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modules, integrated into this system, are developed with Java and JBuilder as Java
editor. In addition, some sub-functions, being used by the system, are developed in
C++ with Microsoft Visual C++ and used as API (Application Programming
Interface). Some inside official user types and the sub-modules are listed in Table 6.
These sub-modules are run for whole EGM staffs and their rights and procedures.
250 inside officials use these modules according to their authorizations. Some submodules such as Appointment and Rewarding have some characteristics of a decision
support system. They allow users to take critical decisions regarding staffs.
Table 4.3 Sub-modules and users of PBS/Inside System
Module Name

User Groups

Personnel Problems

Personnel Users, Office Directors

Ranking

Ranking Users

investigation results

Investigation Users

Personnel Identification Control

Data Preparing and Control Users

Working Units

Appointment Users

Appointment Summary

Appointment Users

Intermediary Appointment

Appointment Users

Record Recovering

Data Preparing and Control Users

Separating from Occupation

Investigation Users

Staff Evaluation

Staff Evaluation Users

Assistant Servants

Staff Evaluation Users

Exchequer and Visa

Staff Evaluation Users

Seniority

Seniority Users

Judicial Reports

Judicial Reports Users

Appointment to Other Depts.

Appointment Users

Finance Announcement

Personnel Rights Users

General Statistics

General Users

Rewarding

Rewarding/Compensation Users

Service Table

Personnel Rights, Retirement/Death Users

Retirement/Death

Retirement/Death Users

Fully Appointment

Appointment Users

Military Service

Mil-Service Users
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Module Name

User Groups

Investigation

Investigation Users

Leaving/Health

Leaving/Health Users

Complaint

Investigation Users

Document Flow

General Users

Rank Promotion Affairs

Ranking Users

Adaptation

Adaptation Users

Compensation

Rewarding/Compensation Users

Compensation Recycling

Rewarding/Compensation Users

Property Management

Property Management Users

Second Region Evaluation

Appointment Users

Second Region Status

Appointment Users

Lawsuit Management

Ranking Users, Appointment Users

Second Region Appointment

Appointment Users

Second Region Statistics

Appointment Users

Service Calculation

Retirement/Death Users

Course

General Users

Education

General Users

Insurance

Adaptation Users

PBS/Inside System Admin

Supervisor Users

Software Development Request

IT Office Director, Developers, General Users

4.3.2 PBS/Outside System
Outside system of Personnel Information System is being developed since January
2004. This system is on multi-tiered architecture and at server side there is a DBMS,
an Application Server and a Web Server. Software development team of IT Office of
Personnel Department has developed the Web Application for a year. As shown in
Table 4.2 two types of users use this system. One is management module and it uses
Outside Authentication/Authorization module for regulation of outside officials
definitions and rights on the system. The other module is Outside Application that
also uses Authentication/Authorization module for conducting sub-modules
according to users’ rights and authorizations over the system. These modules have
been developed mostly with JBuilder using Java programming language and Object57

Oriented Software Engineering methodology. JSP (Java Server Pages) technologies
are used for web applications and Struts framework is implemented as MVC (Model
View Controller). This system now has few sub-modules because of the fact that the
sub-modules selected for development are chosen according to their priority and
simplicity. Some of the sub-modules in this system such as management module are
under development phase and not ready now. The sub-modules are listed in Table 4.4
along with their user groups.
Table 4.4 Sub-modules and users of PBS/Outside System
Module Name

User Groups

Personnel Problems

Personnel Users

General Statistics

Personnel Users, Personnel Office Users

Investigation Results

Personnel Office Users, Judicial Affairs Users

Identification Control

Personnel Users

Working Units

Personnel Office Users

Rewarding

Personnel Office Users

Appointment

Personnel Office Users

Military Service

Personnel Office Users

Investigation Management

Personnel Office Users, Judicial Affairs Users

Retirement/Death

Personnel Office Users

Leaving/Health

Personnel Office Users

Service Calculation

Personnel Office Users

Document Archiving/Distribution

Personnel Office Users

Seniority

Personnel Office Users

Examine Application

Personnel Office Users, Education Office Users

PBS/Outside System Admin

Personnel Office Supervisor Users

4.3.3 PBS/Web Service
There are various systems, running on TRANSPOL infrastructure. These systems are
Traffic Information System, POLNET etc. These systems mostly need personnel
information for regulating their systems’ authorization, authentication etc. PBS/WS
aims to provide this service for them by using XML standard, SOAP protocol and
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EJB technology behind the Web Server. External systems, mentioned above, call the
methods they need to perform with their authentication information such as username
and password. According to their rights, either Web Service returns the answer or
not. External systems are free to use these data, XML formatted, as an application or
raw data. PBS/WS is developed by using Eclipse and run on Sybase EAServer.
External systems are never bound to use a specific development environment for
accessing the Web Service.
4.4 The Disadvantage of PBS’ Hybrid Architecture
As described in this Chapter, PBS has two major sub-systems and a Web Service.
These two major systems, that is, inside and outside, need some common business
applications such as Service Calculation. This sub-module had been built for Inside
System before. Nevertheless, since it was developed as monolithic application [2]
through object-oriented approach it was not able to access this module from Outside
System, which is built on multi-tiered architecture. There is no way to access to this
sub-module via web browser, which is compulsory as client for Outside System,
because of its client-server architecture. Since there is no possibility of implementing
the existing sub-module for Outside System, the disadvantage can only be tolerated
by using middleware developed through component-based approach. Therefore, for
this study it is decided to build new common business application (Service
Calculation) as middleware, standing in the middle of PBS sub-systems.

59

CHAPTER 5
IMPLEMENTATION OF SERVICE CALCULATION
As mentioned in the previous chapter, there are some common modules in both
Outside System and Inside System of Personnel Information System. Because of the
fact that these types of modules mostly are not difficult and have different
characteristics, there is no need to construct common modules for interoperability.
However, some modules such as Service Calculation need to be reconstructed as
common for interoperability. Since these types of modules have the same algorithm
for both systems. In this study, only Service Calculation module is chosen because of
its complexity and common algorithm for both systems and for PBS/WS. Figure 5.1
depicts the Service Calculation as middleware in PBS.

Figure 5.1 PBS Use Case Diagram with Service Calculation middleware
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For developing Service Calculation module COSE process model [12] is selected and
implemented. Each phase of this process model is performed in step by step manner
and these steps are listed below:
•

Software System Specification

•

Decomposition

•

Component Specification, search, modification, creation

•

Integration

•

Software System

In this study Service Calculation module is the software system that is to be
performed. Need for this software and definition of the problem is described in the
specification phase. After deciding to develop software and determining its
boundaries there is need to decompose the whole system into reusable and cohesive
sub-components. Since there may be a need to use these sub-components from other
software applications or systems. Decomposition also provides flexibility for the
developers such that a project manager can distribute components to different
developers and maintaining cost will be minimized. After decomposition, each subcomponent is considered independently and specified in detail. After specifying each
component, it is searched in possible repositories and domains. If there is an
available component in the repository then it is integrated into system without
writing any new code. Nevertheless, sometimes there becomes no such ready-made
component that complies to our requirements exactly. At this point modification is
the keyword. If there is a component that complies to requirements approximately
then this component can be modified to new requirements without corrupting
previous interactions within some other software systems. Another possibility
regarding this sub-component is that there is no component that complies to
requirements then the only alternative is to create new one using principles of CBSE
such as flexibility, reusability and maintainability. Before integration phase there is a
need for testing corresponding to each component separately [10]. Integration can be
considered as the last phase for the whole system. At the integration phase, with the
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help of interfaces of components, it is possible to glue components each other in the
light of requirements.
Since the software development team of IT office is experienced with Java, EJB 2.0
architecture is selected to develop Service Calculation package. In the office,
JBuilder application development tool is used for developing java based applications.
PowerDesigner and Microsoft Visio is used for drawing UML and COSEML
diagrams.
5.1 Specification of Service Calculation
The staffs of EGM are depended on Republic of Turkey Pension Fund Directorate
General. Social Insurance Act, numbered 506, arranges the periods and savings of
the members of Pension Fund. According to that law, and its amended transitional
article, 81 (see in Appendix I), there are various calculation types. For EGM staffs
the retirement is based on officials’ gender, remaining period for retirement on date
of law and task branches (see in Service Calculation Table in Appendix II).

Figure 5.2 First-cut of Service Calculation in COSEML
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Service Calculation module computes total service period of each personnel starting
from beginning date of employment for EGM to today. Some specific previous
workings, which are again for government, are also added. Previous workings that
can be considered under guarantee of any other insurance are also added, on the
other hand, if it is not appraised, paid military service period is added. Besides, some
types of leavings during working are deducted completely and some other types of
them are subtracted incompletely. For Security Servant class of EGM staffs there is
extra Worn-Out period as one-fourth of normal service period. This period also
added for these types of staffs. All functionalities, stated above, are considered as
independent components. Figure 5.2 shows the first-cut COSEML diagram of
Service Calculation.
Service Calculation module is a necessity within many parts of PBS. Outside
officials, inside officials and personnel users need to access this information through
the GUIs which are designed for them. Because of variety of systems and their
different architectures there will be duplication of the same module (Service
Calculation). This study proposes that there is a need to develop a common Service
Calculation module with the help of distributed component technology and
component-based methodology.
5.2 Decomposition of Service Calculation Package
This phase is performed primarily using top-down decomposition. Main functions of
the system are determined and they correspond to abstractions of high-level system
functionalities. According to these functionalities, the system is decomposed until a
set of terminal package is reached, where none of which can usefully be decomposed
into packages further.
As mentioned at specification phase there are six various high-level system
functionalities such as normal service period, worn-out period of active service
period, pre-service periods, insurance periods, military service period and leaving
periods. These main functions need various database accesses in different ways and
formats so that they need to be constructed separately. Also they need to be accessed
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independently. Beside Service Calculation module some other applications may also
need to access these items independently. For this purpose, the design of these items
is to be performed as sub-components. Keeping their characteristics in mind some
basic functionalities are inserted into these sub-components. Figure 5.3 shows the
decomposition and the sub-components for Service Calculation apparently.

Figure 5.3 Use Case diagram for defining decomposition
The components, given in Figure 5.3, are considered the most effective and efficient
in terms of reusability and maintainability.
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At this phase, also interfaces between sub-components as connector abstractions are
defined. As shown in Figures 5.2 and 5.3, there are five connections between subcomponents. ServiceCalculation uses some functionalities of other four components
such as Mil-Service, Pre-Service, Service and Insurance. Mil-Service sub-component
is needed because male staffs are obliged to make Military Service according to
Turkish Republic Laws and some of these staffs pay their salary deductions
themselves corresponding to their military service periods. Therefore, these periods
are considered in service period. Pre-Service sub-component is necessary for staffs
that had worked for other government organizations previously. These periods are
calculated in this component and added into service period. Service component is an
important component since it computes the period of active service under EGM
organization. In addition to active service, it computes and adds the worn-out period,
that is one-fourth of active period. Insurance component is used for previous
employment under insurance and adds this period to their total service period. These
four components must have interfaces to perform these connector abstractions
successfully. In addition to these connections, Service component also connects to
Leaving component for calculating leaving periods.
5.3 Component Specification of Service Calculation
In this phase, logically specified and decomposed system will be transformed into
physical entities, that is, components. Searching, modification and creation processes
are performed based on the requirements.
Before searching, it is important to know what will be searched, so it is necessary to
define interfaces and specifications of each component, which are based on the
decomposed system requirements. However, for this study, searching is an
unnecessary process because there has not been any component repository for PBS.
Therefore, besides searching, also modification cannot be performed in this study
either. In this study, decomposed components listed below are to be developed from
scratch.
Insurance
Service
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Pre-Services
Mil-Service
Leaving
Service Calculation

5.3.1 Insurance
Either private sector or government under insurance previously employed some of
EGM staffs. Pension Fund considers these types of previous employment and their
paid periods as service. PBS has the sub-module that manages these records of each
staff in Inside System of PBS. These records are inserted into the Insurance Table in
DBMS with starting date, finishing date, total number of days, insurance type, and
validation information for each record.

Figure 5.4 Functions and data of Insurance component
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Insurance component can be run for each staff and each of their records. For this
purpose, Personnel ID of staff should be used as the key field in this component.
After inputting the personnel ID whose insurance periods would be calculated all
insurance records are retrieved and total working day is calculated by using the
parameter of a last date. There are two functions to retrieve the dates of beginning
and finishing of insurances. Three other functions are responsible for retrieving the
total period of insurances in year, month and day in two digits format. Finally reset
function of Insurance provides reusability for new last date parameter for the same
personnel. This increases performance and prevent loss of time by not repeating
some functions again. Figure 5.4 depicts these functionalities and data with
COSEML diagram.
5.3.2 Service
All EGM staffs have a service period starting from their first appointment to any
department of EGM. Service component calculates the total service period for each
staff using their beginning and finishing date information stored at Personnel Master
Table. The rank, gender, birthday information are also stored in the same table. This
component’s functionalities are shown in Figure 5.5.
Personnel ID of staff should be inputted firstly for activating this module. Service
period calculation uses beginning date of employment to last date which are received
as parameters. Most of staffs are bound to Security Service Branch and these staffs
are considered to have worked one-fourth of active service period excessively. This
point should be kept in mind and included in the calculation. Calculation function
performs all these algorithms and requires rank, birthday, date of beginning to work.
These values are provided by their functions. In addition to these functions, date of
first salary is taken by another function that computes the date of salary as of the date
of beginning. Since date of salary was changed in November 1987 and after that time
salary date is determined as 15th of each month. This change affects all calculations
for service and leaving that coincide with these dates.
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Besides the algorithms mentioned above this component needs to access Leaving
component for calculating deduction periods.

Figure 5.5 Functions and data of Service component
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5.3.3 Leaving
All staffs may leave temporarily or permanently for some reason. When it is
permanent, the last date of personnel cannot be considered after the date of leaving.
But sometimes people can break this assumption by returning to their jobs by judicial
decisions. In this case, although their leaving type is permanent they may have
returned to work again. These periods should be excluded from the period of active
service. Some leaving types and their period types are listed in Table 5.1. All leaving
information is stored in the Leaving Table in DBMS.
Table 5.1 Leaving types and periods
Leaving Type

Period

Taken Away

Temporary

Military Service

Temporary

Leaving Without Salary

Temporary

Mission Abroad

Temporary

Arrested

Temporary

Ejecting from Government Service

Permanent

Imprisoned

Permanent

Ejected For Law, Numbered 1402

Permanent

Resigned

Permanent

Resigned For Election

Temporary

Retired

Permanent

Each type of leaving has different effect in service calculation for example Taken
Away Leavings are excluded incompletely in calculation. Besides, some of them may
be considered as service period by paying deductions of Pension Fund that
corresponds to leaving period.
Calculation function receives the list that contains all leaving records such as the
rank information during leaving, leaving type, beginning date of leaving period,
finishing date of leaving period, validation of leaving period in terms of service,

69

working places for Law 1402 leavings and military completion date for military
service leavings. Figure 5.7 gives the activity diagram of this function (for activity
diagrams of sub-functions of this main function see Appendix V). After performing
calculation, the values that introduce the total period for all leavings and the total
period for worn-out calculations are found and outputted. These values are taken by
two different functions such as ‘get total period for leavings in day number’ and ‘get
total period of leavings for worn-out in day number’. In addition, since a subcomponent is activated once by each user therefore there is need to reset data
members of those sub-components to provide integrity in calculation. All
functionality summary of Leaving component is depicted in Figure 5.6 in diagram of
COSEML.

Figure 5.6 Functions and data of Leaving component
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Figure 5.7 Main activity diagram of calculation of leaving period
5.3.4 Pre-Service
Some of EGM staffs have previous employment for government. These types of
employment are valid for Pension Fund because all government officials are bound
to this fund in terms of retirement. For whole active service calculation, this is a
requirement and must be computed. These records are stored in Pre-Service Table
with some information such as beginning date of pre-service and finishing date of
pre-service.
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Figure 5.8 Functions and data of Pre-Service component
Pre-Service Table stores the information with Personnel ID primary key. Therefore,
as other components, this component also retrieves Personnel ID information firstly
and makes all processes using this ID. A calculation function receives all records for
the personnel and makes calculations based on his pre-services. Two similar
functions provide beginning date and finishing date of all pre-services (see in Figure
5.8). Three methods are used to find total year, month and day information regarding
all pre-services that are evaluated by main Service Calculation component. Reset
function has similar behavior in this component as it has in previous ones.
5.3.5 Mil-Service
Male staff of EGM are obliged to perform military service as all male citizens of
Turkish Republic. Military Service period is considered as service period only when
its Pension Fund deductions are paid by the person himself. The relevant information
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is stored in Military Service Table of DBMS. This table has five important fields that
are necessary for calculation. These fields are beginning date, finishing date of
military service period, total day, month, and year number of paid period.

Figure 5.9 Functions and data of Mil-Service component
These records are identified with Personnel ID. Therefore component has a function
that set this Personnel ID to make other functionalities on this ID. Calculation
function finds the period that is spent in military by subtracting beginning date from
finishing date. This period is formatted according to yy/mm/dd, so these values are
set separately for other components or software applications. These values can also
be used by various functions independently. Some of military service types are
evaluated differently in calculation. For example if one person makes his service as
an officer in the military, only his first 4 months can be considered as active service
if it is paid. Figure 5.9 shows COSEML diagram of this component.
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5.4 Integration for Service Calculation
In this study, our component repository for PBS has only five components. This can
be considered as framework. These five components are integrated using their
interfaces that work as abstract connection. This integration carries out final service
calculation.
In Figure 5.10, there is a sequence diagram cut (see in Appendix IV for whole) of
service calculation component. This phase aims to reach target software system in
general. In the study this system will be a component, Service Calculation, which
will be accessed from other software applications such as GUIs at various platforms.
Service Calculation component behavior is described with a sequence diagram in
Figure 5.10.
First of all as shown in diagram, Leaving component is used by only Service
component so when service component is activated for specific personnel then
Leaving component is activated by Service component’s setting function. Other three
components are activated for the same personnel and they return relevant
information. Afterwards, procedures are executed only when related information is
stored in database. First step of calculation is to determine the new retirement age
that is determined by Social Insurance Act in June 2002. Calculation functions of all
components are executed with the parameter of date, June 15, 2002, as last date.
Required Leaving periods until that law date are calculated and this value is passed
to Service component and subtracted from service period by Service component’s
related function. If there is other information such as military service, insurance and
pre-services their calculation functions are executed with that law date parameter and
each of them are calculated as of law date.
After this first step, new retirement age of a personnel is determined and at the
second step other calculations are made based on a last date, which is demanded by
users of the system. This can be any date, which is selected for calculation. After
resetting all components’ properties, all calculations are made again according to
new last date in any turn. It is shown in diagram but diagram cut cannot show whole
sequence so it is fit into Appendix IV.
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Figure 5.10 Sequence diagram cut for Service Calculation integration
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In the next stage, new retirement age of a personnel is calculated using information
that is found in previous steps. Birthday of personnel excesses by new retirement
age. After some relevant calculations, new retirement date is reached, and outputted
through component interface for the use of other software applications.
Finally, last date is subtracted from new retirement date to find remaining period and
it is determined whether calculation of this personnel is valid for new or old
retirement law.
5.5 Service Calculation as Target Software System
Related article, 81, of Social Insurance Act 506 has been changed in June 15, 2002.
This changing affected earning retirement dates of staffs and brings an obligation for
retirement age. The ages of retirement are increased with this law and they are
applied for each staff through their status, that is, gender, remaining period for
retirement as of June 2002, rank degree etc. These parameters for calculation are set
into a table, Service Calculation Table(see in Appendix II).

Figure 5.11 Functions and data of ServiceCalculation component
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In integration phase, whole integration among components are performed based on
the requirements and is illustrated in a sequence diagram in Figure 5.10. This
integration executes a new component as target software system. This last Service
Calculation component and its’ serious functionalities are shown in Figure 5.11 as
COSEML diagram.
5.5.1 Development of GUI for Service Calculation
At this stage, the system does not have a user interface yet, there is an obligation to
introduce this software system to end users. This requires appropriate GUIs for users.
PBS/Inside System users need to access this software through their existent client
application. Besides, there may be need to make massive calculations and this may
require other GUIs for that specific task. However, this is not included in the scope
of this thesis. As in the case of Inside System users, Outside System users also need
to access same software through such GUI. However, the only way to provide a GUI
for them is developing a dynamic web page under existence web application.
5.5.1.1 GUI of PBS/Inside
Since PBS/Inside system is developed under win32 environment with PowerBuilder,
the only way to have inside officials to have an access to Service Calculation is to
develop a GUI with PowerBuilder. This GUI connects the user to component server
through iiop protocol and uses the functionalities of Service Calculation middleware
package to calculate service duration of personnel (see in Figure 5.12).
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Figure 5.12 GUI for Service Calculation in PBS/Inside System

Figure 5.13 GUI for Service Calculation in PBS/Outside System
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5.5.1.2 GUI of PBS/Outside
Since PBS/Outside system is developed as web application with Java and JBuilder
using JSP technologies, the only way to have outside officials to have an access to
Service Calculation is to develop a dynamic JSP with JBuilder for this study. This
page connects the user to component server through iiop protocol and uses the
functionalities of Service Calculation package to calculate service duration of
personnel whom he/she queries (see in Figure 5.13).
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CHAPTER 6
CONCLUSIONS AND SUGGESTIONS
6.1 Conclusions
This study implemented a selected module of PBS using a new approach of Software
Engineering,

namely

the

component-based

Software

Engineering.

This

implementation provides interoperability between two different systems of PBS with
the access of a common module and avoids duplications for both systems. With this
approach maintenance cost is expected to be reduced since components are designed
to be independent.
Because of the fact that PBS has hybrid architecture in terms of its network
infrastructure and software, PBS runs on two different network segments; one of
them is TRANSPOL infrastructure extended all around Turkey and another one is
Personnel intranet extended on only Personnel Department network. These two
networks are separated with firewall by defining Personnel Department network as
VPN (Virtual Private Network). In the first segment, PBS/Outside system is run
while PBS/Inside is run on the other. Software architectures and environments are
also different for these systems. Since most of the applications of PBS have different
unique characteristics for each system, there seems no exploitation to build two
different systems based on different business logics and software architectures.
However, despite this, some exceptional, complicated, and common business
applications cannot be ignored. So these types of applications are not skipped, and
distributed component architecture is accepted in PBS. This architecture is used with
a new methodological approach, that is, component-based software engineering.
Service Calculation application is a necessity for PBS through both PBS/Outside
system and PBS/Inside system. Because of its complicated characteristic, there will
be confusion with the changes of its algorithm and structure. To prevent these
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contaminations, it is decided to build these types of applications with distributed
component technology, and EJB 2.0 is chosen for implementation. It is believed the
more suitable development process model is COSE Process Model since its phases
are designed for component-oriented approach.
Two GUIs allow users to access Service Calculation application through their
various architectures and technologies. The GUIs, mentioned before can call every
required function of Service Calculation application, using a remote interface of
Service Calculation component. This ability means that interoperability is reached in
this study.
Consequently, now the Service Calculation package is deployed on component
container of PBS as a first EJB package. At the time of writing, it is being accessed
by inside users of the system and tested. After providing satisfaction regarding
integrity of calculations then it will be introduced to inside and outside users
officially.
6.2 Suggestions
Component-based approach can increase software-building performance with
effective component repository. If an organization does not consider importance of
component repository, it becomes garbage-like, in the course of time. To avoid this,
the component specification phase of COSE Process Model should be better
considered and followed in detail and with sufficient care. If organizations like
Personnel Department think to develop its repository in time, special care is
especially needed in component specification. Shortly, this approach enforces first
three phases, that is, specification, decomposition and component specification, to
perform regularly. When they are performed as they should be, the rest works
spontaneously.
COSE process model encourages an organization to develop a component repository
for its business domain. This study will lead PBS to develop its similar modules
within this methodology in the course of time.

81

For industry, there is a need for some bridges between component architectures to
provide maximum profit from runtime-reusability. More effective connector
technologies, based on standards, must be developed and consequently the system
designers will not have to write code to glue various components that are running on
various frameworks.
As a consequence, although it is inevitable due to reasons (interoperability)
mentioned in this study, component-based approach needs more standardized
methods to improve its effectiveness especially in practice.
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APPENDIX I
TURKISH SOCIAL INSURANCE ACT 506
TRANSITIONAL ARTICLE 81- (Supplement 25.8.1999-Law No. 4447/Art.17E.D.: 08.9.1999)
A) The provisions being in force before the date on which this Act entered into force
shall be applied persons entitled to an old-age pension under the present provisions
before the entry into force of this Act as well as the women who have insurance
periods 18 years and over and the men who have insurance periods 23 years and
over.
B) The following mentioned person can be entitling to old-age pension by
provisions to payment of premiums of the invalidity, old-age and survivors
insurances;
a)

Except the ones under the scope of subparagraph (A), women who
are insured for 18 years and more, completing 20 years of
insurance and 40 years of age, men who are insured for 23 years
and more, completing 25 years of insurance and 44 years of age,
paying invalidity, old age and death insurance contributions for at
least 5000 days,

b)

Women who are insured for more than 17 years and less than 18
years, completing 20 years of insurance and 41 years of age, men
who are insured for more than 21 years 6 months and less than 23
years, completing 25 years of insurance and 45 years of age,
paying invalidity, old age and death insurance contributions for at
least 5000 days,

c)

Women who are insured for more than 16 years and less than 17
years, completing 20 years of insurance and 42 years of age, men
who are insured for more than 20 years and less than 21 years and
6 months , completing 25 years of insurance and 46 years of age,
paying invalidity, old age and death insurance contributions for at
least 5075 days,

d)

Women who are insured for more than 15 years and less than 16
years, completing 20 years of insurance and 43 years of age, men
who are insured for more than 18 years 6 months and less than 20
years, completing 25 years of insurance and 47 years of age,
paying invalidity, old age and death insurance contributions for at
least 5150 days,
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e)

Women who are insured for more than 14 years and less than 15
years, completing 20 years of insurance and 44 years of age, men
who are insured for more than 17 years and less than 18 years and
6 months , completing 25 years of insurance and 48 years of age,
paying invalidity, old age and death insurance contributions for at
least 5225 days,

f)

Women who are insured for more than 13 years and less than 14
years, completing 20 years of insurance and 45 years of age, men
who are insured for more than 15 years 6 months and less than 17
years, completing 25 years of insurance and 49 years of age,
paying invalidity, old age and death insurance contributions for at
least 5300 days,

g)

Women who are insured for more than 12 years and less than 13
years, completing 20 years of insurance and 46 years of age, men
who are insured for more than 14 years and less than 15 years and
6 months , completing 25 years of insurance and 50 years of age,
paying invalidity, old age and death insurance contributions for at
least 5375 days,

h)

Women who are insured for more than 11 years and less than 12
years, completing 20 years of insurance and 47 years of age, men
who are insured for more than 12 years 6 months and less than 14
years, completing 25 years of insurance and 51 years of age,
paying invalidity, old age and death insurance contributions for at
least 5450 days,

i)

Women who are insured for more than 10 years and less than 11
years, completing 20 years of insurance and 48 years of age, men
who are insured for more than 11 years and less than 12 years and
6 months, completing 25 years of insurance and 52 years of age,
paying invalidity, old age and death insurance contributions for at
least 5525 days,

j)

Women who are insured for more than 9 years and less than 10
years, completing 20 years of insurance and 49 years of age, men
who are insured for more than 9 years and 6 months and less than
11 years, completing 25 years of insurance and 53 years of age,
paying invalidity, old age and death insurance contributions for at
least 5600 days,

k)

Women who are insured for more than 8 years and less than 9
years, completing 20 years of insurance and 50 years of age, men
who are insured for more than 8 years and less than 9 years and 6
months, completing 25 years of insurance and 54 years of age,
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paying invalidity, old age and death insurance contributions for at
least 5675 days,
l)

Women who are insured for more than 7 years and less than 8
years, completing 20 years of insurance and 51 years of age, men
who are insured for more than 6 years and 6 months and less than
8 years, completing 25 years of insurance and 55 years of age,
paying invalidity, old age and death insurance contributions for at
least 5750 days,

m)

Women who are insured for more than 6 years and less than 7
years, completing 20 years of insurance and 52years of age, men
who are insured for more than 5 years and less than 6 years and 6
months, completing 25 years of insurance and 56 years of age,
paying invalidity, old age and death insurance contributions for at
least 5825 days,

n)

Women who are insured for more than 5 years and less than 6
years, completing 20 years of insurance and 53 years of age, men
who are insured for more than 3 years and 6 months and less than
5 years, completing 25 years of insurance and 57 years of age,
paying invalidity, old age and death insurance contributions for at
least 5900 days,

o)

Women who are insured for more than 4 years and less than 5
years, completing 20 years of insurance and 54 years of age, men
who are insured for more than 2 years, 8 months and 15 days and
less than 3 years and 6 months, completing 25 years of insurance
and 58 years of age, paying invalidity, old age and death insurance
contributions for at least 5975 days,

p)

Women who are insured for more than 3 years and less than 4
years, completing 20 years of insurance and 55 years of age,
paying invalidity, old age and death insurance contributions for at
least 5975 days,

q)

Women who are insured for more than 2 years 8 months and 15
days and less than 3 years, completing 20 years of insurance and
56 years of age, paying invalidity, old age and death insurance
contributions for at least 5975 days,

C) (Amended: 23.5.2002-Law No. 4759/Art.3 E.D.:01.6.2002)
a)

On 23.5.2002, people completing 15 years of insurance and if
female 50 years of age, is male 55 years of age, paying invalidity,
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old age and death insurance contributions for at least 3600 days,
can benefit from old age pension on their request.
b)

The ones who can not meet these conditions projected in
subparagraph (a) could also benefit from old age pension if they
meet the conditions below;
b-a) Ones meeting the conditions between 24.5. 2002 and 23.05.2005,
52 years of age for women, 56 years of age for men,
b-b) Ones meeting the conditions between 24.5. 2005 and 23.05.2008,
54 years of age for women, 57 years of age for men;
b-c) Ones meeting the conditions between 24.5. 2008 and 23.05.2011,
56 years of age for women, 58 years of age for men,
b-d) Women meeting the conditions after 24.5. 2011, completing 58
years of age, men meeting the conditions between 24.5. 2011 and
23.05.2014, completing 59 years of age, and
b-e) Men meeting the conditions after 24.5. 2014, completing 60 years
of age.
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APPENDIX II
SERVICE CALCULATION TABLE FOR TURKISH SOCIAL
INSURANCE ACT
RemainedPerAsMonth SubtractedPerAsMonth Gender

BoundAge

0

24

Female

40

24

12

Female

41

36

12

Female

42

48

12

Female

43

60

12

Female

44

72

12

Female

45

84

12

Female

46

96

12

Female

47

108

12

Female

48

120

12

Female

49

132

12

Female

50

144

12

Female

51

156

12

Female

52

168

12

Female

53

180

12

Female

54

192

12

Female

55

204

null

Female

58

0

24

Male

44

24

18

Male

45

42

18

Male

46

60

18

Male

47

78

18

Male

48

96

18

Male

49

114

18

Male

50

89
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APPENDIX III
COSEML DIAGRAM OF SERVICE CALCULATION
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APPENDIX IV
SEQUENCE DIAGRAM FOR SERVICE CALCULATION INTEGRATION
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APPENDIX V
ACTIVITY DIAGRAMS OF SERVICE CALCULATION

CalcForEachLeavingRecord(row) in Leaving:
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setAfter1402Value() in Leaving:
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SetLastValue() in Leaving:
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setTotLeavingPerForSer() in Leaving:

96

setTotLeavingPerForWO() in Leaving:
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