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ABSTRACT

This thesis presents a prototype application generation tool, SAGE (SeaBank Appli-
cation Generation Environment), that demonstrates how the Unified Modeling
Language (UML) can be used as a domain specific application generation language for
component or framework-based software development. The UML-based extensible
CASE tool, Rational Rose, was extended to create SAGE for developing applications
that use the experimental SeaBank framework.

We have learned that the extensibility features of UML and extensible CASE tools
allow new tools to be created that support reuse-based software development with do-
main-specific components and frameworks. These tools can automate the customization
and reuse of software components and help shorten the learning curve involved in reuse-
based software development. These tools also insure that higher-level models of appli-
cations reflect reusable software components and frameworks in a consistent manner.

SAGE does simplify the development of SeaBank applications. More importantly,
by examining how SAGE uses UML, Rational Rose, and the SeaBank framework, we
can discuss of the advantages and disadvantages of each and gain insights into how they
could be improved to work better together. These insights can help show how future
tools, modeling languages, and reusable software could be structured to take full ad-

vantage of model-based development and model-based tools.
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CHAPTER 1

INTRODUCTION

Developing software is hard. Software impacts almost every aspect of modern soci-
ety and the demands of an information-based economy have created an intense demand
to create better, larger, cheaper, and more effective software that creates, manages, and
disseminates information. One need only look at the astonishing growth of the World
Wide Web and personal computing to see the increasing impact of software on society.
New cars depend on software to run efficiently. The dial tone of a telephone depends on
millions of lines of source code. Modern utility companies require large computer sys-
tems to manage the distribution of power, natural gas, etc. Banks are dependent on
software to track and manage assets. Software is everywhere and is becoming more and
more pervasive in everyday life.

Despite the pervasive and important nature of software, software development is a
young and immature discipline, compared to many other engineering disciplines. In
many organizations, more software development projects fail than succeed. Projects of-
ten run over budget or over schedule; overruns of more than 50% in cost or schedule are
common. Additionally, software is often delivered with fewer features than requested,
with critical features missing or unreliable, and with numerous defects that require
costly maintenance. In the bo&oftware Runawayfd], Robert Glass discusses a num-

ber of projects that were 100% over budget and schedule and still failed to deliver any



software or delivered significantly less functionality than originally planned. For exam-
ple, development of new software for the FAA Air Traffic Control system incurred more
than $2 billion in costs without delivering any software that is currently used. The old
software system is still in use, despite increasing numbers of failures and the extreme
difficulty in maintaining the old hardware. Currently, software development is a very
difficult, costly, and unpredictable undertaking.

However, as Robert Glass is quick to point out, software has also had amazing suc-
cesses, and software development is slowly becoming more predictable and effective.
More organizations are able to create software in a more predictable manner, and new
ideas and technologies in software engineering hold great promise in making software
development easier and more effective.

More people are becoming aware of the need for a disciplined, predictable approach
to software development. Some organizations consistently and predictably create high-
guality software in a cost-effective and timely manner. These organizations often create
critical software applications, in which life or property may be at stake if the software
fails to work correctly. These organizations continually succeed to create highly reliable
and effective software within a reasonable time and cost budget. However, these organi-
zations are still a small minority in the software industry. Most of the industry is still

faced with what is termed “The Software Crisis” [2].



1.1 The Software Crisis and Magic Bullets

The long-term inability of organizations to create software in a predictable, efficient,
and timely manner has been called “The Software Crisis.” Despite many attempts to
create a “Magic Bullet” that solves the software crisis, no one simple solution has been
found, and no one simple solution will likely ever be found [3, 4].

Software development is a complex web of technical, business, personal, and so-
ciological factors that are difficult to balance, to manage and to predict. Sociological,
business, personal factors, and other issues must be managed properly, or they will
overwhelm the project. Complex technical problems must be addressed and resolved in
a timely manner. The right set of software tools and processes must be discovered and
used properly to ensure developer productivity and new tools to support the project may
need to be created. Interoperation with third-party software or legacy systems needs to
be addressed. Software must be tested to improve quality and to discover defects in the
software. There are even more development factors to be taken into consideration and
managed. All this must be in done with specific budget and business goals, and time to
market is often critical.

Discovering the right balance of process, tools, management, and people is difficult,
and this balance is critical for success. Furthermore, this balance changes for each new
project, and changes as the project progresses. Software engineering is the study of
techniques and tools for quickly discovering and maintaining this balance and helping
individuals become more effective and productive software developers [5, 6].

In 1986, Fred Brooks asserted in the classic paper “No Sliver Bullet” [3] that no sin-

gle tool or technology would provide an order-of-magnitude gain in software



productivity, reliability, or simplicity in the next 10 years. Given the number of factors
involved in software development, this is not surprising. Many years after this assertion
was made, it has held true and will likely remain true for many years to come. Brooks
notes that software development will always have an essential complexity that must al-
ways be addressed and managed, and no tool can completely address the complexity of
software development.

Unfortunately, Brooks’ assertion that no magic bullet exists is often misinterpreted
as “tools cannot make a difference.” As Brooks himself notes, tools do make an impor-
tant difference in managing and overcoming the conceptual difficulties inherent in
software development [4]. Brooks rejects the notion that a “software cure-all” will ever
be found; Brooks does not say that tools have little or no impact on software develop-
ment.

To further clarify how tools can help software development, Will Tracz describes the
idea of a “Golden Gun” of software development, in which people, tools, and process
are carefully combined together and managed to create quality software [7]. Tracz notes
that this well-coordinated set of tools, process, people, and management has a profound
impact on software productivity and quality. Tracz also notes that developers often do
not have the tools they need to create good software, and like craftsmen, they must have
the proper tools to create quality software products.

Tracz's standard set of tools is comprehensive, including tools for documentation
management, code repositories, modeling, task management, metrics collection and
analysis, source code management, integrated development environments, code analy-

sis, and other tools. Although these tools can be expensive, a proper investment in tools



has a positive return on investment and provides increased productivity, and Tracz be-
lieves tools are essential parts of creating high-quality reusable software.

Another idea that Brooks, Tracz, and others believe that will have a great impact is
software reuse. Software reuse is the use and development of software artifacts that are
used over and over again in a number of different but related software projects. Instead
of “reinventing the wheel” for each new project, the project reuses high-quality, well-
tested frameworks, components, designs, and architectures for each new software appli-
cation. Software reuse is most effective when the reusable software artifacts are

developed for and used in a specific software domain [7, 8].

1.2 Why SAGE Was Developed

SAGE is a specific example of how tools and reusable software components and
frameworks can work together to simplify application development. More specifically,
SAGE is a tool that simplifies the development of new SeaBank components.

The SeaBank framework, developed at Hewlett-Packard (HP) Labs, contains a
number of software components that must be customized to fit the requirements of each
new application. This customization process is controlled by customization files that
contain parameters that specify the interfaces and associations of each component and
the component parts that the components use to implement the component functionality.

The customization files for large sets of components and shared component parts are
hard to develop and maintain. A tool was needed in order to make the development of
SeaBank applications more manageable by making development of customization files

much easier and more robust. The first version of this tool was called Composer.



Composer was based on an experimental visual programming environment CWAVE
and a set of wizards that automated the generation of SeaBank customization files from
visual models of SeaBank components. Whereas Composer did indeed help the devel-
opers create new customization files for components, it also contains a number of
deficiencies. Composer was based on an experimental and sometimes unstable platform.
The tool used a hard to maintain combination of C++ code and scripts to generate com-
ponent files. Also, developers could only model SeaBank components in a special
notation. Developers could not model other aspects of the software. SAGE was devel-
oped to address these issues.

SAGE creates the customization files for SeaBank components by translating UML
(Unified Modeling Language) models. UML is a standard notation and language for
graphically modeling various aspects of object-oriented software. The UML contains a
number of features that allow developers to annotate models with additional project-
specific information that is not easily modeled in the core notation [9, 10].

SAGE is implemented as a small, easily maintained extension to Rational Rose. Ra-
tional Rose is a stable and mature commercial CASE tool that supports the design and
implementation of software using UML. Developers can use the combination of SAGE
and Rational Rose to model all aspects of a SeaBank-based application using SAGE to
generate the customization files for the SeaBank component, and Rational Rose will
create skeleton code that represents other classes in the software design [11].

Even more important than helping developers to create new SeaBank applications,

SAGE gives a number of important insights into the advantages and disadvantages of



UML, Rational Rose, and SeaBank for reuse-based software development with compo-
nents and frameworks.

Since SAGE uses many features from UML, Rational Rose, and SeaBank as possi-
ble, some limitations of each technology were discovered during the development of
SAGE. This information gives some insights into improvements for UML, Rose, and
SeaBank and leads to ideas on how future technologies should be structured to effec-
tively support reuse-based software development. Since many of these technologies are
relatively new or have new features, this information sheds some light into the effec-
tiveness of each technology.

In short, SAGE was developed as a more effective tool for SeaBank application de-
velopment, and as a learning experience to explore the advantages and disadvantages of
UML, Rational Rose, and SeaBank technology. The information gained in the develop-
ment of SAGE contains important insights in how each technology in SAGE supports

reuse-based software development with components and frameworks.

1.3 Thesis Organization

Chapter 2 gives the necessary background information on this thesis and SAGE. The
ideas that motivate this thesis are discussed in more detail and the various technologies
that are used in this thesis are discussed in more detail. Chapter 3 discusses how to cre-
ate SeaBank applications with SAGE, how SAGE was designed and implemented, and
how UML and Visual Basic were used to rapidly prototype and create SAGE.

Chapter 4 discusses the strengths and weakness of SeaBank, UML, and Rational

Rose for creating component-based applications and for creating component-based ap-



plication tools based on the experiences in developing SAGE. Chapter 5 discusses re-
lated work to this thesis and also presents potential extensions to this work. Chapter 6
summarizes the thesis.

The appendices include background information and additional information on top-
ics discussed in this thesis. Appendix Ais a short glossary of terms. Appendix B gives a
brief introduction to UML. Appendix C presents more information on software reuse.
Appendix D has more information on software component and framework technologies.
Appendix E discusses the SeaBank framework in greater detail, and Appendix F con-

tains more information on CASE tools.



CHAPTER 2

PROJECT OVERVIEW

This chapter presents the ideas and technologies that motivated this thesis and con-
tributed to the creation of SAGE. Section 2.1 presents the motivation behind this thesis
by presenting a traditional view of software development and then contrasting it with a
reuse-based view of software development. This section also discusses ideas in software
reuse. Section 2.2 discusses software component and frameworks in more detail and
presents the idea of a software kit. Section 2.3 discusses the various tools used to de-
velop SAGE. CASE tools, UML, Rational Rose, SeaBank are all presented in more

detail.

2.1 Traditional and Reuse-Based Views of

Development

Currently, most software is created from scratch. Although almost all programmers
reuse a little code from project to project, the majority of software in use today is mostly
made from new code. Proponents of software reuse note that this is not an effective state
of affairs. Software reuse advocates point out the need for high-quality assets to be used
across many projects and the need not to redevelop software time and time again. In-
stead of focusing on just one application at a time, software reuse advocates developing

a broader view of software development and creating reusable software for domain-
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specific families of software [7, 12-14]. For example, HP has a reuse program for in-
strument software, where components are developed and reused in the firmware of a
number of hardware products. The Ericsson AXE program used a common set of tele-
communication support components to develop the software for a set of telephone
switches [15]. In both cases, the reuse programs have greatly improved the software de-
velopment process.

Figure 2.1 gives a graphical picture of a software development process based on the
Rational Unified Process framework [16, 17]. The software development process begins
with gathering software requirements and creating a formal model of the requirements
in the form of use-cases and actors. Use-cases are a description of the high-level flows
of actions in the system. Actors represent the external users of a software system that
use the various use-cases to perform various tasks. In UML, use-cases appear as ellip-
ses, and actors appear as stick figures.

Then an analysis model is created from a subset of the requirements. This model
contains a set of abstract classes that capture the architecture of the software. The ar-
chitecture is captured by using three types of classes: Boundary classes, which represent
the interfaces to external users; entity classes, which represent the state and resources
used by the software; and control classes, which coordinate actions between other ob-
jects. In UML, boundary objects are shown as circle with a T on one side, entity objects
are shown as a circle with a line below it, and control objects are shown as a circle with

an arrow.



11

/I Cut and Paste
/I Code

/I Informal
/I libraries

. /I Third party
Requirements Model [ Analysis Model /I code

# # Components

class foo <P
{ 1 vour code here Components added at
} y / implementation time,
class bar developer adds them

by hand, in adhoc
manner.

/I your code here...

Implementation Model Design Model

Figure 2.1  Traditional View of Software Development

The analysis model is refined into a design model. The design model contains the
classes that represent the actual implementation of the software. This design model can
be directly refined into code.

In UML, classes are represented as rectangles that are split into three panes. The
code is tested (not shown), and the cycle repeats until the software is completed. The
cycle does not have to be completed to visit previous stages.

Even the previous figure presents a more orderly and disciplined view of software
development than many organizations use. In many cases, requirements are gathered in
an informal and chaotic manner, and requirement models are not created or maintained.

Requirements get out of sync with software designs or code, or new requirements con-
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stantly disrupt the development process. The requirements never become stable enough
to give a reasonable picture of the software functionality. High-level analysis and archi-
tectural models are often informal and rushed; in some cases they are skipped entirely.

Design models may not be built or not kept in sync with the code. A lot of effort is
spent in writing code, and defects and problems that arise during implementation are not
traced back to the higher levels of the software design. Errors in the requirements or de-
sign are often not found until code testing and are extremely costly to find and fix.

The lack of a coherent design lengthens the coding and integration process. Many
defects are still present in the software, and these defects are very costly to fix as well.
So, even software organizations that use models and a controlled development process
are better off than companies that practice chaotic software development. In Chapter 3
of [18], Steve McConnell discusses the common myths and advantages to software pro-
cess.

However, even the orderly and controlled development process presented in Figure
2.1 can be further improved. Figure 2.2 shows a model of software development based
on software reuse.

In this figure, reusable assets are bold and shaded. Instead of creating all the models
and code from scratch, they are reused whenever possible. Reusable requirements are
available that represent common activities in the software domain, and these require-
ments are well documented and understood. The analysis model includes reusable high-
level objects that represent common entities, services, interfaces, and architectures in

the software domain.
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Requirements Model

<—» Analysis Model

v v

class foo
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/I new code here

Implementation Model
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-
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/I reused component
/I code here
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f

Figure 2.2

Components used at
all stages, tool
deploys reusable
components into
application.

Reuse-based View of Software Development

The design model includes a number of classes that represent reusable components

and frameworks. The implementation uses these reusable components, frameworks, and

other reusable code as much as possible.

All the modes and reusable assets are maintained and documented in a consistent

manner, and new reusable assets are constantly being researched and developed for fu-

ture software projects.

Software reuse demands a disciplined approach to development. Effective reuse re-

quires that software be developed in a manner that allows reusable assets to be

discovered and placed into the software at every level of the development process.

Software reuse is most effective when the software is designed around a large set of re-
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usable assets that support the domain of the software. Every possible reuse opportunity
is taken during development, and reuse is engineered into the product from its inception.
Software Reuse is discussed in more detail in Appendix B.

SAGE is a specific example of a tool that automates one specific task in the reuse-
based development process. In Figure 2.2, the design model contains models of reusable
software classes. These classes are then placed in the implementation model as reusable
code. This process is normally done manually by developers. SAGE automates this pro-
cess between the design model and the implementation model by automating the
translation of SeaBank component designs into SeaBank component implementations.

The developer models in UML the various SeaBank classes and components and
annotates them with the information necessary to generate the new application-specific
components. This ensures that the design and implementation models are consistent and
that developers use SeaBank components properly and effectively in SeaBank applica-
tions.

Figure 2.2 shows that in order for reuse to be maximally effective, applications must
be developed with reusable components in mind at every step. This is true for SeaBank
application development as well. In order to insure that the new SeaBank-based appli-
cation uses the SeaBank framework as much as possible, the application must be
designed around the common set of components SeaBank provides. Developing models
of the software, from requirements down to designs, is critical for SeaBank develop-
ment. Without proper modeling and controlled development, it will be much more
difficult to create an effective SeaBank application. SAGE is an additional incentive for

developers to create models, as the design models can be used to generate the necessary
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customization files, freeing developers from creating the files by hand, and SAGE in-
sures that the designs are consistent with the initial implementation and code.

SeaBank contains both a framework, which provides common mechanisms for dis-
tribution and management of individual components, and components, which represent
and implement common tasks and concepts in the banking environment. The next sec-

tion discusses components and frameworks in more detail.

2.2 Software Components and Frameworks

The most common reusable software technologies in use today are software compo-
nents and frameworks. Components are reusable software packaged in a manner that
supports a standard means of using, interfacing, and integrating the component with
other components and applications. Frameworks are incomplete software architectures
or class libraries that are completed to form new applications. Currently, components are
more commonly used than frameworks, but frameworks are still a very important and
powerful reuse technology. Combining components and frameworks together enables
rapid application development and effective software reuse.

Software components and frameworks are both ways of structuring and packaging
software for reuse. Components and frameworks differ in how they contribute to the
creation of software applications. Components provide ready-to-use functionality that is
easily added to a software application though a standard interface. Components contrib-
ute to software development by allowing complex functionality to be quickly
incorporated into software. Component technologies also provide a standard means of

accessing and using a set of components.
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Software frameworks provide the “skeleton” of an application. Frameworks provide
the infrastructure and architecture for applications. To create new applications, the
framework is completed with code and components that implement the additional soft-

ware functionality that is not provided by the framework.

2.2.1 Software Components

It is not easy to formulate a precise definition of software components. Components
are a relatively new idea and the infrastructures and tools for components are rapidly
changing and evolving. Despite this, the intent and purpose of software components are
fairly clear. Components are software that is packaged to provide a ready-to-use set of
functionality that is easily imported into a software application. Components, in order to
be effective, must be standardized, flexible, and robust and provide useful and signifi-
cant functionality to applications.

Many component technologies are currently available, the most common compo-
nent technologies being COM from Microsoft, JavaBeans from Sun, and CORBA from

the OMG [19-27] Components are discussed in more detail in Appendix B.

2.2.2 Software Frameworks
The main difference between software frameworks and software components is that
software frameworks must be completed to be functional or useful. A software compo-
nent is an independent, complete piece of software that can be used as is. A software
framework requires developers complete parts of the framework to create complete

software. For example, the SeaBank framework provides the infrastructure for manag-
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ing, creating and using objects and components on distributed servers, but these servers
do nothing without the developer adding objects and components.

Although frameworks do not stand alone, they can be very powerful tools for devel-
opers. For example, the SeaBank framework allows developers to focus solely on
developing new code and components to support the activities of the business, and Sea-
Bank takes care of distributing the objects, enforcing a security policy for object access,
support transactions and atomic update for objects, and so on. If developers had to cre-
ate this code for each object themselves, the development task would be much harder, if
not impossible.

Another important benefit of frameworks is that they provide well-tested application
architectures and designs. Frameworks help ensure that an application has a robust and
scalable architecture that is easily extended. The effort in creating effective software ar-
chitectures is quite large, and frameworks can be used to reduce costs by providing a
ready-made architecture, or to help ensure that the investment in software architecture is

spread across several projects. Frameworks are discussed in more detail in Appendix B.

2.2.3 Software Kits: Enabling Effective Software Reuse
The combination of frameworks and components to develop applications has great
potential. However, the learning curve for programming with frameworks and compo-
nents is often steep. Correct usage and understanding of frameworks or components are
crucial for developing effective applications.
To reduce this learning curve and to make frameworks and components even more

effective, a software kit can be used. A software kit contains specialized tools, exam-
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ples, documentation, generation languages, and other technologies that support and ac-
celerate development with frameworks and components.

It is easier to build things from premade parts put together in a kit than from scratch.
For example, building a premanufactured desk that is sold in a store is much easier than
building a desk from plain wood, nails, and glue. While making software from premade
parts is certainly not as simple as making a prepackaged desk, having software parts that
are easy to assemble together can make software development easier. A software kit is a
set of components, frameworks, documents, guidelines, examples, and specialized tools
bundled together to help developers rapidly create applications in a specific domain.

The idea of a kit is fairly simple, but kits are not easy to implement. If one has a spe-
cific software domain that has the potential for producing a family of applications, one
can consider creating a set of parts, tools, etc. that helps one create those applications
quickly. Kits require careful domain analysis to be effective, and this domain analysis
can be difficult. Applications outside the kit domain may be able to use some parts from
the kit, but overall the kit is not useful for developing those applications, so the domain
must be chosen carefully.

If the domain is too broad, the kit will be too complex; if the domain is too narrow,
then the kit can only be used for a couple of applications and is not cost-effective. If the
domain is too large, the kit may be too complicated and complex to be used effectively.

If the parts are wrong and do not address the demands of the domain properly, then the
kit will not be usable in that domain. Coming up with the right set of parts is difficult

and requires careful analysis and development.
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SAGE is an example of a tool that could be a part of a hypothetical SeaBank appli-
cation kit. SAGE takes the annotated application designs and customizes SeaBank
components for an application. Having tools like SAGE is an important addition to any
kit, because they automate the process of translating designs into implementations that
properly reuses the frameworks and components in the kit. Kits are discussed in more

detail in [8, 28, 29].

2.3 Technologies Used in SAGE

SAGE was created as an extension to a powerful UML CASE (Computer Aided
Software Engineering) tool, Rational Rose. This allows developers to model many other
aspects of the application, not just the SeaBank application components.

Most CASE tools are generic, which means they apply to any kind of software proj-
ect, and are not specialized to any particular software domain. Most CASE tools can
create code that represent the class interfaces and associations present in the class de-
signs in software models. Although this helps ensure consistency between the design
and implementation, the generated code is only a small part of the total software appli-
cation. The developer must create a large part of the code before the application is
completed. Other design models may guide the developer in implementing the software.

Custom CASE tools, unlike generic CASE tools, trade generality for power. By lim-
iting the tool to a specific area, the tool can generate more fully functional work-
products from models. For example, a database-modeling CASE tool can create a
working database directly from a database diagram. The developer does not need to fin-

ish creating the database tables; the tool completely automates the implementation
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process. Custom CASE tools are tools that can take advantage of reusable software or
software domains to create more complete applications from software models, but they
are limited to one set of components or a particular software domain.

Since SAGE is an extension to a generic and powerful CASE tool, developers can
generate skeletal classes in the application, create and deploy new databases, use and
import designs of other components and frameworks, and use other third-party tools that
work with Rational Rose to help application development. In short, the integration of
SAGE into the Rational Rose environment allows developers not only to develop the
SeaBank elements of the application but to design and develop the other parts of the ap-
plication as well.

This section presents the various tools and technologies to create SAGE. As we dis-
cussed in the previous section, tools can play an important role in component,
framework and kit-based development. Section 2.3.1 discusses the SeaBank frameworks
and components in more detail and briefly discusses how SeaBank applications are de-
veloped. Section 2.3.2 discusses UML, a standard OO modeling language, which is
rapidly becoming the standard OO model notation. Section 2.3.3 discusses Rational

Rose, a widely used and extensible CASE tool that supports the UML.

2.3.1 SeaBank
SeaBank is a banking-domain framework that provides components for task man-
agement, reporting, business logic, and database access as they relate to the transfer and
management of monetary instruments. SeaBank provides mechanisms for distribution,

controlled access and transactional management of these components [30].
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SeaBank applications are built from customized SeaBank components that imple-
ment the application requirements. Each component consists of a number of
standardized parts. These parts represent a collection of classes that implement certain
aspects of the component functionality. For example, the SeaBank Task Model compo-
nent has the following parts: Actions (what the users can do), Viewers (what the users
are presented), Business Objects (what business rules the component uses), and Task
Model (how the other component parts work together).

In order to generate new application-specific components, a file is needed that con-
tains the various information that specify the structure of the component parts and the
features the component supports with respect to the application requirements.

SAGE automates the tedious task of creating the necessary parameter files by al-
lowing designers to create a UML model that contains all the necessary information.
SAGE makes it much easier to share parts between components, to update component
parts and component interfaces, and to manage the files that are required to make new

SeaBank components.

2.3.2 UML
Software Methodologies (or Methods) are systematic descriptions of how software
is to be designed and modeled. Methods first appeared with the rise of structured pro-
gramming. Structured programming restricted the use of certain code constructs (goto
statements, nonlocal branches and jumps, etc.), encouraged the use of abstract data
types, and focused on top-down development and decomposition of programs. Struc-

tured Analysis and Design Methods (SADM) documented a systematic way of
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designing programs that followed the principles of structured programming. One aspect
of these methods is that they used graphical notations to express the design of programs.

Each different structured method had its own notation and set of diagrams, making
them incompatible. Also, the limitations of structured programming for software devel-
opment combined with the rise in OO programming gave rise to OO methods meant that
structured methods never caught on.

For a while, it appeared that OO methods would soon suffer the same fate as their
structured method counterparts. Each OO method had its own notation and diagrams
[31-34]. Different methods covered different parts of software development, but they
often overlapped in incompatible ways. Therefore, OO methods, like structured meth-
ods, were incompatible.

To address this problem, the Object Management Group (OMG) submitted a Re-
quest For Proposal (RFP) on a standard object modeling and diagramming language.
The authors of the three most popular OO methods at the time, Grady Booch (Booch
method), James Rumbaugh (OMT) and Ivar Jacobson (OOSE), all at Rational Software
Corporation, came together and worked with a number of other organizations to create
the Unified Modeling Language (UML) standard. The UML was based on work already
underway at Rational Software to combine the Booch, OMT, and OOSE notations.
UML 1.1 was adopted as an OMG standard in 1997, making it the de facto notation
standard for OO modeling [9, 10, 35].

The UML standard defines a common notation and semantic meaning to OO mod-
els. The software design is represented in a common graphical notation. The UML

defines a number of views and diagrams that model the software at various degrees of
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abstraction. The UML has software diagrams that represent software requirements, static
and dynamic views of the software design, and physical deployment and packaging of
software. However, in this section, we concentrate on three features of UML: UML class
diagrams, UML component diagrams, and the UML extensibility features stereotypes

and pr