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Rumbaugh, and Ivar Jacobson--provide a tutorial to the core aspects of the language in a two-color format
designed to facilitate learning. Starting with a conceptual model of the UML, the book progressively applies
the UML to a series of increasingly complex modeling problems across a variety of application domains. This
example-driven approach helps readers quickly understand and apply the UML. For more advanced
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Preface
The Unified Modeling Language (UML) is a graphical language for visualizing, specifying, constructing, and
documenting the artifacts of a software-intensive system. The UML gives you a standard way to write a
system's blueprints, covering conceptual things, such as business processes and system functions, as well as
concrete things, such as classes written in a specific programming language, database schemas, and reusable
software components.
This book teaches you how to use the UML effectively.
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Goals
In this book, you will
• Learn what the UML is, what it is not, and why the UML is relevant to the process of developing
software-intensive systems
• Master the vocabulary, rules, and idioms of the UML and, in general, learn how to "speak" the
language effectively
• Understand how to apply the UML to solve a number of common modeling problems
The user guide provides a reference to the use of specific UML features. However, it is not intended to be a
comprehensive reference manual for the UML; that is the focus of another book, The Unified Modeling
Language Reference Manua l (Rumbaugh, Jacobson, Booch, Addison-Wesley, 1999).
The user guide describes a development process for use with the UML. However, it is not intended to provide
a complete reference to that process; that is the focus of yet another book, The Unified Software Development
Process (Jacobson, Booch, Rumbaugh, Addison-Wesley, 1999).
Finally, this book provides hints and tips for using the UML to solve a number of common modeling
problems, but it does not teach you how to model. This is similar to a user guide for a programming language
that teaches you how to use the language but does not teach you how to program.

Audience
The UML is applicable to anyone involved in the production, deployment, and maintenance of software. The
user guide is primarily directed to members of the development team who create UML models. However, it is
also suitable to those who read them, working together to understand, build, test, and release a
software-intensive system. Although this encompasses almost every role in a software development
organization, the user guide is especially relevant to analysts and end users (who specify the required structure
and behavior of a system), architects (who design systems that satisfy those requirements), developers (who
turn those architectures into executable code), quality assurance personnel (who verify and validate the
system's structure and behavior), librarians (who create and catalogue components), and project and program
managers (who generally wrestle with chaos, provide leadership and direction, and orchestrate the resources
necessary to deliver a successful system).
The user guide assumes a basic knowledge of object-oriented concepts. Experience in an object-oriented
programming language or method is helpful but not required.

How to Use This Book
For the developer approaching the UML for the first time, the user guide is best read linearly. You should pay
particular attention to Chapter 2, which presents a conceptual model of the UML. All chapters are structured
so that each builds upon the content of the previous one, thus lending itself to a linear progression.
For the experienced developer seeking answers to common modeling problems using the UML, this book can
be read in any order. You should pay particular attention to the common modeling problems presented in each
chapter.

Organization and Special Features
The user guide is organized into seven major sections:
• Section 1 Getting Started
8
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• Section 2 Basic Structural Modeling
• Section 3 Advanced Structural Modeling
• Section 4 Basic Behavioral Modeling
• Section 5 Advanced Behavioral Modeling
• Section 6 Architectural Modeling
• Section 7 Wrapping Up
The user guide contains three appendices: a summary of the UML notation, a list of standard UML elements,
and a summary of the Rational Unified Process. A glossary of common terms is also provided.
Each chapter addresses the use of a specific UML feature, and most are organized into the following four
sections:
18. Getting Started
19. Terms and Concepts
20. Common Modeling Techniques
21. Hints and Tips
The third section introduces and then solves a set of common modeling problems. To make it easy for you to
browse the guide in search of these use cases for the UML, each problem is identified by a distinct heading, as
in the following example.
Modeling Architectural Patterns
Each chapter begins with a summary of the features it covers, as in the following example.

In this chapter
• Active objects, processes, and threads
• Modeling multiple flows of control
• Modeling interprocess communication
• Building thread-safe abstractions
Similarly, parenthetical comments and general guidance are set apart as notes, as in the following example.
Note
You can specify more complex multiplicities by using a list, such as 0..1, 3..4, 6..*, which would
mean "any number of objects other than 2 or 5."

Components are discussed in Chapter 25.
The UML is semantically rich. Therefore, a presentation about one feature may naturally involve another. In
such cases, cross references are provided in the left margin, as on this page.
Blue highlights are used in figures to distinguish text that explains a model from text that is part of the model
itself. Code is distinguished by displaying it in a monospace font, as in this example.

A Brief History of the UML
Object-oriented modeling languages appeared sometime between the mid 1970s and the late 1980s as
methodologists, faced with a new genre of object-oriented programming languages and increasingly complex
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applications, began to experiment with alternative approaches to analysis and design. The number of
object-oriented methods increased from fewer than 10 to more than 50 during the period between 1989 and
1994. Many users of these methods had trouble finding a modeling language that met their needs completely,
thus fueling the so-called method wars. Learning from experience, new generations of these methods began to
appear, with a few clearly prominent methods emerging, most notably Booch, Jacobson's OOSE
(Object-Oriented Software Engineering), and Rumbaugh's OMT (Object Modeling Technique). Other
important methods included Fusion, Shlaer-Mellor, and Coad-Yourdon. Each of these was a complete
method, although each was recognized as having strengths and weaknesses. In simple terms, the Booch
method was particularly expressive during the design and construction phases of projects, OOSE provided
excellent support for use cases as a way to drive requirements capture, analysis, and high-level design, and
OMT-2 was most useful for analysis and data-intensive information systems. The behavioral component of
many object-oriented methods, including the Booch method and OMT, was the language of statecharts,
invented by David Harel. Prior to this object-oriented adoption, statecharts were used mainly in the realm of
functional decomposition and structured analysis, and led to the development of executable models and tools
that generated full running code.
A critical mass of ideas started to form by the mid 1990s, when Grady Booch (Rational Software
Corporation), Ivar Jacobson (Objectory), and James Rumbaugh (General Electric) began to adopt ideas from
each other's methods, which collectively were becoming recognized as the leading object-oriented methods
worldwide. As the primary authors of the Booch, OOSE, and OMT methods, we were motivated to create a
unified modeling language for three reasons. First, our methods were already evolving toward each other
independently. It made sense to continue that evolution together rather than apart, eliminating the potential for
any unnecessary and gratuitous differences that would further confuse users. Second, by unifying our
methods, we could bring some stability to the object-oriented marketplace, allowing projects to settle on one
mature modeling language and letting tool builders focus on delivering more useful features. Third, we
expected that our collaboration would yield improvements for all three earlier methods, helping us to capture
lessons learned and to address problems that none of our methods previously handled well.
As we began our unification, we established three goals for our work:
18. To model systems, from concept to executable artifact, using object- oriented techniques
19. To address the issues of scale inherent in complex, mission-critical systems
20. To create a modeling language usable by both humans and machines
Devising a language for use in object-oriented analysis and design is not unlike designing a programming
language. First, we had to constrain the problem: Should the language encompass requirements specification?
Should the language be sufficient to permit visual programming? Second, we had to strike a balance between
expressiveness and simplicity. Too simple a language would limit the breadth of problems that could be
solved; too complex a language would overwhelm the mortal developer. In the case of unifying existing
methods, we also had to be sensitive to the installed base. Make too many changes, and we would confuse
existing users; resist advancing the language, and we would miss the opportunity of engaging a much broader
set of users and of making the language simpler. The UML definition strives to make the best trade-offs in
each of these areas.
The UML effort started officially in October 1994, when Rumbaugh joined Booch at Rational. Our project's
initial focus was the unification of the Booch and OMT methods. The version 0.8 draft of the Unified Method
(as it was then called) was released in October 1995. Around the same time, Jacobson joined Rational and the
scope of the UML project was expanded to incorporate OOSE. Our efforts resulted in the release of the UML
version 0.9 documents in June 1996. Throughout 1996, we invited and received feedback from the general
software engineering community. During this time, it also became clear that many software organizations saw
the UML as strategic to their business. We established a UML consortium, with several organizations willing
to dedicate resources to work toward a strong and complete UML definition. Those partners contributing to
the UML 1.0 definition included Digital Equipment Corporation, Hewlett-Packard, I-Logix, Intellicorp, IBM,
ICON Computing, MCI Systemhouse, Microsoft, Oracle, Rational, Texas Instruments, and Unisys. This
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collaboration resulted in the UML 1.0, a modeling language that was well-defined, expressive, powerful, and
applicable to a wide spectrum of problem domains. UML 1.0 was offered for standardization to the Object
Management Group (OMG) in January 1997, in response to their request for proposal for a standard modeling
language.
Between January 1997 and July 1997, the original group of partners was expanded to include virtually all of
the other submitters and contributors of the original OMG response, including Andersen Consulting, Ericsson,
ObjecTime Limited, Platinum Technology, PTech, Reich Technologies, Softeam, Sterling Software, and
Taskon. A semantics task force was formed, led by Cris Kobryn of MCI Systemhouse and administered by Ed
Eykholt of Rational, to formalize the UML specification and to integrate the UML with other standardization
efforts. A revised version of the UML (version 1.1) was offered to the OMG for standardization in July 1997.
In September 1997, this version was accepted by the OMG Analysis and Design Task Force (ADTF) and the
OMG Architecture Board and then put up for vote by the entire OMG membership. UML 1.1 was adopted by
the OMG on November 14, 1997.
Maintenance of the UML was then taken over by the OMG Revision Task Force (RTF), led by Cris Kobryn.
The RTF released an editorial revision, UML 1.2, in June 1998. In fall 1998, the RTF released UML 1.3,
which this user guide describes, providing some technical cleanup.
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Chapter 1. Why We Model
In this chapter
• The importance of modeling
• Four principles of modeling
• The essential blueprints of a software
• Object-oriented modeling

system

A successful software organization is one that consistently deploys quality software that meets the needs of its
users. An organization that can develop such software in a timely and predictable fashion, with an efficient
and effective use of resources, both human and material, is one that has a sustainable business.
There's an important implication in this message: The primary product of a development team is not beautiful
documents, world-class meetings, great slogans, or Pulitzer prize winning lines of source code. Rather, it is
good software that satisfies the evolving needs of its users and the business. Everything else is secondary.
Unfortunately, many software organizations confuse "secondary" with "irrelevant." To deploy software that
satisfies its intended purpose, you have to meet and engage users in a disciplined fashion, to expose the real
requirements of your system. To develop software of lasting quality, you have to craft a solid architectural
foundation that's resilient to change. To develop software rapidly, efficiently, and effectively, with a minimum
of software scrap and rework, you have to have the right people, the right tools, and the right focus. To do all
this consistently and predictably, with an appreciation for the lifetime costs of the system, you must have a
sound development process that can adapt to the changing needs of your business and technology.
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Modeling is a central part of all the activities that lead up to the deployment of good software. We build
models to communicate the desired structure and behavior of our system. We build models to visualize and
control the system's architecture. We build models to better understand the system we are building, often
exposing opportunities for simplification and reuse. We build models to manage risk.

The Importance of Modeling
If you want to build a dog house, you can pretty much start with a pile of lumber, some nails, and a few basic
tools, such as a hammer, saw, and tape measure. In a few hours, with little prior planning, you'll likely end up
with a dog house that's reasonably functional, and you can probably do it with no one else's help. As long as
it's big enough and doesn't leak too much, your dog will be happy. If it doesn't work out, you can always start
over, or get a less demanding dog.
If you want to build a house for your family, you can start with a pile of lumber, some nails, and a few basic
tools, but it's going to take you a lot longer, and your family will certainly be more demanding than the dog.
In this case, unless you've already done it a few dozen times before, you'll be better served by doing some
detailed planning before you pound the first nail or lay the foundation. At the very least, you'll want to make
some sketches of how you want the house to look. If you want to build a quality house that meets the needs of
your family and of local building codes, you'll need to draw some blueprints as well, so that you can think
through the intended use of the rooms and the practical details of lighting, heating, and plumbing. Given these
plans, you can start to make reasonable estimates of the amount of time and materials this job will require.
Although it is humanly possible to build a house yourself, you'll find it is much more efficient to work with
others, possibly subcontracting out many key work products or buying pre-built materials. As long as you stay
true to your plans and stay within the limitations of time and money, your family will most likely be satisfied.
If it doesn't work out, you can't exactly get a new family, so it is best to set expectations early and manage
change carefully.
If you want to build a high-rise office building, it would be infinitely stupid for you to start with a pile of
lumber, some nails, and a few basic tools. Because you are probably using other people's money, they will
demand to have input into the size, shape, and style of the building. Often, they will change their minds, even
after you've started building. You will want to do extensive planning, because the cost of failure is high. You
will be just a part of a much larger group responsible for developing and deploying the building, and so the
team will need all sorts of blueprints and models to communicate with one another. As long as you get the
right people and the right tools and actively manage the process of transforming an architectural concept into
reality, you will likely end up with a building that will satisfy its tenants. If you want to keep building
buildings, then you will want to be certain to balance the desires of your tenants with the realities of building
technology, and you will want to treat the rest of your team professionally, never placing them at any risk or
driving them so hard that they burn out.
Curiously, a lot of software development organizations start out wanting to build high rises but approach the
problem as if they were knocking out a dog house.
Sometimes, you get lucky. If you have the right people at the right moment and if all the planets align
properly, then you might, just might, get your team to push out a software product that dazzles its users.
Typically, however, you can't get all the right people (the right ones are often already overcommitted), it's
never the right moment (yesterday would have been better), and the planets never seem to align (instead, they
keep moving out of your control). Given the increasing demand to develop software in Internet time,
development teams often fall back on the only thing they really know how to do well pound out lines of code.
Heroic programming efforts are legend in this industry, and it often seems that working harder is the proper
reaction to any crisis in development. However, these are not necessarily the right lines of code, and some
projects are of such a magnitude that even adding more hours to the work day is not enough to get the job
done.
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If you really want to build the software equivalent of a house or a high rise, the problem is more than just a
matter of writing lots of software in fact, the trick is in creating the right software and in figuring out how to
write less software. This makes quality software development an issue of architecture and process and tools.
Even so, many projects start out looking like dog houses but grow to the magnitude of a high rise simply
because they are a victim of their own success. There comes a time when, if there was no consideration given
to architecture, process, or tools, that the dog house, now grown into a high rise, collapses of its own weight.
The collapse of a dog house may annoy your dog; the failure of a high rise will materially affect its tenants.
Unsuccessful software projects fail in their own unique ways, but all successful projects are alike in many
ways. There are many elements that contribute to a successful software organization; one common thread is
the use of modeling.
Modeling is a proven and well-accepted engineering technique. We build architectural models of houses and
high rises to help their users visualize the final product. We may even build mathematical models in order to
analyze the effects of winds or earthquakes on our buildings.
Modeling is not just a part of the building industry. It would be inconceivable to deploy a new aircraft or an
automobile without first building models from computer models to physical wind tunnel models to full-scale
prototypes. New electrical devices, from microprocessors to telephone switching systems require some degree
of modeling in order to better understand the system and to communicate those ideas to others. In the motion
picture industry, storyboarding, which is a form of modeling, is central to any production. In the fields of
sociology, economics, and business management, we build models so that we can validate our theories or try
out new ones with minimal risk and cost.
What, then, is a model? Simply put,
A model is a simplification of reality.
A model provides the blueprints of a system. Models may encompass detailed plans, as well as more general
plans that give a 30,000-foot view of the system under consideration. A good model includes those elements
that have broad effect and omits those minor elements that are not relevant to the given level of abstraction.
Every system may be described from different aspects using different models, and each model is therefore a
semantically closed abstraction of the system. A model may be structural, emphasizing the organization of the
system, or it may be behavioral, emphasizing the dynamics of the system.
Why do we model? There is one fundamental reason.
We build models so that we can better understand the system we are developing.
Through modeling, we achieve four aims.
How the UML addresses these four things is discussed in Chapter 2.
18. Models
19. Models
20. Models
21. Models

help us to visualize a system as it is or as we want it to be.
permit us to specify the structure or behavior of a system.
give us a template that guides us in constructing a system.
document the decisions we have made.

Modeling is not just for big systems. Even the software equivalent of a dog house can benefit from some
modeling. However, it's definitely true that the larger and more complex the system, the more important
modeling becomes, for one very simple reason:
We build models of complex systems because we cannot comprehend such a system in its
entirety.
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There are limits to the human ability to understand complexity. Through modeling, we narrow the problem we
are studying by focusing on only one aspect at a time. This is essentially the approach of
"divide-and-conquer" that Edsger Dijkstra spoke of years ago: Attack a hard problem by dividing it into a
series of smaller problems that you can solve. Furthermore, through modeling, we amplify the human
intellect. A model properly chosen can enable the modeler to work at higher levels of abstraction.
Saying that one ought to model does not necessarily make it so. In fact, a number of studies suggest that most
software organizations do little if any formal modeling. Plot the use of modeling against the complexity of a
project, and you'll find that the simpler the project, the less likely it is that formal modeling will be used.
The operative word here is "formal." In reality, in even the simplest project, developers do some amount of
modeling, albeit very informally. A developer might sketch out an idea on a blackboard or a scrap of paper in
order to visualize a part of a system, or the team might use CRC cards to work through a scenario or the
design of a mechanism. There's nothing wrong with any of these models. If it works, by all means use it.
However, these informal models are often ad hoc and do not provide a common language that can easily be
shared with others. Just as there exists a common language of blueprints for the construction industry, a
common language for electrical engineering, and a common language for mathematical modeling, so too can a
development organization benefit by using a common language for software modeling.
Every project can benefit from some modeling. Even in the realm of disposable software, where it's
sometimes more effective to throw away inadequate software because of the productivity offered by visual
programming languages, modeling can help the development team better visualize the plan of their system
and allow them to develop more rapidly by helping them build the right thing. The more complex your
project, the more likely it is that you will fail or that you will build the wrong thing if you do no modeling at
all. All interesting and useful systems have a natural tendency to become more complex over time. So,
although you might think you don't need to model today, as your system evolves you will regret that decision,
after it is too late.

Principles of Modeling
The use of modeling has a rich history in all the engineering disciplines. That experience suggests four basic
principles of modeling. First,
The choice of what models to create has a profound influence on how a problem is attacked
and how a solution is shaped.
In other words, choose your models well. The right models will brilliantly illuminate the most wicked
development problems, offering insight that you simply could not gain otherwise; the wrong models will
mislead you, causing you to focus on irrelevant issues.
Setting aside software for a moment, suppose you are trying to tackle a problem in quantum physics. Certain
problems, such as the interaction of photons in time-space, are full of wonderfully hairy mathematics. Choose
a different model than the calculus, and all of a sudden this inherent complexity becomes tractable. In this
field, this is precisely the value of Feynmann diagrams, which provide a graphical rendering of a very
complex problem. Similarly, in a totally different domain, suppose you are constructing a new building and
you are concerned about how it might behave in high winds. If you build a physical model and then subject it
to wind tunnel tests, you might learn some interesting things, although materials in the small don't flex exactly
as they do in the large. Hence, if you build a mathematical model and then subject it to simulations, you will
learn some different things, and you will also probably be able to play with more new scenarios than if you
were using a physical model. By rigorously and continuously testing your models, you'll end up with a far
higher level of confidence that the system you have modeled will, in fact, behave as you expect it to in the real
world.
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In software, the models you choose can greatly affect your world view. If you build a system through the eyes
of a database developer, you will likely focus on entity-relationship models that push behavior into triggers
and stored procedures. If you build a system through the eyes of a structured analyst, you will likely end up
with models that are algorithmic-centric, with data flowing from process to process. If you build a system
through the eyes of an object-oriented developer, you'll end up with a system whose architecture is centered
around a sea of classes and the patterns of interaction that direct how those classes work together. Any of
these approaches might be right for a given application and development culture, although experience
suggests that the object-oriented view is superior in crafting resilient architectures, even for systems that
might have a large database or computational element. That fact notwithstanding, the point is that each world
view leads to a different kind of system, with different costs and benefits.
Second,
Every model may be expressed at different levels of precision.
If you are building a high rise, sometimes you need a 30,000-foot view for instance, to help your investors
visualize its look and feel. Other times, you need to get down to the level of the studs for instance, when
there's a tricky pipe run or an unusual structural element.
The same is true with software models. Sometimes, a quick and simple executable model of the user interface
is exactly what you need; at other times, you have to get down and dirty with the bits, such as when you are
specifying cross-system interfaces or wrestling with networking bottlenecks. In any case, the best kinds of
models are those that let you choose your degree of detail, depending on who is doing the viewing and why
they need to view it. An analyst or an end user will want to focus on issues of what; a developer will want to
focus on issues of how. Both of these stakeholders will want to visualize a system at different levels of detail
at different times.
Third,
The best models are connected to reality.
A physical model of a building that doesn't respond in the same way as do real materials has only limited
value; a mathematical model of an aircraft that assumes only ideal conditions and perfect manufacturing can
mask some potentially fatal characteristics of the real aircraft. It's best to have models that have a clear
connection to reality, and where that connection is weak, to know exactly how those models are divorced
from the real world. All models simplify reality; the trick is to be sure that your simplifications don't mask any
important details.
In software, the Achilles heel of structured analysis techniques is the fact that there is a basic disconnect
between its analysis model and the system's design model. Failing to bridge this chasm causes the system as
conceived and the system as built to diverge over time. In object-oriented systems, it is possible to connect all
the nearly independent views of a system into one semantic whole.
Fourth,
No single model is sufficient. Every nontrivial system is best approached through a small set
of nearly independent models.
If you are constructing a building, there is no single set of blueprints that reveal all its details. At the very
least, you'll need floor plans, elevations, electrical plans, heating plans, and plumbing plans.
The operative phrase here is "nearly independent." In this context, it means having models that can be built
and studied separately but that are still interrelated. As in the case of a building, you can study electrical plans
in isolation, but you can also see their mapping to the floor plan and perhaps even their interaction with the
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routing of pipes in the plumbing plan.
The five views of an architecture are discussed in Chapter 2.
The same is true of object-oriented software systems. To understand the architecture of such a system, you
need several complementary and interlocking views: a use case view (exposing the requirements of the
system), a design view (capturing the vocabulary of the problem space and the solution space), a process view
(modeling the distribution of the system's processes and threads), an implementation view (addressing the
physical realization of the system), and a deployment view (focusing on system engineering issues). Each of
these views may have structural, as well as behavioral, aspects. Together, these views represent the blueprints
of software.
Depending on the nature of the system, some models may be more important than others. For example, in
data-intensive systems, models addressing static design views will dominate. In GUI-intensive systems, static
and dynamic use case views are quite important. In hard real time systems, dynamic process views tend to be
more important. Finally, in distributed systems, such as one finds in Web-intensive applications,
implementation and deployment models are the most important.

Object-Oriented Modeling
Civil engineers build many kinds of models. Most commonly, there are structural models that help people
visualize and specify parts of systems and the way those parts relate to one another. Depending on the most
important business or engineering concerns, engineers might also build dynamic models for instance, to help
them to study the behavior of a structure in the presence of an earthquake. Each kind of model is organized
differently, and each has its own focus.
In software, there are several ways to approach a model. The two most common ways are from an algorithmic
perspective and from an object-oriented perspective.
The traditional view of software development takes an algorithmic perspective. In this approach, the main
building block of all software is the procedure or function. This view leads developers to focus on issues of
control and the decomposition of larger algorithms into smaller ones. There's nothing inherently evil about
such a point of view except that it tends to yield brittle systems. As requirements change (and they will) and
the system grows (and it will), systems built with an algorithmic focus turn out to be very hard to maintain.
The contemporary view of software development takes an object-oriented perspective. In this approach, the
main building block of all software systems is the object or class. Simply put, an object is a thing, generally
drawn from the vocabulary of the problem space or the solution space; a class is a description of a set of
common objects. Every object has identity (you can name it or otherwise distinguish it from other objects),
state (there's generally some data associated with it), and behavior (you can do things to the object, and it can
do things to other objects, as well).
For example, consider a simple three-tier architecture for a billing system, involving a user interface,
middleware, and a database. In the user interface, you will find concrete objects, such as buttons, menus, and
dialog boxes. In the database, you will find concrete objects, such as tables representing entities from the
problem domain, including customers, products, and orders. In the middle layer, you will find objects such as
transactions and business rules, as well as higher-level views of problem entities, such as customers, products,
and orders.
The object-oriented approach to software development is decidedly a part of the mainstream simply because it
has proven to be of value in building systems in all sorts of problem domains and encompassing all degrees of
size and complexity. Furthermore, most contemporary languages, operating systems, and tools are
object-oriented in some fashion, giving greater cause to view the world in terms of objects. Object-oriented
development provides the conceptual foundation for assembling systems out of components using technology
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such as Java Beans or COM+.
These questions are discussed in Chapter 2.
A number of consequences flow from the choice of viewing the world in an object-oriented fashion: What's
the structure of a good object-oriented architecture? What artifacts should the project create? Who should
create them? How should they be measured?
Visualizing, specifying, constructing, and documenting object-oriented systems is exactly the purpose of the
Unified Modeling Language.

Chapter 2. Introducing the UML
In this chapter
• Overview of the UML
• Three steps to understanding the UML
• Software architecture
• The software development process

The Unified Modeling Language (UML) is a standard language for writing software blueprints. The UML
may be used to visualize, specify, construct, and document the artifacts of a software-intensive system.
The UML is appropriate for modeling systems ranging from enterprise information systems to distributed
Web-based applications and even to hard real time embedded systems. It is a very expressive language,
addressing all the views needed to develop and then deploy such systems. Even though it is expressive, the
UML is not difficult to understand and to use. Learning to apply the UML effectively starts with forming a
conceptual model of the language, which requires learning three major elements: the UML's basic building
blocks, the rules that dictate how these building blocks may be put together, and some common mechanisms
that apply throughout the language.
The UML is only a language and so is just one part of a software development method. The UML is process
independent, although optimally it should be used in a process that is use case driven, architecture-centric,
iterative, and incremental.

An Overview of the UML
The UML is a language for
• Visualizing
• Specifying
• Constructing
• Documenting
the artifacts of a software-intensive system.
The UML Is a Language
A language provides a vocabulary and the rules for combining words in that vocabulary for the purpose of
communication. A modeling language is a language whose vocabulary and rules focus on the conceptual and
physical representation of a system. A modeling language such as the UML is thus a standard language for
software blueprints.
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The basic principles of modeling are discussed in Chapter 1.
Modeling yields an understanding of a system. No one model is ever sufficient. Rather, you often need
multiple models that are connected to one another in order to understand anything but the most trivial system.
For software- intensive systems, this requires a language that addresses the different views of a system's
architecture as it evolves throughout the software development life cycle.
The vocabulary and rules of a language such as the UML tell you how to create and read well-formed models,
but they don't tell you what models you should create and when you should create them. That's the role of the
software development process. A well-defined process will guide you in deciding what artifacts to produce,
what activities and what workers to use to create them and manage them, and how to use those artifacts to
measure and control the project as a whole.
The UML Is a Language for Visualizing
For many programmers, the distance between thinking of an implementation and then pounding it out in code
is close to zero. You think it, you code it. In fact, some things are best cast directly in code. Text is a
wonderfully minimal and direct way to write expressions and algorithms.
In such cases, the programmer is still doing some modeling, albeit entirely mentally. He or she may even
sketch out a few ideas on a white board or on a napkin. However, there are several problems with this. First,
communicating those conceptual models to others is error-prone unless everyone involved speaks the same
language. Typically, projects and organizations develop their own language, and it is difficult to understand
what's going on if you are an outsider or new to the group. Second, there are some things about a software
system you can't understand unless you build models that transcend the textual programming language. For
example, the meaning of a class hierarchy can be inferred, but not directly grasped, by staring at the code for
all the classes in the hierarchy. Similarly, the physical distribution and possible migration of the objects in a
Web-based system can be inferred, but not directly grasped, by studying the system's code. Third, if the
developer who cut the code never wrote down the models that are in his or her head, that information would
be lost forever or, at best, only partially recreatable from the implementation, once that developer moved on.
Writing models in the UML addresses the third issue: An explicit model facilitates communication.
Some things are best modeled textually; others are best modeled graphically. Indeed, in all interesting
systems, there are structures that transcend what can be represented in a programming language. The UML is
such a graphical language. This addresses the second problem described earlier.
The complete semantics of the UML are discussed in The Unified Modeling Language Reference Manual.
The UML is more than just a bunch of graphical symbols. Rather, behind each symbol in the UML notation is
a well-defined semantics. In this manner, one developer can write a model in the UML, and another
developer, or even another tool, can interpret that model unambiguously. This addresses the first issue
described earlier.
The UML Is a Language for Specifying
In this context, specifying means building models that are precise, unambiguous, and complete. In particular,
the UML addresses the specification of all the important analysis, design, and implementation decisions that
must be made in developing and deploying a software-intensive system.
The UML Is a Language for Constructing
The UML is not a visual programming language, but its models can be directly connected to a variety of
programming languages. This means that it is possible to map from a model in the UML to a programming
20

