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For example, if in our e-tail system I included requirements on 
printing sales tickets and found the following variations: 

• U.S. sales tickets need headers 

• Canadian sales tickets need headers and footers 

• German sales tickets need two different footers 

I would include this information in its own row, each entry relating 
to the format of sales tickets. I would implement this row's require-
ments with a Decorator pattern.  

Although the Analysis Matrix rarely captures all aspects of a partic -
ular problem domain, I have found it useful for at least part of most 
problem domains. I find it most useful when I am given so many 
special cases that I can't get my head around the big picture. 

It is usually worse than this. Rarely are different cases of require-
ments stated to analysts or developers in any coordinated fashion. 
This does not significantly complicate the Analysis Matrix process, 
however. In these situations, I take a feature and look in the left-
most column and see what concept it is a variant of. If I find the 
concept, I put the feature in that row. Not being able to find such a 
concept indicates I must create a new row. 

In extreme situations, the Analysis Matrix may be the only way to 
get a handle on things. I once had a client that literally had dozens of 
special cases. Each case was a separately developed document 
control system. The problem was to integrate all of these document 
control systems together. So many special cases were present (there 
were also dozens of rows) that it was impossible to think about the 
entire problem all at once. The analysts did not have a good concep-
tual grasp of what was involved. They just talked about general 
rules and exception cases. By considering each case individually, I 
was able to abstract out the common data and behavior (which 

Applicability of the 

Analysis Matrix 

More useful as 

problems get bigger 
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showed up in the leftmost columns) and then implement them with 
design patterns. 

Summary 

In this chapter Variation in concepts can be one of the greatest challenges that an 

analyst can face. In this chapter, I presented a simple analysis tool 
that I have found helpful in making sense of such variation. I call 
this tool the Analysis Matrix, and it is based on the concepts of 
Christopher Alexander and Jim Coplien. I applied this tool to a 
sample problem to show how it might reveal the types of patterns 
that are inherent in the problem. While this tool is very useful in 
containing variation and helping me think about my problem 
domain, I do not pretend it captures all aspects of a design. 



PART V1 

Endings and Beginnings 

Part Overview 

In this part I continue with our new perspective on object-oriented 
design. In particular, I describe how design patterns use this per-
spective in their design and implementation. I close this section 
with recommendations for further reading.  

In this part 

  

Chapter      Discusses These Topics 

21 Looks at the motivations and relationships of design patterns 
within the context of this new perspective on object-oriented 
design 

22 Suggests books and other resources for future study 
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CHAPTER 21 

Design Patterns Reviewed 

from the New Perspective of 

Object-Oriented Design 

Overview 

At the end of any book, it is always nice to step back and see what we 
have gained. In this book, I have tried to give you a better and 
perhaps new understanding of object-oriented principles by teach-
ing you design patterns and understanding how design patterns 
explain the object-oriented paradigm. 

In this chapter, I review the following: 

• The new perspective of object-oriented principles, based on an 
understanding of design patterns 

• How design patterns help us encapsulate implementations 

• Commonality/Variability analysis and design patterns and how 
they help to understand abstract classes 

• Decomposing a problem domain by the responsibilities involved 

• Specifying relationships between objects 

• Design patterns and contextual design 

Finally, I offer some field notes from my own practice. 

In this chapter 

  

A Summary of Object-Oriented Principles 

In the course of the discussion on design patterns, I have stated a 
number of the principles of the object-oriented paradigm. These 
principles can be summarized as follows: 

Objects from the new 
perspective 
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• Objects are things with well-defined responsibilities. 

• Objects are responsible for themselves. 

• Encapsulation means any kind of hiding 
 

- Data-hiding 

- Class hiding (behind an abstract class or interface) 

- Implementation hiding 
 

• Abstract out variations in behavior and data with commonality/ 
variability analysis. 

• Design to interfaces. 

• Think of inheritance as a method of conceptualizing variation, 
not for making special cases of existing objects. 

• Keep variations in a class decoupled from other variations in 
the class. 

• Strive for loose coupling. 

• Strive for high cohesion. 

• Be absolutely meticulous in applying the once and only once 
rule. 

Hiding variations in 

detail 

How Design Patterns Encapsulate 
Implementations 

Several of the design patterns I have presented have the character-
istic that they shield implementation details from a Client object. 
For example, the Bridge pattern hides from the Client how the 
classes derived from the Abstraction are implemented. Addition-
ally, the Implementation interface hides the family of implemen-
tations from the Abstraction and its derivations as well. In the 
Strategy pattern, the implementations of each ConcreteStrategy 
are hidden. This is true of most of the patterns described by the 
Gang of Four: they give ways to hide specific implementations. 
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The value of hiding the implementations is that the patterns allow 
for easily adding new implementations, since the client objects do 
not know how the current implementation works. 

Commonality/Variability Analysis and 
Design Patterns 

In Chapter 9, "The Bridge Pattern," I showed how the Bridge pattern 
can be derived using commonality/variability analysis. Many other 
patterns can be derived as well, including the Strategy, Iterator, 
Proxy, State, Visitor, Template Method, and Abstract Factory. What 
is more important, however, is how many patterns are imple mented 
by using commonality/variability analysis. Looking for 
commonalities can help us discover that a pattern is present in our 
problem domain. 

For example, in the Bridge pattern, I may start with several special 
cases: 

• Draw a square with drawing program one. 

• Draw a circle with drawing program two. 

• Draw a rectangle with drawing program one. 

Knowing the Bridge helps me see these as special cases of two com-
monalities: 

Commonality/ 
variability analysis 

• Drawing programs 

• Shapes to draw 

The Strategy pattern is similar in that when I see several different 
rules, I know to look for a commonality amongst the rules so I can 
encapsulate them. 
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But please keep learning patterns. Read the literature. Patterns pro-
vide the backdrop for discussions about lessons learned in analysis 
and design. They give a team of developers a common vocabulary 
for discussing a problem. They enable you to incorporate 
best-practice approaches into your code. 

The next step in 
commonality/ 

variability analysis 

Decomposing a Problem Domain 
into Responsibilities 

Commonality/variability analysis identifies my conceptual view 
(the commonality) and my implementation view (each particular 
variation). If I consider just the commonalities and the objects that 
use them, I can think about the problems in a different way— a 
decomposition of responsibilities. 

In the Bridge pattern, for example, the pattern says to look at my 
problem domain as being composed of two different types of entities 
(abstractions and implementations). I therefore do not need to be 
limited by just doing object-oriented decomposition (that is, decom-
posing my problem domain into objects), I can also try decomposing 
my problem domain into responsibilities, if that is easier for me to 
do. I can then define the objects that I require to implement these 
responsibilities (ending up with object decomposition). 

This is just an extension of the rule I stated earlier that designers 
should not worry about how to instantiate objects until after they 
know all of the objects they need. That rule can be viewed as a 
decomposing the problem domain into two parts: 

• Which objects are needed 

• How these objects are instantiated 

Specific patterns often give us assistance in thinking about how to 
decompose responsibilities. For example, the Decorator pattern 
gives me a way to combine objects flexibly if I decompose my prob- 
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lem domain into the main set of responsibilities I always use (the 
ConcreteComponent) and the variations I optionally have— my 
decorators. Strategies decompose my problem into an object that 
uses rules and the rules themselves. 

Relationships Within a Pattern 

I must admit, in my courses, I have some fun with a certain quote 
from Alexander. After I have been talking about how great patterns 
are for two-thirds of a day, I pick up Alexander's Timeless Way of 
Building, turn to the end, and say 

This book is 549 pages long. On page 545, which, I think 
you will agree, is pretty close to the end, Alexander says, 
"At this final stage, the patterns are no longer impor tant: ... "1 

I pause to say, "I wish he'd have told me this at the beginning and I 
could have saved myself some time!" Then I continue to quote from 
him: "The patterns have taught you to be receptive to what is real. "2 

I finish with, "If you read Alexander's book, you will know what is 
real— the relationships and forces described by the patterns." 

The patterns give us a way to talk about these. However, it is not 
the patterns themselves that are important. This is true for software 
patterns as well. 

Patterns aren 't 
really the important 

thing 

A pattern describes the forces, motivations, and relationships about Software patterns 
a particular problem in a particular context and provides us with an are multidimen- 
approach to addressing these issues. The Bridge pattern, for exam- sional descriptions 
pie, is about the relationship between the derived classes of an 

1. Alexander, C., Ishikawa, S., Silverstein, M., The Timeless Way of Building, New 
York: Oxford University Press, 1979, p. 545. 

2. ibid, p, 545. 
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abstraction and their possible implementations. A Strategy pattern 
is about the relationships between 

• A class that uses one of a set of algorithms (the Context) 

• The members of this set of algorithms (the strategies) 

• The Client, which uses the context and specifies which of the 
algorithms to use 

Patterns are 
micro-cosmic 

examples of 

contextual design  

Patterns and Contextual Design 

In the CAD/CAM problem earlier in this book, I showed how 
design patterns can be used by focusing on their context with each 
other. Design patterns working together can assist in the develop-
ment of an application's architecture. It is also useful to distinguish 
how many of the patterns are microcosmic  examples of design by 
context. 

  

Designing to an 
interface is 

designing within a 

context 

For example, 

• The Bridge pattern tells me to define my Implementations 
within the context of the derivations of my Abstraction. 

• The Decorator pattern has me design my Decorators within 
the context of my original component. 

• The Abstract Factory has me define my families within the con 
text of my overall problem so I can see which particular objects 
need to be implemented. 

In fact, designing to interfaces and polymorphism in general is a 
kind of design by context. Look at Figure 21-1, which is a reprint of 
Figure 8-4. Notice how the abstract class' interface defines the con-
text within which all of its derived classes must be implemented. 
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Figure 21-1   The relationships between commonality/variability 

analysis, perspectives, and abstract classes. 

Field Notes 

As you learn patterns, it is useful to look for the following forces 
and concepts: 

• What implementations does this pattern hide? Thereby allow 
ing me to change them. 

• What commonalities are present in this pattern? This helps me 
identify them. 

• What are the responsibilities of the objects in this pattern? As it 
may be easier to do my decomposition by responsibility. 

• What are the relationships between these objects? This will give 
me information about the forces present with these objects. 

• How may the pattern itself be a microcosmic example of design 
ing by context? This affords me a better understanding of why 
the pattern is good design. 

Approaches to take 

  

Summary 

In this chapter I summarized our new perspective on object-oriented 
design. I described how design patterns manifest this. I suggested 
that it is useful to look at patterns by seeing 

In this chapter 
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• What they encapsulate 

• How they use commonality/variability analysis 

• How they decompose a problem domain into responsibilities 

• How they specify relationships between objects 

• How they illustrate contextual design 



CHAPTER 22 

Bibliography 

This book has been an introduction. An introduction to design pat-    In this chapter 
terns, object orientation, and to a more powerful way to design computer systems. 
Hopefully, it has given you some tools to get started in this rich and rewarding way 
of thinking. 

Where should you turn next in your study? I conclude this book with 
an annotated list of my current recommendations. 

In this chapter, 

• I give the address of the Web site companion for this book. 

• I offer my recommendations for 
 

- Further reading in design patterns. 

- Java developers. 

- C++ developers. 

- COBOL programmers who want to learn object orientation. 

- Learning the powerful development methodology called XP 
(extreme Programming). 

• I conclude with a list of the books that have been influential to 
me personally, in the belief that life is more than programming, 
and that more rounded individuals make better programmers. 

Design Patterns Explained: The Web Site 
Companion  

The Web site for this book is located at 
http://www.netobjectives.com/dpexplained 

The Web site 
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Electronic magazine 

At this site you will find additional information on design patterns, 
including 

• Code examples, frequently asked questions, discussions orga  

nized by chapters of this book 

• Discussions on issues in refactoring 

• A summary of design patterns in a nice reference format 

• A description of the courses we offer on design patterns and 

other design-related topics 

You will also find a form that you can use to send us your com-
ments and questions about this book. 

We also publish an e-zine on design patterns and general object-ori-
ented design. To subscribe, send an e-mail with your name, com-
pany name, and address to info@netobjectives.com with the word 
"subscribe" in the subject line. 

  

Object-oriented 
programming and 
the UML 

Recommended Reading on Design 
Patterns and Object Orientation 

I recommend the following books and references on object-oriented 
programming and the UML: 

• Fowler,  M., Refactoring: Improving the Design of Existing Code, 
Reading, Mass.: Addison-Wesley, 2000. The most extensive treat 
ment of refactoring available. 

• Fowler, M., Scott, K., UML Distilled Second Edition: A Brief Guide to 
the Standard Object Modeling Language, Reading, Ma ss.: Addison- 
Wesley, 2000. This is by far my favorite source for learning the UML. 
It is both approachable to begin with and useful as a reference. I find 
myself referring to it again and again. 
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• Meyer, B.,  Object-Oriented Software Construction, Upper Saddle  
River, N.J.: Prentice Hall, 1997. An incredibly thorough book by one 
of the brilliant minds in our industry.  

The field of design patterns continues to evolve and deepen. One can 
study the field on a variety of levels and from many perspectives. I 
recommend the following books and references to help you on your 
journey: 

• Alexander, C., Ishikawa, S., Silverstein, M., The Timeless Way of 
Building, New York: Oxford University Press, 1979. Both a per 
sonal and professional favorite. It is both entertaining and insightful. If  
you read only one book from this list, have it be this one.  

• Alexander, C., Ishikawa, S., Silverstein, M., A Pattern Language: 
Towns/Buildings/Construction, New York: Oxford University Press, 
1977. 

• Alexander, C., Ishikawa, S., Silverstein, M., Notes on Synthesis of 
Form, New York: Oxford University Press, 1970. 

• Coplien,   J.,  Multi-Paradigm Design for C++,  Reading,   Mass.: 
Addison-Wesley, 1998. Chapters 2-5 are a must read even for non- 
C++ developers. This book contains the best description of commonality/ 
variability analysis anywhere. See our book's Web site for an on-line 
version of Jim's doctoral dissertation, which is equivalent to his book. 

• Gamma, E., Helm, R., Johnson, R., Vlissides, J., Design Patterns: 
Elements of Reusable Object-Oriented Software,  Reading,  Mass.: 
Addison-Wesley, 1995. Still the best design patterns book available. 
A must for C++ developers.  

• Gardner, K.,  Cognitive Patterns: Problem-Solving Frameworks for 
Object Technology, New York: Cambridge University Press, 1998. 
This approaches patterns from the perspective of cognitive science and 
artificial intelligence. Dr. Gardner was also heavily influenced by Alex 
ander's work. 

Design patterns 
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Schmidt, D., Stal, M., Rohnert, H., Busehmann, P., Pattern -Ori-
ented Software Architecture, Vol. 2, New York: John Wiley, 2000. 

The book to use for multithreaded and distributed environments. 

Vlissides, J., Pattern Hatching, Reading, Mass.: Addison-Wesley, 

1998. This is a good advanced book on design patterns. Illustrates several 

ways that patterns work together. Both our book and the GoF book 
should be read before reading this one. 

Learning Java 

Implementing design 

patterns in Java 

Recommended Reading for 
Java Programmers  

When it comes to learning Java, my favorite books are: 

• Eckel, B., Thinking in Java, 2nd Edition, Upper Saddle River, N.J.: 
Prentice Hall, 2000. One of the best Java books on the market. See  
http://www.eckelobjects.com/DownloadSites for a downloadable ver 
sion of this book. 

J 

• Horstmann, C., Core Java 2— Volume 1— Fundamentals, Palo Alto: 
Pearson Education, 1999. Another good book for learning Java. 

Each language has its own set of issues when it comes to imple -
menting design patterns. I recommend the following books and ref-
erences when it comes to Java: 

Goad, P., Java Design, Upper Saddle River, N.J.: Prentice Hall, 2000. 

If you are a Java developer, this book is a must read. It discusses most of 

the principles and strategies we have found useful in using design patterns 
even though it doesn 't mention design patterns specifically. 

Grand, M., Patterns in Java, Vol. 1, New York: John Wiley, 1998. If 

you are a Java developer, you may find this book useful. It has its 
examples in Java and it uses the UML. However, the authors believe the 

discussions on forces and motivations in the GoF book are more useful 

than is presented in Grand's book. However, there is a lot of value by 

getting another set of examples, particularly when in the language of 

use (Java). 
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• See http://java.sun.com/j2se/L3/docs/api/index.html for information 
on the Java API for Observer and Observable.  

There are special considerations when it comes to dealing with    Threads in Java 
threads in Java. I recommend the following resources to help learn about this area: 

• Hollub, A., Taming Java Threads, Berkeley: APress, 2000. 

• Hyde, P., Java Thread Programming: The Authoritative Solution, 
Indianapolis: SAMS, 1999. 

• Lea, D., Concurrent Programming in Java: Design Principles and Pat 
terns, Second Edition, Reading, Mass.: Addison-Wesley, 2000. 

Recommended Reading for 
C++ Programmers  

I have found the following essential for using C++ for UNIX: C++ and UNIX 

• Stevens, W. , Advanced Programming in the UNIX Environment, 
Reading, Mass.: Addison -Wesley, 1992. This is a must resource for 
anyone doing C++ development on UNIX. 

Recommended Reading for 
COBOL Programmers  

I have found the following helpful for COBOL programmers who    Learning 00 
want to learn object-oriented design: 

• Levey, R., Reengineering Cobol with Objects, New York: McGraw-Hill, 
1995. A useful book for COBOL programmers who are trying to learn 
object-oriented design. 



318       Part V1    •    Endings and Beginnings 

Learning XP 

Recommended Reading on extreme 
Programming  

When it comes to gaining proficiency in extreme Programming 
(XP), my two best recommendations are 

• http://www.netobjectives.com/xp— Our   own   Web   site   on   XP,  
including articles and courses on XP. 

• Beck, K., Extreme Programming Explained: Embrace Change, Read 
ing, Mass.: Addison-Wesley, 2000. This is worthwhile reading for 
anyone involved in software development, even if you are not planning 
on using XP. I have selected 30 or so pages I consider essential reading 
and list them on our XP site. 

Net Objectives' We are in the process of defining our own software development 
process  process which we call Pattern-Accellerated Software Engineering. 

This is an integration of several methodologies, analysis techniques 

and design techniques. See http://www.netobjectives.com/pase for more 

information. 

Recommended Reading on 
General Programming  

Being a better This book mirrors my philosophy of being introspective and always 

programmer looking to see how I can improve myself and my work: 

• Hunt, A., Thomas, D., The Pragmatic Programmer: From Journey man 
to Master, Reading, Mass.: Addison-Wesley, 2000. This is one of 
those lovely books that I read a few pages of each day. When I come across 
things I already do, I take the opportunity to acknowledge myself. When I 
find things I'm not doing, 1 take the opportunity to learn. 
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Personal Favorites 

It is my belief that the best designers are not those who live and 
breathe programming and nothing else. Rather, being able to think 
and to listen, having a more complete and deep personality, and 
knowing ideas are what make for great designers. You can connect 
better with other people. You can glean ideas from other disciplines 
(for example, as we did from architecture and from anthropology). 
You will create systems that better take into account human beings, 
for whom our systems exist anyway. 

Many of my students ask about what I like to read, what has 
shaped how I think and helped me in my journey. The following 
are my recommendations. 

Alan recommends the following: 

• Grieve, B., The Blue Day Book: A Lesson in Cheering You Up, Kan 
sas City: Andrews McMeel Publishing, 2000. This is a fun and 
delightful book. Read it whenever you are feeling down (it's short). 

• Hill,  N.,  Think and Grow Rich,  New York: Ballantine Books,  
1960.  "Rich" doesn't only mean in money — it means in whatever  
form you want to be rich in. This book has had a profound impact on 
both my personal and business success. 

• Kundtz, D., Stopping: How to Be Still When You Have to Keep Going, 
Berkeley: Conari Press, 1998. As a recovering workaholic, this book  
is a beautiful reminder of how to slow down and enjoy life, but still get 
things done. 

• Mandino, O., The Greatest Salesman in the World, New York: Ban 
tam Press, 1968. I read and "practiced" this book a few years ago. It 
has helped me live my life the way I've always wanted to. If you read it,  
I strongly suggest doing what the scrolls tell Hafid to do— not just read 
about i t (you 'II know what I mean when you read the book). 

Beyond 
programming 

Alan's list 
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• Pilzer, P., Unlimited Wealth: The Theory and Practice of Economic 
Alchemy, Crown Publishers, 1990. This book presents both a new 
paradigm for resources and wealth, and how to take advantage of it. A 
must-read in the information age.  

• Remen, R., My Grandfather's Blessings: Stories of Strength, Refuge, 
and Belonging, New York: Riverhead Books, 2000. A lovely book to 
reflect on one's blessings. 

Jim's list Jim recommends the following: 

• Buzan, T., and Buzan, B., The Mind Map Book: How to Use Radiant 
Thinking to Maximize Your Brain's Untapped Potential, New York: 
Button Books, 1994. This has revolutionized how I teach, communi- 

• cate, think, and take notes. An incredibly powerful technique. I use this 
daily. 

• Cahill, T., How the Irish Saved Civilization, New York: Doubleday, 
1995. If you have any Irish blood in you, this will make you proud. 
Cannibals turned to the greatest force for civilization and rescue 
Europe. 

• Dawson, C., Religion and the Rise of Western Culture, New York: 
Doubleday, 1950. How religion shaped the development of Western 
civilization and kept at bay the "barbarianism that is always lurking 
just below the surface." Important insights into scientific thought. 

• Jensen, B., Simplicity: The New Competitive Advantage in a World of  
More, Better, Faster, Cambridge, Mass.: Perseus Books, 2000. A 
revolution in thought and knowledge management. Designing systems 
that are simpler for people to use, taking humans into account in our 
processes and technologies. 

• Lingenfelter, S., Transforming Culture, Grand Rapids: Baker Book 
House,  1998. A model for understanding cultures through social 
game theory.  
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Spradely, J. P., The Ethnographic Interview, New York: Harcourt 
Brace Jovanovich College Publishers, 1979. A must-read for any one 
who wants to become a better interviewer. The classic text used by all 
students of anthropology. 

Wiig, K., Knowledge Management Methods, Dallas: Schema Press, 
1995. A virtual encyclopedia of techniques for helping organizations 
exploit their knowledge resources more effectively. 
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Section 3: Design Patterns
Section Overview
In this section This section introduces design patterns: what they are and how to use them.

Four patterns pertinent to the CAD/CAM problem (Chapter 6) are described.
They are learned individually and then related to our earlier problem.  In
learning these patterns, we emphasize the object-oriented strategies espoused
by the Gang of Four in their seminal work: Design Patterns: Elements of
Reusable Object-oriented Software.

Chapter 8 is an introduction to design pattern is.  I introduce the concept of
design patterns, discuss their origins in architecture and how they apply in the
discipline of software design. Then, I discuss the motivations for studying
design patterns.

Chapter 9 describes the Façade pattern. I explain what it is, where it is used
and how it is implemented. Then I relate it to the CAD/CAM problem.

Chapter 10 describes the Object Adapter pattern. I explain what it is, where it
is used and how it is implemented. I compare the Object Adapter pattern and
the Façade pattern. Then, I relate the Object Adapter pattern to the
CAD/CAM problem.

Chapter 11 describes the Bridge pattern. The Bridge pattern is quite a bit
more complex than the previous patterns; it is also much more useful.  While
I could discuss these other patterns more conceptually, I go into great detail
with the Bridge pattern. Then, I relate the Bridge pattern to the CAD/CAM
problem.

Chapter 12 describes the Abstract Factory  pattern The Abstract Factory
pattern focuses on creating families of objects.  I describe this pattern and
how it is used and implemented. Then, I relate it to the CAD/CAM problem.

Objectives At the end of this section, the reader will understand what design patterns are,
why they are useful and will even know four specific patterns.  They will also
see how these patterns relate to our earlier CAD/CAM problem.  This
information, however, may not be enough to create a better design than the
over reliance on inheritance already seen.  However, the stage is set for using
patterns in a way different than most design pattern practitioners use them.
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Chapter 8: An Introduction to Design Patterns
Overview
In this chapter We introduce the concept of design patterns.  I discuss their origins in

architecture and how they apply in the discipline of software design. Finally, I
discuss the motivations for studying design patterns.

Design patterns
and object-
oriented design
reinforce each
other

Design patterns are part of the cutting edge of object-oriented technology.
Object-oriented analysis tools, books, and seminars are incorporating design
patterns. Study groups on design patterns abound. Object-oriented analysts
are expected to learn design patterns to improve their abilities. I have found
that the opposite is also true: learning design patterns greatly helped to
improve my basic understanding of object-oriented analysis and design.

Throughout the rest of the book, I will discuss not only design patterns, but
how they reveal and reinforce good object-oriented principles.  I hope to
improve both your understanding of these principles and illustrate why the
design patterns being discussed here represent good designs.

Give this a
chance

Perhaps some of this material may seem abstract or philosophical. But give it
a chance! This chapter lays the foundation for your understanding of design
patterns. Understanding the material here will speed up your ability to obtain
new patterns.

Some of this material is taken from Christopher Alexander’s Trilogy
(Alexander 1979, 1977, 1970)

Design Patterns Arose from Architecture and Anthropology
Is quality
objective?

Years ago, an architect named Christopher Alexander asked himself, “Is
quality objective?”  Is beauty truly in the eye of the beholder or would people
agree that some things are beautiful and some are not? Now, the particular
form of beauty that Alexander was interested in was one of architectural
quality: what makes us know when an architectural design is good? For
example, if a person was going to design an entrance-way for a house, how
would he or she know that the design was good?

Can we know good design? Is there an objective basis for such a judgment?

If there was not some sort of objective basis, we would not be able to make
judgments. What is regarded as good for someone might be bad for someone
else.

Now, this book is not a treatise in cultural anthropology, but that body of
work suggests that within a culture, individuals will agree to a large extent on
what is considered to be a good design, what is beautiful. Cultures make
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judgments on good design that transcend individual beliefs. I believe that
there are transcending patterns that serve as objective bases for judging
design. A major branch of cultural anthropology looks for such patterns to
describe the behaviors and values of a culture1.

How do we get
good quality
repeatedly?

If we accept that we can even say we have or do not have a good quality
design, how do we go about creating them?  Alexander asked himself,

“What is present in a good quality design that is not present in a poor
design?”

and

“What is present in a poor quality design that is not present in a good
quality design?”

These questions spring from Alexander’s belief that if quality in design is
objective, then we should be able to quantify what makes designs good and
what makes designs bad.

Look for the
commonalties

Alexander studied this problem by making many observations of buildings,
towns, streets and virtually every other aspect of living spaces that human
beings have built for themselves.  He discovered that, for a particular
architectural creation, good constructs had commonalties with each other.

…especially
commonality in
the features of
the problem to
be solved

Architectural structures differ from each other, even if they are of the same
type. Yet even though they are different, they can still be high quality.

For example, porches may appear different, may not have the same structure,
and still be considered high quality.  They might be solving different
problems for different houses. One porch may be a transition from the
walkway to the front door.  Another porch might be a place for shade on a hot
day.  Or two porches might solve a common problem (transition) in different
ways.

Alexander understood this. He knew that structures couldn’t be separated
from the problem they are trying to solve.  Therefore, in his quest to identify
and describe the consistency of quality in design, Alexander realized that he
had to look at structures that were trying to solve the same problem.

                                               
1 The anthropologist Ruth Benedict is a pioneer in pattern-based analysis of cultures.
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Figure 8-1. Structures may look different but still solve a common problem

This led to the
concept of a
pattern

Alexander discovered that by narrowing his focus in this way—looking at
structures that solve similar problems—he could discern similarities between
designs that were high quality.  He called these similarities, “patterns.”

He defined a pattern as “a solution to a problem in a context.”i

“Each pattern describes a problem which occurs over and over again in
our environment and then describes the core of the solution to that
problem, in such a way that you can use this solution a million times
over, without ever doing it the same way twice.”ii

An example
pattern: the
Courtyard

Let’s read some of Alexander’s work to illustrate this.  I will present an
excerpt from his The Timeless Way of Building, an excellent book which
presents the philosophy of patterns succinctly.

Alexander says… My comments…
In the same way, a courtyard which is properly
formed helps people come to life in it.

A pattern always, has a name and has a
purpose. Here, the pattern’s name is
“Courtyard” and its purpose is to help
people to come to life in it.

Consider the forces at work in a courtyard.  Most
fundamental of all, people seek some kind of private
outdoor space, where they can sit under the sky, see
the stars, enjoy the sun, perhaps plant flowers.  This
is obvious.

Although it might be obvious sometimes,
it is important to state explicitly the
problem being solved, which is the
reason for having the pattern in the first
place. This is what Alexander does here
for Courtyard..
He points out a difficulty with the
simplified solution which we may have
thought of

But there are more subtle forces too.  For instance,
when a courtyard is too tightly enclosed, has no view
out, people feel uncomfortable, and tend to stay
away … they need to see out into some larger and
more distant space. …and then gives us a way to solve the

problem that he has just pointed out.
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Or again, people are creatures of habit.  If they pass
in and out of the courtyard, every day, in the course
of their normal lives, the courtyard becomes
familiar, a natural place to go … and it is used.

But a courtyard with only one way in, a place you
only go when you “want” to go there, is an
unfamiliar place, tends to stay unused… people go
more often to places which are familiar.

Or again, there is a certain abruptness about
suddenly stepping out, from the inside, directly to
the outside … it is subtle, but enough to inhibit you.

Familiarity sometimes keeps us from
seeing the obvious. The value of a
pattern is that those with less experience
can take advantage of what others have
learned before them:

• both what must be included to have
a good design.

• and what must be avoided to keep
from a poor design..

If there is a transitional space—a porch or a veranda,
under cover, but open to the air—this is
psychologically half way between indoors and
outdoors, and makes it much easier, more simple, to
take each of the smaller steps that brings you out
into the courtyard…

A solution to a possibly overlooked
challenge to building a great courtyard

Alexander is telling us how to build a
great courtyard

When a courtyard has a view out to a larger space,
has crossing paths from different rooms, and has a
veranda or a porch, these forces can resolve
themselves. The view out makes it comfortable, the
crossing paths help generate a sense of habit there,
the porch makes it easier to go out more often …
and gradually the courtyard becomes a pleasant
customary place to be.

…and then tells us why it is great.

The four
components
required  of
every pattern
description

To review, Alexander says that a description of a pattern involves four items:
• The name of the pattern.
• The purpose of the pattern, the problem it solves.

• How we could accomplish this.
• The constraints and forces we have to consider in order to accomplish it.

Patterns exist
for almost any
design problem
and may be
combined to
solve complex
problems

Alexander postulated that patterns exist which solve virtually every
architectural problem that one will encounter.  He further postulated that
patterns could be used together to solve complex architectural problems.

How patterns work together will be discussed later in this book.  For now, I
want to focus on his claim that patterns are useful to solve specialized
problems.
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Moving from Architectural to Software Design Patterns
The Hillside
Group adapted
Alexander for
software

What does all of this architectural stuff have to do with us software
developers?

Well, in the early 90s some experienced developers happened upon
Alexander’s work in patterns. They wondered if what was true for
architectural patterns would also be true for software design.  2

• Were there problems in software that occur over and over again that could
be solved in somewhat the same manner?

• Was it possible to design software in terms of patterns, creating specific
solutions based on these patterns only after the patterns had been
identified?

The group felt the answer to both of these questions was “unequivocally yes”.
The next step was to identify several patterns and develop standards for
cataloging new ones.

The Gang of
Four did the
early work on
Design Patterns

Although many people were working on design patterns in the early 90s, the
book that had the greatest influence on this fledging community was Design
Patterns: Elements of Reusable Object-Oriented Software by Gamma, Helm,
Johnson, Vlissides [Gamma 1995]. In recognition of their important work,
these four authors are commonly and affectionately known as the “Gang of
Four.”

This book served several purposes.
• It defined what design patterns were within the area of software design.

• It described a structure within which to catalog and describe design
patterns.

• It cataloged 23 such patterns.
• It postulated object-oriented strategies and approaches based on these

design patterns.

It is important to realize that the patterns described in the book were not
created by the authors. Rather, the authors identified these patterns as already
existing within the software community, patterns that reflected what had been
learned about high quality designs for specific problems (note the similarity
to Alexander’s work).

Today, there are several different forms for describing design patterns. In
some circles, the Gang of Four’s structure is considered to be obsolete. Since

                                               
2 The ESPRIT consortium in Europe was doing similar work in the 1980’s.  Project 1098 and Project 5248
developed a pattern-based design methodology called Knowledge Analysis and Design Support (KADS). See
Cognitive Patterns: Problem-Solving Frameworks for Object Technology, Karen Gardner, et.al. Cambridge
University Press. 1998.
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this book is not a book about writing design patterns, I will not offer an
opinion on the best structure for describing patterns; however, the following
items need to be included in any description.

Item Description
Name All patterns have a unique name we use to identify them

with.
Intent The purpose of this pattern.
Problem The problem that the pattern is trying to solve.
Content The context in which this problem shows up.
Solution How the pattern provides a solution to this problem in

the context in which it shows up.
Consequences/
Forces

The consequences of using this pattern.  Investigates the
forces at play in the pattern.

Implementation How this pattern can be implemented. Note:
Implementations are just concrete manifestations of the
pattern and should not be construed as the pattern itself.

Consequences / Forces.  The term “consequences” is used in design patterns
and is often misunderstood.  In everyday usage, “consequences” usually
carries a negative connotation. (you never hear someone say, “I won the
lottery! As a consequence, I now do not have to go to work.!”) Within the
design pattern community, on the other hand, “consequences” simply means
“cause and effect.” That is, if you implement this pattern in such-and-such a
way, this is how it affects the forces present.

Why Study Design Patterns
Design patterns
help with reuse
and
communication

Now that you have an idea about what design patterns are, you may still be
wondering “why study them?”  There are several reasons that are obvious and
then some that are not so obvious.

The most commonly stated reasons for studying patterns are to:
• Reuse solutions. By reusing already established designs, we get a head

start on our problems and avoid gotchas. I get the benefit of learning from
the experience of others. I do not have to reinvent solutions for commonly
recurring problems.

• Establish common terminology.  Communication and teamwork require a
common base of vocabulary and a common viewpoint of the problem.
Design patterns provide a common point of reference during the analysis
and design phase of a project.

Design patterns
give a higher
perspective on
analysis and
objects

However, there is a third reason to study design patterns:

To give you a higher level perspective on the problem and on the process
of design and object-orientation. To free you from the tyranny of dealing
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with the details too early.

By the end of this book, I hope you see that this is the greatest reason to study
design patterns. It will shift your mindset and make you a more powerful
analyst.

To illustrate this advantage, I want to relate a conversation between two
carpenters about how to build the drawers for some cabinets.iii

Example of the
tyranny of
details:
Carpenters
making a joint

To illustrate this advantage, consider a conversation between two carpenters
about how to build the drawers for some cabinets.iv

Carpenter 1: How do you think we should build these drawers?
Carpenter 2: Well, I think we should make the joint by cutting straight
down into the wood, and then cutting back up 45 degrees, and then going
straight back down, and then backup the other way 45 degrees, and then
going straight back down and then…

Now, figure out what they are talking about doing.
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…The details
can  confuse the
solution

Isn’t that a confusing description? What is Carpenter 2 prescribing? The
details certainly get in the way! Let’s try to draw out his description.

Carpenter Two says… which looks like…
“Well, I think we should make the joint by
cutting straight down into the wood, then
cutting back up 45 degrees …”
“… then straight back down, then backup the
other way 45 degrees, then straight back down
and then ….”

“until you end up with…a dove tail joint. That
is what I was describing!”

…( this sounds
like so many
code reviews:
details, details,
details)

Doesn’t this sound like code reviews you have heard? The one where the
programmer describes the code as

 “… And then, I use a WHILE LOOP here to do … followed by a series
of IF statements to do … and here I use a SWITCH to handle …”

You get a description of the details of the code, but you have no idea what the
program is doing and why it is doing it.!

…but carpenters
do not really
talk at that level
of detail

Of course, no self-respecting carpenters would talk like this.  What would
really happen is something like:

Carpenter 1: Should we use a miter joint or a dovetail joint?
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Already we see a qualitative difference.  The carpenters are discussing
differences in the quality of solutions to a problem; their discussion is at a
higher level, a more abstract level. They avoid getting bogged down in the
mere details of a particular solution.

When the carpenter speaks of a miter joint, he or she has the following
characteristics of the solution in mind.

• It is a simpler solution. A miter joint is a simple joint to make.  You cut
the edges of the joining pieces at 45 degrees, abut them, and then nail or
glue them together (see Figure 8-2).

• However, it is also a weaker joint.

When the carpenter speaks of a dovetail joint (which we saw above), he or
she has other characteristics of the solution in mind. These characteristics
may not be obvious to a layman, but would clearly be understood by any
carpenter.
• It is a more evolved solution. It is more involved to make a dovetail joint.

Thus, it is more expensive.
• It is impervious to temperature and humidity. As these change, the wood

expands or contracts.  However, the dovetail joint will remain solid.
• It does not depend on glue or other fastening systems. In fact, dovetail

joints do not depend even depend upon glue to work.
• It is a more aesthetically pleasing joint. Beautiful to look at when made

well.

In other words, the dovetail joint is a strong, dependable, beautiful joint that is
hard (expensive) to make.

Figure 8-2. A miter joint

…there is a
meta-level
conversation
going on.

So, when Carpenter 1 asked,

“Should we use a miter joint or a dovetail joint?”

the real question that was being asked was,

“Should we use a joint that is expensive to make but is both beautiful and
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lasts a long time or should we just make a quick and dirty joint that will
last at least as long until the check clears?”

We might say the carpenters’ discussion really occurs at several levels: the
surface level of their words and the real conversation that is at a higher level
(a “meta-level”) that is hidden but much richer. This higher level is the level
of “carpenter patterns” and reflects the real design issues for the carpenters.

• Carpenter 1 wants to decide on which joint to use based on costs and
quality of the joint.

• Carpenter 2 simply obscures the real issues by discussing the details of
the implementations of the joints.

Who is more efficient? Who would you rather work with?

Patterns help us
see the forest
for the trees

This is one way I mean when I say that patterns can help raise our level of
thinking.  We will learn later in the book that when we raise our level of
thinking like this, new design methods become available.  This is where the
real power of patterns lies.

Other Advantages to Studying Design Patterns
Improve team
communications
and individual
learning

My experience with development groups working with design patterns is that
design patterns helped both individual learning and team development.  This
occurred because the more junior team members saw that the senior
developers who knew design patterns had something of value and they
wanted it.  This provided motivation for them to learn some of these powerful
concepts.

Improved
modifiability of
code

Design patterns also provide for built in modifiability of software.  The
reason for this is that they are time tested solutions.  They therefore have
evolved into structures that can handle change more readily than what often
first comes to mind as a solution.

Design patterns
illustrate basic
object-oriented
principles

Design patterns, when they are taught properly, can be used to greatly
increase the understanding of basic object-oriented design principles.  I have
seen this countless times in the introductory object-oriented courses I teach
where we start using design patterns on the first day.  By the end of the three
day course, although we’ve been mostly talking about patterns, the concepts
of encapsulation, polymorphism and inheritance – which were just introduced
to many of the participants – feel like they are old friends.

Adoption of
improved
strategies – even
when patterns
aren’t present

In Design Patterns: Elements of Reusable Object-Oriented Software, the
Gang of Four suggest a few strategies for creating good object-oriented
designs.  In particular, they suggest the following:
• find what varies and encapsulate it

• favor composition over inheritance
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These strategies occur in most of the design patterns described.  Even if you
do not learn a lot of design patterns, studying a few should enable you to learn
why these strategies are useful.  With that understanding comes the ability to
apply them to your own design problems even if you do not use design
patterns directly.

Learn
alternatives to
large
inheritance
hierarchies

Another advantage is that design patterns allow you or your team to create
designs for complex problems that do not require large inheritance
hierarchies.  Again, even if design patterns are not used directly, avoiding
large inheritance hierarchies will result in improved designs.

Summary
We have looked at what design patterns are. Christopher Alexander says
“patterns are solutions to a problem in a context.”  They are more than a kind
of template to solve one’s problems.  They are a way of describing our
motivations by including both what we want to have happen along with the
problems that are plaguing us.

We looked at why we should study design patterns.  Studying design patterns
helps to:

• Reuse existing, high quality solutions to commonly recurring problems.
• Establish common terminology to improve communications within teams.

• Shift our level of thinking to a higher perspective.
• Improve individual learning and team learning.
• Improve the modifiability of code.

• Facilitate adoption of improved design alternatives, even when patterns
are not used explicitly.

• Discover alternatives to large inheritance hierarchies.

                                               
i A Pattern Language, Christopher Alexander
ii ibid.
iii This section is inspired by a talk given by Ralph Johnson and adapted by the authors.
iv This section is inspired by a talk given by Ralph Johnson and adapted by the authors.
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CREATIONAL PATTERNS 
Pattern  Notes on the patterns 

 
Abstract 
factory 

Indicators in analysis: Different cases exist that require different implementations of common rules.   
 
Indicators in design: Many polymorphic structures exist that are used in pre-defined combinations.  These 
combinations are defined by there being particular cases to implement or different needs of client objects. 
 
Indication pattern is not being used when it should be: A variable is used in several places to determine which object 
to instantiate. 
 
Relationships involved: The Abstract Factory object is responsible for coordinating the family of objects that the client 
object needs.  The client object has the responsibility for using the objects. 
 

Builder Indicators in analysis: Several different kinds of complex objects can be built with the same overall build process, but 
where there is variation in the individual construction steps.  
 
Indicators in design: You want to hide the implementation of instantiating complex object, or you want to bring 
together all of the rules for instantiating complex objects. 
 
 

Factory 
Method 

Indicators in analysis: There are different commonalities whose implementations are coordinated with each other. 
 
Indicators in design: A class needs to instantiate a derivation of another class, but doesn’t know which one. Factory 
method allows a derived class to make this decision.  
 
Field notes: The Factory method is often used with frameworks.  It is also used when the different implementations of 
one class hierarchy requires a specific implementation of another class hierarchy. 

Prototype Indicators in analysis: There are prototypical instances of things. 
Indicators in design: When objects being instantiated need to look like a copy of a particular object.  Allows for  
dynamically specifying what our instantiated objects look like.  
 

Singleton Indicators in analysis: There exists only one entity of something in the problem domain that is used by several 
different things. 
Indicators in design: Several different client objects need to refer to the same thing and we want to make sure we don’t 
have more than one of them.  You only want to have one of an object but there is no higher object controlling the 
instantiation of the object in questions.  
Field notes: You can get much the same function as Singletons with static methods.  Therefore, the Singleton 
should be used only when statics don’t work well.  This occurs when you need to control when the class is 
instantiated (that is, static members are allocated).  Another case is if you want to use polymorphism on the 
Singleton. 
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CREATIONAL PATTERNS 
How it is implemented 
 

Class Diagram/Implementation Pattern  

Define an abstract class that specifies which 
objects are to be made.  Then implement one 
concrete class for each family.  Tables or files can 
also be used to essentially accomplish the same 
thing.  Names of the desired classes can be kept in 
a database and then switches or run-time type 
identification (RTTI) can be used to instantiate the 
correct objects. 

 

WidgetFactory

+ createWindow()
+ createScrollBar()

MotifFactory

+ createWindow()
+ createScrollBar()

PMFactory

+ createWindow()
+ createScrollBar()

Window

PMWindow MotifWindow

ScrollBar

PMScrollBar MotifScrollBar

Client

 

Abstract 
factory 

Create a factory object that contains several 
methods.  Each method is called separately and 
performs a necessary step in the building process.  
When the client object is through, it calls a method 
to get the constructed object returned to it.  Derive 
classes from the builder object to specialize steps. 

Director

+ construct()
Builder

+ buildStep1()
+ buildStep2()
+ getObject()

ConcreteBuilder1

+ buildStep1()
+ buildStep2()
+ getObject()

ConcreteBuilder2

+ buildStep1()
+ buildStep2()
+ getObject()

builder->buildStep1()
builder->buildStep2()
getObject()

 

Builder 

Have a method in the abstract class that is abstract 
(pure virtual).  The abstract class’s code will refer 
to this method when it needs to instantiate a 
contained object.  Note, however, that it doesn’t 
know which one it needs.  That is why all classes 
derived from this one must implement this method 
with the appropriate new command to instantiate 
the proper object. 
 
 
 
 
 

Note: in this example createDocument is called a 
factory method.  Application is not a factory object.

Document Application

+ createDocument()

MyDoc MyAp

+ createDocument() return new MyDoc

must be 
abstract

 

Factory 
Method 

Set up concrete classes of the class needing to be 
cloned.  Each concrete class will construct itself to 
the appropriate value (optionally based on input 
parameters).  When a new object is needed, clone 
an instantiation of this prototypical object. 

Client

Prototype

+ clone()

ConcretePrototype1

+ clone()

ConcretePrototype2

+ clone()

return copy 
of self

return copy 
of self

use clone to instantiate

 

Prototype 

Add a static member to the class that refers to the 
first instantiation of this object (initially it is null).  
Then, add a static method that instantiates this 
class if this member is null (and sets this 
member’s value) and then returns the value of this 
member.  Finally, set the constructor to  protected 
or private so no one can directly instantiate this 
class and bypass this mechanism. 

PSEUDO CODE  
(if C++, _instance should be pointer) 
 
class Singleton { 
   public static Singleton Instance(); 
   protected Singleton(); 
   private static _instance= null; 
 
   Singleton Instance () { 
      if _instance== null)  
         _instance= new Singleton; 
      return _instance 
   } 
} 

Singleton 
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STRUCTURAL PATTERNS 
Pattern  Notes on the patterns 

 
Adapter Indicators in analysis: Normally don’t worry about interfaces here, so don’t usually think about it.  However, if you 

know some existing code is going to be incorporated into your system, it is likely that an adapter will be needed since 
it is unlikely this pre-existing code will have the correct interface. 
Indicator in design: Something has the right stuff but the wrong interface.  Typically used when you have to make 
something that’s a derivative of an abstract class we are defining or already have. 
Field notes: The adapter pattern allows you to defer concern about what the interfaces of your pre-existing objects 
look like since you can easily change them. 
 

Bridge Indicators in analysis: There are a set of related objects using another set of objects.  This second set represents an 
implementation of the first set. 
Indicators in design:  
There is a set of derivations that use a common set of objects to get implemented.   
Indication pattern is not being used when it should be: There is a class hierarchy that has redundancy in it, in 
particular, in the way these objects use another set of object.  Also, if a new case is added to this hierarchy or to the 
classes being used, that will result in multiple classes being added. 
Relationships involved: The using classes (the GoF’s “Abstraction”) use the used classes (the GoF’s 
“Implementation”) in different ways but don’t want to know which implementor is present. 
Field notes: 
Although the implementer to use can vary from instance to instance, typically only one implementer is used for the life 
of the using object.  This means we usually select the implementer at construction time, either passing it into the 
constructor or having the constructor decide which implementer should be used. 

Composite Indicators in analysis: There are single things and groups of things that you want to treat the same way.  The groups 
of things are made up of other groups and of single things (i.e., they are hierarchically related). 
Indicators in design: Some objects are comprised of collections of other objects, yet we want to handle all of these 
objects in the same way. 
Indication pattern is not being used when it should be: The code is distinguishing between whether a single object 
is present or a collection of objects is present. 
 
 
 

Façade Indicators in analysis: A complex system will be used which will likely not be utilized to its full extent. 
Indicators in design: Reference to an existing system is made in similar ways.  That is, you see combinations of calls 
to a system repeated over and over again. 
Indication pattern is not being used when it should be: Many people on a team have to learn a new system although 
each person is only using a small aspect of it. 
Field notes: Not usually used for encapsulating variation, but different facades derived from the same abstract class 
can encapsulate different sub-systems.  This is called an encapsulating façade. 

Proxy – 
virtual 

Indicators in analysis and design: Performance issues (speed or memory) can be foreseen because of the cost of 
having objects around before they are actually used. 
Indication pattern is not being used when it should be: Objects are being instantiated before they are actually used 
and the extent of this is causing performance problems. 
Field notes:  This pattern often comes up to solve scalability issues or performance issues that arise after a 
system is working. 
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STRUCTURAL PATTERNS 
How it is implemented 
 

Class Diagram Pattern  

Contain the existing class in another class.  
Have the containing class match the required 
interface and call the contained class’s 
methods 

ExistingClass

+ itsOperation()

Client
TargetAbstraction

+ operation()

operation: 
  existingclass->itsOperation

Adapter

+ operation()

 

Adapter 

Encapsulate the implementations in an abstract 
class and contain a handle to it in the base 
class of the abstraction being implemented. In 
Java can also use interfaces instead of an 
abstract class for the implementation. 

RefinedAbstraction
Imp_A

+ opImp()

Imp_B

+ opImp()

Implementation

+ opImp()

Abstraction

+ operation()

imp->opImp()

 

Bridge 

Set up an abstract class that represents all 
elements in the hierarchy.  Define at least one 
derived class that represents the individual 
components.  Also, define at least one other 
class that represents the composite elements 
(i.e., those elements that contain multiple 
components).  In the abstract class, define 
abstract methods that the client objects will 
use.  Finally, implement these for each of the   
derived classes. 

Client

Leaf

+ operation()

Component

+ operation()

Composite

+ operation()

Composite 

Define a new class (or classes) that has the 
required interface.  Have this new class use the 
existing system. 

ComplexSysA

ComplexSysB

Facade

provides simpler 
interface

Client

 

Façade 

The Client refers to the proxy object instead of 
an object from the original class.  The proxy 
object remembers the information required to 
instantiate the original class but defers its  
instantiation. When the object from the 
original class is actually needed, the proxy 
object instantiates it and then makes the 
necessary request to it. 

Client Abstract

+ operation()

Proxy_Virtual

+ operation()

RealSubject

+ operation()

to proxy

realsubject->operation()

 

Proxy - 
virtual 
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BEHAVIORAL PATTERNS 
Pattern  Notes on the patterns 

 
Decorator Indicators in analysis: There is some action that is always done, there are other actions that may need to be done. 

Indicators in design: 1) There is a collection of actions; 2) These actions can be added in any combination to an 
existing function; 3) You don’t want to change the code that is using the decorated function. 
Indication pattern is not being used when it should be: There are switches that determine if some optional function 
should be called before some existing function. 
Variation Encapsulated: The functionality to be added before or after an existing function. 
Field notes: This pattern is used extensively in the JFC for file handling. 
 
 

Proxy – 
adding 
function 

Indicators in design: We need some particular action to occur before some object we already have is called. 
Indication pattern is not being used when it should be: We precede a function with the same code every time it is 
used.  Or, we add a switch to an object so it sometimes does some pre-processing and sometimes doesn’t. 
Field notes: Proxies are useful to encapsulate a special function that is sometimes used prior to calling an existing 
object. 
 
 
 
 
 

State  Indicators in analysis and design: We have behaviors that change, depending upon the state we are in. 
Indication pattern is not being used when it should be: The code keeps track of the mode the system is in.  Each 
time an event is handled, a switch determines which code to execute (based on the mode the system is in).  The rules 
for transitioning between the patterns may also be complex. 
Field notes: 
We define our classes by looking at the following questions: 

1. What are our states? 
2. What are the events we must handle? 
3. How do we handle the transitions between states? 

Strategy Indicators in analysis: There are different implementations of a business rule. 
Indicators in design: You have a place where a business rule (or algorithm) changes.  
Indication pattern is not being used when it should be: A switch is present that determines which business-rule to 
use.  A class hierarchy is present where the main difference between the derivations is an overridden method. 
Relationships involved: An object that uses different business rules that do conceptually the same thing (Context-
Algorithm relationship).  A client object that gives another object the rule to use (Client-Context relationship). 
Variation encapsulated: The different implementations of the business rules. 
Field notes: The essence of this pattern is that the Context does not know which rule it is using.  Either the Client 
object gives the Context the Algorithm to use or the Context asks a factory (or configuration type) object for the 
correct algorithm object to use. 

Template Indicators in analysis: There are different procedures that are followed that are essentially the same, except that each 
step does things differently. 
Indicators in design: You have a consistent set of steps to follow but individual steps may have different 
implementations. 
Indication pattern is not being used when it should be: Different classes implement essentially the same process 
flow. 
Field notes: The template pattern is most useful when it is used to abstract out a common flow between two similar 
processes. 
 
 

Visitor 
 

Indicators in analysis and design: You have a reasonably stable set of classes for which you need to add new 
functions.  You can add tasks to be performed on this set without having to change it. 
Variation encapsulated: A set of tasks to run against a set of derivations.  
Field notes: This is a useful pattern for writing sets of tests that you can run when needed. 

NOTE:  The Decorator and Proxy patterns are classified as Structural patterns by the GoF. Since they both  add functionality, however, instead of simply 
combining existing pieces, I believe they are more behavioral in nature. I have also reclassified several Behavioral patterns as Decoupling patterns (a new 
classification of mine, seen later in this section).  That is because those patterns moved are more about decoupling than about managing new behavior. 
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BEHAVIORAL PATTERNS 
How it is implemented 
 

Class Diagram Pattern  

Set up an abstract class that represents both the original 
class and the new functions to be added.  Have each 
contain a handle to an object of this type (in reality, of a 
derived type).  In our decorators, perform the additional 
function and then call the contained object’s operation 
method.  Optionally, call the contained object’s 
operation method first, then do your own special 
function.  addeBehavior()

Decorator::operation()

ConcreteComponent

+ operation()

ConcreteDec1

+ operation()

ConcreteDec2

+ operation()

Decorator

+ operation()

Component

+ operation()

1

1

1

1

component.operation()

 

Decorator 

The Client refers to the proxy object instead of an object 
from the original class.  The proxy object creates the 
RealSubject when it is created.  Requests come to the 
Proxy, which does its initial function (possibly), passes 
the request (possibly) to the RealSubject and then does 
(possibly) some post processing.   Proxy

+ operation()

Client Abstract

+ op erat ion ()

RealSubject

+ operation()

realsubject->operation()

to proxy

 

Proxy – 
adding 
function 

Define an abstract class that represents the state of an 
application.  Derive a class for each possible state.  Each 
of these classes can now operate independently of each 
other.  State transitions can be handled either in the 
contextual class or in the states themselves.  Information 
that is persistent across states should be stored in the 
context.  States likely will need to have access to this 
(through get routines, of course). 

State_Mode1

+ handle()

State_Mode2

+ handle()

state->handle()

Context

+ request()

State

+ handle()

 

State  

Have the class that uses the algorithm contain an abstract 
class that has an abstract method specifying how to call 
the algorithm.  Each derived class implements the 
algorithm as needed. 

Strategy_A

+ algorithm()

Strategy_B

+ algorithm()

Strategy

+ algorithm()

Context

+ request()

 

Strategy 

Create an abstract class that implements a procedure 
using abstract methods.  These abstract methods must be 
implemented in derived classes to actually perform each 
step of the procedure.  If the steps vary independently, 
each step may be implemented with a strategy pattern. 

templateMethod:
   ...
   operation1()
   ...
   operation2()
   ...

Client
AbstractTemplate

+ templateMethod()
+ operation1()
+ operation2()

ComcreteClass

+ operation1()
+ operation2()

 

Template 

Make an abstract class that represents the tasks to be 
performed.  Add a method to this class for each concrete 
class you started with (your original entities).  Add a 
method to the classes that you are working on to call the 
appropriate method in this task class, giving a reference 
to itself to this method. 

ClientAbstractTask

+ visitElTypeA()
+ visitElTypeB()

TaskA

+ visitElTypeA(typeA)
+ visitElTypeB(typeB)

TaskB

+ visitElTypeA(typeA)
+ visitElTypeB(typeB)

ElementTypeA

+ accept(task)

ElementTypeB

+ accept(task)

Structure

Element

+ accept(task)

accept: 
  task->visitTypeA(this)

accept: 
  task->visitTypeB(this)

 

Visitor 
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DECOUPLING PATTERNS 
Pattern  Notes on the patterns 

 
Chain of 
responsi-
bility 

Indicators in analysis: We have the several actions that may be done by different things. 
Indicators in design: We have several potential candidates to do a function.  However, we don’t want the client object 
to know which of these objects will actually do it. 
Field notes: This pattern can be used to chain potential candidates to perform an action together.  A variation of Chain 
of Responsibility is to not stop when one object performs its function but to allow each object to do its action. 
 

Iterator Indicators in analysis and design: We have a collection of things but aren’t clear what the right type of collection to 
use is. 
You want to hide the structure of a collection.  Alternatively, you need to have variations in the way a collection is 
traversed.  
Indication pattern is not being used when it should be: Changing the underlying structure of a collection (say from 
a vector to a composite) will affect the way the collection is iterated over. 
Variations encapsulated: Type of collection used.  
Field notes: The Iterator pattern enables us to defer a decision on which type of collection structure to use. 
 

Mediator Indicators in analysis and design: Many objects need to communicate with many other objects yet this 
communication cannot be handled with the observer pattern. 
Indication pattern is not being used when it should be: The system is tightly coupled due to inter-object 
communication requirements. 
Field notes: When several objects are highly coupled in the way they interact, yet this set of rules can be encapsulated 
in one place. 

Memento Indicators in analysis and design: The state of an object needs to be remembered so we can go back to it (e.g., undo 
an action). 
Indication pattern is not being used when it should be: The internal state of an object is exposed to another object.  
Or, copies of an object are being made to remember the object’s state, yet this object contains much information that is 
not state dependent.  This means the object is larger than it needs to be or contains an open connection that doesn’t 
need to be remembered. 
Field notes: This pattern is useful only when making copies of the object whose state is being remembered would be 
inefficient. 
 

Observer Indicators in analysis and design: Different things (objects) that need to know when an event has occurred.  This list 
of objects may vary from time to time or from case to case. 
Indication pattern is not being used when it should be: When a new object needs to be notified of an event 
occurring the programmer has to change the object that detects the event. 
Variation encapsulated: The list of objects that need to know about an event occurring. 
Field notes: This pattern is used extensively in the JFC for event handling and is supported with the Observable class 
and Observer interface. 
 
 

Proxy – 
access-
ability 

Indicators in analysis and design: Are any of the things we work with remote (i.e., on other machines)? An existing 
object needs to use an object on another machine and doesn’t want to have to worry about making the connection (or 
even know about the remote connection). 
Indication pattern is not being used when it should be: The use of an object and the set-up of the connection to the 
object are found together in more than one place.   
Field notes: The Proxy is a useful pattern to use when it is possible a remote connection will be needed in 
the future.  In this case, only the Proxy object need be changed  - not the object actually being used. 
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DECOUPLING PATTERNS 
How it is implemented 
 

Class Diagram Pattern  

Define an abstract class that represents possible handlers of a 
function.  This class contains a reference to at most one other 
object derived from this type. Define an abstract method that 
the client will call.  Each derived class must implement this 
method by either performing the requested operation (in its 
own particular way) or by handing it off to the Handler it refers 
to.  Note: it may be that the job is never handled.  You can 
implement a default method in the abstract class that is called 
when you reach the end of the chain. 

Client

Handler_A

+ handleRequest()

Handler_B

+ handleRequest()

Handler

+ handleRequest()

 

Chain of 
responsi-
bility 

Define abstract classes for both collections and iterators.  Have 
each derived collection include a method which instantiates the 
appropriate iterator.  The iterator must be able to request the 
required information from the collection in order to traverse it 
appropriately. 

Client
Collection

+ createIterator()
+ append()
+ remove()

Iterator

+ first()
+ next()
+ currentItem()

List

Vector

IteratorList

IteratorVector

 

Iterator 

Define a central class that acts as a message routing service to 
all other classes. 

aMediator

aColleague

aColleague

aColleague

aColleague

 

Mediator 

Define a new class that can remember the internal state of 
another object.  The Caretaker controls when to create these, 
but the Originator will actually use them when it restores its 
state. 

Caretaker

Originator

+ setMemento(m : Memento)
+ createMemento()

Memento

+ getState()

Originator creates memento and can later
ask it for information about an earlier state.

 

Memento 

Have objects (Observers) that want to know when an event 
happens, attach themselves to another object (Subject) that is 
actually looking for it to occur. When the event occurs, the 
subject tells the observers that it occurred.  The Adapter 
pattern is sometimes needed to be able to implement the 
Observer interface for all the Observer type objects. 

notify: 
  for all observers:
    call update()

ObserverA

+ update()

ObserverB

+ update()

Subject

+ attach()
+ detach()
+ notify()

Observer

+ update()
attach/detach

Use adapters if observers 
have different interfaces

Observer 

The Proxy pattern has a new object (the Proxy) stand in place 
of another, already existing object (the Real Subject). The 
proxy encapsulates any rules required for access to the real 
subject.  The proxy object and the real subject object must 
have the same interface so that the Client does not need to 
know a proxy is being used.  Requests made by the Client to 
the proxy are passed through to the Real Subject with the 
proxy doing any necessary processing to make the remote 
connection. 

Client Abstract

+ operation()

RealSubject

+ operation()

realsubject->operation()

to proxy

Proxy_Remote

+ operation()

 

Proxy – 
access-
ability 
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MODEL VIEW CONTROLLER and ANALYSIS MATRIX 
Model-
View-
Controller 

View

- myModel
- myCont roller

+ initial ize(Model)
+ makeController()
+ activate()
+ display()
+ update ()

Mo del

- CoreData
- SetOfObservers

+ attach(Observer)
+ detach(Observer)
+ notify()
+ getData()

Observer

+ update()

Controller

- myModel
- myView

+ initial ize(Model, View)
+ handleEvent()
+ update()

attachget data

subject

Observer

ConcreteObservers

there is no concrete subject in 
this exam ple

attach

service

display

The Model-View-Controller (MVC) is primarily used when building GUIs.  However, it can be used 
anytime you have an interactive type system.  It is used to de-couple your data, your presentation of the 
data and the logic for handling the events from each other.  

 
Use the Analysis matrix to collect variation between the different cases you have to deal with.  Do not try 
to make designs from it while you are collecting it.  However, the consistencies and inconsistencies 
between the cases will give you clues.  Remember, we will implement the rows as Strategies, Proxies, 
Decorators, Bridges, etc.  We will implement the columns with the Abstract Factory. 

  Case 1 Case 2 Case 3 Case 4 
one thing that 
is varying 
 

    

another thing 
that varies 

 
 
 

   

still another 
thing that 
varies 

 
 
 

   

… … 

 

   

These are the concrete implementations for the ways to whatever is 
varying that is listed on the left. 

These are the concrete implementations for the ways to whatever is 
varying that is listed on the left. 

These are the concrete implementations for the ways to whatever is 
varying that is listed on the left. 

 

The 
Analysis 
Matrix 

 
 Case 1 Case 2 Case 3 Case 4 

one thing that is 
varying 

    

another thing that 
varies 

    

still another thing 
that varies 

 
 

   

… 
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THINGS TO LOOK FOR 
 

Guide to finding patterns in the problem domain 
 
Is there variation of a business rule or an implementation? 
Do we need to add some function? 
 
 Strategy –  do we have varying rules? 
 Bridge –   do we have multiple implementations? 
 Proxy –   do we need to always add some new functionality to something that already exists? 
 Decorator –  do we have additional functionality we may need to apply, but what we add varies? 
 Visitor –   do we have new tasks that we will need to apply to our existing classes? 
 
Are you concerned with interfaces, either changing, simplifying or handling disparate type objects in the same way? 
 
 Adapter –   do we have the right stuff but the wrong interface?  (used to fit classes into patterns as well) 
 Composite –  do we have units and groups and want to treat them the same way 
 Façade –   do we want to simplify our interfaces? 
 Proxy –   do we want to incorporate a rule to access something without affecting any other class? 
  
Are we trying to decouple things? 
 
 Observer –  do things need to know about events that have occurred? 
 Chain of Responsibility – do we have different objects that can do the job but we don’t want the client object know 
    who is actually going to do it? 
 Iterator –   do we want to separate the collection from the client that is using it so we don’t have to worry 
    about having the right collection implementation? 
 Mediator –  do we have a lot of coupling in who must talk to who? 
 State –   do we have a system with lots of states where keeping track of code for the different states is difficult? 
 
Are we trying to make things? 
 
 Abstract Factory –  do we need to create families (or sets) of objects? 
 Builder -    do we need to create our objects with several steps? 
 Factory Method –  do we need to have derived classes figure out what to instantiate?  
 
 
 
Remember the relationship between commonality/variability analysis, the conceptual, specification, implementation 
perspectives and how these are implemented in object-oriented languages. 
 

Commonality
analysis

Variability
analysis

Conceptual
perspective

Specification
perspective

Implementation
perspective

Abstract
class

Operations

by looking at what
these objects must do
(conceptual perspective)
we determine how to
call them (specification
perspective)

When implementing these classes, ensure that
the API provides sufficient information to

enable  proper implementation and decoupling

Concrete
class

Operations

Concrete
class

Operations
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A Better Way to Do Staff Supplementation 
 

Our primary consultant, Alan Shalloway, is available for part-time consulting.  Because he can provide mentoring to other team members 
as well as perform development duties, his part-time contribution can impact a team as much as most full-time contractors.  On long-term 
contracts, he can also teach any of Net Objectives’ courses informally over the term of the contract at contracting rates. This both lowers 
your overall cost and increases knowledge transfer. 
 

 

Quality Training 
 

Object-Oriented Analysis and Design 
 Design Patterns for Beginners and Experts 
  Java and C++: making use of the OO Paradigm 
   Extreme Programming, Agile Development 
    XML 

 
 

On-Site Courses 
Available! 

_______________________________________________________________________________________________________________________________________________________________________________________________________________ 

 

"If I were tasked with bringing in 
an outside design course, Net  

Objectives’ would be on the top of 
my list" - John Terrell, Microsoft  

 

�“Two things in life are certain: death and taxes” – Ben Franklin 
 

“In the information age, three  things in life are certain – death, 
taxes, and  requirements will change” – Alan Shalloway 

 

 

Pattern Oriented Design: OO at Either an Advanced or Introductory Level 
 

This is our premier course.  We have developed a practical, easy to understand way to take advantage of the latest advances in object-
oriented technology.  This course is offered in both two and three day versions.  The two day version assumes participants already 
understand basic object-oriented concepts.  The three day version provides an introduction to object-oriented design before going into 
pattern-oriented design. 
 

Pattern Oriented Design contrasted with Object-Oriented Design 
Pattern oriented design is a powerful method for creating application designs that can accommodate changing requirements more robustly 
than standard methods.  It is based on the principles espoused by Christopher Alexander, the ‘father of patterns’. It transcends older design 
techniques that result in inflexible, difficult to maintain, inheritance hierarchies. Additionally, design patterns are taught in a way to 
illustrate the underlying principles on which they are based – further improving your design methods. 

 

Object-Oriented Analysis for Developers 
 

This two day course centers on use-cases and CRC (class-responsibility-collaboration) cards.  We have updated these technologies to 
include using design patterns in the areas of analysis where appropriate.  The course also includes looking at communication problems 
between developers and clients.  By improving these communications, we can improve our requirements. 

 

Object-Oriented Analysis for Project Managers 
 

This one day course centers on use-cases and project planning.  It focuses on the role of the Project Manager in a software development 
project.  How to gather requirements, track them and ultimately schedule their development is covered along with risk mitigation. 

 

A Word About Our OOA & OOD Courses 
 

Although we offer these courses modularly, we have designed them to work together.  Our developer OOA course, paired with our Pattern 
Oriented Design course presents a complete introduction to the object-oriented development paradigm. 

 

 

Java and C++ Object-Oriented Programming 
 

All of our language courses teach how to use the language as a way to implement OO designs.  Purpose and technique are well integrated.  
This prepares participants to actually use Java or C++ in the real world.  Merely teaching syntax is not sufficient as the object-oriented 
paradigm must be understood in order to best take advantage of these languages. 
 

Get more info!  Call Alan 
Shalloway at 425-260-8754 

 

25952 SE 37th Way 
Issaquah, WA  98029 

info@netobjectives.com            
www.netobjectives.com 
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InputStream class, 250 instance, 
17, 21, 27 instantiation 

and abstract classes, 19 
and Bridge pattern, 152 
defined, 17, 27 
and Factory Method pattern, 287, 288 



33O       Index 

instinct, paying attention to gut, 65 
intent, design pattern, 79 Interaction 
Diagram, 30, 38-40 interface, object's 
public, 16, 20 Internet retailing. See 
e-tailing case study is-a relationship, 18, 
31, 34, 214 Ishikawa, Sara, 72 Iterator 
pattern, 299 

K 

KADS, 77 
Knowledge Analysis and Design Support, 

77 

L 

locking, double-checked, 260 
  

J 

Java 
and Bridge pattern, 150, 152 
code examples 

drawing circles/rectangles, 127, 
129-130 implementing 

CAD/CAM V1 
methods, 61 implementing 

CAD/CAM V2 
methods, 62 

implementing ResFactory, 172 
instantiating CAD/CAM V1 features, 

60 instantiating CAD/CAM V2 
features, 

61-62 
using Adapter pattern, 101 using 
Bridge pattern, 127, 129-130, 

147-149 
using Decorator pattern, 246-247 
using Double-Checked Locking 

pattern, 261 
using Observer pattern, 270-271 
using polymorphism to solve 

problem, 168 
using Singleton pattern, 257 using 
switch to control device driver, 

165 
and Observer pattern, 272 recommended 
books on, 316-317 and Singleton pattern, 
259 and stream I/O, 250 
java.io.InputStream class, 250 Johnson, 
Ralph, 80. See also Gang of Four 

M 

machine-readable instructions, 48 
maintenance, effect of class explosion on, 

64, 65 
makeDB method, 286 
McConnell, Steve, 8 
Mediator pattern, 299 
member, 27 memory 
leak, 259 methods 

defined, 14, 27 
defining parameters for, 235 
encapsulation of, 114 
redundancy among, 63 

special types of, 24-26 Meyer, Bertrand, 15, 
218 minus sign (-) access notation, 33 
model, CAD/CAM, 48 modeling language, 
29. See also UML modifiability, code, 85 
modularity, containing variation with, 7-8 
motivation, object, 112 multithreaded 
applications, 255, 258-259, 261 

N  

NC machine, 48 
NC set, 48, 49, 50, 206 
Note symbol, UML, 36 
notification, event, 266-267, 268, 274 
notify method, 268 



Index      331 

notifyObservers method, 272 
NULL test, 258, 260 numerical control 
set. See NC set numerically controlled 
machine, 48 

o 

Object Adapter pattern, 103 
object-oriented geometry, 54 
object-oriented paradigm, 14-27 

and design patterns, 71, 85, 305-306 
Bridge pattern, 156 Observer pattern, 
275 Strategy pattern, 237 and 
encapsulation, 20, 21, 112 and Fowler's 
perspectives, 15-16, 19, 

21 
limitations of 1980s approach to, 1 
modeling language for, 29 (See also 

UML) 
and polymorphism, 20-21 recommended 
books on, 314-316 and reuse of classes, 
114 summary of key concepts, 26, 
305-306 terminology, 21, 27 types of 
accessibility in, 20 object-oriented 
programs. See also object-oriented 
paradigm CAD/CAM example, 57-68 "Go 
to the next classroom" example, 

17-18 
Shapes example, 4, 22-23 
strategies for designing, 85 object 
wrappers, 104 Object:Class 
notation, 40 ObjectlnputStream 
class, 250 objects 

advantage of using, 14-15 
chaining, 243-244, 250, 252 
creating new interface for, 96, 104 
decoupling, 264 defined, 14, 21, 27 
defining one-to-one dependency 
between, 266 

encapsulation of, 114 organizing 
around classes, 16-17 public interface of, 
16, 20 responsibilities of, 15-16, 
110-111 traditional vs. new view of, 
110-112 wrapping tests on, 252 

Observable class,  267, 272 
Observer interface, 267, 272 
Observer pattern, 266-277 and Analysis 

Matrix, 299 code examples, 270-271, 
276-277 and e-tailing case study, 
267-272 intent/purpose of, 266, 273 
Java implementation of, 272 key 
features of, 273 and object 
dependencies, 266, 274 object-oriented 
principles used in, 275 simplified view 
of, 273 when to use, 274-275 

"once and only once" rule, 144-145 
"one at a time" rule, 192 
"one rule, one place" strategy, 144-145, 

156 
OOG, 54 
OOGFeature object, 106 
open-closed principle, 218 
Oracle database, accessing, 279-282 
order processing, e-tail system, 292-302 
outermost patterns, 203 

P 

parallel hierarchies, 287 
paralysis by analysis, 136, 225, 230 
parameters, UML, 235 
part, CAD/CAM, 48 
Pattern-Accelerated Software Engineering, 

318 
pattern languages, 194, 195, 222 patterns. 
See also design patterns; specific  

patterns  
categories of, 263-265 components 
required for describing, 76, 78-79  



332       Index 

patterns, continued 
and contextual design, 310 
defined, 1, 74 
deriving, 138 
determining relationships between, 
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