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Since the publication of the book Design Patterns: Elements of Reusable 

Object-Oriented Software by the Eric Gamma, Richard Helm, Ralph Johnson, and 

John Vlissides, there has been substantial interest in design patterns in the software 

engineering community. One of the goals of design patterns is to capture design 

expertise developed by some of the most experienced developers so that it can be 

reused even by less experienced programmers. Like other engineering disciplines, the 

authors presented their materials using a catalog format. That format can present 

problems for students and practitioners. As an alternative, we suggest to first replace 

the text-based description with a web-based description to make it easier to browse 

through the information. Second, we suggest using more graphical design 

representations for pattern descriptions to reduce the amount of necessary textual 

details. Using the process of reverse engineering, we recreate the original design 

representations of various pattern implementations. Third, we provide additional 

graphical representations to relate the. general pattern description to specific 

implementations. Finally, we provide a web-based prototype of the new 

representation and shows how a user can take advantage of such representations. 
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1. INTRODUCTION 
In our daily programming activities, we encounter many problems that have 

occurred, and will continue to occur. The question we often ask ourselves is how are 

we going to solve it this time. Documenting patterns is one way that we can reuse and 

possibly share the information-that we have learned about how best to solve a specific 

program design problem. Patterns help create a shared language for communicating 

insight and experience about these problems and their solutions with the primary 

focus not so much on technology as it is on creating a culture to document and 

support sound engineering architecture and design. Science or engineering disciplines 

often attempt to express in a vocabulary or a catalog format its concepts and a 

language for relating them together. It is not any different in the software engineering 

community. Recently, software patterns have been one of the hottest topics to come 

out of the object-oriented community. With software patterns, the goal is to create a 

body of literature to help software engineers resolve common difficult problems 

encountered in daily development activities. 

Software patterns have gotten very.popular with the wide acceptance of the 

book Design Patterns: Elements of Reusable Object-Oriented Software by Eric 

Gamma, Richard Helm, Ralph Johnson, and John Vlissides, frequently referred to as 

the Gang of Four or GoF. They focused primarily on documenting patterns in a 

catalog foimat in ways similar to other engineering discipline such as electrical and 

civil engineering. The format, along with some very difficult patterns documented in 

the book, can present issues for students and practitioners who are getting introduced 

to software patterns. 



First, the text-based presentation of patterns can be difficult to browse 

through. It is difficult to quickly locate information of interest. The authors used the 

standard pattern template described in their book to present all 23 design patterns. 

The template includes 13 different sections (See section 2.5 for more details); each 

section includes important information that can affect the selection and 

implementation a particular pattern. Therefore, each of the 13 sections has to be taken 

into consideration when selecting a pattern. That can be an issue for students and 

practitioners looking to quickly assimilate and apply design patterns to solve their 

problems. 

Second, the text-based description is limited. The examples provided in the 

book are incomplete. Instead of providing small and complete solutions, the book 

provided code implementation primarily for the areas where the patterns are 

implemented. 

Third, the Gang of Four used the OMT notation in their book to describe 

various design patterns' structures. But the notation is also limited in expressing 

certain design constraints that can arise during analysis or design stages. A more 

complete notation such as UML can therefore be used to describe these design 

patterns and more importantly express these constraints. 

Finally, it is difficult to relate the general pattern descriptions to specific 

implementations of the pattern. There is no smooth transition from the general pattern 

description to the specific implementations. While most patterns' implementations are 

within specific contexts, it is often unclear how the components of the 

implementations are related to the components of the general structure of the patterns. 
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A graphical-based solution should provide a basis for understanding the natural 

progression from general pattern descriptions to specific pattern implementations. 

1.1 Purpose of the Thesis 
The purpose of this thesis is to propose alternative solutions to address these 

issues. These problems are not necessarily associated with the pattern description 

themselves but rather with the way they are presented. 

• First, we want to make it easier to browse through the materials. We propose to 

substitute the text-based description of design patterns as presented by the GoF 

with a web-based description. The new format would eliminate any length 

constraint that might be necessary for a book presentation. It would allow us to 

extend the GoF s work to include additional implementations of the same pattern 

in different contexts. 

• Second, we want to focus more on a graphical-based description of patterns 

instead of a test-based description. We want to put the emphasis on diagram 

representations of design pattern implementations. Therefore, we replace the 

OMT notation with the UML model tq.provide additional notations not included 

in the OMT. Then, through the process of reverse engineering using the sample 

code provided with each pattern description, we recreate the design 

representations of each pattern implementation. 

• Third; we extend the material provided in the book to make it more complete. We 

first use the UML model to describe the creational pattern implementations. Then, 

we show variations of a particular pattern's implementation. We also model the 
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relationships between various creational patterns. Finally, we model the 

relationship of specific pattern implementations to general pattern structures. 

• Finally, we develop a web-based prototype to prove our concepts. We think that it 

provides pattern users an easier way to explore the world of design patterns. We 

think such features would not only help pattern users in understanding and using 

design patterns, but also increase the awareness on some of their benefits. Four 

years after the publication of their famous book, the GoF book was released on 

CD and an online release followed thereafter. The format was changed to the now 

popular web-based format. However, the content did not change, so even this 

version suffers from the problems that we have identified in this study. 

The next section of the chapter covers the scope of the thesis, which includes 

a brief description of each of the subsequent chapters. 

1.2 Scope of the Thesis 
The GoF book covers three categories of patterns: creational, behavioral, and 

structural patterns. However, for the purpose of this thesis, we focus only on the 

creational patterns. In particular, we discuss the Abstract Factory, Factory methods, 

Builder, and Prototype patterns, enough to allow us to prove our points. Moving away 

from the catalog format, we use the process of reverse engineering to recreate the 

original design representations of the pattern implementations of the maze game. We 

use the UML notation instead of the OMT used by the Go F. By having these design 

representations side by side, we think it can be easier to study and understand design 

patterns and their implementation, differentiate between them by comparing their 

4 



graphical representations, and more important have the necessary knowledge to select 

and apply one in daily programming tasks. 

The following is an outline of the remaining chapters: 

• Chapter II presents background information about other works done in the areas 

of design patterns. We also· review some of the most important object-oriented 

concepts widely used in pattern discussion. We present a brief overview of the 

UML notation and compare it to its predecessor OMT. We conclude the chapter 

with an in-depth look at GoF's pattern presentation. 

• Chapter III covers the creational patterns, particularly Abstract Factory, Factory 

Method, Builder, and Prototype patterns as presented in the GoFbook. We 

discuss problems and issues encountered with the way the material is presented. 

• Chapter IV provides alternative solutions to most of the problems discussed in 

chapter III. The chapter makes extensive use of the UML notation for all the 

graphical representations. 

• Chapter V presents a web-based prototype for implementing and presenting 

patterns. It covers the added benefits o_fthis format over the text-based 

presentation. 

• Chapter VI reviews the work presented in the paper, summarizes the lessons 

learned, and presents some recommendations for pattern applications. The chapter 

ends With a brief summary the study along with some concluding remarks. 
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2 PATTERN BACKGROUND 
In this chapter, we first present some general background information about 

pattern definition. We also talk a little bit about design pattern history, especially how 

it got started and by whom. Then we cover different types of patterns such as 

architectural patterns, design patterns, and implementation patterns. Next, we identify 

some of the most essential pattern components and describe one of the most popular 

and widely used pattern templates developed by the GoF. We review some of the 

most important object oriented concepts such as inheritance and object composition. 

These notions are extremely important in order to understand and make use of design 

patterns. They bring about the subtle differences between various pattern descriptions 

and implementations. We end the chapter with a review of two of the most widely 

used object oriented class notations in the software engineering community: OMT 

and UML models. 

2. 1 Pattern Definition 
Patterns can have many definitions and some are more accepted in the pattern 

community than others. BrianT. Kurotsuchi, in his article "Wonderful World of 

Design Patterns" [Brian96], defines patterns as devices that allow programs to share 

knowledge about their design. In "Understanding and Using Patterns in Software 

Development" article [Brad97], Dirk Riehle and Heinz Zullighoven defined patterns 

as the abstraction from concrete form which keeps recurring in specific non-arbitrary 

contexts. But as Brad suggested it, a pattern is more than just a solution to a recurring 

problem. The problem needs to occur within a certain context, with numerous 
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constraints, concerns, and trade-off. This definition indeed coincides with the notion 

that a pattern is geared toward solving problems in design that is prevalent in the 

software engineering community. According to James 0. Coplien, in his article "A 

Pattern Definition" [JamesOC], Christopher Alexander, who was the pioneer of 

patterns in the early 1970, describes patterns as a three-part rule, which expresses a 

relation between a certain context, a problem, and a solution. Alexander went on to 

explain: 

"As an element in the world, each pattern is a relationship between a certain 
context, a certain system of forces which occurs repeatedly in that context, and a 
certain spatial configuration which allows these forces to resolve themselves. 

As an element of language, a pattern is an instruction, which shows how this 
spatial configuration can be used, over and over again, to resolve the given system 
of forces, wherever the context makes it relevant" (JamesOC, pp. 2). 

The GoF defmes design patterns as descriptions of communicating objects 

and classes that are customized to solve a general design problem in a particular 

context [Gamma94]. Many scholars have indeed agreed that it is difficult to describe 

pattern in simple terms. The concept is hard to define in a simple sentence. Alexander 

himself, one of the pioneers of pattern, ins~ead of writing a one sentence definition of 

what a pattern is, wrote a 550 page book A Timeless Way of Building to do so. Others 

describe pattern using examples or analogies. 

But regardless of the definition, James 0 Coplien [JamesOC] thinks that a 

gO<;>d pattern will do the following: 

1. It solves a problem: Patterns capture solutions, not just abstract principles or 
strategies. 

2. It is a proven concept: Patterns capture solution with a track record, not theories 
or speculations. 

3. The solution isn't obvious: Many problem-solving techniques such as software 
design paradigms or methods try to derive solutions from first principles. The best 
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patterns generate a solution to a problem indirectly, a necessary approach for the 
most difficult problems of design. 

4. It describes a relationship: Patterns don't just describe modules, but describe 
deeper system structures and mechanisms. 

5. The pattern has significant human component. All software serves human comfort 
or quality oflife (JamesOC, pp.2) 

Although it is difficult to agree on a single definition of pattern, most will 

agree that patterns offer many advantages and benefits. Expertise is an intangible but 

unquestionably valuable commodity. People acquire it through hard work and 

perseverance. Capturing expertise is a challenge, communicating it is another, and 

assimilating it is yet another. Design patterns make it easier to reuse successful 

designs and architectures. Expressing proven techniques as design patterns makes 

them more accessible to developers of new systems. Design patterns raise the 

abstraction level at which people design and communicate design of software 

applications. Design patterns help you choose design alternatives that make a system 

reusable and avoid alternatives that compromise reusability. One of the goals for 

using design patterns is to help developers get a design right faster. 

2.2 Kinds of Patterns 
Due to the overwhelming acceptance of the GoF book, much of the initial 

pattern focus in the software community has been on design patterns. The term 

"design pattern" often is used to refer to any pattern, which directly addresses issues 

of software architecture, design, or programming implementation [Brad97]. But many 

choose to make an important distinction between these three conceptual levels by 

categorizing them into architectural patterns, design patterns, and idioms or coding 

patterns. Brad Appleton, the author of "Patterns and Software: Essential concepts and 

Terminology" article [Brad97], described these concepts as follows: 
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"An architectural pattern expresses a fundamental structural organization or 
schema for software systems. It provides a set of predefined subsystems, specifies 
their responsibilities, and includes rules and guidelines for organizing the 
relationships between them. 
A design pattern provides a scheme for refining the subsystems or components of 
a software system, or the relationship between them. It describes commonly 
recurring structure of communicating components that solves a general design 
problem within a particular context. 
An idiom or code pattern is a low-level pattern specific to a programming 
language. An idiom describes how to implement particular aspects of components 
or the relationship between them using the features of the given language". 
(Brad97, pp. 4) 

These three kinds of patterns differ in their corresponding levels of abstraction and 

detail. Architectural patterns are high-level strategies that concern large-scale 

components and the global properties and mechanism of a system. Design patterns 

are medium-scale tactics that flesh out some of the structure and behavior of entities 

and their relationships. They do not influence overall system structure, but instead 

define micro-architectures of subsystems and components. Idioms are paradigm-

specific and language-specific programming techniques that fill in low-level internal 

or external details of a component's structure or behavior [Brad97]. Riehle and 

Zullighoven [Brad97], in their book Understanding and Using Patterns in Software 

Development, also make the distinctions between analysis, design, and 

implementation patterns. They refer to them as conceptual patterns, design patterns, 

and programming patterns and defined them as follow: 

"A conceptual pattern is a pattern whose form is described by means of terms and 
concepts from an application domain. 
A aesign pattern is a pattern whose form is described by means of software 
design constructs, for example objects, classes, inheritance, aggregation and use
relationship. 
A programming pattern is a pattern whose form is described by means of 
programming language constructs". (Brad97, pp. 7) 
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When comparing and contrasting these two sets of definitions, it appears that 

programming patterns are identical to idioms or code patterns. For the other types, the 

authors chose to differentiate them either by their architectural scope or by whether 

they employ language from the problem space or the solution space. 

2.3 Pattern History 
The use of design patterns is a recent software engineering problem-solving 

discipline that emerged from the object-oriented community. According to Brad 

Appleton [Brad97], patterns are a literary form of software engineering problem-

solving discipline that has its roots in a design movement of the same name in 

contemporary architecture, literate programming, and the documentation of best 

practices and lessons learned in all vocations. According to James 0 Coplien, in his 

article "Software Patterns" [JamesOC], patterns have roots in many disciplines, 

including literate programming, and most notably in Alexander's work on urban 

planning and building architecture. In the early 1970s, architect Christopher 

Alexander wrote two books on patterns, A Pattern Language and A Timeless Way of 

Building. He described a pattern as 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. Although he was referring to the patterns in buildings and towns, the same 

concept is applicable to software, object oriented software in particular. The goal is to 

capture design experience in a form that people can use effectively. 

Patterns have been used in other domains such development organization and 

process, exposition and teaching, and software architecture. According to BrianT. 
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Kurotsuchi in his article "Design Patterns" [Brian96], the pattern movement was very 

quiet until 1987 when patterns appeared at an OOPSLA conference. In 1987, Ward 

Cunningham and Kent Beck developed a small five-pattern language to help novice 

Smalltalk programmers. The results were published in the paper "Using Pattern 

Languages for Object-Oriented Programs". In 1991, Jim Coplien compiled a catalog 

of C++ idioms and later published them as a book Advanced C++ Programming 

Styles and Idioms. In 1993, Kent Beck and Grady Booch sponsored a meeting, the 

first of what is now known as the "Hillside Group". Shortly after, many papers and 

presentations have appeared including now the famous book by the Gang of Four in 

1994. They have been the pioneers in setting the stage for broader and clearer 

discussions about design patterns and provided a baseline from which all subsequent 

discussions about patterns arise. 

2.4 Pattern Components 
Patterns are subjects to interpretations. One person's pattern can be another 

person's primitive building block. Patterns can be described at different levels of 

abstraction. Christopher Alexander said th~t every pattern we define must be 

formulated in the form of a rule which establishes a relationship between a context, a 

system of forces which arises in the context, and a configuration which allows these 

forces to resolve themselves in that context (A Timeless Way of Building, pp. 253). 

Alex~der's pattern description format is often referred to as the "Alexandrian form". 

But the GoF has defined his own format called the "GoF format". 

According to the GoF [Garnma94], a pattern has four essential elements: 
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1. The pattern name which describes the design problem, its solutions, and 

consequences. It provides a short, simple, and unique way to identify the pattern. 

2. The problem which describes when to apply the pattern. It explains the problem 

and its context. 

3. The solution which describes the elements that make up the design, their 

relationships, responsibilities, and collaborations. A pattern solution is like a 

template and is applicable to more than one situation. 

4. The consequences which are the results and trade-off of applying the pattern. 

They are essential and critical in evaluating design alternatives and understanding 

the costs and benefits of applying the pattern. 

2.5 Pattern Templates 
Pattern templates vary from one designer to the next. But the template 

provided by the GoF has been the most popular and widely used in the software 

engineering community. The following is a brief description of each of the pattern 

sections as described in the GoFbook [Gamma94]: 

• Name. The name of the pattern is to convey its essence. A good name is vital and 

often becomes part of one's design vocabulary. 

• Intent. The intent section is a short statement that describes the pattern's 

objectives. It also answers questions about what the design pattern does. 

• Also known as. This section includes other well-known names for the patterns 

that convey certain meanings. 
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• Motivation. This section illustrates a design problem with an example, and shows 

how the pattern solves the problem. The example usually helps in understanding 

the abstract description of the pattern that follows. 

• Applicability. This section includes answers for various questions about the 

situations in which the pattern can be applied or shows examples of poor software 

designs that the patterns can address. 

• Structure. This section shows a graphical representation of the classes in the 

pattern using the Object Modeling Technique (OMT) notation. 

• Participants. Participants are the classes or objects participating in the design 

pattern. 

• Collaborations. This section describes how the participants collaborate to carry 

out their responsibilities. 

• Consequences. This section explains how the pattern supports its objectives and 

defines the trade-off and results of using the pattern. It also addresses aspects of 

the system structure a designer or developer can vary independently. 

• Implementation. This section addresses language-specific issues in pattern 

implementation. 

• Sample Code. This section provides code fragments that illustrate how to 

implement a particular pattern in object-oriented environment using C++ or 

-
Small talk. 

• Known Uses. This section contains examples of the pattern application or 

implementation found in real systems. 
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• Related Patterns: The section described how the pattern is related to other 

patterns. It also explains the important similarities and differences between them. 

2. 6 Object Oriented Concepts 
The term "object-oriented" in software means that we organize software 

systems as a collection of discrete objects that incorporate both data structure and 

behavior [Rumbaugh91]. This is a shift from traditional programming where data 

structure and behavior are not quite connected. James Rumbaugh, in his book Object-

Oriented Modeling and Design [Rumbaugh91], identifies four major characteristics 

of an object-oriented system: identity, classification, inheritance, and polymorphism. 

Identity means that data is quantized into discrete entities such as objects 

[Rumbaugh91]. Examples of objects include a window, a binary tree, or a bicycle. 

Classification means that objects are grouped into a class if they have the same data 

structure (attributes) and behavior (operations) [Rumbaugh91]. Examples of classes 

include teachers, students. Attributes of a class student can be graduate or 

undergraduate. A class encapsulates both data and operations [Rumbaugh91]. 

Classes can be either abstract or concrete. An abstract class is a class that 

defines a common interface for its subclasses. Implementations of all of its operations 

are deferred to its subclasses. Therefore an abstract class cannot be instantiated. The 

operations defined by an abstract class but not yet implemented are called abstract 

operations. Classes that are not abstract are called concrete classes. 

Inheritance refers to the sharing of attributes and operations between classes. 

New classes can be defined in terms of other existing classes using class inheritance. 

A subclass therefore ipherits from a parent class all of its data and operations. 
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Polymorphism means that the same operation may behave differently on different 

classes. For example, two classes can define and implement a draw operation, but the 

operation will behave differently depending on whether one is instantiating a 

rectangle object or instantiating a square object. 

Two of the most commonly used object oriented techniques in pattern 

discussions in general and creational pattern implementations in particular are class 

inheritance and object composition. Class inheritance is the process of reusing 

functionality in parent classes. New objects can then be defined in terms of old ones. 

Object composition instead lets objects derive new functionality by assembling or 

composing objects. Both object composition and class inheritance have their 

advantages and disadvantages. Class inheritance is bound at compile-time and 

therefore defined statically. But it is easier to use since the implementation is pretty 

straightforward. Object composition, instead, is defined dynamically at run-time 

through objects acquiring references to other objects. Composition requires objects to 

respect each other's interfaces. Since objects are solely accessed through their 

interfaces, encapsulation is hence preserved. 

2. 7 Object Oriented Models 
Now that we have broadly covered some of the most important object oriented 

concepts; let's focus on how they are represented graphically using software 

model~g techniques. A model is an abstraction of something for the purpose of 

understanding it before building it. Because a model omits nonessential details, it is 

easier to manipulate than the original entity [Rumbaugh91]. Abstraction is a 

fundamental human capability that permits us to deal with complexity. One of the 
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reasons for modeling is to deal with systems or concepts that are too complex to 

understand directly. Models reduce complexity by separating out a small number of 

important things to deal with at a time. There are several popular and widely used 

modeling techniques in the object-oriented community such as the Object Modeling 

Techniques (OMT) developed by James Rumbaugh and the Unified Modeling 

Language (UML) developed as a joint effort by Grady Booch, James Rumbaugh, and 

Ivar Jacobson. OMT and UML models are not fundamentally different. UML can be 

considered as an extension to OMT; it covers areas not included in OMT. Booch, 

Rumbaugh, and Jacobson each developed their own method, and UML is the 

unification of these methods. 

OMT is composed of three primary models, each capturing different aspects 

of the systems: the object model, the dynamic model, and the functional model 

[Rumbaugh91]. The object model is the most important and the most widely used of 

the three models. The object model describes the static aspects of a system while the 

dynamic model focuses on temporal or behavioral aspects of a system. The functional 

model describes functional or transformational aspects of a system. 

A generalization is the relationship between a class and one or more refined 

version of it. The new class is called a subclass and the refmed class is called a 

superclass [Rumbaugh91]. This is also known as class inheritance where the 

subclasses inherit properties of the superclass. Generalization is represented in OMT 

as followed: 
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TextConverter 

;\ 
ASCUCoaverter T extCoaverter TextWicl«d(oaverter 

Figure 2-1: OMT's class generalization representation 

An aggregation, on the other hand, is a strong form of association. An 

aggregate object is made of components and these components are part of the 

aggregate. An aggregate has parts, which in tum have parts. OMT represents the 

aggregation notation as followed: 

Car 

y 
I I I 

Doors Tires Engine 

Figure 2-2: OMT's class aggregation representation 

UML includes the following diagrams, each capturing different aspect or view 

of the system [UML97]: Static structure diagrams which represent classes and objects 

and their interactions, use case diagrams, sequence diagrams, collaboration diagrams, 

statechart diagrams, activity diagrams, implementation diagrams. But our focus is on 

the static diagram description, which captures the static aspect of the system. UML 
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also implements those same 00 concepts. They provide improved notations for 

concepts such as class, object, association, aggregation and generalization. 

The main differences between OMT and UML class diagrams are in the 

graphical representations and various constraints implementation they provided. 

UML introduces the notation of navigability that is not present in OMT. Navigability 

is represented with arrows added to the association lines to provide additional 

information about the relationships between the classes. The role name or association 

name can also be added to provide clarity in describing the relationship between the 

two classes. The added information is especially important when roles are specified 

for a particular association. For example, the association "subscribe to" between 

classes Subscriber and Product needs a "direction" to show who subscribes to what. 

Below is an example of a UML class association with navigability: 

~ogical View 

Subscriber 
subscribe to 

Product 
--------- ----~ 

Name : String = Paul -Name : String = UM News 

-SubscribeO : Boolean 

Figure 2-3: UML's class association with navigability representation 

UML also introduces the concepts of side note, which allows modelers to 

provide additional information on the design. That removes the need for additional 

textual notations to specify design constraints. It also reduces ambiguity in the design 

interpretation Below is a representation of a UML' s class with notes: 
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Logical View 
Maze• MazcOamc::CrcatcComplcxMazc ~ (Mazdluilderl< builder) { 

buikter.BuildRoom( I): 
!/ ... 
builder.BuildRoom( I 00 I): 
return buikler.GctMa.zc(): 

} 

MazeBuilder MazeGame 

CreateComplexMaze(MazeBuilder ): Maze 
BuildRoomO 
BulldDoorO f--MazeBuilder- -----· 
BulldMazeO 
GetMazeO 

Figure 2-4: UML's class diagrams with notes 

UML also introduces the concept of tagged values, a mechanism provided to 

let modelers add new building blocks, create new properties, and specify new 

semantics [UML99]. This notation is used to relate general pattern structures to 

implementation components (See chapter IV for more details). Tagged values are 

referred to as metadata because their values are applied to the classes themselves 

instead of their instances. They are represented as strings enclosed by brackets and 

placed below the name of the class. The following is an example of a class with 

tagged value {Author=Paul}: 

Student University 
{Author-Paul} attends 

Name: FAU 
Name: Jean Doe Address: 50 Glades 
Address:34 NE 5St Blvd 

EnrolllnO Admit() 
Reject() 

Figure 2-S: UML's class with tagged values 

In this chapter, we talked in general about design patterns and reviewed some 

of the object-oriented concepts used to implement them. In the next chapter, we 

review design patterns as presented by the GoF such as creational, behavioral, and 
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structural patterns. In particular, we focus on the creational patterns such as Abstract 

Factory Methods, Factory Methods, Builder pattern, and Prototype pattern. 
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3 CREATIONAL PATTERNS 

3. 1 Design Pattern Presentation 

This chapter focuses on the GoF presentation of design patterns. First, they 

classify patterns in 3 main categories: creational, structural, and behavioral patterns 

[Gamma94]. 

1. Creational patterns focus on the process of object creation. 

2. Structural patterns deal with the composition of classes or objects, and 

3. Behavioral patterns characterize the ways in which classes or objects interact and 

distribute responsibility. 

According to the GoF, creational patterns abstract the instantiation process 

[Gamma94]. They help makes a system independent on how its objects are created, 

composed, and represented. Creational patterns can be either class-based or object

based. A class creational pattern uses inheritance to vary the class that's instantiated, 

whereas an object creational pattern will delegate instantiation to another object. 

Structural patterns, on the other hand, are concerned with how classes and objects are 

composed to form larger structures. Structural class patterns use inheritance to 

compose interfaces or implementations. Structural object patterns, instead, describe 

ways to compose objects to realize new functionality. The added flexibility of object 

composition comes from the ability to change the composition at run-time. That is not 

possible with static class composition. Finally, the behavioral patterns are concerned 

with algorithms and the assignment of responsibilities between objects [Gamma94]. 

Behavioral class patterns use inheritance to distribute behavior between classes while 

behavioral object patterns use object composition rather than inheritance. 
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3.2 Maze Game Example 
A common example, the maze game example, was used in the GoF book to 

illustrate the implementation of the four creational patterns examined in this study. 

The focus of the game is more on how the game gets created, and less on the 

characteristics of the game such as how it is played, how many players and so on. A 

maze is defined as a set of rooms. A room knows its neighbor; possible neighbors 

include another room, a wall, or a door to another room. Each room has four sides: 

east, north, west, and south. The classes room, door, and wall define the components 

of the maze. The following diagram shows the relationships between the classes: 

AhlpSit. 

EnterO 

A 
I I I 

sides Room Wall Door· 

Enter() Enter() Enter() 
MaB SetSide() 

rooms GetSidfiO isOpen 
AddRoom{) 
RoomNo() room.Number 

Figure 3-1: OMT's Original maze game's design representation from the GoF 

The class MapSite is the common abstract class for all the components of a maze. The 

operation Enter has various meaning depending on whether the player is entering a 

room or a door. Implementation of the operation is handled by the subclasses. 

The problem identified with this example is that the CreateMaze function, a member 

function of the class MazeGame which is missing from the original diagram in Fig. 

3.1, is too complicated especially when one considers that all it does is create a maze 

with two rooms. There are obviously ways to make it simpler. The problem here is 

not just the size ofthe function, but also its inflexibility. The maze layout is hard-

22 



coded; therefore any change will require modification of the function and also 

recompilation. Also any change might involve either overriding the function or 

modifying part of it. Either way, the system becomes error-prone and does not 

support reuse. The four creational patterns described in the next sections solve these 

problems by not only making the solution more flexible, but also by promoting code 

reuse. 

The GoF book focuses on two main themes when describing creational 

patterns. First, they encapsulate knowledge about which concrete classes the system 

uses. Second, they hide how instances of these classes are created and put together. 

Therefore all interactions are done through the interface defined by abstract classes. 

That in turn adds a lot more flexibility to the system in terms of what gets created, 

who creates it, and how it gets created, and when [Gamma94]. 

Creational patterns, as we may recall, focus on the process of object creation. 

They isolate the object instantiation process from the client through an abstract 

interface. They are mainly two types of creational patterns: object and class 

creational. The object creational patterns d~legate object instantiation to another 

object. The class creational patterns, on the other hand, use inheritance to vary the 

class that is instantiated. The following is a brief description of each of the four 

patterns of interest for this paper as presented by the GoF: 

1. Abstract Factory methods 

2. Factory methods 

3. Builder patterns 

4. Prototype methods 
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3.3 Abstract Factory Methods 
The Abstract Factory methods, also known as "Kit", use object creational 

pattern. The intent is to provide an interface for creating families of related or 

dependent objects without specifying the concrete classes [Gamma94]. According to 

the authors, the Abstract Factory pattern can be used when the following: 

1. "A system should be independent ifhow its products are created, composed, 
and represented. 

2. A system should be configured with one of multiple families of products. 
3. A family of related product objects is designed to be used together, and you 

need to enforce this constraint. 
4. You want to provide a class library of products, and you want to reveal just 

their interfaces, not their implementations." (Gamma94, pp.88) 

3.3.1 Consequences 

Although the Abstract Factory methods offer some benefits, they also have 

some liabilities. Among the benefits, they isolate concrete classes, thus allowing the 

clients to manipulate instances only through their abstract interfaces. Also they make 

exchanging product families very easy since the concrete factory class appears only 

once in an application when it is instantiated. They also make it easier to change the 

concrete factory an application uses by just replacing the old function declaration 

with a new one. But despite all that, the Abstract Factory interface limits the set of 

products that can be created. 

3. 3. 2 Structure 
The following are the participants for Abstract Factory Methods [Gamma94]. 

The diagram below (Fig 3.2) shows how the participants are related. 

1. AbstractFactory, which declares an interface for operations that create abstract 

product, objects. 
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2. ConcreteFactory, which implements the operations to create concrete product, 

objects. 

3. AbstractProduct, which declares an interface for a type of product, object. 

4. ConcreteProduct, which defines a product, object to be created and implements 

the AbstractProduct interface. 

5. Client, which uses only interfaces declared by AbstractProduct and 

AbstractFactory classes. 

Below is an OMT diagram representation, reproduced from the GoF book 

[Gamma94], depicting how the various participants interact with one another. 

I 

~ ..--------~--------;- Clllftt I 
~0 
0.~0 

.. . 
\. 

I 

I I 
: • • PfocluctA2 1 r flrodtae:t.A1 

... ....... ____ . . . 

. 
' I 
I • • 

1 Abefl~dlild8 .,_ _ _ ........, 

A_ 

Prodl.lct82 I I PraducldJ1 -·· . 

Figure 3-2: Abstract Factory participants 

Concrete factory classes (ConcreteFactoryl and ConcreteFactory2) are responsible 

for implementing the concrete products. They have knowledge of how they are 

represented, assembled, and implemented. That knowledge is kept hidden from the 

client. The client only communicates via the interface, represented by the 

AbstractFactory class, which delegates object creation duties to concrete subclasses. 
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3.3.3 Implementation 
The authors provided some useful techniques for implementing the Abstract 

Factory methods. The pattern can be implemented in many ways. One way is to 

implement this pattern in terms of the Factory Method [Gamrna94] which we discuss 

in section 3.4. The AbstractFactory class just provides an interface for creating the 

objects. The concrete classes ConcreteFactoryl, ConcreteFactory2 are responsible for 

creating them by overriding the factory methods. The AbstractFactory class just 

provides the function prototypes and the subclasses are responsible implementing 

them. Another way is for the Abstract Factory methods to accept inputs parameters in 

order to create multiple objects. The parameter would identify the kind of objects to 

create. 

3.4 Factory Methods 
The Factory Methods, also known as "Virtual Constructor", use the class 

creational pattern. Their intent is to define an interface for creating an object, but let 

the subclasses decide which class to instantiate [Gamrna94]. The Factory Method can 

be implemented in any of these circumstances: 

1. A class cannot anticipate the class of objects it must create. 
2. A class wants its subclasses to specify the objects it creates. 
3. Classes delegate responsibility to one of several helper subclasses and you 

want to localize the knowledge of which helper subclass is the delegate. 
(Gamrna94, pp.l 08) 

3.4. 1 Consequences 
Like the Abstract Factory methods, the Factory methods provide some 

benefits, but also have some shortcomings. Among the benefits, the Factory methods 

eliminate the need to bind application-specific classes into the code. The code only 
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deals with the Product interface. The design becomes more fle~ible and the code can 

work with any user-defined ConcreteProduct classes. Also the Factory methods 

provide hooks 'for subclasses since it is more flexible to create an object inside a 

factory method than it is to create it directly. Finally, the Factory methods connect 

parallel class hierarchies that are direct results of classes delegating responsibilities to 

different classes. But one disadvantage is that the client might have to subclass the 

Creator class just to create a particular ConcreteProduct object. 

3.4.2 Structure 
The following is the list of the participants for this pattern: 

1. Product, which defines the interface of objects the factory method creates. 

2. ConcreteProduct, which implements the Product, interface. 

3. Creator class, which is responsible to create the Product object 

4. ConcreteCreator which overrides the factory method to return an instance of a 

ConcreteProduct. 

The following OMT diagram of the GoF [Garnma94] depicts how the various 

participants interact with one another. 

Clw#IOI' 

FactotyMelhod() 
An()pefation() o-

i 
ConcreteCteator 

F actOI)'Melhod() o- ------i retum new ConcreleProduct, 

Figure 3-3: Factory Method participants' interaction 
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3.4.3 Implementation 
There are various issues to consider when applying the Factory methods. The 

Factory methods can be implemented in many ways depending on what is required. 

The first way is to make the Creator class an abstract class. In doing so, no default 

implementation for the factory methods is provided except for the function prototype. 

The subclasses then have to provide their own implementation. The second way is to 

make the Creator class a concrete class. The factory methods are then defined with a 

default implementation. The subclasses have the option to either override the function 

to add more functionality or use the factory method as is. Finally, the Factory method 

can also accept inputs as parameters in order to create multiple kinds of products. The 

parameter would identify the kind of object to create. 

3.5 Builder Patterns 
The Builder pattern's intent is to separate the construction of a complex object 

from its representation so that the same construction process can create different 

representations {Gamma94]. It uses an object creational pattern. Requests are passed 

between objects via delegation. 

3. 5. 1 Motivation 
Consider a reader for a RTF (Rich Text Format) document exchange format 

that can convert RTF documents into any text format. Although the number of 

possible formats is unlimited, the reader should allow any new conversion without 

any modification in the reader. One solution is to have the RTF reader pass the 

information to a TextConverter object as it parses the document. The TextConverter 

object will then take care of converting the document into any textual representation. 
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Subclasses ofTextConverter will specialize in different conversions and formats. 

Each kind of converter class takes the mechanism for creating and assembling a 

complex object and puts it behind an abstract interface. The converter is separate 

from the reader, which is responsible for parsing an RTF document. The diagram 

below captures the design of such system. New classes of ASCII Converter, 

TeXConverter, and TextWidgetConverter are created to implement each specific text 

format while TextConverter class provides an abstract interface to the reader and can 

be reused for any text representation. 
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Figure 3-4: Builder pattern implementation 

3. 5.2 Consequences 
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The Builder object provides an abstract interface for constructing the product. 

The interface lets the builder hide the representation of the internal structure of the 

product. Also the Builder pattern improves modularity by encapsulating the way a 

complex object is constructed and represented. Finally, the pattern provides the client 

finer control over the construction process. Unlike other creational patterns that create 
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the objects all at once, the Builder pattern uses a step by step process under the 

control of the director class. 

3.5.3 ~tnucture 

The Builder pattern captures all these relationships using the following 

participants: 

1. Builder, which specifies an interface for creating parts of a Product object. 

TextConverter class is an example of Builder class. 

2. ConcreteBuilder, which constructs and assembles parts of the product by 

implementing the Builder interface. Examples of ConcreteBuilder include 

ASCIIConverter, TeXConverter, and TextWidgetConverter. 

3. Director, which constructs an object using the Builder interface. 

4. Product, which represents the complex object under construction. ASCIIText, 

TeXtext, TextWidget are examples of products that get created. 

The OMT diagram below by the GoF [Gamma94] represents the interaction between 

the participants: 

otrector ~ buMdar Bu#Jdfu' -
ConstructO 9 8uildPlll10 

I 

+ 
I 
I 
I 

jeet$ ir'l $1ructur• { 'CI 
- :.BulldPart() ConcreteSQIIder ---- -----1 Product 

BuildPart() 
GetResult() 

Figure 3-S: Builder pattern participants' interaction 
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3.5.4 Implementation 
The Builder class provides an abstract interface for creating various products. 

The interface must be general enough to provide for the construction of products for 

all kinds of concrete builders. The builder methods can be implemented using default 

functions instead of pure virtual functions. The clients then can either use the default 

representation provided or override only the operations they're interested in. 

3. 6 Prototype Patterns 
The Prototype pattern's intent is to specify the kinds of objects to create using 

a prototypical instance, and create new objects by copying this prototype [Gamrna94]. 

We can use the Prototype pattern in the following circumstances: 

1. when a system should be independent of how its products are created, composed, 

and represented 

2. when the classes to instantiate are specified at run-time, for example, by dynamic 

loading 

3. to avoid building a class hierarchy of factories that parallels the class hierarchy of 

products 

.. 
4. when instances of a class can have one of only a few different combinations of 

state 

3. 6. 1 Consequences 
Pr?totype Patterns hide the concrete product classes from the client, thereby 

reducing the number of names clients know about. Beyond that, the Prototype pattern 

provides additional benefits: The users can incorporate a new concrete product class 

into a system at run time simply by registering a prototypical instance with the client. 

They also help reduce subclassing. Unlike the Factory Method that often produces a 
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hierarchy of creator classes that parallels the product class hierarchy, the Prototype 

pattern lets you clone a prototype instead of asking a factory method to make a new 

object. But the main liability of the Prototype pattern is that each subclass of 

Prototype must implement the Clone operation, which may be difficult. 

3.6.2 Structure 
Some of the participants in the Prototype Pattern include: 

1. A Prototype class which declares an interface for cloning itself. 

2. A ConcretePrototype which implements an operation for cloning itself. 

3. A Client class which creates a new object by asking a prototype to clone itself. 

The OMT diagram below from the GoFbook [Gamma94] shows the interactions 

between the various participants: 

CIMnl 
pt'Olotype 

ProtolYfM 

OperalfonO 9 CfoniJ() 

I 

l I 
I 
I 

.... ·->Cioi'MI(), I I 
Concr.tltProt.otype2 ConcreteProlotype1 

CloneO q CJooe() q 

I retum c~y of sen, 

Figure 3-6: Prototype pattern participants' interaction 

3.6.3 Implementation 
'fl!ere are various issues to consider when implementing the Prototype pattern. 

For example, when the number of prototypes in a system can vary at run time, a 

registry of available prototype can be kept to better manage their registration and 

cancellation into the system. Initializing or implementing clone operations can also be 
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very difficult and sometimes tricky especially when object structures contain circular 

references. 

3. 7 Pattern Relations 
Patterns are related to one another, especially those of the same category. 

They can be implemented using other patterns. For example, the Abstract Factory can 

be implemented as a Singleton, a Factory, or a Prototype. The decision is based on the 

requirements and the design issues at hand. Builder pattern is related to both Factory 

and Abstract Factory Methods. But they have some differences. Builder pattern 

creates objects step by step and returns them as a fmal step. Factory and Abstract 

Factory methods create objects all at once and return them immediately. On the other 

hand, Prototype and Abstract Factory are competing patterns. 

3.8 Issues with Pattern Presentation 
We have various concerns and issues with the way design patterns in general 

and creational patterns in particular were described. In the next chapter, we will 

enhance design pattern descriptions by providing some alternative solutions. First, we 

want to improve the pattern models by usi?g UML modeling instead of OMT 

notation so we can express certain-constraints graphically. We want to accentuate 

more on the graphical representation of patterns and use all the available features of 

the notation to clarify the diagrams . 

. Tl'ie second issue is that some of the materials are not complete. Partial code 

that focused on the pattern implementation was provided at the end of each pattern 

presentation. We want to extend that by recreating via reverse engineering the 

diagram representations for all pattern implementations. Some of the diagrams that 
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were presented also included missing information. For example, the MazeGame class 

that did not appear in the original diagram. That class creates a maze with a series of 

operations that adds components to a maze and then interconnects them. Instead of 

partial implementations, we suggest using small examples where the entire scope can 

be covered. 

The third issue is that we think the text-based format makes it difficult for 

students and practitioners to understand and use design patterns. The standard 

template is very complex. Each design pattern has multiple implementation contexts 

with various benefits including trade-off, consequences, and limitations. 

Finally, although the authors talked briefly about pattern relations, they did 

not provide examples on how a pattern can be expressed in terms of other patterns. 

We provide a graphical implementation of the Abstract Factory method using the 

Factory method to illustrate how a pattern can be implemented in terms of another. 

We also discuss other relationship between the patterns such as competing and 

complementary patterns. 

We believe the enhancements can make it easier for students and practitioners 

to browse through the design pattern catalogs and select and implement a pattern that 

fits his requirements. The next chapter addresses these enhancements in more details. 
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4 REVISED CREATIONAL PATTERNS 
In this chapter, we want to extend the work done by the Gang of Four in their 

design pattern book to include more graphical representations of design pattern 

implementations. We believe that it would make it easier for students and 

practitioners to understand and apply software patterns. We propose to extend the 

presentation to a more visual definition and representation of patterns. This is not by 

any means a replacement of the work presented by the GoF, but instead a supplement 

First, we use the four creational patterns described in the previous chapter to 

implement a maze game. We also recreate via reverse engineering the design 

diagrams using the UML notation for all the pattern implementations. The UML 

presentations will be restricted to only the static aspect of the notation. At times, we 

also show variations of the same example in its implementation. Finally, we compare 

the four pattern implementations, bringing out their similarities and differences. 

4.1 The Maze Game Example 
First, let's briefly review the maze problem at hand and discuss the known 

dilemmas of the original design as identified by the Go F. The problem is to 

implement a maze with many rooms; each room has four sides and a door between 

them. Classes of room, door, and wall are all components of the maze. The member 

function CreateMaze of the MazeGame class handles the maze creation. It has 

knowledge of internal structures of the maze layout. The following is the code 

implementation of the example [Gamma94, pp. 82-84]. 

Class MapSite { 
public: 

virtual void EnterO = 0; 
); 
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class Room :public MapSite 
{ 

public: 
Room(int roomNo); 

MapSite * GetSide(Direction) const; 
void SetSide( Direction, MapSite*); 

virtual void EnterO; 
private: 

MapSite* _sides[4]; 
int _roomNumber; 

}; 

class Wall :public MapSite 
{ 

public: 
WallO; 

virtual void EnterO; 
}; 

class Door :public MapSite 
{ 

public: 
Door(Room * = 0, Room* = 0); 

virtual void EnterO; 
Room* OtherSideFrom(Room *); 

private: 
Room* _room]; 
Room* _room2; 
boo/ _isOpen; 

}; 

class Maze { 
public: -

'MazeO; 

void AddRoom(Room *); 
Room* RoomNo(int) const; 

private: 
// ... 

}; 
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Maze* MazeGame: :CreateMazeO 
{ 

} 

Maze* aMaze =new Maze; 
Room* rl =new Room(l); 
Room* r2 =new Room(2); 
Door* theDoor =new Door(rl, r2); 

aMaze-> AddRoom(r 1); 
aMaze-> AddRoom(r 2); 

rl->SetSide(North, new Wall); 
r 1->SetSide(East, the Door); 
rl->SetSide(South, new Wall); 
rl->SetSide(West, new Wall); 

r2->SetSide(North, new Wall); 
r2->SetSide(East, new Wall); 
r2->SetSide(South, new Wall); 
r2->SetSide(West, theDoor); 
return aMaze; 

The GoF themselves recognized many dilemmas with this implementation: 

1. It is very simple, but is not well designed in anticipation of changes. 

2. New characteristics of the maze cannot be added to the system at run-time. 

3. Because it is hard-coded, the maze layout cannot be changed without major code 

change. 

4. The new design does not promote reuse, therefore is error-prone. 

Using the sample code provided, we develop a more complete diagram that 

uses the UML notation. The following is an updated object representation of the 

maze: 
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Logical View 

MazeGame MapSite 

CreateMaze() : Maze +Enter() 

1 .. 1 maze f) L ~ 
l I 

Room Door Wall 

Maze -side(4) : MapSije -isOpen : Boolean 
-roomN1111ber : Integer -room1 : Room +Enter() 

room +Eller() -room2 : Room 
AddRoom() 7 +GetSide() : MapSite Eller() 
RoomNo() : Room 1..n 

SetS ide() 

Figure 4-1: UML class representation of the maze game 

This UML representation is a major improvement over the original diagram (See 

section 3 .2, Fig 3.1 ). Please note that the MazeGame class is missing for the original 

diagram of the Go F. Also we could have added a lot more information in this diagram 

had the GoF provided a more complete solution. For example, we do not show an 

attribute "maze" in MazeGame class, nor do we show an attribute "rooms" in Maze 

class. Yet, there are still tremendous benefits to comparing the two design diagrams 

over comparing the code implementations. Without even looking at the sample code 

provided, as it was the case before, with this design we can now know many of the 

maze characteristics, especially its layout. 

Instance diagram representations are also missing from the GoF presentation. 

At times, they can provide information that usually would not show up in the regular 

design diagrams. The example shows the implementation of the function CreateMaze 

of the MazeGame class. Clearly, the diagram shows a door between two rooms on the 
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West Side of one room and the East Side of the other, something not visible on the 

diagram in Fig 4.1. The diagram below shows the instance diagram ofthe 

CreateMaze function implementation. 

(Wall) (Wall) 

I I 
(Room) (Room) 

_roomNumber-1 _roomNumber = 2 

(Wall) - _skles[1]=North - (Door) I--
_skles[1)=North - (Wall) _skles[2]=South _sides[2]=South 

_ sides[3]=East _ sides[3]=East 
_sides[4]=West _sides[4]=West 

I I 

(Wall) (Wall) 

Figure 4-2: OMT's CreateMaze function's instance diagram 

Let's analyze how the creational pattern implementations address the design 

issues of the maze game. Let' s recall that the creational patterns focus on improving 

the system's object creations, thus adding flexibility to the system design and easing 

the burden of code changes in the future. 

4.2 Abstract Factory Implementation 
First, let's talk about the maze game implementation using the Abstract 

Factory methods. The implementation uses an abstract class MazeFactory to create 

components of mazes such as rooms, walls, and doors between rooms. The class can 

then be passed as argument with specifications about which classes of rooms, walls, 
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and doors to construct. This sample code was provided with the pattern description 

[Gamma94, pp. 92-95]. 

Class MazeFactory 
{ 

public: 
MazeFactoryO; 

virtual .Maze* MakeMazeO const 
{ 

return new Maze; 
} 

virtual Wall* MakeWallO const 
{ 

return new Wall; 
} 

virtual Room* MakeRoom(int n) const 
{ 

return new Room(n); 
} 

virtual Door* MakeDoor(Room* rl, Room* r2) const 
{ 

return new Door(rl,r2); 
} 

}; 

A new version of the function CreateMaze· is also defined. This version removes the 

hard-coded reference to the maze layout as implemented in the original maze. The 

difference between the two is highlighted in bold. The creation of rooms, door, and 

wall objects is encapsulated and parameterized by the factory class. These classes' 

creation or instantiation is hidden behind an abstract interface. The function 

CreateMaze takes a MazeFactory class type as parameter. The client (MazeGame 

class) has no knowledge of the internal structure of the classes that implement the 

rooms, door, and wall objects. The maze layout did not change; both examples still 

40 



implement a maze with two rooms connected by a door. The main difference between 

the two implementations is that now the client can easily specify the type of rooms, 

door, and wall the maze has by simply changing the parameter that is passed to the 

CreateMaze function. For example, the client can specify whether to create a bombed 

maze, or an enchanted maze Without any change in the code except for the parameter 

passed as argument to the function. 

Maze* MazeGame: :CreateMaze (MazeFactory* factory) 
{ 

} 

Maze* aMaze = factory.MakeMazeO ; 
Room* r1 = Jactory.MakeRoom(J); 
Room* r2 = factory.MakeRoom(2); 
Door* aDoor = factory.MakeDoor(r1 , r2); 

aMaze-> AddRoom(r 1); 
aMaze-> AddRoom(r 2); 

r1->SetSide(North,factory.MakeWall0); 
r 1->SetSide(East, aDoor); 
r 1->SetSide(South, factory.Make WallO); 
r1->SetSide(West. factory.MakeWall0); 

r2->SetSide(North,factory.MakeWall0); 
r 2->SetSide(West, aDoor); 
r2->SetSide(South,factory.MakeWall0); 
r 2->SetSide(East, factory.Make WallO); 
return aMaze; ·· 

New categories of mazes can now be created by subclassing the MazeFactory class. 

The new functions will override different member functions and return different 

classes of.room, wall, and doors. 

Class EnchantedMazeFactory: public MazeFactory 
{ 

public: 
EnchantedMazeFactoryO; 

virtual Room* MakeRoom(int n) const 
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{ 

} 
return new EnchantedRoom(n, CastSpe/10); 

virtual Door* MakeDoor(Room* rl, Room* r2) const 
{ 

return new DoorNeedingSpell(r J,r2); 
} 

protected: 
Spell* CastSpellO const; 

}; 

New characteristics of room and wall can also be added to the maze. A subclass of 

MazeFactory, BombedMazeFactory class, ensures that walls are of class 

BombedWall and rooms are of class Room WithABomb. But BombedMazeFactory 

has to override two functions that create the type of room and wall: 

Wall* BombeMazeFactory::MakeWa/10 const 
{ 

return new BombedWall; 
} 

Room* BombedMazeFactory::MakeRoom(int n) const 
{ 

return new Room WithBomb(n); 
} 

We now can call CreateMaze with a BombedMazeFactory class to create a maze with 

bombs. 

MazeGame game; 
BombedMazeFactory factory; 
game. CreateMaze(factory); 

Or we can call CreateMaze with an EnchantedMazeFactory to create a maze with 

enchanted rooms. 

MazeGame game; 
EnchantedMazeFactory factory; 
game. CreateMaze(factory); 
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Due to the flexibility of the design, CreateMaze can in fact take any instance of 

BombedMazeFactory or EnchantedMazeFactory or anyMazeFactory to build various 

types of mazes. The following is the diagram representation of this implementation: 

MapSite 

MazeGame 
4 Enter() 

CreoteMaze(MazeFactory) 
: Mu;e ... p~ 

I I I 
MazeFactory 

1 R- Will Door 

Mabltoom(): ltDom Maze roomNumbtr ioOpea: Boolean 
Mablloor(): Door llidd4t MaDSU E-t) room I : ltDom 
MabWIII():WaD Ealer() room2: ltDom 
MabMue(): MUle AddRDom() -

RoomNo(): ltDom GeiSide(): MlpSile 

~ ~ 
SetS ide() L Ealer() 

~ ~ 
O!herSideFrom() ltDom 

I ~ I 
... beciMazeFadlrJ EllcUakdMazeFKiory ._bedR- ElodloattdR- DoerWWSpell 

Makeltoom(): ltDom 
MabWIII(): WaD 

' ' 

MabRoom(): ltDom 
BombGoneOif. MabDoor(): Door 
Rnnt. ... 

CastSpell(): SpeD 
A A 

llombedWal 

1' 
DoorNeodiasSptD 

fo.. ' ' ' ' ' ' ' ' 
.. _________________________________________________________ _______ _____ ___________________________ _ .. 

Figure 4-3: Abstract Factory implementation of the maze game using UML 

Another variation of this implementation would be to define the MazeFactory 

as a true virtual class. Member functions such as MakeRoom, MakeDoor, Make Wall, 

and MakeMaze would need to first be implemented as true virtual functions. Then 

each subclass such as BombedMazeFactory or EnchantedMazeFactory would be 

forced to implement these functions. Please note the difference between the two 

diagrams.-In the MazeFactory class in Fig 4.4, MakeRoom, MakeDoor, Make Wall, 

and MakeMaze functions are all in italic, which is the UML notation for indicating a 

virtual member function. They are all redefined in both BombedMazeFactory and 

EnchantedFactory classes. On the other hand, in Fig 4.3, only the necessary functions 
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that needed to be changed were redefined in the BombedMazeFactory and 

EnchantedMazeFactory subclasses. For example, in the BombedMazeFactory class, 

only the MakeRoom and Make Wall are redefined. Otherwise, the default 

implementations were used as they were defined. 
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Figure 4-4: Another Abstract Factory implementation of the maze game with virtual functions 

Now instead of comparing the sample code as we did before, we are better off 

comparing the two graphical representations, the original maze representation in Fig. 

4.1 and the abstract factory implementation in Fig 4.3 to understand their differences. 

First, we can see from the original maze diagram that most of the functionality of the 

maze is captured and implemented by a single class, the MazeGame class, that knows 

all the internal details of the maze. Changing the maze layout would mean changing 

quite a few lines of code. In the new Abstract Factory representation however, we can 

outline the following: 

44 



1. The maze characteristics are not only distributed to various classes such as 

MazeFactory, BombedMazeFactory, and EnchantedMazeFactory classes, but they 

are also hidden through an abstract interface. Concrete classes implementations 

are isolated so that the client, the MazeGame class, is not aware of how the 

product objects are created. That allows changes to the maze layout if necessary 

and additional functionality such as changes in the maze characteristics to be 

introduced into the system without any changes in the client. Instead, the client 

manipulates instances through the abstract interface. 

2. New characteristics of the maze layout are implemented by subclassing the 

original classes of door, wall, and room to create BombedWall, EnchantedRoom, 

and DoorWithSpell subclasses and by adding new factory methods or subclasses 

such as EnchantedMazeFactory or BombedMazeFactory. 

3. It is now easier to substitute one product family for the next without much code 

change in the client. Different product configurations are available via the 

concrete factory methods. The product configuration depends on which concrete 

classes get passed as-argument to the CreateMaze function. 

4.2.1 Roles/Participants for Abstract Factory Implementation 
It is difficult if not impossible to relate the specific pattern's implementation 

from Fig 4.3 to the general structure description provided by the GoF in Fig 3.2. The 

GoF did not focus on this issue. Although it might be easier to see that both the 

BombedMazeFactory and EnchantedMazeFactory classes are concrete factory 

classes, it might not always be the case. In some examples, it might be very difficult 

to see the relationships between the general description with a pattern 
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implementation. Until recently there were no standard notation available to specify 

additional information about a class. Then the Unified Modeling Language User 

Guide [UML99] published in 1999 allows users to add additional information to their 

diagrams using the tagged values. This notation allows a set of keyword-value pairs 

to be enclosed inside curly brackets just below the name of a class. These tagged 

values then are metadata describing some characteristics of the class that we want to 

include in the model. In the following diagram we show the relationship between the 

participants of Abstract Factory from Fig. 3.2 to the implementation in Fig 4.3. We 

think this is very imp<>rtant in explaining how the pattern is implemented in this 

particular instance and in determining what roles each component plays. 
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Fi~ure 4-5: Abstract Factory implementation with classes with roles using UML 

In this ·example, the MazeGame class is the client responsible for creating the maze 

through the abstract interface. The MazeFactory class provides an interface to the 

MazeGame class for creating the kind of maze it wants, but hides all the 

implementation details so that the client (MazeGame) is not aware of the concrete 
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classes (BombedMazeFactory or EnchantedMazeFactory) that are instantiated. These 

concrete classes are responsible for creating the concrete products (ProductAl, 

ProductA2, ProductB, and ProductC). The function calls from the client to the 

AbstractFactory class (MazeFactory) for creating either a bombed maze game or an 

enchanted maze game are identical. New class hierarchies can be added to create 

mazes with different characteristics, which in turn alter the kind of room, door, or 

wall to create. 

The same can be done for Fig 4.4, but they will be extremely similar. We 

create a similar diagram for the Builder pattern since it is not easy to relate the 

general pattern to the implementation. Abstract Factory pattern, for example, is very 

close to Factory methods and in fact cari be implemented using Factory methods. (See 

section 4.4 for more details). So it is therefore not necessary to show such a diagram 

for the Factory methods implementation. 

4.3 Factory Method Implementation 
The Factory Method provides a different implementation to the maze game. It 

solves the problem encountered with the maze layout by removing the hard-coded 

classes and thus, making the system more flexible. The factory methods let subclasses 

choose the maze components. The factory method is first defmed in MazeGame class 

used to create the maze, room, wall, and door objects. 

Class MazeGame 
{ 

public: 
Maze * CreateMazeO; 

//Factory Methods 
virtual Maze* MakeMazeO const 
{ 
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return new Maze; 
} 
virtual Room* MakeRoom(int n) const 
{ 

return new Room(n); 
} 

virtual Wall* MakeWallO const 
{ 

. return new Wall; 
} 

virtual Door* MakeDoor(Room* r1, Room* r2) const 
{ 

return new Door(r1,r2); 
} 

) ; 

Each factory method returns a maze component of a given type. MazeGame class 

provides a default implementation that returns the simplest kinds of maze 

components. 

CreateMaze class can therefore be rewritten to take advantage of these new factory 

methods. 

Maze* MazeGame::CreateMazeO 
{ 

Maze* aMaze= MakeMazeO; 

Room* r1 = MakeRoom(J); 
Room* r2 = MakeRoom(2); 
Door* theDoor = MakeDoor(r1, r2); 

aMaze-> AddRoom(r 1); 
aMaze-> AddRoom(r 2); 

· r1->SetSide(North, MakeWallOJ; 
r 1->SetSide(East, the Door); 
r1->SetSide(South, MakeWallOJ; 
r1->SetSide(West, MakeWallOJ; 

r2->SetSide(North, MakeWallOJ; 
r2->SetSide(South, MakeWallOJ; 
r2->SetSide(East, MakeWal/0); 
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r2->SetSide(West, theDoor); 

return aMaze; 
}; 

Now different games can subclass MazeGame and the subclasses can redefine some 

of the factory methods to specify variations in products. For example, a bombed maze 

game can be d~fmed with new characteristics for its rooms and walls. 

Class BombedMazeGame: public MazeGame 
{ 

public: 
BombedMazeGameO; 

virtual Wall* MakeWallO const 
{ 

return new BombedWall; 
} 

virtual Room* MakeRoom(int n) const 
{ 

return new Room WithABomb(n) ; 
} 

}; 

Another variety of the maze game, an enchanted maze game, can also be defined as 

followed: 

class EnchantedMazeGame : public MazeGame { 
public: 

EnchantedMazeGameO; 

virtual Room* MakeRoom(int n) const 
{ 

return new EnchantedRoom(n, CastSpellO); 
} -

virtual Door* MakeDoor(Room* rl, Room* r2) const 
{ 

return new DoorNeedingSpell(rl, r2); 
} 

protected: 
Spell* CastSpellO const; 

}; 
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Due to the flexibility of the design, we can in fact defme MazeGame using either a 

BombedMazeGame class or an EnchantedMazeGame class or anyMazeGame class 

for that matter to build various types of mazes. The following is the UML diagram 

representation of the maze example using the factory methods: 
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Figure 4-6: Factory Method's implementation of the maze game 

Another variation of this implementation would be to defme the MazeGame as a true 

virtual class. Member functions such as MakeRoom, MakeDoor, Make Wall, 

MakeMaze would be implemented as true virtual functions. Then each subclass 

would be responsible to implement these functions internally since no default 

implementation would be provided. 
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' Bo•bedMazeGa•e EacbaatedMazeGame • 
' ' MakcRoomO: Room MakeRoomO : Room , 

MakeDoor(): Door Make Door(): Door ' 
MakeWaiiO : Wall MakeWaiiO : Wall ! : 

isOpen: Boolean 
rooml : Room 

MakeMaze : Maze MakeMazeO:Maze , : : 

L-------------~~---~- - ~---{-_~----~~~~~~-~~=~~~~-~~~====================r~~~~~~~~~~~-----------------: 
Figure 4-7: Factory methods' implementation using virtual functions 

Please note the difference between the two implementations. In Fig 4.7, because the 

MazeGame class is defmed and implemented using true virtual functions, all the 

functions (MakeRoom, MakeDoor, Make Wall, MakeMaze) are redefmed and 

implemented in both concrete classes BombedMazeGame and EnchantedMazeGame. 

Now lets compare this pattern implementation in Fig. 4.6 and 4.7 with the 

original maze representation in Fig. 4.1. The Factory Method implementation 

presents a tremendous improvement over the original maze design. The Factory 

Method has the following advantages: 

1. Because each concrete factory class creates a concrete product, parallel 

hierarchies are developed. The factory method defines the connection between the 

two class hierarchies and localizes the knowledge of which classes belong 

together. For example, concrete class BombedMazeGame knows which 

subclasses BombedDoor and BombedWall classes to use to implement the 

bombed maze game. 
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2. Factory methods eliminate the need to bind application-specific classes into the 

code. Now the client only deals with an abstract interface, MazeGame class. 

Instead of creating the objects directly, the Factory Method provides hooks for the 

subclasses and allows objects to be created inside a class with a factory method, 

thus adding a lot more design flexibility to the system. 

3. New functionality can be added to the system by just implementing a new kind of 

maze game such as BombedMazeGame or EnchantedMazeGame. No change 

would be required in the client interface. The MazeGame interface is all the client 

will be aware of and use. That forces the client to stick to an interface while the 

system implements information-hiding techniques. 

However, the Factory Method has one disadvantage. It uses a single class, the 

MazeGame class, to design and implement the maze layout. This class will get bigger 

as new classes are defmed to provide additional functionality to the system. 

4.4 Abstract Factory vs. Factory Methods 
The Abstract Factory differs from the Factory Method implementation. Let's 

recall that the Abstract Factory's intent is t.o create a family of related objects through 

an abstract interface and keep the concrete classes hidden from the client. Instead, the 

Factory Method's intent is on providing an interface for creating objects and 

delegating responsibilities to subclasses. These differences are apparent from the two 

graphi~al representations of the Abstract Factory in Fig 4.3 and the Factory 

implementations in Fig 4.6. The client implementation, the MazeGame class, is 

different. In the Abstract Factory methods, the client lets another class, the 

MazeFactory class, handle the maze creation. A request is passed to the MazeFactory 
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class for the type of maze to create. The request can also vary because a different 

class object can be passed as an argument to the class that creates the maze. On the 

other hand, the MazeGame class in Factory methods not only takes care of creating 

the maze, but also provides default implementation for the subclasses or concrete 

classes implementation although that's not completely necessary. 

Since the MazeGame class in the Factory Method contains all the factory methods, it 

will be difficult to change. The class will get bigger as he handles more 

responsibilities. On the contrary, in the Abstract Factory, these changes can be added 

to the MazeFactory class without much changes in the MazeGame class except to 

instantiate the appropriate concrete class creator. 

Also the Factory Method abstracts out the common features of the factory 

methods and moves that to the MazeGame class while keeping the specific 

implementation details with each concrete Creator class. In the Abstract Factory 

pattern, these common characteristics were instead put together to create a separate 

class from the client, the MazeFactory class. The client, MazeGame class, is therefore 

kept away from the framework, the set of classes that make up the pattern instance. In 

the Factory method instead, the client, MazeGame class, is part of the framework. 

4.5 Builder Pattern Implementation 
Most of the pattern implementations are closely related to their intent. That is 

quite o?vlous looking at their graphical or design representations. It is not any 

different for the Builder pattern. Let's again review the Builder pattern's intent and 

then compare the maze implementation using the pattern with the original maze 

design. The Builder pattern wants to separate the construction of a complex object 
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from its representation and uses the same construction process to create different 

representations [ Gamma94]. 

The following is the sample code provided by the GoF with Builder implementation. 

First, we declare the MazeBuilder class that provides an interface to create the maze, 

the rooms with particular room number, and the doors between the rooms. 

class MazeBuilder 
{ 
public: 

} 

virtual void BuildMazeO {} 
virtual void BuildRoom (int room) {} 
virtual void BuildDoor(int roomFrom, int roomTo} {} 
virtual Maze • GetMazeO 
{ 

return 0; 
} 

protected: 
MazeBuilderO; 

Now the CreateMaze function is redefined to use this MazeBuilder class as an 

argument. 

Maze• MazeGame::CreateMaze (MazeBuilder& builder) 
{ 

} 

builder.BuildMazeO; 
builder.BuildRoom(l); 
builder.BuildRoom(2); 
builder.BuildDoor(l, 2); 
return builder. GetMazeO; 

Please note how different the implementation of this function is from the 

original one on page 3 7 of this thesis. With this new representation, we not only have 

control over the type of rooms, walls, and doors we can create, we also have control 

over the maze layout which was not possible with any other creational patterns. By 

reusing the MazeBuilder class, we can create any kind of maze, from a simple to a 
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very complex maze. For example, we can simply create a very large and complex 

maze as followed: 

Maze* MazeGame::CreateComplexMaze (MazeBuilder& builder) 
{ 

builder. BuildRoom(J); 
builder. BuildRoom(2); 
II .. 
builder. BuildRoom(J 000); 

return builder. GetMazeO; 
} 

We can also use the MazeBuilder class to create a very simple maze. The new class 

StanndardMazeBuilder, a subclass of MazeBuilder, is an implementation that builds 

simple mazes. It keeps track of the maze it's building in the variable _currentMaze. 

class StandardMazeBuilder :public MazeBuilder { 
public: 

StandardMazeBuilderO; 
virtual void BuildMazeO; 
virtual void BuildRoom(int); 
virtual void BuildDoor(int, int); 
virtual Maze* GetMazeO; 

private: 

}; 

Direction CommonWall(Room*, Room*); 
Maze* _currentMaze; 

We can also use the MazeBuilder class to create a different kind of maze. We can 

create a new class CountingMazeBuilder to implement a counting maze. It keeps 

track of the maze components that have been created. 

class CountingMazeBuilder : public MazeBuilder { 
public: 

CountingMazeBuilderO; 

virtual void BuildMazeO; 
virtual void BuildRoom(int); 
virtual void BuildDoor(int, int); 
virtual void AddWa//(int, Direction); 
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void GetCounts(int&, int&) canst; 
private: 

int _doors; 
int _rooms; 

}; 

Clients can now use CreateMaze function in conjunction with any maze builder type 

to create a maze. Here is an example using StandardMazeBuilder: 

Maze* maze; 
MazeGame game; 
StandardMazeBuilder builder; 

game. CreateMaze(builder); 
maze= builder.GetMazeO; 

The following is the design diagram that represents the implementation of the builder 

pattern: 
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Figure 4-8: Builder pattern's implementation of the maze game using UML 

Now let compare the this representation with the original maze design in Fig 4.1: 
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1. Although both examples use the same simple maze components, the major 

difference lies in the client control over the maze creation process. The Builder 

pattern, through an abstract interface, the MazeBuilder class, provides the client 

finer control over the construction process. Unlike other creational patterns that 

construct products in one shot, the Builder pattern constructs the product step by 

step under the client control. When the product is finished, it is then passed to the 

client. 

2. The other difference is the internal maze representations are hidden from the 

clients and are not directly referred to. The client is not aware of how the product 

gets assembled. Therefore, new characteristics can be added to the system without 

interfering with the client interface. Because the product is constructed through an 

abstract interface, in order to change the product's internal representation, we 

only have to define new builder. 

3. One of the design issues centers around system modularity. A modular system is 

highly flexible, reusable. The Builder pattern improves modularity by 

encapsulating the way the complex object is created and represented. Clients are 

not aware of the concrete classes that implement the object's internal structure. 

Such classes do not even appear in the Builder's interface. Each concrete class 

contains all the code to create and assemble a particular kind of product. 

4. Characteristics of the maze can be changed at run-time. New builder classes must 

be declared and implemented. The next pattern implementation shows the 

flexibility of the design and the kind of control the client has in defining the maze 

characteristics. Instead of creating a maze with two rooms, the client creates a 
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maze with 1000 rooms without any additional functions. The classes already 

declared in the system along with their member functions are reused. 

MazeBuilder class is reused to build a complex maze. The MazeBuilder class, 

however, does not create the maze itself; instead, it just defmes an interface for 

creating the maze. 

4.5.1 Roles/Participants for Builder pattern Implementation 
This is the same issue we addressed in section 4.2.1. As the pattern gets more 

and more complicated, it is very difficult to understand the roles/participants 

relationship of a pattern implementation. It is not as intuitive to relate the general 

structure of a pattern description to the components of its implementation. Because 

the Builder pattern is more complex than the others, it is even more important to 

depict some of the representations of both general structure and specific 

implementations graphically. That would allow the users to make the connection 

between the components a lot easier and understand the pattern a lot better. 

Let's recap some of the participants of the Builder pattern discussed in section 

3.5.3. The pattern uses a builder that provides an abstract interface for creating the 

product object, a concrete builder that implements the product, a director that 

constructs the product object via the builder interface, and fmally the product that 

represents the complex object under construction. The following diagram in Fig. 4.9 

depicts how the components in Fig 4.8 are related to the Builder pattern's 

participants. 

The Maze is defmitely the product created as a result of this process under the 

control of the director, the MazeGame class which in tum uses the builder interface, 
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the MazeBuilder class, to construct the object. Although the GoF talked about the 

client and its interactions with the other components, it is not clear in this diagram 

which class represents the client. Again, this is an issue we discussed before. Due to 

the fact the scope of the implementation centered around the pattern itself, that makes 

it difficult to understand it completely. It would have been a lot easier to see the entire 

example implemented. 
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Figure 4-9: Roles/Participants relationship for Builder implementation 

Another issue is that we think the GoF themselves got confused about the 

roles of their classes. The collaboration diagram on page 99 of the book [Gamma94] 

shows a GetResults function call from aClient object directly to aConcreteBuilder 

object bypassing the director object. Yet, on page 100 they stated that "Only when the 

product is finished does the director retrieve it from the builder" which indicates that 

instead there should be a line from the director object to the builder to retrieve the 

product. As a matter of fact, looking at the code implementation on page 1 02 of the 

GoF book reproduced here on page 54, the function CreateMaze of the Director 
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returns a maze. But on page 56 of the thesis, it seems they indicated that they ignored 

the returned value of the CreateMaze function and instead, used call GetMaze to 

retrieve the product from the builder. That's one more reason we believe that 

although the implementations are valuable in their own rights, we need more 

graphical descriptions to facilitate the interpretation of the pattern concept. This 

builder implementation is not consistent with the overall description of the pattern. It 

is confusing how to map the pattern into particular implementation classes. 

4. 6 Prototype Patterns 
Now let's look at the last creational pattern of this chapter. Again, because of 

the importance of the intent, we need to review it. The Prototype pattern intends to 

create different kinds of objects using a prototypical instance and create new objects 

by copying the prototype. This is applicable mostly when the classes to instantiate are 

specified at run-time by dynamic loading. This is also applicable if a developer wants 

to avoid building a class hierarchy of factories that parallels the class hierarchy of 

products. 

The GoF provided the following sample C<?de with the pattern implementation. In the 

previous patterns, we always subclass the classes of wall, door, or rooms to provide 

different implementations. In this pattern, we instead defme a prototype class, the 

MazePrototypeFactory class, that is initialized with the prototype of the objects it will 

create._Tlrerefore we don't have to subclass just to change the classes of room or 

walls it creates. MazePrototypeFactory augments the MazeFactory interface with a 

constructor that takes the prototypes as arguments: 

class MazePrototypeFactory: public MazeFactory 
{ 
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public: 
MazePrototypeFactory(Maze *, Wall*, Room*, Door*); 

virtual Maze* MakeMazeO canst; 
virtual Room* MakeRoom(int) canst; 
virtual Wall* MakeWallO canst; 
virtual Door* MakeDoor(Room*, Room*) canst; 

private: 

}; 

Maze* _yrototypeMaze; 
Room* _prototypeRoom; 
Wall* _prototypeWall; 
Door* _prototypeDoor; 

The new constructor simply initializes its prototypes: 

MazePrototypeFactory::MazePrototypeFactory(Maze* m, Wall* w, Room* r, 
Door*d) 
{ 

} 

_prototypeMaze = m; 
_prototype Wall = w; 
_prototypeRoom = r; 
_prototypeDoor = d; 

We can use MazePrototypeFactory to create a simple maze just by initializing it with 

prototypes of basic maze components: 

MazeGame game; 
MazePrototypeFactory simpleMazeFactory (new Maze, new Wall, new Room, new 

Door); 

Maze* maze= game.CreateMaze(simpleMazeFactory); 
The following is the graphical representation of this implementation: 
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Figure 4-10: Prototype pattern's implementation of the maze game 

To change the type of maze, we initialize MazePrototypeFactory with a different set 

of prototypes. The following call creates a maze with a BombedDoor and a 

Room WithABomb: 

MazePrototypeFactory BombedMazeFactory( new Maze, new BombedWall, 
new Room WithABomb, new Door); 
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Figure 4-ll: Prototype pattern's implementation of the maze using a bombed maze type 
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4. 7 Pattern relations with roles 
Some patterns including the creational patterns that we have studied in this 

thesis can be implemented in terms of other patterns. Therefore, some classes can 

have more than one role. The ability to capture that graphically can be very appealing. 

It presents a simple picture to the users for his analysis. Let's analyze how Abstrac~ 

Factory pattern can be implemented using the Factory methods. The following picture 

shows the implementation of both patterns. 
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Figure 4-12: Abstract Factory's implementation using the Factory Methods 

In the next chapter, we show how we can represent design pattern 

implementation graphically to take advantage of the now popular web-based 

publishing and the UML notation. In that chapter, we convert the Visio diagram 

representations of the design implementation into html page and provide links from 

each class description to its code implementation. 
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5 WEB-BASED DESCRIPTION OF CREATIONAL PATTERNS 

5.1 Introduction 
This chapter presents a web-based description of the implementation of the 

creational patterns. First, we show the implementation of the maze game using the 

Abstract Factory and the Builder Pattern. We allow users to see both the design and 

the code aspects ofthe implementation at the same time. We also allow them to 

access more information about the class by pointing the mouse's cursor at the class 

diagram representation and double clicking on it. Then we show how to represent an 

implementation that uses more than one design pattern. We use the same maze game 

example and implement it in terms of both the Abstract Factory and Factory Methods. 

In all the examples, we use the notation represented by tagged values in UML 

notation. We link our work with the previously published CD from the GoFthat 

contains 23 pattern descriptions including the creational patterns. 

5.2 Purpose 
The purpose of this web-based demo is to show how design pattern 

descriptions can be implemented with a web-based interface using available graphical 

modeling techniques such as UML. The goal is to make it easier for users to browse 

through the material and get quick access to information of interest. We think this 

environment can also benefit experienced and novice pattern users. We also think that 

this way of presenting design pattern implementations along with the new notations in 

the graphical representations can help users understand patterns better. The users can 

have more than one window opened; each presents different aspects of a particular 

implementation. For example, the user can have both the graphical representation of a 
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design implementation along with the general structure of a pattern description 

opened at the same time. It would make it easier to understand how the various 

components of the patterns are related. The user can also jump from one section of a 

pattern description to the next or even compare identical sections of different patterns. 

For example, the user can compare the consequences of the Abstract Factory to that 

of the Factory Methods. We think this can greatly reduce the time spent on searching 

for information and can be an improvement over flipping back and forth a book in 

trying to understand and use design patterns. 

5.3 Interactive Demo 
This section presents a look at some of the screens used for the web demo. 

First, we present the user with a table of contents and ask him to make a selection to 

proceed. Fig. 5.1 shows an illustration of that. 
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Figure S-1: Web demo's table of contents 
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Section I of the table of contents introduces the demo program and talks about 

its purpose. It includes introduction and purpose subsections identical to the sections 

in this chapter. Section II presents two pattern implementations of the maze game, the 

Abstract Factory and the Factory Methods implementations. When the user clicks on 

the Abstract Factory, the following screen is displayed. 
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Figure 5-2: Web demo's Abstract Factory Implementation 

The main screen, the window on the right, displays the design implementation 

of the maze game using the UML notation. We use the tagged value notation in the 

class diagi-ams to indicate the relationship between the general structure of pattern 

description with the components of this implementation. The user can click on any 

classes from the diagram on the main screen to view additional information such as 

general description of the class, its role in the implementation as related to the pattern, 

66 



and its source code. Please note that Visio, the drawing tool used to create the UML 

diagrams, added the extra lines to the inheritance symbols when converting the 

diagrams to HTML documents. They are not standard UML representation of class 

inheritance. 

The screen at the top lett talks in general about the example. It gives 

information such as the name of the example being implemented, the name of the 

pattern used, other patterns related to the current one being implemented. It also 

provides a link to additional information about the pattern available on the GoFs CD 

which includes all the pattern descriptions. 

When a user clicks on a particular class diagram, the bottom left window 

displays additional information about the class such as its name, its role in the pattern, 

and the methods used to implement the class. The following screen Fig. 5.3 shows an 

illustration of that. 
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Figure S-3: Abstract Factory's MazeFactory class information 
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The pattern roles provide a link to the pattern's general structure available on the 

GoFs CD. The user can then view both the structure and the implementation 

diagrams at the same time on his screen when analyzing the example. The user can 

also click on any of the method names to view the code implementation. 

We wanted to show how more than one pattern can be used to implement a 

solution. Therefore, our last illustration is the implementation of the Abstract Factory 

using the Factory Methods. The diagram shows the classes' roles in both patterns. We 

provide links to the general structures from the GoFs CD. Fig. 5.4 shows an 

illustration of the maze game implementation using both patterns . 
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Figure 5-4: Abstract Factory Implementation using Factory Methods 

Again the user can click on any class from the main window to have more details 

about the class, its roles, and its implementation code. 
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5.4 Concluding remarks 
We believe that users can benefit tremendously from such a system. With the 

popularity of the Internet, it is very likely that most pattern users are already familiar 

with the web-based publishing style. Designers for years have been pushing for more 

visual tools to represent their software designs. Models such as OMT and UML have 

been very popular and will continue to gain wide acceptance in the software 

engineering community. We believe that design pattern awareness and usage can only 

greatly improve by coupling a graphical based description of design patterns with the 

now popular web-based publishing style. 
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6 SUMMARY 
Let's briefly recap what we talked about in this thesis. In Chapter I, we 

presented patterns in general and talked about how this concept has evolved over the 

years from other engineering disciplines to software engineering. Then we discussed 

the scope and purpose of the thesis. In Chapter II, we briefly recapped some of the 

object-oriented concepts. More importantly, we talked about inheritance and object 

composition, two of the most widely used concepts in creational patterns. Then we 

also discussed two software modeling techniques, OMT and UML, widely used in 

system design representations. Chapter III presented creational patterns as described 

by the Go F. We also presented the maze game example. In Chapter IV, we first 

provided the implementation of the maze game using the four described creational 

patterns. Then we talked about our enhancements to these representations and 

provided additional information not available in the GoFs book. We emphasized 

using more graphical notations to represent system designs and thus, reduce the 

amount of textual details necessary to specify system constraints. We concluded with 

a demo program in Chapter V that showed. how users can take advantage of these new 

representations. 

In the midst of the research, other developments have taken place in the world 

of design patterns. First, the GoF book was released online. The catalog format they 

used ~as extremely easy to adapt to the web-based publishing style. Then in March 

1998, the book was also published on CD using the web-based style that facilitates 

easy browsing and quicker material selection. Second, John Vlissides, one of the 

members of the GoF released a new book Pattern Hatching: Design Patterns Applied 
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in June 1998 where he provided new practical insights on design pattern 

implementations and representations. As he clearly stated, his book was intended to 

extend, enhance, and update the materials in Design Patterns. Among them, he 

suggested adding an additional gray box next to a class box to indicate its relationship 

to the patterns' participants. He referred to the notation as "pattern:role annotation" 

[Vlissides98]. He attributed the notation to Erich Gamma, one of the members of the 

GoF. On page 58 of his book, Vlissides used the notation to express the design of a 

file system. He showed how more than one patterns can be used to implement a class. 

The following diagram, Fig. 6.1 is a representation of this notation. Finally, the 

emerging standard of the UML notation provides new notations which make it 

possible to express certain things graphically. For example, we can now specify both 

the general and the specific pattern components on the same diagrams using the 

tagged values notation. 

Node 

Link File Directory 

Figure 6-1: Vlissides' pattern: role annotation 
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All of these developments are encouraging signs that the problems we 

identified with the GoF presentation were also recognized by others, maybe by the 

GoF themselves. Although the GoF book established a foundation, a baseline from 

which all design pattern discussions arise, we certainly recognized the need to extend 

the presentation from practical and visual representation standpoints. 

The publication of the book by the GoF prompted modelers to push for a more 

visual pattern description. This is evident in the work by Stuart Kent and Anthony 

Lauder, in their paper "Precise Visual Specification of Design Patterns" [Kent98]. 

They noted that expressing patterns in natural languages can only result in 

imprecision and ambiguity. They proposed a solution: separate the specification of 

pattern into three models, role, type, and class. These are additional concepts 

available in UML. The role model is used to express patterns in their purest form, 

capturing their essential spirit without deleterious details. The type model, on the 

other hand, refines the role model, thus adding domain-specific constraints. Finally, 

the class model refmes these constraints, thus forming a concrete deployment 

[Kent98]. 

This thesis also focuses on presenting pattern implementations using visual 

modeling techniques to address various issues we raised in chapter one. In short, we 

have accomplished the following: 

• W~ combine the ease of use of a web-based description with the added flexibility 

in the UML model, which provides additional notations to graphically specify 

certain constraints that normally would be described textually when using the 
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OMT notation. We believe that such format would remove any length restriction 

that normally would be applied to a book format. 

• With the added notations available from UML model, we bridge the gap between 

the general pattern descriptions and the specific pattern implementations by using 

the tagged values notation. In particular, we relate the general structure of the 

Abstract Factory pattern with the components of the maze game implementation. 

• We give the user quicker and easier access to information of interest by making 

them available at the click of a button instead of flipping back and forth the pages 

of a book. We also give the users more information about a pattern application by 

showing different implementations of the same pattern. 

• We describe the pattern implementations using different levels of abstraction and 

allow the users to select how much detail they want to see on a particular pattern 

or component. 

• We created UML models showing the design of pattern implementations. That 

allows users to focus on the design representations when analyzing and studying 

design patterns rather than the details o.f the code implementation. 

• We address the issue of pattern relation and show in Fig 4.12 how to represent a 

class that can use more than one patterns for its implementation. 

This project can be extended in many directions, one of which is to push for a 

more ri.gorous, unambiguous way to describe design patterns. One benefit of 

unambiguous specification of pure patterns is that it enables their expressions to be in 

an automated form, thus allowing automated checking of designs for inconsistency or 

incompleteness. More importantly, CASE tools can be developed to present design 
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patterns at different levels of abstraction and allow the designers to work at the 

pattern level or the implementation level. Such tools can allow designers to browse 

the pattern catalogues and select design patterns that closely match their 

requirements. 

In all, we address the shortcomings of the GoFs pattern descriptions and 

provide ways to improve them. The benefit of visual notation is that it is more readily 

understandable by other designers. Because of a standard notation, visual 

specifications enable unambiguous communications between the pattern writer and 

users. One of the purpose of object oriented design patterns is to capture design 

knowledge in such a form that it can be reused easily, even by less experienced 

designers. Therefore, we believe that we need to focus on describing design patterns 

visually. What better way do it than to use methods such as OMT or UML models 

along with a web-based interface, both very popular and widely used and accepted in 

the software engineering community. 
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