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Abstract: This summary introduced the brief idea of pattern, and discussed abstractor factory 
and Builder, two classic examples of patterns. The discussion also is extended to 
“consistency” and “persistency”. 
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1 What is Pattern? 

When experts work on a particular problem, it is unusual for them to tackle it by inventing a 
new solution that is completely distinct from existing ones. They often recall a similar problem 
they have already solved, and reuse the essence of its solution to solve the new problem. This 
kind of 'expert behavior', the thinking in problem-solution pairs is common to many different 
domains. 

The pattern is, in short, at the same time a thing, which happens in the world, and the rule 
which tells us how to create that thing, and when we must create it. It is both a process and a 
thing: both a description of a thing which is alive, and a description of the process which will 
generate that thing. 

In general, a pattern has four essential elements: 
1 The pattern name is what we can use to describe a design problem, its solutions, and 

consequences in a word or two. It lets us design at a higher level of abstraction. Having a 
vocabulary for patterns lets us talk about them with colleagues, in documentation.  

2 The problem, this part of a pattern description schema describes the problem that arises 
repeatedly in the given context. It explains the problem and its context. It might describe 
specific design problems such as how to represent algorithms as objects. It might describe 
class or object structures that are symptomatic of an inflexible design.  

3 The solution describes the elements that make up the design, their relationships, 
responsibilities, and collaborations. The solution doesn't describe a particular concrete 
design or implementation, because a pattern is like a template that can be applied in many 
different situations. The solution part of a pattern shows how to solve the recurring 
problem, or better, how to balance the forces associated with it. In software architecture 
such a solution includes two aspects. 

4 The consequences are the results and trade-offs of applying the pattern. Though 
consequences are often unvoiced when we describe design decisions, they are critical for 
evaluating design alternatives and for understanding the costs and benefits of applying the 
pattern. The consequences for software often concern space and time trade-offs. They may 
address language and implementation issues as well. Since reuse is often a factor in 
object-oriented design, the consequences of a pattern include its impact on a system's 
flexibility, extensibility, or portability.  

2 Abstract Factory Pattern 

2.1 Motivation  

Consider a user interface toolkit that supports multiple look-and-feel standards. Different 
look-and-feels define different appearances and behaviors for user interface "widgets" like scroll 
bars, windows, and buttons. To be portable across look-and-feel standards, an application should 
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not hard-code its widgets for a particular look and feel. Instantiating look-and-feel-specific classes 
of widgets throughout the application make it hard to change the look and feel later. 

We can solve this problem by defining an abstract WidgetFactory class that declares an 
interface for creating each basic kind of widget (Fig2.1.1). There's also an abstract class for each 
kind of widget, and concrete subclasses implement widgets for specific look-and-feel standards. 
WidgetFactory's interface has an operation that returns a new widget object for each abstract 
widget class. Clients call these operations to obtain widget instances, but clients aren't aware of 
the concrete classes they're using. Thus clients stay independent of the prevailing look and feel. 

  

 

Fig 2.1.1 The structure of abstract widget 

2.2 Applicability 

Use the Abstract Factory pattern when 

• a system should be independent of how its products are created, composed, and 
represented. This is very important to every kind of factory patterns  

• a system should be configured with one of multiple families of products.(This is also the 
reason why it is called abstract factory)   

• a family of related product objects is designed to be used together, and you need to 
enforce this constraint.  

• one want to provide a class library of products, and want to reveal just their interfaces, not 
their implementations 

Client WidgetFactory 
CreateScrollBar() 
CreateWindows() 

MotifWidgetFactory  

CreateScrollBar() 

CreateWindows() 

PMWidgetFactory  

CreateScrollBar() 

CreateWindows() 

Window 

MotifWindow PMWindow 

ScrollBar  

MotifScrollBar  PMScrollBar  



Summary of Design Patterns 

- 4 -                                  Guohua LI 

2.3 Structure& Participants 

Fig 2.3.1 shows the structure of abstract factory, it has 5 participants 

 

Fig 2.3.1 the structure of abstract factory 
 

n AbstractFactory (WidgetFactory), declares an interface for operations that create 
abstract product objects.  

n ConcreteFactory (MotifWidgetFactory, PMWidgetFactory), implements the operations 
to create concrete product objects.  

n AbstractProduct (Window, ScrollBar), declares an interface for a type of product object.  
n ConcreteProduct (MotifWindow, MotifScrollBar), defines a product object to be created 

by the corresponding concrete factory, and implements the AbstractProduct interface.  
n Client, uses only interfaces declared by AbstractFactory and AbstractProduct classes. 

2.4 Consequences 

The Abstract Factory pattern has the following benefits and liabilities: 

AbstractFactory 
 
CreateProductA() 
CreateProductB() 

Client 
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CreateProductAr() 

CreateProductB() 

ConcreteFactory2 

CreateProductA() 
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AbstractProduct

ProductA1 ProductA2 

AbstractProduct
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l It isolates concrete classes. The Abstract Factory pattern helps to control the classes of 

objects that an application creates. Because a factory encapsulates the responsibility and 
the process of creating product objects, it isolates clients from implementation classes. 
Clients manipulate instances through their abstract interfaces , as showing in Fig 2.3.1. 
Product class names are isolated in the implementation of the concrete factory; they do 
not appear in client code.  

l It makes exchanging product families easy. The class of a concrete factory appears only 

once in an application—that is, where it's instantiated. This makes it easy to change the 
concrete factory an application uses. It can use different product configurations simply 
by changing the concrete factory. Because an abstract factory creates a complete family 
of products, the whole product family changes at once. In our user interface example, we 
can switch from Motif widgets to Presentation Manager Widgets simply by switching the 
corresponding factory objects and recreating the interface.  

l It promotes consistency among products. When product objects in a family are designed 

to work together, it's important that an application use objects from only one family at a 
time. AbstractFactory makes this easy to enforce.  

l Supporting new kinds of products is possible but difficult. Though extending abstract 

factories to produce new kinds of Products isn't easy, the designer can do this by 
appending new concrete factory class. Supporting new kinds of products requires 
extending the factory interface, which involves changing the AbstractFactory class and 
all of its subclasses.  .  

2.5 Further discussion  

l Persistence: the following figure2.5.1 is a example to use the abstract factory design pattern 

in conjunction with the DAO pattern, allows for the dynamic selection of concrete DAO 
instances at run time. The factory products are DAOs and the product families are concrete 
instances of the same data store.  
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Fig 2.5.1 Abstract Factory Sequence Diagra 
If the fully qualified concrete factory class name is put in the configuration file along with any 
initialization parameters (file paths, URLs, user IDs and passwords, and so on) in some 
suitably generic form (for example, a hash table), reflection can be used to instantiate the 
concrete factory and then pass the initialization parameters into an init() method on the 
concrete factory.  Data access layers are a powerful way to increase our application's 
independence of its particular persistence mechanism. They do this by providing an 
abstraction to that persistence mechanism. The layer is composed of data access objects; one 
for each persistent business object in application. The CRUD design pattern can be used for 
guidance as to which methods to put on the abstract DAO interface. To maximize persistence 
independence, one should consider using the abstract factory pattern to abstract the creation of 
concrete DAOs. 
 

l Concurrency: What’s concurrency? In applications where heavy computations must be 

performed under tight time bounds, e.g., weather forecast or real-time image processing, the 
computational task can be divided among a number of concurrently running processors. 
Communication is required at least to distribute the problem and to collect the results. The 
field of concurrency is often divided according to the communication medium. On one hand, 
there are shared memory systems in which processes communicate by access to shared 
variables. The alternative is that processes communicate by message passing (distributed 
systems). In the case of message passing, there is the distinction between synchronous and 
asynchronous communication. Synchronous communication means that a process that needs 
to communicate is blocked if its partner is not yet ready for the communication.  

 
One concurrency problem arises when using a connection pool to manage the connections 
with the persistence mechanism. Each execution now (thread) must obtain a connection from 
the connection pool before communicating with the persistence mechanism. Usually there is 
a single connection pool containing all the connections of the system, and thus this poll is 
accessed concurrently. Moreover, some concurrency control needs to be used in the system.  

3 Builder Pattern 

3.1 Motivation  

A reader for the RTF (Rich Text Format) document exchange format should be able to 
convert RTF to many text formats. The reader might convert RTF documents into plain ASCII 
text or into a text widget that can be edited interactively. The problem, however, is that the 
number of possible conversions is open-ended. So it should be easy to add a new conversion 
without modifying the reader. 

A solution is to configure the RTFReader class with a TextConverter object that converts 
RTF to another textual representation (Fig 3.1.1). As the RTFReader parses the RTF document, 
it uses the TextConverter to perform the conversion. Whenever the RTFReader recognizes an 
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RTF token (either plain text or an RTF control word), it issues a request to the TextConverter to 
convert the token. TextConverter objects are responsible both for performing the data 
conversion and for representing the token in a particular format. Subclasses of TextConverter 
specialize in different conversions and formats. 

 
Fig 3.1.1 solution for text converter 

3.2 Applicability 

Use the Builder pattern when 
n the algorithm for creating a complex object should be independent of the parts that make 
up the object and how they're assembled.  
n the construction process must allow different representations for the object that's 
constructed. 

3.3 Structure& Participants 

Fig 3.3.1 shows the structure of builder, it has 4 participants 
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TextConverter 
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 switch t Type{ CHAR: 

builder->ConvertCharacter(t.Char) 

  FONT:  

builder->ConvetFontChange(t.Font) 

  PARA: 

    builder->ConvertParagraph()     

ASCIIConverter 
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TeXConverter 
ConvertCharacter(char) 

ConVertFontChange(Font) 

ConvertParagraph() 
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TeXWidgetConvert
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ConVertFontChange(Font) 
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Fig 3.3.1 the structure of builder 
n Builder (TextConverter), specifies an abstract interface for creating parts of a Product 
object.  
n ConcreteBuilder (ASCIIConverter, TeXConverter, TextWidgetConverter) 
  1.constructs and assembles parts of the product by implementing 

the builder interface.  
  2.defines and keeps track of the representation it creates.  
  3.provides an interface for retrieving the product (e.g., GetASCIIText,  GetTextWidget).  
n Director (RTFReader)  
  constructs an object using the Builder interface.  
n Product (ASCIIText, TeXText, TextWidget)  

1.represents the complex object under construction. ConcreteBuilder builds the product's 
internal representation and defines the process by which it's assembled.  
2.includes classes that define the constituent parts, including interfaces for assembling the 
parts into the final result.  

3.4 Collaborations 

The client creates the Director object and configures it with the desired Builder object. 
Director notifies the builder whenever a part of the product should be built. Builder handles 
requests from the director and adds parts to the product. The client retrieves the product from the 
builder.  

The following interaction diagram Fig 3.4.1 illustrates how Builder and Director 
cooperate with a client. 

Director 
Construct() 

Builder 
BuilderPart() 

ConcreteBuilder 
BuildPart() 
GetResult() 

Product 

For all object in structure{ 
     builder->BuildPart() 
} 
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Fig 3.4.1 cooperation of Builder and Director 

3.5 Consequences 

Here are key consequences of the Builder pattern: 

l It lets you vary a product's internal representation. The Builder object provides the director 

with an abstract interface for constructing the product.  

l It isolates code for construction and representation. The Builder pattern improves 
modularity by encapsulating the way a complex object is constructed and represented.  

l It gives you finer control over the construction process. Unlike creational patterns that 

construct products in one shot, the Builder pattern constructs the product step by step under 
the director's control. Only when the product is finished does the director retrieve it from the 
builder. Hence the Builder interface reflects the process of constructing the product more 
than other creational patterns. This gives you finer control over the construction process and 
consequently the internal structure of the resulting product.  

4 Relation between two patterns 

Abstract factory is similar to Builder in that it too may construct complex objects. The 
primary difference is that the Builder pattern focuses on constructing a complex object step by 
step. Abstract Factory's emphasis is on families of product objects (either simple or complex). 
Builder returns the product as a final step, but as far as the Abstract Factory pattern is concerned, 

aConcreteBuilder aClient aDirecto

New ConcreteBuilder 

New 

Construct() 

GetResult() 

BuildPartA 

BuildPartB 

BuildPartC 
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the product gets returned immediately. 
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