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 Creational patterns
 Abstract the instantiation process

 All of the creational patterns deal with the best way to create 
instances of objects

 Make a system independent to its realization

 Class Creational uses inheritance to vary the instantiated 
classes

 Object Creational delegates instantiation to an another object. 

Classification of Design Pattern

In Java, of course, the simplest way to create an instance of an object is by using 

the new operator.

Fred = new Fred(); //instance of Fred class

However, this really amounts to hard coding, depending on how you create the 

object within your program. In many cases, the exact nature of the object that is 

created could vary with the needs of the program and abstracting the creation 

process into a special “creator” class can make your program more flexible and 

general.
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Let follow a paper…

 Non-Software Examples of Software 

Design Patterns, by Michael Duell, in AG 

Communication Systems e-zine: 
http://62.44.125.62/sdp/homework/Patterns%20Non-

Software%20Examples%20of%20Software%20Design%20Patterns

%20-%20AGCS.htm

http://62.44.125.62/sdp/homework/Patterns Non-Software Examples of Software Design Patterns - AGCS.htm
http://62.44.125.62/sdp/homework/Patterns Non-Software Examples of Software Design Patterns - AGCS.htm
http://62.44.125.62/sdp/homework/Patterns Non-Software Examples of Software Design Patterns - AGCS.htm
http://62.44.125.62/sdp/homework/Patterns Non-Software Examples of Software Design Patterns - AGCS.htm
http://62.44.125.62/sdp/homework/Patterns Non-Software Examples of Software Design Patterns - AGCS.htm
http://62.44.125.62/sdp/homework/Patterns Non-Software Examples of Software Design Patterns - AGCS.htm
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Five Creational Patterns
 The Factory Method provides a simple decision making 

class that returns one of several possible subclasses of an 
abstract base class depending on the data that are 
provided.

 The Abstract Factory provides an interface to create and 
return one of several families of related objects.

 The Builder Pattern separates the construction of a 
complex object from its representation, so that several 
different representations can be created depending on the 
needs of the program.

 The Prototype Pattern starts with an initialized and 
instantiated class and copies or clones it to make new 
instances rather than creating new instances.

 The Singleton Pattern is a class of which there can be no 
more than one instance. It provides a single global point of 
access to that instance.
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The Factory Method Pattern [1]

 Intent: defines an interface for creating an object, but 
let subclasses decide which class to instantiate. 
Factory Method lets a class defer instantiation to 
subclasses.

 Also Known As: Virtual Constructor

 Motivation: Consider a framework for applications that can 
present multiple documents to the user. Two key abstractions in 
this framework are the abstract classes Application and 
Document. The Application class is responsible for managing 
Documents and will create them as required. Because the 
particular Document subclass to instantiate is application-
specific, the Application class can't predict the subclass of 
Document to instantiate. 
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The Dilemma and the Solution
 Dilemma: The framework must instantiate classes, but 

it only knows about abstract classes, which it cannot 

instantiate. 

 The Factory Method pattern offers a solution. It 

encapsulates the knowledge of which Document 

subclass to create and moves this knowledge out 

of the framework.
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Structure and Participants

 Product (Document) - defines the interface of objects the factory 
method creates.

 ConcreteProduct (MyDocument) - implements the Product interface.

 Creator (Application) – (1) declares the factory method, which returns 
an object of type Product; may also define a default implementation of 
the factory method that returns a default ConcreteProduct object; (2) 
may call the factory method to create a Product object.

 ConcreteCreator (MyApplication) - overrides the factory method to 
return an instance of a ConcreteProduct.
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Applicability

Use the Factory Method pattern when:

a class can't anticipate the class of objects it must 

create.

a class wants its subclasses to specify the objects 

it creates.

classes delegate responsibility to one of several 

helper subclasses, and you want to localize the 

knowledge of which helper subclass is the 

delegate.
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Consequences 1/2
 Factory methods eliminate the need to bind application-

specific classes into your code. The code only deals with the 
Product interface; therefore it can work with any user defined 
ConcreteProduct classes.

 A potential disadvantage of factory methods is that clients 
might have to subclass the Creator class just to create a 
particular ConcreteProduct object. Subclassing is fine when 
the client has to subclass the Creator class anyway, but 
otherwise the client must deal otherwise => parameterization!

 Provides hooks for subclasses. Creating objects inside a class 
with a factory method is always more flexible than creating an 
object directly. Factory Method gives subclasses a hook for 
providing an extended version of an object.
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Consequences 2/2

 Connects parallel class hierarchies - clients can find factory 

methods useful, especially in the case of parallel class 

hierarchies. E.g., different figures may use different Manipulator 

subclasses to handle particular interactions. 
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Implementation 1/2
 Two major varieties: 

 (1) the case when the Creator class is an abstract 
class and does not provide an implementation for the 
factory method it declares, 

and 

 (2) the case when the Creator is a concrete class and 
provides a default implementation for the factory 
method.
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Implementation 2/2

 Parameterized factory methods. Another variation on the 
pattern lets the factory method create multiple kinds of 
products. The factory method takes a parameter that 
identifies the kind of object to create. All objects the factory 
method creates will share the Product interface.

class Creator { 

public: virtual Product* Create(Productid) ;

};

Product* Creator::Create (Productid id) { 
if (id == MINE) return new MyProduct;

if (id == YOURS) return new YourProduct;

// repeat for remaining products...

return 0;

};
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Java Example [3]
class Namer {

//a simple Product class to take a string apart into two names

protected String last; //store last name here

protected String first; //store first name here

public String getFirst() {

return first; //return first name

}

public String getLast() {

return last; //return last name

}

}
class FirstFirst extends Namer { //split first last

public FirstFirst(String s) {
int i = s.lastIndexOf(" "); //find sep space
if (i > 0) {
//left is first name
first = s.substring(0, i).trim();
//right is last name
last =s.substring(i+1).trim();

} else {
first = ―‖; // put all in last name
last = s; // if no space

}
}

}

class LastFirst extends Namer { 
//split last, first

public LastFirst(String s) {
//find comma 
int i = s.indexOf(","); 
if (i > 0) {
//left is last name
last = s.substring(0, i).trim();
//right is first name
first = s.substring(i + 1).trim();

} else {
last = s; // put all in last name
first = ""; // if no comma

}
}

}
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Cont.
Factory class is extremely simple. We just test for the existence of a 
comma and then return an instance of one class or the other:

class NameFactory {

//returns an instance of LastFirst or FirstFirst

//depending on whether a comma is found

public Namer getNamer(String entry) {

int i = entry.indexOf(","); //comma determines name order

if (i>0)

return new LastFirst(entry); //return one class

else

return new FirstFirst(entry); //or the other

}

} //usage:

NameFactory nfactory = new NameFactory();

namer = nfactory.getNamer(entryField.getText());

//compute the first and last names using the returned class

txFirstName.setText(namer.getFirst());

txLastName.setText(namer.getLast());
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The Abstract Factory [1]

 Intent: provides an interface for creating 
families of related or dependent objects 
without specifying their concrete classes.

 Also Known As: Kit

 Motivation: Consider a user interface 
toolkit that supports multiple look-and-
feel standards, such as Motif and 
Presentation Manager. 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 not 
hard-code its widgets for a particular look 
and feel.
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Structure and Participants
 AbstractFactory (WidgetFactory) - declares an interface for 

operations that create abstract product objects.

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

 AbstractProduct (Window, ScrollBar) - declares an interface for a 
type of product object.

 ConcreteProduct (MotifWindow, MotifScrollBar) – (1) defines a 
product object to be created by the corresponding concrete factory; 
(2) implements the AbstractProduct interface.

 Client - uses only interfaces declared by AbstractFactory and 
AbstractProduct classes.
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Applicability
Use the Abstract Factory pattern when:

 a system should be independent of how its products are 
created, composed, and represented.

 a system should be configured with one of multiple families of 
products.

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

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

Collaborations:

 Normally a single instance of a ConcreteFactory class is 
created at run-time. This concrete factory creates product 
objects having a particular implementation. To create different 
product objects, clients should use a different concrete factory.

 AbstractFactory defers creation of product objects to its 
ConcreteFactory subclass.
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Consequences
 It isolates concrete classes, encapsulates the responsibility and 

the process of creating product objects, Clients manipulate 
instances through their abstract interfaces. Product class 
names are isolated in the implementation of the concrete 
factory; they do not appear in client code.

 It makes exchanging product families easy. The class of a 
concrete factory appears only once in an application—that is, 
where it's instantiated. It can use different product 
configurations simply by changing the concrete factory – the 
whole product family changes at once. 

 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.

 Supporting new kinds of products is difficult - because the 
AbstractFactory interface fixes the set of products that can be 
created. Supporting new kinds of products requires extending 
the factory interface, which involves changing the 
AbstractFactory class and all of its subclasses. 
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Implementation Techniques 1/2

 Factories as singletons. An application typically 
needs only one instance of a ConcreteFactory per 
product family. So it's usually best implemented as 
a Singleton (GoF p.127).

 Creating the products. AbstractFactory only 
declares an interface for creating products. It's up 
to ConcreteProduct subclasses to actually create 
them. The most common way to do this is to define 
a factory method (see Factory Method (GoF p.107)) 
for each product. A concrete factory will specify its 
products by overriding the factory method for each. 
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Implementation Techniques 2/2
 Defining extensible factories. 

AbstractFactory usually defines a different 
operation for each kind of product it can produce. 
Adding a new kind of product requires changing 
the AbstractFactory interface and all the classes 
that depend on it. 

A more flexible but less safe design is to add a 
parameter to operations that create objects. 
This parameter specifies the kind of object to be 
created. Thus, AbstractFactory only needs a 
single "Make" operation with a parameter 
indicating the kind of object to create. This is 
the technique used in the Prototype- and the 
class-based abstract factories [2].
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The Garden Example [3] 1/2
public abstract class Garden {

public abstract Plant getCenter(); //What are good border plants?

public abstract Plant getBorder(); //What are good center plants?

public abstract Plant getShade(); //What plants do well in partial shade?

}

public class Plant {

String name;

public Plant(String pname) {

name = pname; //save name

}

public String getName() {

return name;

}

}

public class VegieGarden extends Garden {

public Plant getShade() {

return new Plant("Broccoli");

}

public Plant getCenter() {

return new Plant("Corn");

}

public Plant getBorder() {

return new Plant("Peas");

}

}
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The Garden Example [3] 2/2
We can easily construct our abstract factory to return one of these Garden 
objects based on the string it is given as an argument:

class GardenMaker {

//Abstract Factory which returns one of three gardens

//it creates the whole family of products at once… Comments….? 

private Garden gd;

public Garden getGarden(String gtype) {

gd = new VegieGarden(); //default

if(gtype.equals("Perennial"))

gd = new PerennialGarden();

if(gtype.equals("Annual"))

gd = new AnnualGarden();

return gd;

}

}
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The Builder Pattern [1]

 Intent: to separate the construction of a complex object 
from its representation so that the same construction 
process can create different representations.

 Motivation: a reader for the RTF (Rich Text Format) 
document exchange format should be able to convert 
RTF to many text formats (into plain ASCII text or into a 
text widget that can be edited interactively). It should be 
easy to add a new conversion without modifying the 
reader. Another example: XML parser + XLS converter

 A solution is to configure the RTFReader class with a 
TextConverter object that converts RTF to another textual 
representation. As the RTFReader parses the RTF 
document, it uses the TextConverter to perform the 
conversion. 
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Cont.
 Whenever the RTFReader recognizes an 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. 
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Usage
 The Builder pattern captures all these relationships: 

 each converter class is called a builder in the pattern, and 

 the reader is called the director. 

 Applied to this example, the Builder pattern 
separates the algorithm for interpreting a textual 
format (that is, the parser for RTF documents) from 
how a converted format gets created and 
represented. 

 This lets us reuse the RTFReader's parsing 
algorithm to create different text representations from 
RTF documents - just configure the RTFReader with 
different subclasses of TextConverter.
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Structure and Participants 1/2
 Builder (TextConverter) - specifies an abstract interface for 

creating parts of a Product object.

 ConcreteBuilder (ASCIIConverter, etc.) – (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).
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Structure and Participants 2/2
 Director (RTFReader) - constructs an object using the Builder 

interface.

 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.
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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.
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Consequences 1/2
 It lets you vary a product's internal representation. The 

Builder object provides the director with an abstract interface 
for constructing the product. The interface lets the builder 
hide the representation and internal structure of the product. It 
also hides how the product gets assembled. Because the 
product is constructed through an abstract interface, all you 
have to do to change the product's internal representation is 
define a new kind of builder.

 It isolates code for construction and representation. The 
Builder pattern improves modularity by encapsulating the way 
a complex object is constructed and represented. Clients 
needn't know anything about the classes that define the 
product's internal structure; such classes don't appear in 
Builder's interface. Each ConcreteBuilder contains all the 
code to create and assemble a particular kind of product. 
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Consequences 2/2
 Consequence from the isolation of code for construction and 

representation: the code is written once; then different 
Directors can reuse it to build Product variants from the same 
set of parts. In the earlier RTF example, we could define a 
reader for a format other than RTF, say, an SGMLReader, 
and use the same TextConverters to generate ASCIIText, etc.

 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.
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Implementation Issues

 Assembly and construction interface. Builders construct 
their products in step-by-step fashion. Therefore the 
Builder class interface must be general enough to allow 
the construction of products for all kinds of concrete 
builders.

 A key design issue concerns the model for the 
construction and assembly process. A model where the 
results of construction requests are simply appended to 
the product is usually sufficient. 

 Why no abstract class for products? In the common case, 
the products produced by the concrete builders differ so 
greatly in their representation that there is little to gain 
from giving different products a common parent class. 

 Empty methods as default in Builder.



SW Design Patterns 35DP3

Builder Example [3]
abstract class multiChoice {

//This is the abstract base class

//that the listbox and checkbox choice panels

//are derived from.

Vector choices; //array of labels

//--------------------------------------------

public multiChoice(Vector choiceList) {

choices = choiceList; //save list

}

//to be implemented in derived classes

abstract public Panel getUI(); //return a Panel of components

abstract public String[] getSelected(); //get list of items

abstract public void clearAll(); //clear selections

}
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Cont.

The getUI method returns a 
Panel container with a multiple-
choice display. The two displays 
we’re using here -- a checkbox 
panel or a list box panel -- are 
derived from this abstract class:

 class listboxChoice extends 
multiChoice

or

 class checkBoxChoice 
extends multiChoice
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A simple Factory class decides 

which of these two classes to return
class choiceFactory {

multiChoice ui;

//This class returns a Panel containing

//a set of choices displayed by one of

//several UI methods.

public multiChoice getChoiceUI(Vector choices) {

if(choices.size() <=3) {
//return a panel of checkboxes

ui = new checkBoxChoice(choices);

} else {
//return a multi-select list box panel

ui = new listboxChoice(choices);

}

return ui;

}
}

In the language of Design Patterns, this factory class is called the

Director, and the actual classes derived from multiChoice are each Builders.
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The Prototype Pattern [1]
 Intent - specifies the kinds of objects to create using a 

prototypical instance, and create new objects by copying this 
prototype.

 Motivation – let build an editor for music scores by 
customizing a general framework for graphical editors and 
adding new objects that represent notes, rests, and staves. 
The framework provides an abstract Graphic class for 
graphical components, like notes and staves, and an abstract 
Tool class for defining tools like those in the palette. The 
framework also predefines a Graphic-Tool subclass for tools 
that create instances of graphical objects and add them to the 
document.
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The Problem
But GraphicTool presents a problem to the framework 
designer: GraphicTool doesn't know how to create 
instances of our music classes to add to the score.

 We could subclass GraphicTool for each kind of music 
object, but that would produce lots of subclasses that 
differ only in the kind of music object they instantiate. 

 We  know object composition is a flexible alternative to 
subclassing. 

 The question is, how can the framework use it to 
parameterize instances of GraphicTool by the class of 
Graphic they're supposed to create?
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 Solution – to make GraphicTool to create a new Graphic by 
copying ("cloning“) an instance of a Graphic subclass. We call this 
instance a prototype. GraphicTool is parameterized by the 
prototype it should clone and add to the document. If all Graphic 
subclasses support a Clone operation, then the Graphic-Tool can 
clone any kind of Graphic.

So in our music editor, each tool for creating a music object is an 
instance of GraphicTool that's initialized with a different prototype. 
Each GraphicTool instance will produce a music object by cloning 
its prototype and adding the clone to the score. 

Reduce class 

numbers by 

use of note 

duration!



SW Design Patterns 41DP3

Participants and 

Structure
 Prototype (Graphic) - declares an interface for cloning itself.

 ConcretePrototype (Staff, WholeNote, HalfNote) - implements 

an operation for cloning itself.

 Client (GraphicTool) - creates a new object by asking a prototype 

to clone itself.
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Applicability

 when the classes to instantiate are specified at 
run-time, for example, by dynamic loading; or

 to avoid building a class hierarchy of factories 
that parallels the class hierarchy of products; or

 when instances of a class can have one of only 
a few different combinations of state. It may be 
more convenient to install a corresponding 
number of prototypes and clone them rather 
than instantiating the class manually, each time 
with the appropriate state.
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Consequences 1/3
 Like Abstract Factory and Builder:
hides the concrete product classes from the 

client, thereby reducing the number of names 
clients know about.

 let a client work with application specific classes 
without modification.

 Adding and removing products at run-time. 
Prototypes let you incorporate a new concrete 
product class into a system simply by registering 
a prototypical instance with the client - more 
flexible than other creational patterns, because a 
client can install and remove prototypes at run-
time.
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Consequences 2/3
 Specifying new objects by varying values. Highly 

dynamic systems let you define new behavior 
through object composition - by specifying values for 
an object's variables - and not by defining new 
classes. Greatly reduces the number of classes a 
system needs.

 Specifying new objects by varying structure – for 
convenience, such applications often let you 
instantiate complex, user-defined structures, say, to 
use a specific sub-circuit again and again. As long 
as the composite circuit object implements Clone as 
a deep copy, circuits with different structures can be 
prototypes.
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Consequences 3/3

 Configuring an application with classes dynamically. 
Some run-time environments let you load classes 
into an application dynamically. The Prototype 
pattern is the key to exploiting such facilities in a 
language like C++ and Java. An application that 
wants to create instances of a dynamically loaded 
class won't be able to reference its constructor 
statically. Instead, the run-time environment creates 
an instance of each class automatically when it's 
loaded, and it registers the instance with a prototype 
manager.
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Implementation Issues 1/3
 Using a prototype manager. When the number of 

prototypes in a system isn't fixed (that is, they can be 
created and destroyed dynamically), keep a registry of 
available prototypes. Clients won't manage prototypes 
themselves but will store and retrieve them from the 
registry. A client will ask the registry for a prototype 
before cloning it. We call this registry a prototype 
manager. A prototype manager is an associative store 
that returns the prototype matching a given key. It has 
operations for registering a prototype under a key and 
for unregistering it. Clients can change or even browse 
through the registry at run-time. 
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Implementation Issues 2/3

 Implementing the Clone operation. The hardest 
part of the Prototype pattern is implementing the 
Clone operation correctly. It's particularly tricky 
when object structures contain circular references. 
A shallow copy is simple and often sufficient, BUT
cloning prototypes with complex structures usually 
requires a deep copy, because the clone and the 
original must be independent.
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Implementation Issues 3/3

 Initializing clones. While some clients are perfectly 
happy with the clone as is, others will want to 
initialize some or all of its internal state to values of 
their choosing. You generally can't pass these 
values in the Clone operation, because their 
number will vary between classes of prototypes. 
Some prototypes might need multiple initialization 
parameters; others won't need any. Passing 
parameters in the Clone operation precludes a 
uniform cloning interface.



SW Design Patterns 49DP3

Cloning in Java
Cloning in Java - getting a copy of any Java object using the 

clone method:

•It is a protected method and can only be called from within the 

same class or the module that contains that class.

•You can only clone objects which are declared to implement the 

Cloneable interface.

•Objects that cannot be cloned throw the CloneNotSupported

Exception.
public class SwimData implements Cloneable {

public Object clone() {

try{

return super.clone();

} catch(Exception e) {

System.out.println(e.getMessage());

return null;

}

}

}
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Example [2] 
 simple program that reads data about Swimmers from a file 

and then clones the resulting object. 

 a Swimmer class is the info holder, and a class called 

SwimData that maintains a vector of the Swimmers read 

from file

class Swimmer { 

String name;

int age;

String club;

float time;

boolean female;

…..

public class SwimData implements Cloneable {

Vector swimmers;

public SwimData(String filename) {

String s = "";

swimmers = new Vector();

//open data file

InputFile f = new InputFile(filename);

s= f.readLine(); //read in and parse each line

while(s != null) {

swimmers.addElement(new Swimmer(s));

s= f.readLine();

}

f.close();

}
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Cont.
 We also provide a getSwimmer method in 

SwimData and getName, getAge and getTime 
methods in the Swimmer class. Once we’ve read 
the data into SwimInfo, we can display it in a list 
box.

swList.removeAll(); //clear list

for (int i = 0; i < sdata.size(); i++) {

sw = sdata.getSwimmer(i);

swList.addItem(sw.getName()+" "+sw.getTime());

}
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Cont.
 Then, when the user clicks on the Clone button, we’ll clone 

this class and sort the data differently in the new class. Again, 
we clone the data because creating a new class instance 
would be much slower, and we want to keep the data in both 
forms.

sxdata = (SwimData)sdata.clone();

sxdata.sortByTime(); //re-sort

cloneList.removeAll(); //clear list

//now display sorted values from clone

for(int i=0; i< sxdata.size(); i++) {

sw = sxdata.getSwimmer(i);

cloneList.addItem(sw.getName()+" "+sw.getTime());

}
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Cont.

 In the original class, the names are 
sorted by sex and then by time, while in 
the cloned class, they are sorted only by 
time.

 After Refresh (reload the left-hand list 
box from the original data) the names in 
the left-hand list box are also re-sorted -
because in Java the clone method is a 
shallow copy of the original class. In 
other words, the references to the data 
objects are copies, but they refer to the 
same underlying data. Thus, any 
operation we perform on the copied data 
will also occur on the original data in the 
Prototype class.

 In some cases, this shallow copy may be 
acceptable, but if you want to make a 
deep copy of the data, there is a clever 
trick using the serializable interface.
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The Singleton Pattern [1,2]
 Intent – to ensure a class only has one instance, and 

provide a global point of access to it.

 Motivation - it's important for some classes to have 
exactly one instance – i.e., there should be only one file 
system and one window manager, an accounting system 
will be dedicated to serving one company, etc. How do 
we ensure that a class has only one instance and that 
the instance is easily accessible? A global variable 
makes an object accessible, but it doesn't keep you from 
instantiating multiple objects.

 Solution - to make the class itself responsible for 
keeping track of its sole instance. The class can ensure 
that no other instance can be created (by intercepting 
requests to create new objects), and it can provide a way 
to access the instance. This is the Singleton pattern.
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Applicability

Use the Singleton pattern when:

 there must be exactly one instance of a class, and it 
must be accessible to clients from a well-known access 
point.

 when the sole instance should be extensible by sub-
classing, and clients should be able to use an extended 
instance without modifying their code.
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Structure, Participants & 

Collaborations
 Participants

 defines an Instance operation that lets clients access its 
unique instance. Instance is a class operation (class 
method in Smalltalk and a static member function in 
C++).

may be responsible for creating its own unique instance.

 Collaborations

 Clients access a Singleton instance solely through 
Singleton's Instance operation.
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Consequences 1/2

 Controlled access to sole instance. Because the 
Singleton class encapsulates its sole instance, it can 
have strict control over how and when clients access 
it. 

 Reduced name space. The Singleton pattern is an 
improvement over global variables. It avoids 
polluting the name space with global variables that 
store sole instances.

 Permits refinement of operations and 
representation. The Singleton class may be 
subclassed, and it's easy to configure an application 
with an instance of this extended class. You can 
configure the application with an instance of the 
class you need at run-time.
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Consequences 2/2

 Permits a variable number of instances. The pattern 
makes it easy to change your mind and allow more than 
one instance of the Singleton class. Moreover, you can 
use the same approach to control the number of 
instances that the application uses. Only the operation 
that grants access to the Singleton instance needs to 
change.

 More flexible than class operations - another way to 
package a singleton's functionality is to use class 
operations (that is, static member functions in C++ or 
class methods in Java). But both of these language 
techniques make it hard to change a design to allow 
more than one instance of a class.
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Example
class iSpooler {

//this is a prototype for a printer-spooler class

//such that only one instance can ever exist

static boolean instance_flag = false; //true if 1 instance

//the constructor is private!

private iSpooler() { }

//static Instance method returns one instance or null

static public iSpooler Instance() {

if (! instance_flag) {

instance_flag = true;

return new iSpooler(); //only callable from within

}

else

return null; //return no further instances – no exceptions!

}

//-------------------------------------------

public void finalize() {

instance_flag = false;

}

}


