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Introduction

Creational design patterns abstract the instantiation process. These patterns help us
by making a system independent of how its objects are created, composed, and
represented. A class creational patterns uses inheritance to vary the class that is
instantiated, whereas an object creational pattern will delegate instantiation to
another object. Creational patterns become important as systems evolve to depend
more on object composition than class inheritance; define smaller set of fundamental
behaviors that can be composed into any number of more complex ones;

• Encapsulate knowledge about which concrete classes the system uses.
• Hide how instances of these classes are created and put together.
• Provides flexibility of what gets created, who creates it, how it gets created,

and when.
They let us configure a system with "product" objects that vary widely in structure and
functionality. Configuration can be static (specified at compile-time) or dynamic (at
run-time).
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Factory Method Pattern

Intent

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

Motivation

The client is an object that requires an instance of another object (the product) for
some purpose. Rather than creating the product instance directly, the client
delegates this responsibility to the factory. Once invoked, the factory creates a new
instance of the product, passing it back to the client. Shortly, the client uses the
factory to create an instance of the product.

Problem

One of the goals of object-oriented design is to delegate responsibility among
different objects. This kind of partitioning is good since it encourages Encapsulation
and Delegation.

• Sometimes an Application at runtime, cannot anticipate the class of object that
it must create. The Application may know it has to instantiate classes, but it
may only know about abstract classes (or interfaces), which it cannot
instantiate. Thus the Application class may only know when it has to
instantiate a new Object of a class, not what kind of subclass to create.

• A class may want its subclasses to specify the objects to be created.
• A class may delegate responsibility to one of several helper subclasses so that

knowledge can be localized to specific helper subclasses.

Solution

Factory Method is a creational pattern which helps to model an interface for creating
an object which at certain time can let its subclasses decide which class to
instantiate.  It is responsible for „Manufacturing“an Object which helps to instantiate
the appropriate Subclass by creating the right Object from a group of related classes.
A factory is not needed to make an object. A simple call to new could do it, however,
the use of factories gives the programmer the opportunity to abstract the specific
attributes of an Object into specific subclasses which create them.
Define an interface for creating an object but let the subclasses decide which class to
instantiate. The factory method lets a class defer instantiation to subclasses.
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Motivation

Frameworks use abstract classes to define and maintain relationships between
objects. A framework is often responsible for creating these objects as well.
Consider a framework for applications that can present multiple documents to the
user. Two key abstractions in this framework are the classes Application and
Document. Both classes are abstract, and clients have to subclass them to realize
their application-specific implementations. 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—the
Application class only knows when a new document should be created, not what kind
of Document to create. 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.
Application subclasses redefine an abstract CreateDocument operation on
Application to return the appropriate Document subclass. Once an Application
subclass is instantiated, it can then instantiate application-specific Documents without
knowing their class. We call CreateDocument a factory method because it's
responsible for "manufacturing" an object.

Applicability

Use the Factory Method pattern when a class can't anticipate the class of objects it
must create and a class wants its subclasses to specify the objects it creates.
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Structure

Participants

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

ConcreteProduct (MyDocument)
implements the Product interface.

Creator (Application)
declares the factory method, which returns an object of type Product. Creator may
also define a default implementation of the factory method that returns a default

ConcreteProduct object.
may call the factory method to create a Product object.

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

Example

MazeGame
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MazeGame class with a createMaze() method:

/**
* MazeGame.
*/

public class MazeGame {
// Create the maze.

public Maze createMaze() {
Maze maze = new Maze();
Room r1 = new Room(1);
Room r2 = new Room(2);
Door door = new Door(r1, r2);
maze.addRoom(r1);
maze.addRoom(r2);
r1.setSide(MazeGame.North, new Wall());
r1.setSide(MazeGame.East, door);
r1.setSide(MazeGame.South, new Wall());
r1.setSide(MazeGame.West, new Wall());
r2.setSide(MazeGame.North, new Wall());
r2.setSide(MazeGame.East, new Wall());
r2.setSide(MazeGame.South, new Wall());
r2.setSide(MazeGame.West, door);
return maze;
}

}

The problem with this createMaze() method is its inflexibility. What if we wanted to
have enchanted mazes with EnchantedRooms and EnchantedDoors? Or a secret
agent maze with DoorWithLock and WallWithHiddenDoor? What would we have to
do with the createMaze() method? As it stands now, we would have to make
significant changes to it because of the explicit instantiations using the new operator
of the objects that make up the maze. How can we redesign things to make it easier
for createMaze() to be able to create mazes with new types of objects?

Let's add factory methods to the MazeGame class:

/**
* MazeGame with a factory method.
*/

public class MazeGame {
public Maze makeMaze() {return new Maze();}
public Room makeRoom(int n) {return new Room(n);}
public Wall makeWall() {return new Wall();}
public Door makeDoor(Room r1, Room r2) {return new Door(r1, r2);}
public Maze createMaze() {

Maze maze = makeMaze();
Room r1 = makeRoom(1);
Room r2 = makeRoom(2);
Door door = makeDoor(r1, r2);
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maze.addRoom(r1);
maze.addRoom(r2);
r1.setSide(MazeGame.North, makeWall());
r1.setSide(MazeGame.East, door);
r1.setSide(MazeGame.South, makeWall());
r1.setSide(MazeGame.West, makeWall());
r2.setSide(MazeGame.North, makeWall());
r2.setSide(MazeGame.East, makeWall());
r2.setSide(MazeGame.South, makeWall());
r2.setSide(MazeGame.West, door);
return maze;

}
}

We made createMaze() just slightly more complex, but a lot more flexible!
Consider the EnchantedMazeGame class:

public class EnchantedMazeGame extends MazeGame {
public Room makeRoom(int n) {return new EnchantedRoom(n);}
public Wall makeWall() {return new EnchantedWall();}
public Door makeDoor(Room r1, Room r2)
{return new EnchantedDoor(r1, r2);}

}

The createMaze() method of MazeGame is inherited by EnchantedMazeGame
and can be used to create regular mazes or enchanted mazes without
modification! The reason this works is that the createMaze() method of
MazeGame defers the creation of maze objects to its subclasses. That's the
Factory Method pattern at work!

Non-software example

A Bread Machine allows its user
to make bread. The recipe used
determines the type of bread to be
made.

Participant Correspondence:
The BreadMachine corresponds
to the Product, as it defines the
interface of the objects created by
the factory. A specific recipe
(BasicBreadRecipe or
CheeseBreadRecipe)
corresponds to the
ConcreteProduct, as these
implement the Product interface.
The user corresponds to the
Creator, since he or she uses the
factory to create product objects.
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Consequences

– 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 now must deal with another point of evolution.

– 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. In the Document example, the Document class could define a factory
method called CreateFileDialog that creates a default file dialog object for
opening an existing document.

Implementation

– Creator can be abstract „the case when the Creator class is an abstract class and
does not provide an implementation for the factory method it declares“  or
concrete „the case when the Creator is a concrete class and provides a default
implementation for the factory method“.

– Parameterized factory methods. Another variation on the pattern lets the factory
method create multiple kinds of products. If so, then the factory method has a
parameter (possible an if-else!) to decide what object to create.

Prototype Pattern

Intent

Specify the kinds of objects to create using a prototypical instance, and create new
objects by copying this prototype.

Example (Music Editor)
Music editor can draw graphics by cloning objects for each entity to be drawn.

Problem:  The GraphicTool class belongs to the framework, while the graphical
classes are application-specific, so the GraphicTool class doesn't know how to create
graphical objects and then operate on them.
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Solution: The solution lies in making GraphicTool create a new Graphic by copying or
"cloning" an instance of a Graphic subclass. This instance is called 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 GraphicTool
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.

Motivation

– The Prototype pattern allows the client to request duplicates of an existing
object without having to know implementation specific details for derived
concrete classes. This reduces the number of classes that the client needs to
know about.
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– The Prototype pattern is especially useful for cases where the construction
and initialization of an object would be more complex or time involving than the
cloning of an existing object.

Applicability
– Use the Prototype pattern when a system should be independent of how its

products are created, composed, and represented; and
– 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 easier to have the proper number of prototypes and clone them
rather than instantiating the class manually each time.

Structure

Participants

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.

Non-Software Example
The mitotic division of a cell
results in two cells of identical
genotype. This cell “cloning” is
an example of Prototype
pattern in that original cell takes
an active role in creating a new
instance of itself.

Participant Correspondence:
The cell corresponds to the
Prototype, as it has an
"interface" for cloning itself.
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A specific instance of a cell corresponds to the ConcretePrototype. The DNA
or genetic blue print corresponds to the Client, as it creates a new cell by
instructing a cell to divide and clone itself.

Consequences

– It hides the concrete product classes from the client, thereby reducing the number
of names clients know about.

– Dynamically 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.

– 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, for example—and not by defining new classes.

– Reducing the need for sub-classing. The Prototype pattern lets you clone a
prototype instead of asking a factory method to make a new object. Hence you
don't need a Creator class hierarchy at all.

– Configuring an application with classes dynamically. Some run-time environments
let you load classes into an application dynamically.

– Main liability: Clone() needed in each ConcretePrototype subclass

Implementation

– The abstractPrototype class gives a clone () method to be used at runtime to
create many instantiations of the Prototype with different values.

– Determine how the Clone operation should be performed.
– Shallow Copy – Variable instances shared.
– Deep Copy – Variable instances are cloned.

Deep clone Vs Shallow clone decision depending on whether copies of instance
variables are needed or pointers to abstractPrototype’s variables will do.

– Determine what functions must be in the base prototype interface so the client
can initialize the copy. (only if the clone needs to be initialized with specific
parameter)

Singleton Pattern

Intent
Ensure a class only has one instance, and provide a global point of access to it.

Problem
• When creating a New Class it may be apparent that there should only ever be

one instance of it. It's too risky to rely on a developer not to create several
instances by accident, so a scheme to enforce this criterion is required.

• An example might be a class which represents the mouse or screen. There
should only be a single representation of these devices since that accurately
models the real world situation.

Solution
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• 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. Global variables also tend to
pollute the name space.

Better Solution
• A better solution is 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

Motivation

• We want just a single instance of a class to exist in the system
• For example, we want just one window manager. Or just one factory for a

family of products.
• We need to have that one instance easily accessible
• And we want to ensure that additional instances of the class can not be

created

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 subclassing, and clients

should be able to use an extended instance without modifying their
code

Structure

Clients access the singleton instance through one well-known access point.

Participants
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– Singleton
– defines an Instance operation that lets clients access its unique

instance. Instance is a class operation (that is, a class method in
Smalltalk and a static member function in C++).

– may be responsible for creating its own unique instance.
Example
C++ Singleton Sample Implementation Code

// Declaration
class Singleton{
public:

static Singleton* Instance();
protected:

Singleton();
private:

static Singleton* _instance;
}

// Implementation
Singleton* Singleton::_instance = 0;
Singleton* Singleton::Instance() {

if (_instance == 0) {
_instance = new Singleton;

}
return _instance;

}

This simple class has one member variable and that is a pointer to itself. Notice that
the constructor is protected and that the only public method is the Instance method. A
client that tries to instantiate Singleton directly will get an error at compile-time. This
ensures that only one instance can ever get created. In the implementation of the
Instance method, there is a control block (if) that checks to see if the member
variable has been initialized and if not creates a new instance. Singleton instance is
initialized, or created, only on the first call to the Instance () method.

On the other hand, for multi-threaded applications only one thread can be executing
the method at a given time; any threads waiting to get an instance of Singleton will be
blocked until the first thread has exited the Instance method. Therefore, some form of
mutex protection must be provided in this scenario.

Non-Software Example 

The office of Presidency of United
States is an example of a
Singleton, since there can be at
most one active president at any
given time

Participant Correspondence:
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The Office of the Presidency of the United States corresponds to the Singleton. The
office has an instance operator (the title of "President of the United States") which
provides access to the person in the office. At any time, at most one unique instance
of the president exists.

Colloborations

Clients access a Singleton instance solely through Singleton's Instance operation.

Consequences

The Singleton pattern has several benefits:
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.

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.

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.
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