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Design Patterns

This chapter has been typed in a draft mode and not formatted for publication.

Introduction

        Design patterns help build good object-oriented designs.  They solve design problems.  The standard source for design patterns appeared in 1995
 with 23 patterns and examples mostly in C++.  It has four authors and is commonly known as the GOF book (for Gang of Four).  It classifies patterns into three types, creational, structural, and behavioral.  Creational patterns deal with object creation, while structural patterns concern the composition of classes or objects.  Behavioral patterns reflect how classes or objects interact.  Figure 19.1 lists the 23 patterns according to the GOF classification.

            Creational                        Structural                     Behavioral

             Abstract Factory              Adapter                           Chain of Responsibility

             Builder                             Bridge                             Command

             Factory Method               Composite                       Interpreter

             Prototype                         Decorator                        Iterator

             Singleton                          Façade                            Mediator

                                                      Flyweight                        Memento

                                                      Proxy                               Observer

                                                                                               State

                                                                                               Strategy   

                                                                                               Template Method

                                                                                               Visitor

        Lauren Truesdell, in her thesis
, develops a language for classifying patterns along three dimensions.  The first is the abstraction level, where the choices are form and content.  Form represents structure, while content represents action and its consequences.  The presence of procedure distinguishes content from form.  

        The second dimension represents the solution mechanism.  The three solution mechanisms are:

Abstract/Compose

        We abstract and name parts to form a structure, a composition of the parts.

Traverse

        We access a set of elements to accomplish a goal.

Unify

        We make separate parts into a coherent unit.

        The third dimension encompasses the problem domain.  Its three elements are:

Spatial

        Concerns parts relation to other parts and to the whole.

Temporal

        Chain of causality that arrives at some consequence.

Causality/Consequence 

        Beginning/end of a chain.

        We discuss the GOF patterns according to Truesdell's classification, and use her definitions.  The figures of patterns are similar to the structure diagrams from the GOF book.   We find it clearer to discuss each pattern in its general form and leave the details of specific examples, which tend to obscure the pattern, to the exercises.  The sections cover

1.  Form and Abstract/Compose
          Spatial -- Define an abstraction that represents another object or abstraction.

                            Adapter, Bridge, and Proxy

          Temporal -- Define an abstraction that represents each different possible procedure of a procedure set.

                            Strategy and Decorator

          Causality -- Define an abstraction that represents each different possible pairing of a command with a receiver.

                            Command

2.  Form and Traverse
          Spatial -- Traverse and access components.

                            Composite

          Temporal -- Traverse and access an operation of each object in an aggregate.

                            Visitor

          Causality -- Traverse and access a chain of causality.

                            Chain of Responsibility

3.  Form and Unify
          Spatial -- Unify the access point for parts of a system.

                             Facade

          Temporal -- Unify the access point for steps in a solution

                             Template Method

          Causality -- Unify the access point for a set of states.

                              State

4.  Content and Abstract/Compose
          Spatial -- Abstract product creation.

                              Factory Method and Singleton

          Temporal -- Abstract traversal.

                              Iterator

          Consequence -- Abstract holding and restoring a previous state.

                              Memento

5.  Content and Traverse
          Spatial -- Traverse a set of keys that represent instances,

                              Flyweight

          Temporal -- Traverse and abstract sequence of abstract steps.

                              Builder

          Consequence -- Traverse a set of variable's states within an object.

                              Prototype

6.  Content and Unify
          Spatial -- Ensure inclusion and consistency of products in a family.

                              Abstract Factory

          Temporal -- Centralize control of a shared task.

                               Mediator

          Consequence -- Synchronize states of a collection of objects.

                               Observer

The GOF interpreter pattern is compound and not subject to this classification.

19.1  Form and Abstract/Compose

        We discuss the six GOF patterns Adaptor, Bridge, Proxy, Strategy, Decorator, and Command.  For each, the abstraction level is form and the solution mechanism is abstract/compose.  

Spatial  -- Adaptor, Bridge, and Proxy

         Adaptor
                Problem:  An object has an interface other than what the client expects.

                Solution:  Abstract the object the client expects.  Allow its implementation to 

use the differently expressed equivalent one.

                Example:  The client must use an operation named request.  An Adaptee object has a specificRequest operation that performs the required function.  We create an Adapter object that contains a reference to an Adaptee.  The Adapter implements request to call the specificRequest method of the Adaptee.









                                                                 Figure 19.1  Adapter

Example 19.1  AdapterClient.java

abstract class Target {

  public abstract void request();                      // Note 1  

}

class Adaptee {

  public void specificRequest() {                      // Note 2  

    System.out.println("Good way to satisfy request");

  }

}

class Adapter extends Target {

  Adaptee adaptee = new Adaptee();

  public void request() {                              // Note 3

    adaptee.specificRequest();

  }

}

public class AdapterClient {

  public static void main(String[] args) {

    Target target = new Adapter();

    target.request();

  }

}

-----------------------------------------------------------------------------------------------------------

Output

Good way to satisfy request

-----------------------------------------------------------------------------------------------------------

Note 1:  The client must use the request method.

Note 2:  The specificRequest method does what the request method needs to 

              do.

Note 3:  The implementation of the request method uses specificRequest rather 

              than providing the service directly.  

         Bridge

                Problem:  Inheritance binds an implementation to an abstraction permanently.

                Solution:  Abstract the implementation so it can vary independently.

                Example:  Consider a BridgeAbstraction with two implementation subclasses of it.   Creating a RefinedAnstraction subclass of BridgeAbstraction would require two implementations too.  We simplify by creating a separate implementation hierarchy.  The abstract implementation, BridgeImplementation, has two concrete implementations.  We can implement BridgeAbstraction and RefinedAbstraction using either one of the concrete implementations.


                                                                                                                                          



                                                         Figure 19.2  Bridge

Example 19.2  Bridge.java

abstract class BridgeAbstraction {

  BridgeImplementation imp;

  public BridgeAbstraction(BridgeImplementation i) {

    imp = i;

  }

  public void operation() {

    imp.operationImp();

  }

}

abstract class BridgeImplementation {

  abstract void operationImp();

}

class ConcreteImpA extends BridgeImplementation {

  public void operationImp() {

    System.out.println("Doing it the A way");

  }

}

class ConcreteImpB extends BridgeImplementation {

  public void operationImp() {

    System.out.println("Doing it the B way");

  }

} 

class RefinedAbstraction extends BridgeAbstraction {

  public RefinedAbstraction(BridgeImplementation i) {

    super(i);

  }

  public void test() {

    operation();

    operation();

  }

}

public class BridgeClient {

  public static void main(String[] args) {

    BridgeImplementation bridgeImp = new ConcreteImpA();

    RefinedAbstraction refined = new RefinedAbstraction(bridgeImp);

    refined.test();

  }

}

------------------------------------------------------------------------------------------------------------

Output

Doing it the A way

Doing it the A way

------------------------------------------------------------------------------------------------------------     

         Proxy

                Problem:  An object has some barrier to access.

                Solution:  Abstract access to an object.

                Example:  A RealSubject has a request method that is not always accessible.  For example, it may be on host that we cannot reach directly.  Suppose we can only reach the RealSubject when the time is milliseconds is an even number.  The Proxy class provides a request method that contacts the RealSubject when possible and returns another result otherwise.  Both RealSubject and Proxy subclass the abstract Subject class.









                                                      Figure 19.3  Proxy

Example 19.3  ProxyClient.java

abstract class Subject {

  public abstract void request();

}

class Proxy extends Subject {

  RealSubject real = new RealSubject();

  public void request() {

    if (System.currentTimeMillis() % 2 == 0)

      real.request();

    else

      System.out.println("Real subject not available");

  }

}

class RealSubject extends Subject {

  public void request() {

    System.out.println("Requesting the real subject now");

  }

}

public class ProxyClient {

  public static void main(String[] args) {

    Subject subject = new Proxy();

    subject.request();

  }

}
----------------------------------------------------------------------------------------------------------

Output

Either

Real subject not available

or

Requesting the real subject now

----------------------------------------------------------------------------------------------------------

Temporal -- Strategy And Decorator

         Strategy

                Problem:  A set of solutions occurs where each solution may be selected for a different situation.

                Solution:  Abstract a solution set.

                Example:  ConcreteStatrategyA provides one version of an algorithm, while ConcreteStrategyB provides another.  The abstract Strategy class provides an abstract method that allows clients to choose among the available concrete implementations.     






                                                   Figure 19.4  Strategy

Example 19.4  StrategyClient.java                                                                                                                                                                                                                                                                                                                  

abstract class Strategy {

  public abstract void algorithm();

}

class ConcreteStrategyA extends Strategy {

  public void algorithm() {

    System.out.println("Doing it the A way");

  }

}

class ConcreteStrategyB extends Strategy {

  public void algorithm() {

    System.out.println("Doing it the B way");

  }

}

public class StrategyClient {

  public static void main(String[] args) {

    Strategy strategy = new ConcreteStrategyA();

    strategy.algorithm();

  }

}

-----------------------------------------------------------------------------------------------------------

Output

Doing it the A way

------------------------------------------------------------------------------------------------------------

         Decorator

                Problem:  A solution can occur by itself, or with steps before or after it.

                Solution:  Abstract the solution, where it may represent either the core solution or the enhanced solution.  Compose the enhanced solution.

                Example:  A BasicComponent represents either a core solution or an enhanced solution.  A ConcreteComponent represents a core solution.  A Decorator abstracts the enhancement process.  It contains a BasicComponent.  Its operation calls the operation of the BasicComponent.  Decorator subclasses such as ConcreteDecoratorA override operation to add a decorate method that adds functionality to the core operation.



    




                                  Figure 19.5  Decorator

Example 19.5  DecoratorClient.java

abstract class BasicComponent {

  public abstract void operation(); 

}

class ConcreteComponent extends BasicComponent {

  public void operation() {

    System.out.println("This is the basic was to operate");

  }

}

abstract class Decorator extends BasicComponent {

  BasicComponent component;

  public Decorator(BasicComponent base) {

    component = base;

  }

  public void operation() {

    component.operation();

  }

}

class ConcreteDecoratorA extends Decorator {

  public ConcreteDecoratorA(BasicComponent base) {

    super(base);

  }

  public void decorate() {

    System.out.println("Doing the A decoration");

  }

  public void operation() {

    super.operation();

    decorate();

  }

}

public class DecoratorClient {

  public static void main(String[] args) {

    ConcreteComponent concrete = new ConcreteComponent();

    ConcreteDecoratorA decorator = 

                   new ConcreteDecoratorA(concrete);

    decorator.operation();

  }

}

-----------------------------------------------------------------------------------------------------------

Output

This is the basic was to operate

Doing the A decoration
------------------------------------------------------------------------------------------------------------

Causality -- Command

         Command

                Problem:  A request may be paired with one of several receivers to handle a task.  The invoker may not know anything about the receivers.

                Solution:  Abstract a request and let the client pair it with a receiver. 

                Example:  The Invoker contains a Command.  Its invoke method calls the generic execute method of the Command.  A ConcreteCommand includes a Receiver.  It overrides the execute method to call the action method of the Receiver to implement the command.










                                                  Figure 19.6  Command

Example 19.6  CommandClient.java

class Invoker {

  Command command;

  public Invoker(Command c) {

    command = c;

  }

  public void invoke() {

    command.execute();

  }

}

abstract class Command {

  public abstract void execute();

}

class ConcreteCommand extends Command {

  Receiver receiver;

  public ConcreteCommand(Receiver r) {

    receiver = r;

  }

  public void execute() {

    receiver.action();

  }

}

class Receiver {

  public void action() {

    System.out.println("Receiver doing the action");

  }

}

public class CommandClient {

  public static void main(String[] args) {

    Receiver r = new Receiver();

    Command c = new ConcreteCommand(r);

    Invoker invoker = new Invoker(c);

    invoker.invoke();

  }

}

-----------------------------------------------------------------------------------------------------------

Output

Receiver doing the action

------------------------------------------------------------------------------------------------------------

19.2  Form and Traverse

        We discuss three GOF patterns  Composite, Visitor, and Chain of Responsibility.  For each, the abstraction level is form and the solution mechanism is traverse. 

Spatial

         Composite

                Problem:  Primitive objects and containers have different operations.

                Solution:  Generalize components and containers to a single representation.  Traverse components, where a component may also be a container.

                Example:  The Thing class provides operations needed by primitive components or containers.  The Leaf class, representing a primitive component, throws an exception if we try to call the operations meant for containers.  The Composite class implements all operations.  It applies its basic operation to each element of the container.











                                                       Figure 19.7  Composite

Example 19.7  CompositeClient.java

import java.util.*;

abstract class Thing {

  public abstract void operation();

  public abstract void add(Thing c);

  public abstract void remove(Thing c);

}

class Leaf extends Thing {

  public void operation() {

    System.out.println("Doing a leaf operation");

  }

  public void add(Thing c) {

    throw new RuntimeException("Cannot add to a leaf");

  } 

  public void remove(Thing c) {

    throw new RuntimeException("Cannot remove from a leaf");

  } 

}

class Composite extends Thing {

  Vector things = new Vector();

  public void operation() {

    Enumeration e = things.elements();

    while(e.hasMoreElements())

      ((Thing)e.nextElement()).operation();

  }

  public void add(Thing c) {

    things.addElement(c);

  }

  public void remove(Thing c) {

    things.removeElement(c);

  }

}

public class CompositeClient {

  public static void main(String[] args) {

    Thing thing = new Leaf();

    thing.operation();

    try {

       thing.add(thing);

    }catch (Exception e) {

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

    }

    Thing composite = new Composite();

    composite.add(thing);

    Thing anotherThing = new Leaf();

    composite.add(anotherThing);

    composite.operation();

  }

}

------------------------------------------------------------------------------------------------------------

Output

Doing a leaf operation

Cannot add to a leaf

Doing a leaf operation

Doing a leaf operation

------------------------------------------------------------------------------------------------------------

Temporal

         Visitor

                Problem:  Some objects accept one operation while others accept another.  We do not want to have each object implement every operation, so that we can traverse objects in a collection uniformly.

                Solution:  Create a visitor for each operation.  Let each object accept the appropriate visitor.

                Example:  The abstract Element class has an accept operation that applies to all elements.  It accepts a Visitor.  The abstract Visitor has a visit method for each concrete element.  ConcreteElementA has an operationA.  Its accept method has the Visitor apply its visitConcreteElementA method.  The ConcreteVisitor1 class implements the visitConcreteElementA method to call the operationA method of its ConcreteElementA argument.










                                                   Figure 19.8  Visitor

Example 19.8  VisitorClient.java

abstract class Element {

  public abstract void accept(Visitor v);

}

class ConcreteElementA extends Element {

  public void operationA() {

    System.out.println("Doing operation A");

  }

  public void accept(Visitor visitor) {

    visitor.visitConcreteElementA(this);

  }

}

abstract class Visitor {

  public abstract void visitConcreteElementA(ConcreteElementA e);

}

class ConcreteVisitor1 extends Visitor {

  public void visitConcreteElementA(ConcreteElementA ceA) {

    ceA.operationA();

  }

}

public class VisitorClient {

  public static void main(String[] args) {

    ConcreteVisitor1 visitor = new ConcreteVisitor1();

    Element[] element = new Element[2];

    element[0] = new ConcreteElementA();

    element[1] = new ConcreteElementA();

    for (int i = 0; i < 2; i++)

      element[i].accept(visitor);

  }

}

------------------------------------------------------------------------------------------------------------

Output

Doing operation A

Doing operation A
------------------------------------------------------------------------------------------------------------

Causality

         Chain of Responsibility

                Problem:  More than one object can handle a request, and the appropriate object is not known beforehand.

                Solution:  Give more than one object a chance to handle the request.

                Example:  The abstract Handler contains a reference to a successor.  Its handleRequest method passes the request to its successor.  Concrete handler methods try to handle the request.  If they cannot, they delegate it to the superclass method which sends it to the successor.  ConcreteHandler1 handles strings of five characters or less.  ConcreteHandler2 handles strings of six to eight characters.








                                                   Figure 19.9  Chain of Responsibility

Example 19.9  ChainClient.java

abstract class Handler {

  Handler successor;

  public Handler(Handler s) {

    successor = s;

  }

  public void handleRequest(String s) {

    if (successor == null) 

       throw new RuntimeException("Cannot handle your request for "

         + s);

    else

       successor.handleRequest(s);

  }

}

class ConcreteHandler1 extends Handler {

  public ConcreteHandler1(Handler s) {

    super(s);

  }

  public void handleRequest(String s) {

    if (s.length() <=5)

      System.out.println(s + " has five or less letters");

    else

      super.handleRequest(s);

  }

}

class ConcreteHandler2 extends Handler {

  public ConcreteHandler2(Handler s) {

    super(s);

  }

  public void handleRequest(String s) {

    if (s.length() > 5 && s.length() <= 8)

      System.out.println(s + " has six to eight letters");

    else

      super.handleRequest(s);

  }

}

public class ChainClient {

  public static void main(String[] args) {

    try {

      ConcreteHandler2 handler2 = new ConcreteHandler2(null);

      ConcreteHandler1 handler1 = new ConcreteHandler1(handler2);

      String small = "cat";

      String medium = "donkey";

      String large = "rhinocerous";

      handler1.handleRequest(small);

      handler1.handleRequest(medium);

      handler1.handleRequest(large);

    }catch(Exception e) {

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

    }

  }

}

-----------------------------------------------------------------------------------------------------------

Output

cat has five or less letters

donkey has six to eight letters

Cannot handle your request for rhinoceros
---------------------------------------------------------------------------------------------------------

19.3  Form and Unify

        We discuss three GOF patterns Façade, Template Method, and State.  For each, the abstraction level is form and the solution mechanism is unify 

Spatial

         Façade

                Problem:  An interface is complex.

                Solution:  Provide a simpler interface.

                Example:  The ServiceA, ServiceB, and ServiceC classes each have operations.  Provide the Façade class with a doAll operation that invokes each of these three operations.







                                           Figure 19.10  Façade

Example 19.10  FacadeClient.java

class ServiceA {

  public void doA() {

    System.out.println("Doing A");

  }

}

class ServiceB {

  public void doB() {

    System.out.println("Doing B");

  }

}

class ServiceC {

  public void doC() {

    System.out.println("Doing C");

  }

}

class Facade {

  ServiceA serviceA = new ServiceA();

  ServiceB serviceB = new ServiceB();

  ServiceC serviceC = new ServiceC();

  public void doAll() {

    serviceA.doA();

    serviceB.doB();

    serviceC.doC();

  }

}

public class FacadeClient {

  public static void main(String[] args) {

    Facade facade = new Facade();

    facade.doAll();

  }

}

------------------------------------------------------------------------------------------------------------

Output

Doing A

Doing B

Doing C
------------------------------------------------------------------------------------------------------------

Temporal

         Template Method

                Problem:  A solution has variant and invariant steps. We want to avoid repeating the invariant steps unnecesarily.

                Solution:  Define a template method that embodies the invariant part.  It uses abstract operations that can be redefined in subclasses to provide the variant part.

                Example:  The Template class contains a templateMethod that calls two abstract operations.  A Concrete1 subclass overrides the abstract operations in a certain way.  Other concrete subclasses could override them in different ways.







                                                       Figure 19.11 Template Method

Example 19.11 Template.java

abstract class Template {

  public abstract void operation1();

  public abstract void operation2();

  public void templateMethod() {

    operation1();

    operation2();

  }

}

class Concrete1 extends Template {

  public void operation1() {

    System.out.println("Doing Concrete1 operation1");

  }

  public void operation2() {

    System.out.println("Doing Concrete1 operation2");

  }

}

public class TemplateClient {

  public static void main(String[] args) {

    Template t = new Concrete1();

    t.templateMethod();

  }

}

------------------------------------------------------------------------------------------------------------

Output

Doing Concrete1 operation1

Doing Concrete1 operation2

------------------------------------------------------------------------------------------------------------

Causality

          State    

                Problem:  A solution has multiple states.  Each state produces distinct behavior.

                Solution:  Unify the states in one state.  Changes occur from one subclass to another.

                Example:  The abstract State class has handle and changeState methods.  ConcreteStateA overrides handle to process in a particular way.  It overrides changeState to change to the appropriate State subclass.  ConcreteStateB is similar.  The StateClient contains a State.  Its handle method processes the current State. 












                                                     Figure 19.12  State

Example 19.12  StateClient.java

abstract class State {

  public abstract void handle();

  public abstract void changeState(StateClient client);

}

class ConcreteStateA extends State {

  public void handle() {

    System.out.println("StateA handling");

  }

  public void changeState(StateClient client) {

    client.setState(new ConcreteStateB());

  }

}

class ConcreteStateB extends State {

  public void handle() {

    System.out.println("StateB handling");

  }

  public void changeState(StateClient client) {

    client.setState(new ConcreteStateA());

  }

} 

public class StateClient {

  private State state;  

  public StateClient(State s) {

    state = s;

  }

  public void handle() {

    state.handle();

    state.changeState(this);

  }

  public void setState(State s) {

    state = s;

  }

  public static void main(String[] args) {

    StateClient client = new StateClient(new ConcreteStateA());

    client.handle();

    client.handle();

    client.handle();

  }

}  

------------------------------------------------------------------------------------------------------------

Output

StateA handling

StateB handling

StateA handling
------------------------------------------------------------------------------------------------------------

19.4  Content and Abstract/Compose

        Four GOF patterns, Factory Method, Singleton, Iterator, and Memento have content as the abstraction level and abstract/compose as the solution mechanism.  We discuss all but Iterator in this section.  We are familiar with Iterator from the Java library.

Spatial

         Factory Method

                Problem:  A client needs to create an object without being directly coupled to its specific type.

                Solution:   Abstract product creation in a factory object.  The client uses the factory object to create the product.

                Example:  Use a Factory with an abstract createProduct method.  A static getFactory method returns a ConcreteFactory.  The ConcreteFactory overrides createProduct to create a ConcreteProduct.








                                     Figure 19.13 Factory Method

Example 19.13  FactoryClient.java

abstract class Product {

}

class ConcreteProduct extends Product {

  public ConcreteProduct() {

    System.out.println("Creating new ConcreteProduct");

  }

}

abstract class Factory {

  public static Factory getFactory() {

    return new ConcreteFactory();

  }

  public abstract Product createProduct();

}

class ConcreteFactory extends Factory {

  public Product createProduct() {

    return new ConcreteProduct();

  }

}

public class FactoryClient {

  public static void main(String[] args) {

    Factory factory = Factory.getFactory();

    Product product = factory.createProduct();

  }

}

------------------------------------------------------------------------------------------------------------

Output

Creating new ConcreteProduct

------------------------------------------------------------------------------------------------------------

          Singleton

                Problem:  We want a class to have only one instance.

                Solution:  Abstract control of instance creation.

                Example:  The Singleton class has a protected constructor so a client cannot construct a Singleton directly.  The static instance method only creates a Singleton the first time it is called.  When called again it returns the already created instance.




                                             Figure 19.14  Singleton

Example 19.14  SingletonClient.java

class Singleton {

  private static Singleton singleton = null;

  protected Singleton() {

    System.out.println("Creating a Singleton object");

  }

  public static Singleton instance() {

    System.out.println("Calling instance");

    if(singleton == null)

       singleton = new Singleton();

    return singleton;

  }

}

public class SingletonClient {

  public static void main(String[] args) {

    Singleton.instance();

    Singleton.instance();

  }

}

------------------------------------------------------------------------------------------------------------

Output

Calling instance

Creating a Singleton object

Calling instance

------------------------------------------------------------------------------------------------------------

Consequence

         Memento

                Problem:  Record the state of an object, so that it we can restore it later.

                Solution:  An object provides an operation to create a memento to save its state  It also provides an operation to restore its state from a memento.  Users of the object call these method to save and restore its state.

                Example:  The Memento class saves state data.  The Originator class contains a state, and a change operation that changes it.  The createMemento operation creates a Memento to save the current state.  The setMemento method uses the Memento to restore the state to its saved value.  The Caretaker class has a doIt operation that changes the state of an Originator, and an undoIt method that restore the former state of the Originator.






                                                Figure 19.15  Memento

Example 19.15  MementoClient.java

class Caretaker {

  Memento memento;

  Originator originator;

  public Caretaker(Originator o) {

    originator = o;

  }

  public void doIt() {

    memento = originator.createMemento(); 

    System.out.println("Changing the state");

    originator.change(2);

  }

  public void undoIt() {

    System.out.println("Undoing the last state change");

    originator.setMemento(memento);

  }

}

class Memento {

  private int state;

  public Memento(int s) {

    state = s;

  }

  public int getState() {

    return state;

  }

}

class Originator {

  private int state;

  public Originator(int s) {

    state = s;

  }

  public Memento createMemento() {

    return new Memento(state);

  }

  public void setMemento(Memento m) {

    state = m.getState();

  }

  public void change(int increment) {

    state += increment;

  }

  public int getState() {

    return state;

  }

}

public class MementoClient {

  public static void main(String[] args) {

    Originator originator = new Originator(5);

    System.out.println("The originator state is " 

       + originator.getState());

    Caretaker caretaker = new Caretaker(originator); 

    caretaker.doIt();

    System.out.println("The originator state is " 

       + originator.getState());

    caretaker.undoIt();

    System.out.println("The originator state is " 

       + originator.getState());

  }

}

-----------------------------------------------------------------------------------------------------------

Output

The originator state is 5

Changing the state

The originator state is 7

Undoing the last state change

The originator state is 5

------------------------------------------------------------------------------------------------------------

19.5  Content and Traverse

        Three GOF patterns, Flyweight, Builder, and Prototype have content as the abstraction level and traverse as the solution mechanism.  We discuss Flyweight and Builder in this section.

Spatial

         Flyweight

                Problem:  Avoid creating large numbers of  objects.

                Solution:  Share objects that we can use in different contexts.  Pass each the context it needs.

                Example:  The AbstractFlyweight has an operation to which we pass the context it needs.  A ConcreteFlyweight contains a single character.  We suppose that we only need one ConcreteFlyweight for each character no matter how many times we use that same character.  ConcreteFlyweight overrides the operation method to display its character the number of times passed to it.  A FlyweightFactory  keeps an array of created Flyweight objects.  The getFlyweight method creates a ConcreteFlyweight for a character only once and shares it with all users.









                                                Figure 19.16  Flyweight

Example 19.16  FlyweightClient.java

abstract class Flyweight {

  public abstract void operation(int extrinsic);

}

class ConcreteFlyweight extends Flyweight {

  char intrinsic;

  public ConcreteFlyweight(char in) {

    intrinsic = in;

    System.out.println("Creating a flyweight for " + in);

  }

  public void operation(int extrinsic) {

    for (int i = 0; i < extrinsic; i++)

      System.out.print(intrinsic);

    System.out.println();

  }

}

class FlyweightFactory {

  Flyweight[] flyweight = new Flyweight[26];

  public Flyweight getFlyweight(char key) {

    if(flyweight[(int)key - (int)'a'] != null)

      return flyweight[(int)key - (int)'a'];

    else 

      return flyweight[(int)key - (int)'a'] 

               = new ConcreteFlyweight(key);

  }

} 

public class FlyweightClient {

  public static void main(String[] args) {

    FlyweightFactory factory = new FlyweightFactory();

    Flyweight flyweight1 = factory.getFlyweight('e');

    flyweight1.operation(5);

    Flyweight flyweight2 = factory.getFlyweight('e');

    flyweight2.operation(7);

    Flyweight flyweight3 = factory.getFlyweight('x');

    flyweight3.operation(6);

  }

}

------------------------------------------------------------------------------------------------------------

Output

Creating a flyweight for e

eeeee

eeeeeee

Creating a flyweight for x

xxxxxx

------------------------------------------------------------------------------------------------------------

Temporal

         Builder

                Problem:  The same construction process applies to different representations.

                Solution:  Abstract the construction process to reuse it with different representations.  

                Example:  The Builder class abstracts the buildPart method.  ConcreteBuilder1 overrides buildPart to use uppercase, while ConcreteBuilder2 uses lowercase.








                                                        Figure 19.17  Builder

Example 19.17 BuilderClient.java

abstract class Builder {

  public abstract String buildPart(String s);

}

class ConcreteBuilder1 {

  public String buildPart(String s) {

    return s.toUpperCase();

  }

} 

class ConcreteBuilder2 {

  public String buildPart(String s) {

    return s.toLowerCase();

  }

}

public class BuilderClient {

  public static void main(String[] args) {

    String[] s = {"How", "May", "I", "help", "you"};

    ConcreteBuilder1 builder1 = new ConcreteBuilder1();

    for(int i = 0; i < s.length; i++) 

      System.out.print(builder1.buildPart(s[i]) + ' ');

    System.out.println();

    ConcreteBuilder2 builder2 = new ConcreteBuilder2();

    for(int i = 0; i < s.length; i++) 

      System.out.print(builder2.buildPart(s[i]) + ' ');

    System.out.println();

  }

}

------------------------------------------------------------------------------------------------------------

Output

HOW MAY I HELP YOU

how may i help you
------------------------------------------------------------------------------------------------------------

19.6  Content and Unify

        Three GOF patterns, AbstractFactory, Mediator, and Observer have content as the abstraction level and unify as the solution mechanism.  We discuss Mediator and Observer in this section.

Temporal

         Mediator

                Problem:  Each object communication with all other objects would create too many communication links.

                Solution:  Have objects communicate with a controller than relays messages.

                Example:  A Mediator associates with Thing1 and Thing2.  When a Thing1 invokes its call method, it relays the message to Thing2.  Similarly Mediator relays a Thing2 message to Thing1.






                                                     Figure 19.18  Mediator

Example 19.18  Mediator.java

class Mediator {

  Thing1 thing1;

  Thing2 thing2;

  public void setThings(Thing1 t1, Thing2 t2) {

    thing1 = t1;

    thing2 = t2;

  }

  public void call(Object o) {

    if (o instanceof Thing1)

      thing2.notify("Thing2 says that Thing 1 called the mediator");

    else if (o instanceof Thing2)

      thing1.notify("Thing1 says that Thing 2 called the mediator");

  }

}

class Thing1 {

  Mediator mediator;

  public Thing1(Mediator m) {

    mediator = m;

  }

  public void notify(String s) {

    System.out.println(s);

  }

  public void doIt() {

    mediator.call(this);

  }

}

class Thing2 {

  Mediator mediator;

  public Thing2(Mediator m) {

    mediator = m;

  }

  public void notify(String s) {

    System.out.println(s);

  }

  public void doIt() {

    mediator.call(this);

  }

}

public class MediatorClient {

  public static void main(String[] args) {

    Mediator m = new Mediator();

    Thing1 thing1 = new Thing1(m);

    Thing2 thing2 = new Thing2(m);

    m.setThings(thing1, thing2);

    thing1.doIt();

    thing2.doIt();

  }

}

------------------------------------------------------------------------------------------------------------

Output

Thing2 says that Thing 1 called the mediator

Thing1 says that Thing 2 called the mediator

------------------------------------------------------------------------------------------------------------ 

Consequence

         Observer

                Problem:  We need to notify many observers when the state of an observed object changes.

                Solution:  Have each observer register.  Have the object notify all registered observers whenever its state changes.

                Example:  The abstract Subject keeps a vector of observers.  The attach method allows it to add an Observer and the detach method removes one.  The notifyObservers method notifies each observer by calling its update method.  The ConcreteSubject has a state.  When the state changes, it calls the notifyObservers method.








                                                       Figure 19.19  Observer

Example 19.19  ObserverClient.java

import java.util.*;

abstract class Subject {

  private Vector observers = new Vector();

  public void attach(Observer o) {

    observers.addElement(o);

  }

  public void detach(Observer o) {

    observers.removeElement(o);

  }  

  public void notifyObservers() {

    Enumeration e = observers.elements();

    while(e.hasMoreElements()) 

      ((Observer)e.nextElement()).update();

  }

}

class ConcreteSubject extends Subject {

  private int subjectState;

  public int getState() {

    return subjectState;

  }

  public void setState(int s) {

    subjectState = s;

    notifyObservers();

  }

}

abstract class Observer {

  public abstract void update();

}

class ConcreteObserver extends Observer{

  int observerState;

  ConcreteSubject subject;

  public ConcreteObserver(ConcreteSubject s) {

    subject = s;

    subject.attach(this);

  }

  public void update() {

    observerState = subject.getState();

    System.out.println("Observer changing state to " + observerState);

  }

}

public class ObserverClient {

  public static void main(String[] args) {

    ConcreteSubject subject = new ConcreteSubject();

    Observer observer1 = new ConcreteObserver(subject);

    Observer observer2 = new ConcreteObserver(subject); 

    subject.setState(5);

  }

}

------------------------------------------------------------------------------------------------------------

Output

Observer changing state to 5

Observer changing state to 5

------------------------------------------------------------------------------------------------------------
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