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DESIGN PATTERNS

The Gang-of-Four: Erich Gamma, Richard Helm, Ralph Johnson, John Vlissides

Design Patterns: Elements of Reusable Object Oriented Software (1995).
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Pattern description

Context: 

• The general situation in which the pattern applies 

Problem: 

—A short sentence or two raising the main difficulty.

Forces: 

• The issues or concerns to consider when solving the problem

Solution: 

• The recommended way to solve the problem in the given context. 

—‘to balance the forces’

Antipatterns: (Optional)

•  Solutions that are inferior or do not work in this context. 

Related patterns: (Optional) 

• Patterns that are similar to this pattern. 

References:

•  Who developed or inspired the pattern. 

















January 02, 2009

O
 b

 j e c t   O
 r i e n

 t e d
   S

 o
 f t w

 a
 r e   E

 n
 g

 i n
 e e r i n

 g

310

Factory Method: The Problem
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Factory Method: The Problem

1. Frameworks use abstract classes to define and maintain   

relationships between objects

January 02, 2009

O
 b

 j e c t   O
 r i e n

 t e d
   S

 o
 f t w

 a
 r e   E

 n
 g

 i n
 e e r i n

 g

310

Factory Method: The Problem

1. Frameworks use abstract classes to define and maintain   

relationships between objects

2. Consider a framework for applications that present 

multiple documents to the user. A drawing application is an 

example.
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Factory Method: The Problem

1. Frameworks use abstract classes to define and maintain   

relationships between objects

2. Consider a framework for applications that present 

multiple documents to the user. A drawing application is an 

example.
3. This framework defines two abstract classes:  application 

and document. These ought to be sub classed by clients 

for application specific implementation.
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Factory Method: The Problem

1. Frameworks use abstract classes to define and maintain   

relationships between objects

2. Consider a framework for applications that present 

multiple documents to the user. A drawing application is an 

example.
3. This framework defines two abstract classes:  application 

and document. These ought to be sub classed by clients 

for application specific implementation.

4. The application class will create and manage documents 

when required, e.g. when a New command is selected from 

the menu.
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Factory Method Pattern: The Problem

5. Document sub class is application specific. Hence the 
Application class does not know what kind of document to 
create!
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Factory Method Pattern: The Problem

5. Document sub class is application specific. Hence the 
Application class does not know what kind of document to 
create!

6. Problem: The framework must instantiate classes but it only 
knows about the abstract classes, which it cannot initiate!
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Factory Method Pattern: Structure
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Factory Method Pattern: Structure

Product
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Factory Method Pattern: Structure

Product

ConcreteProduct
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Factory Method Pattern: Structure

Product

ConcreteProduct
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Factory Method Pattern: Structure

Product Creator

factoryMethod()

someOperation()

ConcreteProduct
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Factory Method Pattern: Structure

Product Creator

factoryMethod()

someOperation()

ConcreteCreator

factoryMethod()ConcreteProduct
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Factory Method Pattern: Structure

Product Creator

factoryMethod()

someOperation()

ConcreteCreator

factoryMethod()ConcreteProduct
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Product Creator

factoryMethod()

someOperation()

ConcreteCreator
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Factory Method Pattern: Structure

Product Creator

factoryMethod()

someOperation()

ConcreteCreator

factoryMethod()ConcreteProduct

return new ConcreteProduct
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Factory Method Pattern: Structure

Product Creator

factoryMethod()

someOperation()

ConcreteCreator

factoryMethod()ConcreteProduct

product=Factory method

return new ConcreteProduct
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Abstract Factory
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Abstract Factory
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Observer Pattern
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Observer Pattern

Change notification

Requests, modifications
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Observer Pattern

A=10%

B=40%

C=30%

D=20%

Application data
Change notification

Requests, modifications

January 02, 2009

O
 b

 j e c t   O
 r i e n

 t e d
   S

 o
 f t w

 a
 r e   E

 n
 g

 i n
 e e r i n

 g

329

Observer Pattern

A=10%

B=40%

C=30%

D=20%

Application data

Y 10  40  30 20

X 15  35  35 15

Z 10  40  30 20

A   B   C   D

Change notification

Requests, modifications
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Observer Pattern

A=10%

B=40%

C=30%

D=20%

Application data

A DCB

Relative Percentages

Y 10  40  30 20

X 15  35  35 15

Z 10  40  30 20

A   B   C   D

Change notification

Requests, modifications
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Observer Pattern

A=10%

B=40%

C=30%

D=20%

Application data

A

B

C

D

A DCB

Relative Percentages

Y 10  40  30 20

X 15  35  35 15

Z 10  40  30 20

A   B   C   D

Change notification

Requests, modifications
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Observer Pattern

Subject

attach (Observer)

detach (Observer)

notify ()

Observer

uUpdate()

Concrete Observer

update()

observerState

Concrete Subject

getState()

setState()

subjectState

observers

subject

forall x in observers

    x.update(); 

observerState =

   subject.getState();
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Class collaboration in Observer

:ConcreteSubject :ConcreteObserver-1 :ConcreteObserver-2

getState()

notify()

update()

setState()

getState()

update()
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Observer code
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Observer code

import Subject;
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Observer code

import Subject;
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Observer code

import Subject;
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Observer code

import Subject;
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Observer code

import Subject;

class Observer {
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Observer code

import Subject;

class Observer {
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Observer code

import Subject;

class Observer {
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Observer code

import Subject;

class Observer {
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Observer code

import Subject;

class Observer {

 public abstract void update(Subject theChangeSubject);
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Observer code

import Subject;

class Observer {

 public abstract void update(Subject theChangeSubject);

 protected Observer();
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Observer code

import Subject;

class Observer {

 public abstract void update(Subject theChangeSubject);

 protected Observer();

Abstract class defining

the Observer interface.
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Observer code

import Subject;

class Observer {

 public abstract void update(Subject theChangeSubject);

 protected Observer();

Note the support for multiple subjects.

Abstract class defining

the Observer interface.
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Subject Code



January 02, 2009

O
 b

 j e c t   O
 r i e n

 t e d
   S

 o
 f t w

 a
 r e   E

 n
 g

 i n
 e e r i n

 g

333

Subject Code

abstract class Subject {
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Subject Code

abstract class Subject {

 public abstract void attach(Observer o);



January 02, 2009

O
 b

 j e c t   O
 r i e n

 t e d
   S

 o
 f t w

 a
 r e   E

 n
 g

 i n
 e e r i n

 g

333

Subject Code

abstract class Subject {

 public abstract void attach(Observer o);

 public abstract void detach(Observer o);
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Subject Code

abstract class Subject {

 public abstract void attach(Observer o);

 public abstract void detach(Observer o);

 public abstract void notify(Observer o);
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Subject Code

abstract class Subject {

 public abstract void attach(Observer o);

 public abstract void detach(Observer o);

 public abstract void notify(Observer o);

 protected Subject();
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Subject Code

abstract class Subject {

 public abstract void attach(Observer o);

 public abstract void detach(Observer o);

 public abstract void notify(Observer o);

 protected Subject();

 private List observers_;
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Subject Code

abstract class Subject {

 public abstract void attach(Observer o);

 public abstract void detach(Observer o);

 public abstract void notify(Observer o);

 protected Subject();

 private List observers_;

      Could this be an interface?
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Subject Code

Abstract class defining

the Subject interface.

abstract class Subject {

 public abstract void attach(Observer o);

 public abstract void detach(Observer o);

 public abstract void notify(Observer o);

 protected Subject();

 private List observers_;

      Could this be an interface?
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When to use the Observer Pattern? 
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Observer Pattern: Consequences
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Façade Pattern: Problem
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Façade Pattern: Problem

Client Classes
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Façade Pattern: Problem

Client Classes

Subsystem classes
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Façade Pattern: Problem

Client Classes

Subsystem classes
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Façade Pattern: Problem

Client Classes

Subsystem classes

Need to communicate
with
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Participants & Communication
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Benefits
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Example: A compiler
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Example: A compiler

Stream

BytecodeStream

CodeGenerator
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Example: A compiler

StackMachineCodegeneratorRISCCodegenerator

Stream

BytecodeStream

CodeGenerator
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Example: A compiler

StackMachineCodegeneratorRISCCodegenerator

Stream

BytecodeStream

CodeGenerator

Scanner Token
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Example: A compiler

StackMachineCodegeneratorRISCCodegenerator

Stream

BytecodeStream

CodeGenerator

Scanner Token

Parser Symbol
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Example: A compiler

StackMachineCodegeneratorRISCCodegenerator

Stream

BytecodeStream

CodeGenerator

Scanner Token

Parser Symbol

PnodeBuilder Pnode
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StackMachineCodegeneratorRISCCodegenerator

Stream

BytecodeStream

CodeGenerator

Scanner Token

Parser Symbol

PnodeBuilder Pnode
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Example: A compiler

StackMachineCodegeneratorRISCCodegenerator

Stream

BytecodeStream

CodeGenerator

Scanner Token

Parser Symbol

PnodeBuilder Pnode

StatementNode
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Example: A compiler

StackMachineCodegeneratorRISCCodegenerator
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Example: A compiler

StackMachineCodegeneratorRISCCodegenerator

Stream

BytecodeStream

CodeGenerator

Scanner Token

Parser Symbol

PnodeBuilder Pnode

ExpressionNodeStatementNode
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Example: A compiler

StackMachineCodegeneratorRISCCodegenerator

Stream

BytecodeStream

CodeGenerator

Scanner Token

Parser Symbol

PnodeBuilder Pnode

ExpressionNodeStatementNode

Compiler
Compile()
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Example: A compiler

StackMachineCodegeneratorRISCCodegenerator

Stream

BytecodeStream

CodeGenerator

Scanner Token

Parser Symbol

PnodeBuilder Pnode

ExpressionNodeStatementNode

Compiler
Compile()

Invocations
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Façade Pattern: Code
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Façade Pattern: Code

class Scanner {
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Façade Pattern: Code

class Scanner {

 private Stream input_;
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Façade Pattern: Code

class Scanner {

 private Stream input_;

 public Scanner(Stream);
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Façade Pattern: Code

class Scanner {

 private Stream input_;

 public Scanner(Stream);

 public Token scan();
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Façade Pattern: Code

// Takes a stream of characters and produces a stream of tokens.

class Scanner {

 private Stream input_;

 public Scanner(Stream);

 public Token scan();
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Façade Pattern: Code

class Parser {

 public Parser();

 public void parse(Scanner, PNodeBuilder);
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Façade Pattern: Code

// Builds a parse tree from tokens using the  PNodeBuilder.
class Parser {

 public Parser();

 public void parse(Scanner, PNodeBuilder);
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Façade Pattern: Code
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Façade Pattern: Code
class PNodeBuilder {
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343

Façade Pattern: Code
class PNodeBuilder {

 public PNodeBuilder();
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343

Façade Pattern: Code
class PNodeBuilder {

 public PNodeBuilder();

 Pnode makeVariable(String name);
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343

Façade Pattern: Code
class PNodeBuilder {

 public PNodeBuilder();

 Pnode makeVariable(String name);

 Pnode makeAssignment(Pnode variable, Pnode exp);
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343

Façade Pattern: Code
class PNodeBuilder {

 public PNodeBuilder();

 Pnode makeVariable(String name);

 Pnode makeAssignment(Pnode variable, Pnode exp);

 private PNode node_;
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Façade Pattern: Code

// Builds a parse tree incrementally. Parse tree 
// consists of Pnode objects.

class PNodeBuilder {

 public PNodeBuilder();

 Pnode makeVariable(String name);

 Pnode makeAssignment(Pnode variable, Pnode exp);

 private PNode node_;
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Façade Pattern: Code

// Builds a parse tree incrementally. Parse tree 
// consists of Pnode objects.

// Node for a variable.

class PNodeBuilder {

 public PNodeBuilder();

 Pnode makeVariable(String name);

 Pnode makeAssignment(Pnode variable, Pnode exp);

 private PNode node_;
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Façade Pattern: Code

// Builds a parse tree incrementally. Parse tree 
// consists of Pnode objects.

// Node for a variable.

// Node for an assignment.

class PNodeBuilder {

 public PNodeBuilder();

 Pnode makeVariable(String name);

 Pnode makeAssignment(Pnode variable, Pnode exp);

 private PNode node_;
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Façade Pattern: Code

// Builds a parse tree incrementally. Parse tree 
// consists of Pnode objects.

// Node for a variable.

// Node for an assignment.

// Similarly...more nodes.

class PNodeBuilder {

 public PNodeBuilder();

 Pnode makeVariable(String name);

 Pnode makeAssignment(Pnode variable, Pnode exp);

 private PNode node_;
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Façade Pattern: Code

abstract class PNode {

  protected PNode();

  public int getSourceLine();
  public int getSourceIndex();

  public void add(Pnode);

  public void remove(Pnode);

  public traverse(CodeGen);

  

  private PNode node_;
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Façade Pattern: Code

// An interface to manipulate the program node and its children.
abstract class PNode {

  protected PNode();

  public int getSourceLine();
  public int getSourceIndex();

  public void add(Pnode);

  public void remove(Pnode);

  public traverse(CodeGen);

  

  private PNode node_;
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Façade Pattern: Code

// An interface to manipulate the program node and its children.

// Manipulate program node.

abstract class PNode {

  protected PNode();

  public int getSourceLine();
  public int getSourceIndex();

  public void add(Pnode);

  public void remove(Pnode);

  public traverse(CodeGen);

  

  private PNode node_;
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Façade Pattern: Code

// An interface to manipulate the program node and its children.

// Manipulate program node.

// Manipulate child node.

// ….

abstract class PNode {

  protected PNode();

  public int getSourceLine();
  public int getSourceIndex();

  public void add(Pnode);

  public void remove(Pnode);

  public traverse(CodeGen);

  

  private PNode node_;
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Façade Pattern: Code

// An interface to manipulate the program node and its children.

// Manipulate program node.

// Manipulate child node.

// ….

// Traverse tree to generate code.

abstract class PNode {

  protected PNode();

  public int getSourceLine();
  public int getSourceIndex();

  public void add(Pnode);

  public void remove(Pnode);

  public traverse(CodeGen);

  

  private PNode node_;
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Façade Pattern: Code

Abstract class CodeGen {

  public void 
visit(StatementNode n);

  public void 
visit(StatementNode n);

 

  private ByteCodeStream 
output_;
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Façade Pattern: Code

// Generate bytecode.

Abstract class CodeGen {

  public void 
visit(StatementNode n);

  public void 
visit(StatementNode n);

 

  private ByteCodeStream 
output_;
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Façade Pattern: Code

// Generate bytecode.

// Manipulate program node.

// ….

Abstract class CodeGen {

  public void 
visit(StatementNode n);

  public void 
visit(StatementNode n);

 

  private ByteCodeStream 
output_;
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Façade Pattern: Code

class ExpressionNode {

 public void traverse(CodeGen g)  {

  cg.visit(this);

  ListIterator it =  children.iterator();

  while (it.hasNext()) 

  ((PNode)it.next()).traverse(g);

 }
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Façade Pattern: Code

class Compiler {

 

public Compiler();

public void compile(Stream input, ByteCodeStream output) {

  Scanner scanner = new Scanner(input);

  PNodeBuilder builder = new PNodeBuilder();

  parser.Parse(scanner, builder);

  RISCCodeGen genrator = new RISCCodeGen(output);

  Pnode parseTree = builder.getRootNode();

  parseTree.traverse(generator);
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Façade Pattern: Code

// Façade. Offers a simple interface to compile and
// Generate code.

class Compiler {

 

public Compiler();

public void compile(Stream input, ByteCodeStream output) {

  Scanner scanner = new Scanner(input);

  PNodeBuilder builder = new PNodeBuilder();

  parser.Parse(scanner, builder);

  RISCCodeGen genrator = new RISCCodeGen(output);

  Pnode parseTree = builder.getRootNode();

  parseTree.traverse(generator);
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Façade Pattern: Code

// Façade. Offers a simple interface to compile and
// Generate code.

Could also take a CodeGenerator
Parameter for increased generality.

class Compiler {

 

public Compiler();

public void compile(Stream input, ByteCodeStream output) {

  Scanner scanner = new Scanner(input);

  PNodeBuilder builder = new PNodeBuilder();

  parser.Parse(scanner, builder);

  RISCCodeGen genrator = new RISCCodeGen(output);

  Pnode parseTree = builder.getRootNode();

  parseTree.traverse(generator);

January 02, 2009

O
 b

 j e c t   O
 r i e n

 t e d
   S

 o
 f t w

 a
 r e   E

 n
 g

 i n
 e e r i n

 g

348

Singleton
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Singleton Structure

Singleton

static instance()

singletonOp()

getSingletonData()

static uniqueInstance

singletonData

return uniqueinstance
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Singleton Code

public class Singleton {

 private static Singleton instance_; 

 private Data data_;

 private Singleton() { …init data… }

 public Data getData() { return data_; }

 

 public synchronized static Singleton instance() {

  if (instance_ == null) instance_ = new 
Singleton();

  return instance_;

 }
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Singleton Code

// Only one instance can ever be created.

public class Singleton {

 private static Singleton instance_; 

 private Data data_;

 private Singleton() { …init data… }

 public Data getData() { return data_; }

 

 public synchronized static Singleton instance() {

  if (instance_ == null) instance_ = new 
Singleton();

  return instance_;

 }
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6.7 The Delegation Pattern

• Context: 

—You are designing a method in a class

—You realize that another class has a method which 
provides the required service 

—Inheritance is not appropriate 
- E.g. because the isa rule does not apply 

• Problem: 

—How can you most effectively make use of a method that 
already exists in the other class? 

• Forces: 

—You want to minimize development cost by reusing 
methods 
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Delegation

• Solution:
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Delegation

Example:

354

Delegation

Antipatterns

• Overuse generalization and inherit the method that is to be 

reused 

• Instead of creating a single method in the «Delegator» that 

does nothing other than call a method in the «Delegate

—consider having many different methods in the 

«Delegator» call the delegate’s method 

• Access non-neighboring classes

return specificFlight.regularFlight.flightNumber();

return getRegularFlight().flightNumber();
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6.8 The Adapter Pattern

• Context: 

—You are building an inheritance hierarchy and want to incorporate it 
into an existing class. 

—The reused class is also often already part of its own inheritance 
hierarchy.

• Problem: 

—How to obtain the power of polymorphism when reusing a class 
whose methods

- have the same function

- but not the same signature

" as the other methods in the hierarchy?

• Forces: 

—You do not have access to multiple inheritance or you do not want to 
use it.
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Adapter

• Solution:
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Adapter

Example:
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6.10 The Immutable Pattern

• Context: 

—An immutable object is an object that has a state that never changes 
after creation 

• Problem: 

—How do you create a class whose instances are immutable? 

• Forces: 

—There must be no loopholes that would allow ‘illegal’ modification of 
an immutable object 

• Solution: 

—Ensure that the constructor of the immutable class is the only place 
where the values of instance variables are set or modified. 

—Instance methods which access properties must not have side effects. 

—If a method that would otherwise modify an instance variable is 
required, then it has to return a new instance of the class. 
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6.11 The Read-only Interface Pattern

• Context: 

—You sometimes want certain privileged classes to be able to modify 

attributes of objects that are otherwise immutable 

• Problem: 

—How do you create a situation where some classes see a class as read-

only whereas others are able to make modifications?

• Forces: 

—Restricting access by using the public, protected and private 

keywords is not adequately selective. 

—Making access public makes it public for both reading and writing 
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Read-only Interface

• Solution:
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Read-only Interface

Example:

362

Read-only Interface

Antipatterns:

• Make the read-only class a subclass of the «Mutable» class

• Override all methods that modify properties

—such that they throw an exception 



363

6.12 The Proxy Pattern

• Context: 

—Often, it is time-consuming and complicated to create instances of a 

class (heavyweight classes). 

—There is a time delay and a complex mechanism involved in creating 

the object in memory 

• Problem: 

—How to reduce the need to create instances of a heavyweight class? 

• Forces: 

—We want all the objects in a domain model to be available for 

programs to use when they execute a system’s various responsibilities. 

—It is also important for many objects to persist from run to run of the 

same program 
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Proxy

• Solution:
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Proxy

Examples:


