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Polymorphism and Abstract Methods

Polymorphism

: (

“

many forms

”

).

Example

: 

–

Define a 

base class

, 

Shape

, and derive various 

subclasses

for 

specific shapes

. 

public class

Shape { 

public void

drawMe( ) { 

…

}

// generic drawing method

}

public class

Circle 

extends

Shape {

public void

drawMe( ) { 

…

}

// draws a Circle

}

public class

Rectangle 

extends

Shape {

public void

drawMe( ) { 

…

} 

// draws a Rectangle

}
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Inheritance

Object Inheritance

: 

Suppose a 

derived class

, 

Circle

, comes from a 

base class

, 

Shape

:

– Circle should have all the instance variables that Shape has

– Circle should have all the methods that Shape has

– Circle is allowed to define new instance variables and new methods

Code reuse

: 
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Example: University People

.

Person

Student Faculty Administrator

Undergrad GradStudent Instructor Professor

…

…

Person

Student Faculty
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Base Class: Person (Part 1)

package university;

public class Person {

private String name; // person's name

private String idNum; // ID number

public Person( ) {

name = "No Name";

idNum = "000-00-0000";

}

public Person( String n, String id ) {

name = n;

idNum = id;

}

public Person( Person p ) {

name = p.name;

idNum = p.idNum;

}

// …other methods in part 2

}
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Base Class: Person (Part 2)

public class Person {

private String name; // person's name

private String idNum; // ID number

// … constructors in part 1

public String getName( ) { return name; }

public String getIdNum( ) { return idNum; }

public void setName( String n ) { name = n; }

public void setIdNum( String id ) { idNum = id; }

public String toString( ) {

return "[" + name + "] " + idNum;

}

public boolean equals( Person p ) {

return name.equals( p.name ) && idNum.equals( p.idNum );

}

}
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Derived Classes: Student and Faculty

.

Person:

name

ID-Number

Student:

admission year

GPA

Faculty:

year hired

Person is the

base class 

(or super class)

Student and Faculty

are the derived

classes (subclasses)
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Derived Class Structure

Person: 

Instance Data

:

String name

String idNum

Methods

:

Constructors: default, standard, copy constructors.

Accessors/Setters: getname( ), setName( ), getIdNum( ), setIdNum( ).

Standard methods: toString( ), equals( ).

Student: 

Instance Data

:

int admitYear

double gpa

Methods

:

Faculty:

Instance Data

:

int hireYear

Methods

: 
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Derived class: Student (Part 1)

package university;

public class Student extends Person  {

private int admitYear;

private double gpa;

public Student( ) {

super( );

admitYear = -1;

gpa = 0.0;

}

public Student( String n, String id, int yr, double g ) {

super( n, id );

admitYear = yr;

gpa = g;

}

public Student( Student s ) {

super( s );

admitYear = s.admitYear;

gpa = s.gpa;

}

// …other methods in part 2

}
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Dissecting the Student Class

Extends

: 

public class Student extends Person { … }

super( )

: When initializing a new Student object, we need to 

initialize its 

base class

(or 

superclass

).  This is done by calling 

super( … )

. 

super( … ) must be the 

first statement

of your constructor

– If you 

do not

call super( ) …

-
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Memory Layout and Initialization Order

Example

:

Person ted = new Person( "Ted Goodman", "111-22-3333" );

Student bob = new Student( "Bob Goodstudent", "123-45-6789", 

2004, 4.0 );

ted

bob

Ted Goodman

111-22-3333

Bob Goodstudent

123-45-6789

super( n, id )

builds the

Person part

2004

4.0

Student constructor finishes it off
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Derived class: Student (Part 2)

public class Student extends Person  {

private int admitYear;

private double gpa;

// … constructors in part 1

public int getAdmitYear( ) { return admitYear; }

public double getGpa( ) { return gpa; }

public void setAdmitYear( int yr ) { admitYear = yr; }

public void setGpa( double g ) { gpa = g; }

public String toString( ) {

return super.toString( ) + " " + admitYear + " " + gpa;

}

public boolean equals( Student s ) {

return super.equals( s ) &&

admitYear == s.admitYear &&

gpa == s.gpa;

}

}
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Student bob = new Student( "Bob Goodstudent", "123-45-6789", 2004, 4.0 );

String bobsName = bob.getName( ) );

bob.setName( "Robert Goodstudent" );

System.out.println( "Bob's new info: " + bob.toString( ) );

A Student “is a” Person

:

–

Person robert = bob;

– We cannot reverse this. (A Person need not be a Student.)

Student bob2 = robert;

Inheritance

Inheritance
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Inheritance: Quick Recap

Recap

:

– Inheritance is when one class (

derived class

or 

subclass

) is defined 

from another class (the 

base class

or 

superclass

). 

– To derive a class D from a base class B, we use the declaration:

public class D extends B { … }

– The derived class 

inherits

all the instance variables and the 

methods from the base class. 

– When a derived class is initialized, it can use 

super( … )

– A derived class can explicitly refer to entities from the base class 

using 

super

. 

– A reference to a derived class can be used anywhere where a 

reference to the base class is expected. 
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Inheritance: Quick Recap

University People Example

:

class: Person

instance variables:

String name

String idNum

methods:

Person( … ) [various]

String getName( )

String getIdNum( )

void setName( String )

void setIdNum( String )

String toString( )

boolean equals( Person )

class: Student

instance variables:

int admitYear

double gpa

methods:

Student( … ) [various]

int getAdmitYear( )

double getGpa( )

void setAdmitYear( int )

void setGpa( double )

String toString( )

boolean equals( Student )

extends Person

class: Faculty

instance variables:

int hireYear

methods:

Faculty( … ) [various]

int hireYear( )

void setHireYear( int )

String toString( )

boolean equals( Student )

extends Person
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Derived Class: Faculty

package university;

public class Faculty extends Person {

private int hireYear; // year when hired

public Faculty( ) { super( ); hireYear = -1; }

public Faculty( String n, String id, int yr ) {

super(n, id);

hireYear = yr;

}

public Faculty( Faculty f ) { 

this( f.getName( ), f.getIdNum( ), f.hireYear );  

}

int getHireYear( ) { return hireYear; }

void setHireYear( int yr ) { hireYear = yr; }

public String toString( ) { 

return super.toString( ) + " " + hireYear; 

}

public boolean equals( Faculty f ) {

return super.equals( f ) && hireYear == f.hireYear;

}

}
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Overriding Methods

New Methods

:

Overriding

: 

public class Person {

…

public String toString( ) { … }

}

public class Student extends Person {

…

public String toString( ) { … }

}

Student bob = new Student( "Bob Goodstudent", "123-45-6789", 

2004, 4.0 );

System.out.println( "Bob's info: " + bob.toString( ) );
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Overriding and Overloading

Don’t confuse method 

overriding

with method 

overloading

.

Overriding

:  

Overloading

: 

Example

:

public class Person {

public void setName( String n ) { name = n; }

…

}

public class Faculty extends Person {

public void setName( String n ) { 

super.setName( “The Evil Professor ” + n ); 

}

public void setName( String first, String last ) {

super.setName( first + “ ” + last );

}

}
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Overriding Variables: Shadowing

We can override methods, can we override instance variables 

too?

Answer

: Yes, it is possible, but 

not recommended

.

public class Person { public class Staff extends Person {

String name; String name;

// … // … name refers to Staff’s name

} }
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super and this

super

: refers to the base class object.

– We can access data and methods in the base class (Person) through 

super

.  

this

: refers to this object.

– We can refer to our own data and methods using “

this.

”

– We can invoke any of our own constructors using 

this( … )

.  

public Faculty( Faculty f ) { 

this( f.getName( ), f.getIdNum( ), f.hireYear );  

}
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Inheritance and Private

Inheritance and private members

: 

Example: 

public class Student extends Person {

…

public void someMethod( ) { name = “Mr. Foobar”; }  

public void someMethod2( ) { setName( “Mr. Foobar” ); } 

}

Why is this?
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Protected and Package Access

Special Access for Derived Classes

:

Protected

: 

• to any 

derived class

• to any class in the 

same package

.

Example

:

protected void someMethod( ) { … }  // has protected access

Package

: 

• to any class in the 

same package

.

Example

:

void someOtherMethod( ) { … } // has package access
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Access to Base Class Elements

Which should I use?

: private, protected, package, or public?

Public

:

– Methods of the object’s public interface.

– Constant instance variables.

Private

:

– Instance variables.

– Internal helper/utility methods.

Protected/Package

:

– Internal helper/utility methods
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Access Modifiers

package fooBar;

public class A {

public int vPub;

protected int vProt;

int vPack;

private int vPriv;

}

package fooBar;

public class B {

can access vPub;

can access vProt;

can access vPack;

cannot access vPriv;

}

package fooBar;

public class C extends A {

can access vPub;

can access vProt;

can access vPack;

cannot access vPriv;

}

public class D extends A {

can access vPub;

can access vProt;

cannot access vPack;

cannot access vPriv;

}

public class E {

can access vPub;

cannot access vProt;

cannot access vPack;

cannot access vPriv;

}

Package: fooBar
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Inheritance versus Composition

Inheritance

Common Object:

public class ObjA {

public methodA( ) { … }

}

Inheritance: Composition:

public class ObjB extends ObjA { public class ObjB {

… ObjA a;

// call methodA( ); // call a.methodA( )

} }

When should I use inheritance vs. Composition?

ObjB “is a” ObjA:.

ObjB “has a” ObjA:
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Inheritance versus Composition

University parking lot permits

: 

Inheritance: Composition:

public class Permit extends Person { public class Permit {

String lotName; Person p;

String lotName;

// … // …

} }

Which to use?

A parking permit “is a” person?

A parking permit “has a” person?
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Inheritance: Quick Recap

Recap

:

– Inheritance is when one class (derived class or subclass) is defined 

from another class (the base class or superclass). 

– The derived class inherits all the instance variables and the 

methods from the base class. 

•

•

–

–

–
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More on Inheritance

We will next discuss:

Object:

Late Binding: 

Polymorphism: 

Abstract methods and classes:
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The Class Hierarchy and Object

Class inheritance

defines a hierarchy:

–

GradStudent

is a 

Student

–

Student

is a 

Person

–

Person

is a 

???

.

– If a class is not explicitly derived from some class, it is 

automatically derived from Object

.  

public class FooBar { … }  



public class FooBar extends Object { … }

–

–
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Object

The class 

Object

toString( )

: 

equals( Object o )

: 

Class Hierarchy

: new view

Object

Person

Student Faculty

Undergrad GradStudent Instructor Professor

String Number

Integer Float

Boolean

Double
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Early and Late Binding

Motivation

: :

Faculty carol = new Faculty( "Carol Tuffteacher", 

"999-99-9999", 1995 );

Person p = carol;

System.out.println( p.toString( ) );

Q

: Should this call 

Person’s

toString or 

Faculty’s

toString?

A

:

Early (static) binding

:  

Late (dynamic) binding

:  

Pros and cons

:  

Java uses late binding
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Polymorphism

Example

: 

Person[ ] list = new Person[3];

list[0] = new Person( "Col. Mustard", "000-00-0000" );

list[1] = new Student ( "Ms. Scarlet", "111-11-1111", 1998, 3.2 );

list[2] = new Faculty ( "Prof. Plum", "222-22-2222", 1981 );

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

System.out.println( list[i].toString( ) );

What type is list[i]?
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.

Correctness

: 

Efficiency

: 

Example

: The class Object defines the following method:

getClass( )

: 

if ( x.getClass( ) == y.getClass( ) ) …


____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Slide 33


[image: image33.emf]Disabling Overriding with “final”

final

:

– Define 

symbolic constants

:

public static final int MAX_BUFFER_SIZE = 1000;

– Indicate that a method 

cannot be overridden by derived classes

.

public class Parent {

…

public final void someMethod( ) { … }

}

public class Child extends Parent {

…

public void someMethod( ) { … }

}
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Inheritance

Inheritance:

– The derived class - subclass or child class.

– The base class - superclass or parent class.

Motivation

: 

Shape

Circle Rectangle Triangle

Right-Triangle Equilateral-Triangle

Animal

Insect Reptile Mammal

Cat Dog Primate

Human Ape Homer
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Polymorphism and Abstract Methods

Example

: 

–

–

Shape[ ] shapes = new Shape[…];

shapes[0] = new Circle( … );

shapes[1] = new Rectangle( … );

…

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

shapes[i].drawMe( );

Heap:

shapes

[0]

[1]

[2]

…

(a Circle object)

(a Rectangle object)

…
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Polymorphism and Abstract Methods

Problem

: 

– Draw some special “undefined shape”?

– Just ignore the operation?

– Issue an error message or exception?

Better solution

: Abstract methods/classes 

–

–

Abstract Method

: 
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Polymorphism and Abstract Methods

Abstract Method

:

–

–

Abstract Class

: 

–

–

public abstract class Shape { … }

–

• It cannot be created using “new”

Shape s = new Shape( … ); // Illegal! Shape is abstract

•

Shape s = new Circle( … );
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Example: Shapes

public abstract class Shape {

private int color;

Shape ( int c ) { color = c; }

public abstract void drawMe( );

}

public class Circle extends Shape {

private double radius;

public Circle( int c, double r ) { … details omitted … }

public void drawMe( ) { … Circle drawing code goes here … }

}

public class Rectangle extends Shape {

private double height;

private double width;

public Rectangle( int c, double h, double w ) { … details omitted … }

public void drawMe( ) { … Rectangle drawing code goes here … }

}
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Inheritance: Yet Another Quick Recap

Recap

:

– Inheritance is when one class (derived class or subclass) is defined 

from another class (the base class or superclass). 

– A reference to a derived class can be used anywhere where a 

reference to the base class is expected.

– All objects are derived (directly or indirectly) from Object.

– Java uses late (or dynamic) binding

– Late binding and inheritance allows you to create polymorphic 

variables. 

– When a method in a base class is not provided, the method and class 

are said to be abstract. 
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Still More on Inheritance

We will next discuss:

getClass/instanceof:

Up-casting/Down-casting:

equals: The Right Way:

clone:
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getClass

and 

and 

instanceof

instanceof

.

getClass( )

: 

Person bob = new Person( … );

Person ted = new Student( … );

if ( bob.getClass( ) == ted.getClass( ) ) // false (ted is really a 

Student)

instanceof

: 

if ( bob instanceof Person )

if ( ted instanceof Student )

if ( ted instanceof Person )

if ( bob instanceof Student )

Faculty carol = new Faculty( … );

if ( carol instanceof Person )

if ( carol instanceof Student )

// true

// true

// true

// false

// true

// Illegal! Doesn’t compile
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Up

-

-

casting and Down

casting and Down

-

-

casting

casting

Upcasting

: 

Downcasting

:  

Person bob = new Person( … );

Person ted = new Student( … );

Student carol = new Student( … );

GradStudent alice = new GradStudent( … );

bob = ted;

carol = ted;

carol = ( Student ) ted;

alice = ( GradStudent ) ted;

// okay: ted is a Person

// compile error! ted may not be a Student

// okay: ted is a Student

// run-time error! ted isn’t a GradStudent
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Safe 

Downcasting

Downcasting

Illegal downcasting results in a ClassCastException run-time error.

Q

: Can we check for the 

legality

of a cast before trying it?

A

: 

Example

: .

Recall

: the following ArrayList methods:

int size( ): 

void add( Object x ) : 

Object get( int i ) : 
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Safe 

Downcasting

Downcasting

ArrayList list = new ArrayList( );

list.add( new Person( "Bender", "000" ) );

list.add( new Student( "Fry", "111", 1999, 1.2 ) );

list.add( new Student( "Leela", "222", 2999, 3.8 ) );

list.add( new Faculty( "Farnsworth", "333", 2841 ) );

list.add( new Student( "Nibbler", "444", 1000, 4.0 ) );

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

Object o = list.get( i );

if (  o instanceof Student  ) {

Student s = (Student) o;

System.out.println( s.getName( ) + "'s GPA is " + s.getGpa( ) );

}

}
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equals: The Right Way

public boolean equals( Student s ) {

return super.equals( s ) &&

admitYear == s.admitYear &&

gpa == s.gpa;

}
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Polymorphism and Abstract Methods

Polymorphism

: (

“

many forms

”

).

Example

: 

–

Define a 

base class

, 

Shape

, and derive various 

subclasses

for 

specific shapes

. 

public class

Shape { 

public void

drawMe( ) { 

…

}

// generic drawing method

}

public class

Circle 

extends

Shape {

public void

drawMe( ) { 

…

}

// draws a Circle

}

public class

Rectangle 

extends

Shape {

public void

drawMe( ) { 

…

} 

// draws a Rectangle

}
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Overriding and Overloading

Don’t confuse method overriding with method overloading.

Overriding:  

Overloading: 

Example:

public class Person {

    public void setName( String n ) { name = n; }

    …

}

public class Faculty extends Person {

    public void setName( String n ) { 

        super.setName( “The Evil Professor ” + n ); 

    }

    public void setName( String first, String last ) {

        super.setName( first + “ ” + last );

    }

}
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Inheritance versus Composition

Inheritance 		Common Object:

				public class ObjA {	

				    public methodA( ) { … }

				}

Inheritance:				Composition:

public class ObjB extends ObjA {	public class ObjB {

    …				    ObjA a;

    // call methodA( );	   	    	   // call a.methodA( )

}						}



When should I use inheritance vs. Composition?

ObjB “is a” ObjA:.

ObjB “has a” ObjA:
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Disabling Overriding with “final”

.

Correctness: 

Efficiency: 

Example: The class Object defines the following method:

getClass( ): 



if ( x.getClass( ) == y.getClass( ) ) …
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Polymorphism and Abstract Methods

Abstract Method:

		 

		 



Abstract Class: 

		 

		 



public abstract class Shape { … }

		 

		It cannot be created using “new”



Shape s = new Shape( … );	// Illegal! Shape is abstract

		 



Shape s = new Circle( … );
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getClass and instanceof

.

getClass( ): 

Person bob = new Person( … );

Person ted = new Student( … );



if ( bob.getClass( ) == ted.getClass( ) )	// false (ted is really a Student)



instanceof: 

if ( bob instanceof Person )

if ( ted instanceof Student )

if ( ted instanceof Person )

if ( bob instanceof Student )



Faculty carol = new Faculty( … );

if ( carol instanceof Person )

if ( carol instanceof Student )

// true

// true

// true

// false





// true

// Illegal! Doesn’t compile
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Safe Downcasting

Illegal downcasting results in a ClassCastException run-time error.

Q: Can we check for the legality of a cast before trying it?

A: 

Example: .

Recall: the following ArrayList methods:

int size( ): 

void add( Object x ) : 

Object get( int i ) : 
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Safe Downcasting



    ArrayList list = new ArrayList( );



    list.add( new Person( "Bender", "000" ) );

    list.add( new Student( "Fry", "111", 1999, 1.2 ) );

    list.add( new Student( "Leela", "222", 2999, 3.8 ) );

    list.add( new Faculty( "Farnsworth", "333", 2841 ) );

    list.add( new Student( "Nibbler", "444", 1000, 4.0 ) );



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

        Object o = list.get( i );

        if (  o instanceof Student  ) {

            Student s = (Student) o;

            System.out.println( s.getName( ) + "'s GPA is " + s.getGpa( ) );

        }

    }
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equals: The Right Way



public boolean equals( Student s ) {

    return super.equals( s ) &&

            admitYear == s.admitYear &&

            gpa == s.gpa;

}
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Up-casting and Down-casting



Upcasting: 

Downcasting:  



Person bob = new Person( … );

Person ted = new Student( … );

Student carol = new Student( … );

GradStudent alice = new GradStudent( … );



bob = ted;

carol = ted;

carol = ( Student ) ted;

alice = ( GradStudent ) ted;

// okay: ted is a Person

// compile error! ted may not be a Student

// okay: ted is a Student

// run-time error! ted isn’t a GradStudent
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Inheritance: Yet Another Quick Recap

Recap:

		Inheritance is when one class (derived class or subclass) is defined from another class (the base class or superclass). 

		A reference to a derived class can be used anywhere where a reference to the base class is expected.

		All objects are derived (directly or indirectly) from Object.

		Java uses late (or dynamic) binding

		Late binding and inheritance allows you to create polymorphic variables. 

		When a method in a base class is not provided, the method and class are said to be abstract. 
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Still More on Inheritance

We will next discuss:

getClass/instanceof:

Up-casting/Down-casting:

equals: The Right Way:

clone:
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Example: Shapes



public abstract class Shape {

    private int color;

    Shape ( int c ) { color = c; }

    public abstract void drawMe( );

}



public class Circle extends Shape {

    private double radius;

    public Circle( int c, double r ) { … details omitted … }

    public void drawMe( ) { … Circle drawing code goes here …  }

}



public class Rectangle extends Shape {

    private double height;

    private double width;

    public Rectangle( int c, double h, double w ) { … details omitted … }

    public void drawMe( ) { … Rectangle drawing code goes here …  }

}
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Polymorphism and Abstract Methods

Example: 

		 

		 





Shape[ ] shapes = new Shape[…];

shapes[0] = new Circle( … );

shapes[1] = new Rectangle( … );

…

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

    shapes[i].drawMe( );



Heap:

shapes













[0]

[1]

[2]

…



(a Circle object)

(a Rectangle object)





…
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Polymorphism and Abstract Methods

Problem: 

		Draw some special “undefined shape”?

		Just ignore the operation?

		Issue an error message or exception?





Better solution: Abstract methods/classes 

		 

		 



Abstract Method: 
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Disabling Overriding with “final”

final:

		Define symbolic constants:





public static final int MAX_BUFFER_SIZE = 1000;



		Indicate that a method cannot be overridden by derived classes.





public class Parent {

    …

    public final void someMethod( ) { … }

}



public class Child extends Parent {

    …

    public void someMethod( ) { … }

}
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Polymorphism and Abstract Methods

Polymorphism: (“many forms”).

Example: 

		Define a base class, Shape, and derive various subclasses for specific shapes. 



public class Shape { 

    public void drawMe( ) { … }	// generic drawing method

}

public class Circle extends Shape {

    public void drawMe( ) { … }	// draws a Circle

}

public class Rectangle extends Shape {

    public void drawMe( ) { … } // draws a Rectangle

}
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Object

The class Object 

toString( ): 

equals( Object o ): 



Class Hierarchy: new view

Object

Person

Student

Faculty





Undergrad

GradStudent





Instructor

Professor







String

Number

Integer

Float

Boolean

Double
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Early and Late Binding

Motivation: :

Faculty carol = new Faculty( "Carol Tuffteacher", 

				"999-99-9999", 1995 );

Person p = carol;

System.out.println( p.toString( ) );

Q: Should this call Person’s toString or Faculty’s toString?

A:

Early (static) binding:  

Late (dynamic) binding:  

Pros and cons:  

Java uses late binding
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Polymorphism



Example: 

	Person[ ] list = new Person[3];

	list[0] = new Person( "Col. Mustard", "000-00-0000" );

	list[1] = new Student ( "Ms. Scarlet", "111-11-1111", 1998, 3.2 );

	list[2] = new Faculty ( "Prof. Plum", "222-22-2222", 1981 );

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

		System.out.println( list[i].toString( ) );









What type is list[i]? 
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The Class Hierarchy and Object

Class inheritance defines a hierarchy:

		GradStudent is a Student

		Student is a Person

		Person is a ???



.

		If a class is not explicitly derived from some class, it is automatically derived from Object.  





public class FooBar { … }    public class FooBar extends Object { … }
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Inheritance versus Composition

University parking lot permits: 

	Inheritance:				Composition:

public class Permit extends Person {	public class Permit {

    String lotName;			    Person p;

						    String lotName;

    // …		   	    	   // …

}						}



Which to use?

A parking permit “is a” person? 

A parking permit “has a” person? 
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More on Inheritance

We will next discuss:

Object:

Late Binding: 

Polymorphism: 

Abstract methods and classes:
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Inheritance: Quick Recap

Recap:

		Inheritance is when one class (derived class or subclass) is defined from another class (the base class or superclass). 

		The derived class inherits all the instance variables and the methods from the base class. 

		 

		 

		 

		 

		 










_1166962627.ppt


Inheritance and Private

Inheritance and private members: 







Example: 

public class Student extends Person {

    …

    public void someMethod( ) { name = “Mr. Foobar”; }  

    public void someMethod2( ) { setName( “Mr. Foobar” ); } 

}

Why is this? 
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Access to Base Class Elements

Which should I use? : private, protected, package, or public?

Public:

		Methods of the object’s public interface.

		Constant instance variables.



Private:

		Instance variables.

		Internal helper/utility methods.



Protected/Package:

		Internal helper/utility methods
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Access Modifiers



package fooBar;

public class A {

  public int vPub;

  protected int vProt;

  int vPack;

  private int vPriv;

}

package fooBar;

public class B {

  can access vPub;

  can access vProt;

  can access vPack;

  cannot access vPriv;

}

package fooBar;

public class C extends A {

  can access vPub;

  can access vProt;

  can access vPack;

  cannot access vPriv;

}

public class D extends A {

  can access vPub;

  can access vProt;

  cannot access vPack;

  cannot access vPriv;

}

public class E {

  can access vPub;

  cannot access vProt;

  cannot access vPack;

  cannot access vPriv;

}

Package: fooBar
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Protected and Package Access

Special Access for Derived Classes:

Protected: 

		to any derived class

		to any class in the same package.



Example:

	protected void someMethod( ) { … }  // has protected access

Package: 

		to any class in the same package.



Example:

    void someOtherMethod( ) { … }	// has package access
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super and this

super: refers to the base class object.



		We can access data and methods in the base class (Person) through super.  



this: refers to this object.

		We can refer to our own data and methods using “this.” 

		We can invoke any of our own constructors using this( … ).  



    public Faculty( Faculty f ) { 

        this( f.getName( ), f.getIdNum( ), f.hireYear );  

    }				
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Overriding Variables: Shadowing

We can override methods, can we override instance variables too?

Answer: Yes, it is possible, but not recommended.





public class Person {	public class Staff extends Person {

    String name;		    String name;

    // …			    // …  name refers to Staff’s name

}				}
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Overriding Methods

New Methods:

Overriding: 

public class Person {

    …

    public String toString( ) { … }

}

public class Student extends Person {

    …

    public String toString( ) { … }

}



Student bob = new Student( "Bob Goodstudent", "123-45-6789", 			2004, 4.0 );

System.out.println( "Bob's info: " + bob.toString( ) );
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Derived class: Student (Part 1)

package university;

public class Student extends Person  {

    private int admitYear;

    private double gpa;

	

    public Student( ) {	

        super( );

        admitYear = -1;

        gpa = 0.0;

    }									

    public Student( String n, String id, int yr, double g ) {

        super( n, id );

        admitYear = yr;

        gpa = g;

    }	

    public Student( Student s ) {

        super( s );

        admitYear = s.admitYear;

        gpa = s.gpa;

    }

    // …other methods in part 2

}
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Inheritance

Inheritance:

	Student bob = new Student( "Bob Goodstudent", "123-45-6789", 2004, 4.0 );

	String bobsName = bob.getName( ) );

	bob.setName( "Robert Goodstudent" );

	System.out.println( "Bob's new info: " + bob.toString( ) );



A Student “is a” Person:

		

Person robert = bob;		

		We cannot reverse this. (A Person need not be a Student.)





	Student bob2 = robert;	
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Inheritance: Quick Recap

University People Example:

class: Person

instance variables:

  String name

  String idNum

methods:

  Person( … ) [various]

  String getName( )

  String getIdNum( )

  void setName( String )

  void setIdNum( String )

  String toString( )

  boolean equals( Person )





class: Student

instance variables:

  int admitYear

  double gpa

methods:

  Student( … ) [various]

  int getAdmitYear( )

  double getGpa( )

  void setAdmitYear( int )

  void setGpa( double )

  String toString( )

  boolean equals( Student )







extends Person

class: Faculty

instance variables:

  int hireYear

methods:

  Faculty( … ) [various]

  int hireYear( )

  void setHireYear( int )

  String toString( )

  boolean equals( Student )







extends Person
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Inheritance: Quick Recap

Recap:

		Inheritance is when one class (derived class or subclass) is defined from another class (the base class or superclass). 

		To derive a class D from a base class B, we use the declaration:



    public class D extends B { … }

		The derived class inherits all the instance variables and the methods from the base class. 

		When a derived class is initialized, it can use super( … ) 

		A derived class can explicitly refer to entities from the base class using super. 

		A reference to a derived class can be used anywhere where a reference to the base class is expected. 
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Derived Class: Faculty

package university;

public class Faculty extends Person {

    private int hireYear;			// year when hired



    public Faculty( ) { super( ); hireYear = -1; }



    public Faculty( String n, String id, int yr ) {

        super(n, id);

        hireYear = yr;

    }

    public Faculty( Faculty f ) { 

        this( f.getName( ), f.getIdNum( ), f.hireYear );  

    }				

    int getHireYear( ) { return hireYear; }

    void setHireYear( int yr ) { hireYear = yr; }



    public String toString( ) { 

        return super.toString( ) + " " + hireYear; 

    }

    public boolean equals( Faculty f ) {

         return super.equals( f ) && hireYear == f.hireYear;

    }

}
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Dissecting the Student Class

Extends: 



public class Student extends Person { … }



	super( ): When initializing a new Student object, we need to initialize its base class (or superclass).  This is done by calling 

	super( … ). 

	super( … ) must be the first statement of your constructor

		If you do not call super( ) …



- 
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Derived class: Student (Part 2)



public class Student extends Person  {

    private int admitYear;

    private double gpa;



	// … constructors in part 1



    public int getAdmitYear( ) { return admitYear; }

    public double getGpa( ) { return gpa; }



    public void setAdmitYear( int yr ) { admitYear = yr; }

    public void setGpa( double g ) { gpa = g; }

	

    public String toString( ) {

        return super.toString( ) + " " + admitYear + " " + gpa;

    }

	

    public boolean equals( Student s ) {

        return super.equals( s ) &&

                admitYear == s.admitYear &&

                gpa == s.gpa;

    }

}
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Memory Layout and Initialization Order

Example:

Person ted = new Person( "Ted Goodman", "111-22-3333" );

Student bob = new Student( "Bob Goodstudent", "123-45-6789", 

		2004, 4.0 );



Heap



















ted

bob



Ted Goodman

111-22-3333









Bob Goodstudent

123-45-6789





super( n, id )

builds the

Person part



2004

4.0

Student constructor finishes it off
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Base Class: Person (Part 1)

package university;



public class Person {

    private String name;	// person's name

    private String idNum;	// ID number

	

    public Person( ) {

        name = "No Name";

        idNum = "000-00-0000";

    }

	

    public Person( String n, String id ) {

        name = n;

        idNum = id;

    }

	

    public Person( Person p ) {

        name = p.name;

        idNum = p.idNum;

    }

    // …other methods in part 2

}
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Base Class: Person (Part 2)

public class Person {

    private String name;	// person's name

    private String idNum;	// ID number

	

    // … constructors in part 1



    public String getName( ) { return name; }



    public String getIdNum( ) { return idNum; }



    public void setName( String n ) { name = n; }

	

    public void setIdNum( String id ) { idNum = id; }



    public String toString( ) {

        return "[" + name + "] " + idNum;

    }



    public boolean equals( Person p ) {

        return name.equals( p.name ) && idNum.equals( p.idNum );

    }

}
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Derived Class Structure

Person: 

Instance Data:

String name

String idNum

Methods:

Constructors: default, standard, copy constructors.

Accessors/Setters: getname( ), setName( ), getIdNum( ), setIdNum( ).

Standard methods: toString( ), equals( ).



Student: 

Instance Data:

int admitYear

double gpa

Methods:



Faculty:

Instance Data:

int hireYear

Methods: 
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Derived Classes: Student and Faculty

.

















Person:

  name

  ID-Number

Student:

  admission year

  GPA

Faculty:

  year hired





Person is the

base class 

(or super class)



Student and Faculty

are the derived

classes (subclasses)
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Inheritance

Object Inheritance: 

Suppose a derived class, Circle, comes from a base class, Shape:

		Circle should have all the instance variables that Shape has

		Circle should have all the methods that Shape has

		Circle is allowed to define new instance variables and new methods





Code reuse: 
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Example: University People

















.

Person

Student

Faculty

Administrator







Undergrad

GradStudent





Instructor

Professor









…

…

Person

Student

Faculty
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Inheritance

Inheritance: 

		The derived class - subclass or child class.

		The base class - superclass or parent class.



Motivation: 

















	

Shape

Animal

Circle

Rectangle

Triangle







Right-Triangle

Equilateral-Triangle





Insect

Reptile

Mammal







Cat

Dog

Primate







Human

Ape

Homer














