Slide 1


[image: image1.emf]1

Announcements

Announcements

•

•

Any exam re

Any exam re

-

-

grade request must be submitted on Tuesday.

grade request must be submitted on Tuesday.

•

•

Quiz on Tuesday (worksheet already available).

Quiz on Tuesday (worksheet already available).

•

•

Automatic testing is being installed

Automatic testing is being installed

.
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equals: The Right Way

equals: The Right Way

Example

:

public static boolean find( Person p, ArrayList list ) {

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

if ( p.equals ( list.get( i ) ) ) return true;

}

return false;

}

Suppose that we have

:

Person equals( ) ?

Student equals( ) ?

Object equals( ) ?

Does this work?
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equals: The Right Way

equals: The Right Way

Answer

: 

Object equals( )

is called (Surprise!)

Huh? 

What are Java’s options?

–

class Student { … boolean equals( Student s ) …}

–

class Person   { … boolean equals( Person p ) … }

–

…

–

class Object  { … boolean equals( Object o ) … }
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equals: The Right Way

equals: The Right Way

What is the 

right way

to define equals? It should:

public boolean equals( Object o ) {

if ( o == null ) return false;

else if ( getClass( ) != o.getClass( ) ) return false;

else {

Student s = (Student) o;

return super.equals( s ) &&

admitYear == s.admitYear &&

gpa == s.gpa;

}

}
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Copying and Inheritance

Copying and Inheritance

Student amy = new Student( "Amy", "555", 3002, 3.5 );

Student amyCopy = new Student( amy );

public Student( Student s ) {

super( s );

admitYear = s.admitYear;

gpa = s.gpa;

}
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Copying and Inheritance

Copying and Inheritance

.

Person list[ ] = new Person[5];

list[0] = new Person( "Bender", "000" );

list[1] = new Student( "Fry", "111", 1999, 1.2 );

// … (also Leela and Farnsworth)

list[4] = new Student( "Nibbler", "444", 1000, 4.0 );

Person list2[ ] = copy( list );

public static Person[ ] badCopy( Person[ ] list ) {

Person[ ] list2 = new Person[ list.length ];

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

list2[i] = new Person( list[i] );

}

return list2;

}
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Copying and Inheritance

Copying and Inheritance

Problem

:

public static Person[ ] badCopy( Person[ ] list ) {

Person[ ] list2 = new Person[ list.length ];

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

list2[i] = new Person( list[i] );

}

return list2;

}

Huh?

Bad copy method
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Copying: The Right Way

Copying: The Right Way

Solution

: 

clone

: 

public static Person[ ] goodCopy( Person[ ] list ) {

Person[ ] list2 = new Person[ list.length ];

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

list2[i] = ( Person ) list[i].clone( );

}

return list2;

}
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Defining Clone

Defining Clone

How to define clone?

public class Person {

…

public Object clone( ) { 

return new Person( this ); 

}

}

public class Student extends Person {

…

public Object clone( ) { 

return new Student( this ); 

}

}

[Bender] 000

[Fry] 111 1999 1.2

[Leela] 222 2999 3.8

[Farnsworth] 333 2841

[Nibbler] 444 1000 4.0

Output of goodCopy, 

which uses clone( )
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Summary of equals and clone

Summary of equals and clone

General Warning:

– When dealing with class inheritance, you may not know the actual 

types of objects that you are manipulating. 

– Set up your method parameters to be of the most general type

that is applicable to your method 

– Whenever dealing with references to objects in the class hierarchy, 

use method overriding to produce the proper behavior. 

– Avoid downcasting, 
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Dynamic Systems

Dynamic Systems

Dynamic Systems:

Systems that change dynamically over time. 

Such systems arise naturally when writing programs involving 

graphical user interfaces

– State transition: Most dynamic systems are defined in terms of 

information called its state.
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Dynamic Systems

Dynamic Systems

Examples

:

DVD Player/Recorder: 

Figure drawing program:.

Video game: 

Digital watch:
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State Transition Systems

State Transition Systems

These systems have a number of elements in common:

Events: 

State: 

Transitions: 

Actions: 

(Spontaneous actions):.
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Calculator

Calculator

Let us consider the case of a simple 

interactive calculator

.

Events:

State:

Actions:.

What 

internal state

information is needed?

Example

: “

3  4  +  5  6  =

”

First operand:

Operator: 

Second operand:
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Calculator

Calculator

Calculator

: Has three 

states

, or 

contexts

:

Reading-First-Operand (RFO):

Reading-Second-Operand (RSO): 

Error (ERR):

Example

:

Input: Context: Action: Display:

(init)

RFO reset(v1) 0

3 RFO v1 += "3" 3

4 RFO v1 += "4" 34

+/- RFO v1 



procUnary: "34", "+/-" -34

+ RSO op 



"+"; reset(v2) -34

5 RSO v2 += "5" 5

6 RSO v2 += "6" 56

* RSO v1 



procBinary: "-34", "+", "56" 22

reset(v2)

2 RSO v2 += "2" 2

1/x RSO v2 



procUnary: "2", "1/x" 0.5

= RFO v1 



procBinary: "22", "*", "0.5" 11 
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State

State

-

-

Transition Diagram

Transition Diagram

We can describe the behavior using a 

state-transition diagram

.

– Nodes: 

– Arcs or Edges:.

–

Event

:.

• Action:

STATE NAME

Initial state

NEW STATE

Event / {Action}
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(Simplified) State

(Simplified) State

-

-

Transition Diagram

Transition Diagram

ERR

(AnyError) / { }

RFO

Initial state

{reset(v1)}

Digit(x) / {v1 += x}

UnaryOp(x) / { v1 



x v1}

RSO

BinaryOp(x) / 

{op 



x; reset(v2)} 

Assign / 

{v1 



v1 op v2}

Digit(x) / {v2 += x}

UnaryOp(x) / { v2 



x v2}

BinaryOp(x) / 

{v1 



v1 op v2;

op 



x; reset(v2)} 

(from any state)

Clear: {reset(v1)}

If there is no transition 

for a particular event from

some state, then the event

is ignored. 

To keep the diagram simple, these

two transitions are the same for

all states. 
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Programming State

Programming State

-

-

Transition Diagrams

Transition Diagrams

Example

:

if ( event == X ) { // some event X encountered

switch ( state ) {

case STATE1:

// processing for event X in state 1

break;

case STATE2:

// processing for event X in state 2

break;

}

}  else if ( event == Y ) { // event Y encountered

// same thing

} // etc…
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Review of Overloading and Overriding

Review of Overloading and Overriding

Before discussing interfaces, let’s review some elements of method 

overloading

and 

overriding

.

When 

overriding

a method the subclass method prototype must 

match 

exactly

the prototype of the superclass

.
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Example: You be the Compiler

Example: You be the Compiler

public class Base {

protected void someMethod( int x ) { … }

}

public class Derived extends Base {

public void someMethod( int x ) { … }

public int someMethod( int x ) { … }

public void someMethod( double d ) { … }

}

(the following appears in the same package)

Base b = new Base( );

Base d = new Derived( );

Derived e = new Derived( );

b.someMethod( 5 );

d.someMethod( 6 );

d.someMethod( 7.0 );

e.someMethod( 8.0 );
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Object is not Abstract

Object is not Abstract

Object o = new Object( );

Object p = new Object( );

System.out.println( o.toString( ) + " " + p.toString( ) );
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Interfaces: Recap

Interfaces: Recap

Interface

:

– Is defined by the keyword 

interface

(rather than 

class

).

– It is 

abstract

. 

–

public interface Y {

public void someMethod( int z );

public int anotherMethod( );

}

– An 

interface is not a class

.  
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Interfaces: Recap

Interfaces: Recap

Implementing an Interface

:

public class X  implements Y  {

// …(instance data and other methods)…

public void someMethod( int z ) { … code goes here … }

public int anotherMethod( ) { … code goes here … }

}

–

An interface is a type

:


____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Interfaces vs. Abstract Classes

Interfaces vs. Abstract Classes

Abstract methods and classes

: 

public abstract class Shape {

// … (details omitted)

public abstract void drawMe( );

}

public class Circle extends Shape {

// … (details omitted)

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

}

Some questions

:


____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Multiple Inheritance

Multiple Inheritance

Motivation

: 

Example

: 

StudentAthlete

:

AthleticPerson

AthleticDirector Coach Athlete

HeadCoach AssistantCoach

Person

Student Faculty

StudentAthlete
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Multiple Inheritance

Multiple Inheritance

public class StudentAthlete extends Student, extends Athlete 

{ … }

.

Multiple Inheritance

: 

– Building a class by extending multiple base classes is called multiple 

inheritance.

– It is a very powerful programming construct, 

– Java does not support multiple inheritance. 

Nice try! But not allowed in Java


____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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“

“

Faking

Faking

”

”

Multiple Inheritance with Interfaces

Multiple Inheritance with Interfaces

Java lacks multiple inheritance, but there is an alternative. 

public interface Athlete {

public String getSport( );

public boolean isAmateur( );

}

Now, we can define a StudentAthlete that 

extends

Student and 

implements

Athlete.
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“

“

Faking

Faking

”

”

Multiple Inheritance with Interfaces

Multiple Inheritance with Interfaces

StudentAthlete 

extends

Student and 

implements

Athlete:

public class StudentAthlete extends Student implements Athlete {

private String mySport;

private boolean amateur;

// … other things omitted

public String getSport( ) { return mySport; }

public boolean isAmateur( ) { return amateur; }

}

StudentAthlete

can be used:
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Common Uses of Interfaces

Common Uses of Interfaces

– A work-around for Java’s lack of multiple inheritance.

– Specifying minimal functional requirements for classes.

– For defining groups of related symbolic constants. 
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Using Interfaces for Symbolic Constants

Using Interfaces for Symbolic Constants

:

public interface Months {

public final static int JANUARY = 1;

public final static int FEBRUARY = 2;

public final static int MARCH = 3;

/* … blah blah blah … */

public final static int DECEMBER = 12;

}

public class MonthDemo implements Months {

public static void main( String[ ] args ) {

System.out.println( "March is month number " + MARCH );

}

}
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Using Interfaces to Specify Requirements

Using Interfaces to Specify Requirements

Specifying 

minimal functional requirements

for classes:

–

Picture

(in our cmsc131PictureLib): defines methods 

getHeight

( ), 

getWidth

( ), and 

getColor

( int i, int j )

Standard interfaces from the 

Java class library

:

–

Comparable

(java.lang): 

–

Iterator

(java.util):


____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Interface Hierarchies

Interface Hierarchies

Example

:

public interface Iterator {

boolean hasNext( ); // any more items?

Object next( ); // return the next item

void remove( ); // remove the current item

}

public interface BidirectionalIterator extends Iterator {

boolean hasPrevious( ); // any prior items?

Object previous( ); // return the previous item

}
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Polymorphism Through Interfaces

Polymorphism Through Interfaces

Interfaces allow us to write methods that are 

polymorphic

, in the 

sense that they can be applied to a wide variety of objects.

Example

: Suppose that we want to write a function, which is given 

an array of references to some class type, and 

sorts

the 

elements in 

increasing order

.

Polymorphic Design

:

“Carol”

“Bob”

“Ted”

“Alice”

“Schultzie”

“Alice”

“Bob”

“Carol”

“Schultzie”

“Ted”

sort( )


____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

_1167147360.ppt


Copying: The Right Way

Solution: clone: 



public static Person[ ] goodCopy( Person[ ] list ) {

    Person[ ] list2 = new Person[ list.length ];

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

        list2[i] = ( Person ) list[i].clone( );

    }

    return list2;

}








_1167147772.ppt


Programming State-Transition Diagrams

Example:

if ( event == X ) {	// some event X encountered

	switch ( state ) {

	case STATE1:

		// processing for event X in state 1

		break;

	case STATE2:

		// processing for event X in state 2

		break;

	}

}  else if ( event == Y ) {	// event Y encountered

	// same thing

} // etc…








_1167148332.ppt


Object is not Abstract

Object o = new Object( );

Object p = new Object( );

System.out.println( o.toString( ) + " " + p.toString( ) );








_1167148548.ppt


Multiple Inheritance

Motivation: 

Example: 



















StudentAthlete:

AthleticPerson

AthleticDirector

Coach

Athlete

HeadCoach

AssistantCoach











Person

Student

Faculty





StudentAthlete
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Common Uses of Interfaces



		A work-around for Java’s lack of multiple inheritance. 



		Specifying minimal functional requirements for classes.



		For defining groups of related symbolic constants. 












_1167148786.ppt


Using Interfaces to Specify Requirements

Specifying minimal functional requirements for classes:

		Picture (in our cmsc131PictureLib): defines methods 

getHeight( ), getWidth( ), and getColor( int i, int j )





Standard interfaces from the Java class library:

		Comparable (java.lang): 

		Iterator (java.util):










_1167148843.ppt


Interface Hierarchies

Example:

public interface Iterator {

	boolean hasNext( );		// any more items?

	Object next( );			// return the next item

	void remove( );			// remove the current item

}

public interface BidirectionalIterator extends Iterator {

	boolean hasPrevious( );		// any prior items?

	Object previous( );		// return the previous item

}
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Polymorphism Through Interfaces

Interfaces allow us to write methods that are polymorphic, in the sense that they can be applied to a wide variety of objects.

Example: Suppose that we want to write a function, which is given an array of references to some class type, and sorts the elements in increasing order.













Polymorphic Design:

“Carol”

“Bob”

“Ted”

“Alice”

“Schultzie”













sort( )









“Alice”

“Bob”

“Carol”

“Schultzie”

“Ted”










_1167148771.ppt


Using Interfaces for Symbolic Constants

:



public interface Months {

	public final static int	JANUARY = 1;

	public final static int	FEBRUARY = 2;

	public final static int	MARCH = 3;

	/* … blah blah blah … */

	public final static int 	DECEMBER = 12;

}



public class MonthDemo implements Months {

	

	public static void main( String[ ] args ) {

		System.out.println( "March is month number " + MARCH );

	}

}








_1167148630.ppt


“Faking” Multiple Inheritance with Interfaces

Java lacks multiple inheritance, but there is an alternative. 

public interface Athlete {

    public String getSport( );

    public boolean isAmateur( );

}

Now, we can define a StudentAthlete that extends 

Student and implements Athlete.








_1167148672.ppt


“Faking” Multiple Inheritance with Interfaces

StudentAthlete extends Student and implements Athlete:

public class StudentAthlete extends Student implements Athlete {

    private String mySport;

    private boolean amateur;

    // … other things omitted

    public String getSport( ) { return mySport; }

    public boolean isAmateur( ) { return amateur; }

}

StudentAthlete can be used:














_1167148608.ppt


Multiple Inheritance

public class StudentAthlete extends Student, extends Athlete 

	{ … }

	.

Multiple Inheritance: 

		Building a class by extending multiple base classes is called multiple inheritance.

		It is a very powerful programming construct, 

		Java does not support multiple inheritance. 



Nice try! But not allowed in Java
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Interfaces vs. Abstract Classes

Abstract methods and classes: 

	     public abstract class Shape {

    // … (details omitted)

    public abstract void drawMe( );

}

public class Circle extends Shape {

    // … (details omitted)

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

}



Some questions :
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Interfaces: Recap

Implementing an Interface:





public class X  implements Y  {

    // …(instance data and other methods)…

    public void someMethod( int z ) { … code goes here … }

    public int anotherMethod( ) { … code goes here … }

}

		An interface is a type:
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Interfaces: Recap

Interface:

		Is defined by the keyword interface (rather than class).

		It is abstract. 

		public interface Y {



    public void someMethod( int z );

    public int anotherMethod( );

}



		An interface is not a class.  
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Review of Overloading and Overriding

Before discussing interfaces, let’s review some elements of method overloading and overriding.



When overriding a method the subclass method prototype must match exactly the prototype of the superclass



. 








_1167148276.ppt


Example: You be the Compiler

public class Base {

    protected void someMethod( int x ) { … }

}



public class Derived extends Base {



    public void someMethod( int x ) { … }

	

    public int someMethod( int x ) { … }

	

    public void someMethod( double d ) { … }

}



(the following appears in the same package)



    Base b = new Base( );

    Base d = new Derived( );

    Derived e = new Derived( );

    b.someMethod( 5 );

    d.someMethod( 6 );

    d.someMethod( 7.0 );

    e.someMethod( 8.0 );
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State-Transition Diagram



We can describe the behavior using a state-transition diagram.

		Nodes: 

		Arcs or Edges:. 

		Event:.

		Action:





STATE NAME



Initial state





NEW STATE



Event / {Action}
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Dynamic Systems

Examples:

DVD Player/Recorder: 

Figure drawing program:.

Video game: 

Digital watch:








_1167147684.ppt


Calculator

Let us consider the case of a simple interactive calculator.

Events:

State:

Actions:.



What internal state information is needed?

Example: “ 3  4  +  5  6  = ”



First operand:

Operator: 

Second operand:
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Calculator

Calculator: Has three states, or contexts:

Reading-First-Operand (RFO):

Reading-Second-Operand (RSO): 

Error (ERR):

Example:

Input:	Context:	Action:				Display:

(init)	 RFO	reset(v1)			   0

  3		 RFO	v1 += "3"			   3

  4		 RFO	v1 += "4"			  34

+/-		 RFO	v1  procUnary: "34", "+/-"	 -34

  +		 RSO	op  "+"; reset(v2)		 -34

  5		 RSO	v2 += "5"			   5

  6		 RSO	v2 += "6"			  56

  *		 RSO	v1  procBinary: "-34", "+", "56"	  22

				reset(v2)

  2		 RSO	v2 += "2"			   2

1/x		 RSO	v2  procUnary: "2", "1/x"	 0.5

  =		 RFO	v1  procBinary: "22", "*", "0.5"	  11 
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State Transition Systems

These systems have a number of elements in common:

Events: 

State: 

Transitions: 

Actions: 

(Spontaneous actions):.








_1167147523.ppt


Summary of equals and clone

General Warning:

		When dealing with class inheritance, you may not know the actual types of objects that you are manipulating. 

		Set up your method parameters to be of the most general type that is applicable to your method 

		Whenever dealing with references to objects in the class hierarchy, use method overriding to produce the proper behavior. 

		Avoid downcasting, 
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Dynamic Systems

Dynamic Systems: Systems that change dynamically over time. Such systems arise naturally when writing programs involving graphical user interfaces 



		State transition: Most dynamic systems are defined in terms of information called its state.
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Copying and Inheritance

Problem:

public static Person[ ] badCopy( Person[ ] list ) {

    Person[ ] list2 = new Person[ list.length ];

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

        list2[i] = new Person( list[i] );

    }

    return list2;

}

Huh? 



Bad copy method
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equals: The Right Way

What is the right way to define equals? It should:

public boolean equals( Object o ) {

    if ( o == null ) return false;

    else if ( getClass( ) != o.getClass( ) ) return false;

    else {

        Student s = (Student) o;

        return super.equals( s ) &&

                   admitYear == s.admitYear &&

                   gpa == s.gpa;

        }

}
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Copying and Inheritance

.



Person list[ ] = new Person[5];

list[0] = new Person( "Bender", "000" );

list[1] = new Student( "Fry", "111", 1999, 1.2 );

// … (also Leela and Farnsworth)

list[4] = new Student( "Nibbler", "444", 1000, 4.0 );

Person list2[ ] = copy( list );



public static Person[ ] badCopy( Person[ ] list ) {

    Person[ ] list2 = new Person[ list.length ];

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

        list2[i] = new Person( list[i] );

    }

    return list2;

}
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Defining Clone

How to define clone? 

public class Person {

    …

    public Object clone( ) { 

        return new Person( this ); 

    }

}



public class Student extends Person {

    …

    public Object clone( ) { 

        return new Student( this ); 

    }

}



[Bender] 000

[Fry] 111 1999 1.2

[Leela] 222 2999 3.8

[Farnsworth] 333 2841

[Nibbler] 444 1000 4.0

Output of goodCopy, 

which uses clone( )
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Copying and Inheritance



Student amy = new Student( "Amy", "555", 3002, 3.5 );

Student amyCopy = new Student( amy );



public Student( Student s ) {

    super( s );

    admitYear = s.admitYear;

    gpa = s.gpa;

}
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equals: The Right Way

Example:

public static boolean find( Person p, ArrayList list ) {

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

        if ( p.equals ( list.get( i ) ) ) return true;

    }

    return false;

}

Suppose that we have:

Person equals( ) ?	

Student equals( ) ?	

Object equals( ) ?	



Does this work?
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equals: The Right Way

Answer: Object equals( ) is called (Surprise!)

Huh? 

What are Java’s options?

		class Student { … boolean equals( Student s ) …}

		class Person   { … boolean equals( Person p ) … }

		…

		class Object  { … boolean equals( Object o ) … }
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Announcements



		Any exam re-grade request must be submitted on Tuesday.

		Quiz on Tuesday (worksheet already available).

		Automatic testing is being installed.
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(Simplified) State-Transition Diagram



If there is no transition 

for a particular event from

some state, then the event

is ignored. 

To keep the diagram simple, these

two transitions are the same for

all states. 



ERR



(AnyError) / { }



RFO



Initial state



{reset(v1)}



Digit(x) / {v1 += x}



UnaryOp(x) / { v1  x v1}



RSO



BinaryOp(x) / 

{op  x; reset(v2)} 

Assign / 

{v1  v1 op v2}





Digit(x) / {v2 += x}



UnaryOp(x) / { v2  x v2}



BinaryOp(x) / 

{v1  v1 op v2;

 op  x; reset(v2)} 

(from any state)



Clear: {reset(v1)}








