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Announcements

Announcements

•

Project status

•

Midterm on Wednesday

•

Quiz on Friday

•

Next Project posted on Wednesday
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Motivation

Motivation

Two Opposing Goals,

which Java programmers must deal with:

Strong Typing: 

General-Purpose Functions: 

The Problem: Strong typing implies that to write a sorting function, 

we need to specify the types of the parameters (int, double, String, 

etc.)..
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Java Interfaces

Java Interfaces

Java Interface

:.

How it works

: Suppose you want to write a sorting method for 

objects of some class X.  Sorting requires that you be able to 

compare the relative values of objects (<, >, <=, >=, ==).

–

general-purpose sorting method

–

defines this comparison method

–

invoke

To make this work

:
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Example: SelectorInt Class

Example: SelectorInt Class

Let us begin with an example in which interfaces are helpful.

SelectorInt

: 

min(x1, x2, x3)

: 

SelectorInt.min( 123, 45, 79 );

returns 2 (since 45 is smallest)

SelectorInt.min( 11, -4, -18 );

returns 3 (since -18 is smallest)

SelectorInt.min( 13, 13, 25 );

returns either 1 or 2 (we don’t care)

max(x1, x2, x3): 

median(x1, x2, x3): 
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SelectorInt Implementation

SelectorInt Implementation

public classSelectorInt {

/* Returns the position of the minimum element: 1, 2, or 3 */

public static intmin( intx1, intx2, intx3 ) {

if( x1 < x2 ) { // x2 is not min, it’s either x1 or x3

if( x1 < x3 ) return1;

else return3;

} else{ // x1 is not min, it’s either x2 or x3

if( x2 < x3 ) return2;

else return3;

}

}  // other methods (min, median) omitted…

}

public classSelectorDemo {

public static voidmain( String[ ] args ) {

intresult = SelectorInt.min( 23, 12, 74 );

System.out.println( "Position of Min:" + result );

}
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String Selector and Beyond

String Selector and Beyond

Success

:

Bad News

: Your boss now wants you to write Selector objects for 

many other types:
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String Selector and Beyond

String Selector and Beyond

SelectorString

: Should have 

virtually the same structure

, but we 

cannot use “

x1 < x2

”on strings.  

Question

: Is there some way to write 

only one Selector class

, and 

have it work for 

all

these objects?  


____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Slide 8


[image: image8.emf]8

Designing a Generic Selector

Designing a Generic Selector

Uniform Behavior

: 

isLessThan

: 

x1.isLessThan( x2 )

Returns 

true

if x1 < x2 and 

false

otherwise

If we succeed, we can design a selector for 

any class

that 

promises

to provide this method.  We will call such a class 

Testable

.
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Generic Selector

Generic Selector

Recap of where we are

:

– We want to design a single generic Selector class

– Selector needs each object to provide a unified wayof comparing 

two instances of the given class.

– Selector must provideus with a comparison method:

x1.isLessThan( x2 )

– Any class that provides these two comparison methods is said to be 

Testable.

– methodSelector.mincan work with any Testableobject.
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(Old) SelectorInt

(Old) SelectorInt

public classSelectorInt {

public static intmin( intx1, intx2, intx3 ) {

if( x1 < x2 ) {

if( x1 < x3 ) return1;

else return3;

} else{

if( x2 < x3 ) return2;

else return3;

}

}

}

File: SelectorInt.java


____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Slide 11


[image: image11.emf]11

(New) Generic Selector

(New) Generic Selector

public classSelector {

public static intmin( Testable x1, Testable x2, Testable x3 ) {

if( x1.isLessThan( x2 ) ) {

if( x1.isLessThan( x3 ) ) return1;

else return3;

} else{

if( x2.isLessThan( x3 ) ) return2;

else return3;

}

}

// …other methods (max, median) omitted…

}

File: Selector.java

Note:
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Java Interfaces

Java Interfaces

Testable

is a 

Java Interface

.  It is a formal way for a class to 

promise

to implement certain methods.  We say that a class 

implements

an interface if it provides these methods.

Interface

:

–

–

public interfaceTestable {

/* Returns true if this object is less than x */

public booleanisLessThan( Object x );

}
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Making a Testable Integer

Making a Testable Integer

A Testable Integer

:  

MyInteger

: 

– Stores a single intas data.

– It provides a constructor and toString method

– We add the modifier “implements Testable”
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Making a Testable Integer

Making a Testable Integer

/* A Testable int wrapper  */

public classMyInteger implementsTestable  {

intdata;

publicMyInteger( intd ) { data = d; }

publicString toString( ) { returnString.valueOf( data ); }

public booleanisLessThan( Object x ) {

MyInteger m = ( MyInteger ) x; // cast x to MyInteger

return( data < m.data );

}

}
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Dissecting MyInteger.isLessThan( )

Dissecting MyInteger.isLessThan( )

Implementing MyInteger.isLessThan( )

: 

public booleanisLessThan( Object x ) {

MyInteger m = ( MyInteger ) x; // cast x to MyInteger

return( data < m.data );

}

Alternatives that do not work

: 

Avoid the cast?

.

Declare x to be MyInteger?

implementation of isLessThan
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Using MyInteger in Selector

Using MyInteger in Selector

Using Selector on MyInteger: 

:

Selector.min( Testable x1, Testable x2, Testable x3 );

public static voidmain( String[ ] args ) {

MyInteger x1 = newMyInteger( 23 );    

MyInteger x2 = newMyInteger( 12 );

MyInteger x3 = newMyInteger( 74 );

System.out.println( "x1 =" + x1 + "\n" + 

"x2 =" + x2 + "\n" +

"x3 =" + x3 );

intresult = Selector.min( x1, x2, x3 );

System.out.println( "Position of Min:" + result );

}
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Making a Testable String

Making a Testable String

MyString:

/* A Testable String wrapper  */

public classMyString implementsTestable {

String str;

publicMyString( String s ) { str = newString( s );  }

publicString toString( ) { returnstr; }

public booleanisLessThan( Object x ) {

MyString s = ( MyString ) x;

return( str.compareTo( s.str ) < 0 );

}

}
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Using MyString in Selector

Using MyString in Selector

Using Selector on MyString: 

public static voidmain( String[ ] args ) {

MyString s1 = newMyString( "Bob" );

MyString s2 = newMyString( "Carol" );

MyString s3 = newMyString( "Alice" );

System.out.println( "s1 =" + s1 + "\n" + 

"s2 =" + s2 + "\n" +

"s3 =" + s3 );

intresult = Selector.min( s1, s2, s3 );

System.out.println( "Position of Min:" + result );

}

s1 = Bob

s2 = Carol

s3 = Alice

Position of Min: 3

Output:

Using Selector.min with

MyString objects.
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Java Interfaces Summary

Java Interfaces Summary

Defining a Java Interface

:

– A Java interfaceis collection of method declarations.

– These declarations are abstract, 

– public interfaceY {

public voidsomeMethod( intz );

public intanotherMethod( );

}

–

A Typical Interface Declaration

No method bodies given
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Java Interfaces Summary

Java Interfaces Summary

Implementing an Interface

:

–

–To inform Java that a class implements a particular interface Y,we 

add “implements Y”after the class name:

public classX implementsY {

public voidsomeMethod( intz ) {  }

public intanotherMethod( ) {  }

}

–
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Graphical User Interfaces

Graphical User Interfaces

Graphical User Interfaces (GUIs):

Text-based: 

GUI-based: 

•

•

•

•

Examples: Pinea text-based email system vs. Microsoft Outlook

Operation Pine Outlook

Move to Trash

“

s Trash

”

Drag

to Trash folder icon

Save to file

“

e fileName.txt

”Select 

File



SaveAs

from 

menu

andenter file name.

Send Reply

“

r

”

Click

the “Reply”button.

Graphical elements such 

as buttons, menus, 

dialog boxes and scrollbars

are called “widgets”
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Issues

Issues

The move to GUI-based interfaces raises a number of issues:

Separating function from interface:  

•

Change the look and controls

•

Change the underlying functionality

Event-driven programming: The standard programming approaches 

used in text-based interfaces do not apply to GUI programming.

do{

prompt user for input;

read and parse the input;

perform the required operation;

} while( ! finished );
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MVC: Separating Interface and Function

MVC: Separating Interface and Function

To separate interface and function, programmers developed a new 

design pattern

for their programs. 

Model

: The underlying 

data

and primitive operations.

View: The visual presentationof data to the user.

Controller: The commands/graphical controls(widgets) that are 

presented to the user, and the effect they have on the model.

.


____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Slide 24


[image: image24.emf]24

MVC: Separating Interface and Function

MVC: Separating Interface and Function

Example

: Outlook and Pine email systems.

Model: 

View: Outlook:  

Pine: 

Controller: Outlook: GUI-based.

Pine: 

Outlook

Pine
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Programming in the MVC Model

Programming in the MVC Model

Some possible interaction patterns:

Model

View

Controller

User’s actions

User’s display

User:

Button clicks;

Menu selections;

Scrollbar drags

Requests for changes

in the model (insert,

delete, move)

Requests for the

current data values

Sends current

data values to

update the view

Requests to

update the view.

Something has

changed.
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Event Driven Programming and Callbacks

Event Driven Programming and Callbacks

Callback

: A method that is called when the user performs some 

action.  Possible actions include:

– mouse button

– keyboard key

– mouse has moved
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Event Driven Programming and Callbacks

Event Driven Programming and Callbacks

How it works

: 

– Which input events

– For each such input event, which methodof yours is to be called.

•

mouse click event

: 

•

keyboard key pressed

: 

– The parameters
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Event Driven Programming and Callbacks

Event Driven Programming and Callbacks

How it works

: The “

Event loop

”

– Your program sets up the callbacksand then goes to sleep

– When an eventoccurs, the callbackmethod you specified is called

–

User clicks mouse myMouseClick is called

User hits keyboard key ‘x’ myKeyboard(‘x’) is called

User clicks mouse myMouseClick is called
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Example: Simple Integer Calculator

Example: Simple Integer Calculator

Simple Calculator

: 

State (Model)

: Need to save internal 

information such as the 

current value

entered, the 

last operation

entered, the 

contents of the 

memory

.

Events and Callbacks

:

– Digit key:  digitKey( intvalue )

– Operation key:  opKey( charop )

Operations: ‘+’, ‘-’, ‘=’, …

– Clear key:  clear( )

– Backspace key:  backspace( )

– …

You implement these

classes to achieve the

desired behavior.
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Example: Simple Integer Calculator

Example: Simple Integer Calculator

Simple Calculator: Sample event sequence.

Event: Effect on State: Display (view):

Start

Initialize value = 0

Digit

: 8 value = 8

Digit

: 3 value = 83

(value = value*10 + 3)

Digit

: 2 value = 832

(value = value*10 + 2)

Backspace

value = 83

(value = value / 10)

Op Key

: ‘+’ operand = value (83)

save operation code (+)

value = 0

Digit

: 4 value = 4

(value = value*10 + 4)

Op Key

: ‘=’ value = 87

(value = operand + value)
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Comments

Comments

Overview:

We have already seen how to write comments.

– Programs are hard to understand, 

– Good documentation is essential

– Writing clear documentation

Syntactic Rules and Conventions

:

– //style comments are confined to a single line.

•

•

– /* …*/block comments can span multiple lines.

•

•
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Principal Types of Documentation

Principal Types of Documentation

Documentation Comments

: Indicated by 

/** …*/

– Describes the (public) behaviorthe method, its parametersand 

their meaning, the return value(if any), and possible errorsor 

exceptions.  

–

Implementation Comments

: Indicated by either 

//

or 

/* …*/

– Describes the (private/internal) coding and algorithm details. 

– Usually appear interspersed

– To be read by someone programming/modifyingthe method.

– These comments should not duplicatethe code. 
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Common Errors in Commenting

Common Errors in Commenting

Common errors to avoid:

Too many comments: 

Too few comments: 

No comments: 

Uninformative comments:

inttotal = 0;

Using comments to conceal unclear code: 

doublea = h*w;

doublearea = height * width;

The “Mystery”comment: 

doubled = processValue( );  

Misleading/Erroneous comment: These are dangerous

for( inti = 0; i < a.length-1; i++)
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Javadoc Documentation

Javadoc Documentation

Javadoc

: 

Reads your source code and produces formatted documentation as an 

HTML file, which can be viewed in a web browser.

How it works

:

– “Export



Javadoc”.

–javadoc is a program

– It extracts thedeclarationsof your public methodsand public 

instance variables

– It extracts the contents of block commentsthat start with “/**”.  

Example:

/** 

* This is a javadoc comment.

*/


____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Slide 35


[image: image35.emf]35

Javadoc Documentation

Javadoc Documentation

Class comments

: Immediately prior to each public class, add a 

javadoc comment that 

explains what the class does

. 

@author

–

@version–

@see–

Example

: In Rational.java

/**

* This class implements a rational number object,

* and provides methods for performing arithmetic

* on rational numbers.

* @seejava.lang.Math

* @authorSchultzie von Wienerschnitzel III

* @version3.14159

*/

public classRational { …}

Sample javadoc

class comment
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Sample Javadoc Output

Sample Javadoc Output
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Javadoc Documentation

Javadoc Documentation

Method comments

: Immediately prior to each public method, add a 

javadoc comment 

explaining what the method does

, the 

meanings of the 

parameters

, the 

return value

, and any 

errors

. 

@param

–

@return

–

@throws–

@deprecated–

Example

:

/**

* Multiplies two rational numbers and returns their the product.

* @paramq The first operand.

* @paramr The second operand.

* @returnA reference to a newly created Rational with the sum.

*/

public staticRational multiply( Rational q, Rational r) { …}

Sample javadoc method comment


____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Slide 38


[image: image38.emf]38

Sample Javadoc Output

Sample Javadoc Output


____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Slide 39


[image: image39.emf]39

Example: Prime Number Generator

Example: Prime Number Generator

Commenting Examples

:  

Prime

: A number p > 1 is 

prime

if it is divisible only by itself and 1.

Method

: 

Sieve of Eratosthenes

:

– Listall the numbers from 2 up to maxNumber.

– For each number, removeall its larger multiples(set to 0).

– Stopwhen reaching the square rootof maxNumber.
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Example: Prime Number Generator

Example: Prime Number Generator

Method

: 

Sieve of Eratosthenes

: (For maxNumber= 20)

–

–

–

2   3   4   5   6   7   8   9   10  11  12  13  14  15  16  17 18  19  20

2   3   0   5   0   7   0   9    0  11   0  13   0  15   0  17  0  19   0

2   3   0   5   0   7   0   0    0  11   0  13   0   0   0  17  0  19   0

5 > sqrt(20) and so we are done.

2  3  5  7  11  13  17  19

Final primes:
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Prime Number Generator: Implementation

Prime Number Generator: Implementation

Implementation Issues

:

Array bounds:

When to stop?Clearly we couldrepeat the procedure for all primes up 

to maxNumber, but this would not be efficient.  Any nonprime 

number is eliminatedby its smallest prime divisor.

14 = 2* 7 will be eliminated by 2

195 = 3* 5 * 13: will be eliminated by 3

289 = 17* 17 will be eliminated by 17
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PrimeGenerator: Javadoc comments

PrimeGenerator: Javadoc comments

/**

* This class demonstrates an clear and simple use of comments

* with a single method that generates a list of primes.  It also

* provides an example of how JavaDoc documentation works.

*

* @authorCMSC 131

* @version1.0

*/

public classPrimeGenerator {

/**

* Returns an array containing the prime numbers between 2 and 

* the given parameter. If there are no primes found, an array 

* of length 0 is returned.

* @parammaxNumber The upper bound on the range of primes.

* @returnAn integer array holding the prime numbers.

*/

public static int[ ] getPrimes( intmaxNumber ) {

// …(continued below)

}

class PrimeGenerator (Part 1)
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PrimeGenerator: Javadoc output

PrimeGenerator: Javadoc output
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Commenting the getPrimes Method

Commenting the getPrimes Method

public static int[ ] getPrimes( intmaxNumber ) {

/* This is based on the sieve of Eratosthenes. The array values[] contains the values

* from 2 up to maxNumber.  Each nonzero value is used to eliminate all its larger multiples.  */

int[ ] values = new int[maxNumber + 1];

for( inti = 2; i <= maxNumber; i++ ) values[i] = i;

/* Compute the primes by removing (zeroing) multiples of primes.*/

for( inti = 2; i <= ( int) Math.sqrt( maxNumber ); i++ )  {

for( intj = 2*i; j <= maxNumber; j += i )  values[j] = 0;

}

/* Count the number of remaining primes */

intnPrimes = 0;

for( inti = 2; i <= maxNumber; i++ )

if( values[i] != 0 ) nPrimes++;

/* Copy the primes to the result array */

int[ ] primes = new int[nPrimes];

intj = 0;

for( inti = 2; i <= maxNumber; i++ )

if( values[i] != 0 ) primes[j++] = values[i];

returnprimes;

}

class PrimeGenerator (Part 2)
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Multidimensional Arrays

Multidimensional Arrays

Multidimensional Arrays:

Array of primitive types: 

char[ ] c = new char[5];

c: is of type char[ ], that is, an arrayof characters.

c[2]and c[i]: are of type char(a singlecharacter).

Array of class objects:

String[ ] s = newString[10];

s: is of type String[ ], that is, an arrayof strings.

s[3]and s[j]: are of type String(a singleString).
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2

2

-

-

dimensional Arrays

dimensional Arrays

2-dimensional Arrays

:

–

–

Declarations:

char[ ] [ ] page = new char[50][100];

char[ ] [ ] page; // this declares the variable

page = new char[50][100]; // this allocates storage

Access:

page

: 

page[4]

page[4][23]
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Conceptual Layout

Conceptual Layout

Let’s be more concrete.  Consider the following declaration:

char[ ] [ ] a = new char[5][8];

:

.

a[4][7] … a[4][2] a[4][1] a[4][0]

a[3][7] … a[3][2] a[3][1] a[3][0]

a[2][7] … a[2][2] a[2][1] a[2][0]

a[1][7] … a[1][2] a[1][1] a[1][0]

a[0][7] … a[0][2] a[0][1] a[0][0]
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Memory Layout

Memory Layout

Java’s stores a 2-dim array as an 

array of array references

.

char[ ] [ ] a = new char[5][8];

a[3][2] = ‘x’;

a[0]

a[1]

a[2]

a[3]

a[4]

0 1 7 2 …

a

Heap

x


____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Multidimensional Array Length

Multidimensional Array Length

Consider the declaration:

char[ ] [ ] a = new char[5][8];

What is the meaning of 

a.length

?

– 5?   8?   40?

– Undefined?

Ans

:.

What is the meaning of 

a[2].length

?

Ans

:.

Example

: Blank out the array a:

for( intr = 0; r < a.length; r++ )

for( intc = 0; c < a[r].length; c++ )

a[r][c] = ‘’;


____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Ragged Arrays

Ragged Arrays

When you allocate an array of arrays, do all the arrays have to be 

of the 

same size

?

No

..

char[ ][ ] a = new char[5][ ];

a[0] = new char[8];

a[1] = new char[3];

a[2] = new char[5];

a[3] = new char[0];

a[4] = null;

a[0]

a[1]

a[2]

a[3]

a[4]

0 1 7 2 …


____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Multidimensional Initializers

Multidimensional Initializers

1-dim Initializer

: recall

int[ ] quizScores1 = { 90, 82, 75, 66 };

2-dimensional Initializer

:

int[ ][ ] quizScores = { { 90, 82, 75, 66 },

{ 85 },

{ 45, 77, 99 } };

This allocates and initializes a 

ragged array

with 3 rows.

Example: 

Print the array.

for( intr = 0; r < quizScores.length; r++ ) {

System.out.print( "Scores for student" + r + ":");

for( intc = 0; c < quizScores[r].length; c++ )

System.out.print( " " + quizScores[r][c] );

System.out.println( );

}


____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Using MyString in Selector

Using Selector on MyString: 



	public static void main( String[ ] args ) {

		

	    MyString s1 = new MyString( "Bob" );

	    MyString s2 = new MyString( "Carol" );

	    MyString s3 = new MyString( "Alice" );



	    System.out.println( "s1 = " + s1 + "\n" + 

			      "s2 = " + s2 + "\n" +

			      "s3 = " + s3 );

	    int result = Selector.min( s1, s2, s3 );

	    System.out.println( "Position of Min: " + result );

	}

s1 = Bob

s2 = Carol

s3 = Alice

Position of Min: 3

Output:



Using Selector.min with

MyString objects.
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Event Driven Programming and Callbacks

Callback: A method that is called when the user performs some action.  Possible actions include:

		mouse button

		keyboard key

		mouse has moved
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Javadoc Documentation

Javadoc: 

Reads your source code and produces formatted documentation as an HTML file, which can be viewed in a web browser.

How it works:

		“ExportJavadoc”.

		javadoc is a program

		It extracts the declarations of your public methods and public instance variables

		It extracts the contents of block comments that start with “/**”.  Example:



/** 

 * This is a javadoc comment.

 */
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Prime Number Generator: Implementation

Implementation Issues:

Array bounds:

When to stop? Clearly we could repeat the procedure for all primes up to maxNumber, but this would not be efficient.  Any nonprime number is eliminated by its smallest prime divisor.

14 = 2 * 7	will be eliminated by 2

195 = 3 * 5 * 13:	will be eliminated by 3

289 = 17 * 17	will be eliminated by 17
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Multidimensional Arrays

Multidimensional Arrays: 

Array of primitive types: 

		char[ ] c = new char[5];

	c: is of type char[ ] , that is, an array of characters.

	c[2] and c[i]: are of type char (a single character).



Array of class objects:

		String[ ] s = new String[10];

	s: is of type String[ ], that is, an array of strings.

	s[3] and s[j]: are of type String (a single String).
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Conceptual Layout

Let’s be more concrete.  Consider the following declaration:

char[ ] [ ] a = new char[5][8];

:

















.

		a[0][0]		a[0][1]		a[0][2]		…		a[0][7]

		a[1][0]		a[1][1]		a[1][2]		…		a[1][7]

		a[2][0]		a[2][1]		a[2][2]		…		a[2][7]

		a[3][0]		a[3][1]		a[3][2]		…		a[3][7]

		a[4][0]		a[4][1]		a[4][2]		…		a[4][7]
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Multidimensional Array Length

Consider the declaration:

char[ ] [ ] a = new char[5][8];

What is the meaning of a.length?

		5?   8?   40?

		Undefined?



Ans:.

What is the meaning of a[2].length?

Ans:.

Example: Blank out the array a:

for ( int r = 0; r < a.length; r++ )

    for ( int c = 0; c < a[r].length; c++ )

        a[r][c] = ‘ ’;
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Ragged Arrays

When you allocate an array of arrays, do all the arrays have to be of the same size?

No..



char[ ][ ] a = new char[5][ ];

a[0] = new char[8];

a[1] = new char[3];

a[2] = new char[5];

a[3] = new char[0];

a[4] = null;

a[0]

a[1]

a[2]

a[3]

a[4]































0

1

7

2

…
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Multidimensional Initializers

1-dim Initializer: recall

int[ ] quizScores1 = { 90, 82, 75, 66 };

2-dimensional Initializer:

int[ ][ ] quizScores = { { 90, 82, 75, 66 },

			      { 85 },

			      { 45, 77, 99 } };

	This allocates and initializes a ragged array with 3 rows.

Example: Print the array.

    for ( int r = 0; r < quizScores.length; r++ ) {

        System.out.print( "Scores for student " + r + ":");

        for ( int c = 0; c < quizScores[r].length; c++ )

            System.out.print( " " + quizScores[r][c] );

        System.out.println( );

    }
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Memory Layout

Java’s stores a 2-dim array as an array of array references.

char[ ] [ ] a = new char[5][8];















a[3][2] = ‘x’;







x





































































































a[0]

a[1]

a[2]

a[3]

a[4]











0

1

7

2

…









a



Heap
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2-dimensional Arrays

2-dimensional Arrays:

		 

		 



Declarations:

char[ ] [ ] page = new char[50][100];

	

char[ ] [ ] page;			// this declares the variable

page = new char[50][100];		// this allocates storage

Access:

page: 

page[4] 

page[4][23]
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Commenting the getPrimes Method

public static int[ ] getPrimes( int maxNumber ) {



    /* This is based on the sieve of Eratosthenes. The array values[ ] contains the values

      * from 2 up to maxNumber.  Each nonzero value is used to eliminate all its larger multiples.  */



    int[ ] values = new int[maxNumber + 1];		

		

    for ( int i = 2; i <= maxNumber; i++ ) values[i] = i;		



    /* Compute the primes by removing (zeroing) multiples of primes. */

    for ( int i = 2; i <= ( int ) Math.sqrt( maxNumber ); i++ )  {

        for ( int j = 2*i; j <= maxNumber; j += i )  values[j] = 0;

    }



    /* Count the number of remaining primes */

    int nPrimes = 0;

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

        if ( values[i] != 0 ) nPrimes++;



    /* Copy the primes to the result array */

    int[ ] primes = new int[nPrimes];

    int j = 0;

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

        if ( values[i] != 0 ) primes[j++] = values[i];

    return primes;

}

class PrimeGenerator (Part 2)
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PrimeGenerator: Javadoc comments



/**

 * This class demonstrates an clear and simple use of comments

 * with a single method that generates a list of primes.  It also

 * provides an example of how JavaDoc documentation works.

 *

 * @author CMSC 131

 * @version 1.0

 */



public class PrimeGenerator {



	/**

	 * Returns an array containing the prime numbers between 2 and 

	 * the given parameter. If there are no primes found, an array 

	 * of length 0 is returned.

	 * @param maxNumber The upper bound on the range of primes.

	 * @return An integer array holding the prime numbers.

	 */

	public static int[ ] getPrimes( int maxNumber ) {

	    // … (continued below)

	}

class PrimeGenerator (Part 1)
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Example: Prime Number Generator



Method: Sieve of Eratosthenes: (For maxNumber = 20)

		 

		 

		 



 2   3   4   5   6   7   8   9   10  11  12  13  14  15  16  17  18  19  20

 2   3   0   5   0   7   0   9    0  11   0  13   0  15   0  17   0  19   0

 2   3   0   5   0   7   0   0    0  11   0  13   0   0   0  17   0  19   0































5 > sqrt(20) and so we are done.



2  3  5  7  11  13  17  19

Final primes:
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Example: Prime Number Generator

Commenting Examples:  

Prime: A number p > 1 is prime if it is divisible only by itself and 1.

Method: Sieve of Eratosthenes:

		List all the numbers from 2 up to maxNumber.

		For each number, remove all its larger multiples (set to 0).

		Stop when reaching the square root of maxNumber.
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Javadoc Documentation

Method comments: Immediately prior to each public method, add a javadoc comment explaining what the method does, the meanings of the parameters, the return value, and any errors. 

	      @param –

           @return –

	@throws – 

	@deprecated – 



Example:

/**

  * Multiplies two rational numbers and returns their the product.

  * @param q The first operand.

  * @param r The second operand.

  * @return A reference to a newly created Rational with the sum.

  */

public static Rational multiply( Rational q, Rational r) { … }



Sample javadoc method comment
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Javadoc Documentation

Class comments: Immediately prior to each public class, add a javadoc comment that explains what the class does. 

        @author – 

	@version – 

	@see – 

Example: In Rational.java

/**

  * This class implements a rational number object,

  * and provides methods for performing arithmetic

  * on rational numbers.

  * @see java.lang.Math

  * @author Schultzie von Wienerschnitzel III

  * @version 3.14159

  */

public class Rational { … }



Sample javadoc

class comment
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Example: Simple Integer Calculator

Simple Calculator: Sample event sequence.

	Event:	Effect on State:		Display (view):

	Start		Initialize value = 0		

	Digit: 8	value = 8			

	Digit: 3	value = 83		

		  (value = value*10 + 3)

	Digit: 2	value = 832		

		   (value = value*10 + 2)

	Backspace	value = 83		

		  (value = value / 10)

	Op Key: ‘+’	operand = value (83)

		save operation code (+)

		value = 0			

	Digit: 4	value = 4			

		  (value = value*10 + 4)

	Op Key: ‘=’	value = 87

		   (value = operand + value)	





E calculator
Edt Vew Heh
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Comments

Overview: We have already seen how to write comments.

		Programs are hard to understand, 

		Good documentation is essential

		Writing clear documentation 



Syntactic Rules and Conventions:

		// style comments are confined to a single line.

		 

		 

		/* … */ block comments can span multiple lines.
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Common Errors in Commenting

Common errors to avoid:

Too many comments: 

Too few comments: 

No comments: 

Uninformative comments:

int total = 0;	

Using comments to conceal unclear code: 

double a = h*w;

double area = height * width;

The “Mystery” comment: 

double d = processValue( );  

Misleading/Erroneous comment: These are dangerous

for ( int i = 0; i < a.length-1; i++)  
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Principal Types of Documentation

Documentation Comments: Indicated by /** … */

		Describes the (public) behavior the method, its parameters and their meaning, the return value (if any), and possible errors or exceptions.  

		   





Implementation Comments: Indicated by either // or /* … */

		Describes the (private/internal) coding and algorithm details. 

		Usually appear interspersed

		To be read by someone programming/modifying the method.

		These comments should not duplicate the code. 
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Event Driven Programming and Callbacks

How it works: The “Event loop”

		Your program sets up the callbacks and then goes to sleep

		When an event occurs, the callback method you specified is called



















		 



User clicks mouse

User hits keyboard key ‘x’

User clicks mouse



myMouseClick is called



myKeyboard(‘x’) is called



myMouseClick is called








_1166781483.ppt


Example: Simple Integer Calculator

Simple Calculator: 



State (Model): Need to save internal 

information such as the current value 

entered, the last operation entered, the 

contents of the memory.



Events and Callbacks:

		Digit key: 	digitKey( int value )

		Operation key: 	opKey( char op )

	Operations: ‘+’, ‘-’, ‘=’, …

		Clear key: 	clear( )

		Backspace key: 	backspace( )

		…





You implement these

classes to achieve the

desired behavior.
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Event Driven Programming and Callbacks

How it works: 

		Which input events 

		For each such input event, which method of yours is to be called.

		mouse click event: 

		keyboard key pressed: 	

		The parameters
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Java Interfaces Summary

Implementing an Interface:

		 

		To inform Java that a class implements a particular interface Y, we add “implements Y” after the class name:





public class X implements Y {

    

    public void someMethod( int z ) {  }

    public int anotherMethod( ) {  }

}
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Issues

The move to GUI-based interfaces raises a number of issues:

Separating function from interface:  

		Change the look and controls 

		Change the underlying functionality 



Event-driven programming: The standard programming approaches used in text-based interfaces do not apply to GUI programming.

		do {

		    prompt user for input;

		    read and parse the input;

		    perform the required operation;

		} while ( ! finished );
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MVC: Separating Interface and Function

Example: Outlook and Pine email systems.

Model: 

View: Outlook:  

Pine: 

Controller: Outlook: GUI-based.

Pine: 





Outlook

Pine





I8 Inbox - Microsoft Outlook:
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MVC: Separating Interface and Function

To separate interface and function, programmers developed a new  design pattern for their programs. 

	  

	  Model: The underlying data and primitive operations.

View: The visual presentation of data to the user.

Controller: The commands/graphical controls (widgets) that are presented to the user, and the effect they have on the model.

.










_1166780905.ppt


Java Interfaces Summary

Defining a Java Interface:

		A Java interface is collection of method declarations.

		These declarations are abstract, 

		public interface Y {



    public void someMethod( int z );

    public int anotherMethod( );

}



		 





A Typical Interface Declaration

No method bodies given
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Graphical User Interfaces

Graphical User Interfaces (GUIs):

Text-based: 

GUI-based: 

		 

		 

		 

		 



Examples: Pine a text-based email system vs. Microsoft Outlook

	Operation		Pine		Outlook

	Move to Trash	“s Trash”	Drag to Trash folder icon

	Save to file	“e fileName.txt”	Select FileSaveAs from 						menu and	enter file name.

	Send Reply	“r”		Click the “Reply” button.



Graphical elements such 

as buttons, menus, 

dialog boxes and scrollbars

are called “widgets”
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Making a Testable String

MyString:



/* A Testable String wrapper  */



public class MyString implements Testable {

	String str;

	

	public MyString( String s ) { str = new String( s );  }

	

	public String toString( ) { return str; }

	

	public boolean isLessThan( Object x ) {

		MyString s = ( MyString ) x;

		return ( str.compareTo( s.str ) < 0 );

	}

}
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Generic Selector

Recap of where we are:

		We want to design a single generic Selector class 

		Selector needs each object to provide a unified way of comparing two instances of the given class.

		Selector must provide us with a comparison method:



x1.isLessThan( x2 )

		Any class that provides these two comparison methods is said to be Testable.

		method Selector.min can work with any Testable object.
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Making a Testable Integer

A Testable Integer:  

MyInteger: 

		Stores a single int as data.

		It provides a constructor and toString method

		We add the modifier “implements Testable” 










_1166780699.ppt


Using MyInteger in Selector

Using Selector on MyInteger: 

:

Selector.min( Testable x1, Testable x2, Testable x3 );

	

	public static void main( String[ ] args ) {

		

	    MyInteger x1 = new MyInteger( 23 );    

	    MyInteger x2 = new MyInteger( 12 );

	    MyInteger x3 = new MyInteger( 74 );



	    System.out.println( "x1 = " + x1 + "\n" + 

			      "x2 = " + x2 + "\n" +

			      "x3 = " + x3 );

	    int result = Selector.min( x1, x2, x3 );

	    System.out.println( "Position of Min: " + result );

	}
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Dissecting MyInteger.isLessThan( )

Implementing MyInteger.isLessThan( ): 

		     public boolean isLessThan( Object x ) {

        MyInteger m = ( MyInteger ) x;	// cast x to MyInteger

        return ( data < m.data );

     }

Alternatives that do not work: 

Avoid the cast?



	.

Declare x to be MyInteger?



	

implementation of isLessThan
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Making a Testable Integer



/* A Testable int wrapper  */



public class MyInteger implements Testable  {

    int data;

	

    public MyInteger( int d ) { data = d; }

	

    public String toString( ) { return String.valueOf( data ); }

	

    public boolean isLessThan( Object x ) {

        MyInteger m = ( MyInteger ) x;	// cast x to MyInteger

        return ( data < m.data );

     }

}
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(Old) SelectorInt

public class SelectorInt {

    

    public static int min( int x1, int x2, int x3 ) {

        if ( x1 < x2 ) {		

            if ( x1 < x3 ) return 1;

            else return 3;

        } else {			

            if ( x2 < x3 ) return 2;

            else return 3;

        }

    }

    

}

File: SelectorInt.java
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Java Interfaces

Testable is a Java Interface.  It is a formal way for a class to promise to implement certain methods.  We say that a class implements an interface if it provides these methods.

Interface:

		 

		 





	public interface Testable {

	

	    /* Returns true if this object is less than x */

	    public boolean isLessThan( Object x );

	}
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(New) Generic Selector

public class Selector {

    

    public static int min( Testable x1, Testable x2, Testable x3 ) {

        if ( x1.isLessThan( x2 ) ) {	

            if ( x1.isLessThan( x3 ) ) return 1;

            else return 3;

        } else {		

            if ( x2.isLessThan( x3 ) ) return 2;

            else return 3;

        }

    }

    // …other methods (max, median) omitted…

}

File: Selector.java

Note:
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SelectorInt Implementation

public class SelectorInt {

    /* Returns the position of the minimum element: 1, 2, or 3 */

    public static int min( int x1, int x2, int x3 ) {

        if ( x1 < x2 ) {	// x2 is not min, it’s either x1 or x3

            if ( x1 < x3 ) return 1;

            else return 3;

        } else {		// x1 is not min, it’s either x2 or x3

            if ( x2 < x3 ) return 2;

            else return 3;

        }

    }  // other methods (min, median) omitted…

}



public class SelectorDemo {

	public static void main( String[ ] args ) {

		int result = SelectorInt.min( 23, 12, 74 );

		System.out.println( "Position of Min: " + result );

}
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String Selector and Beyond

SelectorString: Should have virtually the same structure, but we cannot use “x1 < x2” on strings.  



Question: Is there some way to write only one Selector class, and have it work for all these objects?  
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Designing a Generic Selector

Uniform Behavior: 

isLessThan: 



x1.isLessThan( x2 ) 	Returns true if x1 < x2 and false otherwise



If we succeed, we can design a selector for any class that promises to provide this method.  We will call such a class Testable.
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Example: SelectorInt Class

Let us begin with an example in which interfaces are helpful.



SelectorInt: 

   min(x1, x2, x3) : 

SelectorInt.min( 123, 45, 79 );	returns 2 (since 45 is smallest)

SelectorInt.min( 11, -4, -18 );	returns 3 (since -18 is smallest)

SelectorInt.min( 13, 13, 25 );	returns either 1 or 2 (we don’t care)

max(x1, x2, x3): 

median(x1, x2, x3): 
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Motivation

Two Opposing Goals, which Java programmers must deal with:

Strong Typing: 

General-Purpose Functions: 

The Problem: Strong typing implies that to write a sorting function, we need to specify the types of the parameters (int, double, String, etc.)..
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Java Interfaces

Java Interface:.

How it works: Suppose you want to write a sorting method for objects of some class X.  Sorting requires that you be able to compare the relative values of objects (<, >, <=, >=, ==).

		general-purpose sorting method

		defines this comparison method 

		invoke 



To make this work:
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String Selector and Beyond

Success:

Bad News: Your boss now wants you to write Selector objects for many other types:
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Programming in the MVC Model

Some possible interaction patterns:

Model

View

Controller

User’s actions

User’s display

User:

Button clicks;

Menu selections;

Scrollbar drags

Requests for changes

in the model (insert,

delete, move)

Requests for the

current data values

Sends current

data values to

update the view

Requests to

update the view.

Something has

changed.
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Sample Javadoc Output







. Fle Edt vew Go Bookmarks Tooks Window telp

| Q0 O @ [reirmmeromrarmmmmess] @) | <5, [

| 45 Home | EJBockmerks - David Mount. EJ0epartment EJuniversty Elsearch EJprojects EIcmse 131

Al Classes Method Detail |
Driver

PrimeGenerator

Fatoral multiply

public static Fational multiply(Rational d,
Rational r)

Muliplies two rational mumbers and refurns their the product.

Parameter
- The fist operand.
+ - The second operand.

Retums:
A reference to anewly created Rational with the sum.

Package [QEITJUse Tree Deprecated Index Help ]
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PrimeGenerator: Javadoc output







Ble Edt

B
K View Go Bookmarks Tods Window telp
» D]
All Classes public PrimeGenerator ()
Driver
ErimeGeneratot -
Fational Method Detail
getPrimes
public stavic int[] getPrimes(int maxliumber]
Returns an array confaining the prime numbers between 2 and the given parameter. If
there are no primes found, an array of length 0 is returned.
Parameters:
wastiuniser - The upper bound on the range of primes.
Retums:
An integer array holding the prime mumbers
Package [SEEXJUse Tree Deprecated Index Help
PREV CLase NEXT Class eramEs no FranEs
SUMMARY: NESTED |FIELD | CONSTR | METHOD DETAIL: FIELD | CONSTR | METHOD
[=1] [<Z]
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Sample Javadoc Output







P Rational - Mozilla
. Fle Edt Vew Go Bookmarks Tools Window Hep

b b |
All Classes

Package [SEERY Use Tree Deprecated Index Help

Oriver PREVCLASS NEXT CLASS ERAMES ND FRAMES
SUMMARY: NESTED | FIELD | CONSTR | METHOD DETAIL: FIELD | CONSTR | METHOD.
PrimeGeneratar

Rafional

Class Rational

Java. lang. Object
L Rational

public class Rational
extends java lang Object

“This class implements a rational mumber object, and provides methods for performing
arithmetic on rational mumbers

ersion:
3.14159
Author:
Schultzie von Wienerschritzel I
See Also:
Hath
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