Notes on Java for programmers

1. Handout on downloading and configuring JDK 1.3 and Kawa version 5.0.  You have to pay for Kawa.

2. Objects and classes - class defines an object, limited description of object (abstraction) - application must get 'instances' of the class (object) - done using 'new'

3. Syntax matters - comments (two kinds), assignment, main method, declarations, simple and complex data, output, constructors

4. Java applications - handout with People class.

// Computer Science 121

// Java application written by <Name>.

// <Date>

// An application with a class that provides information about a person.

class People

{


public static void main (String [ ] args)


{



// Create a new person.

person girl = new person ();



// Display information about the person on the screen.

girl.displayAge ( );


} // method main

} // class People

// Class that stores information about a person's name and age.

class person

{


private String name;


private int age;


public person ()

{



name = "Alice";



age = 7;


} // constructor

// Method that displays information about a person.


public void displayAge ( )


{



System.out.println (name + "'s age is " + age);


} // method displayAge

} // class person

5. CityTemps application with errors - how similar to People

6. People example with parameters in constructor.

7. Simple applets

Applets - Shapes example


API - Application Programming Interface - class libraries, grouped in packages

8. packages - importing them


import java.awt.*; // abstract windowing toolkit - imports all classes


import java.applet.Applet // imports just the Applet class

9. paint method – may do later


drawString (str, x, y)

drawRect (x, y, width, height);


drawOval (x, y, width, height)


drawLine (x1, y1, x2, y2)


fillOval and fillRect

1. More on People application - what is an object, class, constructor

System.out.print, System.out.println - difference

2. Input - try/catch blocks, exceptions

BufferedReader, InputStreamReader, System.in

3. People application - reading from the keyboard

4. Escape sequences - \b - backspace, \t - tab, \n - newline (enter), \r - return, \" - double quotes, \\ - backslash

5. Integer data - byte (8 bits), short (16 bits), int (32 bits), long (64 bits)


Expressions - expression sheet

6. Floating point data - float (32 bits), double (64 bits)

Storage - mantissa, exponent

7. Character data - Unicode, ascii


Boolean data - true, false

8. Streams


System.in, System.out, System.err

9. buffered I/O


BufferedReader stdin = new BufferedReader (new InputStreamReader (System.in));

// An application with a class that provides information about a person.

import java.io.*;

class People

{


public static void main (String [] args) 


{



Person person = new Person();



person.readData ();



person.displayAge ();


} // method main

} // class People

// Class that stores information about a person's name and age.

class Person

{


private String name;


private int age;


public void readData () 


{

try



{




BufferedReader stdin = new BufferedReader (new InputStreamReader (System.in));




System.out.print ("Name: ");




name = stdin.readLine ();




System.out.print ("Age: ");




age = Integer.parseInt (stdin.readLine ());



} 

catch (IOException e) {
System.out.println ("I/O error");}



catch (NumberFormatException ex) {
System.out.println ("Number format error.");}


} // method readData


public void displayAge ()


{



System.out.println (name + "'s age is " + age);


} // method displayAge

} // class Person

Example using doubles.

// Application for a clerk in a store.  It reads the price, calculates the tax and displays the total bill.

import java.io.*;

import java.text.*;

// Main class that declares a class that describes a store clerk and calls the methods.

public class Store

{


public static void main (String [] args)


{



Clerk storeClerk = new Clerk ();



storeClerk.getPrice ();



storeClerk.calculateTax ();



storeClerk.displayTotal ();


} // method main

} // class Store

// Class that defines the work of a store clerk.

class Clerk

{


private double price, tax, total;


// Method that reads the price of a product from the keyboard.


public void getPrice ()


{



System.out.print ("Enter the price: ");



price = readDouble ();


} // method getPrice


// Method that calculates the tax.


public void calculateTax ()


{



final double taxRate = 0.0825;



tax = price * taxRate;


} // method calculateTax


// Method that calculates and then displays the total bill.


public void displayTotal ()


{



total = tax + price;



System.out.println ("The tax is $" + decimals (tax));



System.out.println ("The total bill is $" + decimals (total));

} // method displayTotal


// Reads a double from the keyboard and returns it to the calling method.


public double readDouble ()


{

double num = 0;



try

{




BufferedReader stdin = new BufferedReader (new InputStreamReader (System.in));




num = Double.valueOf (stdin.readLine ()).doubleValue ();



} 



catch (IOException e) {
System.out.println ("I/O error");}



catch (NumberFormatException ex) {
System.out.println ("Number format error.");}



return num;


} // method readDouble 



// Formats a double for string output with two decimal places.


public String decimals (double num)


{



DecimalFormat decFor = new DecimalFormat (); 



decFor.setMaximumFractionDigits (2); 



decFor.setMinimumFractionDigits (2);



return decFor.format (num);


} // method decimals 

} // class Clerk

public class TestDoubles

{


public static void main (String [] args)


{



double value = 1.0;



while (value < 11)



{




System.out.println ("" + value);




value = value + 0.1;



}


} // method main

} // class TestDoubles

/*

1.0

1.1

1.2000000000000002

1.3000000000000003

1.4000000000000004

1.5000000000000004

1.6000000000000005

1.7000000000000006

1.8000000000000007

1.9000000000000008

2.000000000000001

2.100000000000001

2.200000000000001

2.300000000000001

2.4000000000000012

2.5000000000000013

2.6000000000000014

2.7000000000000015

2.8000000000000016

2.9000000000000017

3.0000000000000018

3.100000000000002

3.200000000000002

3.300000000000002

3.400000000000002

3.500000000000002

3.6000000000000023

3.7000000000000024

3.8000000000000025

3.9000000000000026

4.000000000000003

4.100000000000002

4.200000000000002

4.300000000000002

4.400000000000001

4.500000000000001

4.6000000000000005

4.7

4.8

4.8999999999999995

4.999999999999999

5.099999999999999

5.199999999999998

5.299999999999998

5.399999999999998

5.499999999999997

5.599999999999997

5.699999999999997

5.799999999999996

5.899999999999996

5.999999999999996

6.099999999999995

6.199999999999995

6.2999999999999945

6.399999999999994

6.499999999999994

6.599999999999993

6.699999999999993

6.799999999999993

6.899999999999992

6.999999999999992

7.099999999999992

7.199999999999991

7.299999999999991

7.399999999999991

7.49999999999999

7.59999999999999

7.6999999999999895

7.799999999999989

7.899999999999989

7.9999999999999885

8.099999999999989

8.199999999999989

8.299999999999988

8.399999999999988

8.499999999999988

8.599999999999987

8.699999999999987

8.799999999999986

8.899999999999986

8.999999999999986

9.099999999999985

9.199999999999985

9.299999999999985

9.399999999999984

9.499999999999984

9.599999999999984

9.699999999999983

9.799999999999983

9.899999999999983

9.999999999999982

10.099999999999982

10.199999999999982

10.299999999999981

10.39999999999998

10.49999999999998

10.59999999999998

10.69999999999998

10.79999999999998

10.899999999999979

10.999999999999979

*/

Graphics – Drawing Shapes

1. Graphics class – many methods for drawing and painting

The Graphics class is in the java.awt package (abstract windowing toolkit)

It must be imported, same as java.io

drawRect (x, y, width, height);
x and y are the coordinates of the upper left hand corner

fillRect (x, y, width, height);

drawOval (x, y, width, height);
The oval is fitted to the rectangle above

fillOval (x, y, width, height);

2. Colors

16 predefined colors – black, blue, cyan, gray, dark gray, light gray, green, magenta, orange, pink, red, white, yellow

Programmer defined colors created using Color class



e.g. Color tan = new Color (203, 143, 102);



numbers listed in the order red, green, blue (RGB)

setBackground (color);
sets the background color of the applet

Graphics g;
g.setColor (color);
sets the pen color for drawing and filling

3. Applets – init and paint methods

init serves as a constructor

paint is used to draw on the applet
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Example illustrating paint method

import java.awt.*; 

import java.applet.Applet; 

// Circles displays two circles on the applet.

public class Circles extends Applet

{


private Circle redCircle, blueCircle;


public void init ()


{



redCircle = new Circle (Color.red, 100, 100);



blueCircle = new Circle (Color.blue, 200, 100);


} // method init


public void paint (Graphics g)


{



redCircle.drawCircle (g);



blueCircle.drawCircle (g);


} // method paint 

} // class Circles

// The Circle class defines a circle and provides a method to draw it.

class Circle

{


private Color color;


private int x, y, diameter;


Circle (Color c, int xPosition, int yPosition)


{



color = c;



x = xPosition;



y = yPosition;



diameter = 50;


} // constructor


public void drawCircle (Graphics g)


{



g.setColor (color);



g.fillOval (x, y, diameter, diameter);


} // method drawCircle

}  // class Circle

<HTML>

<HEAD>

<TITLE>Circles</TITLE>

</HEAD>

<BODY>

<H1>Circles</H1>

<HR>

<APPLET CODE="Circles.class" WIDTH=300 HEIGHT=300></APPLET>

<HR>

</BODY>

</HTML>

1. Compound conditions

and - &&

or - ||

not - !

2. Operator precedence

Boolean operators at bottom

Use parentheses when uncertain of order

Don't use x && y > z.  It may not do what you expect.

3. Char type

Letters, ascii, keyboard characters

Comparison of characters

'a' < 'z', and 'A' < 'Z'.  Also '0' < '9'.

Characters have an order given by the order of the character set of the machine.

4. If - Then statement

Tax status example

Change example

Flow chart

5. Nested If-Then statements

Deciding on a tip depending on service

Temperature example - degrees of fever

State tax example

// Method to analyse a patient's temperature.

public classifyTemperature ()

{


System.out.print ( "Enter your temperature. ");

temp = readDouble ();

if (temp >= 105)

System.out.println ( "Medical emergency, go to the hospital." );

else if (temp >= 101)

System.out.println ( "High temperature, see a doctor." );

else if (temp >= 99)

System.out.println ( "Mild fever, take two aspirin and go to bed." );

else if (temp >= 97)

System.out.println ( "Temperature normal." );

else

System.out.println ( "Your temperature is low, take a warm bath." );

}

6. We can also evaluate the quality of the service and use that for calculating the tip.

public double calculate_tip ()

// Calculates the tip given the quality of the service.

// Service is rated on a scale from 1 to 10, with 10 high.

{

double tip;

if (service > 8)

tip = bill * 0.20;

else if (service > 5)

tip = bill * 0.15;

else if (service > 2)

tip = bill * 0.10;

else

tip = bill * 0.05;

return tip;

}

7. Dangling else

if (sleepy)

if (grumpy)

System.out.print ("Sleepy and grumpy");

else

System.out.print ("Sleepy but not grumpy");

else

System.out.print ("Not sleepy, but who knows about grumpy");

.
Compound conditions

if (sleepy && grumpy)

System.out.print ("Sleepy and grumpy");

else

if (sleepy)

System.out.print ("Sleepy but not grumpy");

else

System.out.print ("Not sleepy, don't know about grumpy");

8. Truth tables for &&, ||, ! (and, or, not)

9. for statement

for (count = 0; count < 10; count ++)

{

Do something;

}

// Program to draw a box.

public class Boxes

{

public static void main (String [] args)


{

System.out.println ("**********" );

for (int count = 0; count < 5; count++)

System.out.println ("*                 *" );

System.out.println ("**********" );

}

} // class Boxes

// Program to print a temperature conversion table.

public class Temperatures

{


public static void main (String [] args)


{


int Celsius = 10, Fahrenheit;

System.out.println ("Celsius         Fahrenheit" );

for (int count = 0; count < 10; count ++)

{

Fahrenheit = Celsius * 9 / 5 + 32;

System.out.println ( "" + Celsius + Fahrenheit );

Celsius = Celsius + 10;

} // for

} // method main

} // class Temperatures

10. Running sum - add a fixed number of prices.

public class Prices

{

public static void main (String [] args)

{

double total = 0, price;

int no_prices;

System.out.print ( "Enter the number of prices: ");

no_prices = Reader.readInteger ();

for (int count = 0; count < no_prices; count++)

{

System.out.println ("Price: ");

Price = Reader.readInteger ();

total = total + price;

} // fir

System.out.println ("The total bill is " + total );

} // method main

} // class Prices

	no_prices
	count
	price
	total

	5
	0
	1.95
	1.95

	
	1
	3.15
	5.10

	
	2
	2.98
	8.08

	
	3
	.55
	8.63

	
	4
	2.15
	10.78


11. While loop

Count controlled - like for loop

Event controlled - reading to a sentinel

Loop may not be done at all.

12. Off by one errors - importance of boundary conditions

13. Infinite loops - use <control> <break> and many returns

Problems when testing for equality, particularly floats

Use { } whenever you must do more than one thing in a loop

//Program to illustrate loops

public class Taxes

{

public static void main (String [] args)

{

double taxRate = 0.0825;

double price, tax, sum = 0, bill, payment, change;

System.out.println ("Enter the prices, end with 0" );

price = Reader.readInteger ();

while (price > 0)

{

sum = sum + price;

cin >> price;

}

System.out.println ("The sum is " + sum );

tax = tax_rate * sum;

bill = sum + tax;

System.out.println ("The total bill is " + bill );

System.out.print ("Enter the payment: ");

payment = Reader.readDouble () ;

change = payment ‑ bill;

System.out.println ("The change is " + change );


}// method main

} // class Taxes

Strings, Events and Listeners

1. Strings - separate data type

double quotes

"Atlanta", "Boston", "Chicago", "Denver"

The character 'A' is not the same as the string "A".  The string consists of two characters, 1 for the letter A and the other for the null character at the end.

Comparison is done using dictionary (lexicographical) order.

Thus "Boston" < "Buffalo", "New Jersey" < "New York".  

But be careful about comparing lower case and upper case letters.  The character values are used.  In ascii, all upper case letters have a lower code than the lower case letters.  So "MacMillan" < "Macbeth".  You can use equalsIgnoreCase when checking for equality.

String comparison is done using int compareTo (String str)

name1.compareTo (name2) -  returns negative is name1 < name2, 0 if name1 == name2, and positive if name1 > name2.  We can also use name1.equals (name2) when checking for equality.

2. StringTokenizer class

In java.util

Gets tokens separated by 'white space' from a string.

Methods

Constructors - string or string plus delimiter



int countTokens ()



boolean hasMoreTokens ()



String nextToken ()

Used to read an entire line of data at once.

Example:

// Method that reads prices of products from the keyboard into a string.


// It uses the StringTokenizer class to get each price separately.


public void readPrices ()


{



try



{




System.out.print ("Enter prices, separated by spaces. ");




BufferedReader stdin = new BufferedReader (new InputStreamReader (System.in));




String priceList = stdin.readLine ();




StringTokenizer prices = new StringTokenizer (priceList);




while (prices.hasMoreTokens ())




{





price = Double.valueOf (prices.nextToken ()).doubleValue ();





sum = sum + price;





numberPrices ++;




}



} // try block



catch (IOException e) {
System.out.println ("I/O error");}



catch (NumberFormatException ex) {
System.out.println ("Number format error.");}


} // method getPrice

3. Classes and objects

The has-a relation - a class has an object as a variable

Instance variables and local variables

Visibility modifiers - public and private

4. Instantiation of classes, constructors

When the class is instantiated.  What does that mean?

Overloading of constructors - one class may have several constructors

Constructor executed when class is instantiated

5. Methods and parameters

How methods are called 

Calling and return sequence

Methods with void return type - commands

Methods with return statement - calculations

6. Designing programs

Decide on objects in program - each becomes a separate class

Decide what each object is responsible for, what it has to do

See how objects interact.  What does one object have to provide for another?

CRC - classes, responsibilities, collaborators

7. Example - Building a house, cooking dinner, choosing an outfit to wear, team sport

Events and Listeners

1. Most important material for course

TextFields, Labels, Buttons, Panels, ActionListener

Temperature Conversion example

2. Events, Interfaces, Listeners

ActionListener - listens for Buttons

WindowListener - handles opening and closing windows, menus

AdjustmentListener - checks position of a ScrollBar

ItemListener - recognizes item selected in a list

MouseListener - listens for mouse clicking, pressing

MouseMotionListener - listens for mouse being dragged or moved

KeyListener - checks which key has been typed

3. Components and Containers

Labels


Panels

TextFields

Applets

TextAreas


Windows

Lists



Frames

Buttons


Dialog boxes

ScrollBars

4. Layout Managers

FlowLayout

GridLayout

BorderLayout

CardLayout

Grid

Arrays

1.
Array declarations

Examples: int [] grades;

grades = new int [10];

	7
	9
	4
	8
	2
	6
	5
	3
	1
	10

	0
	1
	2
	3
	4
	5
	6
	7
	8
	9


double [] averages ;

averages = new double [10];

String [] weekNames = {"Sunday", "Monday", "Tuesday", "Wednesday", "Thursday", "Friday", "Saturday" }; // initialization

2.
Accessing elements

weekNames [0] = "Sunday";

grades [5] = 6;

averages [3] = 3.2;

if (name [3] .equals ("Wednesday")

{ }

int count = 0;

while (grades [count] <= 10)

{ }

averages [3] = grades [3] / 4.0;

3.
Using loops to work with arrays

for (count = 0; count < 10; count ++)

System.out.println (grades [count]);

int size = 0;

double [] prices; double price;

prices = new double [10];

price = Double.valueOf (stdin.readLine ()).doubleValue ();

while (price > 0)

{

prices [size] = price;

size ++;

price = Double.valueOf (stdin.readLine ()).doubleValue ();

}

5.
Searching an array for the location of a key value

Return the location if key is found, return size otherwise.

public int findKey (int key)

{

boolean found = false;

int location = 0;

while ((! found) && (location < size))

{

if (grades [location] == key)

found = true;

else

location ++;

}

return location;

}

public int findKey (int key)

{

int location = 0;

while ((location < size) && (grades [location] != key))

location++;

return location; // If key is not found, location will be equal to size.

}

6.
Finding the location of the smallest value in an array.

public int locSmallest ()

{

int currentSmallest = grades [0], smallestLocation = 0;

for (int count = 0; count < size; count ++)

if (grades [count] < curSmallest)

{

curSmallest = grades [count];

smallestLocation = count;

}

return smallestLocation;

}

Java Exceptions

1. IOException, NumberFormatException, ArrayIndexOutOfBounds, NullPointerException


If an exception could occur, Java requires that it be caught and handled.  



The catch clause may be empty, but it must be there.

2. Exceptions can be thrown back to a calling method, including the first one.  However, it is wise to catch and handle exceptions as soon as you are able.

3. Exceptions are sometimes thrown on purpose and used to terminate some operation, such as file reading.  This particularly works with the NullPointerException.

4. One try clause may throw several exceptions.  All can be followed by a finally clause.  This clause is executed whether or not the exception occurred.

Multidimensional Arrays

public class MultiDimensional

{


public static void main (String [] args)


{



Table table = new Table ();



table.fillTable ();



table.displayTable ();


} // method main

} // class Multidimensional

class Table

{


private int [] [] matrix;


final int maxRow = 5;


final int maxCol = 5;


Table ()


{



matrix = new int [maxRow][maxCol];


} // constructor


public void fillTable ()


{



for (int row = 0; row < maxRow; row++)




for (int col = 0; col < maxCol; col++)





matrix [row][col] = row + col;


} // method fillTable


public void displayTable ()


{



for (int row = 0; row < maxRow; row ++)



{




for (int col = 0; col < maxCol; col ++)





System.out.print (" " + matrix [row][col]);




System.out.println ();



}


} // method displayTable

} // class Table

Example using an array of classes

import java.io.*;

/* This application finds the average high temperature and highest temperature for a week.  It uses an array of classes to store the data. */

public class Weather4

{


public static void main (String [] args)


{



WeeksWeather week = new WeeksWeather ();



week.readTemperatures ();



week.displayStatistics ();


} // main method

} // class Weather

// WeatherData is a class that stores high and low temperatures.

class WeatherData

{


private int high, low;


WeatherData (int h, int l)


{



high = h;



low = l;


} // constructor


public int getHigh ()


{



return high;


} // method getHigh


public int getLow ()


{



return low;


} // method getLow

} // class WeatherData

/* This class reads high and low temperatures into an array of classes.  It then calculates the average temperature and displays the result on the screen. */

class WeeksWeather 

{


WeatherData [] temperatures;


int numberTemps;


final int maxSize = 10;


WeeksWeather ()


{



numberTemps = 0;



temperatures = new WeatherData [maxSize];



} // constructor


public void readTemperatures ()


{



int high, low;



WeatherData data;



BufferedReader stdin = new BufferedReader (new InputStreamReader (System.in));



try



{




System.out.println ("Enter high and low temperatures ending with a high of 200.");




System.out.print ("Enter first high temperature: ");




high = Integer.parseInt (stdin.readLine ());




while ((high < 200) && (numberTemps < maxSize))




{





System.out.print ("Enter next low temperature: ");





low = Integer.parseInt (stdin.readLine ());





data = new WeatherData (high, low);






temperatures [numberTemps] = data;





numberTemps ++;





System.out.print ("Enter next high temperature: ");





high = Integer.parseInt (stdin.readLine ());




}



} // try block 



catch (IOException e) { System.out.println ("IO Exception");}



catch (NumberFormatException ex) { System.out.println ("Number format error.");} 


} // method readTemperatures


public void displayStatistics ()


{



int average = calculateAverageHigh ();



System.out.println ("The average high was " + average);


} // method displayAverage


private int calculateAverageHigh ()


{



int sum = 0;



for (int count = 0; count < numberTemps; count ++)




sum = sum + temperatures [count].getHigh ();



int average = sum / numberTemps;



return average;


} // method calculateAverage

} // class WeeksWeather

Reading from files into an array of classes – Weather data example (Weather6)


infile






temperatures


WeatherData

	Sunday
	
	0
	o
	
	

	55
	
	1
	null

	43
	
	2
	null

	…
	
	3
	null

	
	
	4
	null

	
	
	5
	null

	
	
	6
	null

	
	
	7
	null

	
	
	8
	null

	
	
	9
	null


In WeatherData class


public void readData (BufferedReader infile, String name) throws IOException


{



dayName = name;



high = Integer.parseInt (infile.readLine ());



low = Integer.parseInt (infile.readLine ());


} // method readData

In WeeksWeather class


public void readTemperatures ()


{



String name;



WeatherData data;



BufferedReader stdin = new BufferedReader (new InputStreamReader (System.in));



try



{




System.out.print ("File Name: ");




String fileName = stdin.readLine ();




BufferedReader infile = new BufferedReader 





(new InputStreamReader (new FileInputStream (fileName)));




name = infile.readLine ();




while ((name != null) && (numberTemps < maxSize))




{





data = new WeatherData ();





data.readData (infile, name);





data.displayTemps ();





temperatures [numberTemps] = data;





numberTemps ++;





name = infile.readLine ();




}



} // try block 



catch (IOException e) { System.out.println ("IO Exception");}



catch (NumberFormatException ex) { System.out.println ("Number format error.");} 


} // method readTemperatures

1. Java inheritance


Insurance- base class



Car, Life, Home - derived classes


Inheritance  - is-a



Example – life insurance is insurance


Class variables - has-a



Example – life insurance has a beneficiary


Interfaces - uses-a



Example - a Button uses an ActionListener

2. Polymorphism


The child class does something that the parent class does, but in its own way.


Example



Parent class - Shape



Derived classes - Circle, Square



Method - drawShape (Graphics g)




Shape might draw a blob, Circle a circle, and Square a square


Polymorphism can replace switch statements in some cases.  Trading method dispatch for conditionals.


Example - machine simulator - 13 instructions, one executeInstruction () method.  Each instruction class is inherited from a generic class.

3. Abstract classes


A class is abstract if one or more of its methods has no body (code).  


Example - abstract class Shape 


Used to impose structure on inherited classes, provide common method names, variables

4. Example illustrating polymorphism

import java.awt.*; 

import java.applet.Applet; 

public class ShapesApplet extends Applet

{


private Shape s;


private Circle c;


private Rectangle r;


public void init ()


{



s = new Shape (Color.blue, 50, 100);



c = new Circle (Color.red,100, 100, 30);



r = new Rectangle (Color.green, 200, 100, 60, 40);


} // method  init


public void paint (Graphics g)


{



s.drawShape (g);



s = c;



s.drawShape (g);



s = r;



s.drawShape (g);


} // method paint 

} // class ShapesApplet

class Shape

{


protected Color color;


protected int x, y;


Shape (Color c, int xPosition, int yPosition)


{



color = c;



x = xPosition;



y = yPosition;


} // constructor 


public void drawShape (Graphics g)


{



g.setColor (color);



g.drawString ("Shape", x, y);


} // method drawShape

} // class Shape

class Circle extends Shape

{


private int radius;


Circle (Color c, int x, int y, int r)


{



super (c, x, y);



radius = r;


} // constructor


public void drawShape (Graphics g)


{



g.setColor (color);



g.fillOval (x, y, 2*radius, 2*radius);


} // method drawShape

} // class Circle

class Rectangle extends Shape

{


private int width, height;


Rectangle (Color c, int x, int y, int w, int h)


{



super (c, x, y);



width = w;



height = h;


} // constructor 




public void drawShape (Graphics g)


{



g.setColor (color);



g.fillRect (x, y, width, height);


} // method drawShape 

} // class Rectangle

5. Insurance example – classes CarInsurance and LifeInsurance extend Insurance class.

import simpleIO.Reader;

public class TestInsurance

{


public static void main (String [] args)


{



LifeInsurance lifeIns = new LifeInsurance ();



lifeIns.readInsurance ();



lifeIns.displayInsurance ();



CarInsurance carIns = new CarInsurance ();



carIns.readInsurance ();



carIns.displayInsurance ();


}

} // class TestInsurance

class Insurance

{


protected String id, owner;


Insurance ()


{


} // constructor


public void readInsurance ()


{



System.out.print ("ID: ");



id = Reader.readString ();



System.out.print ("Owner: ");



owner = Reader.readString ();


} // method readInsurance


public void displayInsurance ()


{



System.out.println ("The owner is " + owner);



System.out.println ("The ID is " + id);


} // method displayInsurance

} // class Insurance

class CarInsurance extends Insurance

{


private String make, model;


private int year;


CarInsurance ()


{


} // constructor


public void readInsurance ()


{



super.readInsurance ();



System.out.print ("Make: ");



make = Reader.readString ();



System.out.print ("Model: ");



model = Reader.readString ();



System.out.print ("Year: ");



year = Reader.readInteger ();


} // method readInsurance


public void displayInsurance ()


{



super.displayInsurance ();



System.out.println ("The make of the car is " + make);



System.out.println ("The model of the car is " + model);



System.out.println ("The year is " + year);


} // method displayInsurance

} // class CarInsurance

class LifeInsurance extends Insurance

{


private String beneficiary;


private double policyValue;


LifeInsurance ()


{


} // constructor


public void readInsurance ()


{



super.readInsurance ();



System.out.print ("Beneficiary: ");



beneficiary = Reader.readString ();



System.out.print ("Policy Value: ");



policyValue = Reader.readDouble ();


} // method readInsurance


public void displayInsurance ()


{



super.displayInsurance ();



System.out.println ("The beneficiary is " + beneficiary);



System.out.println ("The policy value is " + policyValue);


} // method displayInsurance 

} // class LifeInsurance

//
An application with a class that calculates a person's body mass index.

import java.io.*;

import java.text.*;

class BodyMassIndex

{

public static void main (String [] args)

{

Person person = new Person ();

person.getData ();

person.displayData ();

person.displayBMI ();

} // method main

} // class BodyMassIndex

//
Class that displays a person's body mass index.

class Person

{

private String name;

private int weight, height, heightFeet, heightInches;

BufferedReader stdin = new BufferedReader (new InputStreamReader (System.in));
public void getData ()

{


try


{

System.out.print ("Name: ");

name = stdin.readLine ();

System.out.print ("Weight: ");

weight = Integer.parseInt (stdin.readLine ());

System.out.print ("Height in Feet: ");

heightFeet = Integer.parseInt (stdin.readLine ());

System.out.print ("Height in Inches: ");

heightInches = Integer.parseInt (stdin.readLine ());

height = 12 * heightFeet + heightInches;

} catch (IOException e) {System.out.println ("IO Error");}

} // method getData

public void displayData ()


{



System.out.println ("Name: " + name);



System.out.println ("Weight: " + weight + " pounds.");



System.out.println ("Height: " + height + " inches.");


} // method displayData ()

public void displayBMI ()

{

int bmi;

bmi = (705 * weight) / (height * height);

System.out.print (name + "'s body mass index is " + bmi);

} // method displayBMI

} // class Person

1.
Objects - references, pointers, heaps

2.
Example of two instantiations of the same class.


class Person


{



String name;



int age;



// methods


}


class People


{



Person mary = new Person ();



Person tom = new Person ();



// methods


}

3.
Arrays and arrays of classes - BMI example 2

//
An application with a class that calculates a person's body mass index.

import java.io.*;

import java.text.*;

class BodyMass

{

public static void main (String [] args)

{

Person person = new Person ();

person.getData ();

person.displayData ();

person.displayBMI ();

} // method main


} // class BodyMass

//
Class that reads data from the keyboard and then displays a person's body mass index.

class Person

{


private String name;


private int weight, height, heightFeet, heightInches;


BufferedReader stdin = new BufferedReader (new InputStreamReader (System.in));


public void getData ()


{



System.out.print ("File Name: ");



String fileName = stdin.readLine ();



try



{




BufferedReader infile = new BufferedReader





(new InputStreamReader (new FileInputStream (fileName)));




name = infile.readLine ();




weight = Integer.parseInt (infile.readLine ());




heightFeet = Integer.parseInt (infile.readLine ());




heightInches = Integer.parseInt (infile.readLine ());




height = 12 * heightFeet + heightInches;



} catch (IOException e) {}


} // method getData


public void displayData ()


{



System.out.println ("Name: " + name);



System.out.println ("Weight: " + weight + " pounds.");



System.out.println ("Height: " + height + " inches.");


} // method displayData


public void displayBMI ()


{



int bmi;



bmi = (705 * weight) / (height * height);



System.out.print (name + "'s body mass index is " + bmi);


} // method displayBMI

} // class Person

1.
Reading from files into an array of objects.


infile




list




person

	
	
	0
	o
	
	

	
	
	1
	null

	
	
	2
	null

	
	
	3
	null

	
	
	4
	null

	
	
	5
	null

	
	
	6
	null

	
	
	7
	null

	
	
	8
	null

	
	
	9
	null


When an array of objects is instantiated, each location contains only the null pointer.  In order for a non-null value to be stored there, you have to instantiate an object and store its location in the array.  For example, if the above represents a list of people, each person must be separately instantiated with its heap location stored in the array.  See the following example for details.

2.
BMI example

/*
An application that reads data from a file and stores the results in an array of classes.  Each class contains data used to calculate a person's body mass index. */

import java.io.*;

import java.text.*;

class BodyMasses

{

   public static void main (String [] args)

   {

      People people = new People ();

      people.getData ();

      people.displayList ();

   } // method main

} // class BodyMasses

//
A class that calculates and displays a person's body mass index.

class Person

{


private String name;


private int weight, height;


Person ()


{



name = 0;



weight = 0;



height = 0;


} // constructor


public void readData (BufferedReader infile, String name) throws IOException


{



weight = Integer.parseInt (infile.readLine ());



heightFeet = Integer.parseInt (infile.readLine ());



heightInches = Integer.parseInt (infile.readLine ());



height = 12 * heightFeet + heightInches;



} // method readData


public void displayData ()


{



System.out.println ("Name: " + name);



System.out.println ("Weight: " + weight + " pounds.");



System.out.println ("Height: " + height + " inches.");



double bmi = calculateBMI ();



System.out.print (name + "'s body mass index is " + bmi);


} // method displayData


public int calculateBMI ()


{



return (705 * weight) / (height * height);


} // method displayBMI

} // class Person

//
A class that reads data from a file and stores it in an array of classes.

class People

{


private Person [] list;


private int listSize;


BufferedReader stdin = new BufferedReader (new InputStreamReader (System.in));


People ()


{



list = new Person [10];



listSize = 0;


} // constructor


public void getData ()


{



System.out.print ("File Name: ");



String fileName = stdin.readLine ();



String name;



int weight, height, heightFeet, heightInches;



try



{




BufferedReader infile = new BufferedReader





(new InputStreamReader (new FileInputStream (fileName)));




name = infile.readLine ();




while (name != null)




{





Person person = new Person ();





person.readData (infile, name);





list [listSize] = person;





listSize ++;





name = infile.readLine ();




}



} catch (IOException e) {System.out.println ("File not found");}


} // method getData


public void displayList ()


{



for (int count = 0; count < listSize; count ++)



{




list [count].displayData ();



}


} // method displayList 

} // class People

3.
Wrapper classes and static methods and variables.


All primitive data types have wrapper classes: Integer, Double, Character, Boolean.  These contain methods to change from a given data type to a string and vice versa.  The most useful are Integer.parseInt and Double.valueOf.  But there are other methods as well in the classes.  Refer to the Java Class Library in Appendix M.

Object-oriented design, polymorphism

import java.awt.*; 

import java.applet.Applet; 

/*
An applet that has a class, Shape, that is inherited by two other classes, Circle and Square. */

public class Shapes extends Applet

{


private Shape shape;


private Circle circle;


private Square square;


public void init ()


{



shape = new Shape (50, 150);



circle = new Circle (Color.red, 100, 125, 50);



square = new Square (Color.green, 200, 125, 50);


} // method init


public void paint (Graphics g)


{



shape.drawShape (g);
// Draws a string.



shape = circle;



shape.drawShape (g);
// Draws a circle.



shape = square;



shape.drawShape (g);
// Draws a square.


} // method paint 

} // class Shapes

class Shape

{


private Color color;


protected int x, y;
// The x and y positions are inherited by the subclasses.


Shape (int xPosition, int yPosition)


{



color = Color.blue;



x = xPosition;



y = yPosition;


} // constructor


public void drawShape (Graphics g)


{



g.setColor (color);



g.drawString ("Shape", x, y);


} // method drawShape

} // class Shape

class Circle extends Shape

{


private Color color;


private int diameter;


Circle (Color c, int x, int y, int d)


{



super (x, y);
// Calls the constructor in the super class, Shape.



color = c;



diameter = d;


} // constructor


public void drawShape (Graphics g)


{



g.setColor (color);



g.fillOval (x, y, diameter, diameter);


} // method drawCircle

} // class Circle

class Square extends Shape

{


private Color color;


private int side;


Square (Color c, int x, int y, int s)


{



super (x, y);
// Calls the constructor in the super class, Shape.



color = c;



side = s;


} // constructor


public void drawShape (Graphics g)


{



g.setColor (color);



g.fillRect (x, y, side, side);


} // method drawSquare

}// class Square
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Object-oriented design

1. Objects are both physical and abstract


Examples of physical objects: book, chair, person, tree, network, clerk


Examples of abstract objects: lists

2. Objects do things, they act


Methods: Books display their data, trees store data, clerks check out sale items

3. Objects modeled in Java (and C++) by classes


Classes contain both data and methods


Classes are accessed by references to them, i.e. their location in memory

	5126
	
	author
	

	
	
	title
	

	
	
	ISBN
	

	
	o
	------->
	Pointer to code that displays the book.

	
	o
	------->
	Pointer to code that reads book data from a file.



Classes are stored in an area of memory called the heap.  It follows in memory the actual bytecode for the application or applet.

4. Example:

	class Book


{



private String author, title, ISBN;



public void displayBook () {}



public void readData () {}


} // class Book
	class BookList

{


private Book [] list;


private int listSize;


BookList ()


{



list = new Book [10];



listSize = 0;


} // constructor


...

} // class BookList


	list 
	7248  o


	7248
	5126  o
	------->  5126
	
	author

	
	null
	
	
	title

	
	null
	
	
	ISBN

	
	null
	
	o
	

	
	null
	
	o
	

	
	null
	
	
	



Note: list [0] contains 5126, not the data in the class.  list [1] contains a null pointer.  Java initializes all pointers to null by default.  list [0].author contains the empty string.  We usually use accessor (get) and mutator (set) methods to manipulate private data in the class.  This gives the class some control over where it can be seen and/or modified.

5. The only way to get memory space for a class is by instantiation, i.e. getting a new instance.  If you just want to traverse a list, all you need is a temporary pointer to move through the list.  However, if you want to copy the list, you must get a new object to put into the copy.  It's important to know when you need to have memory space for the entire node and when all you need is a reference to the node.

Packages and other Java concepts

1. Packages are imported - import java.io.*; import java.applet.Applet;


Used to group related files


Every file is in a package.  If there is no package statement at the beginning of a file, Java creates a default package for that file.

2. Visibility modifiers


public - visible in every class


protected - visible in package and inherited classes


private - only visible in own class


default – if there is no modifier, the variable or method has package visibility

3. Type conversion - casts


Used to change data type - parentheses around new type


Example:



int value = 10;

double number = (double) value;



char ch = 'A';

int code = (int) ch;


You sometimes have to have parentheses around the expression as well.


Example:



double sum = 5.5;

int total = (int) (sum / 5.0);


Note that int total = (int) sum / 5.0; won’t work.

4. this reference


Refers to current object, usually the class the reference is in.


Can use 'this' inside one constructor to call another


Often used in applets to refer to the applet itself.

5. Static fields

One shared copy for all instances of the class

Used for constants, general helper methods

Example

public final static int maxSize = 10;



public static int readInteger (BufferedReader infile) {}

6. Example of a package - class that provides reading and formatting data.

package keyboardIO;

import java.io.*;

import java.text.*;

public class KeyboardReader

{


static BufferedReader stdin = new BufferedReader (new InputStreamReader (System.in));

// Reads a double from the keyboard and returns it to the calling method.


public static double readDouble ()


{



double number;



try



{




number = Double.valueOf (stdin.readLine ()).doubleValue ();



} catch (IOException e) 
{ number = 0;}



return number;


} // method readDouble 



// Formats a double for string output with two decimal places.


public static String decimals (double number)


{



DecimalFormat decFor = new DecimalFormat (); 



decFor.setMaximumFractionDigits (2); 



decFor.setMinimumFractionDigits (2);



return decFor.format (number);


} // method decimals 


// Reads an integer from the keyboard and returns it to the calling method.


public static int readInteger ()


{



int number;



try



{




number = Integer.parseInt (stdin.readLine ());




}
catch (IOException e) {
number = 0;}



return number;


} // method readInteger 


// Reads a string from the keyboard and returns it to the calling method.


public static String readString ()


{



String string;



try



{




string = stdin.readLine ();



}
catch (IOException e) {
string = "";}



return string;


} // method readString 


// Reads a character from the keyboard and returns it to the calling method.


public static char readChar ()


{



char ch;



try



{




ch = (char) stdin.read ();




}
catch (IOException e) {
ch = ' ';}



return ch;



} // method readChar 

} // class KeyboardReader

7. Output to a file, PrintWriter 

Use PrintWriter rather than PrintStream – PrintWriter is for text files, PrintStream is for more general file output.

public static void main (String [] args)

{

People people = new People ();

people.getData ();

people.displayList ();

people.addPerson ();

people.displayList ();

people.storeList ();

} // method main


public void storeData (PrintWriter outfile)


{



outfile.println (name);



outfile.println (Reader.decimals (weight));



double heightFeet = (int) (height/12);



outfile.println (Reader.decimals (heightFeet));



double heightInches = (int) (height % 12);



outfile.println (Reader.decimals (heightInches));


} // method storeData


public void storeList ()


{



BufferedReader stdin = new BufferedReader (new InputStreamReader (System.in));



System.out.print ("File Name: ");



String fileName2 = Reader.readString (stdin);



try



{




PrintWriter outfile = new PrintWriter (new FileWriter (fileName2));




for (int count = 0; count < listSize; count++)





list [count].storeData (outfile);




outfile.close ();



} catch (IOException e) 



{System.out.println ("File name not given.");}


} // method storeList 

Applets and Events

1. Components - TextFields, Labels, Buttons, Panels, GridLayout

Example:



private TextField txtFahrenheit = new TextField (10);



private Label lblFahrenheit = new Label ("Fahrenheit");



private Button Calculate = new Button ("Calculate");



private Panel panel = new Panel ();



panel.setLayout (new GridLayout (5, 1, 12, 12);



panel.add (lblFahrenheit);



panel.add (txtFahrenheit);

2. Events - ActionListener and KeyListener

interfaces implemented by inner classes

Example:

Calculate.addActionListener (new CalculateListener ());

3. Temperature Conversion Example

//
A Java applet that coverts Fahrenheit temperatures to Celsius temperatures.

import java.awt.*;

import java.awt.event.*;

import java.applet.Applet;

import appletIO.AppletIO;

public class TemperatureConversion extends Applet

{


private Button Calculate; 


private Label lblFahrenheit, lblCelsius; 


private TextField txtFahrenheit, txtCelsius; 


private Panel panel;


public void init ()


{



setBackground (Color.cyan);



panel = new Panel ();



panel.setLayout (new GridLayout (5, 1, 12, 12));



txtFahrenheit = setField (panel, txtFahrenheit, lblFahrenheit, "Fahrenheit");



txtFahrenheit.addKeyListener (new EnterKeyListener ());

txtCelsius = setField (panel, txtCelsius, lblCelsius, "Celsius");



Calculate = new Button ("Calculate");



Calculate.addActionListener (new CalculateListener ());



panel.add (Calculate);



add (panel);


} // method init


//
Method to create a TextField and a Label and add them to the Panel.


private TextField setField (Panel p, TextField txt, Label lbl, String label)


{



txt = new TextField (10);



lbl = new Label (label);



p.add (lbl);



p.add (txt);



return txt;


} // method setField


// Inner class to listen for the Calculate button.


class CalculateListener implements ActionListener


{



public void actionPerformed (ActionEvent event)



{




double fahrenheit, celsius;




fahrenheit = AppletIO.getDouble (txtFahrenheit);




celsius = (fahrenheit - 32) * 5 / 9;       




txtCelsius.setText ("" + AppletIO.decimals (celsius));



} // method actionPerformed


} // class CalculateListener



// Inner class to listen for the Enter key.


class EnterKeyListener implements KeyListener


{



public void keyPressed (KeyEvent event)



{




char ch = event.getKeyChar ();




if (ch == KeyEvent.VK_ENTER)




{





double fahrenheit, celsius;





fahrenheit = AppletIO.getDouble (txtFahrenheit);





celsius = (fahrenheit - 32) * 5 / 9;       





txtCelsius.setText ("" + AppletIO.decimals (celsius));




}



} // method keyPressed



public void keyTyped (KeyEvent event) {}



public void keyReleased (KeyEvent event) {}


} // class EnterKeyListener


} // class TempConversion  

/* A package with a class that handles IO for an applet.

package appletIO;

import java.text.*;

import java.awt.*;

public class AppletIO

{


// Gets a double from the TextField and returns it to the calling method.


public static double getDouble (TextField txt)


{



double num;



try



{




num = Double.valueOf (txt.getText ()).doubleValue ();



} catch (NumberFormatException e) 



{ num = 0;}



return num;


} // method getDouble 



// Formats a double for string output with two decimal places.


public static String decimals (double num)


{



DecimalFormat decFor = new DecimalFormat (); 



decFor.setMaximumFractionDigits (2); 



decFor.setMinimumFractionDigits (2);



return decFor.format (num);


} // private String decimals (double num)


// Gets an integer from the TextField and returns it to the calling method.


public static int getInteger (TextField txt)


{



int num;




try



{




num = Integer.parseInt (txt.getText());



}
catch (NumberFormatException e)



{ num = 0;}



return num;


} // method getInteger 

} //  class AppletIO

More on Interfaces and Events

1. What is an interface?

An interface has only constants and public methods with no body.

All public methods must be implemented by classes that implement the interface.  This means that each public method must have a method body, even if it contains no code.

Example:



ActionListener, KeyListener, MouseListener, etc.

2. Java inheritance

Insurance - base class



Life, Auto, Home - derived classes

Inheritance  - is-a



Example - a Life Policy is-a Insurance Policy


Class variables - has-a



Example - a Life Policy has-a Owner


Interfaces - uses-a



Example - ActionListener


Super - refers to parent class

3. Polymorphism

The child class does something that the parent class does, but in its own way.

Example



Parent class - Shape



Derived classes - Circle, Square



Method - drawShape (Graphics g)




Shape might draw a blob, Circle a circle, and Square a square

Polymorphism can replace switch statements in some cases.  Trading method dispatch for conditionals.

Example of polymorphism

import java.awt.*; 

import java.applet.Applet; 

/*
An applet that has a class, Shape, that is inherited by two other classes, Circle and Square. */

public class Shapes extends Applet

{


private Shape shape;


private Circle circle;


private Square square;


public void init ()


{



shape = new Shape (50, 150);



circle = new Circle (Color.red, 100, 125, 50);



square = new Square (Color.green, 200, 125, 50);


} // method init


public void paint (Graphics g)


{



shape.drawShape (g);
// Draws a string.



shape = circle;



shape.drawShape (g);
// Draws a circle.



shape = square;



shape.drawShape (g);
// Draws a square.


} // method paint 

} // class Shapes

class Shape

{

private Color color;


protected int x, y;
// The x and y positions are inherited by the subclasses.


Shape (int xPosition, int yPosition)


{



color = Color.blue;



x = xPosition;



y = yPosition;


} // constructor


public void drawShape (Graphics g)


{



g.setColor (color);



g.drawString ("Shape", x, y);


} // method drawShape

} // class Shape

class Circle extends Shape

{


private Color color;


private int diameter;


Circle (Color c, int x, int y, int d)


{



super (x, y);
// Calls the constructor in the super class, Shape.



color = c;



diameter = d;


} // constructor


public void drawShape (Graphics g)


{



g.setColor (color);



g.fillOval (x, y, diameter, diameter);


} // method drawCircle

} // class Circle

class Square extends Shape

{


private Color color;


private int side;


Square (Color c, int x, int y, int s)


{



super (x, y);
// Calls the constructor in the super class, Shape.



color = c;



side = s;


} // constructor


public void drawShape (Graphics g)


{



g.setColor (color);



g.fillRect (x, y, side, side);


} // method drawSquare

}// class Square

1. Projects - see handout on Kawa

2. Abstract classes

A class is abstract if one or more of its methods are not implemented (have no code).  

Example - abstract class Shape 

Used to impose structure on inherited classes, provide common method names, variables

Example:
Shape – it has a drawShape (Graphics g) method, but without any code.



abstract void drawShape (Graphics g);

An abstract class cannot be instantiated, but it can have some implemented methods that can be called by subclasses.

import java.awt.*; 

import java.applet.Applet; 

/*
An applet that has an abstract class, Shape, that is inherited by two other classes, Circle and Square. */

public class Shapes extends Applet

{


private Circle circle;


private Square square;


public void init ()


{



circle = new Circle (Color.red, 100, 125, 50);



square = new Square (Color.green, 200, 125, 50);


} // method init


public void paint (Graphics g)


{



circle.drawShape (g);
// Draws a circle.



square.drawShape (g);
// Draws a square.


} // method paint 

} // class Shapes

abstract class Shape

{


private Color color;


protected int x, y;
// The x and y positions are inherited by the subclasses.


Shape (int xPosition, int yPosition)


{



color = Color.blue;



x = xPosition;



y = yPosition;


} // constructor


abstract public void drawShape (Graphics g);

} // class Shape

class Circle extends Shape

{


private Color color;


private int diameter;


Circle (Color c, int x, int y, int d)


{



super (x, y);
// Calls the constructor in the super class, Shape.



color = c;



diameter = d;


} // constructor


public void drawShape (Graphics g)


{



g.setColor (color);



g.fillOval (x, y, diameter, diameter);


} // method drawCircle

} // class Circle

class Square extends Shape

{


private Color color;


private int side;


Square (Color c, int x, int y, int s)


{



super (x, y);
// Calls the constructor in the super class, Shape.



color = c;



side = s;


} // constructor


public void drawShape (Graphics g)


{



g.setColor (color);



g.fillRect (x, y, side, side);


} // method drawSquare

}// class Square

More Events and Listeners

1. Interfaces - abstract methods must be filled in by class that implements interface.

See the Java Class Libraries to find out what public methods are in each interface.

Example: Two Listeners - Mouse, MouseMotion

/* This applet allows a user to draw a line by dragging the mouse.  It uses two listeners, one for pressing the mouse and the other for dragging the mouse. */

import java.awt.*;

import java.applet.Applet;

import java.awt.event.*;

public class Scribble extends Applet

{


private int xFirst, yFirst, xSecond, ySecond;


private Graphics g;


public void init ()


{



setBackground (Color.cyan);



this.addMouseListener (new mousePressedAdapter ());



this.addMouseMotionListener (new mouseDraggedAdapter ());



g = getGraphics ();


} // public void init ()


class mousePressedAdapter implements MouseListener

{



public void mousePressed (MouseEvent e)



{




xFirst = e.getX ();




yFirst = e.getY ();      



}

/* The following methods must be implemented in this class, even though they are not needed. */

public void mouseClicked (MouseEvent e){}

public void mouseEntered (MouseEvent e){}

public void mouseExited (MouseEvent e){}

public void mouseReleased (MouseEvent e){}


} // class mousePressedAdapter 


class mouseDraggedAdapter implements MouseMotionListener

{



public void mouseDragged (MouseEvent e)



{




xSecond = e.getX ();




ySecond = e.getY ();




g.drawLine (xFirst, yFirst, xSecond, ySecond);




xFirst = xSecond;




yFirst = ySecond;



}

// The following is not needed here, but must be implemented.


public void mouseMoved (MouseEvent e){} 


} // class mouseDraggedAdapter 

} // class Scribble

2. Summary of Graphics done earlier

TextFields, Labels, Buttons, Panels, ActionListener

Review Temperature Conversion example

3. Events, Interfaces, Listeners

ActionListener - listens for Buttons

WindowListener - handles opening and closing windows, menus

AdjustmentListener - checks position of a ScrollBar

ItemListener - recognizes item selected in a list

MouseListener - listens for mouse clicking, pressing

MouseMotionListener - listens for mouse being dragged or moved

KeyListener - checks which key has been typed

4. Components and Containers

Labels


Panels

TextFields

Applets

TextAreas


Windows

Lists



Frames

Buttons


Dialog boxes

ScrollBars

5. Layout Managers

FlowLayout – default layout, positions components in order they are added

GridLayout – positions components in a grid with rows and columns

BorderLayout – positions components either in the center or on the east, west, north or south

CardLayout – puts one component on each card, could be an entire panel

GridBagLayout – complicated, see Grid.java example

6. Swing - javax.swing.*;

More things that you can do to make your GUI look better.

Example that uses swing and frames to create an application window.

import javax.swing.*;

import java.awt.event.*;

import java.awt.*;

public class ShowFrame

{


public static void main (String [] args)


{



FrameDemo frame = new FrameDemo ();



frame.addWindowListener (new GenericWindowListener ());



frame.show ();


}

} // class ShowFrame

class GenericWindowListener extends WindowAdapter

{


public void windowClosing (WindowEvent e)


{



System.exit (0);


}

} // class GenericWindowListener

class FrameDemo extends JFrame

{


private JPanel panel;


public FrameDemo ()


{



super ("Frame Demonstration");



setSize (300, 200);



panel = new JPanel ();



panel.setBackground (Color.cyan);



getContentPane ().add (panel);


}

} // class FrameDemo

1. More Components and Layouts
Checkboxes and Canvases

Scrollbars

Layouts – Border, Card, Grid
import java.awt.*;

import java.applet.*;

import java.awt.event.*;

public class Choices extends Applet 

{


private CheckboxGroup colors;


private Checkbox red, yellow, green;


private Panel p;


private Graphics g;


private Canvas page;


public void init ()


{



p = new Panel ();



p.setLayout (new GridLayout (3, 1, 12, 12));



colors = new CheckboxGroup ();



red = new Checkbox ("Red", colors, true);



p.add (red);



red.addItemListener (new colorListener (Color.red, 50));



yellow = new Checkbox ("Yellow", colors, false);



p.add (yellow);



yellow.addItemListener (new colorListener (Color.orange, 100));



green = new Checkbox ("Green", colors, false);



p.add (green);



green.addItemListener (new colorListener (Color.green, 150));



add (p);



page = new Canvas ();



page.setSize (200, 190);



add (page);



g = page.getGraphics ();


} // method init


class colorListener implements ItemListener


{



private Color c;



private int y;



colorListener (Color c, int y)



{




this.c = c;




this.y = y;



} // constructor



public void itemStateChanged (ItemEvent event) 



{




g.setColor (c);




g.fillOval (80, y, 30, 30);



} // method itemStateChanged


} // class colorListener

} // class Choices
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1. Exceptions

If an exception could occur, Java requires that it be caught and handled.  

IOException, NumberFormatException, ArrayIndexOutOfBounds, NullPointerException

2. When an exception is not caught and handled where it occurs, it is thrown back to the method that called it.  This method must handle it, or throw it again.  This continues until it is caught and handled.  It should be caught somewhere, however the main method can also throw the exception.  Then an error results in the termination of the program.  Note that the catch clause may be empty, but it must be there.

3. A try block can have exceptions caught by several different catch clauses.  The appropriate catch block of statements will be executed.

4. The finally clause is executed whether or not the program encountered an exception.  It must be listed after all the catch clauses.

5. Exceptions are sometimes thrown on purpose and used to terminate some operation, such as file reading.  This particularly works with the ArrayIndexOutOfBoundsException.  If you are filling an array from a file, this exception will stop the file reading without terminating the program.

public void readTemperatures ()


{



BufferedReader stdin = new BufferedReader (new InputStreamReader (System.in));



try



{




System.out.print ("File Name: ");




String fileName = stdin.readLine ();




BufferedReader infile = new BufferedReader 





(new InputStreamReader (new FileInputStream (fileName)));




String name = infile.readLine ();




while (name != null) 




{





WeatherData data = new WeatherData ();





data.readData (infile, name);





data.displayTemps ();





temperatures [numberTemps] = data;





numberTemps ++;





name = infile.readLine ();




}



} // try block 



catch (IOException ioExcp) { System.out.println ("IO Exception");}



catch (NumberFormatException NumForExp)

{ System.out.println ("Number format error.");} 



catch (ArrayIndexOutOfBoundsException arrayExcp)




{ System.out.println (“Array filled, file too large.”);}


} // method readTemperatures

Linked Lists

1. Objects are both physical and abstract

Examples of physical objects: book, chair, person, tree, network, clerk

Examples of abstract objects: lists

2. Objects do things, they act

Methods: Books display their data, trees store data, clerks check out sale items

3. Objects modeled in Java (and C++) by classes

Classes contain both data and methods

Classes are accessed by references to them, i.e. their location in memory

	5126
	
	author
	

	
	
	title
	

	
	
	ISBN
	

	
	o
	------->
	Pointer to code that displays the book.

	
	o
	------->
	Pointer to code that reads book data from a file.



Classes are stored in an area of memory called the heap.  It follows the actual bytecode for the application or applet.

4. Example:

	class Book


{



private String author, title, ISBN;



public void displayBook () {}



public void readData () {}


} // class Book
	class BookList

{


private Book [] list;


private int listSize;


BookList ()


{



list = new Book [10];



listSize = 0;


} // constructor


...

} // class BookList


	list 
	7248  o


	7248
	5126  o
	------->  5126
	
	author

	
	null
	
	
	title

	
	null
	
	
	ISBN

	
	null
	
	o
	------>

	
	null
	
	o
	------>

	
	null
	
	
	



Note: list [0] contains 5126, not the data in the class.  list [1] contains a null pointer.  Java initializes all pointers to null by default.  list [0].author contains the empty string.  We usually use accessor (get) and mutator (set) methods to manipulate private data in the class.  This gives the class some control over where it can be seen and/or modified.

5. The only way to get memory space for a class is by instantiation, i.e. getting a new instance.  If you just want to traverse a list, all you need is a temporary pointer to move through the list.  However, if you want to copy the list, you must get a new object to put into the copy.  It's important to know when you need to have memory space for the entire node and when all you need is a reference to the node.

6. A linked structure consists of zero or more nodes.  Each contains data and one or more links to other nodes in the list.  In a singly linked list each node contains the address (location) of the next node in the list.  The first node is either a dummy header node or an actual data node.  In either case, a pointer to the head is required somewhere in the program.  The last node can either contain the address of the first node making the list circular or contain null.  The latter indicates that the list ends there.

7. Linked structures can be implemented using an array.  The location of the next node is stored along with each node.  An example follows; -1 is used to indicate the end of the list.

class node

{


private String name;


private int age;


private int next;

}

node [] list;

	
	name
	age
	next

	0
	Harry
	11
	3

	1
	Sarah
	21
	-1

	2
	Alice
	25
	4

	3
	Maria
	15
	1

	4
	Danny
	18
	0

	5
	
	
	

	6
	
	
	

	
	
	
	

	
	
	
	


8. This can also be viewed as a list with each node pointing to the next node in the list.  

listHead


|

	Alice
	25


	o
	->
	Danny
	18
	o
	->
	Harry
	11
	o
	->
	Maria
	15
	o
	->
	Sarah
	21
	null


In Java this is written with references, so that each node contains a reference to the one that follows.  We store null in the next field of the last node to indicate the end of the list.  Two classes with several methods are shown below.  The ListClass has only a constructor and a method to traverse the list.  We also need methods to create the list and insert nodes into it.

class Node

{


private String name;


private int age;


private Node next;


Node (String n, int a)


{



name = n;



age = a;



next = null;


} // constructor


protected Node getNext ()


{



return next;


} // method getNext


public void displayNode()


{



System.out.println ("The age of " + name + " is " + age);


} // mehod displayNode 

} // class Node

class ListClass

{


private Node listHead;


ListClass ()


{



listHead = null;


} // constructor


public void traverseList ()


{



Node newNode = listHead;



while (newNode != null)



{




newNode.displayNode ();




newNode = newNode.getNext ();



}


} // method traverseList

} // class ListClass





































































































































