COM P455-
OBJECT ORIENTED
PROGRAMMING

Early intro into (basics)
Applets (more on Chapter 20)
&

Moreon..

..Java methods

Dr. Constandinos X. Mavromoustakis




Early intro into (basics)
Applets (more on Chapter 20)

O — Java programs embedded in web pages
0 —when page Is opened compiled Java code Is
O transferred to client and run there
client-side programs
O —we are going to look at

structure and coding of applets
<APPLET> tag



—
Lifecyle of an applet

O init()e
= initialises the applet each time the page is loaded
m e code that would normally be put in a constructor
m e can also do things like start downloading anysfyeu need
m e often all code goes here

O e start ()
m e« often code that performs function of applet
m e« code dealing with threads or time (e.g. playingrets)

m —called when applet becomes visible
O e stop()
m  stops the applet’s execution
m — Useful if application is resource-heavy

browser is quit or user leaves the page
O edestroy ()
= performs a clean-up for unloading before browsiatiqg
= not always run (browser may crash)
= usually do not override this method



Example no main method
(for an applet that plays a video file)
O e init()e
= draw the controls and start loading the video file
O e start()
= < wait until the file was loaded, and then stariypig it
O e stop()

= e pause the video, but not rewind it.
o e if start() were called again, the video picks up weheleft off
o it would not start over from the beginning

= e destroy() then init()
= evideo starts over from the beginning

O note: no main method



e ————————————————————————
Ex. TicTacToe Applet

O You start as player "X"

Applet started. Applet started. Applet started. Applet started. Applet started.

Sample execution of tHEcTacToe applet.



Review Java Applets - launching

o When the web browser reads a document that

tells it to load an applet, it creates an instance

of your applet subclass and sends it the
Instance messaagmit().

A Java Applet

{
init() Web
Browser




—!

Java Applets - Init

o Theinit() message creates all of the

graphical objects in the applet, like buttons
and fields and puts them into your applet
object.

0o If you do not want to put any graphical
objects In your applet, you do not need to

Implement an init() method in your applet
subclass.




—!
Java Applets - paint

O

O

Whenever your applet must be displayed, the paint
message Is sent to your applet.

For example, the paint message is sent after your
applet is first initialized and any time the screen
must be refreshed.

The protocol for the paint message is:
(Graphics aGraphics);

The paint method in your applet subclass must
display any objects that you did not put in your
applet with the init() method.



e ————————————————————————
The DrawTest Applet

E%i Applet Yiewer: DrawT ezt clazs
Applet

Sample execution of applet
DrawTest . ‘ ClCiE]C © Dints

Applet started.




Inheritance (cont’d)

subclass superclass
or extends or
derived class base class
subinterface extends  superinterface

class Implements Interface




—!

class B extends A

class B extends A { Tase A

{superclass)

.. // additions to, and modifications of, | =t
// stuff inherited from class A .

} class A

class B class C class D

class E




Example..

vehicle

I

Lar

Truck Motorcycle




Example...

class Vehicle {
int registrationNumber;
Person owner; // (assuming that a Person claskdesdefined)
void transferOwnership(Person newOwner) {

}...
}...

class Car extends Vehicle {
int numberOfDoors;

}...

class Truck extends Vehicle {
int numberOfAxels;

}...

class Motorcycle extends Vehicle {
boolean hasSidecar;



Back to get the classes from the
Javadoc/Applet example

/= Java 2 Platform SE v1.4.2 - Windows Internet Explorer

@ T - | E Ci\j2sdkl . 4.2_014j2sdk-1_4_2-dochapitindes:. heml | || | 2 | 2 -
=
File Edit Wew Favorites Tools Help
‘ T T T
£ To help protect wour security, Internst Explorer has restricked this webpage From running scripks or @ctivel controls that could access yvour compuker. Click here For options. .. >
-~ ~
Java™ 2 Platform = Overview Package [#EEL] Use Tree Deprecated Index Help Java™ 2 Platform
Std. Ed. v1.4.2 PREV CLASS NEXTCLASS ERAMES MO FRAMES All Classes Std Ed v1.4.2 |
SUMMARY: NESTED | FIELD | CONSTR | METHOD DETAIL: FIELD | COMSTR | METHOD
All Classes T
Packages
s ag it java.applet
lava applet
iava awt Class Applet
[ava. awt color
[ava.awt datatransfer Java.lang.Object
Ervasantdna L java.awt.Component
java.awt event I—ja'\.ra.a'aﬂ:,.Cciru:,a:i.nex
=
L java.awc.Panel

ava.awt font

java.applet.Applet

| >
All Implemented Interfaces:

[ava applet Accessible, ImageObserver, MenuContainer, Serializable
Interfaces
AppletContext Direct Known Subclasses:
AppletStub JApplet
AudicClio
Classes
Applet

public class Applet
extends Panel

An applet is a small program that is intended not to be run on its own, but rather to be embedded inside another application.

The nppriet class must be the superclass of anv applet that is to be embedded in a Web page or viewed by the Java Applet Viewer. The nppiet class provides a
standard interface between applets and their environment._

Since:
JDK1.0
See Also:
Serialized Form

Nested Class Summary
|promecses :Applet LAccessibleApplet
| This class mmplements accessibility support for the appiet class.

ela==

o “d My Computer w100 T
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/Il Fig. 3.6: WelcomeApplet.java
/I A first applet in Java.

/I Java core packy import allows us to use

import  java.awt

/1 Java e>‘(t(en$|o/n us to use applets and
Import “javax.sv graphics, in this case).

predefined classes (allowing

raphics

A\pplet

public class WelcomeApplet extends JApplet {

/I draw text on applet’s background
public void paint( Graphics g )
{

/I call inherited version o
super .paint( g );

g.drawString( "Welcome to Java Progf

} / end method paint

} /l end class WelcomeApplet

Fle Edit  view Favorites Tools  Help

¥——_ | extends allows us to inherit the

capabilities of clas3Applet

Methodpaint is guaranteed to

be called in all applets. Its first
line must be defined as above.

hd E@C:1IntercoLTeachinglCOMP45S-OBJECT?ORIENTEDfJAVAldeiteI‘u:leiteLcode\chﬂSlfigDSjﬁlWel V! 5 Kl . Weather Channe

{2 C:Mintercol_Teaching\COMP455-0BJECT_ORIENTED_JAVA\deitel\deitel_codelch03Vig03_06\WelcomeApple - Windows Interne... [I][F]EK]

Lin

Eg,iﬂpplet Yiewer: WelcomeApp - IDIEI e | 8 c:tintereol_Teaching|COMP455-OBIECT_ORIENTED., ., | |

Applet

Welcome to Java Programiming!

Applet started.

Welcome to Java Frogramming!

Applet Welcomedpplet started

'} My Cornputer

F 100% v




Remember to find the JApplet In the
JavaDocC

JApplet (Java 2 Platform SE v1.4.2) - Windows Internet Explorer = ||
@ e - | #= Cijzedkl . 4.2_014jZsdk-1_2_F-dociapilindesx.html | || | 4 | Q-
Eil= Edit Wiew Faworites Tools Help
Lirikq — 2 = = - i |
S abr | @8 oapplet (Java 2 Platform SE vl .2 | | o - B dmh - 5 Tools ~ @@~ B
~ | Constructor Summary &
Java™ 2 Platform =l SEE |
Std. Ed. v1.4.2 : :
| Creates a swing applet instance.
All Classes :
Packages ‘Method Summary
J_Qp__::: Zw‘t et provected void| GdiImpl (Component comp, Obiject constraints, int index)
m T By defaunlt. children may not be added directly to a this component. they must be added to its contentPane instead.
i = _ L A =
java.awt datatransfer peotect=’ |createRootPans () =
java awt dnd Called by the constructor methods to create the defanlt rootPane.
E ~ -+ —
< e & > - Zcocessiblefonzexs | yetAccessibleContext ()
Gets the AccessibleContext associated with this JApplet.
lava. applet | Zomzsimer | otcontentPanc () |
Interfaces | Returns the contentPane object for this applet.
AppletContext m = i —
AppletStub Semponent getGlassPane ()
AudioGlip Returns the glassPane object for this applet.
Classes SHenufas | getJMenmBar ()
Applet | Returns the menubar set on this applet.
HEmmerdrane :getLa}gered.E'a.ne ()
Returns the laveredPane object for this applet.
dBecesfane | geoiRootPane ()
Returns the rootPane object for this applet.
|pretected Boolean|; spootPaneChecki ngEnabled () ‘
protected String P T |
Feturns a string representation of this JApplet.
weid | remowe (CoOmponent come)
Removes the specified component from this container.
¥eid| setContentPane (Container contentPane)
Sets the contentPane property.
Teid | set@lassPane (Component glassPane)
Sets the glassPane property.
void | setIMennBar (JHMenuBar menuBar) |
Sets the memubar for this applet.
7"id:setLayered.E'a.ne(C-’_aye:ced]?ane layeredPane)
Sets the laveredPane property.
i =t - |

‘4 My Computer L 100% -




When the method is called and its purpose

This method is called once by the applet contaiviegn an applet is loaded for execution. It perfomitialization of an
applet. Typical actions performed here are iniialj fields, creating GUI components, loading sounds to, ideging image
to display (see Chapter 19, Multimedia) and cregtimeads (see Chapter 16, Multithreading).

public void

This method is called after the ~ method completes execution. In addition, if thevimer user visits another Web site and
later returns to the HTML page on which the appsides, method is called again. The method performs any tasks
that must be completed when the applet is loadethéofirst time and that must be performed evangtthe HTML page on
which the applet resides is revisited. Typical@usi performed here include starting an animatiea Ghapter 19) and
starting other threads of execution (see Chapter 16

public void

This drawing method is called after the  method completes execution and the method has started. It is also called
every time the applet needs to be repainted. Fample, if the user covers the applet with anotpemownindow on the screen
and later uncovers the applet, the method is called. Typical actions performed hemlve drawing with the

object thatis passed to the method by the applet container.

public void

This method is called when the applet should sta@zuting—normally, when the user of the browsavés the HTML page
on which the applet resides. The method performdasks that are required to suspend the appbetsution. Typical
actions performed here are to stop execution ahations and threads.

public void

This method is called when the applet is beingoneed from memory—normally, when the user of thens®r exits the
browsing session (i.e., closes all browser windoWwhkg method performs any tasks that are requirggstroy resources
allocated to the applet.

methods that the applet container calls during an applet’'s execution.




A Simple Java Applet: Drawing a String

13 public void paint( Graphics g )

m  Our class inherits methquhint from JApplet
O By default,paint has empty body
o Override (redefinepaint in our class

= Methodspaint ,init , andstart

o  Guaranteed to be called automatically
o Our applet gets "free" version of these by inhegitiromJApplet

m Free versions have empty body (do nothing)
m Every applet does not need all three methods
Override the ones you need

m  Applet container “draws itself” by calling methpaint



—!
A Simple Java Applet: Drawing a String

16 super .paint( g );
Calls version of method paint from superclass
JApplet

Should be first statement in every applet’'s
paint method

19 g.drawString( "Welcome to Java Programming!" , 25, 25 );
Body of paint
O MethoddrawString (of classGraphics )
o  Called usingGraphics objectg and dot operator. ()

O Method name, then parenthesis with arguments
First argumentString to draw
Second: x coordinate (in pixels) location [z pssreemm—
Third: y coordinate (in pixels) location  agpiet

Java Coordinate SyStem/ Welcome to Java Programming!

O Measured in pixels (picture elements)
o Upper leftis 0,0)

=10l x|

Applet started.




Compiling and Executing WelcomeApplet

0 Running the applet
= Compile
o javac WelcomeApplet.java
o If no errors, bytecodes stored\WelcomeApplet.class
= Create an HTML file
o Loads the applet intappletviewer  or a browser
o Endsin.ntm or.html
= To execute an applet

o Create an HTML file indicating which applet the \ws®r (or
appletviewer ) should load and execute



Compiling and Executing WelcomeApplet

<html>

<applet code = "WelcomelLines.class" width = "300" height = "40" >
</applet>

</html>

A WOWDN PR

= Simple HTML file WelcomeApplet.ntml )

o Usually in same directory aslass file

O Remember,class file created after compilation
m HTML codes (tags)

O Usually come in pairs

O Begin with< and end wittp
» Lines 1 and 4 - begin and end the HTML tags
m Line 2 - beginsapplet> tag

o  Specifies code to use for applet

o Specifieswidth andheight of display area in pixels
» Line 3 - endsapplet> tag



Compiling and Executing WelcomeApplet

<html>

<applet code = "WelcomeLines.class" width = "300" height = "40" >
</applet>

</html>

A OWOWDN PR

= appletviewer only understandsapplet>
tags
o Ignores everything else
o Minimal browser
= Executing the applet
o appletviewer WelcomeApplet.html
o Perform in directory containinglass file



Another Example

/I Fig. 3.8: WelcomeApplet2.java .
/I Displaying multiple strings in an applet. Sesson: How to read the Javadoc (help

html files)
JavaTM 2 SDK, Standard Edition
Documentation Version 1.4.2

/I Java core packages
importjava.awt.Graphics; // import class Graphics

/[ Java extension packages
importjavax.swing.JApplety/ import class JA

© 00N O Ol WDN P

11
12 /[ draw text on applées backgroghd
13  public voidpaint( Graphics

14 |
15 /I call inherited versi
16 superpaint( g );
17
18 /I draw twp’Strings at different locations
19 g.drawString('Welcome to) 25, 25);

20 g.drawString('Java Programming,'25, 40); The twodrawString statements
21

2% 3 e e pe simulate a newline. In fact, the
23 concept of lines of text does not
24 } [/ end class WelcomeApplet2 exist when drawing strings.




———
Program Output

<html|>
<applet code =WelcomeApplet2.clasawvidth ="300" height ="60">

</applet>
</html>

B W DN

E-E’,%Applel: Yiewer: WelcomeApplek - | I:Ilil
Spplet

Welcome to
Java Programiming!

Applet started.




I
More on..

..Java methods

o What is a method?

= Why NOT a constructor?
N/

subclass superclass
extends
or or
derived ’ ‘ base class
class
subinterface extends superinterfa
ce

class implements interface




—!

Modular programming

0o Modules
Small pieces of a problem
o e.g.,divide and conguer

Facilitate design, implementation, operation and
maintenance of large programs



—!

Program Modules In Java

O Modules in Java
Methods
Classes

0 Java API provides several modules

0 Programmers can also create modules (java is ansmpece
code-GNU [Free Software Foundation])
e.g., programmer-defined methods

0 Methods
Invoked by amethod call
Returns a result tcalling method (caller)

Similar to a boss (caller) asking a worker (calledhodj to complete
a task




A Java Program - a Set of Classes

0o A Java program consists of one or more
classes

A Java Program
i One Java Class




—!
Syntax for a Java Cla$gevisited

visibility modifier class keyword

| | — class name

. - { class start delimiter
¥ —start comment delimiter
Comments
. — | class comment
—end comment delimiter
} body of the class goes here

class end delimiter




—!
A Java Class - a Set of Methods

0 The body of each Java class includes a set of
methods

0 A method Is some code that performs a single
task.

One Java Class

A Java Method




—!
Two Kinds of Methods

o There are two kinds of methods in Java.

0 An instance methommplements a message
that Is sent to an instance of the class.

O A static methodmplements a task that is
iIndependent of any particular object.

o In either case, some code Is run and
(optionally) a result Is returned.




—!

Syntax for a Java Method

visibility modifier method name
\ static keyword|| return type parameter list
‘ ‘ (String args{]) {
* !
/ Starting point for a program M B R s
x I P program. - —_ method comment

| =4

body of the method goes here

method end delimitelr




—!

Static/Class methods

O Instance methods are associated with an object and
use the instance variables of that object. Thikas
default.

O Static methods use no instance variables of any
object of the class they are defined in. If yourkh
method to be static, you will be given a rude
message by the complildryou try to access any
Instance variables. A good example of this are the
utility methods in the predefined Math class.




Example...

class MyuUltils {

public static double mean(int[] p) {
int sum = 0; // sum of all the elements
for (int i=0; i<p.length; i++) {
sum += pJi];
}
return ((double)sum) / p.length;
Hlendmethod mean



A Java Method - Statements

0 The body of a method includes a sequence of
statements

A Java Method




S —
Method Dispatch

0 The association of messages to instance methaddiesl

method dispatch

= The class of the receiver object must contain an instarethod with

the same name as the message name.

= The type of each parameter in the parameter ligteomethod must

match the type of each corresponding argument iaripement list of

the message.



Inheritance

more precisely




—!

Inheritance-more precisely

O A class can extenanother class, inheriting all its

data members and methods while redefining some

of them and/or adding its own.

O A class can implememn interface, implementing

all the specified methods.



Inheritance revisited)
subclass superclass
or extends or
derived class base class
subinterface extends  superinterface

class Implements Interface




—!

Method Access Control

Public — everyone has access

Private — no one outside this class has access
Protected — subclasses have access
Default — package-access




-Class Methods/Deiltel’s chapter concerning Math
library/class

0 Class
= Provides common mathematical calculations

= Calculate the square root of

O
= Method belongs to class
Dot ( ) allows access to method
= Theargument IS located inside parentheses



M ath-class methods

Method Description Example
absolute value of (this method also has : 237 is b "
and versions) 0.0 is
-23.7 is 1 ™
roundsx to the smallest integer not less than 9.2 is#

9.8 is$
trigonometric cosine of (x is in radians) 0.0 is#
exponential methoex 1.0 is "#% %

20 is™ 1% &
roundsx to the largest integer not greater tixan 9.2 is
-9.8 is$HH
natural logarithm ok (basee) E is#
E-" E s
¢ ) larger value ok andy (this method also has .1 23) 12.7 is# "
and versions) ( -23) -12.7 is$ !
( ) smaller value ok andy (this method also has ¢ 23) 127 is 1
and Versions) ( -2.3) <127 is$# "
* ) x raised to the power (xy) * 20) 7.0 is# %
* 90) 05 is!
trigonometric sine of (X is in radians) 0.0 is
square root ox is!
is!
trigonometric tangent of (x is in radians) is
-class methods.




A good example to start from

O + -

= A single applet to run our
application



/ , « s (
! ( * / 0
1
2 ( * "0 Declare , to store square of
& number
%
, ( # #

# . Method invokes method ,
" 3 (next slide)
# 5
#1 5
#1
#2
#& /
- Method returns
04 that , Stores
#
# (

+
1
1
2 79 3
& ,
0/0 2 + 2 2

;6 95 : 9 ; , : 9 9 : , - 9< 90



Is the parameter of

A

method

<  Method ,

| returns the square of

_lofx]
Applet
The sqguare af 1 is 1
The square of 2 is 4
The square of3is 4
The sguare of4is 16
The sqguare of5is 25
The sqguare of6is 36
The sqguare of 7 is 49
The sqguare of 8 is G4
The sqguare of 9 is 31
The square of 10is 100

Applet started.




Method Declarations (cont.)

O General format of method declaration:

return-value-type method-nameparameterl, parameter2, ..., parameterN
3
declarations and statements

O Methodcanalso , values:

expressiof



9B

9B

9B

# 6

16

G(

#

5

6 A,
6 A,
6 A,

¢
User inputs three S
4-
$ 0
) - .| Convert+ sto , S
$ 0
A, # 0
A, 0
A, I 0
B ) L ! - C
Method passes
* 5 0/ ,  Sasarguments to
¢ C method( G (
,( #C 9 # ; 9< C9 ;
1IC 9 ; 9< (G 95 C 0




11 .. 7 4-  (
12 / 6 / 8 0
18

1% -
: Method ( (, (returns value

from method(  of class

1#

11 .. ( C GC ,
11 , , C G( , ) I ) I ?
12 3

1& : ( ) ( )>? O

1% = . ( C G(




e
Output

x| x|
Enter first floating-point value Enter second floating-point value
37.3 99,32
OK Cancel OK Cancel
5 5
Java Applet Window Java Applet Window
x|
Enter third floating-point value =10 x|
27.1928 Applet
nimbert: 373
OK Cancel ndmber?: 9932
number3: 271928
Java Applet Window maximum is: 9932
Applet started.




Pa,cx‘%/\‘&es

Description
A Q i The Java Applet Package contains the class and several interfaces that enable appetder interaction
( and the playing of audio clips. In Java 2, class * is used to define an applet that uses the

Swing GUI components.

The Java Abstract Window Toolkit Package contains the classes and interfaces requirecetteand manipulate
GUls in Java 1.0 and 1.1. In Java 2, the Swing Glshponents of the = packages are often used —
instead.

The Java Abstract Window Toolkit Event Package contains classes and interfaces that enable aaeniing for
GUI components in both the * and & packages.

The Java Input/Output Package contains classes that enable programs to inputatpilit data (see Chapter 17,
Files and Streams).

The Java Language Package contains classes and interfaces (discussed thootighis text) that are required by
many Java programs. This package is imported bgdhw®iler into all programs.

The Java Networking Package contains classes that enable programs to comntani@anetworks (see
Chapter 18, Networking).

The Java Text Package contains classes and interfaces that enable gpdageam to manipulate numbers, dates,
characters and strings. The package provides nfaigva’s internationalization capabilities that lglesa

program to be customized to a specific locale (axgapplet may display strings in different larges based on
the user’s country).

The Java Utilities Package contains utility classes and interfaces, suchas and time manipulations, random-
number processing capabilities with class (, storing and processing large amounts of datebesaking
strings into smaller pieces calleakens with class+ 5 E ? (see Chapter 20; Data Structures,
Chapter 21, Java Utilities Package and Bit Manigaha and Chapter 22, Collections).

The Java Sving GUI Components Package contains classes and interfaces for Java’s Swldggd@mponents that
provide support for portable GUIs.

The Java Swing Event Package contains classes and interfaces that enable gaeniting for GUI components in
package &

Java API packages (a subset).




Random-Number Generation

0 Java random-number generators

- (
O ( -
= Produces integers from0 -5

m Use aseed for different random-number
seguences



—!
Method Overloading

Method overloading
Several methods of the same name

Different parameter set for each
method

o Number of parameters
o Parameter types




#%

o<

5

0
"0
@
, 6
6
5 95
*
o/
" F

3
, ¢
5 0
8 0
0
2 9 ; ?
"2 9 - ) ' 2 0
Method receives an as

an argument

,C C9 ;




14

Ll
1
12
1&
P

1%

1#

E&— Applet Viewer: MethodOverload
Applet

The square of integer ¥ is 449
The square of double 7.8 0s 66.245

Applet started.

. (

,.C C9 ;

Overloaded method ,

receives a

’ as an argument

=101 %]




#%

& #1C

~

Compiler cannot distinguish between
methods with identical names and
parameter sets




Another example...withiraw(...,...,...)
public class DataAtrtist { N

public void draw(String S

}...

public void draw(int i}
The same name but
) different # of arguments

public void draw(double f

}
public void draw(int i, double f)

b —




Classes

0 Some more theoretical aspects of classes..



Extends...and some more ISsues..

public class Bicycle {
I/l the Bicycle class hasthreefields \

publicint cadence;
publicint gear;
publicint speed;
/l the Bicycle class has one constructor
public Bicycle(int startCadence,
int startSpeed, int startGear) {
gear = startGear,
cadence = startCadence;
speed = startSpeed,;
}

// the Bicycle class has four methods

public void setCadence(int newValue) {
cadence = newValue;

}

public void setGear (int newValue) {
gear = newValue,

}

public void applyBrake(int decrement) {
speed -= decrement;

}
public void speedUp(int increment) {

speed += increment;
}

}

a Bicycle class




—!

A class declaration for a MountainBike class that
IS a subclass of Bicycle might look like this:

public class MountainBikextends Bicycle {
/[ the MountainBike subclass has one field
public int seatHeight;

/[ the MountainBike subclass has one constructor
public MountainBike(int startHeight, int startCadence,
Int startSpeed, int startGear) {
super(startCadence, startSpeed, startGear);
seatHeight = startHeight;

}

/l the MountainBike subclass has one method
public void setHeight(int newValue) {
seatHeight = newValue;

}
}



—!

Inheritance (cont’d... extend)

0 In Java, a subclass can extend only one
superclass.

O In Java, a subinterface can extend one
superinterface

0 In Java, a class can implement several
Interfaces — this Is Java’s form wiultiple
Inheritance.



—!

Inheritance (cont’d)

O An abstract class can have code for some of its
methods: other methods are declared
and left with no code.

O An interface only lists methods but does not
have any code.

O A concrete class may extend an abstract class
and/or implement one or several interfaces,
supplying the code for all the methods.



Inheritance (cont’d)

O Inheritance plays a dual role:

= A subclass reuses the code from the superclass.

= A subclass (or a class that implements an
Interface) inherits the data typéthe superclass
(or the interface) as its own secondary type.




