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Objects & Classes

To distinguish between an object and a class one may use the
analogy of a car. When we speak of a class we speak of a type
of object for example a class of a car, maybe a volkswagen polo,

A VW polo [s not a distinet object - it has no actual colour or
registration nwmber, Own the other hand when we speak of my
car of type VW polo we are specifying a distinet object. tt's
colour is blue and the registration number is GAT 748, This is
an object - a specific vw polo car,

Objects

You can have many objects of the
same class and each object we can
call awn tnstance of that class,
Tom Jerry, and Mary can each
have a VW polo car; each an
tnstance of a VW polo class,

The designer didn't design my
car but destgned the vw polo of
which my car s awn tnstance, So in programming we design a
class and thew create new instances of that class.

Class

Object

Example GAT 748 : VW Polo

Abstraction

“The essence of abstraction is to extract essential properties while
omitting inessential details.". To keep to our analogy, an
abstraction can be considered as a car without any details of
how it functions. All that | am concerned, is that my car
behaves exactly like any
her car of its type, and
knowing how to use one
enables wme to drive any car
of that type since all [ am
concerned is that it provide
all facilities offered by a
normal car.

Information Hiding

nformation hiding is the notion that users of a component
need to know only the essential detatls of how to initialize and
access the component, and do not need to know the details of the
bmplementation.. The user of the car is not concerned with the
nner workings of the engine, but only to how to start the car
and the wethod to drive it.

Encapsulation

"The concept of encapsulation
refers to building a capsule, in the
case a conceptual bavrier, around
some collectlon of things.". All
functions of the car are
encapsulated within the bonnet.
This makes the object much more
easy to hawndle as all same




Methods & Data Values

A object Ls composed of data values ano methods.

Methods are ways to use awn object and they normally receive or
return a value to or from the object. tn our car analogy, a driver
drives the car by changing gear, increasing the pressure on the
accelerator ete, n ovder to use a car, a driver does wot need to
know the tnner working of the car, but only the methods
provided, So to be able to use the object its user must only know
how to use the methools provideo by the object,

Data values are values contained within the object, They are the
properties of that object. These can be instance data values which
belong) to only one particular instance, say colour and speed of
the car, or a class data value as say the cylinder capacity of that
class of cars, which rematns the same for all cars belonging to
the same class,

An lnstance data value is used to maintain information
specific to individual instances. For example, each car object
wmaintains its speed,

A class data value ts used to matntain information shared by
all tnstances or aggregate information about the instances,
Say the cylinder capacity of all cars similar to mine is 1,4L,

Methodls act on these data values also known as fields ano
methools which access these data values ave called accessor
methods whilst those which change it are called mutator
wethods,

There is a separate value of
these each instance

Methods to use the Object

Class & Instance Data Values

There s one copy of

class

Cylinder capacity for
the whole class and

shared bg all
instances.

object (instance)

3

GAT748: Polo

speed
80

DAV448: Polo

speed
50




Inheritance

Although there are many cars simlilar to my car, some cars
although nearly the same as wmine, differ slightly tn some
specific aspects, Using our analogy there may) be another
version of the v polo where the cylinder capacity is 2L and
has5 doors instead of three. To cater for this situation we define
a super class Polo which contains all common features shared
amongst all Polos and thew we extend these features tn a
subelass with features which belong to only ont class of that
superclass, The subclass would thew contain all features of the
superclass and its own features,

we also call the superelass an ancestor and the subclass a
descendant,

1.4L

3 Door l 5 Door

Java’s Past and Present

The Java language was originally created to solve the problems
surrounding personal digital assistants (PDAS) and consumer
electronic products, such as microwaves and toaster ovens, The
language hao to be robust, small, anod portable, Nowne of the
programming langunges available at the thme (clrea 1990)
would Ll the bill, Some were too complex to write really robust
code, and wone of them was portable, Code had to be recomepiled
for each target chip, and conswmer electronics chips were
proprietary and frequently updated,

The language that wmet all those requivements didn't exist, so the
folks at sun decident to create a new langunge that would, The
conswmer electronics market never really made use of the new
language,

However, the Java team discovered that java's design made it
toleal for another purpose: programming on the nternet, n 1993,
the world wide web
was just becoming
popular, with its
wmyriad platforms and
operating systems, and
desperately needed a
platform-tndependent
language—so Java
found a new home,

Java Runtime Environment (JRE)

Java API classes
Java Virtual Machine

, |

Hardware (Intel, Alpha, Motorola, etc)




Java Is Platform-Independent

The Java language was designed specifically to be platform-
independent. This means that programs written in Java can be
compiled once and run on any machine that supports java, So,
what exactly does platform-independence mean, and how does it
differ from what was available before java?

Platform-independence refers to a program’s capability to run
ow various computer systems without the necessity of being
recompiled, A platform means a particular processor, Like the
ntel 2oxg6, the Intel Pentium, the Motorola 68xxx, or the
PowerPC,

Traditlonal compiled programming languages are compiled to
machine-level binary code that Ls, of course, specific to the
maching or platform on which it is compiled, The advantage is
that the comptled binary nuns quickly because it is running tn
the machine’s native lLanguage. The disadvantage is that a
program written tn a traditional language has to be recomplled
to binary code for each different hardware platform before it can
be run on that machineg, ow the other hand, whereas traditional
interpreted programming languages are machine-neutral and
can be run without recompilation on various platforms, they
generally run much slower than compiled applications,

Java has tncorporated the best of both worlds. The Java team
created a platform-specific Layer, called the Java virtual Machine
Java vM), which interfaces between the hardware and the Java
program., Whewn You tnstall a Java-capable browser on Your
computer, for exawple, a copy of the Java interpreter is also
installed, which (s what enables your browser to execute Java
applets and Your system to run standalone Java programs,

Java interpreter and java runtime are alternative terms for the
Java Virtual Machine (VM).

The Java VM presents the same interface to any applets that
attempt to run on the system, so to applets, all machines Look the
same, The applet itself is compiled tnto a form of interpretable
code called Java bytecodes. This special form of codle can be run
on any platforw that has the java VM installed,

BYytecodes are a set of nstructions that are stmilar to machine
code but are not processor-specific, They arve interpreted by the

Java VM, Sun's trademark phrase “write once, run anywhere” is
the provise that is fulfilled by Java. This, above all other features
of the language, is what maRes it so essential for interactive Web
programming. (t makes code much safer as it interacts only
with the JvMm,

Java Is Object-Oriented

Java is a real object-oriented language, which enables You to
crente flexible, wmodular programs, tt includes a set of class
Libraries that provide basic data types, system tnput and output
capabilities, and other utility functions, It also provides
networking, common nternet protocol, tmage handling, and
user-interface toolkit functions, java's object classes provide a
rich set of functionality, and they can be extended and modified
to create new classes specific to your programming needs.

Java Is Easy to Learn

Among the original design goals of the Java team members was
to create a language that was small and robust, Because they
started from serateh, they were able to avold some of the pitfalls
of other more complex languages. BY ellminating things such as
pointers, polnter arithmetic, and the need to manage memory
explicitly, the Java development teav wmade java one of the easier
langunges to learn. However, You still can do anything in java
that you can do in traditional languages, (f you have previously
used a high-level object-oriented programuming language, such as
C++, much of Java will Look familiar to you. 5



Getting Started with Java

Multiline Commment— AlL text enclosed within /* and

Lets analyse a program which displays a window on the screen */ is ignored by the compiler.
after settlng its size to 200 pixels wide ano 200 pixels high. Its Alternatively use /7 for single line comments
title Ls set to My First java Program, Or /%% ... */ for javadoc comments

/*
tmport all the classes defined in this package
where Jframe is defined or :

<package wame> . < class name>

My First Java Program:
Displaying a Window
File: MyFirstProgram.java

*/ /
. . . * -
import javax.swing.*; The main class starts here l

class MyFirstProgram { Declave a name
public static void main(String[ ] args) ({
/ J?rame tieqa; ¢ Create an object
tieqa = new JFrame( ); -
e g westhod L
_j tieqga.setSize (300, 200);

tieqga.setTitle("My First Java Program”) ;
tieqga.setVisible (true) ;

The main method enols T
\ —J Use the object l

The main class ends here l
These are some of the methods defined
Using these methoos of the newly created object l bn the JFrame class and are belng used
on the object of name tieqa




Object Declaration

To be able to use an object, it must be given a particular
Lolentifier name. These tdentifiers

* cannot be Java keywords:

JAVA KEYWORDS.

abstract boolean break byte case
cateh char class constt continue
default oo double else extends
final finally float for goto

if implements  bmport instanceof  int
interface long native new package
private protected public return short
static super switeh sywnehronized this
throw throws transient try void
volatile while

. cannot contain puwotuatiow marks or spaces

. must not start with a nuwmeral,

tt is @ common convention to name objects starting with a lower
case letters and using an uppercase letter to separate words in
the lolentifier. On the other hand the name of the classes
normally start with an Uppercase letter, Java is case-sensitive,
meaning that lowercase Letters and upper-case Letters are totally
different letters,

tieqa

—

when declaring an object we are actually
giving a name to an object of that class,

Cclass Name
This class must be defined before
this declaration can be stated.

object Namwe
one object (s
declared heve.

JFrame

-

tieqa;
C—

Note: Lowercase for
object names

Note: Uppercase for
class names

Object Creation

When we create an object (ex tieqa = new JFramje();) we are
effectively reserving wmemory space for an object. This is whew the
object really comes in existence,

tieqa
I ,| :JFrame
Object Name
Nawe of the object we are creating here.
tieqgqa = new JFrame( );
) N
Class Nawe Arguments

Awn instance of this class (s created.

No arguments used here.




Calling Methods Examples:

tn java we apply call wethods on objects, So we use the name of

the object annl the method we want to use of that object separateot account.deposit( 200.0 );
by & dot, Note since we call the wethod of an object we are only student.setName (“john”) ;
effecting that particular instance, ((We will see Later some myCar.startEngine() ;

exceptions on static classes),

Method Name
The wame of the methoo we are
sending. Argument
The argument we are passing to
the method.

Object Nawme
Nawme of the object to which we
calling the method.

tieqa . setVisible (true);

Method Declaration

whew declaring a class the following statements must be
included, This is the main wmethod of which pne and only ont is
needled for a program to execute,

Access Modifier Modifier Return Type Methoo Name Parameter

public static void main ( String args|[ ] )



Example 1

/% we first import the swing package from which we are using the JoptionPane class
* This can also be dowe by): import javax.swing JoptionPane; which tmports just that class instead of *
* which means a wildeard to lmport all classes tn the package. This has wo adolen cost to the code.
*/
inaport javax.swing.*;
Viao
* Example 1: Stwple Program to demonstrate how to write the main method of ajava Program,
B It uses a class tmported from the javax.swing package to write a message in a window on the screen,

* @author John Cutajar

* @version 1,0 Message

*/ Fa
Q) Qatt a kont dagshekk ferhan!

OK

/% First specify the nawme of the class tn which the matn method resides:

s

* Remember it must have the same as the file tt (s stored tn (e)ci,java),
* Remenmber All classes start with an uppercase Letter by convention
*/
public class Ex1{ /7 The main class starts here
/7 The heading of the main method! - Remember PSV Eindhoven
public static vold wain (string argsII}{ /7 The main wmethod starts here
// Use the class by calling one of tts member methods (showMessagenialog)
// waethods start with a lowercase Letter,
// The method s statle so there s no need to instantiate a new JOptionPane
_optionPane.showMessagedialog (wull,'@att a kont dagshekk ferhant!");
} /7 main wethod ends here

} // main class ends here




Example 2

Lmport java.text.*;
mport javax.swing.*;

Lmport java.util.*;

/**

* Exawmple 2: Program to demonstrate the use of StwmpledateFormat
* and how to obtatn the current date and thme in the desired format

*

* @author John Cutajar

* @version 1L

*/

Pubtﬁc class Ex2{

public static vold main (string argsII){

StwplepateFormat sdf;
Date  today;

// get today’s date
today = new pate();

sof = new SimpL&Da’ceForma‘c("do[-MMMM-@ggg"); <
// D’LsPLag it

Letter Date/Time Component Examples
G Era designator AD
//Package containing StwmplebateForamt class y Year 1996;: 96
// Package containing joptionPane class M Month in year July; Jul; 07
// Package containing pate class w Week in year 27
L Week in month 2
D Day in year 189
d Day in month 10
F Day of week in month 2
Message &I E Day in week Tuesday; Tue
T a Am/pm marker PM
(1) Todayis: 25.September-2007 P
H Hour in day (0-23) 0
OK k Hour in day (1-24) 24
K Hour in am/pm (0-11) 0
h Hour in am/pm (1-12) 12
m Minute in hour 30
s Second in minute 55
S Millisecond 978
Pacific Stan-
z Time zone dard Time;
7/ format it to the requived format (long format month and year) g:TSOGMT‘
4 Time zone -0800
_OptionPane.showMessagenialog (wull,"Today is: " + sdf.format (today));
v
Date and Time Pattern Result
"yyyy.-MM.dd G 'at' HH:mm:ss z" 2001.07.04 AD at 12:08:56 PDT
"EEE, MMM d, ''yy" Wed, Jul 4, '01
"h:mm a" 12:08 PM 10
"hh 'o''clock' a, zzzz" 12 o'clock PM, Pacific Daylight Time

.
&
i

A Simple Date




example, we may initialize the integer variables count and helght
to 10 and 34 as

Varigbles

variables are entities that can holol values. Before it can be used
it must first be declared,

Examples:
A variable has four properties:
int i, 3, k;
¢ Awn Address, float numberOne, numberTwo;
, long bigInteger;
* A wmemory location to store the value, whose storage double bigNumber;

capacity depends on the type of data to be stoved,

+ Thetype of data stored in the memory Location, and int count = 10, height = 34;

¢ The name used to vefer to the memory Location, numberOne = 3.45F;

i = 45; "\

Numeric Data Types

Note: Declare the type of a variable only
once, as long as it its scope hasw't ended
otherwise an ervor will arise

There are six numerical data types: byte, short, int, long, float,
andl double, (Note: no tnbuilt unsigned number data type)

At the time a variable is declared, it can also be inttialized, For

Data Default

Type Content Value'® Minimum Value Maximum Value
byte Integer 0 —128 127

short Integer 0 —32768 32767

int Integer 0 —2147483648 2147483647

long Integer 0 —9223372036854775808 9223372026854775807
float Real 0.0 —3.40282347E+38% 3.40282347E+38

double | Real 0.0 —1.79769313486231570E+308 | 1.79769313486231570E+3208
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Assighment Operators

The assignment operator tn Java is denoted by a single equals
sigw: The variable on the left of the equals sign takes the
resulting value of the evaluation of the expression on the right.

Thes ywntax is

<variable> = <expression> ;

Examples:

avg = (one + two + three) / 3.0;

sum = firstNumber + secondNumber:;

In Java the overall result of the RHS expression (s returned,

Other Assighment Operators

n Java there are other assignment operators :

n each of these:
<expression1> <pp>= <expression2>

1s equivalent to

<expression1> = <expressiond> <pp> <expression2>

allowing the LHS to be assigned too as follows: 2 4o 27, 1 %= 4 + 2
This is permissible tn Java l int x,y,z; a =a + 27;: 1 =1 * (7 20
X =y =2z =3;
teer . Java Value
division Operation Operator Example x=10,y=7, z = 2.5)
Addition + X+ ¥ 17
Subtraction - -y 3
Multiplication ¥ ¥y 70
Division v 1
real — ® Z 4.0
division Modulo division % x %y 3
(remainder)

12




Type Casting
what will be the data type of the following expression?

float x;
int y;

x*y

The answer is float.

The above expression s called a wmixed expression. The data
types of the operands tn mixed expressions are converted, based
ow the promotion rules,

The promotion rules ensure that the data type of the expression
will be the same as the data type of an operand whose type has
the highest precision,

Promotion Rules:

¢ (f either operand is of type double, the other is
converted to double.

¢ Otherwise, if either operand is of type float, the other
ls converted to float.

¢ Otherwise, if either operand is of type long, the other
ls converted to long.

¢ Otherwise, both operands are converted to type k.

“My boss only notices me when I make a mistake.
If I stay home, I won’t make any mistakes
and I’ll finally get a promotion!”

Explicit Type Casting

instend of relyjing own the promotion rules, we can make an
explicit type cast by prefixing the operand with the data type
using the following syuntax:

( <data type> ) <expression>

Example
(float) x / 3 <

(int) (x / y * 3.0)
1
I

Type cast the result of
the C)ancssiow
X7y * 2.0 tp Lnt.

Type case x to float
and thew divide it
by 3.

Implicit Type Casting

Constder the following expression:

double x = 3 + 5;

The result of 3 + 5 Is of type tnt. However, since the variable x is
double, the value € (type tnt) is promoted to 8,0 (type double)
before being assigned to x.

*Notice that it is a promotion. Demotion Ls not allowed.

A higher precision value cannot
int x = 3.5;% T Ubeassigned to a lower precision
variable.




Example 3

/**

* example 3: To create a new class Clrele

* with the radius as data member, A Constructor and

* four member wethods to set the Radius

* and get vadius, area and clreumdference

Y

* @author john Cutajar

* @version 1

*/
// Note this {s not the wmatn class
// Store this file in Circle java o

pubt’w class Civele

{

// data member accessible only from within the class (private)

private double radius;

// default parameter-less constructor which set the value of
/7 the vadius initially to zero
/7 We will discuss constructors later on
public cirele () {
radius = 0;
}

/7 wethod to set the radius of the object
public vold setrRadius (dowble r){
radius = v;

}

/7 waethod to get the instance value of the radius
public double getRadius () {
return radius;

}

/7 wethod to return the value of the arvea of the tnstance
// Note that Math, Pt Like most Math functions return double
// So we have to either veturn double or cast it to float
// otherwlise a "Possible loss of precision” error occurs
public double getArea () {
return (radius*radius®*Math, P1);

}

//method to return the clrewmference of the instance
public double getCireumference () {

return (vadius®*Math. P1);

}

14



E@mple 4 //EXErAct MAW'S SUIMAME
malesurname = maleFullName.substring

Textbmport javax.swing.*; ’
(maleFullName indexof (space) +1, maleFullNawme.length ());

/**

* Example 4: Use of String functions to derive the woman's name
//extract woman's name

* atter marriage
ft 9 femaleName = femaleFullName.substring

* @author John Cutajar (0,emaleFullName.indexof (space));
* @version L

*/ //display marvied's full name
public class Ex4 _optionPane.showMessagedialog) (null, *once married the
{ woman shall be: "+fewmaleName+" "+wmaleSurmanme);
public static vold main (String argsl){ }
} Input [5e]
/7 variables to holo wvuan's detatls o | Please Enter Man's Full Name:

String wmaleFullNawme, maleSurname; [Joseph Sammuf |

// variables to hold wonmawn's details OK Cancel

String femaleFullName, femaleName;

Input X5
// what seperates two words from each other 51| Please Enter Woman's Full Name:
String space =" " |5andra Pala |
OK Cancel
maleFullNawme = JOptlonPane.showlnputbialog
(null,"Please Enter Maw's Full Nawe:"); Message =)

femaleFullName = JoptlonPane.showinputbialog N
'\‘l_,,-' once married the woman shall be: Sandra Sammut

(null,"Please Enter Woman's Full Nawmee:");

OK

15




E@mple 5 //vend breath of rectangle

eport javautil.®; System.out.print ("Enter Breath: *);
Jrx read = wnew Scawwer(sgstcm,iw) ;
* example 5: To caleulate and display the breath = vead, nextFloat ();
* avea anol perimeter of a rectangle
* //Caleulate area and perimeter
* @author John Cutajar area = length * breath;
* perimeter = 2% (length + breath);
public class Ex5T //pisplay results
public static void main (String argsII){ Systen.outprint
("Area is: " + area + "\w' + "Perimeter is: * + perimeter);
//declare variables }
float length, breath, area, periveter; } 7 3
“& Bluel: Terminal Window -...| = |[ & |3
Options
//declare a new scanner for keyboard entry i
Enter Length: 25

Scanntr rea; Enter Breath: 30

Area is: 750.0
Perimeter is: 110.0

Pasition.P[2]

i
"

// vead leagth of rectangle

Fl 1] I

System.out.print ("Enter Length: *); Postion. Location

» Posttion.P[1]
read = new Scawmr(SHStcm.Lw); -

length = read.nextFloat();

¥

16




Boolean & Char

The other two primitive data types in java ave:

boolean: The boolean data type has only two possible values: true
or false. Use this data type for stmple flags that track true/false
conditions, This data type represents one bit of information, but
its "size" lsw't something that's precisely defined,

char: The char data type is a single 16-bit LUnicode character, it
has a minbmum value of \uoooo' (or 0) and a maximum value
of \uffff (or 65,535 tnclusive),

Enumerated Data Types

PAN e type is a Rind of elass definition. The possible enum
values ave Listed n the ourly braces, separated by commas, BY
convention the value names are bn upper case.

public enum Shape { RECTANGLE, CIRCLE, LINE }

Constants

we can changge the value of a variable. tf we want the value to
remain the same, we use a constant, To specify the exact type of
Literal constants, one can use the LF ano D or Lf and d to
define the precision.

Examples:

final double PI = 3.14159D;
final int MONTH_IN_ YEAR = 12;

Strings

A string constant consists of a sequence of characters separated
by double quotes.

There are close to 50 methods defined tn the String class,

String

name;

name = new String(“Jon Java”) ;

Note that a String is not a primitive data type but an class,
and Likewise behaves Like one, We say that Strings are
wmutable (cannot change value),

A String object is
created and the
tentifier name is set to
refer to it.

The tdentifier name is
declared and space is
allocated in Memory.

\-4 \—_I» Jon Java

0 1 2 3 4 S 6 7

J| o| n J| al| v | a

final short FARADAY_CONSTANT = 23060; ‘\
4 A AN " , ,
[ 1 N The position, or indlex, of the first character is 0. l
The reserved word These are constants, These are
flnal s used to also called named called Literal -
D{EGLH re constants. constants constants




Increment ahd Decrement

Logical Operators

Java has two special operators for adding and subtracting one
from a variable, These may either be prefix (before the variable) or
postfix (after the variable).

Equivalent to ++ increment and the first clause is true the rest are omitted,
0 _ .. -- decrement

. Z=
2. 1++;

These operators too return a boolean value of true or false,
Evaluation (s from left to right and short cireult, which means if
the operation is an “and” and the first clause evaluates to false,

the vest of the clauses are wot evaluated, f the operation is an “or”

z; o [ becomes & I Example:
/ -

Equivalent to
_) becowmes 3 int 1 =

1. (++;
2. z=1;

N N
nnu
T
1 +
. 4

—

| becomes F+
valid =

Comparison Operators

&&
|

and
or
not

10, j = 28;

boolean wvalid;

((i < 12) && (j <15));

AlL these operators return a boolean value of true or false, which Bitwise Lodical Operators

can evew be assigned to a boolean variable., or tested,

to any integer type:

< less than £
<= less than or equal to
> greater than ~
>= greater than or equal to
== is equal to )

. -
1= is not equal to

2 <

bitwise and

bitwise inclusive or
bitwise exclusive or
one's compliment

right shift
left shift

Java provides the following bitwise operators which can be appliea

18



Conditional Expression Operator Precedence of Operatots

The conditional expression operator provides an tn-Line if/then/ _ava treats operators with different importance, kinown as

else. precedence. There are tn all 15 Levels of precendence. n general,
the unary operators have a higher precence over the binary
operators and Parentheses can always be used to lmprove clarity
in the expression,

¢ Ifthe condition is true, the expression after the “?” is
evaluated and veturned as a result of the statement,

’

o Ifthe condition is false, the expression after the " is
evalunted and returned as a result of the statement,

int 1 = 3 * 4 4+ 48 /7 T;

int 1, 1 =100, k = -1; Associativity of Operators
1= (1 =k 7 1 : k; For two operators of equal precedence a secondl rule,
_ “assoctativity” applies, Associativity is either “left to right” (Left
1803 i’" k:lj operaitor first) or “right to left” (righto operator first):
al s
1 = k; int 1 =& * 4 / T;:
Operator Associativity
(v [1 -= . |eft to right
I = 44 -- - + {cast) right to left
* % [eft to right
int 1, 3 = 100, k = -1; . - left to right ;
. I Preceoence §
B - £ mm |eft to right
1 =101 <kl 7] k: £ €= 3= > left to right Assoclativity
1fi{4 = k) == I= left to right Table
1 = 9; e [eft to right
slzm ' left to right
ST e - left to right
i = ks s& left to right
| left to right
T right to left
= 4= -= *= J= %= elC |-i';||-|t to left
|eft to right
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Primitive and Referenced Data Types

Nuwmerical data are colled primiti.\/e data types.

Objects (including sStrings) ave called reference data types,
because thelr contents s an addresses that refers to amemory)
locations where the objects are actually stored,

For Primitives:

int firstNumber;
int secondNumber;

firstNumber
secondNumber

234;
87;

A. variables ave allocated in memory. l

firstNumber 234

secondNumber | 87 I
B. values are assigned to variables. l

If one of them say firstNuwmber gets reassigned the new value
will overwrite the old one.

firstNumber = 187; 4_—'—@

C. The value of 234 (s overwritten by 127

firstNumber

For Objects:

_(a)

Customer customer, client;

customer = new Customer (“John”) ;4-
customer = new Customer (“Mary”) <l

A. The variable is allocated in memory. I

B. The reference to the new object is assigned to customer.

“John” '
W Mary ” '

customer

customer

C. The reference to another
object overwrites the reference
L customer.

client

client = customer;

customer

D. The reference in customer is
assigned to client. So both point
at the same object
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Wrapper Classes

A wrapper {s a class that contains data or an object of a specific
type and has the ability of performing speclal operations on the
data or object. Most common wrapper classes are for the
primitives.

Autoboxing

Autoboxing, introduced in Java 5, is the automatic conversion the
Java compiler makes between the prinmitive (basic) types and theilr
corvesponding object wrapper classes (eg, int and tnteger, double
and Double, ete), The underlying code that is generated s the
same, but autoboxing provides a sugar coating that avolds the

tedlous and hard-to-read casting typieally required by Java

Reasons for wrapper around the primitives:

*  Cowverting from character

/ Primitive Wrapper Collections, whitch can not
strings to’vu,fm'/ubers andl then boolean Boolean be wsed with privitive Example with autoboxing:
to other primitive data types. tunes Double myDouble = 10.5;
o , byte Byte gpes:
A way to store primitives in .
an object char Character Over[oadlng
double Double when an operation or function does different things, depending
float Float on the context it is applied to, the operator or function are said to
int Integer be overloaded,
wrapper Classes for long Long From the basic operations two operators are said to be overloaded:
primitive data types > L, s ,
short Short 1. The division is overloaded, in a sense that if you perform a
void Void division between two tntegers an tnteger division ocours,

truncating all the digits after the decimal polnt, tf one of the
operands ts a float or double, floating polnt division oceurs

Example:
2. The addition operator performs the usual suw if operating

between two numerals whiles concatenates the two parts if one

Double myDouble =

new Double ("10.

of the operands is a String. Attention must be paid to

Class Method Example assoclativity since, where in normal numeric addition the
L4 4 ’ ’ ’ ’ 7
e T Integer.parsemt i 2o RS operation Ls commutative, tn strings Lt's not aLwags S0,
Integer.parselnt('25.3') — error
- \\ ” . 1 2
Long parsalong Long.parselong('25*) = 25L OUtPUt_ test”+1+2 ’ 3
Long.parselong('25.3") — error (add)
Float parseFloat Float.parseFloat('25.3') — 25.3F Ttegt! 1 3 .
Float,parseFloat('abl') — error 2
Double parsabouble Double.parsebouble('25') — 25.0
Double.parseDouble('ab3') — error "testl" 2 "Itest"
—— 21
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The Standard Output The Standard Input

Using System,out, we can output multiple lines of text to the The technigque of using System,in to input data is called
standard output winsow. standard tnput. We can only tnput a single byte using
We use the print method to owtput @ value to the standard oukpuct System.in directly, so to lnput primitive data values, we use the
window, The print method will continue printing from the end Scanmer elass (from Java 5.0).
of the currently displayed output, We use println instead of Scanner
print to skip a line, Example: class defineo
E 1 1 / here
Xample: ‘4 Bluek Te... [= | = |[=3] import java.util.*;
Options
int = 123, = + x; . -
it x y ® ® Hi John Scanner kb;
System.out.println( ) ; x = 123 ]
System.out.print ( ) ; “ +x = 248 kb = new Scanner (System.in) ;
y ’ P ] ’ THE END int num = kb.nextInt () ;
System.out.println( x ); 52
System.out.print( ), r
System.out.println( y ),
System.out.println( )i Common Scanner Methods
Method Example
nextByte( ) byte b=kb.nextByte( )
nextDouble( ) double d=kb.nextDouble( ) ;
Snestal Character Written
P backslash \\ nextFloat( ) float f=kb.nextFloat( );
characters useol
tn print which baCk?Pace \b nextInt ( ) int i=kb.nextInt( ),
e carriage return \r tLong ( )
nextLon = .
combined with | double quote \"” J long l=kb.nextLong( );
strings. formfeed \f nextShort( ) short s=kb.nextShort( );
horizontal tab \t _
newline \n next () String str=kb.next() ;
——— S10Ngle quote \’ useDelimiter (String) kb.useDelimiter (“\n”);

Use this method to change the separator between inputs from a stngle space



Example 6
mport javax.swing.*;

mport java.util,*;

/**
* Example on the use of the Gregorian Calendar class
*/

public class €x9 {

public static vold main (String args[1){

Gregoriancalendar kalendarju;

kalendarju = new Gregoriancalendar (1990,7#,19);

JOptionPane.showMessagedialog (wull,"My Birthday is : *
+ kalendarju.get(Calendar.PATE) + "ta "
+ kalendarju.get(Calendar. MONTH) +
+ kalendarju.get(Calendar, YEAR) + " AD');

(1) MyBirthdayis: 19ta 7 1990 AD

OK

Message ==

Example 7

bwport java.util.*;

/** Example 3: To demonstrate the use of nested for Loops
* Displays the multiplication table for a given range
* @author John Cutajar
*/

public class Ex3

{

public static vold main (String argsIl){
Scanner reaol = new Scawwer(&‘gs’cem.im,) ;
/7 promept the user to lnput the range
System.out.print(*Choose a Table *);
// vead the range from the keyboard
int max = read,nexting();
// for every row in the table ...
for(int ] = 1; ] <= wmax; j++){
// for every column b the table
for(inti = 1; 1 <= max; i++){
/7 display the values on the same line
System,out,print(" " + L"j +rr);
}
/7 9o on a new line

sgstem.out.pr’mttw ("™);
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The Math Class

The Math class in the java,lang package contains class methoos
for commonly used wmathematical functions. Most methods of
the Math class are static and therefore there is no need to
instantiate any new object of the Math class before using it.

double

X = ..

Yy = ..,
num = Math.sqrt(Math.max(x, y) + 12.4);

Example:

num, X, y;,

Some of the humerous methods of the Math Class

The String Class

Another very commonly used class of the java lang package
is the Sting class. Note that the java.lang package doesn't
neeol to be inported as it is bmported divectly by default by
Java, There are various wethods defined in the String class,
to wmention a few, For an object str of class String:

str.substring(i,j) will return a new string by
extracting chavacters of str from position L to j-1 where 0 <=
i < length ofs’cr, 0 <J’ <= length o-f str, and L < =j.

str.length () will return the number of characters in str,

str.indexOf (substr) will return the first position
substr oceurs tn str,

returns "sp ve”

Example:

String text=“Espresso”;
String str=text.substring(1,5);
int l=str.length( ), <«—

int i=text.indexOf (“sp”);

returns 4

veturns 1

Note: Strings as all objects cannot be compared using the
== operator, but the equals () and compareTo() wmethods,

Methoa Description

abs (@) Absolute value of a

exp(a) Natural number ¢ ratsed to the power of a,

log () Natural logarithm (base e) of a.

floor (a) The largest whole number Less thaw or equal to a,

max(a,b) The Larger of a and b,

min(a,b) The smaller of a and b

pow (a,b) The number a raised to the power of b.

sart(a) The square root of a.

sin(a) The sine of a. (Note: all trigonometric functions are
computed in radians) Stwilarly cos and tan

random. () Returns a double value with a positive sigw, greater
thaw or equal to 0,0 and Less than 1,0,

round (a) Returns the closest integer value, if a is double it
returns long, if float it returns tnt

toradians (@) | Converts the value of a in degrees to radians

String s = "something", t = "maybe something else";
if // Legal, but usually WRONG.
if .equals(t))

// RIGHT
if > t) // ILLEGAL
if .compareTo(t) > 0) // CORRECT
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Example 8

/**

* User defined class to perform some mathematical functions

* and demonstrates also the use of recursion and static methods

*/
public class Maths{
// caleulates a to the power of b recursively
public static Long pow (int a, int b){
tf (b<=0)
return 1;
else
retwrn (@ * pow(a, b-1));
}
//caleulates n!
public static long fac (int n){
if (n<=1)
réeturn 1;
else
retwrn (n * fac(n-1));

}

// determines the w th term of the flbonacel series

public static long fib (int n){
tf (w<=2)
return 1;
else
return (flb (w-1) + fib(n-2));

//caleulates a to the power of b iteratively
public static Long power (lnt a, int b){

long result = 1;

for (nt i=1; i<=b; i+ +)

result *= a;

return result;
}
/7 finds the minimum between { and j
public static int min (int i, ’Lth'){

return (0 <))28:));

}
//finds the maximum beeween L and |
public static tint max (int i, I',V\.t\j){

retwrn (0> )2 L ));
}
// olves a random nuwmber between 0 and L
public static tnt random (int £) {

return ((tnt) ((Math, randova ) *(1-1) +1)));
}
// otves a randlowm number between L and |
public static int random (int , int j) {

return ((int) ((Math, random () * g-'L) +i)));
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Example 9 //Blsplay resulks

mport java.util,*; System.out.println

Shx (base + * to the power of * + power + ' =" + v);

System.out,println("The factorial of * + n + " is* +

* example Caleulator: Use of the user defined Maths
P d ft fac + " and its fibbonact sequence is " + fib );

* instead of the java designed Math

}
*/
) }
public class caleulator
{ - -~
& Bluel: Terminal Window - BCut o= s
public statie vold main (String args[1){ Optians
// create a new mgboarot SCANNEY Enter base: 2 i
Enter power: 3 |EJ
Scanntr Rb = new SGQWWCY(S%S%ZCM.’WL),‘ Enter a numher : 5

2 to the power of 3 = 8
The factorial of 5 is 120 and its fibbonaci sedquence is 5

//9et parawmeters |

1 | 1 r

55stem,out:pr£wt ("Enter base: *);
int base = kb.nextint();

System.out.print ("Enter power: *);

nt power = kb, nextink();
55stem,out:prmt ("Enter & number : ");
int n = kb,nextint();

T3
'-.—
- i

//use the user defined class (must be tn the same project)

long r = Maths.pow (base, power);
long fac = Maths.fac (n);
long fib = Mathsfib (n);
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Creating a new Class

Learning how to define our own classes is the first step toward
mastering the skills necessary in building large programs.
Classes we define ourselves are called programmer-defined
classes.

Template for non-main Classes

we have already seew how the main class looks Like. Now we
shall tnvestigate how other progravameer definenl classes are
maole:

<«—  mports '
class Comment l

A

public class [::::JJ;__Omgthg l

Data Members
(fields)
Define state of
object

A

| Member Methods
Cownstructor first if
any

The Program Structure and Source Files

Roots I"".""."><Complex I

Roots. java

U

Complex. java

1
—

Complex.class

compLLatLow
Lnto Bgtecoole

Roots.class

There are two source files.
Each class definition is
stored in a separate file.

To run the program:

write Complex. java
compile Complex.java
write Roots.java
compile Roots. java
execute Roots.class

abh WMNR
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Example 10 Bicycle Class
/**

* Class to vepresent a bicyole

*/

public class Biaz{che{

//private data menmber

private String owner;

// Constructor
public Bicyele(){
DWNEY = "UnRNown';

}

//aceessor wmethod (getter)
public string getowner () {

return owner;

}

//mutator method (setter)
public vold secowner (String name){
OWWEr = WAWMLE;

}

Example 10 Account Class

/**

* class to represent an account of a person
*/
public class Account
{
//private data wewber

private double balance;

// Constructor of the objects
public Account(){
balance = 100d;
}
//add to the balance a given amount
public votd add (double anmount){
balance += amount;
}
//7deduct a certain amount from the balance
pubL'Lc vold deduct (double amount) {
balance -= amount;
}
/7 engulre the balance
public double get®alance () {
return balance;

}
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Example 11 // Set details of buke and account 2

e bikez.setowner ("Jake jade");

* Example 11: To demonstrate the use of classes and methods Account2.deduct (10.0);

* which use user defined classes
*/ System.out.println ("The Owner of the bike is * +
biket.getowner() + * and has * + accountt getBalance());

System.out.println ("The Owner of the bike is " +

public class €xg bike2.getowner () + ' and has * + accountz.getBalance());

¢ )
public static vold main (String argsIl){ }
// create two new bikes 2 _ E=S [oR 5>
Project Edit Tools Miew Help
Bloycle biket, bike;

biker = new Bloycele(); | New Class... il
= ; ———— Exg
—
L= |
Gompila

bike2 = new Bicyele 0;

//and two new accounts

m

Account accountt, account;

accounts = new Account(); Bicycle Account

account2 = new Account();

——— 4 1 [
//set the detatls of bike and account 1 _Sem——
bike1.setowner ("Maria Pala*); “& Bluel: Terminal Window - John = | =[]
accountt.add (90.0); Options

The Owmer of the bike iz Maria Pala and has 1%0.0

The Owner of the bike is Jake Jade and has 20.0

L I 3




Example: Complex Numbers

Suppose we want to create a new
data type tn the form of a class to :
represent complex numbers, A
complex number consists of two
parts a real part and an
baginary part, To keep things
stmple we shall vepresent these as
integers, °

The Data Members

Flrst of all we need to define the data required for the class,
namely two tntegers, one for the veal part and another for the
bmaginary part, it is good practice to declare these as private, so
that they are ot directly accessible from outside the object.
Methods own the other hand are declared as public so that the
users of this class can communicate with them,

So we begin by declaring the two required flelds:

Access
Modifiers

tolentifier '
Data Type l

Since owtg methools within the obJ'ect have access to these, any
bug within thelr value can e attributed only to the member
methods,

private int real;
private int img;

veal [ ]
S —
menber
methods ACCeSS
Modifiers

The Constructor

The constructor (s a spectal member methoo which initialises an
object whew it (s created. we Limit for the time being to set all
fields to zevo, The constructor has always the same name as the
class and has wo return type:

Formal Parameters

class Nawe

public Complex () {

Access real 0:

Modifiers

img = 0;

Statements l
The Member Methods

These are wethods that communicate with the external
environment and act wpon the data members of the object,

Formal
Parameters

Method Nawme
Mutator method

public void setValue(int r, int i) {

real = r; \

img = i;

} Statements l

public int getReal () {
/ return real; ™
}

Accessor method
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Complex Number Implementation

/**

* Class to represent a complex number
* @author John Cutajar

* @version Examplel

*/

public class Complex

{
// The Real Part of the Complex Number

private int real;

// The Imaginary Part
private int img;

// The Constructor (Initialiser)

/**
* Main Class of Example 1
* Qauthor John Cutajar
* @Qversion Examplel
*/
public class Roots{

public static void main (String args[]) {

Creating a new
Complex numberl;

/ tnstance of
numberl = new Complex () ; Complex

s

public Complex () { <—
real = 0;
img = 0;

}

// Set the value of the complex number
public void setValue(int r, int i) {
real = r;
img = i;

}

// Get the real value
public int getReal () {
return real;

}

// Get the imaginary part
public int getImaginary () {
return img;

}

Complex number2 = new Complex() ;

calling the

numberl .setValue(2,4) ; / setvalue

number?2.setValue (5, 3) ;

System.out.println("Number 1 = " +

—+¢ numberl.getReal() + " + " +
numberl .getImaginary()+"i") ;

System.out.println ("Number 2 = " +
number2.getReal() + " + " +

—¢ number?2.getImaginary()+"1i") ;

} / Bl Blues: Termina... [ |[B[X]

calling the
the other

Methods
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Parameters

Awn argument or actual paraweter (s a value we pass to a
method, A paraveter or formal parameter is a placeholoer tn the
called weethod to hold the value of the passed argument,

public class Complex({

// Set the value of the complex number
public void setValue(int r, int i) {
real = r;

} img = 1; Formal Parameters l

public class Roots{
public static void main (String args|[]) {

Complex number2 = new Complex() ;

Actual Parameters

number?2.setValue (3,5);

Matching Actual and Formal Parameters

¢ The number or arguments and the parameters must be the
same
Formal anol actual parameters are paired left to right
The matched pair must be assignment-compatible (e.g. You
cannot pass a double argument to a tnt parameter)

¢+ When we are passing primitive data values, the passing is
by value, so the receiving side cannot alter the values {or the
passing side,

Lemo demo = new Demo | |

int 1 = &;

int k = 14; Passing side

demo.computel 1, k, 20 );
i \ \

.

e e -
. e
e

class Demo | _ﬂ-""-::“' ~—. ——
\ - e
el

public void compute (int i, int j, double x) {

1
}

} Receiving side
Memaory Allocation

3 S [ i

. [ ]
This is a literal == -
constant so it — x [20.0
has no name.

Passing side Receiving side

Pass-by-value

The actual paraveter (or argument expression) (s fully evaluated
and the resulting value is copled into a Location being used to
holdl the formal parameter's value during wethod/function
execution. That Llocation is typieally a chunk, of memory on the
runtime stack for the application (which is how Java handles it),
but other languages could choose parawmeter storage differently,

Pass-by-reference

The formal paranmeter merely acts as an alias for the actual
parameter. Anytime the method/function uses the formal
parameter (for reading or writing), it is actually using the
actual paravaeter

Java is strictly pass-by-value 1



Passing Objects as Parameters Sharing an Object

As we can pass int and double values, we can also pass an object Student student;
to a method. When we pass an object, we are actually passing the LibraryCard cardl, cardi;
Y&fﬂYﬂMB (QUID{YESS) O-(: an Omﬂc‘t, stle@.nt = new Stu_den_t .:' ':.:
, ’ , , student . zetl: ("Jorn Java');
(t weans a duplicate of an object is NOT created in the called ST eEe A Lt naTe
student .zetEmail('jjEjavauniv.edu");
method
cardl = new LibrarvyCard( ): wWe pass the same
cardl.setfwner (student) ; / Student OQJ'CO’C to
. - cardl.checkOut(3); cardt and card2
LibraryCard cardz;  Passing side
. o cardZ2 = mnew LikbraryCard( ) /
card2 = mew LibraryCard( J; cardZ.setOwner(student); //the =ame student is the owner
card2.setCwner| stul..dent ] ‘/of the second card, Qo

e O

— cardl card2
class LibraryCard | T -

public void setCwner (Student student) | ™, “\

owner = astudent; \.l \..\‘
} — —

} Receiving side :LibraryCard LibraryCard
owWner oW ner
borrowCnt \\_ ,/ borrow Cnt

student Vo

student _ _f-————. | __ student E— — l |

= | O | ‘B S E———
b . card2
N * L —= name
Passing side [ Receiving side 5 @ Ve
1 ! — ] !
5 ¥ _J"" Y I'I ¥ il
Foran object, the ) N\ — emal
contant of a tudent . iLdbaryCand “l@javauniv.edu”
variable is an name \ OWner 11.
addrass, and this - = i
address is passed .
to the method. email horrowCnt , , , ,
1 @ avamiv.edn” [ o | Slinee we are actually passing a reference to the same object, it

results in the owner of two Librarycard objects polnting to the
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Note on Parameter Passing

1, Arguments dare passed to a wmethod by using the pass-by-
value scheme,

2. Arguments are matched to the parameters from left to right.
The data type of an argument must be assignment-
compatible with the data type of the matehing parameter,

3, The number of arguments in the method call must mateh
the number of parameters in the method definition,

4. Paraweters ano arguments oo not have to have the same
name,

5, Local copies, which ave distinct from arguments, are createo
even Uf the parameters and arguments shave the same name.

6. Parawmeters are lwput to a method, and they are local to the
method, Changes made to the parameters will not affect the
value of corresponding arguments

4% Blue): Method Call ==l
Com ma n d_ Li n e Arg um ents void main(String[] args)
Echo.main ( [{"John] -
A Java application can accept any number -
of arguments from the commana Line, This (Lome )

allows the user to spectfy configuration
information whew the application is launched.

Whewn an application is launched, the runtime system passes the
command-line arguments to the application's main wethod via
an array of Strings, tn the following example, the commano-
Line arguments passed to the Bcho application tn an array that
contains a single String: "ohn',

Ordanizing Classes into a Package

For a class A to use class B, thelr bytecode files must be located
in the same directory.

This is not practical if we want to reuse programmer-
defined classes in many different programs

The corvect way to reuse programmmer-defined classes from many
different programs is to place reusable classes in a package.

Apackage is ajava class Lbrary,
Creating a Package

The following steps illustrate the process of creating a package
name myutil that tneludes the Fraction class,

1. nelude the statement: package myutil;
as the first statement of the source file for the Fraction class.

2. The class declaration must tnclude the vistbility wodifler
public as: public class Fraction { ...}

3. Create a folder named myutil, the sawme navee as the package
wame, n Java, The package must have a one-to-one
corvespondence with the folder,

4. Place the wmodified Fraction class tnto the myutil folder and
complle it,

5. Modify the CLASSPATH environment variable to tnclude
the folder that contains the myutil folder,

CLASSPATH

Specifying where to search for additional Libraries in Windows

public class Echo {

public static void main (String[] args) {

System.out.println(args[0]) ;q\

java Echo John

Ls easily downe by setting the environment variable
CLASSPATH, which Java uses to see where it should find Java
programs and Libraries,

L Displays  “John” ' 34




Information Hiding & Access Modifiers Data Members Should be Private

The access modifiers public and private designate the Data wmewmbers are the implementation details of the class, so they
accesstbility of data members and wmethods. If a class should be tnvistble to the clients. Declare thew private.

component (data wmember or method) is declarved private, client
classes cannot access it, if a class component is declared public,
client classes can aceess it, internal details of a class are
declaved private and hidden from the clients, This is Guideline for Access Modifiers
tnformation hiding,

Exception: Constants can (should) be declared public if they are
meant to be used directly by the outside methods,

¢ Declare the class and instance variables private,
i none of this is declared, the wmethoa or data wmember becomes

; ’ + Declare the class and instance methods private if they are
package friendly and can be accessed only from classes in the

used ong bg the other methods i the same class,

sawme package.
Client ¢ Declare the class constants public if You want to make thetr
values directly readable by the client programs, f the class
constants are used for internal purposes only, thew declare
Service obj = new Service(); thew private.
obj.memberOne = 10; ‘y
obj.memberTwo = 20; X - . AccountVer?
obj.doOne () ; ‘y :
obj.doTwo () ; — balance
X — ownerMName
: + AccountVer2( Siring, double )
class Service { + add{ double )
public int memberOne; + deducti double )
private int memberTwo; : + getCurrentBalance( )
public void doOne () { : + getOwnerName( )
: + setOwnerName( String)T

}
private void doTwo () { , |
public gets a plus symbol (+)

} private gets a minus sgmboL -)
Service
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Static or Dynamic Class Constants

There are two types of methods or variables. we tllustrate the use of constants tn programmer-olefined service

tnstance methods or variables are associated with an object and classes here.

methods use the instance variables of that object. This is the Remember, the use of constants

default, o provides a meaningful deseription of what the values stand
Static methods use no nstance variables of any object of the for, number = UNDEFINED; is more meaningful than
class they are defined in, If You define a method to be statie, nwumber = -1;

You will be given a rude message by the compiler if you try to
access any instance variables, You can acoess static variables,
but except for constants, this is unusual, Static methods

¢ provides easier program wmaintenance, we only need to
change the value in the constant declaration instead of
locating all occurrences of the same value tn the program

typlieally take all their data from parameters and compute code.

sovyxefhmg 'from those pammejccrs, with no fefercvwe to v/anabtcs, Use all UPPERS for constants
This is typieal of methods which do some kind of generic

caleulation, A good example of this are the many utility class Dice {

methods tn the predefined Math class, private static final int MAX NUMBER=6;

private static final int MIN NUMBER=1;

Thus tn any program there is only one version of a static ) ) ) )
private static final int NO_NUMBER=O0;

method or variable whilst tn 0{5 namlic ones there Ls a new
version every itnstance created, Thus on statle methods theve (s

no need to call the new statement in the client class as in final keyword declares it as constant l
dynanic elasses. Class Variables

Class variables are there to keep a overall copy of a value shared

public static double cube(int x) ({ among all objects of the same class, say the total wumber of
return (x*x*x); objects created, or the sum of money gained from all objects of a
} vending machine.

Class Account{
double result = cube (3)

private static int minimumBalance;

no need to create a new tnstance of cube l variables stavt with lowers, an upper to separate
words— no underscores.
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Local Variables Variable Matching

Local variables are declaved within a method declaration and class CD {
used for temporary services, such as storing intermediate private int n;

. R4 . . .
computation results, " private String artist; <.

K * Private String title ; €, ; :..:Z:.._'._
public double convert (int num) { private String id; = w
: R 4

double result; «— local variable \ public CD(String r:l ,String ‘1"12 , intv n) {

result = Math.sqgrt(num * num) ; String ident; .

return result; %, artist = nl;é 7 o7 T

- ,\\ title - n2 ; e
~ "this.n = n;«" -
"eident = artist.substring(0,2) + "-" +
Locals, Parameters & Data Members titld Substring (0,9)
An tdentifier appearing instde a wethod can be a local variable, ’xh
a paraveeter, or a data member. id = ident;
The rules are:
¢ lfthere’s a matching local variable declavation or a }
parameter, thew the toentifier refers to the Local variable or the
parameter, }

¢ Otherwise, if there’s a matching data member declaration, “this” Keyword

then the identifier vefers to the data member,
Normatly the local variable or the paraweter hide the global

variable, To overcome this, the keyword “this” is used to refer to
the global variable.

¢ Otherwise, it is an error because there's no wmatching
declaration.
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Method Overloading

The Java programming language supports overloading wethods,
and java can distinguish between methods with different
method signatures, This means that wmethods within a class can
have the same nawe Uf they have different parameter Lists,

public class DataArtist {
public void draw(String s) ({

}

public void draw(int i) {

}
public void draw (double f) ({

}
public void draw(int i, double f) {

}

Overloaded wethods are differentiated by the number and the
type of the arguments passed tnto the method. tn the code
sample, draw (String s) and draw (int {) are distinet and
uniaue methods because they require different argument types,

You cannot declare more thaw one method with the same name
and the same number and type of arguments, because the
comp'LLer cannot tell thew apart,

The compller does not consioer return type whew differentiating
methods, so You cannot declare two methods with the same
slgnature even if they have a different return type,

Constructor Overloading

The constructor of the class can be overloaded as all other
methods, and it Is normal practice to provide more than one
constructor wmethod,

Circle circlel = new Circle(3.5d); L%
Circle circle2 = new Circle(); ... )
public class Circle{

private double radius;

public Circle() { '
radius = 0;

}

public Circle(double r) {
radius = r;

}

More on the reserved word “this”

¢ As we have seen previously the reserved
word this is called a self-referencing
pointer because it refers to an object from
the object's method or data itewm,

: Object

¢ This can also be used to call a different
overloaded constructor of the same object..

Pay Attention: The call to this tn this case must  be the
first statement tn the
constructor.

public Circle() {
this (0D) ;

}
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Madification to the Complex Numbers

Now that we have other tools at hawo we can conster some
modifleations to the Complex Numbers class bmplementation.
Flrst we use the conditional assignment to display properly the
numbers n case the bmaginary part s negative and we provide
an additional constructor to initialise a complex number to a
given value,

Complex numberl;
numberl = new Complex(3,5);

System.out.println("Number 1 = " +
numberl.getReal () +
( (numberl.getImaginary ()>0)?"+":"") +
numberl.getImaginary()+"i") ;
System.out.println ("Number 2 = " +
number2.getReal () +
( (numberl2.getImaginary ()>0)?"+":"") +
number?.getImaginary ()+"i") ;

public class Complex({

public Complex(int r, int i) {
real = r;
img = i;

The toString Method

The toString returns a string representation of the object, (n
general, the toString method returns a string that "textually
vepresents' this object, The result shoulol be a concise but
informative representation that is easy for a person to vead, (t is
recommended that all subcelasses override this method,

So for our Complex number class the tostring method would Look
as this:

public class Complex{

// Overiding the default toString
public String toString() {
return (real+ ((img>0)?"+":"")+img+"i"

}

This wethod is the wethod called when you try to print the object
direct{,g.

Complex numberl;
numberl = new Complex(3,5);

System.out.println ("Number 1 "+numberl) ;
System.out.println("Number 2 = "+number2);

Solution much more neat ! I
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Example 12
Vi !
* class for Cards. ) \Q. :

* @author John Cutajar
*/
public class card

{

// The suit of the card

private String suit;

// The number or tmage of the card
private String digit;

// Constructor which creates a new caro
public card ()

{

//Generate a vanoom number from 0O to 51
bt number = (nt) (Math,random () *51);
// Use the quotient to define the siut

lnt qoutient = number/13;

// and the remainder to define the digit

nt rematnder = number%iz;

frome 0 tp 12 4 ’26 Ta [leas[les Cas 14.*.5 'E:: izz '2:&:
* * + |os|#s |53
Jl v3 vy wwl vl vl vo] v o] vl -1-**‘,]1
B 29 |39 |lve |[ive |fee 10’0 X Eo.v
from 13 tp 25 v v v |velve| 22 e
N R EX EX S RS R KXY %)
é@ S N Y 24: ﬁ:: e fiae st
fYOVM.Qé‘tOSQ d ey :'vv'vv'vv'::'::' e
hd 14 2 ¥ S 9 L 8 0l

g 2o [P0 [leeflee 9001000 90’0

. . R ERA KX P
‘fYDVM.BﬁtO51 RN RY R X RS B

switeh (qoutient)

{
case 0 : suit = "clubs’; break;
case 1 : sult = "Hearts"; break;
case 2 : suit = "Spades; break;

case 3 : sult = "Dlamonds”; break;

}
switeh (remainder)
{
ease 0 : digit = "A"; break;
case 10 : digit = )% break;
case 11 : digit = '@"; break;
case 12 : digit = "K*; break;
default : digit = " + rematnder;
}

// Override the default tostring methoo
public string tostring () {
return digit + * of * + suit;

// Method to compare two cards: avolol the useless if
public boolean equals (Card other){
return ((this.suit==other.suit) §§ (this.digit==other.digit));
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Selection Statements
The if Statement

if ( <boolean expression> )
<statement>

tn the above syntax, Lf the Boolean expression evaluates to true,
the following statement or block of statements enclosed within
braces (s performed, otherwise nothing s executed,

Note:

¢ The parenthesis surround the condition, Stince the “then”
keyword does not exist n Java, the parenthesis separate the
condition from the statement,

s tf more than one statement is needed, braces are used to
enclose all the statements,

¢ Inthe if-then else statement there is a semicolon even before
the else only in case no braces are used,

Example:

if ( mark < 45 )

System.out.println(“You failed”) ;

if ( mark < 45 )y,

System.out.println(“You failed”) ;
else {

2

The if-then-else Statement

if ( <boolean expression> )
<statement A>,

else
<statement B>,

I the Boolean expression evaluates to true, the statement A or
block of statements encloseo within braces is performed,
otherwise Statement B is performen.,

System.out.println(“Lucky !! “);
mark++;
-
Warnings:

¢ Don't put a semicolon after the condition cause it means do
nothing tf condition is true:

if ( mark < 45 ); G,

System.out.println(“You failed”);

¢ DPown't use the assignment (=) operator tnstead of the
comparison operator (==

if ( mark = 45 )@

System.out.println (“Tkaxkart”) ;
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Nested ifs

The else associates with the neavest if, Thus braces must be used to

Lmpose the required assoclation

For a condition consisting of more than one clause they must be

tied by a Boolean expression:

int i = 100;

i is medium

if (i>0)
if (i>1000)

System.out.println(“i is big”);

else

System.out.println(“i is medium) ;

int 1 = -20;
if (i>0)
if (i>1000)

System.out.println(“i is big”);

else
System.out.println(“i is negative) ;
P Q P& Q| P || Q 'P
false|false| false false true
false| true | false true true
true |false| false true false
true | true true true false

The switch Statement

The switch statement avolds a Lot of nested if's

Note:

¢ Ownly integral constants may be tested

¢ if no condition matehes, the default is
executeol

¢ if no default, nothing is done (not an error)

float £

switchif)
casa 1:

{

awltehi(l) {
case 2 *_ 9:

switch (c¢) {

case ‘a’: case 'A’:
System.out.println(r*r*Math.PI) ;
Break;

case ‘c’: case ‘C’':
System.out.println(2*r*Math.PI) ;
Break;

case ‘'q’': case 'Q’:
System.out.println (“Bye Bye”) ;
break;

default:

System.out.println(“what’s it?”);

¢ the break is a must! otherwise all statements from the
matched case onwards are executed

Remenmber De’Morgan’s (break the Bar change the sign)

Rule 1:
Rule 2:

' (P && Q) 'P || 'Q
'(P || Q) 'P && 'Q

int i = 3;

switch (c) { i=3
case 3: System.out.println(“i = “+3);| 1 = 2
case 2: System.out.println(“i = “+2);| i = 1
case 1: System.out.println(“i = “+1);
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Comparing Objects

with primitive data types, we have only one way to compare
them, but with objects (veference data type), we have two ways to
GOMNPHY&thEMA,

1. We can test whether two variables polnt to the same object
(use ==), or

2, We can test whether two distinet objects have the same
contents,

Using equals with Strings

String strl
String str2 =

new String("Java'") ;
new String("Java'") ;

if (strl.equals(str2)) {

System.out.println ("They are equal");
} else {

System.out.println ("They are not equal");
} e

same sequence of

String strl
String str2

new String("Java'") ;
new String("Java'") ;

if (strl == str2) {

System.out.println("They are equal");
} else {

System.out.println("They are not equal");
}

-

str2 polnt to different
String objects.

They are not equal

Not equal because strt and

They are equal

A

characters

Semantics of ==

Case A: Two variables refer to two different objects.

strl str2 String strl, str2;
strl = new String("Java");
str2 = new String("Java");
:String :String
strl == str2 — false

String strl
String str2 =

new String("Java'") ;
strl;

if (strl ==
System.

} else {
System.

str2) {
out.println("They are equal");

out.println ("They are not equal");

}

Case B: Two variables refer to the same object.

They are equal

< now they are equal '

strl str2 String strl, str2;
strl = new String("Java");
str2 = strl;
:String
strl == str2 —# true
43



Complex Number equals

/**

* Class to represent a complex number
* @author John Cutajar

* @version Example

*/

public class Complex

{
// The Real Part of the Complex Number
private int real;

// The Imaginary Part
private int img;

// The Constructor (Initialiser)
// Set the value of the complex number
// Get the real value

// Get the imaginary part ...

// Compares two Complex numbers for equality
public boolean equals (Complex other) {

return ((this.real==other.real)&&
(this.img==other.img)) ;

} EN

/**
* Main Class of Example 1
* Qauthor John Cutajar
* @Qversion Examplel
*/
public class Roots{

public static void main (String args[]) {

Complex numberl;
numberl = new Complex() ;

Complex number2 = new Complex() ;

numberl .setValue (2,-5) ;
number?2 .setValue (2,-5) ;

System.out.println ("Number 1 = "+numberl) ;

System.out.println ("Number 2 = "+number2) ;

if (numberl.equals (number2))
System.out.println("They are equal");

Useless Code:

if ((this.real==other.real) &&(this.img==other.img))
return true;
else return false;

} Blue.l:
Options
Number 1 = 2 -51 -
umher 2 = 2 =51
They are edqual
w

3 *
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[terarations (Repetitive Statements) Watch out!

¢ Repetition statements control a block of code to be executent ¢ watch out for the off-by-one error (OBOE).
for a fixed number of times or until a certain condition is
met,

¢ Make sure the Loop bodg containg a statement that will
evewtuattg cause the Loop to terminate,
¢ Count-controlled repetitions terminate the execution of the

ror ) + Make sure the Loop repeats exactly the corvect number of times,
block after it is executed for a fixed number of times,

¢ if You want to execute the Loop body N times, thew initialize
the counter to 0 and use the test condition counter < N or
initialize the counter to 1 and use the test condition counter

¢ Sentinel-controlled repetitions terminate the execution of the
block after one of the designated values called a sentinel is

encountered, <=N
¢ Repetition statements are also called Loop statements, o Avold a semicolon after the Boolean expression cause it will
. wake it an ewapty Loop,
The while statement ¢ Lt an empty Loop
the semicolon
Synta,
yneax int sum = 0, number = 1; here ends the
Loop

while ( <boolean expression> ) while ( number <= 100 );: { bwmediately

sum += number;
umber++;
<statement> ) n er
j 1
int sum = 0, number = 1; These int product = 1, number = 1,
count = 20, lastNumber;
) statements are
while ( number <= 100 ) { executed as long
sum += number;
’ 7 lastNumber = 2 * count - 1;
number++ as number ts
} less thaw or
equal to 100. while (number <= lastNumber) {

product *= n -
number += 2;
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REMEMBERI!!

The do-while Statements THis (s not & repest e 120 1 <100 1o
Use this when You wawnt to Loop at Least once. until statement.
sylbtax The exit condition | = Gy i o, O
do Ls the same as the
<statement> while

'

while ( <boolean expression> ) ;

for (int j = 2; j < 40; j *= 2)

j=24.816,32 I

int sum = 0, number = 1; |
These
statements are for (int k = 100; k > 0; k--) )
do { sum += number : executed as long
number++; as sum is less k =100, 99, 98, 97, ..., 1
} while ( sum <= 1000000 ); thaworequalto
1,000,000.
The nested for o "
\/LsubLLLtg only within loop
The for Statements )
55WMX int pricea(/,
. e . .. . . for (int w = 11; w <=20, w++){
for (<initial>;<condition>;<iteration>)

<statement>

starting point while condition l next tkevation l

-

for (1 = 0;1i < 20;i++) {
number = scanner.nextInt() ;
sum += number;

for (int 1 = 5, 1 <=25, 1+=5){

price = w * 1 * 19;
System.out.print (% “ + price);

}

//finished one row; move on to next row
System.out.println(“”) ;
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Example 13

mport java.util,*;

/**

*example 13 Try to guess a secret number.

* @author john Cutajar
*/

public class qame2

// better deflne Max chances here tn case | need to change it
private static final int MAX_CHANCES = 10;

public static vold main (String argsll){

int g;

Scanntr reaol = new Scawwer(55stem.iw) ;
SeeretNumber sigriet = new SecretNuwmber ();
boolean youcuessed = false;

int chawnces = 1;

do{
// wote entry on same line with print
Sgstem,ovd:,priwt ("quess The Number (1-100): ");

g = read,nextint();

// Note the use of curly brackets to tie the else with the if
if (stgriet.compare(g) ==0){
youguessed = trug;
53stem,out.}>r£wtm("!oaumbajtu ralanclit®);

}

else{
chances++;
if (sigriet.compare(g) == -1){
System.outprintln ("Gholl il wmira Kalance!!!");
}
elsef

sgs’cem,out,w’m’cm(“aaxxi il mlra kalanet!i®);

}
Iwhile ((chances<=MAX_CHANCES)§S(!youcuessed));
tf (chances > MAX_CHANCES)
System,outprintln ("Tghid giet hekk Kalanc 11);

Secretdumber

47



Secret Number Class // eheck tf guessed the number

e public boolean guessed (tnt guess)
* class to create a secret number and reveal it to no-one. t
- // don't use the useless if heve
’ == m ;
* @author John Cutajar return (guess secretNumber)
y )
public class SecretNwmber )
{ . . _ r -
4§ Blue) Terminal Window -... EI@ -"i Bluel: Terminal Wi... EI@
// this is a private Secret number Options Options
Guess The HNumber(1-100): 50 -
private int secretNumber; Gholi il mira Kalanc!!! Guess The Number(1-100): 1 °
Guess The Mumber(1-100): 73 Gholi il mira Kalane!'!

Baxxi il mira Ealanc!!!

; ’ Guess The Number (1-100):
Guess The Number(1-100): &2

Gholi il mira Ealanc!'!!

b3

Gholi il mira Kalanc!!! =
// Cownstructor to @&A«em’ce 2 new Secret M«Mmher Guess The Number (1-100): 70 Guess The Number(1-100): 3
’ Baxxi il mira Kalanc!!'! Gholi il mira Ealanc!!!
public SecretNuwber () Guess The Number (1-100): &8 Guess The Number (1-100): 4
{ Baocl 11 mira Kalanc!!! Gholi il mira Kalanc!!!
Guess The Number(1-100): &5 i .
Gholi il mira Kalanc!!! Guess The Number (1-100): 3
S&GY&thLVM.bBY = (LVLt) ((Math,r&wdom()*ﬁj)ﬁ-i); Guess The Number(1-100): &7 Gholi il mira Ealanc!!!
Iccumbajtu Kalanc!!! Guess The Number (1-100): & =
} | = Gholi il mira Kalane!!!

4 L1 }

Guess The Number (1-100): 7
Gholi il mira Ealanc!'!!
Guess The Number (1-100): 8
Gholi il mira Ealanc!!!
Guess The Number (1-100):
Gholi il mira EKalanc!'!
Guess The Number (1-100): 10
Gholi il mira Kalanc!'!!
Tghid giet hekk Ealanc !!

// Compare the given number to my own
public int compare(int g)
{

if(9 == secretNumber)

[1a]

return 0;

else if(g < secretNumber)

4 L I

return -1;

else return +1;

}
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Recursive Algorithms

Factorial
The factorial of N s the product of the first N positive integers:
N*(N-2)*(N-2)*,, . %2*1

The factorial of N cawn be defined recursively as

1 ifN=1
factorial (N ) =

N * factorial( N-1 ) otherwise

A reeursive method Ls a method that contains a statement (or
statements) that makes a call to ttself,

tmplementing the factorial of N recursively) will result tn the
following method,

Power
Stmilarly x to the poer of Y: xy = x * xg2)

b4 ify=1
power( x,y ) =

x * power(x,y-1) otherwise

public int power( int x, int y ) {

Test to stop or
continue. »if (y==1) {
End case: > return x;
recursion stops. }
. else {
Recursive case: " 1y :
recursion continues. return x * power (x,y-1);

}

Directory Listing

public int factorial( int N ) {
Test to stop or

continue. if (N==1) {
End case: > return 1;
recursion stops. }

else {
return N * factorial( N-1 );

Recursive case:
recursion continues.

Generally speaking recursive algorithms turn out to be a wore
elegant solution when a problem can be split into a swaller
problem which s convergent to some known point.

List the nawmes of all files in a given divectory and its
subdirectories,

public void directorylisting(File dir) {

//assumption: dir represents a directory
String[] filelList = dir.list(); //get the contents
String dirPath = dir.getAbsolutePath() ;

for (int i = 0; i < filelList.length; i++) {
File file = new File(dirPath + "/" + fileList[i]) ;

if (file.isFile()) { //it's a file

Bl System.out.println( file.getName () ) ;
} else {

Recursivw directorylisting( file ); //it's a directory
— } //so make a
} //recursive call

}
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When Not to Use Recursion

whew recursive algorithms are designed carelessly, it can lead
to very tnefficlent and unacceptable solutions.

Example

For example, consider the following pattern:

Flbonacel had a pair of rabbits which took exactly one month to
mature and another month to veproduce another similar palr. He
wanted to know how many pairs he would have after n months,
This is a classic problem that there exist no general formula to
give the n th, term Like other progressions,

To coleuwlate the w th, term, one can notice that all that is to be
downe is to add the previous two terms if n is higher thawn 2,
otherwise it is 1,

time =0 1 2 3 4 5

i
i 1~ 5

“ Rue famos ol’especial
Miguel? - t would rather
go for a marinarail”

pairs =1 1 2 3 5 8

1 if N <= 2
fibonacci (N) =

fibonacci (N-1) +fibonacci (N-2) otherwise

}

public int fibonacci( int N ) {

if (W <= 2) {

return 1;

} else {

return fibonacci (N-1) + fibonacci (N-2);

ﬁb|onacci(5)

fibonacci(4) + fibonacci(3)

ﬁlx?nacci(2) + fibonacci(l)

fibonacci(l) + fibonacci(0)

ﬁblonacci(3) + ﬁbonaccil(2)

fibonacci(l) + fibonacci(0)

ﬁblonaoci(2) + fibonacci(l)

I— fibonacci(l) + fibonacci(0)

When to Use Recursion

n general, use recursion iof

& A vrecursive splution ts watural ano easy to wnolerstand.

¢ Avrecursive solutlon does not result in excessive duplicate
computation,

¢ The equivalent iterative solution is too complex,rm
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Formatting Some control Strings

The formatter class is used to present a formatted output, ¢ Integers: % <field width> d
nstead of using the Formatter class ow its oww it is much more s Real Numbers : % <field width> . <decimal places> f
comvenient to use it a a methoo tn the Printstream (53stem.out) .
) , + Strings: % s
or ln the String classes.
* Hex: %ox or ToX
System.out.printf ("%6d", 498); ¢ oOctal: %o
) i ¢ Character %e
Ls equivalent to:
¢+ Sclentific %t or €

Formatter fmt = new Formatter (System.out)

fmt.format ("%$6d", 498); X ,
For other data types and wmore formatting options, please consult

the Java AP for the Formatter class.

“The general syntax is When the string needs to be formatted without displaying it, the
String class provides a method format which is similar to the
above,

{ < o>, < >, < >

System.out:printf(<control string>, <epri> <epr2>,...) Flags: The optional flags is a st of characters that wmodify the
output format,

Example: Some flags:

int nl=34, n2=9; - P

int n3—nlen2: m . LeftJust’Lﬁcol ’

System.out.printf("%$3d + %3d = %5d", nl , n2 , n3); +r always nelude a sign

/ } ‘“(« negative number in brackets
!
y 4 Y Y h
Llele] Jef PP el =P T T T Jels]
EBluel: Te... |3} | Example: A better toString for Complex Always show sign
Options
Mmber 1 - 2 -5i ~ public String toString() {
Number Z = 3 +3i return (String.format("%d %+di",real,imqg)); 51
«“|}
< >




Returning Objects

ASs we can return a privitive data value from a methoo, we can nl
return an object from a methool also.

We return an object from a wmethod, we are actually returning a _
reference (or an address) of an object, real S real )
This means we are not returning a copy of an object, but only :
the reference of this object img S 1 img 3
public class Roots o
{ add (num) {
public static void main (String args[]){ | i .. this
return result
Complex nl; e
nl = new Complex(5,-5); 3
Complex n2 = new Complex(); >
n2.setValue(2,-3); n3 > real 7
Complex n3 = nl.add(n2); img -8
System.out.println("Number 1 = "+nl); | e
System.out.println ("Number 2 = "+n2) ;
System.out.printf (" (%s) + (%s) = %s"
,nl, n2,n3);
} Inside Complex Class: Return nge indicates the class
of an object we're returning
} // BAdds two Complex numbers  from the method.
- / 8
public Complex add(Complex num) { EBluel: Terminalw...g@@
Complex result = new Complex(); Options
result.real = this.real+num.real;
result.img = this.img+num.img; Huwmber 1 = § -5i e
return result; Number 2 = 2 -3i
} S~  Return an instance of (3 -31) + (2 -31) = 7 -81
the Complex class . s s 32




Javadoc

Many of the programmer-defined classes we design are
intendled to be used by other programumers. it is, therefore, very
bmportant to provide meaningful documentation to the client
progravmammers so they can understand how to use our classes
corvectly,

BY adding javadoc comments to the classes we design, we can
provide a consistent style of documenting the classes, Once the
Javadoc comments are adoled to a class, we can genernte HTML
files for documentation by using the javadoc command,

Javadoc comments begins with /** and ends with */

Speclal information such as the authors, parameters, return
values, and others ave tndicated by the @ marker

@param
@author
@return
@version see: http://java.sun.com/j2se/javadoc

/*
*
*
*
*
*
*
*

*
*/
pu

}

Returns the sum of this Fraction

*

and the parameter frac. The sum
returned is NOT simplified.

@param frac the Fraction to add to this
Fraction

this javadoc
will produce

@return the sum of this and frac

blic Fraction add(Fraction frac) {

Garbage Collection

Garbage collection is the process of automatically finding
memory blocks that are no longer being used ("garbage'), and
making them available again. tn contrast to manual
deallocation that is used by many languages, eg C and C++,

Java autowmates this ervor-prone process and avoios two major
problems:

+ Dangling references. When memory is deatlocated, but not
all polnters to it are removed, the polnters are called dangling
references - they polnt to memory that ts no longer valid and
which will be reallocated whew there Ls a new memory request,
but the polnters will be used as tho they still polnted to the
original memory.

¢ Memory leaks, Whew there is no longer a way to reach an
allocated memory block, but it was wnever deallocated, this
wmemory will sit there, If this ervor of not deleting the block
oceurs many times, eg, in a Loop, the program may actually

___________________________________ N

i

add :

public Fraction add(Fraction frac) |

|

Returns the sum of this Fraction and the parameter frac. The sum retumed is NOT simplified. |

|

Parameters: |

£rac - the Fraction to add to this Fraction |

Returns: |

the sum of this and frac |
_________________________________ L

/
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EXCCQﬁODS A single try-catoh statement can inelude multiple cateh blocks,
one for each type of exception,

¢ Awn exception represents an error condition that can occur
durbng the normal course of program execution. try {

¢ Whewn an exception oceurs, or Ls thrown, the normal sequence

, , , , , , age = Integer.parselnt (inputStr) ;
of flow is terminated, The exception-handling routine is then
exeouted; we Sﬂl(.j the thrown e)cceptww Ls Oa“@ht' val = cal.get(id); //cal is a GregorianCalendar
o If You oo wot cateh an exception, the exception propagates to SR
the oS, @l:Vl:I/L@ a stack trace D‘lc the CXGC‘ptl:DI/L } catch (NumberFormatException e) {
. . . } catch (ArrayIndexOutOfBoundsException e) {
inputStr = JOptionPane.showInputDialog(null, );
r— try { }
try age = Integer.parselnt (inputsStr) ;
] The finally Block
— } catch (NumberFormatException e) { !
r‘ ¢ There are situations where we need to take certain actions
catch JoptionPane. showMessageDialog(null, + inputstr YC@HYD{L&SS D{ whether an 6)(06‘}3’&0!/\4 s throwwn or not,
+
L N y; ¢ We place statements that wust be executed regardless of
-} exceptions tn the finally block,
Exception No Exception
Getting Information on the exception oat ekt b e Tt b et Bl
There are two methods we can call to get information about the \ ey { . txy {
, 7] <t-stmt-1> 71 <t-stmt-1>
thrown exception: o T
i ¥ <t-stmt-i> <t-stmt-i>
¢ QCtMCSSQQG B s
, <t—-stmt-n> L <t-stmt-n>
{ ; } 23
¢ ‘PYLV\«tStﬂChTYﬂGg <catch-block—-1> <catch-block-1>
] <catch-block—is : Nl e
try { . P “ - ..
<catch-block—-n> . <catch-block—-n>
} catch (NumberFormatException e) { "Yf£inally { S finally
System.out.println(e.getMessage()) ; 'znext statement > lznext statement >

System.out.println(e.printStackTrace()) ;

Skipped portion




Propagating Exceptions

nstead of catching a throwwn exception by using the try-cateh
statement, we can propagate the throwwn exception back to the
caller of our method,

The method header includes the reserved word throws.

Throwing Exceptions

We can write a method that throws an exception directly, i.e., this
wethod is the origin of the exception,

Use the throw reserved to create a new tnstance of the Exception or
tts subclasses.

public int getAge( ) throws NumberFormatException {

int age = Integer.parselnt (inputStr) ;

return age;

The method header bnetudes the reserved word throws,

public void doWork (int num) throws Exception {

if (num '= val) throw new Exception/(

Method A . Method B . Method C . Method D
Exception Thrower ery { —
B(): Cc();
whewn a wethod may throw an | ) DO); if (cond)
, , o catch (Exception e) { catch (Exception e) { throw
C)(GCPtLDW, CLH/ICY LYCGtL8 or output .println("A*) ; output.println("B*) ; new Exception() ;
indirectly, we call the method an |}

exception thrower which must be

one of two types:

¢ Exception thrower —cateher,  Call Sequence
which tncludes a matching Msttiod A
catch block,

¢ propagator. which does wot o o
contain a matching catch
block.

A method may be a catcher of

one exception and a propagator of A

another.

* Method C = Method D

.1\/ qat

* Method B

it \_/II

rRO0
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Types of Exceptions
There are two types of exceptions:
¢ Checked.
¢ Unchecked.

¢ Achecked exception is an exception that is checked at compile
thwe,

¢ All other exceptions are wnchecked, or runtime, exceptions,
As the name suggests, they ave detected only at runtime,

Different Handling Rules

whew calling a wmethod that can throw checked exceptions

¢ usethe trg -cateh statement and place the call in the
try block, or

¢ wmodify the method header to tnclude the appropriate
throws clause,

wWhew calling a wethod that can throw runtime exceptions, it is
optlonal to use the try-catch statement or modify the method
header to include a throws clause,

Handling Checked Exceptions

Caller A (Catcher)

void callerA( ) {
try : o .
,L,‘li,_ TN doWork throws Exception
} catch (Exception e) { public void doWork
throws Exception {
}

throw new Exception() ;

Caller B (Propagator) ) R

void callerB( )

throws Exception {

doWork( );

Handling Runtime Exceptions

Caller A (Catcher)

void callerA( ) {
try
doWork ( ) ;
} catch (
RuntimeException e) { doWork throws RuntimeException
it public void doWork {
}
throw new
Caller B (Propagator) RuntimeException() ;
void ca

doWork( );

Caller C (Propagator)

void callerc( ) {

aXefe This is the most common
doWork( ); style for runtime exceptions.
oo Notice that Caller Cis a

} propagator implicitly.

Programmer-Defined Exceptions

Usting the standard exception classes, we can use the getMessage
wmethod to retrieve the ervor message. BY defining our own
exception class, we can pack more useful nformation

For exawmple, we may define a OutOfStock exception class and
include tnformation such as how many ttems to order

AgelnputBxception can be defined as a subclass of Exception and
includes public methods to access three pieces of information it
carries: Lower ano upper bounds of valid age tnput and the
(invalid) value entered by the user.

public class AgelInputException extends Exception {

public String getValue () {
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All Children of Throwable

There are over 60O classes in the hiemwha.

| Throwable |
VAN
1'
| Error | l Exception |
A 8} VAN
I AssertionError | | RuntimeException I | [OException
TAN /,‘\ VAN
| |
| ArithmeticException | IlllcgalArgumcnlExccption| | NullPointerException I
JAN

| NumberFormatException |

Assertions
The syntax for the assert statement is

assert <boolean expression>;

where <boolean e)anessiom.> represents the condition that

must e true if the code s working correctly,

If the expression results in false, an AssertionError (a subclass

of Error) is thrown,

public double deposit(double amount)

double oldBalance = balance;

balance += amount;

assert balance > oldBalance :

" increase after deposit";

{

"Serious Error - balance did not "

Error processing

Error in user input or action

Allow user to recover gracefully.

if the user makes an ervor bn input, give appropriate feedback and
allow thew to corvect the ervor if possible.

nformative messaoe.

it's bwportant to give specific feedback that allows thew to corvect
thelr probleme, For example a program that produced an "Error tn
processing” ervor message, Thert s no hint as to whether is was a
user bnput ervor or a bug tn the program. Bad,

Debugding error checking - assert

Use assert statements Liberally to debug your own codle,
Assertions are very easy to use and are very helpful during
testing. You can leave them tn your final code.

Off at runtime.

The disadvantage of assertions s that they are turned off by
default during execution, Try to run with them turned own if
possible. Some programmers think it's an advantage that they've
off at vuntime -- there is no execution overhead, and the user
wown't be faced with potentially puzzling messages,

Programmer errors - throw an exception

if You write code that is golng to be used by other programmers,
it s especially Lmportant to detect ervors and throw an exception.

The route Delaney Geocache containg 43 waypoints.
Your Magellan SporTrak can only hold 30 wappoints per
oute. Remaove some waypointz or split the route into
smaller sections.
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Example 14

mport javax.swing.*;

/**

* Gen: generates a new user deflnen exception

*

* @author john Cutajar Gen Ex15

’K/ =7

public class qew e J

{

public static int getvalue() throws Exceptiond

string s = )optionPane.showlnputdialog (null);
int y = ntegerparseint(s);
/7 generate a new exception (f number is greater thaw 11
if (Y>=11) throw new Exception ("Angas man');
return Y;
}

}

nput =

MaKe a NoTe oF THis/

[17 |
i EXCEPTIONS!

& Bluek: Terminal Window - John
Options

f=lEEs

-

java.lang.Exception: ingas man
at Gen.getValue(Ben.java: 18)
at Ex15.main(Ex15.java:13)
at _ SHELLS.run(_ SHELLS.java:7)
at sun.reflect.NativeNethodiccessorInpl. invoke0 (Native Method)
HativeNethodAccessorInpl. invoke (Hativ

at sun.refle
at sun.reflect.DelegatingMethodh
at java.lang.reflect.Method.invoke (Method. jav

rImpl.i

at bluej.runtime.ExecServer§3.run|ExecServer.

thodiccessorImpl. java: 39)
gatingMethodiccessorInpl. java: 25)

Example 15

bwport javax.swing.*;

/**
* example 150 using commands try, cateh and finally.
* Catehes an exception generated by Gew class
*/
public class Ex15
{
public static vold main (String argsIl){
tryl
/7 try to get an integer from the keyboard
itz = Gen.getvalue();
}
/7 Uf tks not a number
cateh (NumberFormatException erv) {
_optionPane.showMessagepdialog (wull, "l wanted integers');
System.out.println("error: * + erv.getMessage());
evrprintstackTrace(s ystem. out);
}
/7 Or any other exeception
// Exceptlon Angas Man gets caught here
cateh (Exception e){
eprintstackTrace();
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Characters in Java Unicode Encoding

n Java, single characters are represented using the data tyype ¢ The unicode Worldwide Character Standara (LUnicode)
char. Character constants are written as sywmbols enclosed tn supports the interchange, processing, and display of the
single quotes and ave stored tn a computer memory using some written texts of diverse languages.

form of encoding. ¢ _Java uses the Unicode standard for representing char

ASCIH, which stands for American Standard Code for constants,
nformation tnterchange, Ls one of the document coding schemes

widely used today, char chl = 'X';

Java uses Unleode, which includes ASCH, for representing char
constants, System.out.println (chl) ; —_— > X
System.out.println( (int) chl); ——— 88

Character Processing

Declaration and
char chl, ch2 ; initialization

For example,
character'O’ is
79 (row value
70 + col value 9
=79).

This comparison returns
\Ar < \af true b_ecause ;_ASCII value

of 'A’ is 65 while that of 'c'
is 99.

System.out.print ("ASCII code of character X is " + int) X' );

System.out.print ("Character with ASCII code 88 is “ + (char)8s ); Type conversion between
int and char.




Strings

A string s a sequence of characters that s treated
as a single value. nstances of the String class are
used to represent strings in java,

Accessing Individual Elements in Strings

tndividual characters in a String accessed with the
charAt method,

String name = “Cutajar"; I

N

/

name
This variable refers to the J

name.charAt( 3)

The method returns the
character at position # 3.

whole string.

Note: there are {ar too many methods in class
String. Ste String documentation for firther
Aetails

Some Other Usefull Methods

compareTp (String anotherString)

compareTolgnoreCase (String sty)

endswith (String suffix)

Compares two strings Lexicographically
... Lgnoring case considerations

Tests ifthis string ends with the specif
ted suffix.

Cowmpares this String to ansther String,
....lgnoring caseconsiderations.

equals (String anotherstring)
equalsignorecase(String anotherString)

indexof(int ch) Returns the tndex within this string ofthe
first oceurvence ofthe specified character.

Length () Returns the length of this string.

matehes (String regex) Tells whether or not this string matches the
glven regulay expression.

startswith (String prefix) Tests ifthis string starts with the specified
prefix.

valueof(longl) Returns the string representation ofthe long

argument.

Examples

char letter;
String name = JOptionPane. showInputDialog(null,"Your name:") ;
int numberOfCharacters = name.length() ;
int vowelCount = 0;
for (int i = 0; i < numberOfCharacters,; i++) {
letter = name.charAt (i) ;
if (  letter == 'a' || letter == 'A' || Example: Count the
letter == 'e' || letter == 'E' || number OfVF)WG|S In
letter == 'i' || letter == 'I' || the input string.
letter == '0o' || letter == '0' ||
letter == 'u’' || letter == 'U'

t

System.out.print (name + ",

vowelCount++;

your name has " + vowelCount + " vowels") ;

int javaCount =0,
boolean repeat = true; Example'
String word;

Counting ‘Java’.

while ( repeat ) {

word = JOptionPane.showInputDialog (null,"Next word:") ;

Notice how the comparison
o is done. We are not using
the == operator.

{

if ( word.equals ("STOP") ) {

repeat = false;

} else if ( word.equalsIgnoreCase("Java') )

V.,
} “*-... Continue reading words
and count how many times

the word Java occurs in the

javaCount++;
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Example 16
mport javax.swing.*;

/**

* This program show the diffenent methoos present in String

* @ﬁMthDUDl’lVL OMta\jaY Input (3]
*/ E‘ Enter Message

|IzZija Mary ma sabitx tarfu |

public class strings
{

public static vold main (String args [1){
String entry ;
lnt len, counter, index;
entry = JOptionPane.showinputbialog (null,"Enter Message );
// obtain the length of the string
len = entry,length 0;
//veset counter

counter = 0;

// scan the whole string
for (index = 0; tndex<lew; tndex++){
if(entry.charAt (index) == 'a' | | entry.charAt (index) == "A')
counter++;

}
//output the result
JoptionPane.showMessagepialog (wull,"There were

+ counter + " a's or A's");

| Message

}

P
(1) Therewere 5a's or A's

Example 17
lwport javax.swing.*;
/**
* This program demonstrates the use of the replace
* @author John Cutajar
*/
public class rReplacing {
public static vold main (string args[1){
String s1,s2;
s1 = JOptlonPane,showinputbialog (wull, "Bnter Text ");
//veplace all occurvences of temp with temporary
/7 (\\b for blank so that temep is veplaced temptation no)
s2 = st.replaceAll ("\otemp\\b’, "temporary');
//7display the result
_optionPane.showMessagedialog (wull, "The result (s * + s2);
}

Input (=3

E Enter Text
|

|temptati0n for temp temper

| 0K H Cancel |

- Message =

e
'\l_,) The result is temptation for temporary temper
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Patterns
Suppose students are assigned a four-character code:

¢ The flrst character represents the course
(C: Computing, I: IT);

¢ The second digit vepresents the year (1 or 2);

¢ The thivd character represents the level
( Az Advanced, 1 intermediate):

¢ The fourth digit represents the group number (1 to &)

The 4-charcter pattern to represent A level Computing students is:

Cl[l2]A[l-6]

first ___—
character \\ ‘\\\\\
isC fourth
third character
second character is any digit
character isA between1 and 6
is1or2

Reqular Expressions

The pattern is called a regular expression,

Rules

¢ The brackets [ represent chotces

¢ The asterisk symbol * means zero or more oceurrences,
¢ Theplus symbol + means one or more occurvences,

¢ The hat symbol ™ wmeans negation.

¢ The hyphen - means ranges.

¢ Theparentheses () and the vertical bar | mean a range of
chotces for multiple characters,

Examples

Expression Description

[013] A single digit O, 1, or 3.

[ B=9] [O=4] Any two-digit number from 00 to 99.

[0-9&&["4567]] A single digit that is O, 1, 2, 3, 8, or 9.

[@=z0~9] A single character that is either a lowercase
letter or a digit.

[ &-~2R~2Z] | a-~2RA~Z0- Avalid Java identifier consisting of

9 Sl= alphanumeric characters, underscores, and
dollar signs, with the first character being an
alphabet.

[wb] (ad|eed) Matches wad, weed, bad, and beed.

(AZ|CA|CO) [0-9] [0-9] |Matches AZxx,CAxx, and COxx, where x
is a single digit.

The replaceAll Method

The replaceAll wethod replaces all occurvences of a substring that
wmatches a given regular expression with a given replacement
string.

Example: Replace all vowels with the symbol @

String originalText, modifiedText;

originalText ceey //assign string

modifiedText =

originalText.replaceaAll (" [aeiou]" ,"@") ;
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String Class vs StringBuffer Class

n Java a String object Ls lmmutable

This means that once a String object is created, it cannot be
changed, such as replacing a character with another character or
removing a character

The String methools we have used so far do not change the
original string, They created a new string from the original,
For example, substring creates a new string from a given
string,

The string class (s defined in this manner for efficiency
reasons,

Effects of Imutability
String wordl, word2; word | word?2
wordl new String("Java"); E\ /E]
word2 new String("Java"); -String -String
[ Java |

Whenever the new operator is used,
there will be a new object.

] [ Java I

word1 word2

E\/EI

:String

[I.ilcral string constant such as “Java” will ]

always refer to the one object.

StringBuffer

n many string processing applications, we would Like to
change the contents of a string. n other words, we want it to be
mutable, e

[S—
similar to StringBuilder class

Manipulating the content of a string, such as replacing a
character, appending a string with another string, deleting a
portion of a string, and so on, may be accomplished by using the
String®Buffer class.

Example : Changing a String Java to John

word

=N

: StringBuffer

word

E=N

: StringBuffer

Java

Before Aiter

StringBuffer word = new StringBuffer ("Java") ;
word.setCharAt (1,

‘o) ;
‘th');

‘n');

word.setCharAt (2,
word.setCharAT (3,

char letter;

String inSentence = JOptionPane.showInputDialog(null, "Sentence:");

StringBuffer tempStringBuffer = new StringBuffer (inSentence) ;

int numberOfCharacters = tempStringBuffer.length(); Example. Replace

all vowels in the

for (int index = 0; index < numberOfCharacters; index++) ({ .
sentence with X',

letter = tempStringBuffer.charAt (index) ;

if (letter == 'a' || letter == 'A' || letter == ‘&' || letter == 'E' ||
letter == "i' || letter == 'I'" || letter == ‘o' || letter == '0' ||
letter == 'u' || letter == 'U' ) {
tempStringBuffer.setCharAt (index, 'X') ;
}
} 63
JOptionPane. showMessageDialog (null, tempStringBuffer );




Example 18
mport javax.swing.*;
/**
* checking valld telephone/mobile nuumbers

* and dewmonstrate the use of veplaceAll

* @author john Cutajar Input ==

*/ @ Enter TelephoneMobile Number

[79252616 |

blic class Telephone
e P
{

public static vold main (String args [1){
String entry, international ;
entry = JoptionPane.showinputbialog (null,
"Enter Telephone/Mobile Number *);

if (entry.matehes (' (21|79 99) [0-91{&}))
_optionPane.showMessagepialog (null,"valio Nuwmber *);
else
_optionPane.showMessagepdialog (wull,"nvalid Nuwlber');

//now replace the prefix of the number entered with 0oz56+

international = entry.replaceAll (*(\\b=1 [\\b79 [\\b99)",
'00356+");

_JOptionPane.showMessagepialog (null, international);

} Message (=) Meszage @

} (1) valid Number (1) o0356+282616

Example 19

bwport javax.swing.*;

/**
* Demonstrate the use of the string buffers
* @author John Cutajar
*/
public class stingBuffers
{
public static vold main (String argsll){

StringBuffer s1 = new StringBuffer ()ake and Marie');

//veplace the char at a particular postition with a new one

s1.setCharAt(2,'d');

//a0d the surmame behind the flrst name

st.append (" is ngld");

//lnsert the char v in Pos’bt’ww 4

s1.insert(21,'v');

//display) the result

_optlonPane.showMessagedialog (null, s1);

}

Message (=34

0 o )
.\l_’_, Jade and Marie is Ingrid
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Arrays

Awn array is a collection of data values.

tf Your program needs to deal with 100 tntegers, 500 Account
objects, 365 real numbers, ete., You Will use an array,

njava, an array is an indexed collection of data values of the
same type.

Arrays of Primitive Data Types

* Array Declaration

<data type> [ ] <variable>
<data type> <variable>[ ]

//variation 1
//variation 2

* Array Creation

<variable> = new <data type> [ <size> ]
Examples
Variation 1 Variation 2

float[ ] marks;

float marks[ ] ;

marks = new float[1l2]; marks = new float[1l2];

An array is like an obiject!

Accessing Individual Elements

3 4 5 6 ¢ 8 9 10 11

The index of thm‘ This indexed expression
P . . refers to the element at
position in an array is O. marks[2] position #2

//assume rainfall is declared and initialized properly

double[] quarterAverage = new doublel[4];

for (int i = 0; i < 4; i++) {
sum = 0O;
for (int j = 0; 3 < 3; jJ++) {
//compute the sum of

sum += rainfall[3*i + j]; //one quarter

}

quarterAverage[i] = sum / 3.0; //Quarter (i+l) average

Array Initialization

Like other data types, it Ls possible to declare and initialize an
array at the same time,

int[] number = { 2, 4, 6, 8 };

double[] samplingData = { 2.443, 8.99, 12.3, 45.009, 18.2,
9.00, 3.123, 22.084, 18.08 };

String[] monthName = { "January", "February", "March",
”Aprll n , n Mayﬂ , n Juneﬂ , m JulyH ,
"August", "September", "October",
"November'" , "December" };
number.length 4
samplingData.length 9

monthName.length —— 12

Variable-size Declaration

tn java, we are not Limited to fixed-size array declaration,

The following code prompts the user for the size of an array and
declaves an arvay of designated size:

int size;

Scanner kb = new Scanner (System.in);

int[] number;

System.out.print ("Enter size of array: ”);
size= kb.nextInt() ;
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Arrays of Objects

nJava, in addition to arrays of primitive data types, we can
declare arrays of objects. An array of primitive data is a
powerful tool, but an arvay of objects is even wmore powerful,

The use of an array of objects allows us to wmodel the application
more cleanly and Logically.

Example

We will use Student objects to illustrate the use of an arvay of
objects,

Student s = new Student( ),
s.setName (“John Cutajar") ;
s.setId(7217763M") ;

s.setMark (100) ;

The Student class
supports the set methods
and get methods.

System.out.println( "Name: " + s.getName () ) ;
System.out.println( “ID : " + s.getId() ),
System.out.println( “Mark: " + s.getMark() ),

Example: Find the worst and best student.

int worstOne = 0; //index to the worst student
int bestOne = 0; //index to the best student
for (int 1 = 1; i < klassi.length; i++) {

if ( klassi[i] .getMark() < klassi[worstOne].getMark() ) {

worstOne =i //found a worse student

} else if (klassi[i].getMark () > klassi[bestOne].getMark() ) {

bestOne = //found an better student

}

//klassi[worstOne] is the best

Passinq AH'aVS fO Me‘thods minOne = searchMinimum(arrayOne) ; I
public int searchMinimum (float[] number)) {
} I

While inside the method

is the worst and klassi[bestOne]

arrayOne number

16 17 18 19

°te TTTTI

Student[ ] klassi; klassi
klassi = new Student[20]; |
klassi[0] = new Student( ); » klassi
0
klassi
1
01 2 3 4 16 17 18 19 /
el o 1t TI
£ L L1 L1 1 i L L Ll

—e

e [N
e |W
e |&

L4 1L L1 4
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Two-Dimensional Arrays

Two-dimensional arvays are useful in representing tabular

information.

Multiplication Table
2 3 4 5 6 7 8 9
2 3 4 5 6 7 8 9
4 6 8 [ 10 |12 |14 |16 |18
3
8

9 12 15 18 21 24 27
12 16 20 24 28 32 36
15 20 25 30 35 40 45
12 18 24 30 36 42 48 54
14 21 28 35 42 49 56 63
16 24 32 40 48 56 64 72
18 27 36 45 54 63 72 81

WO NO A WN=
Wl oo |=|on [ | B Wm0 |— =~
=3

Declaring and Creating a 2-D Array

Declaration

<data type> []1[] <variable> //variation 1
<data type> <variable>[]1[] //variation 2

Creation

<variable> = new <data type> [ <sizel> ][ <size2> ]

double[][] payScaleTable;

payScaleTable = new double[4][5];

payScaleTable

Accessing an Element of a 2-D Array

Awn element tn a two-dimensional array s accessed bg its row

and colmwn Linolex, Row# Column#

o

payScaleTable[ 2 ][ 1 1]
0 {/ 2 3 4
0
1
2 36.50
3

Example: Find the average of each row.

double[ ] average = { 0.0, 0.0, 0.0, 0.0 };
for (int i = 0; i < payScaleTable.length; i++) {
for (int j = 0; j < payScaleTable[i].length; j++) {

average[i] += payScaleTable[i]l[]j];
}

average[i] = average[i] / payScaleTable[i].length;

n fact tn Java, a

” ] triangularArray 0
two dimensional E\ l:‘
array is an array / 5 i

of arrays and so
the 2D arvay is
ot necessarily
rectangular

0

1

2 —
L[]

3

Subarrays may be different lengths.
triangularArray = new double[4][ ];
for (int i = 0; i < 4; i++)
triangularArray[i] = new double [i + 1];

j
g
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Example 20

/**

* Demonstrate the use of the Arrays
* @author John Cutajar
*/
class Arrays{
public static vold wmain (string argsI)H{
//declare an array to hold 10 integer numbers
int A1 = new nt[10];
/7 FLll array with the first 10 Numbers starting at o
//ascenging order
for(int L=0; i<10; L++){
Alll = §;
Sgs’cem.ou’c.prithw('AD + 14+ ="+ Alil);
}
//descending order
for(int 1=9; 1>=0; 1--){
AlLl = §;
Sl{jstam.out,'prithw("A[" + 147 ="+ AJil);
}
//even only (note L and j used in for)
for(tnti=o, | =0;1<20; i+ +,j += 2){
ALl =L
Sgstem.out,prithw(“A[’ + i+ T ="+ AJil);

Dptions

A[0] =
A[1] =
A[Z] =
A[3] =
A[4] =
A[S5] =
afe] =
A[T] =
a[8] =
A[E] =
A[9] =
a[8] =
A[7] =
Afa] =
A[S5] =
A[4] =
A[3] =
a[2] =
A[l1] =
A[0] =
A[0] =
A[1] =
A[2] =
A[3] =
A[4] =
A[S5] =
A[E] =
A[7] =
a[g] =
A[E] =

4

0 M s B O O B B L s n Bh =] 00 W W 00 =] O n s W B = O

[
=}

]

[
WA s

rs

m

4o = E8 | Example 21

/**
* example of 2D Arrays
* @author John Cutajar
*/

“& BlueJ: Terminal Window - John

Options

1 2
9 10
17 18
5 Z8

2

3 4

15
Z3
3l

pubLLc class TWoDAYra 5{

public static vold main (String argsIl) {

//delare the 2D arvay

tnt AT = new tnt [41[£];

int count = 0;

//ill the array with valures
for(int i=0; i<4; i+ +) {
for(lnt j=0; j<&; j++) {

count++;
A[ilg] = count;

}

//now display the values in table form
for(int L=0; 1<4; i+ +) {

for(iwtj =O;J' <2;J ++) {
System.outprintf(B5a", (ALILD);

}
// display a fresh Line
S Ustem.out,pr’mtm() ;
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COMING OUT OF YOUR BOTTOM.

Example 22 ( T o use wasne -\ //This [s the Bubble Sort

SRk ‘FDY(’LV\«t ’L=O,‘ i<SfZ,€,' i++)

* tmplementing the Bubble sort algorithm {

* @author John Cutajar for (int j=S12.6-2; j>=0; |--)

v {

class Bubblesort L (AL > AQj+11)

{ {

public static void matn (String argsl) : —— 4 tenp = AL
( AT = A[j+11;
//declare and define the nuncber of elements A+ = temp;
final int SIZE = 7 }
}
//declare the tnteger array }
int ALl = {15,90,4,111,55,32,20};
int tewep = 0; //Printing the Sorted List
SHStCM.DMt.’PYI:WtLVL("SDYth numbers are *);
//now place some numbers in it for(inti=0; I<SIZE; 1+ +)
//display the unsorted data {
Sgstem.ou’c.priw’c (ALLT+" ");
for(int i=0; (<SIZE i++) }
{ P ﬁ
, <& Bluek Terminal Window ... =]
Systen.out.print (AL -+, ); = R e R ee = )
Options

}

15, oo, 4, 111, 55, 32, 20,
55stem.out,priwtl,w("); Sorted numbers are
a, 15, 20, 32, 55, ©0, 111,

1| ] [ 3




Student Class

port java.lo.*;

/**

* Dewmo Class to be used in arrays and files
* @author john Cutajar
*/
public class Student implements Serializable{
//Data Menmbers
private String name;
private int mark;
// Parawmeterless Constructor
public student() {
name ="";
mark = o;
}
// Pavametrized Constructor

public student(sString s, tint m) {

name = s;

mark = wm;
}
//Mevber methods
/**

* method to set the wame of a student
* @paraw s s the name of the student
*/

public vold setName (String s){
name = s;
}
/**
* method to get the name of a student
* @returns the name of the student
*/
public string getName() {
return nave;
}
Vo
* meethod to set the mark of a student
* @param w s the mark of the student
*/
public vold seeMarie (bnt m) {
mark = w;
}
/**
* method to get the name of a student
* @returns the mark of the student
*/
public int getMark() {

return mark;

pewmo of javacloe

<#, Student
Class Edit Tools Options

[=llE =

[compile| [uUndo | @ [copy| [Paste | [Find...| [Fina next]

~

getName
public java.lang.String getHame ()

method to get the name of a student

Returns:
the natme of the student

sethark
public void setMark (int m)

method to set the mark of a student

m

Parameters:
m - is the mark of the student

Fl 1 F

Loading class interface. .. Done,

saved
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Performance Class

/**

* class for static methods for a "class’
* @author John Cutajar
*/
public class Perform{
//Get the best student tn the class
public static student getBest (Student]] myclass){
int bestindex = o;
// scan the class and remenmber where You found the best
for(int i=0; 1 < myclass.lenoth; ++){
if (myclassil.getMark () > myclasslbestindex].getMark ()
bestindex = 1;
}
return myclass[oestindex];
}
//Get the worst student of the class
public static Student getworst (Student]] my class){
int worstindex = 0;
//Scawn the class and vemember the worst
for(int i=0; i < mycClass.length; i++){
if(myclass[il.getMark () < myclassIworstindex].getMark ()
worstindex = 1;
}

return vy class[worstindex];

// Caleulate the average

public static float getAverage (Student[] myclass){

float average;

//Remenler to reset the accuvaulator varinble 11

int total = o;

//Accumulate Total by adding class marks

for(lnti =0; i < myclass.length; i++){

total += wmyclass[il.getMark();

}

//Caleulate average

average = total/myclass,length;

return averaoe;

<% Bluelt John = | B E)
Project Edit Tools View Help
|New Class... | i
——3 Klassi Perform StudentFile
-
I 3
" i I i
Compile Lo 4

| | |

i ! i

i I i

i ! i

i I i

i i i

i 1 i

i i i

i ! i

i I i

| | |

| ! —--—2|  Student

1 g B L

1
Lists
—— ] b




Example 23 // get the best student
' Student best = Perform.getrest (klasst);

mport java.util,*;
o System.out.println(Best Student is: * + best.getName()
+ "with * + best.getMark () + * marks");

* Dewo for an array) of Students
// ot the worst student

* @author john Cutajar )
' Student worst = Perform,getworst (klasst);
* Uses objects Students and static wethods in Perform

$5stem.0ut.priwttw('Worst Student is: " +
*/

oo ol nseid worst.getName () +* with "+worst.getMark () + " wmarks *);
ubite olass Kiasst
P //9¢et class average
public static vold main (String args [1) { )
float average = Perform.getAvernge (klasst);
Scanner R = new Scaww&r(Sastem.’m) ; i .
System.out.println(The Average is: * + average);

//Get the number of students tn the class )

System.out.print (" please enter size of class: *);
int size = kb,nextint();
// eclare an array of Student Objects
Student]] klasst = new Student [size];
// Change delimiter to enter name and surname at @1go
kb,usepelimiter ("\n');
/7 Enter students details
for (int L=0; L<size;i++){
System,out,print ("Bnter Student's name " );
String lsem = Rb.next();
sgstam,out,‘priw’c(" Enter corrisponding mark *);

int marka = kb.nextine();

Student s = new Stuolent (lsem, marka);

klassilil=s;
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Lists and Maps

The java,util standard package contains different types of
classes for maintaining a collection of objects.

These classes are collectively referred to as the Java Collection
Framework (JCF).

JCF includes classes that wmatntain collections of objects as sets,
lists, or maps,

Java Interface
A Java interface defines only the behavior of objects

¢ ttincludes only public methods with no wethoo bodies,

¢ ltodoes not inelude any data members except pubLz’,c
constants

¢+ No instances of a Java Lnterface can be created

JCF Lists

JCF includes the List interface that supports methools to
walntain a collection of objects as a linear List

L=(ol1,l2.,.,IN)
wWe can add to, remove from, and retrieve objects in a given list,

A list does not have a set Limit to the number of objects we can
add to it.

Here are some of the 25 list wmethods:

boolean add(Object o) Adds an object o to the list

void clear() Clears this list, i.e., make the list empty

Object get(int idx) Returns the element at position idx

boolean remove (int idx) |Removes the element at position idx

int size() Returns the number of elements in the list

Using Lists

To use a list in a program, we must oreate an tnstance of a class
that lmplements the List interface.

Two classes that lmplement the List interface:

¢ Arraylist

¢ Linkedlist

The ArrayList class uses an array to manage data,

The LinkedUist class uses a ’ceahwi,quc called Linked-wode
represewcatiow.

Example: manipulating a list: 2|,

2003 2004 6 5571

[

. - . 3225 3226
import java.util.*; L’
4 3225

L
2184 2185 7 Nett

List klassi;

Student newStudent; 5571 6672

klassi = new ArrayList();

LinkedList

newStudent = new Student (“John"“,6 “217763M"”,100) ;

’
klassi.add(newStudent) ;
newStudent = new Student(“Maria'",”456763M" ,99) ;
klassi.add(newStudent) ;

Student s = (Student) klassi.get(1l);

There are various collections in Java—another populdr one, very
stmilar to the Arraylist is the vector.

myBook: -
NoteBook Arraylist:

0 i
notes = u =

ArrayList [ "Buy bread” | [ Selcar | 7




JCF Maps

JCF includes the Map tnterface that supports methods to
maintain a collection of objects (key, value) pairs called map

entries,
key value
ko VO i——— one entry
K, v,
K, v

Map Methods

Here are some of the 14 List wethods:

void clear()

Clears this list, i.e., make
the map empty

boolean containsKey( Object key )

Returns true if the map
contains an entry with a
given key

Object put(Object key, Object wvalue)

Adds the given (key, value)
entry to the map

boolean remove (Object key)

Removes the entry with the
given key from the map

int size()

Returns the number of
elements in the map

Using Maps

TO Use & map tn a program, we must create an tnstance of a

class that bmplements the Map tnterface,

Two classes that buplement the Map interface:

¢ HashMap
3 TrceMap

double[] ar =

Example: Manipulating a map:

import java.util.*;

Map catalog;

catalog = new TreeMap( ),

catalog.put("CsS101",
catalog.put ("CsS301",

"Intro Java Programming") ;
"Database Design") ;
catalog.put('Cs413", "Software Design for Mobile Devices") ;
if (catalog.containsKey ("CS101")) {

System.out.println("We teach Java this semester");
} else {

System.out.println("No Java courses this semester") ;

Iterators

tterators Let You process
each element of a
Collection, tterators are a
wnice generic way to go
through all the elements of
a Collection no matter how
it is organised. tterator is
an tnterface implemented a }

import java.util.*;

Arraylist a =
a.add( "broccoli" ) ;
a.add( "cauliflower" );

Iterator iter = a.iterator();
while (iter.hasNext())
{
String value =
// display each vegetable

new ArrayList( 100 );

(String)iter.next() ;

System.out.println( value ) ;

different way for every
Collection.

for-each loop

The baste {or Loop was extended in Java 5 to make tteration over
arrays and other collections more convenlent. This newer for

statement is called the enhanced for or for-each

3.0, 0.8};

int sum = 0;

for (double d

}

: ar) { // d gets successively each value in ar.
sum += d;
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Example 24

mport java.util,*;

/**

* using lists instead of arrays for a "class"
* @author john Cutajar
*/

public class Lists{

public static vold main (String argsIl){

List <Student> klassi;

Student student;

klasst = new Array List <student>();
// add three stuolents to the List

student = new Student ("Rernice’, 50);

lklassi.addl (student);

studdent = new Student ("claudia, 28);
klasst.add (student);

student = new Student ("Chawntelle’, 68);
klasst.add (student);

type

// remove the second student

klasst.remove (1);

//use of tterators mekes it more elegant to scan

ltevator ptr;
ptr = klassi.iterator ();

while (ptr.hasNext () {

student = (Student)ptr.anext();

System.out.println (student.getName () + " +

student,getMark.());
}

Sgs’cem.out.priwttw("Tmre are " + klasst.size() +

students tn this class");

"'i Bluel: Terminal Window - John

(== =]

students in this class

}
}
Options

S > h\ Bernice 50
J— * hd Chantelle &8
/ hd > T There are 2
\ & | '—{ 4 n
| — « |

t_Item_Type List_ltem_Ty)
D

[
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File [nput and Output Low-Level File I/0

The File Class To vead data from or write data to a file, we must create one of the
_Java stream objects and attach it to the file.

To operate on a file, we must first create a File object (from

Jjava.io). A stream (s a sequence of data itews, usually g-bit bytes,
‘ File inFile — new File(“sample.dat’) Opens the file sample.dat in Java has two types o{ streams: an tnput stream and an output
the current directory. ctream
‘ File inFile = new File (“C:/SamplePrograms/test.dat”); I An bnput stream has a source form which the data items come,
S F’I M th d Opens the file test.dat in the and an output stream has a destination to which the data ttewms
directory C:\SamplePrograms ,
ome Flle cthods using the generic file separator / are gong,

and providing the full pathname.

Streams for Low-Level File /0

if ( inFile.isFile() ) { I e e ti')j;_"“‘ated toafile or not. If J Fileoutputstream and FilelnputStream are two stream objects

that facilitate file access.

if ( inFile.exists( ) ) { To see if inFile is associated to a real file
: correctly. ¢+ FileoutputsStream allows us to output a sequence of byjtes;

values of data type byte.
File directory = new File("C:/JavaProjects") ; List the name of all files
in the directory ¢ Fllemputstream allows us to vead tn an array of bytes.
String filename[] = directory.list(); C:\JavaProjects
for (int i = 0; i < filename.length; i++) { File outFile = new File("samplel.data") ;
System.out.println(filename[i]) ;
} FileOutputStream outStream = new FileOutputStream( outFile ) ;

//data to save
Th@)Fi[ECl’)OOSC? ClaSS byte[] byteArray = {10, 20, 30, 40,50, 60, 70, 80};

//write data to the stream
outStream.write( byteArray )

A javax,.swing JFileChooser object allows the user to select a file

from a spectfic directory.

//close the stream File inFile = new File("samplel.data");
outStream.close() ; FileInputStream inStream = new FileInputStream(inFile) ;
JFileChooser chooser = new JFileChooser ('D:/JavaProjects') ;
int status = chooser.showOpenDialog(null) ; //set up an array to read data in
if (status == JFileChooser.APPROVE OPTION) { int  fileSize = (int)inFile.length();

byte[] byteArray new byte[fileSize];

JOptionPane.showMessageDialog(null, "Open is clicked") ;

//read data in and display them

inStream. read(byteArray) ;

for (int i = 0; i < fileSize; i++) {
JOptionPane.showMessageDialog (null, "Cancel is clicked"); System.out.println(byteArray[il]) ;

} }

File currentDirectory = chooser.getCurrentDirectory () ;

} else { //== JFileChooser.CANCEL OPTION

//close the stream
File selectedFile = chooser.getSelectedFile() ; inStream.close() ;




Streams for High-Level File 1/0 Setting up DatalnputStream

FileOutputStream and DataOUtpULStrEam are used to output A standard sequence to set up a DatalnputStream object:
PV'LVM.’Lt’L\/C data \/DILW&S WW,LSt F'LLUWPMtS’CYﬂRM a'/\ld File inFile = new File("sample2.data");
, , e, FileInputStream inFileStream = new FileInputStream(inFile);
DRtOLlWPIAtStY&RVM. are MSCDI to LVUPH.t 'PYLVVLLtL\/C data \/RLMBS Der.aln}pjuzstr:ream inDataStream = new Da:aInquSr_ream-inFileStream‘ ;
To read the data back corvectly, we must know the order of the B e
5 values are read from
data stored and thelr data tl(.jpﬁs inDataStream.

readFloat readInt  readDouble
Primitive data type

Seﬁihg UP DafaOUfputS‘tream ——— values are read

from inDataStream.
inDataStream

A standard SﬂqHﬁVLOC to set M.‘P a DataOutputStrmm objﬁct: 3 A sequence of bytes is

converted to the primitive
File outFile new File("sample2.data"); CL

data type value.
FileOutputStream outFileStream new FileOutputStream(outFile) ; BYYE;SGTQ read from
DataOutputStream outDataStream new DataOutputStream(outFileStream) ; thefile

] " . | inFile
writeFloat  writeInt  writeDouble
Primitive data type

values are written sample2.data
to outDataStream
outDataStream Ex3 mple import java.io.*;
Primitive data type class Chl2TestDataInputStream {
values are converted to public static void main (String[] args) throws IOException {
asequence of bytes.
outFileStream . . . //set up inDataStream
Bytes are written to
the file one at a time. //read values back from the stream and display them

System.out.println(inDataStream.readInt()) ;
T System.out.println(inDataStream.readLong()) ;
System.out.println(inDataStream.readFloat()) ;
System.out.println(inDataStream.readDouble()) ;
System.out.println(inDataStream.readChar()) ;
System.out.println(inDataStream.readBoolean()) ;

Eﬁm //input done, so close the stream

inDatastream.close() ;

sample2.data

import java.io.*;
class Chl2TestDataOutputStream {

public static void main (String[] args) throws IOException {

//set up outDataStream

The order of write and
readt operations must

//write values of primitive data types to the stream o o akile
outDataStream.writeInt (987654321) ;
outDataStream.writeLong(11111111L) ;

’
outDataStream.writeFloat (22222222F) ; V%atch ww DYD{CY tD YCHD[
outDataStream.writeDouble (3333333D) ;

outDataStream.writeChar ('A') ; the stored PYi«MLti«V&
outDataStream.writeBoolean (true) ; dﬂtﬂ bach corrﬂcttg

//output done, so close the stream
outDataStream.close() ;

) = 77
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Textfile Input and Output

tnstead of storing privitive data values as binary data in a
file, we can convert and store them as a string data.

This allows us to view the file content using any text editor
To output data as a string to file, we use a Printwhriter object

To input data from a textfile, we use Filereaoer and
Bufferedrender classes

From Java 5,0 (SPK 1.5), we can also use the Scanner class for
inputting textfiles

Example

import java.io.*;
class TestBufferedReader {

public static void main (String[] args) throws IOException {

File inFile = new File("sample3.data");

FileReader fileReader = new FileReader (inFile) ;
BufferedReader bufReader = new BufferedReader (fileReader) ;
String str;

str = bufReader.readLine() ;
int i = Integer.parselnt(str);

bufReader.close() ;

import java.io.*;
class TestPrintWriter {
public static void main (String[] args) throws IOException {

File outFile = new File('sample3.data");
FileOutputStream outFileStream

= new FileOutputStream(outFile) ;
PrintWriter outStream = new PrintWriter (outFileStream) ;

outStream.println(987654321) ;
outStream.println("Hello, world.");
outStream.println(true) ;

outStream.close() ;

Textfile [nput with Scanner

import java.io.*;

class TestScanner {

public static void main (String[] args) throws IOException {

Scanner scanner = new Scanner (new File("sample3.data"));

int i = scanner.nextInt() ;

scanner.close() ;

Random Access Files Fiaino_

Random access files permit w::':m 8 8 dir-entry
nonsequential, or randow, [

access to a file's contents, File

The following code creates & RandomAccessFile named cutajartxt and
opens it for both reading and writing:

new RandomAccessFile ("cutajar.txt", "rw");

RandomAccessFile supports the notlon of a file pointer, The file pointer
indicates the current Location tn the file. When the file is first created, the
file pointer is set to 0, tndicating the beginning of the file. Calls to the
reaol and write wmethools adjust the file pointer by the number of bytes read

or writtew, ,
File

tn addition to the normal file 170 wethods that implicitly File pointer
move the file polnter when the operation occurs,  (current location)
RandomAccessFile contains three methods for explicitly

manipulating the file pointer,

int skipBytes (int) — forward by the specified nuwmber of bytes
void seek(long) — Positions the file pointer just before specified byte

long getFilePointer () — Returns location O'f the file pointer 78



Object File 1/0

tt {s possible to store objects just as easily as You store primitive
data values. wWe use ObjectOutputStream and
ObjectinputStreanm to save to and load objects from a file,

To save objects from a given class, the class declaration must
bnelude the phrase implements Serializable, For example,

class Person implements Serializable {
A

objects must implement this tnter-
face to be able to be stored in a file

Saving and Loading Arrays

nstead of processing array elements tndividually, it is possible
to save and load the whole array at once,

Student[] klassi = new Student|[ N ];
//assume N already has a value

//build the people array

//save the array
outObject.writeObject (klassi);

File outFile = new File("objects.data");

FileOutputStream outStream = new FileOutputStream(outFile) ;

ObjectOutputStream outObject = new ObjectOutputStream(outStream) ;

newTeacher = new Teacher (“Cutajar”,6 "Computing” ,h 44) ;

newStudent = new Student(“Zammit” ,h 723233G"”,45) ;
outObject.writeObject (newTeacher) ;

outObject . writeobject (newstudent) - Could save objects from the different classes. J

File inFile

FileInputStream

= new File("objects.data");

inStream = new FileInputStream(inFile) ;

ObjectInputStream inObject = new ObjectInputStream(inStream) ;

Teacher newTeacher = (Teacher) inObject.readObject( );

Bank newStudent = (Student) inObject.readObject( )

Must read in the correct order and
type cast to the correct object type.

flush

flush wmalkes sure everything you have written so far is
committed to the hard disk, and the expanded file

length s also committed to the disk Diirectorg, with the
upolated lastModified thmestamp committed too. If You
crash the system Later, You know at least that much is
guaranteed to be there on disk waiting for Yyou when you reboot,

//read the array

Student[ ] klassi = (Student[]) inObject.readObject( )

Some Compiler Warnhing on Arrays

o)==

| £ Compiler Warnings

Warnings from last compilation

Note: C:\Users\Wohn\bluej\Notes\useArray java uses unchecked or unsafe operations.
Note: Recompile with -Xlint:unchecked for details.

we have seen that bn array, and saving arrays to file, the
array can store any object, Nevertheless teh compiler gives a
warning whew compiling untyped arrays. This could safely be
tgnored if You know exactly what you are doing, or else type the
array by weans of the <>

ArrayList <String> a = new ArrayList<String>( 100 ) ;
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/7 open an bnput file for reading

Example 24

, Fllemputstream yourstream = new Fileimputstream (myfile);
buport java.lo,; , , .
. Olbjectinputstream yYourobject = new Objectinputstream (yYourstream);
bmport ] ava.util.x;
Vo
, , for(intl =0; 1 < 3 L++){
* Exawmple to demonstrate file of objects ) )
Student st = (Student) yourobject.readobject ();

* @author John Cutajar
! sgst&m,out,?r’mttw("wame =" + st,getName() + " with mark " +

* st.getMark ());
public class StudentFile{ }
public statie vold main (String args [1) throws Exceptiond Y ourobj ect,close ();
// Create an output file klasst.dat tn the current working directory }
File myfile = new File (klassi.dat"); }
FileoutputStream mystream = new F’LL&Ou’cputStream(mgﬁLe) ;
ObjectOutputStream myObject = new ObjectOutputStream (myStream); i . _ i
‘1 Bluel: Terminal Window - John E=n o=

Scanner Rb = new Scanner (System.in); Options
kb.usepelimiter (nt); Enter name: Claudia Mintoff i

Enter mark: S0

m

//vead three students and store thens tn the file Enter name: Amanda Musmar
Enter mark: 78

Enter name: Daniel Sant
Enter mark: 34

for(intt =0; i <3;i++){
Sgstem.out.prlwt(“{?wter name: ');

String name = kRb.next();

) name = Claudia Mintoff with mark S0
System.outprint(Snter mark: *); name = Amanda Musmar with mark Ta
nt mark = kb.nextint(); name = Daniel Sant with mark 34 il
Student s = new Student (Wame, mark);
Fi I 4

my Object.writeobject(s);

}
//very) bmportant to close the file to flush changes

mgokgjeot,owse();
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Inheritance and Polymorphism
case study:

¢ Suppose we want to liplement a model of class roster that
contains both first year and second year students at the
Junior college,

¢ Each student’s recora will contain his or her nwame, three
assessment wmarks, and the final exam grade for first years
andl two assessiments and project mark for second Years,

¢ The formula for determining if the student passed the year
is different for flrst and second year students,

Modelling Two Types of Students

There are two ways to desigw the classes to model first and
stcond year students,

s We can define two unrelated classes, one for first ano one
for second Years,

¢ We can model the two kinds of students by using classes
that are related tn an tnheritance hierarchy.

¢ Two classes are unrelated Uf they are not connected in an
inheritance relationship

classes for the Class Roster

For the Class Roster example, we design three classes:
¢ Student
¢ Flrstyear
¢ StcondYear

The Student class will tncorporate behavior and data common to
both FirstYear and SecondYear objects,

The FirstYear class and the SecondYear class will each contain
behaviours and data specific to their respective objects,

Inheritance Hierareh Y

Student

The #indicates a protected I #name
member #assessmenti

# nt2

+Student()
+Student(String)
+Student(String, int, int)
+setName(String):void
+setMarkA1 (int):void
+setMark2(int):void
+getName(): String
+getMark1():int
+getMark2():int

gy

FirstYear SecondYear

#assessment3

e #project

+setProject(int):void
+getProject():int
+getPassed():boolean

+setMark3(int):void
+setExam(int):void
+getMark3():int
+getExam():int
+getPassed():boolean

Defining a Subclass

To define a subclass of another class, we declare the subclass with
the reserved word extendls

class FirstYear extends Student {

}

class SecondYear extends Student {

The Protected Modifier

The wodifler protected makes a data member or method vistble
and accessible to the tnstances of the class and the descendant
classes.
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Polymorphism Polymorphic Message

3 3 Pet myPet;
Polymorphism. allows a single // In FirstYear Class
variable to refer to objects from public boolean getPassed() {
D{i,ffCYCV\rt SMbGLﬁSSCS LVL tl’le SAME myPet = new Dog 07 return( ((int) assessmentl+assessment2+assessment3+ (exam*0.7F)) >45) ;
}

inheritance M’Lemrohg

i myPet = new Cat():; ,
For example, if Cat and Dog are y if seconfoyear E ——+¢ roster[l].getPassed() ; "%—,{ retven
5 Ly ¥
subclasses of Pet, thew the !
{otLowLw@ statements ave valio: // In Secondiear Class
public boolean getPassed() {
CYCﬂtLV\«OX the YBSt&Y AW&M return( ((int) assessmentl+assessment2+ (project*0.8F))>45) ;
= [V }

We can maitntain our class roster using an array, combining
objects from the Student, FirstYear, and SecondYear classes, The instanceof Operator

The instanceof operator can help us Learn the class of an object.

Student roster = new Student[40]; The following code counts the number of first year students,

roster[0] = new SecondYear() int firstYearCount = 0;
roster[1l] = new FirstYear () ; for (int i = 0; i < roster.length(); i++) {
roster[2] = new FirstYear() ; if ( roster[i] instanceof FirstYear ) {

firstYearCount++;

roster

— ST o s Method Overriding
/.

overriding is to provide a replacement method is a new class for

\ \ \ see
i one Ln the superelass, The superclass too will use your new
wethool tn place of its own whew dealing with objects of Your
i - type, though it will continue to use its own methool for objects
purely of tts own type. (n the above example if getPassed was
already defined in student, it will get useo only on object of

class Student, but wot for FlrstYear or SecondYear classes.
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superclass.

Inheritance and Member Accessibility Accessibility of Super from Sub
we use the following visual representation of tnheritance to o
p 2y sro \ccessibility from a method i
tlustrate data member accessibility of the Sub class :Sub
:Super ublic Super
— . P d - Awessbl —v | —
L] . X - Inaccessible A J
] [] private '|I?_I ."I | |
] '- X —
From a method of Sub, I'. ]| ‘." y
everything is visible except '.I | i/
:S the private members of its ' |"l:"://

This shows the inherited
| components of the
Accessibility from Another Instance
two:SomeClass

superclass are part of the
subclass instance.
one:SomeClass

If a data member is accessible
from anInstance, that data [:]
Vg o
|25

member is also accessible
Instances from anotherInstance. j
Inheritance and Constructors
Unllle menmbers of a superclass, constructors of a superclass are not

This could be private,
protected, or public.

U0l
|

JUUJ00E

Class Hierarchy

The Effect of Three Visibility Modifiers
Super ¥ — Accessible
\ccessibility from P 4 inherited by its subelasses,
the Client method P Exj
2 xa You must define a constructor for a class or use the default
= b constructor added by the compiler.
:Client A
™ Sub The statement
~ -Supe
Tt ﬁ":r] 7 super () ; calls the superelass’s constructor,
~- % (f the class declaration does not explicitly designate the superclass
Only public members, those defined { " i 1
PO Te R dom e v with the extends clause, thew the ?Lass s superclass is the Object class
visible from outside. All else is X super is also useo to call an overridden method of a superclass .
=X super.getPassed() ;
83
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Abstract Superclasses and Abstract Methods

When we define a superclass, we often do not need to create any
instances of the superclass, n this case we must deflne the class
differently as an abstract class,

Definitions

Awn abstract class is a class
o defined with the modifier abstract OR
¢ that contains an abstract method OR

¢ that does not provide an implementation of an
inherited abstract method

An abstract wmethod Ls a method with the keyword abstract, and
it ends with a semicolon instead of a method body, Private
methods and static methods may wnot be declared abstract, and
no tnstances oan be createo from an abstract olass,

case 1: student Must Be Flrstyear or SecondYear

¢ i a student must be either a Flrstyear or a SecondYear
student, we only need tnstances of Flrstyear or SecondYear,

¢ Therefore, we must define the Student class so that no
Instances may be created of it.

case 2 Student Dogs Not Have to be Flrstyear or SecondYear,

¢ Inthis case, we may design the Student class tn one of two
ways,

¢ We can make the Student class lnstantiable.

o we can leave the Student class abstract and ado a thivd
subclass, otherstudent, to hawndle a student

who odoes not fall tnto the Firstyear or
SecondYear categories.

which Approach to Use

The best approach depends on the particular situation.,

Whewn considering design options, we can ask ourselves which
approach allows easter modification and extension.

The Java Interface

A Java interface includes only constants and abstract methods,

An abstract wmethoo has only the method header, or prototype.
There is no method body, You cannot create an instance of a java
interface.

AJava interface specifies a behavior,

A class Lmplements an tnterface by providing the method body
to the abstract wethools stated in the interface.

Any class can Lmplement the tnterface,

Inheritance versus Interface

The Java interface is used to share common behaviour (only
wmethod headers) among the tnstances of different classes,

nheritance is used to share common code (tncluding both data
members and methools) among the tnstances of velateo classes,

n Your program designs, remember to use the Java interface to
share common behaviour, Use Lnheritance to share common codle,

if an entity A Ls a speclalized form of another entity B, thew
model thew by using tnheritance, Declare A as a subclass of B,

Inheritance of an abstract class

if a class nherits an abstract class it must either provide an
bmplementation for that wethod, or declare that wethod again as
abstract. This s useful to force the programmer to provide a
wethod which cannot be implemented at the time of definition of
the superclass 84




FirstYear Class SecondYear Class

Viao Vi
* class deseribing Flrst Year students. * class deseribing Second Year students.
* @author John Cutajar * @author John Cutajar
*/ */
public class FirstYear extends Student{ public class sSecondyear extends Student{
/7 assuming Superclass student mark contains total /7 assuming Superclass Student mark contains total
assesment assesiment
private int examMark; private bnt projectMark;
public Firstyear(String name, int assessiment, tnt exam) public Secondyear (String name, int assessment, tnt project)
{ {
super (name, assessment); super (name, assessment);
EXAMMArR = exam; projectMark = project;
} }
public boolean hasPasseo () public boolean hasPassed ()
{ {
7/ the first year has passed if total marks >= 45 /7 the first year has passed if total marks >= 45
return (this,getMark () > =45); return (this.getMark () > =45);
} }
//0verviding Student getMark () //0verviding Student getMark ()
public int getMark () { public int getMark () {
return (super.getMark () + (int) (examMark*o.7#)); return (super.getMark () + (int) (projectMark*o.g));
} } 85



Example 25

mport java.util,*;

/**

* using lists instead of arrays for a klasst
* @author john Cutajar
*/

public class Lista{
public static vold main (String argsIl){

List <Student> klassi;

Student student;
klasst = new Array List <student>();
// add three stuolents to the List

student = new SecondYear("Maria®, 38, 34);
lklassi.addl (student);

student = new Firstyear ("Leonn",34,68);
klassi.add (student);

// This would be illegal if Student was abstract
student = new Student ("Melodie', 70);
klassi.add (student);

tterator ptr;

ptr = klasst.iterator ();

while (ptr.hasNext () {
student = (Student)ptr.next();
System, out,println (student.getName () + " +

student.getMark ());
} : «
) 44 Bluel... [ = & |[=5]
Options
Maria &5 o
Leona 81
Melodie 70
4 [ k
% Bluel: John [E=0 |5
Project Edit Tools View Help
New Class.. i
Student
- —
L= |

Compile \

SecondYear

m

]

| i

Firstyear i
|

]
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Graphical User Interface Subclassing JFrame

n Java, GUI-based programs are liuplemented by using classes To create a customized frame window, we define a subclass of the
from the javax.swing and java.awt (oloer) packages. JFrame class,

The Swing classes provide greater compatibility across different
operating systems, They are fully mplemented in java, anod

import javax.swing.*;

behave the same on different opernting systems, class JFrameSubclassl extends JFrame {
. ublic Chl4JFrameSubclassl( } {
Sample GUI Objects P _ _
4 ' setTitle ( "My First Subclass" );
various GUI objects from the javax,swing package. notice no setSize ( 300, 200 );
object -
Tem i setLocation ( 150, 250 );
i ciclnle
JMenu — Game Help
( «—— JFrame setDefaultCloseOperation( EXIT ON CLOSE ) ;
S }
JLabe] ———— Play —— Imagelcon }
Java

<~ JTextField

(0,0)

JButton —{ Guess ‘ ’ Cancel ‘ 3:5(,
__________ .i (150,250) .
; eIk . .
w8 - This gray area is the
*y < content pane of this
. 200 frame.
Plain JFrame
The JFrame class contains rudimentary functionalities to 1
, p 1 500 ! < Blue Background Jrrame Subclass IR (a5
support features found tn any frame window, ——
import javax.swing.*;
class Defaul tJFrame { The Content Pane OFa Frame
public static void main( String[] args ) { The content pane s where we put U ijects sueh
JFrame defaultJFrame; as buttons, labels, scroll bars, and others.

defaultJFrame = new JFrame () ;

defaul tJFrame. setVisible (true) ;

We access the content pane by catling the frame’s
getContentPane () method,

Container contentPane = getContentPane() ;
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Placing GUI Objects on a Frame Flowlayout

, , , ‘ button 1 H button 2 H button3 | )
There are two ways to put G objects on the content pane of a n using this layout, [ostons | [wtwms | Center aignment s usd
-Fra me: qul GOV{A‘PDMVLtS are :wi-l[vtrat";:feg;j::(e:“ag;mLayom
placed in Lefe-to-right

*  Usea layout manager
Drd CY. When the frame first appears on the screen.

S lowlLayout
F yow whew the component

o o
¢ Borderlayout does not fit o the SAME oy | sms || sams | st | m—'—'—'
¢ gridiayout line, left-to-right ons | —

placement continues on
the next line,
‘rhc La 8 Du_t ma J/\;a @ Cr dctcrmiwcs l/low th e q L,u DD VM'PD wey\lts a re After the frame's width is widened and shortened

? As a d lt,
added to the container (such as the content pane of a frame) efau y
components on each line are centered,

¢ Use absolute positioning null layout manager

BorderLayou‘c After the frame s resized. whew the frame contatning the component is resized, the
This layout manager divides the i placement of components is adjusteoi accordingly.
container into five reglons: center, — Nested Panels

wnorth, south, east, and west,

Not all regions have to be ocoupled, A better approach is to use multiple panels,

) ) : placing panels inside other panels,
Example : placing a button with Flowlayout.
— A JButton object a GUI component that represents a pushbutton,
) P P P
GH Out After the frame is resized. contentPane. setLaYOUt (new FlOWLaYOUt () ) ’
This Layout manager places Gul SR okButton = new JButton("OK");
compowewts on £0LM01L-S’L26 N b&j M cancelButton = new JButton ("CANCEL") ;
@Y’LD{ < button 1 button2 putton3 contentPane. add (ckButton) ;
, contentPane. add (cancelButton) ;
Components are placed in top-to-  ———
bottom, Left-to-right order, o progrom ciasmumonrome [ |
button 4 button 5 [ 41 1[ CANCEL ]
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Event Handling

Awn action tavolving a Gul object, such as clicking a button, is
called an event. and the mechanism to process events (s called

Connecting Source and Listener
A Listener must be registered to a event source, Once

registered, it will get notified when the event source

event handling,
. , generates events.
The event-handling wmodel of Java is based on the concept known

as the delegation-based event model,
event source event listener

With this model, event handling is implemented by two types of

objects:
) JButton Handler
¢ tvent source objects
¢ event listener objects
Event Source Objects . . o
¥ -.,_. l‘eglstel‘ -_.“ s |

. .
. .
---------

Awn gvent source is a GUI objwc where an event oceurs, We sa Y
an event spurcé generates events,

Buttons, text boxes, List boxes, and menus are common event
sources tn GUl-based applications,

Event Types

, ) Registration and notification are specific to event types
Although possible, we do not, under normal clreumstances,

define our owin event sources when writing Guut-based
applications, ¢ ttemn listener hanolles tteme selection events

Event Listener Objects

A event Listener object is an object that tncludes a method that
gets executed in response to the generated events,

¢  Mouse listener handles mouse events

¢ awnd so forth

Among the different types of events, the action event (s the wmost
common,

¢ Clicking on a button generates an action event

A Listener must be
associated, or registered,
to a source, so Lt can be
notified whew the source o veos [
OENErRtes events.

¢ Stlecting a wmenu ttevn generates an action event
¢ and so forth

Action events are generated by actiown event sources and handled
by action event listeners,
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Handling Action Events

action event
source

action event
listener

actionPerformed

JButton Button
Handler

. -*
v,y .
"y .
---------

addActionListener

JButton button = new JButton("OK") ;

ButtonHandler handler = new ButtonHandler( ) ;

button. addActionlistener (handler) ;

ActionListener Interface

when we call the addActionlistener methoo of an event source,
we must pass an tnstance of a class that implements the
Actlonlistener interface.

The Actlonlistener tnterface includes one methoo named
actlonPerformed.

A class that implements the Actionlistener tnterface must
therefore provide the method body of actionPerformed,

Sinee actionPerformed is the methoo that will be called when an
action event is generated, this is the place where we put a code we
want to be executed tn response to the generated events,

#7  event listener—— |5 Progan crismutonrrane ) B

~—L,o¢’,‘ e T—
R OK CANCEL «——— event source
=

Example: The ButtonHandler Class

import javax.swing.*;
import java.awt.*;
import java.awt.event.*;

class ButtonHandler implements ActionListener {

public void actionPerformed(ActionEvent event) {

JButton clickedButton = (JButton) event.getSource() ;

JRootPane rootPane = clickedButton.getRootPane( ) ;

Frame frame = (JFrame) rootPane.getParent();

frame.setTitle("You clicked " + clickedButton.getText()) ;

Container as Event Listener

nstead of defining a separate event Listener such as
ButtonHandler, it is much more common to have an object that
contains the event souvces be a Listener,

Exa mple: we make this frame a Listener of the action events of
the buttons it contains,

class ButtonFrameHandler extends JFrame

implements ActionListener {

public void actionPerformed (ActionEvent event) {

JButton clickedButton
= (JButton) event.getSource() ;

String buttonText = clickedButton.getText() ;

setTitle("You clicked " + buttonText) ;
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GUI Classes for Handling Text

The swing Gl classes JLabel, JTextField, and jTextArea deal
with text.

¢ AJLabel object displays uneditable text (or image),
¢+ A JTextField object allows the user to enter a single Line of
text,

*  AJTextArea object allows the user to enter multiple Lines of
text, t can also be used for displaying multiple Lines of
uneditable text,

JTextField

We use a JTextFielol object to accept a single line to text from a
user, An action event is generated whew the user presses the
ENTER Rey.

The getText method of JTextFleld Ls used to vetrieve the text that
the user
entered,

JTextField input = new JTextField( ) ;

input.addActionlListener (eventListener) ;

contentPane. add (input) ;

| & Program Chi4TextFramel [; m] a
JLabel
JLabel —— =" Piease enter your name «— | (with a text)
(with an Java
image) \ ~_|
b l [ ok |[ cancer | T TextField

We use a_jLabel object to
display a label, A Label can be a text or an bmage, When creating
an bmage Label, we pass tmagelcon object instead of a string,

JLabel textLabel = new JLabel ("Please enter your name'") ;
contentPane. add (textLabel) ;

JLabel imgLabel = new JLabel (new ImageIcon (“java.gif")) ;
contentPane. add (imgLabel) ;

TextAre

We use a ) TextAren object to display or allow the user to enter
wmultiple Lines of text,

The setText wethod assigns the text to a JTextArvea, veplaciing the
current content.

The append method appends the text to the current text,

JTextArea textArea = new JTextArea( ); Min gera mexa
4

min ma geriex, intesa
textArea. setText (“Min gera mexa,\n") ;

textArea. append (“'min ma geriex,");

textArea. append (“‘'intesa") ;

JTextArea

Adding Scroll Bars to JTextArea

JTextArea textArea = new JTextAreal() ;
JScrollPane scrollText = new JScrollPane (textArea) ;

contentPane. add (scrollText) ;

T@ Program Ch14TextFrame3 E 1 W
one
0 It )
hree ‘é Program Ch14TextFrame3 =l 1 @
JTextArea — Ee" =
sic two |
three
four four four four four four four four four fi
= = five
ADD CLEAR sic
Sseven
Kl I ] [»]
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Other Common GUI Components
¢ _JCheckBox » [ Check1

[vI Check 2

) Radio 1
, ® Radio 2
¢ JRadicButton —um

¢ JCOMDOBOX —p [Tussday
Wednesday
Thursday
Friday

+ Slider —p

January
Fehruary
3 JL’LS’C » | March
April
Menus

The javax.swing package contains three menu-related classes:
Menurar, JMenu, anol JMenultenm,

IMenu®ar is a bar where the wmenus are placed, There (s one
menu bar per frame.

JIMenu (such as File or Edit) Ls a group of menu cholees.
IMenu®ar may tnclude many JMenu objects,

JMenultem (such as Copy, Cut, or Paste) is an individual menu
cholee in @ JMenu object.

ownly the JMenultem objects generate events,

File | Edit
Mewr

View Help

Open...
Save
Save As...

Ot

Sequence for Creating Menus

1.Create a_JMenuBar object and attach it to a frame,

JMenuBar | File  Edit View Help

2.Create a )Menu object. JMenu i

New
Open...
Sawve
Sawve As...

Quit

3.Create JMenultem objects and add
them to the JMenu object,

open... +—— JMenultem

« separator

4 .Attach the JMenw object to the JMenuBar object,

Handling Mouse Events

Mouse events include such user tnteractions as

¢ moving the mouse

¢ dragging the mouse (moving the mouse while the
mouse button is being pressed)

¢ clicking the wmouse buttons,
The Mouselistener interface handles wouse button

mouseClicked, mouseEntered, mouseExited, mousePressed, and
mousereleased

The MouseMotionListener interface handles mouse movement

*  wmousebdragoed and mouseMoved,
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Some swing components

Borders ) ComboBox ) Label | PopUpPMenic | JTree | JMenu
BEEEEEEEE [Monday | & cu [} tabs3.aif Text| Help
Copy @® [ Tree View Font » ]
Mafte Border x:ds::gday @ Paste o [ drawing
e Frdey Lsbel e Q wreeview
JButton tmagelcon ) List JRadioButton | )SplitPane [ MenuBar
LHRARE January |4 O Radio 1 A1 Folders ] cookies Text | Help i
[v] Check 1 February D ® Radio 2 BOOT ] propertie Font »
® Radio 2 % March : 3 TR (=] wpool
“| FF] metal Demo . L 3 Adobe
OK April =
JCheckBox )Dlalog ) TextField )ColorChooser  [JTabbedPane  |)ScrollBar
(] Check 1 [George Washingtan e S Ontions 8 Con N2 »
[v] Check 2 \j;) s SWING cool? l homas Jefferson "SplitPane TableView
IBenjamin Franklin | DebugGraphics,
cancel| ' | Swing! | ®
CheckBoxMenultenm FileChooser JToggleButton | )ToolTip | JTable InternalFrame
| Contributors FirstNa._|Last Namel| [EEEIEAEE
Michael Albers a
Mark Andrews Lookin: | _hrdark ’;n%r‘i\"{%,, ; —_-I‘
& Disabled om a q. : '
® Tom Ball B3 hotjava Alan Chung : d‘
Alan Chung |_, Adobe Jeff Dinkins ‘ LB
JRadioButtonMenultem | )Slider ) OptionPane ) ScrollPane | TextArea | ToolBar
Elnpul ‘ i J'N\‘
- Dwmaisar | || b = s || SIS
L R [ Home Search lfiu‘E - :ﬁ;hbea\t,:\I‘(Aoi\f] tﬂeug on
OK I d » Pipeline unit.
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