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Lessorl
JAVAFEATURES

This handaut isatraditiond introducton to any language featues You might not beabkto comprehend
sone of the featues fully at this stage but dond worry, yo ul gel to know about thes as we mowve on
with the course

Design Goalsof Java

The massie growth of the Intemet and the World-Wide Web leads us to a competely new way of
looking at develgoment of software that can run on different plaforms like Windows Linux and Solaris
etc.

Right Language, Right Time
Jawacaneon thescerin 1995to immediatepopularity.

Beforethat, C and C++ dominated the software devdéopment
1. campiled, no robust memory mode, no garbage collecta cause memory leakagesaot great
suppat of builtin libraries

Jawabringstogeher agreatse of "programme efficient” features
2. Puttigmorework on the CRU to make things easiefor the programmer.

Javad Buzzwords (Vocabulary)
From the origind SunJavawhitepaper: "Javais a simple, object-oriented, distributed, interpreta,
robust secre, architectureneutral, portable high- perfomance muti-threaded ard dyramic

languge.”

Herearesame originaljavabuzavords...

Java-- Language+ Libraries
Jawahastwo pats...
1. Thecorelarguage-- valiales arraysobjects
0 TheJdava/irtualMachne (WM) runsthe corelanguage
0 The core languagés simple enough to run on small devices- phonessmart cards,
PDAs.
2. Thelibraries
o Javancludeslargecollecion of standardibraty classeto provide "off the shef" code.
(Usefuibuiltin classethatcomes with thelangiage to pefform bast tasks)
o Example of the® classe is String ArrayList HashMap StingTokenier (to
bresk string into substings) Date....
o0 Jawaprogammers are more productivein pat becaug hey hawe accesto alarge sé of
standardwel docurented library classes.

Simple

VerysimilarC/C++ syntaxppeators,etc.

The core language is simple than C++ -- no operator overloading no pointers and no multipe
inheritance

© CopyrightirtualUniversityof Pakistal 12
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Theway ajavaprogran deaswith menory ismuchsimplerthanC or C++.

Object-Oriented
Jawaisfundamentally based on the OOP notions of classeard objects.

Jaausesaformd OOP typesysten that mug be obeyed & compile-time and rur-time.

Thisis helpfu for large projectswhee the structue helps kee the variots parts consgtent. Contrag to
Per| which hasamore anything-goesfed.

Distributed / Network Oriented

Jawa is network friendly -- both in its portable threadel naure, ard because common neworking
operafons are built-in to the Jaalibraries.

Robust/ Secure/ Safe

A Javasveryrobust

o0 Both,vs.unintentionakrrorsandvs. maliciousodesuchasviruses.

o Jawahasslighly worse performarce sirce it doesall thischecling. (Or put the other way, C
can befaste snceit doesrt che& anytling.)

A The JW "verifier' checls the code when it isloadel to verify that it has the correct structue --
thatit doesnot useanuninitializedpointer,or mix int ard pointer types Thisis onetime "static"
andysk-- checkirg thatthe coce hasthe correctstructue withoutrunningit.

A The JW alo does "dynamic' checking a runtime for certain operatons such as pointer and
arrayaccesgp makesuretheyaretouchingonly the memorythey should.You will write code
thatrunsinto

A Asaresult mary common bugs ard searity problens (e.g "buffer overflow") are not possble
in java The checls al® makeit easieto find mary comman bugs easy sin@ they are caugh by
theruntime cheder.

A You will generallyever write codethatfailsthe verifier, sinceyourcompler is smartenouwgh to
only generat corret code You will write codethat runsinto the runtimechecksdl thetime as
you debug -- array out of bounds null pointer.

A Jaaako has aruntime Searity Manage can ched which operations a paricula piece of codeis
alloved to do. As aresultjava canrun un-trusted code in a"sandox" whereg for examge, it can
draw to the saeen but cannd accesthe locd file sysem.

© CopyrightirtualUniversityof Pakistal 13
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Portable

"Write OnceRun Anywhere', and for themost part thisworks.

Not even a remmpile is requirel -- a Java executalde canwork, without charge on any Java enabled
plaform.

Supportfor Weband Enterprise Web Applications

Jawa provides an exensie suppat for the devéopment of web ard erterprise gpplications
ServletsJSP Applets,JDBC, RMI, EBBsandJSFetc. aresome of the Javaedinologesthatcanbe

usel for theabove mentioned purpcses.

High -performance

Thefirst versons of javawere preity slow.
Jaaperformance has gotten alot better with aggressiejustin-time-compiler (JIT) technigues.

Jawa peformarce is nhow Smilar to C -- alittle slove in some casesfaster in a few casesHowewer
memory use and startp time are both worse than C.

Java performarce gets better each year as the WM gets smater. This works,becausemaking the
JW smater does not requre any great changeto thejavalanguge, sourcecode, etc.

Multi -Threaded

Jawahasanotion of concurercy wired right in to the langugeitsef.

Thisworks out more clearly thanlanguags wheke concurrency is bolted on after thefad.
Dynamic

Clas and type information is kept around at runtime. This endles runtime loadingand
inspedbn of codein avely flexibleway.

Java Compiler Structure

Thesourcecodefor eachclasdsin a .javafile. Compile each clasto produce
0. cfilass o

Somemes multiple .dasfiles are padkaged together into a.zip or .jar"archive"
file.

On unix or windows the java compile is callel "javac". To compie al the jawafilesin adiredory use
"javac*.java".

© CopyrightirtualUniversityof Pakistal 14
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JavaProgrammerEffi ciency

Faste Devdopment
Buildirg angpplication in Javatakes about 50% les time than in C or C++. Sq fager timeto market
Javassaidobed Pr o g rEafnimecri ent 0.

OOP
Jaaisthoroughly OOP language with robustmemorysystem

Memay errors largéy disappeabecauseof the sde pointers and garbage collector. The ladk of memory
errorsaccountsor muchof theincreasd progammer productivty.

Libraries
Codere-useatlast-- Sring, ArrayListDate, ... avaiade ard documented in astardad way

Micro soft vs. Java

Microsdt hates Javasince a Jaa progam (portable) is not tied to any paticular operaing
system If Ja is popubr, then programs written in Jawa might promote non-Microsdt operaing
systemsFor basicallyhe samereasn, al the non- Microsdt verdorsthink Javais agreatidea.

Microsdt's C# is very similar to Jawa, but with some improvements, and some quesibnalde
featuresaddedin, andit is not portalde in the way Javais. Generallyit is congderedthat C# will be
successfuh thewaythatVisualBasids:anice todl to build Microsof only software.

Microsdt hasusel its power to try to deral Jawa somewheat, but Javaremansvery popula onits
merits.

Javals For Real

Jawa has alot of hype, but mud of it is deseved.Javais verywdl matchedor manymaodern
problems

Using more memory and CPU time but less programmer time is an increasinglyappealing
trackeoff.

Robustnesandportabilitycanbeveryusefulfeatures

A generabelefisthatJavais going to stayherefor thenext10-20years
References

Majority of the materialin this handoutis taken from the first handoutof coursecs193jat
Starfiord.
The J a v adBguae Environment,White Paper,by JamesGoding & HenryMcGilton

J a vSanr8ite:http://java.sun.com
JavalNorld: www.javaworlgom
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Lesso 2
JavaVirtual Machine & Runtime Environment

BasicConcept

Whenyou write a progran in C++ it is known as source code The C++ compiler convers this source
cock into the mechine cocde of underlyng systen (e.g Windows) If you want to run that code on Linux
you need to recompig it with aLinux based compiler. Dueto the differencein compilerssonetimesyou
needto modiy yourcode.

Jawa lesintroduced the concept of WORA (write once run anwhere). Whenyou write ajava programit

is known as the souice code of java.The java compiler doesnot compile this sourcecode for any
underlyinghardwaresystem; ratherit complesit for a sdtware systan known as JW (This compiled
cock is known as byte code) We hawe different VMs for different syséms (swch as JW for Windows,
JVMfor Linux etc).Whenwerun our programthe VM interprets (translde9 the compiledprograminto

the languae understod by the undelying systen. So we write our code once and the VM runsiit

everyhereaccordirg to the underlyig system.

This concept isdiscussedn detailbelow

JAVA
Source
Code

Java&Compilerjavac

\ 4

JawaByte
Code

Jawalnterpreter

Machne
Code
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Bytecode
Javaprograms(Source code) are compiled into aform calkd Javabytemdes.

TheJavacompiler readslavalangiagesourcd.java)files translatethe sourceanto
Javabytecods,andplaceshebytecodesnto clasg.clas)files.

Thecomplergeneatesoneclasdile for each classontainedn javasourcefile.

Java Java Java
Source Compiler Bytecodes

JavaVirtual Machine (JVM)

Thecentrd pat of javaplaform isjavavirtualmactine

Jawabytecoa executeby spedd sdtware known asa'virtud machine".

Mog programming langu@es comple source codedirectly into machine code, sutablefor execution
Thedifference with Javaisthatit uses bytecode - a specid type of machne code.

The JW executes Java bytecodes so Jawa bytecaes can be though of as the machinelanguge
of the JVM.

Appl App2 App3 App4d App5
JavaVirtud Machine
Windows Linux OSX Solaris Linux
Inte PowerPC SPARC

A IW aravaiabkefor dmost al operaing systems.

A Javabytecodés executedby usinganyoperaings y s tJ¥éNnBhsisacheveportability.
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JavaRuntime Environment (JRE)

The JawaVirtud Machneisapart of alargesysém i.e JaaRuntime Envirormert (JRE).
Eachopeaating systenandCPUarditecturerequireslifferent JRE.
TheJRE consists of sd of built-in classegswellasaJVM.

Without anavailalbe JRE for agiven environment, it isimpos#ble to run Jaasoftware.

Java Runtime Environment (JRE)

Java API classes
Java Virtual Machine

.

Operating Systems (Windows, Unix, etc)

Hardware (Intel, Alpha, Motorola, etc)

References

Javanorld: http://www.j avaworld.com
InsideJavahttp://www. javacoffeebreak.o® articles/inside_java
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JavaProgram Developmentand Execution Steps
Jaaprogam normally go through five phasesThe®are

Edit,
Compile,
Load,
Verifyand
Execute

RN E

We look ove al the above mentioned phase in a bit deail. First conside the following figure that
summadesthe al phass of ajavaprogram.

Phase1 R ) ) i
EEBBEEE - Program s creatal in e
[CSRRIET] ¢ bk - (R3S

Primar

Class Ioader puts
bytecodes in ' memory.

o
— Disk_]

Phase 4 Bytecode Verifier grimar B yetfier

. T

ecodes are valld and
naotviolateJ. avaod s
securty restrictions.

nterpreter reads
8)(? (? translat s
emmto alan uaget

Phase5
| mepreter ()

ecom erc
un erst p033|b 3/5
storing data values &s the

progr. executes
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Phasel:Edit

Phag 1conssts of editing a file. This is acomplished with an edita program. The programmer types a
java progamusirg the edtor like notepad, andmake correctionsif necesss.

When the progranmer specifies tha the file in the edita shoutl be savedthe program is stored on a secondary
storagedevie sud as adisk Jawa programfile name ends with a

Jjawaextensn.

On Windows platform, notepad is a simple and commonly used edita for the bednnels. Howeve java

integrated develpment environments (IDEs) swch as NetBeans, Bordard Builder Xrestor ard IBMO s
Ecllipsehave built-in editors tha are smoothly integratedinto the progranming environmert.

Phase2: Compile

In Phag 2, the progranmer gives the command javacto compile the programn. The java cenpiler translads the
javaprograminto bytecodes, which isthelanguge undersbod by thejavainterpreter.

To compile aprogranmcaledWecome.javatype
javadNdcome.java

a the commard window of your sysem. If the program comples corectly, a file caled Welcomeclass is
produced. This is the file containing the bytecode tha will beinterpretediuringtheexecutiorphase.

Phas 3: Loading

In pha® 3, the program mud first be placed in memory before it can be exesuted This is dore by the cbss
load, which takes the .class file (or files) contairing the bytecodes ard transfes it to memory. The .clas file
canbe loade& from a dik on you sysem or over a rework (sut as you locd universiy or company network
or even theinternet).

Applicatons (Progams) are loadel into memory ard exected usirg the jaainterper
viathe commard java. When executing a Javaapplicaton called Welcome, the command

Javaldcome

Invokes the interpreta for the Welcome applcation and causesthe clasdoaderto loadinformationusedn
the Wekome progam.

© CopyrightirtualUniversityof Pakistal 20
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Phase4: Verify

Before the bytecods in an applcaion are executed by thejavainterpreter, theyare verifiedby the bytedeveifier in
Pha® 4. Thisensurethat the bytecodes for clas tha areloadel form the internet (refered to asdowlade dase}

arevaid and tha they do not violae Javasecuriy restrictions.

Jaa enforces strong secuty becaus java programs arriving over the network shoud not be alle to caug damege
to yourfilesandyoursystenfascomputewirusesnight).

Phaseb: Execute

Finally in pha® 5, the computer, unde the control of its CPU, interprets the program one byte@mde atatime.
Thus pefforming theactionsspeciied by the program.

Progams may not work on the first try. Ead of the preceding phasesanfail becase of various errors.This
woul caug the java progran to print an error message. The progiammer would returnto the edit phase,
make the necessaty correctiors ard proceead through the remaining phase agan to deermine id the cormrections

work properly.

References:

Jawa EHow to Progam 5th editon by Deitd & Deitel
Swn Jaaonlinetutorial: http://java.sun.com/docs/boks/tutorid/javal/index.html
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Installation and Environment Seting

Installation

A Download thelates$ verson j2sed) (java2 stardard edition) from http://java.sun.com
or getit from ary othersourcelike CD.

Note: j2se ds0 calle jdk (java devdopmert kit). You can ako use the previousversiondike jdk 1.4 or
1.3etc. but it is recommendedthat you useeitherjdk1.4 or jdk5.0

A Installj2s&.0onyoursystem

Note: For the restof this handait, asume thatj2seis instaled in  CA Program
File§ Javajdk1.5.0

Environment Seting

Onceyousuccessfulipstalledhe j2se the next step isenvionment or path setting. You can
acomplish thisin dther of two ways.

A Temporary Path Setting

Open the commard prompt from Sat A Programs A& Acosssries A Conman

Prampt. The command prompt screenwould be openedin front of you.

Write the commard on the command prompt according to the following forma
pah= < javainstalaion dire¢orh bin >

S, accorihg to handoutthe commandwill look likethis
path= C\ ProgranmFiles Javajdk1.5.0bin

To Teg whether path has bean sé or not, write java and pres ENTER. If thelist ofnb

options dispbyed as shown in the below figure meansthat you have successfully
completad the stefs of path seting.

Theabove proceduresillustratesin the given bdow picture
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cv CAWINDOWS\system32\cmd.exe

C:\>path=C:“\Program FilesxJava\jdkl.5.0\bin fJ

C:\>» javac
Usage: javac <opticons> <{source files>
where possible options include:

-g Generate all debugging info
-g:none Generate no debugging info
-g:{lines,vars,sourcel} Generate only some debugging
-nowarn Generate no warnings
-verbose Output messages about what t
adeprecation Output source locations wher
se

-classpath <{path> Specify where to find user ¢
-cp {path> Specify where to find user c
—sourcepath <Eath> Specify where to find input
-bootclasspath <{path> Override location of bootstr

-extdirs <dirs> Override lﬂcation of insta{ﬂ;
]

4

Note: The isste with the temporaly path setting is you hawe to repeat the above explained procedue
again and again eah time you open a new command pronpt window. To avoid this ovelhead it is better
to set your path permanently

A Permanent Path Seting

In WindowsNT (XP,200@), youcanset the pemmanentenvironmentvariable.
Right click on my computer icon clidk on propetties as shown bebw

Ay Documents

Open
Explore
Search...
Manage

Map Mebwork Drive, ..

Discannect Mektwoaork Drive. ..

Create Shorkcut
Renarms

Properties

© CopyrightvirtualUniversityof Pakistau 23
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A Sysem Properiesframe wouldgppearedasshownin the picture

System Properties |

General I MHetwork |dentification I Hardware I User Profiles  Advanced I

— Perfarmance

Ferfarmance options control how applications use memorny,
which affects the gpeed of pour computer.

Performance Options. I

— Ervironiment W ariables

@ Enviranment wariables tell your computer where to find certain

tppes af infarmation.
Ereironment W ariables. .. >
— Startup and Recoverny

Startup and recovery options tell your computer bow o stark
and what to do if an error causes pour computer to stap.

Startup and Recowverny,... I

ak, I Cancel I e (U] I

Selet the advared tab followed by cliking the Environment Variabléoutton. The
Envirormentvariableframe would be displayed in front of you

Locat the Path variabé in the Systen or use vaiiables if it is presehthere seletit by snde
click. PressEdit button. The following didog box would be appeared.

New System Variable

Variable name: PATH

Variable value: =S8 C: \Program Files\Javaljdk1. 5.0%in

[ OK H Cancel ]

A Write; C:\ Program Files\ Java jdk1.5.0 bin at the end of the value field.PressOK button.

Ramemberto write sanicaon (;) before writing the pah for javaingdlationdirectoryasillustratein
theabovefigure

A If Pah variabt does not exist dick the New button. Write vaiiablename
0 RT Hvaiade vaue C:\ Program Files\ Java jdk1.5.Q bin ard pres OK button.
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A Now openthe command prompt ard write javac, press ente button. You seethelist of options
wouldbedisplayed.

A After sdting the path permarently, you have no negl to se the pat for eat new opened
command prompt.

References

Entire mateiid for this handout is taken from the book JAVA A Lab Courg by Umar Javed This materia is
avaiable just for the use of VU studens of the course Web Design and Devdopment ard not for any other
commercid purpose without the consert of autor.
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First Program in Java

Like any other programming languae, the java programming language is used to cregte gpplicatons So, we
stat from building a classidad Hle MWorldé aplication which is geneally usel as the first progam for
learnng any new langiage.

H elloWorldA

1. Opennotepadedita from StartE Pragarrhiles £ Acce s/ Notepad
2. Writethefollowing codeinto it.

Note: Don t@opy paste the given below code. Prabably it gives errors and you ca hableto removethem at the
begnning stage.

_______________________ -
r /* TheHdloWorldApp dasimplemantsan applicaion tha

simply displays"Hello World!" to the standard output.
*/

:I
o
: I public dassHeloWorldApp {
. | public static void man(String] args) {
N

|
a
.

/ | Display thestring No globdmain
System.aut.printin(HelloWorldd);

© 00~ (e} o1~ WN -

3. Tosareyourprogram, moveto File menu ard choose saw as option.
4. Sae your program as oHeloWorldAppjawo in same directory. Make sute to add doubk quotes araund
clas name while saving your progam. For this examplecreate afolder knownaso e rrph eis [@: drive

Note: Name of file must match the name of the public dass in the file (at line 4). Moreower, it is case
sertive. For example, if you class name is Mydass, than file name mug be Mydass Otherwig the
Javacompiler will refuseto compile the program.

Fortherestof thishandoutweassme thatprogramis savedn D:\ exanplesdirectory.
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H elloWorldApp Described

Lines 1-3

Likein C++, You canaddmultiple line comments that are ignored by the compiler.

Lines4

Line 4 dedaresthe class name as HeloWorldApp. In java evey line of code must resick insice classThis is
ako the name of our program (HelloNorldAppjava) The compiler creats the HelloWorldApp.das if this
programsuccesslly getscompiled.

Lines5

Line 5 is wherethe programexecution stats. The java intepreter must find this defined exady as
givenor it will refuseto run the progran. (However you canchangethe name of paraneter that is
pased to man. i.e you can write Sting]] argv or Stiing[| sane Paraminsiead of Sting| args)

Other progamming languagesnotady C++ al® use the man( ) declaation as the staring point for
execubn. Howewr the man function in C++ is gldod ard resde outsice of al classes where as in Java
the man function must resde insick a class|n java there are no globd varigbles or functions The various
parts of this main funcion declarationvill becoveredatthe end of thishandout.

Lines6

Againlike C++, youcanalo addsingldinecomment

Lines7

Line 7 illustratesthe method call. The printin( ) method is usedto print somethirg on the consde.
In this example printin( ) method takes a string argument ard writesit to the tandad outpu i.e consade.

Lines8-9

Line 8-9 of the program, the two braces, clos the methal man( ) ard the class
HelloWorldApp respectively.
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Compiling andRunning H elloWorldApp

1. Open the conmand prompt from Start £ Progm Files £ AccesssriOR
dternativey you can write cnalin the run command window.
2. Writecd. to came out from any folder, and cd [folder name] to move insidethe spedfied directory.To
movefrom onedriveto anotheruse[Drive Letter]: Seefiguregivenbelow
3. After reaching to the folder or diredory that contains your source code in our case
HelloWorldApjava
4. Use0 | a wmatlee bommard lineto compilethe soucefile( @vafile).
D:\ exanples> javadidloWorld.java

5. If programgetssuccssiully compiled,it will creae a new file in the same directay named
HelloWorldApp.clastha containsthe byte-code.

6. Use0 j éaonmthecommand lineto runthe conpiled .clasdile.Noted . ¢ waud lsea@ddedvith thefile
name.
D:\ exanples> javaHelloworld

7. You can see theHelloWoid would be printed on the consde. Hurrah! You aresuccessfiih writing,

compilingard executig your first programin java<

e CAWINDOWS\system3 2hcmd.exe b

: \Documents and Settings»>cd.. —
:\>D:
:\>cd examples

:\examples? javac HellolorldApp. java

DUU(’)(’)

HETTgamgiT§>Java Hel lolorldApp

D:N\examples>_

-
< | >

Pointsto Remember

A Recompilethe classafter making any changes

A Saeyou programbefore compilation

A Onlyrunthat clas usirgjavacommard that contairs the main method, becausprogran execuions
alwayg startsform main
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An ldiom Explained

You will sesthe following line of code often:
0 public gatic void mair(Stingangd]) { € }
A About man()
0 mroisthe fundion from which your program starts
Why pubic?
Sin@ main method is cdled by the WM that is why it is kept pubic so tha it is

awessble from outside Ramember privatemethodsareonly accedsle from within the
class

Why staic?

Every Java progam starts when the RE (Jaa Run Time Environment) cdls the
main method of that program. If man is not statc then the JRE have to creste an
object of the classin which main method is presat and cdl the main method on that
object(In OOP base larpuages method are cdled using the name of abjectif theyare
not stetic). It is made static so that the JRE can cal it without creating an object.

Also to ensuie tha there is only one copy of the main methal pe class

Why woid?
A Indicatestha man () does not return anything.

What is String args] ?

Way of specfyinginput (often calledl command-line arguments) at startup of
applicationMore onit latter

References

Entire materid for this handou is taken from the book JAVA A Lab Courseby Umair Javed. This materialis
avaiable jugt for the use of VU studens of the couree Web Design ard Development ard not for any other
commerdd purpo® with out the consen of auhor.
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Lesson 3
Learning Basics

Strings

A striigis commonly considergto be asequiace of charaders stored in memory ard accesble asaunit.
Sringsin javaarerepresented asobjects.

String Concatenation

0 6opeaator isusel to concaenate srings
0 Systen.out.pritin(0Helo6+ 6Wo r | wdll grint HelloWorld on console

String concatenatedvith any other datatype such as int will also convert thatdatatypdo Stringand
the resut will be a concatenaed Sting displayed on console For example,

0 inti=4;
0 intj=5;

Systen.out.printin (0Hellod + 1)
will print Helo4 on screen

0 However
Systen,.aut..printn(i+j) ;
will print 9 on the corsole becaise bath i andj areof typeint.

Comparing Strings

For comparingStringsevemuse== opeaator,usegudsmethod of Sringclass.

& == opaaor compares addressgshallow comparisan) while equas compares values (degp
comparison)

E.gsringl.equabk(string?)
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Example Code:String concatenationand comparison
public dess SringTest {
public staic void main(Sring] args) {
inti=4;
intj=>5;
Systemudt.printin("Helo" + i);// will print Helo4
Systemudt. printing + j); // will print 9

Sringsl=nev3ring( 0 paki stano) ;
SringL=0 (kig ano ;

if (sl==s2{
Systemout. printin( ddmpalingstringusirg== operator 6 ) ;
}
if (sl.equalsR)) {
System.out.printid(c o nmgstringusngequame t hod ¢ ) ;
}
}
}

On executiorof theabove program, followingoutputwill produce

e+ C-\WINDOWS\system 3 2\cmd.exe

D:Nexamples? javac Stringlest. java

D:\examples) java Stringlest
Hellod

comparing string using equal method

© CopyrightirtualUniversityof Pakistal
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Takingin CommandL ine Arguments

In Java, the programcanbewritten to accet commancHineargurens

Example Code:command-line arguments

/* This Jvaaplicaion illustratesthe use of Javacommand-line argumerts. */
public dass CmdLineArgsApp {

public staic void main(String] argsf{ / / man method

System.out.printin (Ficst argumert 6 + args|[Q);
System.ait. p r i Scond agumeért 6+ args(d);

Ylen dmain
Y/En dclass.

To execute this progam, we pas two arguments as shownbelow:

public void someMethod() {
int x; //l ocd variable
System.out.printin(x); / / compiletime error

A Theseparanetersshouldbe sepaated by spae. .

A The parameters that we pass from the commard line arestoredasStrirgs insdetheo a r agrayyou
can seethat thetype of damgsd arrayis Sting.

Example Code:Passihg any number of arguments

In java aray knows ther sze by usirg the lergth propetty. By using lergth property we can determine how
many arguments were passd. The following code example can accept any number of arguments

/* This Jvaaplicaion illustratesthe use of Jva
commad-lineargumets. */

public dass AnyArgsApp {

public staic void man(Srindg] args{ // man method
for(inti=0;i < args.length; i++)

Systenout.print | nrduoeA:d6+ i+ 0 dued+argqi));
}Y/en dmain

H/En dclass.
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Output

C:\ java AnyArgsApp i can pass any number of arguments

Argument:0Ovaluei Argument:1value can
Argument:2 value pass Argument:3vaue
any Argument:4 value number Argument:5
vaue of Argument:6 value arguments

© CopyrightirtualUniversityof Pakistal
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PrimitivesvsObjects

A Eventhing in Jawa is an 0Object ,ées every das by default inheiits from class
0 Oé&ctd , excep a few primitive dat types, which are there for efficiercy reasons.

A PrimitiveDataTypes

Primitive Datatypes of java
boolean, byte 1byte
char, short 2 bytes
int, float 4 bytes
long, double 8 bytes

A Primitive datatypes are geneslly used for localvaiiables parametersand instancevariables
(properties of an object)

A Primitive datatypes arelocated on the stack andwe canonlyaccesgheirvaluewnhile objects are
locatedon heapand wehaveareferece to theseobjeds

A Also primitive datitypes are always passe by valie while objects are aways passd by refaercein
java Therisno C++ like methods
8 void someMehod(nt &a,int& b) // not avaiéblein java

Stackvs.Heap
Stak ard hegp are two important memory areas Primitives are credaed on the sta& while objects ae

cregted on heap This will be further clarifiel by looking a thefollowing diagam hatis taken from Java
Lab Course.

P ' ““““““““ Stack Heap
Students = new Student();
num
5
|-

] name | gl

OF59

i 0F59

© CopyrightirtualUniversityof Pakistal 34



Web Design& Developnentc CS506 VU

WrapperClasses

Each primitive data type has a corresponding object (wrappe dass) These wrapper dases provides
additiond functiondlity (converson, sze checking etc.), which aprimitive dattype cannot provide.

Primitive Corresponding
Data Type Object Class
byte Byte
short Short
int Integer
long Long
float Float
double Double
char Character
boolean Boolean

WrapperUse

You cancregte an object of Wrapper clasusing aStiing or aprimitive datatype

A Integemum = newlnteger(4); or
A Integer num= newinteger @00) :

Note: numisan objed over here not aprimitive datatype

You canget aprimitive data type from aWrapper usirg the corregponding value function
A int primNum = num.intVauey;

Converting Stringsto Numeric Primitive Data Types

To convert a string containing digits to a primitive data type, wrapper classe can help parsXxx mehod can
be usal to conwert a Sring to the caresmnding primitive daatype.

Stringvdue=053 2 6 ;
int d= Integerparseht(vdue);

Stringvalue=0 3. 14 e 6 6 ;
doubled = DoubleparseDouble(valie);
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Thefollowing table summarizesthe paiser methods avaliabk to ajavaprogammer.

Data Type Convert String using either é
byte Byte.parseByte(string )
new Byte(string ).byteValue()
short Short.parseShort(string )
new Short(string ).shortValue()
int Integer.parselnteger(string )
new Integer(string ).intValue()
long Long.parseLong(string )
new Long(string ).longValue()
float Float.parseFloat(string )
new Float(string ).floatValue()
double Double.parseDouble(string )
new Double(string ).doubleValue()
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Example Code:Taking Input / Output

So far, we learned how to print something on consde. Now the time has come to lean how to print on the
GUI. Takirg input from console is not as straidntforward as in C++. Initidly w e &tudyhow to takeinput
throudh GUI (by usirg JOPtionPar class).

The following progamwill take input (a number) through GUI and prints its square on the consde aswel on
GUI.

1.import javax.smng*;
2.publicdas InputOutput Test {
3. public stdic void man(&ring] args) {

/[ tekesinput throudh GUI
Sringinput = JOptionPane.showl nputDidog (' Enter number");

int numbe = Integer.parselnt(ingp);
int square= numbe * number;

/I Display squareon corsole
Systemout. printin("square!’ + squae);

©Wx No s

10. /IDi splay square on GUI
11. JOptionPane.showMessagaay(null,"squake”+ square);

12. System.exit(0);

13.}
14.}

On line 1, swirg packae was imported becaise it contans the JOpicRe das tha will be usal for taking
input from GUI anddisplaing output to GUI. It is similar to headerclases of C++.

On line 5, shownputDialog method is caled of JOptionPane clas by pas#g sting agument that will be
diglayed on GUI (dialog box). This method dways returns backa Sring regardles of whaterer youenteredi(t,
float, double, char) in theinput filed.

Our tak is to print squae of a nunmber on consde, so we first convet a string into a number by caling
parsént method of Integer wrapper classThisiswha we done on line number 6.

Line 11 will displaysquareon GUI (didog box) by usihg showMessgDialogmethod of JOptiorPane class.The
first argiment passe to this mehod is nul ard the second argument mug be a Sting Here we use string
concdenation.

Line 12 is neededto return the contol back to command prompt whenewer we use
JoptionPanelass.
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Compile & Execute

e C:\WINDOWS\system32\cmd.exe X

rFy

D:\examples? javac InputQutputTest. java —

D:\examples? java InputOutputTest

square: 144

D:\ les>_ v
A examples | JJJ
Input E|

e | Enter the number
12 |

0K Cancel

Message

@ suare:144

OK
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Selection& Control Structure

The if-elee ard switd sdection structures are exactly similar to we have in C++. All rddiond operabrs that
weusin C++ to perform comparions are al® avalable in javawith sane behavor. Likewi® for, while and do-
whilecontmol structuresarealiketo C++.

Reference:

1- Jaatutorial http:/ Mvww .dickbaldwin.com/java

2- Example code, their exphretions and correspading figures for this handou are taken from the book JAVA
A Lab Course by Umar Jawed. This materd is avaiabke jug for the use of VU students of the course Web
Desgn and Devebpment and not for ary other commercid purpose without the consent of author.
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Lesson 4
Object Oriented Programming

Javas fundamentallyobjectoriented. Evay line of code you write in java must be insice a clas (not counting
import directives) OOP fundamentaktones Encapsulation Inheiitane ard Polymorphism etc are al fully
suppated by java.

OOP Vocahlulary Review

A Classes

0 Déefinition or abluegorint of auserdefined dataype
0 Praotypesfor objects
d Think of it asamapof the buildirg on apaper

A Objects

d Nouns,thingsin theworld
0 Anythingwe can put athumb on
0 Objectsareinstantiatedr createdrom class

A Constructor

8 A sped method thatisimplicitly invoked. Used to createan Object (thatis, aninstance of the
Clas) andto initidizeit.

A Attributes
0 Propettiesan objed has.

A Methods
& Actionsthat anobjectcan do
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Defining aClass

class Point {

private int xCord; <'—| inastance vaiiables and symbolic constanté
private int yCord;

. C e o congtructor 6 how to creste and initialize
public Point (¢ € ) {é é } <« objects
public void display ( € ) , .
{ methods d how to manipulate those objects
666 €= (may or may not includeitsown 0 dverg,
: i.e, man())

}

} 1/ end of class

Comparison with C++

Same important points to corsde when definirg a classin java as you probably noticed fromthe aboregiven
skeleto are

0 Thereae no globalvaiablesor funcions. Everything residesinsidea classRanemberwe wrote
our main method inside a dass (For example, in HelloNorldApp progam)

0 Spedy aces modifiers (public private or protected) for eachmember method or datamembers at
eveyline.

0 publiacessiblenywherebyanyone

0 privée Only accesblewithin thisclass

0 protectccesible only to the clas itsdf ard to | t sthdassesor othe classem the sane
padkage.

0 dedult default access no acessmodifieris provided.Accesible to all clasesin the same
padkage.

0 Thereisnosamicolon (;)attheendof dass.
0 All methods (functions) are written inline Thee are no sepaat heeder and implementation files.
0 Automaticinitializatiorof clasdeveldatamembersif you do not initiaize them

Primitives
0 Numeric (int, floatetc)with zero
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0 Charwith null
o0 Boolean with false

Object Refeences
0  With null

Note: Ramember, the same rule is not appliel to locd variables(defined insde method body).Usinga
locd variabkwithout initiaizaton isacompiletime error

Publicvoid someMethd() {

int x; //l ocd variable
Sytem.out.printin(x); // completimeerror

d Congructor
0 Sarenameasclassiame
0 Doesnot havearetun type
0 Noinitializtion list
d JVMprovides azeoagumen(deaut) constructor only if aclassdoesri defireit sdwn
corstructor

0 Destructrs
0 Are not required in java dass because memory management is theresponsibilitof JVM.
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Taskd Defining a Studentclass

Thefollowing exanple will illustrate how to write adas. We wart to write a
0 St ubdlasthat

0 shoud beableto storethefollowingcharacteristias sudent
0 RolINo
0 Name

0 Providedefallt, paraneterized andcopyconstudors
0 Provicestandard geterg sdtters (discus shortly) for instance varigbles
0 Make aure, roll no has never asggned a negative value i.e. ensurirg the cored sate of the
object
0 Provick print method capableof printing studemobject on consde
Getters/ Sdters

The attributes of a class are gererally taken as private or protected S to access them outside of a class a
convention is followed knows as gdters & setters. These are generaly public methods The words set
and gt are used prior to the name of an atribute. Anothe important pumpose for writing getter &

seters to control the vduesassigneto anattribute.

StudentClassCode

/1 File Sudent.java
public das Studert {

privae Sring name;
privaeint rolINo;
/| Stamlard Setters
public void setNane (String namé {
this.nane= name;

}

/1 Note the masking of das levé vaiialderolINo
public void setRolIM (int roliNo) {
if (roliINo > 0){
this.rolINo = rolINo;
Yebe{
this.rollINo = 100;
}

/1 Sardard Getters
public Sring getNane () {
retum name;
}
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publicint getRalINo () {
retun rollNo;
}

/| Defaut Corstructor public Studeni({
nane=onset 0 ;
rollNo = 1Q0;

}

/] parameterized Congtructor for anew studert

public Suden{String nameint rollNo) {
stName(name) //cal | to setter of name
stRolINo(rollNo); //cal | to seter of rollNo

}

/1 Copy Corstructor for anew student
public Sudent&udert s) {

name= s.name;

roliINo = s.rolINo;

}
/1 method used to display method on console

public void print () {
Systemu. print("Studert name " +name);
Systemud.printin(*, roll no: " +rolINo);

}
} /1 erdof class
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Using aClass

Objects of a classare alwayscreated on heapusirg the 0 ev déoperator followed by congructor

A Studehs= new Studet (); // no pointer operator 6* detveen Studehand s

A Only Sring condant is an exception
Stringgreet=0 He |; | # d&No newoperator

A Howeveryoucanalsouse
Strirggree2 = new Sting( tellod);

Members of a class( member variablesard methods al® known as instarce varidles/methods) are
axessedudng 0 .opaator.Thereis no 04H operator in java

ssetNeme ( 0 Al i 0) ;

s/EsetNaneAli9) isincorrect andwill not compilen java

Note: Objectsare alwayg pased by reference ard primitives are dways pased by valiein java.

Task- Using StudentClass

Create objects of studemclass by cdling default parameterize and copy constrictor
Cal studnt clas variots methods on theseobjects
Studentclient code

/1 File Test.java

/ * Thisdass crede Suden clas objecs ard demorstrates
how to cal varibus method on objects
*/

public dass Test{
public static void man (Sring algs[]{
/1 Maketwo studert obejcts
Suden sl = new Sudent("ali'; 15);
Suden 2= new Sudenf); // cal to default costructor

sl.print(}// displayai ard 15
2.print(}// display not set ard 100

s2setName("usman");
2.setRollNo(Q);

Systen.out.print(" Sudent name" + s2.gName();
Systen.out.printin(* rolINo:" + s2getRolINo));
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System.out.printin(‘callngcopy construcior");
Sudert s3= new Suden{s?); //c dl to copy constructor

S2.print();
s3.print();

s3.setRolINoL0); / / Rol No of s3would besd to 100

s3.print();

*NOTE : public vs private
A dtatamert like"b.roliINo = 107 will not compilein a
client of the Sudert dasswhen roliNo isdedared
protecte or private

*/

} //en d of main
} /I end of class

Compile & Execute

Campile both classessingiavaccanmal. Run Test clas using javacommand.

s CAWINDOWS\system3 2\cmd.exe

D:\examples? javac Student. java :J
D:N\examples? javac Test. java

D:N\examples> java Test

Student name:ali, roll no:l15
Student name:Not Set, roll npno:10@
Student name:usman rollNo:Z@
calling copy constructor

Student name:usman, roll no:Z0
Student name:usman, roll no:2ZO
Student name:usman, roll no:l@d

?f\examples>_ | ljﬂ
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More on Classes

Staic

A das can have ddtic vaiades and methods. Sdic varisbles ard methods are assciaed with the
clas itsdf and are not tied to any paticular objed. Therefore statics can be acaessd without instantiting an
object. Satic methods ard vaialdes aregenerallpccessebly class name.

The most important agped of sttics is that they occuras a single copy in the classregardlessf the
number of objects. Staics aresharedby all objects of a clas. Non static methods ard instnce vaiigbles are not
axesdile indde a gatic method becaug no thisrefereneisavailalbeindde astatic method.

We have afkeadyusel same statc varigblesard methods. Examplesare

Systenout.printin( somet e X + oditisastatic vaiiable
JOptionPaneshowMessageDialog(null, dsanetextd); -- showMesggDialogisastatic method

GarbageCollection & Finalize

Javaperfforms garbagecollection and eiminaes the needto free objectsexplicitly. When an objecthas no
refaernces to it anywhere exapt in other objects tha are alo unrefeencedits spaecan bereclamed.

Before an objectis destroyed, it might be necesary for the objed to peform same acton. For example:
to close an opened file. In sut a case, defire a findiz€) method with the actions to be peformed before the
object isdestoyed.

finalize
When a finalze method is definedin a class, Javarun time callsfinaliz@ wheneverit is aboutto recyclean
object of that classlt is noteworthy that a gabage collector redaims objects in any orde or newr reclams

them. We cannotpredtt ard assire when gabage colledor will get backthe memoryof unreferencedbjects.

The gabage collector can be regees to run by cdling Sysen®) method. It is not necessey that it acceptsthe
requed ard run.
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Example Code:using static & finalize ()

Wewant to court exact number of objectsin memory of aStudet clas the onedefinel earlier For this
purposewed ddify Studnt class.

Add adatic variable auntSudatsthat hdpsin maintaining the count of student objects.

Write agetter for thisstatic variade (Rememberthegetter alo must bestaiic one Hoping sa you
know thegrounds).

In allconstudors,write acodetha will incrementthe countStudent®y one.
Overridefinaiz€) method and decement the countStuent varigble by one.
Overrided3ring) method.

ClassOfjet is a suprdas (bag or paent) dass of al the classs in java by default This das has already
finaliz@ and toString(nethod (usel to convert an object state into sting). Therdore we ae actualy
overridig thee mehods ove here. (We I16tdk more about thesein thehandaut on inheritance).

By makingallabovemodificatons,sudentclasswill looklike

/'l File Sudent.java
public das Studert {

privae Strirgname;
privaeint rolINo;
private static int countStudents = 0;

/| Stamlard Setters
public void setNane (String namé {
this.nane= name;

}

/1 Note the masking of das levé vaiialderolINo
public void setRolIM (int roliNo) {
if (roliINo > 0){
this.rolINo = rolINo;
Yebe{
this.rollINo = 100;
}

/1 Sandad Getters
public Sring getNane () {
retum name;

}

publicint getRdINo () {
retun rolINo;

}
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/| gettte of static countSudentsvariable

public static int getCountStudents(){
return countStudents;

}

// Defaut Corstructor public Studeni({
nane=onset 6;
rollNo = 1Q0;
countSudents += 1;

}

/] parameterized Congtructor for anew studert

public Suden{String nameint rolINo) {
stName(name) //call to setter of name
stRolINo(rollNo); //cal | to seter of rollNo

countSudents += 1;

}

/1 Copy Corstructor for anew student
public Sudent&udert s) {

name= s.name;

rollINo = s.rolINo;

countSudents += 1;

}

/1 method used to display method on console
public void print () {
Systemu. print("Studert name " +name);
Systemud.printin(", roll na: " +rolINo);

}

/1 overriding toStrirg method of javalang.Objetclass
public String toString(){

return © ame: 6 + name + 0 RolINo: 6 + rolINo;

/1 overriding finaize method of Object dass
public vaid finalize(}{

countSudents -= 1;
}

} /1 erdof class

Next, w e &viitd driver class. After creating two objecs of sudent dass we delberatdy loose object sGeference
ard request the JW to run gabage collector to reclam the memay. By printing countStudents value we
can confirm tha. Coming up cockis of the Ted class.
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/| File Test.java

public dass Test{
public static void main (String ags[])X{
int numObject;

/1 printing curren numbe of objedsi.e0
numObjs= Stulen.getCountSudernts();
Systenout.print | nufletts®bjedsd+ numObjects);

/1 Creatigfirst sudert object & printingitsvadues
Suden s1 = new Sudent("ali'; 15);
Systemut. p r i Sudert: dr+(sttoSring();

/1 printing curren numbe of objedsi.e 1
numObjs= Stulen.getCountSudernts();
Systenout.print | nufletis®bjedsd+ numObjects);

/1 Creatiigsecoud student objed & printingitsvalues
Sudert 2 = new Sudert("usmart’, 49);

/1 implicit cal to toSring() method
Systemudt. p r i Sudeht@+(s);

/1 printing curren numbe of objedsi.e 2
numObjs= Stulern.getCountSudernts();
Systenout.print | nufetis®bjedsd+ numObjects);

/1 loodng object reference
sl = null

/1 requesting JWM to run Garbage collector but thereis
/1 no guarantetha it will run
System.gc();

/1 printing currert numbe of objedsi.e unpredictable
numObjs= Stulernt.getCountSudernts();
Systenout.print | nufetis®bjedsd+ numObjects);

} //en d of main
} I/ end of class
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The compilation and exeution of the above program is given below Note tha output may be different
one given here becaug it al depends wheher gabag colector reclams the memory or not. Luckily, in my
caset does.

e C:AWINDOWS\system32\cmd.exe

D:“examplessstatic_finalize> javac Student. java :J
D:“examplessstatic_finalize> javac Test. java

D:“examplessstatic_finalize> java Test
Students Objects:8&

Student:name: aliRollNo: 15

Students Objects:1

Student : name: usmanRollNo: 49
Students Qbjects:?2

Students Objects:1

D:\examples\static_finalize>_

=
1| | >

Reference:

Swnjavatutorid: http7/j ava.sun.convdocs/bookd tutorial java

Thinkingin javaby Bruce Eckle

Bednning Java2 by Ivor Hortan

Example code, ther explanatios ard corespounling execubn figures for this handout are taken
from the bodk JAVA A Lab Course by Umar Javed This material is available just for the use of VU
studens of the cour® Web Design and Develgpment and not for any othe conmercid purpose
without the consent of auhor.
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Lesson 5
Inheritance

In gereral, inhertance is usel to implement a0 acsrelatonship. Inheritance saves code rewriting for aclient
thuspromotesreusability.

Injavapaent or base clasisrefered as syerclasswvhile childor delivedclasss knownasaubclass.

Comparison with C++

Avaaonly suypports singeinhertance Asaresul aclas canonly inherit from one das a onetime.
Aeyword extadsis used instead of 0:6 for inheritance.

Al functionsarevirtud by default

AAll javaclassesinherit from Objectdasgmoreonit later).

ATo explditly cal the super dass constructor, use sug keyword. | $infiportant to remember that cdl to
syper classcorgructor must befirst line.

Aeyword super is alsousedo calloveriddenmethods.
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Example Code:using inheritance

We @usethreedassego getfamiliar you with inheritarce Firg one is Employee class.This will actassuper
class.Teacher clasgll inherit fromEmployee ebs and &t clasis drive clas that contairs man method Le t 8 s
look atthem one by one

dasEmployeq

protecte int id;
proteded Sring name;

/Iparameterizel constructor

public Employedint id, String name{
this.id = id;
this.nane= name;

//default constructor
publicEmployee(}{

/1 callirgparameterizconstuctor of sane (Employee)
/1 class by usirg keywod this

this(lQo ntset 6 ) ;

/[setters
public void setld (int id) {
this.id = id;

public void setNane (String namé{
this.nane= name;

}

llgetters

publicint getd () {
retunid;

}

public Sring getNane () {
retum name;

}
/1 diglayirg enployee objed on console
public void display(}{
System.ou.printin( 0 dnployeedispbly method

Sygtem.aut.printin("Emplogeid:" + id + " namé' + name);

}

/loverridin g objet® clastoSring mettod

public SringtoSring() {
System.aut.printin (n@mployes toString methodo);
return "id" + id + "nane" + nane

}

}/en dclass
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The Teache clas exiends from Employee clas. Therefare Teache classisasubclasof
EmployeeTheteache clas hasan addtiond attritutei.e. qualfication.

dasTeacherextendsEm ployee{
privae Sringquat

/ldefault constructor

public Teache() {
/limplici t cal to superdasdefault construct
qud = IIII;

}

/Iparameterizel constructor
public Teacter(int i, Sring n, Sring gX

/1 cal to superclasparan corst must befirst line
super(i,n);
qua = g

}

lIsetter
publicvoid setQud (String qua X
this.qud = qual,

llgetter

public SringgetQud(){
retum qual;

/loverridin gdisplay methal of Employ@class
public void display(}{

Sysem.ou.printin("in teachersdiglay metrod");
super.display() //cal | to superclasdisplay method

System.aut.printin("Teack qudlificaion:" + qud);
}

/I overriding toSring method of Employeedass
public SringtoSring() {

System.aut. printin(“in teachestoSting method™);
Sringenp = super.toString();

retum enp +" qualficaion:" + qud,
}

}/en dclass
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Objectsof Employe= & Teader classare creatednsidemain methodin TestdassLater callsaremadeto display
ard toString method usirg these objects.

dasTest{
public static void main (String ags[]){

System. ou. printIn("making objed of enployeé);
Employee= nav Employed89, "khurram ahmad");

Sysem.ou.printIn("making objed of teecher");
Teeche t = new Teache(91, "dirazd, "phd");

e.display{)/cal | to Employee dasdisday method
t.display()//cal | to Teacher dasdisplay mettod

/1 calligemploye classtoSring method explidtly
System. aut. printin("Employee” +e.toSring();

/1 callirgteachedastoSringimplicitly
System.out.printin("T eacher: " + t);

} //len d of main
Y/en dclass

Output

e CAWINDOWS\system 3 2\cmd. exe

D:Nexamplesspolymorphism>» javac Employee. java :j
D:\examplesspolymorphism>» javac Teacher. java
D:Nexamplesspolymorphism> javac Test. java

D:Nexamplesspolymorphism» java Test
in emplovyee display method
Emplovyee id:89 name:khurram ahmad
in teacher’s display method

in emplovyee display method
Emplovyee id:91 name:ali raza
Teacher qualification:phd

in emplovyee toString method
Emplovyee: id:8%9pname:khurram ahmad
in teacher’s toString method

in emplovyee toString method
Teacher: id:91lname:ali raza qualification:phd

D:Nexamplesspolymorphism>»

-
4] | >
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Object 8 The Root Class

The Od Javadasss. For user defined dases its not necessgto mention the Object class as a supe class,

javadoesbjectclassin Java is a superclass$or all otherclasses dekd in Jav&s clasdibraries, as well as
for userdeineit autanatically for you.

The clas Hierachy of Employee clas is shown below Object is the supe class of Employee clas and

Teache is a subclas of Employee clas. We can make another class Manager that can also exends from
Employesclass.

Object
F 3
Employe
Teacher Manager
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Polymorphism

0 P onb iy p hliferdlyp means 0 o riultiple shapesd and in the context of OOP, polymorphic means
0 hviag multiple behavioo .

A paent clasrefererce can point to the subclas objects becaus of is-arektionstip. For examplea
Employesreferene can point to:

0 Employee Object
0 Teahea Object
0 Manage Object

A paymorphic method resulss in different actions depending on the object being referenced

0 Also known as laebinéhgor runtimebinding

Example Code:using polymorphism

This Test das is the modification of last exanple code Same Employee & Teacler classe are usd.
Objects of Employee & Teache clas are created insice main methods and calk are made to disphy and
toString method usirg these objects.

dasTest{
public static void man (Sring algs[]{
/1 M&keemployereferences
Employeref], ref2;

/1 assign enployee object to first emploeerefeence
refl = new Employee(89khurram ahma');

/| is-arelatioship, polymorphism
ref2 = new Teache (91 "ali raza', "p hd");

/[cal | to Employeclas displg method
refl.dsplay();

/lcal | to Teacheclassdisplg method
ref2.dsplay();

/1 cal to Employe classtoSring method
System.out printin("Employee " +refl.i0Sring();
/1 cal to TeacheclasstoStrirg method
System.out.printin("Teacher:" + ref2.toSring();

} //len d of main
}/en dclass
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VU

Output

e CAWINDOWS\system3 2\cmd.exe

D: \examples\cld\pnlymcrﬁh15m)Java Test
in employee display met

Employee id:89 name:khurram ahmad

in teacher's display method

in employee display method

Employee id:91 name:ali raza

Teacher qualification:phd

in employee toString method

Employee: 1d 8%9name: khurram ahmad

in teacher's toString method

in employee toString method
Teacher:

al |

id:91name:ali raza qualification:phd

]
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Type Casting

In computersciencefype conversion or typecasting refessto changing an ertity of one datatypeinto another.
Type casing can be categorized into two types
1. Up-cading

Convering asmaler datatypeinto bigger one

Implicit dwed o trhae to do samething speal

No lossof information

Examplesof
i Primitives
int a= 10;
doubk b= a;
i Classes

Employee= new Teachd);

2. Down-casting
Convering abigge datatypeinto smallerone
Explidt 8 ned to menion

Possibldéossof information

Examplesof
i Primitives
doubka= 7.65;
int b= (int) a;
i Classes

Employee= new Teachs(); // up-casting
Teachert = (Teacher) ¢ // downcasting

References:

Jaatutorial http://java.sun.com/docs/books/tutorial/java/javaD O/

Starfiord University

Example code ther expanatons ard comresponding figures for handout 5-1,5-2 are taken from the
book JAVA A Lab Couise by Umair Javed.This materal is avaliable just for the use of VU
studeris of the course Web Design and Developnent and not for any other commercia purpose
without the consent of auhor.
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Lesso 6
Collections

A colledion represerts group of objeds know as ts elements. Jawa has abuilt-in support for collections.
Collectian classes are similar to STL in C++. An advartage of acollecton over an arrgy is that you dond need to
know the eventud size of the collecton in order to add objects to it. The javautil pakage provides a set of
collection dassethathelsaprogrammer in number of ways.

Collections Design

All classesimogt providessame methods like get(),size()isEmpty() etc. Thesemethodswill return the object
storedin it, number of objectsstored and whether collection contans an object or not respectively.

Javacollections are capalde of storing ary kind of objects Colletions store referenceto objects. This is ginilarto
usirg avoid* in C. therdore down cagting is requirel to get the actud type For example, if string in stored in a
collection then to get it back, wewrite

Stingdemert = (Sring)araylist.ge(i);
Collection messages

Sanebasianessagegnethodshre:

Congtructor
i crestesacollection with no elements

int siz€)
i retunsthe number of elementsin acolection

booleanaddObiject)
i addsanew dement in thecollection
i retunstrueif the element isadded successfully fdse otherwise
booleanisEmpty()
i retunstrueif thiscollectioncontans no demert false othawise

booleancontainsObject)

i retunstrueif this collection contains the specifed elanent by usirg iteratve seach
booleanremove(Ohect)

i removesasingleingarce of the specified dementfrom this collection, if it is present
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Arrayl ist

| tligesa resizhle array. ArrayListactudly comes asa replaemert the old 0 V e édolection. Asweadd or
remove elementsinto or fromit, it grows or shiinks over time.

Useful Methods

adl (Object)

i With the hdp of this method, any object can be added into ArrayList becuse
Objectisthesuperclassf allclasses.

i Objectsgoing to addwill implicitly up-cast.

Objectget{ntindex)

Retunsthe demert at the specifed positon in thelist
indexrangeg$rom O to size()1

mustcastto gppropriate type

St St 3t

remove (intindex)
i Removesthe element at the spedified podtionin thislist.
i Shifsany stbsequehdementsto thelet (subtack onefrom ther indices).

int size()

Example Code:Using ArrayList class

Web #tore Sudentobjectsin the Arraylig. We areusingthe sane studentlasavhich webuilt in previous
lectures/handats.

We I16ald three student object and late prints al the studernt objects after retrieving them from ArrayLg.
Le sldbk atthe code

iport javautil.*;
publicdassArraylListTest {
public stetic void man(String] args) {

/1 creaingaraylList object by caling constructor
ArrayLigt aF new ArrayList();

/1 creatigthree Sudert objects
Studert s1= new Sudert ( 06a 1); i
Studert 2= nev Sudert ( 0 dda2yx
Student s3= new Sudert ( raza, 3);

/1 addng emerts (Sudent objeds) into arraylist d.add(sl);
d.adi(2);
d.adi(s3);

© CopyrightirtualUniversityof Pakistal 61



Web Desigr& Developmentc CS506 VU

/1 checking whether arrgylistisemgy or not boolean b = al.isEmpy ();
if (b= = true {
Systenout.print | mrgiéti@empto);

} ebe{
int siz= al.size();
Systenout.print | mraiét size 6+ siz);

/1 ushgloop toiterde. Loops startsfrom 0to one
/1 lesthansze
for (int i=0; i<al.size(); i++ }{

/1 retrievirg obje¢ from arraykt
Sudert s= (Sudent) d .get(i);

/1 callilgstudert clas print method
s.print();

} /1 erdforloop

} /1 erdmain
} /1 erdclass

Output

o CAWINDOWS\system32\cmd. exe X

F

D:\examplescollections> javac TestArraylList. java

D:\exampleshcollections> java TestArraylList
arraylist size:

Student name:ali, roll no:l

Student name:saad, roll no:2

Student name:raza, roll no:3

w
«| | b

H ashMap

Stoe dementsin the form of keyvduepairform. A keyis associatedith eachobjectthatis stored. This
dlowsfastretrieva of tha object. Keys ate unique.

Useful Methods

put©biject key, Object Value)
Keys & Vaues ar gored in the form of objects(implicit upcsting is perfommed).

A
i Associatethe specifed value with the specified key in thismap.
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i 1f the map previousy contained a mapping for this key, the old valueisregaced.

Objed gd(Object key)
i  Retuns the value to which the spedfied keyis mapped in this identity hash map, or null if the
mapcontains no mapping for thiskey.
i Must downcast to gopropriate type when used

int sizeg()

Example Code:using HashMap class

In thisexample code, w e &drelStudenbbjectsasvaluesnd theirrollnosin theform of stringsaskeysSame
StudentlassisusedThecodeis;

iport javautil.*;
public classHashMapTes{
public stetic void man(Sting[] argsX
/I cregting HashMapobject
HashMaph= newHashMgp();

/I cregting Sudentobjects
Studensl= newStuden{ 0 g 1);iStidents2= newSudent( 6 saadd
2); Studens3= newStudent{ 0 r a63 a 6

/I adding dementqStdentobjects)whereroll nos
/I arestoredas keysandstudentobjectsas valies

h.put ( 0@, slhe

h. putd, s} wo

h.put(0s i ,x8);

/I checkingvhetherhashmapis emptyor not boolean b = h.isEmpty();
if (b== true){
System.ait.pri n t 1smMm@apisheapid ) ;
} elsg{

int size= h.size();
System. out . pgizehHslze);( 0 hashmap

/I retrieving studentobjectagainstollino two and
/1 peforming downcasting
Sudent s= (Student)h.get ( 0t wo 6 ) ;

/I callings t u d @aasprifit snethods.pint();
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} /I endmain
} /I endclass

Output

er CAWINDOWS\system32\cmd.exe X

F Y

D:\examples\collections? javac TestHashMap. java

D:\examples\collections? java TestHashMap
hashmap size:3
Student name:saad, roll no:2

d |

D:\examples\collections>_ _jﬂ
k

References

J2SE5.0newfeaturedhttp://java.sun.con/j2se/1.5.0/docs/relnotes/featuresrt

Technicd Articlehttp://java.sunconv develoger/technicalArtides/rleases/j2s&l

Begdnning Java2 by Ivor Horton

Example coce, ther explanations and corresponding figures for thishandou are takan from the book JAVA
A Lab Course by Umar Javed This materd is avalabk jug for the use of VU studens of the course
Web Desig ard Devdopment and not for ary other commerda pumposewithout the consent of author.
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Address Book

Warning: It is strondy advisel that you type the code given in this exanple yourself Do not copy/p aste it;
most probally you will ge unexpeded errors tha you have never seen. Some bugs are delberately
introduced as wel to avoid copy pasting.TAs will not cooperatewith you in deluggng such
erras< .

Problem
We wart to build an addres book tha is cap#le of storing name, addres & phone number of aperson.
Addres bodk provides functionalty in the form of a JOpionPane basd menu Thefeaturelist includes
A Adddto addanewpersorrecord
A Delded to delete an exising petson record by name
A Searh dto search aperson recrd by name

A Exit 8 to ext from applicabn

The Addres book should al$ suppot persidencefor person records

Approachfor Solving Problem

Buildingasmalladdres®ookgererdly involves 3steps. Letisbriefy discusgach stepandwrite asolution code
for eechstep

Stepld Make Persorinfo class

First of all you needto storeyour desied information for each peison. For this you can create a use-
defined dat type (i.e. a class) Make a class Personinfo with name, addres and phone numbe as its
attributes.

Write apamaneterizedconstrictor for thiscless.

Write print method in Peson clas that displag onepersan record on amessagdialay box.
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Thecodefor Personinfo clasisgiven below.

impott javaxsmng.*;

clasPeroninfo{

Sring name;

Sring address;

SringphoneNum;

/ | parameterizkconstuctor

public Personlnfo(String n, Sring @ Sring p) {
nane=n;
adlres= a;
phoneNum = p;

}

/I methal for displaying persm record on GUI
public void print( ) {

JOptionPanehowMessgeDdog(null o(hamed + nane+
0 a d dor+@&dres+ 0 poneno:6+ phoneNum);

}
}

Note: Not declamg attributes as private is a bad appioach but we hawe dore it to kegp things simpe here.
Step2d Make Addres$Book class

Takethe exanple of dailylife; generalladdres$ook is usedto storemore thanonepersonrecordsand
we d otrki@ow in advale how many record are going to beaddel into it.

S, we neal same dad studure tha can help us in staing more than one
Personinfo objecswithout conceningabod itssize.

Arraylig canbe usel to achieve the abowe functionality

Crette a class Addres Book with an ArrayLig as its atribute. This arraflis will be used to store the
information of different persons in the form of Personinfo Objects. This class will aso provide
adéasondeleteRer® semhldan methods The® methods are useal for addig new person records
deletip an existig peson record by name and seathing among exging peison records by name
respectivg.

Input/Output will be perfommed through JOpfonPane.
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Thecodefor AddressBook classs

impott javaxsmng.*;
impott javautil.*;

clasAddressBook {
ArrayList persorns;

/| constuctor
public Addres8Book () {

persons= new ArrayList();
}

/] add new peson recod to araylig ater taking input
public void addPegon( ) {

Sring name=JOptionPane.gbwlnputDidog ( 0 Ennatnee 6 ) ;

Sringadd = JOptionPae showl nputDidog OEnter addess));
Sring pNum = JOptionPane.showlnputCdog(©® E rrphereno §

/I constut new peson object
Pesonl nfo p = new Persalnfo(nameadd, pNum);

/I add the above Pesoni nfo objed to araylist
pesons.add(p);

}

/I seart person recod by name by iterating over arraylist
public void searchPeon (Sring n) {

for (int i=0; i< persons.gze(); i++) {
Persainfo p= (Persalnfo)persms.gef);
if (n.equa(p.namg) {
p.print();
} /1 erdfor

} /1 erd searchPegon

/ldeletepersm recod by nane by iterathg ove arraylist
public void deletePaon (String n) {

for (int i=0; i< persons.gze(); i++) {
Persaoinfo p= (Persalnfo)persms.gef);

if (n.equals(p.namg) {
pesons.remove(j);

}
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}

} /1 endclass

The addpasm method first takes input for name, addres ard phone number and than congrud a Personinfo
object by udng the recently taken input values Then the newy constructedbjectis added to the araylistd
peson

The sarcliPeon& déetBasom methods are usirg the same methoddogy i.e. first they search the requirel record
by name and than prints his/her detal or deleé the recod permanently fromthe ArrayLis.

Both the methods are taking string argument, by udng this they can perform their seach or deleé operation.
We used for loop for iterding the whole ArrayLis. By usirg the sze method of ArrayList we can control our
loop asArraylLig indexsrang strtsfrom0to onelessthansize.

Notice that insice loop we retrieve eah Personinfo object by usirg down casting operation. After that we
compare eadh Persoinfo obj esmamé by the one passeé to these methods usingequa method since Srings
are always being compared usirg equd method.

Insideif block of sarchso, prit method is calledusing Personinfo objectthatwill digplay personnformation
on GUI. On the other hand, insde if blodk of déetBesn method, remove method of ArrayLet class is
caled that is used to deleerecord from pesoni.e. ArraylLig.

Step3d Make Test class(driver program)

This classwill contein aman methad andanobjectof AddressBook class.
BuildGUI basednenu by usingswitchsdecfon structure

Cal appropriaste methods of AddressBok class
Thecodefor Test clasis

impott javax.swng.*;
clas Test{

Publc static void man (Strirg args]) {

AddresBBook ab = new AddresBodk();

Sringinput, s;
int ch;

while (true) {

input = JOptionPanehow nputDidog(0Enter 1 to add 6+
O\ n Ente 2to Seara\ n Ente 3to Delet® +
OnEntedtoExi t 0) ;
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ch = Integer.prseIntinput);

switth (ch {

cagl:
ab.adPeson();
bre;

cag2:
s= JOptionPanehowl nputDialog(
0 E mhaeetosearh 6 ) ;
ab.searchPem(@);
bre;

cag3:
s= JOptionPanehowl nputDialog(
0 E mnaeetoddee ),
abdeletePenn(s);
bre;
cag4:

System.exit(0);

¥ [ end while
Y [endmain

}

Note that we useinfritewhile loop thatwould neve end or sop given tha our program shoud only ext when
use entes4i.e ext option.

Compile & Execute

Campile al three dasseard run Ted dass.Bravo,you successfullgompleted the all basc threeseps. Enjoy!
<.

Reference
Entire content for this handut are taken from the book JAVA A Lab Course by Umadr Javed This materid is

avaiable jug for the use of VU students of the course Web Design ard Devdopment and not for any other
commercid purpose.
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Lesson 7
Intr o to Exceptions

TypesofErrors

Generdy, you can come acros three types of errors while deveoping software. Theseare Sntax Logic &
Runimeerrors.

1. SyntaxErrors
Arisebecasetherulesof thelangiage arenot followed.

2. Logic Errors
Indicatesthatlogicusedor coding doesnd produe expectd output.

3. Runtime Errors
Occu because the progam tries to perform anoperation that isimpossibé to complete.

Caus exaptions ard may be handled a runtime (while you are running the program)

For exampledivide by zero

Whatis an Exception?

An exception isan event thatusualy signdsan erroneous situaion at runtime
Exceptions are wrapped up as objects
A progamcandeawith anexcetionin one of three ways:

0 ignoreit

o handldt wheret ocairs

o handleit an another plaein the program

WhyhandleExceptions?

Helpsto separaterrorhandlingcode from mah logic (the normd code you write) of the program.

As different sat/ type of excetions can aise, by handlig exceptions we can distirguish betwveen
them and write gppropriatt handlng coce for eah type for example we can differently hande
exa@ptionsthat ocaur due to divisian by Zero ard excepionsthat occu dueto non-avalabiity of afile.

If not handled properly, programmight terminate.
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Exceptionsin Java

An exception in java is repregnted as an objed thatd srested when an abnoma situation arisesin
the proglam. Note that an eror is dso represented as an object in Java but usualy represets an
unrecovaalle situaton ard shout not be caudnt

The exception object stores information about the nature of the problem. For example, dueto
nework problem or clas not found etc.

All exeptionsin javaare inheried fromaclas know as Throwasl

Exception Hi erarchy

Followingdiagranis anabridgedrersia of Exceptio clas hierachy

r— ClassNotFoundException

= IOException

—MK]— AWTException

r—1 RuntimeException <

— ArithmeticException

NullPointerException

— IndexOutOfBoundsException

Object { ——{Throwablef — — Several more classes

— Several more classes

—1 LinkageFrror

= VirtuaMachineError
— Fror ¢
— AWTEmor

—— Several more classes
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Tvpesof Exceptions

Exoeptions canbebroady categorized into two types Unchecli Cheked Exapias

UncheckedExceptions

Subclass®f RunimeException ard Error.

Doesnat require explcit handling

Runtime errors are internd to your progam, so yau can ge rid of them by debuging you code
For example, null pointerexceptionjndexout of bounds excegbn; division by zelo excepton; ...

T T I To

CheckedExceptions

Mustbecaught or declared in athrows dause
Compilewillissueanerrorif not handled appropriately

Subclass®f Exoegption other thansubdasse of RuntimeException.
Other arrivefrom externd fadors, and cannot besolved by debuggig
Communicaton froman extemd resource d e.g afile serve or datatase

T I I>o I T

How JavahandlesExceptions

Jwvahandlegxceptionszia5 keywordstry, catch, finally, throw & throws.

A try block

A Write codeinsidethisblockwhich cauld geneate errors

A catch block
A Cockinsicethisblod isusel for exception handing
A When the exceptio is raised from try block only than catch block wouldexecute.
A finally block
A Thisblock dwaysexecuteswhether exception occus or not.

A Writeclean up code here, like resource (connection with file or datalase) that are opened may
neal to be closed.
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The basc structure of usirg try d catd & finaly blodk is shown in the picture beow:

try Ihtr 'y block

{ /I write codethat cauld geneste exoeptions

} catch (<exceptiorto be caught>) /lcat ch block

{ / I write codefor exceptiorhandling

}é é

catch (<exceptiorto be caught>) /lcatc h block
/lcode for exceptiorhandling

} finally /I finally block

i /I any clean-up codg, releasethe acqiired resaurces
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A throw

A To manualy throw an exception, keyword throw is used.

Note: wearenot coverirg throw claugin thishandout

A throws

A If method is not interestel in handling the excetion thanit canthrow bad the exception to the
callemethodusingthrows keyword.

A Any excepion thatis thrown out of a method must be specified as such by a
throwsclaus.

References:

A Jaatutorid by Sun: hitp/ / javasun.comy docs/books/turorial

A Begdnning Java2 by Ivor Hortan
A Thinkingin Javaby BruceEckle
A CS193ptanfordJniversity
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Code Examples of Exception Handling

Unchecked Exceptions

Example Code:UcException.java

Thefollowing progamtakes one command line argumert and printsit on the console

/1 FileUcExceptionjava

public dassUcExceion {
public static void man (String aigq ) {
System.out.printin(arfy);

Compile & Execute

If we compile & execute the alove program without passig ary commard line argument an
Arrayl ndexOutOfBoundsExcetion would be thrown. This isshownin thefollowingpicture

o C:\WINDOWS\system32\cmd.exe

D:\examples\Exceptions? javac UcException. java —

D:N\examples\Exceptions? java UcException

Exception in thread "main" iava.lang.ArrayIndexOutOfBoundsException: %]
at UcException.main{UcException. java:7)

Dr\examples\Exceptions) _jj
4 3

Why?

Sine we hawe passé no argument, therefore the siz of String argg ] is zero, and we havetried to acesthefirgt
element (first element hasindex zero) of thisaray.

From the output window, you canfind out, which code line causs the exception to beraisedin theabove
exanple itis

System.out. printin(arggo));

CopyrighWirtualUniversityof Pakstan 75



Web Desigr& Developmentg CS506 VU

Modify UcException.java

Thoudh it is not mandatoy to hande undeckel exceptios we can stil handle
Unchecked Exceptionsif wewart to. Thesemodifications are shown in bad.

/1 FileUcExceptionjava

public dassUcExceion {
public atic void man (Sringamgq ) {
try {
System.out.printin(arg3);
catch (IndexOutOfBoundsExceptan ex) {
System.out.printin (You forget to pass command lineargume nt 6 ) ;

}

The possble exaption that can be thrown is IndexOutOfBoundsException, so we handekit in the cach block.

When an exception ocars, sud as IndexOut@BoundsExeption in this case then an object of type
IndexOutOfBounde€Excepton is crested and it is pased to thecorresponding catch block (i.e. the
cath block which is capabt of handlig this exaption). The catch block receies the exception object
insidea variabé which is & in this case.t can be any name it is similar to the paameter declaed in the
method signattire. It recéves the objectof exaption type (IndexOutOfBourdsExcetoin) it isdeclared.

Compile & Execute

If we execte the modified progam by passig command line argument, the progam would displa on
corsole the providael argument. After that if we execute this program again without pasing commard line
argument, this time information messagwould be displged which iswritten inside cach block.

oo CAWINDOWSh\system 3 2\cmd.exe

D:“examples~Exceptions?> javac UcException. java —!

D:“~examples“Exceptions> java UcException
ou forget to pass command line argument

E: “examples“\Exceptions> java UcException hello
ello

D:“examples“Exceptions>_ f
»

<
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Checked Exceptions

Example Code:CException.java

Thefollowing progamreads aline (relbworlgifrom afile ard printsit on the corsole.The Filereadingcodeis
probably new for you WellGexgdain it in the coming handouts

(Steams). For now, assimed that the code written insice the main real one line from afileandprintsthatto
corsole.

/1 FileCExcepionjava
import javaio.* ;

public dass CException {
public gatic void man (Sringamgq ) {
FileRealer fr = new FileReader (Ginput.txto);
BufferedRealer br = new BufferedRealer (fr);

/| read thelineformfile
Sringline= br.realLine();
System.out.printin(line);

Compile & Execute

If you try to compile this progran, the programwill not compile successfly anddisgaysthe messae
of unreportel exaption. This happes when there is code that can generatea che&ed exception but you
hawe not handled tha exception. Remember checked exceptionsare detected by compiler. As we early
disasse, without handling Checkel exception, out programwond compile.

v C:\WINDOWS\system32\cmd.exe

D:\examples\Excegtions)javac CException. java :J
CException. java:7: unreported exception java.io.FileNotFoundException; must
be caught or declared to be thrown

FileReader fr = new FileReader ("input.txt");

CException. java:11: unreported exception java.io.IQException; must be caught
or declared to be thrown
String s = br.readLine&);

Z errors

D:\examples\Exceptions>_ ~
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Modify CException.java

As we have discussg earliey it is manddory to handle checkel exceptions In order to compile the code
above we modify the abowe progam so tha file reading cade is placd insde a try blodk. The expected
exception (IOExoeption) that can beraised is cawght in catch block.

/1 FileCExcepionjava

import javaio.* ;

public dass CException {
public static void man (String aigq ) {
try{

FileRealer fr = new FileReader (Ginput.txto);
BufferedRealer br = new BufferedRealer (fr);

/ I rea thelineformfile
Sringline= br.realLine();
System.out.printin(line);
catch( 10 Exceptoin ex) {
Systemout.printin(ex);

}

}
}

The cock line written indde the catch blodk will print the exceptionname on the consdeif excepton occurs

Compile & Execute

After making changeto you progam it would conpile su@essful}. On executing this program, hetbwold
wouldbedisplayedn the consde

Note: Before execung, make sule that atext file named inputxt mustbe plaedin the sane diredory where
the programis savedAlso write hdlowald in that file beforesavingit.

e CAWINDOW Sisystem32\cmd.exe

D:Nexamples\Exceptions?> javac CException. java :J

D:Nexamples\Exceptions?> java CException
hello world

Df\examples\Exception5>_ | _jﬂ
4 [ 3
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The finally block

The finally blodk aWways executs regartes of excepton is rasedor not whie asyourememberedthe cath
blod only execueswhen an exceptian israised.

Exampel Code: FBlockDemo.java
/| FileFBlockDemojava

import javaio.* ;

public dass FBlockDemo {
public static void man (String aigq ) {
try{

FileRealer fr = new FileReader (Gstrings.txtd);
BufferedRealer br = new BufferedReeder (fr);

/I rea thelineformfile
Sringline= br.realLine();
System.out.printin(line);
cath(IOExceptoin ex) {
System. aut.printin(ex);
}
finally {

Systemout.printin(cfinally block alwaysexe c ut e 6 ) ;

}

}
}

Compile & Execute

The programabove will readone line from dring.txffile. If stringx is not present in the same directay the
FileN otFoundException would be raise ard catch block would exeaute aswell asthefinaly block.

o C:\WINDOWShsystem32\cmd.exe

:\examples\Exceptions? javac FBlockDemo. java

D:\examples\Exceptions>» java FBlockDemo

java.io.FileNotFoundException: string.txt (The system cannot find the
ile specified)

finally block always execute

D:\examples\Exceptions>_

=
< [ »

If strimgtxt is presentthere,no such excegtion would be raisedbut still findly blockexectes.Thisisshown
in thefollowing outputdiagram
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et C:\WINDOWS\system32\cmd.exe

D:\examples\Exceptions> javac FBlockDemo. java

D:\examples\Exceptions> java FBlockDemo
hello worl
finally block always execute

D:\examples\Exceptions>_ |_jj
3

<|

Multiple catchblocks

A Possit#to have multiple catch dauss for asindetry statement
0 Essentlly checkigfor differen types of exeptionstha may hapgen
A Evduatedin the orderof the code

0 BeainmidtheExcetion hieardywhen writhgmuliplecatedaiss!

0 If yau catt Excepton first ard then | OException, the IOException will neverbecaught!

Example code:MCatchDemo.java
The following progam would real a number form a file numbersiband thanprints its squae on the consde

/| FileMCachDenwo.java

import javaio.* ;

public dassMCachDenp {
public gtatic void man (Stringamgq ) {
try{

/1 can throw FileNotFound or IOExcepion
FileReder fr=nevFileReder ( amb er s. t xt 0)
BufferedRealer br = new BufferedRealer (fr);

/| rea the numbe form file
Sring s= br.realine();

/I may throws NumberFormatException, if sisnot ano.
int number = I nteger.parsel nt(s);
System.out.printin(numib& number);

catch( NumberFormatExceptoin nfEX) {
Systemout.printin(nfEx);

catch( FileN otFoundExceptoin fnfEx) {
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Systemout.printin(fnfEx);
}
catch( 10 Exceptoin ioEXx) {
System.out.printin(ioEx);
}

}
}

We rea eveything from afile (nunbers floaing values or texi) as a String That sévhy wefirst convert it to
numbe ard than print its squae on console.

Compile & Execute

If file rumbetst is not present in the same directory the FileN otFoundExceion
wouldbethrownduringexecution.

st C\WINDOWS\system32\cmd.exe

D:\examples\old\Exceptions? javac MCatchDemo, java

D: \examples\olcl\ExceEt1ons>java MCat chDemo .

java.io.FileNotFoundException: numbers.txt (The system cannot find the
file specified)

D:\examples\old\Except ions N

If numbers.tateent in the sane directory and contains a number, than hopefuly no exception would be
thrown.

e CAWINDOWS\system32\cmd. exe

B:S\exarnples\old\Except ions» java MCatchDemo i‘

D:\examplessold\Exceptions>_

b
1| ’
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The throwsclause

Thefollowing codeexamplewill introduceyou with writing & usirg throws clause.

Example Code:ThrowsDemo.java

The ThrowsDemo.java contains two methods namely methodl & method2 and one main method. The main

method will make cal to method1 ard than methodl will cdl method2. The method2 congins the file realing
code. The program lookslike onegiven bdow

/| FileThrowsDenojava
impott javaio* ;

public clas ThrowsDeno {

/1 contairsfilereadimgcode

public static void method?2() {

try{
FileRealer fr = new FileReader (Ostrings.txtd);
BufferedRealer br = new BufferedRealer (fr);

/| read thelineformfile
Sring s= br.realine();

System.out.printlrg);

cath(10ExceptoinioEX) {
ioEX.printStackrace();
}
M | erd methal 2

/lon lycdlingmetod2
public static void method1( ) {
method2();

}
public static void man (Sring aigd 1) {
ThrowsDemo.method1();
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printStadkT racemethod

Definedin the Throweble clas$ superclassf Exception& Error classes
Showsyouthefull method callinghistorywith linenumbers.
Extremely ussful in debuging

Modify: ThrowsDemo.java

Let method2 doesid want to handle exception by itsdf, so it throws the exaption to the caler of method?2
i.e.methodl

S methodl either have to handk the incoming excepion or it can re-throw it to its calle i.e. man.
Let methodl is hardling the exception, so methodl& mehod2 would be modified as:
/| FileThrowsDemo.java
impott java.io* ;

public clas ThrowsDeno {

/1 contairsfilereadimgcode

public static void methal2( ) throws 1 OEception{
FileRealer fr = new FileReader (0strings.txto);
BufferedRealer br = new BufferedRealer (fr);

/| read thelineformfile
Sring s= br.realine();

System.out.printlrg);

Y | erd methal 2

/1 cdlingmethod2 & handlirgincomirgexcetion
public static void methal1( ) {

try {
metho@();

catch (IOException ioEX) {
iOEX.printStack Trace();

}
}
public static void man (Stringagg ) {
ThrowsDemo.methoti);
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Compile & Execute

If file stingstxt is not presentin the sane directory,method2 will throw an excepon that would be cawght by
methodl and the printSadkTrace method will print the full callinghistoryon consde. The abovescenariois
shawvn in the output below:

v C:AWINDOWS\system32\cmd.exe

D:\examples\Except ions? javac ThrowsExceptionDemo. java ;]

D:\examples\Exceptions> java ThrowsExceptionDemo
iava.io.FileNotFoundException: string.txt (The system cannot find the
ile specified)

at java.io.FilelnputStream.open(Native Method)

at java.io.FilelnputStream.<init)(Unknown Source)

at java.io.FilelnputStream.<init)>(Unknown Source)
io.FileReader.<{init>(Unknown Source)
at fhrowsExceptlonDemo methodZ2(ThrowsExcept ionDemo. java:9)
at ThrowsExceptionDemo.methodl(ThrowsExceptionDemo. java:Z1)
at ThrowsExceptionDemo.main(ThrowsExceptionDemo. java:38)

q | »

If file drings.kt exit there,thanhopeully linewould bedisplayedn the console.

Reference

Example code, their explanaions ard corresponding figures for this hardout are takenfrom the book JAVA
A Lab Coure by Umar Javed. This materd is avaiabk jug for the use of VU students of the caurse Web
Desgn and Devebpment and not for ary other commercid purpose without the consent of author.
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Lesson 8
Sreams

I/ O libraiies often use the abstraction of adrean which representanydatasourceor sink asan object
capakeof producirg or recaving piece of data.

TheJavalibrary classesfor 1/0 aredivided by input and output You nea to import javaio padkageto use
dreams. Thereisno needo learnallthestreansjustdo it on the needbasis.

The concept of " streams"

A It isanabstradion of adatasource/sink

A We neal abstradbn becaus there are lots of different devics (files consoles, newvork, memory,
etc). We neal to tak to the devices in differert ways
(sequatial, random aaess by lines etc) Sreams make the tak eay by acting in the same way for
evey devie. Thoudh indgde handling of devices may be quite different, yet on the surface everything is
gmilar. You might rea from a file, the keyboard memory or network connection, different
device may requie specialization of the basc strean, but yau can treat them al as jud "streams’.
When you read from a nework, you do nothing differert than when you read from a locd file or

fromuse'styping

//Reading from corsole
BufferedRealer sidin= new Buff eredReackeriew | nputSreamReacer(
Sygem.n));
------ - (yaur console)
/I Readingfrom file
BufferedRealer br=new BufferedReader(nev FileRealer {nput.txtd));

/I Realing from network

BufferedRealer br = new BufferedReaer(new | nputSreanReackr
(s.getinputSream()));
--— 0 Gisthe socket

A S0 you can conside stream as a data path. Data can flow through this path in one direction between

speified termind points (your program and file, corsole sodket etc.)
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Cutpust Steas Input Strea
Han " Java Program " o
a0 O—0—0—0— O—0—0—0— N
20 —

Diata Soumce

Data Destinativn

Sream classification based on Functionality
Basd on functondity sreams can be catgorized as Node Steam and Filter Stream Node Streams
are those which conned directly with the dat source sck ard provide basc funcionality to read/wrie
daefromthat source/sink

FileRead fr = new FileReade(anput.ixt )

You cansee tha FileReader istakirg a daa/source dinputtxté as its argument and hen@it isanode
strean.

FilterSteams sit on top of a node streamor chain with other filter stream and provide some additonal
functonaity e.g compresion, security etc FiltelSreams take othe stream asther input.

BufferedReaddat = new BufferedReader(fr);

BufferedReder makes the 1O efficient (enharces the functiondity) by buffeling the input before deliveing.
And as you can see that BufferedReadr is sitting on top of a node streamwhich is FileReader.

oy
~ .

Strexmclassitaton base ondata

Jave Pro-grarn

‘§"m
=T
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Two type of classesxists.

Classewhichcontainthewordstreamin ther name are byte oriented ard are here sine JDK1.0. These streams
can be usel to read/write datain the form of bytes Henceclassewith thewordstream in therr nane are byte-
oriented in nature Examples of byte oriented streans are FilelnputSteam ObjectOutputSteametc.

Classewhich contain the word Reader/Writer are charader oriented ard real and write datin the form of
characters Readesard Writers camewith JDK1.1. Exampes of Reacer/Writersare FileReaderPrintWiiter etc

Jave, Frogram
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Example Code8.1:Reading from File

The RedFileEx.java reads text file line by lineard prints them on corsole Before we move on to the code,
first creste a text file (inpt.txt) using notepadand write followingtext linesingdeit.

Text File input.txt

HelloWorld
Pakisan isour homeland
WebDesignandDevdopment

/1 FileRealFileEx java
impott javaio.*;
public dass ReadrileEx {
public static void man (String aigq ]) {

FileReader fr = null;
BufferedReader br = null;

try{

/] attachig node strean with datisource
fr = new FileRead e finpubtxt ¢ ) ;

/1 attatchigfilter strean over node stream
br = new BufferedReader(fr);

/1 reaingfirg line from file
Sringline= br.readLine();

/1 printing ard realing remeining lines
while (line'= null){
System. aut. printin(line);
line= br.readLine();

}

/1 closingstreams

br.cle);

fr.close();

}catch(IOExceptionioex){
System.aut.printin(ioex);

}
} // erd main
}// erdclass
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Example Code 8.2: Writing to File

The WiiteFileEx java writes the strings into the text file named 0 o witttxp .AIf

0 o witttxp filedoesnot exst, the javawill cregteit for you.
/| FileWriteFileExjava

impott javaio.*;
public dass WriteFileEx {
public gatic void man (Sringamgq ) {
FileWriter fw = null;
PrintWriter pw = null;
try{

/] attachig node stream with datisource
/1 if filedoesnat ex#t, it automaicaly credesit
fw = new FileWriter (ooutputt x t ¢ ) ;

/1 attatchigfilter strean over node stream
pw = new PrintWriter(fw);

Sringsl=0 HeWd r | d 6 ;
Srings2= 0 \b Design and Developmet®;

/I writingfirst stringto file
pw.printin(g);

/1 writingsecou string to file
pw.printin(2);

/1 flushing stream
pw.flush();

/1 closngstreams
pw.clee();
fw.close();

}catch(IOExceptionioex){
System.aut.printin(ioex);

} // erd main
} /] erdclass

Afterexecutinghe program, checkthe outputtxt file. Two lineswill be writtenthere.
Reference
Example code, their explanaions ard corresponding figures for this hardout are takenfrom the book JAVA

A Lab Coure by Umair Javed. This mateid is avalabk jug for the use of VU students of the caurse Web
Desgn and Devebpment and not for ary other commercid pumpose without the consent of author.
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Lessm 9
Modification of AddressBook Code

Adding PersistenceFunctionality

Hopefully your addres book you built previousy is giving you the required resuls excgt one ie
pelsistence. You might have noticed that after addirg same peron rewrds in the addres book; if you ext form
the program nex time on re-execiting addres book al the previousremrdsareno more avaialde.

To ovecame the above problem, we will modify our program so that on exting stating of addres book, al
the prevoudy addel recods are availale eat time. To achiewe this we have to provide the persgence
functiordity. Currentlywe will acomplish this taskby savingpersorrecorddn same textfile.

Suppeting smple persisence by any applicaion requires handling of two scenaios Thegare

On gtart up of gpplication d daia (peron record) must be read fromfile
On end/finish up of application & dat (person records) must besaved in file

To support persisteice wehaweto handle theabove menioned scanarios

Scenariold StartUp

Establish adatachamd with afile by udng streams

Stat reading data (person record¥fromfilelinebyline
Construct Personl nfo objects from each line you haveread
Add those Pesminfo objectsin ariaylist persons
Closthe stream with thefile

Perfam these steswhie applicabnisloadingup

We will reed recorddrom atextfile named persons.txfThe person recordswill bepresentn thefilein the
followingformat.

Ali,defenc®201211

Usman,gulberd, 33310

SalmahUMS522670
persons.txt

As yau hawe seeneah persm recod is on a separatdliine. Per s onande saddress&
phonenumber is sepaatal usirg comma(,).

We will modify our AddresBookjava by addig a new methad loadPersons into it. This methad will
provide the implementaion of al the steps. The method isshownbdow:
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public void loadPersors ( ){

Sring tokens| = null;
Sring namead, ph;

try{

FileReaddr = new FileReader("persosixt");
BufferedRrealer br = new BufferedRealer(fr);

Sringline= br.readLine();
while (line'= null ) {
tokens = linesplit(",");

nanme= tokens[0];
add = tokengl];
ph = tokeng2];

Pesoninfo p= new Pesoninfo(namead, ph);
persos.adi(p);

line= br.realine();

}

br.cles();
fr.close();
} catcH{IOExceptionioEXx){
System.out.printin(ioEXx);

}
}

First we have to connect with thetext filein order to real line by line person recordsfromit. Thistak is
acomplishedwith thefollowinglines of code

FileReader fr = new FileReadr(Operso n s .; BuffetedReder br = new
BufferedRealer(fr);

FileReader is a character basal (node stream that helpsusin reading datin theform of chaactess. As we
are using streams, so we hawe to import the javaio packagin the Addres€Book class.

We pased thefile name personsitxt to the constiuctor of the FileReder.

Next we adl BufferedReaer (filter stream) on top of the FileReader because BufferedRealer
facilitategeadingdataline by line. (As you canrecallfrom the lecturethat filter sreans areattached on top
of node streans) T h a why the constucta of BufferedRede is receiving the fr & the FileRealer
object.

The nextline of codewill read line from file by udng readLing( ) method of
BufferedRealer and saveit in astiing vaiabk callel line

Sringline= br.reedLing();
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After that while loop starts. The condition of while loop is usedto check whether the file is reachedo end
(returnsnull) or not. Thisloop is usedto readwhde file till the end.When end comes (null), this loop will
finish.

while (line!= null)

Inside loop, the first step we performed is tokenizing the string. For this purpose we have useal split
method of Sring class This method returrs sulstrings (tokens acording to the regilar expresion or
delmiter pasedto it.

tokers= line.plit® , 6 ) ;

The retun type of this method isarray of stringgt h savhydve have declared tokens asa Sring arrayin the
bednning of thismethod as

Stingtokens;
For example, the line contains thefollowing string
Ali,defenc®201211

Now by caling split(0,6 )method on this gring, this method will return back three substings di déeme
and 9201211becausethe ddimiter we have passedto it is comma.The deimiter itsdf is not indudedin
the substings or tokens.

The nex three lines of code are simpk asggnments statenents. The tokend0] contins the nare of the
per®n because the name is dways in the beginning of the ling, tokens[] contains addes of the person
ard tokend2] contains the phonenumber of the petson.

name = tokens|0];
add = tokerg[1];
ph = tokeng2];
Thename, add ard ph are of type Sring ard are declared in thebegnning of this method.
After that we hawe constiucted the object of Personlnfo clas by using parameterized constiuctor and
passedil these gringsto it.
Personinfo p = new Pasoninfo(nane, add, ph);

Afterward the Pasoninfo object spisadded to the arraylisti.e. persms. persms.addg);

Thelag step we hawe doneinsice loop is that we have agan real aline form the file by using the readLing()
method.
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By summaizing the task of while loop we can concluce that it reads the line from afile,
Tokenizethat line into three substmgs followed by constiucting the Personinfo object by
usingthesetokens And addingtheseobjects to the arraylig. Thisprocessortinuestill thefile
reachegsend.

The lag gep for reading informaton from the file is ordinaryone & closingthe streans,
becaue files are externaresourcesso it sdetter to close them as soon aspossble.

Also obseve tha we used try/catch block becaiseusng streans canresultin raishg exceptons
that falls under the chedked excepbns catgory d tha need mandatoy handing.

Thelag important step you have to perform is to callthis method whileloadingup. The maost
gppropriate plae to cal this method is from insice the condructor of AddressBookjava So
the constructo will now look like similar to the onegiven bdow:

,,,,,,

eeeeee

public AddressBok () {
Pesons= new ArrayList();
loadPesons();

eeeeee

AddressBook.java

Scenario2 8 End/Finish Up

Establish adatachanel(d¢ream) with afile by using streams

Take out Pasoninfo objects from ArrayList (persons)

Build a string for each Personinfo object by inseting commas (,) between name
& addresand addres& phone number.

Write the congructed gtring to thefile

Closetheconnetion with file

Perfam these steswhile exiting from addres book.

Add andhe method savePersons into AddresBook java This method will provide the implementaion of all
the above menioned steps. The method is shavn bebw:
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Public void savePersos ( ){

try{

Pesoninfop;
Sringline;

FileWrite fw= new FileWriter(persms.txt");
PrintWrite pw = new PrintWrite(fw);

for(int i=0; i<persons.sizefj++)

{

p= (Pesonl nfo)pesons.get(i);
line= p.nane+","+ p.addres+"," + p.phoneNum;

/1 writeslineto file (pesons.txt)
pw.printin(line);

}

pw.flush();

pw.cla();
fw.close);

}catdh(IOExceptionioExY
System. aut.printin(ioEx);

}
}

Asyoucan see,that wehave openedthe same file (personstxt) again by usirg a sd of streams.

After tha we have darted for loop to iteate ove arraylt as we did in
sexchPersan ard ddetePerson methods.

Inside for loop body, we have taken out Personinfo object and after typecasting it we hawe assignel its referance
to a Personinfo type locd vargble p. This isachieved by the hdp of following line of code
p= (Persoinfo)pesons.get(i);

Next we build a string and inset commas between the Pasoninfo atributes and assig the newy congtructed
stringto gringd kwcalvaiableline as shown in thefollowinglineof code.

line= p.nanme+","+ p.addres+","+ p.phaeNum;

Note: Sirce, we havert declae Personinfo attributes private, therdore we are abkto directly accesthem
insideAddressBook java.

The nex step isto write the line representing one Pasoninfo object sinformation, to thefile This

isdore by usirg printin method of PrintWriter as shown beow

pw printin(line);
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After writing line to the file, the printin method will move the cursor/control to the nextline. T h awhy s
eat lineisgoing to bewritten on separatline.

Thelag step for savng informaton to the file is ordinary one & closirg the streams but before that notice
the cade line that you have not seen/p erformed while loadingpersonsrecorddrom file. Thatis

pw.flush();

The aboe line immedidely flushes dat by writing any buffered output/data to file. This step is necesasy
to peaform or othewise you will mog probably lose some daa for the reasm that PrintWriter is a
Buffered Stream ard they hawe ther own internd memory/storage capacit for efficiency reasons.
Buffered Steams do not serd the datauntil their memory isfull.

Alsowehavewrittenthis codeinsice try-catch block.

Thelast important step you hae toperformisto cal this method before exiing from the addres book.
The most appropriag placeto call this method is undercase4
(exit scenaiio) in Testjava. Sothe case 4 will now look like similar to the one given bdow:

cag4:
absavePeons();

System.exit);

Test.java

Compile & Execute

Now agan afte compiling al the classesrun the Test classinitialy we are assming tha out personsitxt file is
empty, so our arrafist persons will be empty on the first start up of addressbook. Now add sane records
into it, peform seach or delde operations. Exit from the addres book by choosing option 4.
Check out the personstxt file. Dond ge surprisd by seeig that it contains al the person records in the
format exacty wehawe seen above.

Next ime you will runthe addras book; allthe recods will be available to you Paform the searh or ddete
operatonto verify that.

FinallyYou havedoneit !!!

References

Example code, their explanaions ard corresponding figures for this hardout are takenfrom the book JAVA
A Lab Coure by Umair Javed. This mateid is avalabk jug for the use of VU students of the caurse Web
Desgn and Devebpment and not for ary other commercid pumpose without the consent of author.
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Abstract Classes and Interfaces

ProblemandRequirements

Before moving on to abstract dasses, first examine the following class hierarchy shown below:

Circle Square

A Suppos that in orde to exploit polymorphism, we specify that 2-D objects must be ableto computtheir
are.
0 All 2-D classeamustrespondo area(jnessage.

A How do we ensire that?
0 Defineareamethod in class Shape
0 Forcethe subclassesf Shaeto respondarea(jnessage

A J a speovidesustwo solutionsto handle sud problem
0 AbstracClasses
d Interfaces

Abstract Classes

Abstrad cases are usal to defire only pat of an implementaion. Becausge information is not complete
therefore an abstact class camot be instantiate. Howe\er, like regular dasss, they can ako cortan instance
vaiadbles and methods that are full implemented The clas that inherits from abstact clas is responsibk to
provide details.

Any clas with an abstiact method (a method has no implementation similar to pure virtud function in
C++) must be declaed abstrat; yet you candedarea classabsactthathasno abstracimethod.

If subclassverridesall abstract methodsof the superclass thanit becomes a concrete (aclas whose objed can
be inganiate)classotherwisewe have to dechre it as abstect or we can not compileit.
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Themost important asyect of abstact classis thatreference of anabstract clas canpoint to theobject of
conceteclases.

Code Example of Abstrad Classes

TheShape das containsanabstrad method calcubteArea) with no defintion.

public abstract clas Shape({
public abstrad void cdculaeAred);
}

ClassCircle exends from abstact Shapeclass, therefore to become conaete dassit mustprovideghe
definiion of calculéeAreg) method.

public das Circle extends Shape{

privaeint x, y;
privakeint radius;

public Circle() {
X=5;
y=5
radits= 10;
}

/1 providing definition of abstrad metrod
publicvoid calculateArea () {

doublearea= 314 * (radiss* radus);
Ssemat . pr i n:6Haed)d Ar e a

}
Y/ end of dass

The Teg clas contairs man method. Inside main, areferece s of atatract Shapeclasds creatd. This refererce
can point to Circke (subclass of aldtract clas Shape) clas object as it is a concrete class With the hdp of
refaence, method calculateArea@an beinvokedof CircleclassThisisallshownin theform of codebdow

publicdasTest {
public staic void main(&ring argg]X
/lca nonly creag references of A.C.
Shaes= null;
/I Shapesl = nav Shape()//cannot ingantiate

/labstractclasreferenecan point to concree subclass
s= new Circle();

s.calculateArea();

}
Y/ end of dass

The compilation and execution of the aboveprogramis shavn bdow:
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cv C:AWINDOWS\system32\cmd.exe

D:N\examples\abstract?> javac Shape. java :J
D:\examples\abstract> javac Circle. java
D:\examplessabstract> javac Test. java

D:\examples“abstract? java Test
Area:314.0

D:\examples\abstract>

-
<| | »

Interfaces

Aswe se@ one possble java® solution to problem discussed in gart of the tutorial. Thesecond possilejava 6 s
solutionisInterfaces.

Interfaces are specihjava type which contains only a sé¢ of method prototypes but doest not provide the
implementation for the® prototypes. All the methods inside an interface are abstact by defaul thus an
interface is tantamount to a pure abstact cdas d a clas with zero implementation. Interfae can al® contains
staicfind constants

Defining anInterface

Keywordinterfacas usedingeadof classasshown below:

publicinterface Spekeq
public void speé&();
}

Implementing (using) Interface

Classedngderen interfaces Implementing an interface is like signing a cottat. A clas tha implements an
interface will haveto provide the definition of all the methods that are presentinside an interfae If the
clas does not provide definitions of al methods the classwould not compile. We haveto declae it asan
abstractlassn orderto getit compiled.

Relatimship betwen a classandinterfaceis equivabnt to drespabt owbile dsa 6
relationship existsn inheritance.

CodeExample of Defining & Implementing an Interface

Theinterfae Printable contairs print() method.
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publicinterface Printablg]
public void print(}
}

Class Studert is implementing the interface Printable. Note the use of keyword inplenetsafta the dass
name. Studet dass has to provide the definition of print method or we are unabketo compile.

The codesnippetof studentlasss givenbelow:

publicdas Studert implements Printable{

privae Sringname;
privaie Sring address;

public Sring toString () {
retun"name:"+nare+" address:"+address;

}

/lprovi dingdefinitian of interface® print method
public void print() {

Systemout.printin(" Name:" +name+" address' +address);
}

¥/ endof dass

Interface Characteristics
Similar to alstract clas, interfaces impaoses a design structureon any classthat usesthe inteface.Contary to
inheritance, a class can implement more than one interfaces.To do this separate the interface names with
commadThisisjavad wayof multipleinheritance.
dassCirdeimplemerts Drawalde, Printeble{ é é é .}
Objectsof interfacesalso cannot be ingantiated.
Foeker s= new Spesker();// not compile

However, areference of inteffae canbe crested to point any of itsimplementatiorclassThisisinterfacebased
polymorphism.
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CodeExample: Interface basedpolymorphism

Interface Spesker is implemented by threeclasse$olitician,CoachandLecture. Codesnippetf dl these
three classeareshowbelow:

public das Pdlitici an implemertsSpeker{
public void spe&(){

System.out.pintin( RoiticsTaks 6 ) ;

}
}

public das Coach implemerts Speker{
public void spe&(){

St em. ou tSopsialkad)t | n( o
}
}

publicdas Lecturer implemets Speker{
public void speak({

System.outprint | n b De¥geard Devdopmert Takso);

}
}

As usual, Test classcontains man method. Inside main, a referencesp is createdof Speakedass. Later,
this reference is usal to point to the objects of Politician, Coach ard Lecturer classOn caling spe& method
with the helpof sp,will invoke the method of aclasgo which spispointing.

public dass Test{
public static void man (Strirg arg$]) {

Foeke sp = null;

System.out.printh(* sp pointing to Politician™);
sp = new Politician();
spspeak();

System.out.printli'sp pointingto Coech');
sp = new Coach();
spspeak();

System.out.printh(* sp pointingto Lecturer™);
= new Lecturer();

spspeak();
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Thecompilation and execution of the aboveprogramis shavn bdow:

o C:\WINDOWS\system32\cmd.exe

D:N\examples\interface\polymorphism> javac Speaker. java
D:~examples\Ninterface\polymorphism> javac Politician. java
D:NexamplesNinterfacespolymorphism» javac Coach. java
D:Nexamples\NinterfaceNpolymorphism» javac Lecturer. java
D:\examples\Ninterface\polymorphism» javac Test. java
D:N\examplesNinterface\polymorphism) java Test

sp p01nt1ng to Politician

Politics

sp p01nt1nE to Coach

Sports

sp pointing to Lecturer
eb design and Development Talks

W
y o
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