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Unit-1
Introduction of Java & Programming Structure

Introduction to Java - (ST &7 9fR=)

1.

STaT T James Gosling & Sun Microsystems Inc & &9 1995 ¥ fa=f@ra f3F=am o, a1 & Oracle
Corporation = 2& sfferrfaa #¥ foram

g T T programming language gl SITAT writing, compiling, 3T debugging programming &t
AT FATAT 2

7% reusable code 3f¥ modular programs s9TH § W& F¥AT gl

SITaT UF class-based, object-oriented programming language g 3fiT =& few implementation
dependencies &2 fRstTz foFaT 13T 21

Java applications #T byte-code & compile faT STar & ST &+t oY Java Virtual Machine 9% 5=
TR 2

STET & syntax C/C++ SHT &1 21

History of Java (SITaT #T fagm™)

1.

AW

10.

11.
12.

STTET & Tiaerd agd fea=eq g1 James Gosling, Mike Sheridan, 3T Patrick Naughton & 1991 #
STTAT ATHT ST % hAT| &9 SSOaH 6T el 219 T Green Team Fgl SITaT 4TI
9% ¥ TH B, embedded systems F forT fESiTe foFaT 12 =T, S set-top boxes|
TIE Tg 28 James Gosling ZT¥T "Greentalk" F2T SITAT T, ¥ &4t file extension .gt =
ITF qTE, T Oak F2T AT 3T TH Green project  UF ZE F &7 | faswtaa fowar @m
Oak F1? Oak «rf<h T e g 37T =7 < 391 5+ U.S.A., France, Germany, Romania 3Tt &T T8
T FAT AT B
1995 ¥, Oak FT 9T F&@Y "Java" T@T TAT (T Tg 910 92« & & Oak Technologies T T&
trademark =IT|
IRl STAT ATT % 70 Java AT T FAAT? EH TF TIAT ATH AT F (0 THET g5 | AT U 92 o
"dynamic", "revolutionary", "Silk", "Jolt", "DNA" s1Tf21 & F® UHT ATEd o ST technology & AT
T ZATAT B1:  FITAwILT, Tiaefie, Straa, g, siw S5 spell FAT ST AT €T 211

James Gosling F AT, "Java 37 Silk o fasedi § & o1 Ff% Java 9gad unique =T, &
* HT FEEAT 7 =T ATHT AT AT § Java F TH AT
Java SEHET | UF 19 8 &l Tl Hithl %1 Icarad gonr (5 Java coffee #gr SITaT 8) | I8 TF
TFHIT FT espresso bean g1 Java ATH James Gosling 7 s+ office  TT8 T FF FHIthl TTd gU AT 4TI
&9 & T3 Java &1 U 919 g, F2 acronym (Tfera &) 927 2
SITET F 9[F H James Gosling T Sun Microsystems ® fa&faa faar s =, 5% o1& Oracle
Corporation #T subsidiary & 3% 2% 1995 # release 3T T =Ml (Note: PDF & 1835 1d g, @&t
Fd 1995 7)
1995 ¥, Time magazine = Java T 1995 % = best products & & T FgT
JDK 1.0 23 SadT, 1996 # release gaTl Java F T2l release & @Tg, language ¥ &% additional
features STTg T g1 4T Java Windows applications, Web applications, enterprise applications,
mobile applications, &< # use faT ST 77T 1 8% 74T version Java # 7% feature STT=aT &1



Features of Java (SmaT # fadrward)

Java programming language creation T primary objective 9T T8 T® portable, simple 3fi¥ secure
programming language IATATI TH 7T4T, T excellent features st § ST 29 language #T popularity
# important role fAsrar €1 Java T features #T Java buzzwords & TH & ot SITHT ST 2

Java language #T Fa¥ important features #¥ list #= &1 T2 8

Simple (%)

Object-oriented (T+I-379)
Portable (qTéaT)

Platform independent (*iehi¥ ¥=d=)

Secured (Ffard)

Robust (¥=T9)
Architecture neutral (sTfsheFa¥ =12a)

Interpreted (32Tee)

. High Performance (3g T&¢i9)
10. Multithreaded (A<ia=®)
11. Distributed (ferafaa)

12. Dynamic (STIATHH)

©®ONDU A WNE

1. Simple: Java H1&AT Iga SETH €, &Y THFT syntax simple, clean i easy to understand 2|

e Java syntax C/C++ 9% 4T g AT C++ HIE * 9T& programmers & o7 =& HraeT srame
El
e Java 7 many complicated 3% rarely used features &I g2T faaT g, 3L & ™1, explicit

pointers, operator overloading 3z

e Unreferenced objects &I remove #¥ #T need 7gl g FifF Java H automatic garbage

collection grdaT &l

2. Object-oriented : Java U% object-oriented programming language g1 Java # everything T object
21 Object-oriented FT Haea g T g7 399 software T different types of objects % combination %
&7 H organize Fd g ST data 3T behaviour 9T T incorporate F¥d gl

Object-oriented programming (OOP) T# methodology & ST software development 3%
maintenance #T T rules provide &% simplify FT g

OOPs & basic concepts &:

A. Object (a=])
B. Class (aT)

C. Inheritance (&)



D. Polymorphism (Sg=9dT)
E. Abstraction (3redaT)
F. Encapsulation (Taegarer)

3. Portable : Java portable g #if% og sTa=T Java bytecode &1 Tt T platform 9% carry 3= & gfaam
TSI AT g1 T8 (o0 fheT implementation FT saeadr w2 2T 21

4. Platform Independent :

Class File

il N

Mac OS/ Windows Linux
JVIM JVM JVIM

l l |
< == D

e Java T platform independent language g FT I8 C/C++ ST s1=7 languages ¥ 31T g v
platform specific machine code ¥ compile faT STaT & &t Java T# "write once, run
anywhere" program language 2| U platform hardware a7 software environment graT g
SE# T program run graT 2

e TTYFT F platforms BT §: software-based 3T hardware-based platformi

e Java platform stferier 7+ platforms & =& 7Ta+ ® {9+ § f% 78 U# software-based platform
& ST 37+ hardware-based platforms % 39 F«dT g1 THH &I components & :

A. Runtime Environment (TA2T3H aTara<0m)

B. API (Application Programming Interface) (Tfearshere STUTIHIT S22h)

e Java code multiple platforms 9% execute 3T ST TohaT &, 32120 & forw, Windows, Linux,
Sun Solaris, MacOS, #f31 Java code compiler ZRT compile AT SITAT g 3T bytecode #
converted f3T SITaT 1 7€ bytecode T# platform-independent code g Fif# 7§ multiple
platforms T¥ run g1 @dT &, ATT, Write Once and Run Anywhere (WORA).

5. Secured (F=fara) : Java sT=T security % T & SATET SITET SITAT €1 Java % AT, BH virus-free
systems develop F¥ T&d 2|



Java secured g 1T

e No explicit pointer (T 9122 7&T)
e Java programs T virtual machine sandbox ¥ 3i&¥ =I=1d gl
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> Classloaders: Java & Classloaders, Java Runtime Environment (JRE) &1 % fgear g T
ITART Java classes & Java Virtual Machine ® dynamically load %= % forw fram stmar 21 72
local file system # classes & package FT network sources & imported those classes & 3= T
e security add F¥AT 2l

> Bytecode Verifier: I code fragments #1 illegal code & forw STf= #¥dT g ST objects # access
rights T Ieer=d FT TFd g

> Security Manager: g fRifa w7ar g % U class 9 resources % access & Tl § S
local disk 7% reading 3fiT writing|

Java language ¥ securities by default &9 T g1 T security TF application developer =T
explicitly «ft s&T #it ST TwdT g, ST SSL, JAAS, JCE Cryptography e % through

6. Robust : Robust FT RIS 379 g strong (F74q) |
Java robust & #ifF:

e 7 strong memory management & use AT 2l

e I pointers T&El @ ST security problems & F4Td €l

e Java provide F¥dT g automatic garbage collection ST Java Virtual Machine 9% 5=ar g a1
39 objects & e et T ST 7 Java application ST ITART A&T FFaT ST 72T 31

e Java ® exception handling 3% type checking mechanism 21 =¥ T sft points Java FT robust
ERIGEA



7. Architecture-neutral: Java architecture neutral g #Fif% T8H #IT implementation dependent
features I &, ST & fo1T, primitive types #T size fixed 21

TF C programming ¥, int data type 32-bit architecture & T 2 bytes memory occupy FaT g
#T 64-bit architecture ¥ foIT 4 bytes memory occupy F¥aT g1 gT=iTF, Java H I8 32 3fiT 64-bit
architecture 91  forT 4 bytes memory occupy F¥dT gl

8. Interpreted : Programming languages #, sira= ®@ & ©F & a7 9T compiler =T interpreter T use
FIAT 8, AT Java programming language T# compiler 3T interpreter 91 &1 use FAT g1 Java
programs bytecode files generate #%= & forw compiled g1 €, fF¥ JVM execution ¥ Z¥T9 bytecode
file FT interpret AT 21 T8 AT & JVM T JIT compiler FT AT use F¥dT & (T8 execution #t speed
FT FETAT ) |

9. High-Performance : Java 3= traditional interpreted programming languages #T T&@T # faster g
Fi% Java bytecode native machine code & "close" gl oIZ still T% compiled language (S# C++) &t
AT ¥ AT=T slower g1 Java bytecode T carefully designed T T =T atfs =& directly native
machine code ¥ translate F¥AT easy 2T Just-in-time compiler & use F very high performance %

form

10. Multi-threaded: T# thread T 1< T program =T d¥g gIdT g, ST concurrently execute ZraT g1 29
Java programs for@ @& g ST T AT many tasks T handle #¥d & multiple threads #T define F¥F
Multi-threading #T main advantage oIg g & 98 I% thread % <0 memory occupy 72! F¥aT 81 T8
TF common memory area share F¥aT gl Threads multimedia, web applications, g * form
important gl

11. Distributed: Java distributed & i o5 user #T Java # distributed application create #¢+ &
giargT Y& F7aT g1 RMI (Remote Method Invocation) =T EJB (Enterprise Java Beans) distributed
applications create F¥ # forT use FFT ST €1 Java #iT I8 feature gH internet 9% fHT WY machine &
methods T call % files access F¥A # H&AH FATAT 5

12. Dynamic: Java T# dynamic language g TE classes % dynamic loading #T support FdT &1 ZEaT
#aaa g f% classes on demand loaded It €1 o8 39T native language F functions &1 ¥t support
FLAT &; ATAT C 37T C++

Java dynamic compilation 3T automatic memory management (garbage collection) #T support

FAT B

Java Software : Sun Microsystems (S st Oracle corporation ¥ acquire ¥ foraT &) & user
requirements % TETY 97 Java software &l §&7 &9 & T parts # ieTl I(S o7 3@, T T &7 H a1
TTT % user & — 1. Developer ¥ 2. Customer!



1. Developer : a8 person ST T# AT program develop #F¥aT &, mostly all programs, 3%
compile FXAT g T execute FAT &1 T+ TF developer #T development kit, compiler 3%
program execute ¥ % foTT T environment F sraeTaT gt 2l

2. Customer : Customer #T finalized product fA<rTT, TH{eMT I/ %< program execute F<d &
forT U environment Ft SrFeTFAT AT g

=9 f29Ta & Java Software &7 a7 parts | 2T AT ¢
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JDK (Java Development Kit) - Java Development Kit (JDK) T software development environment

& fSreeRT IT9T Java applications ¥ applets develop #¥ # forw 3 SITaT g1 g physically exist
AT g1 =% JRE + development tools T £l

JDK, Oracle Corporation 3T release f&u w0 #1=r f&w 7w Java platforms & & foeflt ws =7
implementation g :

a. Standard Edition Java Platform
b. Enterprise Edition Java Platform
c¢. Micro Edition Java Platform

JDK ® U= private Java Virtual Machine (JVM) 3T F& 3+ resources 2Id & SI{ T interpreter
(java), T compiler (javac), T= archiver (jar), 7% documentation generator (javadoc), 3Tfe T= Java
Application ¥ development FT complete F& % form)
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JRE - JRE, Java Runtime Environment % forT = acronym (&fers smer) €1 =& Java RTE T foram Stmar
21 Java Runtime Environment software tools #T T &< g ST 37T Java applications develop
2 o forw f3Fa STaT 81 78 JVM &1 implementation g1 I8 physically exist a1 81 Z8H libraries +
other files & T e ZrAT & T STTRT JVM runtime 9% 2T 2

JVM #FT implementation Sun Micro Systems ¥ 3I<TaT 3=4 companies T¥T T actively release
[ERISIEIEA

JVM -JVM (Java Virtual Machine) T& abstract machine g1 38 virtual machine THfeT Fgr STaT &
Fi% 7g physically exist g FAT g1 T8 U specification (faf93er) & ST U& runtime environment
provide F¥dT g fSH Java bytecode executed 3T SIT TsaT g1 78 3 programs &7 §ft run T TadT
@ ST other languages # for@ T g 3T Java bytecode # compiled & 1w &)

JVMs many hardware 3% software platforms ¥ {17 available €1 JVM, JRE 3T JDK platform

dependent g Fif& Id® OS FT configuration TF ga¥ # different grar g1 g, Java platform
independent g1

JVM fasrferfara main tasks perform &t 8 :

e Loads Code (¥ &I F¥AT §)

e Verifies code (FT verifies F¥aT g)

e Executes code (¥ execute F¥AT 8)

e Provides a runtime environment (T% runtime environment I FXdT %’)

Difference between JDK, JRE and JVM: (JDK, JRE i< JVM 3 i= (@)

S.No. Key JDK JRE JVM

1 Definition | JDK (Java JRE (Java Runtime JVM (Java Virtual Machine) Ts
Development Environment) JVM | abstract machine g ST platform-
Kit) Java % T implementation | dependent 2| & = notions &




application g A T UF forT ue specification % &7 &
develop #X % | software package % | AT JTAT§: TF document ST
forT ue software | 7 ¥ designed =T | JVM implementation #¥
development kit | 3T € ST Java class | requirements describe F¥aT &,
21 JRE % sretmar, | libraries, Java TF computer program ST JVM
JDK & number | Virtual Machine requirements T T FTAT &, AT
of development | (JVM), ¥ other T instance ST Java byte code
tools (compilers, | components execute F¥AT g 3T Java byte
JavaDoc, etc.) T | provide F¥aT & Java | code execute F37 ¥ forw us
g2l programs & runtime environment provide
applications #T run | &7aT 21
FA o o)
2 Prime JDK primarily T AT, JRE JVM T & a1+t
functional | code execution | mainly code implementations specify FZdT &
ity % environment | execution % 3T JRE #T ¥ implementations
& forw use fFaT | environment create | provide F% ¥ 1T responsible
SITAT § ST et | FA o oy 2l
prime responsible g
functionality
development ¥
et 8
3 Platform | JDK platform JDK #¥ a%g, JREft | JVM st platform dependent 21
independ | dependent & platform
ence 7T different dependent 2|
platforms & form
different JDK
required g1d &
4 Task 4% JDK prime | &< AT JRE # tools | JVM # software development
development % | 3% compiler a1 tools include 72t g 1
o responsible | debugger st 5t
& gAte ad 24 €\ afek Tad
Java class libraries 3fi¥
applications 1 | other supporting
developing, files gra & et
debugging sii¥ | JVM &I program
monitoring run & for
tools 2T gl ATTITHAT BIaAT 2
5 Implemen | JDK =Java JRE = Java Virtual JVM = Only Run-time
tation Runtime Machine (JVM) + environment for executing the
Environment + Libraries to run the | Java byte code
Development applications
Tools

Execution Process of a Java Program (T& STTaT SWmH it fAsares withaT) —
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JIT - JIT stands for Just-in-time compiler! Java ® JIT, JVM & TU# integral part 81 T execution
performance FT previous level & many times over accelerate F3aT g1 THY A=al #, I TF key-running,
computes-intensive program g ST best performance environment provide F¥dT gl 7§ Java application
#I performance FT compile time aT runtime 9% optimize F¥AT gl

JIT compilation # code FT machine code # translate #¥= & T I approaches eTf&e & AOT
(Ahead-of-time compilation) 3 interpretation! AOT code #T native machine language ® compile F¥aT
2 (normal compiler #T a%g) | & VM ¥ bytecode FT machine code & transform F¥dT gl

JIT compilers g1 AHfei&d optimizations T ST 3 :

e Method In-lining

e Local Optimization

e Control Flow optimization

e Constant Folding

e Dead Code Elimination

e Global Optimizations

e Heuristics for optimizing all sites




Advantages of JIT Compiler:

ZH less memory usage FT AMFTFHAT Il &l

Code optimization run time 9% #t ST 81

7% different levels of optimization FT use F¥aT gl
7Z page faults &1 FH FAT 2

Disadvantages of JIT Compiler:

e 7 program T complexity FT FZTET 2
e Less code ATl program JIT Compilation T benefit g1 o gl
e =g lots of cache memory FT use FaT gl

0 SIT9d 8 T Java bytecode #T interpretation native application F performance FT &7 FT aaT g1 JIT
Compiler #T implement & &T 7&t &0 g1 JIT Compiler bytecode FT native machine code & compile
7 application & performance #T accelerate F¥aT gl

zn fAwferfaa flow chart #t wag & JIT Compiler % working T 77T Tahd 2
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JVM Architecture in Java (SITaT & SIETH arfhesay)
JVM Architecture # three main subsystems gTd & :

e Class Loader Subsystem (FTe =¥ 394 )
e Runtime Data Area (¥TH2TEH 22T UiAT)
e Execution Engine (TfasragerT 2o )

Class Loader Subsystem : =% 3 components g :

A. Loading: g JVM Architecture #T ag component g ST classes &l memory # load F¥aT 8| Y% JVM &
U class loader gTaT 1 Java & three built-in classloaders & :

1. Bootstrap Class Loader: 72 9% classloader g ST Extension classloader T super class 1 7€ rt.jar
SI¥ core Java libraries load F¥aT 81

2. Extension Class Loader: Ig 3% classloader g ST jre/lib/ext directory # ®IS[= jar files #T load
AT 81 g Bootstrap classloader T child g 3fiT System classloader #T parent gl

3. System/Application Class Loader: 7 3 classloader g ST classpath & classfiles #T load F¥dT g1
TZ Extension classloader #T child gl

Architecture of JVM (SiTH 1 srfheFax)



JVM Model

Class Loader Subsystem

Loading Linking Intialization

Runtime Data Area

Stack
Thread #1 || || Thread #1pC Native
Method [ :
Heap e Method
Area [ hreads2 || f|Thread £2c Stack
[ Theadn || [] Threadnrc |

! !

:
Execution Engine
Native Method
Interpreter Compiler | | Collector (NN
-~ J

B. Linking - g operation different files I main program ® T# AT combine FT 81 Tg Verification,
Preparation, 3T Symbolic reference resolution perform F¥d gl

1. Verification - Verification phase class file #¥ correctness check T g1 zoT Aaaa g fF 78
check #¥aT g T file format valid compiler ZT3T generate T 4T & a1 1 I verification fail
21 SITaT § a7 g9 U java.lang VerifyError fa@ar 2

2. Preparation - JVM, class variables 3 for@ memory allocate F¥aT & 3fi¥ memory #T default values
H initialize FaT 1

3. Resolution - Resolution symbolic references #T direct references & #T replace F¥ #t process
21 T returned entity locate #¥ % forT method area ® searching FT use F¥AT gl



C. Initialization - =7 operation ® @Y static variables #T program block # 3% specific values F AT
assign AT TR 21

Runtime Data Area - <5 5 components &!

A. Method Area :- Tg T3 class #¥ structure store F¥dT & & method data, field data, runtime
constant pool, metadatal

B. Heap :- Heap runtime area g STgf object allocation graT gl

C. Stacks :- Stacks partial results 3fi% local variables of a program store F¥d g STa WT U= thread
create #T ATAT g, AT simultaneously TF JVM stack FT creation AT g1 ST 29 T& method invoke Fd
2, T T new frame create ZIAT § 3T destroy I THT gI STAT § ST invocation process complete

2T ST &)
D. PC Registers :- 72 currently executing JVM instruction #T address store F¥dT &l

E. Native Method Stacks :- zo# 3t T application # required @+t native methods =t g1 21

Execution Engine :- 7 JVM T a8 component & ST memory locations # data read #¥dT g 3
instructions execute AT g1 TH% three major components & namely T# interpreter, T JIT compiler
T garbage collector!

A. Interpreter :- Bytecode stream read %aT g f%¥ instruction execute T gl

B. Just In Time (JIT compiler) :- =g performance improve F¥aT g1 JIT similar functionality aTer
byte code ¥ parts &I TF AT compile F¥aT & SEH compilation ¥ T needed time #T amount
reduce T STT &1

C. Garbage Collector :- 72 automatic memory management perform #¥aT g1 Garbage collector
#T goal unused 3T unreferenced objects find FAT 3T memory free up T & T 372 delete
FAT B

Native Method Interface :- 72 T# framework g ST different languages & C, C++, =iz # forg 1o
different applications % &= communication & help F¥aT gl

Native Method Libraries :- Native Libraries, Native Libraries (C, C++) T T collection g ST Execution
Engine % forT essential g1

Object Oriented concepts in Java :- FT¥ main concepts @ : -

1. Abstraction :- Abstraction #T aim users & underlying complexity #T hide F¥AT 3T 378 Fae relevant
information show F¥AT g1 3aTEYW & forw, af M7 car drive ¥ ¥ &, a7 sTIaT T+ internal workings %
I H T F need TET &



Java classes ® T IEr & g1 T abstract classes IT interfaces #T use #& internal
implementation details hide ¥ #sd g1 Abstract level 7%, 3Tt method signature (name ¥ parameter
list) define F¥ T need BT TadT & 3T TIF class FT 3ve AT+ own way & implement F3 |

e Abstraction in Java (SITaT # s7ar)

e Underlying complexity of data & hide F¥aT gl

e Repetitive code & a9 & help FZaT 81

e Internal functionality 3 ¥4 signature present F¥dT gl

e Programmers &I abstract behaviour 7T implementation change #¥= % forT flexibility =T 21
e Partial abstraction (0-100%) abstract class & ®|T2I achieve #t ST T gl

e Total abstraction (100%) interfaces &1 achieve FT ST T 2|

2. Encapsulation:- Encapsulation data security & help #¥aT g, fS&® T UF class ¥ stored data #T
system-wide access ¥ protect X Tad gl AT fF name suggest FXAT g, T2 T capsule FT g class T
internal contents #T safeguard F¥dT 2|

o Java ¥ fields (class variables) #T private 9T 3T 372 37 public getter 3T setter methods
¥ via access FTF encapsulation implement ¥ T&d 2

Encapsulation in Java:

e TUF class ¥ data members (fields) T direct access restrict F¥aT gl
e Fields #T private set faT SITaT 81

e WIF field T U getter ¥ setter method AT &1

e Getter methods field return #%d gl

e Setter methods g# field #T value change ¥ 3 gl

3. Inheritance :- Inheritance T# child class create F¥AT possible IATAT g ST parent class ¥ fields 3T
methods inherit F¥t 21 Child class parent class F values 3T methods #T override T Fal &, AT T8
necessary Tigi g1 I8 JU9 parent & new data ¥ functionality WT add F¥ @& 2

Parent classes &l superclasses T base classes HT 2T STAT & STt child classes & subclasses a1

derived classes % &9 # ff ST STAT €1 Java extends keyword FT use F¥dT & code ¥ inheritance ¥
principle #T implement &%= & form)

Inheritance in Java:

e T class (child class) 3 57 class (parent class) #T extend F¥ TadT & 3AT features inheriting
|

e DRY (Do Not Repeat Yourself) programming principle &I implement F<aT 2|

e Code reusability T improve FZaT &

e Java # multi-level inheritance allowed & (T# child class T 3794 child class 9t g1 @aT g)

e Java & multiple inheritance allowed &l & (T class T& & ({e1F classes extend Tgi HT THdT 8)



4. Polymorphism :- Polymorphism T= certain action #T different ways & perform &%= #¥ ability FT refer
AT 21 Java ®, polymorphism =T forms & @&dT &: method overloading 3T method overriding|

Method overloading @& gIaT & ST U class § same name % various methods present d g1 ST&
3+ call f3FaT STTaT 8, 9T 378 39 parameters FiT number, order, AT types gTXT differentiate fF=T ST 81
Method overriding o gIaT g 5T U child class 3rT+ parent % T# method #T override T 2

Polymorphism in Java:

e Same method name #T use several times =T STTaT 21

e Same name ¥ different methods &I T object ¥ call fF=T ST TFaT 2

e T+ft Java objects polymorphic |9 SIT 5 & (F3 ¥ FH) o 3T own type & ZId & ¥ object
class ¥ instances 2rd 2

e Java ¥ Static polymorphism method overloading 31T implemented ZrdT 2l

e Java ® Dynamic polymorphism method overriding Z<T implemented graT &1

Data Types in Java - Data type variables & store g aTet different sizes ¥ values specify #%d gl Java &
two types ¥ data types gId 2l

1. Primitive data types: Primitive data types & boolean, char, byte, short, int, long, float 3f®
double arfeer gl
2. Non-primitive data types: Non-primitive data types # Classes, Interfaces, 3% Arrays 9TTHHe 21

Java Primitive Data Types:

Java language ®, primitive data types data manipulation # building blocks &I & Java language &
available #9¥ basic data types 2|

Java T# statically-typed programming language | T8 Hd«a g {3 a+ft variables &1 Z8% use &
g declared f3aT ST=T ATfw| SHITerT gH variable F type 3T name declare #%= #T need gt gl

8 T & primitive data types &:

e boolean data type
e byte data type

e char data type

e short data type

e int data type

e |ong data type

o float data type

e double data type
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Data Type Default value Default Size
boolean false 1 bit
char "\u0000' 2 byte
byte 0 1 byte
short 0 2 byte
int 0 4 byte
long oL 8 byte
float 0.0f 4 byte
double 0.0d 8 byte

Boolean Data Type (o7 22T 2159) - boolean data type FT use Fad T possible values: true 37 false
store ¥ & forw faFaT SITaT 81 39 data type #T use simple flags 3 forw f3m siTaT 8 ST true/false conditions
track F¥d gl

boolean data type one bit of information specify F¥aT g afs T+ "size" T precisely defined

RERERUE I ET IR

Example :-

boolean one = false;



Byte Data Type :- (9T=e 22T 2121) byte data type primitive data type #T T# example | T8 TF 8-bit
signed two's complement integer g1 THFT value-range -128 & 127 (inclusive) ¥ == 2raT g1 THHT
minimum value -128 3T maximum value 127 21 Z&=T default value 0 g1

byte data type T use memory save &< * foIT large arrays & f91 SITaT & T2f memory saving
TIH required ZIAT g1 TE space save AT & FIiT% TF byte integer ¥ 4 times smaller ZraT 81 THFT use
"int" data type ¥ place & <ft faraT ST F1haT 81

Example :-
byte a =10;
byte b =-20;

Short Data Type : (9T7¢ 22T 2129) short data type T# 16-bit signed two's complement integer g1 TH#T
value-range -32,768 & 32,767 (inclusive) % &= 2raT &1 =&=T minimum value -32,768 3T maximum
value 32,767 g1 =8 default value 0 21

short data type FT use st memory save &%= # forT 3T ST @haT 8 19 byte data typel T# short
data type T int & 2 times smaller graT gl

Example :
short s = 10000;

short r = -5000;

Int Data Type : (32 22T 21=¥) int data type T# 32-bit signed two's complement integer | &= value-
range -2,147,483,648 (-23") & 2,147,483,647 (2*' - 1) (inclusive) % = ZrAT g1 THFHT minimum value -
2,147,483,648 =f¥ maximum value 2,147,483,647 g =&=T default value 0 2|

int data type T generally use integral values F {17 default data type F &7 ® 3T STqT 8 T4
% FF memory ¥ X # FI< problem 7 21

Example :
int a = 100000;

int b = -200000;

Long Data Type: (F1=T 22T 2127) long data type T# 64-bit two's complement integer &1 TH=T value-
range -9,223,372,036,854,775,808 (-2%) & 9,223,372,036,854,775,807 (2% - 1) (inclusive) F = grar
%l TIFHT minimum value -9,223,372,036,854,775,808 3fi¥ maximum value 9,223,372,036,854,775,807
21 Ta+T default value 0 g1 long data type FT use @& 3T SITAT 8 ST AT9=T int 1T provided values #t
range ¥ T3 fT saeTFRAT AT 21

Example:
long a = 100000L;

long b =-200000L;



e Negative numbers store %= & o 2's complement representation use #t SITdT g1

e  THT o Gl g f U situation ® ST&T int #T larger range needed 7&l &, int FT use FA &t TAAT
# byte =T short T use F¥AT more efficient 7T, T8 case &l a1 THAT | THHT reason Ig & &
byte 3fi¥ short values T use T# expression & 3T ST g T expression evaluated gIF T 37¢
int § promote F¥ 34T 1T €

Float Data Type : float data type single precision 32-bit IEEE 754 floating point gI TH#T value range
unlimited &1 g recommended £ & floating point numbers & large arrays  memory save < #it need
g1 ar float #T use #¥ ( double ¥ instead) float data type FT use &+t T precise values, Si# currency, %

foro 921 foFam SaT =Tt wl =& default value 0.0F 21

Example :-

float f = 234.5f;

Double Data Type:- (351 22T 2157) double data type T double precision 64-bit IEEE 754 floating point
21 =TT value range unlimited g1 double data type #T generally use decimal values % o f3a STaT &,
S floatl double data type #T use 9T precise values, S/® currency, & forT 921 T ST ATRW TH*HT
default value 0.0d g1

Example :-

double d1=12.3;

Char Data Type:- (9% 2T 2127) char data type T# single 16-bit Unicode character g1 8T value-range
"\u0000' (or 0) & "\uffff' (or 65,535 inclusive) & == graT g char data-type #T use characters store F%
F foro o StraT 21

Example :-
char letterA ='A';

Java 2 bytes FT use F¥aT g FiT% Java ASCIl code system #T gl afes Unicode system T use
AT 21 \u0000 Unicode system it lowest range 2|

Classes in Java (STaT & F&ATT) :- TF class objects FT T group gAT & S common properties 2T gl
Tg UF template IT blueprint ZraT & fSEH objects create f317 SITd g1 78 UF logical entity 81 I8 physical

Tl 2T HEFATI
Java ¥ U= class =forfaa contain % Tt 3
a) Fields (&)
b) Methods (fafat)
c) Constructors ()

d) Blocks (saTt=)



e) Nested class and interface (A% FATH ¥ TTTH)

Example :-
class <class_name> {
field;

method;

String in Java :- (STaT & %) Strings T characters % array % &9 ® defined a1 74T 81 Java ® U=
character array 3T U& string &% 1= difference I8 & & string T U# single variable & characters %
sequence #T hold F% F forT designed =T 197 g; St&feh U= character array SIeWT- 3T char type entities
#T collection 81 C/C++ % unlike, Java strings T# null character 3 #TT terminate gl il 2l

Example :
<string_type> <string_variable> = "Sequence of String";

String s = "Geeks for Geeks";

Array Data Type :- (U¥ 22T 2T29) U& array same-typed variables &T T% group 2raT g & T common
name 31T referred to fT STTAT 81 Java & arrays C/C++ #it gaT ® differently work #% €1 Java arrays %
I H F important points Fwferfed §:

a) Java ®, 4T arrays dynamically allocated 21 &;

b) =% arrays Java ® objects &, g7 3741 length length member & use & find X TFd 81 T8
C/C++ ¥ different & STgl 8 length sizeof #T use & find Fd &1

c) U Java array variable T ft other variables # %8 declared faT ST #1=aT & with [ ] data type
F 13|

d) Array ® variables ordered 2T g 3T W% &7 index 0 & beginning gIaT gl

e) Java array #T use T static field, 7% local variable, a1 T# method parameter & =7 § T far
ST FHhT &

f) Array T size U# int value ZT<T specified T =T8T 7 3 long =T short gTTI

g) T array type T direct superclass Object ZraT gl

Example:
type var-name[ J;
or

type[ ] var-name;

int intArray[ ];



or

int[] intArray;

Variable in Java: (STaT & =¥) Java # variable U# data container graT & ST Java program execution &
314 data values store F¥AT g1 e variable FT T# data type assigned 3T a1 g ST type 3T quantity
of value designate F¥dT g & I8 hold ¥ @=dT g1 Variable data T T memory location name grdT gl

Java #, variable ¥ use & Tg & declare F¥AT mandatory 2T gl

Variable declaration: (9% =T9UIT) U variable declare #¥« oI, sTaaT data type specify F¥AT ZRIT 3T
variable &I T# unique name AT T

[Type] Name

int count;

Example of other valid declarations are:
inta, b, c;
float pi;
double d;
char ch;

Operators in Java: (SITaT ® f9¥e®) Java ¥ operator T symbol AT g fSE&T use operations perform
2 o forw foRaT ST g1 Sergeer w w4, - %, /et

Java # many types ¥ operators gId & ST /19 {30 7 g
Unary Operator: (T&d 3{9¥2Y) o operators gTd & ST single operand 9% apply I 21

+ (Unary plus)

- (Unary minus)

++ (Increment)

-- (Decrement)

| (Logical complement)

e wnNeE

Assignment operator: (JHTSTHE 3T¥eY) Java assignment operator 98 common operators H & TF
21 THHT use AIAT right side F value T 3T+ left side % operand ¥ assign F¥ & forg foFam sar 81 =,

+:' -=, *:' /:, %:
Example :-
class OperatorExample {

public static void main(String args[]) {



inta=10;

int b = 20;

a=b; // Assignment
System.out.printin(a);

System.out.printin(b);

Output:
20

20

3. Arithmetic Operator :- (3 T{Orr 3ffTee<) Java arithmetic operators T use addition, subtraction,
multiplication, 3T division perform F%+ 3 forw fFaT ST 81 They act as basic mathematical operations.

Example :-

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

inta=10;
intb=5;
System.out.printin(a + b); // 15
System.out.printin(a - b); // 5
System.out.printin(a * b); // 50
System.out.printin(a / b); // 2
System.out.printin(a % b); // 0
System.out.printin(a++); // 10 (a becomes 11)
System.out.printin(--b); // 4
System.out.printin(a++ + ++a); // 11+ 13 =24

System.out.printin(b++ + b++); //4+5=9



Output:

15

50

10

24

e Arithmetic operators #T assignment operator |1 combine 3T ST 75dT 8 3T combinational
operators 9T T&d g 9 +=, -=, *= (x|

Example :-
class OperatorExample {
public static void main(String args[]) {
inta=10,b=5,c=3;
System.out.printin(a +=2); //a=a+2->12
System.out.printin(b +=3); //b=b+3 ->8

System.out.printin(c +=5); //c=c+5->8

Output :-
12

e wgfa+=2,a=a+2Fd%E behave FATE, b+=3,b=b + 3 f 7 behave FTaTg 3fiT c+= 5, ¢
= ¢ + 5 #Y 978 behave FAT gl



4. Relational Operators: (Rererer siq¥as) I operators FT use relations & equality, greater than 3T
less than check ¥+ ¥ foru f3Fam SITaT 81 They perform boolean results after the comparison 3f¥
extensively use fT SITd & looping statements & 3fiT conditional if-else statements 1

Example :-
class OperatorExample {

public static void main(String args[]) {
inta=5;
int b =10;
System.out.printin(a == b); // false
System.out.printin(a !=b); // true
System.out.printin(a < b); // true
System.out.println(a <= b); // true
System.out.println(a > b); // false

System.out.printin(a >= b); // false

Output:
false
true
true
true
false

false

5. Logical Operator: (SifSrser 3ifTie#) = operators & use logical AND, logical OR 3% logical NOT
operations perform ¥ # forw f3FaT SITAT 8; I function similar to AND gate, OR gate 3@ NOT gatel
T AT Java H short-circuit AND (&&) 3T short-circuit OR (| |) operator sft 21 &, 8 af2 output
first operand & evaluate F¥AT possible g7 AT TZ second operand check T&I FTI

"logical operator works only upon boolean values" (FifSraer sitaves Fa« boolean values T FTH F¥d §)
Example :-
class OperatorExample {

public static void main(String args[]) {



boolean a = true;

boolean b = false;

int denom =0, num = 20;

System.out.printin(a && b); // AND -> false

System.out.printin(a | | b); // OR -> true

System.out.printin( !a); // NOT -> false

System.out.printin(a * b); // XOR -> true

System.out.printin(a | | b); // short circuit OR -> true

System.out.printin(denom != 0 && num / denom > 10); /* short circuit AND -> false

(denom!=0 is false, so second part not evaluated) */

Output:
false
true
false
true
true

false

6. Conditional Operator :- (FSteMe AtT¥e) Java includes T# special ternary operator g ST certain
types  if-then-else statements FT replace F¥ T 2|

Syntax:
Expressionl ? Expression2 : Expression3

781, Expressionl 15 ¥t expression gI F5dT g ST UF boolean value evaluate F%dT 8| Ifx Expressionl
true g, @ Expression2 evaluate gIAT &; =TT Expression3 evaluate graT &1

Example:
class OperatorExample {
public static void main(String args[]) {

System.out.printIn(5 < 10 ? 20 : 30); // Condition is true, so prints 20



}

Output:

20

7. Increment - Decrement & Unary minus :- (3fHe -z v 793 #12+9)

e Unary minus values #T negate % & o use 3T ST 2
e Increment (++) 3T decrement (--) operators values &7 1 & increment ¥ decrement F¥+ = for

use TR0 ST €1

e Increment 3fiT decrement operators ¥ two variants ld g: Post (a++) 3 Pre (++a).

Example:
class OperatorExample {
public static void main(String args[]) {

inta=5,b=10,c;

System.out.printin(-a);  // Unary minus -> -5

System.out.printin(++a); // Pre-increment -> 6 (a becomes 6)

System.out.printin(--b); // Pre-decrement ->9 (b becomes 9)

System.out.printin(c = a--); /* Post-decrement: assign then decrement -> c=6,
a becomes 5 */

System.out.printin(c = ++b); /* Pre-increment: increment then assign -> b becomes 10,

c=10 */

Output:

10



8. Bitwise Operator : (fa=aTzsr sifT¥a¥) Java several bitwise operators defines T & =g integer
types long, int, short, char =fi¥ byte 9% applied f3T ST 7=aT 81 T operators ¥+ operands  individual
bits 7% act F¥d & They are summarized in the following table:

Operators Result
~ Bitwise unary NOT
& Bitwise AND
| Bitwise OR
A Bitwise exclusive OR
>> Shift right (Signed right shift)
>>> Shift right zero fill (Unsigned right shift)
<< Shift left
Example :

class OperatorExample {

public static void main(String args[]){

Output:
-11

30

inta=10, b=20;//10=1010, 20 = 10100 in binary

System.out.printin(~a);  /* Bitwise NOT (~1010=...11110101 which is -11 in decimal
forint) */

System.out.printin(a | b); // OR (1010 | 10100 = 11110 -> 30)

System.out.printin(a & b); // AND (1010 & 10100 =0)

System.out.printin(a # b); // XOR (1010 ~ 10100 =11110 -> 30)

System.out.printin(30 >> 2); // Signed right shift (11110 ->111=7)

System.out.printIn(20 >>> 2); // Unsigned right shift (10100 -> 101 = 5)

System.out.printin(-30 >>> 2); // Unsigned right shift of negative number (large positive)

System.out.printIn(-20 >>> 2); // Unsigned right shift of negative number (large positive)

System.out.printIn(10 << 2); // Shift left (1010 -> 101000 = 40)



30

7

5
1073741817
1073741819

40

Operator Precedence: — (3fTie fEiE®) Below table shows the order of precedences for Java
Operators.

Tf% UF expression § UH & (TdF operator gf having same precedence, d@T expression T left to right
solve 3T STaT 2

Precedence Operators Description
Highest 0,10, - Parentheses, Array subscript,
Member access
++, -, | Unary (Postfix/Prefix), Bitwise
NOT, Logical NOT
* [, % Multiplicative
+, - Additive
>>, >>>, << Shift
>, >=, <, <=, instanceof Relational
==, = Equality
& Bitwise AND
A Bitwise XOR
| Bitwise OR
&& Logical AND
| Logical OR
?: Ternary (Conditional)
Lowest =, +=, -=, etc. Assignment

Java Control Flow Statement / Control flow in Java (SITaT FZIa AT ®<d<) : Java compiler code #T top
¥ bottom TF execute F¥AT &l Code ¥ statements 38 order & according to execute 2raT & RrEH o I
However, Java statements provide #¥aT g ST use Java code & flow &I control #¥= % forw foFam ST
THAT g1 TH statements T control flow statements F&T ST 81 7€ Java #T fundamental features & & U=
2, ST program T smooth flow provide F¥aT gl



Java three types of control flow statements provide 4T 2|

1. Decision Making Statements (7= &= =Ter o)
e if statement
e switch statement

2. Loop Statements (9 F99)
e do while loop

while loop

for loop

for-each loop

3. Jump Statements (ST F)
e break statement
e continue statement

Decision-making statement: S/ET {3 name suggest F¥dT g, decision-making statements decide ¥ &
3 %I 9T statement execute AT g 3T Fa| Decision-making statements boolean expression evaluate
A 8 3 provided condition  result & 3T4TT 9% program flow control F¥d £

Java ¥ 7 TFTT ¥ decision-making statements g; I if statements 3T switch statements|

A. If Statement: Java H, "if" statement FT use T# condition evaluate F%= & forw f*FaT STAT 81 Program
#T control specific condition 9% depend AT g1 If statement F condition T# Boolean value 3t &; 3T
dT true AT falsel Java , #1= faw 7 =¥ WY F if-statements & :

a. Simple if statement (A% IfT )
b. if-else statement (TfE -7 FI)
c. if-else-if statement ladder (Ffg-sr=ar—ats Hidt Fam)

d. Nested if-statement (7%= Tfe )

AU if-statements T TH-TF Flh THI 21

a. Simple if statement:- 7 Java & 4T control flow statements & Ha¥ basic statement g1 I T# Boolean
expression evaluate AT g 3T program T code ¥ block & enter F¥ ¥ T&TH IATAT & I expression

true evaluate graT 2l

Syntax :-
if (condition) {

statement(s); // executes when the condition is true

Example :-



public class Student {
public static void main(String args[]) {
intx=10;
inty=12;
if (x+y>20){

System.out.printin("x + y is greater than 20");

}
Output :

X +vy is greater than 20

b. if - else statement :- if - else statement, if - statement FT T& extension &, ST code ¥ another block
7T else block FT use AT g1 Else block execute graT 2 o if - block #T condition false evaluated gt

2l
Syntax :-
if (condition) {
Statementl; // executes when condition is true
}else {
Statement2; // executes when condition is false
}
Example :-
class Student {
public static void main(String args[]) {
int x = 10;
inty=13;
if (x+y<10){
System.out.printin("x +y is less than 10");
}else {

System.out.printin("x + y is greater than 10");



}
Output :-

X + vy is greater than 10

C. If -else-if ladder : if -else-if statement ¥ if-statement % aTE multiple else-if statements gId g1 T
arsal H, g9 % OFd g 1 T8 if-else statements FiT chain & ST U= decision tree create T g STgf program
code ¥ 3T block # enter T @#dT & STl condition true g1 89 chain ¥ end & T# else statement sft define
T qFT B

Syntax :-
if (Condition1) {
Statementl; // execute when condition 1 is true
} else if (Condition2) {
Statement2; // executes when condition 2 is true
}
// ... more else if blocks
else{
Statement; // executes when all the conditions are false
}
Example :-
class Student {
public static void main(String args[]) {
String city = "Delhi";
if (city == "Meerut") {
System.out.printIn("city is meerut");
} else if (city == "Noida") {
System.out.printin("city is noida");
}else if (city == "Agra") {
System.out.printIn("city is agra");
}else {

System.out.printin(city); // This will execute



Output :

Delhi

D. Nested if statement :- Nested if statement #, if statement ¥ 3% another if or if-else statement
contain g1 4T g

Syntax :-
if (condition 1) {
Statement 1; // executes when condition 1 is true.
if (condition 2) {
Statement 2; // executes when condition 2 is true.
} else {

Statement 3; // executes when condition 2 is false.

}

Example :-
class Student {
public static void main(String args[]) {
String address = "Delhi, India";
if (address.endsWith("India")) {
if (address.contains("Meerut")) {
System.out.printin("Your city is Meerut");
} else if (address.contains("Noida")) {
System.out.printin("Your city is Noida");
}else {
System.out.printin(address.split(",")[0]); // Prints "Delhi"
}
}else {

System.out.printIn("You are not living in India");



Output :

Delhi

B. Switch Statement : Java #, Switch statements if - else if statements % similar I g1 Switch statement
# multiple blocks of code I g called cases 3fi¥ T single case executed 4T g based on the variable
which is being switched! Switch statement #T use if - else if statement ¥ instead easier ZrdT &1 I8
program #T scalability I «t enhance F¥aT g1

Switch statement % X # noted g9 ATl points:

e Case variable int, short, byte, char aIT enumeration g1 TdT g1 Java ¥ version 7 & String type sft
supported gl

e Cases duplicate &l & Td 2

e Default statement executed AT & I FIs HT case expression & value & match 7g1 FdT 81 T8
optional 81

e Break statement switch block terminate &% 3dT ST condition satisfied 2T ST &1

e I optional §, 3T use &l AT SITAT &, AT next case executed grat g (fall-through)

e Switch statements use F¥d THT, EH must notice F¥ T case expression variable % same type
T ZMIT 3T T TF constant value AT g

Syntax :

switch (expression) {

case valuel:
Statementl;
break;

case value2:
statement2;
break;

/...

case valueN:
StatementN;
break;

default:
default statement;

}

Example :-



class Student {
public static void main(String args[]) {
int num = 2;
switch (num) {
case O:
System.out.printin("number is 0");
break;
case 1:
System.out.printin("number is 1");
break;
default:

System.out.println("num is " + num); // This will execute

}
Output :-

num is 2

Loop Statement: (7 F27T) Programming &, sometimes g code & block #T repeatedly execute & #T
need gIdT & STk some condition true evaluate 2rdt g1 However, loop statements #T use instructions
* set & repeated order ® execute F¥ F forT =T ITAT 21 Instructions ¥ set FT execution T particular
condition 9% depend F¥AT gl

Java #, ZATL 9TH three types ¥ loops g ST similarly execute F¥d &1 However, 37 syntax 3T condition
checking time # differences 2 :

a. for loop
b. while loop

c. do while loop

Java for loop: Java ¥, for loop C 3T C++ % similar g1 g g5 loop variable initialize #%, condition check
F, 3T increment/decrement single line of code ® &= # T&TH F9TAT g1 g9 for loop #T use only T
FTd & 99 g7 exactly know the number of times, fSrast aT¥ 29 code ¥ block T execute FTAT ATEd Bl



Syntax:
for (initialization; condition; increment/decrement) {

// block of statements

Flow chart (¥Y 9T<)
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Example:
class Calculation {
public static void main(String args[]) {
int sum=0;
for (intj=1;j<=10; j++) {
sum =sum + j;
}

System.out.printIn("The sum of first 10 natural numbers is " + sum);

}
Output:

The sum of first 10 natural numbers is 55

Java for-each loop :- Java T# enhanced for loop provide F¥dT § data structures S array T collection

T traverse F % form)
For-each loop ®, % loop variable update % #it need 721 BT 21



Syntax :-
for (data_type variable : array_name/collection_name) {
// block of statement
}
Example :-
class Calculation {
public static void main(String args[]) {
String names[] = {"Java", "C", "C++", "Python", "Javascript"};
System.out.printIn("Printing the content of the array names:\n");
for (String name : names) {

System.out.printin(name);

}
Output :-
Printing the content of the array names:
Java
C
C++
Python

Javascript

B. Java while loop :- While loop #T use 9T multiple times statements F set T iterate &%= & forg foRaT
ST g1 However, IfX 89 number of iterations advance ® w&f ST9d g, dT while loop use F¥AT
recommended 2! For loop & unlike, initialization 3T increment/decrement while loop statement

inside &t BraT &1

T8 entry-controlled loop & &7 & off SITAT STaT 8 Fif% condition loop T start 9% checked gt 81 7f%
condition true g, @T loop body executed gIfT; 34T, loop F T Fit statements executed givT|

Syntax :-
initialization;
while (condition) {

// looping statement(s)



increment/decrement;

}
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Example :-

class Calculation {
public static void main(String args[]) {
inti=2;
System.out.printin("Printing the list of first 10 even numbers\n");
while (i <= 20) {
System.out.printin(i);

i=i+2;

}

Output :
Printing the list of first 10 even numbers
2

4



10
12
14
16
18

20

C) Java do-while loop : Do-while loop condition #T loop F end & check AT  after executing the loop
statements| ST number of iterations known A&l 2T g 3T gH loop FT FH & FH UF IT¢ execute FIAT
gIaT g, af g7 do-while loop use T TFd gl

g exit-controlled loop F &7 # T SITHT SITAT & F11% condition advance # checked 7&! #t ST 21
Syntax:
initialization;
do{
// body statements
increment/decrement;

} while (condition);

Flow - chart
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Example :
class Calculation {
public static void main(String args[]) {

inti=1;

System.out.printIn("Printing the list of first 10 odd numbers\n");

do {
System.out.printin(i);
i=i+2;

} while (i <= 20);

}

Output :-
Printing the list of first 10 odd numbers
1

3

11
13
15
17

19

Jump Statement :- Jump statements T use program = control FT specific statements & transfer %4 &

form o Stmar =

Y 9TeRT H, jump statements execution control FT program ¥ other part # transfer #¥d g1 Java # a1
types ¥ jump statements g, ITHT break 3T continuel

A) Java break statement :- ST T3 name suggests, break statement #FT use program & control flow T
break F¥ ¥ control T TF loop AT switch statement 3 ST next statement & transfer & & forw T
STdT 21 However, 2 nested loop % case # only the inner loop break F¥aT g1



Break statement independently Java program ® use sg! {31 ST &1shaT g; AT, T8 %4t loop F inside a7
switch statement & for@T ST FhaT 21

Example:
class BreakExample {
public static void main(String args[]) {
for (inti=0;i<=10; i++) {
System.out.printin(i);
if (i==6){

break; // Loop terminates when i becomes 6

Output:

B. Java Continue Statement :- Break statement & unlike, continue statement loop break &I #¥aT g
Ffe® g loop F specific part FT skip FZAT g 3T immediately loop #FT next iteration T¥ jump FaT &I

Example:
class ContinueExample {
public static void main(String args[]) {
for (inti=0;i<=10; i++) {

if (i>4 &&i<7){//Skip printing 5 and 6



continue;

}

System.out.printin(i);

}

Output:

10

Input from Keyboard in Java (STaT & F91E & 3YE) :

A. Scanner class in Java :- Scanner Java # java.util package #T T# class g &1 use primitive types &
int, float, double, =% 3fiT strings FT input obtain F & forw f3F=T STTaT 81 718 Java program # input read
A FT easiest way &; gTeAiTh

a. Scanner class FT object create %= & oI, 29 usually predefined object System.in pass F¥d
&, ST Standard input stream represent F¥aT g1 T1< 29 file & input read F¥AT ATgd & dl gH class
File #T object pass F¥ T gl

b. ffY certain data type XYZ #T numerical value read %= % forT, function nextXYZ() use F<AT
gTaT gl ML & U short type 7T value read #3+ & forT, 29 nextShort() use F¥ T&d &

c. T string read F¥+  forT, 29 nextline() use F¥d gl

d. T single character read % & o7, 29 next().charAt(0) use ¥ g1 next() function input &
next token/word T string % ¥ ¥ return F¥AT & 3f¥ charAt(0) function 3 string ¥ first
character return 4T 2|

Example :-

import java.util.Scanner;



public class ScannerDemo1 {

public static void main(String[] args) {

}

// Declare the object and initialize with predefined standard input object

Scanner sc = new Scanner(System.in);

// String input

String name = sc.nextLine();

// Character input

char gender = sc.next().charAt(0);

/* Numerical data input byte, short, int, long, float, double can be read using similar-
named functions. */

int age = sc.nextInt();

long mobileNo = sc.nextLong();

double cgpa = sc.nextDouble();

// Print the values to check if the input was correctly obtained

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

System.out.printin("Gender: " + gender);

System.out.printin("Age: " + age);

System.out.printIn("Mobile Number: " + mobileNo);

System.out.printIn("CGPA: " + cgpa);

Input (User enters):

Geek

F

20

9876543210

9.9

Output :-

Name: Geek

Gender: F



Age: 20
Mobile Number: 9876543210

CGPA: 9.9

Sometimes, g% check AT raT & {3 next value ¥ g7 read %= aTer & a8 certain type FT g IT input
ended 2T AT 8 (EOF marker encountered)!

T, 9 scanner & input #T check F%d g T3 7T 9% type g [S9# g9 interested g hasNextXYZ() methods
#1 help ®, ST&T XYZ type g f5r9# g4 interested gl

Function true return FaT g A< scanner F 9TH 39 type FT token g; sI=74T false| 33TgL & oI,
Example:
import java.util.Scanner;
class ScannerDemo?2 {
public static void main(String args[]) {
// Declare an object and initialize with predefined standard input object

Scanner sc = new Scanner(System.in);

// Initialize sum and count of input elements

int sum =0, count =0;

// Check if an int value is available
while (sc.hasNextInt()) {
// read an int value
int num = sc.nextInt();
sum += num;
count++;
}
int mean = sum / count;

System.out.printIn("Mean: " + mean);

Input (User enters numbers and then a non-integer to stop):



101
223
238
892
39

500
728
stop

Output :-

Mean: 357 // (101+223+238+892+39+500+728) / 7 =2721/ 7 =~357

B. Command Line Arguments in Java :- Java command-line argument T argument g ST Java program
run X THT pass AT ST 81 Command line #, console & passed arguments Java program # receive
TR0 ST TR € SfiT 372 input % ¥ # use AT ST @At g1 User main() method ¥ inside command-line
arguments pass F%H execution % during arguments pass F¥ TFAT 2|

ZH arguments T space-separated values F &7 § pass FAT grdT &l

W strings 3T primitive data types (int, double, float, char, etc) I # command-line
arguments % &9 H pass F¥ Thd g T arguments T string array ¥ convert 8 Td g 3fi¥ main() function
#T U string array argument % ®9 # provided T ST 21

ST command-line arguments JVM T supplied T30 ST 8, JVM 278 wrap %At g 3T args[] T
supply FXAT g1 7§ confirmed 3T ST &=t g % o U= args array ¥ wrapped up & args.length #T use #%%
check FeH!

Internally, JVM 29 command-line arguments & args[] array & wrap up FZaT g {5 29 main()
function & pass #d g1 g9 args.length method #T use F¥F =9 arguments &1 check FT TFd g1 JVM first
command-line argument T args[0] 7%, second #T args[1] ¥, third T args[2] 9%, store F¥aT g ¥ so onl

Example:
class GFG {
// Main driver method
public static void main(String args[]) {
// Printing the first argument

System.out.printin(args[0]);

}

Running and Output:



> javac GFG.java
> java GFG

// Error: java.lang.ArraylndexOutOfBoundsException (No arguments provided)

> java GFG Hello

Hello // (args[0] is "Hello")

Example:-
class GfG {
// main driver method
public static void main(String args[]) {
// checking if length of args array is greater than 0
if (args.length > 0) {
// print statements

System.out.printin("The command line arguments are:");

// Iterating the args array using for each loop
for (String val : args) {
// printing command line arguments
System.out.printin(val);
}
}else {

System.out.printin("No command line arguments found");

}

Output:
> java GfG

No command line arguments found

> java GfG Hello World



The command line arguments are:
Hello

World



Unit-2
Class, Object & Inheritance

Classes and Objects in Java - Classes and Objects Object-Oriented Programming & basic concepts g
ST real-life entities % around revolve F¥d 2|

Class (F&IT) :

e Classobjects T T# setgmAT g SIT common characteristics 3T common properties/attributes
share % 2l

e Class T# real-world entity ¥8f &1 ¥g just TF template 3T blueprint aT prototype 2rAT &
fSrE® objects create fFw ST 2

e Class memory occupy Tgi FdT 2l

e Class different data types & variables sfiT methods % group #T U& #Hg graT 2

Java® TUF class e contain #T Tt g

e data member (32T TEET)
e method (fafer)

e constructor (FEgHT)

e nested class (72T FATH)

e interface (3=¥%)

Syntax :
access_modifier class <class_name>
{
data member;
method;
constructor;
nested class;
interface;
}
Example (ITTEI) :

e Animal (SITHaT)
e Student (2m)

e Bird (FfzEm)

e Vehicle (aT27)

e Company (FaT)



class Student

{

int id; //data member (also instance variable)

String name; //data member (also instance variable)

public static void main(String args[])

{

Student s1 = new Student(); //creating an object of Student
System.out.printin(s1.id);

System.out.printin(s1.name);

}

UF class TF user-defined blueprint aIT prototype AT & &9 objects create fFu JTa g1 =g
properties T methods % set #T represent #¥aT g ST TF type & At objects % T common g
2l General 4T TY, class declarations # fA=ferf&a@ components afaer g1 @sha €, 9 H:

e Modifiers (GeTer®) : TH class public 81 @Fdt g aT THHI default access 8T TFdT 2

e Class keyword: class keyword T use U# class create &3+ & forw fFam STaT 21

e Class name: Name U# initial letter & 9[& gMT ATRT (convention % FFHATT capitalized)!

e Superclass (afX #FIE &) : Class % parent (superclass) # ATH, a2 FIE 2, extends keyword
¥ TgAl UF class Faa U parent ®1 extend (subclass) % T&dT 2l

e Interfaces (Ifx ®IT BI): Class T implemented interfaces # comma-separated list, 7%
TS 2T, implements keyword & 9gll UF class U#F & A% interface implement T #adl
2l

e Body: Class body braces {} & surrounded gt 2l

Object: 7 Object-Oriented Programming T T# basic unitg 3f¥ real-life entities # represent FaT
21 TF typical Java program %= objects create F¥ar §, ST ST & T Sd &, methods invoke FTH
interact 4 &1 TF object ¥ fAwfofea enfer gra 2:

State (RufY) : =g T object # attributes 3T represent #t ST 21 7E object  properties T
ot reflect F¢T 2

Behaviour (®19gX) : T object F methods Z™T represent 7T ST 81 7 other objects F AT
object # response ® T reflect #¥aT 2|

Identity (T€9T9) : T2 UF object 1 unique name I g T TF object 1 other objects F AT
interact X4 H TAW FATAT 2



T Object #71 3aTETWr: dog (FTT)

Identity State/Attributes Behaviors
Name of dog Breed Bark
Age Sleep
Color Eat

Objects real world & [T ST 3Tt =it * correspond F¥d &1 3aTg<w * forw, U+ graphics program
¥ objects 8r #hd § S "circle", "square", 3T "menu"l TF online shopping system & objects 2T
TFd § 99 "shopping cart"”, "customer", ¥ "product"|

Declaring Objects (Objects 18T FTAT) (IH class F instantiate FAT ft Fgr srar g) : 5 AT
class T object create faT ST 2, @ class #1 instantiated ®gT STar g1 At instances, class %
attributes 3T behaviour T share #Xd gl @fHd 39 attributes F values, IT=T state, T4 object F
T unique B9 g1 TF single class % any number of instances g7 T gl

Example:
Class Dog
State/Attributes

Dog 1 > Breed - Dog 3
Age
Color

Behaviors

Dog 2 - Bark < Dog 4
Sleep
Eat

Initializing an object (fFFt Object 1 WX FTAT) - new operator T# class #T instantiate F¥dT & TH
new object F T memory allocate FF 3T 3T memory FT reference return T new operator
class constructor & T invoke F¥aT 2

Example:



public class Dog

{
String name;
String breed;
int age;

String color;

public Dog(String name, String breed, int age, String color)

{

this.name = name;
this.breed = breed;
this.age = age;

this.color = color;

public String getName()
{

return name;

public String getBreed()
{

return breed;

}
public int getAge()
{

return age;

public String getColor()
{



return color;

@Override
public String toString()
{
return("Hi my name is "+ this.getName()+
"\nMy breed,age and color are " +
this.getBreed()+"," + this.getAge()+

,"+ this.getColor());

public static void main(String[] args)
{
Dog tuffy = new Dog("tuffy","papillon", 5, "white");

System.out.printin(tuffy.toString());

}
Output:
Hi my name is tuffy.

My breed,age and color are papillon,5,white

Initialize by using method/function (Re€/%a99 &7 ITIFT F<Hh TICH HLAT)
public class GFG {
static String sw_name;

static float sw_price;

void set(String n, float p) {
SW_name = n;

SW_price = p;



void get() {
System.out.printin("Software name is: " + sw_name);

System.out.printin("Software price is: " + sw_price);

public static void main(String args[]) {
GFG G = new GFG();
G.set("Visual studio", 0.0f);

G.get();

}
Output:
Software name is: Visual studio

Software price is: 0.0

Methods in Java (SraT & fafd=f) - ©F method code 1 T# block IT statements FT collection 3T
code FT TH set ZraT g T UHF certain task IT operation perform &+ # {0 W AT grouped
fFaT AT gET 81 THET use code FT reusability (T9: YETSAAT) achieve FA F fow AT STAT 2
g9 T&F method &1 T# @ for@d & T TH many times use #Xd gl g4 code T again and again
oraq # sraegFar dgl gl gl g code F easy modification (ST Herrg{) ST readability
(Te=tt=ar) ff provide AT €, a9 code F UF chunk adding aT removing 1 Method T+t executed
gt g 9T 8" TH call AT invoke FEA E

Method Declaration (f3f& =rwurT) - Method declaration, method F attributes % aT< & information
provide FTdT 8, SI# visibility, return-type, name, 3T argumentsl % six components 24 g foreg
method header % &7 & ST ST 8, S@r fF gaw fAwferf@a figure & fammam 2



Method Declaration

Return Type
Access Specifier Method Name  Parameter List
E public int sum (int a, int b) > Method Header

{/method body Method Signature

Method Signature (Af&r g&T8X) : 9% method #T T#F method signature AT 81 I8 method
declaration T T# part gaT gl 2% method name 3T parameter list sTR= gt 21

Access Specifier (Tae fafrs#) : Access specifier a1 modifier method #T access type AT g1 78
method #T visibility specify #¥aT gl Java four types % access specifier provide F¥aT 2:

e Public: 5T/ g7 399 application § public specifier T use ¥ &, a1 method T classes g1
accessible gt 21

e Private: I9 W UF private access specifier #T use #Xd g, T method Faa 39 classes &
accessible 2t g o\H =& defined ffFaT T 21

e Protected: /@ W protected access specifier F use #Xd g, T method same package F
within 7T different package #T subclasses # accessible ZraT 2l

e Default: 7@ 0 method declaration & T ¥t access specifier 1 use & #d &, dT Java
default 7 & default access specifier 1 use FAT gl Jg Fad same package & & visible

Rl

Return Type (aT9¥t ¥#TX) : Return type T# data type 2T & & method return a1 gl THH TH
primitive data type, object, collection, void, f& I #Far g1 afs method T return A1 T g, v
X void keyword &1 use Fd £l

Method Name (3f& a1%7) : 7@ U% unique name BT g S&&T use 3t method T name define
Fd & forg BT STaT g1 78 method #F functionality % corresponding EMT ATRRTUI Suppose, T
A I numbers % subtraction % o7 TF method create # ¥@ &, a7 method name subtraction()
2T ATRTI UF method T 3T+ name g invoke FFam STaT 281

Parameter List (3XTH1ex §T) : Tg parameters 1 list gt & ST comma ET separated grdt 8 =i
parentheses #T pair & enclosed It 21 THH data type 3fT variable name sTf¥er gaT 81 =f
method T #IE parameter 921 g, @7 parentheses I blank BTz T



Method Body (faf&r ai€t) : a8 method declaration #1 T# part g1 g1 " performed fFu s
arer asft actions oTfAer g1 €1 TE curly braces T pair F within enclosed raT 2l

Method types (fAfff T#1X) - Return type 3T parameter ¥ MgT¥ WX methods FT four types &
classified fFaT ST &FaT 2

1. Method with no argument and no return value-
public class ABC {
public static void greet()
{
System.out.printin("Hey Geeks! Welcome to No Where.");
}
public static void main(String args[])

{

greet();

}

2. Method with arguments but no return value -
public class ABC {
public static void calc(int x, int y)
{
intsum=x+y;
System.out.print("Sum of two numbers is :" + sum);
}
public static void main(String args[])
{
inta=4;
intb=5;

calc(a, b);

}

3. Method with no arguments but returns a value -

public class ABC {



public static int calc()
{
inta=4,;
intb=5;
intsum=a+b;
return sum;
}
public static void main(String args[]) {
int sum = calc();

System.out.print("Sum of two numbers is :" + sum);

4. Method with arguments and return value -
public class ABC {

public static int calc(int x, int y)

{
intsum=x+y;
return sum,;

}

public static void main(String args[]) {
inta=4;
intb=5;
int sum = calc(a, b);

System.out.print("Sum of two numbers is :" + sum);

Method overloading (Rf&r staentfEw) - =fs &t class & multiple methods F ST name same
gl @fha parameters § different 81, @ =& Method Overloading % ®9 & ST STaT gl

gf gH only one operation perform FTAT &, @1 methods T same name ZMT program &t
readability T F@TaT 2l



Suppose ATTHT given numbers T addition perform FAT & &%= any number of arguments

gl T%d 8, A 3T method forad & ¥ a(int,int) two parameters & form, sfiT b(int,int,int) three
parameters ¥ forw a1 3o+ oUW $fiT other programmers & &7 method % behaviour # understand
FAT difficult 7 FaT g FATF TEFRT name differs AT gl

Method overloading &I Java & Compile-time Polymorphism, Static Polymorphism, T Early
binding® =7 § ft ST STAT 2

Example:
public class Sum {
public int sum(int x, int y)
{
return (x +y);
}
public int sum(int x, inty, int z)
{
return (x +vy +z);
}
public double sum(double x, double y)
{
return (x +v);
}
public static void main(String args[]) {
Sum s = new Sum();
System.out.printin(s.sum(10, 20));
System.out.printin(s.sum(10, 20, 30));
System.out.printin(s.sum(10.5, 20.5));
}
}
Different Ways of Method Overloading in Java (STaT & fafer siaeenfEr & Ry ad9F)

1. Changing the Number of Parameters. (TTTHi=<l & H&AT F5T)
2. Changing Data Types of the Arguments. (T&f & 2T YHIT TIAAT)

1. Changing the Number of Parameters (Gxrftedt f we&am aIgem) -



Method overloading #T different methods #T pass Fd THT parameters # number changing %%
achieved a7 ST @shat 2

class Product {
public int multiply(int a, int b)
{
int prod=a * b;
return prod;
}
public int multiply(int a, int b, int c)
{
intprod=a*b *c;

return prod;

class GFG {
public static void main(String[] args)
{
Product ob = new Product();
int prod1 = ob.multiply(1, 2);

System.out.printin("Product of the two integer value :" + prod1);

int prod2 = ob.multiply(1, 2, 3);

System.out.printin("Product of the three integer value :" + prod2);

}
2. Changing Data Types of the Arguments (T & 2T THRX TET)

Many cases &, methods #I Overloaded considered fFaT SIT &#ar § aIfT 39T same name &1 o
different parameter types gi, methods T overloaded considered f=T STaT 21

class Product {



public int Prod(int a, int b, int c)
{
intprodl=a*b *c;
return prodl;
}
public double Prod(double a, double b, double c)
{
double prod2 =a * b *c;

return prod2;

class GFG {
public static void main(String[] args)
{
Product obj = new Product();
int prod1 = obj.Prod(1, 2, 3);

System.out.printIn("Product of the three integer value :"+ prod1);

double prod2 = obj.Prod(1.0, 2.0, 3.0);

System.out.printIn("Product of the three double value :"+ prod2);

Constructor (F&#2X) - Java #, T# constructor codes FT TF block T & ST method % similar grar
gl =@ a9 called fFaT SITaT & S class M U instance create fFAT SITaT @1 Constructor #T call
FIT % time T, object F T memory allocate #it SITAT 2

e Ig UF special type T method T & ST use object #T initialize ¥+ * forw fFam STar
2l
e Everytime U% object new() keyword T use #%# create {1 STaT g, at least one constructor

called grat 2l
e =g UF default constructor call #¥a1 g I class § #IE constructor available gl &1 T
case ¥, Java compiler default 7 & ©# default constructor provide FaT 2l



Java § & types F constructors g0 #: no-argument/default constructor, 3T parameterized
constructorl

Java constructor create %9 * Rules (F@#) -

e Constructor name 38T class name % same gMT ATT

e TF Constructor # no explicit return type T ATRT
e TF Java constructor abstract, static, final, ¥T synchronized F21 &I &aT

Java constructors % Types (Y&T%) - Java® T types constructors Brd &:

1. Default constructor (no-argument constructor) (Rwiee FezFev)
2. Parameterized constructor (AXTHIEITESE FEgHex)

1. Java Default Constructor (SITaT fRWiee F¥gFI) - TF constructor #1 "Default Constructor” called
T STaT € 9@ T ®E parameter Sgl @Al gl

Default constructor &1 Syntax:

<class_name>(){}

Default constructor &1 Example:
class Bike1{
Bike1()
{
System.out.printin("Bike is created");
}
public static void main(String args[]){

Bikel b=new Bike1();

}
Output:

Bike is created



Default constructor #T Example ST default values display F%aT &:
class Student3{
intid;

String name;

void display()

{
System.out.printin(id+" "+name);

}

public static void main(String args[]){
Student3 s1=new Student3();
Student3 s2=new Student3();
sl.display();

s2.display();

Output:
0 null

0 null

2. Java Parameterized Constructor (ST Axrfiersse #w&gaeX) - UF constructor SHH  specific
number of parameters 210 g, 3H parameterized constructor called T STaT 21

Parameterized constructor T use T[T FI?

Parameterized constructor #T use distinct objects #T different values provide #%= & forw fFam Smar
&l However, 3T same values T provide X #&d %l

Parameterized constructor & Example:
class Student4{
intid;
String name;
Student4(int i,String n)

{



id=1i;
name = n;

}

void display()

{
System.out.printin(id+" "+name);

}

public static void main(String args[]){
Student4 s1 = new Student4(111,"Karan");
Student4 s2 = new Student4(222,"Aryan");
sl.display();

s2.display();

Output:
111 Karan

222 Aryan

Constructor Overloading in Java (VITaT ® #&# AGIST) - Java ¥, TF constructor T# method
T d¥g AT § @fhT returntype & ATl T Java methods #t @8 overloaded Wt f&ram ST &=var

2l

Java # Constructor overloading T# technique 2 SE® TU& & #fdF constructors gra g kT
different parameter lists gt &1 37 3@ a8 arranged T STaT g T 9% constructor TH
different task perform &ZaT g1 3¢ compiler T list & parameters # number 3fiT 3I9% types FIT
differentiated f3aT SITaT 2

Constructor Overloading 1 Example:
class Student5{
intid;
String name;
int age;
Student5(int i,String n)

{



id=1i;

name = n;

Student5(int i,String n,int a)
{
id=1i;
name = n;
age=a;
}
void display()
{

System.out.printin(id+" "+name+" "+age);

public static void main(String args[]) {
Student5 s1 = new Student5(111,"Karan");
Student5 s2 = new Student5(222,"Aryan",25);
sl.display();

s2.display();

}

Output:
111 Karan O

222 Aryan 25

This Keyword (ff& $=<) - Java & this keyword T# reference variable /9T & ST current object T
refer AT g, ¥T2 a8 method FT 2 AT constructor #T Java # this keyword T STIRT FTA FT main
purpose class attributes ¥ parameters % &= confusion 1 T FAT & 5% same names grd &l

T8l java this keyword #T usage f&aT =T )

e this®T use current class instance variable T refer & % fow fFar ST @sFar 2
e this®T use current class method #T invoke #x7 & forw fFam ST &shar g (implicitly)l



e this() T use current class constructor # invoke F¥+ * form faFam oIm #shaT 21

1) this: to refer current class instance variable (50T &7 3T X W Giifq FA F o)

this keyword #T use current class instance variable 1 refer #@4 & form far ST @sar 31 =fe
instance variables 3fi¥ parameters % = ambiguity (3FT=dT) AT 8, @ this keyword ambiguity Ft
problem &I resolve FZAT 2

this keyword % faHT problem 1 THzAAT - MU 3T problem #1 understand Fxd g IfT 2T this
keyword #T use 7gI #F¥d &, = fU 7w example gTT:

class Student{
int rollno;
String name;
float fee;
Student(int rollno,String name,float fee){
rollno=rollno;
name=name;

fee=fee;

void display(){

System.out.printin(rollno+" "+name+" "+fee);

class TestThis1{
public static void main(String args[]){
Student s1=new Student(111,"ankit",5000f);
Student s2=new Student(112,"sumit",6000f);
sl.display();

s2.display();

Output:



0 null 0.0
O null 0.0

¢ faw U example #, parameters (formal arguments) 3f% instance variables same g1 z&fow, 20
local variable 3f% instance variable #T distinguish @ % o this keyword T use T @ 2l

this keyword T SUURE THET H AT :
class Student{

int rollno;

String name;

float fee;

Student(int rollno,String name,float fee){
this.rollno=rollno;
this.name=name;
this.fee=fee;

}

void display(){

System.out.printin(rollno+" "+name+" "+fee);

class TestThis2{
public static void main(String args[]) {
Student s1=new Student(111,"ankit",5000f);
Student s2=new Student(112,"sumit",6000f);
sl.display();

s2.display();

Output:



111 ankit 5000.0
112 sumit 6000.0

7fZ local variables (formal arguments) ¥ instance variables different €, @7 this keyword #T use F&
# FE ArFeTRar At g sar F FufEa program ® #:

Program Sigi this keyword required 781 §:
class Student{

int rollno;

String name;

float fee;

Student(int r,String n,float f){
rollno=r;
name=n;
fee=f;

}

void display(){

System.out.printin(rollno+" "+name+" "+fee);

class TestThis3{
public static void main(String args[]){
Student s1=new Student(111,"ankit",5000f);
Student s2=new Student(112,"sumit",6000f);
sl.display();

s2.display();

Output:



111 ankit 5000.0

112 sumit 6000.0

2) this: to invoke current class method (a3 Fam fRAfY = smifFa s+ ¥ oo

AT this keyword FT use FF current class # method invoke T #Fd gl TR 3T this keyword T
use gl FXd &, AT compiler method invoke 4 TWA automatically this keyword add #% @1 2l
AET example 3@

class A{ class A{
voidm(){} void m(){}
voidn(}{ void n{){
m(); this.m();
} compiler y
— —
publicstatic void main(String args[]){ 7 publicstatic void main(String args[]){
new A().n(); new A().n();
B )
class A{
void m(){

System.out.printin("hello m");

void n(){
System.out.printin("hello n");
//m();//same as this.m()

this.m(); // explicitly using 'this'

class TestThisA{
public static void main(String args[]) {
A a=new A();

a.n();



}
Output:
hello n

hellom

3) this() : to invoke current class constructor (FTATT FAT HEEFL H AHEAT FA ® Q)

this() constructor call #T use current class constructor T invoke = & foro fFar ST Tar 81 z&at
use constructor @I reuse A & foru T ST ¥ T@Y =&l H, TEAT use constructor chaining &
oo T smar @

Calling default constructor from parameterized constructor (3XHietsse Fgaer ¥ Rwice Hegsex
N FA HAT) :

class A{
AN
System.out.printin("hello a");
}
A(int x){
this(); // calling default constructor

System.out.printin(x);

class TestThis5{
public static void main(String args[]) {

A a=new A(10);

}
Output:
hello a

10



Calling parameterized constructor from default constructor (R®ite #Hegaer & dHietEse Fegae<
T FHIA FLAT)

class A{
AN
this(5); // calling parameterized constructor
System.out.printin("hello a");
}
A(int x){

System.out.printin(x);

class TestThis6{
public static void main(String args[]){

A a=new A();

}

Output:
5

hello a

Real usage of this() constructor call (this() FEFX Fi® F ATEqEAF STI)

this() constructor call T use constructor & constructor # reuse = * forw e S@T =MRT 77
constructors % &= chain #T maintain FXAT g AT THHT use constructor chaining & forw fEFam STar
2l smzu {9 fIAr AT example I@ ST this keyword % actual use #T display FEAT 2

class Student{

int rollno;



String name,course;

float fee;

Student(int rollno,String name,String course){
this.rollno=rollno;
this.name=name;
this.course=course;

}

Student(int rollno,String name,String course,float fee){
this(rollno,name,course);//reusing constructor
this.fee=fee;

}

void display(){

System.out.printin(rollno+" "+name+" "+course+" "+fee);

class TestThis7{
public static void main(String args[]){
Student s1=new Student(111,"ankit","java");
Student s2=new Student(112,"sumit","java",6000f);
sl.display();

s2.display();

}
Output:
111 ankit java 0.0

112 sumit java 6000.0

e Rule (ff=m@) : Call to this() must be the first statement in constructor. (F¥z#T & this() T
FT TgAT TEHE ZET ATRUI)



Garbage Collector (T8 FA%)

Garbage Collection in Java U# process & S T programs memory management automatically
perform &4 gl Garbage Collector(GC) unused objects T find AT & 3T memory reclaim #¥ *
forw 32 delete T Z@T 81 Java ®, objects ¥ dynamic memory allocation new operator #T use <&
achieved # SITAT & ST T® memory T use AT g 3T memory dd a% allocated Tgdt & & TF
object ¥ use F T references 2|

s Rt object #T FE reference AET BAT g, AT TH no longer needed WTHT SITAT 2, 3T object 31T
occupied memory &I reclaim 73T sm #war g1 B object #Fr explicitly destroy FA # FE
AMaeTHAT Tgl § FAiH Java de-allocation automatically handles FaT I

ST technique =& accomplish #TfT § IF Garbage Collection % &9 # SHT STdT 2l

C/C++ ¥, U programmer objects % both creation 3T destruction & 1T responsible 2T g1 Usually,
programmer useless objects % destruction T neglect #XaT gl TH negligence % T, T& certain
point T¥, new objects create #¥ F T sufficient memory available 91 21 @&l g, 3T entire
program abnormally terminate g1 SITUsfY, /& OutOfMemoryErrors gidT 21

It Java #, programmer & 39 THT objects % T care ¥ #T need A&l & ST no longer in use
2l

Garbage collector =7 objects #T destroy #¥ =aT g1 Garbage Collector #T main objective unreachable
objects #T destroy #¥F heap memory # free FTAT gl

Garbage Collection % Advantages (9IT¥9) :

e TZ java memory & efficient S9TAT ¥ FAIF garbage collector unreferenced objects & heap
memory ¥ remove X AT gl

e Ig automatically garbage collector (JVM &1 T& part) g1 done T Smar g s g
extra efforts #7 #T need 7El 2

Object as Parameter (3XTHiex & &7 # a&))

Java ®, 5@ Y primitive type #1 fFHT method § passed a1 simar 8, @7 =g call-by-value F use
3T done a1 STaT 21 Objects implicitly call-by-reference % use =T passed 1 2l

THHT gaaa g TF ST g7 primitive data types #T method & pass #xd g dr og function parameters
F forw only values pass 9T AT parameter & made #s T change actual parameters % value
#r affect T&1 FGM



g% java ¥ Objects reference variables 1d &, AT objects & T w& value ST object &1

reference g, passed gIdt g1 AT whole object passed 721 2raT g afed =T reference passed gr
ST 21 Method § object % @t modifications Heap & object I modify <

Function & Parameter % &7 ¥ Object Passing (I&g 9T FTAT) :
class ObjectPassDemo {
int a, b;

ObjectPassDemo(int i, int j)

{
a=i
b=j;
}
boolean equalTo(ObjectPassDemo o)
{
return (0.a ==a && 0.b == b);
}

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

{
ObjectPassDemo ob1 = new ObjectPassDemo(100, 22);
ObjectPassDemo ob2 = new ObjectPassDemo(100, 22);

ObjectPassDemo ob3 = new ObjectPassDemo(-1, -1);

System.out.printin("obl == 0b2: "+ ob1l.equalTo(ob2));

System.out.printin("obl == 0b3: "+ obl.equalTo(ob3));

Output:



ob1 == ob2: true

ob1 == ob3: false

Defining a constructor that takes an object of its class as a parameter (T# FEFT & g
FEAT ST SIAT FET AT TH q6G H IHE & §T § AqT 8)

Object parameters % TaH common uses § ¥ TF instructors F involve FXAT g1 Frequently, practice
#, TF new object construct F FT need BT & aTfF Ig initially BT existing object & same 2Tl
g7 FA % forw, AT ar g9 Object.clone() method #T use X @& d & AT TH constructor define F¥
TFd g ST AT class # object T parameter % &7 # T gl

Example:
class Box {
double width, height, depth;
Box(Box ob) // Constructor taking an object as parameter
{
width = ob.width;
height = ob.height;
depth = ob.depth;
}
Box(double w, double h, double d)
{
width = w;
height = h;
depth =d;
}
double volume() {

return width * height * depth;

public class GFG {

public static void main(String args[]){



Box mybox = new Box(10, 20, 15);

Box myclone = new Box(mybox); // Using the object parameter constructor

double vol;
vol = mybox.volume();

System.out.printin("Volume of mybox is " + vol);

vol = myclone.volume();

System.out.printin("Volume of myclone is " + vol);

}

Output:
Volume of mybox is 3000.0

Volume of myclone is 3000.0

Returning Objects (a&gqsli #T wiemT) :

Java %, 7% method et ¥t type #T data return # #&AT ¥, including objectsi I@TETT F form,
fforfaa program #, incrByTen() method T# object return #%T g fSE® a (TF integer variable) 7
value invoking object # T&ET # ten greater 2raT gl

Example:
class ObjectReturnDemo {
int a;
ObjectReturnDemo(int i) {

a=i

ObjectReturnDemo incrByTen(){
ObjectReturnDemo temp = new ObjectReturnDemo(a + 10);

return temp;



public class GFG {
public static void main(String args[]){
ObjectReturnDemo ob1 = new ObjectReturnDemo(2);

ObjectReturnDemo ob2;

ob2 = ob1l.incrByTen();

System.out.printin("obl.a: " + ob1.a);

System.out.printin("ob2.a: " + ob2.a);

}

Output:
obl.a: 2

ob2.a:12

Array in Java (STaT & @XOR) - Array T% object 2raT g fSEH similar data type F elements g9 2l
Additionally, f#T array % elements T# contiguous memory location § stored g1d &1 78 U data
structure gt & @l A similar elements store #xd g1 W U Java array § only a fixed set of
elements store FT TFd Z

Java @ Array index-based gt g, array &1 first element Oth index 9% stored gIaT &, 2nd element 1st
index T stored AT & 3 so onl

29 length member &1 use %% array T length YT9 F¥ T&d 2

Java® Array % Types (T%TX)

a7 types #T arrays BrdT 2l

e Single Dimensional Array (THe-3IATHT F0(T)
e Multidimensional Array (Sg-3Tamt &<ufT)

Java ¥ Single Dimensional Array (THeT-saTHft §oft) :
Java® Array Declare # & Syntax (amr-fa=am) :
dataTypel] arr; (or)

dataType []arr; (or)



dataType arr[];

Java#® Array &t Instantiation (srfér=afRF) :

arrayRefVar = new datatype[size];

Java Array #T Example (S=Tg) :

ST java array FT simple example 3@, gl g0 UF array &1 declare, instantiate, initialize 3%
traverse I ST @ 2l

class Testarray{
public static void main(String args[]){
int a[]=new int[5];//declaration and instantiation
a[0]=10;//initialization
a[1]=20;
a[2]=70;
a[3]=40;

a[4]=50;

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

System.out.printin(ali]);

}
Output:
10
20
70
40

50

Java Array #T Declaration, Instantiation 3fi< Initialization (s, srfSreafRe s wrsfisreom) -

29 java array #l UF #TT declare, instantiate 3fi¥ initialize ¢ #hd 2:



int a[]={33,3,4,5};//declaration, instantiation and initialization

AET TH array & print FLF FT simple example 3@
class Testarray1{
public static void main(String args[]){
int a[]={33,3,4,5};
for(int i=0;i<a.length;i++){

System.out.printin(ali]);

Output:

33

For-each Loop for Java Array (SITaT |xuft & forq wik-39 q9) - g9 for-each loop #T use #¥+ Java
array & T print % #%d | Java for-each loop array elements &I one by one print #dt g1 I8 TH
variable & array element hold &t g, fF% loop % body #I execute FZAT 2l

for-each loop 1 syntax = far = R:
for(data_type variable:array){
//body of the loop
}

arzw g9 for-each loop T use % Java array % elements &l print FI4 T example 3@
class Testarray1{
public static void main(String args[]){
int arr[]={33,3,4,5};
for(int i:arr){

System.out.printin(i);



}

Output:

33

Passing Array to a Method in Java (Smar & w= ffgr & gooft v Fm) -
W java array ® method H pass ¥ T&d g dqTrh g el dT array 9 same logic T reuse T 4l
arzu Tt array 1 minimum number T8 #¥F ¥ ST method #T use FXA &1 simple example 3@
class Testarray2{
static void min(int arr[]){
int min=arr[0];
for(int i=1;i<arr.length;i++){
if(min>arr[i])
min=arr(i];
}

System.out.printin(min);

public static void main(String args[]){
int a[]={33,3,4,5};//declaring and initializing an array

min(a);//passing array to method

Output:

Multidimensional Array in Java (STaT § Ig-sTATHT &OM) :



UH case ¥, data row 3fiT column based index & stored grat g (58 matrix form & &9 & «ft sma7
ST #) 1

Java® Multidimensional Array Declare X3 FT Syntax (aTar-fa=me) :
dataType[][] arrayRefVar; (or)
dataType [][]arrayRefVar; (or)
dataType arrayRefVar[][]; (or)

dataType [JarrayRefVar(];

Java® Multidimensional Array Instantiate %% T Example (ITTg<) :
int[][] arr=new int[3][3];//3 row and 3 column
Java® Multidimensional Array Initialize %7 #T Example (SITEI0) :
arr[0][0]=1;
arr[0][1]=2;
arr[0][2]=3;
arr[1][0]=4;
arr[1][1]=5;
arr[1][2]=6;
arr[2][0]=7;
arr[2][1]=8;

arr[2][2]=9;

Multidimensional Java Array &T Example (I2Tg) :
#MET 2Dimensional array #1 declare, instantiate, initialize 3T print F#T #T simple example 3|
class Testarray3{
public static void main(String args[]) {

int arr[1[1={{1,2,3},{2,4,5},{4,4,5}};

for(int i=0;i<3;i++) {
for(int j=0;j<3;j++) {

System.out.print(arr[i][j]+" ");



}

System.out.printin();

Output:
123
245

445

Addition of 2 Matrices in Java (STaT & 2 #fFg &1 W) :
class Testarray5{
public static void main(String args[]) {
int a[][]={{1,3,4},{3,4,5}};

int b[][1={{1,3,4},{3,4,5}};

int c[][]=new int[2][3];

for(int i=0;i<2;i++) {
for(int j=0;j<3;j++) {
clilljl=alil(j]+blil[l;
System.out.print(c[i][j]+" ");
}

System.out.printin();//new line

Output:
268

6810



Multiplication of 2 Matrices in Java (Smar & 2 #feaq &1 M) :

Matrix multiplication & case #, first matrix T one-row element, second matrix & & columns &

multiplied graT g & #= € £ image T understood AT ST FFAT 2

1 1 1 1 1 1
Matrix 1 2 2 =2 Matrix 2 2 =2
3 3 =3 3 =3
—
1T*14+1"2+1"3 1T*14+1"2+1"3 1T*14+1"2+1"3
Matrix 1
* =4 21 4+2"2+2"3 21 4+2"2+2"3 21 4+2"2+2"3
Matrix 2
BT 4+3IT24+33 SBT1 43I 24+3F3 BT1 43I 24+33
|
—
(=] [=] (=]
Matrix 1
- _d 12 12 12
Matrix 2 JavaTpoint
18 18 18
-

AT 3 rows 3T 3 columns F &7 matrices 1 multiply FZ4 FT TF simple example F|
public class MatrixMultiplicationExample{
public static void main(String args[]) {
int a[](1={{1,1,1},{2,2,2},{3,3,3}};

int b[][]={{1,1,1},{2,2,2},{3,3,3}};

int c[][]=new int[3][3]; //3 rows and 3 columns

//multiplying and printing multiplication of 2 matrices
for(int i=0;i<3;i++) {
for(int j=0;j<3;j++) {
cli](j]=0;
for(int k=0;k<3;k++) {
cli](jl+=ali][k]*b[K][j];
}//end of k loop

System.out.print(c[i][j]+" "); //printing matrix element



}//end of j loop

System.out.printin();//new line

}

Output:
666
121212

181818

Wrapper Class (9T FT9) - Java & wrapper class primitive &1 object & 3fi¥ object #I primitive &

convert # #F mechanism provide FT 1

Java.lang package #1 eight classes #T Java ® wrapper classes % &7 # ST=T SITar1 81 Eight wrapper

classes #T list = =T T &:

Primitive Type (3few w&) Wrapper class (YqT 1)
boolean Boolean
char Character
byte Byte
short Short
int Integer
long Long
float Float
double Double

Autoboxing (A3 T) : Primitive data type T 99 corresponding wrapper class & automatic

conversion, autoboxing % ®7 H ST STdT §, IITEL0 * {7, byte ¥ Byte, char & Character, int &
Integer, long & Long, float & Float, boolean & Boolean, double & Double, 3% short & Short!

Wrapper class Example: Primitive to Wrapper (3@ & ¥uR)

public class WrapperExample1{
public static void main(String args[]) {
//Converting int into Integer

int a=20;

Integer i=Integer.valueOf(a);//converting int into Integer explicitly

Integer j=a;//autoboxing, now compiler will write Integer.valueOf(a) internally

System.out.printin(a+" "+i+" "+j);




}

Output:

202020

Unboxing (sMaTf3ET) : Wrapper type #T 31T+ corresponding primitive type & automatic conversion,
unboxing % &7 # ST WTAT 21 7g autoboxing T reverse process &1 Java5 ¥, 28 wrapper type
FT primitives § convert #¥9 F foTT wrapper classes # intValue() method T use # # need 7gT

2l
Wrapper class Example: Wrapper to Primitive (Yq3 & srfe®)
public class WrapperExample2{
public static void main(String args[]){

//Converting Integer to int

Integer a=new Integer(3);

int i=a.intValue();//converting Integer to int explicitly

int j=a;//unboxing, now compiler will write a.intValue() internally

System.out.printin(a+" "+i+" "+j);

Output:

333

Inheritance in Java (STaT & gREH) : Java# Inheritance TF mechanism g fS&# T# object parent
object #t @¥T properties ¥ behaviors acquire F @1 &I TE OOPs (Object Oriented programming
system) #T T# important part gl

Java ® inheritance & = idea g & % 3T new classes create # HFd g ST existing classes 7T
built upon g1 S T T existing class & inherit #Xd &, @7 T parent class % methods ¥ fields
FT reuse X Thd 2l Moreover, ST FIHT current class § new methods 3T fields sft add F% T
2l

Java# inheritance FT use ¥ F<

e For Method Overriding (8ferT runtime polymorphism achieved #it ST &=t ) |
e For Code Reusability (F1g q7: Yasaar & fom) |



Inheritance & used Terms (<753)

e Class (F2T) : TUH class objects #T T# group 2T & fSr&# common properties 2T &1 7
UF template I blueprint AT & ¥ objects create 37 ST £

e Sub Class/Child Class (37 #F&T/aTar ®#T) : Subclass T#F class it § ST other class &
inherits #Xft g1 A derived class, extended class, a1 child class 9T called a1 STaT 21

e Super Class/Parent Class (¥ FT9 /T ) : Superclass a8 class T & Sgf & TH
subclass features inherits #XAT 81 & base class aT parent class §ft called 3T STaT 21

e Reusability (T9: IrsaaT) : ST f% name specifies #¥aT &, reusability TF mechanism g S
AT existing class % fields 3 methods T reuse ¥4 H facilitates F¥ft & Sa 3MT TH
new class create ¥ gl AT same fields ¥ methods FT use FX THd & S T & I

previous class & defined gl

Java Inheritance #T Syntax (aTr-fa=ITe) :
class Subclass-name extends Superclass-name
{
//methods and fields
}
Example:
class Employee{

float salary=40000;

class Programmer extends Employee{
int bonus=10000;
public static void main(String args[]) {
Programmer p=new Programmer();
System.out.printin("Programmer salary is:"+p.salary);

System.out.printIn("Bonus of Programmer is:"+p.bonus);

}

Output:
Programmer salary is:40000.0

Bonus of programmer is:10000



Types of inheritance in java (STaT & TefEd & TR) :

Class % basis 9%, java & inheritance % three types 8l @#d 2: single, multilevel 3T hierarchicall

ClassA ClassA ClassA
A / 5\
y Y
1) Single 3) Hierarchical
ClassC
2) Multilevel

Single Inheritance Example (i zagfEw amgem) :

ST UE class another class inherits FdT 8, @7 9 single inheritance & &9 ® ST STaT 81 A=
fTu 1w example #, Dog class Animal class inherits T g, TAMT single inheritance 81

class Animal{
void eat(){

System.out.printin("eating...");

class Dog extends Animal{
void bark(){

System.out.printin("barking...");

}
class TestInheritance{
public static void main(String args[]) {

Dog d=new Dog();



d.bark();

d.eat();

}
Output:
barking...

eating...

Multilevel Inheritance Example (Ae&ie@ae SHgRed IQTEW) :

ST inheritance #T UH chain BT 8, @7 T multilevel inheritance % &7 & SMT ST 81 ST R
a7 {1 fIU U example § T@ TFA &, BabyDog class, Dog class inherits #%dt & ST f%¢ & Animal
class inherits AT 8, TATMT multilevel inheritance 21

class Animal{
void eat(){

System.out.printin("eating...");

class Dog extends Animal{
void bark(){

System.out.printin("barking...");

class BabyDog extends Dog{
void weep(){

System.out.printin("weeping...");

}

class TestInheritance2{



public static void main(String args[]){
BabyDog d=new BabyDog();
d.weep();
d.bark();

d.eat();

}

Output:
weeping...
barking...

eating...

Hierarchical Inheritance Example (STE¥sa ARREH IIMEI) :

ST & AT &1 T AfAF classes UF single class inherits F¥dt g, @7 =H hierarchical inheritance % &7
H M1 STar gl A= fRU ww example ®, Dog 3T Cat classes Animal class inherits T €, TEfoT

hierarchical inheritance 2l
class Animal{
void eat(){

System.out.printin("eating...");

class Dog extends Animal{
void bark(){

System.out.printin("barking...");

}

class Cat extends Animal{
void meow(){

System.out.printin("meowing...");



}

class TestInheritance3{
public static void main(String args[]) {
Cat c=new Cat();
c.meow();
c.eat();

//c.bark();//C.T.Error - Cat class doesn't have bark()

}
Output:
meowing...
eating...
Super Keyword in Java (SmaT § quX HiaS) :

Java § super keyword T# reference variable g1 & fSE®T use immediate parent class object T
refer ¥ & forom fFam Smar 21

Whenever 3T subclass #T instance create #¥d &, parent class T U# instance implicitly created grar
g & super reference variable 32T referred to T STaT 21

Java super Keyword &7 Usage (S92T) :

e super @ use immediate parent class instance variable #1 refer #%= & forw fRam ST =har

El
e super & use immediate parent class method #T invoke #%+ & forw foFam ST @har 21
e super() #T use immediate parent class constructor & invoke #x+ & forw fFam ST |har 2l

Example:
class Person{
intid;
String name;
Person(int id,String name){
this.id=id;

this.name=name;

}

class Emp extends Person{



float salary;

Emp(int id,String name,float salary){
super(id,name);//reusing parent constructor
this.salary=salary;

}

void display(){System.out.printIn(id+" "+name+

+salary);}

class TestSuper5{
public static void main(String[] args){
Emp el=new Emp(1,"ankit",45000f);

el.display();

}

Output:

1 ankit 45000

Method Overriding in Java (sTar & fRfer st -

TfT subclass (child class) & parent class® declared method % same method 2f, @7 T8 Java® method
overriding % &9 # SET STdT 2l

AT ereai H, AfT FE subclass 3@ method # specific implementation provide #t g & &t
parent classes & & T& T declare AT =T 8, @7 T8 method overriding™® &9 & ST ST 2l

Java Method Overriding #T Usage (ST731T)

e Method overriding #T use {7 method #t specific implementation provide % & form
fFaT STaT € ST 98 | g1 IHr superclass BT provided T ST FH B
e Method overriding #T use runtime polymorphism & foro fFam smar 2

Java Method Overriding % Rules (fR=w)

1. Method #T name parent class § S€T & 39T & gMT AR
2. Method #T parameter parent class & SET g €T & gMET =ATRUI
3. U# IS-A relationship (inheritance) g+t =TT



Method overriding % fa=iT problem #t To=AT:

AU 39 problem & understand #Fd & fSE®T g0 program & ATHAT FT #%d g Iid g9 method
overriding #T use qgI F¥d 2

class Vehicle{
void run(){

System.out.printin("Vehicle is running");

class Bike extends Vehicle{
public static void main(String args[]){
Bike obj = new Bike();

obj.run();

}
Output:

Vehicle is running

Problem g § & W= subclass & run() method T T# specific implementation provide
FAT g that is why we use method overriding.

Method overriding T Example (I2Tg) :

9 example ®, A9 subclass & run method # defined T & =T % parent class # defined 2
AT AT T specific implementation €1 Method #T name 3T parameter same g, &fi¥ classes %
F= 1S-A relationship g, 8T method overriding &1

class Vehicle{
void run(){

System.out.printin("Vehicle is running");

}

class Bike2 extends Vehicle{

void run(){



System.out.printin("Bike is running safely");

}

public static void main(String args[]){
Bike2 obj = new Bike2();//creating object

obj.run();//calling method

}
Output:

Bike is running safely

A real example of Java Method Overriding (STaT fafer sewaefeT &1 ©& arafas IIE) -

UF scenario consider ¥ Sgf Bank UF class§ S interest #T rate TH #¥+ #T functionality provide
Fdl g1 However, interest T rate banks % according varies gt g1 3Sargewr & form, SBI, ICICI 3T
AXIS banks FHeT: 8%, 7%, ST 9% interest #T rate provide FT TFd Zl

Bank

getRateOfInterest() : float

extends

SBI ICICI AXIS

getRateOfInterest() : float getRateOfInterest() : float getRateOfInterest() : float

class Bank{
int getRateOfInterest(){

return O;

}

class SBI extends Bank{
int getRateOfInterest(){

return 8;



}

class ICICI extends Bank{
int getRateOfInterest(){

return 7;

class AXIS extends Bank{
int getRateOfInterest(){

return 9;

class Test2{
public static void main(String args[]){
SBI s=new SBI();
ICICI i=new ICICI();
AXIS a=new AXIS();
System.out.printIn("SBI Rate of Interest: "+s.getRateOfInterest());
System.out.printIn("ICICI Rate of Interest: "+i.getRateOfInterest());

System.out.printIn("AXIS Rate of Interest: "+a.getRateOfInterest());

}

Output:
SBI Rate of Interest: 8
ICICI Rate of Interest: 7

AXIS Rate of Interest: 9

Dynamic Method Dispatch (saATfé® due ) :



Method overriding 37 ways # & U# g fS# Java Runtime Polymorphism #T support #¥aT zl
Dynamic method dispatch @8 mechanism g S gmr {7 overridden method % call T run time
9 resolve fFaT STAT , ST compile time

o a TFHT overridden method #T superclass reference % through call a1 ST 2, @1 Java
determine FZaT g fF S® method T which version (superclass/subclasses) executed T ,
39 object % type F based upon S call occur 9 F time 9T referred to fFaT &I @1 2
Thus, 78 determination run time 7% made T STaT 21

e Atrun-time, 78 3SH object ¥ type 9¥ depend #aT ¥ 5 referred to R ST w®T B
(reference variable % type 9T @gl) ST determine #¥aT & % overridden method &1 which
version executed gTI

e TF superclass reference variable f#T subclass object #1 refer #T Tl &1 & upcasting
=7 # o M1 ST 81 Java TE fact #T use overridden methods ¥ calls 1 run time 9%
resolve ¥+ & forw &ear 2

Therefore, afs #IE superclass T method contain #dT 8 & subclass 3T override T =T 2,
ar 5@ different types & objects FT superclass reference variable & through referred to fFaT sTaT
g, dr method ¥ different versions executed grd &1 I8t T example g ST dynamic method dispatch
&7 illustrate F¥AT g:

class A{
void m1(){

System.out.printin("Inside A's m1 method");

}

class B extends A{
// overriding m1()
void m1(){

System.out.printin("Inside B's m1 method");

}

class C extends A

{
// overriding m1()

void m1(){

System.out.printin("Inside C's m1 method");



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

// object of type A
Aa=newA();
// object of type B
B b = new B();
// object of type C
Cc=new C();
// obtain a reference of type A
Aref;
// ref refers to an A object
ref = a;
// calling A's version of m1()
ref.mi();
// now ref refers to a B object
ref = b;
// calling B's version of m1()
ref.mi();
// now ref refers to a C object
ref =c;
// calling C's version of m1()

ref.mi();

}

Output:

Inside A's m1 method



Inside B's m1 method

Inside C's m1 method



Unit-3
Packages, Interfaces & Exception Handling

Abstract class in Java

Java H T class ST abstract keyword & 1Y declare P S 8, IY abstract class
Eb_ei?f%l Eﬂﬁ abstract 3fR non-abstract methods (method with body) Al _6;[ ghd %'I

Java abstract class Ig= I UB@I EIB?[ Java H abstraction ! FITIQ?[ %I

Abstraction in Java

Abstraction Uch process g forgd implementation details P! hide FRb Dhdd
functionality DI user B! AT ST B

@% Yecl U, TZ user Bl Hdd essential things f&aTdT § 3R internal details I
hide T §, 3CTERUT & T, SMS WSHT ST&T 31T text type CaCY message send FRA G|
3! message deIivery% internal processing & IR | U1 g1 gl

Abstraction 3T object "&T HAT §" 3T W focus HA et §, "I HY Bl
2 TR a1

Abstraction achieve B34 & d3I&
Java H abstraction ?:(P[ WD T achieve BT ST bt %:

e Abstract class (0 to 100%)
e Interface (100%)

Abstract class in Java

Udh class fSI abstract declare f&aT ST % 39 abstract class oh'é'a %I si-lal'
abstract 3MR non-abstract methods E?f Tghd %I 3@ extend dT ST EIT%E 3R W
method implemented %Q\_rl'lef ElT%QI UDT object 7-%3[ T ol b dl (instantiate) |

Points to Remember

e TU® abstract class P! abstract keyword & 1Y declare foba1 ST =MW

o 3TH abstract 3fR non-abstract methods gl W%I

o Wobjectﬂ?fdﬂltn Il b dT (instantiate) |

o Eﬂﬁ constructors 3{RR static methods ﬁ-ﬁﬁﬂﬁgl

e 3UH final methods B U&d & Sl subclass BT method & body Eal change B
A |




Abstract class ®T syntax

abstract class A{}

Abstract Method in Java

U method ST abstract declare fHaT STl %’ 3R fogapt ﬁg implementation
:@Eﬁ?ﬁ 39 abstract method ﬁﬁ%l

Abstract method T syntax

abstract void printStatus(); //no method body and abstract

Abstract class ®T Example orad Udh abstract method %

Y example H Bike U abstract class g foTIH ad U abstract method run 3|
Eﬂﬁ implementation Honda class gRRT provide Pl TI'E;C %I

abstract class Bike{
abstract void run();
}
class Honda4 extends Bike{
void run(){
System.out.printIn("running safely");
}
public static void main(String args[]){
Bike obj = new Honda4();

obj.run();

Output:

running safely



Abstract class DT real scenario

Y example T, Shape abstract class g, 3R 3! implementation Rectangle 3R
Circle classes gRI provide CARIER]

abstract class Shape({
abstract void draw();

}

class Rectangle extends Shape{
void draw(){

System.out.printIn("drawing rectangle");

}

class Circle1 extends Shape{
void draw(){

System.out.printIn("drawing circle");

}

class TestAbstraction1{
public static void main(String args[]){
Shape s=new Circle1();

s.draw();

Output:

drawing circle



Abstract class forad constructor, data member Gﬁ? methods 'E?f

Udh abstract class H data member, abstract method, method body (non-abstract

method), constructor, 3R T8I d® & main() method I 81 TIhd g

abstract class Bike{
Bike(){
System.out.printin("bike is created");

}

abstract void run();

void changeGear(){

System.out.printIn("gear changed");

}

class Honda extends Bike{
void run(){

System.out.printIn("running safely...");

}

class TestAbstraction2{
public static void main(String args[]){
Bike obj = new Honda();
obj.run();
obj.changeGear();



Output:
bike is created
running safely..

gear changed

Interface in Java

Java ﬁw interface, class @I blueprint fﬂ?ﬂ%l sﬂﬁ static constants 31X abstract

methods _Eﬁ?f%l

Java H interface abstraction achieve Wﬁﬁ@ mechanism %’I Java interface H
Hdd abstract methods EPIW% method body qﬁl YdD[ use Java T abstraction 3R
multiple inheritance achieve P D ﬁ‘l’Q foan ST %I

@ el H, 39 Hg Thd & f# interfaces H abstract methods 3iRR variables
J&Hd 81 3B method body EEEEETI

DT object 8] ST ST Ybdll, 31 abstract class 1 ARG |

Java interface T use HY?
Interface use HIT b HYd: T reasons %I CEIC] E'Q R %I

e YD use abstraction achieveﬁﬂﬁ%ﬁflﬁmw%l
e Interface & GRT, §H multiple inheritance G| functionality support ®X IJHd B
o 3YdDI use loose coupling achieve B & foru foram o1 gopar 3|

Interface ﬁ declare B¥?

Ud interface P! interface keyword T use P declare THAT ST %I g total
abstraction provide ®Xdl 8 A interface & T methods empty body & Ty
declared B1d 8, 3R I+ fields default U T public, static 3R final 814 €1 TP class il
interface ! implement HT 8, 39 interface H declared Tt methods &I implement

AT BT




Syntax:

interface <interface_name>{
// declare constant fields
// declare methods that abstract

// by default.

Compiler gRRT internal addition:

Java compiler interface method ¥ Ugd public 3R abstract keywords add X
d1 81 3P 3(QTAT, T8 data members ¥ U8 public, static 3R final keywords add X
gl

@ el T, Interface fields default TU 9 public, static 3R final 81d §, SR
methods public 3R abstract B &

Interface Printale{ ntertace Priniablef

int MIN=5; | public static final int MIN=b
L — (Ompler —» L

void print() nublic abstract void print)

} }

Printable,java Printable clas3



Classes 30X interfaces ¥ &1 relationship:

BIEATRIY figure 7 faEm SR, U class §€|“\f| class @I extend Hl §, Th
interface @ interface @1 extend HRdT §, Al U class interface &1 implement

B o

class interface interface
A
extends | implements extends
I
class class interface

Java Interface Example 1:

Y example ﬁ, Printable interface H &Hdd Tdh method % 3R sﬂﬁ
implementation A6 class | provide ﬁﬂg%l

interface printable{
void print();
}
class A6 implements printable{
public void print(){
System.out.printIn("Hello");
}
public static void main(String args[]){
A6 obj = new A6();

obj.print();



Output:

Hello

Java Interface Example 2:

U example ff, Drawable interface ﬁmw method %I W implementation
Rectangle 3R Circle classes gRI provide @I 718 81 TP real scenario H, TS interface
fBdft iR & GRT define fovam ST §, Qfdpd 3! implementation 3{¢ITT-3{cliT
implementation providers gIRI provideﬁﬁ'l?ﬁ%l si-lav 3{AMdl, HRT use d;l‘?: 3R BT
gl Implementation part user gIRT hide o T ST § Sl interface T use HRAT ]|

interface Drawable{
void draw();

}

class Rectangle implements Drawable{
public void draw(){

System.out.printIn("drawing rectangle");

}

class Circle implements Drawable{
public void draw(){

System.out.printIn("drawing circle");

}

class TestInterface1{
public static void main(String args[]){
Drawable d=new Circle();

d.draw();



Output:

drawing circle

Interface §RT Java # Multiple inheritance

IiG T class multiple interfaces Cal implement H Al Udh interface multiple
interfaces @1 extend &l % Fﬁ%ﬁ multiple inheritance gl SIdl %I

interface interface interface interface
|3 ~
b Vi
Y
~ . ,/ implements extends
¥ P
class interface

Multiple Inheritance in Java

interface Printable{
void print();

}

interface Showable{
void show();

}

class A7 implements Printable,Showable{
public void print(){

System.out.printin("Hello");

}
public void show(){

System.out.printIin("Welcome");



}
public static void main(String args[]){

A7 obj = new A7();
obj.print();
obj.show();

Output:
Hello

Welcome

0, Java | class & through multiple inheritance supported TEY 8, AP interface
&IRT possible g2

ST fF 899 inheritance chapter o explain a1 8, class & case H ambiguity &
HRUI multiple inheritance supported T8Y |1 gTaifob, interface & case H T8 supported

% FHifd ggi Tﬁé ambiguity :|T5°[ %‘I ﬂﬂT sﬂﬁm % Fif ?ﬂﬁ implementation
implementation class gIRT provide DI ST B IR & e

interface Printable{
void print();

}

interface Showable{
void print();

}

class TestInterface3 implements Printable, Showable{
public void print(){

System.out.printIn("Hello");



public static void main(String args[]){
TestInterface3 obj = new TestInterface3();

obj.print();

Output:

Hello

ST {3 3T SR & example T W ¥&d g, Printable 3fR Showable interface H
same methods % KIEE] Sﬂﬁ implementation class TestInterface3 gIRT provide P Tlé

2, 3TMIT BIg ambiguity el 81

Interface inheritance:

[al

U class Uh interface P implement &Xdl % NIEE Ud interface gﬂi interface
B! extend BT |

interface Printable{
void print();

}

interface Showable extends Printable{
void show();

}

class TestInterface4 implements Showable{
public void print(){

System.out.printin("Hello");

}
public void show(){

System.out.printIn("Welcome");



}

public static void main(String args[]){
TestInterface4 obj = new TestInterface4();
obj.print();
obj.show();

Output:
Hello

Welcome

Java Package:

Java ® packages ®I use naming conflict ¥ F94 3R class, interface, sub-classes,
3G & access B control B & AT fovaT ST gl Udh package @I similar types Gl
classes, sub-classes, interfaces TT enumerations, 3T & group & ¥4 T define fbar o
Tl g Packages I use Hd THY related classes ! locate T find HRAT easier B
ST § 3R packages classes 3R files @1 huge amount & Y project Pl Th good
structure 4l outline provide H B

Java Package & Advantage:

1. Java package T use classes 3R interfaces ®I categorize & o forg fopan S
g dIfd 3= easily maintained CRISIRED

2. Java package access protection provide HAT |

3. Java package naming collision B remove AT B



java java package

lang util awt Subpackage
of java
System.class String.class Arraylist.class Map.class Button.class classes

Packages P & U A divided forar 4T 8:

e Built-in packages: Java T, TR U Ugd U @ various pre-defined packages g
3R 3T packages o large numbers DI classes 3R interfaces & for 84 Java H
use H §, 38 Built-in packages dgl SIdl gl

e User-defined packages: ST fF name ¥ T 9@l B, user-defined packages dg
package BT § SR user AT programmer gRT define foar ST B

Built-in packages / Java API:

q packages ST JDK & T1Y 3Td § 1 iS5 3T download #Rd g, built-in packages
Hedd & Built-in packages JAR files & TYH 3M7d § 3R S1d §H JAR files Pl unzip B
gdEw easily JAR files o packages TG o d &, ISTE0 & A, lang, io, util, SQL, i
Java various built-in packages provide &I 8, IR %f%mjava.awtl




JAVA

lang uil awt

i L L Y l

System class ‘ String.class ArrayList.class Map.class Button.class

Built-in Packages & Examples:

e java.sql: Database H stored data @I access 3R process P & AT classes
provide dl 81 Classes SI¥ Connection, DriverManager, PreparedStatement,
ResultSet, Statement, TG 39 package &I part gl

java.lang: Classes 3R interfaces contain T g Sl Java programming language
& design & fIW fundamental g1 Classes S String, StringBuffer, System, Math,
Integer, sfe 59 package I part gl

java.util: Collections framework, some internationalization support classes,
properties, random number generation classes contain Xdl 81 Classes S
ArrayList, LinkedList, HashMap, Calendar, Date, Time Zone, 31fe 39 package oI
part gl

java.net: Networking applications implement H b [T classes provide ®Xdl
81 Classes S Authenticator, HTTP Cookie, Socket, URL, URLConnection,
URLEncoder, URLDecoder, 3Tf¢ 39 package @I part gl

java.io: System input/output operations & T classes provide dl 81 Classes
Y BufferedReader, BufferedWriter, File, InputStream, OutputStream,
PrintStream, Serializable, 31f¢ 39 package &I part gl

java.awt: User interfaces create H 3R graphics 3R images paint & & oy
classes contain @dT g1 Classes S Button, Color, Event, Font, Graphics, Image,
3{1f¢ 39 package &1 part gl



User-Defined packages:
Example:

package keyword T use Java | package create HA & fore fpar s g1

//save as Simple.java
package mypack;
public class Simplef
public static void main(String args[]) {

System.out.printin("Welcome to package");

Output:

Welcome to package

Java package GOk compile G2y

javac -d directory javafilename

For example:

javac -d . Simple.java

-d switch destination specify o B P generated class file &gl M ST 311
?ﬁ's: ot directory name use ®X qod % o /home (Linux P case ﬁ) d:/abc (windows &
case ﬁ) 3t afe 3mg package Pl same directory & within T’@:IT?FI'E!?T% ar ey . (dot)
use HX JbHd %I

Java package program @1 &Y run HY

Class @1 run &3 & T 3Tge! fully qualified name use & DI need Bl g, 9
mypack.Simple 3G |



For example:

java mypack.Simple

it §'\"-ﬁ' package | package Pl P access I?
Package & outside T package P access B & three ways gl

1. import package.*;
2. import package.classname;
3. fully qualified name.

1) packagename.* ®T use PID

gig 3y package.* use FRd € dl 39 package & Tt classes 3R interfaces
accessible g1l afd subpackages el

import keyword T use fopat @3\’ package @ classes 3R interface @I current
package accessible I & for fpar s B

packagename.* import I ard package ®T Example

//save by A java

package pack;

public class A{
public void msg(){

System.out.printIn("Hello");

}
//save by B.java

package mypack;

import pack.*;



class B{
public static void main(String args[]) {
A obj = new A();

obj.msg();

Output:

Hello

2) packagename.classname ®T use D

i 3 import package.classname P g dl Had 29 package 1 declared class

éjf accessible EﬂTﬁI

package.classname import CEEEI] package T Example

//save by A java

package pack;

public class A{
public void msg(){

System.out.printIn("Hello");



//save by B.java
package mypack;

import pack.A;

class B{
public static void main(String args[]) {
A obj = new A();

obj.msg();

Output:

Hello

3) Fully qualified name &I use PP

i 3y fully qualified name use $d g dl Had 39 package ®1 declared class
&l accessible M| 31 import TR Pt BIg need T8l g1 AfhT B IR T 3T class T
interface access X Xg 81 al IDI fully qualified name use & DI need BN

YUPT use generally dd far ST 8 o9 9 packages dI same class name g,
RARRY %Wjava.util BﬁTjava.sqI packages H Date class Bldt g

Fully qualified name import CEEEI] package T Example

//save by A java

package pack;

public class A{
public void msg(){

System.out.printIn("Hello");



//save by B.java
package mypack;

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

pack.A obj = new pack.A();//using fully qualified name

obj.msg();
}
}
Output:
Hello
Java ® Subpackage

Package & inside package Cal subpackage gl WIldl R package @I 3R
categorize P & foTU create fosaT ST =1fRU|

Let's take an example, Sun Microsystem e[java ATH &I U package define T
8 fored many classes g o System, String, Reader, Writer, Socket 3G 1 A classes Th
particular group represent B 8, IR & AW Reader 3R Writer classes
Input/Output operation & U § Socket 3R ServerSocket classes networking & fore
g, 3fe | 3/fAY, Sun afjava package Cal subpackages o subcategorized frarg o lang,
net, io 3Mfe, 3R Input/Output related classes ®lio package H Server 3R ServerSocket
classes P net packages o 3ra fear g, el




Subpackage &T Example

package com.javatpoint.core;
class Simple{
public static void main(String args[]) {

System.out.printIn("Hello subpackage");

Output:

Hello subpackage

To Compile: javac -d . Simple java

To Run: java com.javatpoint.core.Simple

Exception Handling in Java

Java H Exception Handling runtime errors P! handle B H TH powerful
mechanism g dlfd application ®T normal flow maintain ICRIRSIRSE

Java H, exception Udh event g ol program & normal flow @I disrupt A2 T8
U® object BIAT 8 ORI runtime W throw a1 STTaT 81

Exception Handling HIT %”

Exception Handling runtime errors o ClassNotFoundException, IOException,
SQLException, RemoteException, 3G B handle HXA &I Udh mechanism %I



Exception Handling &T Advantage

Exception handling &I core advantage application & normal flow @1 maintain
HATE| Udh exception normally application & normal flow @ disru pt Wa?ﬂ%‘, Z3ifer
gd exceptions @I handle B I need BIdl g1 Let's consider a scenario:

statement 1;
statement 2;
statement 3;
statement 4,
statement 5; //exception occurs
statement 6;
statement 7;
statement §;
statement 9;

statement 10;

Suppose Udh Java program T 10 statements g 3R statement 5 UX U exception
occur BIAT §; rest of the code execute gl 811, T statements 6 I 10 execute &l 8171
However, 51§ §H exception handling perform Hd §, I rest of the statements execute
81 SEN | That is why we use exception handling in Java.



Java Exception classes L4 Hierarchy

java.lang.Throwable class Java Exception hierarchy 1 root class 8 FOT two subclasses
ERT inherit foaT ST 8 Exception 3R Error| Java Exception classes Gl hierarchy BIC]

CIRIERS

VirtualMachineError

ClassMNot
Found Exception

RuntimeException

ArithmeticException

IndexOutOf
BoundsException

ArrayindaxOutOf
BoundsException




Java Exceptions & Types:

&I =0 qal types & exceptions 81d §: checked 3R unchecked | T error &1
unchecked exception HIHT SIdl 81 However, Oracle & according, GIGH types &
exceptions g namely:

1. Checked Exception
2. Unchecked Exception
3. Error

Checked 3R Unchecked Exceptions & &1 Difference:
1) Checked Exception

3 classes S 1Y Throwable class @1 inherit B 8, Ru ntimeException 3R Error
ﬁ@ﬁw checked exceptions B & | STERTI & forg, IOException, SQLException,
31 | Checked exceptions compile-time U checked Hck

2) Unchecked Exception

d classes ST RuntimeException @ inherit B 8, unchecked exceptions dHedrdl
gl JaloU] & forg, ArithmeticException, NullPointerException,
ArraylndexOutOfBoundsException, 3| Unchecked exceptions compile-time WX

checked :I?)[Eﬁ?f %‘ AfPT I runtime TR checked Eﬁ?f %I

3) Error

Error irrecoverable BIdl €1 Errors & PSS examples g OutOfMemoryeError,
VirtualMachineError, AssertionError 31I|3 I



Java Exception Keywords

Java UTd keywords provide &1 & e use exception handle HA & forg foa
ST § | Y it Ul 1 description @Rl g

Keyword Description

try "try" keyword T use U block specify H & forg foean ST § Stef 86
exception code place ®Xl RN | 3P AT § fob g4 try block T use
3{hdl 8l B Ghd | Try block & &1 I Tl catch AT finally 8191 AT |
catch "catch" block @I use exception handle H & o fpar ST g1 39
U84 try block BT ATRT fSreT Aa@d g foF 89 catch block FT use 3fhd
Tl IR Thd | TP FIE finally block 8 &dT g1

finally "finally" block T use program & necessary code Pl execute dHRA & forg
f3T 1T § | T8 execute BT § TT8 exception handle §311 81 a1 A&l |
throw "throw" keyword 1 use exception throw W%WW STl %I

throws "throws" keyword T use exceptions declare H & e fpar ST g 1 98
specify dl g f% method | Udh exception occur 8 T&Har g1 I8
exception throw T8l STl Ig §ARM method signature & 1Y use o
SIS

Java Exception Handling Example

Let's see an example of Java Exception Handling in which we are using a try-
catch statement to handle the exception.

public class JavaExceptionExample{
public static void main(String args[]) {
try{
//code that may raise exception
int data=100/0;
}
catch(ArithmeticException e){

System.out.printin(e);



//rest code of the program

System.out.printIn("rest of the code...");

Output:
Exception in thread main java.lang.ArithmeticException:/ by zero

rest of the code...

Java Exceptions & Common Scenarios

Bl PB scenarios faw 71 § S8t unchecked exceptions occur 8 gHat g They

are as follows:

1) 98 scenario SI8T ArithmeticException occur gl 8:
gfe g9 Tl number @1 zero ¥ divide A % dr ArithmeticException occur B &l

int a=50/0; //ArithmeticException

2) dg scenario STgl NullPointerException occur Eﬁ?ﬁ %:

gfe gUR U fHt variable & null value 8, < variable TR CIE) operation perform B
| NullPointerException throw B B

String s=null; System.out.printin(s.length()); //NullPointerException

3) 9% scenario 181 NumberFormatException occur gielt %:

gfg fbdt variable T number &I formatting mismatched g d 9P IRUMHGEEY
NumberFormatException HEEX %I Suppose AR U™ Udh string variable % foras
characters &; 29 variable &1 digit T convert H1 I NumberFormatException cause

il

String s="abc"; int i=Integer.parselnt(s); //NumberFormatException



4) 98 scenario W@l ArraylndexOutOfBoundsException occur gl g

old U array 3T size W exceed F T, A ArraylndexOutOfBoundsException occur
Bl B ArraylndexOutOfBoundsException occur 819 & other reasons 81 I&d gl Y

statements TR consider B3 |

int a[]=new int[5]; a[10]=50; //ArraylndexOutOfBoundsException

Java try-catch block
Java try block

Java try block T use 34 code &I enclose A B 1%1? foar ST % S| exception
throw &I b d]l %I 9dT use method & within aqTEIT%QI

gfq try block & particular statement UX exception occur BT ], I block &7 rest
of the code execute @1 NI So, it is recommended not to keep the code in try block
that will not throw an exception.

Java try block & &€ a1 dl catch AT finally block BT 8T

Java try-catch T Syntax

try{

//code that may throw an exception
}
catch(Exception_class_Name ref) {

// Exception Handling Code



try-finally block T Syntax

try{

//code that may throw an exception
}
finally{

// Code that must be executed

Java catch block

Java catch block ®T use parameter & within exception & type P! declare HXb
Exception handle H & foru foram SITaT B 1 Declared exception parent class exception

@it Exception) Ul generated exception type 81 T8¢ | However, good approach g
ef® generated type of exception declare ICRARSIY

Catch block ®T use &ad try block & §TG g1 fodT ST AMGTI 311U single try block
& 1Y multiple catch block use R IBA &

Exception handling & f9T1 Problem

Let's try to understand the problem if we don't use a try-catch block.

public class TryCatchExample1 {
public static void main(String[] args) {
int data=50/0; //may throw exception

System.out.printIn("rest of the code");

Output:

Exception in thread "main" java.lang.ArithmeticException: / by zero



T f6 W& example | display f5aT TRT B, rest of the code execute :Iﬁ_g'\’:ﬂ
(@Y case T, rest of the code statement print :IE?IEG{DI

Exception & TS 100 lines T code B Tbdl g1 G exception handle ol fobar
Srarg, exception & I BT IRT code execute T8 I

Exception handling &IRT Solution

Let's see the solution of the above problem by a java try-catch block.

public class TryCatchExample2 {
public static void main(String[] args) {

try{
int data=50/0; //may throw exception

}

//handling the exception

catch(ArithmeticException e){
System.out.printin(e);

}

System.out.printIn("rest of the code");

Output:

java.lang.ArithmeticException: / by zero rest of the code



Java Multi-catch block

T try block & §T¢ TS T 3P catch blocks Bl Yhd &l UA® catch block H
U different exception handler contain gHT AR So, if you have to perform different
tasks at the occurrence of different exceptions, use java multi-catch block.

Points to remember

e At a time only one exception occurs and at a time only one catch block is
executed.

e All catch blocks must be ordered from most specific to most general, i.e. catch
for ArithmeticException must come before catch for Exception.

Example:

public class MultipleCatchBlock1 {
public static void main(String[] args) {

try{
int a[]=new int[5];
a[5]=30/0;

}

catch(ArithmeticException e){
System.out.printIn("Arithmetic Exception occurs");

}

catch(ArraylndexOutOfBoundsException e){
System.out.printin("ArraylndexOutOfBounds Exception occurs");

}

catch(Exception e){
System.out.printIn("Parent Exception occurs");

}

System.out.printIn("rest of the code");



Output:
Arithmetic Exception occurs

rest of the code

Java Nested try block

Java H, TP try block & inside another try block T use permitted 2139 nested
try block gl Wldl gl Every statement that we enter a statement in try block, context
of that exception is pushed onto the stack.

For example, inner try block T use ArraylndexOutOfBoundsException handle
HA & foe foar S Jaar § 9E(d outer try block ArithmeticException (division by
zero) handle @R Jadl g

Nested try block Hi use B

Sometimes Ud situation arise ﬁ bt % SIgl Uh block &I Th part U error
cause hY hdl % 3R entire block itself another error cause & Jbdl %I @ cases ff,
exception handlers ®I nested BT ggdl g

Java Nested try Example

gfere Fafafad example @I consider Hd & | T&T nested try block & 3fg ardn
try block (inner try block 2) exception @I handle 8! @1 81 fhR control 3TH parent
try block (inner try block 1) H transfer I ST 81 Af I8 exception @1 handle -Tg] &,
dl control main try block (outer try block) H transfer B1 STAT & STgl appropriate catch
block exception @I handle HRATR | 3 nesting ol SITdl gl

public class NestedTryBlock2 {

public static void main(String args[])

{



// outer (main) try block
try {
//inner try block 1
try {
// inner try block 2
try {
intarr[] ={1,2,3,4}

//printing the array element out of its bounds

System.out.printin(arr[10]);

// to handles ArithmeticException
catch (ArithmeticException e) {
System.out.printin("Arithmetic exception”);

System.out.printIn(" inner try block 2");

}

// to handle ArithmeticException

catch (ArithmeticException e) {
System.out.printIn("Arithmetic exception”);

System.out.printIn("inner try block 1");

}

// to handle ArraylndexOutOfBoundsException

catch (ArraylndexOutOfBoundsException e4) {
System.out.print(e4);

System.out.printIn(" outer (main) try block");



}
catch (Exception e5) {

System.out.print("Exception");

System.out.printin(" handled in main try-block");

Output:

java.lang.ArraylndexOutOfBoundsException: Index 10 out of bounds for
length 4 Outer (main) try block

Java finally block

Java finally block U bIock%ﬁmﬁ use important code S connection T close
BT, SIS execute A & AT fopar S g |

Java finally block THTM execute BIAT § dT8 exception handle g3l ARIEREL

Therefore, it contains all the necessary statements that need to be printed regardless
of the exception occurs or not.

Java finally block Fi use PV

e Javad finally block &T use "cleanup" code S file close TR, connection close

&1, 3N put B & o fpar o I B
e Printed fU oI aTal important statements Eal finally block o place ICRISIRSCE]

gl

Example:

public class TestFinallyBlock2{

public static void main(String args[]){

try {



Output:

System.out.printIn("Inside try block");
int data=25/0;

System.out.printin(data);

//handles the Arithmetic Exception / Divide by zero exception
catch(ArithmeticException e){
System.out.printin("Exception handled");

System.out.printin(e);

//executes regardless of exception occured or not
finally {
System.out.printIn("finally block is always executed");

}

System.out.printIn("rest of the code...");

Inside try block

Exception handled
Java.lang.ArithmeticException: / by zero
finally block is always executed

Rest of the code...



Java throw keyword

Java throw keyword T use exception Cal explicitly throw & & feore fopar Sran

gl

BH 39 exception object Eal specify Hd & O throw fHar ST B Exception &
ATY P message gId1 8 ST error &1 description provide Xdl HE exceptions user
inputs, server, 3MTfE I related 81 T g |

&9 Java H throw keyword T use &P checked T unchecked exceptions g
I feedt BT Hi throw B IHhd %I UDP[ use HBI U T custom exception throw CRCET
forg foan ST &

Syntax:

throw new exception_class("error message");

Example:

public class TestThrow1 {
//function to check if person is eligible to vote or not
public static void validate(int age) {
if(age<18) {
//throw Arithmetic exception if not eligible to vote
throw new ArithmeticException("Person is not eligible to vote");
}
else {

System.out.printIn("Person is eligible to vote!!");

//main method

public static void main(String args[]){



//calling the function
validate(13);

System.out.printIn("rest of the code...");

Output:

Exception in thread “main” java.lang.ArithmeticException: Person is not
eligible to vote

Java throws keyword

Java throws keyword &I use exception declare P B 1%1? foar Siran %I g
programmer @I TH information ol g & agf Udh exception occur 8 gHhdl 3| So, itis
better for the programmer to provide the exception handling code so that the normal
flow of the program can be maintained.

Java throws ®T Syntax

return_type method_name() throws exception_class_name{ //method code }

Java throws Example:

import java.io.|OException;
class Testthrows1{
void m() throws IOException{
throw new IOException("device error");//checked exception
}
void n() throws |IOException{

m();



Output:

void p(){
tryf
n();
}
catch(Exception e){

System.out.printIin("exception handled");

public static void main(String args[]){
Testthrows1 obj=new Testthrows1();
obj.p();

System.out.printIin("normal flow...");

exception handled

normal flow...

Java ¥ throw G?R' throws & oI Difference:

throw 3R throws exception handling Gl concept % gl throw keyword foat
method T code block ¥ exception explicitly throw HdI 8, &% throws keyword
method & signature H use fHaT ST B

throw 3R throws keywords & §g many differences %I throw 3fR throws & &I
differences @1 T@ list =1d &1 T3 B




Sr. Basis of throw throws
no. | Differences
1. | Definition Java throw keyword T use Java throws keyword T use
code T, function & inside T | method signature R
code block H exception exception declare A D
explicitly throw & & fog WWW%@COC{G%;
forar STaT g | execution & GR function
SR throw a1 S 9l 5|
2. | Type of throw keyword T use PP, | throws keyword T use
exception &1 &dd unchecked HP, BH both checked 3R
exception propagate X unchecked exceptions
g&hd &, IHT checked declare TR T&d g |
exception &1 Had throw & | However, throws keyword
use FRD propagate ol fhdT | BT use Hdd checked
ol o dTl exceptions propagate B
EASMNERIEIREGIR
3. | Syntax throw keyword & dIG throws keyword & 9l
Exception @[ Ud instance Exceptions & class names
&ﬂ(ﬂ%ﬁl@throwm\_ﬂm &ﬂa%ﬁ%throwmw
&l &l
4. | Declaration throw ®T use method & throws &I use method
within foraT ST B %ignature & 1Y forar ST
I
5. Internal aﬁwwﬁ%aw &H throws keyword T use
implementation | exception throw B DI PRD multiple exception
allowed g, a1 g9 multiple declare TR I&hd g forg
exceptions throw el B method gRT throw fobaT ST
JHd | J&Hd1 gl For example,

main() throws IOException,
SQLException|




Java Custom Exception

Java H, 9 304 own exceptions create B GHd g ot Exception class ®1 derived
classes €1 3T own Exception create PRl custom exception Ul user-defined
exception Hedd gl Basically, Java custom exceptions T use user need & according

exception P! customize HIA B 1%11 forar ST %I

Custom exception dT use FReh, AR U 3{UAT own exception 3R message gl
J&Hdl g1 Here, we have passed a string to the constructor of superclass i.e. Exception
class that can be obtained using getMessage() method on the object we have created.

Custom exceptions i use H9?

Java exceptions CIHIT gt general type & exceptions B! cover B §
programming H occur B & d B However, 81 sometimes custom exceptions create

P P need Eﬂ?ﬁ%l

Custom exceptions use P31 & few reasons FRafIrEd %

e Existing Java exceptions &% TP subset I catch 3R specific treatment provide
X & fo|

e Business logic exceptions: | exceptions business logic 3R workflow ¥ related
GGk Application users 4l developers & foTT exact problem P FHIAT useful

BTl

Custom exception create P o g, g6 Exception class @I extend TR B need
HGI Gﬁjava.lang package | belongs B Bl

Syntax:

public class WrongFileNameException extends Exception {
public WrongFileNameException(String errorMessage) {

super(errorMessage);



Example:

TfeTT Java custom exception dIUd simple example WA g1 T AT T code H,
InvalidAgeException &I constructor Udh string Cal argument F YT A3 T8 string
super() method I use PRD parent class Exception & constructor &1 pass DI ST R

ERERSNICIH Exception class & constructor @ faAT parameter & I call foar s
Jhdl g 3R super() method P call HAT mandatory TeI B

// class representing custom exception
class InvalidAgeException extends Exception{
public InvalidAgeException (String str){
// calling the constructor of parent Exception

super(str);

// class that uses custom exception InvalidAgeException
public class TestCustomException
{
// method to check the age
static void validate (int age) throws InvalidAgeException{
if(age < 18){
// throw an object of user defined exception
throw new InvalidAgeException("age is not valid to vote");
}
else {

System.out.printIn("welcome to vote");



// main method
public static void main(String args[]){
try{
// calling the method
validate(13);
}
catch (InvalidAgeException ex){
System.out.printIn("Caught the exception");
// printing the message from InvalidAgeException object
System.out.printIn("Exception occured: " + ex);
}

System.out.printIn("rest of the code...");

Output:
Caught the exception
Exception occurred: InvalidAgeException: age is not valid to vote

rest of the code...



Unit-4
Multi-Threading, String & Swing

Java String

Generally, String characters ®TUd sequence gIdT 8| Butin Java, string Th object
BT € S characters & sequence Eal represent hXdl gl java.lang.String class @I use
string object create & o foru fobar Sran gl

String object & create HY?
String object create R &b g NP o

1. By string literal
2. By new keyword

1) String Literal
Java String literal double quotes ®T use HD create fHaT SAT R
For Example:

String s="welcome";

2) By new keyword

String s=new String("Welcome"); //dg al objects 3R U reference variable
create BT &

Java String Example

public class StringExample{
public static void main(String args[]){
String s1="java"; //creating string by Java string literal
char ch[]={'s"'t",'r'"i"'n','q",'s'};
String s2=new String(ch); //converting char array to string

String s3=new String("example"); //creating Java string by new
keyword



System.out.printIn(s1);
System.out.printIn(s2);

System.out.printIn(s3);

Output:
java
strings

example

Java String class operations perform W%Wa—g’ﬂﬂﬁ methods provide &Rl
%’ o compare(), concat(), equals(), split(), length(), replace(), compareTo(), intern(),
substring() 3|

Length method - length() method specified string Gl length return AT g Th empty
string Gl length O B Bl

Syntax:

public int length()
Parameters:

None
Return Value:

String Gl length
Example:

public class StringExample1{

public static void main(String args[]) {



String txt = "ABCDEFGHIJKLMNOPQRSTUVWXYZ",

System.out.printIn(txt.length());

Output:
26

Concat method - g method Udh String Cal §Fli| String & end T append hdl gl
Method Udh String return HRT ¢ FSRH method pass CARIE) String Pl value, 39 String
& end H append BT 8 ORISHT use 3 method & invoke TR & fora fasam mmam T

Syntax:

public String concat(String s)
Parameters:

s —dg String S g9 String % end H concatenated Bl B
Return Value:

Yg methods Ud string return HIAT S SN 3Y object's characters & concatenation
Eal represent dXdl & % a1 string argument'’s characters A &l

Example:

public class Test {
public static void main(String args[]) {
String s = "Strings are immutable”;
s = s.concat(" all the time");

System.out.printIn(s);



Output:

Strings are immutable all the time

toString method - i 3T fobat ot object Cal string & =g q represent bl EIRGES
ar toString() method existence H 3t %’I toString() method object ®I String
representation return H R

gfe M dig object print HA &, <l Java compiler internally object UX toString()
method @1 invoke HRAT B So overriding the toString() method, desired output return
Hd1 8, T8 object 1 state S B THa g, ATUD implementation UX depend hdl gl

Object class Gl toString() method Cal overriding IRP, g1 object & values return
HR IHd &, so we don't need to write much code.

toString() method & fST problem &1 JHSHT:

class Student{
int rollno;
String name;
String city;
Student(int rollno, String name, String city){
this.rollno=rollno;
this.name=name;

this.city=city;

public static void main(String args[]) {
Student s1=new Student(101,"Raj","lucknow");
Student s2=new Student(102,"Vijay","ghaziabad");
System.out.printIn(s1); //compiler writes here s1.toString()

System.out.printIn(s2); //compiler writes here s2.toString()



Output:
Student@ 1fee6fc
Student@1eed786

T b 3T SR & example T 39 THhd §, s1 3R s2 Bl print B W objects
& hashcode values print gid g Qe f[S_"f objects & values print BT ATEAT g Since
Java compiler internally toString() method call HRAT ], 39 method I overriding Xl

specified values return S| T 39 A fau Y example & 1Y U §:

Java toString() method ®T Example:

class Student{
int rollno;
String name;
String city;
Student(int rollno, String name, String city){
this.rollno=rollno;
this.name=name;

this.city=city;

public String toString(){ //overriding the toString() method

return rollno+" "+name+" "+city;

public static void main(String args[]){



Student s1=new Student(101,"Raj","lucknow");
Student s2=new Student(102,"Vijay","ghaziabad");
System.out.printin(s1); //compiler writes here s1.toString()

System.out.printIn(s2); //compiler writes here s2.toString()

Output:
101 Raj lucknow
102 Vijay Ghaziabad

SR fau Ty program T, Java compiler internally toString() method call A g,
9 method &I overriding @I Student class F s1 3R s2 objects & specified values
return |

charAt method - Java String charAt() method specified index UX character return

HRAT 8| Index value 0 3R length() & & 811 ATRT|

Syntax :

public char charAt(int index)
Parameter:

index- Return %q S 9T character T Index|
Return Value:

specified position UX character return AT



Example:

class Gfg {
public static void main(String args[]){
String s = "Welcome! to Geeksforgeeks Planet”;
char ch = s.charAt(3);
System.out.printin(ch);
ch = s.charAt(0);

System.out.printin(ch);

Output:

toCharArray method - java string toCharArray() method <9 string @I character array
T convert AT g1 T8 TH newly created character array return I 8, D] length
?¥ string & similar BIdl & 3R SUB! contents 3T string & characters ¥ initialized BIdl
g

Syntax:

public char[] toCharArray()
Parameter:

None
Return Value:

Ye Ud newly allocated character array return AT R



Example:

class Gfg {
public static void main(String args|]) {
String s = "GeeksforGeeks";
char gfg[] = s.toCharArray();
for (inti = 0;i < gfg.length; i++) {
System.out.printIn(gfgli]);

Output:

compareTo method - Java String class @I compareTo() method KIE] string ®1 current
string & Y lexicographically compare &Xdl HRT Udh positive number, negative
number, T 0 return T g

g strings T each character & Unicode value & basis 0R strings Gl JIT pdl

gl

gf¢ ggall string lexicographically @?o[ string | greater g dl 98 T positive
number (character value &I difference) return H1 g | afe ugelt string lexicographically
@ﬁ string T less % dl I8 T negative number return C2Gl| % 3R afe gl string
lexicographically @ﬁ string & equal % dl T8 0 return W%I



e ifs1 > s2, Yg positive number return HI ]
e ifs1 < s2, Yg negative number return H ]
o ifsl==s2 T8O return B &

Syntax:

public int compareTo(String anotherString)
Parameter:

obj: dg Object forad 1y compare far ST g
Returns:

Value 0 Ifq argument g9 string & lexicographically equal ; T value less
than 0 gf¢ argument 9 string | lexicographically greater 8; 3R TP value greater
than 0 gf¢ argument {94 string | lexicographically less gl

Example:

class Gfg{
public static void main(String args[]){
String s1="hello";
String s2="hello";
String s3="meklo";
String s4="hemlo";
String s5="#ag";
System.out.printin(s1.compareTo(s2)); //0 because both are equal
System.out.printin(s1.compareTo(s3)); //-5 because "h" is 5 times lower than "m"
System.out.printin(s1.compareTo(s4)); //-1 because "I" is 1 times lower than "m"

System.out.printIn(s1.compareTo(s5)); //2 because "h" is 2 times greater than "#'



equals method - Java String class &I equals() method ardl Tlg strings P content &
basis UX compare W%| qﬁﬁg character match 'Te?[@?ﬂ% Fﬁq%' false return ddl
%I gfe g4t characters match %Pf SITd % ar g true return hXdl %I

Syntax:

public boolean equals(Object anotherObject)
Parameter:

anotherObject : another object, i.e., Y string & 1Y compared |
Return Value:

true G QI strings & characters equal & otherwise false |

Example:

public class EqualsExamplef
public static void main(String args[]){
String s1="javatpoint";
String s2="javatpoint";
String s3="JAVATPOINT";
String s4="python";
System.out.printin(s1.equals(s2)); //true because content and case is same

System.out.printin(s1.equals(s3)); //false because case is not same



System.out.printin(s1.equals(s4)); //false because content is not same

Output:
true
false

false

indexOf method - indexOf() method & IR variants %I gg article 34 gt & IR |
depict BT g, Ol 39 UPR 3

1. int indexOf() : g method specified character @ first occurrence & index @I 59
string & within return Bl g AT -1, G character occur Tg! BT &

Syntax:

int indexOf(char ch)
Parameters:

ch : U character|
Returns value:

Character &I Index position

Example:

public class Index1 {
public static void main(String args[]){
String gfg = new String("Welcome to geeksforgeeks");

System.out.print("Found g first at position : ");



System.out.println(gfg.indexOf('g"));

Output:

Found g first at position : 11

2. int indexOf(char ch, int strt ) : g method specified character Pl first occurrence
& index B 39 string & within return B g, specified index ¥ search start H& T -
1, Tf¢ character occur el gral %‘I

Syntax:

int indexOf(char ch, int strt)
Parameters:

ch :a character|

strt : 98 index ST81 ¥ search start BT |
Return value:

Character T Index position

Example:
public class Index2 {
public static void main(String args[]){
String gfg = new String("Welcome to geeksforgeeks");
System.out.print("Found g after 13th index at position : ");
System.out.printlin(gfg.indexOf('g’, 13));
}
Output:

Found g after 13th index at position : 19



3. int indexOf(String str) : g method specified substring 1 first occurrence & index

DI 39 string & within return T 81 A T8 substring & U T occur T8l gidl %‘, ar -1
return faT ST B

Syntax:

int indexOf(String str)
Parameters:

str: U string|
Return value:

Substring T Index position

Example:

public class Index3 {
public static void main(String args[]){
String Str = new String("Welcome to geeksforgeeks");
String subst = new String("geeks");
System.out.print("Found geeks starting at position : ");

System.out.print(StrindexOf(subst));

Output:

Found geeks starting at position : 11



4. int indexOf(String str, int strt) : % method specified substring 1 first occurrence
& index P! 39 string & within return ® %‘, specified index ¥ start dRb | Tl T
occur 7Tg! gIdl %’ dr -1 return f&am SITdm %I

Syntax:
int indexOf(String str, int strt)
Parameters:
strt: 98 index 581 ¥ search start BT g
str: U string|
Return value:

Substring T Index position

Example:

public class Index4 {
public static void main(String args[]){
String Str = new String("Welcome to geeksforgeeks");
String subst = new String("geeks");
System.out.print("Found geeks(after 14th index) starting at position : ");

System.out.print(StrindexOf(subst, 14));

}
Output:

Found geeks(after 14th index) starting at position : 19



Swing in Java - Java | Swing T Graphical User Interface (GUI) toolkit g fored Gul
components MHA B Swing widgets 3R packages ®I U rich set provide AT
Java applications & forg sophisticated GUI components T4 & form| Swing Java
Foundation Classes(JFC) [ U part 8, Sl Java GUI programing & fu T AP g Sl GUI
provide TR |

Java Swing library, Java Abstract Widget Toolkit (AWT) & top UX built g, ol T
older, platform dependent GUI toolkit g1 3T Java simple GUI programming
components S button, textbox, TS T use library T TR THd g 3R components Gl
scratch ¥ create T8l B UgdIl

Java Swing class Hierarchy Diagram

JTextField
Object N {
T JTextArea
Component — JComboBox
T —  JLabel
Container

T T —  JList

Window | [JComponentg—— JMenuBar

[ 1

— JOptionPane
Frame Dialog

—  JPanel
JFrame JDialog

—  JcerollBar

—AbstractButtori—  JButton




Container Class T %7

Container classes 9 classes & foT TR other components 8 &Hd 81 So UH Java Swing
GUI create ®R- & foIY, 81 &9 ¥ HH TH container object @1 need BT 21 3 types &

Java Swing containers gl

e Panel: g Ud pure container 8 3R 30 30 H U window 78! g | TH Panel &1
sole purpose components ®1 Th window TR organize HAT R

e Frame: T8 (U title 3R icons & 1Y T fully functioning window gl

e Dialog: S TH pop-up window &1 TG JHT S Gbdl g o a9 pop-out g g
ol Udh message display XAl BT 81 T8 Frame &I A8 TH fully functioning
window T8I |

Example :

import javax.swing.*;

import java.awt.*;

class guif
public static void main(String args[]){
JFrame frame = new JFrame("My First GUI");
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setSize(300,300);
JButton button1 = new JButton("Press");
frame.getContentPane().add(button1);

frame.setVisible(true);



Output:

My First GUI

Press

Components of Swing Class-

Class Description

Component Udh Component elTTHIT SWING @& non menu user-interface controls
%ﬁﬂf Abstract base class %I Components Udh object P represent
CRGRASEED graphical representation TR

Container U Container Ush component & S SWING Components I contain
IR ghal g

JComponent Ud JComponent quft swing Ul Components & fdIU base class
U swing component dT use P DB 1%111 S JComponent T inherit
W% component Ud containment hierarchy ﬁEﬂTﬂ ET%'E ISRE]
root Udh top-level Swing container 63“

JLabel U® JLabel T& container H text place B b o8 Th object
component gl

JButton T8 class U® labeled button create Hdl g |

JColorChooser

Udh JColorChooser controls @l Udh pane provide HIdl %’ designed
to allow the user to manipulate and select a color|

JCheckBox

Udh JCheckBox U graphical(GUI) component % S aral on-(true)
q[ off-(false) state H E?f g dl %I

JRadioButton

JRadioButton class ¥& graphical(GUI) component % S 1 df on-
(true) IT off-(false) state H E?f qohdl %I

JList Udh JList component user DI text items I scrolling list & 1Y
represent Xdl %I
JComboBox U JComboBox component User P choices & TP show up Menu

& 1Y Present BIAT |




JTextField

Udh JTextField object Udh text component gl single line of text &
editing @1 allow S|

JPasswordField

Udh JPasswordField object U text component g ol password entry

& fog specialized g

JTextArea Udh JTextArea object Udh text component g o multiple lines of text
& editing @1 allow BT &I

Imagelcon Udh Imagelcon control, Icon interface ®1 Udh implementation sl
Images ¥ Icons paint AT

JScrollbar Udh JScrollbar control Uch scroll bar component Gal represent bXdl
% users &I range values T Select I H enable FHA B ml

JOptionPane JOptionPane standard dialog boxes &I Udh set provide Xdl g o

users @I T value T Something & fore prompt HAT B

JFileChooser

Udh JFileChooser Udh dialog window B represent xXdl % ora
user U file select R Jhdl g |

JProgressBar o Bl task completion P 3R progresses xXdl % progress bar
completion UX task &I percentage display ®Xdl gl

JSlider Udh JSlider 9@ class user Ca) graphically(GUI) U value select HH
Pl lets W%W bounded interval within Td knob sliding T use
PR |

JSpinner U JSpinner Ug class U single line input field g Sl user ®I TH
number YT U object value Tﬁ@ ordered sequence T select B
Pl lets W?ﬂ%l

Example:

//Usually you will require both swing and awt packages

// even if you are working with just swings.

import javax.swing.*;

import java.awt.*;

class gui {

public static void main(String args[]) {

//Creating the Frame

JFrame frame = new JFrame("Chat Frame");




frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setSize(400, 400);

//Creating the MenuBar and adding components
JMenuBar mb = new JMenuBar();

JMenu m1 = new JMenu("FILE");

JMenu m2 = new JMenu("Help");

mb.add(m1);

mb.add(m?2);

JMenultem m11 = new JMenultem("Open");
JMenultem m22 = new JMenultem("Save as");
m1.add(m11);

m1.add(m22);

//Creating the panel at bottom and adding components

JPanel panel = new JPanel(); // the panel is not visible in output
JLabel label = new JLabel("Enter Text");

JTextField tf = new JTextField(10); // accepts upto 10 characters
JButton send = new JButton("Send");

JButton reset = new JButton("Reset");

panel.add(label); // Components Added using Flow Layout
panel.add(tf);

panel.add(send);

panel.add(reset);

// Text Area at the Center

JTextArea ta = new JTextArea();



//Adding Components to the frame.
frame.getContentPane().add(BorderLayout.SOUTH, panel);
frame.getContentPane().add(BorderLayout. NORTH, mb);
frame.getContentPane().add(BorderLayout.CENTER, ta);

frame.setVisible(true);

Output:

|£ | Chat Frame — O X
FILE Help

Enter Text Send Reset




Multithreading in Java - Java A IS UH THT feature § SN multiple threads Dl
concurrently run B DI capability ar gl ESiR application better performance g
i multiple tasks Udh HIY process BId §1 B thread 3(UAT 37T task perform dl
&, FoTT™ CPU resources T efficient use i1 8|

Thread U lightweight process 811 8 T within a single program concurrently
run 8 Tl & | B thread 3fOHT independent execution flow XddIl 8, Afe 98 same
memory space share A g

Without multithreading -

class ThreadX{
public void run(){
System.out.printIn("Entering into ThreadX");
for(inti=1;i<=5; i++) {
System.out.printIn("In ThreadX i ="+ i);

}
System.out.printIn("Exiting from ThreadX");

class ThreadY{
public void run(){
System.out.printIin("Entering into ThreadY");
for(int j=1; j<=5; j++) {
System.out.printIn("In ThreadY j =" + (j*2));

}
System.out.printIn("Exiting from ThreadY");



class ThreadZ{
public void run(){
System.out.printIn("Entering into ThreadZ");
for(int k=1; k<= 5; k++) {
System.out.printin("In ThreadZ k =" + (-k));

}
System.out.printIin("Exiting from ThreadZ");

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

System.out.printIn("Entering into Main");
ThreadX X = new ThreadX();

ThreadY Y = new ThreadY();

ThreadZ Z = new ThreadZ();

X.run();

Y.run();

Z.run();

System.out.printIn("Exiting from Main");



Multithreading extending Thread class -

class ThreadX extends Thread{
public void run(){
System.out.printIn("Entering into ThreadX");
for(inti=1; i<=5; i++){
System.out.printin("In ThreadX i ="+ i);

}
System.out.printIn("Exiting from ThreadX");

class ThreadY extends Thread{
public void run(){
System.out.printIin("Entering into ThreadY");
for(int j=1; j<=5; j++){
System.out.printIn("In ThreadY j =" + (j*2));

}
System.out.printIn("Exiting from ThreadY");

class ThreadZ extends Thread{
public void run(){
System.out.printIn("Entering into ThreadZ");
for(int k=1; k<= 5; k++) {

System.out.printIn("In ThreadZ k =" + (-k));



System.out.printIn("Exiting from ThreadZ");

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

System.out.printIn("Entering into Main");
ThreadX X = new ThreadX();

ThreadY Y = new ThreadY();

ThreadZ Z = new ThreadZ();

X.start();

Y.start();

Z.start();

System.out.printIn("Exiting from Main");

Multithreading implementing runnable class -

class ThreadX implements Runnable{
public void run(){
System.out.printin("Entering into ThreadX");
for(inti=1; i<=5; i+ +){
System.out.printIn("In ThreadX i = "+ i);

}

System.out.printin("Exiting from ThreadX");



class ThreadY implements Runnable{
public void run(){
System.out.printin("Entering into ThreadY");
for(int j=1; j<=5; j++){
System.out.printin("In ThreadY j = " + (j*2));

}
System.out.printIn("Exiting from ThreadY");

class ThreadZ implements Runnable{
public void run(){
System.out.printIin("Entering into ThreadZ");
for(int k=1; k<= 5; k++){
System.out.printIn("In ThreadZ k =" + (-k));
}

System.out.printIn("Exiting from ThreadZ");

class UsingRunnablelnterface{
public static void main(String args[]){
System.out.printIn("Entering into Main");
ThreadX X = new ThreadX();
Thread t1 = new Thread(X);
ThreadY Y = new ThreadY();

Thread t2 = new Thread(Y);



Thread t3 = new Thread(new ThreadZ());
t1.start();
t2.start();
t3.start();

System.out.printIn("Exiting from Main");

Java Ud multi-threaded language g St multiple threads 3U-l execution

complete & o fau parallel IAd g1 BH shared resources ®I synchronize A DI
need % gg ﬁﬁ'@ﬁ PR B ﬁiﬁ b Udh JHY H dhad Udh thread ébf shared resource d&
access B H G&H Bl

gfq T Object multiple threads gRI shared forar Srar € @t Object's state &
corrupt 8 I §9H & forg synchronization B! need BT B Synchronization dd needed
HAGIESES Object mutable 811 Tfd shared Object immutable 2 151 Taff threads same
Object DI share FRd & d Had Object's state DI read P G § modify T HIIWE dl
3T 3@ synchronize I Bl need :|T§°[%I

Synchronization & {971 Problem / Data race problem -

public class withoutSynchronization extends Thread{
public static int x;
public void run(){
for(int i=0; i<100; i++){
X=X+ 1;

Xx=x-1;

}

public static void main(String args[]){

x=0;



for(inti=0; i<1000; i++){
new withoutSynchronization().start();

System.out.printIn(x);

Java programming language | synchronization idioms provide Il %:

e Methods synchronization
e Statement(s) synchronization (Block synchronization)

Method Synchronization -

Synchronized methods thread interference 3R memory consistency errors Eal

AP & ﬁfQ Udh simple strategy enable B %I afe Udh Object U T 34fYF threads B
forg visible B, @ 39 Object's fields & 9l reads dT writes synchronized method &
through ﬁv"Q\_rlTa%’I

al synchronized methods & invocations & 1%1? interleave Rl possible qﬁ%l
gfq T thread synchronized method execute ®X XgGl g, @ 3T T} threads S same
Object UX synchronized method invoke Hd §, I8 first thread & Object &% TTY done

B d& wait BT BT

Example -

class Accountf
public int balance;
public int accountNo;
void displayBalance(){

System.out.printIn("Account No:" + accountNo + " Balance:" + balance);



synchronized void deposit(int amount){
balance = balance + amount;
System.out.printin(amount + " is deposited");

displayBalance();

synchronized void withdraw(int amount){
balance = balance - amount;
System.out.printin(amount + " is withdrawn");

displayBalance();

class TransactionDeposit implements Runnable{
int amount;
Account accountX;
TransactionDeposit(Account x, int amount){
accountX = x;
this.amount = amount;
new Thread(this).start();
}
public void run(){

accountX.deposit(@amount);

class TransactionWithdraw implements Runnable{

int amount;



Account accounty;
TransactionWithdraw(Account y, int amount){
accountY =vy;
this.amount = amount;
new Thread(this).start();
}
public void run(){

accountY.withdraw(amount);

class synchronizationMethod{
public static void main(String args[]){
Account ABC = new Account();
ABC.balance = 1000;
ABC.accountNo = 111;
TransactionDeposit t1 = new TransactionDeposit(ABC, 500);

TransactionWithdraw t2 = new TransactionWithdraw(ABC, 900);



Block Synchronization-

qﬁ@@ method & within code &1 THT lines (instructions) qﬁaﬁs%ﬁw
subsequent lines of code DI execute TR B need &, Al §H HAd code b IY block &I

synchronize Rl 18 foRIeh within required instructions exist gl

For example, HI1 ?ﬁﬁm %W method % fSr9H 100 lines &1 code % Wi Had
10 lines (U & §IC Udh) Dl code %ﬁrmff code DI critical section %H’Fﬁﬁ lines Object's
state P! modify (change) HR IHat gl So gH Object P! state H fobat H modification
o 3R T8 ﬁﬁ'@ﬂ &R & o1 & other threads T & method & within rest of the
lines &1 faeT fit interru ption & execute B Yhd &, Hdd 39 10 lines of code method
Cal synchronize & P need B

Syntax:

synchronized (object reference)

{

// Insert code here

Example -

class Table
{
void printTable(int n){
synchronized(this){ //synchronized block
for(int i=1;i<=5;i++){
System.out.printIn(n*i);

try{
Thread.sleep(400);

}

catch(Exception e){



System.out.printin(e);

class MyThread1 extends Thread{
Table t;
MyThread1(Table t){
this.t=t;
}
public void run(){
t.printTable(5);

}
class MyThread?2 extends Thread{

Table t;

MyThread2(Table t){
this.t=t;

}

public void run(){
t.printTable(100);

public class synchronizedBlock{

public static void main(String args[]){



Table obj = new Table(); //only one object
MyThread1 t1=new MyThread1(obj);
MyThread2 t2=new MyThread2(obj);
t1.start();

t2.start();



Unit-1
Event Handling & JDBC

Events HIT Eﬁ?f %'?

Events objects 1 state TT behavior § change Eal represent Hd g1 S button
click DRI, cursor move R, keyboard | type P, 3|

The javax.swing.event package G?ITjava.awt.event package various event classes

provide AR

Events » I'CAEH

e Foreground Events - User interaction required @Tﬂ%’ (button click, mouse move)
e Background Events - User interaction required Tl il (system interrupts,
operation complete)

1. Foreground Events

Foreground events dg events gl %’ forg generate & & fAIT user interaction
required ST g, gt foreground events Graphic User Interface (GUI) o components UX
user & interaction & HRUI generate 81d 1 Interactions button click &I, scroll bar
scroll BT, cursor moments, TS &



2. Background Events

Events forg generate & & foTE users & interactions required T8I B €, 3=
background events &gl Idl 8l 3T events & examples g operating system

failures/interrupts, operation completion, 3|

Event Handling

gg U mechanism %‘ S events T control BT 3R T8 decide A & fou fo
event occurﬁﬁﬁmwmﬂ%q%mmgl Events @I handle W%W Java

Delegation Event model follow Xl gl

Delegation Event model

gﬂﬁ Sources 3R Listeners a?f %I

Source: Events source ¥ generate gl %I Various sources Bld % o JButtons,
JCheckBoxes, JList, JMenultem, JScrollBar, text components, JWindows, 3TfG events

generate P b g

Listeners: Listeners source ¥ generate gU events @I handle @R & AT use f&T ST
g1 379 ¥ YIS listener 39 interfaces P! represent dhdl & S events handle B &

fa responsible Hekd



Event Handling perform & & Y, §H source B! listener & TTY register bl Gl

gl

Registering the Source With Listener

Different Classes different registration methods provide A g

Syntax:

addTypelistener()

GﬁType event & type Cal represent Xdl %I

Example 1: KeyEvent CANINR register & & folU add KeyListener() use IRARI

Example 2: ActionEvent & 1%1? ©H register P D 1%111 addActionListener() use P

gl

Event Classes in Java

Event Class

Listener Interface

Description

ActionEvent

ActionListener

gg event indicate dXdl %’ o ﬁ'sc
component-defined action g3iT g o
JButton click AT dT JMenultem list 9
ﬁ'sc item select HIAT

AdjustmentEvent | AdjustmentListener Yg adjustment event JScrollBar o
adjustable object Y emit BT 8
ComponentEvent | ComponentListener | g event indicate H1 g [ Py

component move g3{l, DT size
change g3 41 I visibility change

ContainerEvent

ContainerListener

q Bl component container T add
o ST & AT remove fobaT ST 8, @@
Yg event container object gIRT

generate BT ®

FocusEvent FocusListener T focus-related events % SE focus,
g)cusin, focusout, 3R blur events 3{Td

[temEvent [temListener g event indicate m%ﬁsﬁé item
selected g31 1 el

KeyEvent KeyListener Yg event keyboard UR keypresses G|

sequence % BRI occur BIAT B




MouseEvent

Mouselistener &
MouseMotionListener

T events mouse (Pointing Device) &
1Y user interaction & HRUT occur Eﬁ?[

g

MouseWheelEvent

MouseWheelListener

Ye event specify ddl & T& mouse
wheel Tt component T rotate E_é

TextEvent

TextListener

T8 event occur BIdT € 59 fop! object
P text change garg

WindowEvent

WindowListener

g event indicate hdl % f& ﬁ'sc
window 3{U-T status change Eé%zﬂ

el

Different Interfaces % Methods

Listener Interface

Methods

ActionListener

actionPerformed()

AdjustmentListener

adjustmentValueChanged()

ComponentListener

componentResized() componentShown()
componentMoved() componentHidden()

ContainerListener

componentAdded() componentRemoved()

FocusListener

focusGained() focusLost()

[temListener

itemStateChanged()

KeyListener

keyTyped() keyPressed() keyReleased()

Mouselistener

mousePressed() mouseClicked() mouseEntered|()
mouseExited() mouseReleased()

MouseMotionListener

mouseMoved() mouseDragged()

MouseWheellListener

mouseWheelMoved()

TextListener

textChanged()

WindowListener

windowActivated() windowDeactivated() windowOpened()
windowClosed() windowClosing() windowlconified()
windowDeiconified()

Event Handling T Flow

1. Event generate & o fog component & 1Y User Interaction required SRl

2. Event generation & §Ig respective event class @I object automatically create
Gl %’ 3R g event source I JHT information hold W%I

3. Newly created object registered listener & methods H pass gl

4. Method execute BIdT 8 3R result return & |



Example

import javax.swing.*;

import java.awt.event.*;

class Welcome extends JFrame implements ActionListener {

JTextField textField;

Welcome() {
// Component Creation

textField = new JTextField();

// setBounds method component Pl position 3R size provide

B b T use fpar ST 8

textField.setBounds(60, 50, 180, 25);
JButton button = new JButton("Click Here");

button.setBounds(100, 120, 80, 30);

// Registering component with listener
// this current instance P refer HIAT %‘

button.addActionListener(this);

// add Components
add(textField);
add(button);



// set visibility
setSize(300, 200);
setLayout(null);
setVisible(true);

setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);

// implementing method of actionListener
public void actionPerformed(ActionEvent e) {
// Setting text to field

textField.setText("Welcome!");

public static void main(String[] args) {

new Welcome();

Output:

|2 — O X

Welcome!

Click ...




ActionEvent - Iz class java.awt.event package H defined 81 ActionEvent dd generated
BIdT § 919 button clicked 35T ST € AT list & Bt item BT double clicked fawaT ST
gl

Example - IEETNI] example a9

Mouselistener -

The Java MouselListener notify BT g 91 Ht 3T mouse 1 state change TR gl
g8 MouseEvent & against nojcify 81T 81 Mouselistener interface java.awt.event
packageﬁfound G\Idl %I s%iab e methods Eﬂ?f%l

Methods of MouselListener interface
MouseListener interface # found 81H @l 5 methods &1 signature EIECRIERS

e public abstract void mouseClicked(MouseEvent e);

e public abstract void mouseEntered(MouseEvent e);
e public abstract void mouseExited(MouseEvent e);

e public abstract void mousePressed(MouseEvent e);
e public abstract void mouseReleased(MouseEvent e);

Example -
import javax.swing.*;

import java.awt.event.*;

public class MouselistenerExample extends JFrame implements Mouselistener

{
JLabel label;

MouselListenerExample() {

addMouselListener(this);



label = new JLabel();
label.setBounds(20, 50, 100, 20);
add(label);

setSize(300, 300);
setLayout(null);
setVisible(true);

setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);

public void mouseClicked(MouseEvent e) {

label.setText("Mouse Clicked");

public void mouseEntered(MouseEvent e) {

label.setText("Mouse Entered");

public void mouseExited(MouseEvent e) {

label.setText("Mouse Exited");

public void mousePressed(MouseEvent e) {

label.setText("Mouse Pressed");

public void mouseReleased(MouseEvent e) {

label.setText("Mouse Released");



public static void main(String[] args) {

new MouselistenerExample();

Mouse Exited




Java Database Connectivity

JDBC T use HP fbat lﬁjava application @I database & HTY connect H o AT 5
steps HcE steps BEINIEEES

e Register the Driver class
e Create connection

e C(Create statement

e Execute queries

e C(lose connection

1) Register the driver class

Driver class register PR D 1%1'&’ Class class @I forName() method use foar Sran %I g
method dynamically driver class load B & AT use frar ST B

Syntax of forName() method

public static void forName(String className)throws ClassNotFoundException

Example to register the OracleDriver class

T&ﬁ, Java program database connection establish B %ﬁ'ﬂl oracle driver load WQ@
gl

Class.forName("oracle jdbc.driver.OracleDriver");

2) Create the connection object

Database & WY connection establish &4 & foQ DriverManager class oI
getConnection() method use WG’IFH%I

Syntax of getConnection() method

1. public static Connection getConnection(String url)throws SQLException
2. public static Connection getConnection(String url,String name,String
password) throws SQLException



Example to establish connection with the Oracle database

Connection con =
DriverManager.getConnection("jdbc:oracle:thin:@localhost:1521:xe
"password");

, "system”,

3) Create the Statement object

Statement create ®I & ﬁ'ﬂ! Connection interface I createStatement() method use
fdar SIAT §1 Statement I object database & Y queries execute & b fog

responsible g

Syntax of createStatement() method
public Statement createStatement()throws SQLException
Example to create the statement object

Statement stmt = con.createStatement();

4) Execute the query

Database @I queries execute CRCic 1%1? Statement interface ®I executeQuery()
method use faT SITAT 81 T method ResultSet &1 object return HdI & oIt use
table & Tt recordsWW%ﬁl’QW@TW%l

Syntax of executeQuery() method
public ResultSet executeQuery(String sql)throws SQLException
Example to execute query
ResultSet rs = stmt.executeQuery("select * from emp");
while(rs.next()) {

System.out.printin(rs.getint(1) + + rs.getString(2));



5) Close the connection object

Connection object close @R ¥ statement 3R ResultSet automatically close Bl ST |
Connection @I close W%W Connection interface @I close() method use ICRISIG

gl

Syntax of close() method
public void close()throws SQLException
Example to close connection

con.close();

Example Program -

import java.sql.*;

class GFG {
public static void main(String[] args) throws Exception {
String url = "jdbc:mysql://localhost:3306/table_name"; // table details
String username = "rootgfg"; // MySQL credentials
String password = "gfg123";

String query = "select * from students”; // query to be run

Class.forName("com.mysql.cj.jdbc.Driver"); // Driver name

Connection con = DriverManager.getConnection(url, username, password);

System.out.printin("Connection Established successfully");
Statement st = con.createStatement();

ResultSet rs = st.executeQuery(query); // Execute query



rs.next();

String name = rs.getString("name"); // Retrieve name from db

System.out.printin(name); // Print result on console
st.close(); // close statement
con.close(); // close connection

System.out.printIn("Connection Closed....");

JDBC -

JDBC stands for Java Database Connectivity. JDBC Ud Java API % database & IV
connect B 3R query execute % & feTU| T8 Java Standard Edition T T part gl
JDBC API JDBC drivers T use Rl § database & IT1Y connect 81 & forT| TR types &
JDBC drivers 8Id %

o JDBC-ODBC Bridge Driver,

e Native Driver,

e Network Protocol Driver, 3R
e Thin Driver



1) JDBC-ODBC bridge driver

JDBC-ODBC bridge driver database I connect 811 & [T ODBC driver ®T use
18 | JDBC-ODBC bridge driver JDBC method calls &I ODBC function calls ¥ convert
%A1 8| T8 34 discouraged g thin driver & HRU|

Oracle, Java 8 ¥ JDBC-ODBC Bridge support el #RT g1 Oracle recommends
%1 ¢ f 3T JDBC-ODBC Bridge & ST 30 database & vendor §RT provided
JDBC drivers &I use ®X |

Client Machine

|
: |

: ( JdbcAPI :

| — | ==

: 7 P .
E S Vendor E

! Ja.va ) / JDBC-ODBC \ ODBC Database = | | Database

| Application —*  pridgadriver />  Driver Library ‘

| \‘\\_/ i

! ! l .
E : N
. |

Figure- JDBC-ODBC Bridge Driver

Advantages:

e easy to use.
e can be easily connected to any database.

Disadvantages:

e Performance degraded Fifd JDBC method call ODBC function calls &
converted B ST B
e ODBC driver ®! client machine T installed faT ST required BRI



2) Native-API driver

Native API driver database @1 client-side libraries ®T use Hdl %‘I Driver JDBC
method calls @1 database APl & native calls H convert &Rl g1 T8 entirely in java o

written Wﬁ@?ﬂ %I

Client Machine

- S :

— |

(_ JdbcAaPl

| ] )
s JEs—m— Vendor E R

| Java &= ;\lative API . Database | Database

s Application —>  griver //L—' Library ——»

1 g

|

L

Figure- Native API Driver

Advantage:
e performance JDBC-ODBC bridge driver | upgraded HiE

Disadvantage:

e Native driver @I each client machine T installed &1 ST required gl
e Vendor client library @1 client machine WR installed fardT ST required H6IE



3) Network Protocol driver

Network Protocol driver middleware (application server) T use T § S JDBC

calls &I directly 9T indirectly vendor-specific database protocol T convert BT g1 T8
fully in java H written BT 8|

' adbeAPI ) : :
| ! ! ( )
: T/ - : : -
: Java L : : : Database
| S ( Network o 3 Middleware | |
' Application \_ Protocol driver [ * > ‘
E E E \\w"
| | |
: Client Machine : Server side
L )
Figure- Network Protocol Driver
Advantage:

e No client side library required Bt § Fifer application server many tasks
perform B GHdl § o auditing, load balancing, logging 3G |

Disadvantages:

e Network support client machine UX required =i

e Requires database-specific coding middle tier T done @I ST required Hik

e Maintenance of Network Protocol driver costly a STt % FHife sﬂf[ database-
specific coding middle tier T done &I ST required B B



4) Thin driver

Thin driver JDBC calls @1 directly vendor-specific database protocol T convert
HRAT & | THITT S thin driver & ¥4 H SHT Ol 81 T8 fully Java language T written

BTl

I
\ ( 1dbcAPI )
e 4

\T/

Java / Thindriver
Application ——

Client Machine

Figure- Thin Driver

Advantage:

e Better performance than all other drivers.
e No software required BT ® client side T server sidel

Disadvantage:

e Drivers Database UX depend CRGE



