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UNIT Il / CHAPTER 01

3™ 1: Inheritance &1 9=

Superclass, Subclass T4 extends

[ Person ]

[ Student ]

Figure 1.1: Student extends Person; arrow points toward superclass.

1.1 Learning Objectives

g9 31 # inheritance @1 31, superclass 3R subclass @1 T, inherited members, extends
syntax d¥T is-a relationship ¥#giT1 Inheritance 3R composition & gATd 1 it aR=g eI

1.2 Inheritance 1 8?

Inheritance ag mechanism g fSi9as gR1 vah 7% class fhdt existing class @ ddy wifaa &k
3T inheritable members @1 3ualT @t &1 Existing class superclass, base class a1 parent class

et g1 8 class subclass, derived class a1 child class shgard! g1

3aTEXT: Person # name 3fRR displayName() gfI Student, Person o Ue fasiv g&R g 3k 39#
rolINumber +f} 8 T@ehar &1 Student g2 Person Tl €; afceh &2 Student Tk Person AT ST 9ehdT &1 T8
is-a relationship 21

Mg aref IETEOT
Superclass General type Person
Subclass More specific type Student
Inherited member e & SIER utd member displayName()
Extension 7% functionality rolINumber
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1.3 Syntax

class Subclass extends Superclass {
// Additional fields and methods

T class 3l haat Tah direct superclass gidl 81 afe explicit extends T&l 8, dt G class &7 superclass
Object g1 8; Object W 3UaTg 5|

1.4 Complete Program

Save as InheritanceDemo.java:

class Person {
String name;

void displayName() {
System.out.println("Name:

+ name);

class Student extends Person {
int rollNumber;

void displayStudent() {
displayName();
System.out.println("Roll number:

+ rollNumber);

public class InheritanceDemo {
public static void main(String[] args) {
Student student = new Student();
student.name = "Amit";
student.rollNumber = 101;
student.displayStudent();

Output:

Name: Amit
Roll number: 101

Student & name 3R displayName() SeRT declare =18} g Q1 39 same-package example §
inherited 3R accessible g1

1.5 Inherited Members & A9

« Constructors inherited 78! gid1
» Superclass & private members subclass gRT inherited =gl gid|
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« Private state superclass & accessible methods & IUdRT &I ST bl 81
* Public 3fR protected members inheritance & Ag<aquf g1

« Package-private access package boundary W ¥R g1

* Final class @ extend 781 & Yehd |

#wgwaqul: “Subclass superclass &t & disT Htg access &t 8" Ted g1 Inheritance, accessibility
3R object &Y internal state 3TcliT SITLURUMY 31

1.6 Private Field =1 gRfaxa 3udht

class Person {
private String name = "Amit";

public String getName() {
return name;
}
}
class Student extends Person {
void display() {
System.out.println(getName());
}

Student & name field 78l gg Fehdt, @fch public getter ITANT X Fehdl 81 Encapsulation ge o=
behavior reuse giar 8l

1.7 Superclass Reference 3iRR Subclass Object

Person person = new Student();

gg upcasting T 3aTeeul g1 Reference @1 declared type Person &; actual object Student g1
Accessible operations compile time W reference type & 3R Sl STl 81 Overridden instance
methods &1 I3 runtime object & AR gl TehdT 8l

Person reference & Student-only method T call g} gI7ft| a8 fawr runtime polymorphism
chapter # faxaR & gl

1.8 Inheritance ¥9™ Composition

SITYR Inheritance Composition

LEL) is-a has-a

IaTeRuT Student is a Person College has a Library
Implementation extends Field/object reference
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SITER Inheritance Composition

SRl ardfds subtype Gy Object collaboration

&had $o code reuse & & [T Teld is-a Heg 7 §=1¢1 Car has an Engine §; Car @t Engine extend
AT 3fId model g &1
1.9 Quick Revision Td 3191

Inheritance reuse 3R specialization & ¥gridT &dl g1 Extends class hierarchy s9TdT 81
Constructors inherit g1 gld1 Private fields & faT accessible methods 3T &3

&g usl: Superclass 3R subclass 1 8? Is-a relationship 3argxor afgd fafEy)

& ws1: Inheritance & benefits Td limitations ¥988T I Inheritance 3R composition &I e
FHifsl

Programming: Employee superclass a1 Teacher subclass 1871 Name, salary 3iR subject uaffa

HifST|

MCQs: 1. Class inheritance keyword: A. implements B. extends C. import D. final 2.
Constructors: A. 8821 inherited B. inherited T&f C. &ad private inherited D. fields § 3. Student-
Person g A. has-a B. is-a C. part-of only D. &g 781

3+R: 1-B, 2-B, 3-B.
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UNIT Il / CHAPTER 02

e 2: Types of Inheritance

Single, Multilevel, Hierarchical @a Interface-Based Multiple
Inheritance

[ om |

=) e

Figure 2.1: Hierarchical inheritance; Dog and Cat share Animal.

2.1 Learning Objectives

faf¥ inheritance structures ggam, Java class inheritance @Y T\ gusiwt 3R interfaces & Ateqw &
multiple type inheritance @ 37ef S|

2.2 Single Inheritance

T subclass Ta superclass @ derive gidl 8l

class Animal {
void eat() {
System.out.println("Eating");
}
}

class Dog extends Animal {
void bark() {
System.out.println("Barking");

}

Dog object inherited eat() 3R 3ra=it bark() call &= TehdT g1

2.3 Multilevel Inheritance

Inheritance chain # Q& derived class 3 superclass s=dt g1

class Animal {
void eat() {
System.out.println("Eating");
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}
}

class Mammal extends Animal {
void walk() {
System.out.println("Walking");
}
b

class Dog extends Mammal {
void bark() {
System.out.println("Barking");
}

Dog, Mammal 3fk Animal giHT @I subtype &1 Dog object eat(), walk() 3R bark() SuziTT &R TehdT 8,
afe access rules 3rgafd 31

2.4 Hierarchical Inheritance

T superclass & 3 subclasses gt g

class Shape {
void describe() {
System.out.println("A geometric shape");
}
b
class Circle extends Shape {
}

class Rectangle extends Shape {

}

Circle 3R Rectangle sibling classes g1 fohelt Ter &1 gER & automatic subtype H&e T&1 STl

2.5 Multiple Class Inheritance Y *fs=r
Java ¥ gg invalid &:

// INVALID: two direct superclass names
// class C extends A, B { }

Tah class &t classes @t directly extend T&l &< Hehdt| I8 ambiguity 3R implementation complexity
ol HifAd e g1

e off class 8 interfaces implement @ Tehd! §1 30T “Java H fohdt wepR &t multiple inheritance
T8l 8" I 31eRT He B

2.6 Interfaces gRT Multiple Type Inheritance

interface Printable {
void print();

)

interface Scannable {
void scan();
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b
class MultiFunctionDevice implements Printable, Scannable {
public void print() {
System.out.println("Printing");
}
public void scan() {
System.out.println("Scanning");

}
public class MultipleTypeDemo {
public static void main(String[] args) {
MultiFunctionDevice device = new MultiFunctionDevice();
device.print();
device.scan();

Output:

Printing
Scanning

Teh object gHT interface contracts Q1 &=dl g1 Default methods &t conflicts @t explicitly resolve
AT U8 Faohdl 8, interfaces chapters ® gei|

2.7 Hybrid Structure

Hybrid 2165 3 structures & combination & foIg 3ud gidT 81 Java classes # single superclass
rule fthr «ff AR T4 €1 Classes 3R interfaces i@z complex type hierarchy ST dd 81

class Machine { }

interface Printable { void print(); }

interface Scannable { void scan(); }

class Device extends Machine implements Printable, Scannable {
public void print() { }
public void scan() { }

T8 class extension 3fR multiple interface implementation @T combination g1

2.8 Comparison

Structure aref Java # support
Single One parent, one child relation Classes
Multilevel Chain of inheritance Classes
Hierarchical One parent, many children Classes
Multiple direct class One child, many class parents T8l
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Structure aref Java # support

Multiple interface types Many interface contracts 8f

2.9 Object Class

9T Java class hierarchy & Object root g1 ToString(), equals() 3fk hashCode() S=ft methods
Object & wafda g1 g+t primitive values Object instances &l g1 Arrays objects &, dfd- primitive int
@I object g 81

2.10 31919 Y4 MCQs

313g1E: Animal-Mammal-Dog chain s91g41 Vehicle & Car 3R Bike derive &ifSigi Printer 3R
Scanner contracts implement $IfSg1 & structure &I diagram s-ST|

1. One parent @ many subclasses: A. Multilevel B. Hierarchical C. Single only D. Multiple class
2. Java class < direct superclass @&t A. 0 a1 1 B. g&2m 2 C. Unlimited D. 3
3. Class many interfaces: A. gl B. implement &R ¥ 8 C. dhad private D. &had final 9 ™

3R 1-B, 2-A, 3-B.
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UNIT Il / CHAPTER 03

3™ 3: Multilevel Inheritance ®
Constructors

super(), this() gd Initialization Order

=
T

==
T

[ ResearchStudent ]

Figure 3.1: Multilevel hierarchy; constructor bodies initialize from top to bottom.

3.1 Learning Objectives

Constructor chain, superclass initialization, explicit super arguments 3fR initialization order
gagi | Constructor inherited 8F 3R invoke g9 ohT 3idR WE |

3.2 Constructors Inherited =& g

Subclass object M W superclass constructor invoke g ¥ehdT g, @fch- 3TT constructor subclass
&I inherited member 78! &dTI U class 379 initialization responsibility ¥&ct g1

3.3 Basic Execution Order

class A {
A() |
System.out.println("A constructor");
}
b
class B extends A {
B() {
System.out.println("B constructor");
}
}
class C extends B {
cO) |
System.out.println("C constructor");
}
}
public class ConstructorOrderDemo {
public static void main(String[] args) {
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new C();

Output:

A constructor
B constructor
C constructor

C creation & superclass initialization 9ga gidl g1 9 constructor calls @r 312 &4 3@ A/B/C
objects 9T 781 &; I8 Teb C object T class hierarchy @ initialization g1

3.4 super() 3R Implicit Invocation

gfe explicit this(...) a1 super(...) invocation =gl fa=dt 718, at ordinary constructors & implicit super()
A a1 81 Accessible no-argument superclass constructor @Tfgg|

class Parent {
Parent(int value) { }
b
// INVALID unless a suitable super(...) call is added:
// class Child extends Parent { Child() { } }

Parent & dhaa parameterized constructor g+ R automatic no-argument constructor Tg! fiear|
3.5 Parameterized Multilevel Program

class Person {
private final String name;
Person(String name) {
this.name = name;
System.out.println("Person initialized");
}
String getName() { return name; }
}
class Student extends Person {
private final int roll;
Student(String name, int roll) {
super(name) ;
this.roll = roll;
System.out.println("Student initialized");
}
int getRoll() { return roll; }
}
class ResearchStudent extends Student {
private final String topic;
ResearchStudent(String name, int roll, String topic) {
super(name, roll);
this.topic = topic;
System.out.println("ResearchStudent initialized");
}
void display() {
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System.out.println(getName() + ", " + getRoll());
System.out.println("Topic: " + topic);

b
public class MultilevelConstructorDemo {
public static void main(String[] args) {
ResearchStudent student =
new ResearchStudent("Amit", 101, "Java");
student.display();

Output:

Person initialized

Student initialized
ResearchStudent initialized
Amit, 101

Topic: Java

3.6 this(...) =™ super(...)

Invocation Target

this(...) Same-class constructor
super(...) Direct superclass constructor
super.method() Superclass method implementation

g9 & & examples explicit constructor invocation Ugd statement & ¥@d &1 I8 Java 17-
compatible traditional pattern g1 T& constructor # this(...) 3R super(...) @4 explicit chaining
invocations &Y =8l fel@d | This chain 3idd: superclass construction de ugadt a1 Recursive
constructor invocation invalid g1

3.7 Field Initialization Order

Ordinary construction # object fields gga default values ard §1 Constructor chain superclass &t

initialization @t 8; subclass instance field initializers 3fR initializer blocks declaration order &
gerd 8, fhe subclass constructor body T AW T TeraT 8|

class Parent {
Parent() { System.out.println("Parent body"); }
b
class Child extends Parent {
int number = show();
int show() {
System.out.println("Child field initializer");
return 10;

Concepts ¢ Programs ¢ Practice
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Child() { System.out.println("Child body"); }

Child creation @R %A: Parent body, Child field initializer, Child body!

3.8 Constructor # Overridable Method <1 SitfEs

Superclass constructor afg overridden method call &, af subclass implementation subclass
initialization Tt g1 ¥ Ugel I« Wehd! 81 9T constructors # overridable behavior call & & sre=T
Tk uAft design practice g1

3.9 Revision Td 3119

Super %ad direct superclass constructor invoke @R §; 39 superclass & chain 3 STt 31
Constructors inherited 78! gid| Parent no-argument constructor unavailable g at suitable
super(args) fa|

319TH: Person-Employee-Teacher chain & parameterized constructors s=T¢1 Constructor
outputs & order fe@rd|

MCQs: 1. C extends B, B extends A # bodies @ order: A. C-B-A B. A-B-C C. B-C-A D. Random 2.
super(args) invokes: A. Direct superclass constructor B. Package C. Static method only D. JVM 3.
Constructor inherited 8? A. 8 B. gl C. dhad public D. dhad abstract

3<% 1-B, 2-A, 3-B.
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UNIT Il / CHAPTER 04

31 4: Polymorphism T Method
Overloading

Compile-Time Selection of Methods

4.1 Polymorphism

Polymorphism T 372f gek 9T operation T type & ATeEAH | 3?1 forms T SUINT AT gl
Java teaching & overloading @ compile-time polymorphism 3R overriding @ runtime
polymorphism g STraT 81

Overloading # method name ¥HM 384T &, @fch parameter list 3@ gidt g1 Compiler argument
types 3R applicable rules & method 4T &1

4.2 Overloading & fRaw
Parameters & ST i
Parameter types gl
Types @l thH gl, a3 signature 31T &t
%ad parameter names el
Fae return type gl

4.3 Complete Program

public class OverloadingDemo {

static int add(int a, int b) {
return a + b;

}

static double add(double a, double b) {
return a + b;

}

static int add(int a, int b, int c) {
return a + b + c;

}

public static void main(String[] args) {
System.out.println(add(10, 20));
System.out.println(add(2.5, 3.5));
System.out.println(add(10, 20, 30));
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Output:

30
6.0
60

4.4 Return Type Alone Tafe gt

// INVALID as a pair:
// int calculate(int value) { return value; }
// double calculate(int value) { return value; }

Same name 3R same parameter types g W return type & 3l overload 78! =T
4.5 Widening 3iiR Applicable Methods

static void show(long value) {
System.out.println("long");

}

static void show(Integer value) {
System.out.println("Integer");

}

show(10) & fT output long &1 Applicable primitive widening method boxing phase & ugat
consider gidt g1 Overload resolution sad “fSIE type & size Biel g agt g1 SQ” w4 e 781 81

4.6 Autoboxing 3fR Varargs

Autoboxing primitive @t wrapper representation & convert & Il 81 Varargs variable @1 &
arguments adt g1

static int sum(int... values) {
int total = 0;
for (int value : values) { total += value; }
return total;

sum(10,20,30) returns 601 Method & “ftax values int array g1 Varargs parameter last position &
gI-1 a1fgq | Fixed-arity applicable methods ¥H=IE: varargs invocation phase ¥ gget g1 ST g1

4.7 Ambiguous Call

static void show(String value) { }
static void show(Integer value) { }
// show(null); // Compilation error: ambiguous
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String 3R Integer unrelated reference types &; null 34t & feig applicable g1 Explicit cast S
show( (String)null) target TIE & TehdT &

4.8 Declared Type T Hgw

static void show(Object value) {
System.out.println("Object");

}

static void show(String value) {
System.out.println("String");

}

Object value="Java"; show(value); & Object overload It STl 81 Actual String object g5 &
overload runtime W String overload & gl sgerd|

4.9 Overloading & &T% 3 Tard

Related operations & fag readable API Al 81 @fdeT unrelated argument types, null 3R
conversions dTelt sigd overloads confusion el &R Hehd! &1 Parameters &l meaningful design 3|

4.10 Revision 3R 31999

Overloading inheritance & &1 oft @¥a g1 Static 3fR instance methods &t overload & Tehd g1
Constructors +t overload g &ed &1 Return type alone 93w Tg! gl

319TH: Area & overloads sHTU: square side, rectangle length/width &R circle radius double| 3T
types/count @ |

MCQs: 1. Overloading selection: A. Compile time B. &ad runtime C. GC D. Package loading 2.
hae return type SGaHT: A. 9ITW B. 9aie gl C. gReM static D. Constructor 3. String/Integer
overload # show(null): A. String g82T B. Integer ga2m C. Ambiguous D. GHf Tett

3R 1-A, 2-B, 3-C.
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UNIT Il / CHAPTER 05

™ 5: Method Overriding

Runtime Polymorphism @ad Dynamic Method Dispatch

5.1 Learning Objectives

Subclass gRT inherited behavior @t specialize @< ¥ | Reference type, runtime object, super
calls, covariant returns 3R overriding restrictions #si|

5.2 Overriding =T 82

Subclass superclass @t overridable instance method & feiT compatible declaration &t g, af
overriding gt €1 Same method name 3R compatible signature gt §; method @1
implementation sI& ehdT 8l

class Animal {
void sound() {
System.out.println("Animal sound");

}

b

class Dog extends Animal {
@Override
void sound() {

System.out.println("Bark");

}

b

@Override annotation compiler @t intended overriding Sifa= &dt 1 Annotation e & valid
overriding &g gl gIdt, @fch annotation mistakes Uehe~ | TERIAT Pl g

5.3 Complete Runtime Polymorphism Program

class Animal {
void sound() {
System.out.println("Animal sound");
}
b
class Dog extends Animal {
@Override
void sound() {
System.out.println("Bark");
}
b
class Cat extends Animal {
@Override
void sound() {
System.out.println("Meow");
}
b
public class DispatchDemo {
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public static void main(String[] args) {
Animal animal = new Dog();
animal.sound();
animal = new Cat();
animal.sound();

Output:

Bark
Meow

UNIT Il - HINDI + ENGLISH

Animal reference ¥ §, actual object 3@ 81 Overridden instance method @T implementation

runtime object & AT ST g

5.4 Compile-Time 3fiR Runtime Responsibilities

Compiler reference type & method @ availability, arguments 3fR access Sifadr g1 Runtime
selected instance method @ overriding implementation g7 &edT &1 Subclass-only method

superclass reference @ @tg call 78l gt

5.5 Overriding Rules

Signature Override-compatible signature

Return type Same 3T allowed covariant reference return
Access 3fdh restrictive gl & Tehd

final method Override =gt

private method Inherited =TgT; override =g

static method Hide g¥dt 8; instance override =gt

Checked exceptions 741 broader checked exception Tgf

Public method @t protected/package-private/private 5T invalid g1 Primitive return type

covariant =gl gIdt; int return @t long H Sgaa override g1 & Tahd |

5.6 Covariant Return Type

class Parent {
Parent copy() { return new Parent(); }

}

class Child extends Parent {

Concepts ¢ Programs ¢ Practice

20



JAVA PROGRAMMING FUNDAMENTALS UNIT Il - HINDI + ENGLISH

@Override
Child copy() { return new Child(); }

Child return type Parent @7 subtype &, gafaiv allowed g1 g return type change alone arelr
method overload &l §; I8 inherited instance method &' overriding g1

5.7 super & Parent Implementation

class Parent {
void display() {
System.out.println("Parent");
}
b
class Child extends Parent {
@Override
void display() {
super.display();
System.out.println("Child");
}
b

Child display call @1 output Parent, fth Child g1 Super call parent behavior & |19 extension &= &
Ut |

5.8 Static Methods 3iRR Field Hiding

class Parent {

int value = 10;

static void show() { System.out.println("Parent static"); }
b
class Child extends Parent {

int value = 20;

static void show() { System.out.println("Child static"); }

Parent p=new Child(); W p.value 10 gl Field access declared reference type ¥ resolve gid1 8l
Parent.show() Parent static implementation call @l g1 Static methods @t object reference &
call & legal 8 TehdT 8, @fch class name & call 3ifds wWE g1

5.9 Upcasting 3iik Downcasting

Animal animal = new Dog(); // Upcast
Dog dog = (Dog) animal; // Valid for this actual object

Incompatible downcast ClassCastException & @iehd! g1 Traditional safe check:

if (animal instanceof Dog) {
Dog dog = (Dog) animal;
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dog.sound();

Null &7 reference cast g adT &, dfchd 39 WR instance method call NullPointerException &I

5.10 Overloading &9/ Overriding

SR Overloading Overriding

Parameters 3Tl Compatible signature
Inheritance I gl Subtype relationship
Selection Compile-time overload resolution Runtime instance dispatch
RELD] Related signatures Specialized behavior

5.11 Revision Td 31919

Fields 3fRR static methods runtime instance overriding ST behavior &l &1 Final/private
methods override g} gidil @Override compiler verification & Tgr™IdT & g1

319: Shape # area(), Circle 3R Rectangle & override &¢I Superclass reference array @ fafe=
objects &I methods call &<

MCQs: 1. Animal a=new Dog(); overridden sound f&r&ahi? A. Animal B. Dog C. g ga<r D.
Random 2. Static method: A. Instance override B. Hide g @l & C. Constructor D. Abstract gaem
3. Public overridden method @7 private access: A. Allowed B. Invalid C. Required D. GC-
dependent

3R 1-B, 2-B, 3-B.
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UNIT Il / CHAPTER 06

37T 6: Abstract Classes

Abstract Methods Td Concrete Subclasses

6.1 Abstract Class <1 8?

Abstract class QH} class & fTerT direct instance g} 91T ST YehdTl I8 subclasses & faw
common state, implemented behavior 3R incomplete operations T 3TeR & Hehcl! &1

abstract class Shape {
abstract double area();
void describe() {
System.out.println("A geometric shape");

}

Abstract method @' body =gl gidl; declaration semicolon & THT gidt g1

6.2 g fAaw

« Abstract class ® abstract methods &l Gehdl &, afh 3masaes gt

» Abstract method aref ordinary class @f abstract gifSd &1 a1igg|

« Abstract class @T constructor g 9ahdT gl

» Concrete subclass @t inherited abstract methods implement &=t =TT
» Abstract subclass $® abstract methods unimplemented BI8 dahdt g1

» Abstract 3fR final class modifiers incompatible I
6.3 Complete Program

abstract class Shape {
private final String name;
Shape(String name) {
this.name = name;
}
abstract double area();
void display() {
System.out.println(name + " area: " + area());
}
)
class Rectangle extends Shape {
private final double length;
private final double width;
Rectangle(double length, double width) {
super("Rectangle");
this.length = length;
this.width = width;
}

@Override
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double area() {
return length * width;

b
class Circle extends Shape {
private final double radius;
Circle(double radius) {
super("Circle");
this.radius = radius;
b
@Override
double area() {
return Math.PI * radius * radius;

}
public class AbstractDemo {
public static void main(String[] args) {
Shape shape = new Rectangle(10, 5);
shape.display();
Shape circle = new Circle(2);
System.out.printf("Circle area: %.2f%n", circle.area());

Output:

Rectangle area: 50.0
Circle area: 12.57

Formatted decimal separator locale T fA+R g @adT §; shown output dot-decimal environment
AT 2

6.4 Abstract Reference

Shape shape = new Rectangle(10, 5); // Valid
// Shape shape = new Shape("Shape"); // Invalid

Abstract type @ reference 41T allowed g1 Direct abstract-class instance creation allowed &l g1

6.5 Abstract Constructor T 312f

Constructor W abstract gl g ¥ehdT| Abstract class @T ordinary constructor subclass object &t
superclass state initialize @=dT1 g1 39eiT “abstract class @ constructor &t T8l gerdT” Teid g

6.6 Invalid Abstract Method Modifiers

// Invalid combinations for ordinary abstract methods:
// private abstract void work();

// static abstract void work();

// final abstract void work();
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Private method subclass contract & @3g override gl gidtl Static method instance dispatch =gt
adti Final method override it 81 T & abstract instance-method requirement & conflict &¥d

=
6.7 Abstract Class fa=r Abstract Method

abstract class Base {
void display() {
System.out.println("Common behavior");

}

gg valid g1 Designer direct instantiation Ik 18T 8t TahdT &, ¥t Tt declared methods
implemented gl

6.8 Template-Style Behavior

abstract class Report {
final void printReport() {
System.out.println("Report begins");
printBody();
System.out.println("Report ends");

}
abstract void printBody();

Final common operation structure fAefRa &xar 81 Subclasses body T implementation adt g1
Constructor & < normal post-construction method & polymorphic operation &1 sifdfe grfard

gl

6.9 Abstract 3R Concrete Class

SR Abstract Class Concrete Class

Direct object T8l Suitable constructor g TR Ta

Abstract methods q9q % unimplemented abstract requirement =gt
Fields q9q q9q

Constructors gq9q q9q

gAY Base abstraction Usable implementation

25
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6.10 Revision 3fiT 311y

Abstract class partially implemented base & @ehd! 81 Abstract reference concrete object @t refer
R Fand! g1 Concrete subclass remaining abstract methods implement &3l g1 Constructors

abstract gl gt Thd |

319T: Employee abstract class # salary() 9181 PermanentEmployee 3R ContractEmployee
implementations gl

MCQs: 1. Abstract class direct object: A. Always B. 7igi C. &dael no-arg D. &ad final 2. Abstract
class constructor: A. Te1g B. 3rdya C. U2 abstract D. inherited 3. Abstract method body: A.
377a2gh B. gl gidt C. Shadl empty braces D. 821 static

3<% 1-B, 2-A, 3-B.
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UNIT Il / CHAPTER 07

31 7: Inheritance # final

Final Variables, Methods Td Classes

7.1 Learning Objectives

Final & = 37T uses TSI variable reassignment &1, method overriding JepT 3R class
extension A1 Final reference dam immutability T 3faX TE HeT |

7.2 Final Variable

final int MAX MARKS = 100;
// MAX MARKS = 200; // Compilation error

Variable @t definite assignment rules & 3JdR Teh aR value e ¥ehdl 81 Final local declaration 3R
initialization 37eTT g Tehd! &1

final int limit;
limit = 10;
System.out.println(limit);

Final fields & initialization & g field initializer, initializer block T applicable constructors JudiT
fhq ST @end €1 Blank final instance field U& constructor path TR initialize g1 918U

7.3 Constructor ® Blank Final Field

class Student {
private final int rollNumber;
Student(int rollNumber) {
this.rollNumber = rollNumber;
}
int getRollNumber() {
return rollNumber;

}

Object &= & a1 rolINumber reassign Tl 1111 8% object &t 3= rolINumber value gt gl g
7.4 Final Reference 9™ Immutable Object

final int[] marks = {70, 80};
marks[@] = 95; // Valid
// marks = new int[]1{10}; // Invalid
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Final reference @l g&R array W assign 78l & ¥ehd | Existing array & elements siqel @ehd gl
Immutable object @T content 78! ggatdT; final reference et immutability &l qarl

7.5 Compile-Time Constants

static final int MAX SIZE = 100;
final int parsed = Integer.parseInt("100");

MAX_SIZE constant expression ¥ initialized primitive final 81 Parsed final g @fchd compile-time
constant T&l 1 Final String #ff constant variable g @erd! g af< initializer constant expression gl

7.6 Final Method

class Parent {
final void display() {
System.out.println("Fixed display behavior");
}
}
class Child extends Parent {
void extra() {
System.out.println("Additional behavior");

)
public class FinalMethodDemo {
public static void main(String[] args) {
Child child = new Child();
child.display();
child.extra();

Output:

Fixed display behavior
Additional behavior

Final method inherited g | & @fchT override gl g Hehdl | 37T parameter list arelt overload
T9g g ahdt g1 Final T 31ef method call [Aftg 781 g1

7.7 Final Class

final class Utility {
static int square(int value) {
return value * value;
)

)
// class AdvancedUtility extends Utility { } // Invalid
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Final class extend 7@l @< Wehd | Final class T object suitable constructor & |1 &9 FahdT g1 Final
class interfaces implement & Tl 8l

7.8 Final Class <rtT State

final class Counter {
int value;
void increment() { value++; }

g mutable class g1 Final class 8 @ g% object immutable T&f g STdTI Immutable design & fag
mutable state 3R exposure FIfAd &1 Usar g1

7.9 Final, Finally 3iR Finalize

T Yfrept

final Modifier: reassignment/override/extension restrictions

finally Exception-handling block

finalize() Legacy finalization mechanism; deprecated, T designs & IudT 1 &<

& T AT dTat oifch 37elT concepts g1 Finally &t finalization @ final fields & direct d&er T8l g1

7.10 Common Mistakes T4 319I1H

Final method 3R abstract method incompatible g1 Abstract final class impossible combination
g1 Final constructor =ifSd 7181 &< ¥ahd | Final references internal object mutation g} Tehd |

31WTH: Student identity @ final field g8 1 Parent final method call @21 Mutable final reference
P example fe@mg|

MCQs: 1. Final method: A. Override @R Idhd & B. Override Tsi C. Call gl D. Constructor 2. Final
class: A. Extend 18t B. Object =gl C. Fields =gt D. Interface implement J&f 3. Final array reference:
A. Elements &+ft 98l sgaid B. Reference reassign T&l C. Length sigdt D. Always null

3R 1-B, 2-A, 3-B.
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UNIT Il / CHAPTER 08

A 8: Interfaces

Definition, Implementation Qg Contracts

[ Printable ]

[ Document ] [ Photo ]

Figure 8.1: Two classes implement the Printable contract.

8.1 Interface <1 8?

Interface G reference type g Sit implementing classes & fag operations =T contract

RuffRa &= Tardt &1 3/ class hierarchies & objects THM interface & ATead § IUANT g Tohd 8

interface Printable {
void print();

}

g9 declaration # print() implicitly public abstract g1 Interface reference 9 @ehdl g, @fh interface
&1 direct instance =g S9!

8.2 implements Keyword

class Document implements Printable {
@Override
public void print() {
System.out.println("Printing document");

}

Implementing method public g+t a1fgg| Package-private implementation & public interface
contract 9T =181 gid1l Concrete class required abstract methods implement &<dt g; &l af class ot
abstract g1 Us 9ahdT 81
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8.3 Complete Program

interface Printable {
void print();
}
class Document implements Printable {
public void print() {
System.out.println("Document printed");
}
}
class Photo implements Printable {
public void print() {
System.out.println("Photo printed");

}
public class InterfaceDemo {
public static void main(String[] args) {
Printable[] items = {new Document(), new Photo()};
for (Printable item : items) {
item.print();

Output:

Document printed
Photo printed

Caller @t concrete implementation details ST T g1 |

8.4 Interface Fields

interface ExamRules {
int PASS MARKS = 40;

Interface fields implicitly public static final &1 Initializer @1fgg| @feh & interface final field
compile-time constant 7g; initializer constant expression g1 off 3aedes §1 Mutable object @1
final reference interface field & 3@ 38 object & immutable 8! &A@

8.5 Methods & UR

Method form Version [ agR

Ordinary abstract Public abstract contract
default Java 8 @ instance implementation
static Java 8 @ interface-related helper
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Method form Version [ agR

private Java 9 ¥ internal helper implementation

Interfaces & constructors 3fR ordinary instance fields =gl gid | I8 g1 foh “interface &t Tt
methods 882 abstract 8” modern Java & T 7Terd g1

8.6 Default 3fiT Static Methods

interface Greeting {
void greet();
default void welcome() {
System.out.println("Welcome");
}
static String language() {
return "English";
}
b
class UserGreeting implements Greeting {
public void greet() {
System.out.println("Hello");
}

Object welcome() IUANT & ehdT g Static method ! Greeting. language () ¥ call &1 Interface
static methods implementing class @t inherited instance methods &f g1

8.7 Abstract Class 9 Interface

S8R Abstract Class Interface
Class extension One direct superclass Many interfaces implement & Thd &
Instance fields dag EEl
Constructor g9q EH]
Behavior Concrete/abstract methods Abstract/default/static/private forms
I use Shared base implementation/state Contract 3R type abstraction

Class g IUTNT & ahelt &

class Machine { }

interface Printable { void print(); }

class Printer extends Machine implements Printable {
public void print() { }

)
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8.8 Interface &1 Ag<d

Loose coupling & Wgr™dT: code concrete class & IS contract R ¥R giar g1 sren
implementations, testing substitutes 3fR multiple capabilities @t Zaf@d &= & IuAN 81
Interface contract @7 quality design 39eh 919 & g1, operations &l TEdT ¥ 1T g

8.9 Revision Td 319gTH

Implements class-interface @& I1a1 81 Interface fields public static final €1 Public abstract
methods & implementation & public access ¥& | Default methods overridable behavior & Tt g1

313g1H: Payable interface # amount() method s=T¢; EmployeePayment 3R Invoice implement
Gl

MCQs: 1. Class-interface keyword: A. extends only B. implements C. import D. package 2.
Interface fields: A. private instance B. public static final C. protected only D. volatile g#< 3.
Interface constructor: A. Required B. 3uaeel 751 C. inherited D. ga<m default

3R 1-B, 2-B, 3-B.
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UNIT Il / CHAPTER 09

3™ 9: Extending Td Nested Interfaces

Interface Inheritance, Default Conflicts ¥d Importance

9.1 Learning Objectives

Interfaces <l inheritance, multiple superinterfaces, nested interface qualification 3R default-
method conflict resolution T#siT|

9.2 Interface Extends Interface

interface Printable {
void print();

}

interface AdvancedPrintable extends Printable {
void preview();

}

AdvancedPrintable contract # inherited print() 3R declared preview() g1 &1 Interface gast
interface @t extends &xdt 8, implements 78T |

9.3 Multiple Interface Inheritance

interface Readable {
void read();
)
interface Writable {
void write();
)
interface ReadWritable extends Readable, Writable {
void save();
)
class FileDocument implements ReadWritable {
public void read() {
System.out.println("Reading");
)
public void write() {
System.out.println("Writing");
)
public void save() {
System.out.println("Saving");
)
}
public class ExtendedInterfaceDemo {
public static void main(String[] args) {
ReadWritable document = new FileDocument();
document.read();
document.write();
document.save();
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Output: Reading, Writing 3R Saving 37T lines H1
9.4 Class Implements Multiple Interfaces

class Device implements Readable, Writable {
public void read() { }
public void write() { }

gfq gl interfaces compatible signature &I e abstract method declare &<t €, af Te suitable
public implementation T contracts Q1 &R dahd! g1 Incompatible return requirements areft
methods &t T& class & implement &=AT 4 g1 gf dehdTl

9.5 Default Method Conflict

interface A {
default void show() {
System.out.println("A");
}
b
interface B {
default void show() {
System.out.println("B");

}
b
class C implements A, B {
@Override
public void show() {
A.super.show();
B.super.show();
}
b

public class DefaultConflictDemo {
public static void main(String[] args) {
new C().show();

}

Output: A X Bl Unrelated inherited defaults & ambiguity class explicit override & resolve &=t

2l

9.6 Default Resolution & Basic Principles

» Class hierarchy &' applicable concrete instance implementation generally interface default &
priority @t g1

* More-specific interface @T override less-specific default & priority 9T ¥ehdT g1

» Unrelated applicable defaults conflict &%, dt explicit resolution aTfggI

Concepts ¢ Programs ¢ Practice 35



JAVA PROGRAMMING FUNDAMENTALS UNIT Il - HINDI + ENGLISH

* Access 3R abstract-method requirements fohR +ft &1 &t 81

g principles @ method signatures 3k complete hierarchy & @&¥ & @] &%, dad interface names
@ Aol T &l

9.7 Class & fiq¥ Nested Interface

class Device {
public interface Listener {
void onEvent(String message);
)
}
class ConsoleListener implements Device.lListener {
public void onEvent(String message) {
System.out.println("Event: " + message);
}
)
public class NestedInterfaceDemo {
public static void main(String[] args) {
Device.Listener listener = new ConsolelListener();
listener.onEvent("Started");

Output: Event: Started

Member interface implicitly static gt 81 Device.Listener 3T &<+ & foig Device object IMT
377a2g g1 &1 Nested interface &' accessibility declaration context @R 3R 81

9.8 Interface & ia? Interface

interface Service {
interface Callback {
void completed();

}

Service.Callback member type implicitly public static 81 Callback implementations

asynchronous/event-style APIs & 3uiiift gf Tepdi! g1

9.9 Importance 3ii¥ Design

Nested interface &fe&id contract @l enclosing API & &1 ¥@ ¥ahdt g1 Top-level reusable contract &,
dl separate interface 3ifde ¥ g Fahdt g1 Interface inheritance specialization @I meaningful
relationship fa@Tg; unrelated capabilities & fag multiple implementation +ft gaftd g Tt g1

9.10 Quick Revision 3fi? 371%™

Interface extends one or more interfaces| Class implements interfacel Default conflict explicit
override & resolve &I Nested interface outer object & bound inner instance type gl 8l
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31314: Printable 3R Exportable & ReportService interface s=d1 &t defaults @1 conflict resolve
&3 | Button.Listener nested interface @ example feid|

MCQs: 1. Interface-interface keyword: A. implements B. extends C. new D. package 2. Interface
fahasiT interfaces extend @R Tahd! 82 A. Shddl Ua B. 3 C. i3 gl D. dhad Object 3. Member
interface: A. g2 inner object-bound B. implicitly static C. constructor ¥@dt g D. final method &t
@t g 4. Unrelated defaults conflict: A. Random selection B. Explicit resolution @1fgq C. g
automatic D. ggeTl alphabetically

3<% 1-B, 2-B, 3-B, 4-B.
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UNIT Il / CHAPTER 10

314 10: Packages @1 uiRe wa fAmfor

Definition, Naming Rules Td User-Defined Packages

10.1 Learning Objectives

Package a1 37, built-in packages, naming conventions, package declaration 3fR source
directory organization Hgil |

10.2 Package =T 82

Package related types @l namespace & aaafedd svdr g1 Class names & conflicts &H &= 3R
package-level access Faf3d &= & Iuhf g1

T application # college.students.Student 3R college.staff.Student i€ fully qualified names
37T types IdT Tehd & | THH simple name T IYANT AIGETT & AT AT

10.3 Built-In Packages

Package UHE 3aTe0l

java.lang Object, String, System, Math
java.util Scanner, Arrays, ArrayList
java.io Input/output classes
java.nio.file Paths 3R file operations
java.time Date/time classes

java.net Networking

Java.lang automatically imported g1 Import automatically subpackages d@& =Tgi thetdr!
10.4 Package Declaration

package college.tools;

public class Calculator {
public static int add(int a, int b) {
return a + b;

}
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Comments & &g package declaration 3R 39 &1 imports a2 type declarations &t Sirdt g1
Ordinary compilation unit # T package declaration gidt g1

10.5 Naming Rules 3iR Conventions

Package components valid identifiers 8= @18q; keywords 3UaT gl & Tahd | Lowercase A8
convention g1 Organization 3/eRR reverse-domain format 39alT &d! 8: com.example.education|

college.tools 3Uged conventional name
com.example.app 3ugerd reverse-domain style

college.2tools Invalid: component digit & &

college.class Invalid: keyword

College.Tools ¥ identifier structure, convention & faudta

10.6 Package 3R Directory

Source organization convention:

File Path

Calculator.java src/college/tools/Calculator.java

App.java src/college/app/App.java

Package language namespace 8; directory runtime/build organization & Tgr™IdT &l g1 Compiler
! file directly 33 & $® workflows & source &gl 3R ft g Ted &, @ifchT consistent matching
hierarchy @ 3T I 81

10.7 g Packages @1 Complete Example

File: src/college/tools/Calculator.java

package college.tools;
public class Calculator {
public static int add(int a, int b) {
return a + b;

}

File: src/college/app/App.java

package college.app;
import college.tools.Calculator;
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public class App {
public static void main(String[] args) {
System.out.println(Calculator.add (10, 20));
}

Compile command T line # fag:

javac -d out src/college/tools/Calculator.java src/college/app/App.java
java -cp out college.app.App

Output: 30

10.8 Public Types 3iR Filenames

Normal file-based Java compilation & public top-level class @ filename 3t 7 & glaT 81
Calculator public g, 38T Calculator.java %1 g&R package ¥ 39T public add method accessible
g1 Class public g @fd method package-private &I, df g&R package ¥ call 7gi & urdi|

10.9 Unnamed Package

Package declaration 9 g, @ type unnamed package # gidt g1 I8 BI¢ introductory examples & TRal
g1 918 projects & named packages 3udiT &< | Named package source & unnamed-package types

I THTRT import &= IUANT g fohaT STraT|

10.10 Subpackages 1 YH

College 3R college.tools 3T packages &1 Names # prefix @mem g4 @ same-package access gl
ATl Package-private class college # g, dt college.tools & automatically accessible =g} g1
10.11 Revision Td 13T

Packages namespace g1 Fully qualified name package plus class name g1 Matching source
folders project management ¥%el &<d &1 Package-private 3R public access # 3idR ¥d|

319T¥: College.geometry & Rectangle 3R Circle 9181 College.app # area results fe@mi|

MCQs: 1. Package statement &gl? A. Types & dTg B. Imports/types ¥ ggal C. Method # D.
Constructor & 2. Package name convention: A. Lowercase B. A3 uppercase C. &ad digits D.
spaces 3. Parent/subpackage package-private access: A. Automatic B. Automatic gl C. gaem
public D. OS &R AR

3wR: 1-B, 2-A, 3-B.
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UNIT Il / CHAPTER 11

31 11: Classpath, Imports Td Access
Protection

Classes @lsHT 3R Visibility fA=ifa &ean

11.1 Learning Objectives

PATH 3R classpath @I 3R, classpath root, import forms a2t public/private/protected/package-
private access @HgiT| Cross-package inheritance & faiw protected rule 3T 3731 T |

11.2 PATH a9 Classpath

eI T Eiered! 82 I3TET
PATH Executable commands java, javac
Classpath Application classes/resources Compiled directories 3fR JARs

Classpath classpath-mode programs # class loading locations &drdaT g1 Modules @T module-path
37T concept &, S 89 introductory unit ¥ ITe g1

11.3 Classpath Root
gfq compiled file out/college/app/App.class g 3R type college.app.App &, df root out &1

java -cp out college.app.App

Ted root out/college/app & class lookup fail @R @@ar g1 Default configurations & current
directory classpath gidl &, @fdT explicit -cp prior setting @' replace @vaT g1 3aTHhdT &l af dot
LMIHE PR

11.4 Multiple Entries

Windows:

‘ java -cp "out;lib/helper.jar" college.app.App

Linux/macOS:

‘ java -cp "out:lib/helper.jar" college.app.App
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Classpath separator Windows & semicolon 3fR Linux/macOS # colon g1 Paths & spaces gt dt
proper quoting @<1 Helper.jar a4t fod STaf a8 actual dependency HiS[g &1

11.5 Imports & UhR

import java.util.Scanner; // Single-type import
import java.util.*; // On-demand type import
import static java.lang.Math.PI; // Static member import

Wildcard subpackages import =gl @=dtl Import runtime & I classes load @<= @ fAqsr 781 81 Two
types @ same simple name conflict &, at fully qualified name IuaiT &2

11.6 Access Modifiers &t ger=T
gg table M= members & fAT §; enclosing type +t accessible g1 a1i8g]

Modifier Same class Same package  Other-package subclass Other-package unrelated
public Bl El Gl g

protected &l g RECIEZFEIN Tel

No modifier  &f 8l Tl EEl

private 8 Tor* Tar* T8l

*Private nested-type access & nest-related 339 €| I separate top-level classes & folg SR &1
W distinction SUANT &<

Top-level ordinary classes public a1 package-private & T &; top-level private/protected class

declaration =gl faad |

11.7 Cross-Package protected ot fagiy fRas

Superclass @ protected instance member &R package # subclass implementation & accessible
gl GohdT g1 wfchT subclass & sTgX A-H superclass object & ATeAH & access Tal HadT|

File: src/p1/Parent.java

package pl;
public class Parent {
protected int value = 10;

}
File: src/p2/Child.java

package p2;
import pl.Parent;
public class Child extends Parent {
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public void show(Child other) {
System.out.println(this.value);
System.out.println(other.value);

b

// void invalid(Parent parent) {

// System.out.println(parent.value); // Not allowed here
// }

Protected cross-package instance access & fag qualifier subclass type a1 38 subtype & 3%T
g1 a1fgq| Protected @t simply “subclass gl 4t fdhelt Parent object &t access @ Tehd! 8" 7 THS |

11.8 Private State 3fiR Public Behavior

package college.accounts;
public class Account {
private double balance;
public Account(double balance) {
this.balance = balance;
}
public double getBalance() {
return balance;

}

Client balance Hte gl S&eT |apdT, @fch public operation IUTRT &) TehdT g1 Getters 3R setters
design & 39R 3; U field & fT unrestricted setter 3T 6! gl

11.9 Executable JAR 3R Classpath

jar cfe CollegeApp.jar college.app.App -C out .
java -jar CollegeApp.jar

Executable JAR STd I entry-point class ¥dTs s &1 Dependency archives automatically merge
el gIdil -jar mode ® user -cp argument @ regular class launch @ d3g IUANT g1 fchaT STTdT;
required dependencies @I suitable manifest/setup & &afed &I

11.10 Common Errors

1%

Error S

Could not find main class Classpath root 3fR fully qualified name
Package does not exist Source/dependency STefeerdr

Member not accessible Modifier 3fR package relationship
Same simple name ambiguity Explicit qualification

Concepts ¢ Programs ¢ Practice 43



JAVA PROGRAMMING FUNDAMENTALS UNIT Il - HINDI + ENGLISH

<

Error ST

NoClassDefFoundError Required runtime definition/dependency

11.11 Revision Td 31991

PATH commands ggdT &; classpath application types gear &1 Import naming Sgr™dT 81 Package
hierarchy automatic access hierarchy &l g1 Protected qualifier rule cross-package access &

Hg<aqul gl

319T¥: Two packages # public 3R protected examples sAT¢1 Private/package-private failures &t
comments & explain @<1 Out folder 3R JAR & application launch &3]

MCQs: 1. Windows classpath separator: A.: B.; C. / D., 2. Classpath root for out/p/App.class: A.
out B. out/p C. App.class D. p 3. Top-level private class: A. Valid ordinary declaration B. Invalid C.
3Maggah D. Interface 81 & 4. Imports subpackages: A. Always B. Automatically gt C. &ae java.util
D. OS-dependent

3wR: 1-B, 2-A, 3-B, 4-B.
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UNIT Il / CHAPTER 12

31T 12: Revision Td Question Bank

Solved Outputs, MCQs Td Mini Project

12.1 Unit II Revision Map

Inheritance is-a; extends

Class parents Ueh direct superclass

Interfaces Multiple contracts €§4a

Constructors Inherited =8Y; chained initialization

Overloading Different parameter lists; compile-time selection
Overriding Compatible instance signature; runtime dispatch
Abstract class Direct instance &l; constructor ¥4d

final variable Reassignment restriction

final method Override restriction

final class Extension restriction

Interface fields public static final

Nested interface Implicitly static member type

Package Namespace

Classpath Classes/resources @ locations

Access Modifier plus enclosing type/package rules

12.2 Important Differences

Inheritance / composition is-a [ has-a

Overloading / overriding Signatures @1 fdsed / specialized implementation
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Constructor invocation / inheritance Initialization chain / members @1 subtype dsig
Static method / instance method Class-resolved / overridable dispatch possible
Abstract class / interface Shared base state / multiple contracts

Final reference / immutable object Reassignment 3T / content mutation AT
PATH / classpath Executables / application definitions

Import / loading Source name resolution / runtime availability

12.3 Solved Output Questions

Q1: Runtime dispatch

class A { void show() { System.out.println("A"); } }
class B extends A {

@Override void show() { System.out.println("B"); }
)
// Inside main:
// A value = new B();
// value.show();

3¥R: Bl Actual object & overridden implementation gt STt &1

Q2: Constructor chain

class A { A() { System.out.print("A "); } }
class B extends A { B() { System.out.print("B "); } }
// Inside main: new B();

I=R: A Bl Parent body gdi|

Q3: Field hiding

class A { int number = 10; }

class B extends A { int number = 20; }
// Inside main:

// A value = new B();

// System.out.println(value.number);

3<R: 101 Fields overridden instance methods Si& dispatch 78! gidi|

Q4: Overload selection

static void show(Object value) { System.out.println("Object");
static void show(String value) { System.out.println("String");

}
}
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// Object value = "Java";
// show(value);

3%R: Object! Declared argument type ¥ overload selection!|

Q5: Final array

final int[] marks = {70, 80};
marks[0] = 95;
System.out.println(marks[0]);

3IR: 951 Reference final &; element mutable g1

Q6: Abstract constructor

abstract class A {

A() { System.out.print("A "); }
h
class B extends A {

B() { System.out.print("B "); }
h
// new B();

IR: A BI Abstract base constructor 4T gl

12.4 MCQ Question Bank

. Class inheritance keyword? A. implements B. extends C. import D. package

. Inheritance relationship? A. is-a B. has-a C. contains-only D. none

. Constructors inherited? A. gf B. 78I C. &ad public D. &ad private

. One parent-many children? A. Hierarchical B. Multilevel C. Multiple direct classes D. None
. Class @1 direct superclass? A. 31f@dd e B. Unlimited C. ga2m &t D. &4

. Class 3 interfaces implement @R ¥ahdt 82 A. 8 B. 781 C. &had final D. &had private

. super(args) fh& call a1 82 A. Direct parent constructor B. Interface constructor C. Package
D.JVM

. A-B-C constructor bodies order? A. C-B-A B. A-B-C C. B-A-C D. Random

9. Overloading & o1 3T A1fgq? A. ohad return B. Parameter list C. dael name spelling case
same D. &ad variable names

10. Return type alone overload? A. gaftd B. gaie Fal C. g42m valid D. dad void

11. Overload selection? A. Compile time B. GC time C. gR2T actual runtime object D. JAR creation

N o o o AN =

o)

12. Overridden instance dispatch? A. Runtime object B. &dad reference name C. Filename D.
Import order

13. @Override @1 @H9? A. Intent checking B. Object deletion C. Package creation D. Constructor
inheritance

14. Public method override oT private access? A. Allowed B. Invalid C. Required D. &haa Windows
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15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.

28.

Static methods? A. Instance override B. Hide & et & C. Abstract g8 D. Constructor
Final method? A. Override gt B. Call /gt C. Inherit &4t T D. gReT private

Final class? A. Extend Tgf B. Object =gt C. Interface =gl D. Methods =gl

Abstract class direct instance? A. gf B. 7igi C. odd protected D. ead no-arg

Abstract class constructor? A. T¥d B. Tai C. 82 abstract D. static 3asdh

Abstract method body? A. 3maaas B. 9l C. dhad empty braces D. 821 return

Interface fields? A. public static final B. private instance C. protected D. transient always
Class-interface keyword? A. extends B. implements C. package D. import
Interface-interface keyword? A. extends B. implements C. new D. final

Interface constructor? A. =g B. g C. 8431 default D. inherited

Default interface methods introduced? A. Java 8 B. Java 1 only C. Java 5 D. Java 2

Private interface helpers introduced? A. Java 9 B. Java 1 C. Java 5 D. Java 2

Member interface? A. implicitly static B. Outer instance 31agde C. Constructor ¥&dt g D.
primitive

Package naming convention? A. lowercase B. uppercase only C. digits only D. spaces

29. java.lang import? A. Automatic B. &+t gl C. &had JAR D. shaa Android

30. Wildcard import subpackages? A. g B. %t C. dhad first D. Random
31. PATH @isTdr 82 A. Executables B. Objects C. Comments D. &ad classes
32. Classpath root for out/p/App.class? A. out B. out/p C. p D. App.class
33. Windows classpath separator? A. semicolon B. colon C. comma D. slash
34. Linux classpath separator? A. colon B. semicolon C. comma D. backslash
35. Top-level private class? A. Invalid B. Always valid C. Required D. Package only
36. No-modifier member access? A. Same package B. & package C. &dad subclasses g S7g D.
g4I private
37. Final reference object mutable g @ehd1 82 A. 8f B. 718 C. dhaa null D. &ae interface
38. Abstract final class? A. Invalid B. Valid C. Required D. Default
39. Interface static method &M call? A. InterfaceName.method() B. super() C. new method D.
import()
40. Two unrelated defaults conflict? A. Explicit override resolution B. Random C. ggeTT alphabetic
D. &g check 7gf
12.5 Answer Key
us ST usf IR as IR us ST
1 B 11 A 21 A 31 A
2 A 12 A 22 B 32 A
3 B 13 A 23 A 33 A
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s 3R ¥ 3R
4 A 14 B
5 A 15 B
6 A 16 A
7 A 17 A
8 B 18 B
9 B 19 A
10 B 20 B

12.6 Short-Answer Questions

. Superclass 3R subclass @ R S|

. Constructors inherited ¥ 78! ehgard?

. This(...) 3R super(...) @ 3iaR fafEy]

. Overloading 3R overriding # siar faf@y|

. Covariant return type i1 8?

. Abstract class ® constructor T IUIHT IT 87

—_

. Interface fields & implicit modifiers faf@g|
. Nested interface &t creation/use IHsTSTI
. PATH der1 classpath a1 3iar faf@u|

O VW 0o N o U M W N

—_

12.7 Long-Answer Questions

1. Inheritance & U&R diagrams 3R programs afgd G9SET|

0o N oo 1 A WN
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uA

24

25

26

27

28

29

30

. Final reference 3fR immutable object & 3R Fa18T!

. Multilevel constructor chain T execution order GHSISTI
. Runtime dispatch 3R field hiding &I ge=1 Sifaiq|
. Abstract class a¥T interface &t fa&ga g1 ST
. Final variables, methods 3R classes 3g1guT afgd THSST|
. Interface inheritance 3fR default conflicts THsTSTI

. Packages 94, compile &= 3R T o TR0T i@y
. Access modifiers d¥T cross-package protected rule 9HsIST|

uHA

34

35

36

37

38

39

40
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12.8 Mini Project: College Payroll

gg project abstract class, inheritance, constructors, interface, overriding, final fields 3R
polymorphic references @ Te 919 39ANT &xdTl 81 Teaching example & amounts double §; exact
financial decimal arithmetic & felq suitable decimal representation =1 a1f2q|

Save as PayrollApp.java:

interface Payable {
double amount();

abstract class Employee implements Payable {
private final String name;

Employee(String name) {
this.name = name;

final String getName() {
return name;

void display() {
System.out.printf("%s: %.2f%n", name, amount());

class PermanentEmployee extends Employee {
private final double basic;
private final double allowance;

PermanentEmployee(String name, double basic,
double allowance) {
super(name) ;
this.basic = basic;
this.allowance = allowance;

@Override
public double amount() {
return basic + allowance;

class ContractEmployee extends Employee {
private final int hours;
private final double hourlyRate;

ContractEmployee(String name, int hours,
double hourlyRate) {
super(name) ;
this.hours = hours;
this.hourlyRate = hourlyRate;

@Override
public double amount() {
return hours * hourlyRate;
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}

public class PayrollApp {
public static void main(String[] args) {
Employee[] employees = {
new PermanentEmployee("Amit", 30000, 5000),
new ContractEmployee("Neha", 80, 250)
+

double total = 0;

for (Employee employee : employees) {
employee.display();
total += employee.amount();

}
System.out.printf("Total: %.2f%n", total);

12.9 Commands 3R Expected Output

javac PayrollApp.java
java PayrollApp

Amit: 35000.00
Neha: 20000.00
Total: 55000.00

Locale-specific formatting & decimal separator sGeT adT g1 Calculation: Permanent =
30000+5000; Contract = 80x250; total = 550001

12.10 Project Extensions

* Negative hours/rates 3R null names & validation S|

» Classes @ college.payroll package # 31erT files & 3|

* ReportWriter nested interface s=TQ|

» Overloaded constructor @ default allowance |

» PayrollApp &t executable JAR sATE|

« Abstract base & s<TT Payable reference array @ calculations &1

12.11 Revision Checklist

/T 319 superclass reference @ overridden method @I output SIdT ¥ahd 87 &7 overload selection &
declared type T Ag<d GHeId 8?2 T constructors 3R inherited members & 3iax WE §? T
protected access &I package context Tfgd Sifa Tehd 82 &M packaged main class & foig Tgt
classpath root fer Terd §? Udes 3reuE foig & Blel program TR IRUMH G& |
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