Introduction to Algorithms and
Data Structures

Lecture 5— Inheritance

| nheritance and Derived Classes

* Inheritance isthe process by which anew classis
created from another class.

* Thenew classiscaled the derived class.

* Theclass from which it is created is caled the
base class.

» A derived class inherits dl the instance variables
and all the methods belonging that the base class
has and can aso have its own methods and
variables in addition.




Derived Classes

* Derived class are expected to have agreat dedl in
common with the base class from which they are
derived.

» We expect them to have al the properties and
methods of the base class aswell asafew
additiona ones of thelr own.

» They may even have their own way of executing
methods that also belong to the base class; thisis
caled overriding the method.

Syntax For a Derived Class

» The general syntax for a derived class (also known as a
subclass) is:
public class DerivedCl assNane
ext ends BaseCl assNane {

Declarations of Added Satic Variables
Declarations of Added Instance Variables
Definitions of added and Overridden Methods




Class Hierarchy

Employee
HourlyEmployee SalariedEmployee
H ouflﬁgr:wrgli) yee PartTimeEmployee Technical Staff Executive
Engineer Technician Clerica Staff

Enpl oyee. j ava
i mport java.util.Scanner;

public class Enpl oyee {
private String namne,;

private Date hireDate; // The previously
defined Date class

/1 Enpl oyee() - A default constructor
publ i c Enpl oyee() {
name = "no nanme";
/1 A placehol der
hireDate = new Date("January", 1, 1000);




/1 Empl oyee() - A conversion constructor

/1 Precondition: Neither theName nor theDate
/1 is null

p{)ubl i c Enpl oyee(String theName, Date theDate)

if (theNanme == null || theDate == null) {
System out. println
("Fatal error creating enployee");
System exit(0);
}
name = theNamne;
hi reDate = new Date(theDate);

}

/'l Enpl oyee() - A copy constructor
publ i c Enpl oyee( Enpl oyee ori gi nal Obj ect) {
name = origi nal Qbj ect. nane;
hi reDate = new Date(origi nal Object. hireDate);

|/l The accessors
public String getNanme() {
return nane;

}

public Date getHireDate() {
return new Date(hireDate);

}

/1l setName() - A nutator for nanme
/1 Precondition newNane is not null
public void setNane(String newNanme) {
if (newNanme == null) {
Systemout.println
("Fatal error setting enpl oyee nane.");
System exit(0);
}
el se
name = newNane,




/1 setNanme() - A mutator for hireDate

/1 Precondition newHireDate is not null

public void setHireDate(Date newHi reDate) ({
if (newHireDate == null) {

Systemout.println("Fatal error setting
enmpl oyee nane.");

System exit(0);
}
el se
hi reDate = newHi r eDat €;

public String toString() {
return (name + " " + hireDate.toString());
}

publ i ¢ bool ean equal s( Enpl oyee ot her Enpl oyee) {

return (nane. equal s(ot her Enpl oyee. nane) &&
hi reDat e. equal s( ot her Enpl oyee. hireDate)) ;

}
}




Inherited Members

» A derived class inherits al the properties
and methods belonging to the base class.

* The only exceptions are methods defined in
the base class that are overridden in the

derived class.

Hour | yEnpl oyee. j ava

// Class invariant:
/1
/1
/1
/1
/1
/1

Al'l enpl oyees have a nane,
hire date, non-negative wage
rate and a non-negative
nunber of ours worked.

A name string of "No name”

i ndi cates no real nane

speci cfied yet.

public class Hourl yEnpl oyee extends Enpl oyee {
private doubl e wageRat e;
private double hours; // for the nonth




/1 Hourl yEnpl oyee() - A default constructor
publ i ¢ Hourl yEnmpl oyee() {
/1l Call the base class's constructor
super () ;
wageRate = O;
hours = 0;

}

/1 Hourl yEnpl oyee() - A conversion constructor
/1 Precondition: Neither theName nor theDate is
/1 nul | ; theWageRate and theHours
/1 are non-negati ve.
publ i ¢ Hourl yEnpl oyee(String theNane,
Dat e theDate, double theWageRate
doubl e t heHours) {

/1 Use the base class’s conversion

/'l constructor

super (t heName, theDate);

if ((theWageRate >= 0) && (theHours >= 0)) {
wageRat e = t heWageRat e;
hours = theHours;
}
el se {
Systemout.println
("Fatal error: creating an " +
" illegal hourly enployee.");
System exit(0);
}
}

/1 Hourl yEnpl oyee() - Copy constructor
publ i ¢ Hourl yEnpl oyee( Hour | yEnpl oyee
original Gbject) {

super (original Object); // the base class's
copy constructor

wageRat e = ori gi nal Obj ect. wageRat e;

hours = ori gi nal Obj ect. hours;




/'l The accessor of the derived class
public double getRate() {
return wageRate

}

publ i c doubl e getHours() {
return hours;

}

/1l getPay() - this accessor will be different
in the

/1 ot her derived cl asses

public doubl e getPay() {
return wageRate * hours;

}

/1l setHours() - A mutator for hours
/1 Precondition: hoursWrked is non-negative
public void setHours(doubl e hoursWrked) ({
i f (hoursWorked >= 0 )
hours = hour sWor ked;
el se {
Systemout.println
("Fatal error: Negative hours worked");
System exit(0);
}




/1l setRate() - A nmutator for wageRate
/1 Precondition: newAgeRate is non-negative
public void setRate(doubl e newwageRate) {
if (newageRate >= 0 )
wageRat e = newMAgeRat e;
el se {
Systemout.println
("Fatal error: Negative wage rate");
System exit(0);
}
}

/1l toString() - overwites the base class's
/1 toString nmet hod
public String toString() {
return (getNane() + " "
+ getHireDate().toString()
+ "\'n" + wageRate + " per hour for
+ hours + " hours.");

}

/lequal s() - Overrides the base class's equals
/1 met hod
publ i ¢ bool ean equal s(Hourl yEnpl oyee other) {
return(get Name(). equal s(ot her. get Narme())
&& get Hi reDat e() . equal s(
ot her.getHireDate())
&& wageRat e == ot her.wageRate
&& hours == other. hours);




| nheritanceDeno. java

public class InheritanceDemo {
public static void main(String[] args) {
Hour | yEnpl oyee j oe
= new Hourl yEnpl oyee("Joe Worker",
new Dat e("January", 1, 2004),
50. 50, 160);
Systemout.printin("joe's |onger name is "
+ joe.getNanme());
Systemout.println
("Changing joe's nane to Josephine.");
j oe. set Nanme(" Josephi ne");
Systemout.println
("joe's record is as follows:");
Systemout.println(joe);
}
}

One Base Class — Many Derived Classes

» We can write more than one subclass based
on the same base class. The most important
thing isto make sure that it is reasonable for
this class is have the same properties and
methods as the base class (plus the
additional ones).
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Sal ari edEnpl oyee. j ava

/1 Class invariant: Al enployees have a nane,

/1 hire date and non-negative

/1 sal ary.

/1 A nane string of "No nane“

/1 i ndi cates no real nane

/1 speci fied yet.

/1 A hire date of January 1

/1 1000 indicated no real hire
/1 date specified yet.

public class Sal ari edEnpl oyee extends Enpl oyee {
private double salary; // annua

/1 Sal ari edEnpl oyee() - A default constructor
publ i c Sal ari edEnpl oyee() {
/1 Call the base class's constructor
super () ;
salary = 0;

}




/1 Sal ari edEnpl oyee() - A conversion

/1 constructor

/1 Precondition: Neither theNane nor theDate is
/1 null; theSalary is non-

/1 negati ve.

public Sal ari edEnpl oyee(Stri ng theNane,
Dat e t heDat e, doubl e theSalary) {
/1 using the base class’s conversion
/1 constructor
super (t heNane, theDate);
if (theSalary >= 0) {
salary = theSal ary;
}
el se {

Systemout.printin("Fatal error: Negative
salary.");

System exit (0);
}
}

/1 Sal ari edEnpl oyee() - Copy constructor
publ i c Sal ari edEnpl oyee
(Sal ari edEnpl oyee origi nal Obj ect) {
super (ori gi nal Obj ect);
sal ary = origi nal Obj ect. sal ary;

}

/1l getSalary() - An accessor
public double getSalary() {
return sal ary;

}

/1l getPay() - this accessor will be different
/1 in the other derived classes and
/1 is also fromdifferent from

/1 Hour | yEnpl oyee

public doubl e getPay() {
return salary / 12;

}
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/1l setSalary() - A nmutator for salary
/1 Precondition: salary is non-negative
public void setSal ary(doubl e newSal ary) {
if (salary >= 0 )
salary = newSal ary;
el se {

Systemout.printin("Fatal error: Negative
hours wor ked");

System exit(0);
}
}

}

[l toString() - overwites the base class's
/1 toString nethod
public String toString() {
return (getName() + " "
+ getHireDate().toString()
+ "\n" + salary + " per year");

}

/lequal s() - Overrides the base class's equals

/1 met hod

publ i c bool ean equal s(Sal ari edEnpl oyee ot her)
return(get Name() . equal s(ot her. get Name())

&&
get HireDat e() . equal s(ot her.getHi reDate())
&& sal ary == other.salary);

}

{

13



| sADenp. j ava

public class |IsADem {
public static void main(String[] args) {
Sal ari edEnpl oyee j oe
= new Sal ari edEnpl oyee(" Josephi ne",
new Dat e("January", 1, 2004), 100000);
Hour | yEnpl oyee sam
= new Hour | yEnpl oyee(" Samant ha",
new Dat e(" February", 1, 2003), 5.50, 40);
Systemout.printin("joe\'s longer name is "
+ joe.getNanme());
Systemout.println
("showEnpl oyee(j oe) invoked:");
showEnpl oyee(j oe);
Systemout.println
("showEnpl oyee(sanm) invoked:");
showkEnpl oyee(sam ;

public static void showEnpl oyee
(Enmpl oyee enpl oyeeObj ect) {
System out. println(enpl oyeeCbj ect. get Nane());
Systemout.println
(enmpl oyeeObj ect. getHireDate());
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Limited Access

» We already know that pri vat e variables

and methods can only be used by objects of
the same class and that publ i ¢ variables

and methods can be used by anyone.

We need some way of limited access to
objects of the same class AND objects of a
subclass. That iswhat pr ot ect ed datais
for.

pr ot ect ed Data

pr ot ect ed data and methods can be
accessed by objects belonging to the class
or to the derived class.

This allows for some protection of the data,
but lessthan if it were pri vat e.
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Access Modifers

public class A { public class B {
public int vi,; can access v1;
protected int v2; can’'t access v2;
private int v3; can’'t access v3;
} }

public class ¢ extends A {
can access vl1;
can access Vv2;
can’'t access v3;

}

bj ect Class

* Every classin Javais considered a subclass
of the class vj ect .

» Every classinheritsits properties and
methods, which should include toString and
equals




Bank Accounts

BankA ccount

Savings Checking
Account Account

BankAccount . j ava

/1 Class invariant: name and acct Num cannot be
/1 nul |
public class BankAccount {
public String name; [// Account hol der's nane
/1 Anyone can access it
protected String acctNum // Account nunber
/1 only subcl asses
/1 and this class
/1 can access it
private doubl e balance; [// The account bal ance
/1 only this class can
/1l access it.
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/1 BankAccount () - Default constructor
publ i ¢ BankAccount () {
name = new String("no name");
acct Num = new String("no nurber");
bal ance 0. 0;

/1 BankAccount () - A conversion constructor
publ i ¢ BankAccount (String newNane,
String newAcct Num doubl e newBal ance) {
name = new String(newNane);
acct Num = new String(newAcct Nun ;
bal ance = newBal ance;

/1 BankAccount() - A copy constructor

publ i ¢ BankAccount ( BankAccount ori gi nal Obj ect) {
nane = new String(original Object. nane);
acct Num = new String(original Qbject.acctNum;
bal ance = ori gi nal Obj ect . bal ance;

}

/1 deposit() - deposits an amount in the

/1 account and prints information
/1 about the transaction

public void deposit(doubl e depositAm) ({
bal ance += depositAnt;
System out. print(name + ", account nunber
+ acctNum + ",\n deposited ");
System out. printf
("$%. 2f, making the bal ance $%t.2f\n",
deposi t Amt, bal ance);
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/1 withdraw()- withdraws an anount fromthe
/1 account and prints information
/1 about the transaction
public void w thdraw(double withAm) {
if (balance >= withAm) {
bal ance -= withAnt
System out.print(name + ", account nunber
+ acctNum+ ",\n withdrew ");
System out. printf
("$%t. 2f, making the bal ance $%t. 2f\n",
wi t hAnt, bal ance);

}

el se
Systemout.println("Sorry.. you don't have"
+ " that nuch in your account.");

/1l getAcctNum() - an accessor for account
/1 nunber
public String getAcctNun() {

return new String(acctNum;

}

/1 getBal ance() - an accessor for bal ance
public doubl e getBal ance() {
return bal ance;

}

/1l setBal ance() - a mutator for bal ance
protected void setBal ance(doubl e newBal ance) {
bal ance = newBal ance;

}
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/1l setAcctNum() - a mutator for account nunber
protected void setAcct Num(String newAcct Num) {
acct Num = newAcct Num

}

/1l toString() - returns a string with main
/1 i nformation
public String toString() {
return(name + " Account #" + acctNum
+ " Bal ance of $"
+ String. format ("%t. 2f", bal ance));

Checki ngAccount . j ava

public class Checki ngAccount
ext ends BankAccount {
/1 How many checks have been cashed this nonth
private int checkCount;

/1 The per check charge
private final double checkFee = 0.20

/1 The total nunber of free checks per nonth
private final int freeChecks = 10;

/'l Checki ngAccount () - A default constructor
publ i ¢ Checki ngAccount () {

super () ;

checkCount = 0;
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/1 Checki ngAccount () - A conversion constructor
publ i ¢ Checki ngAccount (String newNane,
String newAcct Num doubl e newBal ance,
i nt newCheckCount) {
super (newName, newAcct Num newBal ance);
checkCount = newCheckCount;

/1 Checki ngAccount () - A copy constructor
publ i c Checki ngAccount
(Checki ngAccount ori gi nal Object) {
/1 use the base class's conversion
/1 constructor
super (ori gi nal Obj ect . nane,
ori gi nal bj ect . acct Num
ori gi nal Obj ect. get Bal ance());

/1 withdrawm() - withdraws an amount fromthe
/1 account and prints infornmation
/1 about the transaction
public void w thdraw(double withAnm) {
/1 1f the noney's there, withdraw it
i f (super.getBalance() >= withAnmt) {
super. set Bal ance
(super.getBal ance() - withAnt);

Systemout.print(name + ", account nunber "
+ acctNum + ",\n withdrew ");

System out. printf
("$%t. 2f , nmaki ng the bal ance $%t. 2f\ n",
wi t hAm , super. getBal ance());
}

el se
/1 Otherwise just print a polite nmessage
Systemout.println("Sorry.. you don't have"
+ " that much in your account.");
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/1 That's one nore check - is it still free?
checkCount ++;
if (checkCount > freeChecks) {
super. set Bal ance
(super. get Bal ance() - checkFee);
System out. printf
("There was a check fee of $%t.2f "
+ "deducted,\ n maki ng the bal ance $%t.2f\n",
checkFee, super.getBal ance());
}
el se
Systemout.println("There are stil
+ (freeChecks - checkCount)
+ " free checks left.");

Test BankAccount . j ava

public class TestBankAccount {
public static void main(String[] args) {
BankAccount ba = new BankAccount
("John F. X. Smith", "jfxs2121", 400.0);
Checki ngAccount ca = new Checki ngAccount
("Robert M Siegfried", "rms13", 50.0, 1);

ba. deposi t (300);
ba. wi t hdr aw( 560) ;
ca. deposit (500);
ca.w t hdraw 200);

Systemout.println

("The account holder\'s nane is
System out. println(ba);

System out.println(ca);

+ ba. nane);
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