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Defining Our Own Classes (1)
• So far, we have been creating objects that belong to classes 

defined and written by someone else (Account, String, 
NumberFormat, Scanner, …)

• Many of these classes were provided by the Java Class 
Library

• Although the Java Class Library provides many useful classes, 
it obviously does not provide classes for every specific object 
that we could ever need
– For example, if we want to manage bank accounts, we could define an 

Account class and use it to create Account objects
– However, such a class is not provided by the Java Class Library
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Defining Our Own Classes (2)
• Therefore, it is now time to learn how to write our own classes 

so we can create objects that belong to these classes
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Part 1: Review - Classes and 
Objects
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Review: Classes and Objects (1)
• Remember that one of the roles a class can have is to define a 

category of objects
– The class specifies what objects that belong to that category "look" 

like, and how they behave

• The state or "appearance" of the objects that belong to a class 
is represented by the attributes defined in the class

• The behaviors of the objects that belong to a class consist of 
what it can do, or what can be done to it (operations, actions); 
they are represented by the methods defined in the class
– We invoke an object's methods when we want the object to act in a 

certain way
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Review: Classes and Objects (2)
• An object is an instance of a class

– It is an entity which belongs to the category defined by a class, and 
which looks and behaves according to the definition of that class

• Let's consider the bank account (again)
– The state of the account object might include the account number, the 

balance, the status of the account...
– The behaviors of the account object might include making a deposit, 

withdrawing funds, retrieving the current balance, ...
– Some of these behaviors might change the state; for example, making 

a deposit changes the balance
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Classes as Blueprints (1)
• A class is therefore a blueprint for creating objects object, the 

model or pattern from which objects are created
• Think of a blueprint for building a house

– The blueprint specifies the purpose of each room, where the doors are, 
where the windows are, how the plumbing and electrical wiring 
work, ...

– But the mere existence of a blueprint for a house does not imply that 
there exists a house somewhere which follows this blueprint

– It is only when the construction workers build a house according to 
this blueprint that such a house exists

– Many houses can be built according to the blueprint, and modifying 
one of them does not modify the blueprint or the other similar houses
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Classes as Blueprints (2)
• The relationship between classes and objects is the same as 

the relationship between a blueprint for a house and the 
houses that were built according to this blueprint
– The class specifies the attributes and behaviors of the objects that will 

belong to this class
– However, the mere existence of the class does not imply that there 

exist objects that have the attributes and behaviors defined by this 
class

– It is only when a new object that belongs to a class is created with the 
new operator that we can say that such an object exists

– Many objects can exist that belong to the same class, but changing the 
state of one of these objects does not change the class, and does not 
change the states of the other objects that belong to this class
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Class Example
• The Account class is used to define what Account objects 

will "look" like and how they will behave
• Each Account object has its own values for its account 

number, balance, and status
– These make up the state of the Account
– Changing the state of an Account object does not change the states of 

the other Account objects
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Object Creation Example
• We create Account objects by using the new operator

Account myAccount = new Account(12345);

Parameter to the 
constructor: Defines the 
initial state of the object

Constructor invocation: 
Initializes the object

Reference 
variable

Class: Used as the 
variable type
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Method Call Example
• Each Account object can perform actions

– For example, calling the deposit() method on an Account object 
makes that object change its own balance

– The deposit() method takes as input the amount of money to be 
added to the balance of the Account object it is called on

– It returns as output a value of type boolean representing whether the 
deposit operation succeeded or failed

boolean result = myAccount.deposit(100.0)

Input

Object from which the
behavior is requested

Request for 
behavior
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Part 2: Class Definitions and 
Attributes
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Defining the Account Class
• Previously:

– We were provided an Account class which will models bank 
accounts, which was already implemented

– Each object which belonged to this Account class had its own 
attributes (represented by variables)

– Each object which belonged to the Account class was able to execute 
behaviors (represented by methods)

• Now:
– We will now implement the Account class ourselves

• We can define the Account class in the same way that we 
define any other class in Java
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Anatomy of a Class (1)
• One can consider a class to be a cardboard box containing 

items (called members in Java)
• The members of a class can be declarations for constants, 

variables, or methods; methods include
– Constructors: special methods that help initialize an object that 

belongs to the class, and are invoked automatically when we create an 
object with the new operator

– Other useful methods, depending on the nature of the class and the 
objects that belong to it: for an Account class, methods like 
withdraw() and deposit())

– Possibly a main() method
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Anatomy of a Class (2)
• Each item (data and method) in the box can be accessed (and 

perhaps) modified by using the . (dot) operator
• Graphically, you could represent a class like this:

int i;
double d;
char c;

doThings()

readStuff()

doStuff()

Our cardboard box (the class)

Variable declarations

Method declarations
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The Account Class
• Each account has a number, a balance, and a status
• We can perform deposits and withdrawals on all accounts, and 

retrieve the current balance

int number;
double balance;
boolean status;

withdraw()

getBalance()

deposit()

Method declarations

Data declarations

The Account class



C
O

M
P 202 – Introduction to C

om
puting 1

COMP-202 - Defining Your Own Classes 17

Writing the Account Class
• We start writing the Account class in the same way that we 

start writing any other class in Java: with a class declaration

public class Account {

}

Class body: declarations of variables 
representing attributes and methods 
representing behaviors will go there
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Declaring Attribute Variables (1)
• To store the values of an object's attributes, we use variables

– Every object that belongs to a class has the same attributes; it is the 
values of these attributes that can differ from one object to the next

– Therefore, it is the class to which an object belongs that declares the 
variables which will store the values of each object's attributes

• We can declare the variables representing the attributes of the 
objects that belong to a class just like we declare variables we 
use in methods like main()

• The only difference is that the variables are declared inside 
the class body, but outside the bodies of all methods defined 
in the class
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Declaring Attribute Variables (2)
• For our Account class, it makes sense to have the following 

attributes:
– The account number: represented by a variable number of type int
– The balance: represented by a variable balance of type double
– The status, whether the account is open or closed: represented by a 

variable status of type boolean
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Declaring Attribute Variables (3)
• We now add the declarations for the variables representing an 

Account object's attributes to the Account class itself

public class Account {
int number;
double balance;
boolean status;

}
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Instance Variables (1)
• The number, balance, and status variables in the Account 

class are called instance variables (or instance data) because 
each instance (that is, object) of the Account class has its own 
copy of these variables

• A class declares the type of the data for each instance 
variable, but it does not allocate any memory space for them 

• Every time a new Account object is created using the new 
operator, new number, balance, and status variables are 
created inside the new Account object

• Memory is allocated for an object's instance variables only 
when the object is created 
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Instance Variables (2)
• Each object has its own, unique data space for its instance 

variables
• That's the only way two objects can have different states
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Instance Variables in Memory

int number;
double balance;
boolean status;

class Account

number
balance
status

12345

100.00

true

number
balance
status

67890

0.00

false

An 
instance

Another 
instance

Data is here

a1

a2

Only declarations 
here; no memory 
allocated
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Accessing Instance Variables (1)
• Just like methods, instance variables are members of a class
• Therefore, an object's instance variables can be accessed using 

the usual membership operator, the dot operator (.), just like 
when we call a method on that object

• The general syntax for accessing an object's instance variables 
is the following:

objectVariable.instanceVariable

where objectVariable is a reference variable containing the 
address in memory of the object whose instance variable we 
want to access
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Accessing Instance Variables (2)
• Therefore, if we want to access the instance variable called 

balance of the Account object that the myAccount variable 
refers to, we write:

myAccount.balance
• Just like regular variables, an object's instance variables can 

be assigned values and used in expressions:
Account myAccount = new Account();
myAccount.number = 12345;
myAccount.balance = 100.0;
double moneyForThisWeek = myAccount.balance +

300.0;
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null-Related Caveat
• If you attempt to access an object's instance variable using a 

reference variable which contains null, your program will 
crash:

Account myAccount = null;
myAccount.balance = 100.0;

// myAccount contains null: crash!
• When this occurs, the error message will mention that the 

program threw a NullPointerException
– The error message should also mention which line in your program 

caused the latter to crash
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Side Note: Access Modifiers
• In general, it is bad practice to allow any class to change the 

instance variables of an object
– We should restrict access to an object's instance variables only to 

methods defined in the class to which the object belongs

• We will see how we can accomplish this later
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Creating User-Defined Objects (1)
• Consider the following code fragment:

Account a1, a2, a3; // Line 1

a1 = new Account(); // Line 2
a1.number = 12345; // Line 3
a1.balance = 500.00; // Line 4
a1.status = true; // Line 5

a2 = new Account(); // Line 6
a2.number = 67890; // Line 7
a2.balance = 100.00; // Line 8
a2.status = true; // Line 9

a3 = a1; // Line 10
a3.balance = a3.balance + 100.00; // Line 11
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Side Note: Default Constructor
• Note that so far, our Account class does not define any 

constructors
• In such cases, a default constructor will exist automatically

– It takes no parameters
– When invoked to initialize an object, it sets the values of all of the 

object's instance variables to default (we will see what these default 
values are when we cover constructors in detail)
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Objects in Memory (1)

number
balance
status

0

0.0

false

Account
a1

a3

a2

Account a1, a2, a3; // Line 1
a1 = new Account(); // Line 2
;
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Objects in Memory (2)

number
balance
status

Account
a1

a3

a2

a1.number = 12345; // Line 3
a1.balance = 500.0; // Line 4
a1.status = true; // Line 5
;

12345

500.0

true

0

0.0

false
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Objects in Memory (2)

number
balance
status

Account
a1

a3

a2

a1.number = 12345; // Line 3
a1.balance = 500.0; // Line 4
a1.status = true; // Line 5
;

12345

500.0

true
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Objects in Memory (3)

number
balance
status

12345

500.0

true

Account
a1

a3

a2

a2 = new Account(); // Line 6
a2.number = 67890; // Line 7
a2.balance = 100.0; // Line 9
a2.status = true; // Line 10
;

number
balance
status

Account
067890

0.0100.0

falsetrue
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Objects in Memory (3)

number
balance
status

12345

500.0

true

Account
a1

a3

a2

a2 = new Account(); // Line 6
a2.number = 67890; // Line 7
a2.balance = 100.0; // Line 9
a2.status = true; // Line 10
;

number
balance
status

Account
67890

100.0

true
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Objects in Memory (4)

number
balance
status

12345

true

Account
a1

a3

a2

a3 = a1; // Line 11
a3.balance =  a3.balance + 100.0; // Line 12

number
balance
status

67890

100.0

true

Account

500.0600.0
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Objects in Memory (4)

number
balance
status

12345

true

Account
a1

a3

a2

a3 = a1; // Line 11
a3.balance =  a3.balance + 100.0; // Line 12

number
balance
status

67890

100.0

true

Account

600.0
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Part 3: Methods
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Java Methods
• A method is a set of statements which compose a larger, self-

contained action
– Sometimes called procedures or functions in other programming 

languages

• There are two types of methods in Java: class methods and 
instance methods
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Class Methods
• Class methods (also called static methods) are methods 

invoked using the class name, with the following syntax:
className.method(parameters)

• Creating an object that belongs to the class in which the 
method is defined is not necessary to invoke a class method

• Examples of class methods:
– Math.pow(), Math.sin(), Math.cos(), ...
– NumberFormat.getCurrencyInstance()
– Integer.parseInt()

• We will learn how to write class methods later in the course
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Instance Methods
• Instance methods are methods that are invoked on an object 

(an object is an instance of a class)
• They are invoked using the following syntax:

referenceVariable.method(parameters)
The type of referenceVariable must be the class in which 
the method is declared

• Examples of instance methods:
– String line; line.charAt(), line.length(), 

line.substring()
– NumberFormat formatter; formatter.format()

• When one hears the word "method" without a qualifier, it 
usually refers to an instance method
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Defining a Method
• A method declaration specifies the code that will be executed 

when the method is invoked (or called)
• A method declaration consists of a method header and a 

method body

char charAtSum(int i1, int i2, String s)
{

int sum = i1 + i2;
char result = s.charAt(sum);
return result;

}

Method header

Method body

Method declaration
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Method Header
• A method declaration begins with a method header

– The method header contains important information about the method

char charAtSum(int i1, int i2, String s)

Parameter list
Method 
name

Return 
type
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General Method Header Syntax
modifiers returnType methodName ( parameterList )

Where:
• modifiers public, private, static, ... (optional)

(there can be more than one)
• returnType primitive or reference type (mandatory)
• methodName identifier, as defined previously (mandatory)
• ( (mandatory)
• parameterList defined later (optional)
• ) (mandatory)
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Method Input
• Many methods require input
• In the statement:

System.out.println("Hello");
the String object "Hello" is the input to the println() 
method invoked on System.out

• The input variables of a method are called its parameters (or 
sometimes its arguments)

• A method can have zero, one, or many parameters
• Each parameter is of a certain type
• A parameter can be of any type (primitive or reference)
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Method Parameter Lists (1)
• The parameter list specifies the type and name of each 

parameter that a method takes
– The parameter list is optional; if it is absent, then the method accepts 

no parameters

• The name of a parameter in the method declaration is called a 
formal parameter

• Formal parameters must be valid Java identifiers, just like 
variable names

• They can be used in the method body the same way variables 
are used
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Method Parameter Lists (2)
• In the parameter list, each parameter declaration MUST 

consist of the type of the parameter, followed by the formal 
parameter

• Parameter declarations are separated by commas
• Examples:

– char myMethod() // Valid
– char myMethod(int i) // Valid
– char myMethod(int i1, int i2, double d) // Valid
– char myMethod(int i1, i2, double d)

// Invalid (no type specified for i2)
– char myMethod(int i1, int i2, double d, )

// Invalid (comma after last parameter declaration)
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Method Output
• Many methods return output
• For example, in the statement:

int value = keyboard.nextInt();
the nextInt() method returns a value of type int when it is 
called on an object of type Scanner, such as the object the 
variable keyboard refers to

• The output of a method is called its return value
• The return value is of a certain type, called the return type
• The return value of a method can be of any type (primitive or 

reference)
• A method can only return one value
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void (1)
• In Java, a method does not have to return a value

– Some methods do not return anything

• The return type of methods which do not return anything is 
void

• Consider the following method declaration:
public static void main(String[] args) {

} Specifies that the method does 
not return anything

• Other examples of methods that do not return a value:
– print() and println() of class PrintStream (of which 

System.out is an instance)
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void (2)
• The fact that a method does not return a value and has return 

type void does not mean that the method does nothing
– The method could simply change the state of an object
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Method Signatures
• The compiler identifies a method by its signature
• A method signature is defined to be:

– The method's name
– The method's parameters, their types and the order in which they are 

listed

• Different method signatures:
– void myMethod()
– void myMethod(int i)
– void myMethod(double d)
– void myMethod(int i, double d)
– void myMethod(double d, int i)

• Note that the return type is not part of the method 
signature
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Method Input / Output
• Whether or not a method requires parameters (and the number 

of parameters it requires if it does require any) is independent 
of whether or not it returns a value 
– Some methods do not require parameters, and do not return a value 

(for example, println() in class PrintStream)
– Some methods require parameters, and do not return a value (for 

example, setSeed() in class Random)
– Some methods do not require parameters, and return a value (for 

example, nextInt() in class Scanner)
– Some methods require parameters, and return a value (for example, 
substring() in class String)
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Method Body (1)
• The method header is followed by the method body between 

curly braces ({})
• The method body contains the statements which will be 

executed when the method is called
char charAtSum(int i1, int i2, String s) {

int sum = i1 + i2;
char result = s.charAt(sum);
return result;

}

Statements to be executed when 
method charAtSum() is called
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Method Body (2)
• The body of a method can contain statements of any type that 

we have seen so far (and more):
– Variable declarations
– Assignment statements
– Conditional statements
– Loops
– Method calls
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Method Control Flow (1)
• When a method is invoked, the flow of control jumps to the 

method and executes its code
• When the method's execution is complete, the flow of control 

returns to the place where the method was called and 
continues from there

• The invocation may or may not return a value, depending on 
how the method was defined

• If the method has a return value
– We can assign this value to a variable of the appropriate type
– We can use the method call as an operand in an expression
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Method Control Flow (2)

m1() m2()

o.m2();
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Constructors
• A constructor is a special type of method

– Its purpose is to initialize the member variables of an object

• Constructors are optional; if none is defined by the 
programmer, then a default constructor exists implicitly
– The default constructor takes no parameter
– It sets the value of the member variables to default values

• You can identify the constructor because is has no return type 
(not even void) and it has the same name as the class

• Its parameters and code body behave in the same way as 
regular methods
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Constructor Invocation
• Constructors are invoked automatically when an object is 

created using the new operator
– The new operator allocates the memory in which the object will be 

stored, and returns a reference to this memory location
– The constructor initializes this memory

• Consider the following code fragment:
myAccount = new Account(12345);

new operator Constructor call
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Part 4: Object and Method 
Details
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Account Methods (1)
• We can now add some method definitions to our Account 

class
– int getNumber(): Returns the account number of an Account 

object
– double getBalance(): Returns the balance of an Account object
– boolean getStatus(): Returns the status of an Account object
– A deposit() method, which will take a double as parameter, and 

add that amount of money to the current balance, if the account is open
• This method will return true if the deposit operation is successful, false 

otherwise
• We will consider a deposit operation to be successful if and only if the 

account is open, and the amount to be deposited is greater than or equal to 
0
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Account Methods (2)
– A withdraw() method, which will take a double as parameter, and 

subtract that amount of money from the current balance, if the account 
is open

• This method will return true if the withdrawal operation is successful, 
false otherwise

• We will consider a withdrawal operation to be successful if and only if the 
account is open, and the amount to be withdrawn is greater than or equal 
to 0 and less than or equal to the balance

– A close() method, which will close the account
• Like withdraw(), this method will return true if the closure operation is 

successful, false otherwise
• We will consider a closure operation to be successful if and only if the 

account was open before the operation, and its balance was 0
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Account Methods (3)
– A transfer() method, which will take as parameters an Account 

object and a double, and transfer that amount of money from the 
Account object the method is called on to the Account object passed 
as parameter

• This method will return true if the transfer operation is successful, 
false otherwise

• We will consider a transfer operation to be successful if and only if both 
accounts are open, and the amount to be transferred is greater than or 
equal to 0 and less than or equal to the balance of the Account object the 
method is called on

• Note that all these methods are declared within the body of the 
Account class
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Accessor Methods
• Implementation of the accessor methods:

int getNumber() {
return number;

}

double getBalance() {
return balance;

}

boolean getStatus() {
return status;

}
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The deposit() Method
• Implementation of the deposit() method:

boolean deposit(double amount) {
boolean result;

result = false;
if ((status == true) && (amount > 0)) {

balance = balance + amount;
result = true;

}
return result;

}
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The withdraw() Method
• Implementation of the withdraw() method:

boolean withdraw(double amount) {
boolean result;

result = false;
if ((status == true) &&

(amount > 0) &&
(amount <= balance)) {
balance = balance - amount;
result = true;

}
return result;

}
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The close() Method
• Implementation of the close() method:

boolean close() {
boolean result;

result = false;
if ((status == true) && (balance == 0)) {

status = false;
result = true;

}
return result;

}
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The transfer() Method
• Implementation of the transfer() method:

  public boolean transfer(Account destination,
    double amount) {
    boolean withdrawResult, depositResult;
    withdrawResult = withdraw(amount);
    depositResult = false;
    if (withdrawResult) {
      depositResult =

destination.deposit(amount);
      if (!depositResult) {
        deposit(amount);
      }
    }
    return depositResult && withdrawResult;
  }
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Using Instance Variables (1)
• Whenever you refer to an instance variable (without a prefix) 

in an instance method, the variable used will be the one 
belonging to the object that the instance method is called on

• Consider the deposit() method:
boolean deposit(double amount) {

boolean result;
result = false;
if ((status == true) && (amount > 0)) {

balance = balance + amount;
result = true;

  }
return result;

}
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Using Instance Variables (2)
• When the deposit() method is invoked on the Account object 

whose address is stored in Account variable a1, then the 
balance variable we see in the deposit() method is the 
balance instance variable of the Account object whose address 
is stored in Account variable a1

• When the deposit() method is invoked on the Account object 
whose address is stored in Account variable a2, then the 
balance variable we see in the deposit() method is the 
balance instance variable of the Account object whose address 
is stored in Account variable a1
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InstanceVariableDemo.java
public class InstanceVariableDemo {
  public static void main(String[] args) {
    Account a1 = new Account();
    Account a2 = new Account();
    boolean result;
    
    a1.status = true;
    result = a1.deposit(100.0); // *** Line 1
    
    a2.status = true;
    result = a2.deposit(300.0); // *** Line 2
    
    System.out.println("Account a1's balance #: " +
      a1.getBalance()); // *** Line 3
    System.out.println("Account a2's balance #: " +
      a2.getBalance()); // *** Line 4
  }
}

What does this display?
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Instance Variables in Methods (1)
• Execution of call to the deposit() method on line 1:

a1.deposit(100.0);

number
balance
status

12345

true

a1 a2number
balance
status

67890

0.0

true

0.0100.0

boolean deposit(double amount) {
// Code here

}
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Instance Variables in Methods (1)
• Execution of call to the deposit() method on line 1:

a1.deposit(100.0);

number
balance
status

12345

true

a1 a2number
balance
status

67890

0.0

true

100.0

boolean deposit(double amount) {
// Code here

}
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Instance Variables in Methods (2)
• Execution of call to them deposit() method on line 2:

a2.deposit(300.0);

number
balance
status

12345

true

a1 a2number
balance
status

67890

true

0.0300.0

boolean deposit(double amount) {
// Code here

}

100.0
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Instance Variables in Methods (2)
• Execution of call to the deposit() method on line 2:

a2.deposit(300.0);

number
balance
status

12345

true

a1 a2number
balance
status

67890

true

300.0

boolean deposit(double amount) {
// Code here

}

100.0
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Instance Variables in Methods (3)
• Execution of call to the getBalance() method on line 3:

System.out.println("Account a1's balance #: "
+ a1.getBalance());

number
balance
status

12345

true

a1 a2number
balance
status

67890

300.0

true

100.0

boolean getBalance() {
return balance;

}
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Instance Variables in Methods (4)
• Execution of call to the getBalance() method on line 4:

System.out.println("Account a2's balance #: "
+ a2.getBalance());

number
balance
status

12345

true

a1 a2number
balance
status

67890

true

100.0

boolean getBalance() {
return balance;

}

300.0
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Local Variables
• A method can declare its own variables
• These variables are local to the method
• Local variables are created (that is, the memory is allocated) 

each time the method is called; they are discarded when the 
method finishes execution

• Therefore, a local variable v declared in method m() does not 
retain its value between invocations of method m()

• This is different from instance variables
– As we know, instance variables are declared in the class but not inside 

any particular method
– Member variables exist throughout the lifetime of an object
– They also keep their values between method calls
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Account.java (Modified)
public class Account {
  // Other declarations come here
  boolean deposit(double amount) {
    boolean result;
    double localBalance;

    result = false;
    localBalance = 0;
    System.out.println("balance == " + balance);
    System.out.println("localBalance == " + localBalance);
    if ((status == true) && (amount > 0)) {
      balance = balance + amount;
      localBalance = localBalance + 100;
      result = true;
    }
    System.out.println("localBalance == " + localBalance);
    return result;
  }
}
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LocalVariableDemo.java
public class LocalVariableDemo {
  public static void main(String[] args) {
    Account myAccount;
    
    myAccount = new Account();
    myAccount.status = true;
    myAccount.deposit(100.0); // *** Line 1
    myAccount.deposit(100.0); // *** Line 2
  }
}

What does this display?
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Local Variables in Memory (1)
• Execution of call to the deposit() method on line 1:

number
balance
status

12345

true

a1 localBalance
0.0100.0

boolean deposit(double amount) {
// Code here

}

100.00.0
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Local Variables in Memory (1)
• Execution of call to the deposit() method on line 1:

number
balance
status

12345

true

a1 localBalance
100.0

boolean deposit(double amount) {
// Code here

}

100.0
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Local Variables in Memory (2)
• Execution of call to the deposit() method on line 2:

number
balance
status

12345

true

a1 localBalance
100.0200.0

boolean deposit(double amount) {
// Code here

}

100.00.0
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Local Variables in Memory (2)
• Execution of call to the deposit() method on line 2:

number
balance
status

12345

true

a1 localBalance
200.0

boolean deposit(double amount) {
// Code here

}

100.0
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Parameter Passing (1)
• Each time a method is called, the values of the actual 

parameters in the invocation are copied into the formal 
parameters

char charAtSum(int i1, int i2, String s) {
int sum = i1 + i2;
char result = s.charAt(sum);
return result;

}

MyObject o = new MyObject();
int count = 1;
char c = o.charAtSum(2, count, "Hello");
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Parameter Passing (2)
• The actual parameters are like the right side of an assignment 

statement
– You can pass any expression as a parameter when invoking a method
– The expression will be evaluated before the method is called, and the 

value the expression evaluates to will be copied in the formal 
parameter

• The formal parameters are like the left side of an assignment 
statement
– They MUST be variables, they cannot be expressions
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The return Statement (1)
• A return statement terminates the method

– It can occur anywhere in a method, and when it is executed, control 
goes back to the caller

– There can be more than one return statement in a method
– If the method's return type is not void, the return statement specifies 

the value that will be returned as output

• If a method does not have a void return type, all execution 
paths through this method MUST end with a return 
statement

• Methods whose return types are void are not required to have 
any return statements
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The return Statement (2)
• Consider the following method:

int absoluteValue(int i) {
if (i < 0) 

return -i;
}

• The above causes an error, because if i < 0 evaluates to 
false, the execution of the method ends without executing a 
return statement

• Making the return statement the last statement of the method 
ensures that all execution paths end with a return statement
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The return Statement (3)
• If a method's return type is not void, all return statements in 

this method must include an expression
– This expression is evaluated, and the value is returned to the method's 

caller as output
• The type of the value the expression in the return statement 

evaluates to MUST be either:
– of the same type as the method's return type
– a type which can be converted to the return type using an assignment 

conversion

• A return statement in a method whose return type is void 
cannot include any expressions
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Constructors Revisited
• Recall that a constructor is a special method that is used to 

initialize a newly created object
• When writing a constructor, remember that:

– it has the same name as the class
– it does not return a value
– it has no return type, not even void
– it often sets the initial values of instance variables 
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An Account Constructor (1)
• We now add the definition of a constructor for the Account 

class to the Account class itself
– The initial value of the number instance variable should be passed as 

parameter
– A bank account has a balance of 0.0 when it is opened
– When a bank account is first opened, its status is "open"; we will use 

the boolean value true to represent an open bank account, and 
false to represent a closed bank account
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The Account Constructor
• Implementation of the Account class constructor:

Account(int accountNumber) {
number = accountNumber;
balance = 0.0;
status = true;

}
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Objects Acting on Objects
• Sometimes an object has to interact with other objects of the 

same type
• For example, our transfer() method transfers an amount of 

money from one Account object to another:
Account a1 = new Account(12345);
Account a2 = new Account(67890);
a1.deposit(500);
boolean result = a1.transfer(a2, 100);

• One object (a1) is executing the method and another (a2) is 
passed as a parameter
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Same-Class Method Invocation (1)
• Consider:

– Class Account defines instance methods transfer(), deposit(), 
and withdraw()

– Within the method body of the transfer() method, there is a call to 
the deposit() method, and a call to the withdraw() method

– Neither of these call use the . operator to specify an object on which 
the calls are to be made

• In such a situation, these calls to the deposit() and 
withdraw() methods will be executed on the same object as 
the object the call to the transfer() method is executed on
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Same-Class Method Invocation (2)
– If the transfer() method was called on Account object a1, then 

during that execution of the transfer() method, the calls to the 
deposit() and withdraw() methods within the body of the 
transfer() method are executed on Account object a1

– If the transfer() method was called on Account object a2, then 
during that execution of the transfer() method, the calls to the 
deposit() and withdraw() methods within the body of the 
transfer() method are executed on Account object a2

• This works only for methods defined in the same class
– If transfer() and deposit() were defined in different classes, 

then you would need to prefix the call to the deposit() method 
within the body of the transfer() method with a variable of the 
appropriate class
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Part 5: Access Modifiers
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Access Modifiers (1)
• When declaring a member of a class (methods and variables), 

we can use an access modifier (or visibility modifier)
• Access modifiers are used to control which methods can refer 

to certain members of a class
• There are four access modifiers in Java, but only two are 

important in this course
– When a member is public, you can refer to it in any method defined 

in any class using the . (dot) operator
– When a member is private, you can refer to it only in methods that 

are defined in the same class
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Access Modifiers (2)
• Note that if you do not explicitly declare an access modifier, 

the default is an access modifier that is neither public nor 
private
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Using Access Modifiers
• To use an access modifier when declaring a member variable, 

place it before the variable's type
– Example: private int number;

• To use an access modifier when declaring a method, place it 
before the method's return type
– Example: public void deposit(double amount)

• Note that access modifiers do not apply to local variables or 
parameters
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Access Modifiers: Account Class
public class Account {
  private int number;
  private double balance;
  private boolean status;
  
  public Account(int accountNumber) { /* ... */  }

  public int getNumber() { /* ... */ }
  public double getBalance() { /* ... */ }
  public boolean getStatus() { /* ... */ }

  public void deposit(double amount) { /* ... */ }
  public boolean withdraw(double amount) { /* ... */ }
  public boolean close() { /* ... */ }
}
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Accessing an Instance Variable (1)
• Suppose that the instance variables of class Account are 

public:
public int number;
public double balance;
public boolean status;

Also suppose that an instance of the Account class exists and 
its location in memory is stored in reference variable 
myAccount (of type Account)

• In this case, there are two ways of accessing the instance 
variables of the Account object that variable myAccount 
refers to:
– Directly using the . (dot) operator:

double currentBalance = myAccount.balance;
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Accessing an Instance Variable (2)
– By calling a getter method (or accessor method) which returns the 

current value of the variable:
double currentBalance = myAccount.getBalance();

• Likewise, there are two ways of modifying the instance 
variables of the Account object that variable myAccount 
refers to:
– By assigning a value to it directly using the . operator:

myAccount.balance = 100.0;
– By calling a setter method (or mutator method) that performs the 

modification
myAccount.deposit(100.0);
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Encapsulation
• Accessing instance variables directly (or enabling direct 

access to instance variables) is dangerous and considered bad 
practice

• Most instance variables should only be accessible via accessor 
and mutator methods
– It ensures that programmers who use the classes you write can only 

access instance variables in ways you control
• In order to protect against direct access:

– Instance variables should be private
– All access and modifications to variables should be done via accessor 

and mutator methods
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The Account Class: Number 
• Note that the Account class does not define any method which 

change an Account object's account number
– This makes sense: once you open an account at a bank, its number 

does not change

• If the instance variables of the Account class were not 
private, a programmer could access the number instance 
variable of an Account object directly (using the . operator) 
and change it

• By making number a private variable and making sure none 
of the methods defined in the Account class can change its 
value, then we ensure that an Account object's account 
number cannot change once the object is created
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The Account Class: Fees (1)
• Suppose the bank wants to charge a fee of $1.50 for every  

withdrawal operation
• If the instance variables of the Account class are directly 

accessible, the balance of an account could be modified 
without the fee being charged when a withdrawal is made

• Solution:
– Make the instance variables private
– Charge the fee whenever the withdraw() method is called

C
O

M
P 202 – Introduction to C

om
puting 1

COMP-202 - Defining Your Own Classes 104

The Account Class: Fees (2)
public class Account {
  private int number;
  private double balance;
  private boolean status;
  public final double FEE = 1.5;

  /* ... */

  public boolean withdraw(double amount) {
    boolean result;
    result = false;
    if ((status == true) && (amount > 0) && ((amount + FEE)
      <= balance)) {
      balance = balance - (amount + FEE);
      result = true;
    }
    return result;
  }
}



C
O

M
P 202 – Introduction to C

om
puting 1

COMP-202 - Defining Your Own Classes 105

private vs. public Methods
• Methods that are to be publicly accessible should be public

– These methods implement the services provided by objects that belong 
to the class (or by the class itself)

– They are the interface with which objects of the class can be accessed 
and manipulated

• We might have some helper methods used for internal 
decomposition
– These methods support other methods in the class (other methods in 

the class call them)
– They should be declared private
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Part 6: Odds and Ends
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Pretty Printing: toString()
• Many classes contain a method that provides a String 

representation of the state of an object that belongs to that 
class

• This method is an instance method, it is public, returns a 
String, and is called toString()
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The toString() Method
• Implementation of the toString() method for the Account 

class:
public String toString() {
  String result;
  NumberFormat formatter =
    NumberFormat.getCurrencyInstance();
  result = "Account #" + number;
  if (status) {
    result =  result + " (Current balance: " +
      formatter.format(balance) + ")";
  } else {
    result = result + " - CLOSED";
  }
  return result;
}



C
O

M
P 202 – Introduction to C

om
puting 1

COMP-202 - Defining Your Own Classes 109

Uses of the toString() Method
• The toString() method is useful to display an object with 

the println() method
Account myAccount;
// ...
System.out.println(myAccount.toString());

• In fact, it is called automatically when you pass an object that 
belongs to any class to the println() method

System.out.println(myAccount);
// myAccount.toString() is automatically
// called inside println()

• If you do not define a toString() method in a class, one will 
exist implicitly
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Classes With and Without main()
• So far, we have seen two broad types of classes
• The first type consists of classes that contain main() method, 

no instance data, and no other methods
– Examples: Almost all classes we programmed so far

• The second type consists of classes that contain no main() 
method, a set of other methods, maybe some instance data and 
the ability to create objects belonging to that class
– Examples: Account, Scanner, String and other Java library classes
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Classes With a main() Method (1)
• These are classes that typically start an application
• The main() method is public, static and returns void

– Also has a special input argument
– The keyword static indicates that the method is a class method   
– The main() method can be called without having to create an object 

which belongs to the class
– Other classes can have static methods; think of methods in the Math 

class
• When we start a program, the Java Virtual Machine invokes 

the main() method of the class which acts as the starting point 
for this program
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Classes With a main() Method (2)
• A class that does not contain a main method cannot execute 

on its own; we need at least one class with a main() method 
in our application
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Applications
• In theory, each application could be written as one big Java 

class
• However, it is better to split an application into different 

classes that handle different tasks or sub-concepts of the 
application
– This makes it easier to reuse code

• In this case a "starter" class with a main() method starts the 
application, creates objects of other classes, and coordinates 
the execution of the application
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Part 7: Why Objects and 
Methods?
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Why Use Objects?
• Manageability:

– Self-contained: everything representing an object is contained in a 
single class

– Shareable and reusable: a class can be imported and used in another 
class

– Security features: access modifiers (private, protected, public) 
can be used to deny access to some members depending in which class 
wants to use them

• Life-like: Can be used to model real-life entities
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Manageability
• Programs tend to get very long, hard to debug and difficult to 

solve in one sitting
• The way to control this is to write small programs
• Large programs can be reduced to many small methods that 

are easy to debug
– This is called method decomposition
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Method Decomposition
• A method should be relatively small, so that it can be readily 

understood as a single entity
• A potentially large method should be decomposed into several 

smaller methods as needed for clarity
• Therefore, a service method of an object may call one or more 

support methods to accomplish its goal
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Decomposing Your Problem
• First: Think of the problem as a whole or think of it as you 

would solve it by hand without a computer
• Then: Try to divide the work you did into steps or parts

– Each of these steps or parts could be a potential little program 
contained in a method

• Last: Think of the parameters and return values for these steps 
or parts
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Part 8: Exercises
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Exercises (1)
1) Implement a class called Fraction. Objects which belong to 

this class represent fractions, and the standard arithmetic 
operations can be performed on these fractions. Your class 
should define the following methods:
● A constructor, which takes as input two values of type int; the first 

represents the numerator of the fraction, and the second represents its 
denominator

● Accessor methods getNumerator() and getDenominator(), 
which take no parameters and return values of type int representing 
the numerator and the denominator of the Fraction object, 
respectively
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Exercises (2)
● Methods add(), subtract(), multiply(), and divide(), which 

take a parameter Fraction object. Each of these methods returns a 
new Fraction object representing the sum, difference, product, and 
quotient of the Fraction they are called on and the Fraction object 
passed as parameter, respectively. None of these methods should 
modify the Fraction object they are called on, nor the Fraction 
object passed as parameter.

● Method toString(), which returns a String representation of the 
Fraction of the form "numerator / denominator"

● Note that the denominator of a Fraction must always be positive, 
and the Fraction must always be in reduced form; you can call the 
gcd() method of the provided MoreMath class for this purpose


