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CCllaasssseess  aanndd  OObbjjeeccttss  
 
Review of Objects/Classes: 
 

Variable: Stores either a primitive type or an object reference. 
 

Objects: Any object consists of: 
State:  
Behavior:  

 
 Each individual object you create in your program is called an object instance. 

 
Class: A definition (blueprint) for an object.  A class consists of: 

Instance variables: (also called fields)  
Class methods:  

 
new: (unlike primitive types) object instances are created by the “new” operator, which allocates 

space in the heap. 
Reference:  

 
Visibility:  

 
 
 

MMeetthhooddss  
 
Review of Methods: 

Methods define an object’s behavior 
 

Method visibility: 
public: Accessible from both inside and outside the class 
private: Accessible from only inside the class 

 
Method types: Each method returns a value of a specified type or no value (void). 

 
Parameters:  

 
Static/Non-static Methods: 

 
Non-Static (the default): associated with a single instance  

 
Static: are not associated with any one instance, but are shared by all. 

 
Overloading: Having the same name, but different parameter types. 



 
IInnssttaannccee  VVaarriiaabblleess  

Review of Instance Variables: 
 

Variables come in two basic types: 
 

Instance variables: sit within a class, but not within any method.   
 

Local variables: (are not instance variables) They sit within a particular method.   
 

Visibility: (private, public) is the same as for methods.   
 

Static/Non-static Instance Variables: 
Non-Static (the default): associated with a single instance. 

 
Static: not associated with any one instance, but are shared by all instances. 

 
 
 
 
 

CCoonnssttrruuccttoorrss  
 
Constructor: a method that initializes the data for an object. 
 

– It is automatically invoked, whenever a new object instance is created using “new”.  
 
– It is important in guaranteeing that an object’s initial state is valid. 

 
 public Date( int m, int d, int y ) { 
     month = m;  day = d;  year = y; 
     if ( m < 1 || m > 12 ) { 
         System.out.println( “Error: month is out of range" ); 
         System.exit( 0 ); 
     } 
 } 

 
– The term “constructor” is misleading; think of it as an “initializer”. 



 
 

CCoonnssttrruuccttoorrss  
 
Constructor Elements: 
 

– It has the same name as the class. 
 

– It has no return type.  (But it is not declared as void.) 
 

public Date( int m, int d, int y )     // okay: Date constructor 
public void Date( int m, int d, int y )    // no: a method named “Date”  

 
– It can be overloaded. 

 
– It can call other methods, but other methods generally cannot call it.  

 
 
Visibility: Constructors can be public or private, but they are usually public. 
 
 
 

EExxaammppllee::  RRaattiioonnaall  
Let us consider a class Rational, which implements a rational number as a fraction: 

 
 numerator / denominator 

 
Both quantities are integers.  We want our class to support methods for: 
 

– Initializing a new rational number (constructors) 
 

– Converting a rational number to a string (for printing) 
 

– Accessing and modifying the value of the number 
 

– Comparing two rational number for equality 
 

– Performing basic rational operations (reciprocal, multiply, etc.) 
 



 
 

CCoonnssttrruuccttoorrss  ffoorr  RRaattiioonnaall  
 
Instance variables: 

Numerator: int numer; 
Denominator: int denom; 

 
Constructors: 
 

No-argument (default) constructor:  
 

Standard constructor:  
 

Integer-valued constructor:  
 

Copy constructor:  
 
To simplify their implementation, we define a private utility 
 

  set( int n, int d ) 
 

which sets the value of the numerator and denominator. 
 
 
 

EExxaammppllee::  CCoonnssttrruuccttoorrss  ffoorr  RRaattiioonnaall  
 
 
public class Rational { 
 private int numer;  // numerator 
 private int denom;  // denominator 
 
 private void set( int n, int d ) { numer = n; denom = d; } 
 
 public Rational( ) { set( 0, 1 ); } 
  
 public Rational( int n, int d ) { set( n, d ); } 
 
 public Rational( int n ) { set( n, 1 ); }  
  
 public Rational( Rational r ) { 
     if ( r == null ) {  // cannot initialize from null! 
         System.out.println( "Illegal construction from null reference" ); 
         System.exit( 0 ); 
     } 
     set( r.numer, r.denom ); 
 } 
 // … (rest of class omitted for now) 
} 



 
EExxaammppllee::  UUssiinngg  RRaattiioonnaall  CCoonnssttrruuccttoorrss  

 
  Rational r0 = new Rational(  );    
  Rational r1 = new Rational(  2, 5 ); 
  Rational r2 = new Rational(  4, 10 ); 
  Rational r3 = r1; 
  Rational r4 = new Rational( r1 ); 
  Rational r5 = null; 

 
Memory map: 
 
 
 
 
 

DDeeffaauulltt  CCoonnssttrruuccttoorr  
 
No-Argument Constructor: 
  

A constructor with no arguments (sometimes called a default constructor).  It is a good idea to 
provide such a constructor, since a class user may not have a good initial setting for class 
known. 

 
Java’s default constructor: 
 

If you do not provide any constructor, Java provides one that sets: 
 

• all numeric instance variables to 0,  
• all boolean instance variables to false, and  
• all references instance variables to null. 

 
But, if you provide even one constructor (even if it has arguments) Java provides no default 

constructor. 



 
CCooppyy  CCoonnssttrruuccttoorr  

 
Copy Constructor: Initializes this object to be a copy of another. 
 
 

 public Rational( Rational r ) { // copy constructor 
     if ( r == null ) {  // cannot initialize from null! 
         System.out.println( "Illegal construction from null reference" ); 
         System.exit( 0 ); 
     } 
     set( r.numer, r.denom ); 
 } 

 
Notes: 

– Always check that the object being copied is non-null. 
 

– Copying is important to avoid aliasing. 
 

Rational q = r;   // bad! q is an alias to r (one instance) 
Rational q = new Rational( r ); // good: creates a new instance 

 
– Java recommends that instead of copy constructors, you use a method called clone.  (We will 

discuss this later, but use copy constructors until then.) 
 
 
 

  
 

AAcccceessssoorrss  aanndd  MMuuttaattoorrss  
 
Since class instances variables are usually private, it is common to define special methods to 

read or modify their values.  
 

Rational public accessors: (for reading) 
int getNumerator( ) : returns value of numerator 
int getDenominator( ) : returns value of denominator 
double doubleValue( ) : returns number value as a double 
double floatValue( ) : returns number value as a float 

 
Rational public mutators: (for modifying) 

void setNumerator( int n ) : set the numerator 
void setDenominator( int d ) : set the denominator 
void setValue( int v ) : set the entire value to v (i.e., v/1) 

 



EExxaammppllee::  AAcccceessssoorrss//MMuuttaattoorrss  ffoorr  RRaattiioonnaall  
 
 
public class Rational { 
 
 // … (instance variables and constructors omitted)… 
 
 public String toString( ) { 
  String result = numer + "/" + denom + " ( " + doubleValue( ) + " )"; 
  return result; 
 } 
 
 public int getNumerator( )   { return numer; } 
 public int getDenominator( ) { return denom; } 
 public double doubleValue( ) { return ( double ) numer / ( double ) denom; } 
 public float floatValue( )  { return ( float ) numer / ( float ) denom; } 
 
 
 public void setNumerator( int n ) { numer = n; } 
 public void setDenominator( int d ) { denom = d; } 
 public void setValue( int v ) { set( v, 1 ); } 
 
 // … (rest of class omitted for now)… 
} 

 
 
 

EExxaammppllee::  AAcccceessssoorrss//MMuuttaattoorrss  ffoorr  RRaattiioonnaall  
 
 
public static void main( String[ ] args ) { 
 
 Rational u0; 
 u0.setNumerator( 3 ); 
 
 Rational u1 = null; 
 u1.setNumerator( 3 ); 
 
 Rational u2 = new Rational( );  
 u2.setNumerator( 2 ); 
 u2.setDenominator( 3 ); 
   
 System.out.println( u2 ); 
 System.out.println( u2.toString( ) ); 
 
 System.out.println( "float = " + u2.floatValue( ) ); 
 System.out.println( "double = " + u2.doubleValue( ) ); 
   
 u2.setDenominator( u2.getNumerator( ) ); 
} 



 
MMuullttiipplliiccaattiioonn  ffoorr  RRaattiioonnaallss  

 
Multiplication: Want to multiply Rationals q and r. 
 
 

Static multiplication of two arguments: Returns a new rational: 
 

Rational p = Rational.multiply( q, r ); // p = q*r 
 

 This method will call new to create a new Rational number and return its reference. 
 

Nonstatic equivalent of the above: Returns a new rational: 
 

Rational p = q.multiply( r );  // p = q*r 
 

 This behaves the same as the above method.  But the style is little uglier, because it lacks 
symmetry.  (We won’t do this.) 

 
Nonstatic multiplication, which modifies q: 

 
q.multiplyBy( r );   // q *= r 

 
 No new object is created, and q is modified as a result.  It is okay for this to be asymmetric, 

since only q is modified. 
 
 
 

EExxaammppllee::  MMuullttiipplliiccaattiioonn  ffoorr  RRaattiioonnaallss  
public class Rational { 
 // … (previous stuff omitted)… 
 
 public static Rational multiply( Rational q, Rational r ) 
  { return new Rational( q.numer * r.numer, q.denom *r.denom ); } 
 
 public void multiplyBy( Rational r ) 
  {  numer *= r.numer;  denom *= r.denom;  } 
 
 // … (rest of class omitted for now)… 
} 
 
 
public static void main( String[ ] args ) { 
 Rational s1 = new Rational( -3, 8 );  
 Rational s2 = new Rational( 2 ); 
 Rational s3 = Rational.multiply( s1, s2 ); 
 System.out.println( s1 ); 
 System.out.println( s2 ); 
 System.out.println( s3 ); 
 s1.multiplyBy( s2 ); 
 System.out.println( s1 ); 
} 



 
EExxaammppllee::  EEqquuaalliittyy  TTeessttss  ffoorr  RRaattiioonnaall  

 
 

public class Rational { 
 // … (other stuff omitted)… 
 
 public static boolean equals( Rational q, Rational r ) 
  { return q.numer * r.denom == r.numer * q.denom; } 
 
 public boolean equals( Rational r ) 
  { return equals ( this, r ); } 
 
 public static boolean identical( Rational q, Rational r ) 
  { return q.numer == r.numer && q.denom == r.denom; } 
} 
 

 
 
public static void main( String[ ] args ) { 
 Rational t1 = new Rational( 2, -4 ); 
 if ( t1 == -0.5 ) … 
 if ( t1 == Rational( -1, 2 ) ) … 
 if ( t1 == new Rational( -1, 2 ) ) … 
 if ( t1.equals( new Rational( -1, 2 ) ) ) … 
 Rational t2 = new Rational ( -3, 6 ); 
 if ( Rational.equals( t1, t2 ) ) … 
 if ( Rational.identical( t1, t2 ) ) … 
} 

 
 
 

HHiiddiinngg  
When can things have the same name? 
 

– Methods can have the same name (if parameter signatures differ) 
– Instance variables cannot have the same name (in the same class) 
– Local variables cannot have the same name (in the same method) 

 
– How about an instance variable and local variable? 

 
public class FooBar { 
    private int data1;  // instance variable 
    public void someMethod( ) { 
        double data1;  // is this allowed? 
        data1 = 5;   // which data1 is altered? 
    } 
} 

 
– This is allowed. The local variable takes precedence, and hides the instance variable.   

 
– You can explicitly access the instance variable from within someMethod( ) using this.data1. 



 
 

WWrraappppeerrss  
 
Java variables are either: 
 

Primitive types (int, float, double, …): 
 

 
 

Class Objects (String, Date, Rational, …): 
 
 
 
 

Wouldn’t it be nice if we could associate methods with primitive types? 
 
 
 
 

WWrraappppeerrss  
Wrappers: Each class “wraps” a class around a primitive type. 
 

Primitive type  Wrapper
byte   Byte 
short   Short 
int   Integer 
long   Long 
double   Double 
char   Character 
boolean   Boolean 

 
 



 
WWrraappppeerr  MMeetthhooddss  

 
Each Wrapper provides a number of useful methods.  
 
Integer Wrapper: (other numeric wrappers are similar) 
 

Constructor: Integer x = new Integer( 324 );  
   (no default constructor is provided) 

 
Max and min: Integer.MAX_VALUE largest positive int 
   Integer.MIN_VALUE smallest negative int 

 
Conversions: byte b = x.byteValue( ); cast x to byte 
   double d = x.doubleValue( ); cast x to double 
   int i = x.intValue( ); return integer value 
   … 

 
Convert string to int: 
   int k = Integer.parseInt( “123” ); 

 
Convert int to string in various bases: 
   String s1 = Integer.toBinaryString( 21 ); base 2 
   String s2 = Integer.toHexString( 21 ); base 16 
   String s3 = Integer.toOctalString( 21 ); base 8 
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