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* OO principles
— Keys: abstraction, encapsulation, sharing
e Javabasics
— Everything is an Object
* Object “contract”
» Downcasting

— Objects are always referenced on the Heap
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Visibility Modifiers

* Indicate visibility of

— Classes

— Methods

— Fields
» Support abstraction

— Clients unaffected by change in implementation
 Support encapsulation

— Prevents |leaking of information to clients
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Class modifiers

* public—class visible outside package
 final —no other class can extend this class

e abstract — no instances of this class can be

created
— only instances of extensions of the class

* No modifier implies package-level scope
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Variable / method visibility

* public —visible everywhere
 private—visible only within this class

protected — visible within same package or in
subclass

package (default) — visible within same package
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|nstance vs. static variables

e static —the datais stored “with the class’

— static variables alocated once, no matter how
many objects created

— static methods are not specific to any class
instance, so can't refer to this or super

» Can reference class variables and methods
through either class name or an object ref

— Clearer to reference via the class name
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|nstance vs. static

Class definition Objects of class Foo

Public class Foo {
int foo;
static int bar;

}

Class implementation ‘
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 public static void main(String arg[]) { ... }
 public class Math {
public final static Pl = 3.14159...;
}
* public class System {
public static PrintStream out = ...;

}
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| nstance variable modifiers

« final — can't be changed; must beinitialized
in declaration or in constructor

* transent, volatile
— will cover later
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Method modifiers

* final —this method cannot be overridden
— useful for security
— alows compiler to inline method
 abstract —no implementation provided
— class must be abstract

* native, synchronized
— will cover later
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Method invocation

* Method names can be overloaded

— method invoked is determined by both its name and the
types of the parameters

— resolved at compile-time, based on
compile-time types
» Methods can aso be overridden
— define amethod also defined by a superclass
— arguments and result types must be identical

— resolved at run-time, based on type of object method is
invoked on
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« Overriding class Parent {

et int cost;
— methodswith samename o st x) {

and argument typesin

. . cost +=X;
child class override }
method in parent class
— you can override/hide class Child extends Parent {
instance variables void add(int x) {
* both variables will exist, if (x> 0) cost +=x;
but don’t do it ]
}
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Overloading

» Methods with the same name, but different

parameters (count or types) are overloaded
class Parent {
Int cost;
void add (int x) {
cost += X;

}
void add (String s) throws NumberFormatException {
} cost += Integer.parselnt(s);

}
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Dynamic Method Dispatch

* |f you have aref a of type A to an object
that is actually of type B (a subclass of A)
— instance methods invoked on a will get the
methods for class B (like C++ virtual functions)

— class methods invoked on a will get the
methods for class A

* invoking class methods on objects strongly
discouraged
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Simple Dynamic Dispatch Example

public class A {
String f() {return “Af() “; }
static String g() {return “A g() “; }
}

public class B extends A {
String f() {return “B.f() “; }
static String g() {return “B.g() “; }
public static void main(String args[]) {
A a = new B();
B b = newB();
Systemout.printin(a.f() + a.g() +
. ~ bf() +b.g();
} JavaB generates:
! B.f() A.g() B.f() B.g()
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* thisrefersto the object the method is
invoked on

o super refersto the same object asthis

— but used to access methods/variablesin
superclass

e Like C++
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Declaration syntax same as C++

— no return type specified

— method name same as class

First statement can be this(ar gs) or super (args)
— if those are omitted, super () iscaled

— must be very first statement, even before variable
declarations

not used for type conversions or assignments
void constructor generated if no constructors given

CMCS 433, Fall 2002 - Michael Hicks 43

Garbage collection

» Objectsthat are no longer accessible can be
garbage collected

» Method void finalize() called when an object is
collected

— best to avoid using it, since no way to tell when it will
get called

» Garbage collection not amajor performance
bottleneck
— new/deletein C++ can be expensive too
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Detailed Example

e Shows

— polymorphism for both method receiver and
arguments

— static vs. instance methods
— overriding instance variables
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Source code for classes

class A {
String f(AXx) { return “Af(A “; }
String f(B x) { return “Af(B) “; }
static String g(A x) { return “A.g(A “; }
static String g(B x) { return “A.g(B) “; }
String h = “A h”;
String getH() { return “A.getH(): " + h; }

}

class B extends A {
String f(AXx) { return “B.f(A)/ “ + super.f(x); }
String f(Bx) { return “B.f(B)/ “ + super.f(x); }
static String g(A x) { return “B.g(A “; }
static String g(B x) { return “B.g(B) “; }
String h = “B. h";
String getH() {

return “B.getH(): " + h + “/” + super.h;

}

}
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A a=new A(); A ab=new B(); B b=new B();

System.out.printin( af(a) + af(ab) + af(b) );

IHAF(A) Af(A) Af(B)

System.out.printin( ab.f(a) + ab.f(ab) + ab.f(b) ); .

I BFAYAF(A) BF(A)AFA) B.A(B)A.F(B) Invocation
System.out.printin( b.f(a) + b.f(ab) + b.f(b) ); and results
11 Bf(A)Af(A) B.f(A)Af(A) B.f(B) Af(B)

System.out.printin( a.g(a) + ag(ab) + a.g(b) );

I A.g(A) A.g(A) A.g(B)

System.out.printin( ab.g(a) + ab.g(ab) + ab.g(b) );
I A.g(A) A.g(A) A.g(B)

System.out.printin( b.g(a) + b.g(ab) + b.g(b) );

/I B.g(A) B.g(A) B.g(B)

System.out.printin( ah +* “ + agetH() );

//Ah AgetH():A h

System.out.printin( ab.h +“ * + ab.getH() );

/I Ah B.getH():B.h/Ah

System.out.printin( b.h +* “ + b.getH() );
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What to notice

* Invoking ab.f(ab) invokes B.f(A)

— run-time type of object determines method invoked
— compile-time type of arguments used

ab.h givesthe A version of h

ab.getH()

— B.getH() method invoked

— in B.getH(), h gives B version of h

Use of super in class B to reach A version of
methods/variables

super not allowed in static methods

CMCS 433, Fall 2002 - Michael Hicks 48

CMSC 433,Michael Hicks, U. Maryland
(viaW. Pugh, A. Sussman, and A, Porter)



» Aninterface lists supported methods
— No constructors or implementations allowed
— Can havefinal static variables

A class can implement (be a subtype of) one or
more interfaces

» Using the name of an interface asatype (i.e. to
declare avariable) means

— areference to any instance of aclass that implements
the interface is a permitted value

— null isalso allowed
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|nterface example

public interface Conparable {
public int conpareTo(Object 0)

public class Wil {
public static void sort(Conparable []) { ...}

public class Choices inplenments Conparable {
public int conpareTo(Object o) {
return ...;
}
}

Choi ces [] options = ...;
Util.sort(options);
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No multiple inheritance

A classtype can be a subtype of many other
types (implements)
 But can only inherit method

implementations from one superclass
(extends)

* Not abig dedl

— multiple inheritance rarely, if ever, necessary
and often badly used

o Andit's complicated to implement well
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Poor man'’ s polymorphism

» Every object isan Object
» Thus, adata structure Set that implements
sets of Objects
— can summarily hold Strings
— Oor images
—or ... anything!
» Thetrick is getting them back out:
— When given an Object, you have to downcast it
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cl ass DunmbSet {
public void insert(Object o) {..}
public bool menber(Object o) {..}
public Object any() {..}

cl ass MyProgram {

public static void main(Strin
DumbSet set = new DunbSet ()
String s1 = “foo”;
String s2 = “bar”;
set.insert(sl);
set.insert(s2);
Systemout.println(sl+"in set?” +set.nenber(sl));
String s = (String)set.any(); // downcast
Systemout.println(“got “+s);

g[] args) {
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» To create Integer, Boolean, Double, ...
— that isasubclass of Object

— useful/required for polymorphic methods
« HashTable, LinkedList, ...

— used in reflection classes
* Include many utility functions
— e.g., convert to/from String
* Number: superclass of Byte, Short, Integer,
Long, Float, Double
— allows conversion to any other numeric primitive type
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Array types

o If Sisasubtypeof T
— §[] isasubtype of T[]

» Object[] isasupertype of al arrays of
reference types

» Arrays must be homogeneous

— Storing into an array generates a run-time check
that the type stored is a subtype of the declared
type of the array elements
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Example: Object|]

public class TestArrayTypes {
public static void reverseArray(Object [] A {
for(int i=0, j=Alength-1; i<j; i++j--) {
bject tnmp = Ali];
Alil = A
Alj]l = tnp;
}
}

public static void main(String [] args) {
reverseArray(args);
for(int i=0; i < A length; i++)
Systemout.println(args[i]);
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