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Outline of Topics

e Basic principlesof inheritance
o Javadetails
— visibility rules
— methods and dynamic binding
— abstract and final methods and classes
— the super keyword (constructors and chaining)
o Examplesof inheritancein everyday Java
— Exceptions
— Abstract window todlkit
o Interfaces, templates, and function objects
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Inheritance

o Allowsthe aeation of new typeswith
additional properties of theoriginal type.

« When writing the codeto definethe new type,

we should not alter any of the code for the
original type (don't break what already works).

e Inheritancetypifiesan | S-A relationship.

e Basic mechanism for code reuse.
— Direct reuse: get new classes from old without cut-
and-paste
— Indirect reuse: existing routineswork with new
clases automatically
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Polymorphism

o A polymorphic reference type an reference
objedsof several different types.

o When operationsare applied tothe
polymor phic type, the operation appropriate to
the actual referenced object isautomatically
selected.

o Windows example: double clicking on an icon
calls an appropriate open function, depending
on thetype of file (word document, html
document, etc.). WindowsFileisthe
polymor phic object, and it can encompass
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Windows File Example

AbstractWindowsFile could be considered a
class.

We could have various extensions (also classs).
Some operationsin AbstractWindowsFile apply
throughout (e.g. sizeOfFile).

Some oper ations apply only to specific files
(such as open and print). jmageriie — 10

jpedfile
. . 1 / I
AbstractWindowsFile — TextFile — largefile
smallFile
—— Wordfile
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Polymorphic Behavior
Abstra ctWin dowFil e f;
if ( blah)
f = newMSWad(" image.doc " );
el se
f = new Note Pad( "image.tx t");
f. prin t(); /I Shouldcallc orrec t pri nt

System. out. print In(f .siz e() );// onlyl size

o Polymorphic behavior such asprint ~ will
involve a run-time decision.

o However, size isthesamefor any file, and
doesnot requirearun-time decision.
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Coding Effort

e Writethe sizeroutinein AbstractWindowFile;
all thederived classsinherit its
Implementation.

e Declarethat the print routineis availablefor
classesin the AbstractWindowFile hierarchy,
but that each classin the hierarchy must
provide a meaningful implementation.
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The extends Clause

publicclas s Deri vedCl assexte ndsB aseCl ass
{
}

o New classes areformed via extends. |f nothing
elseisdone, then

— Deri vedClass isanew classand can be used
whenever a BaseClass isneeded (but not vice-
versa).

— The data membersthat comprise BaseClass now
comprise DerivedCl ass.

— All public methodsin BaseClass areinherited
unchanged by Deri vedClass .
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Derived Class Data

e Derived class can add additional data
members.

¢ It cannot remove data members.
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Data Layout for Inheritance

e If wehave
class Derived extends Base
{
private int newData
} Only Base classcan
Base Derived  accessprivate Base data

Only Derived classcan
accessprivate Derived data
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Visibility

e private methodsand datain the base dassare
not accessblein derived class. Thefollowing

does not work:
cl ass B ase

{

priva tei ntx;

/I Cher stuffomitted .

}
cl ass D eriv edex tends Base
{
/I Deri vedh asa data memberx, inhe rite d,bu t
publi ¢ int get X() { ret urn x;} /1t hisf ails
}
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Name-Clashed Data Is Kept
Separate Even If Public
clas s Person {
int age=37 ;
int getAge( )
{ returna ge;}//A | ways uses Person:a ge
}
clas s OldPerso n extends Person {
int age=99 ;
int setAge( )
{ age=50 ; } //Al ways uses OdPerson: : age
public stati ¢ void mai n( String [Targs) {
OdPerson p =new Ol dPerson()
p.setAge( );
System.out . printin( p.getAge( ) );
}
}
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Derived Class Methods

publicclas s Derived exte ndsB ase

{
pu blic  void meth odl() { yadaYada( );}

pr ivate void meth  od2() { }
}

e public methods: method 1 isnow defined for
class Derived. If an identical method (same
signature) was defined for Base, it is
overridden for Deriv ed objects. Behavior is
polymor phic.

e private methods: In C++ if meth od2 was
defined for Base, it isnow disabled for

Der ived . InJavathisisillegal.. 13

Inheritance and Visibility

¢ Inheritancestypifies IS-A relationship.
Everything base can do, derived can do, plus
possibly more.

e CANNEVER REDUCE VISIBILTY WHEN
OVERRIDING.

e Cannot overrideinstance method with static
method and viceversa
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protected

protected members can be accessed in derived
class

They can also be accessed by other methodsin
any classthat isin the same package

In previous example, if x was protected, the x
member of Deri ved would be accessible by
derived.

Generally, it'sbest to avoid proteded; use base
class accessorsif needed.

Tuesday, September 05, 2000 Copyright 1996, 199, 2000M. A. Weiss 15

Final Methods and Classes

A final method cannot be overridden.

A final method indicatesto readers of the code
that the method isinvariant over the
inheritancehierarchy. Example: the SizeOf
routine for the AbstractWindowsFile.

Declaring amethod final preventsthe derived
class from erroneoudly redefining a class
method.

Declaring amethod final allowsthe compiler to
perform inline optimization.

Final classes cannot be extended.
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Dynamic Binding

o Not applied for static methods, private
methods, or final methods

e Two step algorithm:

— Compiler deduces sgnature of appropriate method
based on static types of parameters

— VM walks path up from dynamic type until it
reaches Objed; first classthat hasthe method being
sear ched for islast overriding implementation and
isused

— If no classisfound an exception isthrown

o Implementssingle dispatch
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Abstract Methods and Classes

e An abstract method is a method that cannot be
reasonably defined for a class, but makes sense
for the dass' extensions. Example: the
displayFileroutinefor AbstractWindowsFile.

o Abstract method isa placeholder.

e Any classwith an abstract method isan
abstract class.

¢ An abstract class cannot beinstantiated.

e A subclass of an abstract classis abstract
unlessit overridesall abstract methods.

Tuesday, September 05, 2000 Copyright 1996, 1999, 2000M. A. Weiss 18




Example of final and abstract

abstrac t public classShap e {
abs tract publicd oubleare a();

fin alp ublicbool eanl| essThan( Shaperhs) {
ret urna rea( ) <r hsarea( );

}

fin alp ublicdoub 1legetArea() {
ret uma rea( );

}
}

e Derived class must implement ar ea, and may
not override ather less Than or getAre a.
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super
e Used to access member of theimmediately
extended from class

e Used to call the parent constructor (syntax is
same as g/ntax used for thisto call class
constructor).

cl ass A {
pub lic A(in t x, inty ) { blah 1;}
pub lic Strin g toString ( ) { ret urnb |ah2; }
}
cl assB ext ends A {
pub lic B(in t x, inty , int z)
{ super(x , y),; blah3; }
pub lic Strin g toString ( )
{ ret urns uper. toStr ing() + blahd ; }
} Copyright 1996, 1999, 2000M. A. Weiss 20




Polymorphism Example

e A Shape, G rcle ,and Squar e class

publ i cabstrac t classS hape
{
public abstr actdoubl e area()
}
publ icclassC ircleext endsShap e
{
public Circl e( double rad) { radius = rad; }
public Strin g toStrin  g() ( return “C  ircle:” + radius; )
public doubl e area() {return Ma h.Pl*r adius*ra  dius;}
pri vate doub | eradius ;
}
publ i cclassS quare ext ends Shap e
{
public Squar e(double s) { side =s; }
public Strin g toStrin  g() ( return“S  ide:” + side; );
public doubl e area() {return si de *side ; }
pr i vate doub | e side;
}
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Can Print Area for a Collection

publ i cclassU seShapes
{
public stati c voidma in(Strin g[]args)
{
Shape[]s = new Shape[3];
s[0]=n ew Circle ( 4.0);
s[1]=n ew Square ( 5.0);
s[2]=n ew Circle ( 2.5);
printAreas ( s);
}
public stati c void pr i ntAreas( Shape[] arr)
{
for(inti =0;i< arrleng th;i++)
if( arr[ ill=n ull)
System . out.prin  tIn(arr| i+ +arrf i ].area() );
}
}
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Analysis of Example

e ar ea for Shape classused smply asa
placeholder so we can call area for both
Circle and Squar e using dynamic binding

o Can add anew class(e.g. Recta ngle )
— without any changeto Shape

— without any changeto print Areas (indirect code
reuse)

— only havetowrite Rectangle , and haveit extend
Shape

e in stanc eof operator not used
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Type Compatibility

o A referenceto a base-classtype can beused to
access an object of aderived class.

e Can only select membersthat make sense for
the static type of a reference.
— May need to down cast
— Cast will be chedked at run timefor validity
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Type Compatibility Examples

cl ass B ase

{
publicv oidf oo(){. .}
}
classDerivede xtends B ase
{
publicv oidbar(){. )}
}
Derivedd 1=n ewBase() ; /11 11egal
Baseb 1=n ewDerived() ; /1L egal
Derivedd 2=( Derived)b 1; //L egal;c astr equired!
d2. bar () ; /1L egal
((Base)b 1).bar() ; //L egal;c astr equired
Baseb 3=n ewBase() ; /L egalo fc ourse
((Derived)b 3).bar() ; /IL egal;t hrowsar untinee xception
/Ib ecaused ynamict ypei snotD erived
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Immutable Object Pattern

o Can useinheritanceto control mutability:
cl ass| mmutableP erson

{
//on lya ccess ors
}
cl ass P erso n ext ends | mmutable Perso n
{
//ad dsmutato rs
}
void prin t Pers ons( | mmutable Perso n[]p )
{
/I  Oc ourse, candown casthere , buttha t'’s
/I sameas c astin g away constne ssin C++.
}
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Objec t class

Root of all inheritance

Defines sever al useful methods:
— toSt ring

— equal s

— getC | ass
Defines some tricky stuff

—clon e

— fina |ize

Thread stuff

— wait , notify , not i fyAll
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Exceptions

o Exceptionsare an exampleof Java's use of
inheritance

e An exception isthrown for an exceptional
circumstance (bad file, array out of bounds,
etc.).

e Syntax:

th row AnyExcepti onObj ect;

e Only objectsthat are subclasses of
ja vala ng.T hrowable may bethrown.

e Semanticsaresimilar to C++; exceptions
propagate back until caught.
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Kinds of Exceptions

e Thr owabl e istheroot of all exceptions

e Error isasubclass represents VM errorssuch
as QutOfM emoryErro r

o EXxception isa subclass; represents non-VM
errors.

e RunTime Exce ption isa subclassof

Excepti on; representsbugs:
Nul IPoi nter Excep tion , Ari t hmeti cExc epti on,
ClassCastEx cepti on, Array | ndex QutOf BoundsExc eptio n.

e Every thing elseisa checked exception:
IOException .
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Exception Example

publicclas s Underflo w extends Thro wable

{
publ i cUn derfl ow(S trin g Thr ower. )
{ super ( Thrower );}

}
o Brief Exception Rules:

— Uncaught checked exceptions must belisted in a
throwslist.

— Thro wable providesroutinesto print a message.
— To catch an exception, enclose code in atry block.
— After try block, provide atch statements.
— There isalso afinally clause (unlike C++).
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Exception Details

A try block must have one or more catch blocks
or afinally block or both

o Usethefinally block to clean up resources
o Useexceptionsonly for exceptional occurrences
o Never use exceptions as a cheap goto

o Costly to catch; mostly freeif exception is
never thrown

o An exception thrown in a catch or finally block
replaces any active exception; areturn valuein
thefinally block replacesareturn valuein atry
block
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Exceptions and Inheritance

e An overriding method cannot add to the
throws of the method it isoverriding list

e An overriding method can ssimplify throwslist
with a subset of exceptions

e Legal tohaveathrowslist even if
implementation has no throws clause

e First matching catch block wins; compiler will
detect unreachable or silly catch blocks

o Can catch all exceptions by catching
Throwable, but that’s danger ous.
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Abstract Window Toolkit

e Makesheavy use of inheritance.
o Detailseventually

Conane]

o
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Interfaces

o No multipleinheritancein Java; the alternative
istheinterface.

e Aninterfaceisan abstract classthat definesno
non-abstract methods. Theword interface
replaces abstract class.

¢ Interface can also contain constants.
public inte r face Draw able

{
//au tomaticall y public anda bstr act
void setColor(Colo r c );

}
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Using Interfaces

o Classimplementsan interface

e No limit on the number of interfaces
implemented
¢ A classthat implementsan interface X may be

used wherever it could be used if it extended
class X.
public clas s Rectangl e impl ements D rawabl e
{
/I Normal Re ctang | e st uff
/I Must then prov idean implementati onof set Color
pub | ic void setColor( )
{ bla h;}
}
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Interfaces are Abstract Classes

o Compiler will generate a .classfile

o Only publicinterfacesvisible outside of
package, and must bein file of the same name

o Classthat implements an interface satisfiesthe
| S-A property, and objects of that type satisfy
in stanc eof

o Classthat implementsinterface must declare
all interface methods public (why?)

o Classthat implementsinterface but not all
methods must be declar e abstract

e Can extend mterfacesg en multipleinterfaces)
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Interfaces Cannot Grow

e Onceyou publish an interface you cannot add
toitin later versions of your code

— breaksany classthat already implemented the
interface because now it must be dedared abstract

— samerulefor abstract classs: cannot add abstract
methods latein the design
e Ontheother hand, it ispreferableto keep
interfaces snall.

— Need some goad patternsto combinelots of small
interfaces, rather than write a few large ones
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Main Uses of Interfaces

o Multipleinheritance
e Templates
o Function objects
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Multiple Implementation Inheritance

o Difficult todo corredly
— Often inherit conflicting implementations
— Need more syntax ; what does super mean?
— Supported in C++, and isvery confusing
— C++ expertsrecommend only multiple interface
inheritance (inherit functionality but not
implementations)
o Multipleimplementation inheritanceillegal in
Java; can only extend one class.
o Multipleinterfaceinheritanceislegal;
formalizesthe advice of C++ experts
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Templates

e Javadoesnot support templates.

e They can befaked using inheritance: use

Ob ect asthe dass
cl ass O bjCe | |

{
pub lic Objec t read() {

ret urns tored Value ;

}
pub lic void wite ( Object x ){

sto redVal ue = x;

}

pri vate Obje ctst oredV alue ;

}
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Two Problems

¢ Built-in-typeisnot an Oy ect , so hjCel |
cannot store an int, for instance. Solution: use
wrapper classes such as| ntege r, Doubl e,
etc., which are predefined.

e Ifanin teger is doredintheOl Cell  m

then the statement below does not work,
because the method returnsan Obj ect , and
an Qbjec t isnot an Inte ger . Solution

involves a type conversion.
Integer x= mae ad() ; / /Wr ong!
Integer x= (Int eger)(m. read()); /10K

Tuesday, September 05, 2000 Copyright 1996, 199, 2000M. A. Weiss

41

Using the ObjCel | for ints

cl ass T estObjCel | {
sta tic publi ¢ void main(S tringargs [ ] ) {
Obj Cell m =n ew Obj Cel | ();
m.w r ite( new Integer( 5)) ;
Sys tem.outpr intihn ( "Cellc ontentsare"
+ (Inte ger)m.read() );

}
}

o All wrappersdefineatoSt ring method.

e Int eger definesanintV alue method that
returnsanin t.

e Wrappersarefinal classes (so methodsare
inlined, with little overhead for using them).
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Generic Algs That Require Functions

o Routineslike sorting cannot simply take
Ob ect : how to apply sort?

o Definean interface, and algorithms can work
on objects of the interfacetype.

inte rface Comp arable {
boolean comp areTo( Obj ect other );
}
publ i cclassU tils {
//Cansor t Objects thatimple nentCompa rableinte rface

public void staticsor  t (Compara ble[] arr ) {
/ | sorting algorithm that orde rsbytest s suchas
i f( arrli] . compareTo ( arr[j]) <0)
}
}
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Function Object

o Cannot passafunction asa parameter toa
procedure; can only pass primitives and
references

e Object = state plusmethods

o Createa stateless object with the method you
want to pass, and send thereference

e Threesteps
— Agred upon function isplaced in an interface
— Classimplementsthe interface with function def

— Objed of that type created; ref toit ispassed to the
procedure, which can call function through theref
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Example: The Library Side

e Definea Compar ato r interface (thisis
actually now in Java 1.2)

publ i c interfa ce Compara t or {
i nt compa r e( Object objl, Obj ectobj2)
}
o Implement generic routine using interface

clas s FindMaxD emo {

public stati c Objectf indMax(Ob j ect]] a, Comparator cmp' ) {
i nt maxind ex=0;
for(inti =1;i< a.length; i++)
iftcmp. compare(a [ i],a[ maxindex ] )>0)
maxind ex =i;
r eturn af maxindex ]
}
}
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Using the Generic Routine
/IR ectanglec | ass; know s nothing aboutorde ring
publ i cclass R ectangle
{
public Recta ngle(int I, intw) {
length=1 ; width= w;
}
publicint g etLength( ) {
returnlen gth;
}
public intg etWidth() {
returnwid th;
}
private i nt length;
private i nt width;
}
46
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Finding Maximum Width Rectangle

clas s OrderRec t ByWidthi nplements Comparator {
public int c ompare( Ob j ect obj1, Objectob j2){
Rectangle r1l=(Rect angle)obj 1;
Rectangle r2=(Rect angle)obj 2;
return(rl . getWidth( ) -r2.get Wdth());
}
}

clas s Demo {
public st  atic void main( Stri ng [] args ){
Object [ ] rects= new Rectan gle[]{. .k
Objectma x =findMa x(rects, new OrderR ectByWidth ( )));
Rectangle widest = (Rectangle ) max;

}
}
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Function Objects In Libraries

e Used everywherein Java

e« Common interfaces:
— javautil.Comparator (Java 1.2
— javalang.Runnable
— java.awt.event.ActionListener
— javalang.PrivilegedAction
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Summary

¢ Inheritanceused:
— goad designs
— exceptions
— templates
— function objeds
o Can't do any Java programming without
inheritance
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