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History Lesson

o Javadesign removes fringe C++ features
e C++ hasnested classesto hide types:

class List
{

private:
cl ass Node
{
public:
int data;
Node *next;
Node( int d = 0, Node *n = NULL )
: data( d ), next( n) { }

b
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Java 1.0

e No nested classesin Java 10

o C++ nesting style achieved with packages
— Can make Node classpackage private

e Speculation wasthat nested classes would
needlessly complicate language
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Java l.1l

In Java 11, nested classes were added

Needed especially to implement patterns
associated with AWT event handling

Also useful for several other patterns
Designerswent crazy and added lots of features
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What's Added

o Nested classes (static inner classes), mimic C++
style of nesting a typeinside of type

e Inner classes (new in Java), allows classes
inside of classes and implies an association of
objeds of theinner classwith an object of the
outer class

e Classesingde of functions
o Classesingside of expressions
¢ Classes with no names
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Language Changes Required

o Added lots of syntax for inner classes
— lotsof syntax rulesfor corner casesand silly code
« In addition to direct inner class syntax, added
some new syntax asaresult
— final local variables
— final parameters
— instanceinitializers
e Java l.1 compiler generates code for inner
classesthat can be run on a Java L0VM
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Terminology

e Usetermsouter and inner classtorefer tothe
two classes

o Nested classes are (static) inner classes

¢ Can haveclasssinside of classsinside of
classesif we want
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Visibility Rules

e Inner classes are membersof the outer class
— can be dedared with any visibility
— can see all members of the outer class

— isin same package as outer class impliesthat outer
classcan accessnon-private inner classmembers

— classnameis
« Inner (from outer clas9
« QOuter.Inner (if visible, from rest of world)
e Typical pattern:
— dedare inner classprivate
— dedare inner classmembers public or package
visible
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Linked List

o Hidethe Node classinsideof MyLi st class
public class MyLi st
{

private Node front = null;

private static class Node

{
Ohj ect dat a;

Node next;

Node( Cbject d, Node n )
{ data = d; next = n; }
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Public Nested Class

o Occasionally nested classispublic
— Donejust for convenience
— Exampleis
java.io. Qbjectlnput Stream Get Fiel d
o Convention of lower casefor package and
upper casefor classes makesit easy to see what
classand package are

¢ |f nested classhas public constructor, can

create with
Quter.lnner in = new Quter.Inner( ... );

— Often created via factory method instead
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Access of OQuter Class Members

e Staticinner classobjects can
— access $atic members of the outer class

— accessinstance members of the outer classonly
through areferenceto the outer class

— rules smilar to what static methods can access
¢ If inner and outer class have name clash
— closest class name wins

— accessouter member explicitly with Outer.member
or Inner.member
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Instance Inner Class Motivation

e Congder container/iterator interaction

package pack;
public class MyContainer
{
oject[] itens;
public Iterator iterator( )
{ return new MyContainerlterator( this ); }

}

class MyContainerlterator inplements Iterator
{
private int current = O;
private MyContai ner contai ner;
public MyContainerlterator( MyContainer c )
{ container =c; }
publ i c bool ean hasNext( )
{ return current < container.itens.length; }

}
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i nport pack. MyCont ai ner;
public class Denp {
public static void main( String[] args ) {
MyCont ai ner ¢ = new MyContai ner( );
/'l popul ate c via adds
Iterator itrl = c.iterator( );
Iterator itr2 = c.iterator( );
while( itrl.hasNext( ) )
Systemout.printin( itrl.next( ) );
}
} -
c —» items: 13, 76, 12
. container = . container =
itrl current =3 itr2 current =0
Tuesday, September 26, 2000 Copyright 2000, M. A. Weiss 14




Observations

| t ens arr ayin MyCont ai ner isnot private

MyCont ai ner |t er at or isreally part of
MyCont ai ner

MyCont ai ner | t er at or ispackagevisible;
private would be better; only useinterface

Following the container referencein

MyCont ai ner | t er at or isalittle oppy
Every instance of MyCont ai nerlterator is
associated with exactly one MyCont ai ner
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Revised With Inner Classes

package pack;
public class MyContainer
{
private Object[] itemns;
public Iterator iterator( )
{ return new MyContainerlterator( ); }

private class MyContainerlterator inplements Iterator

{

private int current = O;

public MyContainerlterator( )

{1
publ i c bool ean hasNext ( )
{ return current < itens.length; }
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Benefits

| t ens arr ay isnow private
MyCont ai ner | t er at or isnow private

Codeiscleaner because cont ai ner reference
has mysterioudly vanished and it appears we
can access outer class membersdirectly

But what happened to that reference?
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Implicit Outer Reference

Instance inner class objectsalways have an
implicit referenceto the outer class object that
caused itscreation

— Nameis Outer .this

— Can be omitted if no conflict with inner name

cC —» items: 13, 76, 12

MyContainer.this= MyContainer.this=
current =3 curent =0

itrl itr2

Tuesday, September 26, 2000 Copyright 2000, M. A. Weiss 18




Consequences of Implicit Outer Ref

o Garbage olledor will not reclaim an outer
objed if an inner object isaround

o If aninner instance classis public enough, the

following would not work:
MyCont ai ner. MyCont ai nerlterator obj =
new MyCont ai ner. MyCont ai nerlterator();

— even though constructor appearsto exist
— noway toinitialize outer referencein this code

e Cannot createinner instance classfrom

st at i ¢ outer classmethod:

/1 Cannot do this inside static nethod of MyContai ner
MyCont ai nerlterator obj = new MyContainerlterator();
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Inner Classes Complicate Things

e Previous sideillustrates problem
— Need syntax to create inner classfrom outside outer
class
— Haveto beableto propagae a referenceto some
outer objed
— Codeis gupid

« Case 1. inner class should have been private and this
wouldn’t be an issue

« Case2: use an instance method
— But language designersnead arulefor all cases
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The Ugly Solutions

e Outer referenceinvokesnewasif it werea
method:

MyCol | ection ¢ = new MyCol I ection( );

MyCol | ection. MyCol | ectionlterator = c.new MyCol | ectionlterator( );

e Similar nonsense for extending an inner
instance class

class Stupid extends Inner.CQuter // Inner.CQuter is instance inner' class

{
public Stupid( CQuter obj )

{
obj . super( );

}
}
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Inner Classes With Factory Classes

o |f factory objedscan never becreated, inner

classes and methods must of course be static:
public interface Foo { ... }

public class FooFactory

{
private static Foolnmpl { ... }

private static FooProxy { ... }

public static Foo all ocateFoo( )
{ return new FooProxy( new Foolnpl( ) ); }

private FooFactory( ) { } // No FooFactory objects
}
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Inner Classes

Can be static (of cour se)

Can befinal (not legal to extend)

Can be abstract

Can beinterfaces

Can define static final fields but no ather statics
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Interfaces and Inner Classes

e Same Outer.Inner used

e Inner interfaces of a classarelegal

o Inner interfaces are alwaysimplicitly static
e Inner classesof an interface arelegal

e Inner classes of an interface are always
implicitly static
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Inner Class Files

o Compiler:
— generates a unique dassfile for each inner class
— Generally uses Outer $I nner .classas the dassfile

— Internally generates a hidden implicit reference to
outer class

— Generates package private wrappersto accesseach
acces=d private member of the outer class
» names uch as accessp001 (convention changed in Java 1.3)
« caninvokewith reflecion

« VM can verify that method only invoked from outer class,
but doesn’t right now
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Classes Inside of Methods

Can declare dassesinside of methods

Cannot use static

— classis gaticif method is gatic

— classisinstance if method isinstance
Cannot use private

— meaningless classisnot visible outside of the
function

Can also access the parameters of the enclosing
method and local variablesthat arein scope
— variables must befinal
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Final Local Variables

e AddedinJaval.l

o Value cannot change (for references, only value
of reference can’t change; object state can)

o Can only beinitialized once (parameters
already are); compiler does usual flow analysis

o Final variables (primitives and refer ences) not
reclaimed by GC until all anonymousinner
objedsin the method areredaimed.
— Impliesthat these variables are not on the stack
— Sonot all local variables are on the stack
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Anonymous Inner Classes

Can create a classwith no name

Classimplements an interface or-extends an
existing class

Brutal syntax
Useful for implementing short function objects
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Original Example From Interfaces
Module With Function Object

class OrderRect ByWdth inplenents Conparator {
public int conmpare( Object objl, Cbjectobj2 ) {
Rectangle r1 = (Rectangle) obj1;
Rectangle r2 = (Rectangl e) obj2;
return( rl.getWdth() - r2.getWdth() );
}
}

cl ass Deno {
public static void main( String [] args ) {
oject [ ] rects = new Rectangle[ 1 { ... };
oj ect max = findMax( rects, new OrderRect ByWdth( ) ) );
Rectangl e wi dest = (Rectangle) max;

}
}
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With Static Inner Class

class Denp {

private static class OrderRectByWdth inplenents Conparator {
public int conpare( Cbject objl, Object obj2 ) {
Rectangle r1l = (Rectangle) obj1;
Rectangle r2 = (Rectangle) obj2;
return( rl.getWdth() - r2.getWdth() );
}
}

public static void main( String [] args ) {
oject [ ] rects = new Rectangle[ 1 { ... };
Obj ect max = findMax( rects, new OrderRectByWdth( ) ) )j
Rectangl e wi dest = (Rectangle) max;

}
}
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With Class Inside Of Method

class Denp {
public static void main( String [] args.) {
Cbject [ ] rects = new Rectangle[ ] { -«. };

class Order Rect ByWdth i npl enents Conpar ator {
public int conpare( Object objl, bject obj2 ) {
Rectangle r1 = (Rectangle) obj1;
Rectangle r2 = (Rectangle) obj2;
return( rl.getWdth() - r2.getWdth() );

Obj ect max = findMax( rects, new OrderRectByWdth( ) ) )5
Rectangl e wi dest = (Rectangle) max;

}
}
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With Anonymous Inner Class
class Denp {
public static void main( String [] args.) {
Cbject [ ] rects = new Rectangle[ ] { -«. };
Ooj ect max = findMax( rects, new Conparator () {
public int conpare( Object objl, bject obj2 ) {
Rectangle r1 = (Rectangle) obj1;
Rectangle r2 = (Rectangle) obj2;
return( rl.getWdth() - r2.getWdth() );
}
}
) )
Rectangl e wi dest = (Rectangle) max;
}
}
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Anonymous Inner Class Hints

o Classic signaturewill have lots of parentheses,
semicolons, bracesat theend
— very hard to type

e Writethe dassoutsidefirst.

o Afterthe() after the all to new, add some
blank lines

o Replacenew | npl enent at i on with new
| nt erface

o Cut and pastethe class declaration after the ()
that follow the call to new, and indent alittle
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Anonymous Class Design

o Useful for classthat adds one short function
o Adding lotsof stuff defeatsreadability

o Useful for accessing local variables that would
be impossible without inner classes
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Anonymous Class Names

o Compiler uses Outer$1.class, Outer $2.class

e Inner classdeclared in method gets
Outer $13I nner.class

o Can accessinner classes-- even anonymous
oneswith reflection and C ass. f or Nane

o However, hard to know how compiler has
numbered classes

Tuesday, September 26, 2000 Copyright 2000, M. A. Weiss 35

Anonymous Class Initialization

e QUESTION: If an anonymous classisa class
how do you writeits constructor?
— Constructor has ssme name asthe class

« ANSWER: You can’t. So thelanguage
designersinvented theinitializer block
— modeled to look like a static initializer block

— almost never worth using, but more language
complications

— impliesthat you can only call a constructor defined
in classthat anonymous classextends or zer o-
parameter constructor if implementing an interface

Tuesday, September 26, 2000 Copyright 2000, M. A. Weiss 36




Inner Class Patterns

Static inner classis privatewith public/package
data

Inner classisprivate (possibly static), with
public/package data and implementsa public
interface. Outer classhasfactory method that
returnsinner classinstances using the interface
type

Both patternsused in linked lists and other
data structures

Other pattern isto use anonymousinner clases
for function objects
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Class Relationships

o Nested (staticinner) relatesTYPES
— inner classtype related to outer classtype
e (Instance) Inner relatesOBJECTS

— Objedsof theinner classtype always asociated
with exactly one objed of the outer type
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Summary

The speculation was correct: adding inner
classes complicates the language

Static inner classes (nested classes) just like
C++ nested classes

Instance inner class objects always have
referenceto outer object

Inner classes generally private, so syntax ok

Classesinside of functions can access final local
variables and can even have no name

Use anonymous classes judiciously
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