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Introduction

¥ In this chapter we look at tf@ollection
interface within the Java Collections Framewor
JCF)!

¥ Issues with inheritance, interfaces and abstrac
classes, iterators and Java generics are exami
by building a simpléBasicCollection class
within the JCF!
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History

¥ Programming languages have added the mear|
for organizing things over the years.!
BFirst there was the array, the disadvantage was
arrays required things to be alike (the same type)!
BlSecond there was record. A record allowed
developers to collect things of different types
together.!
More recently, the object allows data of different
types and behaviors.!

Copyright © 2007 Pearson Education, Inc. Publishing as Pearson Addison-Wesley




Origins Java Collection Framework

¥ In Java 1.2 (circa 1998), the language Pnally had a
framework for handling collections. !

¥ Collections are ways of organizing groups of things
and treating the group as a single entity.!
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Java Collections Framework (JCF)

¥ The JCF is a collection of interfaces, abstract and concrete classes providin
standard set of collection (container) types.

¥ TheCollection interface is root of much of the JCF interface inheritance
hierarchy!
¥! Collection  supports:!

B required methodswhose implementation provides the behavior describe|
in the documentation. A concrete class implemertiofiection must
provide implementations for all the required methods. Note that none of
required methods modify a collection object. They are accessors, not
mutators!

B optional methodswhich need not be fully implemented by an
implementing class. Instead, an optional method is given a default
implementation consisting of a single line that throws an

UnsupportedOperationException . The optional methods are all
mutators!
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raia COll€ction Framework

Collection
/List! /Sel
ArrayList! \LinkedList! HashSet! SortedSet

TreeSet!
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Terms

¥ Interface!

Blinterfaces are declared using the interface keyworg
and may only contain method signatures and
constant declarations.!

¥ Abstract class!

BPA class that contains at least one abstract method,
and therefore can never be instantiated.!

¥ Concrete class!
BIA class that can have instances.!
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Collection<E> Required methods

Returns true if this collection contains the target

boolean contains(Object target) element!

Returns true if this collection contains all of the

boolean containsAll(Collection<?> c) elements in the collection !

boolean isEmpty() ! Returns true if this collection contains no elements.

Returns the number of elements stored in this

int size !
0 collection!

Returns an iterator over the elements in this

Iterator<E> iterator() !
collection.!

Returns an array containing all of the elements i

Object]] toArray() ! this collection!

Returns an array containing all of the elements i
this collection with runtime type. !

<T> T[] toArray(T[] &) !
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Collection<E> Optional Methods

Addselement to this collection. Returns true if the
collection is modified.

boolean add(E element)

Adds all of the elements from the collectiono this
collection. Returns true if the collection is modifiefl.

boolean addAll(Collection<? extends E> c)

Removes a single instanceatément from this
collection, if it is present. Returns true if the
boolean remove(Object element) ! collection is modified. This method relies on the
equals() method defined in the runtime class of
element .!

Removes all the elements found in the collection
boolean removeAll(Collection<?> c) ! from this collection. Returns true if the collection is
modified!

Retains only the elements in this collection that afe
boolean retainAll(Collection<?> c) ! also contained in the collectian Returns true if thel
collection is modified!

void clear() ! Removes all of the elements from this collection.

All optional methods not fully supported by an implementing class
must throw anUnsupportedOperationException
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BasicCollection Behavior

¥ Allows duplicate elements D there can be two or more instanc
of the same element!

¥ Disallowsnull elements P trying to addhall element will
generate an exception!

¥ Is non-positional B insertions and deletions are element-based
elements are inserted wherever is convenient!

¥ Has no bxed capacity B the collection can grow beyond the
initial storage provided!

¥ Will provide implementations for!
B all of therequiredmethods fronCollection !
Bl theadd() andremove() optional methods frorollection
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Inheritance Hierarchy for BasicCollection
Jjava.lang.lterable<E>

{interface}
Jjava.util. Collection<E>|

java.lang.ObjectI {interface}
OO

’ gray.adtsABasicCoIIection<E>I
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The lterator Software Design Pattern

¥ Problem: The need to iterate over the element;
in a collection and to do so in a fashion that is
common across collection types!

¥ Solution: Provide an iterator interface that
mandates how iterators will behave and have
the collection object provide an Oindependent
iterator object that can iterate over the
collectionOs elements!
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Structure of the Iterator Pattern

Aclent ... Client that needs a collection
collection:Collection object and wants to be able to
Teriterator iterate over the collection
y wi
Collection Terator

{interface} {interface}

+hasNext():boolean
vitoratorgtorator
0 ext() £

e S Implementation [N

. h relationship

AColection creates -
+iterator()Herator +hasNext( boolean
I < collection stements

+next( E

N
Concrete classes
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Iterator Behavior

collection
Collection

1. client asks the collectign
object for an iterator obje¢t

2. client uses the iterator obje|
to iterate through the element
in the collection

H
There can be multiple iterators
simultaneously active on a collectipn
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Iterator<E> Interface

Required Method$

boolean hasNext() ! Returns true if the iteration has more eleménts.

E next() Returns the next element in the iteration.

Optional Methods
All optional methods not fully supported by an implementing class must throw an
UnsupportedOperationException

Removes from the underlying collection the element
returned by the last call teext() . Once an element as
been removedemove() cannot be called again until
another call tmext() has been made.

void remove() !
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Iterator Behavior

Wetnol Purpos New Object Stae Retungd
Collecion<Strng> c1.= new 1 | create an empy cotectan. | clsize =0 a BasicCollectiopobiect
BasicCollecton<String>( ! for String:
cLadd (0AO) | 'Add OAG 10 the collectioa .| clope -1 el
O
cLadd(0BO) | ‘Add OBO o the collection | clsie | =2 el
oroodo
c1add(0C0) | Add OCO to the collecion | clsze = el
A0 080 dco
. | [oetem e ot 000808 | ned
cliterator() ! —
fterhasNex) | ‘Are there more elements i this iteratibn? cursor el
String s = fer.next() ! Get next element in the iteratidn 00 08O 0do oad
iter.nasNext( ! ‘Ave there more elements i this teration sequeinde? el
s=iernex) | Get next element n the iteraidn. 0n0 0Booch opd
e Remove demerieumed by et b | | craze 32
“Ths changes the underying collcton bkt | | 0AG OC
terremove) | Try to remove another elemeht )
iter.hasNext( ! Are there more elements i this iteration sequende? el
s=terned) ! Get next element in the fteratidn on6 oad )
terhashex) | Are there more elements i this iteration sequande? falsel
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BasicCollection Test Plan: Adding

¥ How do you determine what should be in an
oracle? Ask questions!!

¥ Example: How willadd() affect the state of a
BasicCollection object?!
Blsizeshould increase by 1: verify witize()
Bithe collection canOt be empty: verify witBmpty()

Bladded element should be in the collection: verify wit
contains()
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Test Case 4.2: Adding to an Empty Collection

New Object
Method Purposé State Expected Result
Collection<String> ¢ =new Create an empty collection.c.size =0 | a BasicCollection
BasicCollection<String>() ! object for Strings
cadd (OAQ) Add to the collection. csize =1 |tue
0Ad
c.add (OBQ) Add to the collection. csize =2 |tue
OAO OBO
c.add (OCQ) Add to the collection. csize =3 |tud
0OAO 0BO GO
csize() ! Verify collection statd. 3l
cisEmpty() ! Verify collection state. false
c.contains  (OAQ) Verify collection state. truel
c.contains  (OBQ) Verify collection state. truel
c.contains  (OCQ) Verify collection state. truel
c.contains  (OMissingd) Verify contains() operation| false
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BasicCollection Test Plan: Removing

¥ How will remove() affect the state of a

BasicCollection

Premove() should returrrue
in the collection!

Blsizeshould decrease by 1: verify witize()
Plcontains(element) I
(assuming the element didnOt have a duplicate in {
collection -> be clear about testing conditions!)

object?!

if the element was

should returralse
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Test Case 4.3: Removing from a Collection

New Object
Method Purposé Sate Expected Result
Collection<String> ¢ = new Create an emply collectibhc.size =0 | aBasicCollection
BasicCollection<String>() ! object for Strings
c.add (OAO) ! Add to the collection. csize =1 truel
oAb
c.add(OBO) ! Add to the collection. csize =2 | tue
OAO OBO
c.add(OCO) ! Add to the collection. csize =3 truel
OAO 0BO bC
c.remove(OBO) ! Test remove op. csize =2 truel
OAb OCO
csize() ! Verify collection state. 2
c.contains(OBO) ! Verify collection state. false
cisEmpty() ! Verify collection state. false
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Building Within the JCF

- java.util. Collection<E>}
java.lang. Objecll {interface}

Jjava.lang.lterable<E>|
{interface}

b

Abstract classes
are building blocl
they provide parti
implementations
of interfaces

i

A

Java.util. AbstractCollection<E: >D

{abstract}

Java.lang.Cloneable
{interface}
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AbstractCollection<E>

Allow methods within the abstract class to make
use of other methods in the abstract class, even if
those methods havenOt been implemented yet!

public boolean isEmpty() { contains() usedterator  methodg
return size() == 0; without knowing how they are

} implemented -> abstraction!

1 public boolean contains( Ol o

2 lteratd Brator(); // getan iterator for this collection

30 ifo1s null, it would be catastrophic to try to do 0.equals()

4 if(o==null){

5 while (e.hasNext)) /I look for the first null entry

6 if (e.next() == null)

7 return true;  // success: o was found

8 Jelse{ I ois an object & implements equals()

9 while ( e.hasNext() )

10 if ( 0.equals( e.next() ) )

11 return true;  // success: o was found

12}

13 retum false; " failure: 0 wasnOt found

14 )

Copyright © 2007 Pearson Education, Inc. Publishing as Pearson Addison-Wesley 422

Java Generics: Printing a Collection

Goal: Create a method to print all the elements in a collection
Problem: How to express the type in the parameter list?

10 // This method is specific to a collection of Shape objects
11/ Note the variable type in the for loop.

12 static void printShapeCollection( Collection< Shape> collection ){
13 for (. Shape shape : collection )
14 S)

15, | Lesson While a Circle Ois a kind ofO Shape, a

55 ca COllection<Circle> isVOT Oa kind ofO Collection<Shapg
z z::s: Think of it this way. If Collection<Circle> Ois a kind ofQ
29 snaped COllection<Shape>, then anything you can do to

3 el Collection<Shape>, you should be able to also do to
2 Collection<Circle>, but | can add a Rectangle to

34 cicles| Collection<Shape>, but not to Collection<Circle>!

35 circles auarTTEw CITCreT T30 77 - -
36_circles,add( new Circle( 25.0 ) ): UnboundedWildcardEgannot be applied to
37 /I printShapeCollection( circles ); | (java.utilCollection<gray.adts.shape<ircle>)
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The Unbounded Wildcard 0?0

So, what to do? We need more flexibility in the type parameter.
That is, instead of specifying the exact type of the collection, we
want to accept a collection storingzauily of types. JavaOs
solution is the type wildcard, ?, which, because it matches
anything, is called aonbounded wildcard. More formally,

? is said to be an Ounknown typeO; thus Collection<?> is a
Ocollection of unknown type.O

18 /I The most general print method. It will print collections of

19 /1 any kind of type. Note the variable type in the for loop.
20 static void printAnyCollection( Collection< 2> collection ){

21 for( Object element : collection )

22 System.out.printin( element );

23}
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Another Example: Collection.containsAll()

Note that the element type of tBellection ¢ must|
match the element type of therator overc.

1 public boolean containsAll( Collection< )

2 lterator< ?> e = c.iterator(); <‘/
3 while (e.hasNext() )

4 n does this collection contain the

5 n next element from c?

6 if( lcontains( e.next() ) )

7 1 nope, ¢ has an element we don®t have

8 return false;

9  return true; // yep, we have all the elements c has
10 }
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Bounded Wildcards

¥ There will be times when we donOt want the broad
inclusiveness of the unbounded wildcard and would
prefer to put &@oundon the family of types accepted. Th
bounded wildcard does this.!

¥ Example: TheaddAll()  method fromCollection !

¥ Here is the class header fdbstractCollection !

public abstract class AbstractCollection<E @
implements Collection<E> { O

This means we can store elements of type &y of E's subclasses
in the collection.
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Bounded Wildcard

public abstract class AbstractCollection< E>
implements Collection< E>{

‘What should be the parameter faldAll() ?!‘

1st attempﬂ public Boolean addAll(Collection< E>c)

Too restrictive. This would preclude adding a
Collection<Circle> to a Collection<Shape> or|
a Collection<Integer> to a Collection<Numbef>.

2nd attemp public Boolean addAll(Collection< ?>¢)

Not restrictive enough. Would let yary to add
a Collection<Shape> to a Collection<Number|

v
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Bounded Wildcard: <? extends E>

What we need is a flexible mechanism that will allow us to specify|
afamily of typesconstrained by some @per boundO on the type
family. JavaCisounded wildcard does just this.

method from AbstractCollection<E>
public boolean addAll(Collection <?extendsE >c){
boolean modified = false;
Iterator<? extends E> e = c.iterator();
while (e.hasNext() ) {
if (add( e.next() ) )
modified = true;

return modified;

[y
CBoo~Nonswne

The bounded wildcard in the parameter type means that|the
Collection  type is unknown, but is bounded by typeThat
is, the element type af must beE or one of its subclasses.
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Generic Methods
¥ Just as classes can be generic, so can method

_L—lype variable (type parameter)
public <T> Collection<T> copy( Collection<T> c )

- use of type variable
Declaratio formal type parameter list

Collection<String> pets = new Collection<String>();

actual type to map to T is
inferred from the
element type of pets

1
Collection<String> petsCopy = copy( pets );
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Generic Methods: Two Examples

18 < T> Collection< T> reverseCopy( Iterator< T> source ) {
19  LinkedList< T> theCopy = new LinkedList< T>();
20  while ( source.hasNext() )
21 theCopy.addFirst( source.next() ); // add at front of i
22 return theCopy;
23 }
24
25 < E> Collection< E> reverseCopy( Collection< E>source ) {
ée/ﬁ'nkeuus« E> theCopy = new LinkedList< E>();
for ( E element : source )
28 theCopy.addFirst( element ); // add at front of list
29  return theCopy;
30 }

40 \Collection<String> petsCopy = copy( pets );
45 tsCopy = reverseCopy( pets );
50 petsCopy = reverseCopy( petsCopy.iterator() );

)\i::llecnon<8mng> pets = new BasicCollection<String>();
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Implementing BasicCollection

Have aplan! Identify the things that have to be dane
create a list of tasks

1! Debpne attributes, including deciding on the backing
store for the collectionOs elements!

2! Provide implementations for the methods left absfra
in AbstractCollection<E>: size() and iterator()!

3.! Debne Basiclterator<E> that implements the
Iterator<E> interface!

4. Provide overridden implementations for the optional
methods add() and remove()!
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Task 1: class header and attributes

¥ What kind of structure should we use to store

the elements? !
Barray!
Bllinked list!

=

Note: you need to use the sa
type variable for the class, the
superclass, and the array
element type

D

public class BasicCollection<E>

private int size;

extends java.util. AbstractCollectiol

4 BasicCallection data fields
ivate E[] clion;
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Task 2: Identify methods to implement

What can we inherit fromAbstractCollection ?
What abstract methods must be implementafiiat must be overriddenp?

Collection Method$

implementing Classes

AbstractCollection<E> BasicCollection<E> |

boolean contains(Object) ! concreté inheritet
boolean containsAll(Collection<?> c) ! concreté inheritet!
boolean isEmpty() ! concrete inheritet
Obiject[] toArray() 1 concreté inheritet
<T> T[] toArray(T[] a) ! concreté inheritet!
int size() ! abstract

Iterator<E> iterator() abstracl

boolean add(E o) !

optiondl | overridden

boolean addAll(Collection<? extends E> c)

optiondl inheritet

boolean remove(Object 0) !

optiondl | overridder

boolean removeAll(Collection<?> c) ! optiondl inheritet!
boolean retainAll(Collection<?> c) | optiondl inherited|
void clear) ! optiondl inheritet
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Implementing methods

¥lsize() justreturns theizedata peld!

¥literator() just instantiates and returns an
instance oBasiclterator !

¥ Theadd() andremove() methods inherited
from AbstractCollection throw an
UnsupportedOperationException : weOll
need to bx that, but PrstE!
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Define Basiclterator<g>
¥ To have access to the collectionOs elements, the itera
needs to havimternal knowledge of the collectionOs
implementation!
' makeBasiclterator an inner class!
¥ Map the logical model of an iterator to the structure
storing the collection®s elements!

size=4
ject( 1 —| E | E | B | E ‘ ‘ ‘
Logical Model Implementatior "fSl&Bﬂﬂ last gap
first gag array index 0 cursor
last gap aray indexsize | cursor  stores the index of the
cursot 0" cursor " size ! element to be returned Imgxt()
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Iterator: Concurrent modifications

¥ What happens if the collection is modibed while an
iteration is in progress? !

¥ This problem is calledoncurrent modibcationand
occurs when the collection $¢ructurally modibed
through the collection objeethile an iteration is in
progress. Some scenarios:!

Bl An element is added to the collection and is placed before
cursor Os position in the current iteration sequence, so wi
missed by the iterator!

B The last element of the iteration sequence is removed so th|
cursor is now in the last gap, perhaps confubemNext()

! throw aConcurrentModificationException
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Concurrent modification: Two problems

Problem 1:Detecting concurrent modibcation!
Solution:add amodcount variable toBasicCollection to
keep track of structural modibcations (adds/deletes)!

B!modcount is incrementeéachtime the collection object is
structurally modibed via an add or remove operation from

Collection

B When aBasiclterator object is created, it copies the
collectionOmodCount variable into a local variable,
expectedModCount

Bl The iterator methods check for concurrent modibcation by
seeing ifexpectedModCount is equal tanodCount. If
there have been no structural changes to the collection, the
count variables will be equal, otherwise an exception is thro
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Concurrent modification: Two problems

Problem 2iterator.remove() has two stipulations!
1.I'the element to remove is the last element returned by next(

2. lterator.remove() can only be called once per call to next()
(since next() supplies the element to remove)!

Solution:We can handle this with a BagToRemove in
theBasiclterator class thatis !
B initialized to false!

Bl set to true byiext() ; set to false byterator.remove() .
This will guarantee that each callremove() will be paired
with a call tonext()
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Dealing with Concurrent Modification

operation BasicCollection  Basiclterator Basiclterator
modCount | expectedModCounjt okToRemove|
Collection<String> ¢ = new 0 ~
BasicCollection<String>()

c.add(0AO) 1 -
c.add(OBO) 2 -
Iterator<String> iter = c.iterator() 2 2 false
iter.next() 2 2 true
iter.remove() 3 3 false
c.remove() 4 3 false
iter.next() ConcurrentModificationException
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Basiclterator.remove(): updating cursor

¥ Recall, cursor is thindexof the element to return by
next() . Need to be careful about updatmgsor

Iterator iter = c.iterator();

elements down a position

iter.remove(); // removes E1 ‘
Decrementursor  so it ?
indexes the correct element

cursor=0
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Task 4: Implement add() and remove()

public boolean add( E element ) {
if (element == null )
throw new java.lang.lllegalArgumentException();

" if the collection is at capacity, make it bigger by 50%
if ( this.size == collection.length )
resize(this.size + this.size / 2);
collection[size] = element;
sizet++;
modCount++; // collection has been structurally modified;
need to keep track of each modification
return true;
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Task 4: Implement add() and remove()

public boolean remove( Object element ) {
if (element == null ) {
throw new lllegalArgumentException();

}
int p = find( element );
if(p==-1){

return false;

for (inti=p;i<size-1;i++){
collection[i] = collection]i + 1];

}
collection[size - 1] = null; // clean up after ourselves
size--;
modCount++; // collection has been structurally modified;
" need to keep track of each modification
return true;
Copyright © 2007 Pearson Education, Inc. Publishing as Pearson Addison-Wesley 402

14



Iterator.remove(): use Collection.remove()

public void remove() { // THIS IS THE BASICITERATOR.REMOVE() METHOD

11 check for concurrent modification
if ( expectedModcount '= modCount ) {

throw
new java.util.C );
}
" check that there has been a next() message to
n provide an element to remove

if (lokToRemove )
throw new lllegalStateException();

}

okToRemove = false;

n Use BasicCollection's remove() method to do the actual removal.
I to predecrement cursor to get to the LAST element returned by next().
n After the removal, this will be the value cursor should have for the
" next call to next().
--cursor;

BasicCollection.this.remove( collection[cursor] );
I increment expectedModcount since the remove() message above to the
n collection object will have incremented modCount
expectedModcount+;

Need
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Analysis of the Implementation

¥ The cost of the operations BasicCollection is

determined by our understanding of !
Bl the cost of the basic array operations !
Bl the implementation details eésicCollection

Method Cost
add() ¢))
remove() " (n)
contains() (
size() "
isSEmpty() " (1)

n
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Os methods!
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