The
| ter ator
Pattern

Design Patternsn Java Bob Tarr

The lterator Pattern

Intent
= Provide away to access the elements of an aggregate object sequentially
without exposing its underlying representation
= An aggregate object is an abject that contains other objects for the purpose
of grouping those objects asaunit. It isalso called acontainer or a
collection. Examples are alinked list and a hash table.
Also Known As
= Cursor

Motivation
= An aggregate object such as alist should allow away to traverseits
elements without exposing itsinternal structure
= It should alow different traversal methods
= It should allow multiple traversals to be in progress concurrently
= But, we really do not want to add all these methods to the interface for the
aggregate
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Iterator Example 1

o List aggregate with iterator:

fist

List Listherator
Cournt]) Firsi{)
Append(Eleameaent) Mext{}
Rearmowval Element) IsDare()
Currentitem()
indax
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Iterator Example 1 (Continued)

e Typica client code:

List list = new List();
Listlterator iterator = new Listlterator(list);

iterator.First();

while (!iterator.lsDone()) {
bject item=iterator.Currentlten();
/1 Code here to process item
iterator. Next();
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Iterator Example 2

e Polymorphic Iterator

AbstractList Mterator
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Listlterator
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Iterator Example 2 (Continued)

e Typica client code:

List list = new List();

Ski pLi st ski pLi st = new Ski pList();

Iterator listlterator = list.Createlterator();
Iterator skipListlterator = skipList.Createlterator();
handl eList(listlterator);

handl eLi st (ski pListlterator);

public void handleList(lterator iterator) {
iterator.First();
while (literator.lIsDone()) {
Ohject item=iterator.Currentlten();
/1 Code here to process item
iterator. Next();

}
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The lterator Pattern

o Applicability
Use the Iterator pattern:
= t0 access an aggregate object's contents without exposing its internal
representation
= to support multiple traversals of aggregate objects

= to provide auniform interface for traversing different aggregate structures
(that is, to support polymorphic iteration)
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The lterator Pattern

e Structure
Aggregale iterator
Createlferator) First(}
Nexti)
IsDore()
Currentitemy)
GoncreteAggregate

Concretelterator

Crealelterator() ¢
"

reiumn new Concrate heratur{thmbﬁ
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The lterator Pattern

e Participants
< Iterator
- Defines an interface for accessing and traversing elements
= Concretelterator
- Implements the Iterator interface
- Keepstrack of the current position in the traversal
= Aggregate
- Defines an interface for creating an Iterator object (a factory method!)
= ConcreteAggregate

- Implements the Iterator creation interface to return an instance of the proper
Concretelterator
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The lterator Pattern

e Collaborations

= A Concretelterator keepstrack of the current object in the aggregate and
can compute the succeeding object in the traversal

e Consequences
= Benefits
- Simplifies the interface of the Aggregate
- Supports multiple concurrent traversals
- Supports variant traversal techniques
= Liabilities
- None!
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The lterator Pattern

e Implementation Issues

= Who controls the iteration?
- The client => external iterator
- Theiterator itself => internal iterator

= Who defines the traversal algorithm?
- Theiterator => more common; easier to have variant traversal techniques
- The aggregate => iterator only keeps state of the iteration

= Can the aggregate be modified while atraversal isongoing? An iterator

that allows insertion and deletions without affecting the traversal iscalled a
robust iterator.

= Should we enhance the Iterator interface with additional operations, such as
previous()?
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Java | mplementation Of |terator

e We could implement the Iterator pattern “from scratch” in Java

e But, aswas the case with the Observer pattern, Java provides
built-in support for the Iterator pattern

e Thejavautil.Enumeration interface acts as the Iterator interface

e Aggregate classes that want to support iteration provide methods
that return areference to an Enumeration object

e This Enumeration object implements the Enumeration interface
and allows a client to traverse the aggregate object

e JavaJDK 1.1 hasalimited number of aggregate classes. Vector
and Hashtable

e JavaJDK 1.2 introduced a new Collections package with more
aggregate classes, including sets, lists, maps and an Iterator
interface

Thelterator Pattern
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The Enumeration | nterface

¢ public abstract boolean hasM oreElements()
= Returnstrueif this enumeration contains more el ements; false otherwise

e public abstract Object nextElement()
= Returns the next element of this enumeration
= Throws; NoSuchElementException if no more elements exist

¢ Correspondences:
= hasMoreElements() => IsDone()
= nextElement() => Next() followed by Currentitem()

= Notethat thereisno First(). First() is done automatically when the
Enumeration is created.
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Enumeration Example

e Test program:
inmport java.util.*;
public class TestEnuneration {

public static void main(String args[]) {
/] Create a Vector and add sone itenms to it.
Vector v = new Vector();
v. addEl ement (new I nteger (5));
v. addEl ement (new I nteger(9));
v. addEl ement (new String("H, There!"));

/1 Traverse the vector using an Enuneration.
Enunmeration ev = v.elements();

System out. println(”\nVector values are:");
traverse(ev);

Design Patterns In Java The lterator Pattern Bob Tarr

14




Enumer ation Example (Continued)

// Now create a hash table and add sone itens to it.
Hasht abl e h = new Hasht abl e();

h. put ("Bob", new Doubl e(6.0));

h. put ("Joe", new Doubl e(18.5));

h. put ("Fred", new Doubl e(32.0));

//Traverse the hash tabl e keys using an Enuneration.
Enuner ati on ekeys = h. keys();

System out. println("\nHash keys are:");
traverse(ekeys);

//Traverse the hash tabl e val ues using an Enunerati on.
Enuner ati on evalues = h.el ements();

System out. println("\nHash val ues are:");
traverse(eval ues);
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Enumer ation Example (Continued)

private static void traverse(Enumeration e) {

whil e (e.hasMoreEl enents()) {
System out. println(e.nextEl enent());
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Enumer ation Example (Continued)

e Test program output:

Vector val ues are:
5

9

Hi, Therel!

Hash keys are:
Joe

Fred

Bob

Hash val ues are:
18.5
32.0
6.0
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Vector Enumeration

o Let'stakealook at Vector.java
public class Vector inplenments Cloneable, java.io.Serializable {

protected Object elenentDatal];
protected int el enent Count;
protected int capacitylncrenent;

public Vector(int initial Capacity, int capacitylncrenent) ({
super();
this.elementData = new Object[initial Capacity];
this.capacitylncrenent = capacitylncrenent;

public Vector(int initial Capacity) {this(initial Capacity, 0);}
public Vector() {this(10);}

Design Patterns In Java The Iterator Pattern Bob Tarr

18




Vector Enumer ation (Continued)

¢ Vector.java (Continued):

public final synchronized Enunmeration elements() {
return new Vector Enunmerator(this);

public final synchronized void addEl ement (Obj ect obj) {
int newcount = el ementCount + 1,
if (newcount > elenentData.length) {
ensur eCapaci t yHel per (newcount) ;

}

el enent Dat a[ el enent Count ++] = obj ;
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Vector Enumer ation (Continued)

final class VectorEnunerator inplements Enuneration {
Vector vector;
int count;

Vect or Enuner at or (Vector v) {
vector = v;
count = O;

publ i c bool ean hasMoreEl ements() {
return count < vector. el ement Count;
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Vector Enumer ation (Continued)

public Object nextElenent() {
synchroni zed (vector) {
if (count < vector. el enentCount) ({
return vector. el ement Dat a[ count ++] ;
}
}
t hrow new NoSuchEl enent Excepti on(" Vect or Enunerator");
}
}

e Do vector insertions affect the enumeration?? Yes! So the
iterator provided by Vector is not robust.
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The Java Collections Framewor k

e JavaJDK 1.2 introduced anew Collections Framework to provide
aunified architecture for representing and manipulating
collections

e A collections framework contains three things:
= Interfaces: abstract data types representing collections
= Implementations; concrete implementations of the collection interfaces

= Algorithms: methods that perform useful computations, like searching and
sorting, on objects that implement collection interfaces
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The Java Collections Framework | nterfaces

e Interfacesin the Java Collections Framework:

SortedMap

Thelterator Pattern
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The Coallection Interface
e Thejavautil.Collection interface:
public interface Collection {
int size();
bool ean i sEnpty();
bool ean cont ai ns(Obj ect el ement);
bool ean add(Obj ect el enent);
bool ean renpve(Cbj ect el enent);
Iterator iterator();
}
Design PatternsIn Java Thelterator Pattern Bob Tarr
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The lterator Interface

e Thelterator object is similar to an Enumeration object with two
differences:
= Method names have changed:
- hasNext() instead of hasM oreElements()
- next() instead of nextElement()
= Iterator is more robust than Enumeration in that it allows (with certain

congtraints) the removal (and in some cases addition) of elements from the
underlying collection during the iteration

e Thejavaultil.lterator interface:

public interface lterator {
bool ean hasNext ();
Obj ect next();
voi d renove();

}
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ThelList Interface

e javadtil.List interface:

public interface List extends Collection {
Obj ect get(int index);
Obj ect set(int index, Object elenment);
voi d add(int index, Object elenent);
Obj ect renove(int index);
bool ean addAl |l (int index, Collection c);
int indexCf (Object 0);
int | astlndexOf (Object);
Listlterator listlterator();
Listlterator listlterator(int index);
Li st subList(int from int to);

}
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ThelListlterator | nterface

e javautil.Listlterator interface:

public interface Listlterator extends Iterator {
bool ean hasNext ();
Obj ect next();
bool ean hasPrevi ous();
Obj ect previous();
int nextlndex();
int previouslndex();
voi d renove();
voi d set (Ohject 0);
voi d add(Onbj ect 0);

Thelterator Pattern Bob Tarr
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LinkedList Example

e Thejavautil.LinkedList classis aconcrete class that implements
the List interface
e Here'san example using LinkedList:

List list = new LinkedList();
Listlterator iterator = list.listlterator();

while (iterator.hasNext()) {
Object item= iterator.next();
/1 Code here to process item

}

Thelterator Pattern Bob Tarr
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LinkedList Example (Continued)

e YoOuU can even traverse the list backwards:

List list = new LinkedList();

Listlterator iterator = list.listlterator(list.size());

while (iterator.hasPrevious()) {
Object item= iterator.previous();
/1 Code here to process item

Thelterator Pattern
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LinkedList Example (Continued)
¢ And you can remove items as you traverse!
List list = new LinkedList();
Listlterator iterator = list.listlterator();
while (iterator.hasNext()) {
Object item= iterator.next();
/1 If element satisfies sone condition,
/1 remove it using the iterator, else
/1 process it.
if (testOnlten(item)
iterator.renmove();
el se
/1 Code here to process item
}
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LinkedList Example (Continued)

e Theremove method of Iterator removes the last element that was
returned by next(). The remove() method may be called only once
per call to next(), and throws an exception if this condition is
violated.

e Using Iterator.remove() isthe only safe way to modify a
collection during iteration; the behavior is unspecified if the
underlying collection is modified in any other way while the
iteration isin progress and, in fact, an exception will be thrown
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ThelLinkedList Class

o Let'stakealook at LinkedList.javato see how the robustnessis
implemented:
/**
* Linked list inplenentation of the List interface.
* Note that this inplementation is not synchronized. If nultiple
* threads access a list concurrently, and at |east one of the
* threads nodifies the list structurally, it must be synchronized
* externally. This is typically acconplished by synchronizing on
sone object that naturally encapsulates the list or by w apping
* the list using the Collections.synchronizedLi st nethod:
* List list = Collections.synchronizedLi st(new LinkedList(...));
*/
public class LinkedLi st extends Abstract Sequenti al Li st
i mpl enents List, Cloneable, java.io.Serializable {
private transient Entry header = new Entry(null, null, null);
private transient int size = 0;

*
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TheLinkedList Class (Continued)

/**

* Returns a list-iterator of the elements in this list (in proper
* sequence), starting at the specified position in the list.
* The list-iterator is fail-fast: if the list is structurally
* nodified at any tine after the Iterator is created, in any way
* except through the list-iterator's own renove or add net hods,
* the list-iterator will throw a ConcurrentMdificati onExcepti on.
* Thus, in the face of concurrent nodification, the iterator
* fails quickly and cleanly, rather than risking arbitrary,
* non-determ nistic behavior at an undetermined time in the
* future.
*/
public Listlterator listlterator(int index) {
return new Listltr(index);

}
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TheLinkedList Class (Continued)
/ * %

* Private class that provides the inplenentation for the
* iterator.
*/
private class Listltr inplenents Listlterator {
private Entry | astReturned = header;
private Entry next;
private int nextlndex;
private int expectedMdCount = nodCount;

/1 Note: nmodCount is inherited from Abstract Sequenti al Li st.
/1 1t is increnented each tinme the list is nodified.

publ i c bool ean hasNext () {
return nextlndex != size;
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TheLinkedList Class (Continued)

public Object next() {
checkFor Conodi fi cation();
if (nextlndex == size)
t hr ow new NoSuchEl enent Exception();
| ast Ret urned = next;
next = next.next;
next | ndex++;
return | ast Returned. el enent;

final void checkForConodification() {
if (npdCount != expectedModCount)
t hrow new Concurrent Modi ficati onException();
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TheLinkedList Class (Continued)

public void remve() {
Li nkedLi st.this.renpve(l ast Ret urned);
i f (next==l ast Ret ur ned)
next = | astReturned. next;
el se
next | ndex- -;
| ast Ret urned = header;
expect edvbdCount ++;
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The lterator Pattern

e Known Uses
= ObjectSpace's Java Generic Library containers
= Rogue Wave's Tools.h++ collections
= javautil.Enumeration interface
= Java 2 Collections Framework Iterator interface

o Related Patterns

= Factory Method

- Polymorphic iterators use factory methods to instantiate the appropriate iterator
subclass

= Composite
- lterators are often used to recursively traverse composite structures
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