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What is a Collection?

Object that groups elements

Main Uses

Data storage and retrieval

Data transmission

Familiar Examples

java.util.Vector
java.util.Hashtable

array
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What is a Collections Framework?

Unified Architecture
Interfaces - implementation-independence
Implementations - reusable data structures
Algorithms - reusable functionality

Best-known examples
C++ Standard Template Library (STL)
Smalltalk collections
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Benefits

Reduces programming effort
Increases program speed and quality
Interoperability among unrelated APIs
Reduces effort to learn new APIs
Reduces effort to design new APIs
Fosters software reuse
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Design Goals

Small and simple

Reasonably powerful

Easily extensible

Compatible with preexisting collections
Must feel familiar
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Architecture Overview
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Core Collection Interfaces
General-Purpose Implementations
Wrapper Implementations
Abstract Implementations
Algorithms
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Core Collection Interfaces

SortedSet

SortedMap
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Collection Interface

public interface Collection {

Seite 8

int size();

boolean isEmpty();

boolean contains(Object element);

boolean add(Object element); // Optional
boolean remove(Object element); // Optional
Iterator iterator();

Object[] toArray();
Object[] toArray(Object a[]);

// Bulk Operations

boolean containsAll(Collection c);

boolean addAll(Collection c); // Optional
boolean removeAll(Collection c); // Optional
boolean retainAll(Collection c); // Optional
void clear(); /[ Optional
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lterator Interface

Replacement for Enumeration interface
Adds remove method

Improves method names

public interface Iterator {
boolean hasNext();
Object next();
void remove(); // Optional

}
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Collection Example

reusanle algoninrmote enminateLnells

public static boolean removeNulls(Collection c) {
boolean modified = false;
for (Iterator | = c.iterator(); i.hasNext(); ) {
if (i.next()==null) {
l.remove();
modified = true;
}
}

return modified;

Seite 10 © 1999 Sun Microsystems GmbH



JAVA DAYS "99

Set Interface

Adds no methods to Collection!
Adds stipulation: no duplicate elements
Mandates equals and hashCode calculation

public interface Set extends Collection {

}
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Set Idioms

Set sl, s2;
boolean subset = sl.containsAll(s2);

Set union = new HashSet(sl);
union = union.addAll(s2);

Set Intersection = new HashSet(sl);
Intersection = intersection.retainAll(s2);

Set difference = new HashSet(sl);
difference = difference.removeAll(s2);

Collection c;
Collection noDups = new HashSet(c);
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List Interface

A Sequi2nce of 0njecis

public interface List extends Collection {
Object get(int index);
Object set(int index, Object element); // Optional
void add(int index, Object element); // Optional
Object remove(int index); // Optional
abstract boolean addAll(int index, Collection c);
// Optional

int indexOf(Object 0);
int lastindexOf(Object 0);

List subList(int from, int to);

Listlterator listiterator();
Listlterator listlterator(int index);

}
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List Example

reusanle algoninm to@wan @iementsiancirandonize

public static void swap(List a, int i, intj) {
Object tmp = a.get(i);
a.set(l, a.get()));
a.set(], tmp);

}

private static Random r = new Random();

public static void shuffle(List a) {
for (int i=a.size(); i>1; i--)
swap(a, I-1, r.nextInt(i));

}
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List Idioms
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List a, b;

/l Concatenate two lists
a.addAll(b);

// Range-remove
a.subList(from, to).clear();

/] Range-extract
List partView = a.subList(from, to);
List part = new ArrayList(partView);
partView.clear();
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Map Interface

JAVA DAYS "99
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public interface Map {
int size();
boolean isEmpty();
boolean containsKey(Obiject key);
boolean containsValue(Object value);
Object get(Object key);
Object put(Object key, Object value); // Optional
Object remove(Object key); /[ Optional

void putAll(Map t); // Optional
void clear(); /[ Optional

// Collection Views

public Set keySet();
public Collection values();
public Set entrySet();
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Map Idioms
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/Il I1terate over all keys in Map m

Map m;

for (iterator i = m.keySet().iterator(); i.hasNext(); )
System.out.printin(i.next());

// "Map algebra”
Map a, b;

boolean iIsSubMap = a.entrySet().containsAll(b.entrySet());
Set commonKeys = new HashSet(a.keySet()).retainAll(b.keySet);

[/[Remove keys from a that have mappings in b
a.keySet().removeAll(b.keySet());

[letc. Il
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General Purpose Implementations

Implementations

Hash Resizable | Balanced | Linked
Table Array Tree List

TreeSet

Interfaces | List Lil'jig?d
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Choosing an Implementation

Set
HashSet - 0(1) access, no order guarantee

TreeSet - O(log n) access, sorted
Map
HashMap - (See HashSet)
TreeMap - (See TreeSet)
List
ArrayList - 0(1) random access, O(n) insert/remove

LinkedList - O(n) random access, O(1) insert/remove;
Use for queues and deques

Seite 19 © 1999 Sun Microsystems GmbH



JAVA DAYS "99

Implementation Behavior

Unlike Vector anc Flasntaple...

Fail-fast iterator
Null elements, keys, values permitted
Not thread-safe
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Synchronization Wrappers

A New igmreachoto TereashSalety

Anonymous implementations, one per core interface
Static factories take collection of appropriate type
Thread-safety assured if all access through wrapper
Must manually synchronize iteration
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Synchronization Wrapper Example

Set s = Collections.synchronizedSet(new HashSet());
s.add.('l'wombat"); /I Thread-safe

synchronized(s) {
Iterator i = s.iterator(); // In synch block!
while (i.hasNext())
System.out.printin(i.next());
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Unmodifiable Wrappers

Analogous to synchronization wrappers
Anonymous implementations
Static factory methods
One for each core interface

Provide read-only access
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Convenience Implementations

Arrays.asList(Object[] a)
Allows array to be "viewed" as List
Bridge to Collection-based APIs

EMPTY_ SEBnd EMPTY _LIST
Immutable constants

singleton

Immutable set with specified object
nCopies

Immutable list with n copies of object
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Custom Implementation ldeas

Persistent
Highly concurrent

High-performance, special-purpose

Space-efficient representations
Fancy data structures
Convenience classes
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Custom Implementation Example

'S easy with our abstract implemen
I/ List adapter for primitive int array
public static List intArrayList(final int[] a) {
return new AbstractList() {
public Object get(int 1) {
return new Integer(ali]);

}

public int size() {return a.length;}

public Object set(int i, Object 0) {
int oldVal = ail;
a[i] = ((Integer)o).intValue();
return new Integer(oldVval);
}
I3
}
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Reusable Algorithms
static void sort (List[]);
static int binarySearch  (List list, Object key);
static object min (List[]);
static object max(List[]);
static void fill  (List list, Object 0);
static void copy (List dest, List src);
static void reverse (List list);
static void shuffle  (List list);
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Algorithm Example 1

Soring Lists of Comperanie elements

List strings; /I Elements type: String

Colllllections.sort(strings); I/ Alphabetical order

Vector dates; /[ Elements type: Date
Collections.sort(dates); // Chronological order
/[ Comparable interface (Infrastructure)

public interface Comparable {
int compareTo(Object 0);
}
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Comparator Interface

(Infrastructure)

Specifies order among objects
Override natural orderon Comparables
Provide order on non-Comparables

public interface Comparator {
public int compare(Object 01, Object 02);

}
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Algorithm Example 2

Soring withes Domparanor
List strings; // Element type: String

Collections.sort(strings, Collections.ReverseOrder() );

/| Case-independent alphabetical order
static Comparator cia = new Comparator() {
public int compare(Object 01, Object 02) {
return ((String)ol).toLowerCase().
compareTo(((String)o2).toLowerCase());

}
¥

Collections.sort(strings, cia );
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Compatibility

Old and new collections interoperaie reely

Upward Compatibility
Vector implements List
Hashtable implements Map
Arrays.asList(myArray)

Backward Compatibility
myCollection.toArray()
Vector(myCollection)
Hashtable(myMap)
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APl Design Guidelines

Avoid ad hoc collections
Input parameter type:
Any collection Interface (Collection, Map best)

Array may sometimes be preferable
Output value type:
Any collection interface or type

Array
Provide adapters for legacy collections
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Sermon

Programmers:
Use new implementations and algorithms
Write reusable algorithms
Implement custom collections

API Designers:
Take collection interface objects as input
Furnish collections as output

Seite 33 © 1999 Sun Microsystems GmbH



JAVA DAYS "99

For More Information

microsystems



