Collections 1n Java

* Arrays

= Has special language support
* |terators

= |[terator (i)

* Collections (also called containers)

Col | ection (i)
Set (i),
+ HashSet (c), Tr eeSet ()
Li st (i),
¢ ArraylLi st (c),Li nkedLi st (c)

Map (i),
+ HashMap (c), Tr eeMap (C)

OOP: Caoallections



Array

* Most efficient way to hold references to objects.

data Car|Car Car Car
Index 0 1 2 3 4 5 6 7
* Advantages

= An array know the typeit holds, i.e., compile-time type checking.
= Anarray know itssize, i.e., ask for the length.
= An array can hold primitive types directly.

* Disadvantages
= Anarray can only hold one type of objects (including primitives).
= Arraysarefixed size.
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Array, Example

class Car{}; [/ mniml dummy cl ass
Car[] carsli; /[l null reference
Car[] cars2 = new Car[10]; /[l null references

for (int i =0; i < cars2.length; i++)

cars2[i] = new Car();

/] Aggregated initialization
Car[] cars3 = {new Car(), new Car(), new Car(), new Car()},;
carsl = {new Car(), new Car(), new Car()};

* Helperclassj ava. uti| . Arrays
= Search and sort: bi narySearch(), sort()
= Comparison. equal s() (many overloaded)
= |nstantiation:  fill () (many overloaded)
= Converson:  aslLi st ()
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Overview of Collection

* A collection isagroup of data manipulate as a single object.
Corresponds to a bag.

* |nsulate client programs from the implementation.
= array, linked list, hash table, balanced binary tree

* Like C++'s Standard Template Library (STL)
* Can grow as necessary.

* Contanonly Obj ect s (reference types).

* Heterogeneous.

* Can be made thread safe (concurrent access).
* Can be made not-modifiable.
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Collection Interfaces

* Collections are primarily defined through a set of interfaces.
= Supported by a set of classes that implement the interfaces

Collection

/\

SortedSet

SortedMap

[Source: java.sun.com]

* Interfaces are used of flexibility reasons

= Programsthat uses an interface is not tightened to a specific
Implementation of a collection.

= |t iseasy to change or replace the underlying collection class with
another (more efficient) class that implements the same interface.
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Collection Interfaces and Classes

ListIterator

WeakHashMap

Utilities
ArraylList Linked List HashSet

Collections

Comparable Arrays

OOP: Collections [Source: bruceeckel.com]



Thel t er at or Interface

* Theidea: Salect each element in a collection
= Hide the underlying collection

Collection |« id |terator
| SEnpty() hasNext ()
add() next ()
renove() renove()

* |terators are fail-fast

= Exception thrown if collection is modified externally, i.e., not viathe
Iterator (multi-threading).
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Thel t er at or Interface, cont.

/[l the interface definition

| nterface Iterator {
bool ean hasNext ();
Cbj ect next (); /]l note "one-way" traffic
voi d renove();

}

[l an exanpl e
public static void main (String[] args){
ArraylLi st cars = new ArraylList();
for (int i =0; 1 < 12; i++4)
cars.add (new Car());

|terator it = cats.iterator();

while (it.hasNext())
Systemout.println ((Car)it.next());
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TheCol | ect1 on Interface

public interface Collection {

OOP: Caoallections

/| Basic Operations

I nt size();

bool ean i sEnmpty();

bool ean cont ai ns(Obj ect el enent);

bool ean add( Obj ect el enent); /] Optional
bool ean renove((Object elenent); // Optional

|terator iterator();

[/ Bul k Operations

bool ean contai nsAll (Col | ection c);
bool ean addAl |l (Col l ection c); /]
bool ean renoveAl |l (Collection c); //
bool ean retainAll (Collection c¢c); //
void clear(); /]

/'l Array QOperations
object[] toArray();
Cbj ect[] toArray(Object a[]);

Opt i onal
Opt i onal
Opt i onal
Opt i onal



The Set Interface

* Corresponds to the mathematical definition of a set (no
duplicates are allowed).

* ComparedtotheCol | ecti on interface

= Interfaceisidentical.
= Every constructor must create a collection without duplicates.
= The operation add cannot add an element aready in the st.

= Themethod call set 1. equal s(set 2) worksat follows
o setll set2, andset2| setl

OOP: Caoallections
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Set Idioms

* setl E set2

= set 1. addAl | (set 2)
* satl C sat2

= setl.retai nAl |l (set2)
* set] - set?

= setl. renoveAl | (set 2)

OOP: Caoallections

11



HashSet and Tr eeSet Classes

°* HashSet and Tr eeSet implement the interface Set .

* HashSet

= |mplemented using a hash table.

= No ordering of elements.
= add, r enpve, and cont ai ns methods constant time complexity

O(c).

* Tr eeSet

= |mplemented using atree structure.

= Guarantees ordering of elements.
= add, r enpve, and cont ai ns methods logarithmic time complexity
O(log (n)), where n is the number of eements in the set.

OOP: Caoallections
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HashSet , Example

[/ [ Source: java.sun.coni
| nport java.util.*;
public class Fi ndDups {
public static void main(String args[]){
Set s = new HashSet () ;
for (int i =0; 1 < args.length; i++){
I f (!s.add(args[i]))

Systemout. println("Duplicate detected:

args[i]);
}
Systemout.println(s.size() +
di stinct words detected: " +

S

OOP: Caoallections
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ThelLl st Interface

°* ThelLl st interface corresponds to an order group of elements.
Duplicates are allowed.

* Extensions compared to the Col | ect 1 on interface

= Accessto eements viaindexes, like arrays

eadd (int, Cbject), get(int), renove(int),
set(int, Qbject) (noteset=replacebad namefor the method)

Search for elements
¢ indexOr (Cbject), lastlndexO(Object)

Specialized I terat or, cal Li stlterator

Extraction of sublist
e subList(int from ndex, int tolndex)
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ThelLi st Interface, cont.

Further requirements compared to the Col | ect | on Interface
°* add( Onj ect ) adds at the end of thelist.

°* renove( (bj ect ) removes at the start of the list.

°* [istl. equal s(Ii st ?2)theordering of theelementsis
taken into consideration.
* Extrarequirements to the method hashCode.

= | Istl. equal s(list?2) impliesthat
| 1 st 1. hashCode() ==l i st 2. hashCode()

OOP: Caoallections
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ThelLi st Interface, cont.

publ

OOP: Caoallections

Ic interface List extends Collection {

/'l Positional Access

(bj ect get(int index);

Cbj ect set(int index, Cbject elenent); // Optional

voi d add(int index, QObject elenent); [/ Optional
Cbj ect renove(int index); /] Optional
abstract bool ean addAll (int index, Collection c);

[/ Optional
/| Search

I nt i ndexOF (Obj ect 0);
I nt | astlndexOf (Qbject 0);

[l lteration
Listlterator listlterator();
Listlterator listlterator(int index);

/| Range-vi ew
Li st subList(int from int to);
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ArraylLi st and Li nkedLi st Classes

°* TheclassesArraylLi st and Li nkedLi st implement the
Li st interface.

* Arrayli st isan array based implementation where elements
can be accessed directly viathe get and set methods.
= Default choice for smple sequence.

* LI nkedLi st isbased on adouble linked list

= Gives better performance on add and r enove compared to
Arrayli st.

= Glves poorer performance onget and set methods compared to
ArraylLi st.

OOP: Collections 17



Arrayll st , Example

/] [Source: java.sun.conij
| mport java.util.*;

public class Shuffle {

public static void main(String args[]) {
List | = new ArrayList();
for (int i =0; i < args.length; i++)

| .add(args[i]);
Col l ections.shuffle(l,
Systemout.println(l);

OOP: Caoallections

new Random());
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Li nkedLli st , Example

| mport java.util.>*;
public class MyStack {

OOP: Caoallections

private LinkedList |ist = new LinkedList();

public void push(Qbject 0){
| i st.addFirst(o0);
}

public Object top(){
return list.getFirst();
}

public Cbject pop(){
return list.renmoveFirst();

}

public static void main(String args[]) {
Car nyCar;
MyStack s = new MySt ack();
S. push (new Car());

\ nyCar = (Car)s. pop();
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ThelLi stlterator Interface

public interface Listlterator extends lIterator {
bool ean hasNext () ;
Cbj ect next ();

bool ean hasPrevi ous();
bj ect previous();

| nt nextl ndex();
| nt previousl ndex();

voi d renove(); [/ Optional
voi d set ((Cbject 0); [/ Optional
voi d add( Cbj ect 0); [/ Optional

OOP: Caoallections



The Map Interface

* A Map isan object that maps keys to values. Also called an
associative array or adictionary.

* Methods for adding and deleting
= put (Obj ect key, (bject val ue)
= renove ((bj ect key)

* Methods for extraction objects
= get ((Object key)
* Methodsto retrieve the keys, the values, and (key, value) pairs

= keySet () /] returns a Set
= val ues() /[l returns a Collection,
= entrySet() // returns a set

OOP: Caoallections

21



The MAP Interface, cont.

public interface Map {
/| Basic Operations
Cbj ect put (Obj ect key, bject value);
(bj ect get (Obj ect key);
Cbj ect renove( Ooj ect key);
bool ean cont ai nsKey( Cbj ect key);
bool ean cont ai nsVal ue( Cbj ect val ue);
i nt size();
bool ean 1 sEnpty();
[/ Bul k Operations
void putAll (Map t);
void clear();
[l Collection Views
public Set keySet();
public Collection val ues();
public Set entrySet();
/] Interface for entrySet elenents
public interface Entry {
(bj ect get Key();
(bj ect get Val ue();
Cbj ect set Val ue( bj ect val ue);

}

OOP: Cl)llections



HashMap and Tr eeMap Classes

* The HashMap and HashTr ee classes implement the Map
Interface.

°* HashMap

= The implementation is based on a hash table.
= No ordering on (key, value) pairs.

°* TreeMap

= The implementation is based on red-black tree structure.
= (key, value) pairs are ordered on the key.

OOP: Caoallections
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HashMap, Example

| nport java.util.*;

public class Freq {
private static final Integer ONE = new Integer(1);
public static void main(String args[]) {
Map m = new HashMap();

/[l Initialize frequency table fromconmmand |i ne
for (int 1=0; I < args.length; i++) {
| nteger freq = (Integer) maget(args[i]);
m put (args[i], (freg==null ? ONE :
new I nteger(freq.intvValue() + 1)));
}

Systemout. println(msize()+
di stinct words detected:");
Systemout. println(m;

OOP: Caoallections
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Static Methods on Collections

* Collection

= Search and sort: bi narySearch(),sort ()
= Reorganization: r ever se(),shuffl e()

= Wrappings. unModi f i abl eCol | ecti on,
synchoni zedCol | ecti on

OOP: Caoallections
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Collection Advantages and Disadvantages

Advantages Disadvantages
* Can hold different types of * Must cast to correct type

objects. * Cannot do compile-time type
* Resizable checking.

OOP: Caoallections

26



Summary

° Array

= Holds objects of known type.
= Fixed size.

* Collections

= Generdization of the array concept.

= Set of interfaces defined in Javafor storing object.
= Multiple types of objects.

= Resizable.

* Queue, Stack, Degue classes absent
= UselLi nkedLi st.

OOP: Caoallections
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