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ABSTRACT

The purpose of this research is to design a framework documentation format for
application developers to shorten the time to study a new framework, and has a good
human computer interaction. Designing of this format is based on two major issues
contents, and user interfaces. Various researches on framework do cumentation and
existing framework documents are studied and carefully analyzed to propose what
topics should be included and arranged in the contents part. The psychological issues
related to human learning factors, user interface design, and web browser user interface
design, are studied and properly applied for user interfaces part.

In the experiment there were two test groups. The experimental group used the
documentation written using the proposed format whereas the control group used the
existing framework documentation. The results show that the experimental group’s
average development time and satisfaction ratings were significantly higher than the
control group’s. The former indicates the reduction on time to learn a new framework,
the lesser points out that the proposed format can be considered, in some degree,

standard for writing framework document that satisfies its users.
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3. HAMUMUIATTIENGN 0

ANMNANNUSURIARTE
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1. agmifudumasimandunesuiainaaidnduduimafing
2. panagUsrsnidunwusagsRumeiiva liun a1sdaas uasfaAaas
3. AAIAUINSITUNBNNANUALNANUIBIRAR IAUN WALAWNINAAR (AbstractList) ,

LALAUNTNTLAUITLIAAS (AbstractSeguentialList)

<l ar 1 = -y L) &
Eﬂ‘ﬂ 4.3 WAAIANBENNNITIIEUNINTINTDIRA AEWNAFING




29

ARIAUABUMBTINaRT A NANTUSTURAABWIMefinaa T uans AR

<<interface>>

Collection

o

<<interface>>
List

=

AbstractList
{abstract}

1

AbstractSequential List

ArrayList

{abstract}

i

LinkedList

51l 4.3 (sia)

quifiudnsivetinaniadsuninsanilldnanalaazunsu (class diagram) winundas
o & =3 [ _ s a 9/ ) dy -di ] =
wlfaunsaiuanuduiuseesdampumeiinalidnedu Teassaainnisdaunineanlu
31 a3 uaz a5 aasgilaveciululasdasindietuneduiadnes nglildnanalaezunsy
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A uANRUSlATe fesdunamusaatanslsrne wazaraiadudunud (instance) LHauN
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E

Tunsdunawmurassumeinalidunaunisaundusisssialyil
1. import java.util.*
2. NIIMsBNNA U I nimen ludds

a

3. fnsafamesmdniunniiteaine duaunud AFunldumenludad
import java.util.”;
public class TestList1 implements List {
/I 8514 Constructor
public TestList1(int initialCapacity) {
if (initialCapacity < 0)
throw new lllegalArgumentException("lllegal Capacity: "+ initialCapacity);
this.elementData = new Object[initialCapacity];

} //Constructor

d o’ 1 ° = o 1
5171 4.4 uanssetians@euiesunenisliiunaziedwllsunsuszgnsians

AameuNaTWg
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JIFnnsBNwAINUAIManaNaly List Interface
/I Precondition : 0 <= index <= size(). Otherwise,
1/ IndexOutOfBoundsException will be thrown
// Postcondition : element has been inserted at position index in this List, and
I all elements that were at positions >= index before this call have
I been moved to the next higher position.
public void add(int index, Object element) {
if (index > size || index < 0)
throw new IndexOutOfBoundsException(
"Index: "+index+", Size: "+size),
System.arraycopy(elementData, index, elementData, index + 1,
size - index);
elementDatalindex] = element;
sizet++;
} // add method
// Precondition : 0 <= index <= size(). Otherwise,
1 IndexOutOfBoundsException will be thrown
J/Postcondition : The elements of ¢ has been inserted into this List, starting at
/! position index, and true has been returned if at least one element
I from ¢ was add to this List. Otherwise, false has been returned
public boolean addAli(int index, Collection c){
if (index > size || index < Q)
throw new IndexOutOfBoundsException(
"Index: "+ index + ", Size: " + size);
Object[] a = c.toArray();
int numNew = a.length;

int numMoved = size - index;

gﬂﬁ 4.4 (6in)
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if (numMoved > 0)
System.arraycopy(elementData, index, elementData, index + numNew,
numMoved);
System.arraycopy(a, 0, elementData, index, numNew);
size += numNew;
return numNew != 0;

} /faddAll method

° - a P -
Jl N9 ANNRLHNUALHNAANLUARAUNNA

Y o al a .
/Il @S unannAaniNeasns Ausunud uae TestListt
public static void main(String[ ] args) {
TestList1 Obj = new TestList1()

b
Y/ Test List1 Class

eyangwn  lunsldodasBumefiaszfiamiinsdunausiadiaumeiivaynumen
dhiBunausyniunanazsiaanmuaiiduaaiauingssn iy public abstract class TestList

Wlusiu

Eﬂﬁ 4.4 (Aa)

4.1.2.2 MadeuiatdauazAesnanislfuaanaglassy nsasuneas
2 A = 4 o () = o o i
wiulifinasGFanldau Tearldeafunasmuazi@aanisanniaanssuuinin n13enAEN
1 v
anunsouanafudaatinlisunsutszgninanysalld Taoassiniseduneieiunaunisld
1 f, <2 s 2 o 1 3 dl v |
smlumausy aaninasesuiatamednetigwiuaznisldaunaiaglsssuineairaiy
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TunsldauaanaassaamuduneunisGanldfede il

1. AFNBUALAUTIDIAAIRENITAAFTUNT 11U

ArrayList obj1 = new ArrayList();

obj1 azgnaidunniuduawnudresanistian
2. Funldenuamensing 4 feglussdaaineaiiullsunsulszansausieanis

obj1.add("element1”);

element1 azgninadll et objt

as ' P ca o ' o o -
faatnen 1 a¥wausdads 2 g0 Tnousiavgausznavldfasiae 1 uaz 2 hindaaaluasd-
A6 1 uax aeEads 2 nuanfiu udntinuadwinlaldaalyly ansdaast 3 antiuing 9 way

a1 5 N1 14 TUuATUMUAT 1 299 aLsEAAR 3 AMNAIAL

«

ANIHARE 1 s

BATEAAR 2

public class TestArray {

public static void main(String[] args) {
int sum;

int temp;
ArrayList obj1 = new ArrayList(); //obj1 is created as instance of ArrayList
ArrayList obj2 = new ArrayList(); //obj2 is created as instance of ArrayList

//obj3 is created as instance of ArrayList

ArrayList 0bj3 = new ArrayList();

A o’ 1 o = o 1
5191 4.5 uanasetanadaudresunenisldnunasietnilsunsulszgnians

u
a

=
BATEURAR
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/l 'add 1 and 2 repectively to obj1 and obj2
obj1.add(new Integer (1));
obj1.add(new Integer (2));
obj2.add(new Integer (1));
obj2.add(new Integer (2));
/{ calculate sum of element in obj1 + obj and put in obj3
for (inti = 0; i< obj1.size() ; i++){
sum = ((Integer)obj1.get(i)).intValue() + ((Integer)obj2.get
(i)).intValue();
obj3.add(new Integer(sum));
}
// add 9 and 5 to index 1 of obj3 respectively
obj3.add(1,new Integer (9));
obj3.add(1,new Integer (5));
// Print all element in Obj3
for (inti = 0; i< obj3.size() ; i++)

System.out.printin("obj3 ["+ i+"]:"+obj3.get(i));

padns

obj3 [0): 2
obj3 [1]: 5
obj3 [2]: 9
obj3 [3]: 4
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U

[shansiunan ANBELNE

ngunsiindeya

void add(int index, Object element) Lﬁlu‘il"ﬂuuﬂ'luﬁ”lumid index

boolean add(Object ele) i y’au‘,ﬂﬁi'ﬂﬁﬂﬂﬁﬂﬁ

boolean addAll(Collection c) i inya Collection ¢ AANERER
{boolean addA!l(int index., Collection c) L'?;wff’ﬂunmﬂumju'luﬁ’mmid index
|nauniraudaya
|Object removel(int index) audayaluaiumia index
|boolean remove(Objéct ele) |audaya ele faailusausnaananaan
{boolean removeAll(Collection c) audaya Collection ¢ yauuneananaas
boolean retainAll(Collection c) ' LﬁULﬂW’l:'ﬁ'ﬂHa Collection clAluaas

< o ' o ! ' a @ &
5191 4.6 uanssaatiensagUmanisAndiatnatarataftumeding
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void clear()

audayannateananaan

nguNTTAUMITaYA

boolean contains(Object ele)

|msaagaudnluseanisiideys ele agvirala

a

boolean containsAll(Collection c)

] ' -l 2 1 '
asaadaudn lumenisigauesdaya c aguialy

boolean equals(Object ele)

- [

= 2 o L ] ] <4 1
whauiieudeys ele MuAasdndaAnviniuzels

Object get(int index)

s

AedayaanAIume index

int size()

wauuTeya luags

List subList(int fromIndex, int tolndex)

uaassumdadayalutaanszy

nguNITUIANUMiaLeddaya

int indexOf(Object ele)

meaumiedaya ele luaan

int lastindexOf(Object ele)

iR umgavinareddeya ele Tuaas

boolean isEmpty()

araaaaudideysetudasmidell

13
NANNITNEN

Object clonel()

NIAAAANAAH NUEIATIMHaUAN

Listlterator listlterator()

¥4 Listiterator 184diayaludas

Listlterator listlterator(int index)

a1 Listiterator 199dayaluddst IngFuann

AIUNUY index

Iterator iterator()

wandayaEENaIAL

nsnlasuulasdeys

int hashCode()

WiaruaslAnuaaast

Object set(int index, Object element)

2

..: o B v 1/ ]
unudayalusiumis index Aoadeyalu

ke } 14
NNTENEIBYR

Object[]JtoArray()

v
ihdlayavnanualusenisilldluansd

Object[JtoArray(Object[] a)

ihdiayananualusanisillaluaned

TnelunsdeanAuazidusiinaniss
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nnaan1sAdeiifiluusazaana TnadldlidealidsAnduludiaaraus azdosannanu

duauraadlFld saachensdiauagmeasdunfdigldaingli 4.7

Tuaaddumafivaiiunaan indunIanAadnduaumefing lnadauiTauana
-l ;73 1 1 :Jl
aazieeanITlduieaniunguail

1. NENUBINSIANLAYR

® add
// Precondition : 0 <= index <= size(). ﬁL‘ﬁu&uué’fJ
I AzgnAnALmae IndexOutOfBoundsException
/I Postcondition : daya element azgnuaNIUNINAIlUAAA D4 AU index uaY
" 1aya element ynsafag lufnumi >= index feunnadan
I et avgnideugaauluiumieinll

void add(int index, Object element);
saae19 Wgsnatnanisldenulalummen add(int index, Object element) 184 ArrayList

WAas LinkedList

® addAll
/I Precondition : 0 <= index <= size(). ﬁL‘ﬁu‘&uuﬁfJ
/" AzQNANAUFaE IndexOutOfBoundsException
/I Postcondition : ey Collection ¢ azgninuunanaaludas TneEuunanan
I AUMLA index AN true @:mnﬁ’uu’uﬂﬂ’ﬁﬂHﬂTu c atiipe 1
/" sagnunsnasluludas Elligndurnfidanduananiu false

boolean addAll (int index, Collection C);
sianeie Wgsnatdramsldanuldlumnen addAl(int index, Object element) 2184

ArrayList Wa¥ LinkedList

2. NRNUIBINISAUTDYA

® remove
/] Precondition : 0 <= index < size(). RITWIUUAY
Vi RzgNANALAY IndexOutOfBoundsException

A o/ 1 o Y 1 a o= .3
519 4.7 uanasaatianisagimenisAdetinasidenledartunefing




40

/I Postcondition : faya element 0 AUMIN index AXQNALBANANAAN

I ey element yneafteglusummia < index faunnsiden
I wmanii azgnideuitasludniadall uazen element 7
I gnavllazgndaindunn

Object remove(int index);

sangn ginadransldanlilummaen remove(int index)189 ArrayList Uaz

LinkedList

3. NFNNTAUMNTENA

get

// Precondition : 0 <= index < size().ﬁl'ﬁu'&uuﬁ"}

i AzgNANALFIY IndexOutOfBoundsException
/I Postcondition : fayalusiumi index azgnaaAINaLNN

Object get(int index);

9219 Wigsnatnanisldnulalummen get(int index) 189 ArrayList uaz LinkedList

sublList

// Precondition : 0 <= fromIndex < tolndex <= size().ﬁl.‘ﬁu&uuﬁ".l

I 9£QNANALFIY IndexOutOfBoundsException

/I Postcondition : Tayaluaas Fausifnumia fromindex Al tolndex azgniu
/" AnauNTuRa

List subList(int fromIndex, int tolndex);

siamge Wgshatnanisldenulalummen subList(int fromindex, int tolndex) 124

ArrayList Wa¥ LinkedList

4, naiwmmsmﬁ%mﬁai’aga

® indexOf
/I Postcondition : fn index 18ediaya ele Tudnumiusninuludafazgndad
/I naun usidnlinudaya ele ludas -1 azgndandunn
int indexOf(Object ele);
sirmeine Wgrnatnanirldiulalumman indexOf(Object ele) 1949 ArrayList LAY
LinkedList
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® |astindexOf
/I Postcondition : A1 index 18498YA ele lusnumbaariainudafazgndadd
I C ndunn usidlinudeya ele Tudas -1 azgndanduan
int lastindexOf(Object ele);
sanging WinAnadransldanlalummen lastindexOf(Object ele) 184 ArrayList Waz

LinkedList

5. n@:umsv'h'ﬂvﬂ
® clone
// Postcondition : object mﬂqﬁaﬁﬁgnﬁmﬂﬂn@:gﬂmnﬁu
Object clone();
siamgne Wigsaadanisldanuldlummen clone()1s ArrayList uaz LinkedList
® | stlterator()
/I Postcondition : Listiterator 184423a element Tuﬁaﬁﬁf-}:i_}ndamnﬁum
Listlterator listlterator();
siamee Wganadansldanulilummen listiterator() 209 ArrayList uaz LinkedList
® | jstlterator(int index)
/I Postcondition : Listlterator 1841038 element Buiifnumia indexluddstia
I gnéeANaLNT
Listlterator listiterator(int index);
saag Wasiatranislduldlummen listiterator(int index) 189 ArrayList Uz

LinkedList

<l
6. nmsulasunlastaya

® set
// Precondition : 0 <= index < size().ﬁL‘ﬁu‘l}uLlﬁfl
/I AzgNANALFaE IndexOutOfBoundsException
/I Postcondition : fioya element azunuidayaAnluAasd o faumi index uaz
I fayaludasazgnAuAINALNT

51l91 4.7 (sip)
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Object set(int index, Object element);
sang1e Wesedranmslinuldlummen set(int index, Object element) 984 ArrayList

LAY LinkedList
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 Java Collection Framework  Java Collections Framework Overview

Calecion Implarneniaiions
@ ArrayList

@ LinkedList

@ HashSet

@ TreeSet

@ HashMap

< TreeSet

@ AbstractCollection

@ Abstractlist

@ AbstractSet

@ AbstractSequentiallist
@ AbstractMap

@ SortedSet
<@ Map
< SortedMap

A collection is an object that represents a group of objects. A collections
framework is a part of java. util and unified architecture for representing and
manipulating collections, allowing them to be manipulated independently of the details
of their representation.

The Java Collection Framework consists basically of a hierachy with interfaces
at every level except the lowest, and the lowest level having implementations of those
interfaces.

This is a relation of class in the Java Collection Framework

<<interface>>
Collection
. T
<<interface>> <«<interface>> <<interface>> I

List Set Map

8 &

| ArrayList I Iu-kad_.st I prr ey <<interface>>
SortedSet SortedMap

Collection Interfaces

There are six collection interfaces. The most basic interface is Collection. Three
interfaces extend Collection is Set, List and SortedSet. The other two collection
interfaces, Map and SortedMap, do not extend Collection, as they represent
mappings rather than true collections. However, these interfaces contain collection-
view operations, which allow them to be manipulated as collections.

Collection Implementations

Class that implement the collection interfaces typically have names of the form
<implementation-style><interface>

Implementation of List interface is Arraylist and LinkedList.

Implementation of Set interface is HashSet and Tree set

Implementation of Map interface is HashMap and TreeMap.

The general-purpose implementations support &ll of the optional operations in the
collection interfaces, and have no restrictions on the elements they may contain.

d o 1
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| » Example

@ Arravlist
@ LinkedList
@ HashSet
@ TreeSet
@ HashMap
< TreeSet

@ Abstractlist

< AbstractSet

@ AbstractSequentiallist
< AbstractMap

Collection Interf
< Collection
9 List

< Set

<@ SortedSet
@ Map

< SortedMap
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Java Collection Famework  Java Collections Framework Example

This page will give you many examples that make you understand more about
Java Collection Framework. In each example, you will see comments in the program
for make you understand better in detail. But examples in this page just tell you about
overview how to use framework if you want to understand in step and want a complete
explanation you can see at Explanation page.

ArrayList

Examples of Collection Implementated Class

o TestArravl.jova

is is an example of Arraylist. This will give
u some idea how to add two array together.

o TestArray? java is is an easy example of ArrayList for using
add and remove method in Arraylist.
LinkedList
[This is an example of LinkedList. This example
o TesiLinkedListl.iav is very simlar to TestArray1.java but we use

addFirst and addLast with this. This Example
will show how to display LinkedList by using
Listiterator.

CI

tLinkedList2. java

'This is another example of LinkedList for using
more method in LinkedList.

Examples of Abstract Class

AbstractList

o TestAbstr ist1.j

[This is an example how to extend AbstractList.
[The implementation is a modifiable list that
implement get(int index), size{)and set(int
lindex, Object element) methods.

o TestAbstractlist? java

This is another example of AbstractList
implementation. This example will give you
more methods implementation.

e Test?java

This example show how to use class that
extend AbstractList. There are some methods
hat you don't have to implement but you can
Lse such as many methods in this example.

List

Examples of implement interface

o Testlist] java

is example is implement some methods in
List interface. This example just give an idea
how to implement but it has not completed yet,
so the programmer have to implement the rest
of the code before using.

ar ]
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Java l—‘ : The Collections framework consists of :

| Collection Implementations

ArraylList Resizable-array implementation of the List
interface. (Essentially an unsynchronized Vector.)
The best all-around implementation of the List
interface.

LinkedList Doubhylinked list implementation of the List interface.
May provide better performance than the Arraylist
implementation if elements are frequently inserted or
deleted within the list. Useful for queues and double-
ended gueues (deques).

HashSet Hash table implementation of the Set interface. The
best all-around implementation of the Set interface.
TreeSet Red-black tree implementation of the SortedSet
@ AbsimciMinp interface.
. HashMap Hash table implementation of the Map interface.

(Essentially an unsynchronized Hashtable that
supports null keys and values.) The best all-around
implementation of the Map interface.

@ SortedSet TreeMap Red-black tree implementation of the SortedMap
interface.
@ Map
@ SortedMap Abstract imlementations _ ; / EEAE
AbstractCollection Skeletal implementation of a collection that is neither

a set nor a list (such as a "bag" or multiset).
AbstractList Skeletal implementation of a set.

AbstractSet Skeletal implementation of a list backed by a random-
access data store (such as an array).

AbstractSequentialListSkeletal implementation of a list backed by a
sequential-access data store (such as a linked list).

AbstractMap Skeletal implementation of a map.

Collection A group of objects. No assumptions are made about
the order of the collection (if any), or whether it may
contain duplicate elements.

List Ordered collection, also known as a sequence.

Duplicates are generally permitted. Allows positional
access. Extends the Collection interface.

d ar 1 o _—
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{ P Explanation Home - ¥ Arraylist

Java

Arraylist Interface Overview

@ Arrenlist

@ LinkedList Using Step and Example

* HashSet ArrayList Field, Constructor and Method Summary
@ TreeSet

@ HashMap Inherited fields and methods

@ TreeSet

All Superinterfaces:

\hetract Implementaians o

@ AbstractCollection All Abstraction Classes:

9 Abstracilist rectlel

@ AbstractSet

@ AbstractSequentiallist Arrayl ist Class Overview

@ AbstractMap Primary qualities of ArrayList Class

S _ : 1. This is a resizable-array implementation of the List interface.

@ Callection 2. Arraylist permits all elements, including null.

@ List 3. The size, isEmpty, get, set, iterator, and listiterator operations run in constant
time.

@ Set 4. The constant factor is low compared to that for the LinkedList implementation.

@ SoredSet 5. Each Arraylist instance has a capacity that is the size of the arrey used to
store the elements in the list. As elements are added an Arraylist, its capacity

@ Map grows automatically.

@ SoredMap 6. The ensureCapacity operation may reduce the amount of incremental
reallocation.

7. This implementation is not synchronized. If multiple threads access an Arraylist
instance concurrently, and at least one of the threads modifies the list
structurally, it must be synchronized externally. If no such object exists, the list
should be "wrapped" using the Collections.synchronizedList method.

List list = Collections.synchronizedList{new ArrayList{...));

Relation of ArrayList Interface

<<interface>>
List
Abstractiist
{abstract}
[ ]
{abstract} AL
P
Go to top
Using Step and Example

This is a step of how to use ArrayList.

1. import java.util.*;
2. inthe main method, make an instance of ArraylList Class for example,

ArrayList obj1 = new ArrayList();

d ar ' 5 ] - el
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Using Step and Example
This is a step of how ta use Arraylist.

1. import java.util.”;
2. in the main method, make an instance of Arrayl ist Class for example,

ArraylList obj1 = new ArrayList();

3. using method in Arraylist for example,
objl.add({"slament1");

Inserted element1 into the end of obj1.

Example of using ArrayList [TestArray]1 java]

There are two ArrayLists. Each of the lists features numbers 1 and 2, repectively. This
example will add all the elements of similar positions in both lists together. The results
will then be added to ArraylList 3. After that 9 and 5 are inserted respedlively into
position 1 in arraylist 3.

ArrayList 1 1 2

ArrayList 2 1 2

import java.util. =;
public class Testarray {
public static void main{String[] args) {
int sum;
int temp;

#/create instance of Arraylist name. obijl
ArrayLlist objl = new ArrayList():

//create instance of Arraylist name: ob3j2
Arraylist obj2 = new ArrayList().

sscreate instance of Arraylist name: obj3
Arravlist obj3 = new Arraylist():

77 add 1 and 2 repectively to objl and obj2

objl.add{new Integer (1)):

objl. add({new Integer (2)).

obj2.add{new Integer (1)):

obj2.add(new Integer (2)):
77 calculate sun of element in objl + obj and put in obj3
for (int i = 0; i< objl.size{) . i++){

sum = ((Integer)objl.get(i)).intValue() +
{{Integer)obj2.get(i)).intValue().

4 o - ar 1 L
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iF'ei-ds-mh;anied from class | |ava y util. AbstractList
i modCount

Constructor Sungglmy

eraglLst( )
Constructs an empty list w:th an |n|t|ai capnc:ty of ten.

Arravlist(Collection c)

Constructs a list containing the elements of the specified collection, in the
order they are retumed by the collection's iterator.

Lgragllgt( int ini t.1al('apax::1ty)
Constructs an empty list with the specified initial capacity.

ArmyLlst Method Summary
[Insert Method

i " boolean |add(Object o)
‘ . Appends the specified element to the end of this list.
void ladd(int index, Object element)

[ Inserts the specified element at the specified position in this |

[list.
‘boolean | .addux(cmlecuon c)
! 1 Appends all of the elements in the specified collection to the
jend of this list, in the order that they are returned by the specified
cullec:ttun s iterator,

boolean g_dd,ﬁ_].i(:.nt index. Collection c.)
Inserts all of the elements in the specified collection into this

list at the specified position.

Delete Method

void |Qﬂ()
| Removes all of the elements from this Ilst

Objau::t x,m(:.nt mde:x)
i Removes the eiamem at the specifi Bd pnsmnn in thls ilst

boolean |remove({Object o)

| Removes the first occurrence in this list of the specified

ielement.

boolean M_LL(lelectlm <) ‘
I Removes from this list all the elements that are contained in |

ithe specified collection.

5777 boolean 'retalgj (Collecncm l:.)
[ | Retains only the elements in this list that are contained in

the specified collection i

Search Methud

§ " boolean ;‘ﬂn';g;ng(f)b]ect o) S ‘
[ Returns true if this list contains the spscn" ed element.

| boolean lcontainsAll (Cullec:tlon c)
[ Returns true if this list contains all of the elements of the
ispecified collection.
boolean ;egu_nls(Object o)
Compares the specified object with this list fur equallty

- Object g t{int 1ndmz) -
! Retumns the element at the spec:med pusﬂmn ln this list.

List M( int f.mnlnden int toIndax)
‘ Returns a view of the portion of this list between the

‘specified fromindex, inclusive, and tolndex, exclusive.

-l ar ' o o ' 1
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ArrayList Method Detail

Prepared data example: oldAnimals that contains of dogs, cats, ducks, pigs

Insert Method
« add{Object o}
Postcondition: o has been inserted at the back of this ArrayList object and
true has been retumed. The averageTime(n) is O(1). The
worstTime(n) is still O(n)

boolean add{Object o);
Example We can create a four-element Arraylist object as follows:
Arraylist oldAnimals = new ArrayList(};

|
oldAnimals.add("dogs"); |
oldAnimals. add("cats"); ‘
oldAnimals. add("ducks"); |
oldAnimals.add{"pigs"); \

““Note 1™ In all subsequent examples, i
|
|

oldAnimals consists of; dogs, cats, ducks, pigs ]
|
\

“*Note2™ This method always retums true because the corresponding

method in the Collection interface returns a boolean value: true if the class of |
the celling object allow duplicates or the element to be added is not already in |
the calling object, and false otherwise. There are some implementations of }
the Colleclions interface in which duplicates are not allowed such as Set ;
SortedSet. ?

Precondition: 0 <= index <= size(). Otherwise,
IndexOutOfBoundsException will be thrown.

Postcondition:  element has been inserted at position index in this Arraylist |
object, and all elements that were at positions >= index ‘
before this call have been moved to the next higher
position. The worstTime(n) is O{n).

« add(int index, Object element) ‘
i

void add(int index, Object element};
Example Given the following.

ArraylList animals = new ArreyList{oldAnimals);
animals.add(1,"igers");

**Note™ The Arraylist object animals now consists of :
dogs, tigers, cats, ducks, pigs
« addAll{Collection c)
Postcondition:  The contents of ¢ have been appended to this Arrayl ist
object. If this Arraylist object was changed (That is, if cwas

not empty), true as been returned. Otherwise, false has
been returmed,

d ar 1 had ; 1 L) La
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Documentation Contents

= The Collections Framework
JAVA

The collections framework is a unified architecture for representing and manipulating collections, allowing
them to be manipulated independently of the details of their representation. It reduces programming effort
while increasing performance. It allows for interoperability among unrelated APIs, reduces effort in
designing and learning new APIs, and fosters software reuse, The framework is based on six collection
interfaces. It includes implementations of these interfaces, and algorithms to manipulate them.

Overview

» Overview - An overview of the Collections framework.

API Specification

» API Reference - An annotated outline of the classes and interfaces comprising the collections framework, with
links into the JavaDoc.

Tutorial

» Tutorial - A tutorial introduction to the collections framework with plenty of programming examples.

API Enhancements

« API Enhancements in J2SDK 1.4 - An annotated list of API changes between the 1.3 and 1.4 releases.
« API Enhancements in the Previous Release - An annotated list of previous API changes in the 1.3 release.

Design FAQ
« Design FAQ- Answers to frequently asked questions concerning the design of the collections framework.

Copyright @ 2002 Sun Migrosystems, Inc, All Rights Reserved. QSun
Please send comments to: collections-comments@java.sun.com Java Software

4 9/ o
g1 a1 wdwynan

Overview Package [HEETIUse Tree Deprecated Index Help Java™ 2 Platform
PREV CLASS NEXT CLASS ERAMES MO FRAMES Al Classes Std, Fd. vi. 4.1
SUMMARY: NESTED | FIELD | CONSTR | METHOD DETAIL: FIELD | CONSTR | METHOD

Subrnit a bug or feature

For further API reference and developer documentation, see Java 2 SDK SE Developer Documentation. That documentation contains
more detailed, developer-targated descriptions, with conceptual overviews, definitions of terms, workarounds, and working code
examples.

Copyright 2002 Sun Microsystems, Inc. All rights reserved, Use is subject to license terms.
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=2 Collections Framework Overview
JAVA
Introduction

The Java 2 platform includes a new collections framework. A collection is an object that represents a group of
objects (such as the familiar Vector class). A collections framework is a unified architecture for representing and
manipulating collections, allowing them to be manipulated independently of the details of their representation.

The primary advantages of a collections framework are that it:

= Reduces programming effort by providing useful data structures and algorithms so you don’t have to write
them yourself.

« Increases performance by providing high-performance implementations of useful data structures and
algorithms. Because the various implementations of each interface are interchangeable, programs can be easily
tuned by switching i
« Provides interoperability between unrelated APIs by establishing a common language to pass collections
back and forth.

« Reduces the effort required to learn APIs by eliminating the need to learn multiple ad hoc collection APIs.

» Reduces the effort required to design and implement APIs by eliminating the need to produce ad hoc
collections APIs.

« Fosters software reuse by providing a standard interface for collections and algorithms to manipulate them.

The collections framework consists of:

« Collection Interfaces - Represent different types of collections, such as sets, lists and maps. These interfaces
form the basis of the framework.

« General-purpose Implementations - Primary implementations of the collection interfaces.

» Legacy Implementations - The collection classes from earlier releases, Vector and Hashteble, have been
retrofitted to implement the collection interfaces.

« Wrapper Implementations - Add functionality, such as synchronization, to other implementations.

« Convenience Implementations - High-performance "mini-implementations™ of the collection interfaces.

« Abstract Implementations - Partial implementations of the collection interfaces to facilitate custom
implementations.

« Algorithms - Static methods that perform useful functions on collections, such as sorting a list.

« Infrastructure - Interfaces that provide essential support for the collection interfaces.

« Array Utilities - Utility functions for arrays of primitives and reference objects. Not, strictly speaking, a part of
the Collections Framework, this functionality is being added to the Java platform at the same time and relies on
some of the same infrastructure.

Collection Interfaces

There are six collection interfaces. The most basic interface is Collection. Three interfaces extend Collection: Set, List,
and SortedSet. The other two collection interfaces, Map and SortedMap, do not extend Collection, as they represent
mappings rather than true collections. However, these interfaces contain collection-vieiv operations, which allow
them to be manipulated as collections.

All of the modification methods in the collection interfaces are labeled optional Some implementations may not
perform one or more of these operations, throwing a runtime exception (UnsupportedOperationException) if they are
atterpted. Implementations must specify in their documentation which optional operations they support. Several
terms are introduced to aid in this specification:

« Collections that do not support any modification operations (such as add, remove and clear) are referred to as
unmoedifiable. Collections that are not unmodifiable are referred to modifiable.

« Collections that additionally guarantee that no change in the Collection object will ever be visible are referred to
as immutable. Collections that are not immutable are referred to as mutable.

o Lists that guarantee that their size remains constant even though the elements may change are referred to as
fixed-size. Lists that are not fixed-size are referred to as varable-size.

= Lists that support fast (generally constant time) indexed element access are known as random access lists. Lists
that do not support fast indexed element access are known as sequential access lists. The RandomAccess marker
interface is provided to allow lists to advertise the fact that they support random access. This allows generic
algorithms to alter their behavior to provide good performance when applied to either random or sequential
access lists.

=l
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<> Annotated Outline of Collections Framework

Fpmmr

JAVA
The collections framework consists of:

» Collection Interfaces - The primary means by which collections are manipulated.

o Collection - A group of objects, No assumptions are made about the order of the collection (if any), or
whether it may contain duplicate elements,

o Set - The familiar set abstraction. No duplicate elements permitted. May or may not be ordered. Extends
the Collection interface.,

o List - Ordered collection, also known as a seguence. Duplicates are generally permitted. Allows positional
access. Extends the Collection interface.

o Map - A mapping from keys to values, Each key can map to at most one value.,

o SortedSet - A set whose elements are automatically sorted, either in their natura/ ordering (see the
Comparable interface), or by a Comparator object provided when a SortedSet instance is created. Extends the
Set interface.

o SortedMap - A map whose mappings are automatically sorted by key, either in the keys' natural ordering
or by a comparator provided when a Sortedvap instance is created. Extends the Map interface.

« General-Purpose Implementations - The primary implementations of the collection interfaces.

o HashSet - Hash table implementation of the Set interface. The best all-around implementation of the Set
interface.

o TreeSet Red-black tree implementation of the SortedSet interface,

o LinkedHashSet - Hash table and linked list implementation of the Set interface. An insertion-ordered Set
implementation that runs nearly as fast as HashSet.

o ArrayList - Resizable-array implementation of the List interface. (Essentially an unsynchronized vector,) The
best all-around implementation of the List interface.

o LinkedList - Doubly-linked list implementation of the List interface. May provide better performance than
the Arrayiist implementation if elements are frequently inserted or deleted within the list, Useful for queues
and double-ended queues (deques).

o HashMap - Hash table implementation of the Map interface, (Essentially an unsynchronized Hashtable that
supports rull keys and values.) The best all-around implementation of the Map interface.

o TreeMap Red-black tree implementation of the SortedMap interface.

o LinkedHashMap - Hash table and linked list implementation of the Map interface. An insertion-ordered Map
implementation that runs nearly as fast as HashMap. Also useful for building caches (see removeEldestEntry
{Map.Entry) ).

« Wrapper Implementations - Functionality-enhancing implementations for use with other implementations.
Accessed soley through static factory methods.

o Collections.unmodifiable Interface - Return an unmodifiable view of a specified collection that throws
an UnsupportedOperationException if the user attempts to modify it.

o Collections.synchronized Interface - Return a synchronized collection that is backed by the specified
(typically unsynchronized) collection. As long as all accesses to the backing collection are through the
returmned collection, thread-safety is guaranteed.

» Convenience Implementations - High-performance "mini-implementations” of the collection interfaces.

o Arrays.aslList - Allows an array to be viewed as a list.

o EMPTY_SET, EMPTY_LIST and EMPTY_MAP - Constants representing the empty set and list
(immutable).

o singleton, singletonList, and singletonMap - Returns an immutable "singleton” set, list, or map,
containing only the specified object (or key-value mapping).

o nCopies - Returns an immutable list consisting of n copies of a specified object.

« Legacy Implementations - Older collection classes have been retrofitted to implement the collection

interfaces.
o Vector - Synchronized resizable-array implementation of the List interface with additional "legacy

methods.”

o Hashtable - Synchronized hash table implementation of the Map interface that does not allow rull keys or
values, with additional "legacy methods.”

« Special Purpose Implementations

o WeakHashMap - an implementation of the Mep interface that stores only iweak references to its keys.
Storing only weak references allows key-value pairs to be garbage-collected when the key is no longer
referenced outside of the WeakHashMap. This class provides the easiest way to harness the power of weak
references. It is useful for implementing "registry-like” data structures, where the utility of an entry
vanishes when its key is no longer reachable by any thread.

=i a
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javauti
Class ArraylList

|
+—javautil AbstractColiaction
L‘Jﬂl&mﬂ
|
+—javauti Arraylist

All Implemented Interfaces:
Cloneable, Collection, List, RandomAccess, Serializable

p.bllcdmsArrayLlst
extends Abstraci ist
implements List, RandomAccess, Clonesble, Serializable

mwlnﬂemmdhLummlmquﬁuﬂiistwm and permits all elements, including rutl. In
o implementing the mmafaw&ndmwmmmmnﬂ&hmau‘emﬁﬁswedhmwbm
ullxmcmsrmwtmw,wmmummm

The see, isEmpty, get, set, forator, and lstiterator operations run in constant time. The add operation runs in amartized constant time, thet is,
adding n elements requires O(n) time. All of the other operations run in linear time (roughly spesking). The constant factor is low
compared to that for the LinkedList Implementation,

Each arraytist instance hes a caoaeity. The capacity is the size of the aay used (o store the elements in the list. It is always at least as large
as the list size, As elements are added an ArrayList, its capaclty grows automatically, The detalls of the growth policy are not specified
beyond the fact that adding an element has constant amaortized time cost.

An application can increase the capacity of an amayist Instance before adding a large number of elements using the ensureCapacity operation.
This may reduce the amount of incremental reaflocation.

Note that this implementation is not synchronized. If multiple threads access an arasist instance conourrently, and st least one of
nmmwulmmw,wmwmmw.mmlmdmsmaparmmmm«deaam
one or mare elements, or explicitly resizes the backing array; merely setting the value of an element is not a structural modification.) This
bwwmmwmmmmcbmtutmudtvmhlu If no such object exists, the list should be
“wrapped" using the Collactions.synchronizad ist methiod. Thiis Is best dore at oneation time, to preventt accidental ureynchronized access to the
list:

List bist = Collectons.syndwonzedList(new ArrayList(...));

The Iterators returmed by this class's merator and etiterator methods are faif-fast If list Is structurally modified at any time after the iterator Is
created, in any way except through the iterator's own remove or add methods, the iterator will throw a ConcurrentModificationException.

Thus, hthefaceofmrumnndﬁcaﬁm,&'em!mfallsq.mmdeaw rather than risking arbitrary, non-deterministic behavior
at an undetermined Hime In the fufLre.

Note that the fail-fast behavior of an iterator cannot be guaranteed as it is, generally spesking, impossible to make any hard guarantees in
the presence of unsynchronized concurrent modification, Fail-fast iterators throw concurrentModificationException on a best-effort basts.

Therefore, it would be wrong to write a program that depended on this exception for its correctness: nmmam
Mbewada’iybcbba‘m

Constructs an empty list with an initial capacity of ten,

lmmmc)

; Constructs a list containing the elements of the specified collection, in the order they are retumed by the collection's iterator.
| Arraylistnt niaiCapacity)

| Construdts an empty Mt with the specfed intial capacty,

| ;-1 . i
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Method Summary

beckean add(Object o)
Ensures that this collection contains the specified element (optional operation).

boclean addAll(Collection ©)
Adds all of the elements in the specified collection to this collection (optional operation).
vod clear()
Removes all of the elements from this collection (optional operation).

boolean

contains(Ohject o)
Retums wue If this collection contains the specified element.

bocka" containsAll(Collection c)

Returns tue if this collection contains all of the elements in the specified collection.
bockan equals(Object o)

Compares the specified object with this collection for equality.

int
0

Returns the hash code value for this collection.

bookean jsEmpty()
Returrs true if this collection cortains no elements.

Lerdtor jterator()
Returns an iterator over the elements in this collection.
bockesn remove(Object o)
Removes a single instance of the specified element from this collection, if it is present
(optional operation).

boolesn removell(Collection ¢)
Removes all this collection's elements that are also contained in the specified collection
(optional operation).
bockan retainAll(Callection c)
Retairs only the elements in this collection that are contained in the specified collection
(optional operation).
" size(
Returns the number of elements in this collection.
beS toArrayQ
Refurns an array containing all of the elements in this collection,
Sbis toArrav(Obiect(] 3)
Returns an array containing all of the elements in this collection; the runtime type of the
returned array Is that of the specified array.

o
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Method Detail

trimToSize
public void trimToSize()

Trims the capacity of this arayList Instance to be the list's current size. An application can use this operation to minimize the storage
of an arrayList instance.

ensureCapacity
public void ensureCapatity(int minCapacky)

Increases the capacity of this arayList instance, if necessary, to ensure that it can hold at least the number of elements specified by the
minimum capacity argument.

Parameters:
minCapacity - the desired minimum capacity.

size
public int sizeQ)
Returns the number of elements in this list.

Specified by:

size In Interface List
Specified by:

size In class AbstractColiection
Returns:

the number of elements in this list.

isEmpty
public bockean isEmpty()
Tests I this list has no elements,

Specified by:
gEmaty in Interface Lt
Overrides:

isEmpty I class AbstractColiection
Returns:
true if this list has no elements; fatkse otherwise.

contains
public boolean contains (Qbject elem)
Returms wue I this list contains the specified element,

Specified by:

containg IN Interface List
Overrides:

contains [N Cl&ss abstractColiection
Parameters:

elem - elernent whose preserxce in this List is to be tested.
Returns:

true I the specified element is present; fase otherwise,

indexOf
public int indexOF(Object elem)
Searches for the first occurence of the given argument, testing for equality using the equaks method.

Specified by:

ingexf In interface List
Overrides:

iodaxOf 1N class Abatractiist
Parameters:

the ir‘dex of the first occurrence of the argument In this list; returns -1 If the object is not found.
See Also:
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