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. JAVAQ| ArrayList 2z2A

JAVA ArrayList API
* JAVAO|= 0]0| 7t &l Arraylist 22271 US (APl &2

* https://docs.oracle.com/en/java/javase/21/docs/api/java.base/java/util/
ArrayList. htmIl#add(E

Method Summary

All Methods Instance Methods | Concrete Methods

Modifier and Type

Method

Description

void add(int index, E element) Inserts the specified element at the specified position in this list.
boolean add(E e) Appends the specified element to the end of this list.
boolean addAll(int index, Collection<? extends E> c¢) Inserts all of the elements in the specified collection into this list, starting at the specified position.
boolean addAll(Collection<? extends E> c) Appends all of the elements in the specified collection to the end of this list, in the order that they are returned by the specified collection's Iterator.
void clear() Removes all of the elements from this list.
Object clone() Returns a shallow copy of this ArrayList instance.
boolean contains(Object o) Returns true if this list contains the specified element.
void ensureCapacity(int minCapacity) Increases the capacity of this ArraylList instance, if necessary. to ensure that it can hold at least the number of elements specified by the minimum capacity argument.
boolean equals (Object o) Compares the specified object with this list for equality.
void foreach(Consumer<? super E> action) Performs the given action for each element of the Iterable until all elements have been processed or the action throws an exception.
E get(int index) Returns the element at the specified position in this list.
int hashCode() Returns the hash code value for this list.
int indexof(0Object o) Returns the index of the first occurrence of the specified element in this list, or -1 if this list does not contain the element.
boolean isEmpty() Returns true if this list contains no elements.
Iterator<k> iterator() Returns an iterator over the elements in this list in proper sequence.
’| ’I int lastIndex0f(0Object o) Returns the index of the last occurrence of the specified element in this list, or -1 if this list does not contain the element.



JAVAS| ArrayList S22

JAVA ArrayList APl A
* JAVAO|= O[|0| 34 ArrayListS
e Generic 22|lA2 13 E|0] 9|2

import java.util.ArraylList;

ArraylList<Integer> integersl = new ArraylList<Integer>();

12

integersl.
integersl.

integersl.
integersl.
integersl.
integersl.
System.out.println(integersl.get(4));
System.out.println(integersl.size());

add(80);
add(90);
add(100);
add(101);
add(123);
add(167);
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ArrayList 224 2| H 1S E |2t HA|
+ JAVAOI= 0]0] THE ArraylistS 23 oG2S 202 AR 72 13T
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* ArraylListOf| 711l 7|s2 0% BE2L R2l= S 6718 &
- iIsEmpty : 2|AE7F emptyO|H true 2|H
- insertLast : 7t& HOi| Af 2= &Y
- insert : Af =S k-1HA = CH20] &Y
- delete : kEHAY Sh= AA
- peek : kHA =FS 2|H

- print : BiEL &=
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ArrList 222 A9]
» 7|29| Araaylist 2222t ES0A| 97| 2lal 2L 0|52 Arrlist2 24
4| EfRI0| 2= U& g &+ UTEF Generic 22HLZ Holed

P O[O[E{ 2} B S LHO|| 22tE HO|E 5 A &ot= BEES 89

. OfE

public class ArrList <E> {
private E a[];
private int size;

public ArrList() {
a = (E[]) new Object[1];
size = 0;
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3. ArrList H|AE 1ol

iSEmpty H|AE +1od

public boolean isEmpty() {return size == 0;}

insertLast | A& o]
» Generic Efg 2= Oj0|&= =20 BIE 0| =7t
« B0 Bl57H0| G122 resize g+ S &2

(|

2 =0 =
2loiM 2814 522 YL EE ML= &dste A Ttse)

public void insertLast(E
i1f (size == a.length)

resize(2*a.length);
a[size++] = newItem;
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« Ol24Hte 3 7|0| HHE L StLE AA G 7|
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private void resize(int ) {
Object[] t = new Object[newSize];
for (int 1 = @; i < size; i++)

t[i] = a[i];
= (E[]) t;
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3. ArrList f|&E 3

insert H| A& 419d

T S 2R E 01X 2 S 27HX| 8 7H 0|5

a a[0] a[1] a[2] a[3] a[4] a[5] a[6] al[7]
i public void insert(E , int k) {
\ \ \ \ . i1f (size == a.length)

3 : \ ' \ size=6 resize(2*a.length);
k=2 @\ ®\ ®\ ®\ for (int i = size-1; i >= k; i--) a[i+1] = a[i];
5 a[0] al1] a[2] a[3] a[4] a[5] ale] al7] FLEL = e

size++;
. —

M &= alk]ofl & &

3 a[0] a[1] a[2] a[3] a[4] a[5] al6] a[7]
—L
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3. ArrList H|& & 13
delete, peek, print HAE 3§

- OFO[E&] MAAlO= A 27]|2] 1/48F AFEot=4] 2iele FV[E e s =4

public E delete(int k) {
if (isEmpty()) throw new NoSuchElementException();

E item = a[k]; | E|—- - size=6
for (int i = k; i <size; i++) a[i] = a[i+1]; ./ 4 /
size--; @ @ 06

if (size > © && size == a.length/4) ’ / ’

. ¥ ¥
resize(a.length/2); a[l] a[2] a[3] a[';] a[5] a[6] al7]
return item; size=5

}

public E peek(int k) {
if (isEmpty()) throw new NoSuchElementException();
return a[k];

}

public void print() {
if (isEmpty())
System.out.print("H{Z0| H|0O{ T
else

for(int 1 = @; i < a.length; i++) System.out.print(a[i]+"\t "
System.out.println();

19



3. ArrList H|AE 1ol

ArrList AFEslE 7|

s.insertLast("apple"”); s.print(); s.insertLast("orange"); s.print();
s.insertLast("cherry”); s.print(); s.insertLast("pear"); s.print();
s.insert("grape",1); s.print(); s.insert("lemon",4); s.print();
s.insertLast("kiwi"); s.print();

s.delete(4); s.print(); s.delete(@); s.print();
s.delete(@); s.print(); s.delete(3); s.print();
s.delete(®); s.print();

System.out.println("1H® =2 "+s.peek(1)+"0|C}."); System.out.println();

" Problems @ Javadoc B Console © Console &
<terminated> main (49) [Java Application] C:¥Program FilesiWlavaifjdk1.8.0_40%bhinjavaw.exe

[apple] B
apple [orange| <«— 2H{|Z =&
apple orange |[cherry| null . oSujz ZpEt

apple orange cherry [pear |

apple orange cherry pear null null null «—— 2H =2

apple grape orange cherry pear null null
apple grape orange cherry lemon pear null

apple grape orange cherry pear kiwi null null

grape orange cherry pear kiwi null null null ‘ AF

orange cherry pear kiwi null null null null A

orange cherry pear null nhull null null null [
20 cherry pear null null «—— 122 =4

1#m 2S£ pearo|tt,
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Ctaq H2| AE(Singly Linked List)2] Node
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Cla A ZHB| A E(Singly Linked List)2] Head2} Tail
o« HEAHE2|AELS V1Y A Nodes Headetll £ &
712t OFA|8F NodeE Tailol|2tn 22
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head tail
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ClaAHAAZ|AE(Singly Linked List)2] A (Insert)

. QI ZR|AE S O{L$I(0|E NodeS 27+2t 4 220 O|nf Node| Next
LS HFAHZOR AZTRE HZ A12

- Node7} 27+l of Ofct Y30t HZAI7| D2 §20| 0|S0| L glon) Le
SHOR2| 37| 010 AHA Sl

* insertFront : 7t& =0 Node& Z7tot= A &EH
4
o

* insertAfter : £4 QlElA O|=0f NodeS &% ot
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2. Singly Linked Liste| &2

deleteFront 1}&

. A2 AEO| B Yo =S Aot B

() —()—(>) mmmp O—C)—()—()—(

temp head tail head tail

deleteAfter 1}

C 28R LES RS FR

— 86 (73)

head 1/pre 2/del 3/aft tail head 1/pre 2/aft tail

del
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insertFront 2}A
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1. Node 222 2
Node SeiA 28 o2 7|2let 24

* Node’} ER5l0fet ZHE= 271X
- item : Node?} 2R3 4|O| &
- next : A LETF V2|7 = O = E(" )

* NodeOf| 1oiet 7|52 Gt &5
- getltem : L E7} EL3} item 2/E
- getNext : =E7} 7t2]7|= B & 2|4

- setltem : =20 M2 item 2t A&
- setNext : =E7t 7t2|7|= S =& X4
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2. SList el MA

SList 22il£& 2] foislE7|$fet 24
* SList 7t ERofiofs BE= 271X Y
- head : HZ&2|AEQ| 5||E &
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- size : HELAEV ERot MA| LE H(=2|2EQ9| 4
|5t o o o
° SLlStO'” __I'L % | - E|-CIJ_',’|- 7E|-E
- size : HE2|AEQ| Z0|= 2|E

- isEmpty : HE2|AET} B0 S H true

- insertFront : 7} 20| NodeE Z7}oh= A2

0

- insertAfter : £4 L& O|=0f| Af NodeE &5t

- deleteFront : 7}2 22 90| NodeS AlA|5H= ditH
- deleteAfter : EA = 0|=2| NodeE AlA|ot= dl
- search : £E4 itemO| Z R Node?Ql X| = 2|E

- print: dA| HZE 2| AESE &4
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3. Node 222 16

Node Szl F2f & HME o

* Node 2eff&= 70E Node?t e V|s=0 Aolotil AE2|A
= =228 852 B=0] 02| Nodeg &5t AA|5t= 7|sS

public class Node <E>{
private E item;
private Node next;

public Node(E , Node<E> p){
item newItem;
next p;

}

public getItem() { return item;}

public getNext() { return next;}

public setItem(E ) { item = newItem;}
public setNext(Node n) { next = n;}
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3. Node 222 16

SList 22)A 20| 7|2 A2} 13
= =]

public class SList <E> {

public Node head;
private int size;

public SList(){
head = null;
size = 0;

}

public int size() { return size; }
public boolean isEmpty() { return size == 0; }

34



3. Node 222 16

o H2|AE MM(Insert)7|s 8

e Node 222 2| next ZLEE HEENZ= OAESS 0|2510 Node

2= M-I Y ol0 &ot= 22[0 NodeS /e

public void insertFront(E ){
head = new Node(newItem, head);
size++;

}

public void insertAfter(E , Node p){
p.setNext(new Node(newItem, p.getNext()));
size++;
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3. Node 222 16

HEZ|LE M (delete)’| s 7
* Node 22lA9| next BEE& HEEdF= HAES= 0|&010 Nodete| &

e—e ——=

2= A E ot Ast= 2122 Node= AAllet

public void deleteFront(){
i1f (isEmpty()) throw new NoSuchElementException();

head = head.getNext();
size--;

}

public void deleteAfter(Node p){
if (p == null) throw new NoSuchElementException();
Node t = p.getNext();
p.setNext(t.getNext());
t.setNext(null);
size--;
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3. Node 222 16

public int search(E ) {
Node p = head;
for (int k = 0; k < size ;k++){
i1f (target == p.getItem()) return k;
p = p.getNext();
}

return -1,;

}

public void print(){
for (Node p = head; p != null; p = p.getNext())
System.out.print(p.getItem()+"\t ");
System.out.println();
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3. Node 222 16

HEC|LE ZMN Aol 27

« 7R AAZ21Z(String, Integer )22 2|AES B=0] AFE6HE 7|

SList<String> s = new SList<String>();

s.insertFront("orange"); s.insertFront("apple”);
s.insertAfter("cherry"”,s.head.getNext());

s.insertFront("pear");

s.print();

System.out.println(": s Z0| = "+s.size()+"\n");
system.out.println("M 2|7} \t"+s.search("cherry")+"SHE{O] RUACt.");
System.out.println("7|27} \t"+s.search("kiwi")+"BIR{0| QLCt.\n");
s.deleteAfter(s.head);

s.print();

System.out.println(": s ZO| "+s.size());System.out.println();
s.deleteFront();

s.print();

System.out.println(": s2| ZO| "+s.size());System.out.println();

pear apple orange cherry
: 59| 40| = 4

H2|7F 3o RUACE.
71917 1= ROl UACE.

pear orange cherry

SList<Integer> t = new SList<Integer>();
’ - 59| Z0| = 3

.insertFront(500); t.insertFront(200);
.insertAfter(400,t.head);
.insertFront(100);
.insertAfter(300,t.head.getNext());
.print();

System.out.println(": t2 Z0| = "+t.size());

orange cherry
s9 20| - 2

1686 200 3680
: 19| 40| =5
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1. Stack O|ZF?

AEH(Stack) 744

« 5t & Z0| M2 item(

—

O /M

« M item= A& ot= Hibip
* Top item3 AFA|5t= H4F pop

« 50! MZ(Last-In First-Out, LIFO) 2/215}H0]| item2| 4

3 top

32)e
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' L

ush

<—t0p

o

E«top
oo

[,

Q«top ﬂ
V.

AMASIAHLE M2 itemES A& 6t= A2 11X

empty  push(At2h) push(2FHX|) push(X2]) push(Hi)
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pop()

push(Z )



1. Stack O|2}?

*E“(Stack) oA
Hi2E T AG

null
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2. Queue O|ZF?

%(Queue)S HiE 2 o5t SMe| 24|d 1 (HS)
Z ™2 35t A, FOIM AT AXE HESHH & 120 20| 7
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H
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front ear 0 1 2 -2 n-1

43



2. Queue 0|2F?
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2. Queue O|ZF?

T(Queue)=S HIEE AU ZA|A 2 (OFA]ZHAA)
. 50| OFX|Sf itemE AHH|SH S0 F7tempty Q0| TS rears AHH & itemS O} X!
= 712|712 S

- SHZARE : frontE AA Q| T 0 U= itemQ| HIZ Q| HIO{ U= |AE 712[7|A &
front
2
.-[_._].-.--' —-[ '--.__[.35| [2.-[__ _|_ --___'!:Ei [2] l [3]
[y | FJ [4] \\" 7 [1] (4] i
,/, “\\“_ front [1] \ '._ | .l [4]
rear _Eﬂll‘!: ] -_.:-I-'."'- : rear —./fj- |-::?:l—ll front "
(5] [0] — _T'SJ (0] (5]
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1. ArrayStack 222 A

Ol

ArrayStack 22i& 28 L6l 27| et 24|
* ArrayStackO| ERa{ofer LE = 271X |

- s[] - AEBHS [t HHE

- top : AEHO| top BH2 0| B Ol A

== =

« ArrayStack Off i 7|52
oj A2 2

- size : ABH0| e S E |—’|‘— |
- iSEmpty : 2EBH0[ H|O{QU2H true 2|&
- peek : AEH top T2 9 '—H%'ﬂ% 2| &
- push : ABHO| A 2F 2= A&
- pop : AEHO|| 2| HT Zf= A5t 2|E

- print : £AEH9| B = St=5 otHH0| &4

47



2. ArrayStack Z2e2A 9

public class ArrayStack<E> {
private E  s[];
private int top;
public ArrayStack() {
s = (E[]) new Object[1];
top = -1;
}
public int size() { return top+1;}
public boolean isEmpty() { return (top == -1);

48



2. ArrayStack Zc2jA 73

peek HIME 19

. AEHO| 2|AFCHO| 71D} 2|E45} 1 AEHSHE

_

public E peek() {
if (isEmpty()) throw new EmptyStackException();

return s[top];

49



2. ArrayStack Zc2jA 73

push HAE {1od

. AEH Z|AICHO|| 22 SH2S 27}t + top% S7t
AEHO

public void push(E ) {
if (size() == s.length)
resize(2*s.length);
s[++top] = newltem;

resize H|AE 19

private void resize(int ) {
Object[] t = new Object[newSize];
for (int i = 9; 1 < size(); i++)
t[i] = s[i];
s = (E[]) t;

}

50




2. ArrayStack 2eiA 9

» ABH Z|ATHEI2 S 2|EI5 ABO|A] AR + topS A4
.+ AEHO| 7H0| BLO| OB A 37| 1/22 Z4 (resize 75101 0| 8)

public E pop() {
if (isEmpty()) throw new EmptyStackException();

E item = s[top];
s[top--] = null;

if (size() > © && size()==s.length/4)
resize(s.length/2);
return item;

57



2. ArrayStack Z2e2A 9

print MM E 1od

+ AEHO| OHIE] Z|ATHIA| BE B2 5H010] £

_

public void print() {
if (isEmpty()) System.out.print("2H=i0| H|O|/US.");

else for(int 1 = 0; 1 < size(); i++) System.out.print(s[i]+"\t ");
System.out.println();

52



ArrayStack<String> stack = new ArrayStack<String>();

stack.push("apple"”);

stack.push("orange");

stack.push("cherry");
System.out.println(stack.peek());
stack.push("pear");

stack.print();

stack.pop();

System.out.println(stack.peek());
stack.push("grape"); cherry

. . apple orange cherry pear
stack.print(); cherry
apple orange cherry grape

PS C:\Users\Dong\Desktop\WS_Java\C22 JAVA Datastructure>
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1. ArrayQueue SeiA A

ArrayQueue 2cliA 28 Loisl|E 7|2t 24
° ArrayQueueOI HRoofed 2= 2714 Y
-ql] Q|etHIE
: front %L | 71& &

o o 21 E
- rear : 7| 71 OpA| 9 oh=2o| B E QIEA
- size : 70| A¥EH =2 £
* ArrayQueuedf| oIt 7|s2 G4t €8
- size : 70| U= =2 == 2[H
- iIsEmpty : 77t H{O{UL® true 2|H
- add : 70| MZ22 22 Y=
- remove : 72 front @%% 2| &5t AR
- print 1 7#e| BEE =S 2T &=
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public class ArrayQueue <E>{
private E[] q;
private int front, rear, size;
public ArrayQueue() {
g = (E[]) new Object[2];
front = rear = size = 0;
}
public int size() { return size;}
public boolean isEmpty() { return (size == 0);}

}
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2. ArrayQueue 2

add HAE i
- o HSFAE 1L

o -

=
. 0| 27t0] BE5}01 Acto| 37|12 2t

public void add(E ) {
if ((rear+l)%q.length == front)
resize(2*qg.length);
rear = (rear+l) % q.length;

g[rear] = newlItem;
size++;
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2. ArrayQueue 22jA 33
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remove H|AE Lo

- 72| DA ZAIE Lot il 7t2|7|

rear &= Hit2 A ¢

i

o]
JUN

= rearQ| £

. F0|| 27H0| Yo AEHO| 37|21 24 (resize 7315104 0]

public E remove() {

if (isEmpty()) throw new NoSuchElementException();
front = (front+l) % g.length;

E item = q[front];

gq[front] = null;

size--;

if (size > 0 && size ==
resize(q.length/2);

return item;

.length/4)




2. ArrayQueue Se|A 1S

resize M E 13
« H{EO| TZ Q! OfR|BHALK| 24| = oli Eot 7|2 et front, reare| QIEIA 22| = &
O|oliotar O|0f| BFA| 1o

- MEF AO|Z29| BIE S TS0] 7|E29| queue HIEO| U= == 2F 5HS

private void resize(int ) {
Object[] t = new Object[newSize];
for(int 1 = 1, j=front+l; i <size+l; i ++, j++){
t[i] = q[J%q.length];
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2. ArrayQueue 2
print HIAE 1o
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public void print() {
1f (isEmpty())
System.out.print("f7} HIO{US.");
else {

for (int i=0; i<q.length; i++) System.out.print(q[i]+"\t ");
System.out.println();
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ArrayQueue A2 2! Zu}

ArrayQueue<String> queue = new ArrayQueue<String>();

queue.add("apple”); queue.add("orange");
queue.add("cherry"); queue.add("pear”); queue.print();

queue.remove(); queue.print();
queue.add("grape"); queue.print();

queue.remove(); queue.print();

add("lemon"); null apple orange cherry : null null null

queue. queue.pr%nt(); null null orange cherry : null null null
queue.add("mango™); queue.print(); null null orange cherry ' grape null null
queue.add("lime"); queue.print(); null null null cherry : grape null null
queue.add("kiwi"); queue.print(); null null null cherry ' grape lemon null
null null null cherry : grape lemon  mango
lime null null cherry ' grape lemon mango
lime kiwi null cherry : grape lemon  mango
61 lime kiwi null null ' grape lemon mango

queue.remove(); queue.print();
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