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91819 (List)

. List ALilu Collection atingniiv
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<ay Ay, Ay, vy Ay _1 >

public interface List extends Collection ({

public void add(int index, Object e);

public
public
public
public

void remove (int index) ;
Object get(int index);
void set(int index, Object e);

int indexOf (Object e);
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List x = new ArrayList (10);

()

x.add (0,"A"); [( "A")

x.add ("B") ; ( A" )

IIBII
x.add(0,"C"); [( "C", "A", "B" )
IIAII

x.set(zlllD"); < IICII s llDll >

int i = x.indexOf ("A") ;

x.add(i,"2"); ‘( ety tZzv, UAT, UDT >’

x.remove(2); [( "C", "z, "D" ) |

for (int i=0; i<x.size(); i++)

System.out.println(x.get(i)) ;
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« d5asdinudayalsuavsiaaen 0
e figus size lAUIUIUTDYA

« <a, a4, ..., a,_, > tAudiaya’lin
elementData[0], ..., elementData[n — 1] @ ua16u

[ ( llﬁm", llﬁmlll Ilﬁull ) ]

. 0 1 2 3 4
size elementData
3T TN

Ilﬁﬂll "‘fﬁ/]" "3“"
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ArrayList : Lunanway Collection

public class Arraylist implements List ({
private Object[] elementData;
private int size;
public ArrayList(int cap) {
elementData = new Object[cap]:;
size = 0;

}

public int size() { return size; }

public boolean isEmpty () { return size == 0; }
public boolean contains (Object e) {
return indexOf (e) '= -1;

}
public void add(Object e) {

add(size, e);

}

public void remove (Object e) {
int i = indexOf (e) ;
if (i >>= 0) remove (i) ;

}
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indexOf, get, set

public class Arraylist implements List ({

public int indexOf (Object e) { 0
for(int i=0; i<size; i++) (n)
if (elementData[i] .equals(e)) return i;

return -1;

}

public Object get(int index) {
return elementData[index];

}

public void set(int index, Object e) {

elementData[index] = e;
©(1)

a(1)

© S. Prasitjutrakul 2006

04/10/49 8




add(index, e)

size elementData

3 —

add (1, X)

elementData[i] =
}
elementData[index]
size++;

public void add(int index, Object e) {
ensureCapacity (size+l) ;
for (int i=size; i>index; i--) {

elementData[i-1];

O(n)

= e;

add(0,e) i1 add(size,e) 152
|
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remove(index)

size elementData

3

L

remove (0)

for (int i=index+1;
elementData[i-1]

}

size--;

elementData[size] =

public void remove (int index) {
i<size; i++) {
= elementData[i];

null; O(n)

remove(0) 1 remove(size-1) 157
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n15E5 UL TENEEe (singly linked)
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nN13d2719Uuu1a9a (doubly linked)

size first
2 1
l
—
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15897191 Uu 1a899U (circular)

size las

o= [
] | 4—\\\\———__——//
A" ng"

size first d
2 - , B> —

size header
{2 /‘Q_ /:-:’l/::/lj
G | %

"A" "B"
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public class SinglyLinkedList implements List {
private static class LinkedNode {

Object element;

LinkedNode next;

LinkedNode (Object e, LinkedNode n) {
this.element = e;
this.next = n;

}

} [Singly linked list with header ]

private LinkedNode header;

private int size;

size headef)
2 »

EE =L
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SinglyLinkedList

public class SinglyLinkedList implements List {

private int size = 0;

public SinglyLinkedList() { }
public boolean isEmpty () {

private LinkedNode header = new LinkedNode (null,null);

return header.next == null; // size ==
} \\ ___________ \\\
public int size() { size header §4
return size; -
} 0 ) ey
—
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indexOf(e), contains(e)

public class SinglyLinkedList implements List {

public int indexOf (Object e) {
LinkedNode q = header.next;
for (int i=0; i<size; i++) {
if (g.element.equals(e)) return i;
q = g.next;
}
return -1;
}
public boolean contains (Object e) {
return indexOf(e) >= 0;

2

\4

[size headef\

© S. Prasitjutrakul 2006

04/10/49 16




public void add(Object e) {
add (size, e);

}

public void add(int i, Object élégiiéaﬂuﬁaqﬁquﬂuqi_1
LinkedNode p = nodeAt(i-1);
p.next = new LinkedNode (e, p.next);

++size; @(’ e- _1
} \

1

private LinkedNode nodeAt(int i) ({ > >
LinkedNode p = header; i-1 it+1
for (int j = -1; j < i; j++) p = p.next;

return p; . = o
; P Ytﬂu —1 Au headeD

size headef}

2 J > —> , —— ‘
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private void removeAfter (LinkedNode p) ({

if (p.next !'= null) { <£:17
p.next =(p.next.next;
--size; B
} - ST

}

public void remove (Object e) {
LinkedNode p = header;

while (p.next '= null && !p.next.element.equals(e))

P = p.next; o .
removeAfter (p) ; Mmdunan

nuJuniu e

}

public void remove (int i) {
LinkedNode p = nodeAt(i-1);
removeAfter (p) ;
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public Object get(int i) {
return nodeAt (i) .element;

}

public void set(int i, Object e) {
nodeAt (i) .element = e;
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518015 LeNALUUIUAN LAY

public class LinkedList implements List ({
private static class LinkedNode ({

Object element;

LinkedNode prev, next;

LinkedNode (Object e, LinkedNode p, LinkedNode n) {
this.element = e;
this.prev = p;
this.next = n;

) Circular doubly linked list with header

}
private LinkedNode header;
private int size;

size header q

2 A _ /1
&
v v

HAH "B"
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constructor

public class LinkedList implements List ({

private LinkedNode header;
private int size;

public LinkedList () ({
header = new LinkedNode (null, null, null);
header.prev = header.next = header;

}

size header Q ‘::
0 1 T =
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wiaafitiiauiy SinglyLinkedList

° Size() T il
o WNani ldinliau
!sEmpty() (LW31EADNINNIG prev fel)
* indexOf(e) - add(e)
« contains(e) - add(i,e)
« nodeAt(i) * remove(e)
. get(i) * remove(i)
 seft(i,e)
size header| ¢ N —a j
2] L0 Sl Berel | T
7 v

"A" "Bll
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private void addBefore (LinkedNode q, Object e) {
LinkedNode p = q.prev;
LinkedNode x = new LinkedNode(e, p, q):

p.next = q.prev = x; <[:L

++size;

}
public void add(Object e) { <£:l7

public void add(int i, Object e) {

addBefore (nodeAt (i), e); O(n)
}

addBefore (header, e); 0(1) 2>
} ——T

dal

size header g

\

()
()

2 “1 —~
C

"A" "B"
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remove(e), remove(i)

private void removeNode (LinkedNode q) { CKl)
LinkedNode p = q.prev;
LinkedNode x = q.next;

p.next = x;
X.prev = p;

} --size; <£:17 i£:l’

o
o
L 3

public void remove (int i) { A

e
v |/
o
k3

Il

L—A
\ =

A
removeNode (nodeAt (i)) ; o(n) ‘,/:gx.
}

public void remove (Object e) {
LinkedNode g = header.next;
while (g !'= header) {
q = g.next;

}

if (g.element.equals(e)) { removeNode(q); break; }
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Inasuintaudued (Sparse Vector)

o dgNVDIINLNDTUINLAVEAUE
¢ ANFFETWINAATUINLAVAUIAIELTILNT
* F1UALBLAVDIVINITHN 9
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LALaSNINLaUAULE

favnig lgiinmas i (0,3,0,0,0,0,4)
“lfa115¢] double[ ] x = {0,3,0,0,0,0,4};
dnmasidanuiudinluaiitu 0
Wulusnanisuasdailile 0 ((1,3),(6,4))

SparseVector vl = new SparseVector(7) ;
vl.set(1,3); // (0,3,0,0,0,0,0)
vl.set(6,4); // (0,3,0,0,0,0,4)
SparseVector v2 = vl.add(v1l); // (0,6,0,0,0,0,8)
v2.set(2,3); // (0,6,3,0,0,0,8)
double d = vl.dot(v2); vl = (0,3,0,0,0,0,4)
v2 = (0,6,3,0,0,0,8)
vli-v2 = 18 + 32 =50
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UaN19Ua3 SparseVector

public class SparseVector {
public int length() {...}
public double get(int i) {...}
public void set(int i, double x) {...}
public SparseVector add(SparseVector v) {...}
public double dot(SparseVector v) {...}
public SparseVector multiply(double x) {...}
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A998 DI

« elementData LAuLLDIa10L
— usiazaavlAuganau (index, value)
LAUL3eY index Annvaa ldunn

e size LAUIMIUAFINUTUSI8NS
* length LiuA211817 vector

SparseVector vl = new SparseVector(7);

Vl.Set(l,B),’ // (0/31010101010)
v1.set(5,8); // (0/3/0101018/0)
V1.Set(2,6),’ // (0131610101810)

5 0 1 2 3

length size elementData
/AN
7 3 — j X -
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SparseVector

public class SparseVector ({
private static class Element {
int index;
double value; Gndexgvmue)
Element (int i, double v) {
this.index = i; this.value = v;

} length size eIementDatgw

Wivaaeu

}
private int size; 7 0 <J H
private int length;
private Element[] elementData;
public SparseVector (int length) {
this.elementData = new Element[0];
this.size = 0;
this.length = length;

}
public int length() { return length; }
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SparseVector : get

public class SparseVector {

public double get(int index) ({
for(int i=0; i<size; i++) {
if (elementData[i].index == index)
return elementData[i] .value;
if (elementData[i].index > index) break;

}

} return 0.0; ()(n)
. 0 1 2 3
length size elementData
/AN
7113 ] j \' =
(1,9) (2,4) (5,8)
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SparseVector : set

public class SparseVector {

public void set(int index, double value) {

0 1 2 3 0O 1 2 3

j \' L set(2,99) j \' L
(1,9) (2,4) (5,8) (1,9) (2,99) (5,8)

0 1 2 3 0 1 2 3

j \' L set(3,99) , \' \
(1,9) (2,4) (5,8) (1,9) (2,4) (3,99) (5,8)

SparseVector : set

public void set (int index, double value) {
int i = 0;
for ( ;i<size; i++ )
if (elementData[i].index >= index) break;

if (i<size && elementData[i] .index == index)
elementData[i] .value = value;

else
add (i, index, value); O(n)

}

void add(int i, int index, double value) {
if (value !'= 0) {
ensureCapacity(size+l) ;
for (int k=size; k>i; k--)
elementData[k] = elementDatal[k-1];
elementData[i] = new Element (index, wvalue) ;
++size;
}
}
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SparseVector : dot

public double dot (SparseVector v2) ({
SparseVector vl = this;
double r = 0;
for (int i = 0; i<vl.length(); i++)
r += vl.get (i) * v2.get(i);
return r;

vi= (0,3,0,0,1,4,0)
v2 = (0,6,3,0,0,3,0)
r = 0*0 + 3*6 + 0*3 +
0*0 + 1*0 + 4*3 + 0*0

 1&a O(n) lulsazaai get
e AL M ASY (M AAIULNIINLADS)
« 57u°1917a1 O(nm)
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SparseVector : dot

public double dot(SparseVector v2) ({
SparseVector vl = this; O(n)
double r = 0;
int i1 = 0, i2 = 0;
while (il < vl.size && i2 < v2.size) {
Element el = vl.elementData[il];
Element e2 = v2.elementData[i2];

if (el.index < e2.index) il++;
else if (el.index > e2.index) i2++;
else {
r += el.value * e2.value;
il++; i2++; N\ a\
} vl = (0,3,0,0,0[,4,0)
} v2 = (0,6)3,0,0,8/0)
return r; vli-v2 = 1 + 32 = 50
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SparseVector : add

public SparseVector add(SparseVector v2) ({
SparseVector vl = this;

for (int i = 0; i<vl.length(); i++)
v3.set(i, vli.get(i) + v2.get(i));

SparseVector v3 = new SparseVector (vl.length())

return v3; vl = (0,3,0,

v3 = (0,9,3,

0,
v2 = (0,6,3,0,
0

14

1,4,0)
0,3,0)
1,7,0)

. &8 O(n) luusiazAsef get

. set fidanaanmas (e O(n)

. Favi3un m Asy (M AaANaTIINLAaS)
« 57u°1917a1 O(nm)
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public SparseVector add(SparseVector v2) ({
SparseVector vl = this;
SparseVector v3 = new SparseVector (vl.length());
int i1 = 0, i2 = 0, i3 = 0;
while (il < vl.size && i2 < v2.size) {

if (el.index < e2.index)
{v3.add (i3++, el.index, el.value); il++;}
else if (el.index > e2.index)
{v3.add (i3++, e2.index, e2.value); i2++;}
else
{v3.add (i3++, el.index, el.value+e2.value);
}
while (il < vl.size) {
Element el = elementData[il++];
v3.add (i3++, el.index, el.value);
}
while (i2 < v2.size) {
Element e2 = elementData[i2++];
v3.add(i3++, e2.index, e2.value);
}

return v3;

Element el = vl.elementData[il], e2 = v2.elementData[i2];

O(n)

il++;i2++;})
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