LLOADULBIYINAN

(Priority Queues)

Y498

> UULAIADULTIYINAIN
> N15E31NLAIARULTILNA WA 8FULULNINTA

> M85 THIULAIADULTIUTUAITW
> nN5laaatsuuuudy
> N15lAaNUaan N UAL
> sUadaW LU
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ILadAaaLEIUINAIN (Priority Queue)

. Fuuorasaiiafiey A "dnda" 16

o qayall "audAgy (priority)" AN

— diayaiifl priority g9sm wdnd 1atfiviaA7
Jusnisiniliavaasinlnag

— iIsEmpty, size, peek, enqueue, LLlar dequeue
dequeue : audiayaifindudrdygedn
peek : vadiayaifiniudAgdn

public interface PriorityQueue extends Queue{
public Object dequeue(); // audayamaAynign
public Object peek(); // vagiayaMAunga

}
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MIae19N19 T

enqueue - dequeue

PriorityQueue q = new BinaryHeap(10);
-.enqueue(new Integer(5));
-.enqueue(new Integer(3));
-.enqueue(new Integer(99));
.dequeue();

-.enqueue(new Integer(4));
.dequeue();

0 0 0 0 0.0
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d279 Priority Queue wuuN1e (LLein)

1918015 (Luy ArrayList) TAudiaya
1Ban’lguin19619 ) vad ArrayList

1
o

LANgaya v 19vi1a51an15 - ©(1)

¥ a L%

- AavdvuInIungaLas 1Ny peek Llas dequeue

public class ArrayPQ implements PriorityQueue {
private ArrayList list = new ArrayList(10);
public boolean 1sEmpty() { return list.isEmpty(); }
public int size() { return list.size(); }
public void enqueue(Object e) { list.add(e); }
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d279 Priority Queue wuuNne (LLein)

public class ArrayPQ implements PriorityQueue {

public Object peek() { return list.get(maxindex()); }
public Object dequeue() {
Int max = maxIndex();
Object result = list.get(max);
list.remove(max);
return result;
by
private int maxindex() {
1T (isEmpty()) throw new NoSuchElementException();
Iint max = 0;
for (int i = 1; i < list.size(); i++t) {
Comparable d = (Comparable) list.get(i);
iT (d.compareTo(list.get(max)) < 0) max = 1;

} .
return max: ‘[:@ < Ilst-get(maxiij

)
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2171 : Comparable

o aauandluanNnulBauAauliaanINInnIN'1E
saviiluaautianduavaaauy Comparable

o Huaanai implements Comparable

public interface Comparable {

// @ualau 6in this dauni1 obj
// @&uan 0 6in this winfu obj
// @uaiunn & this unnI obj
public int compareTo(Object obj);

}

Date di1 new Date(1998, 4, 12);
Date d2 = new Date(1998, 5, 31);

J 1]
System-out.println(dl-compareTo(dZ));//4 +1

System.out.printIn(d2.compareTo(dl));—
System-out.println(dl-compareTo(dl));~<§:£:§:]
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Alat1vnistdaumandlyl Comparable

public class Rectangle 1mplements Comparable {
private int width, height;

public iInt compareTo(Object obj) {
Rectangle that = (Rectangle) obj;
int thisArea = width * height;
int thatArea = that.width * that.height;
return thisArea - thatArea;

System-out-println(rl-compareTo(r2));// -3
System.out._printIn(r2.compareTo(rl)); =

System-out-println(rl-compareTo(rl));.=?::{:Ei]
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Rectangle r1 = new Rectangle(2, 4); 3
Rectangle r2 = new Rectangle(5, 1); %;iiiij




gUluvuninia (Binary Heap)

* enqueue : O(log n)

» dequeue : O(log n)

* peek: O(1)

 laflAsvds19uuy balanced binary tree

511 (root)

QJ@M@/ wai (parent) |

[ dulfivuuninaléaasisi n U go Llog, n] ]
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FUuuuniInie

« Binary Heap
— fiTAseasoLilu binary tree uuu'léiaa
* node LANNANTLEAL
¢ SYAUAWFA LENAAGE TN
— diayauay parent node AANINATIUDIQRN 9

-3 ’ a
Lﬁqﬂtﬂ‘uﬂqﬂ'\ﬂ‘ﬂq@ ’
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ATsds1vFULULNINIAR I8 LSE

5 6 7 8 9 10 11 12 13
12 5030 5(15(21| 4| 2| 2101820 | 3

size elementData
& .
* 91ALAUN index O
« andhauad node 1 index k atji index 2k + 1
« @nNuUaY node 7 index k a& index 2k + 2
« Wauav node 1 index k ati#A index (k- 1) /2

© S. Prasitjutrakul 2006 04/10/49 11

Aand BinaryHeap

public class BinaryHeap implements PriorityQueue {
private Object[] elementData;
private int size;

public BinaryHeap(int cap) {
elementData = new Object[cap];
}

public boolean i1sEmpty() { return size == 0; }

public int size() { return size; }

public Object peek() {
if (isEmpty()) throw new NoSuchElementException();

return elementData[0]; o o
3 { 3INADEIUINE6

sV index O

, -
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e 11 e lsatfluluda’ly (Wnvinaluanise)
o @31 e Auduna aunin e azluunnnIna

@ FixUp( 5 )

GNLRUIVDIED
fenatiang

6 1312 1| 2 | 12| 16

size elementData

04/10/49 13

© S. Pras

lam enqueue( e )

public void enqueue(Object e) {
ensureCapacity(size+l);
elementData[size] = e;
TixUp(size++);

1 aduieyartuvavieyuly
private void fixUp(int k) { L1508 ) qundﬂqihj
while (k > 0) { SAnIveIne

int p = (k-1)/2;
1T (IgreaterThan(k,p)) break;
swap(k, p);
k = p;
s

+
boolean greaterThan(int i1, int j) {

Comparable e = (Comparable) elementData[i];
return e.compareTo(elementData[j]) > O;

+

void swap(int i, int jJ) {
Object t = elementDatali];
elementDatali] elementDatal[]j];
elementDatalj] t;

+

/49 14




dequeue( ) : N5

o AU Iudmau

. fihadiayafilua1eungn uAuiisn
- daudiayansnnadun auninwaxg liidaaningn

0 1 2 3 4

5

FfixDown( 0 )

6

6 151 13| 9

2

11| 1

size elementData
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ENLLRUIVDY
gaNateNg
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lNan dequeue( )

public Object dequeue() {
Object max = peek();

elementData[size] = null;
iIT (size > 1) fixDown(0);
return max;

s

private void fixDown(int k) {
int c;

swap(k, ©);
k = c;
b
by

while ((c = 2 * k + 1) < size)
iIfT (ctl < size && greaterThan(c+l, c)) c++;
iT (IgreaterThan(c, k)) break;

\@n legnlaisnnitwe

elementData[0] = elementData[--size];

mmsmﬁﬁeﬁgﬂ%ﬂ

ANz > %'mj
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1721019

« peek: O(1)
* enqueue : fixUp = 0O(h) = O(log n)
» dequeue : fixDown = O(h) = O(log n)

© S. Prasitjutrakul 2006 04/10/49 17

n1sdsadLuuNInIARIaN1SAa 9 LN

public BinaryHeap(Object[] d) {
for(int 1=0; i1<d.length; i1++) enqueue(d[i]);
}

Llog, 2]

1 1 3 3 4
VORI TT)

4 6 6 8
S oNm SN SN, ®m N
Llog,4] )1 37 4 3 4 3 6 3
6 1 1 8 1 4
8\ = /10\ /10\ /11\
=
6 3 6 8 6 8 6 10
/\/ /N N N /\/\
1 410 1 93 193 11 1 93 8

(s Llog, 1] +Llog, 2]+ log, 3] +...+ Llog, n] < log, n! = O(n log n))
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n1sdsvdduuuniniasnianisAad g Usu

+

for(int 1=size-1;

public BinaryHeap(Object[] d) {
elementData = (Object[]) d.clone();
size = d.length;

1--) TixDown(i);

7

8

9

10 11

25

12

10

11

27

20

25

21

7 |19
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n1sdsvdduuuniniasnianisAa g Usy

fixdown ludiuldige k emsaduioyalaiiu k aso

g9 AU

4

X 1)
X 2

X 4

g
x 16 )

x 2h—k

- <> k2"

h h 0
D k2" =2 k2 < 2"y k2 =21 = O(n)
k=0 k=0 k=0
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guundgn / Flvaadgn (Max/Min Heap)

gUundgn
— qiayauay parent node AAUINATIUDIQN €

dlviaadn
— dqiayaway parent node IA1Uaan3Nva9Ign 9
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Aand BinaryMinHeap

public class BinaryMinHeap implements PriorityQueue {
private Object|[] elementData;
private int size;

public BinaryMinHeap(int cap) {

elementData = new Object[cap];

¥ tRADULHU

public boolean i1sEmpty() { return size ==

public Object peek() {
if (isEmpty()) throw new NoSuchElementException();
return elementData[0];

b5 LR ULGN
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BinaryMinHeap : enqueue( € )

public void enqueue(Object e) {
ensureCapacity(size+l);
elementData[size] = e;

TixUp(size++);
by
private void fixUp(int k) {
while (k > 0) { 41{:: - . :
int p = (k-1)/2; ﬂmgnv[uuwmmuwa

ifT (MlessThan(k,p)) break;

swap(k, p);
k = p;

}
+

boolean lessThan(int 1, int j) {
Comparable e = (Comparable) elementDatal[i];
return e.compareTo(elementData[j]) < O;

} L3 3
void swap(int i, int j) {

Object t = elementDatal[i];
elementData[i] = elementDatal[j]
elementDatalj] t;

© S. Pras }
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BinaryMinHeap : dequeue( )

public Object dequeue() {
Object max = peek();
elementData[0] = elementData[--size];
elementData[size] = null;
iIf (size > 1) FixDown(0);
return max;
+
private void fixDown(int k) {
int c;
while ((c = 2 * k + 1) < size) {
iIT (ctl < size && lessThan(c+l, c)) c++;
ifT (MlessThan(c, k)) break;
swap(elementData, k, c);

k = c; ﬁﬁuumnn'juﬂuﬁ@ana

+
+
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BinaryMinHeap : tfiaudniiul

- 14 BinaryMinHeap \iluaandgnway BinaryHeap

» 1Wdau greaterThan wavaandgn Tild3auiiey
nausduuuInnalsitu

public class BinaryMinHeap extends BinaryHeap {
public BinaryMinHeap(int cap) {
super(cap);
}
boolean greaterThan(int i, iInt j) {
Comparable e = (Comparable) elementDatal[i];
return e.compareTo(elementData[j]) < O;

+ o o,
} ¥@ greaterThan LLG)W\EI‘U‘LL@EHE"D
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MIae19N19 T

- n153avanuuuudil (heap sort)
« NN5LRDNTDURININDUAL

o sUdgWNuNL

* NN9I1RDINULUANTOL

- naddnsua lilguiuuy greedy
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n15LaavaauLuudy (Heap Sort)

o Suasdunds N iiudduangs

* 1912971 dequeue Taya (AuNFA) LWaU 1l
17 au sumiavaddauasngu

25|12 |10 |11 | 27
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A5 avatnuluu gl : Tusunsu

public class BinaryHeap implements PriorityQueue {
private Object[] elementData;
private iInt size;

public static void heapSort(Object[] data) {

BinaryHeap h = new BinaryHeap(0);

h.elementData = data;

h.size = data.length;

(for (int k = h.size - 1; k >= 0; k--)){
O(n)

h.FfixDown(k) ;

data[k] = h.dequeue();

O(n log n)

>%or (int kK = h.size - 1; k > 0; k--) ]

g
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N15lRaNYaan N UM

¢ SURLSHUDIUAYAFIIUIU N A7

. dayasitasgailudusuii k Aasala ?
« MaLNN:(2,4,1,7, 9@6, 8,10) k=4

. (1,2,4,5,6,7,8,9,10)
. 3371 1 : 3evdneiy, nay alk-1]
/ \

public static Object sele
BinaryHeap.heapSort(a);
return d[k-1];
}

CO(n‘Iog n)}
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381 2 : d91v8duanau k Asy

. Lﬂﬁﬂutﬂuﬁﬂﬂfamﬂ . m

* auaanun Kk ﬂ’i\‘l O(k log n)) <;

ﬂ'smn k nﬂamuaﬂaﬂaumu Kk

public static Object select(Object[] a,

for (int 1=0; i<k-1; 1++) {
h.dequeue();
+

return h.dequeue();

}

PrioriyQueue h = new BinaryMinHeap(a);

int k) {
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37 3 - lggUungauuin k
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37 3 - lggUungauuin k

public static Object select(Object[] a, 11nt k) {
PrioriyQueue h = new BinaryMaxHeap(k);
int j = 0;
for (; J<k; j++) h.enqueue(alil);
for (; jJ<a.length; j++) {
Comparable e = (Comparable) a[jl;
iT (e.compareTo(h.peek()) < 0) {
h.dequeue();
h.enqueue(e);
ks

) (O(nlog k)

return h.peek();
by

guuune k : nsuAn/auldnai O( log k)
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389 3 : ‘lafnu Iterator

public static Object select(lterator i, iInt k) {
PrioriyQueue h = new BinaryMaxHeap(k);
int j = 0;
for (; J<k; j++) h.enqueue(alil);
for (; jJ<i.-hasNext(); j++) {
Comparable e = (Comparable) 1.next();
iT (e.compareTo(h.peek) < 0) {
h.dequeue();
h.enqueue(e);
) by
return h.peek(); CI??LﬁBﬁLﬁ%ﬁJ Kk ?ja\ﬂ)

+

Tuann Iterator @adauansflduaniviaya
NnfAudayaiwian hasNext uay next
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sddnnunu (Huffman Code)

95" 'y’ e’ /' '®' "'
ATUIU 40 21 15 14 8 2
TWAULUUAIINLIAYT] 000 | 001 | 010 | 011 | 100 | 101
SURLLUANNENIULUT L6 0 | 100 | 101 | 110 | 1110 | 1111

100001000101010001101
g8 N A 1 g N "

1110100011111011001111
& uAa N g Uy N

40x3 + 21x3 + 15x3 + 14x3 + 8x3 + 2x3

300

40x1 + 21x3 + 15x3 + 14x3 + 8x4 + 2x4 = 230
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38n15u 19 WL

(‘l?‘jﬁﬂﬁaﬂa{m)

24:40 0:21 e1:15 U:14 «:8 1:2
0 100 101 110 1110 1111

sugdnWlluuu
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d51

< UDAULEIYSNATWIALD DY AR INAINNE ALY
% 1asun19u1 Tl uunnune
S d99 lamadduuuninim

< Tuan1sin/augayaluinan O(log n)
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