COSE213: Data Structure

Lecture 10 - & (Heap)

Minseok Jeon
2024 Fall



= M[: £ 8=2 7 (Priority Queue)

o QM£9|7} &2 BI0|E|7H A K2|E/0fof = FL

front rear
front rear

dequeue

data 1 M q data 2 data 1| |data 3



o XA Bl (Min-heap): 22 = E9| 7| 2}0| XAl EE9| 7|ZLELCL

ot os a3 71U

H‘

X|CH & (Max-heap)



2t O[XE
NIE2| (Complete Binary Tree)

(1) =0|7} k91 E2|0f A 2| 1EF .
— I — —

L k— 1K= EEJ7BE XRHAH /A

HAM R

BI

( ) |-“‘ I-E-” | — —| QEJUC

(D
/
@ e @/®\ 0
® Y ol | & B :/®
(a) @ N S \@
h (5 (© RNl
o O - @ & © O
(d)



X

L 2! (Max-Heap)Z

*

S

>

—
@
=

(Min-Heap)

RIZ MEZ|9 LEE > key LEZ MEZ[Q LES > key

%4 3



Example

¢« (@) ~ ()= zlthede! A1t Ot Aoz FF/oIL



. l(Heap)2 2% 0|ZIER|0|T 2 YK O 2 HIHS ALR3I0] T8I}

Q|2 XHAILL EO| QIBIA = (23 L EO| QIE|A)*)




F 11 = O0[7FkO|H 2% — 1719 ALKXQ SO = H P

MmO O|w| >

00O N O L »h W NN — O




& (Heap)2| ++¢

e 2(Heap)2 2tT O|TIEE|O|EZ LBIMO 2 HIE S AFESI0] it

typedef struct A
int size;
int capacity;
intx arr;

} Heap;
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heap.capacity =maxCapacity()
procedure buildHeap1(arr) heap.size =5

heap.size < length(arr)
heapityUp(heap, 1)

heap « allocateHeap() 0
heap.capacity < maxCapacity()
end for 65432

heap.arr « arr H
for 1 =1 to heap.size do
return heap 1\

heap.arr
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heap.capacity =maxCapacity()
procedure buildHeap(arr) heap.size =5
heap « allocateHeap() e

heap.arr < arr
heap.size < length(arr) e
heap.capacity < maxCapacity() e a

| heapifyUp(heap, i)
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procedure heapifyUp(heap, index)

if index > 1 then

parent < |index /2|

if (heap.arr[index] > heap.arr[parent]) then
temp < heap.arr[parent]

heap.arr[parent] < heap.arr[index]

hea
hea

n.arr[index |

hea
end if

<« temp

oityUp(hea

0, parent)




2AF0[TEL|E & A== HH 7|

—>

procedure buildHeap1(arr)

for

hea
hea
hea

n < allocateHeap()
D.arT < arr
n.s1ze < length(arr)

hea

v.capacity < maxCapacity()

1 =1 to heap.size do

heapityUp(heap, 1)
end for
return heap
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procedure buildHeap2(arr)

heap <« allocateHeap()

heap.arr < arr

heap.size < length(arr)

heap.capacity « maxCapacity()

for 1 = heap.size to 1 do
heapityDown(heap, 1)

end for

return heap

heap.capacity =maxCapacity()

heap.size =5
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heap.capacity =maxCapacity()
heap.size =5

procedure buildHeap2(arr)
a heap « allocateHeap() a
heap.arr < arr
heap.size < length(arr)
heap .capacity < maxCapacity()
(Tor | = heap siz6 (0 1 do |
| heapifyDown(heap. i) _}
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procedure heapifyDown(heap, index)
left < 1index * 2
right < index * 2 + 1
largest < 1ndex
if left < heap.size then
if heap.arr[index] < heap.arr[left] then
largest <« left
end if
end if
if right < heap.size then
if heap.arr[index]| < heap.arr[right] then
largest < right
end if
end if
if largest #* index then
temp <« heap.arr[index]
heap.arr[index]| < heap.arr[largest]
heap.arr[largest] < temp
heapityDown(heap, largest)
end if
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procedure buildHeap2(arr)

for

hea
hea
hea

n < allocateHeap()
D.aIT < arr
n.size < length(arr)

hea

h.capacity < maxCapacity()
1= heap.size to 1 do

heapityDown(heap, 1)
end for
return heap
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o insert(heap, data): &2 E4= FX[oIHA M=2 H|O|E data

o deleteRoot(heap):



create

o create: & X211 E MM = diztch

procedure create()

heap « allocateHeap()

heap.arr < allocateArray()
heap.size < 0

heap.capacity < maxCapacity()
return heap
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procedure insert(heap, data)

if heap.size = heap.capacity then

return error()

end if
heap.size < heap.size + 1
heap.arr[heap.size] <« value
heapityUp(heap, heap.size)
return item




deleteRoot
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o deleteRoot: &2 £E(root) =5 AMK| = Bt=tet (AX| 20i[= &2 d& = TS5 0F g

procedure deleteRoot(heap)

if heap.size = 0 then

return error()

end if

item <« heap.arr[1]
heap.arr[1] < heap.arr[heap.size] —>
heap.size < heap.size - 1
heapityDown(heap, 1)
return item
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e Heapx create() : HOREs elE2 44 = et

e void insert(Heap* heap, int value) : &0 MZ2 C|O|E| valueE F7I&t

e void traversal(Heap* heap): &2 FMst= LEE9| s

e void destroy(Heapx heap): €0| AIEsI2 U= HZZ|E Hiets!
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typedef struct {
int size,;
int capacity;
intx arr;

} Heap;

Heapx create() : H[OIRlE ©lE2 d4 = di=tel

Heap* create() {

Heap* heap = (Heap*)malloc(sizeof(Heap));

neap->size = 0;

neap->capacity = 100;

neap->arr = (int*)malloc(heap->capacity * sizeof(int));
return heap;
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e void insert(Heap* heap, int value) :

void insert(Heapx heap, int value) {

if (heap—->size >= heap->capacity) {

printf("Error: Heap is full!
return;
}
heap—>size = heap—->size + 1,
heap—>arr[heap->size] = value;

heapifyUp(heap, heap->size); m—————————

II);
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void heapifyUp(Heap *heap, int index) {
if (index <= 1) {
return,;
I3

int parent = index / 2;
int temp = heap->arr[parent];

neap—>arr[index] = temp;
neapifyUp(heap, parent);

if (heap—->arr[parent] < heap—->arrl[index]) A

neap—>arr[parent] = heap—>arr[index];




int deleteRoot(Heap xheap) {

if (heap->size <= 0) {
printf("Heap is empty!\n");
return -1;

}

int max = heap->arr[1];

heap—>arr[1l] = heap->arrlheap->size];

heap—>size——;

heapifyDown(heap, 1);

return max;
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void heapifyDown(Heap xheap, int index) {
int left = 2 % index:
int right = 2 x index + 1;
int largest = index;

if (left <= heap->size && heap—->arr[left] > heap->arr[largest]) {

largest = left;
}

if (right <= heap->size && heap->arr[right] > heap->arrl[largest]) {

largest = right;
}
if (largest != index) {

int temp = heap->arr[index];
neap—>arr[index] = heap->arr[largest];
neap—>arr[largest] = temp;
neapifyDown(heap, largest);
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e void traversal(Heap* heap): ®2 FAd6l= LEEQ| =2 =5

void traversal(Heapx heap) {
printf("Heap elements: ");
for (int 1 = 1; i <= heap->size; i++) {
printf("%sd ", heap->arrl[il);
I3

printf("\n");

e void destroy(Heapx heap): €0| AIEst1 Y= HR22[E dietet

void destroy(Heapx heap) A
free(heap—>arr);
free(heap);




Example

#include "Heap.h"
#include <stdio.h>

int main() {
Heap* heap = create();

insert(heap, 10);
insert(heap, 20);
insert(heap, 15);
insert(heap, 30);
insert(heap, 40);

printf("After inserting elements:\n");
traversal (heap);

printf("Extracted max: %d\n", deleteRoot(heap));
printf("After extracting max:\n");
traversal (heap);

printf("Extracted max: %d\n", deleteRoot(heap));
printf("After extracting max:\n");
traversal (heap);

destroy(heap);

return 0;
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#include "Heap.h"
#include <stdio.h>

int selectK(int arr[], int arr size, int k) {

Heap* heap = create();

for (int 1 = 9; 1 < arr_size; i++) {
insert(heap, arr[i]);

}

for (int 1 = 1; 1 < k; i++) {
deleteRoot(heap);

}

int result = deleteRoot(heap);

destroy(heap);

return result;

int main() {
int arr[] = {10, 20, 15, 30, 40};
int k = 3;
int result = selectK(arr, 5, k);
printf("The %d-th largest element is %d
return 0;

", k, result);
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typedef struct {
int size;
int capacity;
int* arr;

} PriorityQueue;

procedure enqueue(pqueue, data)

if pqueue.size = pqueue.capacity then
return error()

end if
pqueue.size < pqueue.size + 1
pqueue.arr[heap.size] < value
heapityUp(pqueue, pqueue.size)
return item

procedure dequeue(pqueue)
if pqueue.size = 0 then
return error()
end if
item <« pqueue.arr[1]
pqueue.arr[1] < pqueue.arr[heap.size]
pqueue.size < pqueue.size - 1
heapityDown(pqueue, 1)
return item
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procedure heapsort(arr)
heap « create()
for 1 =0 to length(arr) -1 do
insert(heap, arr[1])
end for
for 1 = length(arr) -1 to O do
arr[1] = delete(heap)
end for
return arr

-

XM (heap sort)

arnr

8 6 5 4 3 2 1




Sl & (heap sort)

#include "Heap.h"
#include <stdio.h>
#include <stdlib.h> arnmr

Heapx heap = create();

void myheapsort(int arr[l, int size) { 4 6 1 2 5 3 8
for (int 1 = 0; i < size; i++) {

insert(heap, arrl[il);

I3
for (int 1 = 0; i < size; i++) { myheapsort(arr,7)
arr[i] = deleteRoot(heap);
I3
destroy(heap);
arnr
main() { T A lals
int arr[] = {4, 6, 1, 2, 5, 3, 8}; 8 6 5 4 3 2 1

int size = sizeof(arr) / sizeof(arr[0]);

myheapsort(arr, size);

for (int i = 0; i < size; i++) {
printf("sd ", arr[il);

s

printf("\n");
return 0;
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procedure heapsort(arr)
heap « create()
for 1 =0 to length(arr) -1 do
insert(heap, arr[1])
end for VS
for 1 = length(arr) -1 to O do

procedure bubblesort(arr)
for 1 =0 to length(arr) -1 do
for ; =0 to length(arr) -1 -1 do
if (arr[j] > arr[j+1]) then
swap(arr[j], arr[j+1])
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