
COSE213: Data Structure
Lecture 10 - 힙 (Heap)

Minseok Jeon 
 Fall

 1



줳혗: 풫켛퀗퓿 � (Priority Queue)
• 풫켛퀗퓿맻 뾍픻 셫핯�맻 젷헻 �잧숓펯퍷 삏 몸풫

data 1 data 2 data 3

front rear

priority : 10 priority : 99 priority : 50

dequeue

data 1 data 3

front rear

priority : 10 priority : 50

data 2

priority : 99



몫�: (Heap) 햋웇뭧홫
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�샻  (Max-heap) �쾇  (Min-heap)

• �샻  (Max-heap):  쭻좣 뽳싗핓 � 먍핯 햋탘뽳싗싟핓 �먍쫯샟 캼 �멫뺓 먔핇

• �쾇  (Min-heap):  쭻좣 뽳싗핓 � 먍핯 햋탘뽳싗싟핓 �먍쫯샟 캼 햌멫뺓 먔핇
• 웣 뽳싗맻 맻햠 � �먍픿 맻ퟋ

• 웣 뽳싗맻 맻햠 햌핇 �먍픿 맻ퟋ

•  햋웇뭧홫삏 퐿헿 핯ힿ잧핿



퐿헿 핯ힿ잧 (Complete Binary Tree)
(1) 뾍핯맻 핳 잧폋켗 옃쪣 1쭻� 뱇ힻ삏 뽳싗맻 좣쉋 �퓇혳 햃뫛k k − 1

(2) 쟃ힻ쟄 옃쪣 폋켗삏 푷�쭻� 퐟읳�픷왗 뽳싗맻 퀗켗샻왗 �퓇혳 햃삏 핯ힿ잧k

높이가 3인 완전 이진트리들

(a) (b) (c) (d)



�샻  (Max-Heap)뫷 �쾇 (Min-Heap)

key

푷� 켗잧핓 뽳싗싟  key≤ 퐟읳� 켗잧핓 뽳싗싟  key≤

최대 힙

key

푷� 켗잧핓 뽳싗싟  key≥ 퐟읳� 켗잧핓 뽳싗싟  key≥

최소 힙
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Example
• (a) ~ (i)를 최대힙인 것과 아닌 것으로 분류하시오
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(Heap)핓 뭧
• (Heap)픻 퐿헿 핯ힿ잧핯즻왗 핷쨓헼픷왗 쨫폯픿 캧풤폧 뭧
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• 푷� 햋탘뽳싗핓 핳셬킟 = (쭻좣 뽳싗핓 핳셬킟)*2

• 퐟읳� 햋탘뽳싗핓 핳셬킟 = (쭻좣 뽳싗핓 핳셬킟)*2 + 1

• 핳셬킟맻 i핳 뽳싗핓 쭻좣뽳싗핓 핳셬킟 = i/⌊ ⌋

• 푷� 햋탘 뽳싗핓 핳셬킟맻 i핷 썇 퐟읳� 햋탘뽳싗핓 핳셬킟 = i +  
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[2] [3]

[4] [5]



핯ힿ잧핓 뭧
• 쨫폯(Array) 쪐

• 핯ힿ잧맻 퐿헿 핯ힿ잧앷뫛 맻혐뫛 뾍핯맻 핯졯 먗핓 폫쾈헼핳 뫰맿픷왗 k 2k − 1
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(Heap)핓 뭧
• (Heap)픻 퐿헿 핯ힿ잧핯즻왗 핷쨓헼픷왗 쨫폯픿 캧풤폧 뭧
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typedef struct { 
    int size;      
    int capacity;  
    int* arr;      
} Heap;

arr 
size = 9 
capacity = 11
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최대 힙 (Max-heap)



퐿헿핯ힿ잧읷  햋웇뭧홫왗 쨏붳밫
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procedure buildHeap1(arr) 
  heap  allocateHeap() 
  heap.arr  arr 
  heap.size  length(arr)  
  heap.capacity  maxCapacity()  
  for i = 1 to heap.size do 
    heapifyUp(heap, i) 
  end for 
  return heap

←
←
←

←

완전이진 트리 (arr) heap.arr

heap.size = 

3 4 5 6 2 6 5 4 3 2

heap.capacity =maxCapacity()
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퐿헿핯ힿ잧읷  햋웇뭧홫왗 쨏붳밫
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procedure buildHeap1(arr) 
  heap  allocateHeap() 
  heap.arr  arr 
  heap.size  length(arr)  
  heap.capacity  maxCapacity()  
  for i = 1 to heap.size do 
    heapifyUp(heap, i) 
  end for 
  return heap

←
←
←

←

완전이진 트리 (arr) heap.arr

heap.size = 
heap.capacity =maxCapacity()
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픷왗 햧쨫폯 (Heapify)
• heapifyUp: 훷펯ힿ 핯ힿ잧읷  뭧홫왗 햧쨫폯삏 멾픿 heapify앷 샟.

index : 4
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픷왗 햧쨫폯 (Heapify)
• heapifyUp: 훷펯ힿ 핯ힿ잧읷  뭧홫왗 햧쨫폯삏 멾픿 heapify앷 샟.

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] 
      heap.arr[index]  temp 
      heapifyUp(heap, parent) 
  end if 

← ⌊ ⌋

←
←

←

index : 4
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procedure buildHeap1(arr) 
  heap  allocateHeap() 
  heap.arr  arr 
  heap.size  length(arr)  
  heap.capacity  maxCapacity()  
  for i = 1 to heap.size do 
    heapifyUp(heap, i) 
  end for 
  return heap

←
←
←

←

1

2 3

4 5 6 7

1 2 3 4 5 6 7

퐿헿핯ힿ잧읷  햋웇뭧홫왗 쨏붳밫

i=1 i=2 i=3 i=4 i=5 i=6

i=7



퐿헿핯ힿ잧읷  햋웇뭧홫왗 쨏붳밫
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완전이진 트리 (arr)
3 4 5 6 2

procedure buildHeap2(arr) 
  heap  allocateHeap() 
  heap.arr  arr 
  heap.size  length(arr)  
  heap.capacity  maxCapacity() 
  for i = heap.size to 1 do 
    heapifyDown(heap, i) 
  end for 
  return heap

←
←
←

←

heap.size = 

6 5 4 3 2

heap.capacity =maxCapacity()
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퐿헿핯ힿ잧읷  햋웇뭧홫왗 쨏붳밫
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완전이진 트리 (arr) heap.arr

heap.size = 

3 4 5 6 2 6 5 4 3 2

heap.capacity =maxCapacity()
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procedure buildHeap2(arr) 
  heap  allocateHeap() 
  heap.arr  arr 
  heap.size  length(arr)  
  heap.capacity  maxCapacity() 
  for i = heap.size to 1 do 
    heapifyDown(heap, i) 
  end for 
  return heap

←
←
←

←
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index : 2
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heap.arr
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procedure heapifyDown(heap, index) 
  left  index * 2 
  right  index * 2 + 1 
  largest  index 
  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 
    heapifyDown(heap, largest) 
  end if

←
←

←
≤

←

≤

←

≠
←

←
←

index : 2
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퐿헿핯ힿ잧읷  햋웇뭧홫왗 쨏붳밫
1
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procedure buildHeap2(arr) 
  heap  allocateHeap() 
  heap.arr  arr 
  heap.size  length(arr)  
  heap.capacity  maxCapacity() 
  for i = heap.size to 1 do 
    heapifyDown(heap, i) 
  end for 
  return heap

←
←
←

←

i=7 i=6 i=5 i=4 i=3 i=2

i=1



 (Heap) 햋웇뭧홫

•  (heap)햋웇뭧홫삏 샟핇뫷 먔픻 밫삠싟 혗뫰

• create():  햋웇뭧홫읷 컘켬  쨓

• insert(heap, data): 핓 켬픿 픛ힻ졯켗 컃왗풯 셫핯� data읷 �맻

• deleteRoot(heap): 핓 켬픿 픛ힻ졯켗 웣 뽳싗읷 캨혗 쨊 쨓



create

• create:  햋웇뭧홫읷 컘켬  쨓

procedure create() 
  heap  allocateHeap() 
  heap.arr  allocateArray() 
  heap.size  0 
  heap.capacity  maxCapacity() 
  return heap

←
←
←

←
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• insert: 핓 켬픿 픛ힻ졯켗 컃왗풯 셫핯� data읷 �맻
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다음 리프 노드에 삽입

HeapifyUp
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insert
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• insert: 핓 켬픿 픛ힻ졯켗 컃왗풯 셫핯� data읷 �맻

procedure insert(heap, data) 
  if heap.size = heap.capacity then 
    return error() 
  end if 
  heap.size  heap.size + 1 
  heap.arr[heap.size]  value 
  heapifyUp(heap, heap.size) 
  return item

←
←



deleteRoot
• deleteRoot : 핓 웣(root) 뽳싗읷 캨혗  쨓 (캨혗 폋솿 핓 켬ퟃ픿 쟇홬퍷 )
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deleteRoot

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 
  heapifyDown(heap, 1) 
  return item

←
←

←

• deleteRoot : 핓 웣(root) 뽳싗읷 캨혗  쨓 (캨혗 폋솿 핓 켬ퟃ픿 쟇홬퍷 )

(heap) 캸햀 핓 
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(heap) 햋웇뭧홫핓 뭧

• (heap)픻 샟핇뫷 먔픻 밫삠픿 혗뫰 (핓 �캼 햋웇)

• Heap* create() : 비어있는 힙을 생성 후 반환함

• void insert(Heap* heap, int value) : 힙에 새로운 데이터 value를 추가함

• int deleteRoot(Heap* heap): 힙의 루트노드를 제거 후 루트노드의 값을 반환함

• void traversal(Heap* heap): 힙을 구성하는 노드들의 값들을 출력함

• void destroy(Heap* heap): 힙이 사용하고 있는 메모리를 반환함



(heap) 햋웇뭧홫핓 뭧
• 힙(heap)은 다음과 같은 정보를 가지는 자료구조

typedef struct { 
    int size;      
    int capacity;  
    int* arr;      
} Heap;

Heap* create() { 
    Heap* heap = (Heap*)malloc(sizeof(Heap)); 
    heap->size = 0; 
    heap->capacity = 100; 
    heap->arr = (int*)malloc(heap->capacity * sizeof(int)); 
    return heap; 
}

• Heap* create() : 비어있는 힙을 생성 후 반환함



(heap) 햋웇뭧홫핓 뭧
• void insert(Heap* heap, int value) : 힙에 새로운 데이터 value를 추가함

void insert(Heap* heap, int value) { 
    if (heap->size >= heap->capacity) { 
        printf("Error: Heap is full!\n"); 
        return; 
    } 
    heap->size = heap->size + 1; 
    heap->arr[heap->size] = value; 
    heapifyUp(heap, heap->size); 
}

void heapifyUp(Heap *heap, int index) { 
    if (index <= 1) { 
        return; 
    } 
    int parent = index / 2; 
    if (heap->arr[parent] < heap->arr[index]) { 
        int temp = heap->arr[parent]; 
        heap->arr[parent] = heap->arr[index]; 
        heap->arr[index] = temp; 
        heapifyUp(heap, parent); 
    } 
} 



(heap) 햋웇뭧홫핓 뭧
• int deleteRoot(Heap* heap): 힙의 루트노드를 제거 후 루트노드의 값을 반환함

int deleteRoot(Heap *heap) { 
    if (heap->size <= 0) { 
        printf("Heap is empty!\n"); 
        return -1; 
    } 
    int max = heap->arr[1]; 
    heap->arr[1] = heap->arr[heap->size]; 
    heap->size--; 
    heapifyDown(heap, 1); 
    return max; 
}



(heap) 햋웇뭧홫핓 뭧

void heapifyDown(Heap *heap, int index) { 
    int left = 2 * index;        
    int right = 2 * 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->arr[largest]) { 
        largest = right; 
    } 
    if (largest != index) { 
        int temp = heap->arr[index]; 
        heap->arr[index] = heap->arr[largest]; 
        heap->arr[largest] = temp; 
        heapifyDown(heap, largest); 
    } 
} 



(heap) 햋웇뭧홫핓 뭧

void traversal(Heap* heap) { 
    printf("Heap elements: "); 
    for (int i = 1; i <= heap->size; i++) { 
        printf("%d ", heap->arr[i]); 
    } 
    printf("\n"); 
} 

• void traversal(Heap* heap): 힙을 구성하는 노드들의 값들을 출력함

void destroy(Heap* heap) { 
    free(heap->arr); 
    free(heap); 
}

• void destroy(Heap* heap): 힙이 사용하고 있는 메모리를 반환함



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; 
}



 햋웇뭧홫핓 핌풤

(1) k번째로 큰 수 찾기 (select k)

(2) 우선 순위 큐 (priority queue)

• 정렬되지 않은 배열에서 k번째 큰 수 찾기

• 풫켛 퀗퓿맻 뾍픻 셫핯�맻 젷헻 뺓맻삏 햋웇뭧홫

(3) 힙 정렬 (heap sort)



 햋웇뭧홫핓 핌풤 1 : k쪃ퟳ � 퀓 �밫(select k)

(1) 배열을 최대 힙(max-heap)으로 바꿈

• 정렬되지 않은 배열에서 k번째 큰 수 찾기

(2) k-1번 delete 연산을 실행후 힙(heap)의 루트(root)노드를 반환
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 햋웇뭧홫핓 핌풤 1 : k쪃ퟳ � 퀓 �밫(select k)
#include "Heap.h" 
#include <stdio.h> 

int selectK(int arr[], int arr_size, int k) { 
    Heap* heap = create(); 
    for (int i = 0; i < arr_size; i++) { 
        insert(heap, arr[i]); 
    } 
    for (int i = 1; i < 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\n", k, result); 
    return 0; 
}



 햋웇뭧홫핓 핌풤 2 : 풫켛 퀗퓿 � (Priority Queue)

• �(Queue) 햋웇뭧홫

• 젷헻 싟펯퐣 셫핯�맻 젷헻 뺓맻삏 (FIFO) 햋웇뭧홫

• 풫켛퀗퓿 � (Priority Queue) 햋웇뭧홫

• 풫켛 퀗퓿맻 뾍픻 셫핯�맻 젷헻 뺓맻삏 햋웇뭧홫

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 
  heapifyUp(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 
  heapifyDown(pqueue, 1) 
  return item

←
←

←



 햋웇뭧홫핓 핌풤 3 :  혐옧(heap sort)

procedure heapsort(arr) 
  heap  create() 
  for i = 0 to length(arr) -1 do 
    insert(heap, arr[i]) 
  end for  
  for i = length(arr) -1 to 0 do 
    arr[i] = delete(heap) 
  end for  
 return arr

←

4 6 1 2 5 3 8 8 6 5 4 3 2 1

arr arr



 햋웇뭧홫핓 핌풤 3 :  혐옧(heap sort)

4 6 1 2 5 3 8

8 6 5 4 3 2 1

arr

arr

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

void myheapsort(int arr[], int size) { 
    Heap* heap = create(); 
    for (int i = 0; i < size; i++) { 
        insert(heap, arr[i]); 
    } 
    for (int i = 0; i < size; i++) {  
        arr[i] = deleteRoot(heap); 
    } 
    destroy(heap); 
} 

int main() { 
    int arr[] = {4, 6, 1, 2, 5, 3, 8}; 
    int size = sizeof(arr) / sizeof(arr[0]); 
    myheapsort(arr, size); 
    for (int i = 0; i < size; i++) {   
        printf("%d ", arr[i]); 
    } 
    printf("\n"); 
    return 0; 
}

myheapsort(arr,7)



 햋웇뭧홫핓 핌풤 3 :  혐옧(heap sort)

procedure heapsort(arr) 
  heap  create() 
  for i = 0 to length(arr) -1 do 
    insert(heap, arr[i]) 
  end for  
  for i = length(arr) -1 to 0 do 
    arr[i] = delete(heap) 
  end for  
 return arr

←

•  혐옧픻 탗맿 쫰햜솿맻 핳 혐옧 퍇뫛잧힓O(n log n)

vs

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

탗맿 쫰햜솿 : O(n log n) 탗맿 쫰햜솿 : O(n2)
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�샻  (Max-heap) �쾇  (Min-heap)

• �샻  (Max-heap):  쭻좣 뽳싗핓 � 먍핯 햋탘뽳싗싟핓 �먍쫯샟 캼 �멫뺓 먔핇

• �쾇  (Min-heap):  쭻좣 뽳싗핓 � 먍핯 햋탘뽳싗싟핓 �먍쫯샟 캼 햌멫뺓 먔핇

• 웣 뽳싗맻 맻햠 � �먍픿 맻ퟋ

• 웣 뽳싗맻 맻햠 햌픻 �먍픿 맻ퟋ

• Heap: 셫핯�핓 �샻먍 쐋삏 �쾇먍싟픿 퓿훷왗 샟웣펯퍷  썇 헼 햋웇뭧홫


