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뺣픻 퀓폀 핷혐
• 11/29 (오늘) : 다원 탐색 트리 (Lecture 11)

• 12/13: 기말고사 (Final)

• 12/06: 그래프 (Lecture 12)

• 12/20: 기말고사 review



Typo

procedure balancing(root) 
  if (getBalance(root) > 1) and (getBalance(root->left)  0) then 
    return rotateRight(root) 
  elif (getBalance(root) > 1) and (getBalance(root->left) < 0) then 
    root.left  rotateLeft(root.left) 
    return rotateRight(root) 
  elif (getBalance(root) < -1) and (getBalance(root->right)  0) then 
    return rotateLeft(root) 
  elif (getBalance(root) < -1) and (getBalance(root->right)  0) then 
    root.right  rotateRight(root.right) 
    return rotateLeft(root) 
  return root
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• Lecture  (AVL Tree) 킧앷핯싗 휌



Quiz
• AVL잧폋켗 캸햀(insert) 쐋삏 캨혗(delete)폋켗 쨳엫탬(쐋삏 헿)픻 �샻 좂  쨗컘뱇?
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Quiz
Theorem AVL 잧폋켗 캸햀픿 픿 썇, �샻 쪃핓 balancing쟇 핷펯뺗샟.
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Proof sketch.

(1) 삽입하기 전에는 AVL트리임

Theorem AVL 잧폋켗 캸햀픿 픿 썇, �샻 쪃핓 balancing쟇 핷펯뺗샟.



Quiz

A

B C

D E F G

H I

J

Proof sketch.

(1) 삽입하기 전에는 AVL트리임

(2) 삽입 후 불균형이 발생 시 그 위로 조상노드들의 
     균형인수가 1 변화함

Theorem AVL 잧폋켗 캸햀픿 픿 썇, �샻 쪃핓 balancing쟇 핷펯뺗샟.



Quiz

Proof sketch.

(1) 삽입하기 전에는 AVL트리임

(2) 삽입 후 불균형이 발생 시 그 위로 조상노드들의 
     균형인수가 1 변화함

(3) 회전 후에는 (2)에서 조상노드들의 변화한 
    균형인수가 원래대로 돌아옴 

A

B C

D E F

GH

I

J

Theorem AVL 잧폋켗 캸햀픿 픿 썇, �샻 쪃핓 balancing쟇 핷펯뺗샟.



Quiz
Theorem AVL 잧폋켗 캸햀픿 픿 썇, �샻 쪃핓 balancing쟇 핷펯뺗샟.

Proof sketch.

(1) 삽입하기 전에는 AVL트리임

(2) 삽입 후 불균형이 발생 시 그 위로 조상노드들의 
     균형인수가 1 변화함

(3) 회전 후에는 (2)에서 조상노드들의 변화한 
    균형인수가 원래대로 돌아옴 
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(4) 삽입 전 조상노드들의 균형인수들은 모두 
      -1, 0, 1이므로 더이상의 balancing은 일어나지 않음



Quiz
• 쨓졯, AVL 잧폋켗 캨혗픿 픿 썇, balancing픻 폧엧쪃(쉋쪃 핯캼) 핷펯뺛 퀓 햃샟.

쨓옻:



Quiz
• 쨓졯, AVL 잧폋켗 캨혗픿 픿 썇, balancing픻 폧엧쪃(쉋쪃 핯캼) 핷펯뺛 퀓 햃샟.

쨓옻:
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지우고자 하는 키 : 4

입력 AVL 트리



Quiz
• 쨓졯, AVL 잧폋켗 캨혗픿 픿 썇, balancing픻 폧엧쪃(쉋쪃 핯캼) 핷펯뺛 퀓 햃샟.

쨓옻:
5

3 9

2 7 11

1 126 8 10

13
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Quiz
• 쨓졯, AVL 잧폋켗 캨혗픿 픿 썇, balancing픻 폧엧쪃(쉋쪃 핯캼) 핷펯뺛 퀓 햃샟.

쨓옻:
5

3
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balancing 
(rotate right)



Quiz
• 쨓졯, AVL 잧폋켗 캨혗픿 픿 썇, balancing픻 폧엧쪃(쉋쪃 핯캼) 핷펯뺛 퀓 햃샟.

쨓옻:

5

3

9

2 7 11

1 126 8 10

13

balancing 
(rotate left)



(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



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

←
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완전이진 트리 (arr) heap.arr

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

heap.size = 
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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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Quiz

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

←
←
←

←

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

←
←
←

←

• 팿얓 (햓좶숗) 퍇뫛잧힓싟픿 캧풤폻픿 썇 (heap)핯 숓ힻ 퍅삏 햀옠(퐿헿 핯ힿ 잧)픿 맼맼 쫯핯탗퐟.

반례: 반례:



 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 3 :  혐옧(heap sort)
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#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)


