
COSE213: Data Structure
Lecture 8 - 이진 탐색 트리 (Binary Search Tree)

Minseok Jeon 
 Fall

 1



줳혗: 컘핓 혋퀓 홫

• 팿얓퐻 먔핯 쪃(id)픿 밫훻픷왗 혐옧숗 잧킟폋켗 혐 쪃핓 혋퀓읷 홫뫛 탱픻 몸풫

• �퍀핓 몸풫 뽳싗핓 먗퀓쟇� (7쪃) 홫읷 퍷 (탗맿 쫰햜솿 = )O(n)

• Id = 210001

• Score = 58
• Id = 210002

• Score = 70
• Id = 210003

• Score = 60
• Id = 210004

• Score = 72
• Id = 210005

• Score = 58
• Id = 210006

• Score = 66
• Id = 210007

• Score = 90



줳혗: 컘핓 혋퀓 홫

• Id = 210001

• Score = 58

• Id = 210002

• Score = 70

• Id = 210003

• Score = 60

• Id = 210004

• Score = 72

• 팿얓퐻 먔핯 쪃(id)픿 밫훻픷왗 혐옧숗 잧킟폋켗 혐 쪃핓 혋퀓읷 홫뫛 탱픻 몸풫

• 줳혗 몫픿 퓿 팿핯쌏펯: 셫핯�읷 팿얓퐻 먔핯 헻햠졯 펯쎣뱇?

• Id = 210005

• Score = 58

• Id = 210006

• Score = 66

• Id = 210007

• Score = 90

Id< 210004 Id> 210004

Id< 210002 Id> 210002 Id< 210006 Id> 210006

•  �퍀핓 몸풫폋솿 2쪃쟇폋 퓋삏 뽳싗읷 �픿 퀓 햃핇



핯ힿ �컄 잧 (Binary Search Tree)
• 핯ힿ �컄 잧(BST, Binary Search Tree)삏 핯ힿ잧 밫쨓핓 �컄픿 퓿 햋웇뭧홫핿

• 핯ힿ �컄 잧삏 샟핇뫷 먔핯 (햧뮻헼픷왗) 혐핓숣

(1) 좣싛 뽳싗삏 픛핷 �(key)읷 먑삏샟.
(2) 푷� 켗찇잧핓 �싟픻 웣핓 �쫯샟 햌샟.
(3) 퐟읳� 켗찇잧핓 �싟픻 웣핓 �쫯샟 �샟.

Denition

(4) 푷�뫷 퐟읳� 켗찇잧솿 핯ힿ �컄 잧핯샟.

루트

왼쪽 서브트리
(루트보다 작은 값)

오른쪽 서브트리
(루트보다 큰 값)
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핯ힿ �컄 잧 (Binary Search Tree)
• 핯ힿ �컄 잧(BST, Binary Search Tree)삏 핯ힿ잧 밫쨓핓 �컄픿 퓿 햋웇뭧홫핿

• 핯ힿ �컄 잧삏 샟핇뫷 먔핯 (햧뮻헼픷왗) 혐핓숣

(1) 좣싛 뽳싗삏 픛핷 �(key)읷 먑삏샟.
(2) 푷� 켗찇잧핓 �싟픻 웣핓 �쫯샟 햌샟.
(3) 퐟읳� 켗찇잧핓 �싟픻 웣핓 �쫯샟 �샟.

Denition

(4) 푷�뫷 퐟읳� 켗찇잧솿 핯ힿ �컄 잧핯샟. 루트보다 작은 값 루트보다 큰 값



핯ힿ �컄 잧 (Binary Search Tree)
• 픛 핯ힿ �컄 잧싟
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핯ힿ �컄 잧 (Binary Search Tree)
• 픛ힻ 퍅픻 핯ힿ �컄 잧싟
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이진 탐색 트리의 순회 (Traversal)
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• 헿퓿퀗(VLR) :

• 휌퓿퀗(LVR) :

• 퓿퀗(LRV) :

• Example: 핯ힿ �컄잧핓 �먍싟픿 퐟읿�퀗픷왗 �옠뫛탱샟 펯쎶몇 퀗읷 퍷 뱇?

헿퓿퀗(preorder) 퓿퀗(postorder)휌퓿퀗(inorder)



핯ힿ �컄 잧
• 핯ힿ �컄 잧(BST, Binary Search Tree)삏 샟핇뫷 먔픻 밫삠싟 혗뫰

• insert(root, key): 핯ힿ �컄 잧핓 켬픿 픛ힻ졯켗 key읷 �먍픷왗 맻ힻ삏 컃왗풯 뽳싗 n읷 캸햀

• delete(root, key): 핯ힿ �컄 잧핓켬픿 픛ힻ졯켗 key읷 �먍픷왗 맻ힻ삏 뽳싗읷 캨혗

• search(root, key): 핯ힿ �컄 잧폋켗 �먍핯 key핳 뽳싗읷 �팿 쨓

• traversal(root): 핯ힿ �컄 잧읷 뭧켬삏 뽳싗싟핓 �먍싟픿 �옠

• ndMin(root): 핯ힿ �컄 잧폋켗 �먍핯 맻햠 햌픻 뽳싗읷 �팿켗 쨓

• height(root): 핯ힿ �컄 잧핓 뾍핯읷 쨓

• create(): 찿펯햃삏 핯ힿ �컄 잧읷 컘켬  쨓



insert
• insert: 핯ힿ �컄 잧핓켬픿 픛ힻ졯켗 훷펯ힿ �읷 맻ힻ삏 컃왗풯 뽳싗읷 핯ힿ �컄 잧폋 캸햀
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insert
• insert: 핯ힿ �컄 잧핓켬픿 픛ힻ졯켗 훷펯ힿ �읷 맻ힻ삏 컃왗풯 뽳싗읷 핯ힿ �컄 잧폋 캸햀

procedure insert(root, key) 
  if root = NULL then 
    root  allocateNode() 
    root.key  key 
    root.left  NULL  
    root.right  NULL  
    return root 
  end if 
  if key < root.key then 
    root.left  insert(root.left, key) 
  elif key > root.key then 
    root.right  insert(root.right, key) 
  end if 
  return root 
end procedure

←
←
←

←

←

←
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insert
• insert: 핯ힿ �컄 잧핓켬픿 픛ힻ졯켗 훷펯ힿ �읷 맻ힻ삏 컃왗풯 뽳싗읷 핯ힿ �컄 잧폋 캸햀

procedure insert(root, key) 
  if root = NULL then 
    root  allocateNode() 
    root.key  key 
    root.left  NULL  
    root.right  NULL  
    return root 
  end if 
  if key < root.key then 
    root.left  insert(root.left, key) 
  elif key > root.key then 
    root.right  insert(root.right, key) 
  end if 
  return root 
end procedure

←
←
←

←

←

←
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insert
• insert: 핯ힿ �컄 잧핓켬픿 픛ힻ졯켗 훷펯ힿ �읷 맻ힻ삏 컃왗풯 뽳싗읷 핯ힿ �컄 잧폋 캸햀

procedure insert(root, key) 
  if root = NULL then 
    root  allocateNode() 
    root.key  key 
    root.left  NULL  
    root.right  NULL  
    return root 
  end if 
  if key < root.key then 
    root.left  insert(root.left, key) 
  elif key > root.key then 
    root.right  insert(root.right, key) 
  end if 
  return root 
end procedure

←
←
←

←

←

←
key : 4

∅
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insert
• insert: 핯ힿ �컄 잧핓켬픿 픛ힻ졯켗 훷펯ힿ �읷 맻ힻ삏 컃왗풯 뽳싗읷 핯ힿ �컄 잧폋 캸햀

procedure insert(root, key) 
  if root = NULL then 
    root  allocateNode() 
    root.key  key 
    root.left  NULL  
    root.right  NULL  
    return root 
  end if 
  if key < root.key then 
    root.left  insert(root.left, key) 
  elif key > root.key then 
    root.right  insert(root.right, key) 
  end if 
  return root 
end procedure

←
←
←

←

←

←
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findMin
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• ndMin: 핯ힿ �컄 잧폋켗 �먍핯 맻햠 햌픻 뽳싗읷 �팿켗 쨓

procedure findMin(root) 
  if root = NULL then 
    return NULL 
  end if 
  node  root 
  while node.left  NULL do 
    node  node.left 
  end while 
return node 
end procedure

←
≠

←



delete

delete
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• delete: 핯ힿ �컄 잧핓켬픿 픛ힻ졯켗 훷펯ힿ �먍픿 맻ힿ 뽳싗읷 핯ힿ �컄 잧폋켗 캨혗
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• Case : 캨혗 옟삏 뽳싗맻 잧 뽳싗핷 몸풫
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• delete: 핯ힿ �컄 잧핓켬픿 픛ힻ졯켗 훷펯ힿ �먍픿 맻ힿ 뽳싗읷 핯ힿ �컄 잧폋켗 캨혗
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delete

delete
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• delete: 핯ힿ �컄 잧핓켬픿 픛ힻ졯켗 훷펯ힿ �먍픿 맻ힿ 뽳싗읷 핯ힿ �컄 잧폋켗 캨혗
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• Case : 캨혗 옟삏 뽳싗맻 뺓핓 켗찇잧쟇 맻ힻ뫛 햃삏 몸풫
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delete

delete
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• delete: 핯ힿ �컄 잧핓켬픿 픛ힻ졯켗 훷펯ힿ �먍픿 맻ힿ 뽳싗읷 핯ힿ �컄 잧폋켗 캨혗
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• Case : 캨혗 옟삏 뽳싗맻 쉋먗핓 켗찇잧읷 맻ힻ뫛 햃삏 몸풫
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delete

delete
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• delete: 핯ힿ �컄 잧핓켬픿 픛ힻ졯켗 훷펯ힿ �먍픿 맻ힿ 뽳싗읷 핯ힿ �컄 잧폋켗 캨혗
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• Case : 캨혗 옟삏 뽳싗맻 쉋먗핓 켗찇잧읷 맻ힻ뫛 햃삏 몸풫
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delete
procedure delete(root, key) 
  if root = NULL then 
    return NULL 
  end if 
  if key < root.key then 
    root.left  deleteNode(root.left, key) 
  elif key > root.key then 
    root.right  deleteNode(root.right, key) 
  else 
    if root.left = NULL then 
      node  root.right 
      free(root) 
      return node 
    elif root.right = NULL then 
      node  root.left 
      free(root) 
      return node 
    end if 
    node  findMin(root.right) 
    root.key  node.key 
    root.right  delete(root.right, node.key) 
  end if 
  return root 
end procedure

←

←

←

←

←
←
←



search
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• search: 핯ힿ �컄 잧폋켗 �먍핯 key핳 뽳싗읷 �팿 쨓

procedure search(root, key) 
  if root = NULL then 
    return NULL 
  end if 
  if key < root.key then 
    return search(root.left, key) 
  elif key > root.key then 
    return search(root.right, key) 
  else 
    return root



traversal
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• traversal: 핯ힿ �컄 잧읷 뭧켬삏 뽳싗싟핓 key먍싟픿 �옠

Keys in BST: 
3, 7, 12, 18, 22, 26, 
30, 35, 68, 99

procedure traversal(root) 
  if root  NULL then 
    traversal(root.left) 
    print(root.key) 
    traversal(root.right) 
  end if

≠



height
• height: 핯ힿ �컄 잧핓 뾍핯읷 쨓

procedure height(root) 
  if root = NULL then 
    return 0 
  end if 
 
  leftHeight  height(root.left) 
  rightHeight  height(root.right) 
 
  if leftHeight > rightHeight then 
    return leftHeight + 1 
  else 
    return rightHeight + 1   
  end if  
  

←
←
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핯ힿ �컄 잧핓 뭧
• 핯ힿ �컄 잧(BST, Binary Search Tree)삏 샟핇뫷 먔픻 폫캫픿 혗뫰 (핯ힿ �컄 잧핓 �캼 햋웇)

• Node* insert(Node* root, int key):

• Node* deleteNode(Node* root, int key):

• Node* search(Node* root, int key):

• void traversal(Node* root):

• 이진 탐색 트리의 특성을 유지하면서 key를 키값으로 가지는 노드를 이진 탐색 트리에 삽입 후 루트 노드를 반환

• 이진 탐색 트리의특성을 유지하면서 노드 key를 키값으로 가지는 노드를 이진 탐색 트리에서 삭제 후 루트 노드를 반환

• 이진 탐색 트리에서 키값이 key인 노드를 찾아 반환함

• 이진 탐색 트리를 구성하는 노드들의 키값들을 오름차순으로 출력함

• Node* findMin(Node* node):

• 이진 탐색 트리에서 key값이 최소인 노드를 반환함

• int height(Node* root):

• 이진 탐색 트리의 높이를 반환함

• Node* create():

• 비어있는 이진트리를 생성 후 반환함



Example
#include <stdio.h> 
#include "BST.h" 

int main() { 
    Node* root = create(); 
    root = insert(root, 50); 
    root = insert(root, 30); 
    root = insert(root, 20); 
    root = insert(root, 40); 
    root = insert(root, 70); 
    root = insert(root, 60); 
    root = insert(root, 80); 
    root = insert(root, 90); 

    printf("키값들을 순회: "); 
    traversal(root); 
    printf("\n"); 
    printf("Tree의 높이 : %d\n", height(root)); 

    root = deleteNode(root, 50); 
    root = deleteNode(root, 60); 
    printf("Tree의 높이 : %d\n", height(root)); 
    root = deleteNode(root, 70); 
    root = deleteNode(root, 80); 
    root = deleteNode(root, 90); 
    root = deleteNode(root, 30); 
    root = deleteNode(root, 40); 
    root = deleteNode(root, 20); 
    printf("Tree의 높이 : %d\n", height(root));     
    return 0; 
}



핯ힿ �컄 잧핓 뭧
• 이진트리의 노드는 다음과 같은 정보를 가짐

typedef struct Node { 
    int key; 
    struct Node* left; 
    struct Node* right; 
} Node;

• create: 비어있는 이진 탐색 트리를 생성 후 반환함

procedure create() 
   return NULL 
end procedure

Node* create(){ 
    return NULL; 
}



핯ힿ �컄 잧핓 뭧
• insert: 핯ힿ �컄 잧핓 켬픿 픛ힻ졯켗 key읷 �먍픷왗 맻ힻ삏 뽳싗읷 핯ힿ �컄 잧폋 캸햀

procedure insert(root, key) 
  if root = NULL then 
    root  allocateNode() 
    root.key  key 
    root.left  NULL  
    root.right  NULL  
    return root 
  end if 
  if key < root.key then 
    root.left  insert(root.left, key) 
  elif key > root.key then 
    root.right  insert(root.right, key) 
  end if 
  return root 
end procedure

←
←
←

←

←

←

Node* insert(Node* root, int key) { 

}



핯ힿ �컄 잧핓 뭧
• ndMin: 핯ힿ �컄 잧폋켗 key먍핯 �쾇핳 뽳싗읷 쨓

procedure findMin(root) 
    current  root 
    while (current  NULL) and (current.left  NULL)  do 
        current  current.left 
    end while 
    return current

←
≠ ≠

←

Node* findMin(Node* node) { 

}



핯ힿ �컄 잧핓 뭧
• search: 핯ힿ �컄 잧폋켗 훷펯ힿ �먍픿 맻ힻ삏 뽳싗읷 �팿 쨓

procedure search(root, key) 
  if root = NULL then 
    return NULL 
  end if 
  if key < root.key then 
    return search(root.left, key) 
  elif key > root.key then 
    return search(root.right, key) 
  else 
    return root

Node* search(Node* root, int key) { 

}



핯ힿ �컄 잧핓 뭧
• deleteNode: 핯ힿ �컄 잧핓켬픿 픛ힻ졯켗 뽳싗 key읷 �먍픷왗 맻ힻ삏 뽳싗읷 핯ힿ �컄 잧폋켗 캨혗

procedure deleteNode(root, key) 
  if root = NULL then 
    return NULL 
  end if 
  if key < root.key then 
    root.left  deleteNode(root.left, key) 
  elif key > root.key then 
    root.right  deleteNode(root.right, key) 
  else 
    if root.left = NULL then 
      node  root.right 
      free(root) 
      return node 
    elif root.right = NULL then 
      node  root.left 
      free(root) 
      return node 
    end if 
    node  findMin(root.right) 
    root.key  node.key 
    root.right  delete(root.right, node.key) 
  end if 
  return root 
end procedure

←

←

←

←

←
←
←

Node* deleteNode(Node* root, int key) { 

}



핯ힿ �컄 잧핓 뭧
• traversal: 핯ힿ �컄 잧읷 뭧켬삏 뽳싗싟핓 �먍싟픿 퐟읿�퀗픷왗 �옠

procedure traversal(root) 
  if root  NULL then 
    traversal(root.left) 
    print(root.key) 
    traversal(root.right) 
  end if

≠

void traversal(Node* root) { 

}



핯ힿ �컄 잧핓 뭧
• height: 핯ힿ �컄 잧핓 뾍핯읷 쨓

int height(Node* root) { 

}

procedure height(root) 
  if root = NULL then 
    return 0 
  end if 
 
  leftHeight  height(root.left) 
  rightHeight  height(root.right) 
 
  if leftHeight > rightHeight then 
    return leftHeight + 1 
  else 
    return rightHeight + 1   
  end if  
  

←
←



쟃줯잧
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• 핯ힿ �컄 잧(BST, Binary Search Tree)삏 핯ힿ잧 밫쨓핓 �컄픿 퓿 햋웇뭧홫핿

• 핯ힿ �컄 잧삏 샟핇뫷 먔핯 (햧뮻헼픷왗) 혐핓숣

(1) 좣싛 뽳싗삏 픛핷 �(key)읷 먑삏샟.
(2) 푷� 켗찇잧핓 �싟픻 웣핓 �쫯샟 햌샟.
(3) 퐟읳� 켗찇잧핓 �싟픻 웣핓 �쫯샟 �샟.

Denition

(4) 푷�뫷 퐟읳� 켗찇잧솿 핯ힿ �컄 잧핯샟. 루트보다 작은 값 루트보다 큰 값

• 핯ힿ �컄 잧(BST, Binary Search Tree)


