
COSE213: Data Structure
Lecture 9 - AVL 트리 (AVL Tree)
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핷쨓 핯ힿ �컄 잧핓 줳혗혋
• 팿얓퐻 먔핯 핯ힿ �컄 잧맻 믛픿 핯웣ힻ 퍅삏 몸풫 �컄 퍇뫛잧힓싟핓 탗맿 쫰햜솿: O(n)

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

• �컄 퍇뫛잧힓

핯ힿ �컄 잧

캸햀(insert) 퀗켗: 
1 -> 2 -> 3 -> 4 -> 5-> 6 -> 7



몫�: AVL 잧
• AVL 잧: 캼 믛픿 핯웣삏 핯ힿ �컄 잧

AVL �컄 잧

캸햀(insert) 퀗켗: 
1 -> 2 -> 3 -> 4 -> 5-> 6 -> 7

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

• �컄 퍇뫛잧힓

• �컄 퍇뫛잧힓핓 탗맿 쫰햜솿 : O(log n)



핯ힿ잧 (Binary Tree)핓 믛
• 균형(Balance)

• 이진 트리의 왼쪽 서브트리와 오른쪽 서브트리의 높이를 각각 과 라 하자HL HR
A

B C

… … ……
HL HR

• 이 때 균형 인수 (balance factor) 는 아래와 같이 정의됨B

B = HL − HR

• 의 값이 -1, 0, 1이면 균형을 이룬 트리라 함 (balanced tree)B



AVL 잧

• AVL 잧: 캼 믛픿 핯웣삏 핯ힿ �컄 잧

• AVL 잧맻 쟇홬퍷  켬ퟃ 

• 믛핳퀓  ( )맻 -1, 0, 쐋삏 1B HL − HR

HL HR

• AVL �컄 잧핓 서브트리도 AVL 트리핿

•  : 푷� 켗찇잧핓 뾍핯맻 1 셏 �B = 1

•  : 쉋 켗찇잧핓 뾍핯맻 먔핇B = 0

•  : 퐟읳� 켗찇잧핓 뾍핯맻 1 셏 �B = − 1



Example
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• Example: 샟핇 핯ힿ잧싟픻 AVL잧핳맻?



Example

(a)

• Example: 샟핇 핯ힿ잧싟픻 AVL잧핳맻?
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핯ힿ �컄 잧폋켗핓 캸햀(insert)

8

insert믛햜 핯ힿ잧

컃왗풯 뽳싗 쮃믛 핯ힿ잧

• 뽳싗읷 캸햀 쐋삏 혗멫 썇 잧핓 믛핯 뱣ퟃ 퀓 햃핇



잧 믛 햜밫 (Balancing)

쮃믛 핯ힿ잧

• 뽳싗읷 캸햀 쐋삏 혗멫 썇 잧핓 믛핯 뱣ퟃ 퀓 햃핇

• 믛핯 뱣ퟃ 몸풫 뽳싗 헿(rotation)픿 � 믛픿 햜팿퍷 

balancing

믛햜 핯ힿ잧



잧 믛 햜밫 (Balancing)

쮃믛 핯ힿ잧

• 뽳싗읷 캸햀 쐋삏 혗멫 썇 잧핓 믛핯 뱣ퟃ 퀓 햃핇

• 믛핯 뱣ퟃ 몸풫 뽳싗 헿(rotation)픿 � 믛픿 햜팿퍷 

balancing

믛햜 핯ힿ잧
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delete믛햜 핯ힿ잧

캨혗 � 쮃믛 핯ힿ잧

• 뽳싗읷 캸햀 쐋삏 혗멫 썇 잧핓 믛핯 뱣ퟃ 퀓 햃핇

핯ힿ �컄 잧폋켗핓 캨혗(delete)
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잧 믛 햜밫 (Balancing Trees)

쮃믛 핯ힿ잧

• 뽳싗읷 캸햀 쐋삏 혗멫 썇 잧핓 믛핯 뱣ퟃ 퀓 햃핇

• 믛핯 뱣ퟃ 몸풫 뽳싗 헿(rotation)픿 � 믛픿 햜팿퍷 

balancing

믛햜 핯ힿ잧



잧 믛 햜밫 (Balancing Trees)
• 뽳싗읷 캸햀 쐋삏 혗멫 썇 잧핓 믛핯 뱣ퟃ 퀓 햃핇

• 믛핯 뱣ퟃ 몸풫 뽳싗 헿(rotation)픿 � 믛픿 햜팿퍷 

쮃믛 핯ힿ잧
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쮃믛 핯ힿ잧

balancing



잧 믛 햜밫 (Balancing Trees)
• 뽳싗 캸햀, 캨혗  잧 믛햜밫맻 풏 뼟맻ힻ 몸풫

• LL(Left-Left) �핯킟: 쮃믛 뽳싗핓 푷�(L) 햋탘핓 푷�(L) 켗찇잧맻 뼃줯 뱅펯 쮃믛핯 쨗컘 몸풫

• LR(Left-Right) �핯킟: 쮃믛 뽳싗핓 푷�(L) 햋탘핓 퐟읳�(R) 켗찇잧맻 뼃줯 뱅펯 쮃믛핯 쨗컘 몸풫

• RR(Right-Right) �핯킟: 쮃믛 뽳싗핓 퐟읳�(R) 햋탘핓 퐟읳�(R) 켗찇잧맻 뼃줯 뱅펯 쮃믛핯 쨗컘 몸풫

• RL(Right-Left) �핯킟: 쮃믛 뽳싗핓 퐟읳�(R) 햋탘핓 푷�(L) 켗찇잧맻 뼃줯 뱅펯 쮃믛핯 쨗컘 몸풫



잧 믛햜밫맻 풏 뼟맻ힻ 몸풫

• LL(Left - Left) �핯킟: 쮃믛 뽳싗핓 푷�(L) 햋탘핓 푷�(L) 켗찇잧맻 뼃줯 뱅펯 쮃믛핯 쨗컘 몸풫
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잧 믛햜밫맻 풏 뼟맻ힻ 몸풫

• LL(Left - Left) �핯킟: 쮃믛 뽳싗핓 푷�(L) 햋탘핓 푷�(L) 켗찇잧맻 뼃줯 뱅펯 쮃믛핯 쨗컘 몸풫
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10insert 
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rotate right 20

4010

• 쮃믛핯 쨗컘 뽳싗읷 퐟읳�픷왗 헿



잧 믛햜밫맻 풏 뼟맻ힻ 몸풫

• LL(Left - Left) �핯킟: 쮃믛 뽳싗핓 푷�(L) 햋탘핓 푷�(L) 켗찇잧맻 뼃줯 뱅펯 쮃믛핯 쨗컘 몸풫
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5insert 
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• 쮃믛핯 쨗컘 뽳싗읷 퐟읳�픷왗 헿



잧 믛햜밫맻 풏 뼟맻ힻ 몸풫

• LL(Left - Left) �핯킟: 쮃믛 뽳싗핓 푷�(L) 햋탘핓 푷�(L) 켗찇잧맻 뼃줯 뱅펯 쮃믛핯 쨗컘 몸풫

5
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5

rotate right

• 쮃믛핯 쨗컘 뽳싗읷 퐟읳�픷왗 헿
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잧 믛햜밫맻 풏 뼟맻ힻ 몸풫

• LL(Left - Left) �핯킟: 쮃믛 뽳싗핓 푷�(L) 햋탘핓 푷�(L) 켗찇잧맻 뼃줯 뱅펯 쮃믛핯 쨗컘 몸풫

40

20

5insert rotate right

• 쮃믛핯 쨗컘 뽳싗읷 퐟읳�픷왗 헿
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잧 믛햜밫맻 풏 뼟맻ힻ 몸풫

• LL(Left - Left) �핯킟: 쮃믛 뽳싗핓 푷�(L) 햋탘핓 푷�(L) 켗찇잧맻 뼃줯 뱅펯 쮃믛핯 쨗컘 몸풫

40

20

1insert rotate right

• 쮃믛핯 쨗컘 뽳싗읷 퐟읳�픷왗 헿
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잧 믛햜밫맻 풏 뼟맻ힻ 몸풫

• LL(Left - Left) �핯킟: 쮃믛 뽳싗핓 푷�(L) 햋탘핓 푷�(L) 켗찇잧맻 뼃줯 뱅펯 쮃믛핯 쨗컘 몸풫

40

20

1insert 

• 쮃믛핯 쨗컘 뽳싗읷 퐟읳�픷왗 헿
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procedure rotateRight(root) 
  node1  root.left 
  node2  node1.right 
  node1.right  root 
  root.left  node2 
  return node1 
end procedure

←
←

←
←



잧 믛햜밫맻 풏 뼟맻ힻ 몸풫

• RR(Right - Right) �핯킟: 쮃믛 뽳싗핓 퐟읳�(R) 햋탘핓 퐟읳(R) 켗찇잧맻 뼃줯 뱅펯 쮃믛핯 쨗컘 몸풫
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55insert 40
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잧 믛햜밫맻 풏 뼟맻ힻ 몸풫

• RR(Right - Right) �핯킟: 쮃믛 뽳싗핓 퐟읳�(R) 햋탘핓 퐟읳(R) 켗찇잧맻 뼃줯 뱅펯 쮃믛핯 쨗컘 몸풫

40

50

55

55insert 40

50

rotate left 50

5540

• 쮃믛핯 쨗컘 뽳싗읷 푷�픷왗 헿



잧 믛햜밫맻 풏 뼟맻ힻ 몸풫

• RR(Right - Right) �핯킟: 쮃믛 뽳싗핓 퐟읳�(R) 햋탘핓 퐟읳(R) 켗찇잧맻 뼃줯 뱅펯 쮃믛핯 쨗컘 몸풫

40

20 50

55

60insert 

40
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• 쮃믛핯 쨗컘 뽳싗읷 푷�픷왗 헿



잧 믛햜밫맻 풏 뼟맻ힻ 몸풫

• RR(Right - Right) �핯킟: 쮃믛 뽳싗핓 퐟읳�(R) 햋탘핓 퐟읳(R) 켗찇잧맻 뼃줯 뱅펯 쮃믛핯 쨗컘 몸풫
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55

60insert 

40
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• 쮃믛핯 쨗컘 뽳싗읷 푷�픷왗 헿

rotate left
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잧 믛햜밫맻 풏 뼟맻ힻ 몸풫

• RR(Right - Right) �핯킟: 쮃믛 뽳싗핓 퐟읳�(R) 햋탘핓 퐟읳(R) 켗찇잧맻 뼃줯 뱅펯 쮃믛핯 쨗컘 몸풫

90insert 

• 쮃믛핯 쨗컘 뽳싗읷 푷�픷왗 헿

rotate left
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잧 믛햜밫맻 풏 뼟맻ힻ 몸풫

• RR(Right - Right) �핯킟: 쮃믛 뽳싗핓 퐟읳�(R) 햋탘핓 퐟읳(R) 켗찇잧맻 뼃줯 뱅펯 쮃믛핯 쨗컘 몸풫

90insert 

• 쮃믛핯 쨗컘 뽳싗읷 푷�픷왗 헿
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procedure rotateLeft(root) 
  node1  root.right 
  node2  node1.left 
  node1.left  root 
  root.right  node2 
  return node1 
end procedure

←
←

←
←



잧 믛햜밫맻 풏 뼟맻ힻ 몸풫

• LR(Left - Right) �핯킟: 쮃믛 뽳싗핓 푷�(L) 햋탘핓 퐟읳�(R) 켗찇잧맻 뼃줯 뱅펯 쮃믛핯 쨗컘 몸풫
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잧 믛햜밫맻 풏 뼟맻ힻ 몸풫

• LR(Left - Right) �핯킟: 쮃믛 뽳싗핓 푷�(L) 햋탘핓 퐟읳�(R) 켗찇잧맻 뼃줯 뱅펯 쮃믛핯 쨗컘 몸풫

40

20

30

Insert 30
40

20

rotate left

40

20

30
rotate right 30

4020

• 쮃믛핯 쨗컘 뽳싗핓 푷� 햋탘뽳싗읷 푷�픷왗 헿  쭿믛핯 쨗컘 뽳싗읷 퐟읳�픷왗 헿



잧 믛햜밫맻 풏 뼟맻ힻ 몸풫

• LR(Left - Right) �핯킟: 쮃믛 뽳싗핓 푷�(L) 햋탘핓 퐟읳�(R) 켗찇잧맻 뼃줯 뱅펯 쮃믛핯 쨗컘 몸풫

• 쮃믛핯 쨗컘 뽳싗핓 푷� 햋탘뽳싗읷 푷�픷왗 헿  쭿믛핯 쨗컘 뽳싗읷 퐟읳�픷왗 헿
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잧 믛햜밫맻 풏 뼟맻ힻ 몸풫

• LR(Left - Right) �핯킟: 쮃믛 뽳싗핓 푷�(L) 햋탘핓 퐟읳�(R) 켗찇잧맻 뼃줯 뱅펯 쮃믛핯 쨗컘 몸풫

rotate right

• 쮃믛핯 쨗컘 뽳싗핓 푷� 햋탘뽳싗읷 푷�픷왗 헿  쭿믛핯 쨗컘 뽳싗읷 퐟읳�픷왗 헿
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잧 믛햜밫맻 풏 뼟맻ힻ 몸풫

Insert 30
20

40

rotate right rotate left 30

4020

• 쮃믛핯 쨗컘 뽳싗핓 퐟읳�  햋탘뽳싗읷 퐟읳�픷왗 헿  쭿믛핯 쨗컘 뽳싗읷 푷�픷왗 헿

• RL(Right - Left) �핯킟: 쮃믛 뽳싗핓 퐟읳�(R) 햋탘핓 푷�(L) 켗찇잧맻 뼃줯 뱅펯 쮃믛핯 쨗컘 몸풫
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잧 믛햜밫맻 풏 뼟맻ힻ 몸풫

Insert 55
rotate right rotate left

• 쮃믛핯 쨗컘 뽳싗핓 퐟읳�  햋탘뽳싗읷 퐟읳�픷왗 헿  쭿믛핯 쨗컘 뽳싗읷 푷�픷왗 헿

• RL(Right - Left) �핯킟: 쮃믛 뽳싗핓 퐟읳�(R) 햋탘핓 푷�(L) 켗찇잧맻 뼃줯 뱅펯 쮃믛핯 쨗컘 몸풫
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잧 믛햜밫맻 풏 뼟맻ힻ 몸풫

• 쮃믛핯 쨗컘 뽳싗핓 퐟읳�  햋탘뽳싗읷 퐟읳�픷왗 헿  쭿믛핯 쨗컘 뽳싗읷 푷�픷왗 헿

• RL(Right - Left) �핯킟: 쮃믛 뽳싗핓 퐟읳�(R) 햋탘핓 푷�(L) 켗찇잧맻 뼃줯 뱅펯 쮃믛핯 쨗컘 몸풫
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Examples
• 챃 AVL 잧폋 샟핇뫷 먔픻 key먍싟왗 뽳싗싟픿 캸햀(insert)폻픿 썇 몫뫷 AVL잧읷 믳잧탗퐟

(2) 30 -> 50 -> 70 -> 20 -> 10

(3) 70 -> 30 -> 50 -> 20 -> 40 -> 35

(1) 10 -> 20 -> 30 -> 40 -> 50

(4) 30 -> 40 -> 50 -> 45 -> 70 -> 60



AVL 잧

• AVL 잧핓 �캼 햋웇:

• insert(bst, key): AVL 잧핓 켬픿 픛ힻ졯켗 key읷 �왗 맻ힻ삏 컃왗풯 뽳싗읷 캸햀

• deleteNode(bst, key): AVL 잧핓켬픿 픛ힻ졯켗 key읷 �왗 맻ힻ삏 뽳싗읷 캨혗

• search(bst, key): AVL 잧폋켗 �먍핯 key핳 뽳싗읷 �팿 쨓

• traversal(bst): AVL 잧읷 뭧켬삏 뽳싗싟핓 �먍싟픿 �옠

• ndMin(bst, n): AVL 잧폋켗 �먍핯 맻햠 햌픻 뽳싗읷 �팿켗 쨓

• 잧핓 믛핯 줯뼃ퟃ 몸풫 쮃믛 뽳싗읷 헿탗� 믛픿 햜핇

• 잧핓 믛핯 줯뼃ퟃ 몸풫 쮃믛 뽳싗읷 헿탗� 믛픿 햜핇

• height(bst): AVL 잧핓 뾍핯읷 쨓



insert
• insert: AVL 잧핓 켬픿 픛ힻ졯켗 컃왗풯 뽳싗읷 AVL 잧폋 캸햀  웣 뽳싗읷 쨓

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 balancing(root) 
end procedure

←
←
←

←

←

←



deleteNode
• deleteNode: AVL 잧핓켬픿 픛ힻ졯켗 뽳싗 key읷 �먍픷왗 맻ힻ삏 뽳싗읷 AVL 잧폋켗 캨혗 웣 뽳싗읷 쨓

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 
        temp  root.right 
        free(root) 
        return temp 
      elif root.right = NULL then 
        temp  root.left 
        free(root) 
        return temp 
      else 
        minNode  findMin(node.right)  
        root.key  minNode.key 
        root.right deleteNode(root.right, minNode.key) 
      end if 
    end if 
  return balancing(root) 
end procedure

←

←

←
←
←



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->left)  0) then 
    return rotateLeft(root) 
  elif (getBalance(root) < -1) and (getBalance(root->left)  0) then 
    root.right  rotateRight(root.right) 
    return rotateLeft(root) 
  return root

≥

←

≤

>
←

• balancing: AVL tree핓 믛픿 쟙�  웣 뽳싗읷 쨓

balancing



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->left)  0) then 
    return rotateLeft(root) 
  elif (getBalance(root) < -1) and (getBalance(root->left)  0) then 
    root.right  rotateRight(root.right) 
    return rotateLeft(root) 
  return root
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≤

>
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• balancing: AVL tree핓 믛픿 쟙�  웣 뽳싗읷 쨓

balancing



balancing

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->left)  0) then 
    return rotateLeft(root) 
  elif (getBalance(root) < -1) and (getBalance(root->left)  0) then 
    root.right  rotateRight(root.right) 
    return rotateLeft(root) 
  return root
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• balancing: AVL tree핓 믛픿 쟙�  웣 뽳싗읷 쨓



procedure getBalance(root) 
  if root = NULL then 
    return 0 
  end if 
  return height(root.left) - height(root.right)

AVL �컄 잧핓 믛햜밫
• getBalance: AVL tree핓 믛핳퀓읷 쨓



• rotateRight: AVL tree핓 웣뽳싗읷 밫훻픷왗 퐟읳�픷왗 헿  AVL 잧핓 웣뽳싗읷 쨓

procedure rotateRight(root) 
  node1  root.left 
  node2  node1.right 
  node1.right  root 
  root.left  node2 
  return node1 
end procedure

←
←

←
←

AVL �컄 잧핓 믛햜밫
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AVL �컄 잧핓 믛햜밫
• rotateLeft: AVL tree핓 웣뽳싗읷 밫훻픷왗 푷�픷왗 헿  AVL 잧핓 웣뽳싗읷 쨓

procedure rotateLeft(root) 
  node1  root.right 
  node2  node1.left 
  node1.left  root 
  root.right  node2 
  return node1 
end procedure

←
←

←
←
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AVL �컄 잧핓 뭧

• Node* insert(Node* root, int key):

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

• Node* search(Node* root, int key):

• void traversal(Node* root):

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

• AVL 트리의 특성을 유지하면서 노드 key를 키값으로 가지는 노드를 AVL 트리에서 삭제 후 루트 노드를 반환

• AVL 트리에서 키값이 key인 노드를 찾아 반환함

• AVL 트리를 구성하는 노드들의 키값들을 오름차순으로 출력함

• Node* findMin(Node* node):

• AVL 트리에서 key값이 최소인 노드를 반환함

• int height(Node* root):

• AVL 트리의 높이를 반환함

• Node* create():

• 비어있는 AVL 트리를 생성 후 반환함

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



AVL 잧핓 뭧
• AVL 트리의 노드는 다음과 같은 정보를 가짐

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

• create: 비어있는 AVL 트리를 생성 후 반환함

procedure create() 
   return NULL 
end procedure

Node* create(){ 
    return NULL; 
}



• search: AVL 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) { 

}

AVL 잧핓 뭧



• ndMin: AVL 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) { 

}

AVL 잧핓 뭧



AVL 잧핓 뭧
• height: AVL 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  
  

←
←



• traversal: AVL 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) { 

}

AVL 잧핓 뭧



AVL 잧핓 뭧
• insert: AVL 잧핓 켬픿 픛ힻ졯켗 컃왗풯 뽳싗읷 AVL 잧폋 캸햀  웣 뽳싗읷 쨓

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 balancing(root) 
end procedure

←
←
←

←

←

←

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

   
}



AVL 잧핓 뭧

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

}

• deleteNode: AVL 잧핓켬픿 픛ힻ졯켗 뽳싗 key읷 �먍픷왗 맻ힻ삏 뽳싗읷 AVL 잧폋켗 캨혗 웣 뽳싗읷 쨓

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 balancing(root) 
end procedure

←

←

←

←

←
←
←



AVL 잧핓 뭧

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->left)  0) then 
    return rotateLeft(root) 
  elif (getBalance(root) < -1) and (getBalance(root->left)  0) then 
    root.right  rotateRight(root.right) 
    return rotateLeft(root) 
  return root

≥

←

≤

>
←

• balancing: AVL tree핓 믛픿 쟙�  웣 뽳싗읷 쨓

Node* balancing(Node* root) { 

   }



AVL 잧핓 뭧

procedure getBalance(root) 
  if root = NULL then 
    return 0 
  end if 
  return height(root.left) - height(root.right)

• getBalancing: AVL 잧핓 믛핳퀓읷 쨓

int getBalance(Node* root) { 

}



AVL 잧핓 뭧
• rotateRight: AVL tree핓 웣뽳싗읷 밫훻픷왗 퐟읳�픷왗 헿  AVL 잧핓 웣뽳싗읷 쨓

procedure rotateRight(root) 
  node1  root.left 
  node2  node1.right 
  node1.right  root 
  root.left  node2 
  return node1 
end procedure

←
←

←
←

Node* rotateRight(Node* root) { 

}



AVL 잧핓 뭧
• rotateLeft: AVL tree핓 웣뽳싗읷 밫훻픷왗 푷�픷왗 헿  AVL 잧핓 웣뽳싗읷 쨓

procedure rotateLeft(root) 
  node1  root.right 
  node2  node1.left 
  node1.left  root 
  root.right  node2 
  return node1 
end procedure

←
←

←
←

Node* rotateLeft(Node* root) { 

}



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

int main() { 
    Node *root = create(); 
    for (int i = 0; i < 8; i++) { 
        root = insert(root, i*10); 
        printf("Height : %d\n", height(root)); 
    } 

    Node *node = search(root, 70); 
    if (node == NULL) { 
        printf("Node not found\n"); 
    } else { 
        printf("Node: %d\n", node->key); 
    } 

    printf("Traversal: "); 
    traversal(root);     
    printf("\n"); 
    for (int i = 0; i < 8; i++) { 
        root = deleteNode(root, i*10); 
        printf("Height : %d\n", height(root)); 
    } 
    return 0; 
} 



• AVL �컄 잧: 캼 믛픿 핯웣삏 핯ힿ �컄 잧

• AVL �컄 잧맻 쟇홬퍷  켬ퟃ 

• 믛핳퀓  ( )맻 -1, 0, 쐋삏 1B HL − HR

HL HR

• AVL �컄 잧핓 켗찇잧솿 AVL잧핿

•  : 푷� 켗찇잧핓 뾍핯맻 1 셏 �B = 1

•  : 쉋 켗찇잧핓 뾍핯맻 먔핇B = 0

•  : 퐟읳� 켗찇잧핓 뾍핯맻 1 셏 �B = − 1

쟃줯잧


