COSE2 1 3: Data Structure
Lecture 9 - AVL EZ2| (AVL Tree)

Minseok Jeon
2024 Fall



o OF2{2t Z0| OfZl B B[Vt = O|FX| 5= 8% B E12|ES2 A2t S EE: 0(n)

o B ADR|E

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
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procedure search(root, key)

° if root = NULL then
return NULL
end if
o if key < root.key then
return search(root.left, key)
elif key > root.key then
0 return search(root.right, key)

else
return root

[Tl

AVL

F AH
~

Im
1

1



O|XIEE| (Binary Tree)2Q| &

« #3(Balance)

. 0|7l EBJo| 2% NEER|Q Q2% MEER|0| £0|2 212t H, 1} H 2} 5}

« O] I #& Q1% (balance factor) B= Of2{{et 20| & o|=!

« B[ 2{0] -1, 0, 10|H 7= O|F EZ|2l 2 (balanced tree)



e AVL E|; TtAl H7T

o

o AVL E2|7} BI=6H0F &

o OB (H, —Hy)7t-1,0,EE=1



Example

o Example: C}2 O|ZIEE|S2 AVLEE|QI7}?

A 2 /
@\@ ®® \@
of

(2) (b)




o Example: C}2 O|ZIEE|S2 AVLEE|QI7}?

(2)

Example

A
@)

(b)



L
18
R
rr
>
N
Uk
Im
Lt
10
El
02k
o
s
>
<O
0|0

4

(o ) —— ©

O



—~
o0
-
O
-
Q0! joll
(O S
M K
~— oo o
— o3 100
N ¢ ™
. . _ s g
K1 G
—re — Ol
100 0 <
B ® =
ol 4+
e T} /n.ru\
n 11—y
E_ = o
ol U]
<
= ok
] ®O
w I [
ol &
X1 &
uu 30
Ul TE

0.0
A=
O
-
o
S
0




7| (Balancing)

L=
MO

XIJIKOI

—

I E2|e| #<d0]| 7]

[<1;
=

= M| A

LC —
i

o E
— O

82 L E 2|H(rotation)

balancing




0|l EtM E2|0f| M 2| ALR|(delete)

o TES HYUE=HAY I EC|Q HAHO| THE = US

- . - .
2848l ofzEa —



7| (Balancing Trees)

L=
MO

XIJIKOI

—

P EE2|2] 7 FO| T

<)
=

= M| A

LC —
i

o E
— O

2| ®(rotation)

—

o THO|TEER

balancing



—~
4 (=
&
S
T
o1y
-
.u M_OID
- =)
(R y
c X & S
O 10 -
M o S
. m® -
_Uu s o
B S
R H 2 a
- —  ©
oV I 3
T

2
Q
o

E
= M| A

Ol cC =
H =
. ZHO|IMEHL =



e RR(Right-Right) #|0|A

o LR(Left-Right) #|0|A: 27

o RL(Right-Left) #l0|A: &

| &7}

=0 29| LEZE(R) AH4lQ] LEZE(R) MEEZ|THHT 7

2 &7| (Balancing Trees)
2R 47K 3%

Q| 21

—

= (L) KHAJO| Q1% (L) EE 2|7} 15

21
I

(L) KHAlO| Q2% (R) MEER|7} {2 20 2280

(L) MEER|7H 4R 2



e LL
(Left - Left) AO|A: 25

02
H
|1
10
[o
B
i
Ral

O J——



Ed

LL(Left - Left) #H|0|A: 27

o =IO|HMOILESR

z Insert

o1

rotate right

ﬁ




40 ingere (B) X



(40
40 ingere (B) X ,
rotate right

RS ®@ Y —




¢ =T

I

6‘ L=
|_

|nsert

LL(Left - Left) #H|O|A: 2+

rotate rlght




o LL(Left- Left) AHO|A: 2+Y E9| 2I1Z(L) A}

Tl

o =0

20

(40,

T2

T3

— — —
Aot LEEQE

Insert @

Tl

T2

T3

rotate right

ﬁ

T3




o LL(Left-Left)7|0|L: 30 2O 21F(L) A2 2IF(L) MEEE|VIHF €0 =20 H0| st 82

o SHYO| ML EE QEZOE 9|F

= O L

@ procedure rotateRight(root) @

. nodel <« root.left
Insert

@ node?2 < nodel .right
20) ¥\

nodel .right < root
Tl T2

S

root.left <« node2
return nodel
end procedure
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procedure rotateLeft(root)
nodel « root.right
node2 < nodel .left
nodel .left « root
root.right < node2
return nodel

end procedure
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‘ @ procedure rotatelLeft(root)
@ insert |
nodel < root.right @
# node2 <« nodel .left

T nodel .left < root
Tl root.right < node2 T3

return nodel
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Examples
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(1) 10 -> 20 -> 30 -> 40 -> 50

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

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

(4) 30 ->40 ->50->45->70 -> 60
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o insert: AVL EZ|Q| EMZ FX|SIHA MER2 =EE AVL EZ[(]

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 < 1nsert(root.left, key)
elif key > root.key then
root.right < insert(root.right, key)
end if
return balancing(root)
end procedure
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o deleteNode: AVL E2|2|E

else
if root.left = NULL then

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)

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

end if
end if
return balancing(root)
end procedure

root.right «<—deleteNode(root.right, minNode key)
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o balancing: AVL treel| #d= X&= 2 FE L ES el

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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o balancing: AVL treel| #d= X&= 2 FE L ES el (20

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 A
rootg.left — rotateLeft(root.left)g o LR(Left-Right) A0l &
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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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)

root.right < rotateRight(root.right)
return rotateLeft(root)
return root

elif (getBalance(root) < -1) and (getBalance(root->right) > 0) then<
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o getBalance: AVL treeQ| #&Ql+E Hiel

procedure getBalance(root)
if root = NULL then
return O
end if

return height(root.left) - height(root.right)
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procedure rotateRight(root)
nodel < root.left
node?2 < nodel .right
nodel .right « root
root.left < node2
return nodel

end procedure
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procedure rotateLeft(root)
nodel < root.right

node2 < nodel .left T2

) —
nodel .left < root
root.right < node2 e T T e
return nodel

end procedure
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typedef struct Node {

siglﬁuléiylilode* left; AVL %I-A—| Ealgl ?--6:_

struct Nodex right;
} Node;
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e Node* create():

e H|O{QE AVL EEZ|E MM = uizrel

e Node* insert(Node* root, int key):
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e Nodex findMin(Nodex node):

e AVL EZ|0|M keyziO| =22 LEES Higtet
e Nodex deleteNode(Nodex root, int key):
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e Nodex search(Nodex root, int key):
e AVL EZ[0NM Z|Zf0] keyQl =EE ZOf Htzhet
e void traversal(Node* root):
e AVL Ee[E Fdote LEE9| F[UEE LESA=2E =8d

e int height(Node* root):

e AVL Ef|9| =0|Z Higret
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typedef struct Node {
int key;
struct Nodex left;
struct Nodex right;

} Node;
e create: H|H{RU= AVL EE|E MM = dislsh
procedure create() Nodex create(){
return NULL return NULL:
end procedure h




search: AVL E2|0|M =0 Xl Z|Zf2 71X

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) {




o findMin: AVL E2|0|M keyZfO| 2|40l L EE dieta!

Nodex findMin(Nodex node) {

procedure findMin(root)
current < root
while (current = NULL) and (current.left # NULL) do
current < current.left
end while
return current
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procedure height(root) int height(Nodex root) <
if root = NULL then

return 0O
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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void traversal(Nodex root) {

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

traversal(root.right)
end if
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o insert: AVL EZ2|Q EME SX|SIHA MEE TEE AVL E2|0| 4 & 2E L EE Higl

procedure insert(root, key) Node* insert(Node* root, int 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 < 1nsert(root.left, key)
elif key > root.key then
root.right < 1nsert(root.right, key)
end if
return balancing(root)
end procedure }
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deleteNode: AVL E2|9|EE = RAISIHA LE keyE 7|22 =E 71X |= = EE AVL EE|0|N &Kl FE L EZ Hit

procedure deleteNode(root, key) Nodex deleteNode(Nodex root, int 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 Y
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procedure balancing(root) Nodex balancing(Nodex root) f{

if (getBalance(root) > 1) and (getBalance(root->leit) > 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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procedure getBalance(root)
if root = NULL then
return 0
end if

return height(root.left) - height(root.right)

int getBalance(Node* root) {
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procedure rotateRight(root) Node* rotateRight(Node* root) {

nodel <« root.left
node2 < nodel right
nodel .right « root
root.left < node?2
return nodel

end procedure
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Node* rotateLeft(Node* root) {
procedure rotateLeft(root)

nodel « root.right
node?2 < nodel .left
nodel .left « root
root.right <— node?2
return nodel

end procedure




Example

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

int main() {
Node *root = create();
for (int 1 = 0; i < 8; i++) {
root = insert(root, 1*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; 1 < 8; i++) {
root = deleteNode(root, i*10);
printf("Height : %d\n", height(root));
}

return 0;
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