COSE213: Data Structure

Lecture 8 - O[Z! EfM EE| (Binary Search Tree)
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O[ZI EIM E 2| (Binary Search Tree)

O|Zl Bt E 2|(BST, Binary Search Tree)= O| X Eg2| 7|gte| EIMZ 2|ot X2 A X
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E 2| (Binary Search Tree)

Xl EFM E2|(BST, Binary Search Tree)= O|ZIE2| 7|tQ]
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o O|ZI EFM E2|(BST, Binary Search Tree)

o insert(root, key): O|ZI EfM E2|of EMZ FAISIHAM keyE 7|ULE 7HX = MEE2 =EE nE MY

o findMin(root): O|ZI &M Ec|0[A 7|2{0] 7tE X2 === AO0pA Higrat

o delete(root, key): O|Zl EfM EE|Q|EH S FX|SIHA keyE 7|2 E 7HX[= =EE MH|

o search(root, key): O| %l EtM E2|K| M 7[2£0| keyQl L EE &0} drz2ket

o traversal(root): O|Zl EtM E2|E {1 dot= L EE9| 7|i&= =8

o height(root): O|Z! EfM E2|9| 0|5 Heted
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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 < 1nsert(root.right, key)
end if
return root
end procedure
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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 < 1nsert(root.right, key)
end if
return root
end procedure
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S SX[tHA Z0{Zl 7|2 JHX|= 2L L2 X

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 < 1nsert(root.right, key)
end if
return root
end procedure
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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 < 1nsert(root.right, key)
end if
return root
end procedure




findMin

o findMin: O|ZI EfM E2|0f| A 7|gf0| 7}E 22 L EE RH0LA

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
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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
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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




o traversal: O|Zl EYM E2|5 L dot= L EE9| keyits= =85

@ i traversal(root.left) E 3, 7, 12, 18, 22, 26,
30, 35, 68, 99

Q @ procedure traversal(root)
if root # NULL then Keys in BST:

print(root.key)
traversal(root.right)

® 06 @




e height: 0| %I Bt

height

procedure height(root)
if root = NULL then
return O
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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Node* create():
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Node* insert(Node* root, int key):

St E2|o| M2 QXISPIA keyE FIROZ JKIs LCE OF HM E2jo MY § FE LCE
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Nodex findMin(Nodex node):

O|Zl

o OF BM EZ[0|M keydiO| =20l LEE Brelel

Nodex deleteNode(Nodex root, int key):
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Nodex search(Nodex root, int key):
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void traversal(Node* root):
e O|ZI M EZ[E Yotz EEZ9| 7SS LEx=l2 &4

int height(Node* root):
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#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("7|USE =2l ");

traversal(root);
printf("\n");
printf("Treel| =0| : %d\n", height(root));

root = deleteNode(root, 50);

root = deleteNode(root, 60);
printf("Tree2| =0| : %d\n", height(root));
root = deleteNode(root, 790);

root = deleteNode(root, 80);

root = deleteNode(root, 990);

root = deleteNode(root, 30);

root = deleteNode(root, 40);

root = deleteNode(root, 20);
printf("Treel| =0| : %d\n", height(root));
return 0;

Example



e create: H{H{Ql= O]

procedure create()
return NULL
end procedure

typedef struct Node {

int key;

struct Nodex left;
struct Nodex right;

} Node:

Nodex create(){
return NULL;
I




o insert: O|ZI BfM E2[O] SH &S RXISIHM keyE 7|ULE 7iX|= =E5 O|Z] BA EC[0f M=

procedure insert(root, key) Nodex insert(Nodex 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 root
end procedure ;




o findMin: O|ZI B E2|0| M keydtO] |20l L ES BHaret

Nodex findMin(Nodex node) {

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




o search: O|Fl EtM E2|0|A F=OHEl 7|22 71K = = EE A0} giztgt

procedure search(root, key) Node* search(Node* root, int 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 }




o|x EFAH EE|O| __I.L'c'>':|

- [0 —1 —

o deleteNode: O|ZI EtM EZ|O|EMEZ RX[SHHA LE keyE 7|22 E 7HX|= =EE 0| % B E2|0f| A AFA|[gt

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 root
end procedure h
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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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e height: O|Zl EM E2|o| &£0|Z dtets!

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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o O|ZI EfM EZ2|(BST, Binary Search Tree)

o O|ZI EtM EZ2|(BST, Binary Search Tree)= O|XIE2| 7|gte| EIM S 2|ot Xz A XY
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