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typedef struct TreeNode {
int data;

struct TreeNode *left, *right;
} TreeNode;
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#include <stdio.h>
#include <stdlib.h>
#include <memory.h>

typedef struct TreeNode {

int data;

struct TreeNode *left, *right;
} TreeNode;

// n1
/]
// n2 n3

void main()

{

TreeNode *n1, *n2, *n3;

n1= (TreeNode *)malloc(sizeof (TreeNode));
n2= (TreeNode *)malloc(sizeof (TreeNode));
n3= (TreeNode *)malloc(sizeof (TreeNode));
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n1->data = 10; /] R B SEE HAFSHH
n1->left = n2;
n1->right = n3;
n2->data = 20; /] & B SEE H&FSHH

n2->left = NULL;

n2->right = NULL;

n3->data = 30; /1 Nl &
n3->left = NULL;

n3->right = NULL;

free(n1); free(n2); free(n3);

return 0;
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& 2| =2l (preorder traversal) : VLR

NEEEEU RELEE M Y260
= %l =2l (inorder traversal) : LVR
2E AE, FE, LEXE AE =22 & =E8t.
= ¢ =3l (postorder traversal) : LRV
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preorder(x)
if x=NULL
then print DATA(x);
preorder(LEFT(x));
preorder(RIGHT (x));
™
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inorder(x)
if x=NULL

then inorder(LEFT(x));
print DATA(x);

inorder(RIGHT (x));
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postorder(x)
if x=NULL
then postorder(LEFT(x));
postorder(RIGHT(x));
print DATA(x);
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typedef struct TreeNode {

int data;
struct TreeNode *left, *right;
} TreeNode;
// 15
// 4 20
// 1 16 25

TreeNode n1={1, NULL, NULL};
TreeNode n2={4, &n1, NULL};
TreeNode n3={16, NULL, NULL};
TreeNode n4={25, NULL, NULL};
TreeNode n5={20, &n3, &n4};
TreeNode n6={15, &n2, &nb};
TreeNode *root= &n6;
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/] =% =3
inorder( TreeNode *root ){

if (root ){
inorder( root->left );
printf("%d", root->data );
inorder( root->right );

3

3
/] 82 =3
preorder( TreeNode *root ){

if (root ){
printf("%d", root->data );
preorder( root->left );
preorder( root->right );
3

/] EENHEEC =3
/I =& &&

/I LEEZENEEZ =3
/I =& &2

/Il 2ENEEL =3l
/I LEEZENEEZ =3




/Il 2% =2

postorder( TreeNode *root ){

if ( root ){
postorder( root->left ); /1 &Z KB E2l &3
postorder( root->right ); /Il LEBZ NE Ecl =3
printf("%d", root->data ); =
3
}
CZ & Z0i& H27% © MESZEBHAL 2019 -~



int main(void)

{
printf("S? =2[=");
inorder(root);
printf("\n");
printf("& ? =2[=");
preorder(root);
printf("\n");

printf("= % =3|=");
postorder(root);
printf("\n");

return 0;
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#include <stdio.h>
#include <stdlib.h>
#include <memory.h>

typedef struct TreeNode {

int data;

struct TreeNode *left, *right;
} TreeNode;

#define SIZE 100
int top = -1;
TreeNode *stack[SIZE];

void push(TreeNode *p)

{
if (top < SIZE - 1)
stack[++top] = p;
}
|
Cz &l 202 Az +x © M=s=EAF 2019 ‘
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TreeNode *pop()

{
TreeNode *p = NULL;
if (top >=0)
p = stack[top--];
return p;
3
void inorder_iter(TreeNode *root)
{
while (1) {
for (; root; root = root->left)
push(root);
root = pop();
if (lroot) break;
printf("[%d] ", root->data);
root = root->right;
}
}

Cz gl 202 g2 © dMsSTAL 2019
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/1 15
/1 4 20
/11 16 25

TreeNode n1 = {1, NULL, NULL };
TreeNode n2 = { 4, &n1, NULL };
TreeNode n3 = { 16, NULL, NULL };
TreeNode n4 = { 25, NULL, NULL };
TreeNode n5 = { 20, &n3, &n4 };
TreeNode n6 = { 15, &n2, &nb5 };
TreeNode *root = &né;

int main(void)

{
printf("z¥ £2=");
inorder_iter(root);
printf("\n");
return 0;
3
CZ gl 20z NHz+=x © M=s=EAF 2019 l‘
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level_order(root):

initialize queue;
enqueue(queue, root);
while is_empty(queue)=TRUE do
X< dequeue(queue);
if( x=NULL) then
print DATA(x);
enqueue(queue, LEFT(x));
enqueue(queue, RIGHT(x));
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#include <stdio.h>
#include <stdlib.h>

#include <memory.h>

typedef struct TreeNode {

int data;
struct TreeNode *left, *right;
} TreeNode;

#define MAX_QUEUE_SIZE 100

typedef TreeNode * element;

typedef struct { // & Et&
element data[MAX_QUEUE_SIZE];
int front, rear;

} QueueType;
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void error(char *message)

{
fprintf(stderr, "%s\n", message);
exit(1);

3

/] B A 2= &=

void init_queue(QueueType *q)

{
g->front = g->rear = 0;

3

/1 B BN AE B S

int is_empty(QueueType *q)

{
return (q->front == g->rear);
}
cZ &l Boi2 HERE © MSBTAF 2019 - .-
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[/ Lo} ME] d= &=
int is_full(QueueType *q)
{

3

/1 &) B

void enqueue(QueueType *q, element item)

return ((g->rear + 1) % MAX_QUEUE_SIZE == g->front);

{
if (is_full(q))
error("7 I ESFAER R LICH);
g->rear = (g->rear + 1) % MAX_QUEUE_SIZE;
g->data[qg->rear] = item;
3

/] ARl &=
element dequeue(QueueType *q)

{
if (is_empty(q))
error("HJt S8 a el LICH);
g->front = (g->front + 1) % MAX_QUEUE_SIZE;
return q->data[q->front];
}
CZ € Z0i2 NERX © MSEBA 2019 - il
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void level_order(TreeNode *ptr)

{
QueueType q;

init_queue(&q); /1 7 =J|5

if (ptr == NULL) return;
enqueue(&q, ptr);
while (lis_empty(&q)) {
ptr = dequeue(&q);
printf(" [%d] ", ptr->data);
if (ptr->left)
enqueue(&q, ptr->left);
if (ptr->right)
enqueue(&q, ptr->right);
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// 15

// 4 20
/] 1 16 25

TreeNode n1 = { 1, NULL, NULL };
TreeNode n2 = { 4, &n1, NULL };
TreeNode n3 = { 16, NULL, NULL };
TreeNode n4 = { 25, NULL, NULL };
TreeNode n5 = { 20, &n3, &n4};
TreeNode né = { 15, &n2, &nb5 };
TreeNode *root = &né;

int main(void)

{
printf("cll e =3[=");
level_order(root);
printf("\n");
return 0;
}
C= &M E0i2 UE2RE © MSEBAF 2019 - .-
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0 SAIER|: ASAS ERIHEE HEE A
B2 AL (operator)
Y- UlAHAK K (operand)

=)
(a) (b)
4 a+b a—(b xc) (a{b)or(c{d)
22| +ab -axbc or <ab<cd
=3 a+b a-(bxc) (a<b)or (c <d)
k=f=1F0 ab+ abcx - ab<cd<or
)
™ ™
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evaluate(exp)

if exp = NULL
then return 0;
else x«—evaluate(exp->left);
y«evaluate(exp->right);
op—exp->data;
return (x op y);
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typedef struct TreeNode {

int data;
struct TreeNode *left, *right;
} TreeNode;
// +
// * +
// 14 16 25

TreeNode n1={1, NULL, NULL};
TreeNode n2={4, NULL, NULL};
TreeNode n3={"*, &n1, &n2};
TreeNode n4={16, NULL, NULL};
TreeNode n5={25, NULL, NULL};
TreeNode né={'+', &n4, &n5};
TreeNode n7={'+', &n3, &n6};
TreeNode “exp= &n7;
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int evaluate(TreeNode *root)

{
if (root == NULL) return O;
if (root->left == NULL && root->right == NULL)return root->data;
else { int op1 = evaluate(root->left);
int op2 = evaluate(root->right);
printf("%d %c %d= Al &HEHLICEH\N", op1, root->data, op2);
switch (root->data) {
case '+ return op1 + op2;
case -': return op1 - op2;
case ™. return op1 * op2;
case /" return op1 / op2;
}
3
return O;
}
//
int main(void)
{
printf("==41 2| gt2 %d& LICt. \n", evaluate(exp));
return 0;
3
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int calc_dir_size(TreeNode *root)

{

3

/]

int left_size, right_size;
if (root == NULL) return O;

left_size = calc_dir_size(root->left);
right_size = calc_dir_size(root->right);
return (root->data + left_size + right_size);

int main(void)

{

TreeNode n4 = { 500, NULL, NULL };
TreeNode n5 = { 200, NULL, NULL };
TreeNode n3 = { 100, &n4, &nb5 };
TreeNode n2 = { 50, NULL, NULL };
TreeNode n1 ={ 0, &n2, &n3 };

printf("Cl =l & 2| 2| A J|=%d\n", calc_dir_size(&n1));
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int get_node_count(TreeNode *node)

{
int count=0;
if( node != NULL )
count = 1 + get_node_count(node->left)+
get_node_count(node->right);
return count;

3
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O|K| Ec| O=|A|- Ol

= = A~
/ﬁ—l — % ~ | O“ EH O|— O:I “— | int get_height(TreeNode *node)
StS &0t ABE EZ| |t
= O| "H}5oF int height=0;
= - LE = = Ol A _ | if(node != NULL)
?JEI EH E/E = __I'l Ol’ O:I Ul_ %I' height = 1 + max(get_height(node->left),

get_height(node->right));
return height;

H=max (Hleft’ Hr'ight)

W'
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int get_leaf_count(TreeNode *node)

{
int count = 0;
if (node != NULL) {
if (node->left == NULL && node->right == NULL)
return 1;
else
count = get_leaf_count(node->left) +
get_leaf_count(node->right);
3
return count;
}
M ™
_ -~
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St gHEeY o] A8 = ot is_thread & &
l O
= LL

typedef struct TreeNode {
int data;
struct TreeNode *left, *right;

int is_thread; //2t2t LEZ It A E0|/H TRUE
} TreeNode;

™
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//
TreeNode *find_successor(TreeNode *p)
{
// q= pll LEE LOIH
TreeNode *q = p->right;
[/ BteF @EZ HOIEJF NULLO|HLE AIE0|H LEX EQIHE Btat
if( g==NULL | | p->is_thread == TRUE)
return q;
/1 Bt QEX NAOIH TAl JHE 218 =2 0l=s
while( g->left != NULL ) q = g->left;
return q;
3
N
- -~
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typedef struct TreeNode {
int data;
struct TReeNode *left, *right;
int is_thread; //8t2t LEX It A E0|H TRUE

} TreeNode;
)
™
s~
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TreeNode * find_successor(TreeNode * p)

{

/l q= pl LEZXE L2IH

TreeNode * q = p->right;

[/ Bt @EZ TOIE I NULLO| HLE AHIE0|H @EXE EQOIHE BHE

if (q == NULL | | p->is_thread == TRUE)

return q;

/1 Bt QEX NAOIH UAl JHE 218 =2 0l

while (g->left != NULL) q = g->left;

return q;
3

A
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void thread_inorder(TreeNode *t)
{
TreeNode *q;
q=t;
while (g->left) q = g->left;// Jt&E % S =2 2t(}.
do
{
printf("%c ", q->data);// HIOIH &
q = find_successor(q); // S5k &+ S =
} while(q); // NULLO| OfL|™
3
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search (root, key):

if root == NULL
then return NULL;
if key == KEY(root)
then return root;
else if key < KEY(root)
then return search(LEFT(root), k);
else return search(RIGHT (root), k);
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TreeNode *search(TreeNode *node, int key)
{
if (node == NULL ) return NULL;
if ( key == node->key ) return node; (1)
else if ( key < node->key )
return search(node->left, key); (2)

else
return sear ch(node->right, key); (3)
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TreeNode *search(TreeNode *node, int key)

{
while(node != NULL){
if( key == node->key ) return node;
else if( key < node->key )
node = node->left;
else
node = node->right;
3
return NULL; /1 SN0 AIfMES ZS NULL BHat
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insert (root, n):

if KEY(n) == KEY(root)
then return;

else if KEY(n) < KEY(root) then
if LEFT(root) == NULL

then LEFT(root) — n;

// root®t 2|0t &2 ™
// return
// root2Ct It &S H
// root2 2% XtA0|
/] S2H n0| 2 AHA

else insert(LEFT(root),n); // JULH =& ==

else // rootZ2LCt 2|0t 3H
if RIGHT (root) == NULL
then RIGHT (root) « n;
else insert(RIGHT (root),n);
)
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TreeNode *

insert_node(TreeNode * node, int key)

/1 EC|IJ SHO|H ME22& ==& Btatetll.
if (node == NULL) return new_node(key);

/] AEX HH =3HOZ EC|E L2t
if (key < node->key)

node->left = insert_node(node->left, key);
else if (key > node->key)

node->right = insert_node(node->right, key);

/] HEE S E EZOIEE BHESHLE.
return node;
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TreeNode * new_node(int item)
{
TreeNode * temp = (TreeNode *)malloc(sizeof (TreeNode));
temp->key = item;
temp->left = temp->right = NULL;
return temp;
}
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TreeNode * delete_node(TreeNode * root, int key)

{

if (root == NULL) return root;

H

rr

/1B DD SEBL A2H 2AF HE E2li U

if (key < root->key)
root->left = delete_node(root->left, key);

/1Bt DD REEL AH QLEXE AE E2lil Y= 1Y

else if (key > root->key)

root->right = delete_node(root->right, key);

/1210t FEQ Z22H 0| = EE AtMotH &
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else {

/1R EMU S B 3R

if (root->left == NULL) {
TreeNode * temp = root->right;
free(root);
return temp;

3

else if (root->right == NULL) {
TreeNode * temp = root->left;
free(root);
return temp;

3
/1 Nl R 3
TreeNode * temp = min_value_node(root->right);

/1 S2 =2 Al H =EE S Atetll.

root->key = temp->key;

/1 S2 =2 Al 2H ==& ArAIstLt.

root->right = delete_node(root->right, temp->key);

3

return root;
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TreeNode * min_value_node(TreeNode * node)

{

TreeNode * current = node;
[/ R&AZE D LEE O LA

while (current->left != NULL)
current = current->left;

return current;
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int main(void)

{
TreeNode * root = NULL;
TreeNode * tmp = NULL;

root = insert_node(root, 30);
root = insert_node(root, 20);
root = insert_node(root, 10);
root = insert_node(root, 40);
root = insert_node(root, 50);
root = insert_node(root, 60);

printf("O| &l &M E2| S¢ =3 Z 1t \n");
inorder(root);
printf("\n\n");
if (search(root, 30) != NULL)

printf("O| &l & A EC|0| A 302 LA \n");
else

printf("O| & & 48 E2|0M 302 £ A RS \n");
return 0;
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