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#include <iostream>
using namespace std ;

struct Cell

{
int data ;
int left ;
int right ;

}i

typedef struct Cell * ATree ;
int tree root (ATree atree, int nbre)

{
if (nbre <= 0)

return -1 ;
bool* root array = new bool[nbre]
for(int i = 0; 1 < nbre ; 1i++)

root arrayl[i] = true ;

for(int 1 = 0; 1 < nbre ; 1i++)
{
if (atree[i].left != -1)
root arraylatree[i].left]

if (atree[i].right != -1)
root_arraylatree[i].right]

}

for(int 1 = 0; 1 < nbre ; 1++)
if (root arrayli])
return i ;

return -1 ;

struct node

{
int data ;
struct node * left ;
struct node * right ;

}i

typedef struct node * Tree ;

struct element
{

Tree node ;

struct element * next ;
}i

typedef struct element * Queue ;

Queue create queue ()
{

return NULL ;
}

bool is empty queue (Queue que)
{
if (que == NULL)
return true ;
else
return false ;
}

Queue enqgqueue (Queue que, Tree node)
{

Queue elm = new element ;

false

false
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78 elm->node = node ;

79 elm->next = NULL ;

80

81 if (is_empty queue (que))

82 {

83 que = elm ;

84 return que ;

85 }

86

87 Queue ptr = que ;

88

89 while (ptr->next != NULL)

90 ptr = ptr->next ;

91

92 ptr->next = elm ;

93

94 return que ;

95 }

96

97 Queue dequeue (Queue que, Tree &node)

98 {

99 if (!is_empty queue (que))
100 {
101 Queue ptr = que ;
102
103 node = que->node ;
104 que = que->next ;
105 delete ptr ;
106
107 return que ;
108 }
109 else
110 {
111 cout << "Error, the queue is already empty." << endl ;
112 return NULL ;
113 }
114 1}
115
116 Tree create tree(ATree atree, int root)
117 |
118 if (root == -1)
119 return NULL ;
120
121 Tree ptr = new node ;
122
123 ptr->data = atreelroot].data ;
124 ptr->left = create tree(atree, atreelroot].left) ;
125 ptr->right = <create tree(atree, atree[root].right) ;
126
127 return ptr ;
128 '}
129
130 wvoid postfix display(Tree tree)
131 |
132 if (tree != NULL)
133 {
134 postfix display (tree->left) ;
135 postfix display(tree->right) ;
136 cout << " " << tree->data ;
137 }
138
139 return ;
140 }
141
142 wvoid prefix display(Tree tree)
143 |
144 if (tree != NULL)
145 {
146 cout << " " << tree->data ;
147 prefix display(tree->left) ;
148 prefix display(tree->right) H
149 }
150
151 return ;
152}
153
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void infix display(Tree tree)

{
if (tree !=

{

infix display(tree->left)
e m
infix display(tree->right)

cout

}

return ;

int nodes number (Tree tree)

if (tree ==
{
return

}
else

{

return

}

int nodes sum(Tree tree)

if (tree ==
{
return

}

else
{

return

}

int leaves number (Tree tree)

NULL)

NULL)

0

1 + nodes_number (tree->left)

NULL)

0o

+ nodes_number (tree->right) ;

tree->data + nodes_sum(tree->left) + nodes sum(tree->right)

if ((tree->left == NULL) && (tree->right == NULL))

if (tree == NULL)
return 0 ;
{
return 1 ;
}
else
{
return

}

int tree_height (Tree tree)

if (tree ==
{

return
}
else
{

return
}

}

bool Dbalanced tree(Tree tree)

{
if (tree ==
return

if (abs(tree_height (tree->left)
false

return
else

return balanced tree (tree->left)

leaves number (tree->left)

NULL)

0o

1 + max(tree height (tree->left),

NULL)
true

7

+ leaves number (tree->right) ;

tree height (tree->right))

- tree_height (tree->right)) > 1)

&& balanced tree(tree->right) ;
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void by level display(Tree tree)
{

Queue que = create queue() ;

if (tree == NULL)

{ cout << "Tree is empty." << endl ;
return ;

que = enqueue(que, tree) ;

while (!is_empty queue (que))

{ Tree ptr ;
que = dequeue (que, ptr) ;

cout << ptr->data << " " ;

if (ptr->left != NULL)

que = enqueue (que, ptr->left) ;
if (ptr->right != NULL)
que = enqueue (que, ptr->right) ;

}
cout << endl ;

return ;

int main ()

3,
8,

Cell atreel] = { {23, -1, -1}, {2, 4, 5}, {3,
{11, 9, -1}, {13, -1, 2}, {37,

Tree tree = create tree(atree, tree root (atree,
postfix display(tree) ; cout << endl ;
prefix display (tree) ; cout << endl ;
infix display(tree) ; cout << endl ;
cout << "The number of nodes on the tree is "
cout << "The sum of nodes on the tree is "
cout << "The number of leaves on the tree is "
cout << "The height/depth of the tree is : "
if (balanced tree(tree))

cout << "The tree is balanced." << endl
else

cout << "The tree is not balanced." << endl

by level display(tree) ;

return 0 ;

O}V
13,

10))

<<
<<
<<
<<

5, -1, -1}, {7, - 1,
{41, 6, -1}, {19, -1,

nodes_number (tree)
nodes_sum(tree)
leaves number (tree)
tree height (tree)

_l}r

<<
<<
<<

13}

endl
endl
endl
endl
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