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Tree Data Structure

• Array, Linked List, Stack, Queue: Linear data structures
• Tree: Hierarchical Non-linear data structure, a collection of nodes 

connected by links (or edges) 
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Application of Tree
Natural language processing

File system

Computer langauge



Terminology of Tree

A

B C D

E F

• root node (topmost node)

• child nodes of A:

• parent node of F:

• inner nodes (has child node(s))

• leaf nodes (does not have child node)

• sibling nodes of D:
subtree
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Terminology of Tree
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• length of a path = number of edges

• Height of a node = length of 
the longest path from the node to a leaf

• Depth of a node = length of path 
from root to the node

• Height of tree = height of root

height = 2
depth = 0

height = 0
depth = 2

length of path A-B-E = 2

height =0
depth = 1



Binary Tree

• Each node has at most 2 child 
nodes. 
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typedef struct nodeTag t_node;

struct nodeTag
{
  int data;
  t_node *left;
  t_node *right;

};



Tree Traverse – BFS

• Breadth-First Search (level order)

Traverse through all the children of a 
node, then visit the grandchildren. 
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Tree Traverse –DFS

• Depth-First Search 
1. Pre-order: root, left, right

1 2 4 5 7 3 6 
2. In-order: left, root, right

4 2 5 7 1 6 3
3. Post-order: left, right, root

4 7 5 2 6 3 1
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Tree Traverse –DFS 1

2 3

• Depth-First Search 
1. Pre-order: root, left, right

2. In-order: left, root, right

3. Post-order: left, right, root



Tree Traverse –DFS

• Depth-First Search 
1. Pre-order: root, left, right

For each node, read the data of the 
node, then visit the left subtree and 
then the right subtree. 
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Tree Traverse –DFS

• Depth-First Search 
1. Pre-order: root, left, right

For each node, read the data of the 
node, then visit the left subtree and 
then the right subtree. 
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Tree Traverse –DFS

• Depth-First Search 
1. Pre-order: root, left, right

For each node, read the data of the 
node, then visit the left subtree and 
then the right subtree. 
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Tree Traverse –DFS

• Depth-First Search 
2. In-order: left, root, right

For each node, visit the left subtree, 
then read the data of the node, then 
visit the right subtree. 
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Tree Traverse –DFS

• Depth-First Search 
3. Post-order: left, right, root

For each node, visit the left subtree, 
then visit the right subtree, then read 
the data of the node. 
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• Breadth-First Search (level order)
 1 2 3 4 5 6 7 8 9 10 11
• Depth-First Search 
1. Pre-order: root, left, right

1 2 4 8 9 5 3 6 10 7 11
2. In-order: left, root, right

8 4 9 2 5 1 10 6 3 7 11
3. Post-order: left, right, root

8 9 4 5 2 10 6 11 7 3 1
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Tree Structure
typedef struct nodeTag t_node;
struct nodeTag
{
  int data;
  t_node *left;
  t_node *right;

};

int main(){
  t_node *root = NULL;
    root = NewNode(1);

root

NULL

1

NULL NULL

// return the address of a new node
t_node* NewNode(int data){
}



Create a new node

root

Run-time stack Heap

NULL

t_node* NewNode

int main

// return the address of a new node
t_node* NewNode(int data){
  t_node *temp = (t_node*) malloc(sizeof(t_node));
  temp->left = NULL;
  temp->right = NULL;
  temp->data = data;
  return temp; 
}

int main(){
  t_node *root = NULL;

    root = NewNode(1);

1

NULL NULL
temp



Tree Structure

int main(){
  t_node *root = NULL;

  root = NewNode(1);
    root->left = NewNode(2);
    root->left->left = NewNode(4);

    root->right = NewNode(3);
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Construct the tree by using NewNode

root



Implement DFS by Recursive void inorder(t_node *node)
{
  // Base case
  if(node    )
    return;
  // Recursive case

}

• Depth-First Search 
2. In-order: left, root, right

For each node, visit the left subtree, 
then print the data of the node, then 
visit the right subtree.

• Do the same thing until we visit all the 
nodes. 
• Same actions in slightly different order 

for “pre-order” and “post-order”. 



Tree Structure 1

2 3
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int main(){
  t_node *root = NULL;

    …

    inorder(root);

void inorder(t_node *node)
{
  // Base case
  if(node == NULL)
    return;
  // Recursive case

    inorder(node->left);
    printf(“%d “, node->data);
    inorder(node->right);
}

4 2 1 3

void preorder(t_node *node)
{
  // Base case
  if(node == NULL)
    return;
  // Recursive case

    printf(“%d “, node->data);
    preorder(node->left);
    preorder(node->right);
}



Binary Search Tree (BST)

BST is an ordered (sorted) binary 
tree.
• Data of nodes on the left subtree is 

smaller than the data of parent node.
• Data of nodes on the right subtree is 

larger than the data of parent node.
• Both left and right subtree must also 

be BST. 
• Data in each node is unique. 
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Insert a New Node to a BST

• A new node is always inserted at 
leaf nodes. 

• Where should a new node with ‘2’ 
be inserted in this BST?
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BST Insertion by Recursion

t_node* BSTInsert(t_node *node, int data){
  //base case : Found the right place to insert the node.
  if(node ==NULL){
    return NewNode(data);
  }
  // recursive case: Traverse either to the left (new data is 
  smaller) or the right (new data is larger)
  else{
    if(data < node->data)
      node->left = BSTInsert(node->left , data);
    else
      node->right = BSTInsert(node->right , data);
    // return the unchanged node
    return node;
  }
}
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root= BSTInsert(root, 2);

root->left = BSTInsert(root->left, 2);

root->left->left = BSTInsert(root->left->left, 2);
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root->left->left->right = BSTInsert(root->left->left->right, 2);
NULL

return NewNode(2);

return root->left->left;

return root->left;

return root;

t_node* BSTInsert(t_node *node, int data){
  if(node ==NULL)
    return NewNode(data);
  else{
    if(data < node->data)
      node->left = BSTInsert(node->left , data);
    else
      node->right = BSTInsert(node->right , data);
    return node;
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BST Search

t_node* BSTSearch(t_node *node, int key){  
  // base case
  // 1. no match
  if(  )
    return NULL;
  // 2. yes match
  if(node->data == key)
    return node;
 
  // recursive case
  if(key < node->data)
    return BSTSearch(  , key);
  else
    return BSTSearch(  , key);
}
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Find Min & Max in BST

• How to find the minimum in BST?
=>Traverse left! (until your left is NULL)

• How to find the maximum in BST?
=>Traverse right! (until your right is NULL)
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Find Minimum & Maximum in BST
t_node* FindMin(t_node *node){  
  // base case: Reached to the left-most nodes
  if(   )
    return node;
  // recursive case: Traverse to the left node
  else
    return FindMin(   );
}

t_node* FindMax(t_node *node){
  // base case: Reached to the right-most nodes
  if(   )
    return node;
  // recursive case: Traverse to the right node
  else
    return FindMax(   );
}
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Calculate Height of Tree

• Height of a node = length of 
the longest path from the node to a leaf

• Height of tree = height of root
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Calculate Height of Tree
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height = 3

getHeight(node) = 
max(getHeight(left subtree), getHeight(right subtree)) + 1 

recursive case

if(node == NULL)
 return -1;

base case

NULL NULL

getHeight(node 1) = max(-1, -1) + 1 = 0

NULL

getHeight(node 10) = max(getHeight(node 9), -1) + 1 
        = getHeight(node 9) + 1

int getHeight(t_node *node)



Calculate Height of Tree

int getHeight(t_node *node){
  int lh, rh;
  // base case: Reached to NULL
  if(node == NULL)
    return -1;
  // recursive case: Calculate the height of the left-subtree and 

the right-subtree, and take the bigger one.
  else{
    lh =     ;
    rh =     ;
    if(lh>rh)
      return lh + 1;
    else
      return rh + 1;
  }
}



Delete a Tree
• Free every single node in a tree
àTraverse the tree (and delete each node)  
àBut which order?

• Breadth-First Search (level order)
       1 2 3 4 5 6 7
• Depth-First Search 
1. Pre-order: root, left, right

1 2 4 5 7 3 6 
2. In-order: left, root, right

4 2 5 7 1 6 3
3. Post-order: left, right, root

4 7 5 2 6 3 1
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Delete the parent 
before its children. 

Delete all children
then their parent. 



postorder & DeleteTree

void postorder(t_node *node)
{
  // Base case
  if(node ==NULL)
    return;
  // Recursive case
  else{
    postorder(node->left);
    postorder(node->right);
    printf("%d ", node->data);
  }
}

void DeleteTree(t_node *node)
{
  // Base case
  if(node ==NULL)
    return;
  // Recursive case
  else{
    DeleteTree(node->left);
    DeleteTree(node->left);
     ;
  }
}


