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TREE TERMINOLOGIES AND PROPERTIES 
Root: ???

Internal node: ???

External node: ???

Ancestors of a node: ???

Level of a node or Depth of a node:

???

Height of a node and height of tree:
???

Descendants of a node: ???
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What is a sub-tree? No of edges??? Degree of a node??? Forest???







TYPES OF TRESS IN DATA STRUCTURES

(A general tree) (A binary tree)
(A binary search tree)

(An AVL trees)



TREE ABSTRACT DATA TYPE (ADT)
•Generic methods:

- integer size()

- boolean empty()

•Accessor methods:

- position root()

- list<position> positions()

•Position-based methods:

- position p.parent()

- list<position> p.children()

• Query methods:

• boolean p.isRoot(), boolean p.isExternal()

• Additional update methods may be defined by data structures implementing the Tree ADT.

(An informal interface

for a position in a

tree)

(An informal interface for the tree ADT)





Run-time Complexity?

• O(dp) where dp is the depth of node p.

• In worst case, dp can be ‘n’ and hence

worst case complexity is O(n).

Algorithm height(T, p):

if p.isExternal() then

return 0;

else

h = 0;

for each q ∈ p.children() do

h = max(h, height(T, q))

return 1+h;

 O(n)

The recursive function spends

O(1+cp) time at each node p.

𝑂 𝛴𝑝 1 + c𝑝

DEPTH AND HEIGHT OF NODE IN A TREE

Algorithm height (T):

h = 0;

for each p ∈ T.positions() do

if p.isExternal() then

h = max(h,depth(T, p))

return h

 O(n2)

𝑂 𝑛 + 𝛴𝑝∈𝐸 1 + ⅆ𝑝

→ 𝑂 𝑛 + 𝛴𝑝∈𝐸 1 + 𝛴𝑝∈𝐸 ⅆ𝑝

n 0+1+2+…(n-1)

𝑛 𝑛 − 1

2 𝛴𝑝 1 𝛴𝑝 c𝑝
n n-1



TREE TRAVERSAL ALGORITHMS 

🌐

Router

/              \

🔀 🔀

Switch1 Switch2

/       \ /        \

🖥
Server1

🖥 🖥 🖥
Server2 Server3 Server4

(Network shutdown using what-order traversal?)

(Expression Tree)

Pre-order: + * A – B C + D E Post-order: A B C - * D E + +

Post order: Server1, Server2, Switch1, Server3, Server4, 

Switch2, Router.



TREE TRAVERSAL: DEPTH-FIRST (PRE-ORDER)  

•In a preorder traversal, a node is
visited before its descendants.

•Applications: print a structured
document, get the prefix expression
on an expression tree.

Algorithm preOrder (T, p) 
{ visit (p);

preorder(p->left);

preorder(p->right);

}

Make Money Fast!

Purchase house
Methods

Stock

Fraud
Ponzi

Scheme

Bank

Robbery

Lab 8 after mid sem

PreOrderIterative(root){

if (root == NULL) 

return;

Create stack S=𝛷;

Push root to S;

While Stack S ≠ 𝛷 {

N=Pop from S;

Print N.value;

if (N.right ≠ NULL)

Push N.right;

if (N.left ≠ NULL)

Push N.left; }

}



POST-ORDER TRAVERSAL 
•In a postorder traversal, a node is visited after its
descendants.

•Application: compute space used by files in a directory
and its subdirectories, delete the tree, compute postfix
expression…

Algorithm postOrder(v){

for each child w of v

postOrder (w);

visit(v);

}

csf211/

homeworks/
notices.txt
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programs/
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p2.cpp

22K
h1.doc
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Lab 8 after mid sem



TREE TRAVERSAL CONTINUED… LEVEL ORDER 
LevelOrderTraversal(root) {

if (root == NULL) then

return;

Q  𝛷
Enqueue (root);

while (Q ≠ 𝛷) {

node = Dequeue from Q;

Print node.value // Process the current node

if node.left ≠ 𝛷
Enqueue node.left into Q;

if node.right ≠ 𝛷
Enqueue node.right into Q;

}

}

Application:

Construct a binary tree from an array using a

level-order traversal:

Let the array be: Arr = [1, 2, 3, 4, 5, 6, 7]

1

2 3

4 5 6 7



BINARY TREES: EXAMPLE USAGES

Want a quick breakfast?

Coffee & burger? Pizza and Pasta?

@CafeCoffeeDay Inst Cafe Bits&bytes Alankrita

Yes No

Yes No Yes No

Expression Tree:

4  ((a - 4) + (5 - b))

*

/   \

4     +

/   \

- -

/ \ / \

a   4 5  b



DEFINITIONS: BINARY TREE
• A hierarchical data structure in which each node has at most two children.

• Full Binary Tree: Every node has either 0 or 2 children.

• Complete Binary Tree: All levels are fully filled except possibly the last level, which is filled
from left to right.

• Perfect Binary Tree: All interior nodes have exactly two children, and all leaves are at the
same depth.

• Balanced Binary Tree: The height of the left and right subtrees of every node differs by no
more than 1.
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CONTINUED…

Notation:

n: number of nodes, e: number of external nodes, i: number of internal nodes, and h: height

• Properties:

• e = i + 1

• n = 2e - 1

• h  i

• h  (n - 1)/2

• e  2h

• h  log2 e

• h  log2 (n + 1) - 1



template <class T>

void inOrder(binaryTreeNode<T> *t)

{

if (t != NULL)

{

inOrder(t->leftChild);   

visit(t); 

inOrder(t->rightChild);

}

}

BINARY TREE TRAVERSAL: IN-ORDER 

+

a b

-

c d

+

e f

*

/

ea + b * c d / + f-

Squishing

Gives infix form of expression!Lab: after midterm (Lab no:8)







BINARY TREE ADT



LINKED STRUCTURE FOR BINARY TREES
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TRY YOURSELF…
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BINARY TREE IMPLEMENTATION USING LINKED STRUCT

5

43

87

expandExternal(const Position& p) Lab 9



BINARY TREE UPDATE FUNCTIONS 
removeAboveExternal (const Position& p)

The vector implementation of a binary tree is a fast and

easy way of realizing the binary-tree ADT, but it can

be very space inefficient if the height of the tree is

large. O(2n), where ‘n’ is no. of nodes in T.



BINARY SEARCH TREE (BST)

(Searching successfully 36 through blue solid path, and unsuccessfully 71 through dashed path)

More later 

…



THE TEMPLATE FUNCTION PATTERN
•The template function pattern describes a generic computation method that can be tuned for a
particular application by redefining certain steps.

(Member function eulerTour recursively traverses the tree and

accumulates the results)

(Class EulerTour defining a generic Euler tour

of a binary tree. It realizes template function

pattern and must be specialized for use)



CONTINUED…

(Implementation of class EvaluateExpressionTour

which specializes EulerTour to evaluate the expression

associated with an arithmetic expression tree)

(A derived class, called PrintExpressionTour that prints the

arithmetic expression)



THANK YOU!

Next class: Priority Queues, and Heaps…


