Trees : Definition, Terminologies & Binary Trees .«

: ; ; xrv
A tree is a non-linear data structure that represents data in a hierarchical form. - sqt uﬂgu.f‘-
It consists of nodes connected by edges, with a single root node at the top. > N —

@ 1. Definition 2. Terminologies R, 3. Types of Trees (context)

Root : The topmost node
th _
. A tree is a collection of nodes : with no parent ™
where one node is designated e e @ ¢ A rode that has :
| child(ren). « Each node can have
as the root and the remaining o 67 T . Ainode that has o any number of children.
nodes are partitioned into Parent T - parent. - =
| .
disjoint subtrees. V. Leaf . A node with no Binary Tree
' hi hical struct children. '« Each node has at most
. I-t' s 4 CTAIEYNEH e r:u': ur:E Internal Node - A node with at least tWﬂ Childl"ﬂﬂ (IE{t ﬂﬂd ﬁghtl
with a top-down relationship ohe child (Rot @ileaf) —
between nodes. SRR : A tres formed by o Binary Search Tree (BST)
: /" node and its descendants. |« Left child < node < right child
In simple words: \ /1 T Thalllor ek (for all nodes).
' nnected structure Leaf fleightlny © .~ 9" P
A tree 1s a CO Leaf . from root to a leaf. s = —
ith no cycles. | (no child) (o child) _ Balanced Tree
v l . Distance from root - . _
Leve (hootlis level o) |« Height difference between
left and right subtrees is small.
* 28 Binary Trees Properties of Binary Trees (® Types of Binary Trees
"+ A binary tree is a tree in which each node Each node has at most two children. 1. Full Binary Tree 2. Complete Binary Tree
- has at most two children, usually called ‘ The maximum number of nodes at level i B eTulbode Hasfotor & All levels are completely

is 2/ (starting from level 0).

filled except possibly
the last level, which is filled
from left to right.

children.

the left child and the right child.

The maximum number of nodes in a tree
of height h is 2" - 1.

Example of a Binary Tree

In a full binary tree, every internal node
has emct{H two children or is a leaf.

In a perfect binary tree, all leaf nodes o o o o o o o

are at the same level.

s%¢ Key Points to Remember

 Binary tree = max 2 children per node.

s Left and right are important (order matters). e Preorder : Root - Left - Right -;_-fnﬂﬁ'fid hﬂﬁi
: Ly

o Used in many applications: searching, sorting, « Inorder : Left » Root > Right i “;if; i gafl'
expression trees, etc. w Fic OF

« Postorder : Left —» Right —» Root {"Fei-;’""r



Memory Representation of Trees using Array

A tree can be stored in an array using a simple indexing scheme.

In a binary tree, for any node at index i:

e Left child _is ms._tored at index 2i

 Right child is stored at index 2i + 2

Example
Consider the following binary tree:

How It Works?

Root (1) is stored at index O.

Left child of 1 (2) is at index 2x0 +1 = 1.

Right child of 1 (3) is at index 2 x 0 + 2 = 2.
Left child of 2 (4) is at index 2 x1+ 1= 3.

Right child of 2 (5) is at index 2 x 1+ 2 = 4.
Left child of 3 (6) is at index 2 x 2 + 1 = 5.
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Where,

‘ E = index of current node
2i + 1 = index of left child
2i + 2 = index of right child

Array Representation

Using the indexing rule, we store the nodes in an array.
For the above tree, the array will be:

Index

Value

o Tl el 3 v | 5 Pk

1 2 5 4| 5 6 7

So, the tree is stored as:

grp =fi), 2344, 5, 6, 1)

Key Points

@ This method works well for complete binary trees

or nearly complete binary trees.

@ If a node doesn’t have a child, the corresponding

array position is left empty (or set to a special value
like =1 or NULL).

It is simple and uses only one array.

@ For sparse trees (where many nodes are missing),

Right child of 3 (7) is at index 2 x 2 + 2 = 6.

this method can waste memory.

-@- In short: Array index — 2i + 1 (left child), 2i + 2 (right child)



Memory Representation of Trees using Linked List

= In a linked list representation, each node of the tree is stored in a linked list node

- with pointers to its left and right child (and optionally to its parent). ~

1. Binary Tree Example 2. Linked List Node Structure ‘3. Memory Representation

Consider the following binary tree: Each node contains: Each node is a separate memory block,

o 4 ~ linked using pointers.
optional
data left right ety 0x1000 nxnun 0x1200 | (root)

(value) | (pointer) (pmntgr)‘ parent

o 0 (pointer)

struct Node { 0x1100 0x1300 axunu 0x1200 3 0x1500 ::rmmi
int data;

2
. 1 _ )
o o o o struct Node *left; / \ \
struct Node *right; 0x1300 hd  0x1400 NULO .
struct Node *parent; // optional e =ia Focl s jaal i
}; 4 6 6 Ji
|HULL‘NULL NULL | NULL NULL|NULL NULL | NULL

How It Works =

The root node is stored at a memory location (e.g., 0x1000). Pointer View (Exnmple)

Its left and right pointers point to the memory addresses 0x1000 uﬂmu 0x1200

of its children (0x1100 and 0x1200). f | r
} ﬂx14ﬂﬂ}*—i‘ \ 0x1500 | Ox1600 \

4
@ Each child node simillarly contains pointers to its own L 1 | 0x1100 | 0x1200 _""l 2
o Each node stores the addresses of its children,

0x1300

Leaf nodes have their left and right pointers set to NULL.

|

left and right children. ‘

The tree is built using dynamic memory allocation not the actual child values.
(e.g., malloc in C).

: Key Points to Remember
Advantages Disadvantages @ y
75 Each node has data + pointers
@ Dynamic size (grows as needed) €) Uses more memory (pointers + data). (to left, right, and optional parent).
o Does not require a fixed number of nodes. | | 9 Less efficient for complete binary trees ' NUU-' s '-‘-’_'Ed “"_hE" a Ch“f’ Is missing.
: e Tree is built using dynamic memory
o Easy to insert or delete nodes. | {Comgared tgargYnspresthiian). allocation.
o Works well for sparse and irregular trees. 9 More complex implementation. ‘ * Works well for general (non-complete)
trees.

In Short: In linked list representation, a tree node is stored in a linked list node
; with pointers to its left and right children (and optionally to its parent).



Recursive and Non-Recursive Traversal of Binary Tree
(In Data Structure)

' 1. Recursive Traversal

o In recursive traversal, the function' calls itself
to visit the left and right subtrees.

Binary Tree Example

Recursive Functions (Pseudocode)

1. Preorder [
(Root — Left - Rignt)

Traversal Orders:

¢ Preorder :

e Inorder

* Postorder :

2_. Inorder ] { 3. Postorder

(Left - Root ~» Right) |

| .
| void preorder(Node *root) || void inorder(Node *root){

{ {
if (root == NULL)

return; |

if (root == NULL
return;

if (root == NULL)
return;
printf("%d ", root->data); inorder(root->left);
printf("%d ", root->data);
preorder(root-> rig ht); inorder (root->rig IrrI:) :

preorder (root->left); |

LS — = S — AL
Key Point:
+ Each function first checks if the node is NULL.

o Then it visits the nodes in the order specified.

o It uses function calls (recursion) to go deeper into the tree.
|

o,

P2 %D U6 ¥
4§29 1637
4 5261351

(Left > Right - Root)

void postorder (Node *root){

)

postorder (root->left);
postorder(root->right);
printf["ﬁd r runf-}datn);

Y | | 5. push(node);

. Summary

Traversal Recursive [F;m:.tinn Call) Non-Recursive (Stack)
Preorder Root » Left » Right |  Push right first, then left
Inorder Left - Root - Right | Leftmost push, pop, then right
Postorder Left - Right - Root Use stack + last visited node

|’ - Both methods give the same result.
| The choice depends on the requirement and the use case.

2. Non-Recursive Traversal

« In non-recursive traversal, we use a stack (or queue)
instead of function calls to keep track of nodes.
o It avoids recursion and gives the same traversal order.

Bi“ﬂr‘y Tree (same as above)

'Traversal Orders (same):

192 43503 6"F
Grivn" 1LE6" 50T

e Preorder :

e Inorder

Non-Recursive Algorithms (Using Stack)

e Postorder : 4 52 6 7 3 1

(Tdea:
| « Use a stack.
« Push right child first

push(root);
while (!stack.isEmpty()) {
node = stack.pop();
| print(node->data);

{1. Preorder (Root - Left — Right)

if (node->right) push(node->right); // right first \ J
if (node->left) push(node->left);  // then left
., } M
"2. Inorder (Left - Root - Right) _,
stack<Node*> s; Ldea:
hode = root; » Go to the leftmost node

while (node != NULL || !s.isEmpty()) {
while (nede != NULL) {
s.push(node);
node = node->left;

and push all ancestors.

« Pop from stack, visit node,
then go to right subtree.

node = s.pop(); L
print(node->data); .
node = node->right;

(so left is processed first).

"3, Postorder (Left - Right — Root)

stack<Node®*> s5;

Node =lastVisited = NULL, *node = root;
while (node != NULL || !s.isEmpty()) {
while (node != NULL) {

|

LS

|

| e

. Idea:

+ Use a stack and a
last visited pointer.

o Visit the node only after
both subtrees are processed.

node = node->left;

node = s.top();
if (node->right == NULL || node->right == lastVisited) { ‘_
print (node->data);
Lastﬂés}.:‘ted = node;
s.pop();
} elsepf

node = node->right;

}

b —

T . -
« Non-recursive traversal uses an explicit stack to maintain the traversal order.
|. St pmduces the same output as the recursive approach.

N,
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Threaded Binar

} (In Data Structure)

y Tree

1. Introduction
o A threaded binary tree is a binary tree

in which NULL pointers are replaced by
special links called threads.

e These threads point to the inorder
predecessor or inorder successor of a node.

e It halps in traversing the tree without

uﬁing recursion or a stack. 1 &

- N

to find the inorder successor or

predecessor, we need to use a stack

or recursion.

Threaded binary tree allows us to

get them directly using the threads,

which saves space and time.

It is useful for inorder traversal
and other traversals.

|h2_ _‘Jhg Threaded Binary Tree_?j-

* In a normal binary tree, when we want

@. Types of Threaded Binary Tre_e:

1. Single Threaded Binary Tree

- e Only one type of thread is used
(either for inorder predecessor

or inorder successor).

2. Double Threaded Binary Tree

e Two types of threads are used
(one for inorder predecessor

and one for inorder successor).
\, J

(4. Example of Threaded Binary Tree )

Consider the following binary tree:

90

"h..

.f'“-*"

'lllq_l""- -—__-l-l"' —_— F_

[lnurder traversal sequence: 425163 T]

f.CS. Legendj
—> Left / Right child link

(left thread)

-~ == Inorder successor thread
(right thread)

@ > Node

LN

~--5 Inorder predecessor thread

> Thread link (replaces NULL)

r 6. Threaded Tree Representationj

" Node Left Pointer | Right Pointer |
1 2 (child) 3 (child)
2 4 (child) 5 (child)
3 6 (child) 7 (child)
& 2 (thread) 2 (thread)
g 2 (thread) 1 (thread)
6 3 (thread) 3 (thread)
I 7 3 (thread) 1 (thread)

-

e

1. Start from the leftmost node of the tree.
2. If the right pointer is a thread, follow it
to the next node in inorder.

3. If the right pointer is a child, move to the
leftmost node of that right subtree.

4. Repeat the process until all nodes are visited.

{lThis way, we can perform inorder tmvaran

without using o. stack or recursion.

\ ot

(7 Inorder Traversal Using Threads Jﬁ

' 8. Advantages

« No extra memory for stack
or recursion.

« Faster inorder traversal.

o Uses NULL pointers efficiently.

e Simple to implement.

| iO. "Keg Takeaway |

§ A threaded bmarg tree replacas

NULL pointers with threads to
inorder predecessor or successor,

recursion or a stack. It is

' 9. Disadvantages |
o Slightly complex insertion
and deletion.

¢ Extra space for storing thread
information.

memory efficient and useful
1 for inorder traversal.

o e e e s e e e e e e e e e e o s s —

— T —

|
|
|
|
. allowing traversal without
I
I
:
I
|

_ Threads connect .
- where NULL ends! -
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Binary Search Tree (BST)

_—
—
S

1. What is a Binary Search Tree?

A Binary Search Tree (BST) is a binary tree
in which each node has at most two children
and follows the BST property:

[ For any node, all values in the left subtree
are smaller and all values in the right subtree

2. Example of a BST

O
@ @

La.re greater than the node's value.

%,

Key Characteristics:

e Each node has at most two children.

o Left child < node < right child.

e Inorder traversal gives values in ascending order.
e No duplicate values (in a standard BST).

4. inserting a Node in BST

Steps:
1. Start from the root.
2. If the value is less, go to

the left subtree.
If the value is greater, @ @

go to the right subtree. ~|(30) (0) @ (30

. Repeat until a NULL position
is found, then insert the node.

Insert 65

3.

r. Pseudocode (Insertion) - |

insert(root, key):
if root == NULL:
return new node(key)
if key < root->data:
root->left = insert(root->left, key)

else if key > root->data:
root->right = insert(root->right, key)
return root

" A

®® © @

" BST Property Check: |

o Left of 30: 20<30, 40 > 30 V
o Left of 70: 60 <70, 80 > 70 V

o Left subtree of 50: 30, 20, 40 (all < 50)
e Right subtree of 50: 70, 60, 80 (all > 50)

Inorder Traversal:

20 30 40 50 60 70 80

-

5. Deleting a Node in BST

Cases:

1. Leaf node (no children) — SiMFIH delete it.
2. One child - Replace node with its child.
3. Two children Replace with inorder

successor (smallest in right subtree)

or inorder predecessor (largest in left
subtree), then delete that successor/

predﬁcessor.

' Emmple.: Delete 70 (node with two children)

O ©

(50

Gy (® @ ® @ @

W@ @©® ®®E® @O

Replace 70 with Delete 80
inorder successor

L (80)
Pseudocode (Deletion - simplified) |

delete(root, key):
if root == NULL: retursn NULL
if key < root->data: root->left =

Original Tree

delete(root->left, key)
else if key > root->data: root->right = delete(root->right, key)
else: // found the node-

Note: Duplicate values are usually not inserted. l.

L8
- —— = — F A,

handle 0, 1 or 2 children cases
return root

(from right subtree)

~

LB

—

# u

e Insertion, deletion a

*@f KEH Tﬂ.kﬂﬂwaHS: o BST maintains a sorted order (left < node < right).

(Insertinﬂ, Dele.tinfj and Searching in BST)

3. Basic Ope:tinns in BST

1. Insertion - Add a new node while
maintaining the BST property.

2. Deletion - Remove a node while

maintaining the BST property.

[ 3. Se.a.rchmg | - Find a node with a ﬂiven
value.

"Time Complexity (for balanced tree) |

e Insertion : O(h)
o Deletion : 0(h)
o Searching : O(h)

(h = height of tree; in balanced BST,

h =_D(ln5_ n))

—_—

| G (o
DIOXONC)

-

|(Ce. Searching in BST |

Steps:

1.
i

3.
4,

5.

Search for 60

Start from the root.

If the value is equal to the node,
return found.

If the value is less, go to the left
subtree.

If the value is greater, go to the right
subtree.

Repeat until the value is found or
NULL is reached.

Pseudocode (Searching)
search(root, key):
if root == NULL:
return false
if key == root->data:
return true
if key < root->data:
return search(root->left, key)
else:

return search(root->right, kﬂ]l}'

N

(50)

Found! {

nd searching are all based on comparison.

e Inorder traversal gives tl-.;e sorted sequence.
o Time complexity is O(h) (D{lﬂg n) for balanced BST).




