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What is Linked List?
A linked list is a linear data structure in

[ }_> [ ]_, which elements (nodes) are not stored in

Def' n |t iIon a nd CO nce pts contiguous memory locations.
Memory Representatlons Each node stores data and a reference

NULL

(address) to the next node in the sequence.

1. DEFINITION 2. CONCEPTS 3. NODE STRUCTURE

A linked list is a dynamic data structure consisting ® Dynamic Size: Can grow or shrink at runtime. A node is the basic building block.
of a collection of nodes. Each node contains two ® Non-contiguous Memory Allocation: Nodes are Singly Linked List Node
parts: scattered in memory.
+ DATA: Stores the actual value e Efficient Insertions/Deletions: No need to shift DATA LINKS—>
+ LINK (REFERENCE): Stores the address of the elements; only links (addresses) are updated. l ﬁ:::e::d:’
next node in the list ® Access: Sequential access only (no random access Value/Information
o arrays). Doubly Linked List Node
Uniike arfays, slements it  linked listlre ® Requires Extra Memory: Additional memory is
not stored in contiguous memory locations. O IS NV, AR 127
Addre:s/ol l‘ Ad}ess of

previous node  Value/information  pext node

4. MEMORY REPRESENTATIONS

4.1 SINGLY LINKED LIST 4.2 DOUBLY LINKED LIST

Each node points to the next node. The last node’s link part contains NULL. Each node has two links: one to the next node and one
to the previous node.

Memory Representation Diagram
Memory Representation Diagram

(o [ B S I e [ o ool T ol

J

Node 1 Node 2 Node 3 Node 4
iy 4 Node 1 Node 2 Node 3 Node 4

[j Data Part D Link (Address) Part ag |

_ Bl - [:} Prev (Address) [__] Data D Next (Address)

Actual Memory Layout

Example in Memory (NON-CONTIGUOUS) Example in Memory
Ash e ‘ : S
Link 1000 10 2000 ‘ Prev Next
Node Address Data (Addrss of Naxt Node) Node Address | (Address) Ot (Address)
Node1 1000 10 2000 o “2 - Node 1 1000 NULL 10 2000
3000 | 30 | 4000 '
Node?2 2000 20 3000 Node 2 _ 2000 : 1000 . 20 3000
4000 40 NULL Node 3 3000 2000 30 4000
Node3 3000 30 4000 RN |- | |
Node 4 4000 3000 40 NULL
Node 4 4000 40 NULL Nodes are stored at different

memory locations. Traversal can be done in both forward (Next) and backward (Prev) directions.

5. ADDRESS CALCULATION (CONCEPTUAL)

In Linked List:

+ Nodes are allocated dynamically using memory

Example: Advantage of Linked List Memory Representation
« If address of Node 1=1000

3 = Node 1 points to Node 2 whose address = 2000
ZiMemory adressos srencty ute + Node 2 points to Node 3 whose address = 3000 o Easy insertions and deletions
« Links store addresses (references) of next/prev nodes.

allocation functions (e.g., malloc () in C). & Efficient memory utilization

*+ And so on... & Dynamic size management
6. TYPES OF LINKED LIST
1. SINGLY LINKED LIST 2. DOUBLY LINKED LIST 3. CIRCULAR LINKED LIST 4. DOUBLY CIRCULAR LINKED LIST
Each node contains data and Each node contains address of Last node points back to the | Doubly linked list in which last node
address of next node. | previous node and next node. first node. ‘ connects to the first node and vice versa.
‘E }-L‘ 20 '—(“, [ﬂ NULL NULL «iﬁo}::;'r zcj‘:’,ﬁo }—* NULL L‘Uj—’u_’ [_‘ 10 1 1 ZDJ | 30
<l ’ Lz 1
Features | Features Features Features
* Traversal in one direction only » Traversal in both directions + No NULL at the end + Bidirectional circular traversal
* Less memory (one link field) * More memory (two link fields) « Useful in cyclic data processing + No NULL at either end
« Simple and efficient « Easy deletion of a given node « Can start traversal from any node * Useful in advanced applications

KEY TAKEAWAY  Linked List is a dynamic and flexible data structure where elements are connected using links (addresses).
It allows efficient insertions and deletions, but sacrifices random access and requires extra memory for links.



&2 TYPES OF LINKED LIST

Node Structure

DATA LINK —»
A linked list is a linear data structure in which elements (nodes) are not stored l T
in contiguous memory locations. Each node contains data and link(s) to other node(s). Value / Information ~ Address of
next node
MAIN TYPES OF LINKED LIST
1. SINGLY LINKED LIST 2. DOUBLY LINKED LIST
Each node contains data and address of next node. Each node contains data and addresses of both
The last node points to NULL. next node and previous node.
Structure Diagram Structure Diagram
[ﬂ)_’ 10 ‘J—D 20 30 40 —j—b NULL
10 ¥ 20 > 30 > 40 > NULL
EX bl 23 N P~ P
Node 1 Node 2 Node 3 Node 4 NULL
ode 1 Node 2 Node 3 Node 4

Features

* Traversal is possible in one direction only (forward).
* Less memory (one link field per node).

* Simple to implement.

« Efficient for insertions and deletions.

Applications

inie

&= Implementing n_ i =
E stacks, queues an X - aO a
g

3. CIRCULAR LINKED LIST (SINGLY)

Last nede points back to the first node. There is no NULL
at the end.

= Memory management

Structure Diagram

ORE:

Features

* Traversal can start from any node and continue in a circle.
* No NULL at the end.

+ Efficient for circular data processing.

+ Less memory (one link field per node).

g ; Circular queues m Multiplayer games

Applications

T ‘\ Round Robin

‘ a scheduling

‘:] Prev (Address) D Data D Next (Address)
Features

« Traversal possible in both forward and backward directions.

+ More memory (two link fields per node).

= Easy deletion of a given node.

« Slower than singly linked list due to extra links.
Applications

@ :Bur::‘:;:?:;k/lomard E\_n Music playlists
4. DOUBLY CIRCULAR LINKED LIST

Each node has two links (prev and next) and last node connects
to first node and first node connects to last node.

Undo / Redo operations

Structure Diagram

= | ]
E [Tl e 0] oo [
[ Node 1 Node 4

[j Prev (Address)

Features

Node 2 Node 3

7D Data

D Next (Address)

« Traversal in both directions in a circular manner.
* No NULL at both ends.

* More memory (two link fields per node).

» Most flexible amonag linked lists.

Applications

Advanced scheduling
{.\ Circular deques ey

K‘) s G) systems

Operating system
process lists

COMPARISON OF LINKED LIST TYPES

Type Links per Node Direction of Traversal NULL at End Memory Usage Advantages Disadvantages Best Used For
5 . ; Simple, less memory, One-way traversal, Stacks, Queues, Simple
Singly Linked List 1 (Next One (Forward| Yes L
Bt dirioe - ( ) ‘ ( e E ot easy insertion hard to delete a given node | applications
{ }
Two= traversal, More memory, Browser history, Undo/Redo,
Doubly Linked List | 2 (Prev & Next) Both Yes Medium b L digby I /Moy Itofy/Unco/Re
| easy deletion slightly complex Playlists
i f
Circular Linked List 3 No NULL, can start | One-way only, Round robin, Circular
1 (Next| | One (Cireul N L
(Singly) lasy e’ = e from any node hard to delete queues
Dm{bly Cnr?ular 2 (Prev & Next) Both (Circular) No High Most ﬂex.nble. Moc'.e memory, ] Deques, Ad\ranced
Linked List ! two-way circular complex implementation scheduling
Linked lists are dynamic structures made of nodes connected by links.
Singly Linked List is simpl d fficient but 4 \
ingly Linke Ist Is simple and memory efficient but one-way.
KEY TAKEAWAY Q

*» % % % %

Doubly Linked List allows two-way traversal and easy deletion.
Circular Linked List is useful for circular data processing and scheduling.
Doubly Circular Linked List is the most flexible but uses more memory.

-



What is Linked List?

A linked list is a linear data structure
in which elements (nodes) are not
stored in 1S memory
Each node contains data and a link
(address) to the next node,

w====2 . LINKED LIST OPERATIONS

71 TRAVERSING, INSERTION, DELETION

In a Singly Linked List, each node points to the next node and the last node points to NULL.

_— St

Value / Information  Address of
next node

Legend
HEAD | 10 > 20 o 30| | a0 > NULL -
| E LINK
(Address)
Node 1 Node 2 Node 3 Node 4 _—
1. TRAVERSING (DlSPLAY) Step-by-Step Example
Traversing means visiting each node Initiak -_*-__’-_.‘ “’l WL
of the linked list from the beginning i m I m. L Key Points
(HEAD) to the end (NULL) and e « Traversal is one-way
e | wisit 10, move to next [ soff—{ 20— o] }-- nun {from HEAD to NULL).
Algorithm tejnp + Time Complexity: O(n)
1. Start from HEAD. Pseudocode Visit 20, move to next ‘ 10 U—-[ 20 I_/l_.[ lo[ }—r NULL + Space Complexity: O(1)
2. Visit (process) the data part . wehd — — . Used to:dao) h
emp = . o display or searc
tem
of the current node. . while/(temp 1="NULL) = - = e elements.
3. Move to the next node using < Visit 30, move to next { 10 D_.! 30 D__.[ 30 L}__. NuLL
the link part. - = )
visit(temp->data) Example Output
4, i temp
:‘::eat :te'?stz a'ndN?J:Em b sl e Visit 40, move to next { 10 H__.[ ;;[_}——. Foﬂ_. IO 207 301N
next pointer is 9 NULL
pointe }
temp -+ NULL (Stop)
2. INSERTION Example: Insert 5 at the beginning
Insertion means adding a new node Before Insertion
at a specified position. D ‘Fm = [‘; [ EB_. —
Types of Insertion ' - o
1. At Beginning After Insertion
2 ] I e B S e
3. At Given Position (after g
G (2.2 nseRTIoN AT END | 23 INSERTION AFTER A GIVEN NODE (KEY) |
= N G ) £ 01 Key Points
eps

Steps
1. Search for the node with data = KEY.

[ 2.1 INSERTION AT BEGINNING |

1. Create a new node. = Insertion is easy and efficient

Steps Pseudocode 2. If list is emptys, set HEAD = new node. 2. Creats a new.node. in linked list.
1. Create a new node. L e ) 3. Else, move to last node. 3. Set new node’s link = (node after KEY). « No need to shift elements
2. Setnew node'slink = HEAD. " oL 4-"Set'last oode's link = new node. 4. Set KEY node's link = new node. (unlike arrays).
3. Update HEAD = new node. E‘; N | Paeudocode = = « Time Complexity:
y new_node = (data) Ab Baokring ot
few_node->14nk = NULC find node with data = KEY - At Beginning: O(1)
if (HEAD == NULL) if (node found) - At End: O(n)
HEAD = new_node { . 5
else new_node = (data) - At Given Position: O(n)

temp = HEAD new_node->1ink = key_node->link = Space Complexity: O(1)
while (temp->link != NULL) key_node->link = new_node
“—temp = temp->1link }

temp->link = new_node

3. DELETION

Deletion means removing a node
from the linked list.

Before Deletion
[}~~~ [#[F e

Types of Deleti
TPEN STIIEEY After Deletion
1. From Beginning {
HEAD 20 30 40 i
2. From End [eso }—{ 20[—{ sof—{ a0}~ wun S
3. From Given Position (after -

a given node or by key)

3.2 DELETION FROM END 3.3 DELETION OF A GIVEN NODE (KEY)

Steps

Deletion requires finding the
previous node (except for

3.1 DELETION FROM BEGINNING |

Steps

Steps

2. Move to second last node.
3. Delete last node.

1. If list empty or one node, handle separately.

first node).
No need to shift elements.

1. if first node is key, delete it.
2. Else, find node just before key node.
3. Change link to skip the key node.

Time Complexity:

Pseudocode 4. Delote the key node. ol
1. If list is empty, Underflow. Preudocode Proudocode - From Beginning: O(1)
2. Store HEAD in temp. if L(:':AD';- NULL) i:”(!if:ﬂ(" WL:_? :"‘.r::,t:) i’ (MEAD->data == KEY) - From End: O(n)
lerflow L2 HEAD-»1inl = temp = MEAD
3. Move HEAD to next nods. else 1{ HEAD = WEAD->1link - At Given Position: O(n)
4, Delete temp. free (HEAD) free(temp) p
{ HEAD. = NULL A « Space Complexity: O(1)
o, \V ¥ arer = m !
HEAD = HEAD->1ink else o * Handle special cases: empty
{ while (eurr I= WULL and curr-sdata = KEY) J I
free(temp) temp = HEAD 1 list and single node list.

SUMMARY TABLE

while (temp->link->1ink 1= NULL)
~—tomp = temp->link
free(temp->1ink)
temp->link = NULL

prev = curr
curr = curr->link
}
if (ourr == NULL) Not Found
else
{ prev-»link = curr-»link

free(curr)

IMPORTANT NOTES
Oparation Description Time Complesity | Space Complosty | | e A, KEY TAKEAWAY
Traversing """:E':‘D"‘:":;&"'“ oln) ot} Memory is allocated as per need. Linked list operations are efficient for insertions
Efficient insertions and deletions. = and deletions, but access (search/traversal)
Insertion Add new node (1) to Ofn) on) s -
Extra memory is needed for links. is slower compared to arrays.
Deletion Remove a node (1) to Oln) ol No random access (sequential access only).



EXAMPLE OF TREE

o <— Root Level 0

WHAT IS A TREE?
A tree is a non-linear hierarchical

data structure consisting of

nodes connected by edges. Definition and Terminologies, @ © )
| 5 Level 1
It has a special node called Root, ] Memory Repl‘esentatlons '

and the remaining nodes are

|
partitioned into disjoint @ A tree with ‘n’ nodes has exactly (n - 1) edges. o o @ o o panalia

subtrees of the root. @ There is exactly one path between any two nodes.

@ A tree does not contain any cycle.

1. DEFINITION AND TERMINOLOGIES

3 -0
Root The topmost node of the tree. ® (Root) Level of a node is the number of o
It has no parent. Level edges from the root to that node. ® () (©--—-1
(Root is at level 0)

A node that has one or more B G G 0 X o --2

© 0

Parent
children.
Height of The height of a node is the number o
o Node of edges on the longest path from
that node to a leaf node.
Child A node that is directly connected @-@ o
| ’ Height(B) = 1
below another node. (Children of B)
@ Height of  The height of a tree is the height
e Tree of the root node (i.e., longest path Height of Tree = 2
Siblings Nodes that have the same parent. @‘@ from goof s NG s
(Siblings)
Degree of = The degree of a node is the number Degree(C) = 1
LeafNode/  Anode thatdoes nothave  (g)){(G){(H){(1) Node of children it has. Degree(8) = 2
. ' ’ '
External Node any children.
(Leaf Nodes)
e Degree of  The degree of a tree is the Degree of Tree = 2

A% Internal Node / A node that has atleast @ Tree maximum degree of any node (because B has
: Non-lest Node | one kil ’ 4 in the tree. maximum 2 children)
(Internal Nodes)

4+
Subtree A subtree is a tree formed by a : Subtree of A

@

node and all its descendants. rooted at B

® ©®
2. MEMORY REPRESENTATIONS OF TREE

2.1 SEQUENTIAL (ARRAY) REPRESENTATION 2.2 LINKED REPRESENTATION

» Used mainly for Binary Trees (especially Complete Binary Trees). + Each node is represented using a structure.

* Nodes are stored level by level in an array. + Every node contains data and pointers to its children.

» If a node is at index i (0-based indexing): + For a binary tree, each node has two pointers: left and right.
- Left child — 2i+1 + For a general tree, a node may contain multiple child pointers (using array or list).
-Right child ~ 21+ 2 Example (Binary Tree)
- Parent - LGi-1n/2]) Binary Tree Node Structure

Example Tree .
Array Representation (0-based index) left | data | right

T[ Index | © 1 2 —-3\“ 4 >:g|~:7 b} l l n 1
G

Pointer to Data  Pointer to

(vawe | A [ Bl c o] e |[Fia] lft child . Y ‘

General Tree Node Structure (using list)

Note:
Note: * Efficient for skewed trees. data child list / pointer '
* Works efficiently when tree is complete or nearly complete. * Extra memory used for storing pogSrs. l’ 1
« Not suitable for skewed (degenerate) trees as it wastes space. * Easily supports dynamic size.

Data Pointer to list of children



TYPES OF TREES : BINARY TREES

data structure. m

A Binary Tree is a tree data structure in which each node has

« It consists of nodes

connected by edges. at most two children, referred to as the Left child and Right child. [ l
L Left J [ Right
* One special node is KEY PROPERTIES OF BINARY TREE
called Root.
Each node @ Theleftchildis @ The order of @ Binary Tree with 'n' Left — Left Subtree
has at most considered before children matters nodes has at most . L
2 children. the right child. (Left & Right). {n - 1) edges. Right —+ Right Subtree

TYPES OF BINARY TREES
I

Every node has either O or 2 children. All'levels are completely filled except All internal nodes have 2 children and For every node, the height difference
No node has only one child. possibly the last level, which is filled all leaves are at the same level. between left and right subtree is at
from left to right. most 1.

Example: /G)\ Example: W ‘/K Example:

(o] 0
®@ ® ® | @ @ @ ® ® © ®@ ©® ©® ®

Properties: Properties: Properties: Properties:
* Every internal node has exactly 2 children.

« All levels except last are full. « All levels are completely filled. * |Height(Left Subtree) -
® If the number o:f internal nodes = i, B st I el nociee are-as Ieft s pontibli. o Number of nodes = 2" =1 Height(Right Subtree)| < 1
then number of leaves =i + 1. . tres level for every node.
* For n nodes, height is minimum and (where h = height of hpoot at 0 F -
* Max nodes at level | (root at level 0) = 2' oo ) o Number of lsaves A0 * Used in Self-balancing Trees
2 nj.

(AVL, Red-Black, etc.).

5. DEGNERATE (SKEWED) BINARY TREE 6. BINARY SEARCH TREE (BST) 7. EXTENDED / 2-ARY TREE 8. HEAP (MIN-HEAP / MAX-HEAP)

Every node has only one child. For every node: A generalization where a node can have A Complete Binary Tree that satisfies
Left subtree contains values < node data. more than 2 children. Heap property.
Right subtree contains valuen > node data.

A 0O e Example: o A NP v ——
g ® //C@;@%K@ @ m@
D & T LR A

@ ® ©® ©® O ® @ ® @ O 6

Left Skewed Tree Right Skewed Tree

Properties:
. Properties: Properties: Properties:
+ Each node has only one child.
3 + Left < Root < Right. * Node can have more than 2 children. * Min-Heap: Parent s Children.

* Number of nodes = height + 1. &

b i i « Inorder traversal gives sorted order. « Not a binary tree in strict sense. * Max-Heap: Parent = Children.
« Behaves like a linked list. . p ; 3 ; o I -

+ Used in Searching, Sorting, Range queries. » Used in file systems, organization charts. ¢ Used in Priority Queues, Heap Sort.

COMPARISON OF BINARY TREE TYPES

Max Children All Levels Leaves at Height (h) " KEY TA KE AWAYS

Tree Type per Node Full? Same Level? for n nodes Misl Liea’/ Fmature

Full (Strict) 2 No No <n-1 No node with only one child ° Binary Tree is the foundation of many advanced data structures.
Complete 2 Except Last No s lioga nj Efficient storage, used in Heaps ° Full, Complete and Perfect trees are special forms of Binary Tree.

Parfect 2 Yes Yes logz (n+1) - 1 Ideal tree, all levels full @ Balanced trees keep operations efficient.
Balanced 2 No No < |logz n] Keeps tree height small @ BSTs maintain sorted data for fast search operations.

D Hea| compl inary trees with special ordering.
e 1 No No =n-1 Worst case, like linked list ° DY Piglt ooy pe 9
(Skewed)

BST 2 No No Depends Searching, Sorting operations NOTE:
Extended (2-ary) >2 No No Depends Multi-way representation All the above trees are types of Binary Trees either by

Heap 2 Complete | NotNecesssrly = s [loga n) Priority Queue, Heap Sort structure (shape) or by property (ordering).



et co M PlETE B I NARY TR E Es e
A i -li di
tree is a non-linear data

structure in which nodes are

connected by edges. Definition, Properties, Examples, Representation and Uses

One special node is called :
Root and the remaining s : T —— Pt . Left Right

nodes are partitioned into

disjoint subtrees. m A Complete Binary Tree is a binary tree in which all the levels are completely Left — Left Subtree
filled except possibly the last level, and all nodes in the last level are as far Right — Right Subtree
left as possible.
EXAMPLES PROPERTIES
Complete Binary Tree (Valid) Not a Complete Binary Tree (Invalid) o All levels are completely filled except possibly
the last level.
e All nodes of the last level are placed as far
left as possible. NOTE @

o o If a complete binary tree has ‘n’ nodes, the number Every Perfect
of nodes in the last level can be from 1 to 2" Binary Tree is a
(where h = height of the tree, root at level 0). Complete Binary
@ @ @ o @ Tree, but every

A complete binary tree with h levels has at least

2" nodes and at most 2"*' - 1 nodes. Complete Binary

e All levels are full except the last level. € Last level is not filled from the left. Tree is not
@ Last level nodes are as far left as possible. &) Node 5 is present but left position (under 2) is o Efficient for array representation and commonly necessarily
empty while a right position exists, used in Heap data structure. Perfect.

Ne————————————————

ARRAY (SEQUENTIAL) REPRESENTATION REPRESENTATION EXAMPLE

+ In a complete binary tree, nodes can be stored in an array without
wasting space.

+ Consider a complete binary tree with 6 nodes.
+ Height = 2 (levels 0, 1, 2)

« Nodes are stored level by level from left to right. .
« Last level is filled from the left.

Array Representation (O-based Indexing) Why Use Array?
Index | 0 T1 | 223 |a]|s [ 6 @ No pointers needed.

-’VValualL_A‘a‘c‘D‘E F[G} 2 (3) O Faxt oot

o parent/children.

2 < 3 @ Less memory
Index Relations (0-based indexin:
©©®©® O LA B uab e
« Left child of node atindexi — 2i+1
Array (0-based indexing) @ Ideal for heaps

« Right child of node at index i = 2i+ 2

and priority queues.

« Parent of node at index i - (i-1)/2 Index } 0 1 2 3 W} 4 5 ‘
* Root is stored at index 0 Value i 1 2 3 4 ‘ 5 6 ‘
APPLICATIONS COMPARISON KEY TAKEAWAYS
Feature Complete Binary Tree Perfect Binary Tree §
gggg Heaps Complete Binary Trees are used to 1 All levels are full except possibly the last level.
0033 implement Min-Heap and Max-Heap. All levels full? Except possibly last Yes :
Last level nodes are as far left as possible.
NN einciondBo i et Last level nodes As far left as possible Completely filled ¢ Efficient array representation.
riori ueues '
elements. .':‘:;"vzl': :' m) At most 2! Exactly 2/ Y Used widely in heaps and priority queues.
f nodes in h levels is bet
Array Based Enables efficient storage and Total nodes in h 2h 10 2P - 1 2het _q * BRRbegof noCeaiith levels is gl
Implementation memory utilization. levels i 29and 2R+ 3
\ \
Used in Used in various algorithms like Heap Sort, SRE - . Quick Fact
A Algorithms Tree Traversals, etc. Bxaenple @ @ @ @\ I
/ / A

T ¢

Wi \ If a complete binary tree has n nodes,
65 @ @ GS @ @ @ then height h = [log, n]



Az BST OPERATIONS %
INSERTION & DELETION

«\ Maintain BST property by comparing keys and moving left or nght

BsTPROPERTY I wwarises? | NODE STRUCTURE

+ All keys in left subtree ‘ A Binary Search Tree (BST) is

< node key a binary tree in which, for every
I h node, all keys in the left subtree \ / \
Vv All keys in right subtree are smaller and all keys in the Left L Right J
| > node key | | right subtree are greater.

1. INSERTION IN BST

Insert a new key by finding the correct position using comparisions.

ALGORITHM | EXAMPLE: Insert 45 TRACE TABLE
If the tree is empty, -, Initial BST i i Step Current Node Comparison Move
< -+ Qo le
create the new node Q s 7 50 45<50  Left
and make it root. 45> 30 - goright }
B>® - gorane || 2 30 45>30 Right
e Compare the key with 0 0 > lgo rig :
current node. (empty) - inserthere| 3 40 45>40  Right
* If key < node key - 0 o Q @ 4 NULL Insert 45  Stop
go to left subtree.
* Ifkey >node key = ' BST after Insertion TIME COMPLEXITY
go to right subtree. +iBbstitane | . OO)

Repeat until an empty
position is found.

(tree is empty)

* Average Case : O(logn)

Insect the new node ’ (balanced BST)

at that position. * WorstCase : O(n)
‘ (skewed BST)

2. DELETION IN BST
Delete a node and maintain BST property.
ALGORITHM i THREE CASES OF DELETION
o Eind the hode 1o be ' Cas(t:af: ::dt:;'lild Case 2 : One Child Case 3 : Two Children
deleted using BSTsearch. Sulst 26 Delete 60 Belvle 3%

() ()
() () () (70)

There are three cases :

e Case 1: No child

* Case 2 : One child

* Case 3 : Two children

4 13
() (50

Perform the appropriate |
case and maintain
BST property. o Q 0 Q
;l.o:r. C:::, 3 Works? Example (Case 3 using Inorder Successor) Inorder Sequence
Ind 1No! successor
(smallegh Mt subtral 1. Inorder successor of 30 is 40. Before : 20, 30, 40, 50, 60, 70, 80
or inorder predecessor 2. Replace 30 with 40. After : 20,40 50, 60,70, 80
(largest in left subtree), 3. Delete th aded | D T,
replace the node, then delete fro; :s o:igsi‘:'uitlz.;s:s‘)i;ign. . (Sorted order maintained)
that successor/predecessor.
TIME COMPLEXITY (Delétion) Ngl"E 4
. 3 ; After every insertion or deletion,
+ Best Case : O Worst Case : O(n) Q the BST pro Bust rémain
« Average Case : Of(logn) (Same as search) true for the tree.
(ﬁl.e_ft < Node < Right)
KEY TAKEAWAYS
Insertion is done Deletion has BST operations are Skewed BST
at a leaf position 3 cases: No child, ll efficient for behaves like a linked
after comparisons. One child, Two children. balanced trees list (O(n)).

(O(log n)).

i Better Data Structures — Better Programs — A Better You!



