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Introduction-List
• A linked list is a linear data structure which can store a

collection of "nodes" connected together via links i.e.
pointers.

• Linked lists nodes are not stored at a contiguous
location, rather they are linked using pointers to the
different memory locations.

• Each node contains two parts: the actual data and
a pointer (or reference) that links to the next node ina pointer (or reference) that links to the next node in
the sequence.

• A linked list is a dynamic linear data structure whose
memory size can be allocated or de-allocated at run
time based on the operation insertion or deletion, this
helps in using system memory efficiently.

• Linked lists can be used to implement various data
structures like a stack, queue, graph, hash maps, etc.



Core Components of List: 
• Node: The basic building block, typically a self-

referential structure.
• Head: A pointer to the first node, serving as the entry

point for the list.
• Tail: The last node, which usually points to NULL to

signify the end of the list.







Array vs. Linked List



Representation of Linked list in memory

Let LIST be a linked list. Then LIST will be
maintained in memory specified as follows.

• First of all, LIST requires two linear arrays
• we will call them here INFO and LINK-
• INFO[K] contain the information part.
• LINK[K] contain the nextpointer field of a node

LIST.LIST.
• LIST also requires a variable name- such as START.
• START contains the location of the beginning of

the list, and a nextpointer sentinel -denoted by
NULL- which indicate the end of the list.

• Since the subscripts of the array INFO and LINK
are usually positive, we will choose NULL=0.



Representation of Linked list in memory

The following example of linked list indicate that
• the nodes of a list need not occupy adjacent elements in the

array INFO and LINK,
• more than one list may be maintained in the same linear array

INFO and LINK. However, each list must have its own pointer
variable giving the location of its first node.







Singly Linked Lists
• Singly linked lists contain two "buckets" in one

node; one bucket holds the data and the other
bucket holds the address of the next node of the
list. Traversals can be done in one direction only
as there is only a single link between two nodes
of the same list.of the same list.



Doubly Linked Lists
• Doubly Linked Lists contain three "buckets" in

one node; one bucket holds the data and the
other buckets hold the addresses of the previous
and next nodes in the list. The list is traversed
twice as the nodes in the list are connected to
each other from both sides.each other from both sides.



Circular Linked Lists
• Circular linked lists can exist in both singly linked

list and doubly linked list.
• Since the last node and the first node of the

circular linked list are connected, the traversal in
this linked list will go on forever until it is broken.



Operations on Linked Lists
• The primary operations on a linked list

include insertion, deletion, traversal, searching,
and updating. These operations manipulate the
nodes, each of which contains data and a
pointer to the next node in the sequence.



Core Operations
• Traversal: This operation involves visiting each node in

the list sequentially, starting from the head, and following
the next pointers until the end of the list (indicated by
a NULL pointer). Traversal is necessary for printing all
elements, searching for a specific value, or counting
nodes.

• Insertion: This adds a new node to the linked list. It can
be performed at several positions:
– At the beginning (head): This is efficient (O(1) time) as it only– At the beginning (head): This is efficient (O(1) time) as it only

requires updating the new node's pointer to the current head
and then making the new node the head.

– At the end (tail): This requires traversing the entire list to find
the last node and then updating its pointer to the new node
(O(n) time).

– At a specific position (after a given node): The list must be
traversed to the node just before the desired position to
adjust the pointers correctly (O(n) time).



Core Operations
• Deletion: This removes a node from the linked list and re-

links the surrounding nodes.
– From the beginning: Like insertion at the beginning, this is

efficient (O(1) time) by simply moving the head pointer to the
next node.

– From the end: This requires traversing to the second-to-last
node to update its pointer to NULL (O(n) time).

– From a specific position: The list must be traversed to the
node preceding the one to be deleted to update the pointersnode preceding the one to be deleted to update the pointers
and skip the target node (O(n) time).

• Searching: This operation involves traversing the list from
the head to find a node that contains a specific data
value. The worst-case time complexity is O(n) because
every node might need to be checked.

• Updating: This modifies the data part of an existing node.
It requires first finding the node (O(n) time in the worst
case) and then changing its data value



Advanced Operations
• Reversing: This operation changes the direction

of all pointers in the list so that the last node
becomes the new head and the list can be
traversed in reverse (without modifying the
node structure, which would make it a doubly
linked list).linked list).

• Sorting: Various sorting algorithms can be
applied to a linked list, with merge sort being
one of the most performant for this data
structure.

















Searching Sorted List




















