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INTRODUCTION TO DATA STRUCTURES



Introduction to Data Structures

* A data structure 1s a way of storing data mn a
computer so that it can be used efficiently and
1t will allow the most efficient algorithm to be
used.

* A data structure should be seen as a logical
concept that must address two fundamental

COINCCTIIS.

[. First, how the data will be stored, and

II. Second, what operations will be performed on it.



Classification of Data Structures

« Data structures can be classified as
1. Simple data structure
11. Compound data structure
111. Linear data structure
1v. Non linear data structure
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Simple and Compound Data Structures

Simple Data Structure: Simple data structure can be
constructed with the help of primitive data structure.
A primitive data structure used to represent the
standard data types of any one of the computer
languages. Variables, arrays, pointers, structures,
unions, etc. are examples of primitive data structures.
Compound Data structure: Compound data
structure can be constructed with the help of any one
of the primitive data structure and it 1s having a
specific functionality. It can be designed by user. It
can be classified as

1. Linear data structure

11. Non-linear data structure



[Linear and Non-linear Data Structures

* Linear Data Structure: Linear data structures can be
constructed as a continuous arrangement of data
elements 1n the memory. It can be constructed by
using array data type. In the linear Data Structures the
relationship of adjacency i1s maintained between the
data elements.

 Non-linear Data Structure: Non-linear data
structure can be constructed as a collection of
randomly distributed set of data item joined together
by using a special pointer (tag). In non-linear Data
structure the relationship of adjacency 1s not
maintained between the data items.



Operations on Data Structures

1. Add an element

11. Delete an element

111. Traverse

1v. Sort the list of elements

v. Search for a data element



Abstract Data Type

* An abstract data type, sometimes abbreviated
ADT, 1s a logical description of how we view
the data and the operations that are allowed
without regard to how they will be
implemented.

* By providing this level of abstraction, we are
creating an encapsulation around the data. The
idea 1s that by encapsulating the details of the
implementation, we are hiding them from the
user’s view. This 1s called information hiding.




Algorithm Definition

* An Algorithm may be defined as a fmite
sequence of mstructions each of which has a clear
meaning and can be performed with a finite
amount of effort 1n a finite length of time.

* The word algorithm origmates from the Arabic
word Algorism which 1s linked to the name of the
Arabic Mathematician AI Khwarizmi.

* Al Khwarizmi 1s considered to be the first
algorithm designer for adding numbers.



Introduction to Linked List

A linked list 1s a collection of data in which each
element contains the location of the next

element—that 1s, each element contamns two
parts: data and link.
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Arrays versus Linked Lists

* Both an array and a linked Dist are
representations of a list of items 1 memory.
The only difference 1s the way in which the
items are linked together. The Figure below
compares the two representations for a list of
five integers.
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Linked List: A Dynamic Data Structure

A data structure that can shrink or grow during
program execution.

* The size of a dynamic data structure 1s not
necessarily known at compilation time, 1n most
programming languages.

« Efficient imnsertion and deletion of elements.

* The data in a dynamic data structure can be
stored 1n non-contiguous (arbitrary) locations.

* Linked list 1s an example of a dynamic data
structure.



Advantages of linked list

* Unused locations 1n array 1s often a wastage of
space

* Linked lists offer an efficient use of memory
— Create nodes when they are required
— Delete nodes when they are not required anymore

— We don’t have to know in advance how long the list
should be



Applications of linked list

Linked lists are used to represent and manipulate
polynomial. Polynomials are expression containing

terms with non zero coefficient and exponents. For
example:

Px)=a, X2+ a, X1+ .. +a,, X+ a,
Represent very large numbers and operations of the
large number such as addition, multiplication and
division.

Linked lists are to implement stack, queue, trees and
graphs.
Implement the symbol table in compiler construction.



Types of linked lists

* There are four types of Linked lists:
— Single linked list
» Begins with a pointer to the first node
* Terminates with a null pointer
* Only traversed in one direction
— Circular single linked list
» Pointer in the last node points back to the first node
— Doubly linked list
* Two “start pointers™ — first element and last element

* Each node has a forward pointer and a backward pointer
* Allows traversals both forwards and backwards

— Circular double linked list

 Forward pomter of the last node points to the first node and
backward pointer of the first node points to the last node



[Linked List

=S BN E

S

Head

—e
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linked lists

1. Concepts of linked lists
2.Simple linked lists
3.Circular linked lists
4.Double linked lists
5.Circular double linked lists



1. Concepts of linked list

 Alinked list is a linear collection of data elements

called nodes in which linear representation is given by

links from one node to the next node.

e Similar to array, itis a linear collection of data

elements of the same type.

e Different from array, data elements of linked list are
generally not lined in consecutive memory space;

instead they are dispersed in various locations



Concepts of linked list

* Linked list is a data structure which in turn can be
used to implement other data structures. Thus, it acts
as building block to implement data structures like

stacks, queues and their variations.

* Alinked list can be perceived as a train or a sequence
of nodes in which each node contains one or more

data fields and a pointer to the next node.



Singly Linked Lists

B A singly linked list is a concrete
data structure consisting of a
sequence of nodes

B Each node stores
m element
m link to the next node
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Singly Linked Lists

A linked list allocates space for each element
separately 1n its own block of memory called a
"node".

Each node contains two fields: a "data" field to store
whatever element, and a "next" field which 1s a
pointer used to link to the next node.

Each node 1s allocated in the heap using malloc(), so
the node memory continues to exist until 1t 1s
explicitly de-allocated using free().

The front of the list 1s a pointer to the “start” node.



Single Linked List
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Creating a node for Single Linked
List:

Sufficient memory has to be allocated for creating a node. The
information 1s stored in the memory. allocated by using the
malloc() function. The function getnode(). 1s used for creating a
node. after allocating memory for the structure of type node, the
information for the item (1.e., data) has to be read from the user,
set next field to NULL and finally returns the address of the
node.
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Element of linked list

* Linked list element (node) is user defined structure
data type, typically contains two parts

=  data variables

= pointers to next elements, hold the addresses of
next elements

Example:

struct node {
int data; // data
struct node *next; // pointer to next element

5



Simple Linked List

L’l » 2 » 3 » 4 » 5 » 6 » 7| X

In the above linked list, every node contains two parts - one
integer and the other a pointer to the next node.

The data part of the node which contains data may include a
simple data type, an array or a structure.

The pointer part of the node contains a pointer to the next node
(or address of the next node in sequence).

The last node will have no next node connected to it, so it will
store a NULL value.

A linked list is defined by the pointer pointing to the first node,
e.g START



Linked List Operations

1. Create a node and linked list
2. Traversal, e.g. display all elements
3. Search node
4. Insert node

at beginning, at end, after/before a node
5. Delete node

at beginning, at end, after/before a node
6. Sort



How to create nodes

A node is a structure data type, can be created in
two methods, statically and dynamically.

*Static method
— use array Of structures

— declared as globally outside functions
— declared locally within a function

*Dynamic method (mostly used for linked list)
— use stdlib function malloc(size) get memory space

struct node *np = (struct node*) malloc(sizeof(struct node));



How to create nodes

struct node *np = (struct node*) malloc(sizeof(struct node));

At run time, OS allocates consecutive sizeof(struct node)
bytes in the heap region,

return the address of the address of the first memory cell,

store the address to struct node type pointer np.

Need (struct node*) to cast the return address to struct
node pointer value.

Need use free(np) to release when deleting the node!!!
Otherwise cause memory leaking



Traversing Linked Lists

 We can traverse the entire linked list using a
single pointer variable called START.

 The START node contains the address of the first
node; the next part of the first node in turn
stores the address of its succeeding node.

e Using this technique the individual nodes of the
list will form a chain of nodes.

e If START = NULL, this means that the linked list is
empty and contains no nodes.



* Asingly linked list is the simplest type of linked list in which
every node contains some data and a pointer to the next node
of the same data type.

START

Example:

2. Singly Linked Lists

»
>

struct node {

int data;

struct node *next;

5




Traversal Singly Linked Lists

ALGORITHM FOR TRAVERSING A LINKED LIST

Step 1: [INITIALIZE] SET PTR = START
Step 2: Repeat Steps 3 and 4 while PTR !'= NULL
Step 3: Apply Process to PTR->DATA
Step 4: SET PTR = PTR->NEXT
[END OF LOOP]
Step 5: EXIT

void display(struct node *ptr) {
while(ptr '= NULL) {
printf("%d ", ptr->data); // process
ptr = ptr->next;
}

}
Call as display(START);



Searching for Val 4 in Linked List

1 > 7 > 3 > 4 > 2 > 6 > 5| X
PTR
1 > 7 > 3 > 4 > 2 > 6 > 5| X
PTR
1 > 7 > 3 > 4 > 2 > 6 > 5| X
PTR
1 > 7 > 3 > 4 > 2 > 6 > 5| X
PTR

How to search an element in a Linked List?

Need to traverse the entire Linked List and compare each node with the data to be
search and continue until a match is found.

search process from the first node as random access is not possible in a Linked
List.



» 1) At the front of the linked list
2) After a given node.
3) At the end of the linked list.



Add d nOde at the frOnt: (4 steps process)

* The new node is always added before the head of the
given Linked List.

* And newly added node becomes the new head of the
Linked List.

* For example, if the given Linked List is 10->15->20->25
and we add an item 5 at the front, then the Linked List
becomes 5->10->15->20->25. Let us call the function that
adds at the front of the list is push().

* The push() must receive a pointer to the head pointer,
because push must change the head pointer to point to
the new node
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* /* Given a reference (pointer to pointer) to the head of a list

and an int, inserts a new node on the front of the list. */

void push(struct Node** head_ref, int new_data)

* 1

/* 1. allocate node */

struct Node* new_node = (struct Node*) malloc(sizeof(struct
Node));

. /* 2. putin the data */

. new_hode->data = new_data;

. /* 3. Make next of new node as head */

. new_node->next = (*head_ref);

. /* 4. move the head to point to the new node */
. (*head ref) = new_node;



Add a node after a given node: (5 steps process)
We are given a pointer to a node, and the new node is inserted after the
given node.
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/* Given a node prev_node, insert a new node after the given

prev_node */

void insertAfter(struct Node* prev_node, int new_data)

{

/*1. check if the given prev_node is NULL */

if (prev_node == NULL)

{

printf("the given previous node cannot be NULL");
return;

}

/* 2. allocate new node */

struct Node™ new_node =(struct Node*) malloc(sizeof(struct Node));
/* 3. putin the data */

new_node->data = new_data;

/* 4. Make next of new node as next of prev_node */
new_node->next = prev_node->next;

/* 5. move the next of prev_node as new_node */

prev_node->next = new_node;



Add a node at the end: (6 steps process)
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* The new node is always added after the last node of the
given Linked List. For example if the given Linked List is 5-
>10->15->20->25 and we add an item 30 at the end, then
the Linked List becomes 5->10->15->20->25->30.

Since a Linked List is typically represented by the head of it,
we have to traverse the list till the end and then change
the next to last node to a new node.



/* Given a reference (pointer to pointer) to the head

of a list and an int, appends a new node at the end */
void append(struct Node** head_ref, int new_data)
{
/* 1. allocate node */
struct Node™ new_node = (struct Node*) malloc(sizeof(struct Node));
struct Node *last = *head_ref; /* used in step 5*/
/* 2. putin the data */
new_node->data = new_data;
/* 3. This new node is going to be the last node, so make next
of it as NULL*/
new_node->next = NULL;
/* 4. If the Linked List is empty, then make the new node as head */
if (*head_ref == NULL)
{
*head_ref = new_node;
return;
}
/* 5. Else traverse till the last node */
while (last->next != NULL)
last = last->next;
/* 6. Change the next of last node */
last->next = new_node;

return; }



Searching a Linked List

ALGORITHM TO SEARCH A LINKED LIST
Step 1: [INITIALIZE] SET PTR = START
Step 2: Repeat Step 3 while PTR !'= NULL
Step 3: IF VAL = PTR->DATA

SET POS = PTR

Go To Step 5

ELSE
SET PTR = PTR->NEXT
[END OF IF]

[END OF LOOP]
Step 4: SET POS = NULL // not found
Step 5: EXIT // found, output POS

struct node* search(struct node *ptr, int num) ({
while ((ptr !'= NULL) && (ptr->data !'= num)) {
ptr = ptr->next;
}

return ptr;

}
// call example, search(START, 4)



To delete a node from the linked list, we need
to do the following steps

* To delete a node from the linked list, we need to do the following
steps.
1) Find the previous node of the node to be deleted.
2) Change the next of the previous node.
3) Free memory for the node to be deleted.



Deleting the First Node

Algorithm to delete the first node from the linked
list

Step 1: IF START = NULL, then
Write UNDERFLOW
Go to Step 5
[END OF IF]
Step 2: SET PTR = START
Step 3: SET START = START->NEXT
Step 4: FREE PTR
Step 5: EXIT
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* void deleteNode(struct node **head, int key) { //temp is used to freeing
the memory

struct node *temp; //key found on the head node. //move to head node
to the next and free the head.

if(*head->data == key)

{

temp = *head; //backup the head to free its memory
*head = (*head)->next;

free(temp); }

}



Deleting the Last Node
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ALGORITHM TO DELETE THE LAST NODE OF THE LINKED LIST
Step 1: IF START = NULL, then
Write UNDERFLOW
Go to Step 8
[END OF IF]

Step 2: SET PTR = START

Step 3: Repeat Steps 4 and 5 while PTR->NEXT != NULL
Step 4: SET PREPTR = PTR

Step 5: SET PTR = PTR->NEXT

[END OF LOOP]

Step 6: SET PREPTR->NEXT = NULL
Step 7: FREE PTR

Step 8: EXIT



1. Make the current node points to the head node. (current => data = 10).

2. current => next. (current=>next=>data = 20).

3. current => next => next. (current=>next=>next=>data = 30).

4. \We have to remove the node 20. Since current => next = 20 we can
remove the node by setting current => next = current =>next => next. And

then free the node.
5. Finally, the new linked list.
O
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Deleting the Node After a Given Node

1 > 7 > 3 > 4 > 2 > 6 » 5| X
START, PREPTR, PTR
1 > 7 > 3 > 4 > 2 > 6 » 5| X
START PREPTR PTR
1 > 7 > 3 > 4] 2 6 » 5| X

START




Deleting the Node After a Given Node

ALGORITHM TO DELETE THE NODE AFTER A GIVEN NODE FROM THE
LINKED LIST

Step 1: IF START = NULL, then
Write UNDERFLOW
Go to Step 10
[END OF IF]
Step 2: SET PTR = START
Step 3: SET PREPTR = PTR
Step 4: Repeat Step 5 and 6 while PRETR->DATA != NUM
Step 5: SET PREPTR = PTR
Step 6: SET PTR = PTR->NEXT
[END OF LOOP]
Step7: SET TEMP = PTR->NEXT
Step 8: SET PREPTR->NEXT = TEMP->NEXT
Step 9: FREE TEMP
Step 10: EXIT



3. Circular Linked List

In a circular linked list, the last node contains a pointer to the first
node of the list. We can have a circular singly listed list as well as
circular doubly linked list. While traversing a circular linked list,
we can begin at any node and traverse the list in any direction
forward or backward until we reach the same node where we had
started. Thus, a circular linked list has no beginning and no

ending.
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4. Doubly Linked List

= A doubly linked list or a two way linked list is a more complex
type of linked list which contains a pointer to the next as well
as previous node in the sequence. Therefore, it consists of
three parts and not just two. The three parts are data, a

pointer to the next node and a pointer to the previous node
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5. Circular Doubly Linked List

e Acircular doubly linked list or a circular two way linked list is a
more complex type of linked list which contains a pointer to
the next as well as previous node in the sequence.

 The difference between a doubly linked and a circular doubly

linked list is same as that exists between a singly linked list
and a circular linked list. The circular doubly linked list does
not contain NULL in the previous field of the first node and
the next field of the last node. Rather, the next field of the last
node stores the address of the first node of the list, i.e; START.
Similarly, the previous field of the first field stores the address
of the last node.



Circular Doubly Linked List

Since a circular doubly linked list contains three parts in its
structure, it calls for more space per node and for more
expensive basic operations. However, it provides the ease to
manipulate the elements of the list as it maintains pointers to
nodes in both the directions . The main advantage of using a
circular doubly linked list is that it makes searches twice as
efficient.
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Stacks

A stack 1s a list of elements i which an
element may be inserted or deleted only at one
end, called the top of the stack.

* The elements are removed from a stack in the
reverse order of that mm which they were
mnserted mto the stack.

« Stack 1s also known as a LIFO (Last in Fast
out) list or Push down list.



Basic Stack Operations

PUSH: It 1s the term used to 1nsert an element
Into a stack.

4 4 4 4
3 3 3 —» 3
TOPR
2 2 —» 2 a3 | 2
1 1 22 1 1
TOP 22
—» 1] i1 (1] 11 1] i1 0
TOP
Empty Insert Insest Insert
Stack 11 22 33

PUSH operations on stack



Basic Stack Operations

POP: It 1s the term used to delete an element
from a stack.

4 4 4 4
» 3 3 3 3
TOP
2 » 2 2 2
33 TOP
22 1 22 1 . OI‘. 1 1
i1 0 i1 0 i1 1] ) (1]
TOP
Initial POP POP POP
Skack
E mply
Stack

POP operation from a stack



Standard Error Messages in Stack

» Two standard error messages of stack are

— Stack Overflow: If we attempt to add new element
beyond the maximum size, we will encounter a
stack overflow condition.

— Stack Underflow: If we attempt to remove
elements beyond the base of the stack, we will
encounter a stack underflow condition.



Array Implementation

Stack Operations

« PUSH (STACK. TOP. MAXSTR. ITEM): This procedure
pushes an ITEM onto a stack

1. If TOP=MAXSIZE, then Print: OVERFLOW. and Return.

2.Set TOP := TOP + 1 [Increases TOP by 1]

3. Set STACK [TOP] :=ITEM. [Insert ITEM in TOP
position]

4. Return

« POP (STACK. TOP, ITEM): This procedure deletes the top
element of STACK and assign it to the variable ITEM

1. If TOP =0, then Print: UNDERFLOW, and Return.
2.Set ITEM := STACK|[TOP]

3.Set TOP := TOP - 1 [Decreases TOP by 1]
4. Return



Stack using linked list

Stack using an array - drawback

* If we implement the stack using an array, we need to specify the array
size at the beginning(at compile time).

* We can't change the size of an array at runtime. So, it will only work
for a fixed number of elements.

Solution
 We can implement the stack using the linked list.
* In the linked list, we can change its size at runtime.



Initial Stack Having Three element
And top have address 4800

rst create a temp node and assign 44
Into data field and top in link field
And in last assign temp assign into top




top

Pop three element
temp = top;
top = top->link;
temp->link = NULL;
free(temp);




Node structure for stack

struct node

{

int data;
struct node =*next;

T

To point the last inserted node

struct node *head = NULL;

head = NULL indicates the empty stack.



N\

Push function

We should create the linked in reverse order. So that the head node will always point the last
inserted data.

Using this method, we can access the last inserted element in constant time.

Like,

push(10) = head->10->NULL

push(20) = head->20->10->NULL

push(30) = head->30->20->10->NULL

Push function Algorithm
2. Create a new node with given data.

3. Make the new node points to the head node.

4. Now make the new node as the head node.



void push(int val)
i

[ fcreate new node
struct node *newNode = malloc(sizeof(struct node)):
newNode->data = val;

[ /make the new node points to the head node
newNode->next = head;

[ /make the new node as head node
//so that head will always point the last inserted data

head = newNode;



insert 10
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insert 30

2024 /10;4

3024
30 20 1024 | ——> 10 NULL
head
new node
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Pop function

1.Check whether the head node is NULL
2.1f head == NULL

The stack is empty. we can't pop the element.
3.0therwise,

Move to head node to the next node. head = head->next;

Free the head node's memory



void pop()

1

J/temp 1is used to free the head node
struct node *temp;

if(head == NULL)
printf("Stack is Empty\n");
else

1
printf("Poped element = %d\n", head->data):

[ /backup the head node
temp = head;

[ /make the head node points to the next node.
fflogically removing the node
head = head->next;

[/Tree the poped element's memory
free(temp)



Applications of Stack

Converting algebraic expressions from one
form to another. E.g. Infix to Postfix, Infix to
Prefix, Prefix to Infix, Prefix to Postfix,
Postfix to Infix and Postfix to prefix.

Evaluation of Postfix expression.
Parenthesis Balancing in Compilers.
Depth First Search Traversal of Graph.

Recursive Applications.



Algebraic Expressions

 Infix: It 1s the form of an arithmetic expression in which

we fix (place) the arithmetic operator in between the two
operands. E.g.: (A+B) * (C-D)

* Prefix: It 1s the form of an arithmetic notation in which
we fi1x (place) the arithmetic operator before (pre) its
two operands. The prefix notation 1s called as polish
notation. E.g.: *+AB-CD

* Postfix: It 1s the form of an arithmetic expression 1n
which we fix (place) the arithmetic operator after (post)
its two operands. The postfix notation 1s called as suffix

notation and 1s also referred to reverse polish notation.
Eg:AB+CD-*



Algorithm for Infix to Postfix

Step 1: Consider the next element in the input.

Step 2: If it is operand, display it.

Step 3: If it is opening parenthesis, insert it on stack.

Step 4: If it is an operator, then

» If stack is empty, insert operator on stack.

» If the top of stack is opening parenthesis, insert the operator on stack

» If it has higher priority than the top of stack, insert the operator on stack.
» Else, delete the operator from the stack and display it, repeat Step 4.

Step 5: If it is a closing parenthesis, delete the operator from stack and display them until an opening

parenthesis is encountered. Delete and discard the opening parenthesis.

Sten 6: If there is more innut. ao to Sten 1.




Example: Suppose we are converting 3*3/(4-1)+6*2 expression into postfix form.

Expression Stack Output
3 Empty 3
* * 3
3 * 33
/ / 33*
( /( 33*
4 [ 33%4
- J(- 33%4
1 f(- 33%41
) 33%41-
+ + 33%41-/
& + 33%41-/6
* +* 33%41-/62
2 +* 33%41-/62
Empty 33*%41-/62%+




Conversion from Infix to Postfix

Convert the following infix expression A+ B * C —D / E * H into 1ts equivalent postfix
eXpPression.

Symbol  Postfix tring Stack Remarks
A A

+ A +

B AB

E - JQ.E' +t

C ABC -

- ABC*+ -

D ABC*+D -

ABC*¥+D -/

= ABC*+DE

* ABC*+DE/ -4

H ABC*+ DE/H -3

End of The input is now empty. Pop the output symbels from
stingg ABC¥+ DE/H*- the stackuntil it is empty.



Evaluation of Postfix Expression

Postfix expression: 6 523 +8 *+3 + *

Sym bol Operand 1 Operand 2 Value | Stack Remarks
= =
= B S
2 s O 2
The first four symbols are
= 6 S5 23 placed on the stack.
Next a '+ ismead, so Band 2
+ 2 3 5 5 5 5 are popped from the stack
and their sum S5, is pushed
= 2 = S 5 5 5 8| Next 8 is pushed
MNow a '+ is seen, so S and S
* S = 40 S, 5, 40 are popped as 8 *5 = 40 is
pushed
MNext, a "+ is seen, so <40
+ S 40 45 5, 45 and S5 are popped and <40 +
S = 45 is pushed
=3 b= =0 45 6, 45, 3 MNow, 3 is pushed
MNext, "+ pops 2 and 45 and
+ a5 i 43 5, 48 pushes 45 + = = 48 is
pushed
Finally, a "* is seen and 48
* S 48 zZ8s 288 and 6 are popped, the result

6 ¥* 48 = 288 is pushed



Balancing Symbols

* To check that every right brace, bracket, and parentheses
must correspond to its left counterpart

e e.g.[()]islegal, but [(]) isillegal

* Algorithm
(1) Make an empty stack.
(2) Read characters until end of file
i. If the character is an opening symbol, push it onto the stack
ii. Ifitisaclosing symbol, then if the stack is empty, report an error

iii. Otherwise, pop the stack. If the symbol popped is not the
corresponding opening symbol, then report an error

(3) At end of file, if the stack is not empty, report an error



Postfix Expressions

Calculate 4.99 * 1.06 + 5.99 + 6.99 * 1.06

* Need to know the precedence rules

Postfix (reverse Polish) expression
e 4991.06*5.99 +6.991.06 * +

Use stack to evaluate postfix expressions
* When a number is seen, it is pushed onto the stack
 When an operator is seen, the operator is applied to the 2 numbers that are popped from the
stack. The result is pushed onto the stack
Example
e evaluate 6 523 + 8 * + 3 + *

The time to evaluate a postfix expression is O(N)
* processing each element in the input consists of stack operations and thus takes constant time



Queue

* A queue 1s a data structure where 1tems are
mserted at one end called the rear and deleted
at the other end called the front.

* Another name for a queue 1s a “FIFO” or
“First-in-first-out™ list.
* Operations of a Queue:

» enqueue:which inserts an element at the end of
the queue.

» dequeue:which deletes an element at the front of
the queue.



Representation of Queue

Initially the queue 1s empty.

i 2

Lal
Iw

Queus y
FRONT =REAR = 0O

T

Now, msert 11 to the queue. Then queue status will be:

L1 ] i = = .

id REAR = REAR + 1 = 1
FRONT = D

F R

Next, msert 22 to the queue. Then the queue status 1s:

L] 1 2 = 4

REAR — REAR + 1 — 2
FRONT = 0

i1 2

I

F




Representation of Queue

Now. delete an element 11.

1] 1 2 3 4
REAR = 3
22 33 FRONT =FRONT + 1 =1
F R

Next msert another element, say 66 to the queue. We cannot msert 66 to the
queue as 1t signals queue 1s full. The queue status 1s as follows:

0 1 2 =+ 4

REAR = 35

33 4 3 FRONT = 2

1
-]



Queue Operations using Array

 Various operations of Queue are:
» insertQQ(): inserts an element at the end of queue Q.
» deleteQ(): deletes the first element of Q.
» displayQ(): displays the elements 1n the queue.
* There are two problems associated with linear
queue. They are:

» Time consuming: linear time to be spent in shifting
the elements to the beginning of the queue.

» Signaling queue full: even 1if the
queue 1s  having vacant position.



Let's implement the queue data structure using array

Requirements

Array

int arr[size];

To point the front and rear element of the queue

int front;
int rear;

isQueueFull()
This function will return true(1) if the queue is full.

Otherwise, it will return false(0).

int isQueueFull();



enqueue(data)

engueue function will add the element at the end of the queue.

Example

enqueue(1). queue[] = {1}
enqueue(20). gueue[] ={1,20}
enqueue(30). gueue[] ={1,20,30}

Let's take an integer data.

void enqueue(int);

isQueueEmpty()

This function will return true(1) if the queue is empty.

Otherwise, it will return false(0).

int isQueueEmpty () ;



dequeue()

degueue function will remove the element from the front of the queue.

Example

Existing queue[] = {1,20,30}
dequeue(). queue[] = {20,30}. Removed element = 1

dequeue(). queue[] = {30}. Removed element = 20

void dequeue();



Let's Initialize the variables

we are going to initialize front and rear as 0.

front = 0 and rear = 0 indicates the empty queue.

Let's assume the array size as 5.

size = 5
front = 0
rear = 0

arr[size]

www.logZbasel.com

arr[1]

arr(2]

arr[4]




Enqueue

To enqueue the data,

Check if the queue is full.
If its full

we can't insert data.
Otherwise

insert the data in arr{rear] and increment the rear variable by 1.



Example

1) enqueue 10

engqueue(10)

arr[rear] = 10;
rear = rear + 1;

arr[0] = 10;
rear=1;

Il
o

front

www.log2basel.com

m enaeles 20

|
‘ Queue

10 arr{0]

arr[1]

arr{2]

arr{3]

arr{4]




i) enqueue 20

size = 5 arr[size]
enqueue(20)
arr[rear] = 20; » arr{1] = 20;
rear=rear+1; rear = 2;
10 arr[0]
20 arr[1]
front = i
rear = 2 arr[3]
arr[4]

www.log2base2.com




i) enqueue 30

enqueue(30)

rear = rear + 1;

arr{rear] = 30; |

www.log2base2.com

arr[size]
Queue
10 arr{0]
20 arr[1]
30 arr{2]
arr{3]
arr{4]




) enqueue 40

size

rear = rear + 1;

www.logZ2basel.com

arrfrear] =40; |

arr(3] = 40;

rear = 4;

|
‘ Queue

10 arr[0]

20 arr[1]

30 arr{2]

arr(3]

arr{4]




V) enqueue 50

size = 5 arr{size]
enqueue(50) i
arr[rear] = 50; »| ar 4) = 50;
rear=rear +1; nltll' =5; ‘
10 arr[0]
20 | arr[1]
front = 0
30 arr(2]
——— = queue is full. '
rear = 5 rear == size. 40 arr[3]
le.rear=5 1
50 arr[4]

www.log2base2.com




Vi) enqueus 60

size = 5
enqueue(60)
rear == 5.
queue is full.
front = 0

|T

www.log2base2.com

The queue is full when rear == size.

‘ arr[size] ‘

‘ Quaue
10 arr[0]
20 arr[1]
ao arr[2]
40 arr{3]
50 arr[4]




enqueue function

[*

* It will check whether the gqueue if full or

* return 1, if the queue is full
* return -1, otherwise

*/

int isQueueFull()
i
if{rear == size)
return 1;
return -1;
|

[/fadds element at the end of the queue

void enqueue(int val)
i

if{isQueueFull() == 1)

printf{"Queue is Full\n");

else
{

arr[rear] = wval;
rear++;

not



Dequeue

To dequeue element from the queue,

Check if the queue is empty
fit's empty

We can't dequeue an element from the empty queue.
Otherwise

Print/return arr{front] and increment the front by 1.



Example

i) dequeue

size

el

Queue

_— \

front = front + 1 >{ 1 ‘ dequeued element ‘

|1ﬂ| 1n\ arr[0]

| / 20 arr{1]

front =
a0 arr[2)
‘ rear ‘ = 40 arr[3]
50 arr[4)]

www.log2base2.com




ii) dequeue

size

dequeue()

front=front+ 1 —»

]

dequeued element

Al

www.logZ2base2.com

‘ arr[size]

‘ Queues
10 arr[0]
20 arr[1]

> a0 arr[2]
40 arr[3]
50 arr[4]




iii) dequeue

size = 5 arr[size]
dequeue() Ousue
front=front+1 —» 3 ‘ dequeued element

‘ 30 | 10 arr[0]
| 20 arr[1]
fromt = 3 \‘ 30 arr(2]
rear = 5 40 arr[3]
50 arr[4]

www.log2base2.com




iv) dequeue

dequeue()

front = front + 1 ——»

[
&

www.logZbase2.com

‘ dequeued element

w0 |

arr{size]
Queuea
10 arr[0]
20 arr[1]
3o arr(2]
40 arr[3]
50 arr[4)]




v) dequeue

size = 5

dequeue()

front = front + 1 ——»

www.log2base2.com

dequeued element ‘

arr(size]
Queue
10 arr{0]
20 arr1]
arr[2]
arr(3]
arr{4]




vi) dequeue

size = 5
dequeue()

front - 5

rear = 5

www.logZbasel.com

The gqueue is empty when front == rear.

front == rear
Queue is empty.

arr[size]
Queuea
10 arr[0]
20 arr[1]
a0 arr[2)
a0 arr(3)
50 arr[4]




dequeue function

[*
* It will check whether the queue is empty or not
* return 1, if the gueue 1is empty
* return -1, otherwise
*f
int isQueueEmpty ()
{
if(front == rear)
return 1;
return -1;
¥

Jfremoves the current beginning element from the queue.
void dequeue()
{
if(isQueueEmpty() == 1)
printf("Queue is Empty.\n");
else
{
printf("Dequeued element = %d\n",arr[front]);
front++;



Queue using linked list

Queue using an array - drawback

If we implement the queue using an array, we need to specify the array size at the beginning(at compile
time).

We can't change the size of an array at runtime. So, the queue will only work for a fixed number of
elements.

Solution

We can implement the queue data structure using the linked list.

In the linked list, we can change its size at runtime.



Enqueue function

Enqueue function will add the element at the end of the linked list.

Using the rear pointer, we can track the last inserted element.

1. Declare a new node and allocate memaory for it.
2. If front == NULL,

make both front and rear points to the new node.
3. Otherwise,

add the new node in rear-=next.

make the new node as the rear node. i.e. rear = new node



void enqueue(int val)

1
struct node =newNode = malloc(sizeof(struct node));

newNode->data = wval;
newNode->next = NULL;

ffAf it is the first node

if(front == NULL && rear == NULL)
//make both front and rear points to the new node
front = rear = newNode;

else

{

[ fadd newnode in rear->next
rear—->next = newNode;

[ /make the new node as the rear node
rear = newNode;



Visual representation of the above algorithm

Insert 10
front = NULL rear = MULL
insert(10)
front rear
‘ 10 MULL

new node



Insert 20

NULL




Insert 30

insert(30)

front ‘

1n24\4

10

NULL

new node



Dequeue function

Dequeue function will remove the first element from the queue.

1.Check whether the gueue is empty or not

2.1f it is the empty queue (front == NULL)
We can't dequeue the element.

3.0therwise,
Make the front node points to the next node. i.e front = front-=next;
if front pointer becomes NULL, set the rear pointer also NULL.

Free the front node's memory.



void dequeue()

{

/fused to freeing the first node after dequeue
struct node =temp;

if(front == NULL)

printf("Queue is Empty. Unable to perform dequeue\n");
else
{

[/ /take backup
temp = front;

//make the front node points to the next node
/flogically removing the front element
front = front->next;

f/if front == NULL, set rear = NULL
if(front == NULL)
rear = MNULL;

[ /free the first node
free{temp);



Applications of Queue

* It 1s used to schedule the jobs to be processed
by the CPU.

* When multiple users send prmnt jobs to a
printer, each printing job 1s kept 1n the printing
queue. Then the printer prints those jobs
according to first 1n first out (FIFO) basis.

* Breadth first search uses a queue data structure
to find an element from a graph.
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Dictionaries
&
Hash Table Representation



Fundamentals of data structures:

A dictionary

a  hashmap
languages.

Dictionaries

1S

1n

a general-purpose data
structure for storing a group of objects.

A dictionary has a set of keys and each key has
a single associated value.

When presented with a key the dictionary will
return the associated value.

A dictionary 1s also called a hash, a map,

different

programming



Fundamentals of data structures:
Dictionaries

For example the results of a classroom test could be represented as a
dictionary with pupil's names as keys and their scores as the values

results={  'Detra': 17,
'Nova' : 84,
'Charhie' : 22,
'Henry' : 75,
'Roxanne' : 92,
'Elsa' : 29 }

Instead of using the numerical index of the data we can use the

dictionary names to return values

>>> results['Nova'|
84

>>> results['Elsa’l



Fundamentals of data structures:
Dictionaries

The keys in a dictionary must be simple types (such
as integers or strings) while the values can be of any
type.

Different languages enforce different type restrictions
on keys and values 1n a dictionary.

Dictionaries are often implemented as hash tables.

Keys 1n a dictionary must be unique an attempt to
create a duplicate key will typically overwrite the
existing value for that key.



Fundamentals of data structures:
Dictionaries

* Dictionary 1s an abstract data structure that supports
the following operations:

— search(K key) (returns the value associated with the given

key)
— insert(K key, V value)

— delete(K key)

* Each element stored 1n a dictionary 1s 1dentitied by a
key of type K.

* Dictionary represents a mapping from keys to values.



Fundamentals of data structures:
Dictionaries

Dictionaries have numerous applications.
— contact book
* key: name of person; value:
— telephone number table of program variable i1dentiers
* key: identier; value: address in memory
— property-value collection
* key: property name; value: associated value
— natural language dictionary
* key: word in language X; value: word in language Y

— etc



Fundamentals of data structures:
operations on dictionaries

* Dictionaries typically support several operations:

— retrieve a value (depending on language, attempting to
retrieve a missing key may give a default value or throw an
exception)

— insert or update a value (typically, if the key does not
exist in the dictionary, the key-value pair is inserted; if the
key already exists, its corresponding value 1s overwritten
with the new one)

— remove a key-value pair

— test for existence of a key

* Note that items in a dictionary are unordered, so loops
over dictionaries will return items 1n an arbitrary order.



Fundamentals of data structures:
Implementations on dictionaries

simple 1mplementations: sorted or unsorted
sequences, direct addressing

hash tables

binary search trees (BST)

AVL trees

self-organising BST

red-black trees

(a,b)-trees (in particular: 2-3-trees)
B-trees and other



Fundamentals of data structures:
The Dictionary ADT

The abstract data type that corresponds to the
dictionary metaphor 1s known by several names.

Other terms for keyed containers include the
names map, table, search table, associative array,
or hash.

Whatever it 1s called, the 1dea 1s a data structure
optimized for a very specific type of search.

Elements are placed into the dictionary in
key/value pairs.



Fundamentals of data structures:
The Dictionary ADT

* To do a retrieval, the user supplies a key, and the

container returns the associated value.

* Each key identifies one entry; that 1s, each key 1s
unique.

* data 1s removed from a dictionary by specifying the

key for the data value to be deleted

Operation C++ Java C#
Map<keytype, valuetype> | HashMap<keytype, hashtable
valuetype>
gel Map|key] Get(key) Hash[key]
put Insert(key, value) Put(key, value) Add(key, value)
containsKey | Count(key) containsKey(key)
removeKey | Erase(key) Remove(key)




Fundamentals of data structures:
Dictionary Implementation with

Hash-Table

Hash Table 1s a data structure which store data in
associative manner.

In hash table, data is stored in array format where each
data values has its own unique index value.

Access of data becomes very fast if we know the index of
desired data.

a data structure in which insertion and search operations
are very fast irrespective of size of data.

Hash Table uses array as a storage medium and uses hash
technique to generate index where an element is to be
inserted or to be located from.
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Consider an empty unordered dictionary and the following set of operations:

Operation Dictionary Output
msertltem(5.A) 1(5.A)}
msertltem(7.B) {(5.A). (7.B)}
msertltem(2.C) 1(5.A). (7.B). (2.C)}
msertltem(8.D) {(5.A). (7.B). (2.C). (8.D)}
msertltem(2.E) {(5.A). (7.B). (2.C). (8.D). (2.E)}
findItem(7) {(5.A), (7.B). (2.C). (8.D), (2.E)} B
findItem(4) {(5.A),(7.B). (2.C). (8.D). (2.E)} NO SUCH KEY
findItem(2) {(5.A).(7.B). (2.C). (8.D). (2.E)}} C
findAllltems(2) {(5.A). (7.B). (2.C). (8.D). (2.E)} C.E
size() {(5.A), (7.B). (2.C). (8.D), (2.E)} 5
removeltem(5) {(7.B). (2.C). (8.D). (2.E)} A
removeAllltems(2) 1(7.B). (8.D)} C.E

findItem(4) {(7.B). (8.D}} NO SUCH KEY
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