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SRI INDU COLLEGE OF ENGINEERING & TECHNOLOGY
B. TECH-ARTIFICIAL INTELLIGENCE AND DATA SCIENCE

INSTITUTION VISION
To be a premier Institution in Engineering & Technology andManagementwith competency,

values and social consciousness.

INSTITUTION MISSION
IMP 1 :Provide high quality academic programs, training activities and research facilities.
IMP 2: Promote Continuous Industry-Institute interaction for employability,

Entrepreneurship, leadership and research aptitude among stakeholders.
IMP 3: Contribute to the economical and technological development of theregion, state

and nation.
DEPARTMENT VISION

To develop competent engineers in the domain of Artificial Intelligence &
Machine Learning for noteworthy contributions to the society.

DEPARTMENT MISSION

DM1 To strengthen academic collaborations for better exposure.

DM2 Promote professional environment to imbibe ethical values and entrepreneurial
skills

DM3 Encourage research & development by emphasizing on innovation.

DM4 Facilitate Industry-Institute collaboration for mutual benefit



PROGRAM EDUCATIONAL OBJECTIVES (PEOs)

PEOL1: Generate contributions towards advancements in Artificial Intelligence and Machine Learning

PEO2: Promote design, research and implementation of products through strong communication skills, leadership and
entrepreneurial skills.

PEO3: Apply basic principles and practices of AIML to successfully complete software related projects to meet customer

business objectives and/or productively engage in research.



SRI INDU COLLEGE OF ENGINEERING & TECHNOLOGY

B. TECH-ARTIFICIAL INTELLIGENCE AND DATA SCIENCE
PROGRAM OUTCOMES (POs) & PROGRAM SPECIFICOUTCOMES (PSOs)

Description

PO 1

Engineering Knowledge: Apply the knowledge of mathematics, science, engineering fundamentals, and
an engineering specialization to the solution of complex engineering problems.

PO 2

Problem Analysis: ldentify, formulate, review research literature, and analyze complex engineering
problems reaching substantiated conclusions using first principles of mathematics, natural sciences, and
engineering sciences.

PO 3

Design / development of Solutions: Design solutions for complex engineering problems and design
system components or processes that meet the specified needs with appropriate consideration for the
public health and safety, and the cultural, societal, and environmental considerations.

PO 4

Conduct investigations of complex problems: Use research-based knowledge and research methods
including design of experiments, analysis and interpretation of data, and synthesis of the information to
provide valid conclusions.

PO 5

Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern engineering
and IT tools including prediction and modeling to complex engineering activities with an understanding
of the limitations.

PO 6

The engineer and Society: Apply reasoning informed by the contextual knowledge to assess societal,
health, safety, legal and cultural issues and the consequent responsibilities relevant to the professional
engineering practice.

PO 7

Environment and sustainability: Understand the impact of the professional engineering solutions in
societal and environmental contexts, and demonstrate the knowledge of, and need for sustainable
development.

PO 8

Ethics: Apply ethical principles and commit to professional ethics and responsibilities and norms of the
engineering practice

PO 9

Individual and team work: Function effectively as an individual, and as a member or leader in diverse
teams, and in multidisciplinary settings.

PO 10

Communication: Communicate effectively on complex engineering activities with the engineering
community and with society at large, such as, being able to comprehend and write effective reports and
design documentation, make effective presentations, and give and receive clear instructions.

PO 11

Project management and finance: Demonstrate knowledge and understanding of the engineering and
management principles and apply these to one’s own work, as a member and leader in a team, to manage
projects and in multidisciplinary environments.

PO 12

Life-long learning: Recognize the need for, and have the preparation and ability to engage in independent
and life-long learning in the broadest context of technological Change

Program Specific Outcomes

PSO 1

Register mathematical methodology to crack problems using suitable data structures

PSO 2

Competence to design and develop software for web based and mobiles androids under
real world environment

PSO 3

Skill to design the algorithms for machine learning, data compression can be used in
different applications.




COs MAPPING WITH POs & PSOs

Data Structures

Course Statements
Outcomes
C217.1 Design a program to implement the linear data structures using static and dynamic
memory allocation. (Create)
C217.2 Design a program to implement searching, sorting techniques for the given problem. (Create)
C217.3 Demonstrate the fundamental algorithms of tree data structures by experimenting the
programs. (Apply)
C217.4 Design a program to implement sorting techniques for the given problem. (Create)
C217.5 Examine the traversing of a given graph by using the respect to graph traversal
techniques (Apply)
C217.6 Design a program to implement the pattern matching algorithms for the given
problem. (Create). Design programs using data structures like hash tables(create)
Course Articulation Matrix:
Course PO | PO [P |PO | PO5|PO6|PO PO |PO |PO |PO | PO |PSO | PSO | PSO
Outcome | 1 2 O | 4 7 8 9 10 |11 |12 |1 2 3
3
C217.1 1 2 2 2 3 - - - - - - - 2 1 1
C217.2 2 2 2 2 2 - - - - - - - 2 1 1
C217.3 1 1 2 2 2 - - - - - - 2 2 2
C217.4 2 2 1 2 1 - - - - - - - 2 1 1
C217.5 2 2 2 1 1 - - - - - - 2 1 1
C217.6 1 2 1 2 1 - - - - - - - 2 2 2
Cc217 15| 183|16| 18| 16 - - - - - - - 2 13 1.33
3




BR22 - B. TECH. ~ARTIFICIAL INTELLIGENCE & DATA SCIENCE

SRI INDU COLLEGE OF ENGINEERING & TECHNOLOGY
(An Autonomous Institution under UGC, New Delhi)

B.Tech. - II Year — I Semester LT P C
00 3 15
(R22CSE2126) DATA STRUCTURES LAB
Course Objectives:

e It covers various concepts of C programming language

e Itintroduces searching and sorting algorithms

e It provides an understanding of data structures such as stacks and queues.

Course Outcomes:

e Ability to develop C programs for computing and real-life applications using basic elements like
control statements, arrays, functions, pointers and strings, and data structures like stacks, queues
and linked lists.

e Ability to Implement searching and sorting algorithms

List of Experiments:
1. Write a program that uses functions to perform the following operations on singly linked
list.:
i) Creation ii) Insertion  1ii) Deletion iv) Traversal
2. Write a program that uses functions to perform the following operations on doubly linked
list.:
i) Creation i1) Insertion  11i) Deletion iv) Traversal
3. Write a program that uses functions to perform the following operations on circular linked
list.:
i) Creation ii) Insertion  iii) Deletion iv) Traversal
4, Write a program that implement stack (its operations) using
i) Arrays ii) Pointers
5. Write a program that implement Queue (its operations) using
i) Arrays i1) Pointers
6. Write a program that implements the following sorting methods to sort a given list of integersin
ascending order
i) Quick sort 1) Heap sort  iii) Merge sort
7 é Write a program to implement the tree traversal methods( Recursive and Non Recursive).
8. Write a program to implement
i) Binary Search tree ii) B Trees iii) B+ Trees iv) AVLitrees v)
Red - Black trees
9. Write a program to implement the graph traversal methods.

10. Implement a Pattern matching algorithms using Boyer- Moore, Knuth-Morris-Pratt

TEXT BOOKS:
1. Fundamentals of Data Structures in C, 2™ Edition, E. Horowitz, S. Sahni and Susan Anderson
Freed, Universities Press.
2. Data Structures using C — A. S. Tanenbaum, Y. Langsam, and M. J. Augenstein, PHI/Pearson
Education.
REFERENCE BOOK:
I. Data Structures: A Pseudocode Approach with C, 2™ Edition, R. F. Gilberg and B. A. Forouzan,
Cengage Learning.

—_—— —-
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List of programs

Programs Page
S.No no

1 |Write a program that uses functions to perform the following operations on 8
singly linked list.: 1) Creation ii) Insertion
iii) Deletion iv) Traversal

2  |Write a program that uses functions to perform the following operations on 15
double linked list.: i) Creation ii) Insertion
iii) Deletion iv) Traversal

3 |Write a program that uses functions to perform the following 22
operations on circular linked list.: i) Creation ii) Insertion
iii) Deletion iv) Traversal

4  |Write a program that implement stack (its operations) using 2710 32
i) Arrays ii) Pointers

5  |Write a program that implement Queue (its operations) using 33to 38
i) Arrays ii) Pointers

6 |Write a program that implements the following sorting methods 3910 43
to sort a given list of integers in ascending order i) Quick Sort ii) Heap sort iii)
Merge sort

7  |Write a program to implement the tree traversal methods (Recursive and Non- | 43 to 49
Recursive)

8  |Write a program to implement i) Binary search tree ii) B Tree 50
iii) B+ Tree iv) AVL Tree v) Red-Black Tree

O  |Write a program to implement the graph traversal methods 52 to 58

10 |Implement a pattern matching algorithm using Boyer-Moore,
Knuth-Morris-Pratt

Additional programs

S.no

Programs

1 |Write a program to implement Quick sort

2  |Write a program that implement circular Queue (its operations) using i)
Arrays

3 |Write a program to implement merge sort

4 |Write a program to implement hashing




P1

Aim: Write a program that uses functions to perform the following operations on
singly linked list.: i) Creation ii) Insertion iii) Deletion iv) Traversal

Source Code:

#include<stdio.h>
#include<conio.h>
#include<stdlib.h>
int count=0;

struct node

{

int data;

struct node *next;
}*head,*newn,*trav;
/l

void create_list()

{

int value;

struct node *temp;
temp=head,;
newn=(struct node *)malloc(sizeof (struct node));
printf("\nenter the value to be inserted");
scanf("%d",&value);
newn->data=value;
if(head==NULL)

{

head=newn;
head->next=NULL;
count++;

}

else

{
while(temp->next!=NULL)

{

temp=temp->next;

}
temp->next=newn;
newn->next=NULL;
count++;

¥
}




/l

void insert_at_begning(int value)

{

newn=(struct node *)malloc(sizeof (struct node));
newn->data=value;

if(head==NULL)

{

head=newn;

head->next=NULL;

count++;

}

else
newn->next=head;
head=newn;
count++;

}

}
I

void insert_at_end(int value)
{

struct node *temp;
temp=head,;

newn=(struct node *)malloc(sizeof (struct node));
newn->data=value;
if(head==NULL)

{

head=newn;
head->next=NULL,;
count++;

}

else

{
while(temp->next!=NULL)

{

temp=temp->next;

}
temp->next=newn;
newn->next=NULL;
count++;

}

}
l




int insert_at_middle()

{

if(count>=2)

{

struct node *varl,*temp;

int loc,value;

printf(*\n after which value you want to insert : *);
scanf("%d",&loc);

printf("\nenter the value to be inserted");
scanf(""%d",&value);

newn=(struct node *)malloc(sizeof (struct node));
newn->data=value;

temp=head;

[* if(head==NULL)

{

head=newn;
head->next=NULL;
count++;

return O;

}

else

{
while(temp->datal=loc)
{

temp=temp->next;
if(temp==NULL)

{

printf("\nSORRY ...there is no %d element",loc);
return O;

¥
¥

[Ivarl=temp->next;
newn->next=temp->next;//varl,;
temp->next=newn;

count++;

I}

¥

else

{

printf("\nthe no of nodes must be >=2");

}
}

10



I

int delete_from_middle()

{

If(count==0)

printf(*\n List is Empty!!!! you can't delete elements\n®);
else if(count>2)

{

struct node *temp,*var;

int value;

temp=head;

printf("\nenter the data that you want to delete from the list shown above");
scanf(""%d",&value);

while(temp->datal=value)

{

var=temp;

temp=temp->next;

If(temp==NULL)

printf("\nSORRY ...there is no %d element",value);
return O;

¥
¥
if(temp==head)

{

head=temp->next;

}

else{

var->next=temp->next;

temp->next=NULL,;

¥

count--;

If(temp==NULL)

printf("Element is not avilable in the list \n**enter only middle elements..**");
else

printf(*\ndata deleted from list is %d",value);
free(temp);

¥

else

{

printf("\nthere no middle elemts..only %d elemts is avilable\n",count);

¥
}

11



1l

int delete_from_front()

{

struct node *temp;

temp=head;

if(head==NULL)

{

printf(*\nno elements for deletion in the list\n™);
return O;

}

else

{

printf("\ndeleted element is :%d",head->data);
if(temp->next==NULL)
{

head=NULL;

¥

else{

head=temp->next;
temp->next=NULL;

}

count--;

free(temp);

}

}
l

int delete_from_end()

{

struct node *temp,*var;
temp=head;
if(head==NULL)

{

printf("\nno elemts in the list");
return O;

¥

else{
if(temp->next==NULL )

{

head=NULL,;//temp->next;

¥

else{

while(temp->next '= NULL)

{

12



var=temp;

temp=temp->next;

}

var->next=NULL;

}

printf(*\ndata deleted from list is %d",temp->data);
free(temp);

count--;

}

return O;

}

/l

int display()

{

trav=head;
if(trav==NULL)

{

printf("\nList is Empty\n");
return O;

}

else

{

printf("\n\nElements in the Single Linked List is %d:\n",count);
while(travI=NULL)

{

printf(" -> %d " trav->data);

trav=trav->next;

}
printf("\n™);
}

}

/l

int main()
{

int ch=0;:
char chl;
head=NULL;
while(1)

{

printf("\nl.create linked list");

printf("\n2.insertion at begning of linked list");
printf("\n3.insertion at the end of linked list");
printf("\n4.insertion at the middle where you want");

13



printf("\n5.deletion from the front of linked list");
printf("\n6.deletion from the end of linked list *');
printf("\n7.deletion of the middle data that you want");
printf(*\n8.display the linked list");
printf("\n9.exit\n");

printf(*\nenter the choice of operation to perform on linked list");
scanf("%d",&ch);

switch(ch)

{

case 1:

{

do{

create_list();

display();

printf(*'do you want to create list ,y / n");

getchar();

scanf(""%c",&chl);

Iwhile(chl=="y");

break;

}

case 2:

{

int value;

printf("\nenter the value to be inserted");
scanf("%d",&value);
insert_at_begning(value);

display();

break;

¥

case 3:

{

int value;

printf("\nenter value to be inserted");
scanf("%d",&value);
insert_at_end(value);

display();

break;

¥

case 4:

{

insert_at_middle();

display();
break:

14



}

case 5:

{
delete_from_front();
display();

}boreak;

case 6:

{
delete_from_end();
display();

break;

}

case 7:

{

display();
delete_from_middle();
display();

break;

}

case 8:

{

display();

break;

}

case 9:

{
exit(1);

}

default:printf("\n****Please enter correct choice****\n");

}

¥
getch();

}
Qutput:

15



Ferminal

File Edit View Search Terminal Help

[student@localhost 187Z1A0515])% gcc sll.c
[student@localhost 187Z1A0515]% ./a.out

student@localhost:~/187Z1A0515

operations on single linked list

creat
Jinsert at
Jinsert at
JAnsert at
.display
.delete at
.delete at
.delete at
.exit

VOANOUNEWN-

front
middle
end

front
middle
end

Enter ur ¢hoice: 1
insert any value into the node

10

the data available is

10>

opaerations on single linked list

creat
Jinsert at
Jinsert at
Jinsert at
.display

.delete at
.delete at
.delete at
.exit

Enter ur

VONOUBEWN M

front
middle
end

front
middle
end

choice: 1

insert any value into the node

20

Terminal

student@localhost:~/187Z1A0515

Fite Edit View Search Terminal

the data available is
10->20->
operations on single linked list

Help

.creat
Jinsert at
Jinsert at
Jdnsert at
.display
.delete at
.delete at
.delete at
.exit
Enter

VONOUVEWNM

front
middle
end

front
middle
aend

ur choice: 1

insert any value into the node

30

the data available is
10->20->30->

operations on single linked list
.creat

Adnsert at
JAnsert at
.insert at

front
middle
end

.display
.delete
.delete
.delete
Jexit
Enter ur choice: 2

insert any value into the node

50 [
the data available is

at
at
at

front
middle
end

VONDOREWNM

Viva questions:

1. What is a data structure?

2. What are the goals of data structures?

3. What is single linked list? What are the operations of single linked list?
4.What is a linked list?

16



P2
Aim:

Write a program that uses functions to perform the following operations on Doubly
Linked List.:i) Creation ii) Insertion iii) Deletion iv) Traversal

Source Code:

dll.c

#include<stdio.h>
#include<conio.h>
#include<stdlib.h>

int count=0;

struct node

{

int data;

struct node *next,*prev;
}*head,*last,*newn,*trav;
I

void create_list()

{

struct node *temp;

int value;

temp=last;
newn=(struct node *)malloc(sizeof (struct node));
printf("\n enter value™);
scanf("%d",&value);
newn->data=value;
if(last==NULL)

{

head=last=newn;
head->prev=NULL,
head->next=NULL;
count++;

}

else
newn->next=NULL;
newn->prev=last;
last->next=newn;

17



last=newn;
count++;

}

}
l

void insert_at_begning(int value)

{

newn=(struct node *)malloc(sizeof (struct node));
newn->data=value;

if(head==NULL)

{

head=last=newn;

head->prev=NULL,

head->next=NULL;

count++;

}

else

{

newn->next=head;
head->prev=newn;
newn->prev=NULL;
head=newn;
count++;

}

}
l

void insert_at_end(int value)
{

struct node *temp;
temp=last;

newn=(struct node *)malloc(sizeof (struct node));
newn->data=value;
if(last==NULL)

{

head=last=newn;
head->prev=NULL,
head->next=NULL;
count++;

}

else

{

newn->next=NULL,
newn->prev=last;
18



last->next=newn;
last=newn;
count++;

}

}
l

int insert_at_middle()

{

if(count>=2)

{

struct node *var2,*temp;

int loc,value;

printf("\nselect location where you want to insert the data");
scanf("%d",&loc);

printf(*\nenter which value do u want to inserted");
scanf(""%d",&value);

newn=(struct node *)malloc(sizeof (struct node));
newn->data=value;

temp=head,;

while(temp->datal=loc)

{

temp=temp->next;

if(temp==NULL)

{

printf("\nSORRY ...there is no %d element",loc);
return O;

¥

¥
if(temp->next==NULL)
{

printf("\n%d is last node..please enter midddle node values ",loc) ;
return;

¥

var2=temp->next;
temp->next=newn;
newn->next=varz,
newn->prev=temp;
var2->prev=newn;
count++;

}

else

{

printf("\nthe no of nodes must be >=2");
19




}

}
l

int delete_from_middle()

{

if(count>2)

{

struct node *temp,*var;

int value;

temp=head;

printf("\nenter the data that you want to delete from the list shown above");
scanf(""%d",&value);

while(temp!=NULL)

{

if(temp->data == value)

{
if(temp->next==NULL)//if(temp==head)
{

printf(*\n\n sorry %d is last node ..please enter middle nodes only",value);
return O;

}

else

{

if(temp==head)

{

printf("\n\n %d is first node..plz enter middle nodes",value);
return;

¥
var->next=temp->next;
temp->next->prev=var;
free(temp);

count--;

return O;

¥

¥

else

{

var=temp;

temp=temp->next;

¥

¥

if(temp==NULL)

printf("\n%d is not avilable.. enter only middle elements..",value);
20



else
printf("\ndata deleted from list is %d",value);

}

else

{
printf("\nthere no middle elemts..only %d elemts is avilable",count);
¥

}
l

int delete_from_front()

{

struct node *temp;

if(head==NULL)

{

printf(*'no elements for deletion in the list");
return O;

¥
else if(head->next==NULL)

{

printf("deleted element is :%d",head->data);
head=last=NULL;

}

else

{

temp=head->next;

printf("deleted element is :%d",head->data);
head->next=NULL;

temp->prev=NULL;

head=temp;

count--;

return O;

}

}
l

int delete_from_end()

{

struct node *temp,*var;
temp=last;

if(last==NULL)

{

printf(""no elemts in the list");
return O;

}

21



else if(last->prev==NULL)

{

printf("data deleted from list is %d",last->data);
head=last=NULL,

[[free(last);

count--;

return O,

}

else{

printf("data deleted from list is %d",last->data);
var=last->prev;

last->prev->next=NULL;

last=var;

count--;

return O;

}

}
I

int display()

{

trav=last;//head:;
if(trav==NULL)

{

printf("\nList is Empty");
return O;

}

else

{

printf("\n\nElements in the List is %d:\n",count);
while(trav!=NULL)

;Erintf("%d<--> " trav->data);
trav=trav->prev;//next;

¥

printf(*\n");

¥

}
l

int main()
{

int ch=0;
char chl;
/I clrscr();

22



head=NULL,;

last=NULL,

while(1)

{

Printf("\n Double Linked List Operations")
printf("\n1.Create Double Linked List");
printf("\n2.insertion at begning of linked list");
printf(*\n3.insertion at the end of linked list");
printf("\n4.insertion at the middle where you want");
printf("\n5.deletion from the front of linked list™);
printf("\n6.deletion from the end of linked list **);
printf("\n7.deletion of the middle data that you want");
printf("\n8.display");

printf("\n9.exit\n");

printf("\nenter the choice of operation to perform on linked list");
scanf(""%d",&ch);

switch(ch)

{

case 1:

{

do{

create_list();
display();
printf(*do you want to create list ,y / n");
getchar();
scanf(*"%c",&chl);
Iwhile(chl=="y");
break;

¥

case 2:

{

int value;

printf("\nenter the value to be inserted");
scanf("%d",&value);
insert_at_begning(value);

display();

break;

¥

case 3:

{

int value;
printf("\nenter value to be inserted");
scanf("%d",&value);

23



insert_at_end(value);
display();

break;

}

case 4.

{
insert_at_middle();
display();

break;

}

case 5:

{
delete_from_front();
display();

}break;

case 6:

{
delete_from_end();
display();

break;

}

case 7:

{

display();
delete_from_middle();
display();

break;

}

case 8:display();break;
case 9:

{

exit(0);

}

}

}

getch();

}

Qutput:
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student@localhost:~/187Z1A0515

Fite Edit View Search Terminal Help

[student@localhost 187Z1A0515)% gce dll.c
[student@localhost 187Z1A0515])% . /a.out

operations on double linked list
.creat

.insert at front

.dnsert at middle

Jdnsert at end

.display

.delete at front

.delete at middle

.delete at end

.exit

Enter ur choice: 1

enter the valuelO

10

operations on double linked list
.creat

.insert at front

.insert at middle

.insert at end

.display

.delete at front

.delete at middle

.delete at end

.exit

Enter ur choice: 1

enter the value20

10<->20

operations on double linked list
l.creat

CONOVEWNM

QAONOUVEWNW-

Activities “ Terminal Mon 9:12 PM ) ¢ student

student@localhost:~/187Z1A0515

File Edit View Search Terminal Help

10<->20

operations on double linked list
.creat

.insert at front

.insert at middle Y
.insert at end

.display

.delete at front

.delete at middle

.delete at end

.exit

Enter ur choice: 1

enter the value30

10<->20<->30

operations on double linked list
.creat

.insert at front

.insert at middle

.insert at end

.display

.delete at front

.delete at middle

.delete at end

.exit

Enter ur choice: 2

insert any value into the node
50

50<->10<->20<->30

operations on double linked list
1l.creat

2.insert at front

VONOU & WN -

VONOUVEWN -
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Viva Questions

1) What is double linked list? What are the operations of double linked list?

2) List out the areas in which data structures are applied extensively?

3) Whether linked list is linear or non linear data structure?

4) How many elements can be stored in a double linked list?

5) How can you delete a node in a doubly linked list given only access to that
node?

P3

Aim: Write a program that uses functions to perform the following operations on
Circular Linked List.:i) Creation ii) Insertion iii) Deletion iv) Traversal

Source Code:

CLL.c

#include<stdio.h>
#include<stdlib.h>
struct node

{

int data;

struct node *next;

o

struct node *head;
void beginsert ();
void lastinsert ();

void randominsert();
void begin_delete();
void last_delete();
void random_delete();
void display();

void search();

void main ()

{

int choice =0;
while(choice 1=7)

{
printf("\n*********Main Menu*********\n");
printf("\nChoose one option from the following list ...\n");
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prin'[f("\n:::::::::::::::::::::::::::::::::::::::::::::::\n");
printf("\nl.Insert in begining\n2.Insert at last\n3.Delete from Beginning\n4.Delete
from last\n5.Search for an element\n6.Show\n7.Exit\n");
printf("\nEnter your choice?\n");

scanf(*\n%d",&choice);

switch(choice)

{

case 1:

beginsert();

break;

case 2:

lastinsert();

break;

case 3:

begin_delete();

break;

case 4:

last_delete();

break;

case 5:

search();

break;

case 6:

display();

break;

case 7:

exit(0);

break;

default:

printf("Please enter valid choice..");

}

}

}

void beginsert()

{

struct node *ptr,*temp;
int item;

ptr = (struct node *)malloc(sizeof(struct node));
if(ptr == NULL)

{
printf("\nOVERFLOW");

}

else
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{
printf(*\nEnter the node data?");

scanf("%d",&item);
ptr -> data = item;
if(head == NULL)
{

head = ptr;

ptr -> next = head,;

}

else

{

temp = head;
while(temp->next != head)
temp = temp->next;
ptr->next = head;

temp -> next = ptr;

head = ptr;

¥

printf(*\nnode inserted\n");
¥

}

void lastinsert()

{

struct node *ptr,*temp;

int item;

ptr = (struct node *)malloc(sizeof(struct node));
if(ptr == NULL)

{
printf(""\nOVERFLOW\n");

}

else

{

printf("\nEnter Data?");
scanf("%d",&item);
ptr->data = item;
if(head == NULL)

{

head = ptr;

ptr -> next = head,;

}

else

{

temp = head;
28



while(temp -> next != head)
{

temp = temp -> next;

¥

temp -> next = ptr;

ptr -> next = head;

}

printf("\nnode inserted\n");

}
}

void begin_delete()

{

struct node *ptr;

if(head == NULL)

{
printf("\nUNDERFLOW");

}

else if(head->next == head)

{

head = NULL;

free(head);

printf("\nnode deleted\n");
¥

else

{ ptr = head;

while(ptr -> next != head)
ptr = ptr -> next;
ptr->next = head->next;
free(head);

head = ptr->next;
printf(*\nnode deleted\n");

}

}

void last_delete()

{

struct node *ptr, *preptr;
if(head==NULL)

{
printf("\nUNDERFLOW");

}

else if (head ->next == head)



{
head = NULL;

free(head);
printf("\nnode deleted\n");
}

else

{

ptr = head,;

while(ptr ->next != head)
{

preptr=ptr;

ptr = ptr->next;

}

preptr->next = ptr -> next;
free(ptr);

printf("\nnode deleted\n");
}

¥

void search()

{

struct node *ptr;

int item,i=0,flag=1;

ptr = head;

if(ptr == NULL)

{

printf("\nEmpty List\n");
¥

else

{

printf("\nEnter item which you want to search?\n");
scanf("%d",&item);
if(head ->data == item)

{

printf("item found at location %d",i+1);
flag=0;

¥

else

{

while (ptr->next != head)

{
if(ptr->data == item)

{

printf("item found at location %d ",i+1);
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flag=0;
break:
}

else

{

flag=1;

}

i++;

ptr = ptr -> next;
}

}

if(flag 1= 0)

{

printf("Item not found\n");

Fr}

void display()

{

struct node *ptr;

ptr=head,;

if(head == NULL)

{

printf(*\nnothing to print");
}

else

{

printf("\n printing values ... \n");

while(ptr -> next != head)
{

printf("%d\n", ptr -> data);
ptr = ptr -> next;

¥

printf("%d\n", ptr -> data);
¥

¥
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Qutput:
m Terminal Mon 9:33 PM g student

student@localhost:~/187Z1A0515

File Edit View Search Terminal Help

[student@localhost 187Z1A0515]% gcc CLL.c
[student@localhost 187Z1A0515])3% ./a.out

SEss s s rMain Menut * s e e

Choose one option from the following list

.Insert in begining
.Insert at last
.Delete from Beginning
.Delete from last
.Search for an eélement
. Show

JExit

NOUNsEWNE

Enter your choice?
1

Enter the node data?l0

node inserted

crxrxraraMain Manu* **+ e

Choose one option from the following list

5
1.Insert in begining

Fite Edit View Search Terminal Help

Terminal Mon 9:34 PM QO < L student

student@localhost:~/187Z1A0515

Insert in begining
.Insert at last
.Delete from Beginning
.Delete from last
.Search for an element
. Show

Exit

NOUsUWNE

Enter your choice?
1

Enter the node data?720

node inserted

Crsh e e v Main Menu*t e e e

Choose one option from the following list

L L L T T L L L L T T T T
JInsert in begining

.Insert at last

.Delete from Beginning

.Delete from last

.Search for an element

. Show
« BT

NOUusWNW

Enter your choice?

Viva Questions:

1) What is circular linked list? What are the operations of circular linked list?
2) What is the primary advantage of a linked list?
3) What are the parts of a linked list?

4) How do you insert a new node at the front of a circular linked list?
5) How do you delete an existing node in a circular linked list?
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P4
Aim: Write a program that implement Stack (its operations) using Arrays
Source Code:

stackarr.c

#include<stdio.h>
#include<conio.h>
#define max 5

int stfmax],top=-1;
void push()

{

int x;

if(top==max-1)

{

printf(“stack is full*);
return;

}

printf("enter element");
scanf("%d",&x);
top++;

st[top]=x;

¥

void pop()

{

int x;

if(top==-1)

{

printf(*'stack is empty");
return;

¥

printf(“enter element");
scanf("%d",&Xx);

top--;

printf(“enter deleted element=%d",x);
¥

void display()

{
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inti;

if(top==-1)

{

printf(*'stack is empty");
return;}
for(i=top;i>=0;i--)

{

printf("%d",st[i]);

3}

int main()

{

int ch;

while(1)

{

printf("enter \n1.push\n2.pop\n3.display\n4.exit™);
scanf(""%d",&ch);
switch(ch)

{

case 1:push();break;
case 2:pop();break;
case 3:display();break;
case 4:exit(1);break;
3

return 1;

¥

Qutput:
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student@localhost:~/187Z1A0515

Fite Edit View Search Terminal Help

[student@localhost 187Z1A0515])% gcc stackarr.c
[student@localhost 187Z1A0515]% ./a.out

OPERATIONS ON STACK:
1.push

2.pop

3.display

4. exit

enter your choicel
enter the valuelO

OPERATIONS ON STACK:
1. push

2.pop

3.display

4.exit

enter your choicel
enter the value20

OPERATIONS ON STACK:
1.push

2.pop

3.display

4.exit

enter your choicel
enter the value30

OPERATIONS ON STACK: L3
1.push

2.pop

3.display

m Terminal Mon 9:14 PM . student

student@localhost:~/187Z1A0515

Fite Edit View Search Terminal Help

OPERATIONS ON STACK:
1.push

2.pop

3.display

4.exit

enter your choice3
elements in the stack are:
30

20

10

OPERATIONS ON STACK:
1.push

2.pop

3.display

4.exit

enter your choice2

30 element is deleted
OPERATIONS ON STACK:
1.push

2.pop

3.display

4.exit

enter your choice3
elements in the stack are:
20

10

OPERATIONS ON STACK:
1.push

Viva Questions

1)what is a stack?

2)what is an array?Types of arrays?

3)what are the operations of stack?

4) What is the difference between stack and array?
5) What are advantages of array?
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Aim: Write a program that implement Stack (its operations) using Pointers
Source Code:

stacksll.c

#include<stdio.h>
#include<conio.h>
#include<stdlib.h>
#define MAX 50
int size;
// Defining the stack structure
struct stack {
intarr[MAX];
int top;
5
/I Initializing the stack(i.e., top=-1)
void init_stk(struct stack *st) {
st->top = -1;
¥
I/ Entering the elements into stack
void push(struct stack *st, int num) {
if (st->top ==size - 1) {
printf("\nStack overflow(i.e., stack full).");
return;
¥
st->top++;
st->arr[st->top] = num;
¥
/[Deleting an element from the stack.
int pop(struct stack *st) {
int num;
If (st->top ==-1) {
printf("\nStack underflow(i.e., stack empty).");
return NULL;
¥
num = st->arr[st->top];
st->top--;
return num;
¥
void display(struct stack *st) {
inti;
for (i = st->top; 1 >=0; i--)
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printf("\n%d", st->arr[i]);

¥

int main() {

intelement, opt, val,

struct stack ptr;

init_stk(&ptr);

printf("\nEnter Stack Size :");

scanf("%d", &size);

while (1) {

printf("\n\nSTACK PRIMITIVE OPERATIONS");
printf("\n1.PUSH");

printf("\n2.POP");
printf("\n3.DISPLAY");
printf("\n4.QUIT");

printf(*\n™);

printf("\nEnter your option : *);
scanf(""%d", &opt);

switch (opt) {

case 1:

printf("\nEnter the element into stack:");
scanf("%d", &val);

push(&ptr, val);

break;

case 2:  element = pop(&ptr);
printf("\nThe element popped from stack is : %d", element);
break;

case 3:

printf("\nThe current stack elements are:");
display(&ptr);

break;

case 4.

exit(0);

default:

printf("\nEnter correct option!Try again.");

}

¥
return (0);}

Output:

37



m Terminal Mon 9:16 PM

student@localhost:~/187Z1A0515

File Edit View Search Terminal Help

[student@localhost 187Z1A0515]% gcc stacksll.c
[student@localhost 187Z1A0515]% ./a.out

OPERATIONS ON STACK:
1.push

2.pop

3.display

4.exit

enter your choicel
enter the valuelO

OPERATIONS ON STACK:
1.push

2.pop

3.display

4.exit

enter your choicel
enter the value20

OPERATIONS ON STACK:
1.push

2.pop

3.display

4.exit

enter your choicel
enter the value30

OPERATIONS ON STACK:

1.push

2.pop

3.display 13

m Terminal Mon 9:16 PM ) student

student@localhost:~/187Z1A0515

Filte Edit View Search Terminal Help

4.exit
enter your choicel
enter the value30

OPERATIONS ON STACK:
1.push

2.pop

3.display

4.exit

enter your choice3
30->20->10
OPERATIONS ON STACK:
1.push

2.pop

3.display

4. exit

enter your choice2
deleted element 30:
OPERATIONS ON STACK:
1.push

2.pop

3.display

4, exit

enter your choice3
20->10

OPERATIONS ON STACK:
1.push

2.pop k
3.display

4, exit

enter your choice |
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Viva questions

1) Whatis pointer?
2) Differentiate stack from array?

3) Can we change the size of an array at run time?
4) What is the difference between an array and a pointer in C?

P5

Aim: Write a program that implement Queue (its operations) using Arrays
Source Code:

queuearr.c

#include<stdio.h>
#include<conio.h>

#define SIZE 5

int queue[SIZE], front = -1, rear = -1;
void enQueue(int value){

if(rear == SIZE-1)

printf("\nQueue is Full!!! Insertion is not possible!!!");
else{

if(front ==-1)

front=0;

rear++;

queue[rear] = value;
printf("\nInsertion success!!!");

}

¥
void deQueue(){

if(front == rear)

printf("\nQueue is Empty!!! Deletion is not possible!!!");
else{

printf("\nDeleted : %d", queue[front]);

front++;

if(front == rear)

front = rear = -1;

¥

¥
void display(){

if(rear == -1)
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printf("\nQueue is Empty!!!");

else{

inti;

printf(*\nQueue elements are:\n");
for(i=front; i<=rear; i++)
printf("%d\t",queueli]);

}

}

void main()

{

int value, choice;

while(1){

printf("\n\n***** MENU *****\n");
printf("1. Insertion\n2. Deletion\n3. Display\n4. Exit");
printf("\nEnter your choice: ");
scanf(*%d",&choice);
switch(choice){

case 1: printf("Enter the value to be insert: *);
scanf('%d",&value);
enQueue(value);

break;

case 2: deQueue();

break;

case 3: display();

break;

case 4: exit(0);

default: printf("\nWrong selection!!! Try again!!!");
¥

¥

¥

Qutput:
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student@localhost:~/187Z1A0515

File Edit View Search Terminal Help

[student@localhost 187Z1A0515]% gcc queuearr.c
[student@localhost 187Z1A0515]% ./a.out

OPERATIONS ON QUEUE:
1. ENQUEUE

2.DEQUEUE

3.display

4.exit

enter your choicel

enter the valuelO

elements in the queue are: 10
OPERATIONS ON QUEUE:

1.ENQUEUVE

2.DEQUEUE

3.display

4.exit

enter your choicel

enter the value20

elements in the queue are: 10 20
OPERATIONS ON QUEUE:

1. ENQUEUE

2.DEQUEUE

3.display

4.exit

enter your choicel

enter the value30

m Terminal Mon 9:18 PM K student

student@localhost:~/187Z1A0515

File Edit View Search Terminal Help
enter your choicel

enter the value30

elements in the queue are: 10 20 30
OPERATIONS ON QUEUE:

1.ENQUEUE

2.DEQUEUE

3.display

4.exit

enter your choicel

enter the value50

elements in the queue are: 10 20 30 50
OPERATIONS ON QUEUE:

1.ENQUEUE

2.DEQUEUE

3.display

4.exit

enter your choice2

10 element is deleted

elements in the queue are: 20 30 50
OPERATIONS ON QUEUE:

1.ENQUEUE

2.DEQUEUE

3.display

4.exit

enter your choice2

Viva Questions:

1) What is Queue?operations of Queue?
2) What is enqueue?

3) What is dequeue?

4) Characteristics of Queue?

5) How does a queue work?
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Aim: Write a program that implement Queue (its operations) using Pointers
Source Code:

queuesll.c

#include<stdlib.h>

struct q

{

int no;

struct g *next;

¥

*start=NULL;

void add();

int del();

void display();

void main()

{

int ch;

char choice;

while(1)

{

printf(" \n MENU \n");

printf("\nl.Insert an element in Queue\n");
printf("\n2.Delete an element from Queue\n");
printf("\n3.Display the Queue\n");
printf("\n4.Exit\n");

printf("\nEnter your choice:");
scanf("%d",&ch);

switch(ch)

{

case 1:add();

break;

case 2:

printf("\nThe deleted element is=%d",del());
break;

case 3:display();

getch();

break;

case 4:exit(0);

break;

default:printf("\nY ou entered wrong choice");

42



getch();
break:

¥
¥
getch();

}
void add()

{

struct g *p,*temp;

temp=start;

p=(struct g*)malloc(sizeof(struct q));
printf("\nEnter the element:");
scanf(""%d",&p->no);
p->next=NULL;

if(start==NULL)

{

start=p;

}

else

{
while(temp->next!=NULL)

{
temp=temp->next;
}

temp->next=p;

}

}

int del()

{

struct q *temp;
int value;
if(start==NULL)
{
printf("\nQueue is Empty");
getch();
return(0);

¥

else

{

temp=start;
value=temp->no;
start=start->next;
free(temp);
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}

return(value);

}

void display()

{

struct g *temp;
temp=start;
if(temp==NULL)
printf("queue is empty");
else

{
while(temp->next!=NULL)

{
printf("\nno=%d",temp->no);
temp=temp->next;

}

printf("\nno=%d",temp->no);

}
getch();

}

Qutput:
m Mon 9:19 PM g student

student@localhost:~/187Z1A0515

File Edit View Search Terminal Help

[student@localhost 187Z1A0515]% gcc queuesll.c
[student@localhost 187Z1A0515]% ./a.out

OPERATIONS ON QUEUE:
1. ENQUEUE

2.DEQUEUE

3.display

4.exit

enter your choicel

enter the value
10

OPERATIONS ON QUEUE:
1.ENQUEUE

2.DEQUEUE

3.display

4.exit

enter your choicel

enter the value
20

OPERATIONS ON QUEUE:
1. ENQUEUE

2.DEQUEUE

3.display

4.exit

enter your choicel

enter the value S



student@localhost:~/187Z1A0515

Fite Edit View Search Terminal Help

enter the value

30

OPERATIONS ON QUEUE:
1. ENQUEUE

2.DEQUEUE

3.display

4.exit

enter your choicel

enter the value

50

OPERATIONS ON QUEUE:
1. ENQUEUE

2.DEQUEUVE

3.display

4.exat

enter your choice3
elements in queue are:
10->20->30->50
OPERATIONS ON QUEUE:
1.ENQUEUE

2.DEQUEUE

3.display

4. .exit

enter your choice2

deleted element 10:

VIVA QUESTIONS

1) What are the disadvantages of representing a stack or Queue by a linked list?

2) How to create an Array?

3) Can we change the size of an array at run time?

4) Can you declare an array without assigning the size of an array?
5) What is the default value of Array?

P6
Aim:

Write a program that implements Quick Sort Method to sort a given list of integers
in ascending order.

Source Code:

Quicksort.c

#include <stdio.h>
// function to swap elements
void swap(int *a, int *b) {

intt=*a;
*a.z *b-
*h=t
}

45



/I function to find the partition position
int partition(int array[], int low, int high)
{
/I select the rightmost element as pivot
int pivot = array[high];
Il pointer for greater element
inti=(low - 1);
/I traverse each element of the array
/I compare them with the pivot
for (int j = low; j < high; j++) {
if (array[j] <= pivot) {
/I if element smaller than pivot is found
I/ swap it with the greater element pointed by i
I++;
I/ swap element at i with element at |
swap(&array[i], &array[j]);

}
}

I/ swap the pivot element with the greater element at i
swap(&array[i + 1], &array[high]);
I/ return the partition point
return (i + 1);
}
void quickSort(int array[], int low, int high) {
if (low < high) {
/I find the pivot element such that
I/ elements smaller than pivot are on left of pivot
Il elements greater than pivot are on right of pivot
int pi = partition(array, low, high);
I recursive call on the left of pivot
quickSort(array, low, pi - 1);
Il recursive call on the right of pivot
quickSort(array, pi + 1, high);
¥
¥

/l function to print array elements
void printArray(int array[], int size) {
for (inti=0; 1 <size; ++i) {
printf("%d ", array[i]);
¥
printf("\n");
¥

/Il main function
46



int main() {
intdata[] ={8,7,2,1,0,9, 6};
int n = sizeof(data) / sizeof(data[0]);
printf("Unsorted Array\n™);
printArray(data, n);
I/ perform quicksort on data
quickSort(data, 0, n - 1);
printf("Sorted array in ascending order: \n");
printArray(data, n);

TPUT:

Unsorted Array
8721096
Sorted array in ascending order:
0126789

Aim: Write a program that implements Heap Sort Method to sort a given list of
integers in ascending order.

Source Code:
Heapsort.c

// Heap Sort in C
#include <stdio.h>
I/ Function to swap the the position of two elements
void swap(int *a, int *b) {
Inttemp = *a;
*g = *b;
*b = temp;
¥
void heapify(intarr[], int n, int i) {
/l Find largest among root, left child and right child
int largest = i;
intleft=2*i+1;
intright=2*1i+ 2;
If (left < n && arr[left] > arr[largest])
largest = left;
if (right < n && arr[right] > arr[largest])
largest = right;
I/l Swap and continue heapifying if root is not largest
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if (largest '=11) {
swap(&arr[i], &arr[largest]);
heapify(arr, n, largest);
}
¥

/I Main function to do heap sort
void heapSort(int arr[], int n) {
// Build max heap
for (inti=n/2-1;i>=0;i--)
heapify(arr, n, 1);
/[ Heap sort
for(inti=n-1;i>=0;i--){
swap(&arr[0], &arr[i]);
I/ Heapify root element to get highest element at root again
heapify(arr, i, 0);
}
¥

/[ Print an array
void printArray(int arr[], int n) {
for (inti=0;1<n; ++i)

printf("%d ", arr[i]);
printf(*"\n™);

¥

// Driver code

int main() {
intarr[] = {1, 12, 9, 5, 6, 10};
int n = sizeof(arr) / sizeof(arr[0]);
heapSort(arr, n);
printf("Sorted array is \n");
printArray(arr, n);

¥
QUTPUT:

Sorted array is
15691012
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Aim: Write a program that implements Marge Sort Method to sort a given list of
integers in ascending order.

Source Code:

margesort.c

/I Merge sort in C

#include <stdio.h>

/I Merge two subarrays L and M into arr
void merge(int arr[], int p, int g, intr)

{

Il Create L — A[p..q] and M «— A[g+1..r]
intnl=q-p+1;

intn2=r-q;

int L[n1], M[n2];
for (inti=0; i<nl; i++)
L[i] = arr[p + i];
for (intj=0; j <n2; j++)
M[j] = arr[q + 1 + J];
// Maintain current index of sub-arrays and main array
inti, j, k;
1=0;
1=0;
K =p;
// Until we reach either end of either L or M, pick larger among
/l elements L and M and place them in the correct position at A[p..r]
while (i<nl && j<n2){
if (L[i] <= M[i]) {
arr[k] = L[i];
i++;
}else {
arr[k] = M[j];
JH;
¥
k++:
¥
/I When we run out of elements in either L or M,
Il pick up the remaining elements and put in A[p..r]
while (i<nl) {
arr[k] = L[i];
i++;
k++:
49



}

while (j <n2) {
arr[k] = M[jI;
i+
k++;
¥
¥

/[ Divide the array into two subarrays, sort them and merge them

void mergeSort(int arr[], int I, intr) {

if(I<n{

/I m is the point where the array is divided into two subarrays

intm=1+(r-1)/2;
mergeSort(arr, I, m);
mergeSort(arr, m+ 1, r);
I/l Merge the sorted subarrays
merge(arr, I, m, r);
}

}
[/ Print the array

void printArray(int arr[], int size) {
for (inti=0; i <size; i++)
printf("%d ", arr[i]);
printf("\n™);

¥

// Driver program

int main() {
intarr[] = {6, 5, 12, 10, 9, 1};
int size = sizeof(arr) / sizeof(arr[0]);
mergeSort(arr, 0, size - 1);
printf("Sorted array: \n");
printArray(arr, size);

}

OUTPUT:

Sorted array:
15691012

Viva Questions

1) what is quick sort?

2) what are the issues that hamper the efficiency in sorting a file?

3) What is heap sort?



4) What is merge sort?
5)What is slection sort?

P7

Aim: Write a program to implement the tree traversal methods (Recursive and
Non-Recursive)

Source Code:

bst.c

#include<stdio.h>
#include<stdlib.h>
typedef struct BST

{

int data;

struct BST *left;

struct BST *right;

}node;

node *create();

void insert(node *,node *);
void preorder(node *);
void inorder(node *);

void postorder(node *);

int main()

{

char ch;

node *root=NULL,*temp;
do

{

temp=create();
if(root==NULL)
root=temp;

else

insert(root,temp);
printf("nDo you want to enter more(y/n)?");
getchar();
scanf("%c",&ch);
Iwhile(ch=="y'|ch=="Y");
printf("\nPreorder Traversal: "');
preorder(root);
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printf("\nInorder Traversal: ");
inorder(root);
printf("\nPostorder Traversal: ");
postorder(root);

return 0;

}

node *create()

{

node *temp;

printf("nEnter data:");
temp=(node*)malloc(sizeof(node));
scanf(""%d",&temp->data);
temp->left=temp->right=NULL,
return temp;

}

void insert(node *root,node *temp)
{
if(temp->data<root->data)
{

if(root->left'=NULL)
insert(root->left,temp);
else

root->left=temp;

¥
if(temp->data>root->data)
{

if(root->right!=NULL)
insert(root->right,temp);
else

root->right=temp;

¥

¥

void preorder(node *root)
{

if(root!=NULL)

{

printf("%d ",root->data);
preorder(root->left);
preorder(root->right);

¥

¥

void inorder(node *root)

{
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if(root!=NULL)

{

inorder(root->left);
printf("%d ",root->data);
inorder(root->right);

}

}

void postorder(node *root)

{
if(root!=NULL)

{

postorder(root->left);
postorder(root->right);
printf(*%d ",root->data);

“ Terminal Mon 10:32 PM o student

student@localhost:~/187Z1A0515

File Edit View Search Terminal Help

Preorder Traversal: r

Inorder Traversal:

r
Postorder Traversal:

r [student@localhost 187Z1A0515]% gcc bst.c
[student@localhost 187Z1A0515]% ./a.out
nEnter data:4

Do you want to enter more(y/n)?7y

nEnter data:

Do you want to enter more(y/n)?~[[A"Z
[6]+ Stopped ./a.out
[student@localhost 187Z1A0515]%
[student@localhost 187Z1A0515]% gcc bst.c
[student@localhost 187Z1A0515]% ./a.out
nEnter data:5 L3
nDo you want to enter more(y/n)?y

nEnter data:45

nDo you want to enter more(y/n)?7y

nEnter data:65

nDo you want to enter more(y/n)?y

nEnter data:12

nDo you want to enter more(y/n)?y

nEnter data:5

nDo you want to enter more(y/n)?n

Preorder Traversal: 5 45 12 65
Inorder Traversal: 5 12 45 65 -
Postorder Traversal: 12 65 45 5 [student@localhost 187Z1A0515]% | |

b) Write a program to implement the tree traversal methods using Non-
Recursive.

#include <stdio.h>
#include <stdlib.h>
struct node

{
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inta;
struct node *left;
struct node *right;
3
void generate(struct node **, int);
int search(struct node *, int);
void delete(struct node **);
int main()
{
struct node *head = NULL,;
int choice = 0, num, flag = 0, key;
do
{
printf("\nEnter your choice:\n1. Insert\n2. Search\n3. Exit\nChoice: ");
scanf("%d", &choice);
switch(choice)
{
case 1:
printf("Enter element to insert: *);
scanf("%d", &num);
generate(&head, num);
break;
case 2:
printf("Enter key to search: ");
scanf("%d", &key);
flag = search(head, key);
if (flag)
{
printf("Key found in tree\n");

}

else

{
printf(""Key not found\n");

¥
break;
case 3:
delete(&head);
printf("Memory Cleared\nPROGRAM TERMINATED\n");
break;
default: printf("Not a valid input, try again\n");
¥
} while (choice != 3);
return O;
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}

void generate(struct node **head, int num)

{

struct node *temp = *head, *prev = *head,;

if (*head == NULL)
{
*head = (struct node *)malloc(sizeof(struct node));
(*head)->a = num;
(*head)->left = (*head)->right = NULL;
}
else
{
while (temp = NULL)
{
iIf (num > temp->a)
{
prev = temp;
temp = temp->right;
¥
else
{
prev = temp;
temp = temp->left;
¥
¥
temp = (struct node *)malloc(sizeof(struct node));
temp->a = num;
If (num >= prev->a)

¢ prev->right = temp;
¥
else
{
prev->left = temp;
¥
¥
¥
int search(struct node *head, int key)
{

while (head '= NULL)
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if (key > head->a)
{

}
else if (key < head->a)

{
¥

else

{

}
}

}

void delete(struct node **head)
{
if (*head !'= NULL)

{
if ((*head)->left)
{

head = head->right;

head = head->left;

return 1;

return O;

delete(&(*head)->left);
¥
if ((*head)->right)
{

¥
free(*head);
¥
¥

OUTPUT:

Enter your choice:
1. Insert

2. Search

3. Exit

Choice: 1

Enter element to insert: 1
Enter your choice:
1. Insert

2. Search

3. Exit

delete(&(*head)->right);
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Choice: 1

Enter element to insert: 2
Enter your choice:

1. Insert

2. Search

3. Exit

Choice: 1

Enter element to insert: 3
Enter your choice:

1. Insert

2. Search

3. Exit

Choice: 2

Enter key to search: 2
Key found in tree

Enter your choice:

1. Insert

2. Search

3. Exit

Choice:

Viva Questions

1) What is a tree?

2) What is BST?

3) Intree construction which is the suitable efficient data structure?
4) What is the important of tree traversal in data structure?

5) What is a leaf node?

P8

Aim: Write a program to implement i) Binary Search Tree ii) B Tree iii) B+ Tree
Iv) AVL Tree v) Red-Black Tree

Source code:
Bst.c

#include <stdio.h>
#include <stdlib.h>
struct node {

int key;
struct node *left, *right;

hg

57



Il Create a node
struct node *newNode(int item) {
struct node *temp = (struct node *)malloc(sizeof(struct node));
temp->key = item;
temp->left = temp->right = NULL;
return temp;
}
Il Inorder Traversal
void inorder(struct node *root) {
if (root '= NULL) {
Il Traverse left
inorder(root->left);
Il Traverse root
printf("%d -> ", root->key);
Il Traverse right
inorder(root->right);
}
}

Il Insert a node
struct node *insert(struct node *node, int key) {
// Return a new node if the tree is empty
if (node == NULL) return newNode(key);
Il Traverse to the right place and insert the node
if (key < node->key)
node->left = insert(node->left, key);
else
node->right = insert(node->right, key);
return node;
¥
// Find the inorder successor
struct node *minValueNode(struct node *node) {
struct node *current = node;
// Find the leftmost leaf
while (current && current->left '= NULL)
current = current->left;
return current;
¥
// Deleting a node
struct node *deleteNode(struct node *root, int key) {
// Return if the tree is empty
if (root == NULL) return root;
// Find the node to be deleted
if (key < root->key)
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root->left = deleteNode(root->left, key);
else if (key > root->key)
root->right = deleteNode(root->right, key);
else {
/I If the node is with only one child or no child
if (root->left == NULL) {
struct node *temp = root->right;
free(root);
return temp;
} else if (root->right == NULL) {
struct node *temp = root->left;
free(root);
return temp;
¥
/I 1f the node has two children
struct node *temp = minValueNode(root->right);
// Place the inorder successor in position of the node to be deleted
root->key = temp->key;
I/ Delete the inorder successor
root->right = deleteNode(root->right, temp->key);
}

return root;

¥

// Driver code

int main() {
struct node *root = NULL;
root = insert(root, 8);
root = insert(root, 3);
root = insert(root, 1);
root = insert(root, 6);
root = insert(root, 7);
root = insert(root, 10);
root = insert(root, 14);
root = insert(root, 4);

printf("Inorder traversal: ");
inorder(root);

printf("\nAfter deleting 10\n");
root = deleteNode(root, 10);
printf("Inorder traversal: "),
inorder(root);

}
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OUTPUT:

Inorder traversal: 1 ->3->4->6->7->8->10->14 ->
After deleting 10
Inorder traversal: 1 ->3->4->6->7->8->14 ->

Aim:  Write a program to implement B Tee.

Source code:
Bt.c

I/ Searching a key on a B-tree in C

#include <stdio.h>
#include <stdlib.h>

#define MAX 3
#define MIN 2

struct BTreeNode {
int val[MAX + 1], count;
struct BTreeNode *link[ MAX + 1];

}

struct BTreeNode *root;

I/ Create a node
struct BTreeNode *createNode(int val, struct BTreeNode *child) {
struct BTreeNode *newNode;
newNode = (struct BTreeNode *)malloc(sizeof(struct BTreeNode));
newNode->val[1] = val;
newNode->count = 1,
newNode->1ink[0] = root;
newNode->link[1] = child;
return newNode;

}

/I Insert node
void insertNode(int val, int pos, struct BTreeNode *node,
struct BTreeNode *child) {
int j = node->count;
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while (j > pos) {
node->val[j + 1] = node->val[j];
node->link[j + 1] = node->link[j];
-
}
node->val[j + 1] = val;
node->link[j + 1] = child;
node->count++;

}

I/ Split node
void splitNode(int val, int *pval, int pos, struct BTreeNode *node,
struct BTreeNode *child, struct BTreeNode **newNode) {
int median, j;

if (pos > MIN)
median = MIN + 1;
else

median = MIN;

*newNode = (struct BTreeNode *)malloc(sizeof(struct BTreeNode));
J = median + 1;
while (j <= MAX) {
(*newNode)->val[j - median] = node->vallj];
(*newNode)->link[j - median] = node->link[j];
J+t;
¥
node->count = median;
(*newNode)->count = MAX - median;

if (pos <= MIN) {
insertNode(val, pos, node, child);

}else {

insertNode(val, pos - median, *newNode, child);

}

*pval = node->val[node->count];
(*newNode)->link[0] = node->link[node->count];
node->count--;

}

Il Set the value
int setValue(int val, int *pval,
struct BTreeNode *node, struct BTreeNode **child) {
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int pos;

if (Inode) {
*pval = val,
*child = NULL;
return 1;

}

if (val < node->val[1]) {
pos = 0;
}else {
for (pos = node->count;
(val < node->val[pos] && pos > 1); pos--)

if (val == node->val[pos]) {
printf("Duplicates are not permitted\n™);
return O;

}

¥
if (setValue(val, pval, node->link[pos], child)) {

if (node->count < MAX) {
insertNode(*pval, pos, node, *child);
}else {
splitNode(*pval, pval, pos, node, *child, child);
return 1,
¥
¥

return O;

}

/I Insert the value
void insert(int val) {
int flag, i;
struct BTreeNode *child;

flag = setValue(val, &i, root, &child);
if (flag)
root = createNode(i, child);

}

Il Search node
void search(int val, int *pos, struct BTreeNode *myNode) {
if ('myNode) {
return;
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}

If (val < myNode->val[1]) {
*pos = 0;
}else {
for (*pos = myNode->count;
(val < myNode->val[*pos] && *pos > 1); (*pos)--)

if (val == myNode->val[*pos]) {
printf("%d is found", val);
return;

}
}

search(val, pos, myNode->link[*pos]);

return;

}

Il Traverse then nodes
void traversal(struct BTreeNode *myNode) {
int i;
if (myNode) {
for (i = 0; i < myNode->count; i++) {
traversal(myNode->link[i]);
printf("%d ", myNode->val[i + 1]);
¥
traversal(myNode->link[i]);
¥
¥

int main() {
int val, ch;
insert(8);
insert(9);
insert(10);
insert(11);
insert(15);
insert(16);
insert(17);
insert(18);
insert(20);
insert(23);
traversal(root);
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printf("\n");
search(11, &ch, root);
¥

OUTPUT:
891011151617 182023
11 is found

Aim: Write a program to implement B+ Tree.

Source code:

B+t.c

#include <stdbool.h>
#include <stdio.h>
#include <stdlib.h>
#include <string.h>

/I Default order
#tdefine ORDER 3

typedef struct record {
int value;
} record;

// Node

typedef struct node {
void **pointers;
int *keys;
struct node *parent;
bool is_leaf;
int num_keys;
struct node *next;

} node;

int order = ORDER;
node *queue = NULL;
bool verbose output = false;

I/l Enqueue
void enqueue(node *new_node);
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/[ Dequeue

node *dequeue(void);

int height(node *const root);

int pathToLeaves(node *const root, node *child);

void printLeaves(node *const root);

void printTree(node *const root);

void findAndPrint(node *const root, int key, bool verbose);

void findAndPrintRange(node *const root, int rangel, int range2, bool verbose);

int findRange(node *const root, int key_start, int key _end, bool verbose,
int returned_keys[], void *returned_pointers[]);

node *findLeaf(node *const root, int key, bool verbose);

record *find(node *root, int key, bool verbose, node **leaf out);

int cut(int length);

record *makeRecord(int value);
node *makeNode(void);
node *makeLeaf(void);
int getLeftindex(node *parent, node *left);
node *insertintoLeaf(node *leaf, int key, record *pointer);
node *insertintoLeafAfterSplitting(node *root, node *leaf, int key,
record *pointer);
node *insertintoNode(node *root, node *parent,
int left_index, int key, node *right);
node *insertintoNodeAfterSplitting(node *root, node *parent,
int left_index,
int key, node *right);
node *insertintoParent(node *root, node *left, int key, node *right);
node *insertintoNewRoot(node *left, int key, node *right);
node *startNewTree(int key, record *pointer);
node *insert(node *root, int key, int value);

/l Enqueue
void enqueue(node *new_node) {

node *c;

If (queue == NULL) {
gueue = new_node;
queue->next = NULL;

}else {

C = queus;

while (c->next '= NULL) {
C = C->next;

¥

c->next = new_node;
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new_node->next = NULL,;

}
}

// Dequeue

node *dequeue(void) {
node *n = queue;
queue = queue->next;
n->next = NULL;
return n;

}

I/ Print the leaves
void printLeaves(node *const root) {
if (root == NULL) {
printf("Empty tree.\n");
return;
L
int i;
node *c = root;
while (!c->is_leaf)
¢ = c->pointers[0];
while (true) {
for (i=0; 1< c->num_keys; i++) {
if (verbose_output)
printf("%p ", c->pointers[i]);
printf("%d ", c->keys[i]);
¥
if (verbose_output)
printf("%p ", c->pointers[order - 1]);
iIf (c->pointers[order - 1] '= NULL) {
printf(" [ *);
¢ = c->pointers[order - 1];
} else
break;
¥
printf(*\n");
¥

// Calculate height

int height(node *const root) {
inth=0;
node *c = root;
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while (Ic->is_leaf) {
¢ = c->pointers[0];
h++;

}

return h;

}

Il Get path to root
int pathToLeaves(node *const root, node *child) {
int length = 0;
node *c = child;
while (c !=root) {
C = c->parent;
length++;

}

return length;

}

I/ Print the tree
void printTree(node *const root) {
node *n = NULL;
inti=0;
int rank = 0;
int new_rank = 0;

if (root == NULL) {
printf("Empty tree.\n");
return;

¥

queue = NULL,

enqueue(root);

while (queue '=NULL) {

n = dequeue();

If (n->parent '= NULL && n == n->parent->pointers[0]) {
new_rank = pathTolLeaves(root, n);
iIf (new_rank !=rank) {

rank = new_rank;
printf(*\n");
¥
¥

if (verbose_output)
printf("(%p)", n);
for (i=0; 1 < n->num_keys; i++) {
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if (verbose_output)
printf("%p ", n->pointersJi]);
printf("%d ", n->keys[i]);
}
if (In->is_leaf)
for (i=0; i <= n->num_keys; i++)
enqueue(n->pointers[i]);
if (verbose_output) {
if (n->is_leaf)
printf("%p ", n->pointers[order - 1]);
else
printf(*"%p ", n->pointers[n->num_keys]);
}
printf("| );
}
printf("\n™);
}

// Find the node and print it

void findAndPrint(node *const root, int key, bool verbose) {
node *leaf = NULL,;
record *r = find(root, key, verbose, NULL);

if (r == NULL)
printf("Record not found under key %d.\n", key);
else

printf("Record at %p -- key %d, value %d.\n",
r, key, r->value);
¥

// Find and print the range
void findAndPrintRange(node *const root, int key_start, int key_end,
bool verbose) {

int i;

intarray_size = key end - key start + 1;

int returned_keys[array_size];

void *returned_pointers[array_size];

int num_found = findRange(root, key_start, key _end, verbose,

returned_keys, returned_pointers);

if ("num_found)

printf("None found.\n");

else {

for (i=0; i <num_found; i++)
printf("Key: %d Location: %p Value: %d\n",
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returned_keys[i],
returned_pointersJi],
((record *)
returned_pointers[i])
->value);
}
}

// Find the range
int findRange(node *const root, int key_start, int key end, bool verbose,
int returned_keys[], void *returned_pointers[]) {
inti, num_found;
num_found = 0;
node *n = findLeaf(root, key_start, verbose);
if (n==NULL)
return O;
for (i=0; i<n->num_keys && n->keys[i] < key_start; i++)

if (i==n->num_keys)
return O;
while (n 1= NULL) {
for (; i < n->num_keys && n->keys[i] <= key_end; i++) {
returned_keys[num_found] = n->keys][i];
returned_pointers[num_found] = n->pointers[i];
num_found++;

>pointers[order - 1];

}
n=n-
i=0;
}

return num_found,;

}

// Find the leaf
node *findLeaf(node *const root, int key, bool verbose) {
if (root == NULL) {
if (verbose)
printf("Empty tree.\n");
return root;
¥
inti=0;
node *c = root;
while (Ic->is_leaf) {
if (verbose) {
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printf("[™);
for (I=0; i <c->num_keys - 1; i++)
printf(%d ", c->keys[i]);
printf("%d] ", c->keys[i]);
}
i=0;
while (i < c->num_keys) {
If (key >= c->keysJi])
i++;
else
break;
}
if (verbose)
printf("%d ->\n", i);
¢ = (node *)c->pointersJi];
}
if (verbose) {
printf("Leaf [");
for (I=0; i< c->num_keys - 1; i++)
printf("%d ", c->keys[i]);
printf("%d] ->\n", c->keys[i]);
}

return c;

}

record *find(node *root, int key, bool verbose, node **leaf _out) {
if (root == NULL) {
if (leaf_out '= NULL) {
*leaf_out = NULL,;

}

return NULL;
}
inti=0;

node *leaf = NULL;
leaf = findLeaf(root, key, verbose);

for (1= 0; i< leaf->num_keys; i++)
if (leaf->keys[i] == key)
break;
if (leaf_out = NULL) {
*leaf_out = leaf;
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}
If (i == leaf->num_keys)
return NULL;
else
return (record *)leaf->pointers[i];
}

int cut(int length) {
if (length % 2 == 0)
return length / 2;
else
return length /2 + 1;

}

record *makeRecord(int value) {
record *new_record = (record *)malloc(sizeof(record));
if (new_record == NULL) {
perror(*"'Record creation.");
exit(EXIT_FAILURE);
}else {

new_record->value = value;

}

return new_record;

}

node *makeNode(void) {

node *new_node;

new_node = malloc(sizeof(node));

if (new_node == NULL) {

perror("Node creation.");

exit(EXIT_FAILURE);

¥

new_node->keys = malloc((order - 1) * sizeof(int));

If (new_node->keys == NULL) {
perror("New node keys array.");
exit(EXIT_FAILURE);

¥

new_node->pointers = malloc(order * sizeof(void *));

iIf (new_node->pointers == NULL) {
perror("New node pointers array.");
exit(EXIT_FAILURE);

¥

new_node->is_leaf = false;
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new_node->num_keys = 0;
new_node->parent=NULL;
new_node->next = NULL;
return new_node;

}

node *makeLeaf(void) {
node *leaf = makeNode();
leaf->is_leaf = true;
return leaf;

}

int getLeftIndex(node *parent, node *left) {
int left_index = 0;
while (left_index <= parent->num_keys &&
parent->pointers[left_index] != left)
left_index++;
return left_index;

}

node *insertintoLeaf(node *leaf, int key, record *pointer) {
int i, insertion_point;

insertion_point =0;
while (insertion_point < leaf->num_keys && leaf->keys[insertion_point] < key)
insertion_point++;

for (i = leaf->num_keys; i > insertion_point; i--) {
leaf->keys[i] = leaf->keys[i - 1];
leaf->pointers[i] = leaf->pointersJi - 1];

}

leaf->keys[insertion_point] = key;

leaf->pointers[insertion_point] = pointer;

leaf->num_keys++;

return leaf;

}

node *insertintoLeafAfterSplitting(node *root, node *leaf, int key, record
*pointer) {

node *new_ leaf;

int *temp_Kkeys;

void **temp_pointers;

int insertion_index, split, new_key, i, j;
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new_leaf = makeLeaf();

temp_keys = malloc(order * sizeof(int));
If (temp_keys == NULL) {
perror("Temporary keys array.");
exit(EXIT_FAILURE);

}

temp_pointers = malloc(order * sizeof(void *));
If (temp_pointers == NULL) {
perror("Temporary pointers array.");
exit(EXIT_FAILURE);

}

insertion_index = 0;
while (insertion_index < order - 1 && leaf->keys[insertion_index] < key)
insertion_index++;

for (i=0, j=0; i< leaf->num_keys; i++, j++) {
if (j == insertion_index)
j++;
temp_keys[j] = leaf->keys[i];
temp_pointers[j] = leaf->pointers[i];

}

temp_keys[insertion_index] = key;
temp_pointers[insertion_index] = pointer;

leaf->num_keys =0;
split = cut(order - 1);

for (i=0; i< split; i++) {
leaf->pointers[i] = temp_pointers[i];
leaf->keys[i] = temp_keys][i];
leaf->num_keys++;

}

for (i = split, j = 0; i < order; i++, j++) {
new_leaf->pointers[j] = temp_pointers[i];
new_leaf->keys[j] = temp_keysJi];
new_leaf->num_keys++;
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}

free(temp_pointers);
free(temp_keys);

new _leaf->pointers[order - 1] = leaf->pointers[order - 1];
leaf->pointers[order - 1] = new_leaf;

for (i = leaf->num_keys; i < order - 1; i++)
leaf->pointers[i] = NULL;

for (i = new_leaf->num_keys; i < order - 1; i++)
new_leaf->pointers[i] = NULL;

new_leaf->parent = leaf->parent;
new_key = new_leaf->keys|[0];

return insertintoParent(root, leaf, new_key, new_leaf);

}

node *insertintoNode(node *root, node *n,
int left_index, int key, node *right) {
int i;

for (i = n->num_keys; i > left_index; i--) {
n->pointers[i + 1] = n->pointers[i];
n->keys[i] = n->keys][i - 1];

¥

n->pointers[left_index + 1] = right;

n->keys[left_index] = key;

n->num_keys++;

return root;

}

node *insertintoNodeAfterSplitting(node *root, node *old_node, int left_index,
int key, node *right) {
inti, j, split, k_prime;
node *new_node, *child;
int *temp_keys;
node **temp_pointers;

temp_pointers = malloc((order + 1) * sizeof(node *));
If (temp_pointers == NULL) {
exit(EXIT_FAILURE);
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}

temp_keys = malloc(order * sizeof(int));
If (temp_keys == NULL) {
exit(EXIT_FAILURE);

}

for (=0, j=0;i<old_node->num_keys + 1; i++, j++) {
if j == left_index + 1)
s
temp_pointers[j] = old_node->pointers[i];

}

for (i=0, j=0;i<old_node->num_keys; i++, j++) {
if (j == left_index)
j++;
temp_keys[j] = old_node->keys[i;
}

temp_pointers[left_index + 1] = right;
temp_keys[left_index] = key;

split = cut(order);

new_node = makeNode();

old_node->num_keys =0;

for (i=0;i<split-1;i++) {
old_node->pointers[i] =temp_pointers[i];
old_node->keys[i] = temp_keys]i];
old_node->num_keys++;

}

old_node->pointers[i] = temp_pointersJi];

k_prime = temp_keys[split - 1];

for (++i, ] = 0; i < order; i++, j++) {
new_node->pointers[j] =temp_pointers[i];
new_node->keys[j] = temp_keys][i];
new_node->num_keys++;

}

new_node->pointers[j] = temp_pointersJi];

free(temp_pointers);

free(temp_keys);

new_node->parent = old_node->parent;

for (i=0; i <= new_node->num_keys; i++) {
child = new_node->pointers[i];
child->parent = new_node;
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}

return insertintoParent(root, old_node, k_prime, new_node);

}

node *insertintoParent(node *root, node *left, int key, node *right) {
int left_index;
node *parent;

parent = left->parent;

if (parent == NULL)
return insertintoNewRoot(left, key, right);

left_index = getLeftIndex(parent, left);

If (parent->num_keys < order - 1)
return insertintoNode(root, parent, left_index, key, right);

return insertintoNodeAfterSplitting(root, parent, left_index, key, right);
}

node *insertintoNewRoot(node *left, int key, node *right) {
node *root = makeNode();
root->keys[0] = key;
root->pointers[0] = left;
root->pointers[1] = right;
root->num_keys++;
root->parent = NULL;
left->parent = root;
right->parent = root;
return root;

}

node *startNewTree(int key, record *pointer) {
node *root = makeLeaf();
root->keys[0] = key;
root->pointers[0] = pointer;
root->pointersforder - 1] = NULL,;
root->parent = NULL;
root->num_keys++;
return root;
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node *insert(node *root, int key, int value) {
record *record_pointer = NULL,;
node *leaf = NULL,;

record_pointer = find(root, key, false, NULL);
If (record_pointer '= NULL) {
record_pointer->value = value;
return root;

}

record_pointer = makeRecord(value);

if (root == NULL)
return startNewTree(key, record_pointer);

leaf = findLeaf(root, key, false);

if (leaf->num_keys < order - 1) {
leaf = insertintoLeaf(leaf, key, record_pointer);
return root;

}

return insertintoLeafAfterSplitting(root, leaf, key, record_pointer);

}

int main() {
node *root;
char instruction;

root = NULL;

root = insert(root, 5, 33);
root = insert(root, 15, 21);
root = insert(root, 25, 31);
root = insert(root, 35, 41);
root = insert(root, 45, 10);

printTree(root);

findAndPrint(root, 15, instruction = 'a");
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OUTPUT:

25 |

15|35

5]15]25|3545 |

[25] 0 ->

[15] 1 ->

Leaf [15] ->

Record at 0x1609330 -- key 15, value 21.

Aim: Write a program to implement AVL tree .

Source code:
Avl.c

#include <stdio.h>
#include <stdlib.h>

I/ Create Node
struct Node {
int key;
struct Node *left;
struct Node *right;
int height;
o

int max(int a, int b);

// Calculate height
int height(struct Node *N) {
if (N ==NULL)
return O;
return N->height;

}

int max(int a, int b) {
return (a>b) ?a:b;

}

Il Create a node

struct Node *newNode(int key) {
struct Node *node = (struct Node *)
malloc(sizeof(struct Node));
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node->key = key;
node->left = NULL;
node->right = NULL;
node->height = 1;
return (node);

}

I/l Right rotate

struct Node *rightRotate(struct Node *y) {
struct Node *x = y->left;
struct Node *T2 = x->right;

X->right =vy;
y->left = T2;

y->height = max(height(y->left), height(y->right)) + 1;
x->height = max(height(x->left), height(x->right)) + 1,

return x;

}

/I Left rotate

struct Node *leftRotate(struct Node *x) {
struct Node *y = x->right;
struct Node *T2 = y->left;

y->left = x;
x->right = T2;

x->height = max(height(x->left), height(x->right)) + 1;
y->height = max(height(y->left), height(y->right)) + 1,

return y;

}

Il Get the balance factor
int getBalance(struct Node *N) {
If (N ==NULL)
return 0;
return height(N->left) - height(N->right);
¥

/I Insert node
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struct Node *insertNode(struct Node *node, int key) {
// Find the correct position to insertNode the node and insertNode it
if (node == NULL)
return (newNode(key));

If (key < node->key)

node->left = insertNode(node->left, key);
else if (key > node->key)

node->right = insertNode(node->right, key);
else

return node;

// Update the balance factor of each node and

// Balance the tree

node->height = 1 + max(height(node->left),
height(node->right));

int balance = getBalance(node);
if (balance > 1 && key < node->left->key)
return rightRotate(node);

if (balance < -1 && key > node->right->key)
return leftRotate(node);

if (balance > 1 && key > node->left->key) {
node->left = leftRotate(node->left);
return rightRotate(node);

}

if (balance < -1 && key < node->right->key) {
node->right = rightRotate(node->right);
return leftRotate(node);

}

return node;

}

struct Node *minValueNode(struct Node *node) {
struct Node *current = node;

while (current->left 1= NULL)
current = current->left;
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return current;

}

// Delete a nodes
struct Node *deleteNode(struct Node *root, int key) {
// Find the node and delete it
If (root == NULL)
return root;

If (key < root->key)
root->left = deleteNode(root->left, key);

else if (key > root->key)
root->right = deleteNode(root->right, key);

else {
if ((root->left == NULL) || (root->right == NULL)) {
struct Node *temp = root->left ? root->left : root->right;

if (temp == NULL) {
temp = root;
root = NULL;
} else
*root = *temp;
free(temp);

}else {

struct Node *temp = minValueNode(root->right);
root->key = temp->key;

root->right = deleteNode(root->right, temp->key);

}
}

iIf (root==NULL)
return root;

I/l Update the balance factor of each node and

I/ balance the tree

root->height = 1 + max(height(root->left),
height(root->right));

int balance = getBalance(root);
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if (balance > 1 && getBalance(root->left) >= 0)
return rightRotate(root);

if (balance > 1 && getBalance(root->left) < 0) {
root->left = leftRotate(root->left);
return rightRotate(root);

}

if (balance < -1 && getBalance(root->right) <= 0)
return leftRotate(root);

if (balance < -1 && getBalance(root->right) > 0) {
root->right = rightRotate(root->right);
return leftRotate(root);

}

return root;

}

I Print the tree
void printPreOrder(struct Node *root) {
if (root '= NULL) {
printf("%d ", root->key);
printPreOrder(root->left);
printPreOrder(root->right);

}
}

int main() {
struct Node *root = NULL;

root = insertNode(root, 2);
root = insertNode(root, 1);
root = insertNode(root, 7);
root = insertNode(root, 4);
root = insertNode(root, 5);
root = insertNode(root, 3);
root = insertNode(root, 8);

printPreOrder(root);

root = deleteNode(root, 3);
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printf("\nAfter deletion: ");
printPreOrder(root);

return O;

}

OUTPUT:

4213758
After deletion: 421758

Aim: Write a program to implement Red-Block tree.

Source code:
Rbt.c

#include <stdio.h>
#include <stdlib.h>

enum nodeColor {
RED,
BLACK

k

struct roNode {
int data, color;
struct rbNode *link[2];

}

struct roNode *root = NULL;

/I Create a red-black tree
struct roNode *createNode(int data) {
struct roNode *newnode;
newnode = (struct roNode *)malloc(sizeof(struct roNode));
newnode->data = data;
newnode->color = RED;
newnode->link[0] = newnode->link[1] = NULL,;
return newnode;

}

Il Insert an node
void insertion(int data) {
struct roNode *stack[98], *ptr, *newnode, *xPtr, *yPtr;
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int dir[98], ht =0, index;
ptr = root;
if (root) {
root = createNode(data);
return;

}

stack[ht] = root;
dir[ht++] = 0O;
while (ptr '= NULL) {
if (ptr->data == data) {
printf("Duplicates Not Allowed!"\n");
return;
}
index = (data - ptr->data) >0? 1 :0;
stack[ht] = ptr;
ptr = ptr->link[index];
dir[ht++] = index;
¥
stack[ht - 1]->link[index] = newnode = createNode(data);
while ((ht >= 3) && (stack[ht - 1]->color == RED)) {
if (dir[ht-2]==0) {
yPtr = stack[ht - 2]->link[1];
if (yPtr I= NULL && yPtr->color == RED) {
stack[ht - 2]->color = RED;
stack[ht - 1]->color = yPtr->color = BLACK;
ht = ht - 2;
}else {
if (dir[ht-1] ==0) {
yPtr = stack[ht - 1];
}else {
XPtr = stack[ht - 1];
yPtr = xPtr->link[1];
xPtr->link[1] = yPtr->link[0];
yPtr->link[0] = xPtr;
stack[ht - 2]->1link[0] = yPtr;
¥
XPtr = stack[ht - 2];
xPtr->color = RED;
yPtr->color = BLACK;
XPtr->link[0] = yPtr->link[1];
yPtr->link[1] = xPtr;
if (xPtr == root) {
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root = yPtr;
}else {
stack[ht - 3]->link[dir[ht - 3]] = yPtr;
}
break;
}
}else {
yPtr = stack[ht - 2]->1ink[0];
If ((yPtr 1= NULL) && (yPtr->color == RED)) {
stack[ht - 2]->color = RED;
stack[ht - 1]->color = yPtr->color = BLACK;
ht = ht - 2;
}else {
if (dir[ht-1]==1){
yPtr = stack[ht - 1];
}else {
xPtr = stack[ht - 1];
yPtr = xPtr->link[0];
XPtr->1ink[0] = yPtr->link[1];
yPtr->link[1] = xPtr;
stack[ht - 2]->link[1] = yPtr;
}
xPtr = stack[ht - 2];
yPtr->color = BLACK;
xPtr->color = RED;
XPtr->link[1] = yPtr->1ink[0];
yPtr->link[0] = xPtr;
if (xPtr ==root) {
root = yPtr,
}else {
stack[ht - 3]->link[dir[ht - 3]] = yPtr;
}
break;
}
}
}
root->color = BLACK;

}

// Delete a node

void deletion(int data) {
struct roNode *stack[98], *ptr, *xPtr, *yPtr;
struct roNode *pPtr, *qPtr, *rPtr;
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intdir[98], ht =0, diff, i;
enum nodeColor color;

if (Iroot) {
printf("Tree not available\n");
return;

}

ptr = root;
while (ptr I= NULL) {
if ((data - ptr->data) == 0)
break;
diff = (data - ptr->data) >0? 1 :0;
stack[ht] = ptr;
dir[ht++] = diff;
ptr = ptr->link[diff];
}

if (ptr->link[1] == NULL) {
if ((ptr == root) && (ptr->1ink[0] == NULL)) {
free(ptr);
root = NULL,;
} else if (ptr == root) {
root = ptr->link[0];
free(ptr);
}else {
stack[ht - 1]->link[dir[ht - 1]] = ptr->link[0];
¥
}else {
XPtr = ptr->link[1];
if (xPtr->link[0] == NULL) {
XPtr->link[0] = ptr->link[0];
color = xPtr->color;
XPtr->color = ptr->color;
ptr->color = color;

if (ptr == root) {
root = xPtr;

}else {
stack[ht - 1]->link[dir[ht - 1]] = xPtr;

¥
dir[ht] = 1;
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stack[ht++] = xPtr;
}else {

I = ht++;

while (1) {
dir[ht] = 0;
stack[ht++] = xPtr;
yPtr = xPtr->1ink[0];
if ('yPtr->link[0])
break;
XPtr = yPtr,;

}

dir[i] = 1;
stack][i] = yPtr;
if (i>0)
stack[i - 1]->link[dir i - 1]] = yPtr;

yPtr->link[0] = ptr->1ink][O0];

xPtr->link[0] = yPtr->link[1];
yPtr->link[1] = ptr->link[1];

if (ptr ==root) {
root = yPtr,
¥

color = yPtr->color;
yPtr->color = ptr->color;
ptr->color = color;

}
}

if (ht< 1)
return;

if (ptr->color == BLACK) {
while (1) {
pPtr = stack[ht - 1]->link[dir[ht - 1]];
If (pPtr && pPtr->color == RED) {
pPtr->color = BLACK;
break;

}



if (ht<2)
break;

if (dir[ht-2]==0){
rPtr = stack[ht - 1]->link[1];

if ('rPtr)
break;

if (rPtr->color == RED) {
stack[ht - 1]->color = RED;
rPtr->color = BLACK;
stack[ht - 1]->link[1] = rPtr->link][0];
rPtr->1ink[0] = stack[ht - 1];

if (stack[ht - 1] ==root) {
root = rPtr;
}else {
stack[ht - 2]->link[dir[ht - 2]] = rPtr;
¥
dir[ht] = 0;
stack[ht] = stack[ht - 1];
stack[ht - 1] = rPtr;
ht++;

rPtr = stack[ht - 1]->link[1];
}

if (('rPtr->link[0] || rPtr->link[0]->color == BLACK) &&
(rPtr->link[1] || rPtr->link[1]->color == BLACK)) {
rPtr->color = RED;
}else {
if ('rPtr->link[1] || rPtr->link[1]->color == BLACK) {
gPtr = rPtr->link[0];
rPtr->color = RED;
gPtr->color = BLACK;
rPtr->1ink[0] = gPtr->link[1];
gPtr->link[1] = rPtr;
rPtr = stack[ht - 1]->link[1] = qPtr;
¥
rPtr->color = stack[ht - 1]->color;
stack[ht - 1]->color = BLACK;
rPtr->link[1]->color = BLACK;
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stack[ht - 1]->link[1] = rPtr->link][0];
rPtr->link[0] = stack[ht - 1];
If (stack[ht - 1] == root) {
root = rPtr;
}else {
stack[ht - 2]->link[dir[ht - 2]] = rPtr;
}
break;
}
}else {
rPtr = stack[ht - 1]->link[0];
if (rPtr)
break;

if (rPtr->color == RED) {
stack[ht - 1]->color = RED;
rPtr->color = BLACK;
stack[ht - 1]->1ink[0] = rPtr->link[1];
rPtr->link[1] = stack[ht - 1];

if (stack[ht - 1] ==root) {
root = rPtr;
}else {
stack[ht - 2]->link[dir[ht - 2]] = rPtr;
¥
dir[ht] = 1;
stack[ht] = stack[ht - 1];
stack[ht - 1] = rPtr;
ht++;

rPtr = stack[ht - 1]->link[O0];
¥
If (!IrPtr->1link[0] || rPtr->link[0]->color == BLACK) &&
(rPtr->link[1] || rPtr->link[1]->color == BLACK)) {
rPtr->color = RED;
}else {
it ('rPtr->link[0] || rPtr->link[0]->color == BLACK) {
gPtr = rPtr->link[1];
rPtr->color = RED;
gPtr->color = BLACK;
rPtr->link[1] = gPtr->link[0];
gPtr->link[0] = rPtr;
rPtr = stack[ht - 1]->1ink[0] = gPtr;
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}

rPtr->color = stack[ht - 1]->color;
stack[ht - 1]->color = BLACK;
rPtr->link[0]->color = BLACK,;
stack[ht - 1]->1ink[0] = rPtr->link[1];
rPtr->link[1] = stack[ht - 1];
If (stack[ht - 1] == root) {
root = rPtr;
}else {
stack[ht - 2]->link[dir[ht - 2]] = rPtr;
}
break;
}
}
ht--;
}
}
}

/ Print the inorder traversal of the tree
void inorderTraversal(struct roNode *node) {
if (node) {
inorderTraversal(node->1link[0]);
printf("%d ", node->data);
inorderTraversal(node->link[1]);

}

return;

}

I/ Driver code
int main() {
int ch, data;
while (1) {
printf("1. Insertion\t2. Deletion\n");
printf("3. Traverse\t4. Exit");
printf("\nEnter your choice:");
scanf("%d", &ch);
switch (ch) {
case 1:
printf("Enter the element to insert:");
scanf(%d", &data);
insertion(data);
break;

90



case 2:

printf("Enter the element to delete:");

scanf("%d", &data);
deletion(data);
break;
case 3:
inorderTraversal(root);
printf("\n");
break;
case 4:
exit(0);
default:
printf("Not available\n");
break;
}
printf(*\n™);
}

return O;

}

OUTPUT:

1. Insertion

2. Deletion

3. Traverse

4. Exit

Enter your choice:1

Enter the element to insert:2
1. Insertion

2. Deletion

3. Traverse

4. Exit

Enter your choice:1

Enter the element to insert:5
1. Insertion

2. Deletion

3. Traverse

4. Exit

Enter your choice:1

Enter the element to insert:8
1. Insertion

2. Deletion

3. Traverse

4. Exit
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Enter your choice:1

Enter the element to insert:3
1. Insertion

2. Deletion

3. Traverse

4. Exit

Enter your choice:3

2358

VIVA QUESTIONS:

1. What is binary search tree?
What is B+ tree?
What is AVL tree?
What is Red black tree?
What is B tree?

abkownn

P9

Aim: Write a program to implement Depth First Search (DFS) graph traversal
methods.

Source Code:
dfs.c

#include <stdio.h>
int stack[5],top=-1,known[10],n,a[10][10];
void push(int val){
stack[++top]=val;

¥

int pop({

int ver=stack[top--];
printf("%d-> ",ver);
return ver;

¥

int stackempty(){
if(top==-1)

return 1,

else

return O;

¥

void dfs(int sv){
push(sv);
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known[sv]=1,;
while(!stackempty()){

inti;

int v=pop();

for(i=n;i>0;i--){

if('(Y(a[v][i])) &&!(knownli])){
push(i);

known[i]=1;

}

}

}

}

int main(void) {

//'your code goes here

inti,j,sv;

printf("\nEnter number of vertices");
scanf(""%d",&n);

printf(*\n enter %d elements into adjcency matrix",n*n);
for(i=1;i<=n;i++){
for(G=Lj<=n;j++}{
scanf("%d",&a[i][j]);

}

}

printf("\n enter Start vertex");
scanf(%d",&sv);

dfs(sv);

return 0;

¥

Qutput:
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Mon 10:39 PM

student@localhost:~/187Z1A0515

File Edit View Search Terminal Help

[student@localhost 187Z1A0515]% gcc dfs.c
[student@localhost 187Z1A0515]% ./a.out

Enter number of vertices4

enter 16 elements into adjcency matrixo

COOFHHFOOOOHOOOOK

enter Start vertex4 i
4-> 1-> 2-> 3-> [student@localhost 187Z1A05151% []

Aim: Write a program to implement Breadth First Search (BFS) graph traversal
methods.

Source Code:
bfs.c

#include <stdio.h>
#define QUEUE_SIZE 20
#define MAX 20
/lqueue
int queue[QUEUE_SIZE];
int queue_front, queue_end;
void enqueue(int v);
int dequeue();
void bfs(int Adj[MAX][MAX], int n, int source);
int main(void) {
//Ad] matrix
int Adj[MAX][MAX] ;//={{0,1,0,0},{0,0,0,1},{1,0,0,0},{1,0,1,0}};// {0,1,0,0},
{0,1,1,1}, {1,0,0,1}, {0,0,1,0} };
inti,j,n;// = 4; /Ino. of vertex
int starting_vertex ;//= 2,
printf("enter no of vertex");
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scanf(""%d",&n);

printf("\n enter %d vertices into matrix",n);
for(i=0;i<n;i++)

for(j=0;j<n;j++)

scanf("%d", &Adj[i][iD;

printf("\nenter starting vertex");
scanf(""%d",&starting_vertex);

bfs(Adj, n, starting_vertex);

return O;

}

void bfs(int Adj[MAX][MAX], int n, int source) {
/Ivariables
inti, j;

/Ivisited array to flag the vertex that
[Iwere visited
int visited[MAX];

/lqueue
queue_front = 0;
queue_end =0;

//set visited for all vertex to 0O (means unvisited)
for(i=0; i <= MAX; i++) {

visited[i] = 0;

¥

/Imark the visited source
visited[source] = 1,

/lenqueue visited vertex
engueue(source);

/lprint the vertex as result
printf("%d ", source);

/lcontinue till queue is not empty
while(queue_front <= queue_end) {
//dequeue first element from the queue
I = dequeue();
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for( = 0; j <n; j++) {

if(visited[j] == 0 && Adj[i][j] == 1) {

/Imark vertex as visited
visited[j] = 1;

/Ipush vertex into stack
enqueue());

/lprint the vertex as result
printf(%d ", j);

}

}

}

printf("\n™);

}

void enqueue(int v) {
queue[queue_end] =v;
queue_end++;

}

int dequeue() {
intindex = queue_front;
queue_front++;

return queue[index];

}

Output:
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m Terminal Mon 10:42 PM

student@localhost:~/187Z1A0515

File Edit View Search Terminal Help

[student@localhost 187Z1A0515]% gcc bfs.c
[student@localhost 187Z1A0515]% ./a.out
enter no of vertex4

enter 4 vertices into matrix0

COO0OFHFFHPOOOOHOOOOW

enter starting vertex3
3012 .
[student@localhost 187Z1A0515]% | |

Viva Questions

1. What is DFS?

2. What is BFS? Where can we use BFS?

3.What is a graph?

4. What is the use of graph traversal?

5. How many types of graph traversal techniques are there?

P10
'Ig\rig]tt: Implement a pattern matching algorithm using Boyer-Moore, Knuth-Morris-

Source Code:
Boyer-moore.c

# include <limits.h>

# include <string.h>

# include <stdio.h>

# define NO_OF CHARS 256

/I A utility function to get maximum of two integers
int max(int a, int b) {
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return (@>b) ?a: b;
}
/I The preprocessing function for Boyer Moore's bad character heuristic
void badCharHeuristic(char *str, int size, int badchar[NO_OF CHARS]) {
inti;
/' Initialize all occurrences as -1
for (i=0;i<NO_OF CHARS; i++)
badchar[i] = -1;
for (I1=0; i <size; i++)
badchar[(int) str[i]] = 1;
}
void search(char *txt, char *pat) {
int m = strlen(pat);
int n = strlen(txt);
int badchar[NO_OF _CHARS];
badCharHeuristic(pat, m, badchar);
ints = 0; // s is shift of the pattern with respect to text
while (s <= (n-m)) {
intj=m-1;

while (j >= 0 && pat[j] == txt[s + j])
-
if (j<0){
printf("\n pattern occurs at shift = %d", s);
S+=(s+ m<n)?m-badchar[txt[s + m]] : 1;
¥
else
s += max(1, j - badchar[txt[s + j]]);
¥
h

int main() {
char txt[] ="AAABCDE";
char pat[] = "ABCDE",;
search(txt, pat);
return 0;

}

OQUTPUT:
pattern occurs at shift =2

Source Code:
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i) Knuth-Morris-Pratt.C
#include <stdio.h>
void computeLPSArray(char* pat, int M, int* Ips);
// Prints occurrences of pat[] in txt[]
void KMPSearch(char* pat, char* txt)
{

int M = strlen(pat);

int N = strlen(txt);
/I create Ips[] that will hold the longest prefix suffix

// values for pattern

int Ips[M];
Il Preprocess the pattern (calculate Ips[] array)

computeLPSArray(pat, M, Ips);

inti=0; // index for txt[]
int j = 0; // index for pat[]
while (N-i)>=(M-)){
if (pat[j] == txt[i]) {
J+t;
I++;
}

if(j==M){
printf("Found pattern at index %d ", i - j);
i =lpsfj - 11I;
¥
// mismatch after j matches
else if (i< N && pat[j] '=txt[i]) {
// Do not match Ips[0..Ips[j-1]] characters,
I/ they will match anyway

if (j '=0)
J=1ps[j-1];
else
I=i+1;
}
}
}

Il Fills Ips[] for given pattern pat[0..M-1]
void computeLPSArray(char* pat, int M, int* Ips)
{
Il length of the previous longest prefix suffix
int len = 0;
Ips[0] = 0; // Ips[0] is always O
/I the loop calculates Ips[i] for i =1to M-1
inti=1;
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while (i< M) {
if (pat[i] == pat[len]) {
len++;
Ips[i] = len;
i++;
}
else // (pat[i] !'= pat[len])
{
Il This is tricky. Consider the example.
/I AAACAAAA and i = 7. The idea is similar
/[ to search step.
if (len!'=0) {
len = Ips[len - 1];
/I Also, note that we do not increment
/1 here

}
else // if (len==0)

Ips[i] =0;
i++;
¥
¥
¥
¥

// Driver code

int main()

{
char txt[] = "BDABACDABABCABABCD";
char pat[] ="ABABCABAB";
KMPSearch(pat, txt);
return O;

}

OQUTPUT:
Found pattern at index 7

1) What is Boyer-Moore used for?
2) How does Boyer-Moore work?
3)What is the basic principle of Knuth-Morris-Pratt algorithm?
4)What is the problem statement of KMP algorithm?

5)What is KMP algorithm used for?
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