DATA STRUCTURES WITH C MEGHA.B.R
JUNE-JULY 2009 BMSCE
BANGALORE
PART A

l.a.What is a pointer variable? Can we have multiple pointer to a variable? Explain
Lvalue and Rvalue expression. 06

soln: A variable which holds the address of another variable is called a pointer
variable. In other words, pointer variable is a variable which holds pointer value (i.e.,
address of a variable.)
ex: int *p; /*declaration of a pointer variable */
int a=5;
p = &a;

Yes, we can have multiple pointers to a variable.
Ex: int *p, *q , *r;

int a=10;
p = &a;
q = &a;
r = &a;

Here, p ,q, r all point to a single variable 'a'.

An object that occurs on the left hand side of the assignment operator is called
Lvalue. In other words, Lvalue is defined as an expression or storage location to
which a value can be assigned.

Ex: variables such as a,num,ch and an array element such as a[0], a[i], a[i][j] etc.

Rvalue refers to the expression on right hand side of the assignment operator.
The R in Rvalue indicates read the value of the expression or read the value of the
variable.
Ex: 5, a+2, a[2]+4, a++, --y etc.

b. Write a note on dynamic memory allocation. 08

soln: Dynamic memory allocation is the process of allocating memory during
execution time(run time). This allocation technique uses predefined functions to
allocate and release memory for data during execution time.So if there is an
unpredictable storage requirement, then the dynamic memory allocation technique is
used.
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Characteristics of dynamic memory allocation -
* Memory is allocated during execution time.
* As and when memory is required, memory can be allocated. If not required,
memory can be deallocated.
* Used only for unpredictable memory requirement.
* Execution is slower since memory is to be allocated during run time.
* Memory is allocated only heap area.

Functions that support dynamic memory allocation are:
1. malloc(size) -
This function allows the program to allocate memory explicitly as
and when required and the exact amount needed during execution..
This function allocates a block of memory, the size of which is the
number of bytes specified in the parameter. The syntax is :
ptr = (datatype *) malloc (size);
On successful allocation, the function returns the address of first byte
of allocated memory.
If specified size of memory is not available, the function returns
NULL.

2. calloc(n,size)-
This function is used to allocate multiple blocks of memory.The
number of blocks is determined by the first parameter n. The size of
each block is equal to the number of bytes specified in the parameter
ie..,size. Thus the total number of bytes allocated is n*size and all
bytes will be initialized to 0. The syntax is :
ptr = (datatype*)calloc(n,size);

Here, n 1s the number of blocks to be allocated.

' size is the number of bytes in each block.

3. realloc(ptr,size)-

Sometimes, the allocated memory may not be sufficient and we may
require additional memory space. Also sometimes, the allocated memory
may be much larger and we want to reduce the size of allocated memory.
In both situations, the size of allocated memory can be changed using
realloc() and the process is called reallocation of memory.

Ptr = (data_type*)realloc(ptr,size);
Here, ptr is the pointer to a block of previously allocated memory.
Size is new size of the block.
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c. Show the output of the following block.

main()
{
int num|[5] = {3,4,6,2,1};
int *p = num;
int *q =num+2;
int *r = &num|1];

printf(‘“\n%d%d” ,num[2], *(num+2));

printf(‘“\n%d%d”, *p,*(p+1));
printf(‘“\n%d%d”,*q,*(q+1));
printf(‘“\n%d%d”, *r,*(r-1));

}

soln: The output will be as follows:

66
34
62
43

06

This is becase pointer p points to the first element in the array. Pointer q points
to the third element (no. 6) in the array. Pointer r points to the first element(3) in the

aray.

2.a.

types of structure declaration with examples and its initialization.

What is a structure? How is it different from an array? Explain the different

08

Soln: A structure is defined as a collection of logically related variables under a
single name. All these variables may contain data items of similar or dissimilar data

types.

ARRAYS

STRUTURES

1. An array is a collection of related data
elements of the same type. In other wirds
array is used to represent homogenous
data.

1. Structure is a collection of variables of
similar or dissimilar data type. In other
words, structures are used to represent the
heterogenous data.

2. An array item can be accessed by using
its subscript or using
dereferencing/indirection (*) operator for
pointers.

2. structure items can be accessed using

(134

.7 (dot operator) or “->” ( selection
operator in case of pointers).
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Different types of structure declarations are -
1. Tagged structure — The structure definition associated with structure name is
called tagged structure. Its syntax is:
struct tag_name

{

typel memberl;
type2 member2;

| —

struct tag_name variables;

ex: struct student

{
char name|[10];
int roll_number;
float avg_marks;
|5

struct student cse,ise;

2. Structure variables — The syntax os structure definition and declaration is:
struct

{

typel memberl;
type2 member2;

..........................

ex: struct

{

char name[10];

int roll_number;

float avg_marks;
}cse,ise;

3. Type-defined structure — The structure definition associated with keyword
typedef is called type defined structure. The syntax is:
typedef struct
{

typel memberl;
type2 member2;

..........................
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}JTYPE_ID; /* type_id can be treated as new data type */
TYPE_ID variables;

ex: typedef struct
{
char name[10];
int roll_number;
float avg_marks;
}STUDENT;
STUDENT cse,ise;

Structure initialization : The syntax of initializing structure variables is as follows:

struct tag_name variable = {v1,v2,....vn};
Types of initialization :
* Initialization along with structure definition -
struct student
{
char name[10];
int roll_number;
float avg_marks;
}s ={*“Megha” , 42 ,91.4};

* Initialization during structure declaration -
struct student

{
char name[10];
int roll_number;
float avg_marks;
K

struct student s = {“megha”, 42 , 91.4};

* Initialization during structure declaration with more than one variable-
struct student
{
char name[10];
int roll_number;
float avg_marks;
}s={“Megha”, 42,914} ,a={“Reshma”, 64 ,95.6};
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b. Write a function that accepts a string and returns 1 if string is a palindrome and '0'

if string 1s not a palindrome without using any built-in functions. 06
soln: int is_palin(char str[])
{
char rev([20];
nt 1,n;

/* find the length of the string */
for(i=0; str[i] '="\0"; i++);
n=1i,

/*reverse the string */
for(i=0; str[i] !="\0"; i++)

rev[n-1-1] = str[i];
rev[n] ="\0";

/* compare the 2 strings */
for(i=0; str[i] '="\0"; i++)
if(str[i] !=rev[i])

return O;  /* not a palindrome */
return 1;  /* palindrome */
}
c. Write a note on fseek() and ftell() functions. 06

soln: 1) fseek() - The function fseek() is used to set the file pointer at the specified position.
The file pointer can be moved backwards or forward any number of bytes. The syntax is:
fseek(fp,offset,start_point);

where,

* fpis afile pointer

» offset can take positive, negative or zero value and specifies the number of bytes to

be moved from the location specified by start_point
* start_point can take one of the values as shown below :

CONSTANT VALUE POSITION OF THE FILE
SEEK_SET 0 Beginning of file
SEEK_CURRENT 1 Current position
SEEK_END 2 End of file

The function returns the following values:
* value O on successful
* non zero value on failure.

i1) ftell() - The function ftell() gives the current position of the file pointer from the
beginning of the file. So it always gives the number of bytes from the beginning of the file
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relative to zero. The syntax is:
ftell(fp);
where fp is the file pointer.

Ex: These 2 functions can be used to print the size of the given file as follows:
long file_size(FILE *fp)

{
long length;

/* move file pointer to end of file */
fseek(fp,0,2);

/*obtain current position of file pointer */
length = ftell(fp);
return length;

3.a.  What is a stack? List and implement the basic operations in stack using C. 10

soln: A stack is a special type of a data structure where elements are inserted from one end
and elements are deleted from the same end. This position from where elements are inserted
and from where elements are deleted is called top of stack. Using this approach, the last
element inserted is the first element to be deleted out, and hence stack is also called Last In
First Out(LIFO) data structure.

The various operations that can be performed on stacks are :

* push — Inserting an element on top of stack
* pop — Deleting an element from the top of stack
« display — Display contents of stack

These functions can be implemented as shown below — (assuming passing parameters)

void push( int item, int *top, int s[])
{
/*check for overflow of stack */
if(*top == stack_size-1)
{
printf(“Stack overflow \n”);
return;

}
*top = *top+1;
s[*top] = item;

}

int pop(int *top, int s[])
{
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int item_deleted;

/*stack underflow */
if(*top == -1) return 0;

item_deleted = s[*top];
*top -=1;

return item_deleted;

}

void display(int top, int s[])
{

nt 1;

/* 1s stack empty */

if(top==-1)

{
printf(“Stack is empty\n”);
return;

}

/*display contents of stack */

printf(“Contents of stack are\n”);

for(i=0 ; i<=top ; i++)
printf(“%d\n”,s[1]);

b. Write an algorithm to evaluate a postfix expression. Trace the same algorithm with stack
contents for the following expression : ABC+*CBA-+* with A=1, B=2, C=3. 10

Algorithm postfix_evaluate()
{

read valid postfix expression;

[initialize top of stack and index 1i]
top=-1;
1=0;

while(postfix[i] !'="0")

{
symbol = postfix[i];
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if symbol is a digit
push sumbol on top of stack;

else

{

operand?2 = pop from stack top;
operandl = pop from stack top;

[perform the specified operation on the 2 operands]
result = operand1 (symbol) operand?2;
push result on top of stack;

}

1=1+1;

}

result = pop from top of stack;

print result;

}

Given postfix expression = ABC+*CBA-+* with A=1, B=2, C=3
= 123+%321-+*

syms=string[i] OP2=s[top--]| OP1=s[top--] RES s[++top] STACK S
1 1
2 2 2
1
3 3 3
2
1
+ 3 2 243 =5 5 5
1
* 5 1 1*5=35 5 5
3 3 3
5
2 2 2
3
5
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1 1 1
2
3
5
- 1 2 2-1=1 1 1
3
5
+ 1 3 3+1 =4 4 4
5
* 4 5 5%4 =20 20 20

Result = stack[top] = 20

4.a. Define recursion. Write a recursive function for computing n™ term of fibonacci
sequence.Hence give the trace of stack contents for n=4. 10

soln: Recursion is a technique for defining a problem in terms of one or more
versions of the same problem. A function, which contains a call to itself or a call to
another function, which eventually causes the first function to be called, is known as a
recursive function.

/* recursive function for computing n™ term of fibonacci sequence */

int fib(int n)
{
if(n==1)
return O; // base case : 1* number
if(n == 2)
return 1; //base case : 2™ number
return fib(n-1) + fib(n-2); // General case:Computation of subsequent

//fibonacci numbers
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the trace for n=4 :

fib(4) =2
v O
fib(3) + fib(2)
/ 1 y1=2
fib(2) + ﬁi(n‘\
1 0= 1\

the stack contents are:

fib):>  |Fib(2) =1

Return address of fib():1
fib(:4 |Fib(1)=0

Return address of fib():2
fib():3 Fib(2) =1

Return address of fib():2
fib():2 Fib(3) = fib(2) + fib(1)
Return address of fib():1
FibO:1 | Fib(4) = fib(3) + fib(2)

Return address of main()

b. What is a circular queue? Write implementation of circular queue using array.Also
write following routine of circular queue :
1)Insertion ii)deletion iii)display

soln: In circular queue, the elements of a given queue can be stored efficiently in an
array so as to “wrap around” so that end of the queue is followed by the front of
queue. This circular representation allows the entire array to store the elements
without shifting any data within the queue.

A circular queue is usually represented as follows:
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10

20| 30

40

50

\\
\\
1
030
- \
’ \\
/ . ~
r/ ! \ \‘
|
\ 20 /
\ /1
/
/
-~ _ _ >'\/ //
0
< \ .
\ //
/%

/* Implementation of circular queue using array */

#include<stdio.h>
#include<conio.h>
#include<process.h>
#define queue_size 5

void insert_rear(int item, int q[], int *r, int * count)
{
if(*count == queue_size)
{
printf(“Overflow of queue\n”);
return;
}
*r=(*r+1) % queue_size;
q[*r] = item;
*count += 1;

}

void delete_front(int q[],int *f, int *count)
{
if(*count == 0)
{
printf(“Underflow of queue\n”);
return;
}
printf(“The deleted item is %d\n”, q[*f]);
ql*f] = NULL;
*f = (*f + 1 )%queue_size;
*count -= 1;
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}

if(*count == 0)
f=0,r=-1;

void display(int q[], int f, int count)

{

}

int 1,f1;

if(count==0)

{
printf(“Queue is empty\n”);
return;

}

printf(“‘Contents of queue is:\n”);
f1=f;
for(i=1;i<=count;i++)
{
printf(“%d\n”,q[f1]);
fl1 = (f1+1)%queue_size;

void main()

{

int ch,item,f,r,count,q[20];
clrscr();
f=0;
r=-1;
count=0;
while(1)
{
printf(“1l:Insert 2:Delete 3:Display 4:Exit\n”);
printf(“Enter your choice\n”);
scanf(“%d”,&ch);
switch(ch)
{
case 1: printf(“Enter the item to be inserted\n”);
scanf(“%d”,&item);
insert_rear(item,q,&r,&count);
break;

case 2: delete_front(q,&f,&count);
break;

© www.enggresources.com pg. 13



case 3: display(q,f,count);
break;

default: exit(0);

PART B

5.a. What is linked list? With a neat diagram, show how an element is added and
removed from the front end of the list. 10

soln: A linked list 1s a data structure which is collection of zero or more nodes where
each node has some information. The pictorial representation of the node is shown
below:

info link

A node in a list consists of 2 fields namely, info and link-
* info — This field is used to store the actual data or information to be
manipulated.
* Link — A link basically contains address of the next node in the list.

Algorithm to insert an item at the front of list:
algorithm insert_front(item,first)
{

temp = getnode();

info(temp) = item;

link(temp) = first;

return temp;

% temp H first

20 > 45 10 —r> 80 > 50 | \0

After executing the algorithm, 'first' will be pointing to the node containing 20
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C function to delete a node from the front end of the list:

NODE delete_front(NODE first)

{
NODE temp;

if(first == NULL)

{
printf(“List is empty cannot delete\n”);
return first;

}

temp = first;

temp = temp->link;

printf(“Item deleted = %d\n” first->info);
freenode(first);

return temp;

}

The following figures illustrate deletion of node from front end of list :

temp
50 — 20 — 1 45 \0
first
temp
T .
50 20 45 \O
first
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temp

500 o 20 = 45 0

,,,,,,,,,,,,,,,

first

b.What is a header node? Give example with neat diagram. 04

soln: A header node in a linked list is a special node whose link field always contains
address of the first node of the list, if list is empty, then link field of header node
contains \O(null). Using header node, any node in the list can be accessed. The info
field of such a node usually does not contain any information and such a node does
not represent an item in the list. Sometimes, useful information such as, number of
nodes in the list can be stored in the info field.
Advantages of a list with header node :
* Simplifies insertion and deletion operations.
* Avoid the usage of various casessuch as * presence of only one node”.
* Designing of program will be very simple.
* Circular lists with header node are frequently used because many operations
can be easily implemented.

HEAD

[ E— I
2 20 45 \O
no. Of nodes in the list

c.Write a C function insend(plist,x) to insert the element 'x" at the end of the list 'list'.
06

soln:
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NODE insend(NODE first, int X)

{
NODE temp , cur;

temp = (NODE *)malloc(sizeof(NODE));

temp->info = x;
temp->link = NULL,;

if(first == NULL)
return temp;

cur = first;
while(cur->link != NULL)
{

cur = cur->link;
}
cur->link = temp;
return first;

6.a. List out the advantages and disadvantages of doubly linked list over singly linked

list. 04
soln:
Singly linked list Doubly linked list
1. Traversing is only in one direction. 1. Traversing can be done in both
directions.

2. While deleting a node, its predecessor 2. While deleting a node X, its
is required and can be found only after predecessor can be obtained using 1link

traversing from the beginning of list. of node x. No need to traverse the list.
3. Occupy less memory. 3. occupy more memory.

4. programs will be lenghty and need 4. Using circular linked list with header,
more time to design. efficient and small programs can be

written and hence design is easier.

5. Care is taken to modify only one link |5. Care is taken to modify both links of a
of a node. node.

b.Write a program to insert a given value into an ordered doubly linked list into its
proper position. 06
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soln:

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

struct node

{
int info;
struct node *link;
K
typedef struct node NODE;

NODE insert_order(int item, NODE first)

{
NODE temp,prev,cur;

temp = (NODE*)malloc(sizeof(NODE));
temp->info = item;
temp->link = NULL;

/* inserting the node for the first time */
if(first == NULL)

return temp;

if(item<first->info)

{
temp->link = first;
return temp;
}
/* Find prev and cur locations so that nose temp has to be inserted */
prev = NULL;
cur = first;

while(cur!=NULL and item> cur->info);

prev = cur;
cur = cur->link;

}

/* Insert the node between prev and cur */
prev->link = temp;
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temp->link(cur);
return first;

}

void main()
{
int item;
char ch;
NODE first = NULL;

printf(“Do you want to enter a node\n”);
scanf(“%c”,&ch);
while(ch =="y")

{
printf(“Enter the number\n”);
scanf(“%d”,&item);
first = insert_order(item,first);
printf(“Do you want to enter another node?\n”);
ch = getchar();

}

c. Write a C program to perform the following operations:
* Create a list adding nodes at front.
* Delete a node at given position.

soln:

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

struct node

{
int info;
struct node *link;
K
typedef struct node NODE;

NODE insert_front(int item, NODE first)

{
NODE temp;
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}

temp = (NODE*)malloc(sizeof(NODE));
temp->info = item;

temp->link = first;

return temp;

NODE delete_pos(int pos,NODE first)

{

NODE cur,prev;
int count;

if(first == NULL Il pos<=0)

{
printf(“Invalid position\n”);
return NULL;
}
if(pos == 1)
{
cur = first;
first = first->link;
free(cur);
return first;
}
prev = NULL;
cur = first;
count = 1;
while(cur != NULL)
{
if(count == pos) break;
prev = cur;
cur = cur->link;
}
if(count != pos)
{
printf(“Invalid position\n™);
return first;
}
prev->link = cur->link;
free(cur);

return first;
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void main()

{
NODE first = NULL;
int choice,item,pos;
clrscr();
while(1)
{
printf(“1. Insert front\n 2. delete from specified position\n”);
printf(“Enter your choice\n”);
scanf(“%d”,&choice);
switch(choice)
{
case 1: printf(“Enter the item to be inserted\n”);
scanf(“%d”,&item);
first = insert_front(item,first);
break;
case 2: printf(“Enter the deletion position\n™);
scanf(“%d”,&pos);
first = delete_pos(pos,first);
break;
default: exit(0);
}
}
}
7.a. Define following terms : 1)Binary tree i1)Strictly binary tree iii)Complete binary
tree 1v)Almost complete binary tree 08
soln:

1) Binary tree — A binary tree is a tree which is a collection of zero or more nodes
and finite set of directed lines called branches that connect the nodes. A tree
can be empty or partitioned into three subgroups, namely :

* Root — If tree is not empty, the first node is called root node.
* Left subtree — It is a tree which is connected to the left of root.
* Right subtree - It is a tree which is connected to the right of root.

VAN
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i1) Strictly binary tree - If the outdegree of every node in a tree is either O or 2, then
the tree is said to be strictly binary i.e., each node can have maximum two children or

no children.
Ex:

ii1) Complete binary tree - A strictly binary tree in which the number of nodes at any
level i is 2', is said to be a complete binary tree.
Ex:

iv) Almost complete binary tree - A tree of depth d is an almost complete binary tree

if following two properties are satisfied -
1. If the tree is complete upto the level d-1, then the total number of nodes at

the level d-1 shoud be 2*'.

2. The total number of nodes at level d may be equal to 2°. If the total number
of nodes at level d is less than 2¢, then the number of nodes at level d-1 should
be 2*! and in level d the nodes should be present only from left to right.
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b. Write a C routine to construct a binary search tree and check for duplicate data.
Draw binary search tree constructed for the following input.

4,5,6,2,18,20,1,18,-1,21. 12
soln:
NODE insert(int item , NODE root)
{

temp = (NODE*)malloc(sizeof(NODE));
temp->info = item;
temp->llink = temp->rlink = NULL;

if(root == NULL)
return temp;

prev = NULL:

cur = root;

while(cur != NULL);

{
prev = cur;
if(item == cur->info)
{

printf(“Duplicate items not allowed\n”);
free(temp);
return root;
}
if(item<cur->info)
cur = cur->1link;
else
cur = cur->rlink;
}
if(item<prev->info)
prev->llink = temp;
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else
prev->rlink = temp;
return root;

}

Required binary search tree for the input given=
14,5,6,2,18,20,1,18,-1,21.

(2) (20,
o :

-

8.a. Draw a binary tree for the following expression: 3 +4 * (6 —-7)/5 + 3. Traverse
above constructed tree using preorder and postorder. 06

soln:
e

®)
O §
ofc
@
ONRG
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NOTE: Since finding root is difficult here. Convert this to prefix or postfix to find out
root.

Symbol Stack postfix
3 3
- +
4 3,4
* + *
( +*(
6 3,4,6
- +¥ (-
7 3,4,6,7
) +* 3,4,6,7, -
/ +/ 3,4,6,7,-*5
5 3,4,6,7,-*5/
+ + 3,4,6,7,-*5/+
3 3,4,6,7,-*5/+3+
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