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Objectives

¢ To provide the knowledge of fundamental concepts of data structures using the c
programming language so that students should get to know that how we are
managing various kinds of data in the computer system and how it is accessed in a
proper way.

e Understand the use and working of the various data structures.

e Learn to be able to build own algorithms and pseudo codes for the various applications of the basic data

structures.



Linear Search Algorithm

Q

Algorithm

Linear_Search(a, n, val) // 'a" is the given array, 'n' is the size of given array, 'val' is the value to search
Step 1: set pos = -1

Step 2:seti =1

Step 3: repeat step 4 while i <=n

Step 4: if a[i] == val

set pos =i

print pos

go to step 6

[end of if]

setii=i+1

[end of loop]

Step 5: if pos = -1

print “value is not present in the array "
[end of if]

Step 6: exit
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Now, let's see the working of the linear search Algorithm.

To understand the working of linear search algorithm, let's take an unsorted array. It will be easy to understand the working of linear

search with an example.

Let the elements of array are -

o 1 2 3 4 5 6 7 8
70140 |30 | 11 (57 |41 | 25|14 | 52

Let the element to be searched is K = 41

Now, start from the first element and compare K with each element of the array.

o 1 2 3 4 5 6 7 8
70 |40 |30 | 1 |57 |41 | 25| 14 | 52

T

K#70

The value of K, i.e., 41, is not matched with the first element of the array. So, move to the next element. And follow the same process

until the respective element is found.




0O 1 2 3 4 5 6 7 8
70 |40 (30| 1 |57 |41 | 25|14 | 52
K#40
0O 1 2 3 4 5 6 7 8
70 (40 |30 | 1 |57 |41 | 25|14 | 52
K#30
O 1 2 3 4 5 6 7 8
70 (40 |30 | 1 |57 |41 | 25|14 | 52
K#1
0O 1 2 3 4 5 6 7 8
70 (40 |30 | 1 |57 |41 | 25|14 | 52
K#57
0O 1 2 3 4 5 6 7 8
70 |40 |30 | 11 |57 |41 | 25|14 | 52
K=41

#include <stdio.h>
int linearSearch(int a[], int n, int val) {

// Going through array sequencially

for(inti=0;i < n;i++)

{
if (a[i] == val)
returni+1;
}
return -1;
}
int main() {

int a[] = {70, 40, 30, 11, 57, 41, 25, 14, 52}; // given array
int val = 41; // value to be searched

int n = sizeof(a) / sizeof(a[0]); // size of array

int res = linearSearch(a, n, val); // Store result
printf("The elements of the array are - ");
for(inti=0;i<n;i++)

printf(“%d ", a[il);

printf("\nElement to be searched is - %d", val);

if (res == -1)

printf("\nElement is not present in the array™);

else

printf("\nElement is present at %d position of array”, res);

return 0;

Q

RNB

GLOBAL UNIVERSITY

Educating stars for lomorrow



GLOBAL UNIVERSITY

P RINB

Educating stars for lomorrow

Binary Search Algorithm

Binary_Search(a, lower_bound, upper_bound, val) // 'a' is the given array, 'lower_bound' is the index of the first array element, 'upper_
Step 1: set beg = lower_bound, end = upper_bound, pos = -1
Step 2: repeat steps 3 and 4 while beg <=end

Step 3: set mid = (beg + end)/2

Step 4: if a[mid] = val

set pos = mid

print pos

go to step 6

else if a[mid] = val

set end = mid - 1

else

set beg = mid + 1

[end of if]

[end of loop]

Step 5: if pos = -1

print "value is not present in the array"

[end of if]

Step 6: exit



Working of Binary search

Now, let's see the working of the Binary Search Algorithm.

To understand the working of the Binary search algorithm, let's take a sorted array. It will be easy to understand the working of Binary

search with an example.

There are two methods to implement the binary search algorithm -

o |terative method

o Recursive method

The recursive method of binary search follows the divide and conquer approach.

Let the elements of array are -

0

!

2

3

4

S

6

7

8

10

12

24

29

39

40

51

56

69

Let the element to search is, K = 56

We have to use the below formula to calculate the mid of the array -

Q
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mid = (beg + end)/2

So, in the given array -

beg =0

end - 8
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mid = (0 + 8)/2 = 4. So, 4 is the mid of the array.

0

]

2

3

4 5 6 7 8

10

24

29 |39 (40 (51 [ 56 | 69

T

Almid] = 39

Almid] < K (or,39 < 56)
So,beg=mid+1=5end=8
Now, mid =(beg +end)/2=13/2=6

1 2 3 4 S 6 7 8 0 1 2 3 4 5 6 7 8
10112 |24 |29 |39 |40 |51 |56 |69 10|12 |24 (29|39 |40 |51 |56 |69
f r
Almid] = 51 Almid] =K (or 56+ 56)
Almid] < K (or, 51 < 56) So, location = mid

. Element found at 7"location of the arra;
So, beg=mid+1=7.end=8 Y

Now, mid =(beg + end)/2=15/2=7
Now, the element to search is found. So algorithm will return the index of the element matched.



#include <stdio.h>

int binarySearch(int a[], int beg, int end, int val)

{

int mid:

if(end >= beg)

{

mid = (beg + end)/2;

/* if the item to be searched is present at middle */

if(a[mid] == val)

{

return mid+1;

/* if the item to be searched is smaller than middle, then it can only be in left subarray */

else if(a[mid] < val)

{

return binarySearch(a, mid+1, end, val);

/* if the item to be searched is greater than middle, then it can only be in right subarray */

else

{

}

return binarySearch(a, beg, mid-1, val);

return -1;

The elements of the array are — 11 14
Element to be searched is — 40

int main() {

int a[] = {11, 14, 25, 30, 40, 41, 52, 57, 70}; // given array

int val = 40; // value to be searched

int n = sizeof(a) / sizeof(a[0]); // size of array

int res = binarySearch(a, 0, n-1, val); // Store result
printf("The elements of the array are - ");
for(inti=0;i<n;i++)

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

printf("\nElement to be searched is - %d", val);

if (res == -1)

printf("\nElement is not present in the array”);

else

printf("\nElement is present at %d position of array”, res);

return 0;

Output

[

Element is present at o position

22 30 40 41 52
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Bubble sort Algorithm

Algorithm

In the algorithm given below, suppose arr is an array of n elements. The assumed swap function in the algorithm will swap the values

of given array elements.

begin BubbleSort(arr)
for all array elements
if ar[i] > arr[i+1]
swapl(arrfi], arr[i+1])
end if
end for
return arr

end BubbleSort
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Now, let's see the working of Bubble sort Algorithm.

To understand the working of bubble sort algorithm, let's take an unsorted array. We are taking a short and accurate array, as we

know the complexity of bubble sort is o(n?).

Let the elements of array are -

113[32]26(35] 10|

First Pass

Sorting will start from the initial two elements. Let compare them to check which is greater.

113[32[ 2635] 10|

Here, 32 is greater than 13 (32 > 13), so it is already sorted. Now, compare 32 with 26.

113[32]26]35] 10|

Here, 26 is smaller than 36. So, swapping is required. After swapping new array will look like -

113]26]32[35] 10|

Now, compare 32 and 35.



13

26

32

35

10

Here, 35 is greater than 32. So, there is no swapping required as they are already sorted.

Now, the comparison will be in between 35 and 10.

13

26

32

35

10

Q)
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Here, 10 is smaller than 35 that are not sorted. So, swapping is required. Now, we reach at the end of the array. After first pass, the

array will be -

13

26

32

10

35

Now, move to the second iteration.
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[13]26]32]10]35]

113]2632]10] 35|

113]26(32]10( 35|

|13]10] 26|32 35|

Here, 10 is smaller than 32. So, swapping is required. After swapping, the array will be -

113102632 35|

[3]26[10[32[35] 0] 2

113]26]10[32] 35|

Now, move to the fourth iteration.

Now, move to the third iteration.

Fourth pass
Third Pass

Similarly, after the fourth iteration, the array will be -

The same process will be followed for third iteration.

|10[13]|26[32]35]

Hence, there is no swapping required, so the array is completely sorted.

|13]26[10[32] 35|

113]26[10[32] 35|

Here, 10 is smaller than 26. So, swapping is required. After swapping, the array will be -
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bubbleSort(array)
n = length(array)
repeat
swapped = false
fori=1ton-1
if array[i - 1] > array[i], then
swap(arrayl[i - 1], array[i])

swapped = true

end if
end for
n=n-"1

until not swapped

end bubbleSort
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void print(int a[], int n) //function to print array elements
{ void main ()
int i;
{
for(i =0;i < n;i++) .
int1, J,temp;

{
printf(*%d *a[il); int a[5] = {10, 35, 32, 13, 26};
} int n = sizeof(a)/sizeof(a[0]);
: printf("Before sorting array elements are - \n"),
void bubble(int a[], int n) // function to implement bubble sort
{ print(a, n);
int i, j, temp; bubble(a, n);
for(i=0;i < n;i++) printf("\nAfter sorting array elements are - \n";
{ .
for(j =i+1;j < m;j++) printla, n)
{ )
if(a[j] < a[i])
{
temp = ali];
ali] = a[jl;
array elements are -
alj] = temp;
} Afte g array elements are -
1
}
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Algorithm

The simple steps of achieving the insertion sort are listed as follows -

Step 1 - If the element is the first element, assume that it is already sorted. Return 1.
Step2 - Pick the next element, and store it separately in a key.

Step3 - Now, compare the key with all elements in the sorted array.

Step 4 - If the element in the sorted array is smaller than the current element, then move to the next element. Else, shift greater

elements in the array towards the right.
Step 5 - Insert the value.

Step 6 - Repeat until the array is sorted.
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Working of Insertion sort Algorithm

Now, let's see the working of the insertion sort Algorithm.

To understand the working of the insertion sort algorithm, let's take an unsorted array. It will be easier to understand the insertion

sort via an example.

Let the elements of array are -

12131 25(8| 32|17

Initially, the first two elements are compared in insertion sort.

12131(25|8|32|17

Here, 31 is greater than 12. That means both elements are already in ascending order. So, for now, 12 is stored in a sorted sub-array.



12

31

25

32

17

Now, move to the next two elements and compare them.

12]31]25]8[32]17
(128l 25[8[32]17

Q
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Here, 25 is smaller than 31. So, 31 is not at correct position. Now, swap 31 with 25. Along with swapping, insertion sort will also check

it with all elements in the sorted array.
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Now, two elements in the sorted array are 12 and 25. Move forward to the next elements that are 31 and 8.

[12]25[31[8]32]17]

[12]25 82 8] 32] 17]

Both 31 and 8 are not sorted. So, swap them.

[12]25] 8 [31]32]17|

After swapping, elements 25 and 8 are unsorted.

So, swap them.

|12] 8 [25]31]32[17]

Now, elements 12 and 8 are unsorted.

CU PENENEY

So, swap them too.

| 8 [12]25(31]32]|17]
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25(31|32|17

So, swap them too.

[8]12]25[31[32]17]

| 8 112]|25(31[32]17|

17 is smaller than 32. So, swap them.

Now, the sorted array has three items that are 8, 12 and 25. Move to the next items that are 31 and 32.
| 8 |12|25‘31|1?|32|

(8 [12[35]

| 8 [12|25(31]32]17]

Hence, they are already sorted. Now, the sorted array includes 8, 12, 25 and 31, Swapping makes 31 and 17 unsorted. So, swap them too.

[ 8[12]25]31]32]17] (8 ]12[25[17]31]32]

B2

Move to the next elements that are 32 and 17.

Now, swapping makes 25 and 17 unsorted. So, perform swapping again.

| 8 [12]17]25]31]32]

Now, the array is completely sorted.
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#include <stdio.h>

void insert(int a[], int n) /* function to sort an aay with insertion sort */

{
inti, j, temp;
for(i=1:i<n;i++){
temp = ali];

j=i-1

while(j>=0 && temp <= a[j]) /* Move the elements greater than temp to one position ahead from their current position*/
{
afj+1] = afjl;
j=i
1
afj+1] = temp;
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void printArr(int a[], int n) /* function to print the array */
{

int i

Educating stars for lomorrow

for(i=0:i<n;i++)

printf("%d ", ali]);

int main()
{
intal] = {12,631, 25,8,32,17};
int n = sizeof(a) / sizeof(a[0]);
printf("Before sorting array elements are - \n");
printArr(a, n);
insert(a, n);
printf("\nAfter sorting array elements are - \n");

printArr(a, n);

return 0;
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Selection Sort Algorithm
Algorithm

SELECTION SORT(arr, n)

Step 1: Repeat Steps 2 and 3 fori = 0 to n-1
Step 2: CALL SMALLEST(arr, i, n, pos)

Step 3: SWAP arr[i] with arr[pos]

[END OF LOOP]

Step 4: EXIT

SMALLEST (arr, i, n, pos)
Step 1: [INITIALIZE] SET SMALL = arr]i]
Step 2: [INITIALIZE] SET pos =i
Step 3: Repeat forj = i+1ton
if (SMALL > arr[j])
SET SMALL = arr[j]
SET pos =
[END OF if]
[END OF LOOP]
Step 4: RETURN pos



Working of Selection sort Algorithm

Now, let's see the working of the Selection sort Algorithm.

To understand the working of the Selection sort algorithm, let's take an unsorted array. It will be easier to understand the Selection

sort via an example.

Let the elements of array are -

|12]29[25[8]32]17 40|

Now, for the first position in the sorted array, the entire array is to be scanned sequentially.

At present, 12 is stored at the first position, after searching the entire array, it is found that 8 is the smallest value.

[12]29] 25 8] 32]17]40]

So, swap 12 with 8. After the first iteration, 8 will appear at the first position in the sorted array.

| 8 29]25[12(32]17]40|

For the second position, where 29 is stored presently, we again sequentially scan the rest of the items of unsorted array. After

scanning, we find that 12 is the second lowest element in the array that should be appeared at second position.

[8]29]2s [@3 32]17]40]

Now, swap 29 with 12. After the second iteration, 12 will appear at the second position in the sorted array. So, after two iterations, the

two smallest values are placed at the beginning in a sorted way.

Q
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The same process is applied to the rest of the array elements. Now, we are showing a pictorial representation of the entire sorting

process.

[8]12]25]29]32]17] 40

EAE AP PR

Now, the array is completely sorted.



Program: Write a program to implement selection sort in C language.

void printArr(int a[], int n) /* function to print the array */
#include <stdio.h> {
int i
for(i=0;i<ni++)

void selection(int arr[], int n)
printf(“%d ", a[i]);

{ )

int i, j, small;

int main()
for(i=0;i <n-1;i++) // One by one move boundary of unsorted subarray {
intaf] ={12,31, 25,8, 32,17}
{ int n = sizeof(a) / sizeof(a[0]);
small = i; //minimum element in unsorted array printf(*Before sorting array elements are - \n")
printArr(a, n);
for{j _ i+1,‘j { n;j++} selection(a, n);
printf("\nAfter sorting array elements are - \n");
if (arr[j] < arr[small]) orintAra, n);
small = j; return O;
// Swap the minimum element with the first element }

int temp = arr[small];
arr[small] = arr[i]; Output:
arr[i] = temp;

}

After the execution of above code, the output will be -

Q
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Algorithm

HeapSort(arr)
BuildMaxHeap(arr)
for i = length(arr) to 2
swap arr[1] with arr[i]
heap_size[arr] = heap_size[arr] ? 1
MaxHeapify(arr,1)
End

BuildMaxHeap(arr)

BuildMaxHeap(arr)
heap_size(arr) = length(arr)
for i = length(arr)/2 to 1

MaxHeapify(arr,i)

End

Heap Sort Algorithm

MaxHeapify(arr,i)

MaxHeapify(arr,i)

L = left(i)

R = right(i)

if L ? heap_size[arr] and arr[L] > arr[i]
largest = L

else

largest = i

if R ? heap_size[arr] and arr[R] > arr[largest]
largest = R

if largest !=i

swap arr[i] with arr[largest]
MaxHeapify(arr,largest)

End

Q
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Working of Heap sort Algorithm

81 (89| 9 |1 |14 | 76| 54| 22

First, we have to construct a heap from the given array and convert it into max heap.

©
@ o Heapify

(M (@) @ 69
@ e

After converting the given heap into max heap, the array elements are -

Max Heap

89 (81 (7622|114 | 9 | 54| 1

Q

Next, we have to delete the root element (89) from the max heap. To delete this node, we have to swap it with the last node, i.e. (11).

After deleting the root element, we again have to heapify it to convert it into max heap.
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(1
(&)

(7

@ ) (® &

Heap after deleting 89

After swapping the array element 89 with 11, and converting the heap into max-heap, the elements of array are -

Q

Heapify N @ @

™ @ () &

Max Heap

81

22

76

11

14

9

oS4

89

Q)

In the next step, again, we have to delete the root element (81) from the max heap. To delete this node, we have to swap it with the

last node, i.e. (54). After deleting the root element, we again have to heapify it to convert it into max heap.
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(54) (76)
@ @ Heapify @ @
W @ © W @

Heap after deleting 81

After swapping the array element 81 with 54 and converting the heap into max-heap, the elements of array are -

Max Heap

76

22

54

1

14

9

81

89

In the next step, we have to delete the root element (76) from the max heap again. To delete this node, we have to swap it with the

last node, i.e. (9). After deleting the root element, we again have to heapify it to convert it into max heap.

(9) (54)
@ @ Heapify @ o
™ OXO

Heap after deleting 76

After swapping the array element 76 with 9 and converting the heap into max-heap, the elements of array are -

Max Heap

Q
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54 (22| 9 | NN |14 |76 |81 |89

In the next step, again we have to delete the root element (54) from the max heap. To delete this node, we have to swap it with the

last node, i.e. (14). After deleting the root element, we again have to heapify it to convert it into max heap.

(19 (22)
@) O W O
O ™

Heap after deleting 54 Max Heap

After swapping the array element 54 with 14 and converting the heap into max-heap, the elements of array are -

22 (14 | 9 | 1 | 54|76 |81 |89

In the next step, again we have to delete the root element (22) from the max heap. To delete this node, we have to swap it with the

last node, i.e. (11). After deleting the root element, we again have to heapify it to convert it into max heap.

@ @Y L@ ®

Heap after deleting 22 Max Heap

Q)
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After swapping the array element 22 with 11 and converting the heap into max-heap, the elements of array are -

14

n

9

22

54

76

81

89

In the next step, again we have to delete the root element (14) from the max heap. To delete this node, we have to swap it with the

last node, i.e. (9). After deleting the root element, we again have to heapify it to convert it into max heap.

Heap after deleting 14

After swapping the array element 14 with 9 and converting the heap into max-heap, the elements of array are -

O

Heapify

Y

Max Heap

n

9

14

22

54

76

81

89

In the next step, again we have to delete the root element (11) from the max heap. To delete this node, we have to swap it with the

last node, i.e. (9). After deleting the root element, we again have to heapify it to convert it into max heap.

O,

Heapify

Heap after deleting 1

O,

Max Heap

After swapping the array element 11 with 9, the elements of array are -

Q)
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o [ n[wu]2z]se]7e]en o]

Now, heap has only one element left. After deleting it, heap will be empty.

@ Remove 9 R Empty

After completion of sorting, the array elements are -

Now, the array is completely sorted.



Program: Write a program to implement heap sort in C language.

#include <stdio.h>

/* function to heapify a subtree. Here 'i' is the

index of root node in array a[l, and 'n' is the size of heap. */

void heapify(int a[], int n, int i)

{

int largest = i; // Initialize largest as root
int left = 2 *i + 1; // left child
int right = 2 *i + 2; // right child
/1 1f left child is larger than root
if (left < n && alleft] > a[largest])
largest = left;
// 1f right child is larger than root
if (right < n && a[right] > a[largest])
largest = right;
// If root is not largest
if (largest 1=i) {
// swap a[i] with a[largest]
int temp = alil;
ali] = a[largest];

al[largest] = temp;

heapify(a, n, largest);

/*Function to implement the heap sort*/
void heapSort(int a[], int n)
{
for(inti=n/2-1i>=0;i-)
heapify(a, n, i);
// One by one extract an element from heap
for(inti=n-1i>=0;i--){
/* Move current root element to end*/
// swap a[0] with ali]
int temp = a[0];

a[0] = alil:
ali] = temp;
heapify(a, i, 0);

}

/* function to print the array elements */

void printArr(int arr[], int n)

{
for (inti=0;i < n; ++i)
{
printf("%d", arr[i]);
printf(" ");
1

Q
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int main()
{
int a[] = {48, 10, 23, 43, 28, 26, 1};
int n = sizeof(a) / sizeof(a[0]);
printf("Before sorting array elements are - \n");
printArr(a, n);
heapSort(a, n);
printf("\nAfter sorting array elements are - \n");
printArr(a, n);

return O;

elements are -




