
Unit-4

Sorting :  Sorting  Techniques-  Sorting  by  Insertion:  Straight  Insertion  sort-  List
insertion sort-  Binary insertion sort-  Sorting by selection:  Straight selection sort-
Heap Sort- Sorting by Exchange- Bubble Sort- Shell Sort-Quick Sort-External Sorts:
Merging Order Files-Merging Unorder Files- Sorting Process.

PROGRAM:

#include<stdio.h>
#include<stdlib.h>
int main()
{
int a[100],n,i;
printf("enter size\n");
scanf("%d",&n);
printf("enter values\n");
for(i=0;i<n;i++)
{
scanf("%d",&a[i]);
}
printf("values before sorting\n");
for(i=0;i<n;i++)



{
printf("%d\t",a[i]);
}
bubblesort(a,n);
printf("\n values after sorting\n");
for(i=0;i<n;i++)
{
printf("%d\n",a[i]);
}
return 0;
}

bubblesort(int a[],int n)
{
int i,j,temp;
for(i=0;i<n;i++)
{
for(j=i+1;j<n;j++)
{
if(a[i]>a[j])
{
temp=a[i];
a[i]=a[j];
a[j]=temp;
}
}
}
}

INPUT/OUTPUT:

gpcetadmin@gpcetadmin-Veriton-Series:~$ gcc bs.c
gpcetadmin@gpcetadmin-Veriton-Series:~$ ./a.out
enter size
4
enter values
40
20
30
10
values before sorting

40 20 30 10

 values after sorting



10
20
30
40

PROGRAM:



#include<stdio.h>
#include<stdlib.h>
int main()
{
int a[100],n,i;
printf("enter size\n");
scanf("%d",&n);
printf("enter values\n");
for(i=0;i<n;i++)
{
scanf("%d",&a[i]);
}
printf("values before sorting\n");
for(i=0;i<n;i++)
{
printf("%d\t",a[i]);
}
selectionsort(a,n);
printf("\n values after sorting\n");
for(i=0;i<n;i++)
{
printf("%d\n",a[i]);
}

return 0;
}

selectionsort(int a[],int n)
{
int i,j,temp,min;
for(i=0;i<n;i++)
{
min=i;
for(j=i+1;j<n;j++)
{
if(a[min]>a[j])
{
min=j;
}
}
temp=a[i];
a[i]=a[min];
a[min]=temp;
}
}



INPUT/OUTPUT:

gpcetadmin@gpcetadmin-Veriton-Series:~$ gedit ss.c
gpcetadmin@gpcetadmin-Veriton-Series:~$ gcc ss.c
gpcetadmin@gpcetadmin-Veriton-Series:~$ ./a.out
enter size
4
enter values
40
20
30
10
values before sorting

40 20 30 10
 values after sorting
10
20
30
40



PROGRAM:

#include<stdio.h>
int main()
{
int a[100],n,i;
printf("enter n\n");
scanf("%d",&n);
printf("enter values \n");
for(i=0;i<n;i++)
{
scanf("%d",&a[i]);
}
printf("before sorting\n");
for(i=0;i<n;i++)
{
printf("%d\t",a[i]);
}
is(a,n);
printf("after sorting\n");
for(i=0;i<n;i++)
{
printf("%d\t",a[i]);
}
return 0;
}

is(int a[],int n)
{
int i,j,index;
for(i=1;i<n;i++)
{
index=a[i];
j=i;
while((j>0) && a[j-1]>index)
{
a[j]=a[j-1];
j=j-1;
}
a[j]=index;
}
}

INPUT/OUTPUT:



gpcet@gpcet-HCL-Infosystems-Limited-BIOS-For-GA-G31M-S2L:~$ gcc ins.c
gpcet@gpcet-HCL-Infosystems-Limited-BIOS-For-GA-G31M-S2L:~$ ./a.out
enter n
5
enter values 
50
30
20
10
40
before sorting
50 30 20 10 40
after sorting
10 20 30 40 50

PROGRAM: (Recursive)

#include<stdio.h>
int main()



{
int a[50],n,i;
printf("enter size\n");
scanf("%d",&n);
printf("enter values\n");
for(i=0;i<n;i++)
{
scanf("%d",&a[i]);
}

printf("values before sorting\n");
for(i=0;i<n;i++)
{
printf("%d\t",a[i]);
}
qs(a,n);
printf("values after sorting\n");
for(i=0;i<n;i++)
{
printf("%d\t",a[i]);
}
return 0;
}

qs(int a[],int n)
{
sort(a,0,n-1);
}

sort(int a[],int left,int right)
{
int pivot,l,r;
pivot=a[left];
l=left;
r=right;
while(left<right)
{
while((a[right]>=pivot) && (left<right))
right--;
if(left!=right)
{
a[left]=a[right];
left++;
}



while((a[left]<=pivot) && (left<right))
left++;
if(left!=right)
{
a[right]=a[left];
right--;
}
}
a[left]=pivot;
pivot=left;
left=l;
right=r;
if(left<pivot)
sort(a,left,pivot-1);
if(right>pivot)
sort(a,pivot+1,right);
}

INPUT/OUTPUT:

gpcetadmin@gpcetadmin-MS-7528:~$ gcc qsr.c
gpcetadmin@gpcetadmin-MS-7528:~$ ./a.out

enter size
5
enter values
30
50
20
40
10
values before sorting
30 50 20 40 10
values after sorting
10 20 30 40 50

PROGRAM:( Non-Recursive)
#include <stdio.h>
// A utility function to swap two elements
void swap ( int* a, int* b )
{

int t = *a;



*a = *b;
*b = t;

}

/* This function is same in both iterative and recursive*/
int partition (int arr[], int l, int h)
{

int x = arr[h];
int i = (l - 1);
int j;

for (j = l; j <= h- 1; j++)
{

if (arr[j] <= x)
{

i++;
swap (&arr[i], &arr[j]);

}
}

swap (&arr[i + 1], &arr[h]);

return (i + 1);
}

/* A[] --> Array to be sorted, l --> Starting index, h --> Ending index */

void quickSortIterative (int arr[], int l, int h)
{
// Create an auxiliary stack

int stack[ h - l + 1 ];

// initialize top of stack

int top = -1;

// push initial values of l and h to stack

stack[ ++top ] = l;

stack[ ++top ] = h;



// Keep popping from stack while is not empty

while ( top >= 0 )
{

// Pop h and l
h = stack[ top-- ];

l = stack[ top-- ];

// Set pivot element at its correct position in sorted array
int p = partition( arr, l, h );

// If there are elements on left side of pivot, then push left
// side to stack
if ( p-1 > l )
{

stack[ ++top ] = l;
stack[ ++top ] = p - 1;
}
// If there are elements on right side of pivot, then push right

// side to stack
if ( p+1 < h )

{
stack[ ++top ] = p + 1;

                stack[ ++top ] = h;
}

}
}

void printArr( int arr[], int n )
{

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

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

int main()
{

int arr[] = {4, 3, 5, 2, 1, 3, 2, 3};
int n = sizeof( arr ) / sizeof( *arr );
quickSortIterative( arr, 0, n - 1 );
printArr( arr, n );



return 0;
}

INPUT/OUTPUT:
gpcetadmin@gpcetadmin-HCL-Infosystems-Limited-BIOS-For-GA-G31M-S2L:~$ gcc 
nrqs.c
gpcetadmin@gpcetadmin-HCL-Infosystems-Limited-BIOS-For-GA-G31M-S2L:~$ 
./a.out
1 2 2 3 3 3 4 5

PROGRAM :(Randomized Element as pivot)

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

int partition(int *a,int p,int r)
{
srand(time(0));
int pivot = rand()%(r-p);
pivot += p;
swap(&a[r],&a[pivot]);
pivot = r;
int temp = a[r];
int i = p-1;
int j;
for (j = p; j < r ;j++)
 {
if ( a[j] <  temp )
 {
i++;
swap (&a[i],&a[j]);
}
}
i++;
swap (&a[r],&a[i]);
return i;
}

swap(int *r,int *pivot)
{



int temp;
temp=*r;
*r=*pivot;
*pivot=temp;
}

void quicksort(int *a,int p,int r)
{
if (p < r)
{
int q = partition(a,p,r);
quicksort(a,p,q);
quicksort(a,q+1,r);
}
}

int main() {
// your code goes here

int i;
int a[] ={2,5,6,2,1,9,8};
quicksort (a,0,6);
for (i=0;i<7;i++)
printf("%d\t",a[i]);
return 0;
}

INPUT/OUTPUT:  

  gpcetadmin@gpcetadmin-HCL-Infosystems-Limited-BIOS-For-GA-G31M-S2L:~$ 
gedit sariyu.c
gpcetadmin@gpcetadmin-HCL-Infosystems-Limited-BIOS-For-GA-G31M-S2L:~$ gcc 
sariyu.c
gpcetadmin@gpcetadmin-HCL-Infosystems-Limited-BIOS-For-GA-G31M-S2L:~$ 
./a.out

1 2 2 5 6 8 9

Merge Sort:  



 Merge sort is based on Divide and conquer method. It takes the list to be sorted and
divide it in half to create two unsorted lists. The two unsorted lists are then sorted 
and merged to get a sorted list. The 

 

two unsorted lists are sorted by continually calling the merge-sort algorithm; 
we eventually get a list of size 1 which is already sorted. The two lists of size 
1 are then merged. 

 

 Merge Sort Procedure:  

 This is a divide and conquer algorithm. 
This works as follows : 
1. Divide the input which we have to sort into two parts in the middle. Call it the left 
part and right part. 
Example: Say the input is -10 32 45 -78 91 1 0 -16 then the left part will be -10 32 
45 -78 and the right part will be 91 1 0 6. 
2. Sort each of them separately. Note that here sort does not mean to sort it using 
some other method. We use the same function recursively. 
3. Then merge the two sorted parts. 
Input the total number of elements that are there in an array (number_of_elements). 
Input the array (array[number_of_elements]). Then call the function MergeSort() to 
sort the input array. MergeSort() function sorts the array in the range [left,right] i.e. 
from index left to index right inclusive. Merge() function merges the two sorted 
parts. Sorted parts will be from [left, mid] and [mid+1, right]. After merging output 
the sorted array. 
MergeSort() function: 
It takes the array, left-most and right-most index of the array to be sorted as 
arguments. Middle index (mid) of the array is calculated as (left + right)/2. Check if 
(left<right) cause we have to sort only when left<right because when left=right it is 
anyhow sorted. Sort the left part by calling MergeSort() function again over the left 
part MergeSort(array,left,mid) and the right part by recursive call of MergeSort 
function as MergeSort(array,mid + 1, right). Lastly merge the two arrays using the 
Merge function. 
Merge() function: 
It takes the array, left-most , middle and right-most index of the array to be merged 
as arguments. 
Finally copy back the sorted array to the original array. 

 



main()
{
int a[100],n,i;
printf("enter n\n");
scanf("%d",&n);
printf("enter values\n");
for(i=0;i<n;i++)
{
scanf("%d",&a[i]);
}
printf("values before sorting\n");
for(i=0;i<n;i++)
{
printf("%d\t",a[i]);
}



mergesort(a,0,n-1);
printf("values after sorting\n");
for(i=0;i<n;i++)
{
printf("%d\n",a[i]);
}
}

int mergesort(int a[],int low,int high)
{
int mid;
if(low<high)
{
mid=(low+high)/2;
mergesort(a,low,mid);
mergesort(a,mid+1,high);
merge(a,low,mid,high);
}
}

int merge(int a[ ],int l,int m,int h)
{
int i,j,k,b[50];
i=l;
j=m+1;
k=l;
while(i<=m && j<=h)
{
if(a[i]<=a[j])
b[k++]=a[i++];
else
b[k++]=a[j++];
}
while(i<=m)
b[k++]=a[i++];
while(j<=h)
b[k++]=a[j++];
for(k=l;k<=h;k++)
{
a[k]=b[k];
}
return 0;
}

INPUT/OUTPUT:



gpcetadmin@gpcetadmin-HCL-Infosystems-Limited-BIOS-For-GA-G31M-S2L:~$ gcc 
mer.c
gpcetadmin@gpcetadmin-HCL-Infosystems-Limited-BIOS-For-GA-G31M-S2L:~$ 
./a.out
enter n
3
enter values
30
0
-1
values before sorting
30 0 -1

values after sorting
-1
0
30

Heap Sort:  

 The heap sort algorithm can be divided into two parts. In the first step, a heap is 
built out of the data. In the second step, a sorted array is created by repeatedly 
removing the largest element from the heap, and inserting it into the array. The 
heap is reconstructed after each removal. Once all objects have been removed from
the heap, we have a sorted array. The direction of the sorted elements can be 
varied by choosing a min-heap or max-heap in step one. Heap sort can be 
performed in place. The array can be split into two parts, the sorted array and the 
heap. 

 

#include<stdio.h>
 int p(int);
 int left(int); 
 int right(int); 
void heapify(int[],int,int);
 void buildheap(int[],int);



 void heapsort(int[],int);
 void main() 
{ 
int x[20],n,i; 
printf("enter the no. of elements to b sorted");
 scanf("%d",&n); 
printf("enter the elements "); 
for(i=0;i<n;i++) 
scanf("%d",&x[i]); 
printf("values before sorting\n");
for(i=0;i<n;i++)
printf("%d\t ",x[i]);
heapsort(x,n);
 printf("sorted array is\n");
 for(i=0;i<n;i++) 
printf("%d\t ",x[i]);
 }

int p(int i) 
{ 
return i/2; 
} 

int left(int i) 
{
 return 2*i+1;
 }

 int right(int i)

 {
 return 2*i+2;
 }

void heapify(int a[],int i,int n)
 {
 int l,r,large,t;
 l=left(i);



 r=right(i);
 if((l<=n-1)&&(a[l]>a[i])) 
large=l;
 else large=i;
 if((r<=n-1)&&(a[r]>a[large]))
 large=r; 
if(large!=i)
 { 
t=a[i];
 a[i]=a[large];
 a[large]=t;
 heapify(a,large,n);
 }
 }

void buildheap(int a[],int n)
{
 int i;
 for(i=(n-1)/2;i>=0;i--)
 heapify(a,i,n);
 }

void heapsort(int a[],int n) 
{
 int i,m,t;
 buildheap(a,n);
 m=n ; 
for(i=n-1;i>=1;i--) 
{
 t=a[0];
 a[0]=a[i];

 a[i]=t;
 m=m-1;
 heapify(a,0,m);
 }
 }

INPUT/OUPUT:
gpcetadmin@gpcetadmin-HCL-Infosystems-Limited-BIOS-For-GA-G31M-S2L:~$ gcc 
hs.c
gpcetadmin@gpcetadmin-HCL-Infosystems-Limited-BIOS-For-GA-G31M-S2L:~$ 
./a.out



enter the no. of elements to b sorted5
enter the elements 50
30
20
10
40
values before sorting
50  30  20  10  40
 sorted array is
10  20  30  40  50





nd=nd+1; 
big=big/10; 
} /*checking number of digits in the biggest number*/ 
for(i=0;i<n;i++) 
{ 
for(j=0;j<n;j++) 
{ 
b_no=((a[j]/div)%10); 
bucket[b_no][ctr[b_no]]=a[j]; 
ctr[b_no]=ctr[b_no]+1; 
} /*Inserting the numbers in to the buckets*/ 
div=div*10; 
j=0; 
for(k=0;k<10;k++) 
{ 
for(l=0;l<ctr[k];l++) 
{ 
a[j]=bucket[k][l]; 
j++; 
} 
ctr[k]=0; 
} /*collecting the elements from the buckets*/ 
} 
} 
void main() 
{ 
int i,n,a[20]; 
printf("\nEnter n:"); 
scanf("%d",&n); 
printf("\nEnter the elements:"); 
for(i=0;i<n;i++) 
scanf("%d",&a[i]); 
printf("\nElements before sorting:\n"); 
for(i=0;i<n;i++) 
printf("%5d",a[i]); 
radix_sort(a,n); 
printf("\nElements after sorting:\n"); 
for(i=0;i<n;i++) 
printf("%5d",a[i]); 
getch(); 
} 

 

 Output:  

 Enter n:5 
Enter the elements:013 323 526 314
33 
Elements before sorting: 
13 323 526 314 33 
Elements after sorting: 
13 33 314 323 526 

 

 Step-by-step example:  



 Original, unsorted list: 
170, 45, 75, 90, 802, 24, 2, 66 

 

 Shellsort 
 Improves on insertion sort. 



 Starts by comparing elements far apart, then elements less far apart, and finally comparing adjacent 
elements (effectively an insertion sort). By this stage the elements are sufficiently sorted that the 
running time of the final stage is much closer to O(N) than O(N2). 

Shellsort, is also known as the diminishing increment sort, 
Shellsort is one of the oldest sorting algorithms, named 
after its inventor Donald. L. Shell (1959). It is fast, 
easy to understand and easy to implement. However, its
complexity analysis is sophisticated. The idea of 
Shellsort is the following: 
a) arrange the data sequence in a two-dimensional array
b) sort the columns of the array 

 The effect is that the data sequence is partially sorted. The process above is repeated, but each 
time with a narrower array, i.e. with a smaller number of columns. In the last step, the array 
consists of only one column. 
In each step, the sortedness of the sequence is increased, until in the last step it is completely 
sorted. However, the number of sorting operations necessary in each step is limited, due to the 
presortedness of the sequence obtained in the preceding steps. 
Example: Let 3 7 9 0 5 1 6 8 4 2 0 6 1 5 

7 3 4 9 8 2 be the data sequence to be 
sorted. First, it is arranged in an array with 7 
columns (left), then the columns are sorted 
(right): 

3 7 9 0 5 1 6 
8 4 2 0 6 1 5 
7 3 4 9 8 2 

 3 3 2 0 5 1 5 
7 4 4 0 6 1 6 
8 7 9 9 8 2 

 Data elements 8 and 9 have now already come to the end of the 
sequence, but a small element (2) is also still there. In the next step, the 
sequence is arranged in 3 columns, which are again sorted: 

3 3 2 
0 5 1 
5 7 4 
4 0 6 
1 6 8 
7 9 9 
8 2 

 0 0 1 
1 2 2 
3 3 4 
4 5 6 
5 6 8 
7 7 9 
8 9 

Now the sequence is almost completely sorted. When arranging it in one 
column in the last step, it is only a 6, an 8 and a 9 that have to be moved 
a little bit to their correct positions 

Implementation Actually, the data sequence is not arranged in a two-dimensional array, but held in a
one-dimensional array that is indexed appropriately. 
The algorithm uses an increment sequence to determine how far apart elements to be sorted are: 
h1, h2, ..., ht with h1 = 1 



At first elements at distance ht are sorted, then elements at distance ht-1, etc, until finally the array is 
sorted using insertion sort (distance h1 = 1).

An array is said to be hk-sorted if all elements spaced a distance hk apart are sorted relative to each 
other. 
Shellsort only works because an array that is hk-sorted remains hk-sorted when hk- 1-sorted. This 
means that subsequent sorts with a smaller increment do not undo the work done by previous phases

The correctness of the algorithm follows from the fact that in the last step (with h = 1) an ordinary 
Insertion Sort is performed on the whole array. But since data are presorted by the preceding steps (h 
= 3, 7, 21, ...) only few Insertion Sort steps are required.

int j, p, gap; 
comparable tmp; 
for (gap = N/2; gap > 0; gap = gap/2) 
for ( p = gap; p < N ; p++) 
{ 
tmp = a[p]; 
for (j = p; j >= gap && tmp < a[j- gap]; j = j - gap) 
a[j] = a[j-gap]; 
a[j] = tmp;

What should the increment sequence be? 
There are many choices for the increment sequence. Any sequence that begins at 1 and always 
increases will do, although some yield better performance than others: 
1. Shell's original sequence: N/2 , N/4 , ..., 1 (repeatedly divide by 2); 
2. Hibbard's increments: 1, 3, 7, ..., 2k - 1 ; 
3. Knuth's increments: 1, 4, 13, ..., (3k - 1) / 2 ; 
4. Sedgewick's increments: 1, 5, 19, 41, 109, .... Each term is of the form either 9 ·4k - 9 ·2k + 1 or 4k -
3 ·2k + 1. 

Analysis 
A Shellsort's worst-case performance using Hibbard's increments is Θ(n3/2). 
The average performance is thought to be about O(n5/4) 
The exact complexity of this algorithm is still being debated . 
Experience shows that for mid-sized data (tens of thousands elements) the algorithm performs nearly 
as well if not better than the faster (n log n) sorts.


