Sorting

Bubble Sort

· Working – 

· Step 1, Compare A[1] & A[2] and arrange them in the desired order so that A[1] < A[2]. Then compare A[2] & A[3] and arrange them so that A[2]< A[3].Continue until we compare A[N] & A[N – 1] and arrange them as A[N] < A [N – 1]. When step one is completed the largest element will occupy N position. Step one involves (n-1) comparisons.

· Step 2, Repeat step with one less comparison. Now we compare and rearrange A [N –2] & A [N – 1] and arrange them as A [N-2] < A [N –1]. When step two is completed the second largest element will occupy the (n-1) position. Step two involves (n – 20 comparisons.

· ……………………….

· ……………………….

· ……………………….

· ……………………….

· Step N –1, Compare A[1] & A[2] and arrange them so that A[1] < A[2].

· Example –
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Since the list has 8 elements the list is sorted after (n –1) passes or 7 passes.

· Complexity – f(n) 
= (n-1) + (n-2) + (n–3) + ……….. + 2 + 1

= n(n –1) /2



worst complexity = in order of  n2/2

· Source Code –

#include <stdio.h>

#include <conio.h>

void main( )

{


int arr[5] = { 25, 17, 31, 13, 2 } ;


int i, j, temp ;


clrscr( ) ;


printf ( "Bubble sort.\n" ) ;


printf ( "\nArray before sorting:\n") ;


for ( i = 0 ; i <= 4 ; i++ )



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


for ( i = 0 ; i <= 3 ; i++ )


{



for ( j = 0 ; j <= 3 - i ; j++ )



{




if ( arr[j] > arr[j + 1] )




{





temp = arr[j] ;





arr[j] = arr[j + 1] ;





arr[j + 1] = temp ;




}



}


}


printf ( "\n\nArray after sorting:\n") ;


for ( i = 0 ; i <= 4 ; i++ )



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


getch( ) ;

}

Quick Sort

· Working – It is an algorithm of divide and conquer type. The problem of sorting a set is reduced to a problem of sorting two smaller set. The first step of the partition procedure is choosing a comparison element x. All elements of the sequence that are less than x the placed left of it and that which are greater is placed on the right of it. The following two parts are also sorted by the recursive application of the above strategy.

· Example – 

Suppose we consider the following list for quick sort

44
33
11
55
77
90
40
60
99
22
88
66
Here we take the 1st number 44 as the number for comparison and set its final position. Beginning with the last number we scan the list from right to left and compare with 44 to find any number that is smaller than 44. The number is 22 and we exchange it with 44.
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Beginning with 22 we scan the list from left to right, comparing each number with 44 and selecting the first number that’s greater than 44. That is 55. We exchange this number 55 with 44 to obtain the list.
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Beginning from 55 in the right we scan for the first number that’s smaller than 44. That is 40. We exchange 40 and 44 and obtain the list.
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Beginning with 44 we scan right and try to find a number that’s smaller than 44. but we find no such number. So all number smaller than 44 are at its left and greater than 44 are at its left. So here we have two sub-lists (22, 33, 11, 40) & (90, 77, 60, 99, 55, 88, 66) which we have to sort by a recursive application of the above algorithm.
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· Complexity – f(n) 
= n + (n-1) + (n–2) + ……….. + 2 + 1

= n(n –1) /2



average complexity = n log n.



worst complexity = in order of n2/2

· Source Code – 

#include <stdio.h>

#include <conio.h>

int split ( int*, int, int ) ;

void main( )

{


int arr[10] = { 11, 2, 9, 13, 57, 25, 17, 1, 90, 3 } ;


int i ;


void quicksort ( int *, int, int ) ;


clrscr( ) ;


printf ( "Quick sort.\n" ) ;


printf ( "\nArray before sorting:\n") ;


for ( i = 0 ; i <= 9 ; i++ )



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


quicksort ( arr, 0, 9 ) ;


printf ( "\nArray after sorting:\n") ;


for ( i = 0 ; i <= 9 ; i++ )



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


getch( ) ;

}

void quicksort ( int a[ ], int lower, int upper )

{


int i ;


if ( upper > lower )


{



i = split ( a, lower, upper ) ;



quicksort ( a, lower, i - 1 ) ;



quicksort ( a, i + 1, upper ) ;


}

}

int split ( int a[ ], int lower, int upper )

{


int i, p, q, t ;


p = lower + 1 ;


q = upper ;


i = a[lower] ;


while ( q >= p )


{



while ( a[p] < i )




p++ ;



while ( a[q] > i )




q-- ;



if ( q > p )



{




t = a[p] ;




a[p] = a[q] ;




a[q] = t ;



}


}


t = a[lower] ;


a[lower] = a[q] ;


a[q] = t ;


return q ;

}

Insertion Sort 

· Working – Suppose an array A with n elements A[1], A [2] ……, A[N] is in memory. The insertion sort algorithm scans A from A[1] to A[N], inserting each element A[K] into its proper position in the previously sorted sub array  A[1], A[2]……..A[K –1].

· Pass 1 – A[1] by itself is trivially sorted.

· Pass 2 – A[2] is inserted either before or after A[1] so that A[1], A [2] is sorted.

· Pass 3 – A[3] is inserted into its proper place in A[1], A[2] as applicable so that A[1], A[2], A[3] is sorted.

· ………………….

· ………………….

· ………………….

· ………………….

· Pass N – A[N] is inserted into A[1], A[2], A[3], A[4]……….., A[N –1] so that A[1], A[2], ………………A[N] is sorted.

· Example –

	Pass
	A[0]
	A[1]
	A[2]
	A[3]
	A[4]
	A[5]
	A[6]
	A[7]
	A[8]

	1
	
	77
	33
	44
	11
	88
	22
	66
	55

	2
	
	77
	33
	44
	11
	88
	22
	66
	55

	3
	
	33
	77
	44
	11
	88
	22
	66
	55

	4
	
	33
	44
	77
	11
	88
	22
	66
	55

	5
	
	11
	33
	44
	77
	88
	22
	66
	55

	6
	
	11
	33
	44
	77
	88
	22
	66
	55

	7
	
	11
	22
	33
	44
	77
	88
	66
	55

	8
	
	11
	22
	33
	44
	66
	77
	88
	55

	Sorted
	
	11
	22
	33
	44
	55
	66
	77
	88


· Complexity – f(n) 
= 1 + 2 + 3 ………. + (n-1)

= n(n –1) /2



average complexity = n(n –1) /4



worst complexity = in order of  n(n –1) /2

· Source Code –

#include <stdio.h>

#include <conio.h>

void main( )

{


int arr[5] = { 25, 17, 31, 13, 2 } ;


int i, j, k, temp ;


clrscr( ) ;


printf ( "Insertion sort.\n" ) ;


printf ( "\nArray before sorting:\n") ;


for ( i = 0 ; i <= 4 ; i++ )



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


for ( i = 1 ; i <= 4 ; i++ )


{



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



{




if ( arr[j] > arr[i] )




{





temp = arr[j] ;





arr[j] = arr[i] ;





for ( k = i ; k > j ; k-- )






arr[k] = arr[k - 1] ;





arr[k + 1] = temp ;




}



}


}


printf ( "\n\nArray after sorting:\n") ;


for ( i = 0 ; i <= 4 ; i++ )



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


getch( ) ;

}

Selection Sort

· Working – It works on the following principle. Find the smallest element in the set and set it in the first position. Then find the second smallest element and put it in the second position and so on.

· Pass 1 – Find the location LOC of the smallest in the list of N elements. A[1], A[2], A[3]…………A[N] and then interchange A[Loc] and A[1]. Then A[1] is sorted.

· Pass 2 – find the location LOC of the smallest in the sublist of (N –1), A[2], A[3], A[4]……..A[N] and then interchange A[Loc] and A[2]. Then A[1], A[2] is sorted, since A[1] < = A[2].

·  Pass 3 – find the location LOC of the smallest in the sublist of (N –2), A[3], A[4]……..A[N] and then interchange A[Loc] and A[3]. Then A[1], A[2], A[3] is sorted, since A[1] < = A[2].

· ……………………………..

· ……………………………..

· …………………………….

· Pass N –1 – Find the location of the smallest element of A[N –1], A[N] and then interchange A[Loc] and A[N –1] 

· Example – 77, 33, 44, 11, 88, 22, 66, 55

	Pass
	A[1]
	A[2]
	A[3]
	A[4]
	A[5]
	A[6]
	A[7]
	A[8]

	K = 1, Loc = 4
	77
	33
	44
	11
	88
	22
	66
	55

	K = 2, Loc = 6
	11
	33
	44
	77
	88
	22
	66
	55

	K = 3, Loc = 6
	11
	22
	44
	77
	88
	33
	66
	55

	K = 4, Loc = 6
	11
	22
	33
	77
	88
	44
	66
	55

	K =5, Loc = 8
	11
	22
	33
	44
	88
	77
	66
	55

	K = 6, Loc = 8
	11
	22
	33
	44
	55
	77
	66
	88

	K = 7, Loc = 7
	11
	22
	33
	44
	55
	66
	77
	88


· Complexity – f(n) 
= 1 + 2 + 3 ………. + (n-1)

= n(n –1) /2

· Source Code – 

#include <stdio.h>

#include <conio.h>

void main( )

{


int arr[5] = { 25, 17, 31, 13, 2 } ;


int i, j, temp ;


clrscr( ) ;


printf ( "Selection sort.\n" ) ;


printf ( "\nArray before sorting:\n") ;


for ( i = 0 ; i <= 4 ; i++ )



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


for ( i = 0 ; i <= 3 ; i++ )


{



for ( j = i + 1 ; j <= 4 ; j++ )



{




if ( arr[i] > arr[j] )




{





temp = arr[i] ;





arr[i] = arr[j] ;





arr[j] = temp ;




}



}


}


printf ( "\n\nArray after sorting:\n") ;


for ( i = 0 ; i <= 4 ; i++ )



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


getch( ) ;

}

Merge Sort

· Working – 

· The set of elements to be sorted is first divided into pairs of two. Then each pair is sorted among its own.

· Then the pairs are merged or joined together to form sub sets of 4 elements. Then these subsets are sorted among itself. 

· Then these subsets are merged to form a subset of 8 elements and sorted among itself. 

· And so on.

· Example –  66, 33, 40, 22, 55, 80, 60, 11, 80, 20, 50, 44, 77, 30

Pass 1
- 
33,66 
22,40
55,88
11,60
20,80
44,50
30,70

Pass 2 -
22,33,40,66
11,55,60,88
20,44,50,80
30,70

Pass 3 -
11,22,33,40,55,60,66,88
20,30,44,50,70,80


Pass 4 -
11,20,22,30,33,40,44,50,55,60,66,70,80,88

· Complexity – f(n) < = n log n

· Worst Case – n log n = O(n log n)

· Average Case – n log n = O(n log n)

· Source Code –

#include <stdio.h>

#include <conio.h>

void main( )

{


int a[5] = { 11, 2, 9, 13, 57 } ;


int b[5] = { 25, 17, 1, 90, 3 } ;


int c[10] ;


int i, j, k, temp ;


clrscr( ) ;


printf ( "Merge sort.\n" ) ;


printf ( "\nFirst array:\n" ) ;


for ( i = 0 ; i <= 4 ; i++ )



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


printf ( "\n\nSecond array:\n" ) ;


for ( i = 0 ; i <= 4 ; i++ )



printf ( "%d\t", b[i] ) ;


for ( i = 0 ; i <= 3 ; i++ )


{



for ( j = i + 1 ; j <= 4 ; j++ )



{




if ( a[i] > a[j] )




{





temp = a[i] ;





a[i] = a[j] ;





a[j] = temp ;




}




if ( b[i] > b[j] )




{





temp = b[i] ;





b[i] = b[j] ;





b[j] = temp ;




}



}


}


for ( i = j = k = 0 ; i <= 9 ; )


{



if ( a[j] <=  b[k] )




c[i++] = a[j++] ;



else




c[i++] = b[k++] ;



if ( j == 5 || k == 5 )




break ;


}


for ( ; j <= 4 ; )



c[i++] = a[j++] ;


for ( ; k <= 4 ; )



c[i++] = b[k++] ;


printf ( "\n\nArray after sorting:\n") ;


for ( i = 0 ; i <= 9 ; i++ )



printf ( "%d\t", c[i] ) ;


getch( ) ;

}

