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1. To perform Insertion Sort on an array.

ALGORITHM:

Let A be a linear array of n numbers A [1], A [2], A [3], ...... ,A [n]......Swap be a temporary
variable to interchange the two values. Pos is the control variable to hold the position of
each pass. 

Step 1: Input an array A of n numbers 

Step 2: Initialize i = 1 and repeat through steps 4 by incrementing i by one.
(a) If (i < = n – 1)
(b) Swap = A [I],
(c) Pos = i – 1 

Step 3: Repeat the step 3 if (Swap < A[Pos] and (Pos >= 0))
(a) A [Pos+1] = A [Pos]
(b) Pos = Pos-1 

Step 4: A [Pos +1] = Swap 

Step 5: Exit.

Analysis of Insertion Sort

Count the number of times each line of pseudocode will be executed. 

	Line 
	InsertionSort(A) 
	#Inst. 
	#Exec.

	1 
	for j:=2 to len. of A do 
	c1 
	n

	2 
	key:=A[j] 
	c2 
	n-1

	3 
	/* put A[j] into A[1..j-1] */ 
	c3=0 
	/ 

	4 
	i:=j-1 
	c4 
	n-1

	5 
	while [image: image2.png]{2 0LAl] > key



do 
	c5 
	tj

	6 
	A[i+1]:= A[i] 
	c6 
	

	7 
	i := i-1 
	c7 
	

	8 
	A[i+1]:=key 
	c8 
	n-1


The for statement is executed (n-1)+1 times.

Within the for statement, "key:=A[j]" is executed n-1 times. 

Steps 5, 6, 7 are harder to count. 

Let [image: image3.png]


the number of elements that have to be slide right to insert the jth item. 

Step 5 is executed [image: image4.png]b2 T iy T e Tl



times. 

Step 6 is [image: image5.png]t2-1T a1 T oo T Eny



. 

Add up the executed instructions for all pseudocode lines to get the run-time of the algorithm: 
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What are the [image: image10.png]


? They depend on the particular input. 

Best Case

If it's already sorted, all [image: image11.png]


's are 1. 

Hence, the best case time is 
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where C and D are constants. 

Worst Case
If the input is sorted in descending order, we will have to slide all of the already-sorted elements, so [image: image13.png]


, and step 5 is executed 
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PROGRAM CODE:
#include<iostream.h>

#include<conio.h>

void main()

{clrscr();

int a[20],t,n,temp,j;

cout<<"\nEnter the number of elements of Array: ";

cin>>n;

cout<<"\nEnter the elements of the array: "<<endl;

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


{cin>>a[i];}

cout<<"\nThe array is: ";

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


{cout<<" "<<a[i];}

cout<<"\n";

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


{temp=a[i];


 j=i-1;


 while(temp<a[j] && j>=0)



{a[j+1]=a[j];



 j=j-1;



}


 a[j+1]=temp;


 cout<<"\n The array after "<<i+1<<" iteration is : ";


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



{cout<<" "<<a[k];}


}

cout<<"\n\n\nThe sorted array is "<<endl;

cout<<"\t\t";

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


{cout<<" "<<a[i];}

getch();

}
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2. To perform Quick Sort on an array.

ALGORITHM:

function quicksort(array)

    if length(array) > 1

        pivot := select any element of array

        left := first index of array

        right := last index of array

        while left ≤ right

            while array[left] < pivot

                left := left + 1

            while array[right] > pivot

                right := right - 1

            if left ≤ right

                swap array[left] with array[right]

                left := left + 1

                right := right - 1

        quicksort(array from first index to right)

        quicksort(array from left to last index)

ANALYSIS

The partition routine examines every item in the array at most once, so complexity is clearly O(n). 

Usually, the partition routine will divide the problem into two roughly equal sized partitions. We know that we can divide n items in half log2n times. 

This makes quicksort a O(nlogn) algorithm - equivalent to heapsort.
PROGRAM CODE:
#include<iostream.h>

#include<conio.h>

int partition(int* ,int ,int);

void quick(int* ,int ,int);

void quick(int arr[],int lower,int higher)

{int j;

if(higher>lower)


{j=partition(arr,lower,higher);


 quick(arr,lower,j-1);


 quick(arr,j+1,higher);


}

}

int partition(int arr[],int lower,int higher)

{int j,right,left,temp;

right=lower+1;

left=higher;

j=arr[lower];

while(right<=left)


{while(arr[right]<j)



{right++;}


 while(arr[left]>j)



{left--;}


 if(right<left)



{temp=arr[right];



 arr[right]=arr[left];



 arr[left]=temp;



}


}

temp=arr[lower];

arr[lower]=arr[left];

arr[left]=temp;

return left;

}

void main()

{clrscr();

int n,a[20],high,low;

cout<<"\nEnter no of elements of the array: ";

cin>>n;

low=0;

high=n-1;

cout<<"\nEnter the elements of the array: "<<endl;

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


{cin>>a[i];}

quick(a,low,high);

cout<<"\nThe sorted array is: ";

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


{cout<<" "<<a[i];}

getch();

}
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3. To perform Merge Sort on an array.

ALGORITHM:

function merge_sort(m)

    if length(m) ≤ 1

        return m

    var list left, right, result

    var integer middle = length(m) / 2

    for each x in m up to middle

         add x to left

    for each x in m after or equal middle

         add x to right

    left = merge_sort(left)

    right = merge_sort(right)

    result = merge(left, right)

    return result

function merge(left,right)

    var list result

    while length(left) > 0 or length(right) > 0

        if length(left) > 0 and length(right) > 0

            if first(left) ≤ first(right)

                append first(left) to result

                left = rest(left)

            else
                append first(right) to result

                right = rest(right)

        else if length(left) > 0

            append first(left) to result

            left = rest(left)

        else if length(right) > 0

            append first(right) to result

            right = rest(right)

    end of  while
    return result

ANALYSIS

The straightforward version of function merge requires at most 2n steps (n steps for copying the sequence to the intermediate array b, and at most n steps for copying it back to array a). The time complexity of mergesort is therefore 

T(n) [image: image17.png]


 2n + 2 T(n/2)   and 

T(1)  =  0 

The solution of this recursion yields 

T(n) [image: image18.png]


 2n log(n)  [image: image19.png]


  O(n log(n)) 

Thus, the Mergesort algorithm is optimal, since the lower bound for the sorting problem of Ω(n log(n)) is attained. 

In the more efficient variant, function merge requires at most 1.5n steps (n/2 steps for copying the first half of the sequence to the intermediate array b, n/2 steps for copying it back to array a, and at most n/2 steps for processing the second half). This yields a running time of mergesort of at most 1.5n log(n) steps. Algorithm Mergesort has a time complexity of Θ(n log(n)) which is optimal. 

A drawback of Mergesort is that it needs an additional space of Θ(n) for the temporary array b. 

PROGRAM CODE:
#include <iostream.h>

#include <conio.h>

void MergeSort(int arrays[], int temp[], int size);

void m_sort(int arrays[], int temp[], int left, int right);

void merge(int arrays[], int temp[], int left, int mid, int right);

int arrays[30];

int temp[30];

void MergeSort(int arrays[], int temp[], int size)

{m_sort(arrays,temp,0,size-1);}

void m_sort(int arrays[], int temp[], int left, int right)

{int mid;

 if(right>left)


{mid=(right+left)/2;


 m_sort(arrays,temp,left,mid);


 m_sort(arrays,temp,mid+1,right);


 merge(arrays,temp,left,mid+1,right);


}

}

void merge(int arrays[], int temp[], int left, int mid, int right)

{int i,left_end,num_ele,temp_pos;

 left_end=mid-1;

 temp_pos=left;

 num_ele=right-left+1;

 while((left<=left_end)&&(mid<=right))


{if(arrays[left]<=arrays[mid])



{temp[temp_pos]=arrays[left];



 temp_pos=temp_pos+1;



 left=left+1;



}


 else



{temp[temp_pos]=arrays[mid];



 temp_pos=temp_pos+1;



 mid=mid+1;



}


}


while(left<=left_end)


{temp[temp_pos]=arrays[left];


 left=left+1;


 temp_pos=temp_pos+1;


}


while(mid<=right)


{temp[temp_pos]=arrays[mid];


 mid=mid+1;


 temp_pos=temp_pos+1;


}


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


{arrays[right]=temp[right];


 right=right-1;


}

}

void main()

{clrscr();

int i,n;

cout<<" \nEnter the number of which the array is to be made: ";

cin>>n;

cout<<"\n\nEnter the elements: "<<endl;

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

   {cin>>arrays[i];}

cout<<" \n\n\nThe Unsorted array is -> \n\n\t\t";

for(i=0;i<n;i++)        // Before Merging


{cout<<arrays[i]<<" ";}

MergeSort(arrays,temp,n);

cout<<" \n\n\nThe Sorted array is -> \n\n\t\t";

for(i=0;i<n;i++)        //After merging


{cout<<arrays[i]<<" ";}

getch();

}
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