1. QUESTION 1a

Write a recursive "Merge" method meeting this specification: 

    Inputs: a sorted list L1 and a sorted list L2. 

    Outputs: a sorted list that is the merging of L1 and L2, and, the number of

             times two list elements were compared during the merging process (call it C).

The recursive Merge method returns the merging of L1 and L2 as its result. Thus, after 

executing L1 = Merge(L1,L2,Nc,Njs), L1 contains the result of the merge and the 'other'

list has been destroyed. In other words, at this point, (1) either L2 has been destroyed,

or (2) the old L1 has been destroyed and now L1==L2. 

2. QUESTION 1b

Write a method "General_Sort" that meets this specification: 

    Inputs: a list L, and a method "Cut_In_Two" that meets the specification below 

    Outputs: L is sorted in increasing order, and the integer C defined as follows:

             C is the total number of times two list elements were compared during the 

             sorting process, including the comparisons made by the Merge and Cut_In_Two

             methods.

    General_Sort must use the "general sorting strategy" (described in detail in class): 

    1. Use the procedure Cut_In_Two to divide L into two pieces 

    2. Recursively sort the two pieces 

    3. Merge the results (use the function written in Question 1a). 

The function Cut_In_Two meets this specification: 

    Input: a list L1 containing at least two elements.

    Outputs: non-empty lists L2 and L3 such that L1 = L2+L3 (concatenation), and the

             integer C (the number of times two list elements were compared during the

             cut_in_two process)

    The method Cut_In_Two should "RANDOMLY" cut the list L1 in two pieces. Thus L1 

    can be split at "ANY" position (between 1 and lenght(L1)-1), not necessarily in the 

    middle position.

3. QUESTION 1c

Write a method Merge_Sort that implements the "merge sort algorithm" simply by calling 

GeneralSort with an appropriate Cut_In_Two method (which you must also write). 

Merge_Sort should return the sorted list and the integer C returned by 

GeneralSort. 

4. QUESTION 1d

Write a method Insertion_Sort that implements the "insertion sort algorithm" simply by 

calling GeneralSort with an appropriate Cut_In_Two method (which you must also write). 

Insertion_Sort should return the sorted list and the integer C returned by 

GeneralSort. 

5. QUESTION 2

Choose five different lengths of lists ranging from small (e.g. 10) to large (as large as 

you can and still finish executing in a few minutes), with reasonably-spaced intermediate 

values. For instance: 10, 100, 1000, 10000, 100000. The lists must be randomly generated.

For each of these list lengths, run the program written for question 1 five times using a 

different random number seed each time. Average the results. 

Plot the average number of comparisons (C) for the two sorting algorithms (merge sort and

insertion sort) as a function of the length of the list. 

    Which algorithm is better for sorting short lists? 

    Which will be better for sorting extremely long lists? 

Justify your answers.

6. QUESTION 3 

How would you modify the methods above in order to implements the "quick sort algorithm"

by simply calling General_Sort?

 Hello,
I have tried my best to understand your problem and imply it into my program. The program was little tricky,  but I enjoyed doing it. I

The program is running very smoothly on my pc. 
Note
But while defining the size of array, the maximum size of the array depends on the processor. Very high servers can handle the large size. Small processors create an error “Stack over flow”.
I am running the program for 5 sample array, and printing the no. of comparisions.
int array1 [] = new int [20];


int array2 [] = new int [200];


int array3 [] = new int [2000];


int array4 [] = new int [4000];


int array5 [] = new int [5000];
result for array 1.

comparisions after merge sort 31

 comparisions after insertion sort 19

result for array 2

 comparisions after merge sort 903

 comparisions after insertion sort 41

result for array 3

 comparisions after merge sort 15411

 comparisions after insertion sort 1813

result for array 4.

 comparisions after merge sort 34789

 comparisions after insertion sort 1661

result for array 5.

 comparisions after merge sort 45109

 comparisions after insertion sort 4327

Press any key to continue . . .

	Array size
	Merge sort
	Insertion sort

	10
	31
	19

	100
	903
	41

	1000
	15411
	1813

	2000
	34789
	1661

	2500
	45109
	4327

	
	
	


From the above table it is clear that the insertion sort is a better option in comparison to merge sort.

For long list insertion sort is always a better choice. But for short lists, the merge sort can be used, but the efficiency depends on the elements.
Quick Sort

Quick Sort is like merge sort, is based on the divide and conquer paradigm.

Divide: The array ex. A[p..r] is partitioned into two nonempty subarrays A[p…q] and A[q+1…r] such that each element of A[p..q] is less than or equal to each element of A[q+1…r]. The index q is computed as part of this portioning procedure.
Conquer: The two subarrays A[p..q] and A[q+1..r] are sorted by recursive calls to quicksort.

Combine: Since the subarrays are sorted in place, no work is needed to combine them, the entire arrary A[p..r] is now sorted.

In C, the function would be declared thus: 

void QSort(void *base, Word low, Word high, Word size,

SWord (*compare)(void *, void *),

void (*swap)(void *, void *) )

base

 A pointer to the first element of the entire array.

low 

The lower index of the subarray to sort (16 bits unsigned).

high 

The upper index of the subarray to sort (16 bits unsigned).

size 

The size, in bytes, of the elements (16 bits unsigned).

compare 
A pointer to the comparison function. This will be a function that takes pointers to two elements and returns a negative value if the first element is “less than”

the second, zero if they are “equal”, and positive otherwise. 

Swap

 A pointer to the swap function. This will be a function that takes a pointer to

two elements and performs whatever action is necessary to swap them. Note that this provides the client with the ability to associate arbitrary behavior with the “swap” action. For instance, one of the test clients provided to you swaps strings drawn in a window whenever this function is called by quicksort. You could also imagine situations where the client would want to update other data structures whenever a swap occurs.
Code:
import java.io.*;

import java.util.Random;

class Merge

{


//public int [] L1 = new int [100];


//public int [] L2 = new int [100];


public int [] L1 ;


public int [] L2 ;


int firstL1;


int lastL1;


int firstL2;


int lastL2;


int c=0;

int [] tempArray;

int rec_ins_sort(int A[],int p,int q,int c)

{

  if (p < q)

{

     rec_ins_sort(A,p,q-1,c);  //sort part up through A[q-1]

//     recursive_insert(A,p,q-1,A[q],c); //put A[q] into correct place in A[p..q]

c+=insertionSort(A, q,c);

  }

return c;  

}

int insertionSort(int numbers[], int array_size, int c)

{

  int i, j, index;

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

  {

    index = numbers[i];

    j = i;

    while ((j > 0) && (numbers[j-1] > index))

    {

      numbers[j] = numbers[j-1];

      j = j - 1;


  c++;

    }

    numbers[j] = index;

  }

  return c;

}

int recursive_insert(int A[], int i,int j,int x, int c)

{ //puts x into A[i..j+1] if A[i..j] is sorted

 if (j<0)

{


 return c;

}

if ((i<=j) & (x < A[j]))



{ 




A[j+1]=A[j];   //move A[j] over




c++;




recursive_insert(A,i,j-1,x,c); //puts x into A[i..j]



}


 else A[j+1]=x;

return c;

}

int merge_two(int [] L1,int[] L2 ,int [] tempArray ,int firstL1, int lastL1, int firstL2, int lastL2,int c , int i) 

{


if( (firstL1>lastL1) && (firstL2>lastL2)) {



return c;


}


else if (firstL1>lastL1) {



tempArray[i]=L2[firstL2];


merge_two(L1, L2 , tempArray , firstL1, lastL1,firstL2+1, lastL2, c , i + 1);


}


else if (firstL2>lastL2) {



tempArray[i]= L1[firstL1];


merge_two(L1, L2 , tempArray , firstL1+1, lastL1,firstL2, lastL2, c , i + 1);


}


else if (L1[firstL1]<L2[firstL2]) {




tempArray[i]= L1[firstL1];


merge_two(L1, L2 , tempArray , firstL1+1, lastL1,firstL2, lastL2, c++ , i + 1);


}


else {



 
tempArray[i]= L2[firstL2];


merge_two(L1, L2 , tempArray , firstL1, lastL1,firstL2+1, lastL2, c++ , i + 1);


}


return c;

}

int merge (int [] L1,int[] L2, int c) 

{


int maxSize;


maxSize = L1.length+L2.length ;


tempArray = new int [maxSize];


int i=0;

    c = merge_two(L1,L2,tempArray ,0,L1.length-1, 0, L2.length-1,c, i );


return c;

}

int Cut_In_Two(int L3 [])

{


int size=L3.length;


int pivot =0 ;


int i, j;


int cont=0;


int c=0;


while (cont==0)


{



pivot=(int)(10* Math.random());



if ((pivot > 2)&&(pivot <= size - 3))



{




cont=1;



}


}



j=0;


L1= new int [pivot];


L2 = new int [size - pivot];



i=0;


for (int k = 0; k<= pivot -1 ;i++,k++ ) 


{



L1[i] = L3[k];


}


for (int k = pivot ; k <= size -1 ;k++,j++ ) 


{



L2[j] = L3[k];


}


firstL1=0;


firstL2=0;


lastL1 = pivot-1;


lastL2 = j-1;


c+=rec_ins_sort(L1,0,pivot,c);


c+=rec_ins_sort(L2,0,j,c);


c+= merge(L1,L2,c);


return c;

}// End of cut in two part I

int GeneralSort(DArray arr1, int array1[] , int pivot, int c)


   {

c=Cut(arr1, pivot, array1,c);

return c;


   }

int GeneralSort(DArray arr1,int array1 [] ,int c)


{

c=Cut_In_Two(array1);

return c;

}

int Cut(DArray arr1, int pivot, int array1 [],int c)

{


 DArray temp1 = new DArray(pivot);


 DArray temp2 = new DArray(pivot);


for(int j=0; j<pivot/2; j++) {



temp1.insert(array1[j]);



// for each element,


}


//System.out.println(" first input is : ");


//temp1.display();   // display it


c=   temp1.mergeSort(); 


int i;


L1 =new int [pivot/2];


L2 =new int [pivot/2];


for(int j=0; j<pivot/2; j++)    // for each element,


{



L1[j]=temp1.theArray[j];


}


// temp1.display();


for(int j=pivot/2; j<pivot; j++) {



temp2.insert(array1[j]);


}

   // temp2.display();  ;  // display it


c+=temp2.mergeSort();


for(int j=0; j<pivot/2; j++)    // for each element,


{



L2[j]=temp2.theArray[j];


}


 c += merge(L1,L2,c);


    //temp2.display();


return c;

}

public static void main(String arg[]) {

Merge m1= new Merge();

int array1 [] = new int [20];


int array2 [] = new int [200];


int array3 [] = new int [2000];


int array4 [] = new int [4000];


int array5 [] = new int [5000];

DArray arr1;                    // reference to array

arr1 = new DArray(20);

int c =0;


//------------------------- for array1-------------------//////////


int [] atemp = new int[array1.length/2];


for (int i=0; i<10 ; i++ )


{



array1 [i] =  (int) (100 * (Math.random()));



atemp[i]=array1[i];



//System.out.println("array1 [i]  " + "  " + array1 [i]  );



arr1.insert((array1 [i]));


}

c=
m1.GeneralSort(arr1,array1,(array1.length/2),c);


array1=m1.tempArray;

System.out.println(" comparisions after merge sort " + c);

for (int j =0;j< array1.length;j++ )

{


//System.out.println("    " + array1[j]);

}

c=0;

c=m1.GeneralSort(arr1,atemp,c);

atemp=m1.tempArray;

System.out.println(" comparisions after insertion sort " + c);

for (int j =0;j< atemp.length;j++ )

{


//System.out.println("    " + atemp[j]);

}

//--------------------------------------------- end-------------------------//

//------------------------- for array2-------------------//////////


c =0;


atemp = new int[array2.length/2];


arr1 = new DArray(array2.length);


for (int i=0; i<100 ; i++ )


{



array2 [i] =  (int) (100 * (Math.random()));



atemp[i]=array2[i];

//

System.out.println("array2 [i]  " + "  " + array2 [i]  );



arr1.insert((array2 [i]));


}

c=
m1.GeneralSort(arr1,array2,(array2.length/2),c);


array2=m1.tempArray;

System.out.println(" comparisions after merge sort " + c);

for (int j =0;j< array2.length;j++ )

{

//
System.out.println("    " + array2[j]);

}

c=0;

c=m1.GeneralSort(arr1,atemp,c);

atemp=m1.tempArray;

System.out.println(" comparisions after insertion sort " + c);

for (int j =0;j< atemp.length;j++ )

{

//
System.out.println("    " + atemp[j]);

}

//--------------------------------------------- end-------------------------//


//------------------------- for array3-------------------//////////


c =0;


atemp = new int[array3.length/2];


arr1 = new DArray(array3.length);


for (int i=0; i<(array3.length/2) ; i++ )


{



array3[i] =  (int) (100 * (Math.random()));



atemp[i]=array3[i];

//

System.out.println("array3 [i]  " + "  " + array3[i]  );



arr1.insert((array3[i]));


}

c=
m1.GeneralSort(arr1,array3,(array3.length/2),c);


array3=m1.tempArray;

System.out.println(" comparisions after merge sort " + c);

for (int j =0;j< array3.length;j++ )

{

//
System.out.println("    " + array3[j]);

}

c=0;

c=m1.GeneralSort(arr1,atemp,c);

atemp=m1.tempArray;

System.out.println(" comparisions after insertion sort " + c);

for (int j =0;j< atemp.length;j++ )

{

//
System.out.println("    " + atemp[j]);

}

//--------------------------------------------- end-------------------------//

//------------------------- for array4-------------------//////////

c =0;


atemp = new int[array4.length/2];


arr1 = new DArray(array4.length);


for (int i=0; i<(array4.length/2) ; i++ )


{



array4 [i] =  (int) (100 * (Math.random()));



atemp[i]=array4[i];

//

System.out.println("array4 [i]  " + "  " + array4 [i]  );



arr1.insert((array4 [i]));


}

c=
m1.GeneralSort(arr1,array4,(array4.length/2),c);


array4=m1.tempArray;

System.out.println(" comparisions after merge sort " + c);

for (int j =0;j< array4.length;j++ )

{

//
System.out.println("    " + array4[j]);

}

c=0;

c=m1.GeneralSort(arr1,atemp,c);

atemp=m1.tempArray;

System.out.println(" comparisions after insertion sort " + c);

for (int j =0;j< atemp.length;j++ )

{

//
System.out.println("    " + atemp[j]);

}

//--------------------------------------------- end-------------------------//


//------------------------- for array5-------------------//////////


c =0;


atemp = new int[array5.length/2];


arr1 = new DArray(array5.length);


for (int i=0; i<(array5.length/2) ; i++ )


{



array5 [i] =  (int) (100 * (Math.random()));



atemp[i]=array5[i];

//

System.out.println("array1 [i]  " + "  " + array5 [i]  );



arr1.insert((array5 [i]));


}

c=
m1.GeneralSort(arr1,array5,(array5.length/2),c);


array5=m1.tempArray;

System.out.println(" comparisions after merge sort " + c);

for (int j =0;j< array5.length;j++ )

{

//
System.out.println("    " + array5[j]);

}

c=0;

c=m1.GeneralSort(arr1,atemp,c);

atemp=m1.tempArray;

System.out.println(" comparisions after insertion sort " + c);

for (int j =0;j< atemp.length;j++ )

{

//
System.out.println("    " + atemp[j]);

}

//--------------------------------------------- end-------------------------//

}

}

class DArray

   {

   public int[] theArray;          // ref to array theArray

   private int nElems;               // number of data items

   //-----------------------------------------------------------

   public DArray(int max)            // constructor

      {

      theArray = new int[max];      // create array

      nElems = 0;

      }

   //-----------------------------------------------------------

   public void insert(int value)    // put element into array

      {

      theArray[nElems] = value;      // insert it

      nElems++;                      // increment size

      }

   //-----------------------------------------------------------

   public void display()             // displays array contents

      {

      for(int j=0; j<nElems; j++)    // for each element,

         System.out.print(theArray[j] + " ");  // display it

      System.out.println("");

      }

   //-----------------------------------------------------------

   public int mergeSort()           // called by main()

      {                              // provides workspace

      int[] workSpace = new int[nElems];


  int c=0;

      c= recMergeSort(workSpace, 0, nElems-1,c);


  return c;

      }

   //-----------------------------------------------------------

   private int recMergeSort(int[] workSpace, int lowerBound,int upperBound,int c)

      {

      if(lowerBound == upperBound)            // if range is 1,

         return c;                              // no use sorting

      else

         {                                    // find midpoint

         int mid = (lowerBound+upperBound) / 2;

                                              // sort low half

        c= recMergeSort(workSpace, lowerBound, mid,c);

                                              // sort high half

        c= recMergeSort(workSpace, mid+1, upperBound,c);

                                              // merge them

         c = merge(workSpace, lowerBound, mid+1, upperBound,c);



 return c;

         }  // end else

      }  // end recMergeSort()

   //-----------------------------------------------------------

   private int merge(int[] workSpace, int lowPtr,

                           int highPtr, int upperBound, int c)

      {

      int j = 0;                             // workspace index

      int lowerBound = lowPtr;

      int mid = highPtr-1;

      int n = upperBound-lowerBound+1;       // # of items

      while(lowPtr <= mid && highPtr <= upperBound)

         if( theArray[lowPtr] < theArray[highPtr] )



  {c++;

            workSpace[j++] = theArray[lowPtr++];



  }

         else



  {c++;

            workSpace[j++] = theArray[highPtr++];}

      while(lowPtr <= mid)

         workSpace[j++] = theArray[lowPtr++];

      while(highPtr <= upperBound)

         workSpace[j++] = theArray[highPtr++];

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

         theArray[lowerBound+j] = workSpace[j];


  return c;

      }  // end merge()

   }

