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Answer as many questions as you can. Use contiguous space for each answer.  Neat and clear answers will be greatly appreciated. Total maximum points:  65 = 100%

1. The initial step of  QuickSort  starts by selecting a pivot and rearranging the entries in the array to be sorted. Assume that the selected pivot is the integer A[0].

Execute this initial step on the array below and show the array after execution of this first step.

628   205   714   693   332   413   227   128   

944   773   374   569   207   576   725   548  

The pivot is marked.

628   205   548   576   332   413   227   128   

207   569   374   773   944   693   725   714  

374   205   548   576   332   413   227   128   

207   569   628    773   944   693   725   714

Entries to the left of 628  are < 628 and to the right are >.      

2. A HEAP can be implemented using an Array. Give the pseudo code for the Up-Heap insertion into a heap. Use your pseudo code to insert the following items into a Heap. 

50 30  70  90  20  40  10  60  80  100  

During the building process, after insertion of  50  30  70  90  20  40  show each step during the insertion of the next item, 10.

UpHeap ( a: Array(1..n), j)

//A(1),…, A(j-1) is a heap.

k ( j; 

while (A(j) < A(j/2)) And (k > 0) ) {

    Swap(A(j), A(j/2));

    K ( j/2;

}

30 50  70  90

20 30  70  90  50

20 30  40  90  50  70

20 30  40  90  50  70  10

20  30  10  90  50  70  40

10  30  20  90  50  70  40

10 30  20  60  50  70  40  90

10 30  20  60  50  70  40  90  80  100

10 enters first in location 7. Its parent is in location 3, so they are swapped. Then it is compared to its new parent, in location 1 and swapped again.

3.   a. Define what is an inversion. 

b. How many inversions are included in the following sequence:

50  30   70   90   20   40  

c. If an array A with 30 distinct integers contains 100 inversions how many inversions 

   does the array B obtained from A by reversing it contain?

Answer: an inversion in a sequence a1, a2, …, an is a pair ai , aj such that ai > aj while i < j.

b. This sequence contains 3 + 1 + 2 + 2 = 8 inversions.

c. An array with 30 integers contains C(30,2) = 15*29 distinct pairs. Any pair ai , aj either forms an inversion in the array A or in its reverse B but not in both.  Since A contains 100 inversions B must contain 15*29 – 100 inversions.

4.  Given a set S of n integers stored in a sorted array and an integer z. Give an algorithm that will determine whether z = x + y where x,y ( S. What is the running time of your algorithm?

Let the sorted array be A.

i ( 0;

while (A[i] <= z) AND (i < A.length) {

k = BinarySearch(A, z-A[i]);  //BinarySearch returns location if found, -1 if not.

if (k >= 0)

   i ( A.length;  //exit z = A[i] + A[k]

else

   i ( i+1;

}

Analysis: The while loop will execute at most n (= A.length) times. Every time through the loop it will execute the binary search which takes log n steps. Hence the running time of this algorithm will  be O(nlog n).

5.  Design and write  methods that will enable a user to display the last 3 digits of ab where a and b are long integers. For instance, a call to to display the last 3 digits of 10012  should display  001.

public static void  displayNum (long k) {


 if   (k < 10)


   System.out.println ("00" + k);


 else  if   (k < 100)


   System.out.println ("0"+k);


        else


 
System.out.println (k);


 }

static  long  PowerMod(long a, long b, long m) {

   long  tempo;

  if (b = =0 ){

   tempo =  1;  //EXIT condition

   }//if

  else  if (b = = 1) tempo = a;

        else { long temp = PowerMod(a,b/2,m);

            if (b%2 = = 0)

               tempo = (temp*temp)%m;

            else

     

    tempo = ((temp*temp)%m)*a%m;



   }

    return tempo;

 } //POWERMOD method

A call to displayNum(Power(a,b,1000)); will do it!

6. Build an expression tree to evaluate the following expression:

((a + 2*b)3 + c*d)*(3*a – (b-c)*d)

Explain how the tree can be used to obtain the equivalent RPN expression. 

Use the tree to obtain the equivalent RPN expression.

(Pick up a copy of the hand drawn tree).

A postorder traversal will give the quivalent RPN expression.

The equivalent RPN expression:   

a  2  b *  +  3  ^ c  d  * +  3  a  *  b  c  -  d  *  -  *

7.  

b) Define: 2-3 tree.  

c) Show the instance variables in the class TwoThreeNode for implementing the ADT 2-3 tree.

d) Insert the following items into a 2-3 tree:  50  30  70  90  10  40  20  60  80  100 39  38  15

e) Delete from the above tree the item 50. Explain and show the exact deletion steps.  

A 2-3 tree is a multiway search tree in which:

1. Nodes may contain 1 or two items.

2. A node with k items has k + 1 children.

3. All leaves are at the same level.

public class TwoThreeNode {

       // Instance variables:

       private Comparable keyedObject1, keyedObject2;

       private TwoThreeNode l_child, m_child, r_child;

     }

(Pick up hand drawn 2-3 tree).

