CSC 230 “Data Structures”

Midterm Exam (ALL)
Fall 2004
1. Given the attached ArrayBag implementation for the Bag abstract data structure, provide the implementation for the delta operation given its following prototype :  public BagADT delta (BagADT bag). The operation delta will form a bag of elements that appear only in one of the two given bags and not in both. The reference to that bag is at the end returned by the delta method. For example, if bag1 contains elements 3, 5, 6, 8, 9, 10 and bag2 1, 2, 3, 4, 5, 7, the call bag1.delta(bag2) would return a reference to bag3  containing the elements 1, 2, 4, 6, 7, 8, 9, 10  (6, 8, 9, 10 belong to bag1 but not to bag2, and 1, 2, 4, 7 belong to bag2, but not to bag1).
Attachment :

public class ArrayBag implements BagADT

{

   private static Random rand = new Random();

   private final int DEFAULT_CAPACITY = 100;

   private final int NOT_FOUND = -1;

   private int count;  // the current number of elements in the bag 

   private Object[] contents; 

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

   //  Creates an empty bag using the default capacity.

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

   public ArrayBag()

   {

      count = 0;

      contents = new Object[DEFAULT_CAPACITY];

   }

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

   //  Creates an empty bag using the specified capacity.

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

   public ArrayBag (int initialCapacity)

   {

      count = 0;

      contents = new Object[initialCapacity];

   }

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

   //  Adds the specified element to the bag, expanding the capacity

   //  of the bag array if necessary.

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

   public void add (Object element)

   {

      if (size() == contents.length) 

         expandCapacity();

      contents[count] = element;

      count++;

   }

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

   //  Adds the contents of the parameter to this bag.

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

   public void addAll (BagADT bag)

   {

      Iterator scan = bag.iterator();

      while (scan.hasNext())

         add (scan.next());

   }

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

   //  Removes a random element from the bag and returns it. Throws

   //  an EmptyBagException if the bag is empty.

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

   public Object removeRandom() throws EmptyBagException

   {

      if (isEmpty())

         throw new EmptyBagException();

      int choice = rand.nextInt(count);

      Object result = contents[choice];

      contents[choice] = contents[count-1];  // fill the gap

      contents[count-1] = null;

      count--;

      return result;

   }

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

   //  Removes one occurance of the specified element from the bag

   //  and returns it. Throws an EmptyBagException if the bag is

   //  empty and a NoSuchElemetnException if the target is not in

   //  the bag.

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

   public Object remove (Object target) throws EmptyBagException,

                                            NoSuchElementException

   {

      int search = NOT_FOUND;

      if (isEmpty())

         throw new EmptyBagException();

      for (int index=0; index < count && search == NOT_FOUND; index++)

         if (contents[index].equals(target))

            search = index;

      if (search == NOT_FOUND)

         throw new NoSuchElementException();

      Object result = contents[search];

      contents[search] = contents[count-1];

      contents[count-1] = null;

      count--;

      return result;

   }

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

   //  Returns a new bag that is the union of this bag and the

   //  parameter.

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

   public BagADT union (BagADT bag)

   {

      ArrayBag both = new ArrayBag();

      for (int index = 0; index < count; index++)

         both.add (contents[index]);

      Iterator scan = bag.iterator();

      while (scan.hasNext())

         both.add (scan.next());

      return both;

   }

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

   //  Returns true if this bag contains the specified target

   //  element.

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

   public boolean contains (Object target)

   {

      int search = NOT_FOUND;

      for (int index=0; index < count && search == NOT_FOUND; index++)

         if (contents[index].equals(target))

            search = index;

      return (search != NOT_FOUND);

   }

 public boolean containsBB (BingoBall target)

 {

 
System.out.println ("I'm in ArrayBag contains with BingoBalls!!!");

      
int search = NOT_FOUND;

      
for (int index=0; index < count && search == NOT_FOUND; index++)

         

if (((BingoBall)contents[index]).equals(target))

            

search = index;

      
return (search != NOT_FOUND);

 }

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

   //  Returns true if this bag contains exactly the same elements

   //  as the parameter.

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

   public boolean equals (BagADT bag)

   {

      boolean result = false;

      ArrayBag temp1 = new ArrayBag();


 ArrayBag temp2 = new ArrayBag();


 Object obj;

      if (size() == bag.size())

      { 


    temp1.addAll(this);

         temp2.addAll(bag);

         Iterator scan = bag.iterator();


    while (scan.hasNext())


    {



  obj = scan.next();   


       if (temp1.contains(obj))



     {




   temp1.remove(obj);




   temp2.remove(obj);




}


    }


    result = (temp1.isEmpty() && temp2.isEmpty());

      }

      return result;

   }

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

   //  Returns true if this bag is empty and false otherwise. 

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

   public boolean isEmpty()

   {

      return (count == 0);

   }

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

   //  Returns the number of elements currently in this bag.

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

   public int size()

   {

      return count;

   }

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

   //  Returns an iterator for the elements currently in this bag.

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

   public Iterator iterator()

   {

      return new ArrayIterator (contents, count);

   }

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

   //  Returns a string representation of this bag. 

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

   public String toString()

   {

      String result = "";

      for (int index=0; index < count; index++) 

         result = result + contents[index].toString() + "\n";

      return result;

   }

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

   //  Creates a new array to store the contents of the bag with

   //  twice the capacity of the old one.

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

   private void expandCapacity()

   {

      Object[] larger = new Object[contents.length*2];

      for (int index=0; index < contents.length; index++)

         larger[index] = contents[index];

      contents = larger;

   }
public BagADT delta (BagADT bag)

   {

   
ArrayBag result = new ArrayBag();

      Iterator scan = iterator();

      Object  obj;

      while (scan.hasNext())

      {



obj =  scan.next();



if (! bag.contains(obj))



{


  

result.add(obj);



}

      }

      Iterator scanBag = bag.iterator();

      while (scanBag.hasNext())

      {



obj =  scanBag.next();



if (! contains(obj))



{


  

result.add(obj);



}

      }

      return result;

   }

}

35 points.

1. Given the attached LinkedBag implementation for the Bag abstract data structure, provide the implementation for the disjunct operation given its following prototype :  public boolean disjunct (BagADT bag). The operation disjunct will return true  if the two given bags have no common element and false otherwise. 
Attachment :

//********************************************************************

//  LinkedBag.java       Authors: Lewis/Chase

//

//  Represents a linked implementation of a bag.

//********************************************************************

package jss2;

import jss2.exceptions.*;

import java.util.*;

public class LinkedBag implements BagADT

{

   private static Random rand = new Random();

   private int count;  // the current number of elements in the bag 

   private LinearNode contents; 

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

   //  Creates an empty bag.

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

   public LinkedBag()

   {

      count = 0;

      contents = null;

   }

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

   //  Adds the specified element to the bag.

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

   public void add (Object element)

   {

      LinearNode node = new LinearNode (element);

      node.setNext(contents);

      contents = node;

      count++;

   }

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

   //  Adds the contents of the parameter to this bag.

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

   public void addAll (BagADT bag)

   {

      Iterator scan = bag.iterator();

      while (scan.hasNext())

         add (scan.next());

   }

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

   //  Removes a random element from the bag and returns it. Throws

   //  an EmptyBagException if the bag is empty.

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

   public Object removeRandom() throws EmptyBagException

   {

      LinearNode previous, current;

      Object result = null;

      if (isEmpty())

         throw new EmptyBagException();

      int choice = rand.nextInt(count) + 1;

      if (choice == 1)

      {

         result = contents.getElement();

         contents = contents.getNext();

      }

      else

      {

         previous = contents;

         for (int skip=2; skip < choice; skip++)

            previous = previous.getNext();

         current = previous.getNext();

         result = current.getElement();

         previous.setNext(current.getNext());

      }

      count--;

      return result;

   }

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

   //  Removes one occurance of the specified element from the bag

   //  and returns it. Throws an EmptyBagException if the bag is

   //  empty and a NoSuchElemetnException if the target is not in

   //  the bag.

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

   public Object remove (Object target) throws EmptyBagException,

                                            NoSuchElementException

   {

      boolean found = false;

      LinearNode previous, current;

      Object result = null;

      if (isEmpty())

         throw new EmptyBagException();

      if (contents.getElement().equals(target))

      {

         result = contents.getElement();

         contents = contents.getNext();

      }

      else

      {

         previous = contents;

         current = contents.getNext();

         for (int look=1; look < count && !found; look++)

            if (current.getElement().equals(target))

               found = true;

            else

            {

               previous = current;

               current = current.getNext();

            }

         if (!found)

            throw new NoSuchElementException();

         result = current.getElement();

         previous.setNext(current.getNext());

      }

      count--;

      return result;

   }

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

   //  Returns a new bag that is the union of this bag and the

   //  parameter.

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

   public BagADT union (BagADT bag)

   {

      LinkedBag both = new LinkedBag();

      LinearNode current = contents;

      while (current != null)

      {

         both.add (current.getElement());

         current = current.getNext();

      }

      Iterator scan = bag.iterator();

      while (scan.hasNext())

         both.add (scan.next());

      return both;

   }

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

   //  Returns true if this bag contains the specified target

   //  element.

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

   public boolean contains (Object target)

   {

      boolean found = false;

      LinearNode current = contents;

      for (int look=0; look < count && !found; look++)

         if (current.getElement().equals(target))

            found = true;

         else


    current = current.getNext();

      return found;

   }

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

   //  Returns true if this bag contains exactly the same elements

   //  as the parameter.

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

   public boolean equals (BagADT bag)

   {

      boolean result = false;

      LinkedBag temp1 = new LinkedBag();


 LinkedBag temp2 = new LinkedBag();


 Object obj;

      if (size() == bag.size())

      { 


    temp1.addAll(this);

         temp2.addAll(bag);

         Iterator scan = bag.iterator();


    while (scan.hasNext())


    {



  obj = scan.next();   


       if (temp1.contains(obj))



     {




   temp1.remove(obj);




   temp2.remove(obj);




}


    }


    result = (temp1.isEmpty() && temp2.isEmpty());

      }

      return result;

   }

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

   //  Returns true if this bag is empty and false otherwise. 

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

   public boolean isEmpty()

   {

      return (size() == 0);

   }

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

   //  Returns the number of elements currently in this bag.

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

   public int size()

   {

      return count;

   }

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

   //  Returns an iterator for the elements currently in this bag.

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

   public Iterator iterator()

   {

      return new LinkedIterator (contents, count);

   }

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

   //  Returns a string representation of this bag. 

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

   public String toString()

   {

      String result = "";

      LinearNode current = contents;

      while (current != null)

      {

         result += current.getElement().toString() + "\n";

         current = current.getNext();

      }

      return result;

   }
   public Boolean disjunct (BagADT bag)

   {

      
Iterator scan = bag.iterator();

Object obj;


while (scan.hasNext()) {



obj = scan.next();



if (contains(obj))




return false;


}

return true;
   }

}

35 points.
2. Given the following sorted list of numbers : 

8 15 22 29 36 54 55 61 70 73 88 

use the Binary Search algorithm to find the number 22. Trace the algorithm’s search process by hand and show all the relevant phases during its execution. 

15 points.

Compare target 22 with the middle value 54 :






22

8
15
22
29
36
54
55
61
70
73
88 

Since 22<54, it must be in the front half of the list. 

Now compare 22 with the middle element in the front half of the list, 22.



22

8
15
22
29
36


Since, a match has been found, Binary search algorithm terminates returning true value.
2. Given the following sorted list of numbers : 

8 15 22 29 36 54 55 61 70 73 88 

use the Binary Search algorithm to find the number 72. Trace the algorithm’s search process by hand and show all the relevant phases during its execution. 

15 points.

Compare target 72 with the middle value 54 :






72

8
15
22
29
36
54
55
61
70
73
88 

Since 72>54, it must be in the back half of the list. Now, compare 72 with the middle element in the back half of the list, 70.









72







55
61
70
73
88 

Since 72>70, it must be in the back half of the 55 61 70 73 88 list. Now, compare 72 with the middle element in the back half of that list, 73.










72










73
88 

Since 72<73, it must be in the front half of the 73 88 list. However, there is no front half of this list which means that 72 is not in the given list of numbers. Since, a match has not been found, Binary search algorithm terminates returning false value.
3. Given the following list of numbers 

18
15
2
9
36
54
5
16
7
73
8 

use the Quicksort algorithm to sort them. 
(a) Trace by hand and show the first three relevant phases (partitioning) during its execution (as demonstrated in examples given in class). Indicate the values chosen as pivot as well as partitions as they are formed.  

(b) Draw a tree of first three recursive calls made during the execution and indicate the order in which they are made.

15+10=25 points.

(a)

Pivot=18
min=0

max=10


l=0
l=1
l=2
l=3
l=4





r=10

18
15
2
9
36
54
5
16
7
73
8 






*





*






l=4
l=5


r=8
r=9
r=10

18
15
2
9
8
54
5
16
7
73
36 







*


*







l=5
l=6
l=7









r=7
r=8

18
15
2
9
8
7
5
16
54
73
36 

min=0






r=7

18
15
2
9
8
7
5
16
54
73
36 

*






*

16
15
2
9
8
7
5
18
54
73
36

Left partition : 

16
15
2
9
8
7
5


Right partition :









54
73
36

Pivot=16
min=0

max=6

l=0
l=1
l=2
l=3
l=4
l=5
l=6







r=6

16
15
2
9
8
7
5







**







l=6







r=6






16
15
2
9
8
7
5

*





*






r=6
5
15
2
9
8
7
16
Left partition :

5
15
2
9
8
7







Right partition:








EMPTY
Pivot=5
min=0

max=5
l=0
l=1
r=2
r=3
r=4
r=5
5
15
2
9
8
7


*
*


l=1
l=2

r=1
r=2

5
2
15
9
8
7

r=1
l=2

5
2
15
9
8
7

*
*

2
5
15
9
8
7

Left partition:

2



Right partition:



15
9
8
7
(b)


Tree of calls (first 4 calls) :






qs (c, 0, 10) (I)




qs (c, 0, 6) (II)


qs (c, 8, 10)



qs (c, 0, 5) (III)
qs (c, 7, 6)


qs (c, 0, 0) (IV)
qs (c, 2, 5)

4. Given the following algorithm provide its time complexity assessment. Justify the answer by doing an analysis of it.

public int mistery (int[] c) {

{


int l, r, t;


int p=c[0];


int n=c.length;


l=0;
r=n-1;


while (l<r) {



while ((c[l] <= p) && (l<r))




l++;



while (c[r] > p)




r--;



if (l<r) {




t=c[l];
c[l]=c[r];




c[r]=t;



}


}


t=c[0];

c[0]=c[r];


c[r]=t;


return r;

}

25 points.

There are two index variables used in outer while  loop, l starting at value 0 and r starting at value n-1. The loop executes while(l<r) and it moves l to the right by l++, and r to the left by r--. The total number of executions of these two statements in a loop controlled by  (l<r) condition is at most n+1. In addition to l++ and r—statements, the outer loop’s body contains other constant time statements like : ((c[l] <= p) && (l<r)), (c[r] > p), (l<r), t=c[l], c[l]=c[r], and c[r]=t. Thus, an overall constant time work will be executed  n+1 times which makes the total work linear (O(n)) with respect to the size of the array c. 
