Computer Science II (COP 3503) Honors

Exam #1 Solutions
Fall 2009

September 25, 2009

Lecturer: Arup Guha
1) (8 pts) Show the result of inserting the value 60 into the following 2-4 Tree:




8, 16, 40



         /     |     |      \

                               3    14  32    43, 49, 57

Initially, insert the 60, causing an overflow that pushes the 57 up to its parent. This causes another overflow, pushing the 40 up to a newly created level. Here is the answer:





40




/

\



       8  ,  16

57



    /      |       \             /        \



  3     14     32     43,49      60
2) (10 pts) Show the result of deleting the value 10 from the AVL Tree shown below:




40




/

\



        20

60



      /      \
         /       \



   10
30
     50       70



             /
   /      \        \



          25
45      55    80

                    


          /
   



       52

First, a rotation occurs at the 20, making 25 the child of 40 with 20 and 30 as its children. Next, there is an imbalance at 40. Tracing the longest path down, we find A = 40, C = 60 and B = 50. The resulting answer is




50




/

\



         40

60



      /
   \                 /      \

                            25      45           55       70

                          /    \                     /             \

                       20    30               52             80
3) (25 pts) What is the value of the following infinite sum, in terms of x? (Note: assume that |x| < 1.)
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Let S = 
[image: image3.png]Z(ai +2)xf=2 +i(3i +2)x!





Then xS = 
[image: image4.png]Z(ai +2)xtt :Z(ai — 1)«




Subtracting, we get

S – xS = 
[image: image5.png]2+ i(ai +2)xt 75:(3127 1)
=




S – xS = 
[image: image6.png]2+ Z((au 2)-(3i— )’





S – xS = 
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S(1 – x) = 
[image: image8.png]



So, S = [image: image10.png]2xt3x  x*2
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4) (25 pts) Complete the implementation of the Disjoint Set class shown below. Note: No path compression is done in this implementation, but we do always attach the shorter tree to the taller tree.

class Pair {


public int value;


public int height;


public Pair(int v, int h) {



value = v;



height = h;


}

}

public class DisjointSet {


private Pair[] parentList;


public DisjointSet(int n) {



parentList = new Pair[n];



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




parentList[i] = new Pair(i,0);



}


}

// Returns the root of the tree storing value.

public int find(int value) {



while (parentList[value].value != value) {




value = parentList[value].value;



}



return value;

}


public void union(int indexA, int indexB) {



int rootA = find(indexA);



int rootB = find(indexB);



// Attach tree A to B since A is shorter.



if (parentList[rootA].height < parentList[rootB].height) {




parentList[rootA].value = rootB;


}
            // Attach B to A. Adjust height of A if necessary.


else {



  parentList[rootB].value = rootA;



  if (parentList[rootA].height == parentList[rootB].height)



     parentList[rootA].height++;


}


}

}

5) (5 pts) Determine the worst case run-time of the following method in terms of the length of the input array. (You may refer to this length as n.)

public static int q5(int[] array) {


int sum = 0;


for (int i=0; i<array.length; i++) 



for (int j=0; j<array[i] && j<100; j++)



sum++;


return sum;

} 
The outer loop runs n times and the inner loop can never run more than 100 times. The maximum number of times the statement sum++; gets executed is 100n. Thus, the run-time of this method is O(n).
6) (10 pts) Determine the worst case run-time of the following method in terms of the length of the input array. (You may refer to this length as n.) 
public static void q6(int[] array) {

    
int marker = 0;

while (marker < array.length) {



if (marker == 0)




marker++;



else if (array[marker] >= array[marker-1])




marker++;



else {






int temp = array[marker];




array[marker] = array[marker-1];




array[marker-1] = temp;




marker--;



}


}

}
Looking carefully at the code, we find that marker has to go all the way from 0 to n with each value being in sorted order in order for the algorithm to terminate. If two numbers are out of order, they get swapped and marker goes “backwards”. In the worst case, each time the marker gets to a new element, it has to go backwards all the way back to the beginning. This mirrors the worst case of insertion sort, which occurs when the input is a reverse sorted list. In both insertion sort and here, the worst case run time is O(n^2), corresponding to the sum 1+2+3+…+n.
7) (10 pts) Rank the following functions in terms of order notation from smallest to largest:
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8) (6 pts) Perform a Radix sort on the following numbers:

	Values
	1 sort
	10 sort
	100 sort
	

	9123
	4781
	9123
	9123
	2223

	3826
	9123
	3826
	9183
	3478

	4783
	4783
	2223
	2223
	3826

	3478
	9183
	3478
	3478
	4781

	9183
	2223
	4781
	4783
	4783

	2223
	3826
	4783
	4781
	9123

	4781
	3478
	9183
	3826
	9183


9) (1 pt) What type of jewelry do Ring Pops look like?

Rings
