Spring 2006 COP 3530 Exam #1

Date: 2/8/06

Last Name: _________________ , First Name: __________________

1)  (8 pts) What is the running time in terms of n of the following method if we assume that the running time of the method pow(int n) is O(n) and the running time of the method add(BigInteger n) is O(1)? Justify your answer.

public BigInteger Sum(int n, String base) {

  
  BigInteger total = new BigInteger(“0”);

     BigInteger x = new BigInteger(base);

  
  for (int i=2; i<=n; i++) {

       BigInteger term = x.pow(i);

       total.add(term);

     }

     return total;

}

2) (6 pts) What is the run-time of the following segment of code in terms of n? Give an upper bound and justify it.

int i=1;

while (i <= n) {

  int j = i;

  while (j > 0)

    j = j/2;

  i++;

}

3) (6 pts) What is the run-time of the following segment of code in terms of n? Give an upper bound and justify it.

int i=n, j, k, total=0;

while (i > 0) {

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

    for (k=0; j<i; k++)

      total++;

  i = i/4;

}

4) (10 pts) Determine a closed form solution for the following recurrence relation using the method shown in class:

T(n) = 2T(n-1) + 15T(n-2), for n > 2, T(1) = 9, T(2) = 93

5) (4 points) Solve the following two recurrences using the Master Theorem:

a) T(n) = 3T(n/3) + O(n)




_____________________

b) T(n) = 5T(n/2) + O(n2)




_____________________

6) (15 pts) Given that 
[image: image1.wmf]å

=

+

+

-

=

-

n

i

n

i

n

i

1

1

6

2

)

3

2

(

2

)

1

2

(

, 

show that 
[image: image2.wmf]6

2

)

3

2

(

2

1

2

1

2

-

+

-

=

+

=

å

n

n

i

i

n

n

i

.

Let G an unweighted, undirected graph described by the adjacency matrix below. Assume that the vertices are labeled 1 through 11, and the matrix below stores the information about vertex i in row i. (For example, vertex 6 connects to vertices 10 and 11.)

0 1 1 0 0 0 0 0 0 0 0

1 0 0 1 1 0 1 0 0 0 0

1 0 0 0 0 0 0 0 0 0 1

0 1 0 0 0 0 0 0 0 0 0

0 1 0 0 0 0 0 0 1 0 0

0 0 0 0 0 0 0 0 0 1 1

0 1 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 1 1

0 0 0 0 1 0 0 0 0 0 0

0 0 0 0 0 1 0 1 0 0 0

0 0 1 0 0 1 0 1 0 0 0
7) (8 pts) Run a depth first search on G starting at vertex 3. When you have a choice of which vertex to visit next, always visit the vertex with the smallest possible number. In what order are the nodes visited in this depth first search?

8) (8 pts) Run a breadth first search on G starting at vertex 11. When you have a choice of which vertex to visit next, always visit the vertex with the smallest possible number. In what order are the nodes visited in this breadth first search?

9) (10 pts) A 3x3 Magic Square contains the each integer in between 1 and 9 exactly once. Furthermore, each row, column and diagonal add to 15. Use the backtracking technique to complete the following incomplete Magic Square. Here are the rules to following in tracing your algorithm:

1) Always fill in forced squares first. (These are ones where the other two squares in the row, column or diagonal are already filled in.)

2) If there are multiple forced squares, fill them in order from top to bottom, left to right.

3) Backtrack when a square is impossible to fill. (This occurs when the square is forced, but the value you would have to place in it is already used, or an illegal value, OR if the value you place in it satisfies one row, but not another.)

4) If no square is forced, fill in the next square (in top to bottom, left to right order) with the smallest unused integer in between 1 and 9, inclusive.

Starting Square:
8   1   _




_   _   _




_   _   _

10) (20 pts) An evil king has a cellar containing n bottles of expensive wine, and his guards have just caught a spy trying to poison the king's wine. Fortunately, the guards caught the spy after he succeeded in poisoning only one bottle. Unfortunately, they don't know which one. To make matters worse, the poison the spy used was very deadly; just one drop diluted even a billion to one will still kill someone. Even so, the poison works slowly; it takes a full month for the person to die. Design a scheme that allows the evil king to determine exactly which of his wine bottles was poisoned in just one month's time. Your goal is to minimize the number of taste testers used. (Note: Each tester can drink from as many bottles as you would like them to.) Devise your algorithm, prove that it works, and show exactly the number of taste testers used, and how many of them you would expect to die.

11) (5 pts) What beer  is the primary sponsor of the Budweiser Shootout? ____________
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