COP 3503 Summer 2005

Final Exam

8/3/05

TA: ____________________

Name: __________________

1) (15 pts) Write a recursive method to determine the number of positive integer solutions to the equation:

x1 + x2 + ... + xn = d, where n and d are positive integers.

You may not utilize a mathematical formula for this question to solve it directly, if you happen to know it. Instead, you must write a recursive method that tries all possible values for each of the xi's. Your method will take in two integer parameters, n and d, as specified above. (For example, question1(3, 5) should return 6, since there are six solutions with three positive integers adding to 5: 1+1+3, 1+2+2, 1+3+1, 2+1+2, 2+2+1, 3+1+1.)

Hint: Try out all possible values for xn, and then sum up the return values from the appropriate recursive calls.

The prototype is given to you below:

public static int question1(int n, int d) {

}

2)  (8 pts) Order the following functions (in n) in order of asymptotic growth, from smallest to largest.

n2 ,   2n,   lg (n100),  2lg n,   nlgn,   n/(lg n),   nn,   n!,  n3,   3n/2
_____   ,   _____  ,  _____   ,   _____  ,  _____   ,  

_____  ,  _____   ,   _____  ,  _____   ,   _____  

3) (9 pts) Determine the value of the following sums in terms of n, noting whether the sum is an arithmetic sum, geometric sum, or neither. Circle your final answers.
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4) (6 pts) Use the Master Theorem to solve the following recurrences:

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

b) T(n) = 4T(n/2) + O(n)

c) T(n) = 8T(n/3) + O(n2)

5) (5 pts) Consider implementing a bucket sort for 2400 real values in the range [30, 150). In which bucket would the value 55.76 be placed?

6) (10 pts) Determine the length of the longest common subsequence between the sequences GCATTACCTACA and ACGCAGTTACTA. Please complete filling out the chart below:
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7) (10 pts) Determine the length of the longest INCREASING subsequence of the following sequence of numbers. (Hint: You'll have to slightly change the algorithm shown in class for the missile problem to solve this question.) Also, give one example of a subsequence with that length.

20, 9, 15, 13, 16, 25, 23, 22, 9, 18, 17, 20, 15, 19, 22, 17

In order to get full credit, you must fill out the following array (in a similar manner to how the array for the missile problem is filled out.)

	20
	9
	15
	13
	16
	25
	23
	22
	9
	18
	17
	20
	15
	19
	22
	17

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Length of Subsequence: _______

Subsequence with that length:  _____  , _____  , _____  , _____  , _____  , _____  , 

                                                  _____  , _____  , _____  , _____  , _____  , _____  

(Note: You may not use all of the slots above.)

7) (5 pts) Consider implementing a hash table using quadratic probing of size 2137. (Note: 2137 is prime.) Assume that the hash value of a particular element to insert is 2042. List out the first 10 locations(array indexes) we will look after index 2042 to find an empty location for the element to insert.

_____  , _____  , _____  , _____  , _____  , _____  , _____  , _____  , _____  , _____  

8) (5 pts) Show the result of inserting 34 into the following Red-Black tree. Note: black nodes are in bold while red nodes are italicized and underlined. In your drawing, write a R or B by each value to indicate the color of each node.
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9) (5 pts) Show the result of deleting 25 from the following Red-Black tree.
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10) (12 pts) Use the iteration technique to solve the following recurrence relation for a closed form in terms of n:

T(n) = 2T(n-1) + 1, for n > 1, and T(1) = 1.

a) Express T(n) = AT(n-2) + B, where A and B are constants.

b) Using your work from part a, express T(n) = AT(n-3) + B, where A and B are constants.

c) In general, for iterating k steps, express T(n) = AT(n-k) + B, where A and B are values in terms of k.

d) Plug in k = n-1 to express T(n) = AT(1) + B, where both A and B are expressions in terms of n. Also plug in T(1) = 1 and solve for T(n) in terms of n.

11) (5 pts) Let the string B described in step 2 of page 72 of the DES handout be

001011 110110 010101 101100 111000 000011 011011 101101

Determine the 32-bit output C when this string B is inputted into the respective S-boxes. Clearly label your final answer.

12) (4 pts) If the initial plaintext x to the DES algorithm is

00110011 10101010 11001100 01010101 

11000011 00111100 11110000 00001111

what would the first 8 bits of x0, the result of the initial permutation be?

13) (1 pts)  By what acronym is the  Longest Common Subsequence problem known? 

_____________
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