COP 3503 Spring 2003

Computer Science II

Final Exam

April 23, 2003

Name : __________________

1) (15 pts) True/False: Circle the correct answer. (Correct answer = +1, Blank = 0, Incorrect Response = -1.)

a) 3n2 - 7n + nlgn = ((n2/lg n)

True

False

b) 3n = O(2n)




True

False

c) log 2 100n = ((log 100 n)


True

False

d) 5n2 + n4 = O(n10)



True

False

e) n0.112 = O(lg n3)



True

False

f) The MCSS of a list of positive

True

False

    integers is the sum of all the numbers

    in the list.

g) A stack class can be implemented

True

False 

    using only one instance variable.

h) The array implementation of a queue
True

False

     shown in class uses two instance

     variables.


i) A deque can mimic the function of a
True

False 

   queue.

j) The minimum height of a binary tree
True

False

    with 64 nodes is 5.

k) The maximum height of a binary tree
True

False

     with 1000 nodes is 500.

l) The maximum height of an AVL tree
True

False

    with 12 nodes is 4.

m) The root of a tree gets visited last in
True

False

      a postorder traversal.

n) n values in a valid heap can always
True

False

     be sorted in O(n) time.

o) In the worst case, a search for a value in
True

False

    a hash table takes O(lg n) time, where n

    is the total number of values in the hash

    table.

2) (5 pts) Find the MCSS of the following list of values: 

9,   3,   -7,   3,   -5,   2,   1,   -4,   6,   -9,   7,   3,   -1,   -2,   4,   -5,   2,   5,   -4,   -2,   1,   3

_______

3) (3 pts) What is the maximum number of comparisons necessary to ascertain whether or not a certain value is in a sorted array of size 50,000?

________

4) (4 pts) Consider creating a linked list of sorted integers. Answer the following questions about inserting a several items into the linked list.

a) What would be the amount of time in terms of n necessary to insert the elements 1, 2, 3, ..., n (in this listed order) into an empty linked list? (Give a ( bound in terms of n.)

________

b) What would be the amount of time in terms of n necessary to insert the elements n, n-1, n-2, n-3, ...,1 (in this listed order) into an empty linked list? (Give a ( bound in terms of n.)

_________

5) (5 pts) Draw the result of inserting 31 into the AVL tree below:



20


          /      \


      10
      40


     /
    /     \



  5
 30      50



/    \

                       25   35

6) (7 pts) The recursive method evalFunc is included below. What does the method call evalFunc(11) return? 

public static int evalFunc(int n) {

     if (n == 0)

          return 1;

     else if (n == 1)

          return 2;

     else

          return 2*evalFunc(n-1) + evalFunc(n-2);

}

_________

7) (5 pts) Show the contents of a hash table of size ten that utilizes the hash function f(x) = (x2 + 4x + 1) mod 10 and the collision strategy of linear probing after the following values get inserted: 5,  1,  8,  9,  7,  4,  2. (Note: the values get inserted in the listed order.)

	index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	value
	
	
	
	
	
	
	
	
	
	


8) (5 pts) The Knuth-Morris-Pratt algorithm uses a failure function to speed-up the algorithm. Compute this failure function for the pattern "babababb."

	j
	0
	1
	2
	3
	4
	5
	6
	7

	P[j]
	b
	a
	b
	a
	b
	a
	b
	b

	f(j)
	
	
	
	
	
	
	
	


9) (10 pts) Given the following frequencies of characters in a file, construct a Huffman code for each character. Assuming that each character was previously stored using 4 bits, what is the total number of bits saved using this encoding?

	Character
	Frequency
	Binary Code

	a
	13
	

	b
	80
	

	c
	2
	

	d
	7
	

	e
	50
	

	f
	11
	

	g
	15
	

	h
	13
	

	i
	9
	


Number of bits saved = _____________________________________________

10) (10 pts) Show the output of running fixHeap on the values stored in the complete binary tree below:





50




/

\



       7


13



 /            \
        /          \


           89            2            37          34

                     /     \         /    \         /   \         /    \

                   15   9      47     6     88   21    1    11           

11) (12 pts) For the unsorted array A[0..15] shown below, answer the following questions:

	index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	value
	7
	13
	10
	5
	16
	4
	14
	3
	15
	8
	2
	9
	6
	11
	12
	1


a) Assuming that A is being Merge-Sorted, show the contents of the array right after the 13th call to the Merge method. (Note: there are a total of 15 calls to the Merge method in the entire Merge Sort.)

	index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	value
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


b) In an insertion sort of A, which values in the array would occupy the location A[0] at some point during the sort? (Note: 1 is NOT the only answer to this question!!!)

______________________________________

c) In a Quick Sort of A, the partition elements (not indexes!!!) were 8, 4, 2, 6, 14, 10, 15, and 12, in that order. After the partition with the element 10, what are the possible values of A[12]?

_______________________________________

12) (7 pts) Answer the two following questions about the lower bound of comparison sorts.

a) Using logs and factorials in your answer, what is the least number of comparisons that any comparison-based sorting algorithm sorting 20 numbers can make?

______________

b) Assuming that 20! = 2.4x1018, log22.4 = 1.26, and log210 = 3.32, what is the minimal integer greater than your answer for part a? This value denotes the actual minimal number of comparisons necessary to sort an array of size 20.

______________

13) (6 pts) Consider searching for the pattern "David" in the text "We have been walking on the beach." (The text is written below with spaces for your use. Also, assume that the search is case insensitive, so that corresponding lower and uppercase letters DO MATCH.) How many comparisons does the Boyer-Moore algorithm use in the search? How many comparisons does the Knuth-Morris-Pratt algorithm use in the search?

W  E  H  A  V  E  B  E  E  N  W  A  L  K  I  N  G  O  N  T  H  E  B  E  A  C  H

Boyer-Moore # comparisons = ___________

W  E  H  A  V  E  B  E  E  N  W  A  L  K  I  N  G  O  N  T  H  E  B  E  A  C  H

Knuth-Morris-Pratt # comparisons = __________

14) (20 pts) Assignment 3 involved writing a recursive solution to the Subset Sum problem. The problem determines whether the sum of some subset of values in an array adds up to a specified target. Using the recursive solution below, write a dynamic programming solution. (Hint: Your auxiliary array in the dynamic programming solution should store target+1 boolean values. Each array element in this array keeps track of whether or not there is a subset with a sum of that index in the values array.)

public static boolean subsetSum(int[] values, int target) {

    return subsetSumHelp(values, target, 0);

}

public static boolean subsetSumHelp(int[] values, int target,





      int startindex) {

    // Empty set's elements sum to 0 - return true.

    if (target == 0)

      return true;

    // Considering an empty set and our target is non-zero.

    if (startindex >= values.length)

      return false;

    // Check both possibilities of adding in values[startindex] and

    // not doing so into the subset.

    return subsetSumHelp(values, target, startindex+1) ||


   subsetSumHelp(values, target-values[startindex], 

                         startindex+1);

}

public static boolean subsetSum(int[] values, int target) {

}

15) (10 pts) Consider the following matrix representing a weighted graph. (Note: an entry in the matrix below in row vi and column vj indicates the weight of an edge from vertex vi to vertex vj. If an entry is (, no edge between the two vertices exists.)

	
	v1
	v2
	v3
	v4
	v5

	v1
	0
	-3
	-4
	3
	2

	v2
	3
	0
	(
	(
	(

	v3
	(
	(
	0
	-2
	(

	v4
	2
	4
	(
	0
	(

	v5
	1
	(
	1
	3
	0


a) Draw the graph G represented by the matrix above.

b) Go through the first iteration of Floyd-Warshall's algorithm run on graph G, and show the updated shortest path lengths that use only v1 as an intermediate vertex.

	
	v1
	v2
	v3
	v4
	v5

	v1
	0
	-3
	-4
	3
	2

	v2
	3
	0
	
	
	

	v3
	(
	
	0
	
	

	v4
	2
	
	
	0
	

	v5
	1
	
	
	
	0


16) (1 pt) How long did the Six Day War last?  _________________________________

Scratch Page: Please label any work you would like graded on this page clearly.

