COP 3503 Fall 2002

Computer Science II

Final Exam

December 3, 2002

Name : __________________

TA: ____________________

1) This question deals with analyzing the running time of integer operations in terms of the number of digits they have. For each part, give a one to three sentence justification for your answer. You may assume that adding and multiplying single digits take O(1) time. (Thus calculating 4+7 or 6*8 would both be constant time operations. But, adding two n-digit numbers would NOT be.)

a) (2 pts) What is the running time of adding together two n-digit numbers?

O( ____ )

b) (2 pts) What is the running time of multiplying together two n-digit numbers?

O( ____ )

c) (3 pts) What is the running time of determining the largest power of 2 that is smaller than a given n-digit integer? (Here, assume that the algorithm specifies to repeatedly divide the given n-digit integer by 2, keeping track of how many times this is done until a value less than 1 is achieved.)

O( ____ )

d) (3 pts) What is the running time of an algorithm that displays a counter initialized to a n-digit integer that counts down all the way to zero. You may assume that the counter displays each integer in the countdown for O(1) time and that all operations that subtract only one from a given integer, regardless of its size, take O(1) time.

O( ____ )

2) (4 pts) Order the following functions in terms of rate of growth from smallest growing to largest growing:

a) a(n) = n/(lg n)
b) b(n) = n2
c) c(n) = 2n

d) d(n) = n102n
e) e(n) = 3n

f) f(n) = n1.9
g) g(n) = n2/(lg n2)
h) h(n) = (n

_____  , _____  , _____ , _____ , _____ , _____ , _____ , _____
3) (5 pts) What is the MCSS of the sequence 1, -2, 3, -4, 5, -6, ... -10000? (Note: The ith term in the list is  i(-1)i+1, and there are exactly 10000 terms in the list.)

_________

4) (4 pts) We determined that the recurrence relation that the running time for Merge Sort satisfied was T(n) = 2T(n/2) + O(n). Explain each component on the right hand side of this equation.

2T(n/2) stands for _________________________________________________________
O(n) stands for ___________________________________________________________
5) (3 pts) What are the following running times of the recursive Quick Select algorithm used to find the kth smallest item in an unsorted list?

Best Case Running Time : O( ____ )

Average Case Running Time : O( ____ )

Worst Case Running Time : O( ____ )

6) (5 pts) Consider a bucket sort with 80,000 real number values(doubles) in the range of 0 to 10,000, not including 10,000. Let x be the array of linked lists used to sort the values. In which linked list should the value 3,653.06 be stored? (Your answer should be of the form x[num], where num is in between 0 and 79,999, inclusive.)

7) (15 pts) Write a method double for the LL class. The method should add a node after each node in the original linked list that stores a value that is twice of what is stored in the previous node. For example, if the method double is called on a linked list that stores the values 8, 3, 7, 1, 4, and 6, then AFTER the method is executed on the list, the list should contain the values 8, 16, 3, 6, 7, 14, 1, 2, 4, 8, 6, and 12. The prototype is given for you below:

public void double() {

}

8) (12 pts) Name each type of instance variable necessary for each of the four following classes using the specified implementation. Also, describe the purpose of each of these instance variables. (Note: More than enough blanks have been provided below. Use the minimum number of blanks necessary.)

a) A stack class using an array

Type of Instance Variable : _________
Purpose: ____________________________
Type of Instance Variable : _________
Purpose: ____________________________
Type of Instance Variable : _________
Purpose: ____________________________

b) A stack class using a linked list

Type of Instance Variable : _________
Purpose: ____________________________
Type of Instance Variable : _________
Purpose: ____________________________

Type of Instance Variable : _________
Purpose: ____________________________

c) A queue class using an array

Type of Instance Variable : _________
Purpose: ____________________________

Type of Instance Variable : _________
Purpose: ____________________________

Type of Instance Variable : _________
Purpose: ____________________________

d) A queue class using a linked list

Type of Instance Variable : _________
Purpose: ____________________________

Type of Instance Variable : _________
Purpose: ____________________________

Type of Instance Variable : _________
Purpose: ____________________________

9) (10 pts) Use the LCS algorithm from the text to find the length of the longest common subsequence of the two strings CGATAATTGAGA and GTTCCTAATA. The 2 dimensional array that the algorithm computes is partially completed below. Complete the rest of the empty squares and circle the final answer for the length of the LCS.
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10) (10 pts) The matrix below stores the adjacency matrix representation of a graph g. (Inf denotes the lack of an edge between vertices.) Use Dijkstra's algorithm to find the shortest paths from vertex A to all other vertices in the graph. Please fill in the matrix given to you below to execute the algorithm. The last row you fill in should contain all of the shortest path lengths.

	
	A
	B
	C
	D
	E
	F
	G
	H

	A
	0
	13
	inf
	inf
	12
	inf
	2
	inf

	B
	2
	0
	10
	inf
	inf
	5
	inf 
	6

	C
	inf
	12
	0
	1
	11
	4
	9
	2

	D
	inf
	inf
	8
	0
	1
	4
	7
	8

	E
	5
	inf
	3
	inf
	0
	2
	2
	6

	F
	inf
	7
	6
	4
	inf
	0
	9
	3

	G
	8
	10 
	inf
	7
	11
	9
	0
	inf

	H
	inf
	5
	inf
	4
	8
	3
	6
	0
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11) (8 pts) Create an undirected graph from the one above by making the weight of an edge from vertex v to vertex w have the minimum weight of the two edges from v to w and w to v. What is the weight of the minimum spanning tree of this undirected version of g? What are the edges of this minimum spanning tree? (Denote an edge by the two vertices that it connects. Thus the edge between vertices A and B can be written as AB.)

Edges: ____  , ____  , ____  , ____  , ____  , ____  , ____  

MST weight _____

12) (5 pts) Given a binary heap with the following values: 2, 8, 4, 13, 43, 5, 9, 56, 17, 89, insert the value 7, then run a percolateUp so that the structure remains a valid heap. Draw a binary tree representation of the resulting heap.

13) (4 pts) Consider a hash table of size 7 that uses quadratic probing. Imagine searching for an element with a hash value of 2. After searching index 2 of the hash table, what are the next four indexes that would get searched using the quadratic probing strategy?

_____  ,  _____  ,  _____  ,  _____

14) (4 pts) Imagine the hash table above using the hash function f(x) = x2 + 3x + 4 (mod 7). After inserting the values 2, 5, and 1 into the table, we decide to dynamically expand our table to hold 17 elements when the value of 6 is inserted into the table. In which indexes do the four values appear in the dynamically expanded hash table?

Value: 1
Index: _____

Value: 2
Index: _____

Value: 5
Index: _____

Value: 6
Index: _____

15) (1 pt) Which state hosted the 1987 North Carolina State Fair? ___________________

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