CSC 172 FINAL EXAM
May 9th, 2003
Please write answers on the exam sheet. Use the back of the sheets, if necessary.
Put your name and student number (not SS#) on the front (this) page. 

Closed Book. Closed notes. Hand calculators are allowed.

12 questions, 100 points total. 

Questions 1-25 are worth 1 point, each.

There are 5 questions worth 7 points, each.

There are 5quesitons worth 8 points, each.

3 hours == 180 minutes 

Meliora.

NAME:_____________________________________________________________

	QUESTION
	VALUE
	SCORE

	1-25
	25
	

	26
	7
	

	27
	7
	

	28
	7
	

	29
	7
	

	30
	7
	

	31
	8
	

	32
	8
	

	33
	8
	

	34
	8
	

	35
	8
	

	TOTAL
	100
	


1. When performing a proof by induction, which is the case that is trivially true? 
a. the basis

b. the inductive hypothesis

c. the lemma

d. the theorem

e. none of the above

2. Which data structure is used by the compiler to implement recursion? 
a. hash table

b. priority queue

c. queue

d. search tree

e. stack

3. What is the running time of the following routine? 
// Check if n is prime

public static boolean isPrime( int n ){

if( n == 2 || n == 3 )return true;

if( n % 2 == 0 ) return false;

for( int i = 3; i <= squareRoot( n ); i+=2 )

if( n % i == 0 ) return false;

return true;

}

a. constant time

b. O(log N)

c. O(N)

d.O(√N)
e. none of the above

4. A recursive algorithm works by solving two half-sized problems recursively, with an additional linear-time overhead. The total running time is most accurately given by 
a.O(log N)


b.O(N)

c.O(N log N)

d.O(N2)

e. none of the above

5. The solution to T(N) =  T(N/2) + N with  T(0) = 0 is most accurately given by 
a.O(log N)


b.O(N)

c.O(N log N)

d.O(N2)

e. none of the above

6. Which of (a) - (d) is false for a binary search: 
a. The running time is

b. Binary search can be applied to a sorted array.

c. Binary search can be applied to a sorted linked list.

d. Recursive binary search will take longer in practice as compared to

non-recursive binary search.

e. All of the above are true.
7. Which of the following algorithms runs in quadratic average time? 
a. insertion sort

b. mergesort

c. quicksort

d. shellsort

e. none of the above
8. Which of the following algorithms runs in N log N average time but quadratic worst-case time? 
a. insertion sort

b. mergesort

c. quicksort

d. shellsort

e. none of the above
9. Which of the following is true about the backtracking algorithm when implemented with alpha-beta pruning and a transposition table? 
a. All terminal nodes must be processed to guarantee optimal play

b. All recursive calls must lead to either a terminal node, a stored position, or a pruning to guarantee optimal play

c. Even if all terminal nodes are reached, play might not be optimal

d. Even if all recursive calls lead to either a terminal node, a stored position, or a pruning, play might not be optimal

e. If computing power is unlimited, the computer will always find a win for the first player
10. The infix expression 1^2-3*4 is converted to postfix. What is the order in which operators are popped from the stack in the infix to postfix algorithm? 
a. ^ - *

b. * - ^

c. - * ^

d. ^ * -

e. none of the above

11. Which of the following types of expressions requires knowledge of precedence rules? 
a. infix and postfix

b. infix only

c. postfix only

d. neither infix not postfix
12. What postfix expression does the expression tree below represent? 

[image: image1]
a. a + b * c - d

b. ( a + b ) * ( c - d )

c. a b + c d - *

d. a b c d + - *

e. none of the above

13. Which of the following represents an infix expression followed by the postfix equivalent? 
a. a+b-c and a b c - +

b. a+b*c and a b c * +

c. a+b*c and a b c + *

d. a+b*c and a b + c *

e. more than one of the above
14. Which of (a) - (d) is false? 
a. A postfix expression does not require parenthesis to specify evaluation order

b. For every infix expression, there exists an equivalent postfix expression.

c. For every postfix expression, there exists an equivalent infix expression.

d. Evaluation of a postfix expression can be done in linear time.

e. All of the above are true. 

15. Which of (a) - (d) is false? 
a. Adjacency list representation is preferred over adjacency matrix if the graph is sparse.

b. The storage requirement of adjacency matrix is O(N2) .

c. Accessing the weight of a specific link in adjacency list representation can take O(N) time.

d. The weight of a link in adjacency list representation can be changed in O(1) time.

e. All of the above are true

16. For the array implementation of the stack, what is the worst-case cost of a

single push operation if array doubling is used? 
a. O(1)

b.O(log N)

c.O(N)

d.O(N log N)

e. none of the above

17. Which of the following operations is not efficiently supported by a singly linked list?
a. accessing the element in the current position

b. insertion after the current position

c. moving to the position immediately prior to the current position

d. moving to the position immediately following the current position

e. all of the above are efficiently supported
18. In which of the following traversals is the node processed after the recursive calls to the children are complete? 
a. inorder

b. level order

c. postorder

d. preorder

e. none of the above
19. What is the minimum number of nodes in a binary tree with L leaves? 
a. log L

b. 2L – 1

c. 2L

d. 2L
e. none of the above
20. How are elements deleted in linear probing? 
a. the element reference array[i].element is made null

b. the HashEntry reference array[i] is made null

c. they are changed to zero

d. they are marked deleted

e. none of the above
21. Which of the following costs are equal in a hash table? 
a. insertion and successful search

b. insertion and unsuccessful search

c. successful search and unsuccessful search

d. insertion, successful search, and unsuccessful search

e. none of the above
22. Which of the following costs are equal in a hash table? 
a. insertion and successful search

b. insertion and unsuccessful search

c. successful search and unsuccessful search

d. insertion, successful search, and unsuccessful search

e. none of the above
23. How much extra space is used by heapsort? 
a. O( 1 )

b. O( log N )

c. O( N )

d.O(N2)

e. none of the above

24. Which sorting algorithm has the same average and worst case time bounds

(in Big-Oh) as heapsort? 
a. insertion sort

b. mergesort

c. quicksort

d. shellsort

e. none of the above
25. Fill in the blank: What does the “NP” stand for in the terms “NP”, “NPC”,”NP-hard”? 

                   ______________________________________________________________
26. Assume a “non-standard” Iterator interface

public interface Iterator {


boolean hasNext();


Object next();

}

  And a class that contains an array and a factory method to return an Iterator.

public class MyContainer {


Object [] items;


int size;


public Iterator iterator() {



return new MyIterator(this);


}


//…. Lots of other code …

}

  Assume that the MyContainer class has been fully implemented (array based, as implied above). Implement the iterator MyIterator (which should also contain three methods : hasNext(), next() and a constructor).

(extra space for answers)
27. Examine the code below that computes the square of n
a. Express the “sum” series in notation (3 points)
      b. Prove, using induction that the series does, in fact compute n2  (4 points)
public static int square(int n) {


int sum = 0;


if (n < 0) n = -n; 

for (int i= 1; i<=(2*n)-1;i+=2)


sum += i;


return sum;

}

28. Heaps

a. Show (draw the array) the result of inserting the following keys into a heap (i.e. for each one, do an insert and a bubble up). (4 points) (9,17,10,11,2,16,12,4,3,8,15,6,13,7,5,14). 

b. Show the result of doing 3 deleteMAX operations on the heap of 28a.(3 points)
29. Given the recurrence L(1) = 2, L(n) = L(n-1) + 1

Prove L(n) = n+1

The whole proof is required

30. Assume that yourfun(int x) takes O(x)  time. What is the runtime (in terms of n) of the following code segment? For partial credit, denote the runtime of each line.
for (int I = 0 ; I < n*n*n;I++)

   for(int k = 0 ; k < n; k++)


for(int j = n ; j>0;j /=2) 



yourfun(n);

31. Consider the Graph, below. (a) Find the shortest unweighted path from V3 to all others, (b) find the shortest weighted path from V2 to all others.


[image: image2]
32. Demonstrate the insertion of the keys (5,28,19,20,33,12,17) into a hash table with collisions resolved by linear probing. Assume that the table has 9 slots and that the has function is h(k) = k % 9. Draw the state of the hash table after every insertion.

33. Counting

a.  (2 points) How many different ways can you make a “full house” (3 of a kind, and a pair) from a poker deck? (Note, suit is important - A(A(A(2(2(, 
 is a different full house than A(A(A(2(2(. The order in which they are dealt is not important A(A(A(2(2(,  is the same as 2(2(A(A(A(). 

b. (2 points) You and 4 of  your friends meet after the exam to celebrate the end of a wonderful year. Everyone buys everyone else one beer. No one buys any for themselves. Beer is $2 a bottle. How much do you all spend? (Do not include any money that falls from your pockets as you stumble on the way home).

c. (2 points) The Harvard Classics are generally published in 51 volume sets. Most peoples’ sets are missing 7 of the 51 volumes. You have two friends who are moving and who want to give you their collections. Each of their sets is missing 7 (random) volumes. If you take both sets, what is your probability of being able to make one complete set out of the two? 

d. (2 points) In the popular role-playing game “Sewers & Snakes” players roll 2 4 sided die (one die red, one die green) when confronting the dreaded whomp-rat.  The sides of the dice are numbered (0-3). Points are calculated by taking the square of the number showing on the red die and subtracting the number showing on the greed die. What is the expected value of one such roll? 

(extra page for answers)

34.  Consider quartary trees (trees where each node has 4 children). Prove by structural induction that a full quartary tree of height n has (4n+1 –1) / 3 nodes.

35. (8 points) Show the tree generated by inserting the following keys into an AVL tree (9,17,10,11,2,16,12,4,3,8,15,6,13,7,5,14).

(extra sheet for answers)
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