CSC 172 FINAL EXAM

May 10th, 2002

Please write answers on the exam sheet. 

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. 

There are 10 questions worth 8 points, each.

There are 2 quesiions worth 10 points, each.

3 hours == 180 minutes 

Approximately 15 min/question

Meliora.

NAME:_____________________________________________________________

	QUESTION
	VALUE
	SCORE

	1
	8
	

	2
	8
	

	3
	8
	

	4
	8
	

	5
	8
	

	6
	8
	

	7
	8
	

	8
	8
	

	9
	8
	

	10
	8
	

	11
	10
	

	12
	10
	

	TOTAL
	100
	


1. (8 points) Induction

a. (4 points) Prove by induction that  
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b. (4 points) Show that every positive integer can be written in the form 5a+7b for some (not necessarily positive) integers a and b.
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(8 points) Write a recursive method, in JAVA, that reverses a singly linked list. 

Assume that the Node class has methods Node getnext() , and void setnext(Node n)

The method should take a Node object as an argument and return a Node object which is the first Node in the new (reversed) list. You must “reverse in place” – do not copy nodes. (2 points off for a non-recursive solution) 
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2. (8 points) Examine the (terribly inefficient!)  recursive code below. Derive a closed form expression to express the runtime. Proceed as follows (2 points each)

a. Show a recurrence relation that describes the runtime

b. Expand the relationship to a series

c. Express the series in notation

d. Show the closed form for the series (proof not necessary if you have shown it elsewhere on this exam).

You may assume n=2k for some integer k. 

public static int foo(int n) {


if (n <= 1) return 1;


return foo(n/2) * foo(n/2) + foo(n/2);

}
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4. (8 points) Heaps

a. (5 points) 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). (9,17,10,11,2,16,12,4,3,8,15,6,13,7,5,14). 

b. (3 points) Show the result of doing 3 deleteMAX operations on the heap of 5a.

5. (8 points) Counting.. Express the solutions expressions illustrating your reasoning (rather than  single numbers).

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 and fall 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? 
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6. Draw the result of inserting the following keys into a hash table of size 7 (i.e. h(x) = x %  7 ) using chaining (a linked list representation) (9,17,10,11,2,16,12,4,3,8,15,6,13,7,5,14). 

7. (8 points) Run Time Analysis

a. (4 points) Assume that yourfun(int x) takes O(log x)  time. What is the Big-Oh runtime (in terms of n) of the following code segment?

for (int I = 0 ; I < n*n;I++)


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



yourfun(n);

b. (4 points) What is the Big-Oh runtime (in terms of n) of the following code segment?

int inc = 1;

for (int i = 0 ; i<n;i++){


inc *=2;


if (inc > n) break; //return


for (int j=0; j<n; j+=inc)



x++;

}

8. (8 points) 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.
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9. (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).

10. (8 points) Following are some big-oh relationships. For each, give witnesses n0 and c that can be used to prove the relationship. Choose your witnesses to be minimal in the sense that n0-1 and c are not witnesses, and if d < c then n0 and d are not witnesses.

a. (2 points) n2 is O(.003n3)

b. (2 points) 26n4 –17n3 + 3n2 – 106n + 55 is O(n4)

c. (2 points) 2n+7 is O(2n)

d. (2 points) n13 is O(3n)
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11. (10 points) Based on the network provided in the following picture, fill in the missing information in each given array (Distance[D], Path[P], and Settled[S]). The source in this network is node 1 and the initialization phase has been completed. Use the letter I for infinity and the letter U for undefined.  (ie fill in the figures for Iteration1-3)

[image: image2.png]




 Initialization
   Iteration1    Iteration2   Iteration3



     D  P  I           D  P  I      D  P  I      D  P  I 

  Position _______
     _______      _______      _______


1    0  1  T
     _  _  _      _  _  _      _  _  _ 

      2    2  1  F
     _  _  _      _  _  _      _  _  _ 


3    6  1  F
     _  _  _      _  _  _      _  _  _ 


4    I  U  F
     _  _  _      _  _  _      _  _  _ 

12. (10 points) Recall that in Floyd’s Algorithm, we start with a two dimensional array M[0..n-1][0..n-1] where M[i][j] is the distance between any two node i and j of a graph with n vertices. The algorithm proceeds in n rounds where in each round we select a pivot element and make changes in the array M. Prove by induction that after the nth round (where n is the number of vertices of the input graph), array M[0..n-1][0..n-1] stores the shortest path for all pairs of the graph. You can assume that the distance between any two pair of nodes in the graph is nonzero. The algorithm is given below to assist you for this problem.

FLOYD’S ALGORITHM

Begin{Input: weighted-adjacency matrix M}


For k <- 0 to n –1 do 



For I <- 0 to n-1 do




For j <- 0 to n-1 do





M <- M[I][j] + M[I][j] ;





If (m < M[I][j]) then M[I][j] = m




End For



End For


End for

End of Algorithm

This page blank for answers (please indicate question number)





















































































































































































PAGE  
3

_1082457388.unknown

