COP 3503H Fall 2004

Exam #1

10/4/04

Name: __________________

1) (20 points) Consider doing a binary search amongst 2n-1 sorted elements, where n is a positive integer. In terms of n, what is the expected number of comparisons necessary to complete the search, assuming that the element being searched for is in the list? Assume that each element has an equal probability to be searched. (For example, consider n=3, which amounts to a list of 7 elements. There is a 1/7 chance that one comparison will suffice. There is a 2/7 chance that two comparisons will suffice, and finally there is a 4/7 chance that three comparisons will be used. The average number of comparisons used in this specific example is 1*1/7 + 2*2/7 + 3*4/7 = 17/7.)

2) (20 points) A maze is represented by a two-dimensional integer array of size 10x10. In particular, each array element is set to 0, 1, 2, or 3. If an element is set to 0, that means that you can not move to any adjacent squares from that square. If an element is set to 1, that means you can either move to the left or the right from that square. If an element is set to 2, that means you can either move up or down from that square. Finally, if an element is set to 3, you can move left, right, up or down. Write a recursive method that takes a two-dimensional integer array representing a maze in this fashion, along with valid integer x, y coordinates for a starting point, and sets each element of the maze that is reachable from the given starting point to -1.

For example, if we were given a 4x4 maze 
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 and the starting coordinates row 0 and column 1, then your method should change the maze to look like 
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, since each value in the first row is reachable from (0,1), but there is no way to move down from that row. Write the method on the following page where the prototype is provided. In your method, you may choose to call the following method:

public static boolean isValid(int x, int y, int size) {

  if (0 <= x && x < size && 0 <= y && y < size)

    return true;

  return false;

}

public static void doMaze(int[][] maze, int x, int y) {

}

3) (5 pts) What is the run time of the following function in terms of the size of the input value n, assuming that the method terminates? (Please give a theta bound.) Assume that the run time of the function f which is not listed is constant. Give a brief justification of your answer.

public static double question3(double n) {

  double guess = 1;

  while (f(guess) < n)

    guess = 2*guess;

  double low = guess/2;

  double high = guess;

  double mid;

  while (high – low > 1) {

    mid = (low+high)/2;

    if (f(mid) < n)

      low = mid;

    else if (f(mid) > n)

      high = mid;

    else

      break;

  }

  return mid;

}

​_________________________________

4) (10 pts) Solve the following recurrence relations with a big-Oh bound.

a) A(n) = 2T(n/2) + O(n)



_____________________________

b) B(n) = 7T(n/2) + O(n3)



_____________________________

c) C(n) = 5T(n/3) + O(nlgn)



_____________________________

d) D(n) = 16T(n/8)+O(n1.5)



_____________________________

e) E(n) = 27T(n/9) + O(n1.5)



_____________________________

5) (5 pts) Let f(n) = 
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. Prove that f(n) = ((n).

6) (10 pts) Consider using a Radix sort to sort the numbers below. Show the order of the values at each iteration of the algorithm my filling in the table below:

	Original Values
	1st Iteration
	2nd Iteration
	Final Iteration

	432
	
	
	

	286
	
	
	

	172
	
	
	

	431
	
	
	

	882
	
	
	

	231
	
	
	

	777
	
	
	

	274
	
	
	

	334
	
	
	

	186
	
	
	

	635
	
	
	


7) (10 pts) What is the minimum number of comparisons necessary to guarantee being able to sort 20 distinct values that originally start in any order? Please answer with an integer. Also, note that log210 = 3.322 to three significant digits, 20! = 2.433x1018 to three significant digits and log22.433 = 1.283 to three significant digits.

8) (15 pts) In a specific implementation of the Towers of Hanoi, it is found that the number of steps the function written executes on an input of n is 7 plus twice the number of steps the function executes on an input of size n-1. Also, it is known that on an input of 1, the function takes 1 step to complete. Let T(n) denote the total number of steps the function executes on an input of n. Prove, using induction on n, that T(n) = 2n+2 - 7.

9) (5 pts) In what month will the general November election take place this year?

___________________________________
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