COP 3502 Exam #1

Spring 2004

2/10/01

Lecturer: Arup Guha

TA: _______________

Recitation Time: __________

First Name: _____________

Last Name: ______________

Directions: Show all of your work!!! Full credit will not be given unless the appropriate work is shown. Partial credit may be earned for nearly all the questions, but can only be awarded if you show readable work.

1) (4 pts) What is the output of the following program?

#include <stdio.h>

int main() {

  int a=3, b=5;

  int *p, *q;

  p = &b;

  q = &a;

  (*p) += (*q);

  printf("a=%d b=%d\n",a,b);

  p = q;

  (*p) = 2*b;

  printf("a=%d b=%d\n",a,b);

  return 0;

}

__________________

__________________

2) (5 pts) Rewrite the following segment of code only using pointer aritmetic. (You may NOT use the characters '[' or ']' anywhere in your code.)

for (i=1; i<len-1; i++)

  average[i] = (values[i+1] + values[i-1])/2;

3) (6 pts) Define a structure store_item that can be used to represent an item in a store. Some of the answer has been provided for you below. The structure should be composed of the following three items:


a) name (a string with less than 20 characters)


b) a SKU number (an integer)


c) a price (a floating point value)

struct store_item {

};

4) (15 pts) It turns out that the least significant digit (the last digit) of the SKU number of an item in a store represents what department an item is sold in. (Thus, the valid departments are 0 through 9.) Write a function that takes in an array of struct store_item and an integer size that represents the size of the array and returns the total cost of all the sporting goods items stored in that array. All items from department 7 are sporting goods items and no other items are. 

float cost_sports(struct store_item *items, int size) {

}

5) (5 pts) Consider doing an insertion sort on the following list of number: 10, 3, 5, 6, 2, 9, 7. How many swaps total are performed during the sort? Write down each pair of numbers that gets swapped.

Number of swaps: ___________

Pairs that get swapped:  __________ , __________ , __________ , __________ , 

__________ , __________ , __________ , __________ , __________ , __________ , 

__________ , __________ , __________ , __________ , __________ , __________ , 

__________ , __________ , __________ , __________ , __________ , __________ 

(Note: All of these blanks won't be used, only some of them.)

6) (10 pts) When the following list of numbers gets sorted using a Merge sort, there are a total of 7 separate calls to the Merge function. Write down the seven pairs of lists that get merged in the process of the sort, in the order in which they occur.

	Original
	3
	8
	6
	5
	4
	1
	7 
	2


Merge #1: List #1: ______________________ , List #2: _________________________

Merge #2: List #1: ______________________ , List #2: _________________________

Merge #3: List #1: ______________________ , List #2: _________________________

Merge #4: List #1: ______________________ , List #2: _________________________

Merge #5: List #1: ______________________ , List #2: _________________________

Merge #6: List #1: ______________________ , List #2: _________________________

Merge #7: List #1: ______________________ , List #2: _________________________

7) (5 pts) Consider performing an in-place partition on the following list of numbers: 5, 9, 2, 1, 8, 4, 7, 6 using 5 as the partition element. There are two swaps that occur. Outline both of them in the chart below:

	Original
	5
	9
	2
	1
	8
	4
	7
	6

	After 1st swap
	
	
	
	
	
	
	
	

	After 2nd swap
	
	
	
	
	
	
	
	


8) (12 pts) Consider the following function?

int question10(int n) {

  if (n == 0)

    return 0;

  else

    return n%2 + question10(n/2);

}

a) What does the function call question10(17) return?

____________

b) For any positive integer n, what is the relationship between the return values of question10(16*n) and question10(n)? (Note: The type of answer I am looking for is determining the return value of the first call in terms of the return value of the second call. Thus, something along the lines of "the first call returns a value twice as much as the second call" would be valid. This is not the right answer though!!!)

________________________________________________________________________

c) What does the function compute in general?

________________________________________________________________________

9) (5 pts) Given an Algorithm A that runs in O(n4) that runs in 1 ms on an input of size 150, what input size is likely to lead to a run-time of 81 ms?

Input Size = _________________________

10) (5 pts) An algorithm A runs in O(n2) time while an algorithm B that solves the same problem runs in O(n3) time. Given that algorithm B runs 5 times as fast as algorithm A on an input of size 50, for what input size n are the two algorithms likely to take the same amount of time to run?

Input Size = _________________________

11) (5 pts) What is the running time of the following segment of code in terms of n? (Please answer using a big-O bound.)

for (i=0; i<n; i+=2) {

  if (i%2 == 1)

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

      sum += j;

}

Running Time = O( _____ )

12) (5 pts) What is the running time of the following segment of code in terms of n? (Please answer using a big-O bound.)

for (i=0; i<n; i+=2) {

  if (i%2 == 0)

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

      sum += j;

}

Running Time = O( _____ )

13) (15 pts) A maze can be encoded as a two dimensional array of integers by storing various numbers in each array element. A -1 represents an invalid square, while all positive integers less than 4 represent valid squares along with the possible directions you can move from those squares. Here is a chart that outlines the possible directions for each square:

	Value
	Possible Moves

	1
	Left and Right

	2
	Up and Down

	3
	Left, Right, Up and Down


A prize in a square is denoted by a 9. Your goal is to write a function that takes in a maze as input, as well (x,y) coordinates for a starting position, and returns 1 if there is a path from the starting position to a square with a prize and returns a 0 if there is no such path. The function is outlined on the next page and will work recursively. The idea to solve the problem is as follows:

1) If the given square has the prize, return 1 immediately.

2) If the given square has a -1, return 0 immediately.

3) Otherwise, check the value in the given square, based upon this value recursively start searching for a prize square from the appropriate adjacent squares. (Thus, if the value in the square is 1, start a search from the left of this square, and another search from the right of this square. Return true if either search is fruitful.) Before you recursively search however, to prevent coming "back" to the original square, change its value to -1.

Assume that the maze is a 10x10 maze and that no valid search path leads out of the maze. (Thus, no need to check for ANY array out of bounds errors.) Also, assume that the x coordinate governs left-right movement in the maze while the y coordinate governs up-down movement in the maze.

Fill in the blanks in the function below:

int pathToPrize(int maze[][10], int x, int y) {

  if ( maze[x][y] == ___ )

    return 1;

  else if ( maze[x][y] == ___ )

    return ___ ;

  if ( maze[x][y] == 1) {

    maze[x][y] = -1;

    return pathToPrize( _____ , ___ , ___ ) ||

           pathToPrize( _____ , ___ , ___ );

  }

  else if ( maze[x][y] == 2) {

    maze[x][y] = -1;

    return pathToPrize( _____ , ___ , ___ ) ||

           pathToPrize( _____ , ___ , ___ );

  }

  else if ( maze[x][y] == 3) {

    maze[x][y] = -1;

    return pathToPrize( _____ , ___ , ___ ) ||

           pathToPrize( _____ , ___ , ___ ) ||

 pathToPrize( _____ , ___ , ___ ) ||

           pathToPrize( _____ , ___ , ___ );

  }

}

14) (3 pts) In what Vietnamese city are the Towers of Hanoi fabled to have existed? 

_______________________

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

