Computer Science I – Final Exam

Date: 5/1/09

Name: _________________________________

1) (10 pts) It was mentioned in class that with respect to order notation, the base of a logarithm does not matter, so long as it is greater than 1. Thus, it is the case that log2n = O(log16n). Prove this assertion by finding the value of k such that log2n = klog16n. (The following log identity may help: [image: image2.png]log,h

= logch
= logea




, for positive real numbers a, b and c greater than 1.)

2) (10 pts) The permutation function is defined as follows: P(n, k) = n(n-1)(n-2)…(n-k+1), for positive integers n and k, with 1 ≤ k ≤ n. Note that P(n, 1) = n. Write a recursive function that takes in integer parameters n and k and returns P(n, k) below.

int perm(int n, int k) {

}

3) (4 pts) What is the result of inserting 19 into the AVL tree below?
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4) (6 pts) What is the result of deleting 6 from the AVL tree below?
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5) (10 pts) Use backtracking to find the first solution that would be produced by the code shown in class to solve the 5-Queens problem. Note: This code filled in its first queen in column 1, its second queen in column 2, etc. Furthermore, the order in which it tried queens within a column was starting with row 1, then row 2, etc. For example, the first solution produced by the program for the 4-Queens problem is the following:




_ _ Q _





Q _ _ _





_ _ _ Q





_ Q _ _
because there is no solution with a queen in column 1, row 1, so we then try column 1, row 2. From here, column 2, row 4 is the first queen that works (rows 1, 2 and 3 are forbidden), etc.

6) (10 pts) Write a function that takes in an integer array called values that is guaranteed to ONLY store integers in between 1 and 10, inclusive and the length of the array, and return the number of distinct values stored in the array from index 0 to index length-1. (For example, if the array of length 8 stored 3, 7, 7, 1, 2, 5, 2, 2, then your function should return 5, since the distinct numbers in the array are 1, 2,  3, 5 and 7.) Fill in the prototype below.

int numDistinct(int values[], int length) {

} 

7) (10 pts) Solve the following recurrence relation utilizing the iteration technique.




T(n) = 2T(n – 1) + 4, T(1) = 4

Express your answer in the form c(2n – d), where c and d are both positive integers for full credit. (If you can’t get your answer in this form, then leave it in another form for partial credit.)
8) (10 pts) Imagine utilizing a linked list with the struct below to store strings:

struct char_node {

  char letter;

  struct char_node* next;

};

A string would simply be a pointer to a char_node that points to a node storing the first letter in the string. (Subsequent letters would be connected in the typical way a linked list is connected.)

Complete the recursive function below that compares two input strings. (Note: -1 is returned if the first string, pointed to by ptrA comes before the second string, alphabetically, pointed to by ptrB. 0 is returned if they are equal and 1 is returned if the first string comes after the second string, alphabetically.)

int llstrcmp(struct char_node* ptrA, struct char_node* ptrB) {

  if ( ________________________ )

    return 0;

  if (A == NULL)

    return ___;

  if ( _______________ )

    return ___ ;

  if ( ______________________ )

    return -1;

  if (A->letter > B->letter)

    return 1;

  return ____________________________ ;

}

9) (10 pts) What is the output of running the function question9(root), where root is pointing to the root node of the binary tree shown below. Use the following struct:
struct tree_node {

  int data;

  struct tree_node *left;

  struct tree_node *right;

};
void question9(struct tree_node *current_ptr) {

  if (current_ptr != NULL) {

    question9(current_ptr->right); 

    question9(current_ptr->left);
    printf("%d ", current_ptr->data); 
  }

}
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10) (5 pts) Show the result of inserting the value 5 into the heap represented in the array below. Draw a tree representation of the resulting heap. (Put a circle around your answer.)

	index
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	value
	3
	9
	4
	16
	22
	13
	7
	35
	17
	40
	31
	14
	98


11) (5 pts) Show the result of deleting the minimum item from the final heap (containing 5) from question 4. Draw the tree representation of this heap as well. (Put a circle around your answer.)

12) (9 pts) Show the result of running Partition on the array below, using the item in index 0 as the partition item:
	index
	0
	1
	2
	3
	4
	5
	6
	7
	8

	value
	32
	17
	99
	45
	12
	73
	9
	13
	22
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13) (1 pt) What letter appears on individual M&M candies? _______
