2013 Spring Honors Computer Science I (COP 3502H) Final Exam
Name: __________________________________________
1) In each of the following code segments, set up summations to solve for the value of the indicated variable at the end of the code segment. Assume all variables not declared in the code segment that are used are previously declared.
(a) (2 pts)   What would be the value of final after the following segment has been executed?

final = 0;
for (i = 0 ; i <= 50; i++)  


final += 20;

_________________________
(b) (2 pts)   What would be the value of num after the following segment has been executed?

total = 0;
k  = 20;

num = 0;
for ( i= 1 ; i < 5 ; i++) { 


for ( j = 1; j <= 30 ;  j++) {


num    += 6 * k;



total  += 3*j – 6; 
     }
}
_______________________________

(c) (3 pts)   What would be the value of count after the following segment has been executed?

count = 0;
sum = 0;
for (i = 1 ; i < = 5 ;i++) { 


for (k = 1;   k <= 10 ;  k++) { 



count  += 2 * i;



sum    += 3*k – 6; 
     }
}
_____________________________

(d) (6 pts)   Work out an expression for total after the following segment has been executed, in terms of n. You may assume that n is a positive even integer.
total = 0;

for ( k= 1 ; k < 2 ; k++) 

for ( i = n/2; i <= n ; i++) 



total  += 16*i – 12*n; 

_____________________________

2) Answer the following questions dealing with the run-times of sorting algorithms in specific instances.

(a) (4 pts)  A very large array contains m elements sorted in the reverse order ( largest to smallest).  What would be the time complexity in terms of Big-O, when the following sorting algorithms are applied on this array? Quick sort uses first element as the pivot.
Merge sort_____________________
             Bubble sort_____________________

Quick sort______________________
 Insertion sort______________________

(b) (4 pts)  After the array is sorted in proper order using one of the methods mentioned above the following sorting algorithms are applied on the sorted array. Indicate the time complexity in each case.

Bubble sort_______________________
Selection sort ______________________

Quick sort _______________________
Merge sort ________________________

3) Indicate the worst case time complexity (Big-O) of the following operations for binary trees with n elements.
(a) (1 pt) Searching for a target on a binary tree



____________

(b) (1 pt) Searching for a target on a binary search tree


____________

(c) (1 pt) Pre-order traversal of a binary search tree


____________

(d) (1 pt) Counting leaves of a binary tree



____________

(e) (1 pt) Finding height of a binary search tree



____________
4) (8 pts) Write a recursive function  int  countbin  (  int D ), which  counts the number of ONES in the binary representation of a given decimal integer   D.  Work out the time complexity of the function in terms of the value of the input, D.
5) Draw the results of the AVL tree operations delineated below.


(a) (4 pts) Draw an AVL tree with the nodes arriving in the order shown below. After every insertion, if the tree gets unbalanced, redraw the balanced AVL tree.
 50, 80, 30, 20, 70, 60, 55, 10

(b) (4 pts) Draw an AVL tree with the nodes arriving in the order shown below. After every insertion, if the tree gets unbalanced, redraw the balanced AVL tree.
 50, 30,  80,  90,  60,  70

6) (8 pts) Write a function which deletes the largest element in a binary search tree and returns a pointer to the deleted node. The nodes of the tree have the following structure:

struct node { 


struct node * left;  


int data; 


struct node * right;

};

struct node * largest(struct node * root) {
}

7) (4 pts) It takes  72 ms for an algorithm to execute a task for 8 data elements. When the data size is increased 4 times, the algorithm takes 480 ms. What is the time complexity of the algorithm in terms of its input size, n?

____________________________
8) (6 pts) Consider  the circular array based implementation of a queue with 30 slots. It uses two pointers, front and rear, both set to – 1 when the queue is empty. Indicate the number of  EMPTY  slots on the queue for following combinations of front and rear indices. If any combination is meaningless indicate so.

i) front = 0, rear = 24

 ______________

ii) front = 10,  rear = 10
 _______________

iii)  front = – 1,  rear = 29
 _______________

iv)  front =  29 , rear =  29 
______________

v)  front = 20,  rear = 17
 _______________

vi)  front =5,  rear = 20
 _______________

9) (4 pts) The number of steps involved in solving the Tower of Honoi problem for 30 disks is 1073741823. Making use of the recursive solution to this problem, work out the number of steps involved to solve the problem for 31 disks.

10) Express the worst time complexities for following operations in terms of Big-O assuming most efficient algorithms are being used. Note that none of the operations are dependent on previous operations. ALL operations are independent of each other. 

(a) Given an array A with n elements in sorted order, 

       i) (1.5 pts) Searching for a specific element in A using an iterative algorithm
 ___________

      ii) (1.5 pts) Searching for a specific element in A using a recursive algorithm
  ___________

     iii) (1.t pts)  Adding 10 to the largest element of A.



  ___________

(b)  Given a linked list  L, with m nodes containing integers in sorted order,

       i)  (1.5 pts) Finding the contents of the middle element of L


___________

      ii)  (1.5 pts) Inserting a new node in the  8th position of  L


___________

     iii)  (1.5 pts) Adding 10 to the largest element of L 



___________

     iv) (1.5 pts) Appending another linked list S containing  p nodes to L

___________

(c)  (1.5 pts) Given an arithmetic expression E with p operands, q arithmetic

     operators  and n parentheses, checking if the parentheses in E

     are balanced 







  
___________

(d) (1.5 pts) Given a queue Q with n elements, inserting  3 new elements in Q.
  ___________

(e)  Given a circular linked list  C, with n nodes and C pointing

      to the last node (last element of the list),

      i)  (1.5 pts) Deleting the first node of  the list




___________

     ii)   (1.5 pts) Inserting a new element at the end of the list


___________

    iii)  (1.5 pts) Deleting the node pointed to by C




___________

(f)  Given a stack S with p elements, popping an element

     i)
(1.5 pts) when S is implemented using an array



  ___________

    ii)
(1.5 pts) when S is implemented using a linked list



  ___________

11) A queue is to be implemented using a linear linked list. Each node has the data structure:

struct node { 


int data; 


struct node * next;

};

Suppose following commands are given to such a queue : 


enqueue 50

enqueue 35

enqueue 15

dequeue

enqueue 70

enqueue 20

(a) (3 pts) Draw the linked list to show the status of the queue after ALL commands have been executed. Show the pointers front and rear.

(b) (7 pts) Write the dequeue function  int dequeue(struct node **front, struct node **rear) which returns the removed integer. If the queue is empty, the function should  return -55.  Note: double pointers are used for parameters so the function need not return the list back to the main program. 

12) Given the circular linked list p shown below, answer the following questions about executing circular(p). (The code for the circular function is given at the bottom of the page.)
p  ->  20, 40, 5, 12, 50, 35, 70, 60, 80
(a) (3 pts) Indicate the order in which the elements of the list are being deleted.
_______________________________________________________________

(b) (2 pts) Indicate the final list returned by the function.

_____________

struct node { 


int data; 


struct node * next;

};
struct node* circular( struct node * p) 

{

struct node * r,temp;

int j,count;

temp= p;

while(p->next ! = p) 

{ 

r = p;

for ( j=1; j < 4 ; j++) 

r  = r->next; 

temp =  r->next; 

r->next = temp->next; 

p = r->next; 

free ( temp);

}


return p;

}
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