CSCI 3333 Data Structures  
        Fall 2011   
Test #1
p.5

Test time: 60 minutes 
Your name: 





    

Score: 



 / 50.

Note: 

Provide precise answers.
Budget your time over the questions!

Your writing should be easy to read.  When possible, try to print your answers.

You may use the back of the page as scratch paper or to write your answers.

A. (20 pts) Fill in the blanks (1 point per blank). Note: Each answer may consist of multiple words.

1. A data structure is a representation of data and the __________________ allowed on that data.
2. In a computer program, which data structure is allocated as a block of contiguous memory space? Answer: __________________
3. When a linked list is first declared in a program, its initial value is __________________.
4. Which data structure has the “First in, Last out” feature? Answer: __________________
5. The cost of retrieving a data element from an array (given an index value) is __________________ (using the big-O notation).
6. Suppose Df  = {1, 2, 3, 4} represents the domain of function f, and Rf  represents its range. A Mapping Graph of f, Gf , is defined as follows:
Gf = { <x, f(x)> | x(Df  , f(x)(Rf } ( Df x Rf 
Let  f(x) = x2 – 3. Show the content of Gf . Answer: _______________________________________
7. Algorithm analysis determines the amount of resources, such as time and 


, that a given algorithm will require.

8. Given an array of 10,000 elements, what is the worst case scenario of searching for a given item in that array? That is, how many elements would need to be retrieved and examined? 
Answer: 




9. Given an array of 10,000 elements, what is the average case scenario of searching for a given item in that array? That is, how many elements would need to be retrieved and examined? 
Answer: 




10. Given a sorted array of 10,000 elements, what is the worst case scenario of searching for a given item in that array using binary search? That is, how many elements would need to be examined? 
Answer: 




11. The big-O notation: Given two functions f and g, f is Ο(g) iff there exist positive real numbers a and b s.t. |f(x)| ≤ b|g(x)| for all real numbers x > a. Let f(x) = x and g(x) = x2. If b is 1, what is the value of a? Answer: 




12. (Continued from above) If b is changed to 2, what is the value of a? Answer: 




13. Given two functions, f(x) = x2 + 100x + 11 and g(x) = 2x3, use the big-O notation to show their relationship: 



.
14. Use the big-O notation to show the cost of the following code fragment. Answer: 



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


for (int j=i; j < n * n; j++)     sum++;

15. An algorithm takes 5 ms for input size 1,000. How long will it take for input size 5,000 (assuming that low-order terms are negligible) if the running time is linear? Answer: 




16. An algorithm takes 5 ms for input size 1,000. How long will it take for input size 5,000 (assuming that low-order terms are negligible) if the running time is logN? Answer: 




17. An algorithm takes 5 ms for input size 1,000. How long will it take for input size 5,000 (assuming that low-order terms are negligible) if the running time is quadratic? Answer: 




18. Given the following definition of a linked list, ListNode, and a sample linked list li (as shown in the figure below), what is the value of the expression li.next.next.data? Answer: 



Clas ListNode { 

String data;


ListNode next;

}
19. (Continued from above) Show the statement to change the value of the second node from 5 to 22. 
Answer: 







20. (Continued from above) Suppose there exists a reference called last that always points to the last node in the list. What statement would you use to add a new node to the end of the list?
Answer: 







B. Program Writing/Tracing:

1. (5 pts) Suppose Arr is an array of integers with the following elements: {12, 18, 21, 32, 35}. Below is the definition of the binarySearch( ) method. Show the screen output of the following method calls.
	public static <AnyType extends Comparable<? super AnyType>>

     int binarySearch( AnyType [ ] a, AnyType x ) 
{

        int low = 0;

        int high = a.length - 1;

        int mid;

        while( low <= high )

        {

            mid = ( low + high ) / 2;



System.out.println(low + “:” + mid + “:” + high);

            if( a[ mid ].compareTo( x ) < 0 )

                low = mid + 1;

            else if( a[ mid ].compareTo( x ) > 0 )

                high = mid - 1;

            else

                return mid;

        }

        return NOT_FOUND;     // NOT_FOUND = -1

}
	Screen output of binarySearch(Arr, 16):
Screen output of binarySearch(Arr, 35):


2. (5 pts) Assuming the object array1 is an integer array, define the following operation as a method: Add all the values in the array and return the sum.

Method call: float result = array1.sum( );

Method definition:

3. Given the following recursive function definition f( ):

3.1. (5 pts) Show the screen output of the function call f(5).

	Function f (int m, int n) {   

         Print (m, n); 

if (m <= n) return 1;

else return f(m-2, n+3) + f(m-3, n+2);
}

	Screen output of f(20, 12):


3.2. (2 pts) What is the returned value of f(20, 12)? Answer: 





4. (3 pts) If an algorithm with running time of O(N logN) takes 0.5 ms when N = 200, how much time would it take when N = 2000? Show how you get the answer.
5. The class LinkedList defines a generic linked list. As shown below in the main() method, a linked list li has been constructed.
public class LinkedList<T> {


T data;


LinkedList next;

         public static void main(String args[]) {

        LinkedList li;

        LinkedList temp;

        li = new LinkedList();

        li.data = 10;

        temp = new LinkedList();

        temp.data = 5;

        li.next = temp;

        temp.next = new LinkedList();

        temp.next.data = 10;

        temp = li.next;

        temp.next = new LinkedList();

        temp = temp.next;

        temp.data = 3;
        // li.showList();
} // main()
} // class: LinkedList
5.1. (5 pts) Show how the constructed list li would look like.
5.2. (5 pts) Write the method showList( ) as an instance method. When called, it shows the content of the linked list.
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