ES 314 sample questions for the test on Advanced Programming module

(Date and time: October 15, 10 AM to 12 noon)

1) What is the exact number of key comparisons and key assignments performed by insertion sorting and selection sorting on the following input? 

12 4  19  8  5  1  10  2  7

2) Let X be an integer variable stored in a memory location. (Recall that integers are 32-bits long.) Write a single instruction in C++ to copy of the content of the next memory location into variable X.

3) A class X has two (private) data members x and y. Write a function increment_x (that does not belong to class X) to increment the x value of an object p of class X. 

4) Write the expression below in postfix notation:  (a + b) * (c + d * f – g). 

5) State Horner’s rule for evaluating a polynomial.

       6)   What is the number of key comparisons and data movements needed in the worst-case to perform the following operations on a sorted as well as an unsorted array? Assume that the list currently has N items. Express your answer using O notation. (Constant will be written as O(1).) 

                      search                          delete            insert             

7) Write a function for the Queue class that deletes the second item from the top of the stack. (Use only PUSH and POP operations.)  

8) Are the following statements true?

      (a) for a given infix expression, there is a unique postfix expression corresponding to it.

      (b) for a given postfix expression, there is a unique infix expression corresponding to it. 

      (c) for a given prefix expression, there is a unique postfix expression corresponding to it.

In the above, (a + b) + c is considered different from a + b + c.     

9) Given a pointer to a node that represents a list, write a recursive function to insert a key k at position j of the list. Shown below is the code with base case omitted. Complete the missing part.  Assume a constructor for Node that takes as input a key k and returns a node with key field set to k, and next set to NULL. You should not change the code or add at any other place.

         void insert( Node* headptr, int k, int posn) {

     // posn 0 means insert in front, posn = length of list means insert at the end

              // if posn > length of list, should not insert. Instead print a message

     if (headptr == NULL) {

         __________________________} 

     else headptr->next = insert(headptr->next, k, posn – 1);

    }

10) Read the following recursive program and answer the questions below:

     int f(int k, int m) {

       if (k >= m) return 0;

       else if (m%k == 0) return 1;

       else return f(k+1, m);

     }

What is the output on inputs (a) k = 5 and m = 9 (b) k = 2 and m = 17 and (c)  k = 6 and m = 27? 

11) Write a function to reverse a list (for a standard singly-linked list) using only the following operations: size(), first(), remove(int) and insertFirst(object).The function remove(k) removes the object in position k of the list. What is the complexity of your algorithm?  In class, we wrote a program to reverse a list. What is the complexity of that program?

12) Write a function balance_check that takes as input a string of parentheses (using three types of them { }, [ ] and ( ) ) and returns true (false) if the string represents a balanced (not a balanced) parentheses. You can assume that you have access to a stack class with standard functions like push, pop, top, isEmpty, isFull etc.

13) Assume a standard list class with member functions search, insert and delete. Write a function that finds the successor of a given key. (Successor of x is the smallest key in the list that is larger than x. Example: if the list contains keys 12, 9, 21, 3, 18, 34, the successor of 14 would be 18.) If the successor does not exist, it should return 0. What is the time complexity of your procedure (as a function of n = length of the list)?

14)  Write a function rotate that takes as input an image file (in BMP format) and rotates the image by 90 degrees clockwise and returns the resulting image. Write an expression for the number of operations performed by your algorithm as a function of w and h, the width and the height of the input image.

 15) Consider a closed hashing implementation. A hash table has size = 101, and the keys are 32-bit integers. The hash function we plan to use is h(x) = x % 101. Suppose we insert the keys 100, 200, 201, 300, 302, 301, 411. At this point, what is the expected number of probes in a successful search for one of the 7 keys? Which unsuccessful search at this point will take the maximum number of probes? What is the current load factor?

