Algorithms
Fall 2011

Graduate Comprehensive Exam


1. Input: a list of numbers r(k), for 1<=k<=n. Write a dynamic programming algorithm for computing M(1,n) from the following formula. Before setting up the iteration loops carefully observe that all the needed values in an iteration should be available already in the matrix. Analyze the time and space complexity for your algorithm. Drawing a table for M may help. 

for all 1 ( (i, j) ( n:

M(i, j) = 0, for all i > j

M(i, j) = max{ M(i, k-1) + M(k+1, j) 

+ Sum[r(p) | i<=p<=j]
        | for all k with i<=k<=j}, 

2a. What is count as a function of n after the end of the loops?

(1) count = 0;








(2) For i = 1 through n do

(3) 
For p = 1 through 2 do

(4)

For k = 1 through i do
(5)

  count = count +1;

      end for loops;

2b. What is the asymptotic time-complexity and space complexity of the following code fragment in terms of n?
(1) For i =1 through 2n do

(2) 
For p = 1 through 2i do

(3)

create a new node and add to a link-list;  

// assume O(n) time-complexity for the step (3)

end for loops;
4a.  Solve the recurrence:
T(n) = T(n/2)+O(n)
4b.  Mention a scenario where Quicksort has O(N^2) asymptotic complexity for problem size N.

4c.  Mergesort’s worst case complexity is always same for a given problem size – true or false? Explain in a sentence.

4d.  Can the recurrence in question 4a above be the recurrence equation for asymptotic complexity of a comparison-based sorting? Explain in a sentence.
4e. What is the space-complexity (memory needed) of Quick sort? Explain in a sentence.

5. The following recursive algorithm finds all possible permutations of an input list of characters.

Input: a list L[1..n] of characters, and the initial size of the list n.

Output: each possible permutation of L.

Algorithm Unknown(list  L, int n, int level, array A)

(1) if (level = = n+1) then print A;
     else
(2)   for each element  e  of L do

(3)
A[level] = e;

(4)
L = L – e;  // shrink the list by eliminating e
(4)
Unknown (L, n, level+1, A);
        end for;

     end if;

End algorithm
Driver call: Unknown(L, sizeof(L), level=1, empty A[ , , ])

What is the output for Unknown((x, y, z), 3, 1, A[])?

