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MATH 354 Exam Part 2
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Duration: 1 hour and 10 minutes

No Aids Allowed.

There are 3 questions worth a total of 15 marks (5 marks each).

Answer all questions on the question paper.

Use backs of pages.

Please complete this section:

Name (please print):

For use in marking:

1. /5

2. /5

3. /5

Total: /15
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1. Consider the following variant of the Longest Monotone Subsequence problem. The

input is d, a1, a2, . . . , ad ∈ N, but the output is the length of the longest subsequence

of a1, a2, . . . , ad, where any two consecutive members of the subsequence differ by at

most 1. For example, the longest such subsequence of {7, 6, 1, 4, 7, 8, 20} is {7, 6, 7, 8},
so in this case the answer would be 4. Give a dynamic programming solution.
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2. In Floyd’s algorithm:

1: for i : 1..n do

2: for j : 1..n do

3: B(i, j)←− C(i, j)

4: end for

5: end for

6: for k : 1..n do

7: for i : 1..n do

8: for j : 1..n do

9: B(i, j)←− min{B(i, j), B(i, k) + B(k, j)}
10: end for

11: end for

12: end for

13: return D ←− B

the array B computes the recurrence:

A(k, i, j) = min{A(k − 1, i, j), A(k − 1, i, k) + A(k − 1, k, j)}.

using the overwriting trick. Explain the benefits of this ‘trick’ and show that overwriting

still computes A correctly.
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3. The Dispersed Knapsack problem is defined as follows:

Input: w1, . . . , wd, C ∈ N, such that wi ≥
∑d

j=i+1wj for i = 1, . . . , d− 1.

Output: Smax ⊆ [d] where K(Smax) = max
S⊆[d]
{K(S)|K(S) ≤ C}.

(a) The following is a natural Greedy algorithm for solving the Dispersed Knapsack;

fill in the blanks:

S ←− ∅
for i : 1..d do

if then

end if

end for

(b) To show correctness of the above algorithm, define what it means for an interme-

diate solution S to be promising.

(c) Prove that S is promising according to your definition.

(d) Conclude that the algorithm is correct.


