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Question 1 [10 Marks] Completion time with priorities

In class we saw a greedy algorithm, where, given n jobs with their processing times, we
designed a greedy algorithm that minimized the sum of completion times Zie[n] C'(7). Here,
assume further that each job ¢ also has an importance, given by a value p; > 0. The new
goal is to minimize the sum ., p:iC(i), where C(i) represents the completion time of job
1. Design and analyze an efficient algorithm to solve this problem.

Question 2 [10 Marks| Rich and greedy

Bank manager Jezos wants to ensure that his gold bullion are monitored using an advanced
surveillance system. Nevertheless, he is cost-conscious, and would not use more cameras
than strictly necessary to monitor his gold locations. However, he does enlist the help of CS
341 student Kate to help him minimize the number of surveillance cameras that need to be
installed, and figure out where they should be installed.

Assume that the piles of gold are spaced out along a long corridor, and the surveillance
cameras can only cover unit-length closed intervals of its length. Then Kate’s algorithm
must compute the smallest set of unit-length closed intervals that contains all of the gold
piles. For example, given the set of points {2.5,3,3.2,6,6.5}, representing the locations on
the corridor of the gold piles, one of the smallest set of unit-length closed intervals covering
the points could be [2.5,3.5] and [6, 7].

a) Describe an efficient algorithm that, given a set of locations {xy,zs,...,x,} outputs
the smallest set of intervals at which surveillance cameras must be installed, i.e., the
smallest set of unit-length closed intervals that contains all of the gold.

b) Argue that your algorithm is correct, and analyze the running time of your algorithm.
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Question 3 [15 Marks] No neighboring items

Given an array S of integers in arbitrary order and an integer d, 1 < d < n/2, find a way to
select entries in S so that the sum of the selected entries is maximum among all selections
where any two selected entries are at least d locations apart in S (i.e., if indices p and ¢ are
chosen, we have |p — ¢| > d).

a) Define a recurrence relation relevant to the solution and briefly justify its correctness.

b) Describe the table used in this dynamic programming algorithm as follows:

— State the dimension of the table.

State the meaning (in English) of what an entry in the table represents

State the table initialization.

State the order in which the table will be filled in.

c) Write out the algorithm (in pseudocode) to solve this dynamic programming problem
and state how to obtain the final value.

d) Write out the algorithm (in pseudocode) with brief description to determine the optimal
sequence.

e) Analyze the running time of the algorithm that determines the optimal sequence.

Question 4 [15 Marks| A thief with two knapsacks

A thief is faced with n valuable items, each with weight w; and profit p;, 1 < i <n, and he
is prepared with two knapsacks of capacity Wi, and Wj, respectively. He may only hide the
stolen items in his knapsacks, the items are indivisible and unique, and of course, he cannot
exceed the capacity of each knapsack. He will quickly have to figure out how to maximize
his profit. Design and analyze the solution of a smart thief, by giving precise answers to
each subproblem a)-e) from Question 3 above.
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