
CSE 101 Homework 4
Greedy Algorithms
Due Monday, May 5

Directions: For each of the first three problems, two ”high level” greedy
strategies are given. One of the strategies gives a correct (optimal) solution,
and for others, it sometimes gives incorrect (suboptimal) solutions. For each,
A (5 points): decide which greedy strategy produces optimal solutions. B (5
points): For the one that is incorrect, give a counter-example showing that it is
sometimes incorrect. D (10 points): Prove that the correct strategy is indeed
correct. E (5 points): Give an efficient version of the correct strategy, and time
analysis.

Oxen pairing Consider the following problem: We have n oxen, Ox1, ..Oxn,
each with a strength rating Si. We need to pair the oxen up into teams
to pull a plow; if Oxi and Oxj are in a team, we must have Si + Sj ≥ P ,
where P is the weight of a plow. Each ox can only be in at most one team.
Each team has exactly two oxen. We want to maximize the number of
teams.

Candidate Greedy Strategy I: Take the strongest and weakest oxen. If
together they meet the strength requirement, make them a team. Recur-
sively find the most teams among the remaining oxen.

Otherwise, delete the weakest ox. Recursively find the most teams among
the remaining oxen.

Candidate Greedy Strategy II: Take the weakest two oxen, If together they
meet the strength requirement, make them a team. Recursively find the
most teams among the remaining oxen.

Otherwise, delete the weakest ox. Recursively find the most teams among
the remaining oxen.

Spectrum You want to create a scientific laboratory capable of monitoring
any frequency in the electromagnetic spectrum between L and H. You
have a list of possible monitoring technologies, Ti, i = 1, ..n, each with an
interval [li, hi] of frequencies that it can be used to monitor. You want to
pick as few as possible technologies that together cover the interval [L,H].

Candidate Greedy Strategy I: First, buy the technology that covers the
longest sub-interval within (L,H). (i.e.,The longest interval (l, h), but not
including the sub-intervals (l, L) and (H,h) outside the interval we need
covering.) At each subsequent step, buy the technology that covers the
largest total length that is still uncovered.

Candidate Greedy Strategy II: Look at all the technologies with l ≤ L.
Of these, choose the one Ti = (li, hi) with the largest value of hi. Repeat
the process to cover the remaining interval, (hi, H).
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Grade maximization We are taking a class with k projects. We have H hours
to divide among the projects, and will spend an integer amount of time on
each project. For every project i, we are given an array Gi[0..H] so that,
if we spend h hours on project i, our grade for that project will be Gi[h].
Naturally, Gi is increasing with h, and spending no time on an assignment
gets 0 points, 0 = Gi[0] ≤ Gi[1] ≤ Gi[2] ≤ ...Gi[H]. Furthermore, for
this version, each Gi has diminishing returns: there is at least as much
benefit for adding an hour the less time you are already putting into the
project. In other words, Gi[1]−Gi[0] ≥ Gi[2]−Gi[1] ≥ Gi[3]−Gi[2]... ≥
Gi[H]−Gi[H−1]. We need to allocate H hours among projects 1...n, i.e.,
find non-negative integers h1, ..hk with

∑
hi = H in order to maximize∑

i Gi[hi].

Candidate Greedy Strategy 1: For each hour, spend the hour on the as-
signment where it improves the grade the most. In other words, if we are
currently spending hi hours on each assignment i, until the sum of the
hi = H, increment the hi which maximizes Gi[hi + 1]−Gi[hi].

Candidate Greedy Strategy 2: For each hour, spend the hour on the assign-
ment whose current grade is smallest. In other words, if we are currently
spending hi hours on each assignment i, until the sum of the hi = H,
increment the hi which minimizes Gi[hi].

Implementation- 25 points Often, even when greedy algorithms do not find
optimal solutions, they are used as heuristics. An independent set in an
undirected graph G is a set of nodes I so that no edge has both endpoints
in I. In other words, if {u, v} ∈ E, then either u 6∈ I or v 6∈ I. The
maximum independent set problem is , given G, find an independent set
of the largest possible size.

Implement a greedy algorithm for maximum independent set based on
including nodes of smallest degree. Test it on random graphs where each
possible edge is in the graph with probability 1/2. What is the average
size of the independent set it finds for graphs of different sizes? (Try n as
many powers of 2 as you can.) How do you conjecture the size will grow
as a function of n?
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