
Computer Science C63 March 23, 2023
Scarborough Campus University of Toronto

Homework Assignment #7
Due: April 5, 2023, by 11:59 pm

• You must submit your assignment through the Crowdmark system. You will receive by email
an invitation through which you can submit your work in the form of separate PDF docucments with
your answers to each question of the assignment. To work with a partner, you and your partner must
form a group on Crowdmark. Crowdmark does not enforce a limit on the size of groups. The course
policy that limits the size of each group to at most two remains in effect: submissions by
groups of more than two persons will not be graded.
• It is your responsibility to ensure that the PDF files you submit are legible. To this end, I encourage
you to learn and use the LaTex typesetting system, which is designed to produce high-quality documents
that contain mathematical notation. You are not required to produce the PDF files you submit using
LaTex; you may produce it any way you wish, as long as the resulting document is legible.
• By virtue of submitting this assignment you (and your partner, if you have one) acknowledge that you
are aware of the policy on homework collaboration for this course.a

• For any question, you may use facts previously proved in this course, its prerequisites, or in the assigned
sections of the textbook.
• Unless we explicitly state otherwise, you should justify your answers. Your paper will be graded based
on the correctness a of your answers, and the clarity, precision, and conciseness of your presentation.

a “In each homework assignment you may collaborate with at most one other student who is currently taking CSCC63.
If you collaborate with another student on an assignment, you and your partner must submit only one copy of your solution,
with both of your names. The solution will be graded in the usual way and both partners will receive the same mark.
Collaboration involving more than two students is not allowed. For help with your homework you may consult only
the instructor, TAs, your homework partner (if you have one), your textbook, and your class notes. You
may not consult any other source.”

Question 1. (20 marks) A happy couple is planning their wedding. They have settled on the list of
guests and they know, for any two of their guests, whether each party knows the other. To minimize the
chances of drama during the wedding they decided that any two guests assigned to sit at the same table
in the banquet must know each other. Note that it is possible for guest a to know guest b but for b not to
know a; the requirement is that if a 6= b are at the same table, each must know the other.

The happy couple want to know if they can achieve this with the number of tables they have ordered
for the banquet. So, they want to solve the following Wedding Planning decision problem:

Instance: 〈A,K, t〉, where A is a set (the guests), K ⊆ A × A is a set of pairs ((a, b) ∈ K means that a
knows b), and t ∈ Z+ (the number of tables).
Question: Is there a partition of A into subsets A1, A2, . . . , Am, m ≤ t, such that, for all i ∈ [1..m], if
a, b ∈ Ai and a 6= b then (a, b) ∈ K? (Recall that a partition of a set A is a collection of mutually disjoint
subsets of A whose union is A.)

Prove that the Wedding Planning problem is NP-complete.

Question 2. (30 marks) Scarborough Consulting Services, better known as ScarCon, is a start-up that
provides a set of consulting services S, and has a payroll budget b. ScarCon wants to hire employees from
a set A of applicants. Each applicant a is qualified to provide some subset of the services and requires a
certain salary.
a. ScarCon wants to know if they can hire a subset of the applicants who can collectively provide all the
services in S and whose total salary requirements do not exceed the payroll budget b. So, they want to
solve the Hiring decision problem, stated below:
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Instance: 〈S,A,Q,R, b〉, where S is the set of services; A is the set of applicants; Q is a function that
maps each applicant a to a subset Q(a) of S (the services for which applicant a is qualified); R is a function
that maps each applicant a to a positive integer R(a) (a’s salary requirement); and b ∈ Z+ (the payroll
budget).
Question: Is there a set H ⊆ A such that

⋃
a∈H Q(a) = S and

∑
a∈H R(a) ≤ b?

Prove that Hiring is NP-complete. (Hint: Consider the special case where R(a) = 1 for all a ∈ A.)

b. (15 marks) The problem that ScarCon really want to solve, however, is not the above decision
problem but an optimization problem: Whom should they hire in order to minimize its payroll while being
able to provide all its services. More precisely, the Hiring Optimization problem is:

Instance: 〈S,A,Q,R〉, where S, A, Q, and R are as in the Hiring decision problem.
Output: A qualified set of applicants with minimum payroll, if one exists; otherwise the empty set. That
is, output a set H ⊆ A such that

⋃
a∈H Q(a) = S and for any set of applicants H ′ ⊆ A, if

⋃
a∈H′ Q(a) = S

then
∑

a∈H R(a) ≤
∑

a∈H′ R(a); if no such set H exists, then output ∅.

Give a Cook reduction (i.e., a polynomial-time Turing reduction) of the Hiring Optimization problem
to the Hiring decision problem. Describe clearly your reduction in high-level pseudocode, and justify its
correctness (clearly stating any invariants!) and running time.

THAT’S IT WITH HOMEWORK, FOLKS!
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