
COMP 360 - Winter 2023 - Assignment 1

Instructor: Hamed Hatami

Due: Jan 31th, 11:59pm.

General rules:

• You may not upload this assignment to any website.

• In solving these questions, you may consult books or other available notes. You can discuss
high-level ideas with each other, but each student must find and write their own solution.

• You are not allowed to share your solutions with other students.

• Copying solutions from any source, entirely or partially, allowing others to copy your work, will
not be tolerated and will be reported to the disciplinary office.

• You should upload the pdf file (either typed or a clear and readable scan) of your solution to
clouldmark.

1. Consider the following valid flow.

(a) (1 point) Draw the residual graph.

(b) (1 point) Update the flow using the st-path in the residual graph to obtain the max-flow.

(c) (1 point) Update the residual graph and find the corresponding min-cut.

2. (3 points) Let f be a valid flow in a flow network (no edge points to s and no edges leaves t).
Prove that fout(s) = f in(t). You may use val(f) = fout(A)− f in(A) for every cut (A,B).

3. For each of the following statements, either give a counter-example to show that the statement
is false or a short proof explaining why it is true. Let f be a maximum flow in a flow network
and e an edge in the network with capacity ce > 0.
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(a) (1 point) If e is in a minimum cut (going from A to B), then f(e) = ce.

(b) (1 point) If e is in a minimum cut (going from A to B), then increasing ce, will increase
the value of the maximum flow.

(c) (1 point) If e is in a minimum cut (going from A to B), then deleting e, will decrease the
value of the maximum flow.

4. (3 points) You have just returned from a long trip and brought back treats you would like to
share with your friends. However, you want to give your friends a good variety of treats, so
you wish to find a way to ensure that no friend receives the same type of treat too many times.
You have n friends and m types of treats and are willing to give each friend at most k of the
same treat. You also have quantities f1, . . . , fn ∈ N, representing the number of treats you wish
to give to each friend, and t1, . . . , tm ∈ N, representing the number of each type of treat you
brought back from your trip. Design a flow network and show how you can use it to efficiently
decide whether you can give each friend enough treats without giving anyone more than k of the
same type.

5. (4 points) A university hosts a career fair in a convention centre. The admission unit wants to
recruit student helpers to assist with n talks hosted across the venue. Since the talks are hosted
in halls of different sizes, and the durations vary, the number of student helpers needed for each
talk is different. The admission unit wants to find out the minimum number of student helpers
to be recruited. For a valid assignment plan, the following requirements have to be satisfied:

• A student helper assigned to a talk has to stay for the whole duration of the talk;

• After every assigned talk, a 15-minute break is given to the student helper.

Give an efficient algorithm that determines the minimum number of student helpers needed. As
input, for the i-th talk (i = 1, . . . , n), the algorithm receives the starting time si, the ending
time ei, and the number of student helpers required for that talk mi.

6. (4 points) A company wants to launch an advertising campaign in a city. The company plans
to send billboard trucks on the road and visit all n target locations. To minimize the logistics
challenge and maximize the campaign effect, the manager wants to keep each truck travelling on
a fixed cyclical route (in the form of a simple cycle) and each of these n target locations being
visited by exactly one truck. However, the manager is unsure whether these requirements are
achievable since the city road network consists of both one-way and two-way streets.

The street configuration of the city is given by a list of integer pairs (x1, y1), . . . , (xm, ym). Here,
for each i = 1, . . . ,m, xi and yi are distinct integers in {1, . . . , n}, representing a direct road
from xi to yi. If there is a two-way street between two locations a and b, then both (a, b) and
(b, a) appear in the list.

Give an efficient algorithm that determines whether it is possible to design a number of cyclical
routes that visit all n locations such that each location is visited exactly once. The algorithm
should produce a route plan or report that it is impossible. The algorithm must make use of
an algorithm application of max-flow problem. (For simplicity, a cyclical route between two
locations a → b → a is allowed.)

Hint: For each location a, create two nodes a and a′ in the flow network.
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