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1. The Among Us Game can sabotage certain essential equipment (oxygen deple-

Among Us is a game of teamwork and betrayal that  tion and reactor meltdown) and use vents to hide or to
develops in a spaceship with a crew of astronauts. There ~ move to another vent without being seen.

are two types of players: crewmates and impostors. The

game’s objective depends on whether the player is an 1.2. General Gameplay

impostor or a crewmate. If the player is an impostor, the Usually, Among Us is played online or on a local server
primary goal is to sabotage the spaceship or eliminate all with friends. The game is supposed to be played under
other members of the crew. If the player is a crewmate, absolute silence except for in-game trials. After the game
he or she must achieve one of two goals: finish all the starts, each astronaut is free to move to whichever place

tasks in the spaceship or point out all the impostors. in the spaceship they want. Crewmates can start their
chores, and impostors can start their sabotages. More-

1.1. The Spaceship over, impostors can eliminate crewmates. The eliminated

The game can be played in one of four available space-  crewmate is allowed to finish his/her tasks as a ghost

ships: The Skeld, MiraHQ, Polus, or The Airship.  butcannot participate in other activities.

Although each map has its particularities, the concept is All noneliminated players have a meeting if one of

quite similar. Because The Skeld (Figure 1) is the most  two things happens: a player detects a dead body and
popular spaceship, it is described in detail, whereas the ~ calls the meeting, or a player pushes the panic button in
other spaceships have similar characteristics. the cafeteria. Impostors are allowed to call the meeting

The central point of the spaceship is the cafeteria. In  as well. This reunion is paramount to the game because
fact, the game starts with all the astronauts (crewmates it is the only opportunity for the crewmates to discharge
and impostors) there. The cafeteria has a unique and spe- ~ an impostor from the spaceship. In the meeting, astro-
cial feature: a panic button that any astronaut can press  nauts that are still alive are allowed to communicate to
to perform an emergency call. The remaining blue areas  expose who they think is an impostor. This discussion is
represent the spaceship’s zones where the crewmates  often verbal if the game is played on a local server or
must execute tasks. The impostors can then feign that  between friends. If this game is played online with stran-
they are completing a task but are not allowed to execute  gers, it is performed on a chat platform provided by the

them. game.
The spaceship has certain perks available depending After the time to discuss who is an impostor runs out,
on the player’s affiliation, in addition to the aforemen-  the remaining players are allowed to vote. They can vote

tioned tasks. Crewmates can see footage of the security =~ for a player, skip the vote or simply do nothing. If a
cameras and a log of the players” movement. Impostors  player has more votes than any other option (including
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Figure 1. The Skeld Map
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skip), the player is ejected from the ship. Nothing happens
if there is a tie or the majority of votes are skips. Regard-
ing the competitive settings of the game, the game does
not confirm whether the ejected player is an impostor.

The game ends if:

e The crewmates finish all the tasks. The crewmates
win.

e The crewmates eject all the impostors. The crew-
mates win.

e The number of crewmates is equal to the number
of impostors. The impostors win.

e A life-threatening sabotage is not fixed on time.
The impostors win.

Although each game host can decide the proportion
the game is usually played with one impostor if the total
of players is eight or below and with two impostors oth-
erwise. The maximum number of players is 15.

One of the strategies available to crewmates is to avoid
being alone in a room with an impostor because it can
result in the elimination of the former in an isolated place
without witnesses. Because the game is often played
among friends, the strategies of the impostor can some-
times be predicted. These strategies are often derived
from knowing the location of an impostor within a time

Table 1. Tasks to be Performed

Task Area Time (min)
Verify the reactor Reactor 2
Fix the engine Upper Engine 3
Check your vital signs MedBay 4
Fix the electric system Electrical 3
Do an inventory Storage 4
Verify the mounted guns Weapons 5
Check the oxygen 02 2
Check the crewmates’ permissions ~ Admin 1
Activate shields Shields 5
Turn on the autopilot Navigation 2

) @
Cafeteria
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E Storage -
Shields

Cemmunications

b

window. As such, visiting other places where tasks must
be completed when the impostor is elsewhere can repre-
sent a competitive edge in the game.

2. Proposed Educational Activity

We present two different activities to be developed in an
introductory optimization course: one is to be played in
a session, and another is to be used as coursework. The
coursework activity is presented more formally because
it is ready to be delivered to the students. On the other
hand, the activity to be performed in a session must be
directed by the lecturer.

The students are expected to know about the game.
They can download it (free in Google Play and Apple
App Store) such that they understand the game’s dynam-
ics. If this is not possible, a tutorial on the game can be
presented.”

The appendix of this teaching note includes a larger
map of The Skeld.

2.1. Game to be Played in a Session

The game to be played in a session has two phases:
Phase 1: The students are divided into smaller groups

(three to five students per group). Each group receives a

map of The Skeld and a distance matrix. Then, they are

Table 2. Impostor Whereabouts

Area Arrival time Departure time
02 1 3.5
Weapons 4 6
Admin 7 10
Reactor 16 22
Upper Engine 24 29
Storage 30 36
Shields 37 45
Navigation 46 55
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Table 3. Distance Matrix

Reac. U.En. L.En. Sec. MdB. Elec. Caf. Sto. Wea. 02 Adm. Com. Shi. Nav.

Reactor 0.00 3.81 292 0.50 522 522 934 873 1324 1201 11.10 11.88 1324  16.00
Upper Engine 3.81 0.00 6.00 427 4.03 6.10 757 955 1154 1092 10.74 1242 1297  14.92
Lower Engine 2.92 6.00 0.00 2.50 5.32 364 9.01 658 1254 1092 9.55 971 1150 14.71
Security 0.50 4.27 2.50 0.00 5.39 510 949 854 1334 1204 11.05 11.70  13.15 16.01
Med Bay 522 4.03 5.32 5.39 0.00 3.00 412 583 8.06 7.07 6.71 8.49 894 11.10
Electric 522 6.10 3.64 5.10 3.00 0.00 566 3.61 8.94 7.28 6.00 6.71 8.06  11.10
Cafeteria 9.34 7.57 9.01 9.49 4.12 566 0.00 6.08 4.00 3.61 4.47 7.28 6.40 7.43
Storage 8.73 9.55 6.58 8.54 5.83 361 6.08 0.00 7.81 5.66 3.61 3.16 5.10 8.73
Weapons 1324 1154 1254 13.34 8.06 894 400 781 0.00 2.24 4.47 7.28 5.00 391
o2 12.01 1092 1092  12.04 7.07 728 3.61 5.66 224 0.00 224 5.10 3.16 4.03
Admin 11.10 10.74 9.55  11.05 6.71 6.00 447 361 4.47 224 0.00 3.00 2.24 5.22
Communication ~ 11.88 12.42 9.71  11.70 8.49 6.71 728 3.16 7.28 5.10 3.00 0.00 2.83 6.73
Shield 1324 1297 1150 13.15 8.94 806 640 5.10 5.00 3.16 224 2.83 0.00 391
Navigation 16.00 1492 1471 16.01 1110 11.10 743 873 391 4.03 522 6.73 391 0.00

provided a set of tasks to be performed, as well as the
time required in each area.

The students are informed that they are crewmates
and must design a route starting from the cafeteria to
perform all tasks and return to the cafeteria in the least
time possible. Moreover, in order to eliminate symmetry,
students are asked to visit the MedBay area first.

Moreover, they must guarantee that MedBay is the
first visited area. This is to eliminate symmetry. The
route must be designed considered the distance matrix
given in Table 3.

Phase 2: The students are informed that there is an
impostor in the spaceship! Because of the elimination of
some of their crewmates, they have learned about the
impostor’s whereabouts.

Now the challenge for the students is similar to the ini-
tial one, but there is a new condition. They must avoid
meeting the impostor in an area. The optimal solution
for the TSP is not feasible. If the route is not changed,
they will meet the impostor in the reactor, storage,
shields, and navigation areas.

The lecturer can use this challenge to introduce the con-
cept of disjunctive constraints. To solve this limitation,
the crewmates must decide if they visit an area prior to or
after the impostor. Two new considerations must be
taken into account when the impostor’s whereabouts are
contemplated. First, the crewmates can stay idle in an
area after performing the task (they can wait until the
impostor moves). Second, the objective function can
change because adding the times of movement and the
times to perform the tasks do not include the idle times in
an area.

2.2. Coursework Exercise
You are a crewmate on a spaceship called “The Skeld.”
At the moment, you are in the cafeteria. Based on recent

events, you know that there is an impostor inside the
spaceship. It is your priority to avoid an encounter with
the impostor. You have these pending tasks (Table 1):

Your unjustifiably eliminated crewmates have given
insights into the areas that the impostor will visit. The
information includes the time within which the area is
visited (Table 2):

Moreover, you also know that the first task to be per-
formed is to check your vital signs.

This is the time to go from one area to another (in
minutes).

You must:

1. Identify a feasible solution to the problem using a
heuristic method. Suppose there is no impostor on the
ship. You may use the Evolutionary Excel Solver as an
alternative. Describe the heuristic strategy used to iden-
tify your solution.

2. Formulate a mathematical model to visit all the
nodes where tasks must be performed. Solve the mathe-
matical model and describe the optimal route. Assume
that there is no impostor on the ship. The student is
encouraged to read Orman and Williams (2007) to
understand how the problem can be formulated better.

3. Formulate a mathematical model to visit all nodes
where tasks must be performed without encountering
the impostor. Solve the mathematical model and describe
the differences with respect to the previous solution.

Endnotes

TAl maps are reproduced complying Innersloth Fan creation
policy.
2 Online tutorials are easy to find.
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