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1. Werewolf

1.1. The Rules. Werewolf is a social deduction game created by Dimitry Davidoff
in 1986. The game models a conflict between two groups: an informed minority
(the werewolves) and an uninformed majority (the villagers). At the start of the
game, each player is secretly assigned a role affiliated with one of these teams. The
game has two alternating phases: first, a night phase, during which werewolves may
covertly kill other players, and second, a day phase, in which all surviving players
debate the identities of players and vote to eliminate or “lynch” a suspect.

The game continues alternating between night and day until one of two condi-
tions is met: either all werewolves are killed off, meaning the villagers win, or the
number of werewolves becomes equal to the number of villagers, in which case the
werewolves win.

Inside of each group, there are a number of characters with supplementary pow-
ers. Here is the setup of the games we’ll play:

1.1.1. Werewolves. Between 25-35% of the players in the game will be werewolves.
One of these werewolves will be the Sire, and their special power is to act as a
tiebreaker. They are also immune to detection by the Soothsayer (see below).

For example, if there are 4 werewolves, 2 of which elect to kill Alice, the other 2
electing to kill Bob, it is the Sire who breaks this tie.

1.1.2. Villagers. The rest of the players are villagers. There are 6 special villagers
with additional secret roles:

(1) The Carrot Stealer. Every night this character steals someone’s (metaphor-
ical) carrots.

Note: this has no effect on gameplay.
(2) The Flower Bringer. Every night this character leaves flowers at someone’s

doorstep.
Note: this has no effect on gameplay.

(3) The Soothsayer. Every night the Soothsayer can ask the narrator if a player
is a werewolf or not. The narrator responds truthfully, but will lie about
the Sire.

Note: players can lie about being the Soothsayer. If you are the true
Soothsayer, declaring your self as such paints a massive target on your back.

(4) The Witch Doctor. Every night the Witch Doctor chooses a player to be
saved. If that player is attacked by the werewolves, they survive the night.

Note: The Witch Doctor can choose themselves to save if desired.
(5) The Huntsman. When this character dies, they choose someone else to take

to the grave with them.
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(6) The Village Fool. This character’s sole desire is to be lynched by the Vil-
lagers. If they are lynched, they win their own personal game, regardless
of the outcome of the larger game.

If you are a villager that is not one of the above six, you have no special powers.

1.2. Gameplay. We will break up into groups of students, with myself (and pos-
sibly the TA) acting as the narrator. Once roles are assigned, gameplay follows the
following pattern:

• Night Phase. Everyone “goes to sleep” (goes to a breakout room). Night
phase lasts 60 seconds – in that time, the Werewolves must form a ma-
jority on who to kill, the Witch Doctor must decide who to save, and
the Soothsayer must decide who to investigate. The Carrot Stealer & the
Flower Bringer also be ready to submit names to the narrator.

When the 60 seconds is up, we all return to the main room. The relevant
players direct message the narrator.

• Day Phase: Morning. We all “wake up” and discover the outcome of the
nights events. The character who has died will be muted (and must remain
so for the rest of the game) but will be allowed to “roam the grounds”. No
spoilers!

• Resurrection.
If we play with the Necromancer: On the third night (if the game reaches
this point), one of the living players is randomly chosen to be a Necro-
mancer. They choose one player to resurrect, and the resurrected player
now has the alignment of the Necromancer (i.e. if the Necromancer is a
Werewolf, the resurrected player is now a Werewolf. If the Necromancer is
a Villager, the resurrected player is now a villager). The role of the Necro-
mancer is secret and known only to the narrator and the Necromancer at
this point.

• Day Phase: Afternoon. The remaining players have at most five minutes
to discuss what they have deduced, and who they suspect.

• Day Phase: Evening. The narrator will call a vote on who is to be
lynched. Everyone must vote at the same time via a chatblast for one
candidate, or “no lynch”. The majority decides who is lynched; if there
is a tie, discussion reopens briefly, then another vote. (If there are two ties,
“no lynch” wins by default.)
If we play with the Medium: Each night the Medium (who is a Villager)
chooses one dead player to communicate with, and can ask them one yes/no
question, through the narrator. That is, the Medium asks the narrator the
question during the Night Phase, the narrator asks the dead player out loud
in the Morning, and the dead player responds out loud in the Evening. No
direct questions about the dead player’s alignment allowed. The
dead player must not answer until after the lynch vote, and must
respond using a quote from The Bee Movie. No yes/no answers
allowed, full sentences required.

These phases continue until the winning conditions are met. Above all else
no spoilers. If you have been lynched/murdered, do not reveal your role.
No private messaging. In particular, werewolves: the breakout room is not a
place for strategy discussion at any point!

https://beemovie.fandom.com/wiki/Bee_Movie/Transcript
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1.3. Game Theory. So, what have you learned? What are some strategies for. . .

• The Werewolves.
• The Witch Doctor.
• The Soothsayer.
• The Village Fool.
• ... The Carrot Stealer?

1.4. Mathematics. (Source: Wikipedia). Werewolf is a complicated game to
model, so most analyses of optimal play have assumed both:

a) that there are only townsfolk and werewolves (i.e. no additional characters),
and

b) that the townsfolk never have a probability of identifying the werewolves
that is better than chance (i.e. no werewolf “gives it away by acting suspi-
cious”).

Early treatment of the game concentrated on computer simulation - for example,
these comments by Plotkin: “If we figure that 9–11 players is ideal for a two-wolf
game . . . then an ideal game has a human-win chance of 0.23 to 0.29. (Again,
for completely stupid humans.) So a three-wolf game is best if there are 17 or 19
players. And a four-wolf game might be best with 27 players – but that’s stretching
the simulation way too far, since a 27-player game would be incredibly long and
the humans would gather a huge relative advantage.”

More recent studies have tried to derive closed-form equilibrium solutions for
perfect play; this is to say, to solve the game mathematically.

In 2006, computer scientists Braverman, Etesami and Mossel proved that with-
out Soothsayers and with perfect players, the randomized strategy is optimal for
both citizens and werewolves (in fact, this strategy forms a type of Nash equilir-
ium). When there is a large enough number of players to give both groups similar
probability of winning, they showed that the initial number of werewolves w needs
to be proportional to the square root of the total number of players P , that is

P(werewolves win) ≈ w√
P
.

With a simulation, they confirmed that 50 werewolves would have almost a 50%
chance to win among 10,000. If any Soothsayers are added to the game, Braverman
et al. proved that the number of werewolves must remain at a fixed proportion of
the total number of players for their chance of winning to remain constant.

In a paper from 2010, it was shown that the parity of the initial number of
players plays an important role. In particular, when the number of werewolves is
fixed and an odd player is added to the game (and ties are resolved by coin flips),
the werewolf-winning chance do not drop but rise by a factor of approx.

√
π
2 .

1.5. Social Gameplay. In real-time play, the innocent villagers typically win more
often than game theory suggests. Several reasons for this have been advanced:

• The physiological stress of sustained lying degrades the initial ability of
werewolves to deceive the innocents, much more than a model of perfect
play would predict, especially if the innocents can get the town emotionally
involved in the game’s outcome. A quote from Dr. Simon Moore: “If you’re
trying to feign shock or anger, it’s much harder to do over a long period.
People accused of something they’re trying to hide will start out feigning

https://en.wikipedia.org/wiki/Mafia_(party_game)
https://www.eblong.com/zarf/werewolf-stats.html
https://bit.ly/3iHHzMX
https://arxiv.org/abs/1009.1031
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outrage – ‘How dare you ask me that?’ – but that will start to change to
objection rather than shock, as it’s psychologically very difficult to mimic
emotion.”

• The information revealed by the werewolf voting patterns tells against them
later in the game. One of the game’s fans Max Ventilla, has said that “If
the villagers are allowed to keep a pencil and paper, they always win.”

• As players get more experienced, their strategic sophistication and ability
to spot and use deception increases. They will typically get better at the
skills needed for playing innocents faster, being villagers more often than
werewolves.

• Davidoff has said ‘past connections will always lose to future collaborations’.
When playing several Werewolf games with the same people, it’s more
helpful to be known for honesty than for deceit. Davidoff considers that
so important that he thinks the advantages of playing the werewolf role
honestly, outweigh the disadvantages.

• The Werewolves can indeed win in live play; their best chance of winning
occurs when werewolves bond with their innocent neighbours and convince
those neighbours to value that bond over dispassionate analysis. Game
designers Salen and Zimmerman have written that the deep emergent social
game play in Werewolf (combined with the fear of elimination) create ideal
conditions for this.

1.6. Final Bits & Pieces.

• The Wikipdia page contains an abundance of information on variations,
optional roles, and online play.

• Deep learning has been used in an attempt to develop agents that can
win the game as werewolves or as villagers (see “Development of Agent
Predicting Werewolf with Deep Learning” by Manami Kondoh, Keinosuke
Matsumoto, and Naoki Mori here).

• A modern, extremely popular online version of this game is Among Us. See
here and here for some videos on strategic play of Among Us.

https://en.wikipedia.org/wiki/Mafia_(party_game)
https://bit.ly/3jIyPrf
http://www.innersloth.com/gameAmongUs.php
https://www.youtube.com/watch?v=j_l2DrJfiUc&ab_channel=Eurogamer&t=0s
https://www.youtube.com/watch?v=Ck604TT4hEg&ab_channel=TheGameTheorists
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2. Conway’s Game of Life

(The source for this section is mainly the Wikipedia page.)

Definition 2.1. A cellular automaton is a two dimensional infinite grid of cells,
each of which is in some state (of which there are finitely many), which collectively
changes state at regular time intervals according to a fixed, finite set of rules.

The Game of Life is a cellular automaton devised by the British mathematician
John Conway in 1970. It is a zero-player game, meaning that its evolution is
determined by its initial state, requiring no further input.

One interacts with the Game of Life by creating an initial configuration and
observing how it evolves, according to the following rules:

• There are two states; alive or dead (sometimes called populated and unpop-
ulated, respectively).

• Every cell interacts with its eight neighbours, which are the cells that are
horizontally, vertically, or diagonally adjacent.

• At each step in time, the following transitions occur:
– Any live cell with fewer than two live neighbours dies, as if by under-

population.
– Any live cell with two or three live neighbours lives on to the next

generation.
– Any live cell with more than three live neighbours dies, as if by over-

population.
– Any dead cell with exactly three live neighbours becomes a live cell,

as if by reproduction.

Let’s watch this Youtube video with the man himself, explaining the rules and
talking about the game in general.

At the end of the video, Conway mentions something you might not have come
across before: in the Game of Life, it is undecidable to determine whether, given
an initial pattern and another pattern, if the latter pattern can ever appear from
the initial one. This is to say there cannot exist a computer algorithm that, given
an initial pattern, can determine if another pattern can appear from the initial one.
I am not assuming anything about how fast your computer is, or if it uses AI or
quantum whatever. It has been proven mathematically that an algorithm solving
this problem simply cannot exist.

• Let’s have a look at some examples of patterns.
• See here for the Gosper glider gun.
• Here are some basic example patterns.
• Here is a pretty exhaustive lexicon of configurations.

One interesting question answered only recently is self-replication – does there
exist a finite pattern which creates copies of itself? To answer this, we need some
terminology.

https://bit.ly/3gbCYl6
https://www.youtube.com/watch?v=R9Plq-D1gEk&t=505s
https://bit.ly/2YMGk8y
https://playgameoflife.com/lexicon/Gosper_glider_gun
https://bitstorm.org/gameoflife/
https://playgameoflife.com/
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Definition 2.2. A spaceship is a finite pattern that reappears (without additions
or losses) after a number of generations and displaced by a non-zero amount.

The simplest example of a spaceship is a glider.

In 2010 Andrew Wade announced a self-constructing pattern, dubbed “Gemini”,
that creates a copy of itself while destroying its parent. This pattern replicates in 34
million generations, and uses an instruction tape made of gliders oscillating between
two stable configurations made of “Chapman–Greene construction arms”. These,
in turn, create new copies of the pattern, and destroy the previous copy. Gemini is
also a spaceship, and is the first spaceship constructed in the Game of Life that is
an oblique spaceship, which is a spaceship that moves neither purely orthogonally
nor purely diagonally. In 2015, diagonal-moving versions of Gemini were built.

In 2013, Dave Greene built the first replicator in the Game of Life that creates
a complete copy of itself, including the instruction tape (some more details can be
found here, including a talk by Dave Green here).

Question 2.3. Check out this Youtube video displaying some interesting patterns.

There is also the concept of “metacells”; Game of Life configurations which emulate
the Game of Life on a larger scale. See this Youtube video for an example of “meta”
glider guns on OTCA metapixels.

Finally, using the lexicon here, find me something interesting! �

https://www.conwaylife.com/wiki/Linear_propagator
https://www.youtube.com/watch?v=PeUPTpeFamM
https://www.youtube.com/watch?v=C2vgICfQawE
https://www.youtube.com/watch?v=xP5-iIeKXE8
https://www.conwaylife.com/wiki/OTCA_metapixel
https://playgameoflife.com/
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