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Abstract

Modern tournament formats for versus-type games are well adapted to games with no more
than 2 actors in a single match but poorly performs in terms of accuracy (i.e., having the
strongest participant win) or match count when used for a game that pits three players
against each other in a single match. Using Monte Carlo simulations, this study tries to adapt
widespread formats to this context, measure their performance, and raise the implication of
organising a tournament with this format. Then, with the results from that first analysis,
tries to design an adapted tournament format. Findings include numerical analysis of the
tried tournaments’ performances in regard to ranking accuracy and time consumption (e.g.,
how many matches are required to be played in the tournament) as well as a first draft of a
tournament format tailored for a competitive and tactical game pitting three participants in a
single match.

Keywords: tournament, 3 teams, competition, Monte Carlo simulation, operational
research, e-sport
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1 Introduction

Traditional sports, as well as most competitive games, are putting two players or teams
against each other in one match to decide a winner. A succession of those matches and a
combination of scores or elimination can result in a clear ranking of the participants and are
called tournaments or championships. Such events are commonplace for e-sports (League of
Legends World Championship, Counter-Strike: Global Offensive Major Championship,
Valorant Champions Tour, etc.) and traditional sports (FIFA’s World Cup, Major League
Baseball, World Chess Championship, etc.). Each tournament states and adapts their own
rules to the discipline at stake to propose the participant a fair and competitive environment,
and potentially an entertaining and exciting experience to the spectators when the
tournament is broadcasted.

However, the formats used in those competitions are designed for matches involving only
two parties, such as football, fencing, or most e-sport video games, or simply comparing the
individual performance of participants as it can be seen in a lot of disciplines during the
Olympic games (e.g., figure skating, golf, bobsleigh, ...). Such tournaments could poorly
transition when a game introduces a third actor in a match, either regarding the
competition's fairness or the participants' convenience. With the support of Fall Damage, the
studio working on the tactical shooter game “ALARA Prime” which gameplay pits three
teams composed of four players against each other (4 vs. 4 vs. 4), this thesis aims to study
the transition of the established tournament format to a “three team in a versus-type of
match” context, and eventually design a tournament format that could fairly and accurately
elect a “better” actor in a set pool of participants.

Inspired by Sziklai et al. (2022), this research exposes the established tournament format,
namely the Single-Knockout, the Round-Robin and the Swiss System, and adapts them into
a format that could suit the peculiar design of the competitive tactical game ALARA Prime,
and assess their performances using Monte Carlo simulation. After observing and measuring
the performance of the presented formats, a first attempt is made to design a tournament
format that would balance the strength and flaws analysed.



2 Background

This dissertation takes its root in operational research, which is an interdisciplinary area that
relies on mathematical abstraction, statistical analysis, and optimisation techniques to solve
an established problem. A variety of research discussing tournament design (Mazliah, 2013;
Scarf et al., 2009; Sziklai et al.,, 2022) based their method on operational research
philosophy and proved the efficacy and relevance of such techniques on the matter.
Considering the specific context used, the dissertation also makes use of discussions and
findings in the field of game theory (Garfield et al., 2012; Mazliah, 2013; Pritchard, 2007;
Pulsipher, 2011) and computer science (Herbrich et al., 2006; Weng & Lin, 2011).

2.1 ALARA Prime & competitive game

A first-person shooter (shortened as “FPS”) is a combat-centred genre of games where
players move in a three-dimensional environment, equipped with firearms or other ranged
weapons, with a first-person perspective. Early influential titles in the genre are
“Wolfenstein 3D” (id software, 1992), “Doom” (id software, 1993), and “Half-life” (Valve,
1998). Adding team play and tactical dimensions to the genre elevates the experience to a
genre compatible with competition and e-sport. Current notable titles in the genre are
“Counter-Strike: Global Offensive” (Valve, 2012), “Tom Clancy's Rainbow Six: Siege”
(Ubisoft, 2015) and “Valorant” (Riot Games, 2019).

The thesis will use the case of ALARA Prime, a competitive tactical FPS from Fall Damage
Studio (still under development at the time of writing), as a study subject. The game offers
“three teams of four players against each other” (4 vs. 4 vs. 4) type of gameplay between
humans. The main game mode being developed can be described as a variation of the “King
of the Hill” game: one round consists of a team (called “defender”) who is tasked to defend
an objective while the other two (called “attackers™) need to take possession of it for a set
amount of time. The victory condition for the defenders is to hold the objective until the end
of the round or to be the last team alive. As for the attackers, they need to take the objective
and either keep it for a definite amount of time or eliminate the other teams. Once a round is
over, the roles (defender and attacker) rotate between the teams. After a team wins two
rounds, they are granted a cycle and the round scores reset; the first team to win two cycles
wins the match.

Other competitive games pitting 3 participants in a single match are scarce. Discussion about
some variations of chess (Pritchard, 2007) or football (Benjin, 2021) can be found in
academia, and a few world cups were organised for the latter but no documentation on the
format could be found. Schmittberger (1992) stated that designing and balancing a
competitive and strategic game was no easy feat, evoking particularly the political
phenomenon where the stronger contender often needs to face the collaboration of the two
other actors, and named that behaviour “petty diplomacy”. “Nine to Five” (Redhill Games,
2022) was a tactical shooter with three teams composed of three players all sharing the same
objective of occupying a single area (classic “King of the Hill”) or eliminating the
concurrence. A common strategy was to wait until someone took a hold of the area, taking
the edge over the other teams, before focusing the attention on the players holding the
objective. In this context, playing the game was like sticking a target on one’s back since
others would turn against you for being closer to victory. In a way, the players would lose the
game by playing it. “Splatoon 3” (Nintendo, 2022) is a fast-paced third-person shooter



where, instead of bullets, players use paint to eliminate each other and cover the playable
space in their colour (a “turf war” of sorts). The more territory a player paints in their colour,
the more tactical options they have. Different game modes exist in the game, but only one
pits 3 teams in a single match: the Tricolor Turf War, available only for a limited time during
periodic events. All teams aim for the dominance of the playable space by painting the
available surfaces. While the “stronger” team has four players in that format, the two other
teams only have two players but are supposed to collaborate since their coverage scores are
added to be compared to the score of the team of four. While this could be seen as a twisted
variation of a 4 vs. 4 play, the two teams of two hold different colours and still benefit from
having the most painted territory in the context of the meta-game, specific to the periodic
event enabling the game mode. In this context, the game is embracing the petty diplomacy
concept and encourages it.

Mazliah Y. (2013) analysed the different possibilities and options in a competitive context
between three players involving human players and trained agents. Results of the
experiment show that the coordination of two participants to undermine the last actor can
maximise their score. In other words, petty diplomacy was used by the trained agents to
suppress the human player possibilities. Similar observations were made during an internal
playtest of ALARA Prime, the team having the upper hand in the match will have to face the
two cooperating losing participants so they can minimise the risk of losing the match.
Oftentimes, in the context of high-level competitive play, every team manages to secure a
cycle since the collusion and collaboration rotate depending on the team winning in the
game, resulting in a state where the whole game is resolved only after the very last round. In
some other cases, the losing team only has limited options that would allow them to win and
thus need to decide who will be the winner of the match or the round. Garfield et al. (2012)
refers to this case as “kingmaking”, which can be a motivation for petty diplomacy.

2.2 Skill rating & Winning odds

In competitive games, matches are made with a system that evaluates one’s skill rating (i.e.,
an arbitrary number to represent a player’s strength, further referred to as SR) and pairs
them with other players based on that value to make a match. If the matchmaking system
has a well-defined idea of one’s SR, then it can more accurately predict your winning odds
against other players. Various ways of estimating SR exist, the Elo system is originally used
for chess rankings, but is a widely used rating system in traditional sports, specifically
designed to evaluate the winning odds in direct head-to-head sports or games. Under the Elo
system, a win will make the player progress in the rankings, increasing their SR, and a loss
will make them drop. The value at which their SR fluctuates will depend on the difference in
rating when matched: a supposedly strong opponent losing to a weaker opponent will
quickly drop in the ranking and conversely the weaker player winning over the stronger will
largely rise. While the Elo system is a good solution to managing context involving 2 players,
it can become complicated to maintain when you need the scale of current multiplayer
competitive games involving multiple players in a single team.

During the Game Developers Conference of 2016 and 2018, J. Menke also presented the
TrueSKkill system developed in 2016 (Minka T. et al., 2016) and improved in 2018 (Minka T.
et al, 2018). It is a matchmaking system owned by Microsoft and used in the industry,
designed specifically for competitive games involving teams of multiple players. Virtually, it
can manage the individual performance of N teams composed of M players and still be



accurate. Instead of considering only the SR when computing the rating adjustments, it also
considers the individual performances of players during the match: a player that performs
exceptionally well but loses the match might not lose a lot of points or even win a little,
depending on the designers' intents. The system allows the designer to define as many
relevant variables, related to the game context, to consider when computing winning odds or
SR adjustments. In the context of a competitive shooter, this could be for instance the count
of eliminations, or the proficiency to use a weapon or a gadget. A designer can also weigh all
those properties to give more importance to one or another (e.g., in the context of a “King of
the Hill”, time spent holding the objective might be more important than eliminations
performed). This specificity results in more accurate fluctuations of ratings and winning
predictions. OpenSkill is an open-sourced and free-to-use alternative to TrueSkill based on
the work of Weng R. (2011). It can also manage multiple teams composed of multiple
players. An important note with these matchmaking algorithms is that the winning odds can
be manipulated in favour or against a participant depending on the experience wanted. A
balanced match would consist of participants of equal strength, but a slight imbalance in the
strength can result in a harder or easier matchup. Additional application of this
manipulation in this research could be to implement abstract or contextual concepts such as
the “petty diplomacy” or the “kingmaking” mentioned earlier.

2.3 Tournament formats

2.3.1 Single-Knockout

The Single-Knockout (a.k.a. “single elimination”, or “pure knockout”) is a widely spread
format where participants that lose a match are eliminated and excluded from the
tournament, the grand winner is the participant who won every match they played. The
participants are matchmade only once when organising the first round. The subsequent
matches in the next rounds are determined by the initial setup. A common and
comprehensive way to represent the format is with a tree, also called a “bracket”, as shown in
Figure 1.

Figure 1 A graphical representation of a Single-Knockout tournament tree with
4 participants. The circle shows a match while the coloured dots represent a
participant

The required number of participants to fill an “even” tournament (all participants playing
during the first round) grows exponentially by powers of two: 2"; with r being how many
rounds are required to reach the end of the tournament. As the required number of



participants grows exponentially, it gets progressively harder to find enough participants to
fill the tournament evenly. For that reason, the traditional format provides some options to
still hold the tournament when the requirement is not met. In such cases, some players
would be playing their first matches at a later stage in the tournament instead of playing
from the beginning.

The Double-Elimination format is a more “forgiving” variation where the participants can
lose one match before getting eliminated. While the winners play the tournament as
described with the Single-Elimination (a.k.a. the “winners' bracket”), the losers enter a
parallel tournament tree (a.k.a. the “losers' bracket”). Once both tournament trees are
completed, the winner of each tree plays a final match to decide who wins it all.

2.3.2 Round-Robin

The traditional Round-Robin is a non-eliminatory format that consists of matching all
participants against all other participants while keeping track of their scores; a victory grants
a point and, optionally, a loss imputes a point. The winner of the tournament will be the
participant with the most points at the end of the proceedings. The Round-robin format is
more flexible regarding the participant count requirement to fill a tournament than the
Single-Knockout, the only condition to fulfil is to have more participants than required to fill
a single match. Even if the total count of participants cannot fill a match in every round, the
combinatorial theory ensures that all participants will play the same number of matches.
This format establishes a clear ranking but can quickly increase the match count when the
number of participants increases.

2.3.3 Swiss System

The Swiss system is a non-eliminatory tournament that was described as the most efficacious
format (Sziklai et al., 2022). The format can be compared to the Round-robin to some
extent: instead of playing against every other participant once, the format organises a
succession of rounds where matches are made with participants with similar scores while
trying to not play a matchup that has already been played. Similarly to the Round-robin, the
only condition to fulfil to play this format is to have more participants than required to fill a
single match. The factor determining the accuracy and length of the tournament is the
number of rounds played before stopping. Various rules and variations exist for the Swiss
system format to determine when the proceeding should stop. An example of such a rule
could be that a participant reaches a score goal. Another rule could be to simply play a set
number of rounds.

This format does not benefit from the combinatorial theory to ensure that all participants
play the same number of matches in the case of an uneven tournament (i.e., when not all the
participant plays a match in one round). A common rule to solve this issue in the context of a
regular 2-participants-in-a-match sport or game is to have one participant that will not play
during one round, and change the excluded participant after every round until everyone
skipped one round.

2.4 Tournament Designs Research

The round-robin system and the Single-Knockout can be considered major tournament
designs and are used as a basis to organise tournaments according to Scarf et al. (2009).
Other systems can be imagined by combining or slightly changing the rules such as the Swiss



System mentioned previously. An additional parameter to consider when designing a
tournament is how it is “seeded”: that process consists of grouping participants for the start
of the tournament in a certain way to manipulate the odds and balances of the matches. A
common practice is to arrange the tournament so the strongest participants meet in the later
stages, but it raises the question of fairness for the weaker participants as they could
potentially be matched against a much stronger opponent.

Different tournament designs yield different results. Sziklai et al. (2022) extensively studied
the different popular systems such as Single-Knockout, double-knockout (two losses to be
eliminated), round-robin or the Swiss system, comparing their performance in regard to the
accuracy, and required match count and time. First, they gathered participants’ SRs from
previous tournaments using the Elo ranking system. They then predicted the supposed
ranking that would result from the tournament and compared it to the actual ranking
produced after playing out the tournament. By counting the inversion of position between
the prediction and the actual result, they were able to estimate the accuracy of the
tournament, or in other words how close the tournament could reproduce the prediction.
They repeated this process thousands of times to build up consistency throughout their
calculations. Results showed that the Swiss system was the most effective in producing a
clear ranking while being fair and requiring a lesser number of matches.

Placek (2023) extensively talked about tournament design, notably their fairness and
balance. They defined fairness as a subjective concept respective to all participants, related
to their experience in the tournament. In the example of a single elimination tournament as
mentioned previously, it is commonplace to match strong contenders to weaker players early
in the tournament so the strongest players would eventually meet in the later stage.
According to Placek, this kind of seeding is considered “unfair” to the weaker participant
because they are matched against opponents out of their league. Similarly, matching the
participants with opponents closer to their skill rating (the stronger with the stronger, and
the weaker with the weaker) could be considered “unfair” for the top contenders, because
they are pitted directly against each other instead of in the later stages, as it is supposed to
be. Additionally, proceeding like this would also mean matching weaker participant with
stronger participant in the later stages. They state that for fairness, no real solution can be
established as it is a subject concept. As for balance in the tournament, they define it as the
gap in skill level between the two players in a match: the closer in skill level they are, the
more balanced the match. For this metric, they use the round-robin system to demonstrate
that balancing can also be a problem. Since every possible pair in a pool of players will have
to play against each other, the balance of power is not assured. While discussing the
definition of the “best” participant, they raise the question of time required for a tournament,
and the possible mental and physical strain it could have on the participants. The example
explained that a tournament had the possibility to be entirely played in 4 days instead of 12,
but the fatigue induced could influence the results. They conclude their finding by stating
that a tournament needs to be designed in a similar fashion as a game since there is no such
thing as a “perfect” tournament design, the aspect of “fairness” and “balance” cannot be
balanced equally.

2.5 Kendall Tau Rank Correlation

The previous research counted inversions in the rankings to quantify the accuracy of a
format (Sziklai et al., 2022). While this method works for comparison between instances of



tournament with the same number of participants, it is unfit when the number of
participants is a variable. The “weight” of one inversion will not be the same in a tournament
of 4 participants than it is in a tournament with 18 participants. The present experiment
needs a normalised measurement that would enable natural comparison of performances
between tournaments with different number of participants.

Kendall (1938) demonstrated an algorithm to compute the similarity between two ordered
lists, commonly named the Kendall Tau Rank Correlation (later referred to as KTRC), which
outputs a value between —1 and +1 regardless of the list length while working with item
inversions. A simple way to explain the algorithm is to consider a first list of naturally
numbered and ordered objects as a reference, and a second list composed of the same
numbered objects reordered arbitrarily such as seen in Table 1. The algorithm will aim to
quantify the similarity of the two lists by counting the inversion of the ranking position of
each of the elements relative to the position of other elements.

The first step is to evaluate each unique pair of items in List B and compare it with their
counterpart’s order in reference to List A. In other words, the algorithm compares the order
of a pair of elements between the two lists; if the order concord with the reference, the pair
gets attributed a value of +1, and in the other case, the pair is considered discordant and gets
a value of -1.

Table 1 Two lists illustrating the use case of the Kendall Tau rank correlation. List A
is the reference while List B is an arbitrary list

A 1 2 3 4 5

To continue with the example, the first pair in list B (2, 1) is deemed discordant because in
reference list A, 2 is supposed to be positioned after 1, and so gets a score of -1. However, the
next pair in list B (2,3) is considered concordant since in List A, item 2 is positioned before
item 3 and so the pair has a value of +1. The score of a single item will then be the sum of the
score of each individual pair involving said item. This process needs to be repeated for each
item on the list, excluding pairs already evaluated (e.g., the pair (1, 2) is discarded as it was
already evaluated when computing the score of item 2). Finally, the sum of each individual
item’s score will represent the score of list B compared to reference list A.

Table 2 Second list’s score computation breakdown

A 1 2 3 4 5
B 2 1 3 5 4
+2 = -1 +1 +1 +1



+3 = +1 +1 +1

+2 = +1 +1
-1= -1
Total +2 +3 +2 -1 =+6

Kendall defines t (tau) as the degree of similarity between the two rankings, and computes it
by dividing the compared list’s score by the maximum score possible if the list was a
complete copy of the reference. Assuming n as the count of items in the list, the maximum
score of a perfectly ordered list would be the sum of all natural numbers from 1 to n.

maxScore = 1+ 2 + ... + n =20V=36"D— 19

listScore 6
= listscore _ 6 _y 6
ScoreMax 10

Figure 2 Final computation for Kendall tau rank correlation

Figure 2 shows the final computation for the KTRC. The result shows the similarity between
the lists with a numeric value between +1 and -1. A value of +1 means that the list compared
is following the same order as the reference list (i.e., a perfect copy of the reference), while a
value of -1 means that the list compared is the complete opposite of the reference list (i.e., a
perfectly reversed copy of the reference). Abstraction of the numbered items list can be done
by replacing numbers with anything else as the important factor is the ranking position held
by the lists’ items. Table 3 shows different examples of lists that would have similar 7 scores
as the two lists used in the first example. In the context of this research, the KTRC algorithm
will be used to measure the similarity between a predicted ranking, assumed to be objectively
true, and a resulting ranking after playing a tournament. This score would show how
accurate this specific instance of the tournament with a specific set of participants was.

Table 3 Other examples of abstracted lists that would result in similar Kendall Tau
scores. Individuals A and B’s list of preferences for ice cream flavour and colour,

respectively
A Vanilla Chocolate Strawberry Pistachio Banana
B Chocolate Vanilla Strawberry Banana Pistachio
A Blue Red Yellow Green Purple



B Red Blue Yellow Purple Green

Compared to the method used in previous research, the Kendall Tau Rank Correlation
provides a normalised value that can be used as it is to compare two lists regardless of their
length. While it limits the parallel that can be made with referenced study, it opens the
possibility to change variables in the simulations and directly compare the resulting
measurements.

2.6 Monte Carlo Simulation

Monte Carlo methods are a set of algorithms where random sampling is used to draw
conclusions about systems where randomness and/or variables can have an impact on their
outcome. It is used in a wide variety of fields, such as physics, biology, and finance. Sziklai et
al. (2022) used this method to evaluate the different tournament designs in their research.
Broadly speaking, it is a computer-assisted simulation technique that repeats a process over
hundreds, thousands or even millions of times. First, the input and probability space of the
simulation needs to be defined: the researcher will specify what are the variables that will
have an impact on the outcome, and how they can change (e.g., the range of possible values).
Then the simulation will simply consist of giving the defined variables a random value in the
range of its possibilities, feeding that value to the system simulated in order to have some
output, and finally aggregating, observing, and analysing those outputs to draw conclusions
on the process.

To illustrate the process, consider this experiment: when rolling 5 dice at the same time,
what are the odds to have all dice show the same result? As input and probability space, the
system disposes of the 5 dice, which have 6 possible values with equal chances to be rolled
each. Performing one simulation would be equivalent to rolling the dice once and taking
notes of the result. The Monte Carlo simulation will perform this simulation as many times
as the experiment needs to be repeated to find a satisfactory result, the more the experiment
is repeated, the more reliable the results.

The number of required repetitions is an open topic of discussion and should be defined
depending on the system simulated. A point eventually comes where the accumulation of
data collected converges to a value; past that point, further repetition of the experiment
becomes superfluous. Different statistical tools can be used to determine this convergence
point such as the confidence interval (i.e., certainty that any value in the tested system will
be in a defined interval) or graphical observation of point estimates.

The strength of Monte Carlo simulation lies in the numerous repetitions of randomly
generated values to build consistency or reliability, and the ability to extensively explore the
outcome possibilities in a specific system. Application of this method in the research will
allow the repetition of a tournament and gather data about their performances.



3 Problem

Current academia widely covered the scope of head-to-head competition, where two entities
face each other (e.g., FIFA’s World Cup, World Chess Championship, Overwatch League),
and individually evaluated competition, where the performance of each competitor is
compared to the others’ (e.g., World Golf Championships, FIS Ski Jumping World Cup, some
discipline in the Olympic Games). Notably, previous studies inspected the different formats
available and their uses. However, in both the game industry and academia, the aspect of
organising a tournament for a game with 3 entities in a single match has barely been
explored despite the different doors it could potentially open in the study of game design, e-
sport, or even social interaction.

Beyond expanding the design possibilities for the industry and scholarly research, studying
the design of tournaments in the context of a game involving 3 participants against each
other is also an interesting challenge that puts to practise computer science techniques and
operational research philosophy. This research learned from previous findings and tries to
build upon them to explore the new options offered by competitive video games, and uses
this opportunity to raise additional questions while showcasing an additional experiment in
the field of operational research.

To reach the goal of the project, the thesis will aim to answer the following question:

How to establish an accurate ranking in an acceptable number of matches or
timeframe in a tournament for a game with three participants in a single
match? Existing studies extensively cover the subject (Sziklai, B. et al. 2022; Scarf P. et al
2009; Placek P. C. 2023) but are limited to the traditional format of a tournament, putting 2
players or teams against each other. However, adding a new player in a single match can
result in a significant increase in matches, in the time needed to play a complete tournament
or a decrease of accuracy.

While the goal of the thesis is to answer the problem of designing a tournament format, the
following questions ought to be answered in the process:

How can established formats and rules adapt to a three-participant-in-a-match
context? Similarly to the main research question, current findings could give different
systems or format their pros and cons (Sziklai, B. et al. 2022; Scarf P. et al 2009; Placek P. C.
2023). It is interesting to observe how these formats adapt, and how it is possible to use
them.

What are the implications of having three players in a match to organise a
tournament? While the literature covered the strategic side of a 3-player competitive
environment (Mazliah Y 2013, Pulsipher L. 2011), the implication to organise a tournament
with such a design stays undocumented.

3.1 Method

To answer those questions, the research will use the Monte Carlo method to simulate the
proceeding of different tournaments. This method is inspired by Sziklai B. et al. (2022) who
evaluated the different tournament formats. The simulations are performed using a python
script, mainly combining NumPy for random number generation, OpenSkill for winning
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odds computation, and implementing the rules of an ALARA Prime’s match. The pseudo
code of the experiment is available through Appendix B.

The first step in the experiment will be to “translate” the rules of basic and popular
tournaments, namely the round-robin, the Single-Knockout and the Swiss System, into the
context of the three participant based games and observe how they adapt regarding the
match or round count and the accuracy of the outcome (i.e., how similar the resulting and
predicted rankings are). No specific seeding was performed before any of these tournaments.
These translated systems will be subject to the Monte Carlo simulation, and should all take a
list of participants, represented by their SR, as input.

The second step is to generate the participants’ SRs. Despite using a team-based game as a
case study, the term “participant” used throughout this research refers to one team that take
part in a match as a unit. The SRs are generated using random numbers following a normal
distribution around a mean and a standard deviation. In this context, the mean represents
the central value of the generation pool, while the standard deviation defines the range of
values the randomly generated number could have around the mean. A smaller standard
deviation will result in a tighter skill gap between participants and thus, winning odds closer
to an equal chance for the participants in a match. This would impact the result in a way that
the output ranking could have a KTRC score closer to zero (i.e., a randomly ordered list). A
wider standard deviation will result in a wider skill gap between participants which in turn
makes more overwhelming winning odds for the stronger participant, resulting in a KTRC
score closer to one. Similar observations can be made in the results of Sziklai et al. (2022):
when leveraging the participants’ SR, the number of inversions were relatively low compared
to when everyone had equal chances. The SR generated is then provided to a component of
OpenSkill dedicated to managing skill ratings.

The third step is to play the tournament and measure its performances through this instance.
A tournament format accuracy is computed with the KTRC algorithm. The reference list
provided will be the list of participants ordered by their SR and acts as a prediction of the
“perfect” tournament output. The list compared to the reference is the actual ranking
resulting from the tournament simulation. A score of +1 means that the result is a perfect
copy of the reference list, and shows a perfect accuracy.

To have results close to a real case tournament, the matches played would replicate the
behaviour of a normal ALARA Prime match: multiple rounds played in order to win two
cycles to get granted a match victory. The winning odds should be computed for each round
played to leave the possibility of manipulation in favour or against a participant open. This
could be used to replicate the petty diplomacy strategy when a participant holds the
advantage in the match. Using the individual participants' SRs, OpenSkill computes winning
odds for each participant which equals to 1 when summed up. Once the odds are available,
an additional random number between 0 and 1 is generated using NumPy. This number will
then decide the outcome of the round depending on the respective winning odds.

The output of a single tournament simulation includes the KTRC score of the tournament
and the count of matches played in the tournament. Other relevant information specific to
the simulated format could also be included in the output, such as the count of duplicated
matches (i.e., multiple matches played with the exact same participants) in the Swiss System
or the count of ties in the ranking from a Single-Knockout.
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Some tournament formats are keener to yield ties in the final rankings, notably the Single-
Knockout that eliminates half of the participants after a tournament round. For instance, the
eliminated contenders after the very first round would all have one match played for zero
victories, making a tie between all players eliminated, and no way to settle on a ranking. For
these circumstances, the system needs to use a tie-breaking method. While Sziklai B. et al.
(2022) use the Sonneborn-Berger rule (i.e., in case of a tie, the score of defeated opponents is
added to the tied participant score) as default, it would poorly work alone for the Single-
Knockout format. For that reason, they put eliminated players in a separate knockout
tournament to fight for the bottom half of the ranking. Similarly, players eliminated during
the sub-tournaments start a new instance of the Single-Knockout, and the process repeats
until all ranks are settled. Since the research uses ALARA Prime as a real case example, the
rule used to break ties during the simulations exploits the components present in the game:
the cycle, round, and defence victories. To settle a tie between two participants A and B, the
deciding criteria will be the winning rate in these statistics, with cycle winning rates being
more important than the round winning rates, and the latter having precedence over the
defence winning rate. The use of winning rates instead of plain victories gives more value to
overwhelming victories than to hard-fought victories. For instance, a participant who won
one match that consisted of 2 cycles (“overwhelming” victory because they won all cycles)
will have the edge over the participant who won one match of four cycles (“hard-fought”
victory because all participants won one cycle).

Then, the fourth step is to repeat the experiment as many times as necessary, which is the
core principle behind the Monte Carlo algorithm. In the case of this study, a single format
has been repeated with a different set of participants in every run. The final output is a CSV
file listing the data previously mentioned.

Finally, the last step of the research is to use the observations made on the “translated”
format and try to design a format tailored to the peculiar design of a 3-way competitive game
and simulate it as well. The resulting formats should be able to take a large number of
players and optimise the performances of the tournament. Ideally, the tournament would be
flexible enough to take any number of participants regardless of the proceeding. However,
for simplicity reasons, the expectation for this first design is to take a number of participants
that could allow an even tournament to take place. Optimising the performance of the format
would consist of having an accuracy score (i.e., Kendall Tau Rank Correlation score) as close
to +1 as possible while having a minimised number of played matches.
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4 Results

Exposed results are from multiple instances of simulations. Each tournament format has
been adapted to a 3-participant design, and then simulated a thousand times (point of
convergence where accumulated data showed little variation, c.f. Figure 8 in Appendix A)
with different numbers of participants. Considering the requirements for the Single-
Knockout format, the comparison between the different formats was made by simulating all
of them with 9, 27 and 81 participants. These settings provide study cases with a small
number, a reasonable number, and an excessive number of participants respectively. Figure
3 gives a first look at the results of the simulations in regard to the KTRC measures.
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Figure 3 KTRC measurement per format and size in a thousand simulations;
from left to right: Round-Robin (“RR” in blue), Single-Knockout (“SK” in red) and
Swiss System (“SS” in green, played 10 consecutive rounds), with 9, 27 and 81
participants each. The dotted light line shows the average, and the plain blue line is
the median

The first observation of the plots exposed in Figure 3 shows multiple assumptions on the
different adapted systems:

e The more players participate in a tournament regardless of the format, the lower is
the variability of the accuracy. This means that a larger mass of participants tends to
yield less varied results, but does not mean that the result is more accurate.

e A clear ranking of the format can be established in terms of accuracy: the Round-
Robin has the most accuracy out of the 3 tested formats, then the Swiss System and
finally the Single-Knockout. See their respective section for more details on this
observation.

e The more players participate in a Round-Robin tournament, the more accurate are
the results.

e For the Single-Knockout and the Swiss System, the average accuracy seems higher
with a smaller set of participants but has a largely wider variability.
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Table 4 Performance from different settings, showing the format how many
participants used in the simulation, the average KTRC score, its standard deviation
(SD), the lower and upper limit of the confidence interval (95%), and finally the
match count

KTRC Confidence = Confidence
Participant KTRC standard Interval lower Interval upper

Format count average deviation limit limit Match played
Round-Robin 9 0.8831 0.0795 0.8781 0.8880 84
Round-Robin 27 0.9567 0.0164 0.9557 0.9577 2,925
Round-Robin 81 0.9845 0.0034 0.9843 0.9847 85,320
Single-
Knockout 9 0.5191 0.1808 0.5079 0.5303 4
Single-
Knockout 27 0.4736 0.0974 0.4676 0.4797 13
Single-
Knockout 81 0.4612 0.0504 0.4581 0.4643 40
Swiss System 9 0.7876 0.1087 0.7808 0.7943 30
Swiss System 27 0.7296 0.0548 0.7262 0.7330 90
Swiss System 81 0.7110 0.0302 0.7092 0.7129 270

Table 4 supplements the results with numerical data. The confidence interval presented has
been computed with a 95% certainty. This means that with available data, it is 95% sure that
the true KTRC score of each simulated system is included between the limits exposed. The
relevance of this metric lies in the potential overlapping between two experiments. As can be
seen, each experiment has their own interval and does not show any overlapping. This
comforts the validity of the simulations, and indicates that enough repetitions were
performed to have trustworthy results.

The next sections describe the process of translating the formats, as well as detailing and
supplementing the observation made from the simulation outcomes.

4.1 Single-Knockout

To adapt the format to a game with three participants in a match, only the required number
of participants have been changed. Since each match needs three participants in this new
context, the participant count requirement for an even tournament grows exponentially by
the power of three: 3"; r being how many rounds are required to reach the end of the
tournament.

When compared to other formats, the result of a Single-Knockout tournament lacks accuracy
since the concept of “second chance” does not exist in the format. This leaves little to no
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room for mistakes and underperformance. In addition to the risk of misplacement in the
ranking, the format can show a high number of ties in the results. Without any scoring
system or tie-breaking method, many participants share the same “place” from which round
they were eliminated, this flaw is magnified in the context of 3 participants in a single match
where only one participant gets to win and the other two lose. The scoring system used in the
research reduces this number but does not eliminate the issue, there is still the possibility of
having % of the participants losing the first match without scoring any points. As a result of
the simulation with 9, 27 and 81 participants, the output ranking had on average 1.63, 8 and
31.32 ties respectively. While it could be argued that the most important thing in a
tournament outcome is the top of the ranking, having so many ties in the bottom part of the
ranking can influence the KTRC.

As suggested previously, when looking at the information shown in Figure 3 and Table 4, the
Single-Knockout tends to have better performances with fewer participants. The tie-breaking
issue discussed could be a cause of this, fewer participants mean less room for variation.
Assuming that this issue affects the KTRC in some way, a second set of simulations was
executed for the format, but only focusing on the first place in the ranking. Similar results
could be observed where the format had a better performance with 9 participants than with
27 or 81.

To counterbalance the weaker accuracy, the format benefits from requiring the fewest
matches to reach a final ranking amongst the tested formats even with an extreme number of
participants.

4.2 Round-Robin

Translating the round-robin format for a context involving three participants has been
solved by answering the question “What are the unique combinations of 3 elements in a pool
of n elements where the order does not matter?”. The answer to this question is the list of
matches that needs to be played to complete the tournament. Computing the length of this
list is a common problem in discrete mathematics and has a formula (c.f. figure 4). However,
having the combination is an algorithmic problem that was addressed with the native python
library “itertools”.

n: total number of participants
p: participants in one match

n —_ n! —_ n!
p (n-p)!p! n-3)!6

Figure 4 Formula to compute the number of matches in a Round-Robin
tournament depending on the number of participants in the tournament and in a
single match

This adaptation of the Round-Robin raises issues regarding matchmaking: while the
combinatorial theory prevents playing two matches with the same participants, it does not
exclude the possibility that two participants will face each other more than once. Considering
a Round-Robin tournament with four participants, namely A, B, C and D, the pair of
participants A and B will face each other exactly twice when playing with participant C and
then D. According to the previous study (Sziklai et al., 2022), playing multiple time the same
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matchup is not necessary but does not impair the result in any way. For that reason, this
issue has been overlooked and has not been addressed in this research, but could be a
subject for future experimentation.

While the round-robin has the overall best accuracy from the tried formats, it also drastically
requires more matches since all participant combinations are required to be played.
Increasing the number of players in a match starkly affects this number. For instance, using
the formula from Figure 4, playing a Round-robin tournament with 9 participants for a
discipline requiring 2 players in a single match needs 36 matches, compared to the 84
matches required with the same number of participants but one more player in the match.
While it makes sense that the accuracy rises with the match count, the available data makes
it hard to compare the Round-Robin’s performance based on the number of matches.

Considering the flexibility of the format regarding participant count requirement, additional
simulations of the Round-Robin were performed with fewer participants to supplement
available data and enable comparison based on the match count. Figure 5 shows that even
with the minimum participant requirement of 4 participants, the format is more accurate
than the Single-Knockout with a similar number of matches. The minimum number of
matches recorded through this study for the Swiss System is six with six participants (c.f.
Figure 6), but even then, the Round-Robin outperforms the Swiss System with fewer
matches and participants.

84 matches

Kendall Tau Rank Correlation score

4 5 6 7 8 9
# of participants in Round-Robin

Figure5 Round-Robin performances (average KTRC score and match count)
depending on participants

4.3 Swiss System

No significant changes were made to adapt the Swiss System to the 3-participants-in-a-
match context. The general rules of the format are agnostic to the game or sport subject to
the tournament. The format does provide rules and arrangements to accommodate a
tournament with any number of participants. However, for the sake of simplicity in the
simulation and matchmaking, the required number of participants in the experiment has
been set to any number that can have all participants playing a match in every round. In the
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context of ALARA Prime, this would mean that any number divisible by 3 is adequate to run
the tournament. The matchmaking was made by reordering the ranking by their score and
pairing participants three by three. If the match made has already been played previously in
the tournament, a maximum of three attempts to change the last participant would happen.
After these three attempts, the match would be played despite the duplication. As for the
tournament-stopping rule used in the previously shown simulation, it has been decided to
play ten consecutive rounds.

Sziklai et al. (2022) described the Swiss System as an optimal format in regard to match
requirements, and accuracy. The present results show that this format manages to balance
the match required and the average accuracy, corroborating previous findings. With the
implemented matchmaking method, little duplicate could be observed through the samples.
Out of the three simulations performed, the instance involving 9 participants had the highest
rate of duplicated matches with a maximum of 33% and an average of 6.72%.

To supplement previous data, additional simulations with fewer rounds and a reasonable
number of participants were made to observe if the number of matches could be reduced
without impacting too much the KTRC score. Figure 6 presents the performance of the Swiss
System under different conditions.
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3 4 5 6 7 8 9 10
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Figure 6 Swiss System performances with 6, 9 and 12 participants when playing
3 to 10 rounds

Similarly, to the Single-Knockout format, the tried Swiss System has better accuracy when
dealing with a smaller number of participants. With the chosen settings, increasing the
match count (through playing more rounds) steadily improves the accuracy but does not
seem to stabilise to a point where the format reaches a stable KTRC score regardless of the
number of participants. Such a state could potentially be reached with further rounds played,
but considering how the number of matches grows it will quickly become impractical to play
the tournament in a real-life scenario. However, a preliminary observation made when
observing Figure 3 was that the Swiss System seems to perform better when handling a
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smaller number of participants. Figure 5 clarifies this assumption and shows that in order to
reach a similar KTRC score with more participants, more rounds are needed.

4.4 Tailored Design

Considering the previous observations, the following statements could be affirmed regarding
the adaptation of the wide-spread format using a game or sport with 3 participants in a
match implemented in this research:

e The Round-Robin is the overall most accurate format tested but quickly requires a
significant number of matches as participant count grows.

e The Single-Knockout is the overall fastest tournament that can be played when
considering the match count as a measurement of time but has the lowest accuracy
observed.

e The Swiss System, as implemented in this study, manages to show good accuracy
with a decent match count, but becomes impractical with a large number of
participants.

A first tournament design could be imagined with observed information by combining
observed formats and taking inspiration from real-case tournaments. As a first concept, the
custom design put to trial is a combination of a non-eliminatory format as a first step before
the final phase with an eliminatory format. This kind of proceeding is well-known in real-life
events, a good example of such implementation is the FIFA World Cup.

The reasoning behind this proceeding is to be able to accept a flexible number of players and
build up accuracy during the first phase. Considering the non-eliminatory formats’ match
count growth relative to participant count, the participants should be divided into groups of
reasonable sizes. Once the first phase is completed, the top participants of each group would
then proceed into the final eliminatory phase.

In the context of the research, this format has been tried with both the Swiss System and the
Round-Robin to compare the performance when followed by the Single-Knockout. The
condition to fulfil in the first phase of the tournament is to be able to select a few participants
that could play the elimination phase. Considering the Single-Knockout as the final step, the
condition is then to have any power of 3 depending on the possibilities (e.g., 3, 9, 27, ...). For
the sake of simplicity in the first experiment, it has been decided to run the experiment with
18 participants entering the tournament. This way, the participants would be divided into 3
groups of 6, enabling the use of the Swiss System as implemented previously for each group.
Following the data shown in Figure 6, it has been decided to play 8 rounds of the Swiss
System to have a reasonable accuracy and match count. After the completion of each group
tournament, the top 3 participants of each group would then proceed to the final phase. A
simple seeding has been implemented to avoid pairing players of the same group and thus
playing a duplicated match. The first of a group would then be paired with the second of the
next group, and the last of the last group. Figure 7 and Table 5 show the performances of this
custom format in a similar manner that was presented previously for the 3 adapted formats.

The result of the simulations shows that there is a slight difference in the accuracy when
using the Round-Robin or the Swiss System as a group-phase, the more accurate format
being the former. However, when looking at the match count, the Round-Robin exposes its
flaw by having 12 more required matches complete the tournament. This implementation of
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the Swiss System yielded a certain number of duplicated matches. Across 3 groups, the
simulation recorded an average of 11.445 duplicated matches, which would represent
roughly 2 to 3 matches that were played twice in a group. This shows that in this instance of
the custom format, the Swiss System could be a better choice, but does not reflect an
objective result. More experiments with different numbers of participants, and Swiss System
variants could be needed to state an objective conclusion on the question. Present results
show that the custom tournament format is a decent way to combine the formats, keeping a
decent accuracy while having a balanced number of matches.

Table 5 Numerical measurements for custom format with different group phase
format used. Includes previous measurements from regular format for comparison

KTRC Confidence = Confidence
Participant KTRC standard Interval lower Interval upper

Format count average deviation limit limit Match played
Custom-RR 18 0.7152 0.0878 0.7097 0.7206 64
Custom-SS 18 0.6841 0.0909 0.6784 0.6897 52
Swiss System 9 0.7876 0.1087 0.7808 0.7943 30
Swiss System 27 0.7296 0.0548 0.7262 0.7330 90
Round-Robin 9 0.8831 0.0795 0.8781 0.8880 84
Round-Robin 27 0.9567 0.0164 0.9557 0.9577 2,925
Single-
Knockout 9 0.5191 0.1808 0.5079 0.5303 4
Single-
Knockout 27 0.4736 0.0974 0.4676 0.4797 13
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5 Discussion

Through Monte-Carlo simulations of the Single-Knockout, the Round-Robin and the Swiss
System, this experiment explored the performance of these formats in the context of a
tactical and competitive game pitting 3 participants in a single match. The following
discussion includes considerations concerning the presented method and results.

The findings exposed in the dissertation address the tournament formats’ accuracy through
the Kendall Tau Rank Correlation, comparing a prediction based on arbitrary skill rating and
an actual outcome in their entirety. While this gives equal importance to the positions of all
participants, it could be discussed that the relevant part in the prediction and the outcomes
is in fact the top positions. It has been shown through the Single-Knockout analysis that the
accuracy of the tournament was decently higher when only comparing only the first position
instead of the entire list. A way to nuance the score would be to assign weights to
participants’ positions relatively to other participants.

As for the match count used as a measure of time, it has been presented throughout the
study as if all matches were played sequentially. However, in the real-case application of
such tournaments, the matches would be played in parallel when possible. This would not
reduce the number of matches played, but could significantly reduce the actual time needed
to play a complete tournament. For example, the result shown for the Swiss System in Table
4 indicates that playing 10 rounds with 27 players needs 90 matches. However, because all
participants play “at the same time” in a round, all the matches in the round can be played in
parallel. Implying that regardless of how many matches are played in one round, the actual
duration of the round should be the same as one single match. Thus the “time” necessary to
complete the implemented format in this research is in reality the number of rounds played.
A similar consideration could be applied to the other formats as well. As Placek (2023)
argued, the repartition of matches over time could influence the outcome of the tournament,
potentially favouring the most enduring participants in the case of a short time-spanned
proceeding.

The discussion of the match count in tournament formats, and more particularly the Swiss
System, could include the issue of duplicate matches. The number of complete duplicates (A,
B, and C playing against each other more than once in the tournament) was mitigated
through the simple matchmaking algorithm implemented, which attempted to rematch
participants if the resulting match had been played previously in the tournament. However,
the count of partial duplicates (A and B playing against each other more than once, but with
a different third participant) has been overlooked. A comparison of tournament performance
with and without playing partially duplicated matches could give valuable data and affirm
the assumption of previous study stating that playing the same match multiple times is
wasteful (Sziklai et al., 2022).

The simulations performed used the OpenSkill matchmaking tool to manage skill ratings and
compute winning odds based on it. The concept of petty diplomacy or kingmaking has been
presented as a possible issue in a context where 3 participants are playing against each other.
However, modelling these behaviours into statistical data is not straightforward, and falls
out of the scope of the thesis. As a result, the analysed data were produced regardless of the
situation in the game or in the tournament. Including this political aspect in the computation
could influence the outcomes. An example of a situation where politics could affect the game
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and the tournament is the following: in the context of a group phase (e.g., first step in the
custom-made tournament), when playing the final match between participants A, B and C
where A proceeds to the next step regardless of the match outcome, B can proceed if A or
themselves win and finally C proceeds only if they win. In that context, A does not have any
specific interest in sabotaging any participant. However, B needs to sabotage C if they want
to guarantee to continue in the tournament. The result of such a situation is that participant
C needs to face A playing as usual but also B who will deploy more effort in beating C than in
a normal scenario. In the context of ALARA Prime, politics are an inherent part of the game
and could have an important impact on the match, and therefore, the tournament as well.

Another point that could influence a tournament to a certain degree, especially the Single-
Knockout format, is the initial seeding. As it was made in this research, the seeding was
made randomly when generating the skill ratings. According to previous studies (Placek,
2023; Sziklai et al., 2022), a balanced seeding algorithm that would match the participants
in the first round, so that the stronger participants would meet in the later stages of the
tournament, could significantly improve the accuracy of a format. Application of the seeding
outside of the Single-Knockout format could include the repartition of teams in separated
groups, such as implemented in the tailored format.

Throughout the experiment, one of the difficulties when adapting the Single-Knockout was
to consistently keep a number of participants that would allow all of them to play in the next
round. If we consider a Single-Knockout format where only one team gets knocked out
instead of two, and thus reducing the pool of participants by 4 every round, there would
eventually come a situation where one or multiple groups of four participants would need to
be resolved. In such a case, continuing with the same Single-Knockout rules seems
compromised, so the solution would be to start from that state with a different format that
would handle and resolve group(s) of 4. Optimising the management of a group of 4 could be
an important stake toward the goal of organising a tournament for a sport or games with 3
participants in a single match
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6 Conclusions

The goal of this thesis was to explore the possibility of organising a tournament for a sport or
game using a context where three entities would play against each other in a tactical and
competitive mindset, using the game ALARA Prime as a use case. Through Monte-Carlo
simulations of three widely used tournament formats adapted to a 3-participant competitive
design, this research exposed the flaws and strengths of the Single-Knockout, Round-Robin,
and Swiss System under this specific context.

During the research, a question at stake was to assess how established rule and format
adapts to the 3 participants' context. The Single-Knockout requires a low number of matches
to reach a final state, even with a large number of players but lacks accuracy when compared
to the other format. Similar conclusions on the Single-Knockout were made in previous
studies where the format had slightly more inversion than other formats. However,
eliminating 2 participants every match seems to exacerbate this flaw. Conversely, the Round-
robin is a format that outputs reliable accuracy in the resulting ranking even with a small
number of players, but quickly requires a large number of matches as the participant count
grows. Comparing the growth of the number of matches required between having two and
three players in a match, the evidence shows that adding players in a match makes the
format quickly impractical, or even unrealistic, to implement. Finally, the Swiss System can
still be seen as an efficacious format where, compared to the Round-Robin, fewer matches
are required but at the price of a reduced accuracy. The available results coincide with
previous studies: the Swiss System could be a valid format on its own to be implemented in a
real competition for a 3-participant competitive game. Nevertheless, the format benefits
from a high versatility with different rules available, which could deserve their own
experiment as well.

Then, using what was learnt from the simulations with adapted formats, a format inspired by
real-case events combining two of the three formats previously studied has been tried.
Consisting of a group phase of either Swiss System or Round-Robin and followed by a final
phase of Single-Knockout, the format manages to keep a decent accuracy while mitigating
the sharp match count growth of the non-eliminatory formats. As Placek (2023) stated, the
perfect format does not exist, the best that can be done is to find a satisfactory balance
between time consumption and accuracy. The solution presented is a decent solution to the
problem of establishing an accurate ranking in an acceptable number of matches or
timeframe for a game or sport pitting 3 participants in a single match.

Considering all the findings presented, some implications of having three players in a match
can be concluded when organising an even tournament (i.e., all participants play in the first
round). Increase of participant count can complicate the proceeding. While the Swiss System
appears as a good solution depending on the implemented rules, the Round-Robin can
quickly require an unrealistic number of matches to be completed, and the Single-Knockout
has rigid expectations to start the tournament.

To conclude, this research is an example showing the utility of Monte-Carlo simulation and
Kendall Tau Rank Correlation in operational research. Additionally, the outcomes of the
research serve as a first step in the process of establishing a tournament format perfectly fit
for the context at stake. Such a breakthrough could be valuable for actors in the sporting,
entertainment, and gaming industry.
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6.1 Future Work

Results shown in this thesis are the groundwork for further investigation and research
toward the goal of organising a tournament for a game or sport pitting 3 participants in a
single match. The following discussion mainly focuses on ways to either further expand the
exposed experiment or to exploit the data presented for related studies.

A first step in improving this simulation would be to supplement the presented method with
more complete conditions, such as implementing complex political and social rules (e.g.,
petty diplomacy, kingmaking, ...) in the computation of winning odds, adding a seeding step
before starting an eliminatory format or improving the KTRC algorithm to include weights in
reference positions for a nuanced accuracy in regard to top positions. A second step could be
to further experiment with the combination and variation of the presented format, such as
Double Knockout, simulating “uneven” tournaments (i.e., tournaments where not all
participants play in a round), or trying new formats applicable to a game or sport pitting 3
entities in a single match. Supplementing the presented data with more detailed insights,
such as the count of partial duplicated matches in the non-eliminatory formats and their
impact on the accuracy and the score of the participants, could also be a possible
improvement.

To continue expanding upon the result of this research, it would be reasonable to consider
replicating the experiment using the context of a past event, such as the 3-sided Football
World Cup, sourcing the skill rating of real participants and observing if the format manages
to replicate the same ranking consistently. Eventually, it could be interesting to organise the
experimental format in a real-case scenario with human actors as participants and
spectators. The goal would be to lead a qualitative study based on their experience.

Future studies using the results from this study could include comparing the present results
with similar experiments using traditional formats, or tweaking the presented experiment to
allow more natural comparison with previous studies. This would better show how the
formats change in relation to what is currently done. It could also be beneficial to replicate
the experiment using a different game or sport to confirm if the results shown in this study
are objective or dependent on the specificities of ALARA Prime.
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Appendix A - Data supplement
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Figure 8 Cumulative average of KTRC score after X repetition of the Round-
Robin (“RR” in blue), Single-Knockout (“SK” in red) and Swiss System (“SS” in
green, 10 consecutive rounds played). Shows the convergence to a stable average

after a certain number of repetitions.

Table 6 Numerical data from all simulation formats. The confidence interval has
been computed with a 95% degree of certainty

Format

Round-Robin

Round-Robin

Round-Robin

Single-
Knockout

Single-
Knockout

Single-
Knockout

Swiss System

Swiss System

Participant

count

27

81

27

81

27

KTRC
average

0.8831

0.9567

0.9845

0.5191

0.4736

0.4612

0.7876

0.7296

KTRC
standard
deviation

0.0795

0.0164

0.0034

0.1808

0.0974

0.0504

0.1087

0.0548

Confidence

Confidence

Interval lower Interval upper

limit

0.8781

0.9557

0.9843

0.5079

0.4676

0.4581

0.7808

0.7262

limit

0.8880

0.9577

0.9847

0.5303

0.4797

0.4643

0.7943

0.7330

Match played

84

2,925

85,320

13

40

30

90



Swiss System 81 0.7110 0.0302 0.7092 0.7129 270

Custom-RR 18 0.7152 0.0878 0.7097 0.7206 64

Custom-SS 18 0.6841 0.0909 0.6784 0.6897 52
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Appendix B - Experiment pseudo code

procedure simulations (number of participants):

loop for i = 0 to 1000
participants = generateParticipants (number of participants)
prediction = sort(participants, by their skill rating desc)
// could be any format of tournament
final ranking = play tournament (participants)
accuracy = compute ktrc(prediction, ranking)
output to csv(accuracy, tournament instance)

EndLoop

EndProcedure

function generateParticipants (number of participants):
list of participant = empty List
loop for i = 0 to number of participants
// create a new openskill rating from a random number
skill rating = new OpenSkill.Rating (numpy.random/())

name = "team " + i

participant = (name, skill rating)
list of participant.Add(participant)
EndLoop
return list of participant

EndFunction

function play tournament(list of participants):
Loop while not finished // implementation of tournament rule
pl, p2, p3 = participants from list of participants
play alara match(pl, p2, p3)
EndLoop

ranking = sort(list of participants, by their score desc)
return ranking

EndFunction
function play alara match(pl, p2, p3):

Loop while not finished // play rounds

// compute respective winning odds (wo) with OpenSkill, they sum up

(wo_pl, wo _p2, wo p3) = OpenSkill.predictWin (participant SR)

// random number that will decide the winner

IT1



result = random number between 0 and 1

// winning odds are used as a threshold.

if result < wo_pl

round winner = pl
else if result < wo pl + wo _p2
# If the random number is between wo pl and wo p2 then p2 wins
round winner = p2
else
# If the random number is beyond wo p2 and 1 then p3 wins

round winner = p3

update match scores()
EndLoop
return match winner

EndFunction
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