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Abstract

This study explores a novel way for analyzing tournament structures. Our goal is to
find the best suitable tournament under considered purposes. Aside from the number
of matches, we address on two other important aspects: competitiveness development
and ranking precision. Competitiveness development emphasizes the importance par-
ticipants’ motivation in every match while keeping the matches exciting throughout
the tournament. Ranking precision reflects the convincement of tournament results,
so that prizes can be distributed with minimum complains and dissatisfaction.

To address competitiveness development, this study proposes a new method which
visualizes tournament structures as a tree using graphical model approach, which we
call progress tree. Considering the similarities of sorting algorithm with the ranking
process, ranking precision is discussed based on the quality of algorithm for the rank-
ing task. This study also analyzes well known tournament structures such as single
elimination, double elimination, round robin and Swiss system. The performed anal-
ysis reveals the strength and weakness of each tournament structure. Although each
tournament has its own pros and cons, none of them can convince the tournament
results for all participants while keeping the matches strongly motivating thoroughly.
Thus, a new tournament structure called reaper tournament system is proposed in

this study to meet those requirements.
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Chapter 1

Introduction

Entertainment has been a part of humanity’s activities in thousands of years. I
can be an event, performance, or any other form which attract people’s attention.
However such attention is heavily affected by preferences, which differ from person to
person. Thus, many unique entertainment activities have been formed and vanished.
A vivid example of this is forming and disappearance of games. Right after human
developed display for computers, computer games had already existed[2]. However
most of them do not survive until present. Still, the survived ones are recognized
by a large portion of human population. Their common traits are having game
rules changed over time to suit majority’s interest, not just players but audiences as
well. A mathematical approach called Game Refinement Theory has been proposed
no analyze evaluate games’ sophistication [19]. Under Game Refinement Theory’s
analysis, most sophisticated games have a very close range of evaluation. But that is
not the only similarity. Most of them have tournaments conducted regularly. It is a
form of competitive system.

A competitive system is also a form of entertainment. However it does not stand

alone by itself. It applies to many different activities or games. We call such compet-



itive system which is applied on games as: competitive game environment; and the
games which being applied by such environment as: competitive games.

Recent years, with the help of the Internet and the progress of digitalization,
many games have been rebuilt as video games, and even many new video games are
being born too. The people with the same interests are able to meet, compete, or
observe regardless physical distances. The term competitive game has been used more
frequently. Thus, competitive game environments have been rebuilding and evolving
as well [7, 10, 12, 13, 17, 22].

Competitive games do not just attract players only, but also many spectators who
are interested in the game. Tournament is a competitive system to identify the win-
ners. It usually provides some prizes as objectives for participants to compete against
each other. It is often used as a formal method to conduct an official game event, to
gather players or teams, as well as to attract a large number of spectators. Such large
scale events usually receive sponsorship from various companies and organizations.
Therefore, it is necessary to be carefully prepared and conducted to be able to avoid
disappointments from any party.

Let us discuss three main concerns in tournament systems.

1. The number of matches. This number is crucial for the tournament organizer

to calculate the conduction cost in the tournament.

2. Competitiveness development (CD). That is, to avoid the throwaway matches
in which participants are not so motivated to play their best. Regarding com-

petitive games, uneven teams tend to make a reduce of interest from the viewers



[14, 15, 20]. However, the structure of the tournament may have great effect on
the motivation of the participants. It is important to plan the matches carefully,

giving the participants reasons to play their best in the game.

3. Ranking precision (RP). That is, to make sure the ranking results of a tourna-
ment are convincing and reliable. It is important to prove that the prize winners

are really worthy.

Regarding the checking a tournament for whether it can maintain the competitiveness,
to the best of our knowledge, there has been until now no study of any method to
perform this work. Therefore, we propose a new method to analyze the tournament

structures.



Chapter 2

Analysis Method

This section presents two important aspects of tournament systems: competitiveness

development and ranking precision.

2.1 Competitiveness Development

A competitive match means that the two participants are motivated to compete over
the winning outcome. Usually, the desire to win is normal. But, sometimes the
benefit of winning could not be so significant, which causes the participants to not
yearn for a win. The motivation of a participant consists of many factors, but we
restrict ourselves to the tournament structure in this study. We introduce a notion of
”progress tree” to demonstrate the perspective of the participants in a tournament,
and then analyze the development of their motivation throughout the tournament.
The progress tree is constructed based on the graphical model approach [18]. A
participant’s state before or after playing a match is considered as a node. The state

in which the participant no longer plays any match is a leaf node. We show, in



Figure 2.1, an example of a single elimination tournament for 8 participants, and
Figure 2.2 shows its progress tree.!

Quarter-finals

Participant 1 Semi-finals

Final

Participant 2

Participant 3

Participant 4
Participant 5

Participant 6
Participant 7
Participant 8 :

Figure 2.1: Single elimination tournament for 8 participants

While ”competitive” means having an objective for which participants have to
compete against another, it is common to have more than one prize as objectives in
a tournament. Thus, it is necessary to provide prizes that are comparable in order
to ensure the consistency in competitiveness. For example, if we have a spoon as
the first prize, and a pair of chopsticks as the second prize. Each participant may
evaluate these prizes differently. Hence, it is possible that a participant would try to
lose on purpose in the final game in order to obtain the pair of chopsticks. This is
also the reason why most grand tournaments use money for prizes instead of objects,
since the amounts of money are comparable, the consistency between the prizes is

ensured.

'In this study, we assume that a match can only result in a win or a loss.



Root/Internal Node

Win——— Final

Lose

Leaf Node

Win——» Semi-finals

Lose »

Figure 2.2: Progress tree of single elimination tournament for 8 participants

Lose

Quarter-finals

With consistent prizes in the same unit, we can evaluate nodes in the progress
tree. Since we are only considering the structure of the tournament, we evaluate a
node as the average value of its direct child nodes. For example, in Figure 2.2, let
x1, T9, x3 and x4 be the 1st place prize, 2nd prize, 3rd-4th prize and 5th-8th prize
respectively. Then we have x1 > x9 > 3 > x4. Table 2.1 shows the evaluation (called

the stability value) for each node of the progress tree in Figure 2.2.

Table 2.1: Stability values for each node of progress tree in Figure 2.2

Node level Stability value
Final (v) nte
Semi-final (v;) %
Quarter-final (vs) WTM



With the progress tree and having the nodes evaluated, we see that there are two

concerns regarding player’s motivation or competitiveness development.

Stability progressing For every node, it is preferable to have the value of the win-
ning outcome larger than the value of the losing outcome. This ensures that the

winning outcome has more benefits and is more attractive to the participant.

Possibility of results Since the prizes serve as an objective to maintain competi-
tiveness, the case in which a prize is no longer able to be achieved also means
that a competitive objective is lost. However, in a tournament, to achieve a
prize means to give up other prizes (one cannot get the first prize and second
prize together). Therefore, it is favorable to have the prizes dropping out even-
tually in the order of least-valuable first. This practice can also be seen in most

prize announcements from lottery prizes to singing/beauty contests.

Aside from those above-mentioned points, there might be a few more interesting
observations we can make with the progress tree. For example, if there is a match
between two participants who are not on the same node, which means that they are
not on an equal footing; the importance of the match, and their motivation of the

match are different.

2.2 Ranking Precision

Being a competitive system, the outcome of a tournament should avoid any complaints

about its ranking results. This task for giving rankings to the tournament participants



is similar to the sorting by comparisons: the input is a list of members to be compared,
while the output is a permutation of the input with the member in an order. Although
actual sorting algorithms [16, 1, 4, 8, 21, 9, 3, 11| may not be suitable to be applied
as tournament systems because they do not consider fair treatment to participants
with the same performance, it is crucial for a tournament system to maintain the
convincement of the rankings to minimize complains from participants and spectators.

We assume that there is a game in which we compare credits, where the participant
with higher credits wins. The ranking precision of the tournament is derived from
how the tournament can rank participants correctly for such a game. In other words,
we consider the tournament as a sorting algorithm, and each match is a compari-
son between two participants in a game whose outcome is deterministic. Providing
all participants with different credits, we run all possible simulations by using per-
mutation. Then, we can see whether or not the tournament can give rankings to
participants correctly. However, the method of using permutation simulation is too
heavy if the number of participants is too large. In this study, we therefore conduct

experiments with eight participants only.



Chapter 3

Analysis of Standard Tournament

Systems

We analyze several standard tournament systems such as single elimination, dou-
ble elimination, round-robin and Swiss system. For the purpose of comparison, we

consider the example of having eight participants in each case.

3.1 Single Elimination

Single elimination is a type of elimination tournament where the loser of each bracket

is immediately eliminated.

3.1.1 Number of Matches:

A standard single elimination system with ¢ rounds has n = 2¢ participants, and there
will be m = n — 1 matches conducted. For 8 players single elimination, there would

be 7 matches with 3 rounds.



3.1.2 Competitiveness Development:

We use the example of 8 participants single elimination, as previously shown in Fig-
ure 2.1. Assuming that this tournament has comparable prizes distributed in the
right order, by observing Figure 2.2 and Table 2.1, we can see that it has no issues
regarding stability progressing or possibility of results. All wins are worth aiming for,

and the ranking results are decided from the lowest ranking first.

3.1.3 Ranking Precision:

We run the simulations for 8 participants with credits varying from 1 to 8. Table 3.1
shows the precise ranking of the tournament, while Table 3.2 shows the actual results

counting all (8! = 40320) permutations.

Table 3.1: The precise ranking of single elimination
Participant Precise ranking
8 1st place
2nd place
3-4th place
3-4th place
5-8th place
5-8th place
5-8th place
5-8th place

— NN W s Otoy

Remark 1 Among all ranking results, the only 100% correct one is the 1st place.
This suggests that single elimination provides the reliable ranking results for the first

place only, and other rankings are not really convincing.

10



Table 3.2: The results of ranking simulation of single elimination

Participant 1st place 2nd place 3-4th place 5-8th place
1 0 (0%) 0 (0%) 0 (0%) 40320 (100%)
2 0 (0%) 0 (0%) 5760 (14%) 34560 (86%)
3 0 (0%) 0 (0%) 11520 (29%) 28800 (71%)
4 0 (0%) 1152 (3%) 16128 (40%) 23040 (57%)
5) 0 (0%) 4608 (11%) 18432 (46%) 17280 (43%)
6 0 (0%) 11520 (29%) 17280 (43%) 11520 (29%)
7 0 (0%) 23040 (57%) 11520 (29%) 5760 (14%)
8 40320 (100%) 0 (0%) 0 (0%) 0 (0%)

3.2 Double Elimination (classic)

A classic double elimination tournament is designed for at least four participants. At
first participants are paired up one on one. The losers will be placed into the lower
bracket, whereas the winners will be placed in upper brackets. From this point on,
if a participant from the loser’s bracket loses a game, the participant is eliminated;
if a participant from the winner’s bracket loses, the participant will be moved to the
loser’s bracket. The last participant remaining in the lower bracket will face the last
participant standing in the upper bracket in the grand final. This means that after
the bracket arranging round at the beginning and before the grand final, for every

upper bracket’s round, there would be two rounds in the lower bracket.

3.2.1 Number of Matches:

A classic double-elimination tournament system for n = 2° participants (where 1 <

i € N) will have m = 2n — 2 matches conducted. Thus, we have m = 14 when n = 8.

11
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e

Figure 3.1: Classic double elimination tournament for 8 participants

3.2.2 Competitiveness Development:

We show, in Figure 3.1, a classic double-elimination tournament for 8 participants,

and Figure 3.2 shows its progress tree.

, s Y
Win > Grand Finals 5 - 2 )

Upper Finals } Lose—)

Lower Finals Lose /\ 3" >

Win

Win mRound 3 Lose <; 4 )

Wwin
Upper Round 1 “ Lose—) ’ Lower Round 2 Lose < 56" > Root/Internal Node

Win Win — —~

Bracket Arranging ‘

- S < Leaf Node )
se— ose—p thgh
Round ‘ ) ‘ Lower Round 1 Q 77-8 ) _

Figure 3.2: Progress tree of classic double-elimination tournament
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Assuming that this tournament has comparable prizes distributed in the right
order, by observing Figure 3.4, we can see that it has no issues regarding stability
progressing or possibility of results. Every win has a more favorable value than its

loss, and the ranking results are decided from the lowest ranking first.

3.2.3 Ranking Precision:

We run the simulations for 8 participants with credits varying from 1 to 8. Table 3.3
shows the precise ranking of the tournament, while Table 3.4 shows the actual results

counting all 8! = 40320 permutations.

Table 3.3: The precise ranking of double elimination
Participant Precise ranking
8 1st place
2nd place
3rd place
4th place
5-6th place
5-6th place
7-8th place
7-8th place

=N Wk OOy

Remark 2 Our analysis suggests that the classic double-elimination tournament pro-
vides reliable ranking result for the first and second place. Still, the other rankings

are not really convincing.

13



Table 3.4: The results of ranking simulation of classic double elimination

P 1st place 2nd place 3rd place 4th place 5-6th place 7-8th place
0 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 40320 (100%)
2 0 (0%) 0 (0%) 0 (0%) 0 (0%) 17280 (43%) 23040 (57%)
3 0 (0%) 0 (0%) 0 (0%) 0 (0%) 28800 (71%) 11520 (29%)
4 0 (0%) 0 (0%) 1152 (3%) 9216 (23%) 25344 (63%) 4608 (11%)
5 0 (0%) 0 (0%) 4608 (11%) 25344 (63%) 9216 (23%) 1152 (3%)
6 0 (0%) 0 (0%) 34560 (8&/) 5760 (14%) 0 (0%) 0 (0%)
7 0 (0%) 40320 (1006/) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
8 40320 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

3.3 Double Elimination (seeded)

In recent double-elimination tournament systems, the bracket arranging round is
considered as a pre-stage. This pre-stage can take other forms of tournaments [5, 6],
or use a rating system [7, 10, 12, 13, 17, 22| to divide (seed) participants into upper
and lower brackets. The rest works the same as in the classic double-elimination

tournament.

ol
-

Figure 3.3: Seeded Double-elimination tournament for 8 participants

14



3.3.1 Number of Matches

: A standard seeded double-elimination tournament system with ¢ upper rounds has

3

sn — 2 matches conducted. Thus, we have

n = 2! participants, and there will be m =

m = 10 when n = 8.

3.3.2 Competitiveness Development:

We show, in Figure 3.3, a seeded double-elimination tournament for 8 participants,

and Figure 3.4 shows its progress tree. Assuming that this tournament has compara-

- >

?

win

Win Grand Finals Lose

Win
’ Upper Finals }*Lose—b{ Lower Finals }—Lose

I Win
Win Lower Round 3 Lose

Win

’ Upper Round 1 }—Lose—b{ Lower Round 2 }—Lose Root/Internal Node

Win
Leaf Node
Lower Round 1 Lose

Figure 3.4: Progress tree of seeded double-elimination tournament for 8 participants

ble prizes distributed in the right order, by observing Figure 3.4, we can see that it

has no issues regarding stability progressing or possibility of results. Every win has a

15



Table 3.5: Ranking results of seeded double elimination for 8 participants experiment
P. 1st place 2nd place 3rd place 4th place 5-6th place 7-8th place

1 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 576 (100%)
2 0 (0%) 0 (0%) 0 (0%) 0(0%) 192 (33%) 384 (67%)
3 0 (0%) 0 (0%) 0 (0%) 0(0%) 384 (67%) 192 (33%)
4 0 (0%) 0 (0%) 0 (0%) 0 (0%) 576 (100%) 0 (0%)
5 0 (0%) 0 (0%) 0 (0%) 576 (100%) 0 (0%) 0 (0%)
6 0 (0%) 0 (0%) 576 (100%) 0 (0%) 0 (0%) 0 (0%)
7 0 (0%) 576 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
8 576 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

more favorable value than its loss, and the ranking results are decided by the lowest

ranking first.

3.3.3 Ranking Precision:

We run the simulations for 8 participants with credits varying from 1 to 8. Table 3.3
shows the precise ranking of the tournament, while Table 3.5 shows the actual re-
sults. Since it is expected that stronger participants and weaker participants will be
distributed (seeded) into the upper bracket and the lower bracket properly, There will

be 4! x 4! = 576 permutations.

Remark 3 The results (Table 3.5) of the seeded double-elimination show that it is
precise from the 1st to the jth ranking. This is quite a big improvement compared to
the systems we analyzed previously. However, this reliability is heavily based on the

seeding system, which may cost many more matches.

16



3.4 Round-Robin

In the round-robin tournament system, all participants have to play with each other.
In other words, each participant plays with every other participant once. If each

participant plays all others twice, the system is called double round-robin.

3.4.1 Number of Matches:

A round-robin system for n participants consists of m = §(n — 1) matches conducted.

Thus for 8 participants, there would be m = 28 matches.

Win
Lose—+(_ R
[y I
Win Win I o
R Root/Internal ~"Unknown ™, Known Leaf™,
Lose-¥| Lose#¢ ; p ( ) ( )
- I —— Node “_Leaf Node - ~__ Node
Win Win Win - B
Lose-»| | Lose-» ‘ Lose >i: ?
[ 'y ry I
Win Win Win Win
r —
‘ Lose» Lose-#f Lose »‘ Lose»( ?
Iy 7y I
Win Win Win Win Win
’7 Lose ’I’ Lose-»{ Lose»{ Lose»| I Lose "~.,- ?
Y ¥ Iy i Y I
Win Win Win Win Win Win
|
] ; ) J—
Lose-» Lose- Lose-» Lose-» |—Lose-»| Lose(_ ? b
r'y [ i X ¥ Iy v
Win Win Win Win Win Win Win
| | E—
AK,B,EE,GR,P —Lase-| —Lose» {—Lose-»{ f—Lose—» |—Lose+ }—Lose* —Lose»(_ Lose

Figure 3.5: The first round of progress tree of round-robin tournament for 8 partici-
pants
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3.4.2 Competitiveness Development:

We show, in Figure 3.5, a progress tree of a round-robin tournament with 8 partici-
pants. The big difference from elimination tournaments is that from the beginning,
only the leaf from all losses and the leaf from all wins are known. This unstable situa-
tion makes us unable to calculate the stability values of the nodes. As the tournament
progresses, the unknown leaves will gradually reveal themselves, and the stability val-
ues of the nodes would be calculated. Furthermore, unstable situations suggest that
it is possible that stability progressing and possibility of results conditions are not
satisfied.

We show, in Table 3.6, an example situation after 5 rounds, and Figure 3.6 shows
its progress tree. In this situation, if participant A wins the next match, his victory
as the 1st place would be fixed regardless of his last match outcome. This fails to
satisfy stability progressing. Besides, even the leaves of participants B, F, F, G, R,
and P are unknown, the possibility of 1st place is certainly out of reach. Therefore,
this situation does not satisfy the possibility of results condition either.

Table 3.6: An example of round-robin tournament progress after 5 rounds

Participant Wins Losses

5 0

T QEHTWE R >
O I I Ol ORIt
W W W W W W N

18



Y
Win
Lose-» ([ 1 D
7y R
Win Wi S [
. Root/Internal ~"Unknown ™. ~Known Leaf™,
A Lose b‘ | Lose»( 7 D [§ ) [} )
. ‘ X ~— Node ~_Leaf Node ~ ~_Node
Win Win Win - -
| | P
f—Lose-» Lose-» Lose s ?
r'y x r'y I
Win Win Win Win
‘ Lose Lose-¥ K Lose Lose»{ ?
¥ T
Win Win Win Win Win
| | | —
‘ Lose -| —Lose -{ Lose —{ B,F,E,G,RP Lose— Lose ?
Y Iy ¥ 3
Win Win Win Win Win Win
| | N
‘ | Lose Losed] Lose-] Lose¥] Lose»] Loses [ 8" D
Iy ¥ Iy e
Win Win Win Win Win Win Win
| | | |
. B
[Lose [Lose Lose |Lose»f Lose > Lose»] Hlose s 8

Figure 3.6: Progress tree for the round-robin tournament progress presented in Ta-

ble 3.6
3.4.3 Ranking Precision:

We run the simulations for 8 participants with credits varying from 1 to 8. Then,
there is only one outcome as shown in Table 3.7, no matter how the participants are

positioned.

Table 3.7: The result of round-robin tournament
Participant Wins Losses Ranking

8 7 0 1st place
7 6 1 2nd place
6 5 2 3rd place
) 4 3 4th place
4 3 4 5th place
3 2 5) 6th place
2 1 6 7th place
1 0 7 8th place

19



Remark 4 Round-robin tournament gives a really accurate ranking in the simula-
tion. Howewver, the number of matches is high, and the competitiveness development

18 not good.

3.5 Swiss System

The Swiss tournament system or the Swiss System is a round based, non-eliminating
system that in every round each participant is matched against another with a similar
score, but not with the same opponent more than once. The number of rounds is
considerably less than in a round-robin system. Every participant has to play every
round, unless the number of participants is odd. After all the rounds have taken
place, if there are participants with the same scores, they will be ranked based on a
rating system chosen by the tournament organizer.

We conduct our analysis on an 8 players Swiss System. Assuming that there are

no drawn games, and three rounds would be needed.

3.5.1 Number of Matches:

A standard Swiss System would require the same number of rounds as a single elim-
ination tournament to determine a clear winner. Thus, for n participants it has

m =

|3

(5 — 1) matches conducted. Thus, Swiss System for 8 participants with 3

rounds would consist of m = 12 matches.
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3.5.2 Competitiveness Development:

We show, in Figure 3.7, the progress tree of the Swiss System for 8 participants with
3 rounds. The leaf nodes of this system are special. If more than one participant
reaches the same leaf node, those participants would be ranked by a rating system

chosen by the tournament organizer.

- 'lst'
—
Lose l“ ?
. —
| — —
}» Lose—» — Lase—r:'::_ ?
7'y i I
n Win Win
| e .
—Lose-» Lose-# Lose b- 8th

Figure 3.7: Progress tree of the Swiss System for 8 participants with 3 rounds

Although the number of rounds is much less compared to the round-robin system,
signs of poor competitiveness development already show. A participant with a large
lead would be ensured to take first place or second place, while the poor performing
ones have no chance of reaching high ranks. If there are more rounds taking place,
the worse would be the competitiveness development. For example, the leading par-
ticipant would have the first place ensured, so his final games are unmotivated; while
any of his thrown game would lead to a large change in ranking for other participants

because of the rating system.
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3.5.3 Ranking Precision:

We run the simulations for 8 participants with credits varying from 1 to 8. Table 3.8
shows the expected precise ranking of the tournament as well as the actual results
counting all 8! = 40320 permutations of Swiss System with 3 rounds.

Table 3.8: The expected and actual ranking results of the Swiss System for 8 partic-
ipants with 3 rounds

Participant Expected ranking Precision
1 8th place 40320 (100%)
2 7th place 23040 (57%)
3 6th place 16128 (40%)
4 5th place 15360 (38%)
5 4th place 13440 (33%)
6 3rd place 16128 (40%)
7 2nd place 25088 (62%)
8 Ist place 40320 (100%)

Remark 5 The ranking precision of the Swiss System is only reliable for the first
place and the last place, while the ranking for the other participants is not. Increasing
the number of rounds might gradually lead to better results. However, as mentioned in
the competitiveness development section, the last games of the top participant might be
unmotivated, yet its effects on the ranking of the opponents and other middle ranking

participants. This furthermore causes the middle rankings to be unstable.
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3.6 Summary

We show in Table 3.9 the comparison between the single elimination, double elimi-
nation, round-robin and Swiss tournament system. The results show that the single-
elimination system has the lowest cost, while its competitiveness development is
properly maintained. However, its ranking is reliable for the top winner. Double-
elimination has no problem in competitiveness development either. Its classic style
can convincingly qualify the top two winners, while its seeded system can qualify the
top four winners. Round-robin on the other hand gives convincing ranking on all
participants, but it lacks in competitiveness development, and its number of matches
is the largest. Swiss system has reliable ranking for the top winner and the last place,
whilst the middle rankings are not. The Swiss system also has poor competitive
development.

Table 3.9: Strength and weakness of the common tournaments compared by the num-
ber of matches with n players (n = 8), competitiveness development (CD) and ranking

precision. Note that the number of matches for the double-elimination (seeded) might
be higher when counting the pre-stages.

Tournament System Matches (for n=8) CD Ranking precision
Single Elimination n—1=7 v Top 1 winner only
Double Elimination (classic) 2n—2=14 v/ Top 2 winners

Double Elimination (seeded) p—2=10 v Top 4 winners

Round Robin g(n—1)=28 X All

Swiss System 55 —1)=12 X Top 1 winner & last place
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Chapter 4

Reaper Tournament System

As the results above show, there is no tournament systems which can satisfy both the
competitiveness development and the ranking precision for all participants require-
ment. Thus, we propose a new tournament system called reaper tournament system.

It assumes the participant number n = 2¢ with 1 < i € N,

4.1 The Regulation

Each participant has a list of respected opponents (called respect list) which includes
all of the opponents the participant has previously lost to. The reaper tournament

system consists the following steps.

1. Reaper selection All the participants are paired up one on one, the losers will
continue to be paired again until there are only two left. These two who have
the worst performance will play with each other and the loser will be eliminated

as the last place, while the winner will be the reaper. Go to step 2.

2. Reaper candidates The eliminated participants will have their respect list ig-

nored. Aside from the reaper and the eliminated participant(s), all participants
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who are not in any respect list are placed in a candidate list. If every remain-
ing participant is in a respect list, then the list of candidates will consist of
participants which are only respected by the reaper. If there is more than 1
candidate, to step 3. If there is one candidate, to step 4. If there is none, the

reaper tournament ends.

3. Candidates match The top two best performance participants in the candidates
list will play a match. Of course the winner will be added to the loser’s respect

list. Go back to step 2.

4. Reaper match The participant in the candidates list will play against the reaper.
The loser from the reaper match will be eliminated and will be ranked just above
the previously eliminated participant, while the winner will be the (new) reaper.

Go to step 2.

We show, in Figure 4.1, the diagram of the reaper tournament we have just ex-

plained.

4.2 Analysis of Reaper Tournament

We analyze the reaper tournament as done in the previous section.

4.2.1 Number of Matches:

For a reaper tournament with 8 participants, there would be 15 to 17 matches. Since

the pairing depends on who among the participants is the reaper, the total number

25



Y

_ Start _>—» Zanl » gk > »_ Candidates>2 >—True—»
bl ) match

Candidate
selection candidates

" Candidates == True—»{ Reaper match }»
Figure 4.1: The diagram of the Reaper Tournament System

of matches could be 15, 16 or 17. The minimum number of matches per participant
is 2, and the maximum is 8.

For the reaper tournament with 4 participants, there would be exactly 5 matches,
while for 16 participants it would consists of 39 to 47 matches or could be more. We

have not found a general formula for the number of matches in the reaper tournament.

4.2.2 Competitiveness Development:

Figure 4.2 shows the progress tree of the reaper tournament with 8 participants.
Although the nodes for the reaper candidate vary depending on the actual progress,
it is ensured that every win will lead to a shorter path toward higher value leaf nodes.
Furthermore, the prizes are decided in bottom-up way, and all participants who are
not eliminated have the chance to be awarded any remaining prize. Thus, the reaper

tournament has no problem in competitiveness development.
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Figure 4.2: Progress tree of the reaper tournament for 8 participants

4.2.3 Ranking Precision:

We assume that we have 8 participants with credits numbers varying from 1 to 8, and
the more credits always win the match. Table 4.1 shows the expected precise ranking
of the tournament and the actual results counting all 8! = 40320 permutations.

Table 4.1: The expected and actual ranking of the reaper tournament for 8 partici-

pants
Participant Expected ranking Ranking precision

1 8th place 40320 (100%)
2 7th place 40320 (100%)
3 6th place 40320 (100%)
4 5th place 40320 (100%)
5 4th place 40320 (100%)
6 3rd place 40320 (100%)
7 2nd place 40320 (100%)
8 1st place 40320 (100%)
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4.3 Evaluation

We show, in Table 4.2, the extended version of Table 3.9, with the reaper tourna-
ment added to the list. The reaper tournament successfully satisfies competitiveness
development and provides convincing rankings for all participants. Furthermore, for
8 participants case, the number of matches required is just slightly larger than the
classic double-elimination.

Table 4.2: Evaluation of the reaper tournament for n participants (n = 8)

System Matches (for n = 38) CD Ranking precision
Reaper tournament 15~17 v All
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Chapter 5

Concluding Remarks

This study proposed a novel way for analyzing the tournament systems. It focused on
three aspects namely the number of total matches in the tournament, competitiveness
development and ranking precision. It then proposed a notion of progress tree to
detect potential unmotivated matches. The analysis we performed using the proposed
method reveals the strength and weakness of each tournament structure. To conclude,
single-elimination is best if we want to qualify one winner only, all matches conducted
are exciting in term of competitiveness. Classic double-elimination is a better choice
if we want to qualify two winners. Using a proper seeding system, the seeded double-
elimination system can qualify up to four winners. Round-robin system provides
reliable ranking precision for all participants. However, the number of matches is
very high, and it fails to maintain competitiveness development. Swiss System can
qualify the top winner and the last place, but its competitiveness development is
poor.

Realizing that there currently is no tournament systems which could satisfy com-
petitiveness development, we proposed a new tournament system called reaper tour-

nament system. It is able to maintain competitiveness development while providing
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convincing rankings for all participants. However, we have not yet found a general
formula for the number of matches. From our observation, the reaper tournament
would have less number of matches than classic double-elimination in case with 4
participants, slightly larger in case with 8 players, and more in case with 16 players.

In future works, we plan to investigate the characteristics of the reaper tournament
system. For example, finding out the general formula to calculate the maximum and

minimum number of matches for a given number of participants.
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