To the directors of the IMMC,

We as the GSL advisory board wish to propose the inclusion of basketball in your
international sports league. Despite being an extremely well known sport, we believe there is
promising room for its expansion on the global scene. Analysing where much of the sports
popularity is focused, it is clear that much of this engagement is directed towards leagues
isolated to a specific country or continent, such as the NBA or Euroleague (Fraschilla, 2017).
We believe that the vacancy of a prominent international league is a promising opportunity
for the GSL, with the assurance of a pre-existing large fan base already attached.

Our advisory board has taken the liberty of choosing the first set of 20 teams in order to fill
out a complete roster for the first season. These teams were chosen from the FIBA
(International Basketball Federation) official leaderboard, making sure to consider the
importance of a diverse set of teams, spanning all continents. Furthermore, we analysed the
population size of each country being represented, in order to make sure we would be
including countries with the highest potential to draw in excess viewership and and by
extension profit, a decision which we believe will boost the economic feasibility of this event.

In order to make this possible, we have put careful consideration into what we believe to be
the most important aspects in terms of basketball's feasibility and engagement within the
GSL. Our aim when organising this event is to maximise fair play amongst all competing
teams, allowing each the fairest opportunity to win. To do so, we have organised each season
into four distinct “sets.” Set 1 and 2 will serve as our preliminary rounds, where every team
will compete against every other team in a round robin. The results from these games will be
entered into a single cohesive leaderboard which will be used to inform the schedule for set 3.
These sets will act as a means to inform the GSL of each team's skill in the most accurate
way possible, with outliers being ironed out as the teams play more games. Before the
commencement of set 3, the bottom 8 teams will be eliminated, followed by a second round
robin event (lasting 1 month), with the leaderboard being reset to 0. At the end of set 3, the
bottom 4 teams will then be eliminated, leaving the remaining 8 teams to compete in an
elimination style tournament in set 4, leading to the semi and grand finals.

Given the leagues international scale, selecting ideal locations for all participating teams to
compete is another major priority. We aim to structure the competition in a way which
emphasises fair travelling distances for all competing countries. As having the games hosted
in a single location for the full 8 months is not logistically feasible, we suggest that the
hosting nation should vary between the four sets. In order to find the most optimal countries,
mathematical algorithms have been applied to calculate the distances travelled by every
country, to and from every other country, over a number of sets. From this, it has been
decided that for the first season, the most optimal countries for hosting include: Canada,
India, Argentina, and Japan, providing both a multicultural and practical assortment of hosts.

Kind Regards,

The GSL Advisory Board
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1 Introduction

As basketball continues to grow in popularity on a global scale, the need for
an international basketball league has truly never been greater. Recognizing
this need, the Global Sports League (GSL) was founded with the intention of
creating a premier international sport competition that unites the best talent
from around the world. In alignment with this mission, we, as the GSL advisory
board, formally propose the inclusion of basketball as a cornerstone sport in the
GSL. Unlike traditional leagues that are confined to specific regions, the GSL
is designed to transcend geographical limitations, fostering a truly global com-
petition that ensures fair and balanced representation from all continents. This
commitment to inclusivity is paired with the strong emphasis on maintaining a
high level of competition, allowing nations with established basketball traditions
to thrive while providing emerging basketball nations the opportunity to com-
pete at the highest level.

A critical element of the league’s design is the equitable distribution of travel
distance among participant teams. Recognizing the logistical issues associated
with international competition, the GSL aims to implement a centralized hosting
model, in which each phase of the tournament is held in the most geographically
fair location. This approach minimizes travel fatigue, reduces environmental im-
pact and ensures a fair distribution of travel time among teams.

Through this innovative structure, the GSL aims to set a new standard for
international basketball, combining the thrill of elite-level competition with a
commitment to accessibility, sustainability and global representation. This pro-
posal outlines the key factors necessary to integrate basketball into the GSL
framework, ensuring a league that is not only competitive but also truly reflec-
tive of the sport’s worldwide appeal.
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2 Key factors

2.1 Sport Selection

International presence:

A team sport can be defined as a sport in which a number of players collab-
orate to achieve the common objective of victory in a match. A GSL qualifying
sport requires a minimum of five players per team actively participating on the
playing area at all times during the match. After careful consideration of numer-
ous team sports, basketball was chosen as the foundation for the Global Sports
League (GSL). This decision was made based on a number of factors such as the
lack of presence of an international basketball league, logistical feasibility and
the potential for global expansion within the GSL framework. Basketball offers
a balance of accessibility and strong pre-existing spectator appeal hence making
it the ideal choice for a league of this scale.

2.2 Team Distribution

Creatrd with mapehart net

Figure 1: Team Locations
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Table 1: Latitude and Longitude of Participating Countries

Region Country Latitude Longitude
Asia
Japan 36.2 138.25
China 35.86 104.2
India -6.34 71.88
Indonesia -0.79 113.92
Africa
Egypt 26.82 30.8
D%, Congo -4.04 21.76
Tanzania -6.37 34.89
Nigeria 9.08 8.68
North America
USA 37.09 -95.71
Canada 56.13 -106.35
Mexico 23.63 -102.55
Guatemala 15.78 -90.23
South America
Brazil -14.24 -51.93
Argentina -38.42 -63.62
Venezuela 6.42 -66.59
Colombia 4.57 -74.3
Oceania
Australia -25.27 133.78
New Zealand -40.9 174.89
Fiji -16.58 179.41
Samoa -13.76 -172.1
Europe
France 46.23 2.21
United Kingdom 55.38 -3.34
Ttaly 41.87 12.57
Germany 51.17 10.45

The selection of national basketball teams for the Global Sports League (GSL)
was based on a combination of geographic representation, population size, and
world rankings. Ensuring diversity was a priority, with at least three teams se-
lected from each continent (excluding Antarctica) to create a truly international
competition. Larger countries with well-established basketball programs, such
as the USA and China, were chosen due to their historical success, infrastruc-
ture, and strong basketball culture. Meanwhile, emerging basketball nations like
Nigeria, Venezuela, and Indonesia were included to provide opportunities for de-
velopment and competitive growth. By balancing powerhouse teams with rising
contenders, the league fosters both high-level competition and the potential for
new markets to emerge.

Teams were selected to ensure representation from countries with varying pop-
ulation size, balancing global competitiveness with diversity. High-population
countries such as China (1.4 billion), India (1.4 billion), and the USA (331 mil-
lion) were included due to their significant player pools and market potential.
Mediocre-sized nations such as Mexico (128 million), Egypt (109 million), and
Germany (83 million) were chosen for their basketball infrastructure and compet-
itive potential. Significantly smaller than average nations such as Fiji (926,000)
and Samoa (222,000) were also selected to provide representation from under-
represented regions, demonstrating the sport’s accessibility and inclusivity across
different population sizes.

World rankings played a vital role in selecting teams to ensure a competitive
league structure. The USA was an obvious choice as the dominant force in in-
ternational basketball, consistently ranked 1st by FIBA (FIBA, 2024). Strong
basketball nations such as France (4th), Germany (3rd), Australia (7th), and Ar-
gentina (8th) were selected due to their consistent performances in international
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competitions and high rankings. Emerging basketball nations such as Nigeria
(42nd) and China (30th) were included to represent regions with growing talent.
Additionally, teams from less traditionally dominant basketball countries, such
as Fiji and Tanzania, were chosen to promote the development of the sport in
these regions, ensuring a mix of elite competition and emerging talent.

To create a truly global league, the selection process ensured at least three
teams from each continent (excluding Antarctica) in the 20 team league and ex-
actly 4 teams from each continent (excluding Antarctica) in the 24 team league.
For the 20 team season, in Asia, the selections of Japan, China, India, and
Indonesia ensured diverse regional representation. Africa was represented by
Egypt, Democratic Republic of Congo, and Nigeria, covering North, Central,
and West Africa. North America included the USA, Canada and Mexico en-
suring a contrast of both dominant and developing nations from a basketball
standpoint. South America featured Brazil, Argentina, and Colombia, some of
the strongest teams from the continent. Oceania’s selections of Australia, New
Zealand and Fiji balanced powerhouse nations with developing basketball na-
tions. Lastly, Europe was represented by France, the United Kingdom, Italy,
and Germany, ensuring strong competition from basketball-heavy nations. In
the 24 team league the addition of Samoa, Tanzania, Venezuela and Guatemala
expanded the geographical representation within continents. This distribution
guarantees that basketball remains a truly international sport, fostering talent
from all corners of the globe. All teams selected for the GSL are highlighted
below in Figure 1 to demonstrate the spread of nations around the world. Found
in Table 1 is the respective latitudes and longitudes of all countries selected for
the GSL, unshaded teams being those selected for the 20 team season and shaded
teams being the additional 4 teams required for the 24 team season.

2.3 External Factors

Given that all teams in the Global Sports League (GSL) will meet at a central
location for all games within a set, travel logistics were considered primarily
for the initial journey to the host country. By hosting each set of the GSL
in a single location, the IMMC can significantly reduce the environmental and
financial impact of constant international travel while maintaining a fair and
structured competition schedule. Once at the host location, teams will compete
in a structured format that minimizes excessive movement between venues. This
centralized approach not only enhances logistical feasibility but also promotes
a festival-like atmosphere where fans from different nations can gather in one
place to celebrate international basketball. Additionally, having all teams in one
location allows for streamlined scheduling, consistent facilities, and better media
coverage, further elevating the league’s global appeal. The key upside of having
all teams meet at a central location is the elimination of unfair varying travel
times between games. For instance, if team A had to play a game in China and
then two days later had to play a game in France, approximately a ten-hour
flight would be required to reach the second game. Meanwhile, if Team B had to
play a game in Germany and then two days later had to play against Team A in
France, only an hour of flight time would be required. This largely disadvantages
Team A as their respective flight time is far greater than that of Team B. A larger
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flight time is both more exhausting and also takes time away from active recovery
sessions that the players would otherwise partake in. Hence, by having all teams
meet at a central location, this disadvantage is eliminated and the GSL operates
in a much fairer context. Therefore, the only significant travel time required is the
initial journey to the hosting country. Optimal hosting locations are described
in Section 4 below. Another key consideration for hosting the GSL in a centrally
located country is environmental sustainability. Carbon dioxide emissions per
passenger per kilometer is approximately 0.101 kg (Carbon Independent, 2019).
Table 2 demonstrates the drastic difference in carbon dioxide emissions between
the proposed model compared to if each country were to fly to each other country.
This model accounted for the fact that if Country A plays in Country B, then
Country B doesn’t have to play in Country A. Assuming the 20-team model,
there would be 190 international flights in the traditional model. Meeting at
a centralized location would require only 19 international flights. Assuming a
team size of 12 players and accounting for 8 team staff members, there would
be 20 passengers per team. The average flight distance is taken as the average
distance from each country to the hosting country; in this case, Argentina was
used as the hosting country.

Table 2: Comparison of CO2 Emissions in Different Travel Scenarios

Scenario Total Flights Avg. Flight Distance (km) Total CO2 Emissions (metric tons)
Centralized Hosting 19 10652 408.8
Each Country Visits 190 10000 3838

The above figure highlights the feasibility of the centralized meeting location
from an environmental sustainability perspective.

2.4 Equitable Matchups

By selecting national teams of high rankings relative to their continent, compe-
tition will in theory be most equitable as teams will be of the highest quality
of their respective continent. Although a handful of continents are inherently
stronger at the sport of basketball, this is accounted for via each team only play-
ing each other team once throughout the first two sets. This structure minimizes
any potential advantage that may arise from regional dominance and ensures
that the best teams from each continent have an equal opportunity to compete
against each other on a level playing field.

3 Hosting order

Each set will require a host to provide courts, infrastructure, and media. This
means that although alternatives exist, instead of spreading media coverage and
viewer attention over multiple locations simultaneously, it is most economical to
create one central location which each team travels to for a set. This also ensures
equal accommodation, infrastructure, and creates a fairer game therefore.

Since multiple sets will be played each season, and it is unreasonable to ex-
pect a country to host continuous games for 9 months out of a year, different
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locations must be chosen to stay not only fair to the players, but also the hosts.

3.1 Equating Set Number

To find the best possible number of seats within a season multiple factors must
be considered, primarily traveling times for each team. Since teams are arranged
all over the world, travel times cannot be equal. Therefore multiple host loca-
tions balance travel times to result in the fairest overall travel within a season.

Using the Geodesic formula (See Below), the distance between two points (de-
termined by latitude and longitude) can be found.

A AN
a = sin® 7<p + cos(py) cos(py) sin? >

Relating this to the latitude and longitude of each country in the competition
and assuming only participating counties can host, we can create a table of travel
times for each pair of country (That is country A traveling to country B) (See
Fig 2).

When arranged by total travel time (Fig 3), this table reveals that assuming
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Figure 2: Pairwise analysis distance table (20 teams)

each country travels to each other country, remote countries such as New Zealand
and Australia have significantly higher average travel times then their European
counterparts (See Fig 3).

However, in the interest of fairest average travel times, we mustn’t fall into the
impression that a lower average travel time to a country means that it is the
fairest (Germany may be the most central country, however france will always
have a more biased travel time then Fiji). To calculate the fairest country to host
relative to travel times we must find the variance of each datapoint (That being
the variety of each countries distance to the host). To solve for this we must first
find the variance of each datapoint using the population variance formula.

Var(X) = + (i - 0
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Figure 3: Pairwise analysis distance table (20 teams). Sorted

Repeating this process for each country provides a variance score for each coun-
try, evaluating its suitability as a host. Sorting that list highlights Canada, as
the fairest country for each team to travel to, assuming one location is chosen
and 20 teams are in play. However since we aim to have more then one host as
mentioned above, we must evaluate the variance between each team traveling to
two different locations (i.e the variance of country A to country B plus the dis-
tance from country A to Country C). Repeating this for every country and every
combination of two host locations again provides a list of countries with variance
scores, again sorting this reveals Canada, then India as the ideal countries.

This process is repeated with a python script, repeated for each country; identi-
fying every combination of n teams, then tallying up the total distance traveled
to get a matrix of number of sets (n, x axis) and the teams (y axis) with each
cell being the distance traveled if the optimal selection of countries is traveled to
(See fig 4,5).

1 2 3 4 g i} 7 8 ] 10

Meeting 1 Canada Canada Canada Canada Canada Canada Canada Canada Canada Canada
Meeting 2 India Indiz Indiz India India Indiz Indiz Indiz India
Meeting 3 Argantina Arganiina Argmniina Argantina Argantina Arganiina Argmniina Argantina
Meeting 4 Japan Japan Japan Sapan Japan Japan Japan
Meeting 5 Argentina Argentina Argentina Argentina Argentina Argentina
Meeting & Japan Japan Japan Japan Japan
Meeting 7 Argentina Argentina Argentina Argentina
Meeting & China China Chira
Meeting 9 Argentina Argentina
Meeting 10 China

Figure 4: Ideal host locations

This table alone doesn’t reveal much, however when finding the average travel
distance of each data-point assuming n ideal hosts a clear trend is identified (See
fig 6): As n increases the population variance of the average distances (Pop Vari-
ance) decreases.

Since a season is set to be 8-9 months, and each set is defined as around 1.5
months, we must find a balance between having as many sets as possible in order
to reduce the population variance in travel times, and also having enough down-
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1 2 3 4] 3 L] 7 8 il 10
Japan B103.T1 1645632 3453122 J4531.22 G2606.12 G2606.12 TOEE1.02 7373418 S1808.08 S4EE2.24
China B408.59 16174.41 34080.32 AT133.48 GE0E0.39 G8092.55 TTEAE 48 TTEIE. 48 SER04.5T SER04.3T
Indla 14478.78 14478.78 27738.73 609234 48352.31 aTT04.82 TOEE4 B3 T6728.T1 HOEE0.68 B85754.5
Indonesia 12892.58 1760132 3325655 AE0E4.35 S3T10.58 SEE2T.3A T41a2.61 TEIET 45 401668 SE198.52
Egypt BOEL 1671361 27Ea4 62 ATEAE BT 4075068 S04E3.73 T1E34.74 TEE31.38 Q070239 9TE20.03
DR Congo 1264380 1620441 2753658 A017E.E7 40E10.74 B2152.73 T14E4.9 B1070.15 op411.32 10000557
Nigeria 1086663 17882 63 2T00B. T3 30T53.23 4BETD.49 E1623.53 TOTS0.19 A0EED.08 HOT9E.24 909716.09
Usa 2361.81 1BE3T 84 2TE24.37 ATTAT B4 4E67E4.32 SERST.B4 5044 27 TTE158 BEEO2.03 QE2T3.38
Canada a 14470.78 2670774 33811.45 45030.43 5314314 8437112 TaTED.T1 A500B.69 9441628
Maxdco EZ2 A 21624 64 20804 .59 40423 .18 4B403.48 S0221.67 E7201.87 A0D4E.08 BE020.28 100876.25
Brazl L8687 23T11.28 2BE27 42 42890.19 45816.35 BIZET.12 BE203.28 B2B42 B3 BETSE.59 102396.54
Aargenting 11227.58 24487.85 2445785 A2E62 BS 42E62.B5 BOE3T.TS BOEST.T5 TOE43 68 TOE43.68 GE440.57
Colombla E384.37 22860.12 2TES4 57 41925 4E6B10.45 E1180.68 BEDEE. 33 81882 21 BE4TT BB 102003.54
Ausfralla 1414276 21035.21 AITED.TT 4050 67 S3M0E.23 B0126.13 T2BES1.69 B0Z9E.78 93024.34 100471.43
New Zealand 1304065 23B76.74 330&3.38 42404 £3 5181231 E1133.64 TOE41.28 B1E8E.08 10857 10224252
Fij 10579.45 22746.08 331457 4A0S8E.12 51654.63 SES26.18 60594 £9 TOT9E6.63 QOBES. 14 10066708
France BRET.46 15844 41 27285 61 AT150.67 ABE00.ET SE4T74.53 E0016.13 TTE5E.22 80390.42 9T441.81
Unitad Kingdar| 5831.37 15492 46 27352.04 3E5TI 4B432.58 STES3.54 80513.12 TTIOT 45 BO167.03 SE061.38
Italy TI2TE3 1576589 27524 .58 ATITE .61 40042 67 SET94.32 TOSE0.38 TE145 B8911.08 9749568
Garmany ET72.38 1540878 2TEGE.54 AETIT 63 4B295.41 SB0GE.S T0324.28 TT566.32 BEazd 9T0EE.14

Figure 5: Total distance traveled assuming ideal hosts

Avg Distance 1 2 3 4 5 6 7 8 9 10
Japan 810371 822816| 1151040667 8632.805 10521.224| 8767686667 10097.28857 9216.7725| 10201.00889 9486 224
China 9409.59 7587.205( 11360.10667 9283.37 11207.878| 9848758333 1114263714 9749.8075| 1076715222 9690 437
India 14479.76 723088| 9246 576667 9023.085 9870.462| 9617 486667 10137.84143 959121375| 9998 853333 9575.45
Indonesia 12892 56 880066| 1108551667 9516.0875 10743.916| 9754563333 10597.51571 979543125 10446 .52 9819952
Egypt 9964 7856.805( 9204873333 9397 1675 9951936 9910621667 1023353429 0816.4225| 10078.04333 9759903
DR Congo 12643.93 9102.205 9178.86 10044.6425 9002 148| 10358.78833| 10212.12857| 1013489375 1004570222 10000557
Nigeria 10666 63 8941.265 9002.93 99383075 9775.898 10270.655 10107 17 10083.7475 9977 36 9971603
UsA 226191 931897| 9208123333 9449 4725 9356.864| 9492 973333 942061 9701.95| 9622 447778 9827 336
Canada 0 723988| 8569246667 8452 8625 9007 886 8857.19| 9195874286 9222 58875 944541 9441828
Mexico 3622 1 10812.345 9868.33 10105.795 9680.696| 9870278333| 9600281429 10006.12|  9781.028889 10087 625
Brazil 9286 .97 11355.63| 8542 473333 10749.7975 9183.07| 10547.85333| 9457.611429| 1035535375| 9528.776667 10239.854
A il 11227 .98 12243975 8162.65 10640.7125 8512.57| 1010629167 8662535714 9942 9575| 8838.184444 9844 957
Colombia 6384.37 11334.56| 9184.856667 10481.25 9362.09| 10196.81333| 9438.047143| 10199.02625| 9608.628889 10200.354
Australia 14142.76 10517.605 11253.59 10145.1675 10661.246| 10021.02167| 10407.38429 10037.3475| 10336.03778 10047.143
New Zealand 13040.65 11837.87| 11027.78667 10601.1725 10362.462 10188.94| 10077.32286 10211.01]  10121.74444 10224.252
Fiji 10579.46 11123.03 11104.85667 10146.53 10330.926 9621.03| 9999.241429 9974.57875| 10096.12667 10066.708
France 6861.46 7922.205( 9095.203333 9289.9175 9720.174| 9745.821667| 9988.018571 9744.7775| 9933.268889 9744.151
United Kingdon 5831.37 7746.23| 9117.346667 9143.25 9686.516| 9608.923333| 9930445714 9663.43125| 9907.447778 9696.136
Italy 7727 63 7879.45| 9174986667 9319.1525 9808.534| 9799.053333| 1008005429 9768.125| 9990.117778 9749 568
Germany 1535078179 2734715479 1142325399 43603247  407863.5975 193162.8318 2867742063 8826197948 164446 8727 54911 5747
Var % Dec 1395158355 8214461134 8949718474 6675910359  71.44470033 390098563 1058629723 6029459797 9986877579

Figure 6: Population variance of average travel times

time between sets to allow teams to train, recover, and to give media companies
a chance to build publicity for the next event.

The decrease in population variance per additional host location follows a log-
arithmic progression where as n (the number of hosts) approaches infinity, the
impact between each subsequent additional host on the difference in population
variance approaches 0 percent (See fig 7).

Since the maximum time in a season is 9 months the maximum hosts we can
have is 6. However this would (for the aforementioned reasons) not be a wise
economical or practical solution, hence 5 hosts initially appears ideal, however
the percentage difference between the population at n=4 and n=5 is only 6.67
percent meaning that (especially when considering the environmentally strenu-
ous travel) 4 hosts provides the highest variance-to-travel ratio.

3.2 Model Issues

The algorithm tends to select the same countries repeatedly as hosts over time.
This happens because the variance-based optimization gradually balances travel
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Population Variance vs Number of Host Locations
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Figure 7: Total distance traveled assuming ideal hosts

distances to the point where switching hosts would create a significantly larger
imbalance. As a result, the model eventually settles into a loop between a few
locations. While this ensures fairness in travel distribution, it does not necessar-
ily lead to an engaging or cost-effective solution.

3.3 Extrapolating Future Travel

Since the entire framework of host location calculator is built on the pairwise
analysis table (see fig x) the system is modular,behaving accordingly as more
teams are added. Furthermore, as more locations are added the variance mini-
mizing formula has more possible countries to equalize travel times, creating an
increasingly optimized model as more countries are added. In order to combat
the repeating countries within the hosting order, if a country hosted one year,
they cannot the next year (unless they are the winning country). In addition
the host order will be seeded with the previous years winner, starting as the host.

This will create a system where after the first year of the GSL, the host coun-
tries will optimally calculated with the fairest travel times in mind, while also
accounting for engagement by reducing the repetitive nature that arises when
countries host repeated times.

4 Schedule

The season schedule is essential in the creation of the Global Sports League
(GSL). Responsible for the entire logistics of the league, the season schedule dic-
tates the number of sets within the league and each respective set duration, the
number of games played within each set (and thus the frequency of games within
a given day), the time allocation towards each set and break that make up the
full duration of the league, and on what days matches do and do not occur, in
regard to both players and viewers. Along with this, the season schedule impacts
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the guarantee of equitable match ups, environmental sustainability, and financial
gain in relation to the optimization of possible viewership for the GSL. Thus, it is
imperative that the season schedule is created in such a way that the season (and
by extension, the league), is able to satisfy these requirements, hence resulting
in a greater success of the GSL.

4.1 Developing Schedule

When developing the initial model for the season schedule for 20 participating
countries (teams), several factors needed to be considered, along with many re-
quirements that must be satisfied. From section 4.2, it was observed that 4 sets
was the optimal amount to be found within one season, as it provides the best
population variance in respect to both travel distance and environmental impact,
whilst still being feasible for the 8-9 month GSL season length. Meanwhile, siz-
able breaks must exist between all sets in the tournament, as it is unrealistic to
assume that teams representing participating countries are willing to compete in
the league for its full duration. As the league is run on a host-country system (see
section 3.3, 4.1), multiple breaks must be implemented into the league schedule
to ensure that all teams have the opportunity to return to their home country
and rest.

Considering the above restrictions/parameters, an initial draft for the league
schedule was formed, with four sets spanning across an 89 month period, each
with a break of approximately 1 month. 1 month was chosen to be the optimal
break time, as its length removes its inconvenience as part of the season, whilst
not severely overloading the number of games hosted per day in the sets.

Over the duration of the first two sets, a round-robin style tournament takes
place, with half the games being played over each set. This style of tournament
pits each team against every other participating team exactly once, and results
in a total number of games being modeled by the equation:

n(n—1)
2

where G, represents the total number of games played across the tour-
nament, and n represents the number of participating teams. For the initial
20-team model, this resulted in a total number of games played being:

GTot =

20(20 — 1)
2

This means that 190 games would be played over the duration of sets 1 & 2,
resulting in a total of 95 games per set.

Grot = =190

To be able to determine the optimal length of each set in relation to the num-
ber of games required for the set, viewer interest and hosting feasibility must
be considered. In the instance where the length of the set is too short, the re-
quired number of games that must be hosted per day drastically increases, which
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produces strain on the hosting country to be able to accommodate this change.
Conversely, the instance where the length of the set is too long creates a mediocre
experience for the viewer, creating sustained periods of repetitive content as well
as a feeling of slow progression. A longer length of earlier sets reduces the remain-
ing allotted time for the later sets, creating strain on the entire league system.
Factoring in the above, the duration of sets 1 & 2 were made to be 32 days each.
As the relationship between set length is inversely proportional to the number
of games/day (see Graph 1, below), a 32-day set length allowed for a balanced
middle ground that factored in both the frequency of games in a day, and the
overall length parameter on the season length (8-9 months).

Relationship between Set Length and Game Frequency
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Figure 8: Relationship between Set Length and Game Frequency

A duration of 32 days per set (marked above in red) allows for a constant rate
of 3 games/day over the course of the entire 1st round-robin tournament. This
model for the initial sets assumes that games will be played every single day, for
the duration of the entire set. Realistically, days in which games are not hosted
are required, to give both players and viewers a break from the tournament. Such
days are required not only for the sake of participants, but for the management
of the games in accordance with the hosting country. Thus, 2 days per week in
which games would not be played were implemented into the schedule, to keep
the season running smoothly.

‘Off’ days were selected to be Monday and Thursday of every week in which
an active set was running, and were consistent throughout the entire duration of
the league. This aids simplicity and clarity for viewers, as well as to enforce a
stable system that is easy to understand for organising league officials and other
key stakeholders. Peak sport watching times were also considered in the selection
of off days within the league, with such days being specifically integrated into
the season schedule so as not to clash with peak viewing times for sport (namely,
Friday night and weekend games).

As a result of the chosen days in which no games are played in the set, each
set within a given season will start on a Friday, which allows for the start of the
set to take place with the longest duration before an off day, whilst also ensur-
ing consistency throughout the league schedule. To determine an appropriate
starting date for the league, traditional values and routines must be considered.
Several cultural or country-based traditions/events may inhibit a player’s ability
or availability when participating within the league. Periods such as Ramadan,
in which countries such as India partake in extended periods of fasting, run from
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the end of February to the end of March. Hence, each season in the GSL will
start on the first Friday of April. This allows for events such as Ramadan, along
with other celebrations such as Lunar new year, to not inhibit the ability of any
country to participate within the league.

Therefore, the total length of each set is dictated by the number of days in
which games are hosted, plus the number of integrated ‘off days’ in the set. To
be able to calculate the total length of sets 1 and 2 for the 20-team league model,
the data relating to the number of days in which games are played in the set
(found above) must be extrapolated to consider the number of off days that will
be integrated into the full set duration. For each set 1 and 2, there are 32 days
in which games will be played, to allow for a full round-robin style tournament
to take place. Every five days in which games are played require two ‘off days’
to help mediate the set. To calculate the number of off days, the total number of
‘game days’ must be split into a sum of its components, where the first compo-
nent is the remainder when the number of ‘game days’ is divided by 5, and the
second component is the required value to make the sum of both components
equal to the original number of ‘game days’. This is because ‘off days’ are not
evenly distributed throughout any given week of an active set, making a simple
division model insufficient for calculating the total length of the set (see graph
2, below). Thus, the number of ‘off days’ found throughout a given set must be
calculated by considering the number of ‘off days’ found within the number of
weeks that the full set runs for, rounded down (2nd component), and the number
of ‘off days’ found within the remaining number of days that make up the full
set (1st component).

Non-Uniform Distribution of 'Off Days'
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Figure 9: Non-Uniform Distribution of ‘Off Days’ throughout a season set

From section 3.1, the GSL aims to increase global basketball awareness and facil-
itate international expansion. As more seasons are hosted, additional countries
may join, making an adaptable league model essential.

The league model was designed with flexibility to accommodate various team
counts. For consistency, variables like season length, set durations, break lengths,
and off-day schedules remain unchanged, regardless of team numbers. Thus,
changes primarily affect the number of games per day in sets 1-3 and minor
shifts in timing.

For a 24-team league, total games in sets 1 & 2 are Gy = % = 276
(138 per set). Given a l-month set, this results in 4.5 games per day, a 50%
increase from the 20-team model. To stabilize this, game days were increased to
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34 per set, allowing for approximately 4 games per day. Accounting for off-days,
with 34 mod 5 = 4, we rewrite 34 as 30 + 4. The first 30 game days require
30 x % = 12 off-days, and the last 4 require 1 additional off-day, making the total
season length Sp = 34 + 13 = 47 days. Given a fixed 77-day set-break cycle, the
break length is 77 — 47 = 30 days. Reducing this below 1 month is inadvisable
due to management concerns.

For sets 1 & 2, the total number of game days is 32, which can be rewritten
as 32 = 30 + 2. Since 30 game days correspond to % = 6 weeks, and each week
includes 6 x 2 = 12 off-days, the final 2 game days require no off-days. Thus, the
set length is Sy = Gp + Op = (30 + 2) + (12 4 0) = 42 days.

Each set starts on a Friday, so the break length is adjusted using By = 31+n,
where n satisfies (S + Br) mod 7 = 0. For a 20-team model, this simplifies to
(44+ (314 n)) mod 7= (75+n) mod 7 =0, yielding n = 2, and a final break
length of 31 + 2 = 33 days.

For set 3, with 8 teams eliminated, the total required games reduce to G, =
12(12271) = 66. Since games increase quadratically with n, fewer teams signifi-
cantly reduce the required number of games. This allows set 3 to fit within the
planned season structure.

For generalization to n teams, the same calculations apply. However, since
required games grow quadratically with n, larger values make scheduling im-
practical without major structural changes. Thus, while the current model is
adaptable for small n, substantial expansion would necessitate a revised frame-
work to maintain fairness and balance.

Number of Required Games for an n-team Round Robin
Tournament
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Figure 10: Quadratic nature of the number of required games for an n-team
round robin

To determine the length of set 3 and its subsequent break, the frequency
of games per day must first be established. Set 3 serves as a buildup to the
final set, and thus all games within this set are more likely to be watched by
viewers. As a result, the frequency of the games was reduced to 2 games per
day, to increase the viewer retention of the GSL as the season progresses. This
results in a total of % = 33 ‘game days’ being required to finish the set. Note
here that this set is of similar length to the previous sets, to further increase the
clarity of the schedule, whilst maintaining the fairness of hosting this set for the
host country, in comparison to the previous two. Utilising the same calculation
process used to find the length of the previous sets (along with the required
number of ‘off days’), we get 33 mod 5 = 3, allowing us to express 33 as the
sum of 33 = 30 4+ 3. From above, 30 ‘game days’ requires a total of 30 x % =12
‘off days’, while the final 3 ‘game days’ do not require any additional ‘off days’
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(Friday, Saturday, and Sunday are all ‘game days’). This gives a total set length
of ST = GT + OT = 33 + 12 = 45 days.

To find the required break length to allow the final set to start on a Friday,
we have (ST + BT) mod 7 = (76 +n) mod 7 = 0, giving a final value of n = 1,
and thus a total break time of 31 +n = 32 days. This results in a final length of
45 + 32 = 77 days for the combination of set 3 and break 3.

Set 4 is the final set in the league schedule, and is an elimination-style tour-
nament against the top 8 teams from set 3. This style of tournament pits two
teams against each other at random, allowing the winner to advance onward to
the next round, while eliminating the losing team. This process is then repeated
until only one team remains. An elimination model was chosen for the final
set due to a multitude of reasons. Firstly, length restrictions dictate that the
GSL season must fall between 8-9 months. With the combined length of sets
1 to 3, along with their corresponding breaks totaling 7.5 months (231 days) of
the season duration, an elimination model would allow for the determination of
a winner with fewer games. This is because one team is eliminated from the
tournament for every game that is played, resulting in a total of n — 1 games
being required to determine a winner from n teams. This means that 7 matches
are required to determine a winner from an elimination model, as opposed to
Grot = 8(82_ DT games from a round-robin model. Another main reason is
viewer retention, which will most likely fall off if the format for the entire league
remains the same. An elimination model allows for variation within the league
schedule, whilst creating more suspense and interest in the leadup to the final
games. Elimination models provide an easy way for the audience to get an idea of
the teams that are winning the competition, while allowing for a greater leadup
to each final game.

For the final set, each game was specifically assigned a date, with the entire
set spanning over the duration of 13 days (2 weeks). The first four games that
were responsible for cutting down the remaining teams from 8 to 4 were hosted
in the first week of set 4, while the last 3 games that would determine the winner
of the competition would take place over the last week. This would allow for suf-
ficient time between games to generate publicity and suspense for the audience
of the GSL, increasing the overall viewership, and significance that the champi-
onship will hold. With games from the first week being held on Friday, Sunday,
Tuesday, and Wednesday nights, and games from the second week being held
on Friday, Sunday, and Wednesday nights, this results in a final duration of 13
days for the final set, whilst still increasing the time between each game as the
season progresses to a close. Overall, this would result in a final season duration
of 244 days, or exactly 8 months, which aligns with the initial requirement for
the length of the GSL, while still providing a simple, clear season schedule.

4.2 Generalization and Expanding of the Schedule

From section 3.1, the GSL aims to increase global basketball awareness and facil-
itate international expansion. As more seasons are hosted, additional countries
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may join, making an adaptable league model essential.

The league model was designed with flexibility to accommodate various team
counts. For consistency, variables like season length, set durations, break lengths,
and off-day schedules remain unchanged, regardless of team numbers. Thus,
changes primarily affect the number of games per day in sets 1-3 and minor
shifts in timing.

For a 24-team league, total games in sets 1 & 2 are Gro = % = 276
(138 per set). Given a l-month set, this results in 4.5 games per day, a 50%
increase from the 20-team model. To stabilize this, game days were increased to
34 per set, allowing for approximately 4 games per day. Accounting for off-days,
with 34 mod 5 = 4, we rewrite 34 as 30 + 4. The first 30 game days require
30 x % = 12 off-days, and the last 4 require 1 additional off-day, making the total
season length S = 34 + 13 = 47 days. Given a fixed 77-day set-break cycle, the
break length is 77 — 47 = 30 days. Reducing this below 1 month is inadvisable
due to management concerns.

For set 3, the elimination system was adjusted for fairness, eliminating 40%
of teams (rounded up) instead of a fixed 8. In a 24-team model, this results in
10 teams eliminated. The total games played are G, = w = 91, yielding
% ~ 3 games per day. With a 31-day set, 12 off-days lead to a total length of
43 days, and a corresponding 43-day break. Each team plays between 23 and 43
games, affecting competitive fairness.

For generalization to n teams, the same calculations apply. However, since
required games grow quadratically with n, larger values make scheduling im-
practical without major structural changes. Thus, while the current model is
adaptable for small n, substantial expansion would necessitate a revised frame-
work to maintain fairness and balance.

5 Matchmaking

5.1 Generalized algorithm

As previously discussed, each season will consist of four “sets” each being spaced
throughout the 9 month period. Each of these sets has an important role to
play in the larger scheme of the league, providing valuable entertainment and
analytical opportunities.

Set 1 and 2 will work in tandem with one another, acting as a round robin
wherein every team competes with every other team exactly one time, coming
out to a total of 190 games, with each set consisting of 95 out of the total. These
initial rounds, while likely less engaging for audiences (given their frequency) act
as an extremely important setup for the rounds to come. After each round, a
leader-board will be updated, assigning a win to the winning team. After iterat-
ing this process over the 190 rounds, this should in theory provide a clear trend
between more and less successful teams, illustrating a clear set of skilled teams
to be moved forward into set 3. With the conclusion of the final rounds of set 2,
the point totals of each team will be compared with the bottom 8 teams being
eliminated from the competition, leaving the top 12. In the event of two teams
achieving the same number of wins, the total number of points scored by the two
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teams will be compared to properly rank them.

Set 3 will work similarly to set 1 and 2, once again focusing on a round robin
style tournament. In this set, the official leader-board will be reset to zero, in
order to eliminate any advantages teams may have from their performance in set
one and two. However, the leader-board and its scores will be maintained for the
public. At the end of set 3 all the wins will once again be compared to rank the
teams, with the bottom 4 teams being eliminated.

Unlike the third set, where all data from previous games was wiped, the fourth
set will use the rankings of the remaining 8 teams to inform its matchmaking.
This set will make use of the “single elimination bracket” matchmaking system,
in which teams will be paired to verse each other, with the winner moving for-
ward and the loser being eliminated. In this system, each team will be awarded
a specific “seed” based on their rank on the leader-board. For the first round
brackets will be organized such that the highest rank is paired with the lowest,
second highest against second last, etc. The second round will have the winner of
bracket 1,8 versus the winner of bracket 4,5, and will have the winner of bracket
3,6 versus the winner of bracket 2,7, in what will be known as the semi finals.
This will then go onto the grand final, in which the last two teams compete for
the win (LucidCraft, n.d.). This system is made more clear in figure 11.

Seed 1
} Seed 1
Seed 8
Seedl ——
Seed 4
} Seed 4
Seed 5

Seed 3
} Seed 6
Seed 6
Seed6 —
Seed 2
} Seed 2

Seed 7

Figure 11: Set 4 Single elimination style tournament model (LucidCraft, n.d.)

Unlike the previous two systems, this model focuses far more on its entertain-
ment appeal than its fairness, made clear by the fact that the better teams are
intentionally kept apart to build excitement as they eventually get closer and
closer to their final confrontation. We justify this decision based on the numer-
ous opportunities for teams to work their way through the ranks in set 1, 2 and
3.
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5.2 Determined Matches

Clearly, without a scoreboard or data to justify the elimination of any of the
teams throughout the rounds, it is not possible to create a full league schedule,
however, to provide an example of the the for how the matchmaking system
would work, countries ranks as determined by FIBA were used to compare the
teams instead.

With this in mind, the final leader-boards of set 2 and 3 as well as the final
match-ups of set 4 are outlined in Table 3, Table 4, and Figure 12 respectively.

Rank | Country Wins | Point Totals

1 USA 17 2375
2 Germany 16 2280
3 France 16 2261
4 Canada' 14 2109 Rank | Country Wins | Point Totals
5 A:us‘tra!la 13 2185 1 USA 9 1375
6 rge.ntmd 12 2071 2 Germany 9 1320
7 Brazil 12 1919

3 France 8 1309
8 Italy 11 1843

4 Canada 8 1221
9 Japan 10 1710 . -
10 | New Zealand 10 1672 5 | Australia 7 1265
11 Mexico 9 1596 6 Argentlna 6 1199
12 | China 9 1539 7 | Brazil 5 1111
13 | Egypt 8 1463 8 Italy 4 1067
14 Nigeria é 1197 9 Japan 3 990
15 | United Kingdom 6 1045 10 New Zealand 3 968
16 Colombia 5 1037 11 Mexico 2 924
17 DR Congo 5 1026 12 China 2 891
18 Indonesia 4 969
LD e 8 950 Table 4: Set 3 Rankings Table
20 Fiji 3 931

Table 3: Ranking of 20 teams at the
end set 2, eliminated teams in red.
Seed 1&8 Seed 2&7
//}/ B ) o \\\‘ ‘/ o - j\
USA Italy Germany Brazil
Seed 38&6 Seed 4&5

/ N

\ [
— L

Canada Australia |

France Argentina
\ J U AN

Figure 12: Matchups between the 8 final teams.

5.3 Additional teams

With the addition of the four teams, Tanzania, Venezuela, Samoa and Guatemala,
this set based system remains largely unchanged, the only major difference be-
tween the two is that rather than eliminating the bottom 8 teams at the end of
set 2, we now eliminate the bottom 12.



Team #1000111262 Team Big M page 20 of 36

6 Final Proposal

We propose the inclusion of basketball into the GSL. We believe it has great po-
tential for success in the league, while also providing the tremendous opportunity
to expand the sport to parts of the globe where it previously had limited influ-
ence. To achieve this goal, we propose a season lasting 8 months, composed of
four distinct “sets.” Sets one and two will act as the preliminary rounds wherein
every team will compete against every other team one time, before the bottom 8
are removed and the process is repeated again in set 3. At the conclusion of this
set, the bottom four teams will then be removed, leaving the final 8 to compete
in a single elimination style tournament. We believe this model will achieve both
a fair system, allowing all teams a chance to compete with every other team, and
an entertaining competition where the excitement builds to a crescendo in the
final set.

Given its international scale we also propose that multiple countries host the
games throughout the season, with one country hosting each set. To find the
most ideal host countries, multiple mathematical algorithms were used to de-
termine which locations optimized travel time most fairly, resulting in all teams
traveling the most equal distances possible. Using this data, the first season has
been decided to have countries travel to Canada, India, Argentina and Japan.
Applying this model to future tournaments, it is important to note that a seed
country is required in order to differentiate host locations in following years,
with the following hosting countries being chosen relative to this initial host.
This seed value will be chosen based on the leagues previous winner.

Given this system’s already general nature, with times and location calculated
on team number instead of sport, we believe that this scheduling model can be
used to great effect in many other various sports, altering the various variables,
such as number of teams, location, and season length as required.
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8 Appendix

Craated with mapharLet

Figure 13: Team Locations
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cnina 3053, 16] of s764.82] #180.84| e96.64] o9594.25] 991s.7s[11671.93) 9409 56] 12625 98] 16538 55| 16626,68| 7447.08]  11146.62] 9601.94] 80420 779433 758462] 72ez04
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canada 810371 9409.58] 14479.76] 12892.66]  cand| 1264283 10666.62] 226189 o| segz3| szaeo7| 11ze7.95] 638407 1414276)  1304065[ 10579.46] 661 .46 583137 7727.63] 6772.38)
Mexico 10614, 10] 12645,00] 18D02.60 15340.88| 12512.66| 13679.51| 11728.22| 162097 38224 0 B020.03|  7980.3) 9603.37| 1435.05|  1110207| 9svs.3m| 920658 843460 10186.80| _ 0484.6)
Brazil 47871.77| 18639,56) 13424.20] 1779888 10016.97| 8140.44] 7171.61| 7300.48] o285 87| ee20.0n 0| 2o1e.18| 522029] 1558808 1223800 1343468 Eancg) 952,72 0059.01| 9417.67]
Argenting 16074.9] 18656.23 12171.01| 9332.17| 9126.26] aeea.4a11227.98] 7a60.3] 2616.16) o| 4585 45] 12725 56] 9407 62| 11068.51] 114412 11854.58] 11766.06] 12257.78]
Colambia 370.43] 1127497 10725.03| 9168.95| 4211.12| 638437 369327 322922| 4EAS 45 0] 1624957 12087 4] 11657 8R| BE06.A7| 839393 841527 924854
Australls 63189 3448.50] 12443.50] 12015.08| 13068.51| 15188.34 14142 76| 14350.05| 16689.98|_12725.56| 1624067 418321 1515767} 15194.96] 14370.75] 1448005
New Zealand | 9321.33) 7550.47| 16504.04| 14332.17| 1622824 12535.17| 13040 65] 11102.97| 12236.08] 9407.62] 12087.4) of

Fip 7271.58 731,56 16600.41 18687.64| 1BFABS| 10665, 42| 10573 46| 9avs 38| 13434.66] 11063.51] 11697 64| X 2730.53] 16706)  15e@1.87] 1esas.z| 1604417
France G708 11727 88| 3313.50 589348 4163.55| 763417| pe146| 920858 BA0B G| 114412| BBOBET)

United Kingdom | 9220.56| 11763.81 4196.56] eo7e.04| 524367  easa| 563137 ada4ee| acs27z| 1168656 B363.E X | cf iessag
Ialy 4751.68] 11009.24| 2886.71| 5166.57| 3683.12| a619.81| 7ra7.sali0aaee] sosant| 11766.06) 841522
‘Garmany 9071.08| 724204| B8EIE38| 11013.85| 3203 5| 6212.12| 4668.73| 7E81.03| 677238| G4B646| S41767| 12257.76| 0246 54|

Figure 14: Pairwise analysis distance table (20 teams)
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Table 5: Latitude and Longitude of Participating Countries
Region Country Latitude Longitude
Asia

Japan 36.2 138.25
China 35.86 104.2
India -6.34 71.88
Indonesia -0.79 113.92

Africa
Egypt 26.82 30.8
DR Congo -4.04 21.76
Tanzania -6.37 34.89
Nigeria 9.08 8.68

North America
USA 37.09 -95.71
Canada 56.13 -106.35
Mexico 23.63 -102.55
Guatemala 15.78 -90.23

South America
Brazil -14.24 -51.93
Argentina -38.42 -63.62
Venezuela 6.42 -66.59
Colombia 4.57 -74.3

Oceania
Australia -25.27 133.78
New Zealand -40.9 174.89
Fiji -16.58 179.41
Samoa -13.76 -172.1
Europe

France 46.23 2.21
United Kingdom 55.38 -3.34
Ttaly 41.87 12.57
Germany 51.17 10.45

Table 6: Comparison of CO2 Emissions in Different Travel Scenarios
Scenario Total Flights Avg. Flight Distance (km) Total CO2 Emissions (metric tons)

Centralized Hosting 19 10652 408.8
Each Country Visits 190 10000 3838

Toam: Totai Travel | Japan | cmina | waia | indonsela | Egypt |DR Cango| wigonia | usA | canaga| Mexice | Brazil | Argenfina| Golommia| Australa |Wewzealana|  Fip France |unitea kinggom| itsly | Germany
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Figure 15: Pairwise analysis distance table (20 teams). Sorted
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Meeting 1 Canada Canada Canada Canada Canada Canada Canada Canada Canada Canada
Meeting 2 Indiz India India Indiz Indiz India India Indiz Indiz
Meeting 3 gandi gandi gendi gendi gandi gandi Argeniina Argentina
Meeting 4 Japan Japan Japan Japan Japan Japan Japan
Meeting 5 gendi gendi wandi gendi Argeniina Argentina
Meeting & Japan Japan Japan Japan Japan
Meeting 7 Argentina Argeniina Argeniina Argeniina
Meeting & China China China
Meeting 9 Argeniina Argeniina
Meeting 10 China

Figure 16: Ideal host locations

Figure 17: Total distance traveled assuming ideal hosts
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Figure 18: Population variance of average travel times
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Population Variance vs Number of Host Locations
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Figure 19: Total distance traveled assuming ideal hosts

Relationship between Set Length and Game Frequency
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Figure 20: Relationship between Set Length and Game Frequency
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Figure 21: Non-Uniform Distribution of ‘Off Days’ throughout a season set
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Number of Required Games for an n-team Round Robin
Tournament

@ #of Required Games == Trend line for # of Required Games R? = 1

300

200

100

# of Required Games

16 20 25

(4]
=
o

# of Teams

Figure 22: Quadratic nature of the number of required games for an n-team
round robin
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Figure 23: Set 4 Single elimination style tournament model (LucidCraft, n.d.)
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Figure 24: Matchups between the 8 final teams.
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Rank | Country Wins | Point Totals
1 USA 17 2375
2 Germany 16 2280
3 France 16 2261
4 Canada 14 2109
5 Australia 13 2185
6 Argentina 12 2071
7 Brazil 12 1919
8 Italy 11 1843
9 Japan 10 1710
10 New Zealand 10 1672
11 Mexico 9 1596
12 China 9 1539
13 Egypt 8 1463
14 Nigeria 7 1197
15 United Kingdom 6 1045

16 Colombia 5 1037
17 DR Congo 5 1026
18 Indonesia 4 969
19 India 3 950
20 Fiji 3 931

Table 7: Ranking of 20 teams at the end set 2, eliminated
teams in red.

Rank | Country Wins | Point Totals
1 USA 9 1375
2 Germany 9 1320
3 France 8 1309
4 Canada 8 1221
5 Australia 7 1265
6 Argentina 6 1199
7 Brazil 5 1111
8 Italy 4 1067
9 Japan 3 990

10 New Zealand 3 968
11 Mexico 2 924
12 China 2 891

Table 8: Set 3 Rankings Table
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Pairwise Distance Matrix and CSV Export
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Travel Calculation and CSV Export




Team #1000111262 Team Big M page 30 of 36

55 meeting_order_df = pd.DataFrame (meeting_order, columns=[f"Meeting

{i}" for i in range (1, 11)1)
meeting_order_df ["N Meetings"] = [n for n in range(l, 11)]
meeting_order_df = meeting_order_df.set_index ("N Meetings").
transpose ()

travel _results.to_csv("travel _results_20_teams.csv")
meeting_order_df .to_csv("meeting_order_20_teams.csv")

> print ("Travel results and meeting order saved as CSV files.")

from google.colab import files

5 files.download ("travel _results_20_teams.csv")

files.download("meeting_order_20_teams.csv")

9 Report on Use of Al

LLM’s were used within the development process at two stages, primarily Chat-
GPT 40 was used to help debug the code used to automate the variance and
distance calculations outlined in section 4 to output a .csv correctly, since the
original y and x axis were incorrect (This issue was researched using online fo-
rums initially and no solution was intuitive, hence ChatGPT was asked, then the
format of the csv output function was used). This should not be confused with
AT generating the values or code itself as it was only used to debug existing code
(found in the appendix) without any final impact in the logic of the code, just
the way it was outputted.

The second use of Al was to convert tables from a google sheets format into
a LaTeX syntax. This was done once, then the same format was used for the
rest of the tables. This had no impact on the values that were calculated however
did impact the final report, only changing the way each table looks

OpenAl ChatGPT (March 2, 2025 version, ChatGPT-40)

Queryl: jturn this table into a latex format please, Latitude and Longitude
of Participating Countries Country Lat. Long. Asia Japan 36.2 138.25 China
35.86 104.2 India -6.34 71.88 Indonesia -0.79 113.92 Africa Egypt 26.82 30.8 DR
Congo -4.04 21.76 Tanzania -6.37 34.89. Nigeria 9.08 8.68 North America USA
37.09 -95.71 Canada 56.13 -106.35 Mexico 23.63 -102.55 Guatemala 15.78 -90.23
South America Brazil -14.24 -51.93 Argentina -38.42 -63.62 Venezuela 6.42 -66.59
Colombia 4.57 -74.3 Oceania Australia -25.27 133.78 New Zealand -40.9 174.89
Fiji -16.58 179.41 Samoa -13.76 -172.1 Europe France 46.23 2.21 United Kingdom
55.38 -3.34 ITtaly 41.87 12.57 Germany 51.17 10.45;,

Output: (

\begin{table} [h]
\centering
\caption{Latitude and Longitude of Participating Countries}
\begin{tabular}{llrr}
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\toprule
\textbf{Region} & \textbf{Country} & \textbf{Latitude} & \textbf{Longitude
\midrule
\multicolumn{4}{1}{\textbf{Asia}} \\
& Japan & 36.2 & 138.25 \\
& China & 35.86 & 104.2 \\
& India & -6.34 & 71.88 \\
& Indonesia & -0.79 & 113.92 \\
\midrule
\multicolumn{4}{1}{\textbf{Africal}} \\
& Egypt & 26.82 & 30.8 \\
& DR Congo & -4.04 & 21.76 \\
& Tanzania & -6.37 & 34.89 \\
& Nigeria & 9.08 & 8.68 \\
\midrule
\multicolumn{4}{1}{\textbf{North Americal}} \\
& USA & 37.09 & -95.71 \\
& Canada & 56.13 & -106.35 \\
& Mexico & 23.63 & -102.55 \\
& Guatemala & 15.78 & -90.23 \\
\midrule
\multicolumn{4}{1}{\textbf{South Americal}} \\
& Brazil & -14.24 & -51.93 \\
& Argentina & -38.42 & -63.62 \\
& Venezuela & 6.42 & -66.59 \\
& Colombia & 4.57 & -74.3 \\
\midrule
\multicolumn{4}{1}{\textbf{Oceania}} \\
& Australia & -25.27 & 133.78 \\
& New Zealand & -40.9 & 174.89 \\
& Fiji & -16.58 & 179.41 \\
& Samoa & -13.76 & -172.1 \\
\midrule
\multicolumn{4}{1}{\textbf{Europe}} \\
& France & 46.23 & 2.21 \\
& United Kingdom & 55.38 & -3.34 \\
& Italy & 41.87 & 12.57 \\
& Germany & 51.17 & 10.45 \\
\bottomrule

\end{tabular}

\end{table}

)

Query 1: (

How can I edit this code to output its meeting order csv file with the n value as
import pandas as pd
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distance_matrix: pd.DataFrame = pd.read_csv("distance_matrix.csv", index_col=0)
team_names: list[str] = distance_matrix.index.tolist()

distance_values: np.ndarray = distance_matrix.values.astype(float)

n_teams: int = len(team_names)

def find_best_host(total_travel: np.ndarray) -> int:
min_variance: float = float(’inf’)
best_host: int | None = None

for host in range(n_teams):
new_travel: np.ndarray = total_travel.copy()
for team in range(n_teams):
if team != host:
new_travel [team] += distance_values[team, host]

variance: float = np.var(new_travel)

if variance < min_variance:
min_variance = variance
best_host = host

return best_host

def distribute_meetings(n_meetings: int) -> tuple[list[tuple[int, str]], np.ndarr:
total_travel: np.ndarray = np.zeros(n_teams)
meeting_schedule: list[tuplelint, str]] = []

for i in range(n_meetings):
best_host: int = find_best_host(total_travel)
meeting_schedule.append((i + 1, team_names[best_host]))

for team in range(n_teams):
if team != best_host:
total_travel[team] += distance_values[team, best_host]

return meeting_schedule, total_travel

travel_results: pd.DataFrame = pd.DataFrame(index=team_names)
meeting_schedules: dict[int, list[tuple[int, str]ll] = {}

for n_meetings in range(1l, 11):
meeting_schedule, final_ travel = distribute_meetings(n_meetings)
travel_results[n_meetings] = final_travel
meeting_schedules[n_meetings] = meeting_schedule

travel_results.to_csv("travel_results.csv")

meeting_schedule_df = pd.DataFrame([(n, meeting[0], meeting[1]) for n, schedule ir
columns=["N Meetings", "Meeting Number", "Host

meeting_schedule_df.to_csv("meeting_schedule.csv", index=False)
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print ("Travel results and meeting schedules for different meeting numbers saved as

from google.colab import files
files.download("travel_results.csv")
files.download("meeting_schedule.csv")

)

Output: (

To modify your code to output the meeting order CSV file with n as the y-axis
Here is the edited code that will generate the required format:

import numpy as np
import pandas as pd

distance_matrix: pd.DataFrame = pd.read_csv("distance_matrix.csv", index_col=0)
team_names: list[str] = distance_matrix.index.tolist()

distance_values: np.ndarray = distance_matrix.values.astype(float)

n_teams: int = len(team_names)

def find_best_host(total_travel: np.ndarray) -> int:
min_variance: float = float(’inf’)
best_host: int | None = None

for host in range(n_teams):
new_travel: np.ndarray = total_travel.copy()
for team in range(n_teams):
if team != host:
new_travel [team] += distance_values[team, host]

variance: float = np.var(new_travel)

if variance < min_variance:
min_variance = variance
best_host = host

return best_host
def distribute_meetings(n_meetings: int) -> tuple[list[tuple[int, str]], np.ndarr:
total_travel: np.ndarray = np.zeros(n_teams)
meeting_schedule: list[tuplelint, str]] = []
for i in range(n_meetings):
best_host: int = find_best_host(total_travel)

meeting_schedule.append((i + 1, team_names[best_host]))

for team in range(n_teams):
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if team != best_host:
total_travel[team] += distance_values[team, best_host]

return meeting_schedule, total_travel

travel_results: pd.DataFrame = pd.DataFrame(index=team_names)
meeting_schedules: dict[int, list[tuplel[int, str]ll] = {}

for n_meetings in range(1l, 11):
meeting_schedule, final_ travel = distribute_meetings(n_meetings)
travel_results[n_meetings] = final_travel
meeting_schedules[n_meetings] = meeting_schedule

travel_results.to_csv("travel_results.csv")

# Prepare meeting schedule in the desired format

meeting_order = []

for n_meetings in range(1l, 11):
hosts = [meeting[1] for meeting in meeting_schedules[n_meetings]]
meeting_order.append([n_meetings] + hosts)

# Create DataFrame and pivot it
meeting_schedule_df = pd.DataFrame(meeting_order, columns=["N Meetings"] + [f"Meet
meeting_schedule_df = meeting_schedule_df.set_index ("N Meetings") .transpose()

# Save the meeting order CSV
meeting_schedule_df.to_csv("meeting_order.csv")

print ("Travel results, meeting schedules, and meeting order saved as CSV files.")

from google.colab import files
files.download("travel_results.csv")
files.download("meeting_schedule.csv")
files.download("meeting_order.csv")

Key changes:
Data Transformation: The meeting schedules for each n_meetings are collected :
Pivoting: After constructing the meeting_schedule_df, we transpose it to get t

CSV Output: The resulting meeting_schedule_df is saved as meeting_order.csv,

This will produce a CSV file where the rows are the number of meetings, and each «

) Query 2: (

How can I edit this code to output its meeting order csv file with the n value as
import pandas as pd

distance_matrix: pd.DataFrame = pd.read_csv("distance_matrix.csv", index_col=0)
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team_names: list[str] = distance_matrix.index.tolist()
distance_values: np.ndarray = distance_matrix.values.astype(float)
n_teams: int = len(team_names)

def find_best_host(total_travel: np.ndarray) -> int:
min_variance: float = float(’inf’)
best_host: int | None = None

for host in range(n_teams):
new_travel: np.ndarray = total_travel.copy()
for team in range(n_teams):
if team != host:
new_travel [team] += distance_values[team, host]

variance: float = np.var(new_travel)

if variance < min_variance:
min_variance = variance
best_host = host

return best_host

def distribute_meetings(n_meetings: int) -> tuple[list[tuple[int, str]], np.ndarr:
total_travel: np.ndarray = np.zeros(n_teams)
meeting_schedule: list[tuplel[int, str]] = []

for i in range(n_meetings):
best_host: int = find_best_host(total_travel)
meeting_schedule.append((i + 1, team_names[best_host]))

for team in range(n_teams):
if team != best_host:
total_travel[team] += distance_values[team, best_host]

return meeting_schedule, total_travel

travel_results: pd.DataFrame = pd.DataFrame(index=team_names)
meeting_schedules: dict[int, list[tuplel[int, str]ll] = {}

for n_meetings in range(1l, 11):
meeting_schedule, final_travel = distribute_meetings(n_meetings)
travel_results[n_meetings] = final_travel
meeting_schedules[n_meetings] = meeting_schedule

travel_results.to_csv("travel_results.csv")

meeting_schedule_df = pd.DataFrame([(n, meeting[0], meeting[1]) for n, schedule ir
columns=["N Meetings", "Meeting Number", "Host

meeting_schedule_df.to_csv("meeting_schedule.csv", index=False)
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print ("Travel results and meeting schedules for different meeting numbers saved as

from google.colab import files
files.download("travel_results.csv")
files.download("meeting_schedule.csv"))

)
Output: (

Your code is mostly correct, but there’s a small issue with how you’re writing the



The Problem

We as the IMMC’s advisory board have been tasked with developing a seasonal, 8-9 month
league schedule for a specific sport, with emphasis on fair matchmaking, equitable travel
distances, and logistical feasibility, as well as minimising environmental impact.

Chosen Sport

We believe basketball will be a suitable inclusion to the GSL. While being widely beloved
and internationally recognised, we found that much of its popularity is reliant on various
national/continental leagues (such as the NBA and Euroleague). As such we believe there is
satisfactory demand for the sport to justify its inclusion in the global sports league.

Chosen Teams

Given the importance the IMMC prescribes to team diversity, we aimed to identify a range of
teams from a large range of diverse backgrounds. Further, we aimed to include countries with
various levels of international recognition, giving lesser known nations a chance to assert
themselves on the global scene and encourage greater participation and involvement by their
communities in the sport. With this in mind, we also made sure to consider population size, as
larger populations backing their team is key to creating a popular, and economical
competition. With these values in mind, the following teams were selected: Japan, China,
India, Indonesia, Egypt, the Democratic Republic of Congo, Nigeria, The USA, Canada,
Mexico, Brazil, Argentina, Colombia, Australia, New Zealand, Fiji, France, The UK, Italy
and Germany.

Matchmaking

In order to keep games as fair as possible, we deemed it necessary for every team to compete
against every other team at least once. Hence, our league schedule requires two “sets” to act
as preliminary rounds in order to gather data relating to each team's abilities and skill, with a
one month break between the two. This would be followed by a third set where the bottom 8
teams are eliminated and all remaining teams once again compete against each other. This
would be followed by a fourth set between the top 8 teams in which teams would compete in
a single elimination system, working their way down to the grand final between the top two
teams.

Chosen Host Countries

In order to keep travel distances between each country as fair as possible, mathematical
algorithms were employed to find the most optimal groups of host countries. To maintain
logistical ease, it was decided that every single country would meet in the same place while
participating in each set. With this in mind it was found that the ideal four host countries for
the first season included: Canada, India, Argentina and Japan. This data was also important to
inform our decision relating to the number of sets per season, highlighting the point at which
the added fairness in travel time afforded by the greater number of places to travel to was no
longer significant enough to justify the added time and environmental impacts.
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Day 1 of the 20-Team GSL Schedule for Sets 1-3

Day Team 1 VS Team 2
Friday Japan VS Brazil
April 4th China VS Argentina
DAY 1 India VS Colombia

Key Features of the 20-Team GSL Schedule for Sets 1-3

- Sets 1to 3 involve a round-robin style tournament, where each country
plays a match between every other country exactly once.

- For sets 1 & 2, 3 games will be played every day, excluding Mondays
and Fridays. For set 3, 2 games will be played every day, excluding
Mondays and Fridays.

- Different sets are hosted in different countries. Each country is
colour-coded for schedule clarity. At the end of each set, countries are
ranked based on wins, and the lowest countries are eliminated.

Excerpt of the 20-Team GSL Schedule for Set 4

Date Team 1 VS Team 2
Friday, 21 Nov Canada VS Japan
Sunday, 23 Nov France VS DR Congo
Tuesday, 25 Nov New Zealand VS Colombia

Key Features of the 20-Team GSL Schedule for Set 4

- Set 4 involves an elimination-style tournament, in which two teams are
randomly selected to play against each other, with the loser being
eliminated from the competition.

- Each game is spaced out by a minimum of 2 days to allow for greater
publicity and suspense for the final games of the event.

- Countries are coloured green if they move on to the next round, and
red if they are eliminated from the competition. These results are
published after the respective game has been played and are primarily
present for clarity to all viewers.
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