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Pokémon team against a wide range of opposing team constellations and a threshold team
selected during validation.

2.1 Research Design

The research follows a quantitative approach focused on measurable performance to
assess the strength of a team. An experimental research design was used where strong
teams found by the algorithm were tested against several thousand opponent teams and
then compared to the performance of a naively chosen "best team” which consists of the
top six individually best performing Pokémon. This design gave us ground to assess team
performance based on measurable performance metrics such as win-probability against
random teams and the baseline of the naively chosen “best team”.

2.2 Data Collection

The Data used for this Project was provided to me by my supervisor in form of a dataset on
Kaggle '. The data contains over 800 Pokémon, all their learnable abilities, stats and most
relevant features to build a battle simulation. Although the data was far from perfectly
curated it gave me a base to quickly jump right into the data analysis and development of
my methodology.

2.3 Pokémon

This section is a little interjection but necessary to fully explain the workings of Pokémon. As
already mentioned Pokémon are what this project is mainly about. Pokémon derived from
the word pocket monsters, are little animal-like creatures the player is able to catch and
battle for sport against other players. Each Pokémon consists of a few main components
that make them unique:

Base Stats: Fundamental attributes that determine a Pokémon's capabilities ranging from 1 -
255. These are species-specific and include:

¢ HP (Hit Points): The health of the Pokémon.

¢ Attack: The strength of the Pokémon's physical attacks.

¢ Defense: The Pokémon's resistance to physical attacks.

¢ Special Attack: The strength of the Pokémon's special (non-physical) attacks.
¢ Special Defense: The Pokémon's resistance to special attacks.

e Speed: Determines the order of moves in battle.

Effort Values (EVs): Points that enhance base stats which are gained after completed
battles. Intended to reward the player for sticking to the same Pokémon. The values range
from 1 - 255 but capped at a sum of 510 across all 6 EVs.

Individual Values (IVs): Inherent values that add to base stats meant to make each Pokémon
unique. These values are randomly assigned from 0 - 31.

Nature: Affects the growth of certain stats. For each nature one base stat will be increased
by 10% and one will be decreased by 10%.

Level: For each Level the Pokémon gains their stats will be increased by 1/50 the base stat
value, and 1/100 the combined individual value and effort value.

Type: Each Pokémon has at least one and at most two unique types out of possible 18
different types. This leaves us with 324 type combinations which each Pokémon is assigned
one of.

Moves: Based on its type and level each Pokémon can learn up to 4 moves which have a
specific type and are either normal or special attacks. Given the attack type of the move and
the attacking and attacked type of the Pokémon the damage will be calculated.



not every Pokémon had a realistic chance of being selected into the final 6 of the best team
possibly reducing the number of rounds the algorithm had to run. This is assumed to be due
to certain Pokémon being either consistently too weak or there existing a Pokémon which
outperforms the weaker Pokémon in every stat category.

Generally the algorithms used to tackle these problems can be divided into two groups.
Firstly Algorithms which have been used to shrink the number of Pokémon which might
belong into the best Pokémon team, lets call this candidate pool, and secondly reducing the
number of Pokémons which a team can face to give battles some meaning and reduce
overall noise, called opponent pool.

The candidate- and opponent pool are assumed to be equal in the beginning with every
Pokémon being in it. The main practices used to reduce the size of the pools is based upon
previous data analysis. The process of reducing the aforementioned pools revolved around
the question “can this Pokémon be replaced directly by one or more Pokémon which are
equally as good or better in all its relevant stats?”. For this | tried several strategies:

Top performing Pokémon by Type Stats and Battles

There are 324 ( $\binom{18}{2} + 18% ) type combinations. | looked at every other same
typed Pokémon A and B and checked if Pokémon B has equal or better stats than Pokémon
A and beats all opposing Pokémon. If so B can replace A.

Top performing Pokémon by Stats and Batles

When looking at the data and finding two Pokémon who beat the same Pokémon we can
eliminate the "weaker one” if all of its stats are equal or worse than those of the stronger
one.

Top n performing Pokémon by type

Using the same approach we can reduce the number even further by just picking the top n
Pokémon for each type combination. This in the best case gives us at minimum 171
Pokémon, one for each type, since only 171 of the 324 type combinations are used.

2.5.3 Incremental Team Optimization Approach

This is the final approach | used to tackle the problem. It revolves around the idea of
breaking the problem down into smaller subproblems and figuring out any relations which
might be helpful in concluding something about the bigger problem. In this concrete case |
started with the top 20 individually performing Pokémon. Then | formed teams of two out of
those top 20 individual Pokémon and simulated battles against random opponent teams of
size 2. | followed this this up by forming teams of 3 of the teams of 2 and continued this
process until | reached teams of size 6.

2.6 Summary

My supervisor provided me with the flexibility to explore several approaches, as there is no
clear best way to tackle such a complex optimization problem. This allowed me to be
dynamic and adaptive with my research, enabling me to experiment with graph theoretical
methods, iterative techniques, and simulation-based evaluations, leading to a more
exploratory and on the go process.

3. Implementation

In this implementation section, | will over the key components behind the different
approaches. While | won't cover every detail here, those interested in the full
implementation can have a look at the code, which is available in the GitHub repository 2.
One thing you will often see is the conversion from .csv files into dictionaries due to them
showing better lookup performance than pandas dataframes. Generally everything that can









The top 10 individual performing Pokémon for the 1. Generation are:

Rank PokZmon Win Probability

1. Mewtwo 0.9674788079470197
2. Snorlax 0.9408999999999995
3. Dragonite 0.9162225165562912
4. Moltres 0.8931192052980129
5. Arcanine 0.8722357615894036
6. Zapdos 0.865892715231788
7. Tauros 0.8606562913907281
8. Hypno 0.8387019867549668
9. Gengar 0.8267139072847685
10. Hitmonchan  0.8225529801324505

The top 10 individual performing Pokémon for the the whole Dataset are:

Rank PokZmon Win Probability

1. Giratina (Altered Forme) 0.9610472568578559
2. Lunala 0.9590593516209487
3. Arceus (Normal) 0.9504522443890281
4. Dialga 0.9480451371571083
5. Solgaleo 0.9387623441396511
6. Ho-Oh 0.9352665835411477
7. Lugia 0.9319522443890287
8. Mewtwo 0.925636034912718
9. Reshiram 0.9232175810473824
10. Magearna 0.9210951371571086

This gives us the following naively picked best team: Giratina (Altered Forme), Lunala,
Arceus, Dialga, Solgaleo, Ho-Oh

4.2 Results Graph Theory Algorithms



In this section, we delve into the application of graph theory to analyze the interconnections
and performance of Pokémon teams. We begin with a graphic that illustrates the different
interconnections within a graph, providing a visual representation of the relationships and
interactions between the first 10 Pokémon based on their battle outcomes:
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4.2.1 Dominating Sets

Using our functions for dominating sets we find the following dominating sets in the first 151
Pokémon:

out_degree_dominating_set(G) : Snorlax, Mewtwo, Dragonite
brute_find_dominating_sets(G) : {Dragonite, Gengar, Snorlax}, {Dragonite, Mewtwo,
Snorlax}

nx.dominating_set(G) : Alakazam, Mew, Krabby, Zapdos, Tentacool, Poliwrath, Dugtrio,
Pinsir, Magneton, Golduck, Tentacruel, Starmie, Omastar, Mewtwo, Exeggutor, Dragonite,
Haunter

Using the existing function nx.dominating_set(G) is not an option due to its randomness
when finding dominating sets as they are not minimal. The functions implemented by myself
are a lot quicker in the case of the out_degree_dominating_set(G) function and find a
minimal subset in both of my implemented functions. For bigger subsets of the whole
dataset we cannot really find any minimal dominating sets as it turns out to be too
computationally demanding. Although not possible for bigger subsets | confirmed that all 4
Pokémon (Dragonite, Gengar, Snorlax, Mewtwo) found in the minimal dominating sets were
present in the top performing teams of size 6 in the incremental team optimization.



4.2.2 Finding k-Kings

No 1-kings k = 1 were identified in the analysis. For the first generation of Pokémon, Snorlax

was the only Pokémon identified as a 2-king. Across all 802 Pokémon, Lunala was identified

as a 2-king. If we further increase k, we find too many Pokémon, making meaningful analysis
difficult.

4.3 Iterative Approach

Using this approach, | was not able to identify any significantly better teams. It happened
that the naively selected threshold team was outperformed in certain iterations but the
threshold team always ended up back on top in the final iteration.

4.4 Incremental Team Optimization

The findings from the Incremental Team Optimization are the most interesting for this
project. | was unable to predict the outcomes based on the results of smaller teams
removing the option of shortcutting the simulation process by predicting the win
probabilities for bigger team sizes. When identifying the top 20 perfoming teams of size 6
we find that the threshold team consistently gets outperformed over a simulation of
1000000 battles. Despite the difference in win probabilities being only minimal (a few ~100
wins over a simulation of 1000000 battles) the results are statistically significant according
to Spearman’s rank correlation coefficient with a p-value of 0.0038529945186214815 .
Notably, Lunala, our only identified 2-king, is highly present (15/20 teams) in the top 20
performing teams. This suggests that our initial approach of looking for k-kings as essential
picks is indeed a valid strategy.

Example table afer 1000000 battles simulated: (Threshold team in bold at the bottom)

Pokémon Pokémon Pokémon Pokémon Pokémon Pokémon Win
1 2 3 4 5 6 Probabili
Giratina
Lugia (Altered Xerneas Yveltal Lunala Magearna 0.99991:
Forme)
Ho-Oh Arceus Zekrom Xerneas Yveltal Lunala 0.99987:
(Normal)
Giratina
Ho-Oh (Altered Xerneas Yveltal Solgaleo Lunala 0.99987.
Forme)
Giratina
Lugia Ho-Oh Dialga (Altered Yveltal Solgaleo 0.99986.
Forme)
Giratina Necrozma
Lugia Jirachi (Altered Yveltal Lunala (Dusk 0.99986
Forme) Mane)
Giratina
. . Arceus
Lugia Dialga (Altered Yveltal Lunala 0.99985:
(Normal)
Forme)
Giratina
Arceus
Ho-Oh (Altered Haxorus Yveltal Lunala 0.99985:
(Normal)
Forme)
Giratina
Lugia Ho-Oh Jirachi (Altered Yveltal Lunala 0.9998%

Forme)
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5. Conclusion
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Over the course of my project, | identified a best-performing Pokémon team using the
incremental team optimization approach, although the threshold team only marginally got

outperformed by “better” teams. Using graph theory proved to be a helpful tool in

reasoning about Pokémon teams, offering insights into their strengths and interactions. This
approach can be particularly useful in identifying key Pokémon and understanding the
dynamics of team compositions. Despite the marginal improvement, the findings highlight
the potential of graph theory and iterative team improvements as a valuable framework for

analyzing and optimizing Pokémon teams.



5.1 Future Research Directions

If I had more time to dedicate to the project, | would explore a more sophisticated move
selection process for the Pokémon, ensuring that each move set is optimized for various
battle scenarios. This would involve a detailed analysis of move effectiveness and synergy
with team strategies.

Additionally, | would concentrate on team constellations, identifying which Pokémon work
well together and how their combined strengths can be maximized. This aspect is crucial for
building balanced and synergistic teams that can handle diverse opponents effectively.

Moreover, | would aim to refine the iterative approach further. Although it showed some
potential, the results turned out to be quite ineffective at finding a significantly better team.
By enhancing the iterative method, | believe that improvements in team performance could
be achieved. This would involve fine-tuning the algorithms used, increasing the number of
iterations, and incorporating more sophisticated evaluation metrics to better capture the
dynamics of Pokémon battles.

In summary, these refinements and deeper analyses would likely yield more robust and
effective Pokémon team compositions, leveraging the full potential of the data and
methodologies applied in this research.
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