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Abstract—Being the highest-grossing media franchise of 

all time, Pokémon’s battling mechanics have a deeper 

complexity than they seem on the surface. The competitive 

scene behind these games has since determined a majority of 

each Pokemon’s roles in a battle and what their 

replacements could be. This paper aims to construct an 

algorithms to find out the similarities between a Pokemon’s 

battling capabilities by taking advantage of a modified 

Latent Semantic Analysis. 
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I.   INTRODUCTION 

 
Fig 1.1. Pokémon Logo English 

(https://bulbapedia.bulbagarden.net/wiki/Pok%C3%A9m

on) 

 

Currently, in this day and age, Pokémon is considered to 

be the highest-grossing franchise of all time. Behind that 

success comes a slew of games that feature the usual battle 

mechanics you would expect in a turn-based RPG. However, 

despite seeming simple on the surface, Pokémon’s battle 

mechanics are actually more complex than people give them 

credit for. 

At first glance, Pokémon might just be a game of clicking 

the strongest moves against your opponent. However, 

behind every move comes a set of unique effects that might 

be impactful to the battle, even if the move isn’t very strong. 

And behind every Pokémon comes a set of unique abilities 

that may help in the face of a disadvantage. Not to mention 

the type chart that defines the interactions, be it offensive or 

defensive, between each of Pokémon’s 18 types.  

 
Fig 1.2. Pokémon Type Chart 

(https://pokemondb.net/type) 

 

The appeal of Pokémon’s complexity can be seen in the 

main series games’ official competitive scene. Recently, 

Pokémon’s VGC (Video Game Championship) 

tournaments have seen a massive increase in both interest 

and competitors, with some tournaments even reaching a 

record number of over a thousand participants. In these 

tournaments, participants are required to bring a team of 6 

Pokémon, but they may only use up to 4 in each battle. 

This forces players to be very particular in building their 

Pokémon teams, in determining their strengths, 

weaknesses, and also what roles they have in a battle. 

These tournaments also usually follow a specific 

format. These formats differ in the number of legal 

Pokémon that can be brought to a tournament. For 

example, in Pokémon Scarlet and Violet’s Regulation Set 

C, only Pokémon that are available in that game’s current 

Pokédex are allowed to be brought to tournaments. Since 

Charizard isn’t in said Pokédex yet, it cannot be brought 

into tournaments. 

 These formats really limit the player’s ability to build 

an optimal team since they can limit out a Pokémon that 

should be the best slot for the specific role that the player 

is looking for. While more experienced players can easily 
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identify the best replacement for said Pokémon, it is 

going to be a more difficult task for newer players in the 

scene due to the sheer number of Pokémon in these 

games. 

This paper aims to construct an algorithm to determine 

a list of the most similar Pokémon to a certain one. The 

measurement of the similarity comes purely out of a 

Pokémon’s battling attributes (moves, stats, type, and 

abilities) and not any other trivial factors. This algorithm 

will be constructed by modifying a Latent Semantic 

Analysis (LSA) to instead analyze a relation between a 

Pokémon and the role that it may have in a battle. 

 

II.  THEORETICAL FRAMEWORK 

A. Singular Value Decomposition (SVD) 

Singular Value Decomposition (SVD) is a 

factorization method in linear algebra that decomposes a 

matrix into three other matrices, providing a way to 

represent data in terms of its singular values. 

 

 
Fig 2.1. Singular Value Decomposition (Source : [1]) 

 

SVD splits a m x n matrix into three parts: 

• U: Orthogonal m x m matrix 

• Σ: An m x n matrix whose main diagonal 

consists of singular values of the original 

matrix and 0 for every other element 

• Vᵀ: Orthogonal n x n matrix  

 

The steps in performing an SVD are as follows: 

1.  Compute AᵀA 

2.  Find the Eigenvalues of AᵀA 

3. Find the Right Singular Vectors (Eigenvectors of 

AᵀA) 

4.  Compute the Left Singular Vectors (Matrix U) 

with the formula of 𝐮𝑖 = 𝐴*𝐯𝑖/𝜎𝑖 

 

B. Term Frequency-Inverse Document Frequency 

TF-IDF (Term Frequency–Inverse Document 

Frequency) is a statistical method used to weigh a word 

in a document in relation to a larger collection of 

documents. TF-IDF combines two components: 

1. Term Frequency (TF): Measures how often a word 

appears in a single document. 

 

2. Inverse Document Frequency (IDF): Measures a 

term's rarity across the entire collection of 

documents. 

 

 
Fig 2.2. TF-IDF Formula (Source: 

https://www.researchgate.net/publication/376247075_En

hancing_Fake_News_Detection_by_Multi-

Feature_Classification/figures) 

 

C. Latent Semantic Analysis 

Latent Semantic Analysis (LSA) is a Natural 

Language Processing (NLP) method that finds hidden 

relationships (semantics) between words and documents 

by analyzing word co-occurrence, uncovering 

underlying topics or concepts. It uses math, specifically 

Singular Value Decomposition (SVD), to transform a 

large word-document matrix into a lower-dimensional 

space, revealing patterns and grouping similar 

words/documents by meaning, not just exact keywords, 

making it great for concept searching, document 

categorization, and information retrieval. 

 

 
Fig 2.3. Latent Semantic Analysis (Source: [3]) 

 

 

III.   METHOD AND RESULTS 

A. Preparing the Dataset 

Firstly, it is important to prepare the dataset to be 

used. For this paper, the data is picked from PokéAPI 

[5], which provides full datasets on every attribute that 

each Pokémon has. 

Since the list of moves and abilities of each Pokémon 

can differ between games, this paper will limit the 

analyzed Pokédex to that of the latest main series game, 
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which is Pokémon Scarlet and Violet. This will also 

include the Pokédex of both the Teal Mask and Indigo 

Disk DLC to get the largest consistent dataset as 

possible. 

To further refine the data, the author has also 

removed inconsequential data, such as forms of a 

certain Pokémon that are essentially the same as their 

default form, and also added some missing data 

regarding the effects of some moves. 

 

B. Finding Similarities in Abilities 

The method for finding the similarities in the list of 

abilities that each Pokémon has is to simply use a 

standard LSA algorithm. Assuming that every ability 

listed is unique, the algorithm to create the Ability-

Pokémon Matrix are as follows: 

 

 
Fig 3.1. Code for creating Ability-Pokémon Matrix 

 

From there, the next step is to give each of the elements 

in the matrix a weight. Usually, this is done by using TF-

IDF. However, since the frequency of abilities doesn’t 

inherently matter, there is no need to weigh the elements 

using Term Frequency. So, the only process to do for this 

matrix before decomposing it is to multiply it by its 

Inverse Document Frequency, or in this case, the Inverse 

Ability Frequency. 

 

 
Fig 3.2. Code to find the Inverse Frequency Value 

 

The final step to take in determining the similarities in 

terms of abilities is to apply the standard LSA algorithm. 

From there, the values of similarity a Pokémon has to 

every other Pokémon in terms of abilities can be found by 

using Cosine Similarity. 

 

 
Fig 3.3. Code to find the Cosine Similarity of a certain 

Pokémon to every other Pokémon in terms of abilities 

 

To make sure the algorithm is correct, it must be 

ensured that Pokémon that have the same ability as 

another should be among the top in the sorted list of 

similarity. The code to test this and the results are as 

follows. 

 

 
 Fig 3.4. Code to print the sorted Cosine Similarity of a 

certain Pokémon to every other Pokémon in terms of 

abilities 

 

 
Fig 3.5. Result of Fig 3.4. 

 

As seen in Fig 3.5., the result of the algorithm shows 

Pokémon that are similar to Incineroar (pokemon_id: 727) 

in terms of abilities. Numbers 1 and 2 on the list are 

Torracat and Litten, which are Incineroar’s pre-evolutions 

that have the exact same abilities as it, which are Blaze 

and Intimidate [6]. The next Pokémon on the list is 

Landorus-Therian, whose only ability is Intimidate [7]. 

And then the rest of the list exclusively contains Pokémon 
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with the ability Blaze [8]. From this, we can surmise that 

the algorithm is correct and works properly. 

 

C. Finding Similarities in Base Stats 

Similar to finding similarities in abilities, the method to 

find the similarities between a Pokémon’s base stats is to 

simply put it through a standard LSA algorithm. Firstly, a 

Stat-Pokemon Matrix needs to be created. 

 

 
Fig 3.1. Code for creating Ability-Pokémon Matrix 

 

Since the Matrix consists of numerical values and not 

frequencies of a certain term, there is no need to process it 

through the TF-IDF. Hence, it’s already able to be 

decomposed by using the standard LSA. However, due to 

the nature of SVD, the cosine similarity will mostly 

compare the ratio of each of the base stats. To rectify this, 

another factor contributing to the similarity should be 

added, that is, the base stat total. To measure the 

similarity between the base stat total of one Pokémon to 

every other the following formula is used 

 

 (1) 

 

From there, we can average out the two similarity 

values to get the true similarity for the Pokémon’s stats. 

To make sure the algorithm is correct, it must be ensured 

that Pokémon that have the same stat ratio and base stat 

total as the queried Pokémon need to be near 100% in 

similarity. The code to test this and the results are as 

follows. 

 

 
Fig 3.7. Code to print the sorted Similarity of a certain 

Pokémon to every other Pokémon in terms of base stats 

 

 
Fig 3.8. Result of Fig 3.7. 

 

As seen in Fig 3.8., the algorithm shows Pokémon that 

are similar to Charizard (pokemon_id: 6) in terms of base 

stats. Number 1 on the list is Typhlosion, with essentially 

the similarity of 100%, because it has the same exact base 

stats as Charizard [9][10]. From this, we can surmise that 

the algorithm is correct and works properly. 

 

D. Finding Similarity in Defensive Typing 

Accurately defining a similarity in a Pokémon’s 

defensive typing has a higher level of complexity than 

determining the similarities for the abilities and stats. In 

this paper, the similarity between a typing will be 

measured based on its interactions with the other types. 

For example, the defensive typing of Ice/Grass and 

Bug/Grass will be more similar to each other than that of 

others, since Ice/Grass and Bug/Grass are both 4 times 

weak to Fire. 

  Firstly, a matrix representing the full defensive type 

chart (including all of the type combinations) needs to be 

made. This matrix’s rows represent the attacking types 

and its columns represent the defending types. The code 

snippet to make such matrix is as follows. 

 

 
Fig 3.9. Code for creating the Full Type Chart Matrix 

 

Next, the matrix needs to be expanded so that it 

contains three different interactions, which are weakness, 

resistance, and immunity. This is done so that every 

interaction is treated as its own characteristic and not as a 

weight on each type. Since in dual types, weaknesses and 

resistances can be twice as effective, they are weighted as 

a value of 2 in their respective matrices.  
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Fig 3.10. Code for expanding the Full Type Chart 

Matrix 

 

To find the similarities between defensive typings, the 

expanded Full Type Chart Matrix needs to be processed 

through the usual Inverse Frequency and LSA algorithm. 

 

 
Fig 3.11. Continuation of Fig 3.10., Code to find 

Cosine Similarity of each Defensive typings 

 

 
Fig 3.12. Result of Fig 3.10. and Fig 3.11. with the 

query of ‘12/15’ (Grass/Ice) 

 

As seen in Fig 3.12. and as explained before, the 

similarity values for the query Grass/Ice (type_id: 

‘12/15’) result in Bug/Grass at number 2 of the list.  

To generate similarity between Pokémon based on 

typing alone, all that needs to be done is to simply take 

the queried Pokémon’s typing as the query for the code in 

Fig 3.10. and Fig 3.11. and set the similarity values of 

each Pokémon to the similarity value of their and the 

queried Pokémon’s typing. 

 

 

E. Finding Similarity Between Move Learnsets 

Before finding the similarity values of each Pokémon 

based on their learnsets, there needs to be an already 

established similarity value table for each move in the 

dataset. This is done so that if a move is similar enough to 

another one, it can act as a replacement in that Pokémon’s 

learnset. Therefore, each attribute of a move should be its 

own matrix, which can then later be combined into one to 

find the similarity values. 

The first attribute of a move to be defined in a matrix is 

the move type. Like before, each type needs to be 

compared with one another, the difference being that this 

time it is the offensive interactions that are measured. 

This time, the base matrix’s rows will represent the 

defending types, and the columns will represent the 

attacking types. Then the matrix will also need to be 

expanded to contain three different interactions, this time 

super-effective, not-very-effective, and no-effect. Finally, 

the matrix will be processed through the usual Inverse 

Frequency and LSA algorithms to find the queried type’s 

cosine similarity with every other type. 

 

 
Fig 3.13. Code to find the Cosine Similarity of each 

type’s offensive interaction 

 

 
Fig 3.14. Result of Fig 3.13., with the query of ‘17’ 

(Dark) 

 

As seen in Fig 3.14. the most similar type to Dark 

(type_id: 17) in terms of offensive interactions is Ghost. 

This is because Dark and Ghost both are super-effective 

against Psychic and Ghost types, and also are both 

resisted by Dark types. 

From here, the Type-Move Matrix can be made with its 

rows representing each of the types and in columns 

representing every move in the dataset. The elements 

present in the matrix represent a similarity value of one 

move’s type to every other type. 

Since the matrix’s elements represent similarity, the 

regular Inverse Function method of weighing each row 

cannot be used. So, for this specific matrix, the method is 

modified so that it will only count it as a frequency if the 

value is exactly 1. This will ensure that the weighing of 

each move will still be determined by the number of 
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available moves of that type, while maintaining the 

similarity values.  

 

 
Fig 3.15. Code to find the Inverse Similarity Value 

 

 
Fig 3.15. Code to create and weigh the Type-Move 

Matrix 

 

The next step is to create the rest of the Matrices 

needed to fully compare each and every move. Since there 

are some differences in measurement, they will be split 

into two groups. One that can be counted as frequencies 

and therefore needs to be weighed through Inverse 

Frequency or similar means, which includes the Type-

Move, Target-Move, Effect-Move, and DamageClass-

Move matrices, and one that could be seen as values, such 

as the Power-Move, Accuracy-Move, EffectChance-

Move, and Priority-Move matrices. These two groups’ 

LSA result will then be averaged to get the true similarity 

values regarding each and every move. The full code 

snippet regarding this is as follows: 

 

 
Fig 3.16. Code to determine a queried move’s 

similarity to every other move 

 

 
Fig 3.17. Result of Fig 3.16. for the query of ‘885’ 

(Trailblaze) 

 

As can be seen in 3.17. the most similar move to 

Trailblaze (move_id: 885) is Flame Charge. This is 

because Flame Charge and Trailblaze are the same move, 

with the only factor differing being the type [11][12]. 

Aqua Step also has the same effect as Trailblaze [13]. 

However, since it has 20 more power than it, it has a 

slightly lower similarity value than Flame Charge. From 

this, it is surmisable that the algorithm is working 
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properly as intended. 

From here, the Move-Pokémon matrix can finally be 

constructed. Like the Type-Move one, this matrix’s 

elements consist of similarity values, with the value of 1 

meaning that it can learn that move, values less than 1 but 

larger than 0 meaning it can learn a similar move, and the 

value of 0 meaning it cannot learn that said move or 

anything similar to it. Due to the sheer number of moves, 

it is best if only a partial of the most similar moves be 

inserted into the matrix. For this paper, only the 5 most 

similar moves are represented in the Move-Pokémon 

Matrix. Also, due to the sheer number of times the Code 

from Fig 3.16. will be called, the Move-Pokémon matrix 

should be stored in a .json file to ensure that future 

calculations do not take a long time to compute. The code 

snippet for creating the Move-Pokémon matrix is as 

follows 

 

 
Fig 3.18. Code to create the Move-Pokémon Matrix 

 

The final step in calculating the similarity in learnsets 

is to weigh the matrix using Inverse Similarity, due to the 

elements being similarity values, and the LSA algorithm.  

 

 
Fig 3.19. Code to find the Cosine Similarity of 

Pokémon based on move learnset 

 
Fig 3.20. Result of Fig 3.19. for the query of ‘888’ 

(Zacian) 

 

As can be seen in Fig 3.20. the most similar Pokémon 

to Zacian is Crowned Zacian. While being the same 

Pokemon just different forms, Crowned Zacian has one 

difference in its learnset, which is that it has access to 

Behemoth Blade instead of Iron Head [14]. Because 

Behemoth Blade and Iron Head’s differences are only in 

power and effect, the similarity value is near an exact 

100%. Another thing to note is that the number 2 most 

similar Pokémon is Zamazenta. This is because Zacian 

and Zamazenta are paired legendary Pokémon, which 

often have similar move learnsets to one another.  

 

F. Final Similarity Measurement and Results 

For the final step in determining the similarity between 

Pokémon, every similarity value needs to be combined 

into one singular value. This will be done by averaging 

out all four of the similarity values measured in this 

paper. The code that does so and prints out the results is 

as follows: 

 

 
Fig 3.21. Code to find the most similar Pokémon to the 

one that is queried 

As an example, if we were to query Incineroar 

(pokemon_id: 727) the results are as follows. 
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Fig 3.22. Result of Fig 3.21. for the query of ‘727’ 

(Incineroar) 

 

As seen above, the two most similar Pokémon to 

Incineroar are its pre-evolutions, Torracat and Litten. This 

was to be expected since Pokémon in an evolutionary line 

have overlapping move learsets, typings, and also tend to 

have the same ability and stat ratios in every single stage. 

Besides its pre-evolutions, Scrafty seems to be the most 

similar among every other Pokémon to Incineroar. This is 

supported by the fact that Scrafty is a Dark type, has the 

Intimidate ability, has equal Defense and Special Defense, 

and can learn a lot of Incineroar’s moves, such as Fake 

Out, Parting Shot, Taunt, Throat Chop, Foul Play, and 

many else [15]. Among the top 15, there are more Dark-

type Pokémon with the Intimidate ability, such as 

Overqwil, Mabosstiff, Krookodile, and Mightyena. There 

are even some final stages of starter Pokémon like 

Greninja and Blaziken, which often have nearly the same 

base stat total as each other. 

 

IV.   CONCLUSION 

From this paper, the author has concluded that 

Pokémon does indeed have latent semantic values behind 

every move, ability, stat points, and type that it has. Due 

to this, the author can create an algorithm to search for 

these values and determine which Pokémon has the most 

similar role in a battle to another specific Pokémon. This 

was proven in the case of Incineroar’s list of most similar 

Pokémon, Scrafty, which has been considered as a 

predecessor to Incineroar before it was released by 

members of the competitive scene, including a former 

VGC World Champion [16].  

 

V.   APPENDIX 

GitHub repository for the source code made for this 

research paper: 

https://github.com/BenedictD-RH/Eigenmon-Application-

of-SVD-in-Measuring-Similarity-in-Pokemon-Battling-

Capabilities 
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