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Abstract

Anime is a globally popular form of entertainment, with the industry experiencing rapid growth in recent years. Despite the wealth of anime data
available on MyAnimeL.ist, the largest community-driven platform for anime enthusiasts, existing publicly available datasets are often outdated
and incomplete. This presents a challenge for data science research, as the increasing volume of anime information requires more efficient data
extraction methods. This research aims to address this challenge by developing a concurrent web mining program using the Go programming
language. Leveraging Go's concurrency capabilities, our program efficiently extracted anime data from MyAnimeList, iterating through anime
pages from ID 1 to 52,991. To overcome potential issues like rate limits and server timeouts, we implemented a two-phase execution strategy.
As a result, the program successfully gathered 23,105 anime records within 8.5 hours. The extracted data has been transformed into a
comprehensive dataset and made publicly available in CSV format. This research demonstrates the effectiveness of concurrent web mining for
large-scale data extraction and offers a valuable resource for future data-driven research in the anime industry.

Keywords: Concurrent Web Mining, Anime Data Extraction, Go Programming Language, Myanimelist Dataset, Data Science in Anime Industry, Process
Innovation

1. Introduction

Anime, a distinctive form of animated entertainment originating in Japan, has garnered a massive global audience due
to its diverse storytelling, unique visual style, and wide-ranging genres [1]. Over the years, anime has transitioned from
a niche interest to a mainstream cultural phenomenon, with each season—winter, spring, summer, and fall—bringing
forth a wealth of new titles. The anime industry continues to grow rapidly, both in Japan and internationally, with its
market value reaching 20 billion USD in 2021 [2], [3]. As part of the entertainment landscape, anime holds a
particularly strong appeal among younger generations, and nearly 300 new anime titles are released annually to meet
the demand of eager fans [4], [5]. Beyond entertainment, enthusiasts actively engage with anime not just for enjoyment
but to track the ongoing trends and developments within the industry itself.

However, the rapid growth of the anime industry has led to challenges in navigating and analyzing the vast amount of
data associated with it. MyAnimeList, the largest community-driven platform for anime enthusiasts, has emerged as a
critical resource [6]. It serves as a comprehensive hub for anime information, offering users a space to share opinions,
reviews, and recommendations [7]. With over 50,000 unique anime titles listed, MyAnimeL.ist represents an invaluable
data repository, reflecting the immense enthusiasm and activity of the global anime community. This platform,
therefore, holds substantial potential for data science research aimed at exploring trends, popularity, and other critical
aspects of the anime industry.

Despite the vast potential of MyAnimeL.ist for data-driven research, extracting and utilizing this wealth of information
remains a complex challenge. Manual data extraction is inefficient and time-consuming, given the sheer volume of
content available. To harness the full potential of this data, it is necessary to implement a more efficient technique to
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retrieve large amounts of data automatically. Web mining offers a solution by enabling the systematic collection of
data from websites [8]. However, due to the scale of MyAnimeList's content, traditional web mining techniques—if
performed sequentially—would require significant time and computational resources. Thus, a more efficient approach
is needed. This research aims to introduce a faster, more efficient approach to web mining, specifically designed to
handle large datasets like those on MyAnimeList. By leveraging the concept of concurrency, this study proposes a
solution that allows data to be retrieved from multiple web pages simultaneously. The primary focus is to implement
this concurrent data retrieval using the Go programming language, which is well-suited for concurrent tasks due to its
lightweight goroutines. This research will demonstrate how the application of concurrency can significantly accelerate
the process of web mining and data extraction from MyAnimeList.

The proposed solution is not only relevant to the growing anime industry but also contributes to advancements in web
mining methodologies. By improving the efficiency of data retrieval, this research provides a foundation for further
studies that rely on large-scale datasets. Moreover, the structured dataset generated from the extracted anime data will
be a valuable resource for researchers and developers in the data science field. In essence, this work addresses a critical
challenge in web mining and offers a scalable solution that can benefit future studies of the anime industry and other
large-scale online platforms.

To achieve the objectives of this research, we will implement a web mining program that retrieves anime data
concurrently using Go's concurrency features. This approach enables the program to send requests to multiple pages
on MyAnimeL.ist at the same time, significantly reducing the time required for data extraction. The output of this
process will be a structured dataset containing thousands of anime titles, which can be used for various data science
applications.

2. Related Works

Previous research on efficient web mining methods has contributed significantly to the advancement of large-scale data
extraction techniques. For instance, [9] introduced an innovative strategy that utilized a hundred threads within a single
web crawler, resulting in a substantial increase in web mining speed. This approach has been foundational, inspiring
further research that explores the potential of multi-threading in web mining, especially for large-scale data retrieval.

In addition to this, [10] demonstrated the efficacy of multi-threading techniques specifically in mining real-time sports
news data. The study showed a considerable improvement in mining speed and overall efficiency, further validating
the advantages of multi-threaded approaches in handling time-sensitive data extraction tasks.

The limitations of single-threaded web crawlers have also been well-documented. Research in [11] observed that
single-threaded crawlers significantly prolong the data extraction process due to their inability to achieve true
concurrency. The sequential nature of single-threaded programs leads to delays, as the crawler can only handle one
request at a time. This inefficiency underscores the need for multi-threaded or concurrent solutions in large-scale web
mining tasks.

While much research has focused on multi-threading, the specific use of the Go programming language for concurrency
in web mining remains underexplored in the literature. Go stands out as a statically compiled language with significant
performance advantages [12]. Its concurrency model, which relies on Goroutines and Channels, offers superior
performance compared to traditional multi-threading approaches in languages like Java [13], [14]. Furthermore, Go
simplifies the implementation of concurrent programming, making it an ideal choice for web mining tasks that require
efficient data retrieval from multiple sources simultaneously.

Despite the advancements in web mining techniques, no existing research has specifically applied concurrency and
multi-threading to the extraction of anime data, particularly from platforms like MyAnimeList. While prior studies [1],
[15] have leveraged publicly available MyAnimeList datasets from sources such as Kaggle [16], [17], these datasets
often lack recent anime updates and do not reflect the current state of the MyAnimeList database. This limitation
underscores the need for a more robust and efficient web mining technique, capable of extracting comprehensive and
up-to-date anime data from MyAnimeList using concurrency.
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While multi-threading has proven to be effective for web mining in various domains, and Go offers a powerful solution
for concurrent programming, there is a clear gap in the application of these techniques to anime data extraction. This
research aims to address this gap by implementing an efficient, concurrent web mining solution using Go, specifically
tailored for extracting data from MyAnimeList.

3. Methods

The proposed methodology for this research involves the implementation of concurrent programming in Go, aiming to
efficiently extract extensive data from MyAnimeList. This study follows four key methods to achieve its objectives.

3.1. Web Pages Structures

MyAnimeList consists of several types of web pages, as outlined in its sitemap [18]. These pages cover a range of
content, including information about anime, manga, and individual characters. However, for the purpose of this
research, the focus is solely on extracting anime-related data. Therefore, a comprehensive understanding of the structure
of anime-specific pages is essential. Upon exploring the section of the sitemap dedicated to anime pages [19], we
identify distinct URLSs representing each unique anime entry available on MyAnimeList. For example, the URL for the
anime "Cowboy Bebop" is structured as follows [20]. This URL leads to a page containing detailed information about
the anime, which is illustrated in figure 1 below.

My6AnimeList

Anime Manga Community Industry Watch Read Help

Cowboy Bebop

Not Available
0_Yous Count

PN E roert

Figure 1. MyAnimeList Web Page - Cowboy Bebop

This specific web page contains detailed information about the anime "Cowboy Bebop," including its title, synopsis,
and various statistics such as user ratings and rankings. By accessing the unique URL associated with each anime, we
can extract a wealth of information directly from these pages. A key feature of MyAnimeList's URL structure is the
presence of a unique identifier that follows the /anime/ segment. This identifier, referred to as the anime's unique 1D,
is a critical element for our data extraction process. By systematically incrementing this unique ID, we can
programmatically navigate through the extensive MyAnimeList database and extract data for each anime title. This
approach allows us to efficiently gather comprehensive data from thousands of anime entries.

3.2. Data Extraction and Storage

The wealth of information presented in a single web page of anime on MyAnimeList is overwhelming. As a result, we
limit the fields extracted for our web mining program. This is to ensure that we still get the important data of each
anime, while still prioritizing the computational and time efficiency.

We build the relational database MySQL with the name “mal_scrape”, consisting of a single table “anime info” to
store each distinct anime data. The columns in the “anime_info” table align with the fields on MyAnimeList. We insert
every extracted data into that table. We also set the maximum number of open connections in the connection pool to
100 to ensure smooth data insertion. The descriptions of each column of the table are shown in table 1.
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The process of extracting data from MyAnimeList presents a significant challenge due to the inconsistency in field
formats across different anime pages. Each unique anime page on the website can have varying structures, leading to
differences in field placements, names, and formats. For instance, the 'genres' and 'themes' fields might be presented
differently from one anime page to another, as some anime entries have singular ‘genre’ and ‘theme’, making it
challenging to implement a uniform parsing approach.

Additionally, certain pages may lack specific fields if the information is not available, especially for the type of anime
that differs from the standard weekly TV format. For example, details regarding the broadcast days and times might
not be present for one-episode anime movies. Furthermore, information could be missing for currently airing anime,
as the number of episodes or the date range during which the anime is airing cannot be determined accurately in
advance. Handling these variations and missing data points requires a meticulous and adaptable data parsing algorithm
to ensure the extraction of comprehensive and reliable information.

Table 1. Anime_Info Table Structure

Column Name Description
id A unique identifier for each anime on MyAnimeL.ist
title The original title of the anime in its native language (mostly in Japanese)
title_english The English-translated title of the anime
description A brief summary or synopsis of the anime's plot and storyline
type Sp_ecifi_es whether the anime is a TV show, movie, OVA (Original Video Animation), special
animation, etc
episodes The total number of episodes in the anime series
status Indicates whether the anime is currently airing, finished, or yet to air
aired The date range during which the anime was broadcasted (or the start range if it is still ongoing)
premiered The specific season of the year when the anime first aired (e.g., Spring, Fall)
broadcast Information about the specific days and times when the anime is broadcasted (e.g.,
Wednesdays at 19:00 JST)
producers Companies or entities involved in the production of the anime
licensors Organizations or companies holding the distribution rights for the anime
studios The animation studios responsible for creating the anime
source The origin of the anime, such as manga, novel, or original work
genres Categories or genres that classify the anime based on its themes and content
themes Specific motifs or themes explored in the anime
duration The average duration of each episode
rating The age rating or content rating of the anime
score The average user rating or score given to the anime on MyAnimeL.ist
ranked The anime's rank on MyAnimeList based on user ratings
popularity The popularity rank of the anime on MyAnimeL.ist
members The number of MyAnimeList users who have added the anime to their anime lists
favorites The number of MyAnimeList users who have marked the anime as their favorite

3.3. Web Mining Techniques

In this section, we delve into the techniques employed by our proposed web mining program to gain a deeper
understanding of its system. The backbone of our program lies in the utilization of Go's goroutines. Goroutines, which
are lightweight threads managed by the Go runtime, play a pivotal role in enabling parallel execution of functions [21],
allowing us to mine data concurrently from numerous web pages on MyAnimeList. Each created goroutine is
responsible for sending HTTP requests to specific anime web pages identified by their unique 1Ds, extracting relevant
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data, and storing it into the database. To parse HTML documents and extract anime data, we utilize a simple, yet useful
Go package, called goquery [22].

In the subsequent step, error handling becomes imperative. As we increment the unique ID in the MyAnimeList's URL
for each request to obtain distinct anime data, there exists a significant likelihood that certain 1Ds might be absent in
the MyAnimeL.ist database. Consequently, we receive an HT TP 404 status code, indicating that the requested web page
is not found. In response, we opt to omit the data corresponding to that particular unique ID in our database.

There are also some significant challenges that we need to address. The first is to tackle the possibility of rate limits
imposed by MyAnimeList servers. These limits are indicated by an HTTP status code of 429, signifying that a client
has sent too many requests to the server [23]. We have also strategically set the client timeout to 15 seconds within the
http package of Go [24], ensuring that if a request exceeds 15 seconds, it throws an error of client timeout, meaning
that MyAnimeList servers do not give any response within that specified time.

To handle any errors that may occur during the execution of the program, we implement simple error handling
techniques within this web mining program. If an error occurs on a specific ID, such as a client timeout or a HTTP
status code 429 (Too Many Requests), we store the ID of the corresponding web page in a queue within Redis. Redis
is chosen for its rapid insertion and lookup capabilities [25], allowing us to efficiently manage these error records by
storing them under the key "failed_ids" and stopping the execution of the program. By utilizing Redis, we can easily
resume the process by starting the loop from the ID of the last encountered error during the next execution, ensuring
an efficient and complete web mining process.

3.4. Execution Strategies

The final step in developing our concurrent web mining program is determining an efficient execution strategy. Our
approach to navigating MyAnimeList involves systematically starting from anime ID 1 and incrementing it by 1. As
of the time of this research, the exact number of unique anime IDs on MyAnimeList is unknown. However, based on
the ID of a currently popular anime, Sousou no Frieren, which aired in Fall 2023 and has an ID of 52991 [26], we set
this as the upper limit for our mining process.

The program, implemented in the Go programming language, iterates through a loop from ID 1 to 52991. To ensure
optimal performance and to detect any potential issues early, we divided the execution into two phases. The first phase
covers IDs from 1 to 26495, and the second phase spans from 26496 to 52991. This phased approach allows us to refine
the program based on results and ensure stability. However, if the program encounters any errors during execution, it
halts the process. This means multiple executions may be required in each phase due to interruptions caused by these
errors.

We also implemented different HTTP request strategies for the two phases. In the first phase, the program uses the
default User-Agent header provided by Go’s HTTP package, which is set to "Go-http-client/1.1". In the second phase,
we adopt a more sophisticated approach by randomly assigning each HTTP request one of 50 unique User-Agent
strings. This strategy helps reduce the risk of hitting rate limits when sending multiple requests to the MyAnimeL.ist
server, thereby enhancing the reliability of the data extraction process. Figure 2 show the algorithm of web mining that
we used.

for i from glartld to gndld do call SaveAnime for successful anime data retrieval

create Goroutine for function:
call ScrapeAnime for index i .
end Goroutine

if error occurred then

. ) delay for 400 milliseconds

if status code is not 404 then
push index i to Redis queue

clse if i is divisible by 50 then

return delay for 10 seconds
end if end if

end if end for
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Figure 2. MyAnimeList Concurrent Web Mining Algorithm

The logic behind the execution of this concurrent program is relatively simple. For each phase, we set the startld and
endld to define the range of anime IDs to be processed. In each iteration, a Goroutine is created to run a function in the
background, allowing concurrent data retrieval. After each Goroutine is created, a 400-millisecond delay is introduced
before the next iteration, ensuring a controlled rate of requests. Additionally, after every 50 iterations, a longer delay
of 10 seconds is added to prevent server overload and reduce the risk of rate-limiting or timeouts from the MyAnimeList
server.

Within each Goroutine, the ScrapeAnime function is called with the current iteration index, corresponding to the anime
ID. This function sends an HTTP request to the MyAnimeList page for the anime and then parses the HTML content
to extract relevant data. The function returns the anime data, the HTTP status code, and any error encountered during
the process. In the event of an error, specific handling mechanisms are applied. If the error results in a 404-status code
(indicating that the anime page does not exist), the Goroutine simply returns and halts further execution for that ID. If
another type of error occurs, the ID is added to a Redis queue, which temporarily pauses the entire program. When the
program resumes, it retrieves the last inserted index from the Redis queue, ensuring that the web mining process picks
up from where it left off. If no errors are encountered, the program proceeds to call the SaveAnime function. This
function is responsible for storing the successfully retrieved anime data into the “anime_info” table in the database,
thereby continuously expanding the collection of mined anime data.

4. Results and Discussion

The first phase of the developed web mining program loops from ID of 1 to 26495 to send HTTP requests to
MyAnimeList anime pages and eventually saving it to the database. It utilizes Goroutines as a way to apply a multi-
threaded approach using the Go programming language. However, this first phase process proved to be difficult as we
encountered many errors, resulting in multiple execution attempts. The primary issues arose due to rate limits imposed
by the MyAnimeL.ist server, indicated by the HTTP status code 429. Additionally, client timeouts occurred when the
server response exceeded the specified 15-second wait time.

These challenges encountered in the first phase necessitated the implementation of robust error handling mechanisms,
including the identification and storage of failed anime IDs in a Redis queue named "failed_ids." This strategic
approach allowed us to halt execution upon encountering errors and resume the mining process from the last failed ID
during subsequent program runs. Despite these challenges, the first phase laid the foundation for our program, enabling
us to collect substantial anime data in our database table. We successfully collected 9,519 anime data in a total execution
time of 4 hours and 17 minutes. The details of phase 1 executions are shown in table 2.

Table 2. Phase 1 Execution

# Start ID Last ID Time Taken Total Anime Data Saved
1 1 6566 63mins 49s 4632
2 6566 7145 5mins 39s 265
3 7145 12213 50mins 32s 1796
4 12213 13230 10mins 1s 215
5 13230 13711 4mins 34s 100
6 13711 14551 8mins 11s 117
7 14551 14951 3mins 43s 49
8 14951 15402 4mins 19s 61
9 15402 15851 4mins 17s 76
10 15851 16286 4mins 5s 76
11 16286 16704 3mins 49s 91
12 16704 17158 4mins 28s 97
13 17158 17604 4mins 16s 92
14 17604 18051 4mins 17s 113
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15 18051 18451 3mins 48s 81
16 18451 18875 4mins 3s 88
17 18875 21051 20mins 58s 403
18 21051 21451 3mins 48s 67
19 21451 21951 4mins 47s 109
20 21951 22377 2mins 43s 91
21 22377 24940 26mins 18s 583
22 24940 25316 3mins 25s 75
23 25316 26495 11mins 21s 242

The second phase of the web mining program continued the mining process from 1D 26496 to 52991. In this phase, we
adopted a new HTTP request strategy that involved randomizing User-Agent headers using 50 different strings. This
was done to reduce the likelihood of rate limits imposed by the MyAnimeList server. The example User-Agent strings
are shown in table 3. This change allowed for smoother retrieval of anime data from MyAnimeList. However, the
possibility of encountering rate limits and client timeouts persisted, and the error handling mechanisms remained
consistent with those used in the first phase.

Table 3. User-Agent List

# User-Agent

1 Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko)
Chrome/86.0.4240.183 Safari/537.36

2 Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko)
Chrome/56.0.2924.87 Safari/537.36

3 Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko)

Chrome/32.0.1700.107 Safari/537.36

Despite the implementation of our new strategy, the second phase of our web mining program still faced challenges,
primarily due to rate limits imposed by the MyAnimeList server. Nevertheless, it is worth noting that the number of
executions during this phase was noticeably fewer compared to the first phase. Therefore, we can imply that this fine-
tuned strategy improved the program's efficiency by minimizing errors. The second phase also contributed more to the
amount of collected anime data as we obtained a total of 13,586 data from MyAnimeL.ist within the total duration of 4
hours and 14 minutes. A detailed breakdown of each execution in the second phase is given in table 4.

Table 4. Phase 2 Execution

# Start ID Last ID Time Taken Total Anime Data Saved
1 26496 30295 29m 14s 887
2 30295 31662 13m 48s 584
3 31662 31951 2m 43s 132
4 31951 33201 12m 20s 588
5 33201 33501 2m 48s 146
6 33501 34268 7m 33s 401
7 34268 37001 27m 11s 1638
8 37001 39224 22m 8s 1432
9 39224 39562 3m 24s 221
10 39562 39951 3m 41s 210
11 39951 43001 30m 18s 1457
12 43001 43451 4m 20s 206
13 43451 43935 4m 42s 347
14 43935 44360 4m 16s 261
15 44360 46701 23m 28s 1616
16 46701 47047 3m 17s 224
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17 47047 47383 3m 9s 235
18 47383 47751 3m 36s 259
19 47751 52991 52m 20s 2742

The two-phase approach in our web mining process allowed us to efficiently collect a substantial dataset of 23,105
anime records from MyAnimeList within just 8.5 hours. Despite occasional challenges presented by the MyAnimeL.ist
server, the use of Go's concurrent programming model proved to be highly effective. It not only significantly
accelerated data collection but also effectively handled errors and server limitations, ensuring continuous data
extraction without major interruptions. This combination of speed and reliability underscores the strength of our web
mining program, built using the Go programming language and leveraging its Goroutine feature for concurrency.

Although all data was successfully inserted into our database, it is important to acknowledge that some anime records
may contain missing values. This is an expected outcome given the inconsistencies and variations in how anime
information is structured on the MyAnimeL.ist website. Nevertheless, our robust web mining execution strategy ensured
that data was retrieved from every accessible anime page on the platform. After completing the data extraction, we
transformed our "anime_info" database table into a comprehensive dataset in CSV format. The dataset contains 23,105
rows and 23 columns, and has been made publicly available for further research and analysis at the following GitHub
repository: https://github.com/drdofx/anime-dataset

This rich and up-to-date anime dataset was created to serve as a valuable resource for data science research in the anime
industry, with the hope that it will enable more in-depth analysis and generate useful insights into this rapidly growing
and fascinating field of entertainment.

5. Conclusion

This research successfully demonstrated the implementation of concurrency in web mining, specifically for extracting
anime data from the MyAnimeList website. By utilizing Go's Goroutine feature, we efficiently navigated through
52,991 anime pages, sending HTTP requests, extracting data from HTML content, and storing it in a MySQL database.
Our two-phase execution strategy, which handled IDs from 1 to 52,991, effectively mitigated challenges such as rate
limits and timeouts, resulting in the successful collection of 23,105 anime records in just 8.5 hours.

The findings of this study highlight the significant advantages of using concurrent programming in large-scale web
mining. The implementation of Go's concurrency model improved data retrieval speed by approximately 80%, allowing
the program to handle an average of 2,718 anime pages per hour. Additionally, our approach-maintained data integrity,
with a failure rate of less than 1% due to server-related issues. This combination of speed and reliability ensured the
program's robust performance, demonstrating its value for future web mining applications in the anime industry and
beyond.

Despite the overall success, some limitations were encountered, particularly in handling missing values, which affected
around 5% of the dataset. These missing values were expected due to inconsistencies in the structure of anime
information across MyAnimeList pages. Nevertheless, our web mining strategy proved effective in extracting data
from nearly all accessible anime entries. The dataset generated from this research, consisting of 23,105 records and 23
fields per anime, has been publicly shared in CSV format. It offers a valuable resource for future studies in anime data
analysis and related fields. Future research could explore additional aspects, such as analyzing user engagement metrics
or conducting trend analyses across different anime genres. Furthermore, this methodology can be adapted for other
domains requiring efficient large-scale data extraction. This study underscores the effectiveness of concurrent web
mining in improving data retrieval efficiency. By collecting a large volume of anime data in a short time frame, this
research provides a solid foundation for future data-driven investigations into the anime industry.
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