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Preface

Given the success of the previous year, this year kept a similar blueprint for the overal
organization of the event. We kept the same venue and many smaller improvements
from the previous year. We had breakout rooms for the problems, a great utilization of
Discord, many faculty volunteers, and a lot of great SWAG.

We changed the prizes to be giftcards for simplicity, and we got rid of ordered winners.
Given the different categories and types of research, it was too difficult to select who was
the overall winner in terms of the best submission. Thus, we gave "first place” prizes to
five different projects as winners in their respective categories. This was a great change
that will be retained for future events.

This year a majority of students on papers were graduate students. This is partly due
to UTRGV Computer Science starting a Ph.D. program in CS, and partly because of
some of the graduate elective courses that are pushing research.

Although there was great engagement from the faculty for questions, many were un-
able to actually attend the event. All research questions were posed by faculty and
students in various research groups. Finding and proposing problems requires a difficult
balance between it being interesting and yet approachable. Attempting to find such
open problems is a struggle when the problems should be nontrivial.

Many people contributed to the success of the event, and I have tried my best not to
miss anyone in the acknowledgements section.

November 9-10, 2024

Edinburg, TX, United States Tim Wylie, Editor
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Results

Winners

This year we adopted a new format to give a prize to the top submission based on
different research categories. Thus, prizes were given based on the categories of theory,
data mining, and machine learning. An additional two prizes were given based on overall
quality. The award winners were:

o Attacking a Game — Tak: A Beautiful Game!
Adrian Salinas, Enrique Garcia, Christian Pena, Angel Reyes

e Human Conflict via Simulative LLM
Ramiro Santos, Mya Berlanga

o The Reachability Problem in (2,0) Void iCRNs with single inhibitor species is
polynomial-time solvable
Divya Bajaj, David Barreda, Ryan Knobel

e OrbitDrive: Reinforcement Learning for Circular Navigation
Hector Lugo, Arturo Meza Canales, Jorge Orta

e How Hard can it be to Inscrypt a card game?
Jose Luis Castellanos, Pablo Santos
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Evaluating the Accuracy of Large Language Models in Extracting
Election Data

Damian Villarreal *

Abstract

This paper investigates the effectiveness of large language
models (LLMs) in extracting structured election data
from unstructured text and compares the results against
verified real-world data. Focusing on U.S. election in-
formation, we employed three specific prompts to extract
key data points: early voting start and end dates with du-
rations for each state, polling place hours for each state,
and the dates of the U.S. general election for each past
election term. The extracted data was then validated us-
ing publicly available resources from trusted sources, such
as government websites and reputable organizations, to
assess the accuracy and reliability of the LLMs. Our
findings reveal both successes and discrepancies in the
LLM-generated data, shedding light on the limitations
of current AI models for precise data extraction in real-
world applications. This study contributes valuable in-
sights into improving the accuracy and utility of LLMs for
structured data generation, particularly for time-sensitive
and verifiable domains like elections.

1 Introduction

In recent years, large language models (LLMs) have
demonstrated remarkable potential in natural language
processing, especially when it comes to extracting and or-
ganizing information from vast amounts of unstructured
text. This capability offers exciting possibilities for au-
tomating data collection and analysis in various fields,
including the critical domain of elections. However, the
accuracy and reliability of LLMs in extracting precise and
verifiable information, particularly in high-stakes areas
like elections, need careful evaluation. While LLMs can
potentially streamline access to crucial election-related
information and enhance transparency, it is essential to
understand their limitations and potential biases to en-
sure responsible and ethical implementation.

This study aims to address this gap by assessing how
effectively LLMs can extract structured election-related
data from unstructured online sources and how closely
that data aligns with verified information from trusted
sources. We focus on U.S. election information, examin-
ing key data points such as early voting periods, polling
hours, and historical general election dates. By compar-
ing LLM-generated data with verified information from
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TDepartment of Computer Science, University of Texas Rio
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official sources, we aim to identify both the strengths and
weaknesses of these models in handling factual and time-
sensitive data.

To investigate this, we followed a multi-step process.
First, we designed specific prompts to guide the LLM
in gathering election-related data from unstructured text
across the internet. The LLM was then tasked with orga-
nizing this information into a structured format for easier
comparison and validation. Finally, we cross-referenced
the LLM-generated data with verified information from
reputable government organizations and other authorita-
tive sources to evaluate its accuracy.

The primary goal of our study is to determine the re-
liability of LLMs in extracting and structuring election
data and comparing their outputs with real-world infor-
mation. By focusing on election data as our domain, we
provide a concrete assessment of how LLMs perform in
a field that demands precision and trustworthiness. This
process allowed us to pinpoint both successful extractions
and areas where the LLMs fell short, offering valuable in-
sights into how these models might be improved for future
use in time-sensitive and fact-based applications.

2 Related Work

While there is growing research on the applications of
LLMs in various domains, studies specifically evaluat-
ing their accuracy in extracting structured data from un-
structured text, particularly in elections, remain limited.
However, several works provide relevant background and
context for our study.

Bandi et al. [1] provide a comprehensive overview
of generative Al, including LLMs, discussing their re-
quirements, models, input-output formats, and evalua-
tion metrics. This work highlights the challenges of im-
plementing Al systems in real-world scenarios and em-
phasizes the importance of robust evaluation metrics to
assess the quality and reliability of Al-generated outputs.
Their insights into the potential pitfalls and evaluation
frameworks for generative Al inform our approach to as-
sessing the accuracy of LLMs in the specific context of
election data extraction.

In addition to general evaluations of LLMs, research
on information extraction and knowledge base popula-
tion provides valuable insights. For example, studies on
automatic extraction of factual information from text,
such as relation extraction and event extraction, high-
light the complexities involved in accurately identifying
and structuring data from unstructured sources (e.g., [[5],
[2]]). These works underscore the need to carefully evalu-
ate LLM performance in similar tasks, particularly when

This is an abstract of work done at HackR 2024. It should be considered a workshop preprint.
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Figure 1: Comparison of polling place hours. There were
only 6 matches between the verified dataset and the Al gen-
erated dataset.

dealing with dynamic and verifiable information like elec-
tion data.

Furthermore, research on the use of Al in the electoral
context, such as [[3], [4]], provides valuable perspectives
on the potential benefits and risks of applying Al tech-
nologies in this sensitive domain. These studies empha-
size the importance of transparency, accountability, and
ethical considerations when deploying Al systems in elec-
tions, further highlighting the need for rigorous evalua-
tion of LLM accuracy and reliability.

We observed that the AI model frequently generated
dates that did not align with the verified data, particu-
larly for ’Early Voting End Date’. In 10 instances, the
AT model predicted an end date of November 5th, 2024,
while the verified data indicated November 4th, 2024.
The AI model also introduced several dates not present
in the verified data, such as October 24th, 2024, for 'Early
Voting Start Date’. Additionally, we found that the AI
model often generated specific dates where the verified
data did not have an exact date, indicating potential lim-
itations in the AI’s ability to discern nuanced or varied
scheduling information.

In several instances, the AI model returned NaN values
while the corresponding verified data contained specific
dates, underscoring potential gaps. We observed that
the AI model generated polling place hours that were
different from the verified data. In most cases, the dif-
ference was in formatting. For example, the verified data
frequently used formats like ’7 am to 7 pm’, while the
AT model often opted for formats like 700 am to 700
pm’. While these discrepancies primarily involve stylis-

tic choices, they underscore potential variations in how
the AT model processes and presents time-related infor-
mation.

We observed that the AT model generated general elec-
tion dates that perfectly matched the verified data across
all 12 entries. This complete agreement highlights the Al
model’s strong ability to accurately extract and repro-
duce standardized date-related information, particularly
for events with fixed and well-defined schedules.

3 Future Works

Future work will focus on exploring additional avenues
to refine and expand the application of LLMs in extract-
ing structured information from unstructured text. A
primary direction is to evaluate and compare the perfor-
mance of various LLMs in extracting data across diverse
topics, beyond election-related information. For instance,
testing these models on other time-sensitive or fact-based
domains, such as health policy updates, legal documen-
tation, or real-time market data, could provide further
insights into the versatility and limitations of different
LLMs for structured data extraction. Moreover, investi-
gating alternative prompting strategies and model fine-
tuning may enhance the models’ consistency and accu-
racy in domains where data precision is critical. Future
research could also involve assessing hybrid approaches
that combine LLMs with rule-based or knowledge-based
systems to validate Al-generated outputs against verified
sources. Expanding this work to include evaluations of
model performance in multiple languages and regional
contexts would provide a broader understanding of LLM
utility in international data extraction tasks. These fu-
ture studies aim to contribute to a robust methodology
for developing and deploying LLMs in real-world appli-
cations where the accuracy of extracted information is
essential for decision-making and public trust.

4 Conclusion

This study investigated the effectiveness of Large Lan-
guage Models (LLMs), specifically the Gemini Advanced
AT model, in extracting structured election data from un-
structured text and compared the results against verified
real-world data. We focused on U.S. election informa-
tion, employing three specific prompts to extract key data
points: early voting start and end dates with durations
for each state, polling place hours for each state, and the
dates of the U.S. general election for each past election
term.

Our findings revealed a mixed bag of successes and dis-
crepancies in the LLM-generated data. While the model
demonstrated high accuracy in extracting standardized
and fixed-schedule information, such as the dates of past
U.S. general elections, it encountered challenges with
more nuanced or variable data, like early voting periods
and polling place hours. These challenges highlight the
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limitations of current LLMs in handling real-world data
that may be subject to changes, exceptions, or ambigui-
ties.

Despite these limitations, this study contributes valu-
able insights into the potential of LLMs for automating
data extraction and analysis in the election domain. By
identifying specific areas where the model excelled or fell
short, we provide guidance for future research and devel-
opment aimed at improving the accuracy and reliability
of LLMs for structured data generation.

Future research could explore several avenues to build
upon our findings. One direction would be to investi-
gate the impact of prompt engineering on the accuracy
of LLM-generated election data. By refining the prompts
used to guide the model, we may be able to elicit more
precise and contextually relevant information. Another
avenue would be to explore the use of multiple LLMs or
sense mble methods to leverage the strengths of different
models and potentially mitigate their individual weak-
nesses.

Additionally, future studies could delve deeper into
the reasons behind the discrepancies observed between
LLM-generated data and verified real-world data. This
could involve analyzing the model’s internal representa-
tions and decision-making processes to understand how
it handles ambiguities and e xceptions in the data. Such
analysis could lead to more targeted interventions for im-
proving the model’s performance.

In conclusion, this study provides a starting point for
understanding the capabilities and limitations of LLMs
in the context of election data extraction. While there
are challenges to overcome, the potential benefits of this
technology are significant. By continuing to refine and
improve LLMs, we can harness their power to enhance
transparency, accessibility, and efficiency in the electoral
process.
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Attacking a Game — Tak: A Beautiful Game!

Adrian Salinas * Enrique Garcia f

Abstract

For this study we are trying to show how the complexity
of a game can affect the ability for a simple Al to not only
be created for it, but also be able to learn the game and
its mechanics. In Theorem 1, we show the complexity
of a restricted version of the game Tak. In section 3,
we then show the process of creating a simple Al that
can not only read how the game is played, but also be
able to play the game against a human opponent to test
competence of this simple Al

1 Introduction

1.1 Restricted Tak

We initially tried to prove PSPACE-hardness for the gen-
eralized version of the game Tak, but it was difficult to
start making progress, so we restricted the rules in Tak.
In generalized Tak, you have a n x n board with square
tiles, and the goal is to get your pieces (Red or Blue) to
form a path from one side of the board to the other. In
normal Tak, you can place, move, and stack 1 x 1 pieces,
but in this restricted version of Tak, we are saying you
cannot do this. You can only place 3 x 3 pieces, and they
will remain unchanged for the rest of the game.

1.2 Hex

To prove PSPACE-hardness we are reducing the game
Hex to the restricted Tak game. In Hex, you have a
n X n board with hexagonal tiles, and the goal is to get
your pieces (Red or Blue) to form a path from a specific
side of the board to the other. For instance, in Figure 1,
the Blue player can only win if they form a path from the
left side of the board to the right. If blue formed a path
from the top to the bottom, nothing happens. In Hex,
you're only allowed to place your pieces.

*Department of Computer Science, University of Texas Rio
Grande Valley, adrain.salinas08@utrgv.edu

TDepartment of Computer Science, University of Texas Rio
Grande Valley, enrique.garcia06@utrgv.edu

fDepartment of Computer Science, University of Texas Rio
Grande Valley, christian.pena02@utrgv.edu

$Department of Computer Science, University of Texas Rio
Grande Valley, name2@utrgv.edu

Angel Reyes $

Christian Pefia

Figure 1: Example of Blue winning a game of Hex. (Image
from Wikipedia)

2 Our Results

Theorem 1 Determining if a player has a forced win in
a restricted game of Tak is PSPACE-hard.

Proof. Given the restrictions we put on the game Tak,
it is easy to see the high level idea used to reduce Hex.
The main differences between restricted Tak and Hex is
the number of neighbors each piece has and the win con-
dition. In Tak, each piece has four neighbors, whereas
Hex pieces have six neighbors. So, to complete the re-
duction we need to create a Tak board where the pieces
have six neighbors and each player’s goal is to create a
path across a specific side of the board. Figure 2 shows
an example of how these conditions are simulated. The
pattern throughout the board gives each 3 x 3 Tak piece
six neighbor, and the empty spaces (white) ensure that
no players can cheat. And the sides are lined with the re-
spective players’ pieces to enforce the win condition from
Hex. A 4n+ 1 x 4n 4+ 1 Tak board is needed to simulate
a n x n Hex board.
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Figure 2: Example restricted 45 x 45 Tak simulating the
11 x 11 Hex example in Figure 1. The grey spaces represent
the valid areas where 3 x 3 pieces can be placed. White spaces
are just empty.

This is an abstract of work done at HackR 2024. It should be considered a workshop preprint.
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3 Simple AI Code

This Python program implements a simplified version of
the board game ”"Tak: A Beautiful Game”. In this ver-
sion of the game, it allows to play Tak either with and
AT or with another player present using the 3x3 format of
the game where you can use ”flat stones” and ”standing
stones”. The Al opponent uses a basic memory system
to learn from previous games by saving winning and los-
ing games in a file. Each game that the Al plays against
the player, it learns and applies the strategies to future
games.
GitHub Repository Here

5 Conclusion

Using another similar game that is already proven to be
PSPACE-hard, we were able to reduce it to a restricted
version of Tak. Given our findings in how restricted Tak
is PSPACE-hard, one could argue that generalized Tak
is also PSPACE-hard since we showed this is true for
a weaker model. Admittedly though, this is not a rig-
orous proof for generalized Tak, but it is an interesting
observation. This is something that can also warrant fu-
ture study with trying to identify the complexity of the
original game of Tak where the rules create many more
restrictions on both player and Al in our case. It can also
be used to try and identify complexities of other types of
games besides just board games or puzzle games. Given
the fact that if these games are able to be proven as one

https://github.com/AceMonke002/ HackResearchTakGangg ;. complexity/difficulty designations, it is possible to

You can access our code as a .txt file by clicking HERE
(you need to download the LaTex as a pdf first).

4 Tile Assembly Arithmetic

Theorem 2 A dTAM system can perform unary addi-
tion, given a number n and m.

Proof. You can perform unary addition using an dTAM
system with two tiles, N and M. Both tiles have the same
glues structure, where there is a glue labeled 1 on the left
and right sides of the tiles. There will be n-amount of
N tiles, and m-amount of M tiles. The output is the
length of the string of tiles that was formed. You When
the systems finishes running, the length of the string will
be n + m. O

Theorem 3 A dTAM system can perform unary sub-
traction, given a number n and m.

Proof. You can perform unary subtraction with two
tiles, N and M. The tiles should have a glue structure
such that the N with form a horizontal line, and the M
tiles will form a horizontal line below the N tiles. There
will be n-amount of N tiles and m-amount of M tiles.
The output is the length of empty space made |

Theorem 4 A dTAM system can perform unary multi-
plication, given a number n and m.

Proof. O

Theorem 5 A dTAM system can perform unary divi-
sion, given a number n and m.

Proof. O

create a form of learning Al for it along with measuring
how quickly these Als can learn from constant improve-
ments.
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Hack-Research: Data Extraction and Verification with Generative Al

Lillian Lopez *

Abstract

Viewing data and verifying it from an unstructured text
is a fundamental challenge in modern computer applica-
tions, particularly when using generative Al models that
lack an inherent understanding of the structured data
they manipulate. When using Large Language Models,
it offers an approach by leveraging its foundation knowl-
edge to perform one-shot and zero-shot learning. This
study explores the capacity of LLMs to extract and struc-
ture data from unstructured text sources, such as articles,
forums, and user interactions, transforming it into a for-
mat suitable for quantitative analysis. We address the
challenge of data validation, investigating methodologies
to verify the accuracy of Al-generated structured con-
tent. Leveraging LLMs with real-time access to current
online sources, this study investigates their ability to ex-
tract data from an unstructured text, such as websites
and documents. We will be highlighting the potential of
LLMs data structure process while emphasizing the ne-
cessity for rigorous verification to ensure data reliability
in Al-driven applications.

1 Introduction

The integration of structured data into computer appli-
cations has long been a critical challenge, central to their
functionality and performance. From the early days of
computing, the need for massive, well-organized datasets
has been apparent, especially with the advent of Machine
Learning techniques that require extensive training data.
Whether it’s a scheduling program managing events and
tasks, a vehicle control system interpreting sensor data,
or a game tracking the state of its simulated world, the
manipulation and validation of data remain at the heart
of every software application.

Generative Al models, particularly those designed to
handle unstructured text, have emerged as powerful tools
for bridging the gap between raw data and structured in-
formation. These models excel at predicting the next
most probable term based on extensive human text cor-
pora, enabling them to generate contextually appropriate
responses. However, their utility often stops at generat-
ing unstructured text, which poses a challenge for further
computational use.

Despite this, the versatility of Generative Al inputs and
outputs offers significant potential. By refining prompts
to include directives such as “format this as a table” or

*Department of Computer Science, University of Texas Rio
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examples of desired output structures, these models can
produce structured data from unstructured sources. Fur-
thermore, they can generate executable code, facilitating
validation and integration into various applications.

This paper explores the capabilities of Large Language
Models (LLMs) in extracting structured data from un-
structured text, suitable for computational tasks or pro-
grammatic integration. It involves selecting a domain
rich in accessible text, extracting structured datasets for
quantitative analysis or application use, and employing
validation techniques to ensure data accuracy. The ex-
ploratory nature of this study aims to reveal the potential
and limitations of Al-driven data extraction and verifi-
cation, contributing to the broader understanding of Al
applications in data management. [2]

We briefly highlight some related work in Section 3,
and then provide the definitions and results of our work
in Section 3. We then conclude in Section 4 and point
towards the general research goals for this work [4].

2 Implementation Evaluation

Implementation: These computations were powered
by the Microsoft’s Copilot model, utilizing a dynamic
database for searches due to it’s limited access to the
web. The generated Ai responses are based on the in-
put of the user and the resources to ensure accurate and
relevant answers.

Copilot is specifically designed to perform web
searches, enabling it to access and extract dynamic infor-
mation from web pages. It can provide real-time updates
based on this information, as demonstrated by the image
below.

Mind the fact that we gave it a simple task for search-
ing information on it’s own, and while the data given may
have been relevant, it was not accurate. The tempera-
ture during the demonstration was around 84F, contrary
to the 76F the AI claimed it to be. Leveraging advanced

what is the temperature right now

The current temperature in Edinburg, Texas is 76°F (24°C). It's a clear and sunny day with
a slight breeze from the southeast at around 8 mph.

Is there anything else you'd like to know about the weather or anything else | can help
with?

Figure 1: Weather Example w/ Copilot

capabilities of Copilot, which dynamically extracts infor-
mation from both internal and external sources via simple
link to a valid website, it provides real-time online access

This is an abstract of work done at HackR 2024. It should be considered a workshop preprint.
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to generate accurate, structured data from unstructured
text.

Copilot was able to use the link to their advantage, but
explored more to provide us additional information of the
faculty member and their course. Check figure below.

This would be the ideal solution when it comes to our
information getting the maximized use of what we fed it.
It searched for more information of the professor with the
given link.

https://faculty.utrgv.edu/emmett.tomai/courses/3342/index.html

How could this website be useful fo me as a web developer

This website is for Dr. Emmett Tomai's CSCI 3342: Internet Programming course at the
University of Texas Rio Grande Valley (UTRGV) 1 . As a web developer, this course could
be incredibly useful for you because it covers a wide range of topics essential for web
development, including:

HTML and CSS: The building blocks of web design 2 .
JavaScript: For creating interactive and dynamic web pages 2.

Server-Side HTML Generation: Techniques for generating HTML content on the
server 2.

Databases and SQL: Managing and querying databases 2 .

AJAX: Asynchronous JavaScript and XML for creating faster, more responsive web
applications 2.

React and Components: Using React for building user inferfaces 2 .

Object-Relational Mapping (ORM): Bridging the gap between object-oriented
programming languages and databases 2.

Figure 2: Tomai’s website being recognized via link

[3]

Copilot is indeed a powerful tool, but it has its limita-
tions. One example is its inability to directly read and
interpret graphs. Even if we try to focus on the graph,
Copilot won’t be able to analyze or provide insights from
it. The limit is that there is no sort of image process-
ing when it comes to reading the graph, so it won’t be
able to grab information directly from it. The image
below shows the struggle to read from the graph. Eval-

would you be able to read the graph on this site
https://www.nvidia.com/en-us/geforce/news/geforce-rix-4090-
game-ready-driver/

I'm unable to directly view or read the graph from the Nvidia GeForce RTX 4090 Game
Ready Driver page, However, if you can describe the graph or provide specific details
about it, I'd be happy to help you interpret and understand the information it presents!

Could you share more about what the graph shows or any particular details you're
interested in?

Figure 3: Copilot Struggles reading a graph

[1]

uation: To validate our implementations, we selectively

chose examples that demonstrate Copilot’s results across
different scenarios: a moderate one, an ideal one, and a
challenging case that wasn’t fully readable. Each exam-
ple highlights unique strengths and limitations, offering
valuable insights into how Al tools like Copilot can be
effectively leveraged to maximize their benefits.

3 Our Results

While Copilot’s potential was not fully utilized, it ef-
fectively retrieves information from multiple webpages
and summarizes the content provided. However, it may
not capture all the details on each page, particularly if
they include graphs, complex mathematical formulas, or
other intricate data. In such cases, additional informa-
tion would be required for a complete understanding.

4 Conclusion

Using an LLM like Copilot can be a powerful tool for
putting together unstructured text into a structured for-
mat for the user. For our study we explored the limita-
tions of LLMs by providing it several examples of unstruc-
tured resources to read from and produce a coherently
summarized response from those. While LLMs like Copi-
lot can do well in providing information from text based
sources, they struggle with items that are image based.
There’s still a lot to discover in this area of computing,
and it can open up a lot of opportunity for automation.
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Identification of Causal Relationships and Crosstalk Between Different
Post Translational Modifications (PTMs)

Arely Solis *

Abstract

Lorem ipsum dolor sit amet, consectetuer adipiscing elit.
Ut purus elit, vestibulum ut, placerat ac, adipiscing vi-
tae, felis. Curabitur dictum gravida mauris. Nam arcu
libero, nonummy eget, consectetuer id, vulputate a, ma-
gna. Donec vehicula augue eu neque. Pellentesque ha-
bitant morbi tristique senectus et netus et malesuada fa-
mes ac turpis egestas. Mauris ut leo. Cras viverra metus
rhoncus sem. Nulla et lectus vestibulum urna fringilla
ultrices. Phasellus eu tellus sit amet tortor gravida pla-
cerat. Integer sapien est, iaculis in, pretium quis, viverra
ac, nunc. Praesent eget sem vel leo ultrices bibendum.
Aenean faucibus. Morbi dolor nulla, malesuada eu, pul-
vinar at, mollis ac, nulla. Curabitur auctor semper nulla.
Donec varius orci eget risus. Duis nibh mi, congue eu,
accumsan eleifend, sagittis quis, diam. Duis eget orci sit
amet orci dignissim rutrum.

1 Introduction

Proteins are essential biomolecules that perform a di-
verse array of functions within cells, enabling processes
ranging from structural support to signal transduction.
Peptides, the building blocks of proteins, undergo nu-
merous transformations that dictate the functional roles
of their parent proteins. Among these transformations,
post-translational modifications (PTMs) are particularly
significant. PTMs are chemical alterations made to pro-
teins after synthesis, introducing functional diversity and
complexity by modifying amino acid residues. This di-
versity is vital in regulating cellular processes, includ-
ing cell signaling, immune responses, and metabolic con-
trol. One characteristic feature of PTMs is their poten-
tial to interact with one another, a phenomenon termed
”crosstalk.” Crosstalk between different PTMs can modu-
late protein activity and function in a context-dependent
manner, complicating our understanding of protein func-
tion. Identifying and understanding these PTM inter-
actions are crucial for elucidating protein behavior in
normal physiology and disease. However, investigat-
ing PTM crosstalk is challenging due to the complex
and often transient nature of these modifications.To ad-
dress this challenge, PeptideAtlas, an expansive pro-
teomic database, provides a valuable resource for ana-
lyzing PTMs on a genome-wide scale. PeptideAtlas com-
piles data from high-throughput mass spectrometry ex-
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periments, providing a comprehensive catalog of peptides
and their modifications across multiple species. Using
PeptideAtlas, this study aims to uncover potential causal
relationships and crosstalk between different PTMs. Such
insights could improve our understanding of protein reg-
ulation, potentially revealing mechanisms relevant to dis-
ease and therapeutic intervention.

2 Methodology

2.1 Data Collection

The initial stage of this study involved downloading data
from PeptideAtlas, a repository that archives peptides
from proteomics experiments. Despite initial technical
issues during data acquisition, such as download failures
and file compatibility problems, the data was success-
fully retrieved in .mysql format. The dataset was then
imported into MySQL Workbench for further analysis.

2.2 Data Structure Analysis

To effectively utilize PeptideAtlas data, it was nec-
essary to understand the underlying schema of the
database. The database comprises multiple intercon-
nected tables, including modified_peptide_instance and
modified_peptide_instance_sample, which detail essential
attributes such as peptide sequences, charge states, and
mass values. The relationships between these tables allow
for the exploration of individual peptide characteristics as
well as PTM occurrences in different samples, laying the
foundation for downstream data analysis.

2.3 Data Pre-processing

Once the data was imported and the schema understood,
a series of pre-processing steps were applied. These steps
included:

e (Cleaning and validating data entries to ensure in-
tegrity and consistency.

e Filtering the data to focus on peptides with multiple
observed modifications, as these are key to studying
PTM crosstalk.

e Normalizing fields like peptide charge and mass for
cross-sample comparisons.

3 Our Results

The correlation matrix of post-translational modifica-
tions (PTMs) reveals several significant relationships
between peptide properties and other parameters.

This is an abstract of work done at HackR 2024. It should be considered a workshop preprint.
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Correlation Matrix of PTMs
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Notably, there is a moderate correlation between pep-
tide_charge and both monoisotopic_peptide_mass and
average_peptide-mass (0.55), suggesting that larger
peptides often exhibit higher charge states. This is
consistent with the nature of peptides, where increased
mass typically corresponds to additional residues or
modifications, which can influence the charge.

Another critical observation is the strong correla-
tion (0.66) between monoisotopic_peptide_mass and
monoisotopic_parent_mz, as well as between aver-
age_peptide_mass and average_parent_mz. These
relationships imply that the mass of peptides is closely
linked to the mass-to-charge ratio of the parent ions,
likely due to shared molecular characteristics that
influence both attributes. Additionally, n_observations,
n_adjusted_observations, and n_sibling_peptides exhibit
strong correlations among each other, especially between
n_observations and n_adjusted_observations (0.58), as
well as n_sibling_peptides (0.52). This trend suggests
that frequently observed peptides tend to have more
adjusted observations and sibling peptides, indicating
that peptides with multiple modifications or instances
are repeatedly detected across samples.

4 Challenges and Limitations

Initial difficulties in downloading and importing Pep-
tideAtlas data led to delays in data analysis, likely due
to software and storage limitations on our laptops. With
additional time and resources, we would have expect to
find more evidence to help identify causal relationships
and crosstalk between PTMs in humans.

5 Conclusion

This study leveraged PeptideAtlas data to explore po-
tential crosstalk and causal relationships between PTMs.
The high correlation between monoisotopic_peptide_mass
and average_peptide_mass (close to 1) may suggest po-
tential redundancy, as they likely represent similar mea-
sures. This insight could be useful for dimensionality
reduction in further analyses to prevent multicollinear-
ity issues. Overall, this matrix from figure 1 highlights
important relationships within the dataset, particularly
around peptide mass, charge, and observation patterns,
which can guide further research into PTM characteriza-
tion and analysis.



Hack Research

HackR 2024

Arithmetic in dTAM

Alberto Avila Jimenez *

Abstract

In this paper, we introduce a discrete-count Tile Assem-
bly Model (dTAM) system that performs binary addition
and subtraction using finite tile types. Leveraging a lim-
ited tile inventory, we construct tile configurations that
simulate binary arithmetic through self-assembly. Our
design utilizes a sequential tile-binding approach to com-
pute sums and differences without encoding results in the
tile counts. Further, we analyze our approach to showcase
efficient usage of tile resources and how it could be ex-
panded into multiplication and division, demonstrating
dTAM’s potential for basic computational tasks within
restricted environments.

1 Introduction

The discrete-count Tile Assembly Model (dTAM) is a
variation of the abstract Tile Assembly Model (aTAM)
that introduces tile count limitations, restricting the
number of each tile type available in the system. This
modification brings new challenges and opportunities, as
it requires the system to achieve its goals within a finite
resource environment. In this work, we extend the ca-
pabilities of dTAM by incorporating binary addition and
subtraction rules to design a tile system that can per-
form these arithmetic operations. Our approach lever-
ages a limited tile inventory to construct configurations
that simulate binary arithmetic through self-assembly.
By utilizing a sequential tile-binding approach, we com-
pute sums and differences without encoding results in the
tile counts. Further, we analyze our approach to showcase
efficient usage of tile resources and how it could be ex-
panded into multiplication and division, demonstrating
dTAM’s potential for basic computational tasks within
restricted environments.

2 Related Work

The tile assembly model (TAM) has been extensively
studied for its applications in DNA computing and nan-
otechnology. One notable work is by Winfree et al. [1],
which formalizes the study of self-assembly and focuses
on arithmetic computation within the TAM framework.
Their research demonstrates the construction of tile sys-
tems capable of performing addition and multiplication
with optimal tile types and linear assembly time relative
to input size. We translate this into the discrete-count
Tile Assembly Model (dTAM), where we extend these
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concepts to binary addition and subtraction under tile
count constraints.

3 Our Results

In this section, we explain and analyze our dTAM con-
structions for binary addition and subtraction.

3.1 Addition

Given two positive integers m and n, we construct a
dTAM system as follows:

We create tiles each with glues of strengths 1 or 2. In
our figures, the blue glues represent a strength 2 glue
and the purple glues represent a strength 1 glue. The
temperature in our system is 2, meaning our tiles need
a total sum of at least 2 in the glues to be able to bond
together.

The tile types are as follows:

1. Bit Tiles Create a tile for each bit in the binary
representation of m and n, shown in 2. For the sake
of simplicity, we add buffer tiles at the leftmost bits.
This is to account for any carry bits that might over-
flow out of our structure.

2. Structure Tiles create + tiles that help the create
the structure for the result tiles

3. Rule Tiles create tiles for each of the binary addi-
tion rules as shown in 1. These will build our answer.

These tiles have specific counts. The initial bit tiles
and the + tiles are unique, there is only one of each. We
define k as the length of our binary sequence representing
m in the tiles. We use this number £ in the count of our
rule tiles, as in the worst case we will need k of the same
rule tile.

The glues on the north and south side of the m and n
bit tiles have a unique indexing. For the glues labeled as
m§, 1 represents the index of the bit in the sequence and
J represents the value of the bit in that tile. The glues
labeled as nj where j represents the value of the m bit
tile above at the same index and [ represents the value of
the n tile

3.2 Subtraction

Subtraction follows closely to the addition construction
of dTAM. Where

1. Bit Tiles We create bit tiles to represent m and n

2. Structure Tiles create — tiles that help the create
the structure for the result tiles

3. Rule Tiles create tiles for each of the binary sub-
traction rules. These will build our answer.

This is an abstract of work done at HackR 2024. It should be considered a workshop preprint.
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Figure 1: The tiles above have inputs on the north and east
sides and an output at the west side of the tile. The north
input represents a encoded glue of the values being added and
the east input is the carry that happens in binary addition.
The west side output also represents the carry. This covers
all the binary addition permutations for two digits.
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Figure 2: M and N are first encoded into their binary repre-
sentations using tiles which are then glued using M type glues

that ensure that the tiles are glued in the correct order while
also encoding the inputs for the addition tiles.
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Figure 3: Final result after tiles are assembled.

3.3 Multiplication Division

Our dTAM constructions for binary addition and sub-
traction can be extended to perform multiplication and
division. However, these extensions result in very naive
approaches. For multiplication, we replicate the process
of repeated addition, where each bit of the multiplier is
used to conditionally add shifted versions of the multipli-
cand. Similarly, division is approached through repeated
subtraction, where the divisor is subtracted from the div-
idend until the remainder is less than the divisor. While
these methods work, they are highly inefficient, especially
for large inputs, due to the multiple number of operations

11

Figure 4: The tiles above show all the combinations that
result from subtraction. The north side and east side represent
inputs and the west side represents the tiles output. Refer to
figure 1 for more information.

Figure 5: Final result of assembled subtraction tiles.

required. Consequently, we did not explore these opera-
tions in depth and leave them off for future work.

4 Conclusion

In this paper, we presented a discrete-count Tile As-
sembly Model (d{TAM) system capable of performing bi-
nary addition and subtraction using a finite set of tile
types. Our results demonstrate the feasibility of con-
structing tile configurations that simulate binary arith-
metic through self-assembly. While our primary focus
was on addition and subtraction, these results lay the
groundwork for exploring more complex operations such
as multiplication and division. However, due to the inher-
ent inefficiencies and time constraints, we did not delve
deeply into these operations. Future work could ad-
dress these challenges and optimize the dTAM system
for broader computational tasks.
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Identifying Hidden Motifs

Oziel Sauceda *

Abstract

The Time Series Pattern Hunter problem aims to derive
similar patterns across a dataset. From electroencephalo-
gram (EEG) brain waves, certain areas in their wave
structure resemble similar patterns, even from different
locations in that wave. To the regular eye, it is difficult
to locate these similar structures, but what if we had
an algorithm to help us find where these patterns take
place and their length? We could identify these patterns
throughout the dataset with the SCRIMP++ algorithm.

1 Introduction

To begin with, we will be referencing these recurring pat-
terns as motifs. Our objective is to locate similar motifs
and determine their position and length. SCRIMP++
helps calculate the matrix profile of a time series effi-
ciently. Using this algorithm, we identified motifs and
potential anomalies in our dataset. SCRIMP++ contains
steps that ensure accurate and efficient time complexity
and results. By incrementally computing a portion of the
matrix profile initially and updating over time, the time
complexity for this algorithm is O(nlogn).

2 Related Work

The SCRIMP++ algorithm, introduced in [1], is a recent
advancement in exact motif discovery. This algorithm
uses earlier methods, such as STOMP and STAMP, as a
foundation on which to build a more efficient algorithm.
Earlier methods contained a quadratic runtime of O(n?),
where SCRIMP++ improves on this time complexity by
incrementally calculating the matrix profile, allowing a
linear runtime complexity of O(nlogn) along an exact ma-
trix profile solution, making it suitable for large datasets.

3 Approach

For the Time Series Patter Hunter problem, we received
a dataset of 10 million data points. To implement the
SCRIMP++ algorithm, we initially extracted a subset
of 50,000 points to balance computational requirements.
The algorithm was implemented through a Python li-
brary named Stumpy, which efficiently computes a matrix
profile in a time series. This library requires input data
to be in the form of a 1-dimensional array, so we flattened
the data points from a 2-dimensional array to ensure they
were in the correct format. After flattening the array, we
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defined a sliding window to determine the length of each
subsequence throughout the time series. This approach
will affect patterns, and the algorithm will identify and
provide the expected motif lengths we would like to find
in our dataset.

Our approach continues to compute the matrix profile.
We initialize our algorithm using stumpy.scrump() con-
tains a percentage parameter of 0.1, initially computing
only 10% of the matrix profile to achieve an approxi-
mate solution. An update method was utilized to incre-
mentally refine the matrix profile by computing distance
along the matrix.

Once the matrix profile is approximated, we will look
for the most similar subsequences pair in the matrix. This
is completed by successfully identifying the smallest value
in that matrix profile and returning its index. The index
represents the motifs as they contain the starting posi-
tions of the identified two closest segments.

Lastly, we apply Z-normalized to each motif segment
to overlap both motifs into one graph to compare the two
segments’ shapes directly.

4 Our Results

In our analysis, we executed two distinct scenarios in the
dataset. Given the dataset’s size, we narrowed the subset
to 50,000 values from a given starting point to capture
a significantly large amount of data points while success-
fully looking for two similar segments.

Time Series Motif

20 Motif Segment 1
Motif Segment 2

Figure 1: Similar Motifs: Range 0 - 50,000

Figure 1 contains a data point range from 0 to 50,000,
while Figure 2 encompasses 1,000,000 to 1,050,000.

5 Conclusion

The SCRIMP++ algorithm was an effective approach for
large-scale time series pattern recognition. Despite its
large time complexity, the algorithm’s incremental ap-
proach allowed us to process the large dataset within
manageable computational limits. By breaking down the

This is an abstract of work done at HackR 2024. It should be considered a workshop preprint.
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Time Series Motif
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Figure 2: Similar Motifs: Range 1,000,000 - 1,050,000

large dataset into smaller portions, we were able to locate
motifs, ultimately finding recurring patterns that might
be invisible to the naked eye.
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Improving the Performance of a Reinforcement Learning Agent in a
Circular Road Environment: An Analysis of Optimization Strategies

Diana Castilleja, Alissen Moreno *

Abstract

In this paper, we analyze improvements to a reinforce-
ment learning (RL) agent designed for autonomous nav-
igation in a circular road environment. Initial training
revealed consistent underperformance, as shown by fre-
quent negative rewards and a lack of lap completions. We
identified and implemented targeted modifications in the
reward function, action space, exploration phase, and hy-
perparameter settings. These adjustments aimed to pro-
vide more effective learning feedback, smoother control,
and prolonged exploration, with the goal of equipping the
agent with better navigation capabilities.

1 Introduction

Reinforcement learning (RL) is increasingly applied to
autonomous driving tasks, where agents must learn poli-
cies that balance efficiency, safety, and adaptability. In
this study, we aim to improve an RL agent’s navigation
abilities in a circular road simulation where it initially
struggled with effective learning, as shown by persistently
negative rewards and a low lap completion rate. We iden-
tified areas for improvement in the reward function, ac-
tion space, exploration duration, and hyperparameters,
each of which has the potential to provide the agent with
better learning feedback and adaptability in this environ-
ment.

Our analysis includes optimizations to encourage
steady progress around the track, reduce penalty sever-
ity, and enhance the agent’s control over its movement,
creating a more balanced learning environment. These
adjustments are anticipated to improve the agent’s pol-
icy quality, yielding more consistent lap completions and
fewer collisions.

2 Related Work

Previous research has shown that reward shaping is es-
sential in RL applications for autonomous driving, partic-
ularly in guiding agents to prioritize efficient navigation
and avoid collisions [1] . Studies in designing rewards
for control tasks show that using specific rewards can
help the agent make steady progress, stay on course, and
balance penalties that discourage unsafe actions without
stopping it from exploring. [1] .

New improvements in action settings highlight the im-
portance of having more precise control over steering and
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speed, especially in situations that need accuracy. Re-
searchers also point out that slowing down exploration
helps the agent try out different options before focusing
on certain strategies. [1] .

3 Our Results

Our modifications involved changes to four core compo-
nents: the reward function, the action space, the explo-
ration phase, and hyperparameters, all of which impacted
the agent’s learning and policy effectiveness.

3.1 Training Performance

Figure 1 shows the agent’s reward progression over train-
ing episodes, highlighting the effects of the adjustments
made.

¢ carlO — X

Figure 1: Training performance of the agent over episodes,
showing cumulative rewards and learning stability.

3.2 Reward Function Optimization

The initial reward function imposed a large negative re-
ward (-1000) upon collision, a small timestep penalty,
and minimal positive feedback. These parameters lim-
ited the agent’s exploration, leading to a high frequency
of negative rewards and few lap completions.

Distance-Based Reward. To encourage the agent
to maintain proximity to the track center, we added

This is an abstract of work done at HackR 2024. It should be considered a workshop preprint.
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a distance-based reward. This additional reward pro-
vides consistent positive reinforcement for track align-
ment, which promotes smoother movement and helps the
agent find the optimal position and trajectory.

Progress Reward. Forward progress around the cir-
cular track was incentivized by adding a reward for posi-
tive angular position changes. This reward motivated the
agent to move steadily along the track, emphasizing for-
ward movement rather than erratic or reverse behaviors,
which were common in the initial setup.

Collision Penalty Adjustments. Initially, the large
collision penalty (-1000) deterred exploration and penal-
ized the agent heavily, often causing learning stagnation
after a few collisions. Reducing this penalty to -500 al-
lowed the agent to recover more easily and encouraged
exploration, thus improving its resilience and willingness
to experiment with different strategies.

3.3 Action Space Enhancement

The agent’s action space was initially constrained, with
limited options for steering and throttle control. This
restricted the agent’s ability to achieve smooth, precise
control over its movement, which is critical in continuous
navigation tasks.

Finer Steering Control. Adding intermediate steer-
ing angles (-0.2 and 0.2 radians) increased the granu-
larity of the agent’s turning capabilities. This adjust-
ment enables smaller directional adjustments, leading to
smoother navigation and reducing the need for abrupt
turns, which can destabilize the agent’s movement.

Additional Throttle Options. Similarly, an addi-
tional throttle level (0.05) offered finer control over
speed adjustments. Previously, the agent’s limited throt-
tle range forced it to alternate between overly slow or
overly fast speeds, reducing its control over acceleration.
The new intermediate level allows the agent to navigate
with smoother acceleration and deceleration, particularly
around sharp turns and obstacles.

3.4 Extended Exploration Phase with Adjusted
Epsilon Decay

In reinforcement learning, balancing exploration and ex-
ploitation is essential for effective policy learning. Our
initial setup used a fast epsilon decay rate, limiting the
agent’s exploratory actions prematurely and leading to
an incomplete policy. We slowed down the epsilon decay
rate, extending the agent’s exploration phase.

Slower Epsilon Decay. Increasing the epsilon decay
period allowed the agent to maintain exploration for a
longer duration, ensuring broader action space explo-
ration. This slower transition to exploitation enabled the
agent to develop a more comprehensive understanding of
the environment before converging on specific strategies,
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reducing the risk of premature convergence on subopti-
mal actions and promoting better generalization across
scenarios.

3.5 Hyperparameter Tuning for Stability and
Performance

The learning rate and batch size are essential hyperpa-
rameters in reinforcement learning. Small changes to
these values can have a significant impact on training
stability and performance.

Learning Rate Adjustment. Lowering the learning
rate from 0.001 to 0.0005 facilitated smaller, more stable
updates to the Q-network. This adjustment is crucial in
environments with sparse rewards, as it prevents sudden
shifts in policy that may disrupt learning stability.

Increased Batch Size. We also considered increasing
the batch size in experience replay to improve gradient
stability. A larger batch size reduces variance in up-
dates by averaging over more experiences, which stabi-
lizes learning and allows the agent to make more informed
adjustments to its policy.

4 Expected Impacts of Modifications on Agent
Performance

The combined effect of these changes is expected to
greatly improve how well the agent navigates the cir-
cular road. The updated reward system gives it more
specific feedback on good behaviors, helping it complete
more laps and avoid crashes. Adding finer control op-
tions allows for smoother, more precise navigation, and
a longer exploration phase gives the agent more time to
try different strategies.

Overall, these changes create an environment where the
agent can balance speed and caution, both important for
safely completing laps. By encouraging steady progress,
fine-tuning its actions, and extending exploration, the
agent is better prepared to learn a flexible, stable driving
style that works well in different situations.

5 Conclusion

In summary, we made improvements to the reward func-
tion, action space, exploration phase, and hyperparame-
ters to address the agent’s initial challenges. These opti-
mizations improved the agent’s learning process, helping
it make real progress in navigating the circular road envi-
ronment. By carefully adjusting reward structures, con-
trol options, and exploration time, we created a strong
base for further advancements in autonomous driving and
showed how targeted changes in RL training can lead to
better performance and stability.

However, due to time constraints and our beginner ex-
perience, there are still many details we need to fine-tune
for the agent to consistently complete a full lap. With
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more time and practice, we believe we can further re-
fine these elements to help the agent navigate the road
more reliably and safely when introducing other vehicles
and/or obstacles.
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Human Conflict via Simulative LLM

Ramiro Santos *

Abstract

This paper explores a dual-LLM system for interactive
narrative games using Claude. The system employs two
instances: a Response LLM that generates story-driven
reactions to player actions, and a Verification LLM that
validates these responses against established game rules.
Through this architecture, the system maintains narra-
tive coherence while enabling dynamic gameplay pro-
gression through verified state changes. Our findings
demonstrate the effectiveness of LLMs in both activating
game mechanics and ensuring their mechanical integrity
through self-verification processes.

1 Introduction

In this paper, we present a narrative game system utiliz-
ing two instances of Claude, an advanced Large Language
Model (LLM) developed by Anthropic. The system simu-
lates academic interactions between students and profes-
sors, where conflicts arise from research-based scenarios
that players must resolve through dialogue. The archi-
tecture employs two distinct LLM instances:

1. Response LLM (Mpg): This primary model man-
ages player interactions and simulates professor be-
haviors by generating contextually appropriate re-
sponses based on the current game state and player
input.

2. Verification LLM (My ): This secondary model eval-
uates responses from Mp and determines state tran-
sitions through a binary verification process. When
verified, the system updates the game state, poten-
tially resolving the current conflict and allowing pro-
gression.

The system enables dynamic storytelling while maintain-
ing mechanical consistency through this dual-model ap-
proach, where successful conflict resolution leads to vic-
tory conditions and progression to subsequent challenges.

2 Enviroment

This experiment was conducted in a Unity environment,
where C# was used to code the entire system. We utilized
the model claude-3-5-sonnet-20240620, which has two
responsive components that interact with the player. The
game visually displays the text, and a state variable is
used to determine whether the conflict can be ended and
progress made, based on the verification status.

*Department of Computer Science, University of Texas Rio
Grande Valley, ramiro.santos01@utrgv.edu

fDepartment of Computer Science, University of Texas Rio
Grande Valley, mya.berlanga01@utrgv.edu

Mya Berlanga

The Initial Prompt Responsive Generation provides de-
tails such as the professor’s name, research, hobbies, cur-
rent, position, academic background, and the specific con-
flict with the student (e.g., the student being late for a
month or asking the professor to be their advisor for an
interview).

Figure 1: Professors

Figure 2: Diagram of the Logic

The Initial Prompt Verification Generation includes a
set of criteria that the LLM must confirm. If all criteria
are met, it returns a “yes” response; otherwise, it returns
a “no”. The model can only respond with either a “yes”
or a “no” in this context.

3 Results

We conducted experiments on various conflict scenarios,
including Lying, Excuses, Interviews, Progression, and
Plagiarism. These conflicts were categorized by difficulty:
Lying and Fxcuses were placed in the “easy” track, Pro-
gression and Plagiarism in the “medium” track, and In-
terviews in the “hardest” category due to their pass/fail
nature.

In the easier conflicts (Lying and Ezcuses), the model
could be easily resolved by admitting fault and attempt-
ing to redeem oneself. For Ezcuses, the model expects a
clear and reasonable explanation for any absence. Our
experiments showed that both the model’s response and
verification process were focused on ensuring that the
player demonstrates the need to perform better than they
have been, essentially seeking academic accountability.
This is similar to how the Lying scenario is handled.

Plagiarism and Progression were categorized as
medium difficulty because they involve persuasion: ei-
ther defending your actions or demonstrating sufficient

This is an abstract of work done at HackR 2024. It should be considered a workshop preprint.
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progress in your work to convince the professor to allow
you more time. Both scenarios can be resolved in two
ways: by fully accepting the conditions or by arguing
against them.

The Interview scenario was placed in the hardest cat-
egory due to the complexity of the situation. Professors
often conduct interviews based on their research back-
ground, and these may involve a series of questions that
test the player’s ability to gather information. By provid-
ing location-based hints related to the professor’s work,
such as pointing to specific research papers, the player
must show they can access and apply relevant resources.
This adds an additional layer of challenge to the inter-
action, testing the player’s ability to navigate both aca-
demic and situational contexts.

4 Conclusion

In conclusion, this dual-LLM system successfully facil-
itates interactive, narrative-driven gameplay by using
a Response LLM and a Verification LLM. The system
maintains narrative coherence while allowing players to
resolve conflicts in an academic setting. By categorizing
conflict scenarios based on difficulty, we observe that the
system can adapt to varying levels of complexity, from
simple admissions of fault to more nuanced challenges
requiring persuasion and critical thinking. Future work
may involve refining the verification criteria and enhanc-
ing the system’s responsiveness to dynamic player input.
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How Hard can it be to Inscrypt a card game?

Jose Luis Castellanos *

Abstract

Inscryption is a 2021 rogue-like deck-building game devel-
oped by Daniel Mullins Games and published by Devolver
Digital. With its depth of mechanics and charming art-
style we not only show that determining whether there is
a perfect win is NP-Complete, we also show how the game
could be Turing Universal by including game mechanics
introduced by the dedicated modding community.

1 Introduction

Inscryption is a 2021 rogue-like deck-building game de-
veloped by Daniel Mullins Games and published by De-
volver Digital. The game is split into three different acts
with distinctive game mechanics. However, in this paper
we will turn out attention to the Kaycee Mod[3] which is
unlocked upon completing the main game. In this mode,
we can replay the game as a full rogue-like having access
to game mechanics from all three acts as well as being
able to fairly easily create custom cards to fit our needs.
We make extensive use of the Card Merge feature and
Sigil feature to show our reductions.

We show that finding if a Perfect Win (Win the match
without dealing extra damage to the other player) is NP-
Complete by reducing from Subset Sum in Section 3. We
also show that with the inclusion of modded content, we
are able to simulate a 3-Register Machine in Section 4.

2 Card Crafting

To understand how the game works we must first get
some definitions out of the way.

Definition 1 We define a Card as a 5-tuple C =
(N, v, 7, A\, A) where

e N is a string with the name of the card.

e v € Z* which represents the sacrifice cost to play
the card.

7 € Z* which represents the attack of the card.

X € Z* which represents the health of the card.

A is a set of Sigils that affect how the card behaves.

Definition 2 Let C’ be the set of all possible cards, we
define the Hand as a 3-tuple H = (D, M, R) where

e D is a multi-subset of C’, and |D| > 0.
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e M € Z7 is the current amount of sacrifices made.

e R € 7% is the number of bones the player currently
has.

Definition 3 We define an empty Board Blz][y] = & as
a 2-dimensional Matrix of sizes x and y. Cards can be
placed on the board such that Blz]'[y'] = Cyry, and only
one card can be placed in each spot. Reserve B[z'][0] for
player cards, and B[z'][1] for opponent cards.

Definition 4 To play a card means to take a Card from
H, remove it from H and add it to B[2'][0] such that
' € Zt <z only if Hy > D, for the selected card D,.

Definition 5 To destroy a card, means to select target
card Cyr,y € B[z'][y'] and remove it such that B[z'|[y'] =
&, we also increase Hg by 1.

Definition 6 When we sacrifice a card Cy, we destroy
it from B[z'][y’] and increase Hy; by 1. This can only be
done when a card is selected to be played that requires a
sacrifice.

Definition 7 We define Sigils A as a subset of symbols
S that give special properties to the card whenever it is
played. The symbols used are the following:

e Stinky: Decrease the attack(t) of the card in front
by 1.

e Unkillable: Whenever this card is destroyed, return
a copy to your hand.

e Enlarge: You can activate this card and spend 2
bones to increase its attack(T) and defense()\) by 1.

e Grotesque: Whenever this card would be attacked,
it doesn’t.

e Brittle: After this card attacks, destroy it.
e Terrain: This card cannot be sacrificed.

e Copy': Whenever this card is played, you can select
another card and copy its stats (Attack and Health).

Definition 8 A card attacking Cy,y always attacks the
card above it (Cyryy1) such that Cpryrq1, = Crryrin, —
Cyryr . If the health of a card becomes 0, destroy it.

1This mechanic is only available in a modded version of the
game.
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Definition 9 At any given point, the player can pass
the turn by hitting the bell in which all cards in play will
attack, then it’ll be the opponent’s turn. In the case that
either player does not have a viable move, all they can
do is pass.

Definition 10 Finally, a Game is a 2-tuple G
(Blx]]y], H) where B is a board state and H is the players
hand. The game ends when either player take a certain
amount of damage.

3 Winning Is Hard

Anyone who’s ever played a card game, at some point
they’ve wondered ”Is there a way that I can win?”. De-
pending on the game this can be a surprisingly hard ques-
tion to answer, and for Inscryption it is NP-Complete.

Lemma 1 We can create custom cards in a run of In-
scryption.

Proof. Showing this is fairly simple, as we are able to
make use of the Mysterious Stones event in which we can
permanently remove a card from our deck in order to
transfer its sigil into another card. Since Kaycee’s Mod
is endless, we can achieve a stage where we can obtain
enough cards with the sigils we want and merge them in
order to obtain our desire card. O

Definition 11 We define a Perfect Win as a win where
we reduce the opponent’s health to exactly 0 and not
more.

Theorem 2 Achieving a Perfect Win in Inscryption is
NP-Hard.

Proof. We show a reduction from Subset Sum, a known
NP-Complete Problem([2]. Let P(S,T) be an instance of
the subset sum problem where S is a multi-set and T is a
target value. Create an instance of Game G with board
BJ[1][2]. Create a hand H with cards C such that 7 of
card C; = S;, A =1, and A = Brittle. Let the opponent
have health equal to T. Each turn we are able to play
a single card on the board and pass in order to attack
the opponent and slowly lower their health. Since the
opponent holds no cards, all they can do is pass. We
repeat this until we defeat the opponent, if we win and
don’t receive teeth(obtained from dealing extra damage)
then there exists a valid solution for P. Thus we prove
that if we can solve achieving a Perfect Win, we can solve
Subset Sum. O

Theorem 3 Achieving a Perfect Win in Inscryption is
verifiable.

20

Proof. Given a multi-set S’ C S as a solution for
P(S,T), create a Game G, Board B, and Hand H just as
before in Theorem 2. Play each card in S’ once per turn.
Once we run out of cards and we if achieve a Perfect Win,
then S’ is a valid solution for P(S,T). O

Corollary 4 Achieving a Perfect Win in Inscryption is
NP-Complete.

Proof. Since we have shown Hardness and Member-
ship, our problem of achieving a Perfect Win is NP-
Complete. O

4 My Cards Can Count

Considering how complex and in-depth the game can be,
one must wonder if there are more powerful things that
the game could do. As a matter of fact it can! Due to
the game being so beloved, there exists an extensive mod-
ding community for Inscryption[4]. Some of the mechan-
ics added allow copying the stats of a card on command
allowing the simulation of a 3-Register Machine to show
Turing Universality[5].

| REGISTER

Figure 1: Example of a Register Card.

Definition 12 A totem is a object where, given a head
(defining type of card), and base (defining a sigil) it gives
the chosen sigil to all cards of that type. This can be
activated and deactivated at will at any moment.

First, let G be a Game with board B[4][2], Hand
H with card C as shown on Figure 12 (A
Unkillable, Enlarge, Copy). Let B2'][l] = {'|2' €
Z+ < x—1} be filled with Bear cards with , 7 = 0, A being
an arbitrarily large value, and A = Grotesque, Terrain,
and B[z'][0] = {2/|2' € ZT < x — 1} be filled with the
Register card as before. Also, let Hr be an arbitrarily
large value.

Theorem 5 Modded Inscryption can simulate a 3-
Register Machine.

2Custom cards were created using [1]
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Proof. We have 3 cards each independent from each
other and each one represents a register. In order to
show that it can simulate a 3-register machine we must
be able to perform the two following instructions:

e Increasing the count by 1.
e Decreasing the count by 1.

e If the count can’t be decreased by 1, jump to the
given instruction.

To increase the count by 1:

1. Use the card and spend 2 bones to increase the attack
by 1.

To decrease the count by 1:
1. Activate the totem with Bear head and Stinky base.

2. Summon a register and copy the value of the chosen
register to decrease.

3. Deactivate the totem previously used.

4. Summon a register and copy the value of the tempo-
rary register.

To jump to an instruction if the count can’t be decreased:

1. If the card is unable to attack (attack is 0), then
abort operation and skip to the specified instruction.

Since we have shown our game instance G can simu-
late a 3-Register machine, we have shown that Modded
Inscryption is Turing Universal. ]

5 Conclusion

Through clever use of in-game mechanics we have shown
that winning in this card game can be deceivingly hard
with the best approach being an NP-Complete solution in
determining if you can win given a board state and deck.
More so, we have proven that with extending the game
to modded content we are able to show Turing Univer-
sality meaning that it’s theoretically possible to compute
things and even more theoretical to play Inscryption in-
side Inscryption!
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Optimal Strategies in Tic-Tac-Toe Using Monte Carlo Tree Search

Robert Salazar *

Abstract

Monte Carlo Tree Search (MCTS) is an effective algo-
rithm for decision-making in game AI. This paper exam-
ines the use of MCTS to find optimal strategies in Tic-
Tac-Toe, focusing on the effectiveness of different initial
moves. Through 1,000 game simulations, we analyze the
win rates for each possible initial move. Our findings
show that certain starting moves significantly increase
the AI’s chances of winning, with a maximum win rate
of 94.17% when starting in position 7 (bottom center).
These results provide insights into MCTS’s potential to
guide strategic decisions in simple games.

1 Introduction

Monte Carlo Tree Search (MCTS) is a powerful algorithm
for decision-making in game AI, capable of finding opti-
mal moves through simulations. It has proven effective in
complex games such as Go and Chess. In this study, we
apply MCTS to Tic-Tac-Toe, a simple yet strategic game,
to explore how different initial moves affect the AI’s prob-
ability of winning. The primary objective is to determine
the optimal starting move and sequence of moves that
maximize the Al’s chances of success.

We briefly highlight related work in Section 2, outline
our methodology in Section 3, present the results in Sec-
tion 4, and conclude with insights in Section 5.

2 Related Work

MCTS has been extensively studied in game theory and
artificial intelligence. Prior work has demonstrated its
effectiveness in games requiring complex decision trees,
such as Go, Chess, and other board games. Research
indicates that MCTS is particularly effective in games of
perfect information where probabilistic simulations can
approximate optimal strategies. This study contributes
to the body of research by applying MCTS to a simpler
game—Tic-Tac-Toe—to illustrate its effectiveness even in
small-scale environments.

3 Methodology

To evaluate the effectiveness of different starting moves in
Tic-Tac-Toe, we implemented an Al agent using Monte
Carlo Tree Search (MCTS) in Python. The goal was to
simulate 1,000 games where the Al, playing as ‘O’, at-
tempts different initial moves to maximize its win rate.
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MCTS provides a probabilistic approach to strategy, bal-
ancing exploration of potential moves with exploitation
of known favorable moves.

3.1 Monte Carlo Tree Search (MCTS) Imple-
mentation

MCTS operates through four key steps: Selection, Ez-
pansion, Simulation, and Backpropagation. Selection:
The algorithm selects promising moves to explore, bal-
ancing high-potential moves with those needing more ex-
ploration (e.g., using UCB1) until it reaches an untested
position.

Expansion: At an unexplored position, it randomly
picks a new move, adds this position to memory, and
continues.

Simulation: From this position, it plays out the game
to get an estimate of the starting move’s effectiveness,
using either random or strategic moves.

Backpropagation: After each simulation, the algo-
rithm updates the win count for moves in the game path,
reinforcing successful moves for future decisions. The fol-
lowing code snippets illustrate the core components of
our MCTS implementation.

3.1.1 Tic-Tac-Toe Board Setup

We created a Tic-Tac-Toe game board and initialized
moves and states. The board setup function defines avail-
able moves and checks for a win state, as shown in the
code snippet below:

class TicTacToe:

def __init__(self):
self .board = [’ ’ for _ in range(9)
]
self.current_winner = None
def available_moves(self):
return [i for i, spot in enumerate(
self .board) if spot == ’ ’]
def make_move (self, square, letter):
if self.board[square] == > ’:
self .board [square] = letter
if self.winner (square, letter):

self.current_winner =
letter
return True
return False

Listing 1: Tic-Tac-Toe Board Setup

The available moves () function returns open positions
on the board, and make move() updates the board with
the current player’s move.

This is an abstract of work done at HackR 2024. It should be considered a workshop preprint.
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3.1.2 MCTS Simulation and Move Evaluation

MCTS evaluates moves by simulating potential game out-
comes for each possible action. For each simulation,
MCTS chooses a random path to the end of the game,
recording whether the move sequence results in a win for
‘OQ’. The simulate () function below shows this process:

class MCTS:
def __init__(self, game, iterations
=100) :
self .game = game

self.iterations iterations

def simulate(self, move, player):
wins = 0
for _ in range(self.iterations):

game_copy deepcopy (self.game)
game_copy .make_move (move,
player)
if self.random_playout (
game_copy, player):
wins += 1
return wins / self.iterations

Listing 2: MCTS Simulation and Move Evaluation

In the simulate() function, each move is evaluated by
performing a number of random playouts (simulations)
to estimate its likelihood of winning. The function uses
deep copies of the game board to simulate independent
move sequences for each trial.

3.1.3 Random Playouts and Move Selection

The random_playout() function completes each simu-
lated game by choosing random moves for both players
until the game reaches a terminal state (win, lose, or
draw). The result is then used to update MCTS’s strat-
egy, as shown below:

def random_playout (self,
player):
turn player
while game_copy.empty_squares():
available_moves game_copy.
available_moves ()
move random. choice (
available_moves)
game_copy .make_move (move, turn)
if game_copy.current_winner

game_copy ,

turn:
return turn == player

turn = 0’ if turn == ’X’ else
)X}

return False

Listing 3: Random Playouts and Move Selection

After simulating each potential outcome, MCTS selects
the move with the highest estimated win probability as

23

the optimal choice for the AI agent. This iterative pro-
cess allows MCTS to identify moves with the greatest
likelihood of success based on simulated game outcomes.

3.2 Experiment Design

The experiment was conducted by simulating 1,000
games, each beginning with a different initial move by
the AL The AT selected the initial move with the highest
calculated win rate, and this move sequence was stored
as the optimal strategy.

0

Figure 1: Tic-Tac-Toe board with labeled positions for initial
moves.

4 Results

The win rates for each possible initial move are summa-
rized in Table 1. Figure 1 provides a visual representation
of the Tic-Tac-Toe board, with each position labeled ac-
cording to its index number. In Table 1, each ”Move”
refers to the initial position chosen by the Al on the Tic-
Tac-Toe board, as shown in the visual.

Move Position | Board Location | Win Rate (%)
Move 0 Top-left 85.58
Move 1 Top-center 83.16
Move 2 Top-right 88.68
Move 3 Center-left 83.93
Move 4 Center 86.73
Move 5 Center-right 88.99
Move 6 Bottom-left 92.97
Move 7 Bottom-center 94.17
Move 8 Bottom-right 92.92

Table 1: Win rates for each initial move in Tic-Tac-Toe.

4.1 Optimal Move Sequence

The optimal sequence of moves, starting with the best
initial position (position 7), is outlined below. This path
shows the AT’s most effective strategy, capitalizing on ad-
vantageous board positions:



| I I I I I | X | I I | X |
| | | | | | | | | | 0 | |
| | 0 | I I | 0 | | I | 0 | |
Move 4: Move 5:

| | | X | | | 01| X |

I | 01 X | I | 01 X |

| | 0| I | | 0| |

5 Conclusion

This study demonstrates that MCTS effectively identi-
fies advantageous starting moves and winning strategies
in Tic-Tac-Toe. The results indicate that starting in po-
sition 7 yields the highest probability of winning, with a
success rate of 94.17%. However, the more iterations that
were run, the longer the program took to compile, high-
lighting a trade-off in MCTS: finding a balance between
speed and accuracy. MCTS thrives on tuning this bal-
ance to find optimal strategies quickly without exhaustive
computation. This makes it especially valuable in sce-
narios where fast decision-making is crucial, even if abso-
lute accuracy is sacrificed. Future research could explore
scaling MCTS in more complex games with larger state
spaces, where this balance becomes increasingly critical.
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OrbitDrive: Reinforcement Learning for Circular Navigation

Hector Lugo *

Abstract

This paper provides a comparative evaluation of three
reinforcement learning algorithms—DQN, PPO, and
Actor-Critic—to determine which performs best in nav-
igating a Level 1 circular road environment. This pa-
per presents the development of a reinforcement learn-
ing (RL) agent for autonomous navigation within a cir-
cular road environment. The environment, based on
circularroad.py, consists of three levels of difficulty,
with this study focusing on Level 1. The agent must
learn to navigate safely from start to goal while avoiding
collisions. Future work will involve scaling the agent’s
performance to Levels 2 and 3, which include dynamic
obstacles and fine-tuning training methods. The aim is
to create a robust RL solution that generalizes well across
different scenarios.

1 Introduction

A major focus of this research is the comparative eval-
uation of three RL algorithms—DQN, PPO, and Actor-
Critic—to determine which is most effective for this spe-
cific environment. Autonomous driving in controlled en-
vironments is a critical step towards achieving full au-
tonomy in real-world scenarios. This research focuses on
developing an RL agent capable of navigating a circular
road environment. The project specifically targets Level
1, which involves basic trajectory maintenance, with Lev-
els 2 and 3 reserved for future work to incorporate dy-
namic obstacles and increased complexity. Autonomous
vehicle research benefits from such foundational studies
to bridge the gap between simulated environments and
practical applications [2, 3].

2 Problem Statement

The main objective is to evaluate the performance of
three RL algorithms—DQN, PPO, and Actor-Critic—in
training an agent to navigate a circular road under Level
1 conditions. Specifically, we aim to determine which al-
gorithm achieves the best performance under the defined
metrics. The main objective is to develop an RL algo-
rithm that trains an agent to navigate a circular road
under Level 1 conditions:

e Level 1: An empty road where the agent must main-
tain a safe trajectory and reach its goal.
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Due to limited time, this study is restricted to Level 1.
Future work will incorporate Levels 2 and 3, introducing
dynamic obstacles and enhanced training strategies to
improve agent robustness and performance.

3 Research Objectives

e Comparative Evaluation: Compare the perfor-
mance of three RL algorithms—DQN, PPO, and
Actor-Critic—in the Level 1 circular road environ-
ment to identify the most effective approach.

— Environment Understanding:  Analyze
circularroad.py to understand the dynamics
and constraints at Level 1.

— Algorithm Development: Implement RL al-
gorithms suitable for the environment (DQN,
PPO, Actor-Critic).

— State and Action Space Design: Define a
state representation that captures essential in-
formation such as agent position, velocity, and
heading.

— Reward Function Design: Create a function
that rewards goal-reaching efficiency while pe-
nalizing unsafe driving.

— Training and Evaluation: Train the agent
and evaluate performance using metrics such as
success rate, average time to goal, and collision
frequency.

4 Methodology

— Simulation Setup: The circularroad.py
environment was used as the base simula-
tion. Modifications included enhancements for
better agent feedback, allowing the model to
gather relevant state information more effec-
tively. Levels 2 and 3 were designed but not
implemented due to time constraints.

— Algorithm Selection: The study imple-
mented three RL algorithms:

*+ DQN: Utilized for discrete action control,
featuring a neural network with three fully
connected layers, experience replay, and
target networks for training stability [3].

* PPO: Chosen for continuous control, im-
plemented using stable-baselines3, with
policy gradient optimization and clipping
to limit policy updates.

This is an abstract of work done at HackR 2024. It should be considered a workshop preprint.
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* Actor-Critic: Combined policy and value
estimation using separate but intercon-
nected networks, employing n-step rollouts
and temporal difference learning for up-
dates [2].

— Implementation: All models were built us-
ing PyTorch. The DQN architecture was opti-
mized with experience replay, and PPO lever-
aged Generalized Advantage Estimation (GAE)
for efficient policy updates. The Actor-Critic
model featured distinct networks for policy
evaluation and value estimation to balance
training.

— Training Strategy: DQN training followed an
epsilon-greedy strategy, while PPO utilized a
clipped objective function to prevent large pol-
icy shifts. The Actor-Critic approach applied
advantage-based learning to enhance stability.

— Evaluation Metrics: Success rate, average
time to reach the goal, and collision frequency
were key evaluation metrics. Training perfor-
mance was visualized through plots of cumula-
tive rewards and episode loss to highlight learn-
ing progress.

5 Results

DQN Performance: The DQN algorithm showed
the most promising results for Level 1 training,
achieving high cumulative rewards and stable learn-
ing curves. The award for this was around 50. The
use of experience replay and target networks en-
hanced training consistency and convergence speed
(see Figure 1).

Figure 1: DQN Training Results: Total Reward per Episode.

PPO Performance: The PPO algorithm demon-
strated a moderate learning curve, with slower im-
provement in mean rewards compared to DQN. The
award for this was -57. PPO’s clipped objective func-
tion provided a degree of stability but required more
training epochs to achieve higher performance. (see
Figure 2).

Actor-Critic Performance: The Actor-Critic
model struggled with consistency, displaying signifi-
cant reward fluctuations and slow convergence. The
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Figure 2: PPO Training Results: Mean Reward Over Time.

award for this was -350. While it effectively learned
initial policies, maintaining stability across episodes
was challenging due to high variance in updates. (see
Figure 3).

Figure 3: Actor-Critic Training Results: Reward per
Episode.

6 Conclusion

This research successfully developed an RL agent
capable of navigating a circular road environment
at Level 1. Among the evaluated algorithms, DQN
outperformed the others, demonstrating higher re-
ward accumulation and faster convergence [3]. PPO
showed moderate success, indicating its potential for
complex control but requiring more extensive train-
ing. The Actor-Critic approach faced challenges
with stability, highlighting the need for further re-
finement in training methods [2]. Future work will
extend this study to include Levels 2 and 3, fea-
turing dynamic obstacles and applying more sophis-
ticated hyperparameter tuning and training strate-
gies. These enhancements aim to improve the agent’s
generalization and robustness, crucial for transition-
ing RL solutions from simulation to real-world au-
tonomous navigation.
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Leveraging Monte Carlo Tree Search: Enhancing Yavalath Gameplay
with Al

Paul Hitchcox *

Abstract

There have existed Al or computer opponents available
to players in various games to help them practice against
various levels of opponents. Traditional Al or computer
opponents usually come in three variations of difficulty:
easy, medium, and hard (though this is not always the
case). With training and fine-tuning simulation time and
depth of searching in decision trees, difficulties for AI
agents can be much more precisely simulated for play-
ers to challenge themselves. Additionally, the ability to
know all possible moves and predict the optimal path to
win is usually seen in games with a limited number of
decisions that a player can make and limited number of
states that the game can have. However, some games like
chess and Yavalath have substantial branching for possi-
ble moves in a Monte Carlo Tree, so it is only possible
to look several moves ahead or down an arbitrary num-
ber of levels in a decision tree for chess and Yavalath,
respectively. Therefore, Monte Carlo Tree Search and a
strategy called UCB1 can be applied to predict best possi-
ble future moves using simple calculations that will serve
as the basis for an Al agent. We propose that we can
train the Al agent to learn the encoding for the Yavalath
playable space, possible moves, and rules for winning and
losing in python and will be able to use statistics gener-
ated by moves that result in wins or losses stored in a
Monte Carlo Tree over a series of games to predict best
moves for the AT agent to make to win the game.

1 Introduction

In this project, we utilized a variant of Monte Carlo Tree
Search (MCTS) called Upper Confidence bound applied
to Trees (UCT) in which statistical information about all
possible moves in a two-player game are assigned empty
values and new values are assigned as moves lead to wins
over numerous runs of the simulations of the game. Using
the UCBI1 strategy, the upper bound of the statistical
confidence intervals developed is chosen as the move with
the upper bound fluctuates. These repetitive fluctuations
over numerous simulations allow for confidence in best
possible moves to ensure wins for players that utilize the
AT agent. When different game possibilities are run, they
become marked, and their statistical values such as times
played and times won are updated.[1].

The four stages of UCBI are selection, expansion, sim-
ulation, and back-propogation. Selection occurs when
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Figure 1: Upper Confidence Bound (UCB1) formula used
in Monte Carlo Tree Search, where Z; is the mean payout of
move i, n; is the number of simulations run for move i, and
n is the total number of simulations run while the program
executed.

moves are made based on existing data stored in the pro-
gram. Expansion occurs when moves are made randomly
due to there being no valid marked paths to visit (marked
nodes are nodes in which the move choices have been ap-
plied already). Simulation occurs when a move has been
made and the playout of the game is done to completion
by some criteria set by the programmer (or randomly).
Back-propagation occurs when a playout or simulation
ends so that the win count is updated if the player wins
and all nodes visited along the path that terminated have
their play counts incremented as well. This knowledge is
necessary to understand other terminology found later
in the paper and fully understand the mechanics behind
Monte Carlo Tree Search and its application to Al train-
ing for games based on paths for choosing moves. Our
game in particular, Yavalath, is usually played with two
players where the color assigned to each player is either
white or black. All initial spaces in the playing space are
not marked, and the players alternate turns and mark
free spaces with their respective colors. A player wins
when they get four spaces in a line connected, but they
lose if they get three spaces in a row. Due to the num-
ber of possible outcomes and slowly decreasing playing
space, the resulting Monte Carlo tree gets very wide as
every player makes a turn.

Figure 2: An example Monte Carlo Tree after some playouts
during back-propagation.

This is an abstract of work done at HackR 2024. It should be considered a workshop preprint.
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Best move: (5, 7)

Total simulations run: 1500

Maximum depth reached in any simulation: 12
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Figure 3: Sample expected output for python code when
running simulations on Monte Carlo Trees for Yavalath

2 Representing Game Boards with Python

Relying on the code provided for the Monte Carlo Tree
search from Bradberry’s article [1], the project was set
up fairly quickly to get a code base running. The main
technical part of this problem was then using python code
to represent various aspects of the game in order for the
Monte Carlo search class to take in the data when its
member functions were called and then output reliable
data about the efficiency of certain moves at differing
lengths of simulation runs. To do this, we had member
functions in class Board for init (sets up most basic game
parameters), start (initializes a new game), is-terminal
(checks whether someone has won or lost), check-winner
(checks if a player has made 4 in a row), check-loser
(checks if a play had made 3 in a row), get-available-
spaces (returns all empty spaces on board), and next-
state (updates turn, winner, and board positions for next
turn). The majority of the time spent on this problem
was spent on debugging the python code for the board
configuration. The code was stored in Jupyter Notebook,
and the closest attempt at a working solution was wiped
after the page was inactive for a few minutes. Despite
this, various observations were drawn from the problem
and the attempted solution. With the closest attempt,
the python code failed to terminate with a nice report
similar to Figure 2, but with debugging statements, it
was possible to see which moves resulted in wins and
losses contributing to stats for the individual Cartesian
coordinate pairs on the board.

3 Our Results

The results of the exploration and attempted solution of
the problem were mostly observational. As seen in Brad-
berry’s article[1], it is possible to represent a game board
with python and use Monte Carlo Tree Search and strate-
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gies such as UCBI to train Al agents to more efficiently
play games of certain complexity classes. Since Yavalath
falls into possible games for representation, great progress
and a nearly-complete solution was achieved to track best
moves to win the game. One main takeaway was that in-
creasing the time that the program runs increases the
overall number of simulated games run and, therefore,
provides more accurate data than on a smaller dataset of
simulated games. Additionally, it was found that there
are potential disadvantages to the UCB1 strategy such
as there potentially being no ideal moves or moves with
very similar percentages of winning simulated games. Ad-
ditionally, various debugging methods were discovered
during the development process to measure the depth of
the tree that it was reaching, program execution time,
which steps were individually resulting in wins and losses
even when the program terminated with some error, etc.
These tools will streamline development in the future and
make it much more efficient.

4 Future Work

After using limited time during the hackathon and see-
ing that developing an AT agent in python is possible for
games, the goal is to complete the AT agent for Yavalath
and develop more Al agents for a wider range of games.
In addition, fine-tuning the length of program execution,
optimal number of simulations, and adjusting these as
the complexity of the games grow are all areas that could
be expanded upon in further work. Additional work also
involves developing a naive approach using Al and com-
paring its performance with the performance on the Al
agent with no training and with various levels of training
to understand the fine-tuning requirements for difficulties
that we are interested in.

5 Conclusion

The progress that was made on the problem of devel-
oping an Al agent to play Yavalath well was not fully
solved; however, many key observations were made about
the Monte Carlo Tree Search process and how to develop
it fully given more time. This result is encouraging for
developing similar AI agents for other two-player games
with decreasing sizes of playing space. Additionally, it
provides insight into potentially automating the produc-
tion of board configurations for various two-player games
with python code given a set of rules and game format.
Although we were unable to definitively accomplish the
goal of the problem, major strides were made, and mo-
tivations were stirred to continue working on game com-
plexity problems.
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Ramsey Theory Analysis of Void Chemical Reaction Networks

Divya Bajaj *

Abstract

We analyze the Chemical Reaction Network (CRN)
model under the branch of Ramsey theory combinatorics.
Specifically, we focus on the following property: given a
CRN that can only delete two unique copies of species,
what is the smallest amount of distinct species n needed
such that any reachable configuration in the system is
guaranteed to have at least n species that share the same
number of copies?

We first prove that, for n > 2, n? unique species are
required to satisfy the problem. We have constructed a
brute-force algorithm that also solves the question with
n? for n > 2, verifying that our mathematical proof pro-
vides the optimal answer.

1 Introduction

Chemical Reaction Networks are well-studied models of
chemistry in which a configuration of species of different
counts is transformed and changed by a set of rules. De-
signed to abstract the real-world process of chemical in-
teractions, CRNs have enjoyed an extensive research his-
tory and have been shown to be equivalent to important
models in other fields such as Vector Addition Systems
and Population Protocols.

Definition 1 (Reachability) Reachability is con-
cerned with the existence of a sequence of reactions such
that the initial configuration can be turned in (or reach)
to the target configuration.

Definition 2 (Configuration) A configuration refers
to the amount of each species currently in the system.
An initial configuration refers to how much of each
species the system starts with.

CRN studies have emphasized natural problems with
the model’s capabilities, such as reachability (given two
configurations s and ¢, can s transform into t?) or cover-
ability (given two configurations s and ¢, can s reach some
configuration ¢ s.t. all species counts in c are at least that
of t’s?7). However, questions regarding the properties of
the model themselves aren’t as widely pursued.

We thus focus on the following question, inspired by
the Ramsey theory field of combinatorics: given a CRN
whose only rules are those that delete two unique species
copies, what is the minimum number of species n required
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s.t. any reachable configuration in the CRN is guaranteed
to have at least n species with the same amount of copies?

In Section 2, we prove that n? species is required to
satisfy the problem for all non-trivial cases n > 2. A
brute-force algorithm is also provided that matches the
answers in the proof. We then conclude our results in
Section 3.

2 Our Results

Definition 3 (Ramsey Pattern) A CRN system has
the Ramsey pattern if its current configuration and
all other configurations reachable from it have at least n
unique species that share the same amount of copies.

Lemma 1 We are given a (2,0)-size void CRN with rules
of form A+ B — ¢ and a starting configuration with n
unique species of n copies each when n > 2. We can then
reach a target configuration with exactly n?> — 1 unique
species s.t. Vj € [0...n] we have n — 1 unique species with
J copies.

Proof. Given n?—1 unique species, we can always divide
these species evenly into n+1 categories with n—1 unique
species. Thus, Vj € [0...n] we can have n — 1 unique
species with exactly j copies.

Now, we prove that configuration is reachable. Here,
we look at two possible cases.

Let n be an odd number; then n? — 1 and n — 1 are
even numbers. If we have n? — 1 of unique species, then
we can pair species evenly where for each pair (A, B), we
can use the reaction A + B — ¢ to reduce the count
of both species by 1 for every rule application. We can
apply reactions for all such pairs, leading in n — 1 species
with count jVj € [0...n].

If n is an even number, then n?2 — 1 and n — 1 are odd
numbers. If we have n? — 1 of unique species, then we
can pair species in a way so we have n — 2 species with
count jVj € [0...n]. Then we are left with n2 —1 — ((n —
2) % (n+1)) unique species which is equal to n+ 1 unique
species. We don’t need to reduce the count of 1 of the
species as then we will have n — 2+ 1 unique species with
count of n. For the rest of our n unique species, which is
an even count, we can recursively reduce them so we have
1 species each with count jVj € [0...n — 1]. We can then
have n—2+1 unique species with count jVj € [0...n]. O

Theorem 1 Given a (2,0) void CRN with rules of form
A+ B — ¢ and a start configuration with n unique
species of n copies each, the minimum number of unique
species required to reach a configuration with at least n
unique species with equal number of copies, such that
any further reactions do not break the pattern, is n? for
n > 2. The number is equal to n when n isn < 2.

This is an abstract of work done at HackR 2024. It should be considered a workshop preprint.
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Proof. For n =1 the proof is trivial by definition. Every
configuration has at least one or more species with equal
number of copies.

For n = 2, say you start with the configuration:
(2A,2B). There is no need to add any new species, as
the only possible (2,0) void rule will affect both species,
resulting in them having equal count, maintaining the
Ramsey pattern where at least 2 species will both have
0, lor2 copies each.

For n > 2, let the minimum number of species required
to satisfy the Ramsey pattern be m. That is, if any fur-
ther reactions occur, the pattern is not broken. Say the
configuration with m unique species contain sy species
with 0 copies, s1 species with 1 copies, and so on, ending
with s,, species with n copies. Then the following will be
true:

m=358y9+S81+ ...+ 5n

For any m < n? — 1 we can always reach a configura-
tion where Vj € [0...n],s; <= n — 1. This is because for
m = n? — 1, we can have a reachable configuration with
m unique species divided into n + 1 categories with n — 1
unique species where Vj € [0...n],s; = n — 1. This con-
figuration is reachable for any n > 2 as stated in Lemma
1.

However, when we add another species with n copies
into the system, we make m = n?. This will make it so
that any further reactions do not allow a configuration
where less than n species are equal. This would also
increment the number of species s; by 1 for any [ less than
n. Because Vj € [0...n], s; = n—1, then this would always
result in the Ramsey pattern. Therefore, the minimum
number of species required so the pattern never breaks is
n?.

d
2.1 Brute Force Algorithm

We implement a brute-force algorithm to solve the Ram-
sey CRN problem and verify our hypothesis.

A formal description of the algorithm is as follows:
Given an integer n, we first check if n < 2. If so, we
only return n; otherwise we create a vector v of size n
with each integer in v set to n. Note that v is a vector
representation of our CRN. Each species s; in the CRN
is represented by the i-th index in v, with the value at
i representing s;’s count. For example, a CRN with a
configuration {A : 3,B : 3,C : 3} is transformed into
3,3, 3].

We then input v into a new function that determines
if all reachable configurations from v satisfy the Ramsey
pattern. It works as follows: we first see if v satisfies the
Ramsey pattern. If the check is satisfied, we then check
if the valid configurations reachable from v also satisfy
the pattern. If the check is again satisfied, we then con-
tinue recursively searching through every possible reach-
able configuration. Note that we can lower the running
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time here by observing that certain configurations are the
same when ignoring order (i.e. [2,2,3] and [3,2,2]) and
break the Ramsey pattern. Therefore, when given a new
configuration we perform a reverse sort on it and check
if it has been observed before. If so, we simply ignore it,
else we mark it down to be analyzed later.

If the function shows that v and all reachable configu-
rations from v satisfy the Ramsey pattern, we return the
length of v. If not, we perform the following operation:
We first perform a reverse sort on v and check the num-
ber of indices m of value n present in v. We then append
n — m indices of n into v, re-satisfying the Ramsey pat-
tern. We then input the new modified vector v’ into the
function. If v’ and its reachable configurations is shown
to satisfy the Ramsey pattern, we return v’’s length; else
we repeat the same operation on v’ and so on. [1]

Testings on the brute force algorithm have shown that
the algorithm provides the same answer as the mathe-
matical proof for n = {0,1,2,3,4,5}

3 Conclusion

We have thus shown that Ramsey’s pattern can be ob-
served in all configurations of a CRN if you have at least
n? unique species, for some n > 2. For n < 2 where
n € ZT, the minimum number of unique species is equal
to n. We provided an algorithm to show this consistency
with our calculation, proving that our formula for calcu-

lating this number is optimal.
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Reachability of (1,1) Conditional iCRN is NP-Complete and
Equivalency over alternative CRN’s under Void Rules

Jose Luis Castellanos

Abstract

Chemical Reaction Networks have been studied for some
time now, with many augmentations being created over
the years. For this paper, we explore the iCRN model
under (1,1) rules and show that its reachability problem
is NP-Complete. We also look into Void Genesis, PVAS,
and Single Inhibitor iCRN models under void rules and
show their equivalency.

1 Introduction

Chemical Reaction Networks (CRNs) are a well-
established model of chemistry, where chemical interac-
tions are modeled as molecular species that react to cre-
ate products according to a set of reaction rules. They
have been studied since the 60’s due to their complex
computational power and have been proven to be Tur-
ing Decidable, while more complex models like iCRN are
Turing equivalent through their simulation of register ma-
chines. Reachability for these models is another point of
interest where we compute if a certain configuration is
reachable through valid instructions from a starting con-
figuration. This has been studied for many CRN models
and has even been shown to be NP-Complete for iCRNs
under (2,0) rules. In this paper, we continue this trend
of finding the limitations of reachability by looking at
(1,1) rules for iCRNs, proving its NP-Completeness as
well as finding equivalency between other models similar
to iCRN under void rules.

2 Reachability for (1,1) iCRNs is NP-Complete

For this proof, we use a simple reduction from the Hamil-
tonian Path problem.

Proof: Given any 3-sat formula f = ¢;4co+...c, create
instance of iCRN with the following alphabet and ruleset.
Set notation:
V = {v | v is a variable in at least one of the clauses}
T={T,|zeV}
F={F,|zeV}
D={d, |zeV}
F={F,|zeV}
C ={C; | C; is a clause in the 3-SAT formula}
Cy ={C; € C'| C; is true when z is used and = € V'}
Cz ={C; € C'| C; is true when 7 is used and z € V'}
A=TUFUCUDUd
Ruleset R :
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T, % d, | zeV
F,%d, | zeV
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The starting configuartion would be one copy of each
species in C, one copy of each species in T and F.

Given the rules and starting configuration of this
iCRN, the reachability of configuration v, where you have
0 copies of each element in T and F, |C| copies of d and
two copies of each element in D. Because of the way this
is made the reachability of this iCRN is equivalent to
solving the original 3-SAT problem, making reachability
NP-Hard.

Because all rules in this iCRN produce d and no rules
have d as a reactant, the reachability for this problem can
be verified in polynomial time, and therefore, the problem
is NP-Complete.

3 Equivalency between PVAS, Single Inhibitor
iCRN, and Single Counter Void Genesis (2,0)
void rules

While these models are not equivalent in non-restricted
rule sets, they share a certain equivalency under the (2,0)
rule set.

Lemma 1 If (2,0) Single Counter Void Genesis reacha-
bility is NP-Complete, then (2,0) PVAS is NP-Complete
if species i = 1 always reduces to 0 first .

Lemma 2 If (2,0) Single Counter Void Genesis reacha-
bility is NP-Complete, then (2,0) Single Inhibitor iCRN
is NP-Complete if single inhibitor always reduces to zero
first.

Proof. For any (2,0) Single Counter Void Genesis, there
is some species which reaches zero first and is responsi-
ble for the value of z used throughout. Because we are
working with (2,0) rules, this species can never become
positive once it’s reached zero, and z can only be greater
than 1 after detecting zero. This implies the ability to
simulate this void CRN with a Single Inhibitor CRN,
where every Void Genesis rule A+ z — () is replaced with
A — () where X is one of the species in the Void Genesis
CRN. O

Lemma 3 If (2,0) Single Inhibitor reachability is NP-
Complete, then (2,0) PVAS is NP-Complete.

Proof. For any (2,0) Single Inhibitor CRN, you can sim-
ulate it with a PVAS model where every rule of the form
A+ B — ) can be replaced with A + B — ), where the
configuration has I be the first species count. O
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The Reachability Problem in (2,0) Void iCRNs with single inhibitor
species is polynomial-time solvable

Divya Bajaj *

Abstract

An Inhibitory CRN is a variation of CRN with reac-
tions that are inhibited by certain species. The reacha-
bility problem of (2,0) void iCRNs, (2,1) void iCRNs and
(2,0),(2,1) void iCRNs is proven to be NP-hard. In this
paper, we address the reachability problem in (2,0) void
iCRNs with a single unique inhibitor species. We show
that the reachability problem in this particular model is
solvable in polynomial time, via a reduction to the maxi-
mum b-matching problem. Our results contrast with the
general NP-hardness of the reachability problem in other
types of iCRN.

1 Introduction

A Chemical Reaction Network (CRN) is a model of molec-
ular computation. While the model itself is highly stud-
ied, much work is yet to be done across other practical
variations. Omne such model variation is the Inhibitory
Chemical Reaction Network (iCRN) model [1], which is
the focus for this paper.

Definition 1 (Inhibitory CRN) An iCRN ¢ = (S, R)
is a set of species S and rules R. These rules dictate how
species interact with each other. Also, each rule may
also have inhibitors, which are species that if present,
prevent the rule from running.

Definition 2 (configuration) A configuration refers
to the amount of each species currently in the system.
An initial configuration refers to how much of each
species the system starts with.

Definition 3 (The Reachability Problem) Given

an iCRN with species S and rules R, an initial configura-
tion C,, and target configuration Cy, does there exist a
sequence of reactions such that the initial configuration
can be turned into the target configuration (yes or no)?

A (2,0) void iCRN with single inhibitor reactions with
n unique inhibitor species, can be represented as a set of
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rules of the form:

independent reactions:
A+B— ¢
reactions using inhibitors:
A+, — ¢

inhibited reactions:

A+C 0

We show that the reachability problem in (2,0) void
iCRNs with the restriction of single type of inhibitor
species is polynomial-time solvable. We briefly highlight
some related work in Section 2, and then provide the def-
initions and results of our work in Section 3. We then
conclude in Section 5 and point towards the general re-
search goals for this work.

2 Related Work

It has been proven that the reachability problem of (2,0)
void iCRNs is NP-hard with a polynomial number of
unique inhibitor species. Another interesting result is
that the reachability problem of (2,0),(2,1) void iCRNs
is NP-hard. T. Wylie reduced Vertex cover, an NP-
complete problem, into an instance of the reachability
problem of (2,0),(2,1) void iCRNs.

3 Our Primary Results

For our primary result, we rely on the b-matching prob-
lem, a generalization of the matching problem. It takes
the form of a traditional matching when all b-values are
1 and an uncapacitated b-matching occurs when all edge
capacities are assigned u(e) = oo.

Definition 4 (b-matching). Given a graph G = (V,E)
and some edge capacity function u : E — N U {oo}
and a b-value function b : V — N, find a maximum
assignment f : E — N s.it. f(e) < u(e)Ve € E and
Yoy f(€) < b(v)Vv € V. We call it a perfect b-
matching if 3 s, f(€) = b(v)Vv € V.

Theorem 1 Reachability for (2,0) void iCRN with bi-
nary encoded species and only one inhibitor species is
solvable in polynomial-time.

Proof. For any start configuration C, and target config-
uration Cyp, C} is reachable from C,, if the empty config-
uration Cj is reachable from Cy — C,. This is because it
is a void iCRN that only deletes species.

This is an abstract of work done at HackR 2024. It should be considered a workshop preprint.
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Given any target configuration Cj, Cy[I] is the count of
inhibitor species I in the target configuration. We need
to look at two possibilities.

In the case where Cp[I] # 0, i.e. there are a positive
number of copies of the inhibitor species left in C, the
inhibited reactions will not run. We can reduce this in-
stance of reachability of (2,0) void single inhibitor iCRN
with R rules to a reachability problem of (2,0) void CRN
with R’ rules where R’ = R\ {ry where 7}, is of the form

8;+5; 4 ¢}. ASARG [2] shows that we can reduce the
reachability problem of (2,0) void CRN to a maximum
b-matching algorithm which is solvable in polynomial-
time. There exists a valid sequence in (2,0) void iCRN
where Cy[I] # 0 iff there exists a valid sequence in (2,0)
void CRN as constructed above. This is correct by con-
struction. In the forward direction, if there exists a valid
sequence in (2,0) void CRN, we also have a valid sequence
in (2,0) void iCRN because the iCRN only has a few extra
inhibition rules that won’t be in the sequence. For the
other direction, this is true because the inhibitor count
is > 0, therefore, the inhibition rules in iCRN will never
run, and therefore need not be included in the void CRN.

For the case where Cy[I] = 0, i.e. there are zero copies
of inhibitor species left in the target configuration, we can
reduce this to an instance of void CRN with no inhibition.
For any reaction of form A + C =N ¢ in the (2,0) void
iCRN, we substitute a rule of the form A4+C — ¢ in the
(2,0) void CRN. We know that the reachability problem
in (2,0) void CRN is polynomial time solvable.

If there exists a valid sequence in (2,0) void iCRN,
there will always be a valid sequence in the (2,0) void
CRN. This is because a (2,0) void CRN is a more relaxed
version with no inhibition, and if a target configuration is
reachable with inhibition, it can also be reached without
inhibition by running rules that use inhibitors before in-
hibited rules. A valid sequence of a (2,0) void CRN might
not always be a valid sequence of a (2,0) void iCRN. This
is because a valid sequence of form Ry, R, ... could have
a reaction R; and R; s.t. ¢ < j where R; is an inhibited
reaction in the iCRN model and R; is a reaction with the
inhibitor as a reactant. We argue that there is always a
possible rearrangement of the reaction sequence such that
a valid sequence in (2,0) void CRN can be transformed
into a valid sequence in (2,0) void iCRN. This is possible
because the void CRNs only have deletion rules, and be-
cause we have a fixed count of C,[i] — Cp[é] for any species
¢ which is reachable. We can rearrange the subsequence
R;, Ry, to Ry, R; where each reaction has species ¢ as a
reactant. This is because only a fixed number of species
will be used up by each reaction, and if we can reach the
empty configuration from a start configuration with se-
quence ..., R;, ..., R;, ..., then we can also reach the target
configuration with sequence ..., Rj, ..., R;,.... With void
rules, no reaction generates a new species. Hence no reac-
tion execution will ever enable another reaction. There-
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fore, if we have a valid sequence of a (2,0) void CRN, we
can rearrange it into a valid sequence of (2,0) void iCRN
with single inhibitor species by moving all inhibition re-
actions after the last occurrence of reactions that use the
inhibitor.

From the above constructions, given a (2,0) void iCRN
with single inhibitor species, we can always reduce the
reachability problem in this model into an instance of
the reachability problem in a version of (2,0) void CRN
which is polynomial time solvable. O

Corollary 1 Reachability for (2,0) PVAS with single
priority is solvable in polynomial time.

The above corollary is apparent because Priority Vec-
tor Addition Systems (PVAS) can be simulated by single
inhibitor species iCRN, when they are restricted to one
priority (k =1).

4 Further Results

Following the same logic as in (2,0) void iCRN with only
one inhibitor species, we can extend the idea of using b-
matching to apply it to (2,1) void iCRN with the same
contingency of only one inhibitor species. This implies
the lemma that follows.

Lemma 1 Reachability for (2,1) void iCRN with binary
encoded species and only one inhibitor species where
Cy[I] # 0 is in NC.

Proof. The reduction is similar to 1, but applied to
(2,1) void iCRN with single inhibitor species type. For
Cy[I] # 0 we reduce this problem to the reachability prob-
lem of (2,1) void CRNs with reduced rule set with no
inhibition. ASARG [2] shows that this instance of the
problem is in NC. There exists a valid sequence for reach-
ability problem of (2,1) void iCRNs iff there exists a valid
sequence for the reachability problem of (2,0) void CRNs.
This is true by construction. O

5 Conclusion

We have thus shown that the reachability problem in (2,0)
void iCRNs with a single inhibitor species can be solved
in polynomial time by reducing the problem to the reach-
ability problem in corresponding void CRNs. We still do
not know about the complexity of the problem with con-
stant number of unique inhibitor species.
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Legend of Zelda: Echoes

Ryan Knobel *

Abstract

This paper shows NP-hardness for dungeon traversal us-
ing 3 of the new mechanics found in Legend of Zelda:
Echoes of Wisdom.

1 Introduction

The Legend of Zelda, first introduced in the 1980’s,
quickly rose to the forefront of the video game industry.
In combination with this rise to fame, the introduction of
new mechanics and its puzzle solving nature lead to sev-
eral interesting theoretical questions. Among these is the
complexity of dungeon traversal: Given some dungeon, a
starting point and an ending point, can Link/Zelda make
it from the start to finish?

(2] extensively covers this question across all Zelda
games up until the year 2017. Our work focuses on ex-
tending [2] to include the 3 new mechanics from the latest
Zelda game, showing NP-hardness for dungeon traversal.

This paper is organized as follows. We start by provid-
ing definitions and background information in Section 2.
In Section 3, we detail the gadgets and the polynomial
time reduction. We then conclude in Section 4.

2 Definitions

Following the convention of [2], we refer to Gener-
alized 3D Zelda as the abstraction of rooms into
three-dimensional spaces bounded by solid polygons with
fixed-point coordinates, as well as dynamic objects with
polygon-defined collision boundaries. We refer to this
room abstraction as a dungeon. Zelda and other dy-
namic objects cannot pass through solid polygons, and
are pulled downwards by gravity, which means that they
will fall if they are not on a polygonal surface. Crystals
are an exception, as they are not affected by gravity.

In Echoes of Wisdom, Zelda has 3 new abilities. Her
Swordfighter form enables her to use a sword for the
duration of her energy. Once this energy is fully con-
sumed, her swordfighter form is disabled. Energy can be
reattained through energy crystals, which appear in dun-
geons and can also be dropped by enemies when they get
killed. Zelda has the ability to bind/unbind to certain
objects, such as moveable platforms. Once binded, Zelda
follows the movement of the object (or vise versa) until
unbinded. This is possible through her Tri Rod, which
also allows her to spawn up to 3 echoes at a time. These
echoes can be objects or captured enemies.
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Figure 2:
gadget.

Checking
Figure 1: Starting gadget.

The Dungeon Traversal problem asks the following:
given a starting location, an ending location and a dun-
geon, can Zelda traverse from the start to the end without
dying?

3 Our Results

This section uses a reduction from 3SAT to show NP-
hardness for the 3 new mechanics described in Section
2. The reduction follows a similar framework to that of
[1], first providing assignments for each variable and then
ensuring each clause is visited with a checking gadget.

We start by first describing the gadgets used, followed
by the result. For this reduction, we abstract Zelda’s
movements to the following: she can jump 0.5 units high
and 1 unit long, can place new echos up to 1 unit high (0.5
units higher than the jump distance) and has 2 hearts.
We also assume that defeating an enemy in her sword-
fighting form consumes 1 energy crystal.

Starting Gadget. Directly to the right of Zelda’s
starting location is a 1 unit drop into a hole 2 units long,
with the opposing wall being 3 units high. On top of this
wall is the exit for the dungeon. As Zelda can place at
most 3 echos, there is no way for Zelda to directly scale
the wall. Instead, Zelda must place 3 echos into a column
3 units high that is 1 unit away from the opposite wall.
This prevents Zelda from using echos in other parts of
the dungeon while enabling her to reach the exit if she
ever makes it on top of the column of echoes. To the left,
there are enemies which Zelda must land on that take
away 1 heart, which prevent Zelda from revisiting this
part of the map (see Figure 1).

Variable Gadget. Each variable gadget is a choice
between 1 of 2 drops into a 1 unit deep hole which extends
and acts as a wire. Each of the choices represents either
setting variable X = True or X = True (see Figure 3).

Variable Connecting Gadget. Between 2 variables
X; and X;y;, the variable connecting gadget is used to
join the X; and X; wires into a single wire that feeds in to
the X;y; variable gadget to prevent unwanted traversal.
This is done by including another 1 unit drop from both
wires that then joins into a single wire (see Figure 4).

Clause Gadget. The clause gadget is an empty 7 x
7 x 7 room with an energy crystal located 1 unit above

This is an abstract of work done at HackR 2024. It should be considered a workshop preprint.
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Figure 3: Variable

gadget.

Figure 4: Variable connecting
gadget.

Figure 5: Clause gadget.

the center (4 units from the floor). On 3 of the walls
exists a central opening 4 units from the ground. From
each of these openings a platform moves from the ceiling
to the center of the room and back, stopping directly over
the energy crystal. This makes it so the crystal can be
attained by using Zelda’s binding ability to first bind to
a floating platform, then use the platforms movement to
retrieve the energy crystal (see Figure 5).

Wires. Wires are composed of a path closed by 1 unit
high walls.

Crossover Gadget. Wires can cross over by using
stairs to elevate one wire over the other.

Checking Gadget. The checking gadget consists of
a narrow corridor of enemies. In order to defeat these
enemies, Zelda must use her swordfighter form. Only if
she has enough energy can she defeat all the enemies and
jump on the 3 column high echoes placed in the start gad-
get, where she can then jump to the exit of the dungeon
(see Figure 2).

Using these gadgets, we now show NP-hardness
through a reduction from 3SAT.
Theorem 1 Dungeon Traversal in Generalized 3D Zelda
with swordfighter form, binding/unbinding and echoes is
NP-hard.

Proof. Given a 3SAT formula ® with m clauses and n
variables:

1. For each clause C;, create a clause gadget. The 3
openings in the walls connect to wires from variables
which satisfy the clause.

For each variable X;, create a variable gadget. Each
half of the gadget extends to the clauses which the
variable assignment satisfies.

For each variable X; with wires for X; and X;, use
the variable connecting gadget to connect these wires
to variable X;41.

For variable X,,, use the variable connecting gadget
to connect to the finish gadget.
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Forward Direction. If ® is satisfiable, then Zelda is
able to traverse to the end of the dungeon. For each
assignment in ®, drop in the tunnel corresponding to the
choice and retrieve each energy crystal. Since all clauses
are satisfied, every clause gadget can be visited, resulting
in enough energy to defeat the enemies in the checking
gadget.

Backwards Direction. If the exit to the dungeon is
reachable, then ® is satisfiable. For each choice made
at the variable gadgets, assign the corresponding vari-
able the respective assignment in ®. Since Zelda had
enough energy to make it to the end of the dungeon, all
clause gadgets were visited, meaning all clauses of ® can
be satisfied.

Why it works. With only 2 hearts, Zelda can only walk
over the enemies from the starting gadget once, losing a
heart in the process. This prevents Zelda from revisit-
ing the variables once they are assigned. Additionally,
when choosing an assignment for each variable, by drop-
ping into the 1 unit hole Zelda is unable to jump back
out without using an echo. However, by using an echo,
Zelda removes one of the echoes placed at the start, mak-
ing it impossible to make it to the exit. Thus, once an
assignment is chosen, Zelda must stick to it.

To retrieve the energy crystals per gadget, Zelda must
bind to the platforms and use it to float over the hole.
The platforms are timed such that no 2 overlap, meaning
Zelda can not jump or bind from one platform to another.
The room being 7 units high is an additional preventative
measure to ensure Zelda can not drop to the floor and
bind to a different platform.

The 2 wires corresponding to T'ruth and False assign-
ments for each variable come together as input to the
variable connecting gadget, which acts as input to the
next variable. Since both wires drop into another 1 unit
hole, it is not possible to traverse the False wire from
the Truth wire, and vise versa.

Finally, the narrow corridor of enemies ensures that
Zelda must pick up all of the energy crystals to clear the
path. Without enough energy, Zelda would not be able
to jump to the column of 3 unit high echoes, which leads
to the exit of the dungeon. a
4 Conclusion
In this paper, we show that 3 of the new mechanics in
the latest Legend of Zelda game lead to NP-hardness for
dungeon traversal. However, it is still unknown how these
new mechanics influence previously known results, which
we leave as a treatment for future work.
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Data Extraction and Verification with Generative Al

Ricardo Balvanera*

Abstract

The ability to extract structured data from unstructured
text is essential for applications across domains, from
scheduling systems to autonomous vehicle control. Gen-
erative Al offers a promising solution by transforming raw
text into structured formats usable for quantitative anal-
ysis and programmatic functions. This paper explores
the potential of large language models (LLMs) to per-
form one-shot and zero-shot learning for data extraction,
enabling structured outputs directly from text prompts.
By examining the application of LLMs in creating usable
data from product reviews, we discuss methodologies for
prompting, data validation, and reliability analysis. Our
findings contribute insights into the strengths and limita-
tions of using Generative Al for structured data extrac-
tion and verification, emphasizing the model’s versatility
and the complexities of ensuring data integrity.

1 Introduction

The rapid growth of data has increased the need for struc-
tured information in applications like machine learning
and decision support. While traditional algorithms rely
on structured data, much of the world’s information ex-
ists in unstructured text, creating challenges in fields like
NLP and customer analytics. Conventional methods for
structuring text, such as manual labeling or rule-based
systems, face limitations in scalability and flexibility.

Advancements in generative Al, particularly large lan-
guage models (LLMs) like OpenAl’s GPT, offer new pos-
sibilities for transforming unstructured text into struc-
tured formats through contextual understanding and
prompt engineering. LLMs can produce structured
outputs directly from unstructured input, which holds
promise for applications across diverse industries. How-
ever, using LLMs for this purpose brings challenges re-
lated to accuracy and consistency, as results can vary
with different prompts or contexts. In this study, we fo-
cus on using product reviews as a test case to explore
methods for structuring data with LLMs, emphasizing
prompt engineering and validation strategies to improve
data reliability.

2 Experiment

To develop an effective approach for leveraging a LLM
for product recommendation, we carefully structured our
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setup, including the selection of model, prompt design,
and dataset curation. We used ChatGPT-4 as our model,
selected for its high level of language understanding and
contextual capabilities. Our dataset consisted of sampled
customer reviews from Amazon.com products, focusing
specifically on negative reviews to challenge the model’s
recommendation capabilities under real-world conditions.
These negative reviews varied widely in tone and detail,
with some describing specific product issues while others
conveyed more generalized dissatisfaction. This variation
allowed us to assess how well the model could interpret
and respond with suitable alternative recommendations,
even when key issues were either explicitly stated or only
implied. By designing a range of prompts and scenarios,
we aimed to gauge the model’s ability to adapt to differ-
ent levels of detail and context within user feedback.

3 Our Results

In our testing phase, we explored multiple prompt de-
signs, passing them through the ChatGPT API to as-
sess response quality and relevance. Initial attempts that
involved simply passing raw review data resulted in in-
consistent and sometimes generic recommendations, in-
dicating that the model needed additional context to un-
derstand the task. To enhance performance, we revised
our approach by creating context-based prompts. These
prompts explicitly instructed the model that it would re-
ceive a user review and was tasked with providing alter-
native product suggestions tailored to the specific issues
or preferences expressed in the review. This adjustment
proved highly effective, as it significantly improved the
relevance and accuracy of the recommendations gener-
ated.

Figure 1: Example of an Effective Prompt

With this context-driven prompt structure, ChatGPT-
4 began to consistently produce responses aligned with
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4 Conclusion

Here's a product review of a dissatisfied customer, help them out
"This is the second Panasonic microwave that has failed in less than

Through these findings, we observed the model’s po-
tential for effective recommendation generation when
a year of ownership. Both units saw very little use. The first unit died equipped with the right contextual cues. By using care-
in under a month and was refunded but because this unit is almost a fully designed prompts, we were able to guide ChatGPT-4
year old they will not refund the purchase." to produce relevant recommendations based on the spe-
cific issues and preferences in customer feedback. This
approach underscores the importance of clear instructions
Figure 2: Example of an Ineffective Prompt to improve the quality of the model’s responses. Future
work could explore ways to automate the validation pro-
cess and create more flexible prompts for different types

of text, supporting a wider range of uses for structured
) 3 . .
our overall goal. The model’s recommendations were re-  q4tq generation across various fields.

turned as a numbered list of alternatives. This outcome
demonstrated that providing a clear task helps to maxi- References
mize the LLM’s utility in providing a structured answer
with user-focused suggestions in mind.

[1] Jamie. Panasonic microwave oven nn-sn686s, 2023.

[2] OpenAl, R. Balvanera, D. Medina, and P. Rodriguez. Gpt
4 prompt engineering examples, 2024.

®  Issue: The customer experienced reliability issues with the Panasonic microwave, as both units H
failed despite minimal usage.
Suggested alternatives:
. Breville BMO734XL Quick Touch Microwave
. Sharp R-21LCFS Commercial Microwave
. Samsung MS19M8000AS Countertop Microwave
. Cuisinart CMW-200 1.2-Cubic Foot Convection Microwave

. GE Profile PEB9159SJSS 22" Built-In Microwave Oven

Figure 3: Result from Effective Prompting

For a customer with this experience, here’s a helpful response:

Hello [Customer's Namel,

Thank you for sharing your experience with us. We’re sorry to hear about the repeated issues
you've encountered with your Panasonic microwave. We understand it can be frustrating to

experience similar failures, especially with limited use.

Since your microwave is nearing a year of ownership, it might still be covered by the
manufacturer’s warranty, which often includes repair or replacement options. If it’s been less than
12 months, we recommend reaching out directly to Panasonic's customer support, as they might
be able to help you with a warranty claim, even if it’s outside our return window.

If you need further assistance or support with this process, please let us know. We’re here to help

make this right.

Thank you again for reaching out.

Warm regards,

[Your Company’s Customer Service Team]

This response empathizes with the customer and provides a constructive next step to potentially

resolve the issue through the manufacturer's warranty.

Figure 4: Result from Ineffective Prompting
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