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Abstract:

This project proposes an alternative approach to the
development of games of certain genres like
role-playing games (RPGs) by integrating the Large
Language Models (LLMs) into their pipelines. The
goal here is to create a detective-style adventure
game where the overall narration becomes
responsive to the player's actions dynamically in
real-time. Their choices will significantly impact the
story’s progression and outcome. With a
combination of powerful modern-day game engines
like Unreal Engine 5 and advanced cutting-edge
LLMs such as GPT-40 or Claude 3.5, the game
features an Al-driven dialogue system, adaptive
storylines, and unique NPC behaviors with their
personalities. The research explores the potential of
LLMs to enhance player immersion, replayability,
and engagement, and reshape interactive
storytelling. The report outlines the technical
implementation, including API integration, resource
management, and current challenges such as cost
optimization and maintaining narrative consistency.
This project seeks to demonstrate the future
possibilities of personalized, dynamic gaming
experiences by pushing the boundaries of
Al-enhanced game design.

1. Introduction:

The modern-day story-driven, role-playing games
have evolved into complex, sprawling franchises.
While these carefully crafted experiences often
result in highly satisfying outcomes for players, as
seen in titles like Uncharted (PlayStation, n.d.),
and Red Dead Redemption (Games. n.d.), they
also come with some drawbacks. Firstly, the
development of such games is an incredibly
time-consuming and labor-intensive process. As
game scopes continue to expand, development
teams face tremendous pressure to create
ever-larger and more immersive experiences,
pushing the boundaries of what's feasible within
the current production scale. Secondly, despite the
substantial scale of these games, the overall
outcome always stays consistent across the
millions of players who buy these games. While
this consistency allows developers to maintain
control over the gameplay experience, it can also
limit the potential for more diverse and
personalized adventures.

With the rise of large language models (LLMs),
there is an opportunity to revolutionize the whole

development process. These systems have
reached a level of sophistication where they can
understand and respond to many of the natural
human languages, including English, with near
real-time response speed. The generated replies
are also contextually aware and smart, opening up
new  possibilities for player-game  world
interactions. By leveraging LLMs, we can begin to
break free from the constraints of predefined paths
in game design. Players can now experience
dynamic game flow and NPC interactions,
potentially leading to storylines and endings that
even the game developers themselves couldn't
have anticipated. There have been works on using
LLMs to explore both narration (Rao et al., 2024)
and dialogues (Kalbiyev, 2022) in games before,
the report will also explore the possible
improvements over the previous approaches.

2. State of the art:

There are mainly two major aspects the project
depends on, the first being the current state of
large language models (LLMs) and the second,
their integration into the current game engines and
other related development pipelines.

2.1 State of Large Language Models:
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The rapid progress in artificial intelligence (Al),
driven by the race to achieve artificial general
intelligence (AGI), has led to large advancements
in the cost-effectiveness, intelligence, and context
lengths of LLMs. For instance, OpenAl's GPT-3.5
launched just a year ago, has already been
surpassed in all aspects by newer models like
GPT-40 and its variants. GPT-3.5 originally had a
context length of 8,192, and we are already at 128k
with GPT-4 and 1.5 million with Gemini (Google
2024). With each release, the LLMs are also



getting better at their intelligence metrics. For
example, when Anthrophic’'s Claude 3.5
(www.anthropic.com, n.d.) was released it
surpassed all other models and became the
frontier model for a short time only to be taken over
by the open-source LLM by meta, LLAMA-3.1.

(Meta, 2024)
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This project will focus on GPT-40 and GPT-40-mini
as the LLM backend due to their advanced
capabilities and reasonable cost-performance ratio.
OpenAl's APIs are also more straightforward to
integrate compared to other releases and their
upgrades have been more consistent, thus saving
a lot of development efforts in that regard and the
focus can be put back on their actual integration
into the game. However, it's worth noting that the
LLM landscape is rapidly evolving, with models
becoming cheaper, faster, and smarter at an
impressive rate. So the final project might use an
entirely different set of LLMs to ensure the quality
of the narration response. Irrespective of the LLM
used the goal is to keep the wrapper service
consistent to the game so that even with a change
in the backend API the overall system shouldn’t
drastically change.

2.1.1 Vision API:

While the project primarily focuses on text-based
interactions, the integration of vision capabilities
could significantly enhance the game
experience. Current state-of-the-art vision APls,
such as GPT-4 Vision or Google's Gemini Vision

offers powerful image understanding capabilities
that could be leveraged in our game. This is
particularly important in games because the
NPCs and the narrative engine have to
constantly see the visual changes that go on in
the game. Unfortunately with the current state of
technology, the vision APIls are very expensive
and the delays are unreasonable for a real-time
game setting, hence the project would not use
the vision capabilities of the large language
models, instead, the focus will be on visualizing
the game progress through other means like
data and values so that the LLM agent can still
understand the level changes without having to
look at the visual data..

2.2 Large Language Models in Games:

The integration of LLMs into game development
has been an area of growing interest for both
researchers and developers. Various studies
have explored different aspects of LLM
integration in gaming contexts:

1. Players and LLMs working together to
solve quests (Rao et al., 2024), the
paper explores how the LLM-NPCs can
help the player to make the game more
immersive and also help them in solving
the game faster.

2. Dialogue Generation: Kalbiyev (2022)
investigated the effectiveness of
LLM-generated dialogues by comparing
them to actual human-generated
dialogue datasets from Fallout 4. This
was 2022 so the project built upon
fine-tuned GPT-2.

3. Interactive Narrative Scene Generation:
(Kumaran et al., 2023) The paper mainly
introduces a framework where the LLMs
take care of the branching game
narration while keeping the overall game
direction in check.

4. The Turing Quest: (Chen Gao and
Emami, 2023) The paper researches
NPC script generation with the help of
LLMs and integrates them into the
game. The current project also explores




this with the perspective of even modern
generation LLMs and also how the
scripts can affect the overall narration.

These advancements lay the groundwork for the
current project, which aims to push the
boundaries of LLM integration in game
development even further.

3. Game Implementation

3.1 Aims and Objectives

The primary aim of this project is to develop a
proof-of-concept game that showcases the
potential of LLM integration for dynamic
narrative and gameplay experiences. The
“dynamic narration” in the current context is
the overall gameplay the player experiences
while playing the game, which includes the
mission, the ending of the game, the path to
complete the mission, the NPC dialogues,
the type of NPCs, etc. Things that will not be
impacted by the dynamic narration are the
level design, game start point, player look
and feel, the main purpose of the player in
the game, and the boundaries and rules of
the game world. It is a detective-style
adventure set in an urban environment, where
player choices and interactions with NPCs
directly influence the story's progression and
outcome.

Key objectives include:

1. Implement a dialogue system driven by
LLMs, allowing for natural,
context-aware conversations between
the player and NPCs.

2. Create a dynamic game flow where
player decisions and actions have
meaningful consequences on the
narrative.

3. Develop a system for mass AI/NPC
spawning with individualized behaviors
and knowledge bases integrated with
LLM agents per NPC instance.

4. Integrate LLM-driven decision-making
into Unreal Engine's Al behavior trees.

5. Demonstrate the potential for
replayability through a dynamically
generated quest or its story and
evolving NPC relation meaningful
consequences on the narrative.
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3.2 Game Design and Mechanics

The game world is a small area of a larger city
with different Points-of-Interests (POIs) like the
cafe, library, park and etc. It will also have a lot
of NPCs walking around, there will be moving
dummy vehicles that cannot be integrated with.
The Player moves around the game by walking
and the objective of the player is to find the
murderer who has recently been involved with a
case that the player is investigating. When the
game starts player will have an initial hint about
where the last time the eyewitness has seen the
killer and a brief description of their appearance.
From here the player traverses throughout the
level to speak to different NPCs in different
walks of life and the rest unfolds based on the
decisions and conversations the player intends
to make.

The NPCs are of three kinds, all unique LLMs
Agent instance, being neutral, helpful, and with
hidden motives to save the murderer. It depends
on the player to detect them by talking to the
NPCs or the other NPCs around them.



. How can | reach the Cafe?
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Good cheers

Screengrab of the Player interaction with NPC in the project

The game ends when either player finds the
murderer successfully or the murderer realizes
the player is looking for them and escapes from
the city.

Players will always get potential questions
generated by LLM to ask the NPCs and also an
extra type box to type anything random to any
NPC in the game, Whereas the NPCs in return
will either respond both voice and text or text
only. The conversation can go for lengths but at
times the LLM agent can also decide to drop off
from the conversation if the player appears to be
wasting their time or tries to diverge from actual
mission questions etc.

This adaptive system creates a highly replayable
experience, as the narrative can unfold
differently based on the player's choices and the
LLM's dynamic content generation. The game
state evolves constantly, with each interaction
potentially affecting future dialogues, NPC
behaviors, and story developments. By
leveraging LLMs for all dialogue and narrative
elements, the project has a game world that
feels responsive and alive, where player choices

have meaningful and often unpredictable
consequences.

The world however will also have some preset
rules so that the LLMs can freely interact and
also to make sure the overall game never falls
under a loop or becomes impossible to
complete. Some rules are related to NPC
spawning and their context timeouts to make
sure the player can revisit the NPC that he or
she previously spoke to and ask about some
info they have attained. There also have to be
enough NPCs around always in the game to
make sure players get enough opportunities to
interact with them. The game also poses a
narrative engine that takes care of more
gameplay rules to make sure the game ends
and starts, the conversation does not diverge
too far from the game’s core purpose, and the
game hasn’t been forever going without an
outcome, etc.

It was also key during the development of the
project to make sure the game wasn’t making
unnecessary APl requests to keep the overall
pricing in check.
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Game and LLM Integration architecture

3.3 Technical Implementation

3.3.1 Development Environment

Game Engine: Unreal Engine 5.3.2
IDE: Rider 2024.1
Version Control: GitHub
API Testing: Postman
LLM provider: OpenAl
External:
o MetaHumans by Epic
o City Sample Crowds by Epic

3.3.2 LLM Integration

We'll be using a combination of OpenAl's
GPT-40 APl and GPT-4o0-mini API for different
aspects of the game:

e GPT-40: Primary narration and dialogue
generation and game flow management

e GPT-40-mini: Secondary tasks such as
environmental descriptions and minor
NPC behaviors, reducing lag and cost.




API calls will also be optimized in general to
balance response time and cost, with careful
management of token usage.

3.3.3 Audio Implementation

The project is still in the works of implementing
Text-To-Speech APIs of OpenAl to give voices to
the agents and it will not implement Whisper for
allowing players to directly speak to the Agents
through their mic.

3.3.4 Unreal Engine Integration

The project will leverage several Unreal Engine
plugins to streamline development. So far it has
integrated:

e MetaHumans by Epic Games: For rapid
creation of diverse NPC appearances

e Dialogue Plugin by CodeSpartan: To
manage conversation flows and Ul. This
however was non-dynamic out of the
box and had to be changed to make
them dynamic.

e City Sample Crowds by Epic Games:
For populating the game world with
background NPCs

Custom C++ scripts will be developed to handle
the integration between Unreal Engine's
systems and the LLM APls.

3.4 Pricing and Resource Management:

Pricing is always a big factor when scaling games
like these to the consumers. So it will be one of the
main aspects of consideration in this project to
understand LLM cost. Here is the current
breakdown: (This is subject to change as newer
LLMs emerge)

3.4.1 LLM API Pricing:
GPT-40 API:

$5.00 / 1M input tokens + $15.00 / 1M output
tokens

GPT-40-mini API:

$0.150 / 1M input tokens + $0.600 / 1M output
tokens

Whisper API:

$0.006 / minute (rounded to the nearest second)
Text-to-speech (TTS) APIL:

$15.00 / 1M characters

3.4.2 Other Pricings:

Unreal Engine, Rider, Github Copilot, GitHub
Version Control are all currently free for
students.

4. Workplan

4.1 Phase 1: Research and Design
(Completed)

e Literature review and technology
assessment
LLM selection and initial API testing
Unreal Engine project setup and plugin
integration

4.2 Phase 2: Core Systems Development
(July - Mid August) (Work in progress)

e Implement basic city environment in
Unreal Engine v/

e Develop LLM-driven dialogue system
(WIP)

e Create NPC behavior framework v/

4.3 Phase 3: Gameplay and Narrative
Integration (August)

Implement investigation mechanics
Set up level Points-Of-Interests, and
unique NPC spawning

e Create quest and clue distribution
algorithms and prompt engineering

e Refine NPC interactions and behaviors



4.4 Phase 4: Testing and Refinement
(September to January)

Conduct playtests and gather feedback
Optimize LLM prompts and responses,
and Lag
Text streaming for API response.
Balance gameplay difficulty and
narrative coherence

e Fine-tune performance and reduce API
costs

e |f time permits integrate TTS and
Whisper.

45 Phase 5: Documentation and
Presentation (January)

e Compile final project report
e Prepare demonstration video
e Create project presentation materials

Throughout the development process, we'll use
agile methodologies, conducting weekly sprints
and regular progress reviews to ensure we stay
on track and can adapt to any challenges that
arise.

5. Ethics

OpenAl Usage Policies (OpenAl) require the
project to provide clear disclosure to end users
that the TTS voice they are hearing is
Al-generated and not a human voice.
Al-generated voices should not be used to
promote harmful activities, mislead users, or
engage in illegal activities. Avoid generating
sexually explicit or inappropriate content for
minors, unless it's for educational or scientific

purposes within the game context. Avoid
misrepresentation: Don't use the Al voices to
impersonate real individuals or organizations
without consent.

Unreal Engine licensing (Epic Games) is free for
students. The free license applies to educational
use without revenue limits, else the threshold is
at $1 million USD in gross revenue. Release
notification: If the developer eventually releases
the project commercially, They need to submit a
Release Notification Form. (here)

6. Conclusions

The project’s progress so far has hinted at the
potential use case of current generation LLMs in
games, however, there are still some concerns
about the context length, pricing, and API response
times of the LLM to make a concept like this truly
feasible in commercial games. The resources
further will be used to make sure the project works
on such issues and also to make sure the game is
immersive and dynamic and the conversations feel
real within the context.

It was also observed during the development that
the narration can truly be unique, including the
overall scope itself, for example in the current
project the overall scope is “investigation”. This
also highlights how dynamic games of the future
can be and how much the LLMs play a part in it.
Although these extended aspects won’t be
explored in the current project as they need future
vision APIls, dynamic animations, etc, it will
however prove the potential of it all by the end of
the completion and | think that is the point of it.
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8. Appendix

Important links to the LLMs that were discussed in
the report:

Claude 3.5 Sonnet:

Introducing Claude 3.5 Sonnet \ Anthropic

Llama 3 to download:

Llama 3.1 - a meta-llama Collection

Llama 3 paper:

The Llama 3 Herd of Models | Research - Al at
Meta

GPT40 and GPT40-mini:

API Reference | OpenAl Platform
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