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Abstract. Artificial Intelligence (AI) has become a driver of innovation in a
rapidly evolving technological landscape across a wide range of industries, and
the gaming industry is at the forefront of these advances. The aim of this paper is
to explore the wide range of applications and potential uses of Al in games, with
a particular focus on key technologies such as Deep Learning Super sampling
(DLSS) and Large-Scale Language Models (LLMs), where DLSS improves the
visual effects and performance of games by increasing image quality and frame
rate, and LLMs revolutionize game narratives through dynamic dialog systems
and the understanding of natural language. The analysis covers Al's contributions
to screen generation, performance enhancement, artistic expression, game
dialogue generation and player behavior analysis, highlighting the potential for
more immersive and personalized game experiences. In addition, the paper
discusses the ethical and practical challenges associated with integrating Al into
games, such as data privacy issues and the need to balance automation with
human creativity.
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1 Introduction

Nowadays, computer technology continues to develop, and artificial intelligence (Al)
is gradually gaining more attention and bringing new possibilities and vitality to
different industries. The gaming industry has consistently been at the forefront of Al
development, and the transformative impact of Al is no longer limited to player-versus-
player interactions but extends to a wider array of applications within gaming
technology.

DLSS, developed by NVIDIA, represents the implementation of deep learning-
based image enhancement techniques, allowing Al to infer clearer images or generate
predictive images to enhance the quality and frame rates of output images. Additionally,
Al-based anti-aliasing technology like DLAA utilizes super-resolution techniques to
improve the quality of native resolution images.

The emergence of Large Language Models heralds a new era in gaming storytelling
and dialogue systems. These models possess the capability to comprehend and generate
natural language text, providing a dynamic approach to shaping character interactions.
They enable non-player characters (NPCs) to engage in rich, context-aware dialogues,
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enhancing the immersive nature of the game world and responsiveness to player choices.
Furthermore, Large Language Models support complex narratives and player-driven
plots, allowing player actions to have profound impacts on the storyline, thereby
providing a unique experience for each player.

The integration of Al into games is a multifaceted process that encompasses not only
DLSS and Large Language Models but also includes Al contributions in procedural
content generation, artistic asset generation, and significantly reducing the workload
for game developers, enabling them to create more imaginative content. In terms of
matchmaking, Al can provide players with more diverse and challenging gaming
experiences. Additionally, Al-driven analytics can fundamentally alter game design by
providing insights into player behavior and preferences, thereby facilitating the creation
of more emotionally resonant gaming experiences.

Despite the promising future prospects that Al brings to the gaming industry, it also
presents potential challenges and ethical dilemmas. Issues such as player data privacy,
appropriate selection of Al training datasets, and the possibility of Al generating
unethical responses need to be carefully considered when employing Al in games. As
the role of Al in game development continues to grow, striking a balance between
automated processes and creative content creation becomes a significant concern. As
gaming is often regarded as the ninth art form, human creativity remains essential,
necessitating the full expression of creative content and inspiration alongside Al
involvement.

This paper aims to explore the extensive and diverse applications of artificial
intelligence in gaming, with a particular focus on key technologies such as Deep
Learning Super Sampling (DLSS) and Large Language Models (LLM). These
innovations signify the advent of a revolutionary era in game development and player
experience, promising to fundamentally alter the experiences that games can offer.

2 Al Exciting Implantation in Game Filed

2.1  Research on the application of AI models in games (non-LLM, what are
the drawbacks)

In the field of games, Al has been the focus of research, when people present traditional
board games such as Go, Chess, etc. on electronic platforms, how to make computers
play against humans has been the focus of attention. From the beginning of the NPC
decision tree, the shortest path finding search algorithm to machine learning and deep
neural network.

Deep blue is a Chess Al computer that combines tree search algorithms with the
ability to outperform human players. Compared to humans, Deep Blue is very fast at
searching for predicted locations and can reach 200,000,000 locations per second [1].
These algorithms allow Deep blue to have more information than a human player, to
make predictions about the game and to choose the moves that are most favorable to it.
The subsequent use of deep learning on top of Deep Blue also allowed Google to launch
a new Go Al, AlphaGo, which can optimize its behavior by constantly learning and
analyzing existing games to train its own model. But such an Al based on Adversarial
Search has a certain drawback, namely that the requirements of Deterministic moves
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can no longer be adapted to the increasingly open and complex behavior of the game
world.

Google has followed up with an Al model that can handle more complex 3D games,
AlphaStar, a neural network-based Al for StarCraft 2, and a unique multi-agent learning
algorithm that enhances AlphaStar's imitation of the player through reinforcement
learning with the assistance of the human player [2]. This is an evolution of Al in the
face of more complex game situations, where Al has a better response to complex
situations, 3D scenarios, and a large number of variables, and game theory problems.
However, this kind of Al in the application is confined in the adversarial, essentially
still pursuing the human imitation and confrontation, and cannot improve the player's
vivid experience of the game, of course, this kind of Al model pursues the Al to deal
with the complexity of the game process.

These Als focus more on how to use Al to reach human levels and beat human
players, essentially researching and improving on Al technology. The focus of their
application is also not on the enhancement of the player experience and the
consideration of the player's market response. Therefore, for the player community, the
application of such Al is too far away for them and has little impact on the player
community.

2.2 The potential of DLSS and LLM in games

DLSS and LLM are extremely helpful to the development of the gaming industry, and
both can directly improve the gaming experience for players.

DLSS intuitively improves performance as well as image quality performance, and
has already undergone mature adoption and is undergoing a steady iteration of updates.
Because most gamers' hardware levels limit their gaming experience, more gamers are
choosing DLSS to enhance their performance experience to minimize the financial cost
of the performance experience, given the limited hardware available. This DLSS
enhancement will also bring more users, as well as economic value, to game
manufacturers and to NVIDIA.

LLM, which came into the limelight only after ChatGPT appeared, still has a huge
scope of application in gaming. It has unlimited development prospects in plot games,
narrative games, and open-world games. By allowing NPCs to use LLM to engage in
smooth and dynamic dialog, it can make the narrative more realistic, and can give NPCs
real personality and characteristics instead of pre-written scripts. This allows players to
experience stories that are closer to the real world, giving them an immersive gaming
experience. It allows game developers to create more artistic game worlds.

3 Concept of Artificial Intelligence Related to LLM and DLSS

A portion of the field of artificial intelligence is usually implemented using machine
learning, and deep learning oversampling, which uses deep learning in machine
learning, is implemented. Representation learning is a set of methods that, by accepting
raw data, allow machines to automatically discover the representations needed for
detection or classification. Deep learning methods are representation learning methods
with multiple levels of representations, which consist of simple but nonlinear modules
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that transform the raw data into representations through a large number of modules, and
then continue to transform the representations obtained at each level into more abstract
representations over and over again. By combining enough transformations, very
complex functions can be learned [3]. Deep learning as a type of machine learning, the
methods of learning also include unsupervised learning, supervised learning, and semi-
supervised learning. And this technology is also widely used in various industries,
including the gaming industry.

The large language modeling in Al, which has been getting a lot of attention lately,
is also being used in game development. A large-scale language model (LLM) is a
computational model that takes in natural language and produces appropriate responses,
including answering questions, machine translation, reading comprehension,
summarization, and other language modeling functions, but unlike a traditional
language model, he is not trained under explicitly supervised learning, but rather under
unsupervised learning on a non-specific text training set [4]. Nowadays, artificial
intelligence based on large language models like ChatGPT is gradually becoming
familiar to the public, and there are new ideas about the smooth natural language text
generated by ChatGPT. The same is true for conversations, so it is very much in line
with large language models to incorporate this one technology into the game dialogue.

Embedding W ] [ bk J [ wW’s ] [ Wy ] [ wW's ]
e T I I 1
[ Classification Layer: Fully-connected layer + GELU + Norm ]

I I I ] T

Lo J [oe J (o J (o J (o ]

I I T

Transformer encoder

Embedding T T T T T
[

wi o owe ][ ws | [masa ] [ ws

T | T | T

w1 W2 W3 W4 Ws

Fig. 1. The figure shows the flowchart of the BERT model. The input word embeddings are
processed by the transformer encoder to generate context-sensitive representations, which are
then processed by the classification layer to produce the final output predictions.

Taking the BERT model as an example, Fig. 1 illustrates its workflow. The process
starts with the transformation of input word sequences (e.g., W1, W2, W3, [MASK],
W5) into embedding vectors. These vectors are fed into a transformer encoder that
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utilizes self-attention to generate contextually relevant representations (O1, 02, O3, O4,
05). These representations are fed to a classification layer consisting of a fully
connected layer, GELU activation, and normalization, which transforms them into final
output vectors (W'l, W'2, W'3, W'4, W'5). Finally, these outputs are processed by the
embedding and SoftMax layers to generate predictions for the model. This image shows
how BERT's workflow combines self-attention with deep learning to generate accurate
context-aware predictions.

4 Applications of Al in Gaming

4.1 Enhanced Game Visuals and Performance with DLSS

DLSS is a comprehensive set of Al rendering technologies developed by NVIDIA and
powered by the tensor cores on GeForce RTX GPUs. It delivers faster frame rates,
higher image quality, and superior responsiveness than traditional rendering modes.
The latest version includes Super Resolution and DLAA (for all RTX GPUs), Frame
Generation (exclusive to RTX 40 Series GPUs), and Ray Reconstruction (for all RTX
GPUs) features [6]. Compared with traditional rendering techniques, DLSS has obvious
advantages, and its performance is reflected in the following features.

First, DLSS can significantly improve the clarity and detail of game images.
Compared with traditional rendering technology, DLSS can reconstruct images through
deep learning algorithms, which can more accurately restore the details in high-
resolution images and make game images more realistic. This is especially evident in
real-world gaming, such as in Cyberpunk 2077, where DLSS technology makes the
game image clearer and more detailed without losing frame rate, allowing players to
immerse themselves in a more realistic game world with limited computing power. In
Fig 2, when Cyberpunk 2077 uses an RTX 4090 graphics card it achieves 138 frames
per second in 4K with DLSS enabled.
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Fig. 2. With DLSS 3, gamers using GeForce RTX 40 Series graphics cards can enjoy "Cyberpunk
2077" at the highest quality settings and with all ray-tracing options enabled, achieving
exceptional image quality without sacrificing performance .

Secondly, DLSS can effectively reduce the consumption of computing resources
while improving image quality. Traditional rendering techniques often require a large
number of computational resources when improving image quality, resulting in a
decrease in game performance. In contrast, DLSS can reduce the computational load
and improve game performance without losing image quality through the intelligent
optimization of deep learning models. In games such as Battlefield 5, the use of DLSS
allows for a smoother gaming experience at high graphical settings without having to
worry about latency and lag caused by graphical processing stress, with up to a 40%
increase in frame rates [8]. The extra computing power can be used to provide players
with a more realistic picture with technologies like real-time ray tracing.

Compared to other rendering technologies, DLSS has a clear advantage in enhancing
the gaming experience. Traditional rendering techniques such as MSAA (Multi-
Sampling Anti-Aliasing) and FXAA (Fast Approximate Anti-Aliasing) can provide a
certain degree of image smoothing, but they often result in the loss of image details and
blurring, which affects the realism and immersion of the game. DLSS, on the other
hand, through the intelligent reconstruction of the deep learning network, is able to
oversample the picture while maintaining the image details, thus providing a clearer
and more detailed game picture, allowing players to be more deeply immersed in the
game world.

As an advanced graphics processing technology, DLSS has significant advantages in
enhancing the gaming experience. Its successful application in many popular games not
only brings players a more stunning visual experience, but also provides an effective
graphics enhancement solution for game developers. In a study of DLSS performance
in games, native rendering at 1440p resolution in Cyberpunk 2077 showed a 2 to 3
times increase in average FPS with DLSS 3.0 compared to native rendering at 1440p
resolution, while maintaining comparable image quality [9]. Another comparison of
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Battlefield 5 at 4K resolution showed an average 30-40% improvement in FPS
performance with DLSS, and while the first version of DLSS did show some
degradation in visual fidelity, it improved significantly in later versions [9]. These
results demonstrate the potential of DLSS to deliver high-quality visuals and improved
performance, and gamers can now also choose between different DLSS modes in-game
to weigh performance gains against picture fidelity.
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Fig. 3. DLSS 3 performance enhanced on different software .

As shown in Figure 3, DLSS can also be used in game engines such as Unreal and
unity to improve rendering and preview performance during development. Both Unreal
and Unity engines can improve performance by at least 200%. This greatly improves
developer productivity and saves development time. Thus, DLSS technology
contributes greatly to both ends of the game industry.

4.2 Dynamic Narrative and Dialogue Systems with Large Language Models

In the game world, dialog is usually set up in advance, through the player responding
accordingly to the formulated dialog options. But the emergence of Large Language
Models (LLMs), represented by OpenAl's GPT series, has provided new ideas for in-
game dialog and paved the way for dynamic narrative and dialog systems that can adapt
to different conversations and preferences of the player. LLMs have endless potential
for shaping the game's narrative and enhancing the interaction between the player and
NPCs (non-player characters).

The most important feature of Al as a conversational Al is that the Al can understand
natural language through big language models and generate more human-like responses
based on the context of the conversation [11]. This allows it to step out of the traditional
designed line book, thus presenting different styles of responses for fine-tuning when
training the model. From the trained dataset and speech corpus, the Al responds well to
the responses expected by the trainer, so that the Al responds as closely as possible to
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the style prompted during training and makes a better role-play [12]. While the need
for each different style of NPC may require adjusting the model and dataset to perform
the fitting of the NPC character, which increases the cost of the development phase and
requires a long period of time to test whether the developer's desired state can be
achieved. Still, it's a new artistic path for the game that brings the plot to life, adds more
possibilities to the game, and players are treated to a more realistic fantasy world. At
the same time, the AI model can respond accordingly to the context in a single
conversation or flow, which will more closely resemble a human conversation. There
are also models currently trying to train with on historical contexts as well as dynamic
dialog flows to improve performance. Modeling the context stream ensures that the
model understands the flow and context of the conversation. Modeling the semantic
impact and corresponding generation can also improve performance, and the DialoFlow
model achieved a Flow score of 0.9 after such training [13], demonstrating a significant
performance improvement. So, it is achievable for game NPCs to understand the
context of a single conversation through the context preprocessing approach of Al
models.

One of the issues worth considering is that the training time of the model may cause
some problems. If the Al is playing a knowledgeable person, and when asked which
country won the World Cup, he may answer with results obtained before the training
time, which do not match the reality of the new winner [12], then it will give the player
a cutthroat feeling instead of perfect role-playing. Also, if the models are not
sufficiently constrained, players may induce the Al to utter hateful or racist remarks,
which would also increase the developer's workload in tweaking the models and pose
potential legal risks. If the model responds to inappropriate speech in a game intended
for children, it can have even more serious consequences.

So, while the use of big language models in games can make significant
improvements to the creativity and artistry of the game, there are also potential risks,
and game developers, as well as testers, may have a greater workload in order to ensure
that these risks are ruled out.

5 Challenges and Issues with Al in Gaming

5.1 Data Privacy and Ethical Concerns

In the age of the Internet, people are very sensitive to the privacy and security of digital
data, and when something requires data, people have privacy and security concerns.
The idea is reasonable and the game will give players the option to choose whether or
not to report crash data to optimize the experience or something like that. AI models,
however, are an unfamiliar thing to people and a large amount of player data is most
appropriate if they are to be targeted for optimization. The two main routes of Al
models for privacy preservation include Federated Learning (FL) and homomorphic
encryption (HE) [14]. Federated Learning (FL) is a collaborative machine learning
approach that allows users to reap the benefits of modeling from rich data without the
need for centralized data storage. Each client's computation will only communicate
updates to the model [15]. This decentralized approach ensures that sensitive
information remains on the user's device, thus reducing the risk of data leakage from
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non-clients. On the other hand, Homomorphic Encryption (HE) allows specific
computations to be performed on encrypted data, generating computations that are
encrypted and decrypted to produce the same output as if they were performed directly
for the encrypted data [16]. This only requires the computation to be sent to the model,
allowing the Al model to process the information without having to access its original
unencrypted form. This ensures that any processed data is secure even during analysis.
So, in theoretical terms, Al can also avoid leaking user data in data processing.
Different methods are used to avoid data leakage during transmission to the terminal.

5.2  Dependency and Impact on Creativity

Some universities are now trying to regulate students to use Al to complete their
assignments or projects. Similarly in the gaming industry, the use of Al may reduce the
motivation of developers to move towards a reliance on Al content. This will result in
less creativity provided by humans in the game and the generated plots may be
formulaic, which will have a great impact on the artistry of the game. The use of Al
also needs to take into account the player's equipment, some players do not have RTX
series graphics cards, so if the game manufacturer overly relies on the frame rate
increase brought about by the DLSS technology and ignores the original optimization
of the game, then it will result in a poor experience for the player on equipment that
does not support DLSS technology.

So, developers may need to take into account the use of Al and trade-offs, to find a
suitable balance, rather than over-reliance, losing the original purpose of game
development.

6 Conclusion

Artificial Intelligence (Al) has become a transformative force in the gaming industry,
offering innovations such as Deep Learning Super Sampling (DLSS) and Large-scale
Language Models (LLM) will revolutionize game narratives, bringing dynamic
narrative and a realistic adaptive dialogue system that responds to player choices in
ways never before possible, making in-game characters more vivid and concrete.
Responding according to context, it is more like a human talking to the player, fleshing
out the characterization of NPCs. DLSS brings better graphics and performance,
making scenes more realistic and aesthetically pleasing. The use of both Als in games
will make a quantum leap in scenarios and narratives.

However, there are challenges to integrating Al into games. Player data privacy and
ethical issues, especially training datasets and the risk of Al reacting inappropriately,
take a lot of developer time to adapt and consider. Additionally, developers must
maintain a balance between utilizing Al to increase efficiency and retaining creative
input, ensuring that Al-generated content does not lead to formulaic narratives or an
over-reliance on automated processes. Preventing games from relying more on Al
reduces optimization without taking into account the real device situation of the player
base.

In conclusion, Al presents a huge opportunity for innovation and creativity in gaming.
By blending DLSS and LLM with artistic vision and player-centered design, developers
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can provide players with more realistic, stunning, and immersive gaming experiences.
While developing the potential of Al, it is important to strike the right balance of use
to protect the privacy of users and the original purpose of making games.

References

1. IBM. (nd.). Deep Blue: Overview. IBM Research. Retrieved from
https://web.archive.org/web/2009020111074 1/http://www.research.ibm.com/deepblue/mee
t/html/d.3.html

2. Vinyals, O., Babuschkin, 1., Chung, J., Mathieu, M., Jaderberg, M., Czarnecki, W., Dudzik,
A., Huang, A., Georgiev, P., Powell, R., Ewalds, T., Horgan, D., Kroiss, M., Danihelka, 1.,
Agapiou, J., Oh, J., Dalibard, V., Choi, D., Sifre, L., Sulsky, Y., Vezhnevets, S., Molloy, J.,
Cai, T., Budden, D., Paine, T., Gulcehre, C., Wang, Z., Pfaff, T., Pohlen, T., Yogatama, D.,
Cohen, J., McKinney, K., Smith, O., Schaul, T., Lillicrap, T., Apps, C., Kavukcuoglu, K.,
Hassabis, D., & Silver, D. (2019). AlphaStar: Mastering the Real-Time Strategy Game
StarCraft II. Retrieved from https://deepmind.com/blog/alphastar-mastering-real-time-
strategy-game-starcraft-ii/

3. LeCun, Y., Bengio, Y. & Hinton, G. Deep learning. Nature 521, 436444 (2015).
https://doi.org/10.1038/nature14539

4. Radford, A., Wu, J., Child, R., Luan, D., Amodei, D., & Sutskever, 1. (2019). Language
models are unsupervised multitask learners. OpenAl blog, 1(8), 9.

5. Towards Data Science, "BERT Explained: State-of-the-Art Language Model for NLP,"
[Online]. Available : https://towardsdatascience.com/bert-explained-state-of-the-art-
language-model-for-nlp-f8b21a9b6270. [Accessed 18 May 2024].

6. NVIDIA, "Get  Started with NVIDIA  DLSS," [Online]. Available:
https://developer.nvidia.com/rtx/dlss/get-started. [Accessed 6 May 2024].

7. NVIDIA, "Cyberpunk 2077 DLSS 3 Update Out Now," [Online]. Available:
https://www.nvidia.com/en-us/geforce/news/cyberpunk-2077-dlss-3-update-out-now/.
[Accessed: 06-May-2024].

8. NVIDIA, "Battlefield V and Metro Exodus Get Real-Time Ray Tracing And DLSS,"
[Online]. Available : https://www.nvidia.com/en-us/geforce/news/gfecnt/battlefield-v-
metro-exodus-ray-tracing-dlss/. [Accessed: 06-May-2024].

9. Mengistu, Biruk (2023) "Deep-Learning Realtime Upsampling Techniques in Video
Games," Scholarly Horizons: University of Minnesota, Morris Undergraduate Journal: Vol.
10: Iss. 2, Article 4.

10. NVIDIA, "DLSS: Deep Learning Super Sampling," [Online]. Available:
https://www.nvidia.com/en-us/geforce/technologies/dlss/. [Accessed: 18-May-2024].

11. A. Mehta, Y. Kunjadiya, A. Kulkarni and M. Nagar, "Exploring the viability of
Conversational Al for Non-Playable Characters: A comprehensive survey," 2021 4th
International Conference on Recent Trends in Computer Science and Technology
(ICRTCST), Jamshedpur, India, 2022, pp- 96-102, doi:
10.1109/ICRTCST54752.2022.9782047. keywords: {Industries;Computer
science;Games;Machine learning;Immersive experience;Market research;Chatbots;Non-
Playable Characters (NPCs);Conversational AI;Al;Natural Language Understanding
(NLU)},

12. Shanahan, M., McDonell, K. & Reynolds, L. Role play with large language models. Nature
623, 493-498 (2023). https://doi.org/10.1038/s41586-023-06647-8

13. Li, Z., Zhang, J., Fei, Z., Feng, Y., & Zhou, J. (2021). Conversations are not flat: Modeling
the dynamic information flow across dialogue utterances. arXiv preprint arXiv:2106.02227.



The Role of Al in Revolutionizing the Gaming Industry 949

14. Yang, L., Tian, M., Xin, D., Cheng, Q., & Zheng, J. (2024). Al-Driven Anonymization:
Protecting Personal Data Privacy While Leveraging Machine Learning. arXiv preprint
arXiv:2402.17191.

15. McMahan, B., Moore, E., Ramage, D., Hampson, S., & y Arcas, B. A. (2017, April).
Communication-efficient learning of deep networks from decentralized data. In Artificial
intelligence and statistics (pp. 1273-1282). PMLR.

16. Yi, X., Paulet, R., Bertino, E. (2014). Homomorphic Encryption. In: Homomorphic
Encryption and Applications. SpringerBriefs in Computer Science. Springer, Cham.
https://doi.org/10.1007/978-3-319-12229-8 2

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	The Role of AI in Revolutionizing the Gaming Industry: A Focus on DLSS and Large Language Models



