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Abstract

This research delves into the dynamic synergy of artificial
intelligence (AI) and video games, unravelling the intricate
tapestry of algorithms that elevate gaming experience. Like secret
codes, these algorithms are the backbone for creating lifelike
movements and behaviors within the gaming environment. The
study meticulously examines three pivotal types of algorithms.
The first ensures the seamless and natural movements of in-game
entities, enhancing players' overall control and enjoyment. The
second algorithm is a virtual GPS, guiding game characters
through intricate paths within complex landscapes. The third
focuses on imbuing game characters with intelligent and realistic
behaviors, simulating a cognitive presence. Furthermore, the
research explores the role of Al in information handling within
games. This encompasses predictive capabilities, comparative
analysis, and understanding the nuanced meanings behind in-game
actions. As the study unfolds, it culminates in proposing a novel
and refined algorithm inspired by the discoveries made throughout
the research. The overarching objective is to unveil how Al can
contribute to making games even more exhilarating and
authentically immersive. The research provides insights into the
current state of technology and entertainment and lays the
groundwork for future advancements and enhancements in the
symbiotic relationship between Al and gaming.
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1. Introduction

Integrating artificial intelligence (AI) into
video games has evolved remarkably, becoming

pivotal in shaping the contemporary gaming landscape.

Al has transcended its initial role as a mere component
and emerged as a transformative force, significantly
enhancing the gaming experience. Beyond mere
functionality, Al has become a crucial element in the
promotional strategies employed by the gaming
industry. In this section, we will provide a broad
overview of the evolution of Al in gaming and its
growing importance, setting the stage for a more in-
depth exploration of its technical aspects and impact

Manuscript received May 5, 2025
Manuscript revised May 20, 2025

https://doi.org/10.22937 /IJCSNS.2025.25.5.24

on playability [1-3]. Delving into the core of our
research, this section will shed light on the
transformative impact of Al on playability and its
integral role in modern game development. The focus
will be on the technical core formed by Al algorithms,
which serve as the foundation for intelligent behaviors
and responsiveness within video games. We will
unravel the intricate ways in which Al algorithms
contribute to the immersive nature of gaming
experiences, enhancing the overall gameplay and
influencing player engagement. Furthermore, we will
explore the sophisticated intelligence attributed to
non-player characters, laying the groundwork for our
comprehensive research into the intersection of Al and
the gaming industry [4-7].

The infusion of Al into video game
development introduces both opportunities and
challenges. The problem statement addresses the need
to understand and dissect these challenges and
opportunities. Specifically, it involves delving into the
complexities of Al algorithms, exploring their efficacy
in enhancing playability, and considering the potential
hurdles their implementation faces. The research aims
to contribute valuable insights into the nuanced
interplay between Al and video games by identifying
these challenges and opportunities [8-10]. The
background of this study serves as a crucial foundation,
offering a contextual overview of the broader
landscape of artificial intelligence (Al) in video games.
This section defines key subjects and provides the
context for readers to comprehend the nuances
discussed in the literature review section subsequently.

1. Evolution of Al in Video Games:
e A brief exploration of the historical
progression of Al within the gaming
industry.
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e Recognizing pivotal moments and shifts in
the integration of Al in video game
development.

2. Trends in Al Applications:

e Identifying and acknowledging
contemporary trends in the use of Al within
the gaming sector.

e Emphasizing the dynamic nature of Al
applications and their impact on gaming
experiences.

3. Advancements in Al Technology:

¢ Briefly outline the technological
advancements that have facilitated the
integration of Al in gaming.

e Recognizing breakthroughs in Al algorithms
and their implications for game development.

4. Purpose of Study

e C(larifying the specific goals and objectives
of the research.

e Outlining the need to understand the current
state of Al in video games and its
implications.

This paper is organized as follows: Section 2
provides review of literature. Section 3 describes the
algorithms involved in game development along with
the proposed AI-GDOE algorithm. Sections 4
provides the results and analysis while section 8
concludes the paper.

2. Review of Literature

This section provides a review of related
literature emphasizing role of Al in video games
development and their evolution.

Lawande et al. [11] explore the development
of modern video games using the Unity game
development engine, specifically focusing on creating
adaptive game Al. The initial phase involves the
construction of a shooter game featuring basic Al,
followed by the design of an action-adventure video
game incorporating elementary case-based adaptive
Al In this advanced Al model, enemies can perceive
environmental changes and adjust their strategies
accordingly. The significance of the developed Al
code extends beyond gaming, with potential
applications in real-world scenarios such as cognitive

video surveillance, intrusion detection systems,
autonomous networked patrolling, rescue robots, and
various assistive applications utilizing vision, hearing,
and behavioral analytics for threat detection and
prediction. Shoshannah [12 investigates the
relationship between age and play style evolution in
the video game Battlefield 3. The study utilizes data
from players' game interactions to analyze play style
patterns over time. The research focuses on
understanding how age influences the development of
play styles, offering insights into the dynamics of
player behavior in a gaming environment. Published
in the IEEE Transactions on Computational
Intelligence and Al in Games, the study contributes to
the broader understanding of age-related factors in
gaming and their impact on individual play styles. The
findings aim to inform future research in
computational intelligence and video game analytics.

Reidl [13] states the digital game industry is
evolving with a shift towards persistent games, robust
ecosystems, and greater integration of real-world
context. This transformation, indicative of industry
growth, poses scalability challenges for game
development. Al, computational intelligence, and
machine learning are key solutions to automate tasks
and adapt system behavior. Game Al, integral to
development, enhances player experiences and aids
procedural content generation. A visionary role for Al
Producers is envisioned, scaling game production
pipelines, supporting live operations, and integrating
real and virtual contexts. Twelve new Game Al
research questions emphasize the need for developers
to view Game Al as integral to live game production,
fostering collaboration between industry and
academic research for innovative solutions.

Corrado et al. [14] proposed computational
framework aims to infer group structures within
artificial societies by analyzing reciprocal friendship
networks. It assigns relative group identities to social
agents engaged in the ultimatum social dilemma game.
Unlike some approaches, this framework relies solely
on social interaction flows, integrating a
reinforcement learning-based cooperation learning
module (CL) and an evolutionary algorithm-based
group identity detection module (GID). Experimental
results on adaptive societies of varying sizes
demonstrate the framework's effectiveness in
minimizing misclassifications, highlighting its
potential for understanding group dynamics in
complex adaptive artificial societies.
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The procedure, incorporating geographical distance
weighting, identifies stable, functional regions in
simulated and real-world networks [15]. Bootstrap
resampling techniques test the stability of
regionalization. The analysis reveals variations in
subgroup commuting patterns that are not evident in
aggregate flows, emphasizing the importance of
considering subgroup characteristics in functional
regional delineation. The study advocates for
exploring network-based partitioning methods and
assessing the stability of functional regions for
informed regionalization decisions.

According to [16], Game Al problems lack
linear formulas but can be addressed through specific
patterns or nonlinear mappings. Offline learning in
game development involves extracting influential
parameters for decision-making and training neural
networks to learn from game experts. Integrating the
latest Al based on machine learning will bring
innovation and transformation to future game
development modes, gameplay, and overall gaming
experiences.

The article [17] discusses efforts to create
intelligent agents assisting game designers through a
training pipeline for games. Four case studies,
including playtesting and game-playing agents,
demonstrate a balance between skill and style. In one
case, for The Sims Mobile, a lightweight model using
the A* algorithm showcased effective playtesting
without the need for complex learning. Another case
focused on a mobile game with large state and action
spaces, utilizing model-free reinforcement learning
(RL) to inform design choices. The third case involved
an open-world HD game, addressing poor
generalization with multiresolution Markov models
and supervised deep neural network (DNN) training.
The final case studied team sports games, highlighting
challenges in shaping rewards for agents influenced by
teammate styles. The takeaway emphasizes the need
for diverse techniques and cautious application of
deep RL models, recognizing their limitations in
seamless transfer to target domains without extensive
tuning. Integrating game data science and Artificial
Intelligence (Al) algorithms in software development
brings powerful capabilities but poses risks when

implemented improperly or trained on biased data [18].

The complexity of game data, influenced by external
contexts, presents challenges such as a lack of
transparency, individual differences, and contextual
understanding. This paper identifies ethical concerns,

including predatory monetization and
misrepresentation, arising from insufficient data,
model limitations, and lack of transparency.
Promising directions for addressing these problems
involve increased human involvement in data science
stages, enhanced interpretability, and visualization for
context preservation. However, these approaches are
still exploratory, facing scale and practicality
challenges, necessitating further engagement with the
community, ethicists, and social scientists to
effectively address ethical concerns in-game data
science.

Authors in [19] found the Geometry Friends
Game Al Competition is highlighted as a valuable
platform for addressing various Al problems,
including cooperation, task, motion planning, and
control, in real-time scenarios. The game has potential
for expansion with features like moving platforms and
the inclusion of a level generation track for Procedural
Content Generation (PCG) algorithms. Future
involves creating a level generation tool for unlimited
automated levels, categorizing levels systematically,
and introducing additional tracks such as Agent
Believability and Human-Al Cooperation. The
competition's unique cooperative nature adds
challenges, making it a promising testbed for Al
research and development. Results from the 2019
competition showcase agent scores across different
tracks.

Boming and Xia [21] review acknowledges its
limited scope in covering only three aspects of game
Al, recognizing the broader applications such as
assisting game design and production and game
testing, which are not discussed. The authors express
a future intent for a more comprehensive review
encompassing various facets of game Al. Highlighting
the current limitation of studies focusing on a small
number of games within the same genre, the paper
emphasizes the ongoing journey toward generalizing
game Al. Anticipating a promising future for game Al,
the authors point to emerging techniques like hybrid
intelligence and cerebral control, which hold potential
once sufficiently developed for application in gaming.
The paper aims to provide readers with insights into
the history of development, current research topics,
and trends in the dynamic field of game Al
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Barriga, Nicolas [21]: The study investigates
muon rates in response to building shielding and
altitude changes, finding that stopping muon rates
remain more constant than overall cosmic ray rates.
An altitude increase of 863 m led to a 30% increase in
high-energy cosmic rays but only a 10-15% increase
in stopping muon rates. No anomalies in daily muon
rates correlated with solar activity were observed. The
study discusses the potential for soft errors due to
muon ionization and compares terrestrial upset rates
caused by low-energy muons with those induced by
neutrons, indicating lower muon rates. FLUKA
calculations are employed to understand detector
responses and predict muon stopping rates, with
ongoing efforts for more precise simulations and data
fitting reported in a future expected study.

Katy Ilonka Gero [22]: The study explores
conceptual and mental models of Al systems using a
word guessing game. A conceptual model of an Al
agent was developed, revealing three key components:
global behavior, knowledge distribution, and local
behavior. User mental models were investigated
through in-person think-aloud and large-scale online
studies, uncovering existing intuitions about Al
system functionality. The findings indicate that users
can revise their mental models when faced with
anomalies and that individuals with higher game
success demonstrate better estimates of the Al agent
in practice.

Ratican and Hutson [23] presented the role of
generative Al in Game design. By incorporating the
adaptive approaches, they figured out the potential
areas where generative Al can lead the future of
gaming and interactive media to the next level.
Likewise, Sharrin et al. [24] investigated the group
dynamics in video games involving the famous final
fantasy. Various aspects of playstyles have been
studied in Japan and the USA. The students further
surveyed and analyzed the cross-cultural traits on the
Likert scale. The study has targeted five dimensions:
individuality and communism, maleness and
femaleness, time orientation, uncertainty avoidance,
and confinement and permission.

Proposed Algorithms

In this research, we proposed integrating
specific and well-defined algorithms to create a
comprehensive Al-Game Dynamics Optimization
Engine (AI-GDOE). This hybrid algorithm combines
the strengths of the following algorithms.

3.1. Steering Algorithms

Seek and Flee: It utilizes [insert specific
mathematical or behavioral model, e.g., vector
calculations or autonomous agent behaviors] to
determine entities' movements toward or away from a
target [24-30].

3.2. Pathfinding Algorithms

A-Start: 1t applies a heuristic-based approach using
[insert specifics about the heuristic function and how
it optimizes pathfinding] [31-35].

The implementation of A-start algorithm in Python
language is provided in Figure 1.

Dijkstra's Algorithm: 1t utilizes a [describe any
modifications or considerations specific to your
implementation] variant for efficient pathfinding.

The implementation of Dijkstra's algorithm in Python
language is provided in Figure 2.

3.3. Goal-Oriented Action Planning

It employs [describe the specific elements or logic,
e.g., decision trees or state machines] to guide agents
in determining actions based on achieving specific
goals [36-40].

3.4. Monte Carlo Tree Search (MCTS):

It adopts a strategy for dynamic decision-making in
uncertain or complex scenarios [41-45].

3.5. Genetic Algorithm Integration:

It utilizes and describes specific genetic algorithm (a
nature inspired metaheuristic algorithm) parameters,
such as crossover methods, mutation rates, or selection
strategies for optimizing in-game entities over
evolutionary iterations [46-60]. The implementation
of Genetic algorithm in Python language is provided
in Figure 3.
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import heapq
def heuristic(node, goal):

return abs(node[@] - goal[@]) + abs(node[l] - goal[l])
def astar(grid, start, goal):

rows, cols = len(grid), len(grid[@])

open_set = []

closed_set = set()

heapq.heappush(open_set, (0, start))

while open_set:
current_cost, current_node = heapq.heappop(open_set)
if current_node == goal:
return current_cost

if current_node in closed_set:
continue

closed_set.add(current_node)

for neighbor in neighbors(current_node, rows, cols):
if neighbor not in closed_set and grid[neighbor[@]][neighbor[1]] != -1:
neighbor_cost = current_cost + grid[neighbor[@]][neighbor[1]] +
heuristic(neighbor, goal)
heapq.heappush(open_set, (neighbor_cost, neighbor))
return -1
def neighbors(node, rows, cols):
neighbors = []
for i; j in [(11 0): (@, 1)) ('1; @)) (@, '1)]:
X, y = node[@] + i, node[1l] + j
if @ <= x < rows and @ <=y < cols:
neighbors.append((x, y))
return neighbors

grid = [
[1) 2, 3, 4, 5])
[6) 7, 8, 9, 10]:
[11, 12, 13, 14, 15],
[16, 17, 18, 19, 20],
[21, 22, 23, 24, 25]

]

start_node = (0, 9)

goal node = (4, 4)

result = astar(grid, start_node, goal node)

if result != -1:

print(f"Cost of the shortest path from {start_node} to {goal_node}: {result}")
else:

print("No path found.")

Figure 1: Implementation of A-start in Python
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dijkstra(graph, start):

vertices = len(graph)

distances = [float('inf')] * vertices
distances[start] = ©

visited = [ 1 * vertices

for _ in range(vertices):
min_distance = float('inf")
min_index = -1

for v in range(vertices):
if distances[v] < min_distance visited[v]:
min_distance = distances[v]
min_index = v

visited[min_index] =

for v in range(vertices):
if (
graph[min_index][v] > ©
visited[v]
distances[v] > distances[min_index] + graph[min_index][V]

distances[v] = distances[min_index] + graph[min_index][v]

return distances

graph =
(e,
[2,
[4,
(e,
(o,
(o,
]

start_vertex = 0
result = dijkstra(graph, start_vertex)

print(f"Shortest distances from vertex {start_vertex}: {result}")

Figure 2: Implementation of Dijkstra’s algorithm in Python




IJCSNS International Journal of Computer Science and Network Security, VOL.25 No.5, May 2025

import random
def generate_population(population_size, target_string_ length):

return [''.join(random.choice('abcdefghijklmnopgrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ
') for _ in range(target_string length)) for _ in range(population_size)]
def calculate_fitness(individual, target_string):

return sum(1l for a, b in zip(individual, target_string) if a == b)
def select_parents(population, target_string):

fitness_scores = [calculate fitness(individual, target_string) for individual in
population]

total_fitness = sum(fitness_scores)

probabilities = [score / total_fitness for score in fitness_scores]

parentl = random.choices(population, probabilities)[0]

parent2 = random.choices(population, probabilities)[9]

return parentl, parent2

crossover(parentl, parent2):

crossover_point = random.randint(1, len(parentl) - 1)

childl = parentl[:crossover_point] + parent2[crossover_point:]

child2 = parent2[:crossover_point] + parentl[crossover_point:]

return childl, child2

mutate(individual, mutation_rate):

mutated individual = "'

for gene in individual:

if random.uniform(@, 1) < mutation_rate:
mutated individual
random.choice( 'abcdefghijklmnopgrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ ")
else:
mutated_individual += gene
return mutated_individual

def genetic_algorithm(target_string, population_size, mutation_rate, generations):
population = generate_population(population_size, len(target_string))
for generation in range(generations):
population = sorted(population, key=lambda x: calculate_fitness(x, target_string),
reverse=True)
if calculate_fitness(population[@], target_string) == len(target_string):
print(f"Target string '{target_string}' reached in {generation + 1}

generations.")
break
new_population = []
for _ in range(population_size // 2):
parentl, parent2 = select_parents(population, target_string)
childl, child2 = crossover(parentl, parent2)
childl = mutate(childl, mutation_rate)
child2 = mutate(child2, mutation_rate)
new_population.extend([childl, child2])
population = new_population
best_individual = max(population, key=lambda x: calculate_ fitness(x, target_string))
print(f"Best individual: {best_individual}")
print(f"Fitness: {calculate_fitness(best_individual, target_string)}")

target = "Hello, World!"

population_size = 100

mutation_rate = 0.01

generations = 1000

genetic_algorithm(target, population_size, mutation_rate, generations)
Figure 3: Implementation of Genetic algorithm in Python
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4. Discussion and analysis

We delve into the classes of algorithms crucial
to defining video game functionalities. Each of these
algorithmic categories plays a pivotal role in shaping
the gaming experience, contributing to the realism and
complexity of in-game interactions [61-70].

4.1 Steering Algorithms:

Previous Models:

Utilized simpler steering algorithms, potentially
lacking depth for dynamic movements.

AI-GDOE:

Introduces sophisticated steering algorithms (Seek
and Flee, Path Following) for enhanced in-game entity
movements.

Analysis: The proposed AI-GDOE significantly
improves realism and complexity in interactions
compared to previous models.

Suggested Improvement: Integration of machine
learning-based steering algorithms that adapt to player
behavior [71-76].

4.2 Pathfinding Algorithms:

Previous Models:

Employed basic pathfinding algorithms, potentially
lacking optimization for real-time applications.
AI-GDOE:

Implements renowned algorithms (A*, Dijkstra's)
tailored for dynamic gaming landscapes.

Analysis:  The proposed AI-GDOE enhances
navigation and resource utilization, contributing to a
more dynamic game environment compared to
previous models.

Suggested Improvement: Integration of machine
learning-driven pathfinding algorithms that adapt to
evolving gaming scenarios [77-80].

4.3 Goal-Oriented Action Planning:

Previous Models:

Utilized less advanced decision-making capabilities,
potentially resulting in less adaptive in-game entities.
AI-GDOE:

Incorporates principles behind GOAP and similar
planning techniques for intelligent decision-making.
Analysis: The proposed AI-GDOE significantly
enhances decision-making capabilities, providing
more adaptive in-game entities compared to previous
models.

Suggested Improvement: Integration of reinforcement
learning for goal-oriented action planning [81-86].
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5. Conclusions and Recommendations

The proposed research sets the stage for
exploring the transformative impact of artificial
intelligence (Al) in video games, specifically focusing
on the proposed Game Dynamics Optimization
Engine (AI-GDOE). It outlines the pivotal role of Al
in enhancing the gaming experience and becoming
integral to contemporary game development. The
introduction provides a concise overview of the
technical core formed by steering algorithms,
pathfinding algorithms, and goal-oriented action
planning, which are the foundational elements of the
AI-GDOE. Emphasis is placed on their significance in
shaping the playability and overall immersive nature
of gaming experiences. The introduction also hints at
the integration of Monte Carlo Tree Search (MCTS)
and Genetic Algorithms within the AI-GDOE,
promising a holistic and innovative approach to Al in
video games.

1. Findings And Contributions:

The study uncovered pivotal insights in our
exploration of Al algorithms that shaped the proposed
AI-GDOE. Steering algorithms, including Seek, Flee,
and Path Following, demonstrated their efficacy in
influencing player immersion with nuanced
movement patterns. A* and Dijkstra's Algorithm, as
prominent pathfinding techniques within the Al-
GDOE, showcased their prowess in efficiently
guiding characters through diverse and complex
gaming environments. Goal-oriented action planning,
a cornerstone of the AI-GDOE, emerged as a powerful
tool for shaping non-player character intelligence and
enriching gameplay narratives. Integrating Monte
Carlo Tree Search (MCTS) and Genetic Algorithms
further contributed to dynamic decision-making and
evolutionary adaptation within the gaming landscape.

These algorithms and Al models collectively
played distinctive roles, which is evident in their
impact on playability, responsiveness, and overall
gaming experiences. The proposed AI-GDOE stands
as a testament to their synergistic contributions,
significantly elevating the standards of video game Al.

2. Lessons Learned:

The research journey illuminated valuable
lessons in navigating the intricate relationship
between Al and video games. Contextual
effectiveness emerged as a key consideration,
highlighting the need to tailor algorithms to specific
gaming scenarios. Balancing computational efficiency
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with real-time adaptability became critical in
designing robust game Al systems. Moreover, a
nuanced understanding of player engagement factors
underscored the importance of tailored Al solutions
for diverse gaming experiences.

3. Recommendations for Future Works:

As we conclude this study, several avenues for
future research come to the forefront, building upon
the foundations laid by the AI-GDOE. Exploring
hybrid approaches that combine elements from
various algorithms holds promise for innovative
solutions that maximize individual strengths.
Investigating the integration of machine learning
techniques for adaptive Al systems in real-time
gaming environments is crucial for enhancing player
experiences further. Ethical considerations in Al-
driven games and their potential impact on players’
behavior should be a focus for future exploration.
Continual advancements in hardware capabilities may
open new possibilities for more computationally
intensive Al models in gaming scenarios, warranting
ongoing attention.

In conclusion, this study, anchored by the
proposed Game Dynamics Optimization Engine,
provides a robust foundation for understanding the
intricate interplay between Al algorithms and video
games. The findings, lessons learned, and
recommendations for future works contribute to the
evolving landscape of video game Al, inspiring
continued innovation for more intelligent and
engaging gaming environments.
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