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A MODEL OF AN ENHANCED COMPUTER GAME SERVER IN MULTIPLAYER 

ENVIRONMENTS 
 
The rapid evolution of multiplayer gaming has led to increasingly complex virtual environments that require precise 

synchronous movement mechanics to be competitive. One of the main challenges of interacting with large numbers of users in real-
time in a multiplayer environment is the effect of network delays on character movements. In addition to the constant component, 
network delays have a variable component that is random and at the same time can be different on different network segments 
when the server interacts with different clients. The article examines the operation of a computer game server and proposes a 
model of advanced character movement control for multiplayer environments that provides smooth transitions between animation 
states through the concept of client-side prediction. The model is based on the state transition diagram of the server and describes 
its operation during a multiplayer game. To analyze the processes implemented by the server, we defined its five states: listening 
state, packet delay check state, mobility check state, client data update state, and preauthorization data update state. The object of 
modeling is a random process characterized by discrete states and continuous time, the model of which is presented as a system of 
differential equations. The results of solving this system of equations are analytical expressions for estimating the probabilities of a 
computer game server being in each of the possible states depending on the intensity of transitions between states. The presented 
mathematical apparatus describes the influence of incoming requests of different intensities on maintaining the necessary quality of 
system operation. The resulting formulas can be used for further analysis of the server's operation in various scenarios. Based on 
them, recommendations for improving data exchange algorithms in the system can be developed. 

Keywords: multiplayer game development, multiplayer server management, character movement, telecommunication 
network, model. 
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МОДЕЛЬ КОМП’ЮТЕРНОГОІГРОВОГО СЕРВЕРА В 

БАГАТОКОРИСТУВАЦЬКИХ СЕРЕДОВИЩАХ  
 
Швидка еволюція багатокористувацьких ігор призвела до дедалі складніших віртуальних середовищ, які 

потребують точної синхронної механіки руху, щоб бути конкурентоспроможними. Однією з основних проблем взаємодії з 
великою кількістю користувачів у режимі реального часу в багатокористувацькому середовищі є вплив мережевих затримок 
на рухи персонажів. На додаток до постійної складової мережеві затримки мають змінну складову, яка є випадковою і може 
бути різною на різних сегментах мережі, коли сервер взаємодіє з різними клієнтами. У статті досліджено роботу 
комп’ютерного ігрового сервера та запропоновано модель вдосконаленого управління рухом персонажа для 
багатокористувацьких середовищ, яка забезпечує плавний перехід між анімаційними станами завдяки використанню 
концепції клієнтського передбачення. Модель базується на діаграмі переходів між станами сервера та описує його роботу під 
час багатокористувацької гри. Щоб проаналізувати процеси, реалізовані сервером, ми визначили його п’ять станів: стан 
прослуховування, стан перевірки затримки пакетів, стан перевірки мобільності, стан оновлення даних клієнта та стан 
оновлення даних попередньої авторизації. Об’єктом моделювання є випадковий процес, що характеризується дискретними 
станами та безперервним часом, модель якого представлена у вигляді системи диференціальних рівнянь. Результатом 
розв’язання цієї системи рівнянь є аналітичні вирази для оцінки ймовірностей перебування сервера комп’ютерної гри в 
кожному з можливих станів залежно від інтенсивності переходів між станами. Представлений математичний апарат описує 
вплив вхідних запитів різної інтенсивності на підтримку необхідної якості роботи системи. Отримані формули можна 
використовувати для подальшого аналізу роботи сервера в різних сценаріях. На їх основі можуть бути розроблені 
рекомендації щодо вдосконалення алгоритмів обміну даними в системі. 

Ключові слова: розробка багатокористувацьких ігор, керування багатокористувацьким сервером, рух персонажів, 
телекомунікаційна мережа, модель. 
 

Introduction 

The evolution of multiplayer gaming has introduced increasingly intricate virtual worlds that demand 

precise movement mechanics to maintain immersion and competitiveness. In modern multiplayer gaming 

environments, character movement is a critical aspect that significantly impacts player experience and gameplay 

quality. Delays, inconsistencies, or inaccuracies in character movement can disrupt gameplay, leading to frustration 

and loss of engagement among players [1]. To address this, modern movement control systems must integrate 
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advanced prediction algorithms, adaptive error correction mechanisms, and efficient data handling strategies [2]. 

The importance of client predictability in multiplayer games and a new prediction algorithm that can be used for this 

is shown in [3]. The article [4] presents the fundamental concepts of synchronization in multiplayer online games 

and discusses typical approaches and algorithms used to support the synchronization of distributed game objects. 

The player actions in multiplayer games need to be translated into responsive and realistic motion even in 

the presence of network instability. In addition to the constant component, network delays have a variable 

component that is random and at the same time can be different on different network segments when the server 

interacts with different clients. Ensuring smooth and accurate control of character movement across networked 

systems poses unique challenges, especially when considering the demands of real-time synchronization, network 

latency, and computational resource optimization. These challenges necessitate the development of systems that can 

handle the complex interplay between client-side prediction, server-side correction, and network communication [1]. 

This, in turn, requires improving existing data governance algorithms to provide new opportunities. The 

synchronization problem in client-server gaming systems is considered in [4,5]. The paper [4] uses the probability of 

interaction among participants and ranking of the delay among participants. The paper [5] presents fundamental 

concepts of synchronization in multiplayer online games and discusses typical approaches and algorithms used to 

support the synchronization of distributed game objects. 

This research focuses on the design and implementation of an enhanced character movement control model 

tailored for multiplayer environments. It leverages a modular approach to optimize real-time interaction between 

players, incorporating elements such as network prediction, interpolation, and server-client synchronization. The 

study aims to bridge the gap between theoretical advancements and practical application in character movement 

systems by employing state-of-the-art techniques and frameworks like Unreal Engine. 

The main contribution of this paper can be summarized as follows: 

1. The state transition diagram of a computer game server that can be used to analyze its operation is 

designed. 

2. Based on the state transition diagram, the analytical model of the computer game server operation 

process is proposed. 

3. Mathematical expressions for determining the probability of a computer game server being in each of 

its states due to the intensity of transitions between its states have been obtained. 

 

A model of a computer game server  

The character movement control system developed for multiplayer environments represents a sophisticated 

software solution designed to ensure precise synchronization and smooth gameplay. This system is characterized by 

its advanced integration of network prediction, collision detection, and adaptive response to varying network 

conditions. Its modular structure and implementation within Unreal Engine as a plugin make it highly versatile and 

suitable for a wide range of multiplayer projects. 

A key innovation of this system is the Character Client Network Prediction (CCNP) mechanism. This 

approach allows the client to estimate and predict the character's next position based on the player's input, current 

velocity, and previously synchronized data from the server. The prediction algorithm compensates for network 

latency by preemptively calculating positions before receiving server updates. This ensures that character 

movements appear smooth and responsive, even in high-latency environments. In addition, CCNP utilizes real-time 

error correction. When the server detects discrepancies between the predicted position and the actual state, it sends 

corrective updates that are seamlessly integrated into the gameplay without noticeable jitter. 

Key features of the system include real-time position prediction, error correction mechanisms, and efficient 

data synchronization between the server and multiple clients. These features address challenges such as latency, 

packet loss, and discrepancies between client- and server-side states, ensuring seamless interaction among players. 

The system is particularly effective in scenarios involving complex movement, such as climbing, swimming, or 

traversing dynamic environments, as it ensures all clients maintain a consistent game state. 

This innovative design not only mitigates the effects of network variability but also optimizes performance 

in large-scale multiplayer games. For example, the system adapts movement behaviors dynamically, reducing the 

load on the server by delegating non-critical calculations to the client through prediction mechanisms. By 

minimizing redundant synchronization data and handling minor corrections locally, the system significantly reduces 

the perceived latency and enhances the overall user experience. 

As an object of further research, this system provides a foundation for exploring new algorithms and 

methods to enhance character movement control. The primary focus is on improving accuracy, reducing the impact 

of latency, and optimizing resource consumption in diverse multiplayer scenarios. To support such analysis, we 

propose a detailed model of the primary component's operation, encompassing its interaction with network layers, 

player inputs, and server-side logic. This model includes a feedback loop for continuous evaluation and adjustment 

of prediction and correction strategies based on real-world latency patterns. 

The task involves developing a comprehensive framework for evaluating the system's efficiency, exploring 

potential optimizations, and validating its scalability in diverse multiplayer scenarios. This will contribute to the 

advancement of character movement control technologies, addressing the growing demands of modern game 
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development. By integrating and refining CCNP, the system not only meets current requirements but also sets the 

stage for future multiplayer advancements in terms of both technical efficiency and player experience. 

 

A model of a computer game server  

To study the server operation in more detail, we developed a model that describes its functioning during a 

multiplayer game. When studying different processes, different types of models are used, such as a model supported 

by artificial intelligence [6], analytical [7,8], ontology [9], a simulation model [10], a timed Petri net model [11], a 

game networking model [2,12], and others. The work [12] focuses on the challenges that arise when integrating 

network solutions into gaming environments and approaches to solving them. It is valuable that it is devoted to the 

choice of a network model for multiplayer games. The correct network model affects the gaming experience and 

performance, and its choice depends on the specifics of the game and the expectations of the players. We will use an 

analytical model similar to the one used in the article [13,14]. It considers the modeling object as a random process 

characterized by discrete states and continuous time, and represents its operation as a system of differential 

equations.  

To analyze the processes occurring on the server, we have defined five of its states: 

1. Listening state; 

2. Packet delay check state; 

3. Mobility check state; 

4. Client data update state; 

5. Pre-authorization data update state. 

The server is in one of these states at any time and, when certain conditions are met, it transitions to another 

state. The server's operation can be described by a transition diagram between its states, which for the states we have 

selected has the form shown in Fig. 1. 

 
Fig. 1. Simplified diagram of server state transitions 

 

The diagram demonstrates the process of the server when interacting with clients, focusing on data latency 

control and client action management. Initially and by default during operation, the server is in a listening state 

(standby, idle?) (state 1). In this state, it is constantly listening and ready to respond to client connection requests or 

new data from already connected users. When a connection is initiated, the server goes into the connection quality 

evaluation state (state 2), checking whether the data transfer delays do not exceed the set thresholds. If the delay is 

too long, indicating network problems, the server returns to the listening state (state 1) in anticipation of a better 

client connection. 

If the delay corresponds to the acceptable parameters, the server goes to the next procedure (state 3) - 

checks the possibility of performing actions by the client, in particular, moving a client’s controlled character. If 

movement is allowed, the server begins the process of reproducing the client’s actions, synchronizing them with 

other clients (state 4). To ensure the correct operation of the network, traffic data is transmitted to all clients, except 

for the one that sent this data, which avoids duplication of information. 

After successfully processing the move, the server returns to standby mode (from state 4 to state 1), ready 

for new requests or actions from clients. 

If problems are detected during the movement possibility check (state 3) or motion playback the server 
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updates the client data to pre-authorized data (state 5), operationally returns to inspect delays and, if possible, 

eliminate the causes to ensure smooth and stable network operation.  

The sequence of processes described above allows to the avoidance of failures and ensures the correct 

operation of the program in real-time. 

Let us denote by λi the transition intensity of the server from one state to another. Then, following Figure 1: 

• λ1 – the intensity of the server's transition from the listening state to the delay checking state; 

• λ2 – the intensity of the server's transition from the delay checking state to the listening state; 

• λ3 – the intensity of the server's transition from the delay checking state to the movement possibility 

check state; 

• λ4 – the intensity of the server's transition from the movement possibility check state to the pre-

authorize data update state; 

• λ5 – the intensity of the server's transition from the movement possibility check state to the client data 

update state; 

• λ6 – the intensity of the server's transition from the client data update state to the listening state; 

• λ7 – the intensity of the transition of the server from the pre-authorize data update state to the listening 

state. 

The server can be described as a random process characterized by discrete states and continuous time, 

so its mathematical model can be represented in the form of the following system of differential 

equations: 

 

{
 
 
 

 
 
 
dP1(𝑡)

𝑑𝑡
= −𝜆1𝑃1(𝑡) + 𝜆2𝑃2(𝑡) + 𝜆6𝑃4(𝑡) + 𝜆7𝑃5(𝑡)

dP2(𝑡)

𝑑𝑡
= −(𝜆2 + 𝜆3)𝑃2(𝑡) + 𝜆1𝑃1(𝑡)

dP3(𝑡)

𝑑𝑡
= −(𝜆4 + 𝜆5)𝑃3(𝑡) + 𝜆3𝑃2(𝑡)

dP4(𝑡)

𝑑𝑡
= −𝜆6𝑃4(𝑡) + 𝜆5𝑃3(𝑡)

dP5(𝑡)

𝑑𝑡
= −𝜆7𝑃5(𝑡) + 𝜆4𝑃3(𝑡)

   (1) 

 

To study the operation of the server in stationary mode, the system of equations (1) can be rewritten in the 

form of a system of algebraic equations: 

 

{
 
 

 
 
0 = −𝜆1𝑝1 + 𝜆2𝑝2 + 𝜆6𝑝4 + 𝜆7𝑝5
0 = −(𝜆2 + 𝜆3)𝑝2 + 𝜆1𝑝1
0 = −(𝜆4 + 𝜆5)𝑝3 + 𝜆3𝑝2
0 = −𝜆6𝑝4 + 𝜆5𝑝3
0 = −𝜆7𝑝5 + 𝜆4𝑝3

   

 (2) 

 

The total probability that the system is in any of the discrete states is equal to 1, which gives the 

normalization identity: 

 

∑ 𝑝𝑘 = 1
5
𝑘=1        (3) 

 

To solve the system, we will use the method of substitutions and represent all probabilities through the 

probability p3. From the fifth equation of system (2), the probability p5 of the server being in the fifth state can be 

written as: 

 

𝑝5 =
𝜆4

𝜆7
𝑝3.       (4) 

 

The probability of the server being in the fourth state p4 from the fourth equation of system (2) can be 

written as: 

 

𝑝4 =
𝜆5

𝜆6
𝑝3,       (5) 

 

and from the third equation of system (2), we get the probability p2 of the server being in the second state:а з 

трертього рівняння системи (2) отримаємо ймовірність p2 перебування сервера у другому стані: 
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𝑝2 =
𝜆4+𝜆5

𝜆3
𝑝3.       (6) 

 

From the second equation of system (2) taking into account equation (6), we get the probability of the 

server being in the first state p1: 

 

𝑝1 =
(𝜆2+𝜆3 )(𝜆4+𝜆5)

𝜆1 𝜆3
𝑝3.      (7) 

 

Substitute (4) - (7) in (3): 

 

 
(𝜆2+𝜆3)(𝜆4+𝜆5)

𝜆1𝜆3
𝑝3 + 

𝜆4+𝜆5

𝜆3
𝑝3 + 𝑝3 + 

𝜆5

𝜆6
𝑝3 + 

𝜆4

𝜆7
𝑝3 = 1.    (8) 

 

Let's find the probability p3 of the server being in the third state due to the intensity of transitions between 

states. 

 

𝑝3 = 1/ [1 +  
𝜆5

𝜆6
+ 

𝜆4

𝜆7
+  

(𝜆4 + 𝜆5)(𝜆1+ 𝜆2 + 𝜆3)

𝜆1𝜆3
].     (9) 

 

For simplicity, we mark: 

 

B = [1 + 
𝜆5

𝜆6
+ 

𝜆4

𝜆7
+  

(𝜆4 + 𝜆5)(𝜆1+ 𝜆2 + 𝜆3)

𝜆1𝜆3
]
−1

    (10) 

 

and the probability of the server being in the movement possibility check state 𝑝3: 

 

𝑝3 = 𝐵.      (11) 

 

Using this notation we will find the probabilities of the server being in all its states. As a result, we get: 

•  the probability that the server is in a listening state: 

 

𝑝1 =
(𝜆2 + 𝜆3)(𝜆4+ 𝜆5)

𝜆1𝜆3
 𝐵;     (12) 

 

• the probability that the server is in a latency check state:  

 

𝑝2 =
𝜆4+ 𝜆5

𝜆3
𝐵;      (13) 

 

•  the probability of the server being in the client data update state: 

 

𝑝4 =
𝜆5

𝜆6
𝐵;       (14) 

 

•  the probability of the server being in the pre-authorized data update state: 

 

𝑝5 =
𝜆4

𝜆7
𝐵.       (15) 

 

To verify the model, we will take the first equation of system (2), which was not used when finding the 

probabilities of the server (11-15) being in its various states. Let’s define the right side of this equation: 

 

−𝜆1𝑝1 + 𝜆2𝑝2 + 𝜆6𝑝4 + 𝜆7𝑝5 = −𝜆1
(𝜆2 +  𝜆3)(𝜆4 + 𝜆5)

𝜆1𝜆3
 𝐵 + (𝜆2

𝜆4 + 𝜆5
𝜆3

+ 𝜆6
𝜆5
𝜆6
+ 𝜆7

𝜆4
𝜆7
)𝐵 = 

= −
(𝜆2 +  𝜆3)(𝜆4 + 𝜆5)

𝜆3
 𝐵 + (𝜆2

𝜆4 + 𝜆5
𝜆3

+ 𝜆5 + 𝜆4)𝐵 = 

= −
(𝜆2 + 𝜆3)(𝜆4+ 𝜆5)

𝜆3
 𝐵 +

(𝜆2 + 𝜆3)(𝜆4+ 𝜆5)

𝜆3
 𝐵 = 0.   (16) 

 

As expected, the right-hand side of the tested equation is equal to zero, confirming the proposed model's 

correctness. So, the obtained analytical expressions (11)-(15) make it possible to estimate the probability of the 

computer game server being in each possible state depending on the intensities of transitions between states. 
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Conclusions 

Сomputer game server is considered a stochastic system, the operation of which depends on many random 

factors, both internal and external. An example of external factors is delays in the delivery of packets caused by the 

data transmission network. Exceeding the delay above the permissible norms can lead even to the inoperability of 

the application. To analyze the operation of the server, a representation of its functioning in the form of a state 

transitions diagram is proposed. Due to this, the operation of the server is described by a system of differential 

equations, as a result of which analytical expressions for the probabilities of the server being in all its states have 

been obtained. The resulting formulas can be used for further analysis of the server's operation in various scenarios. 

Based on them, recommendations for improving data exchange algorithms in the system can be developed. 
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