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Abstract. With the rapid growth of the gaming industry, real-time on-
line multiplayer games have surged in popularity, driving an increasing
demand for the development of complex software. In particular, game de-
velopers often face significant challenges when working with networked
code (netcode). The design space of available netcode libraries is large,
yet there is limited guidance when implementing an online multiplayer
game. To compensate, we present a catalog of netcode patterns providing
guidance when implementing real-time strategy and role-playing games.
We use two concrete games serving as case studies for pattern identifi-
cation and validation.
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1 Introduction

In 2024, the gaming industry generated more than $180 billion in revenues with
an audience larger than 3 billion people, and the global video game market is ex-
pected to reach more than $213 billion in 2027 [24]. This trend has intensified the
demand for dedicated software engineering principles to support increasing com-
plexity. On the one hand, research on software engineering for games has tackled
mostly analytical aspects such as automated testing and debugging [6,9,28,30].
On the other hand, practitioners seek for guidance in game programming and
design, as addressed, e.g., in Robert Nystrom’s widely recognized textbook on
Game Programming Patterns [27]. However, while the book covers a mix of clas-
sical design patterns and game-specific ones that became standard in today’s
game engines, these patterns do not address the challenges one faces when de-
veloping the networked aspects of online multiplayer games.

In this paper, we focus on game engine APIs dealing with networked code
(netcode), which emerged to be a standard technology stack in real-time online
multiplayer game development. While netcode libraries provide a general basis
to implement networked game logic, they keep a lot of design freedom, and
their targeted design space is large. Navigating the solution space and balancing
design flexibility with ease of use is challenging.
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Inspired by Nystrom’s book [27], but with a much more specialized focus, we
argue that netcode patterns can serve as a valuable solution that tackles this lack
of guidance. We focus on real-time online multiplayer games implemented on top
of Unity’s Netcode for GameObjects (NGO) [15], our primary target audience is
game developers who want to create their first online multiplayer game in Unity.

Throughout the paper, we use two concrete games serving as case studies
for pattern identification and validation: Unity’s online multiplayer Role-Play
Game (RPG) known as Boss Room [35] as well as a Real-Time Strategy (RTS)
game called The Shroomlings specifically developed for this paper. We present
an extensible catalog of nine netcode patterns for multiplayer RTS and RPG
games, classified into four groups: Organizational patterns primarily address
the question of whether the server or the client holds authoritative control, es-
tablishing the source of truth for game state and logic; consistency patterns focus
on maintaining a consistent game state across all clients. Security patterns aim
to prevent players from cheating. Serialization patterns deal with reducing band-
width usage and minimizing the effort required to serialize and transmit objects
over the network. Orthogonal to our primary categorization, the patterns range
from high-level architectural patterns to concrete design and implementation
patterns. The patterns are documented in EuroPLoP’s well-established format,
providing a name along with five sections: Context, Problem, Forces, Solution,
and Consequences (positive and negative) [8,13,33].

Section 2, intended primarily for newcomers and optional for experts, outlines
key concepts essential for understanding online multiplayer games and their as-
sociated design challenges. Section 3 provides an overview of our overall method-
ology and presents the two investigated games. Section 4 documents our pattern
catalog, while Section 5 discusses potential limitations. In Section 6, we review
related work in a broader context, and Section 7 concludes the paper along with
an outlook on future work.

2 Background

In this section, we introduce the fundamentals of what defines a game and its
implementation on top of Unity and NGO, highlighting major challenges when
developing real-time online multiplayer games.

2.1 The Game Loop

A game can be seen as an interactive video, which immerses the player in a
virtual world. The player can provide inputs such as keyboard and mouse events
affecting the video. A video is a sequence of images called frames, which must be
computed. The game loop is a continuously repeating process that drives frame
updates during gameplay. It consists of several stages that process game events,
update game objects - the fundamental object type in Unity used to represent
everything in your project - and render the game graphics. The game loop is
responsible for keeping the game running at a consistent frame rate and ensuring
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that the game logic and visuals are synchronized. Typical stages of a game loop
are "Initialization," "Physics," "Player input," "Game logic," "Rendering," and
"Decommissioning". To add custom code specific to the game, developers must
implement hooks that get called according to the game loop. Unity provides a
detailed image showing the script lifecycle flowchart with all hooks and the order
in which they get called by the game loop [32].

2.2 Unity’s Netcode for GameObjects

Netcode refers to an abstraction layer that simplifies everyday networking game-
play needs and integrates with gaming services such as game server hosting and
monetization. One of the key companies in the global game engines market is
Unity Software Inc., with their widespread game engine Unity [12] which is com-
patible with several netcode solutions, providing a complete service ecosystem.
On a conceptual level, a flowchart provided by Unity illustrates all hooks and the
sequence in which they are invoked by the game loop [32]. On an implementation
level, Unity has two different first-party netcode solutions being actively main-
tained: Netcode for GameObjects (NGO) and Netcode for Entities (NE) [15].
For the work of this paper, NGO has been chosen as it has less overhead than
NE. The following concepts [31] of the NGO API are of particular relevance for
this paper.

NetworkObject is a fundamental component that enables game objects to be
synchronized across multiple clients in a multiplayer game. NetworkBehaviour
is primarily used to create unique game logic. It can also be used to synchronize
state and send messages over the network. User scripts extend NetworkBehaviour
to implement networked behavior. OnNetworkSpawn and OnNetworkDespawn are
user callbacks being invoked on each NetworkBehaviour. The former belongs to
the "Initialization" stage of the game loop, while the latter belongs to the "De-
commissioning" stage. The patterns documented in this paper also make use of
the hooks Awake (an initialization hook) and Update (executed every frame of the
game loop). NetworkVariable provides a mechanism for persistently synchro-
nizing properties between servers and clients, meaning also late-joining clients
receive the latest state. NetworkVariable ensures continuous data synchroniza-
tion. Remote procedure calls (RPCs) allow calling methods on objects that are
not in the same memory space. In this paper, we use ServerRpc for a client to
invoke a procedure on a NetworkObject, which is then executed on the server
version of the same NetworkObject. We use ClientRpc for a server to invoke a
procedure on a NetworkObject, that is then executed on all clients’ version of
the same NetworkObject. The NetworkManager component comprises all of the
project’s netcode-related settings. It must be a singleton and can be seen as the
central netcode hub for a netcode-enabled project. NetworkTransform manages
the complexities of synchronizing a game object’s transform (3D position, rota-
tion, and scale) across the network, including optimizing bandwidth usage for
transform updates. This component also ensures that late-joining clients receive
the latest transform state. NetworkAnimator provides a fundamental example of
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how to synchronize animations during a network session. This component also
accounts for late-joining clients.

2.3 Challenges in Online Multiplayer Game Development

Game development must address the dual challenges of ensuring Quality of Ser-
vice (QoS) and Quality of Experience (QoE) [21]. These challenges are interre-
lated and require distinct considerations to balance technical performance with
player satisfaction. Depending on the game genre, there might be di�erent QoS
and QoE factors of importance [21]. For real-time online multiplayer games, the
following factors crucially contribute to the overall QoS and QoE:

1. Consistencyensures that simulations on clients align with what should occur
in subsequent frames. The goal is to avoid desynchronizations, e.g., when
clients disagree on the state of the game, leading to discrepancies such as an
object's position di�ering across clients.

2. Responsivenessrefers to the time it takes for the game to provide feedback
after a user action. High responsiveness is crucial for maintaining an immer-
sive and engaging player experience.

3. Security prevents cheating to sustain player trust and enjoyment. Online mul-
tiplayer games must be protected against manipulation of client-side code,
such as forged network messages sent to the server, through which players
can exploit vulnerabilities to gain unfair advantages.

Achieving optimization across all three properties is particularly di�cult due
to the distributed nature of online multiplayer games. Inherent latency and lim-
ited bandwidth of network communication must be carefully managed to provide
a seamless and secure gaming experience, often leading to tradeo�s between con-
sistency, responsiveness and security [20].

3 Methodology

The patterns proposed in this paper are based on the design of two concrete
games serving as case studies. The �rst one involves extracting pattern can-
didates by analyzing an existing real-world game known as Boss Room [35],
providing insight into practical, �eld-tested solutions. The second one is a Real-
Time Strategy game called The Shroomlings which has been developed speci�-
cally for this paper, allowing for controlled exploration and validation of pattern
candidates derived from Boss Room.

We followed a qualitative approach as outlined in EuroPLoP's pattern in-
troduction guide [8], employing an iterative process supported by a review and
feedback cycle [33]. The initial identi�cation and description of patterns were
provided through code analysis by the �rst author of this paper, who has over
10 years of experience developing games with Unity. The patterns were sub-
sequently validated and re�ned based on feedback from the second and third
author.
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