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The video game industry represents a significant and complex segment of the soft-
ware development sector. The creation of video games involves intricate systems that
require substantial labour and resources. Automating various processes within game de-
velopment can contribute to reducing production costs by minimizing manual effort. One
critical area where automation can be applied is in the performance measurement of video
games. This thesis aims to explore and propose meth. This thesis aims to identify methods
for utilizing automated testing processes in the performance measurement of video
games.

This thesis explores the implementation possibilities of an automated scenario-based
approach for measuring video game performance. Utilizing the Design Science Research
methodology, a software artifact was developed to simulate a video game environment in
which the proposed approach was applied and evaluated. This artifact served as a practical
tool to test the feasibility and effectiveness of the scenario-based performance measure-
ment framework.

The results demonstrate that the proposed approach is viable and can be successfully
implemented. It offers flexibility for automation within Continuous Integration/Continu-
ous Deployment (CI/CD) pipelines and allows for the collection of various performance
metrics tailored to different types of video games. This adaptability ensures that the solu-
tion can accommodate diverse performance evaluation needs across various gaming en-
vironments.

However, the study also identified certain limitations. Specifically, it was observed
that the range of metrics that can be collected is constrained by the need to maintain the
accuracy of performance data. Interference from the measurement process itself may im-
pact the reliability of certain metrics, highlighting the importance of carefully selecting
data collection methods. Despite these limitations, the research provides a solid founda-

tion for further advancements in automated video game performance evaluation.

Key words and terms: game development, scenario-based approach, automated test-

ing, performance measurement, video games
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1 Introduction

The Video Game Industry is worth 183 billion dollars as of 2022 [1]. Born in the 70s
this industry grew fast and now competes with the biggest visual entertainment industries,
such as cinema. Budgets of the biggest games can be compared to the budgets of the
films. The Last of Us Part Two production budget was over 200 million dollars [2]. This
can be compared to the one of the most expensive movies of all times, Titanic, that had a
budget over 200 million dollars too [3]. Therefore, we can make the claim that Video
Game industry is comparatively big and it may be expensive to produce a game.

There are a lot of different expense categories in game development. We can split
them into two biggest categories: Production and Marketing. We will put marketing aside,
because this topic goes beyond the scope of this work. Production costs split by category
is not public information, usually. However, the distinction of each game from each other
makes it almost impossible to create one-time solutions for testing, especially automated.
Therefore, manual testing is the most common practice in the industry right now [4].
Teams of people dedicated to testing the game can lead to the increased cost of produc-
tion. More content the game has, the more people-hour work is required to make sure that
everything works as intended. It may lead us to the conclusion that decreasing the amount
of manual labor and bringing automated solutions can drastically decrease cost of pro-

duction for bigger games.

1.1 Research Problem

Game developers report that testing can be a less structuralized process compared to
the regular software development, because it is driven by artistic nature [5]. Additionally,
developers report about problems with late testing, absence of testing and financial bur-
dens of proper testing [4]. The same paper reports on the lack of the automatization that
may help with cost issues. Therefore, there is a problem with testing standards in autom-
atization sphere.

One of the important papers for this work is written by Aghyad Albaghajati and
Moataz Ahmed:” Video Game Automated Testing Approaches: An Assessment Frame-
work” [6]. This paper classifies automated testing techniques in game development that
are mentioned in scientific papers. They have collected a list of those techniques and
classified them by several categories, such as testing approach, testing goal, game genre
etc. The categories that will be discussed are testing approaches and testing goals. Other
categories mentioned do not contribute to the further discussion of the topic.

Testing approaches separate different techniques by how they achieve a measurement
goal. Albaghajati and Ahmed [6] identify five different approaches: search-based, goal-
based, model-based, scenario-based, human-like. Scenario-based approach is the basis of
this paper and important for further discussion. Given approach is a set of techniques that

run tests based on the pre-defined input and replay it. This approach is found to be not



represented with performance testing goal, which led to the further investigation of the
reasoning behind it.

Testing goals is another classification introduced in the paper that separates different
researchers by what goal they approach follows. Eight testing goals were introduced:
functional correctness, performance, game design correctness, progressions and learna-
bility, multiplayer stability, visual correctness, game balance and fairness, physical cor-
rectness. One of them is a performance goal, which is used in this thesis because perfor-
mance testing goal with combination of scenario-based approach is not covered by the
paper. Testing for performance means that the main data that is collected during testing
is related to performance metrics, for example: frames per second (FPS) or memory us-
age.

The original study [6] identified various combinations of testing approaches and test-
ing goals, with at least eight scenario-based research studies, each addressing a distinct
testing goal. However, it is evident that not all possible combinations of testing ap-
proaches and goals have been comprehensively explored. One notable gap is the combi-
nation of a scenario-based approach with a performance testing goal. This indicates a lack
of sufficient academic research in this specific area. Given the potential value of this
combination, further investigation and discussion are warranted to address this gap and
explore its practical applications and theoretical implications.

It is important to note that the study by Albaghajati and Ahmed does not include
industrial examples, as its scope is confined to academic research. To provide a more
comprehensive understanding of the field, this thesis will incorporate public industrial
examples, offering additional practical insights and context.

Main goal of this paper is to provide a framework for further discussion of the auto-
mated systems that implement scenario-based approach for performance measurements.
From now on this combination of requirements we will call the System.

To achieve this goal, we will answer research questions. Those questions are:

e How to adopt a scenario-based approach with a performance testing goal?

e What performance metrics can we collect? What constraints affect the collection

process?

Rationale behind those questions is based on the fact that this combination of testing
approach and testing goal is under researched and lacks the academic knowledge behind
it. If it will be possible to introduce new knowledge to the field, then discussion about
game testing can become fuller of nuances and different approaches. Therefore, we need
to know how to combine those two approaches together and reflect on the result.

Answers on the second question adds depth to the topic by drawing constraints around

a given approach. Performance testing is an outlier in terms of adaptation in the place,
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especially automated. It is visible on the data from by Albaghajati and Ahmed - in aca-
demic papers performance testing is covered only once. Therefore, questions about per-

formance metrics and constraints might be useful for future topic discussion.

1.2 Scope

The thesis focuses on providing a framework to implement a system to automatically
assess performance of the video game using scenario-based approach. To provide a rea-
sonable framework several steps were conducted:

e Analysis of existing examples of scenario-based approach and performance meas-

urement techniques

e Summarizing common practices and uncovered topics in the framework

e Implementation of the Demo Game

e Implementation of the Scenario-based Performance Measurement System

(SBPMS)

e Result evaluation
1.2.1 Existing approach analysis

Main two topics to cover are scenario-based approach and performance measurement
techniques. Collection and analysis of papers of those topics is an essential step before
emerging a new framework. Mentioned research papers are limited by academic re-
sources only. Therefore, to broad the source data we are going to mention available in-
dustrial examples too. Performance measurement techniques are going to be covered by
several academic and non-academic sources to provide a sufficient picture of the field

right now.
1.2.2 Demo Game and SBPMS

Demo Game with SBPMS is an implementation of a software solution to problem
discussed earlier. In general terms we can say that the Demo Game would be a game
product in the industrial environment, where SBPMS can be integrated. Creating a work-
ing game is an unreasonable amount of work that can be moked with an artificial setup.

However, we still want to have some level of closeness to real game production. We
can achieve this by using existing game engines that can handle a lot of the requirements
to the Demo Project.

Therefore, the Demo Game is an application that:

e Can be executed on a personal computer

e Shows visual representation of the state (computer graphics)

e Uses simple logic to simulate game workload

e Has logic workload variables that can be adjusted to represent game with different

performance values
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1.2.3 Evaluation Artifact

The artifact evaluation in this thesis represents a set of recommendations designed to
guide the development of an automated performance testing system. Each recommenda-
tion is grounded in existing research, industry practices, or findings from the SBPMS
implementation conducted during this study. The evaluation process emphasizes key con-
siderations, such as scenario-based approaches, performance metric collection, and auto-
mation strategies, offering a structured approach to implementing performance testing
solutions.

A crucial aspect of this evaluation is its game-agnostic nature. While the recommen-
dations strive to be universally applicable, it is acknowledged that different games have
varying requirements depending on their design, genre, and technical complexity.

Moreover, the artifact evaluation acknowledges that while some game studios may
already possess advanced performance testing systems, these are often proprietary and
not publicly documented. This lack of transparency creates a challenge in benchmarking
the proposed recommendations against existing industry standards. Therefore, the arti-
fact's value lies not only in its immediate applicability but also in its potential to serve as
a foundation for further research. Future studies could refine and expand upon these rec-
ommendations, exploring their implementation in diverse game development settings. By
doing so, the evaluation can evolve into more robust, genre-specific frameworks, ulti-
mately contributing to the broader goal of enhancing automated performance testing in

the game industry.

1.3 Structure of Thesis

This thesis is organized into six main chapters, each contributing to the overall explo-
ration and implementation of an automated, scenario-based performance testing system
for video games.

Chapter 1: Introduction establishes the foundation of the thesis by presenting the
background and motivation behind the research. It defines the central research problem—
high costs and inefficiencies in manual performance testing—and outlines the scope of
the study.

Chapter 2: Chapter provides a comprehensive examination of prior research and in-
dustry practices related to game testing. It delves into both manual and automated testing
methods, highlighting the advantages and limitations of each.

Chapter 3: Scenario-based approach, the chapter explores the scenario-based ap-
proach, covering techniques like record-and-replay, game simulation, and visual debug-
ging. It concludes with a discussion on game performance measurement, establishing the

theoretical groundwork for the proposed system.
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Chapter 4: Methodology outlines the research design, explaining the approach taken
to address the research problem. This chapter introduces the Design Science Research
methodology, detailing key phases such as problem diagnosis, artifact design, and artifact
evaluation.

Chapter 5: Scenario-based performance measurement system describes the practical
implementation of the proposed system through a Demo Game. It details the testing en-
vironment, tools used, and the architecture of the SBPMS. Specific steps, such as prepa-
ration (scenario creation and metric selection), data collection, and the conceptual design
of data aggregation, are explained to illustrate how the system operates in practice.

Chapter 6: Evaluation critically assesses the performance and effectiveness of the ar-
tifact. The evaluation is divided into key areas: scenario definition, performance meas-
urement, and automation. Each section discusses the strengths and limitations observed
during implementation, providing insights into practical challenges and potential im-
provements.

Chapter 7: Conclusion synthesizes the research findings, summarizing the contribu-
tions and practical implications of the study. It reflects on the research questions, evalu-

ates the success of the proposed solution, and identifies areas for future research.
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2 Video Games as Software and Experience: A Review of Scholarly

Definitions

The concept of a "game" has been the subject of extensive scholarly debate, resulting
in various definitions that reflect different perspectives and historical contexts. Sternos
discussed this topic in the paper “Game (Definition)” [7]. Games have been described as
activities, artifacts, artistic expressions, or complex systems of rules and choices. Central
to these discussions is the question of whether all games share a set of essential charac-
teristics or if they are linked through family resemblances—a concept introduced by Witt-
genstein [8]. Essential definitions attempt to identify universal traits inherent to all games,
while cluster definitions, such as those proposed by Juul and Salen & Zimmerman [9],
[10], acknowledge the diversity of games by grouping common characteristics.

Within this broader discussion, video games represent a particularly distinct subset of
games, emerging from advancements in computing and technology [7]. Video games
combine interactivity, audiovisual elements, and often narrative structures to create
unique experiences, positioning them at the intersection of media, technology, and play.

Video games represent a novel form of entertainment that emerged as a direct conse-
quence of rapid advancements in computing technology. The evolution of hardware ca-
pabilities, particularly in graphics processing, data storage, and real-time computing, fa-
cilitated the creation of complex, interactive audiovisual experiences previously unattain-
able. This technological progress transformed digital games from simple, text-based in-
teractions into sophisticated, immersive worlds, fostering an entirely new medium that
blends narrative, interactivity, and play. Given the profound cultural and economic impact
of video games, a deeper academic examination is essential. To fully comprehend their
significance and potential, we must define what constitutes a video game, exploring its
core components and distinguishing characteristics within a theoretical framework. This
exploration naturally invites us to consider existing definitions and perspectives.

Nicolas Esposito proposed this concise definition: "A videogame is a game played
through an audiovisual apparatus, which may incorporate a narrative."[11]. This founda-
tional concept aligns with established theories on game design, play, interactivity, and
storytelling.

Author elaborated on the need to define "video game" stems from its cultural, eco-
nomic, and technological significance. As James Newman highlights, the importance of
studying video games arises from their vast industry scale, widespread popularity, and
role in human-computer interaction [12]. Despite their 30-year presence in mainstream
culture, scholarly examination has only gained momentum in recent years.

Grant Tavinor proposes a disjunctive definition of video games [13]. This offers a
comprehensive framework for understanding video games by establishing a set of suffi-

cient but not individually necessary conditions. According to this approach, a video game
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is an artifact within a digital visual medium, primarily designed for entertainment, and
engaging players through either rule-bound gameplay or interactive fiction. The digital
and visual medium criterion distinguishes video games from analog counterparts and
other electronic artifacts, emphasizing the transformative role of computing technology.
Furthermore, the entertainment intent separates video games from practical simulations
and tools, focusing on their primary purpose of leisure.

Various definitions of video games share common traits that highlight their funda-
mental characteristics. Primarily, video games are digitally represented artifacts, experi-
enced by players through audiovisual interfaces. This digital nature necessitates that game
rules are enforced by a computer, which processes player inputs and generates outcomes
based on predefined rules. Consequently, video games inherently rely on software pro-
gramming, positioning them within the broader field of software development and testing.

From this perspective, video games can be viewed as specialized software systems
with unique requirements, and their production processes often align with standard soft-
ware development methodologies [14]. However, notable differences distinguish game
development from conventional software creation. Unlike typical software, video games
must not only function correctly but also deliver an engaging and enjoyable experience
[5]. Additionally, players may be unaware of how the system is intended to behave and
might overlook technical flaws, particularly if these contribute to unexpected or enter-
taining interactions. Therefore, while both domains share foundational principles, the em-
phasis on user enjoyment and emergent play dynamics introduces complexities unique to
the field of game development.

These complexities extend into the testing processes for video games, which share
several methodological similarities with conventional software testing. These stages en-
sure that individual components function correctly, that they work cohesively within
larger systems, and that the final product meets specified requirements. Like regular soft-
ware, video games require rigorous bug tracking and version control systems to manage
code changes and address issues systematically. Automation tools are often employed to
expedite repetitive testing tasks, while manual testing remains crucial for verifying com-
plex interactions. Moreover, both domains emphasize the importance of iterative devel-
opment cycles, where continuous testing and feedback loops inform subsequent stages of
refinement.

At the same time video game testing diverges significantly from conventional soft-
ware testing due to its broader scope and reliance on human evaluation [15]. While auto-
mated testing plays a role, human testers are far more common in game development
because they provide subjective insights into player experience, emotional engagement,
and overall enjoyment—factors that automated systems cannot assess. Unlike traditional

software, where functionality can be rigorously validated through automated tests, video
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games are complex, coupled systems with dynamic interactions that are challenging to
test programmatically. The emergent behaviors and intricate mechanics of games often
require human intuition to identify issues related to gameplay balance, narrative coher-
ence, and fun. Additionally, maintaining automated tests can be prohibitively expensive
and impractical, as games evolve rapidly during development, with frequent updates and
content changes requiring constant adjustments to testing frameworks. Consequently, a
multidisciplinary approach emphasizing human testers' qualitative feedback remains es-

sential to ensure both technical stability and an engaging, immersive experience.

2.1 Manual and Automated Testing of Video Games

Manual testing remains the predominant method in video game quality assurance due
to its adaptability and comprehensive scope [4]. This approach allows testers to simulate
real player behaviors, exploring complex scenarios and uncovering nuanced issues. Man-
ual testing is particularly valuable in evaluating subjective elements such as immersion,
engagement, and overall enjoyment—core aspects of a game's success. Moreover, it en-
ables the identification of emergent behaviors and unexpected interactions within the
game's intricate systems. There are three main types of testing applied to the game devel-
opment: player experience testing, game design testing and functional testing [16].

Player experience testing is a critical component of quality assurance in video game
development, widely employed by most developers to evaluate the subjective and emo-
tional dimensions of gameplay [17]. This type of testing focuses on understanding how
players interact with the game, assessing factors such as engagement, satisfaction, and
immersion. Unlike traditional functional testing, player experience testing seeks to cap-
ture qualitative data through observations, surveys, and interviews, providing insights
into the emotional responses and cognitive processes of players.

Player experience testing can be conducted either by internal Quality Assurance (QA)
departments or by external players, each approach offering distinct advantages. Internal
QA teams possess a comprehensive understanding of the game's design, mechanics, and
intended player journey, enabling them to identify inconsistencies, assess balance, and
ensure that core gameplay elements align with the developer's vision [5]. Their familiarity
with the entire game allows for in-depth analysis and targeted feedback on specific as-
pects requiring refinement. In contrast, external testers, often drawn from the player com-
munity, provide fresh perspectives and unbiased responses. They simulate the experience
of typical players, highlighting potential issues related to accessibility, difficulty, and
overall enjoyment. Additionally, external testers can be a cost-effective resource, with
some enthusiasts participating voluntarily or in exchange for exclusive experience [18].

Game design testing focuses on evaluating the formal correctness and coherence of
game mechanics to ensure they function as intended within the overall system [16]. This

type of testing involves validating rule interactions, balancing gameplay elements, and
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assessing whether the mechanics support the desired player experience. Game designers
are particularly invested in this process, as it directly impacts the integrity of the game's
design and its ability to deliver engaging and fair challenges. By systematically testing
mechanics, designers can identify and address unintended behaviors, loopholes, or im-
balances that may undermine gameplay. This iterative refinement process helps ensure
that the core mechanics align with the game's objectives and contribute to a cohesive,
satisfying experience for players.

Functional correctness testing focuses on verifying that the game operates as intended
from a software perspective, ensuring that all components and systems perform according
to predefined specifications. This type of testing involves assessing the game's core func-
tionalities against rigid requirements, such as validating that in-game actions produce ex-
pected outcomes, user inputs are correctly processed, and system responses adhere to de-
sign documentation. By systematically testing these aspects, developers can identify and
resolve bugs or inconsistencies that may compromise the game's stability or performance.
Functional correctness testing is essential for maintaining the technical integrity of the
game, forming a foundation upon which more subjective aspects, such as player experi-
ence and game design, can be reliably built.

Most of the time QA teams test with manual labor and under use automated testing
[4]. Manual testing is not an ideal solution in some cases, because humans are prone to
error and some problems may be left unnoticed. At the same time, only humans may test
art-part of the project. For instance, machines cannot state what is fun and what is not.
And if it is required to test the feelings of players, then the only solution will be manual
testing.

Automated testing is largely impractical for evaluating player experience and game
design due to their inherently subjective and qualitative nature. Assessing the "fun" aspect
of a game, including emotional engagement and player satisfaction, requires human judg-
ment, which cannot be replicated by automated systems. While certain aspects of game
design testing, such as balancing mathematical models or verifying rule consistency, can
be partially automated, these processes still demand significant human oversight to inter-
pret results and ensure the desired gameplay experience. In contrast, functional testing
and similar objective assessments—focused on verifying technical stability and adher-
ence to specifications—are more amenable to automation, as they involve quantifiable

parameters and predictable outcomes that automation tools can efficiently evaluate.
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3 Scenario-Based Approach

Scenario-based approach defined as “...techniques and frameworks that run tests that
are based on predefined human made sequences of actions, or human-requested actions”
[6]. A scenario-based approach can be used in manual or automated scenarios, but this
work is interested in automatization of testing. A scenario-based approach in game testing
involves evaluating a game’s functionality or experience by simulating sequences of ac-
tions predefined by human testers. The primary goal is to replicate real-world interactions
within the game to identify bugs, verify system behavior, or assess user experience. These
scenarios often mirror typical or critical paths a player might take, helping developers
ensure that the game performs reliably under realistic conditions.

One practical application is testing level progression. A predefined scenario might
involve a tester completing various levels in sequence, checking if the game loads each
stage correctly, triggers events at the right time, and maintains saved data integrity. An-
other example is testing complex interactions in role-playing games (RPGs), such as dia-
logue choices or branching storylines, to ensure consistent outcomes and prevent logic
errors.

Overall, scenario-based approaches provide a structured, player-centric method to
identify bugs and assess functionality. By replicating realistic player experiences, devel-
opers gain a clearer understanding of the game’s reliability and user satisfaction. Sce-
nario-based approaches can be categorized into three main types, i.e., record and replay,
game simulation, and visual debugging, each offering distinct methods for identifying
bugs and assessing functionality [6].

The scenario-based approach is grounded in the principle of creating a deterministic
testing environment. By ensuring that each test follows a predefined sequence, this
method minimizes variability and noise in the data, which can arise from factors such as
random procedural generation, unpredictable game events, or player input. Standardizing
the execution environment through scenarios allows for more reliable and consistent per-
formance metrics, ensuring that observed differences in data are attributable to the system
under test rather than external, uncontrollable factors. This rigor in data collection is par-
ticularly valuable in performance testing, where accuracy and repeatability are essential
for meaningful analysis.

The relevance of the scenario-based approach lies in its ability to bridge the gap be-
tween pure benchmarking and live player interaction. While live testing may capture the
full complexity of gameplay, it introduces uncontrollable variables such as individual
player behavior, which can obscure performance trends. Conversely, basic benchmarks
lack the complexity and context of real-world use cases, potentially overlooking nuanced

performance bottlenecks. Scenarios address these limitations by providing a middle
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ground—capturing the systemic interactions of a live game in a deterministic, repeatable

manner.

3.1 Record and Replay

The record-and-replay approach [6] is a technique in game testing that involves cap-
turing sequences of player inputs during a gameplay session and replaying them later to
verify the game’s functionality. This method provides a systematic way to reproduce and
evaluate player interactions, ensuring that the game responds consistently across different
builds or scenarios. By replaying recorded inputs, developers can detect regressions and
verify that previous functionalities remain intact after updates or modifications. High-

level data chart of this approach is illustrated in the Figure 1.

Record Play

Player Input Collect required

metrics Replay Result

Key or Action
Recording
Game Build

Execute game with a

Recording file I s ke

Figure 1 Record and replay approach high-level data flow chart

Building on this concept, input capture and replay is a method that involves recording
a series of low-level player actions—such as keystrokes, mouse clicks, and gamepad in-
puts—and storing them for automated playback [19]. During the replay, the system sim-
ulates these inputs to recreate the exact player experience, allowing testers to identify
discrepancies or malfunctions.

Another way of implementing it is high-level event recording. Instead of capturing
individual inputs, high-level events or actions within the game (such as opening a door or
defeating an enemy) are recorded along with their context. These events are then replayed
to ensure that the game’s logic and state transitions function correctly. This approach can
be particularly useful for complex games with intricate mechanics.

Additionally, regression tests often rely on record-and-replay to verify that previously
identified bugs remain fixed and those new changes have not introduced unintended is-
sues [20]. Replaying the same sequence across different game versions helps confirm

consistency and stability.
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The primary objective of the record-and-replay approach is to automate the validation
of gameplay sequences, ensuring that the game behaves as expected under controlled
conditions. The record-and-replay technique serves several key functions.

First of all, identifying bugs and glitches. Replaying recorded scenarios helps detect
issues that may arise during specific sequences of actions, such as crashes or incorrect
game states. Seconds of all, regression detection. By comparing current outputs to previ-
ous runs, developers can quickly identify whether recent code changes have reintroduced
old bugs. And lastly, consistency verification. Ensures that gameplay remains stable and
consistent across different builds, platforms, or configurations.

Another approach is automated event capture, which shifts focus from low-level in-
puts to the recording of higher-level game events. This high-level event recording enables
the replay of complex game scenarios, assessing whether the game’s logic and state tran-
sitions behave as expected, particularly in more intricate situations than basic input ac-

tions.

3.2 Game Simulation

Game simulation, as a category within the scenario-based approach, focuses on auto-
mating the testing of the game’s world simulation, which includes testing the game logic,
server interactions, and game environments. The primary goal of game simulation is to
assess the correctness of the game’s world simulation, ensuring that virtual elements in-
teract and behave as expected under different conditions. A prominent example of this
approach is the Virtual Environment Network User Simulator (VENUS), introduced by
Jung et al. [21] and further enhanced by Cho et al. [22], [23]. VENUS is an automated
system designed specifically for testing Massively Multiplayer Online (MMO) games; a
genre characterized by server-client architectures. In this architecture, client machines
represent individual players, handling player inputs and sending game commands to the
server, which processes the game logic and returns results to the clients.

The VENUS system aims to automate this complex testing process by simulating
hundreds of virtual players (bots) interacting with the game world simultaneously. By
creating a large number of pre-defined actions that the bot players perform, this system
enables automated stress testing of the game’s server. The simulation focuses on testing
how the server handles simultaneous connections, massive player interactions, and the
processing of complex game logic. A key benefit of this system is its scalability, as the
VENUS engine can simulate a wide variety of online games by adjusting the number of
bot-players, enabling large-scale testing of server capacity and resilience. Furthermore,
the system allows for the storage of internal game data, such as game server responses
and player interactions, which can later be analyzed to identify performance bottlenecks

or bugs.
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The concept of game simulation testing, within the broader framework of the sce-
nario-based approach, revolves around the idea of automating the reproduction of player
interactions with the game world in order to assess the system’s performance, stability,
and correctness. The core objective of game simulation is to emulate real-world player
behaviors through virtual agents (bots) and run pre-configured sequences of actions to
evaluate how well the game’s environment responds under various conditions. Unlike
traditional testing methods that rely heavily on human testers, game simulation empha-
sizes the automation of gameplay sequences, enabling large-scale stress testing and per-
formance analysis. The game world is simulated through these virtual agents interacting
with the game’s mechanics, logic, and server infrastructure to identify potential issues in
gameplay, server load, and game behavior.

Game simulation testing typically includes several distinct types of testing, each fo-
cusing on specific aspects of the game’s functionality and performance. One of the most
common types is stress testing, which is designed to evaluate the game’s server perfor-
mance under heavy load. By simulating thousands of bot-players performing a range of
actions, testers can assess the game’s ability to handle multiple simultaneous connections,
transaction processing, and large-scale interactions without performance degradation or
crashes. This type of testing is particularly important for online multiplayer games, where
server performance is critical to player experience and retention.

Additionally, functional correctness testing is another important aspect of game sim-
ulation. This type of testing focuses on ensuring that the game’s internal logic behaves as
expected, particularly in complex, state-dependent environments. Virtual agents (bots)
simulate player actions to check if the game mechanics respond correctly to inputs,
whether those actions involve simple movements or more intricate interactions, such as
triggering in-game events or progressing through levels. Functional correctness testing
helps verify that the game’s rules, physics, and interactions are consistent and free from

logical errors, ensuring a smooth and predictable player experience.

3.3 Visual Debugging

Visual debugging is a category within scenario-based game testing that focuses on
identifying and resolving graphical discrepancies in video games. The main purpose of
visual debugging is to ensure the graphical integrity of the game, detecting visual errors
such as distortions, misaligned objects, or rendering issues. This process typically in-
volves using computer vision algorithms to compare game visuals to predefined reference
images, enabling the detection of visual bugs and ensuring that the game’s visuals meet
the expected quality standards.

There are several types of visual debugging techniques. One common method is im-
age recognition-based testing, which uses computer vision algorithms to analyze and

compare game visuals. For example, Nantes et al. used a combination of Harris corner
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detectors and Canny edge detectors to identify visual distortions in the game environment
[24]. These techniques help identify jagged edges and irregular visual patterns, which
may indicate errors or inconsistencies in game assets like textures or models. Another
approach is the use of Ul automation frameworks integrated with image recognition, as
seen in Mozgovoy and Pyshkin's framework [25]. This method automates the testing of
graphical user interfaces (UI), allowing for the detection of misaligned sprites, incorrect
animations, or missing textures by comparing Ul elements to reference images. Similarly,
Tuovenen et al. developed the MAuto tool, which records user interactions and uses
AKAZE feature detection to recognize objects in screenshots, making it particularly use-
ful for mobile game testing [26].

The primary goal of visual debugging is to automate the identification of graphical
errors and ensure the game’s visual elements function as intended. It is especially useful
for large-scale games or games with complex graphical environments, where manual test-
ing would be too time-consuming and inefficient. However, challenges include the diffi-
culty of testing dynamic objects and the potential for image recognition algorithms to
miss errors or generate false positives, particularly in fast-moving or procedurally gener-
ated environments. Despite these limitations, visual debugging is an essential tool for

ensuring the visual quality of a game and improving the overall player experience.

3.4 Performance Evaluation

Overall, there among all three discussed categories we can see some emerging pat-
terns. Scenario is a predefined set of actions to execute on demand. As we have seen there
are two ways to define the set of actions: as sequence of user inputs or sequence of game
actions. Those two options are similar with the main difference that input sequences rep-
resent more real-world use cases.

However, there are exists not only academic sources with examples of scenario-based
approach. Compass is system for automated testing and profiling of the different game
builds, presented at GDC by Jan van Valburg in 2018 [27]. Compass is combination of
different approaches discussed earlier. This system gives access to web UI, where devel-
opers may track status of the current game build available and the history of previous
builds. Each build is tested against different machines (PC, Playstation, Xbox) and collect
performance metrics.

Compass way of implementing scenario-based approach is a mix of different ap-
proaches. It is using scripting for creating scenarios to teleport player between different
locations, wait for several seconds and then collect performance data and make a screen-
shot as discussed earlier in record and replay category. Also, Compass compares screen-
shots between each other to notice differences between distinct builds as in visual debug-
ging category. Combinations of these two ways do not interfere with each other because

these systems designed to collect those types of data. Therefore, we need only to notice
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the way they implement they scenario system, by using Python scripts which will be ex-

ecuted on target machines.

3.5 Game Performance Measurement

Game performance is a critical aspect to evaluate during development to ensure that
a game runs effectively on its intended hardware platforms. Performance can be broadly
defined as the degree to which a game operates efficiently and meets user expectations,
often contextualized within the capabilities of the target system. Numerical metrics are
frequently employed to quantify game performance, enabling developers to track and
compare performance levels across various stages of the game development process.

Importantly, game performance is not a uniform metric throughout the game. Differ-
ent sections or content within a game may exhibit varying levels of performance due to
the distinct computational demands they impose. This variability arises from a multitude
of influencing factors, which may significantly impact one area of the game while leaving
others unaffected. Consequently, measuring game performance in a single location or
scenario is insufficient for ensuring overall stability and consistency. To achieve a com-
prehensive understanding of performance, measurement must encompass as much of the
game's content as possible, accounting for diverse scenarios and gameplay elements.

One of the examples of performance measurement is ICARUS [28]. The article ex-
amines ICARUS, a platform-independent game solver that also analyze game perfor-
mance during gameplay. This tool not only solves in-game scenarios but also tracks per-
formance metrics in real-time, offering a comprehensive evaluation of the system's be-
havior. ICARUS captures snapshots of key game parameters, selectively saving only ex-
treme values to minimize data overhead. Each snapshot is timestamped and associated
with the last performed action, allowing for precise adjustments to threshold values and
a more contextual understanding of performance metrics. The reported metrics include
frame time (measured in milliseconds), RAM usage, and VRAM usage, providing critical
insights into the game's resource consumption and responsiveness under various condi-
tions.

Furthermore, identifying the specific factors that affect performance in a given game
is essential. For example, visually intensive games that heavily rely on graphical fidelity
may experience increased GPU usage, potentially resulting in reduced frames per second
(FPS). Recognizing these performance determinants allows developers to tailor their
measurement approaches and devise targeted solutions for performance optimization.
This iterative process ensures that the final product delivers a seamless and enjoyable
experience to players, regardless of the hardware constraints they may encounter.

Game performance is represented by different metrics which may vary from game to
game. However, there is the one absolute metric which represent performance of the game

— FPS. This metric reflects how fast game changes images on the screen. Higher values
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of FPS make game feel >smooth’ and ’responsive’. Lower values will bring opposite ef-
fect. Film industry standard is 24 frames per second for movies. Video games target FPS
is usually in the range from 30 to 60. FPS may be higher, but developers try to cover most
amount of different hardware to be inside this range.

While FPS remains the most commonly used metric to assess game performance,
additional metrics provide deeper insights into specific performance bottlenecks. These
include RAM usage, GPU memory usage, and the time spent processing specific game
mechanics such as physics calculations, artificial intelligence (Al), animations, and other
system components. Such metrics are invaluable for diagnosing and addressing specific
performance issues, provided that their collection is purposeful and aligned with the
game's requirements.

In addition to general system performance metrics, game-specific metrics can provide
tailored insights for unique game architectures. For example, games with a high number
of active units on-screen may benefit from tracking the number of active entities in a
scene, as this can heavily impact performance. Similarly, visually intensive games might
monitor the number of simultaneously executed shaders, which can strain the GPU. Such
specialized metrics enable developers to address issues that are particularly relevant to
the game’s design and content.

Among all metrics, FPS holds particular significance due to its role as a high-level
indicator of overall performance. Poor FPS often signals that some aspect of the game is
taking excessive time to compute, serving as an immediate "red flag" for potential prob-
lems. While FPS can indicate that performance issues exist, additional metrics are neces-
sary to diagnose their root causes. These fine-tuned indicators, such as RAM or GPU
utilization or time spent on specific tasks, offer more granular insights, allowing devel-
opers to pinpoint and resolve specific bottlenecks.

Compass by Activision has FPS as a main metric with several thresholds which are
color coded for better visibility for developers [27]. At the same time, they have list of
additional metrics that are collected: GPU memory consumption, shaders count, active
units count and more. All of the additional metrics influence FPS. Therefore, collection
of those metrics contributes to the further understanding of the performance problem. For
example, high GPU memory consumption may lead to extensive Input/Output operations
between GPU and disk, which will lead to the decreased FPS count. So, other metrics are

useful as a marker to what can affect problems with performance.
3.5.1 Performance Measurement Tools

There are various approaches to measuring performance in video games, which can
be broadly categorized into two main types. The first involves third-party programs that
connect to the game executable to collect performance data, providing an external per-

spective on the game’s behavior. These tools are often engine-agnostic and can be used
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across multiple projects, making them versatile but sometimes limited in their ability to
capture game-specific metrics. The second category consists of in-game or in-engine so-
lutions, where performance measurement tools are integrated directly into the develop-
ment environment or game code. These solutions enable fine-grained data collection tai-
lored to the specific needs of the game, often providing deeper insights into resource uti-
lization and system bottlenecks.

One example of a third-party solution is FPSSeer [29], a library designed to integrate
seamlessly into games for the collection and visualization of performance metrics.
FPSSeer, while categorized as a third-party solution, necessitates a degree of integration
into the game to enable the collection of game-level data required for its visualization
features. The system is specifically designed with a strong emphasis on frame rate analy-
sis, offering a range of analytical tools to interpret FPS data across various scenarios. By
integrating game-specific information, FPSSeer facilitates a deeper understanding of per-
formance trends, temporal patterns, and spatial correlations, making it a robust tool for
exploring frame rate behavior under diverse gameplay conditions.

NVIDIA Nsight Systems [30] and Nsight Graphics [31] are third-party software so-
lutions developed by NVIDIA to monitor and optimize the performance of applications,
particularly in the realm of gaming. Nsight Systems is primarily focused on general per-
formance metrics, such as CPU usage, RAM consumption, and overall system perfor-
mance, providing a broad view of how a game or application is utilizing hardware re-
sources. On the other hand, Nsight Graphics is more specialized, offering in-depth anal-
ysis of the frame rendering process, with a focus on GPU utilization and the efficiency of
graphics pipelines. While both tools offer valuable insights into performance, they require
an executable to which they can be connected, and Nsight Graphics specifically necessi-
tates an NVIDIA GPU to perform accurate frame analysis. However, these solutions have
limitations in that they are unable to track game-specific variables or interactions within
the game engine itself, which could provide a more comprehensive understanding of per-
formance from a gameplay-centric perspective.

A more compelling approach to performance measurement is the use of in-game or
in-engine tools, as they offer more specific and actionable data related to the underper-
forming components of a game. Different game engines provide proprietary tools for per-
formance profiling, each tailored to their specific architecture. For example, Unreal En-
gine[32] features its own built-in profiler, which allows developers to track performance
on-demand with visual representations, breaking down frame times by millisecond pre-
cision. Similarly, Unity provides the Unity Profiler [33], offering similar capabilities for
tracking performance and identifying bottlenecks. Godot also has its Performance Moni-
tor system [34], providing tools for analyzing various performance metrics. While the

functionality of these tools varies in scope and detail, they generally share the common



25-

goal of breaking down the overall frame rate into more granular categories such as physics
calculations, graphics rendering, and Al processing. Additionally, some engines, like Go-
dot, allow developers to introduce custom metrics through implementations like Moni-
tors, further expanding the ability to tailor performance tracking to the specific needs of
the game. These in-engine solutions are particularly valuable for pinpointing the exact
areas of a game that require optimization, offering a level of precision and context that

third-party tools may lack.

4 Methodology

4.1 Research Design and Approach
This work uses variation of design science research (DSR) methodology [35]. DSR

consists of three activities: problem diagnosis, artefact design and artefact evaluation.

Problem diagnosis in DSR is a crucial initial phase in the research process, where the
researcher identifies, analyzes, and defines the problem that the designed artifact aims to
solve. It involves understanding the context and scope of the problem, recognizing the
gaps in existing solutions, and justifying the need for a new or improved artifact. This
stage is essential for ensuring that the subsequent design and development phases are
grounded in real-world challenges that have a meaningful impact on the intended users
or stakeholders.

This step is used in contexts where there is a clear need for innovation or improvement
in existing practices, technologies, or systems. Problem diagnosis ensures that the artifact
designed in DSR is relevant, feasible, and appropriately targeted to solve the identified
problem.

In DSR, artifact design refers to the creation of an innovative solution or artifact
aimed at addressing the identified problem diagnosed in the earlier phase of the research.
The artifact is central to DSR, and its purpose is to provide a tangible, practical contribu-
tion to the problem domain. Artifacts in DSR can take various forms, such as models,
methods, systems, or frameworks, each tailored to meet the specific needs and require-
ments uncovered during the problem diagnosis phase. The design process involves not
only technical and functional considerations but also alignment with the goals, con-
straints, and context of the problem at hand.

The artifact design process typically begins with conceptualization, where researchers
define the fundamental features and components of the artifact. This stage involves iter-
ative refinement, prototyping, and modeling to ensure that the design aligns with the iden-
tified objectives and addresses the root causes of the problem. Researchers may use es-
tablished design principles, theories, and tools to guide the creation of the artifact, ensur-

ing that it is both innovative and rigorously grounded in academic research.
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Artifact design is particularly useful in cases where existing solutions are insufficient
or non-existent, such as in the development of new software systems, business models,
decision-making frameworks, or technical tools. The success of the artifact design phase
is measured by the artifact's ability to effectively address the problem and fulfill its in-
tended purpose in real-world settings.

Artifact evaluation in DSR is the process of assessing the effectiveness, utility, and
performance of the designed artifact in solving the identified problem. This evaluation is
a critical phase in DSR, as it determines whether the artifact meets the design objectives
and fulfills its intended purpose in a real-world context. The evaluation provides evidence
on the artifact’s functionality, usability, and overall impact, which is essential for validat-
ing the design and justifying its adoption or further refinement.

The evaluation process in DSR is typically carried out through a combination of quan-
titative and qualitative methods, depending on the nature of the artifact and the problem
domain. Researchers may conduct controlled experiments, case studies, simulations, user
testing, or field trials to assess the artifact’s performance. Key evaluation criteria might
include efficiency, effectiveness, user satisfaction, and applicability to the problem. In
some cases, evaluation can also involve feedback from domain experts, practitioners, or
end-users who interact with the artifact. The iterative nature of DSR often leads to multi-
ple rounds of evaluation and refinement, ensuring that the artifact evolves to better meet
the needs of stakeholders.

Artifact evaluation is commonly used in contexts where the developed solution needs
to be tested for its real-world applicability. For example, in information systems, new
software tools or applications are often evaluated through user feedback and performance
metrics to ensure they enhance business processes. In engineering, the evaluation might
focus on the functionality and reliability of a newly designed product or system. The
evaluation phase is crucial for determining whether the artifact provides a viable, effec-
tive solution to the problem, and it often leads to further iterations or enhancements based
on the findings.

In summary, all three steps will be executed consecutively. Problem Diagnosis is used
to define a problem that scenario-based performance measurement system (SBPMS) is
considered to solve by applying it to the Demo Game. It may take several iterations to
solve a problem. In case of success or failure, the final form of the Demo Game and
SBPMS is analyzed to process it into framework, which will contain information about

constraints to implement scenario-based performance measurement system.

4.2 Problem Diagnosis
Manual testing is most prevalent type of testing in the game industry at the moment.
It is flawed by human factor and high costs. Those factors scale with the size of the game

project. As a result, automation of the testing could make it cheaper and more reliable to
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test some aspects of the game. Some aspects of the game cannot be tested without humans,
because they can test subjective metrics that impossible to describe algorithmically. Also,
Performance is a metric that reflects state of the game and may directly influence its suc-
cess in case performance is not good enough for the player perception.

All of this point concludes us towards definition of problem: Manual performance
testing is an expensive process. This definition reflects current state of the industry. Our
desirable state: Performance testing is an affordable process because it is automated.

Game developers are main stakeholders of this problem. Iterative nature of the game
development benefits from fast feedback loops. If it is possible to clearly identify current
state of the game performance at any given time without human labor, then developer
may use this information to prioritize different tasks. Another stakeholder are players
which may benefit from more optimized games. Tracking performance during develop-
ment should bring problems early on so it is easier to address by developers. Therefore,
solved performance problems might increase satisfaction of players and allow wider au-
dience to run the game on less expensive machines.

Why Manual Performance testing is expensive? Performance testing is a long process
of setting up game project with different setting and experiencing game content. This
process is highly repetitive, especially if it is required to do it regularly. Thus, the more
content the game has, the more human time it will require to test all of the content. And
human labor is an expensive. Therefore, manual performance testing is expensive de-
pending on the amount of content in the game it can become a budget draining process
for most of the studios, if performance of the game is important.

The current state of manual performance testing in the game industry, as outlined,
highlights significant challenges related to cost and human involvement, especially in
large-scale game development projects. The process is not only time-consuming but also
prone to human error and inconsistency, which can affect the reliability and effectiveness
of performance assessments. As game projects grow in complexity and content volume,
the costs associated with manual testing increase, making it a critical area for improve-
ment. The desire to automate performance testing presents an opportunity to reduce these
costs and improve efficiency, but it also introduces new questions and challenges regard-
ing how such automation can be implemented effectively without compromising on the
quality of testing.

However, automation alone cannot replace human testers entirely, particularly in as-
pects of testing that require subjective analysis, such as user experience or performance
under different real-world conditions. Performance, a vital metric reflecting the game's
responsiveness and stability, is particularly important for player satisfaction. Slow or un-

stable performance can severely hinder the user experience, which may result in negative
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reviews and a loss of players. Therefore, a balance must be struck between automation
for efficiency and human testing for subjective metrics.

This situation leads to the need for further exploration of automated performance test-
ing solutions, focusing on how to design automated systems that can provide reliable,
repeatable performance metrics, and what aspects of performance require human input.
The research should explore ways to streamline the testing process, such as adopting a
scenario-based approach that simulates real-player behavior, potentially allowing for
more accurate performance evaluation.

In this context, the following research questions are central to guiding this explora-
tion:

How to adopt a scenario-based approach with a performance testing goal?
This question seeks to explore how real-world player scenarios can be modeled and au-
tomated to replicate actual gameplay conditions for more accurate performance testing.
By using scenarios that reflect typical user behavior, developers can automate perfor-
mance assessments across various gameplay contexts.

What performance metrics can we collect? What constraints affect the collec-
tion process? This question addresses the identification of specific performance indica-
tors that are critical to understanding the state of a game, such as frame rate, load times,
and system resource usage.

These research questions aim to provide a clearer understanding of how to leverage
automation in performance testing while ensuring that the testing process remains robust

and capable of capturing the nuances of real-world gameplay.

4.3 Artifact Design

The Scenario-Based Performance Measurement System (SBPMS) [36] is a set of
tools integrated into the game’s code base to facilitate the automation of testing processes.
This system is grounded in the scenario-based approach to testing, with performance
measurement as the primary objective of the evaluation.

The scenario-based approach to performance measurement leverages predefined sce-
narios to assess game performance under controlled conditions. A scenario consists of a
series of actions, either manually defined or recorded during gameplay, which are stored
in a file format. These scenarios enable the consistent reproduction of game states during
testing, ensuring that only changes to the game itself influence the observed performance
metrics. By eliminating variability introduced by human interaction, this approach pro-
vides a reliable framework for identifying performance issues.

Practically, a scenario file contains the necessary information to replicate gameplay
sequences. For instance, scenarios may record keyboard and mouse inputs, which can be
replayed in the same order during subsequent testing sessions. Another method involves

creating hand-crafted scenarios, where developers use in-game tools to define a series of
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actions that a simulated player will execute. Alternatively, scenarios may be created by
recording the game’s actions rather than input keystrokes, focusing on higher-level game-
play elements such as character movements or system events. Each of these methods gen-
erates actionable data, which can be executed to reproduce the same game environment,
allowing for automated and repeatable testing.

Implementing a scenario-based approach requires two essential components: a mech-
anism to define the scenarios and a system to execute them without human intervention.
Scenario definition involves selecting the type of data to record, such as keystrokes, in-
game actions, or system events, depending on the game's needs and complexity. Execu-
tion, on the other hand, requires automation tools capable of simulating the recorded in-
puts or actions. By ensuring that the test environment is consistent across sessions, devel-
opers can isolate performance variations caused by game changes and target specific op-
timization opportunities.

The core goal of the SBPMS is performance measurement. Specifically, it seeks to
collect data on how the game performs under different conditions, providing a numerical
representation of key performance indicators. This enables developers to evaluate various
aspects of the game's performance, such as frame rates, load times, and responsiveness,
in a controlled and reproducible manner. Through the automation of scenario execution
and performance measurement, the system provides a reliable framework for assessing
game performance in a variety of contexts, ensuring the accuracy and consistency of the
results.

The design of the SBPMS directly addresses key challenges in the thesis related to
performance testing in game development. The artifact implements a scenario-based ap-
proach by structuring the testing process into clearly defined phases in the Figure 2. These
phases enable the automation of performance assessments through predefined gameplay

scenarios, simulating real-world player behavior.
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Figure 2 SBPMS Architecture

The preparation phase represents the initial stage in the implementation of a SBPMS,
where the game developer prepares the scenario file. This file contains essential infor-
mation, such as the performance metrics to be collected, the specific game levels to be
tested, and other relevant metadata. During this phase, the game build is also prepared,
incorporating additional code that enables the execution of the scenario and the collection
of performance data. Once the game is built and the scenario file is ready, the system is
set up for the subsequent stages of testing.

Following the preparation phase, the next stage is data collection, in which the game
build is executed with the predefined scenario. During this stage, the game runs the sce-
nario, collects the relevant performance metrics, and generates a JSON file containing the
performance data. This process can be highly automated, allowing the game to be run in
a continuous integration/continuous deployment (CI/CD) pipeline or on different ma-
chines designated as target testing environments. The final stage, data aggregation, in-
volves sending the collected performance data files to a database for further processing
and presentation to the game developers. However, this stage is not implemented in this
research, as the challenges associated with web development for displaying the final data
are largely resolved and do not contribute significantly to the academic objectives of the
study.

Moreover, using dynamic and static objects in the scenes, particularly focusing on
real-time dynamic lighting and shadow rendering, the Demo Game replicates typical
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game conditions where performance may vary depending on game context. This approach
allows the evaluation of system performance under conditions that closely mirror actual
gameplay, thus providing more accurate and reliable performance metrics. This directly
supports the exploration of how to model and automate real-world player scenarios for
performance testing.

The artifact’s design also helps address the question of what performance metrics can
be collected. Metrics are critical in understanding how a game’s performance can impact
the player experience. The system is designed to automate the collection of the specific
set of metrics during gameplay, ensuring consistent and repeatable data across various
test scenarios. Additionally, the artifact's modular design enables easy adaptation to meas-
ure other performance aspects, such as Al processing or texture rendering, depending on

the testing goals. Details on the artifact implementations are discussed in the chapter 4.

4.4 Artifact Evaluation
Evaluating the SBPMS through the DSR focuses on assessing the artifact's effective-

ness in addressing the research problems, as well as its ability to contribute to both the
field of automated performance testing and practical game development. In DSR, evalu-
ation plays a crucial role in assessing the artifact's utility, relevance, and potential for
future iterations. In this case, evaluation involves analyzing three key areas: Scenario
Definition, Performance Measurement, and Automation. Each of these areas corresponds
to a central part of the artifact and directly informs how well the artifact meets the goals
of the thesis, specifically automating performance testing and providing accurate perfor-
mance metrics for game developers.

In evaluating the Scenario Definition aspect of the artifact, the focus is on understand-
ing how well the scenario-based system supports flexibility and reliability in automating
performance testing. This approach allows for the creation of diverse test scenarios by
translating scenario files into executable game actions. The evaluation should assess the
practicality of using these predefined game actions, such as teleporting the player to var-
ious locations for performance data collection, especially in large levels where coverage
may otherwise be incomplete.

Performance Measurement is critical area of evaluation. The SBPMS relies on several
key metrics—FPS, RAM usage and number units on scene—to assess the game’s perfor-
mance. In the evaluation of this area, the focus is on determining whether these metrics
are sufficient to provide a comprehensive understanding of performance, or if additional
metrics are required based on game-specific factors, such as game genre, world layout,
or graphics fidelity. The evaluation should also address the reliability and consistency of
the data, especially considering that real game projects often involve more complex, dy-
namic systems that may not always present consistent performance data. Testing the en-

gine profiler used in the Demo Game and comparing it with external performance tools
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can help assess its accuracy and efficiency. Additionally, the evaluation should explore
potential challenges related to the volume of data generated during testing and whether
the collection methods are scalable and efficient.

Finally, Automation is a fundamental goal of the artifact, and its effectiveness should
be assessed by examining how well the system automates the various steps involved in
performance testing. Furthermore, the evaluation should explore whether the artifact can
be easily integrated into an existing game development pipeline and whether it reduces
the manual effort required for performance testing. It is also important to assess the limi-
tations of the artifact’s automation, such as the difficulty of automating complex game

scenarios or the need for manual intervention in the scenario creation process.
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S5 Implementing A Scenario-based Approach to Performance Testing

The chapter focuses on the implementation of the Demo Game integrated with the
SBPMS. This integration serves as a practical demonstration of how the SBPMS frame-
work can be applied to measure and assess the performance of a video game. The chapter
is organized into several sections, each addressing a key aspect of the implementation
process.

The Game Demo section details the tools and technologies used to develop the Demo
Game, providing insight into the selection and integration of various software compo-
nents. It also discusses the implementation of game scenes, highlighting how specific
scenarios were constructed to evaluate the game's performance in different contexts. The
discussion emphasizes the importance of creating representative test environments to en-
sure that the performance data collected accurately reflects the game’s real-world perfor-
mance.

In the Preparation section, the focus shifts to the initial stage of the SBPMS architec-
ture, specifically the process of preparing the scenario and the game build. This involves
defining the scenarios that will be tested, selecting the performance metrics to be col-
lected, and incorporating the necessary code modifications into the game build to enable
automated testing. The section provides a step-by-step description of the preparations re-
quired to ensure that the testing environment is properly set up for data collection.

The Data Collection section describes the process of executing the defined scenarios
within the game build. It details how the game runs the scenario, collects performance
data, and outputs the results in a structured format, such as JSON. This section also dis-
cusses the challenges encountered during the data collection process and the strategies
used to ensure that the performance metrics were reliably captured, providing a compre-
hensive understanding of the system’s functionality.

The Data Aggregation section addresses the process of collecting and organizing per-
formance data for future analysis. Although the implementation of data aggregation was
not fully realized in the context of this project, the section outlines the theoretical ap-
proach to aggregating performance data, ensuring that the collected metrics could be

stored, analyzed, and utilized for ongoing game development and optimization.

5.1 Demo Game

The Demo Game serves as an emulation of a real video game, designed specifically
to generate a performance load for testing purposes. Its primary objective is to act as an
integration platform for the SBPMS, rather than being a fully realized game. As such, the
Demo Game does not feature the complete range of gameplay mechanics typically found
in a fully developed game. Instead, it focuses on providing a visual representation, per-

formance load, level-based structure, and moving objects to simulate gameplay. The
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game lacks win conditions or comprehensive player interactions; instead, it allows for

manual switching between levels to facilitate the testing of various performance metrics.

Figure 3 Demo Game test environment inherits Game traits

Figure 3 illustrates how the Game Demo inherits three primary game traits: graphics,
game logic, and game progression. These traits form the foundation for creating a testable
environment that approximates the functionality and experience of the full game.
Graphics encompass the visual representation of scenes, including static and dynamic
visual assets, visual effects, and animations. Game logic represents the underlying rules
and systems crafted by designers and implemented as code, governing interactions and
maintaining game states. Lastly, game progression reflects the structured or exploratory
goals that guide player engagement.

The Game Demo inherits these traits by implementing minimalistic yet functional
versions of them. For graphics, the demo utilizes both static and dynamic objects to sim-
ulate a visual environment. Static objects, such as the ground and walls, represent the
game’s world environment, while dynamic objects, including moving units, simulate ac-
tive entities. These objects are visually represented by geometric shapes of varying colors,
and the demo incorporates dynamic lighting to enhance realism and add performance
load. Light sources attached to moving units cast shadows that interact dynamically with
other objects in the scene, further simulating graphical complexity.

Game logic in the demo is achieved by adding motion and interactivity to the envi-
ronment. Dynamic objects navigate the game world using a predefined navigational
mesh, randomly selecting destinations and continuously moving toward them. Upon ar-
rival, they select new goals, creating an ongoing dynamic system. Unit creation is another
implemented feature, where new dynamic objects are periodically generated during

gameplay, each equipped with its light source and navigation behavior.
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Game progression, the third inherited trait, is represented by a level-based structure.
The demo includes two distinct levels, each with unique game logic rules and static envi-
ronments, simulating how players might access different areas or phases of a full game.
This level structure provides a rudimentary yet effective approximation of progression
mechanics found in more complex games.

To describe the Demo Game, it is essential to highlight the tools used in its creation
and how the game’s scenes or levels were developed. The Demo Game is structured
around simplified levels that serve as test environments, where the performance of the
game can be measured under different scenarios. These levels are designed to simulate
typical game dynamics, such as object movement and environmental changes, which con-
tribute to the overall performance load. The tools used in its development ensure that the
Demo Game can be easily adapted for integration with SBPMS, allowing for the system-
atic collection of performance data without the complexity of a fully functioning game.

Worth to mention interactivity trait of the video games. The game demo does not
encompass all the functional traits of the game, particularly the absence of player input in
the simulation. This design choice is intentional, as it aligns with the primary objective
of automated performance testing. In such scenarios, player interaction is deemed irrele-
vant, as the focus is solely on assessing the performance of the simulated and rendered
game world. By eliminating player involvement, the testing process is streamlined, min-
imizing the influence of external variables and allowing for consistent evaluation of sys-
tem performance under controlled conditions.

However, this approach may lead to potential issues with data accuracy and compre-
hensiveness. Some performance problems may arise specifically from the interaction be-
tween the player and the game environment, and these would remain undetected in a sim-
ulation devoid of player input. This creates a "blind spot" in the collected data, potentially
overlooking critical performance bottlenecks. Furthermore, implementing scenario-based
systems without accommodating player input might introduce architectural challenges.
Without simulating real-world interactions, it becomes difficult to identify or preemp-
tively address architectural issues that could emerge when the system transitions to sce-

narios involving active player engagement.
5.1.1 Tools Specification

Demo Game represent a commercial game. Creating a real game is out of scope of
this project. However, Demo Game has several attributes that games have. It has visual
representation of object in game space and objects move in a real time. Object movement
is also a real-time simulation without pre-computations. Also, to make statistics more
dynamic Demo Game has several “scenes” that will change to simulate different content

of the game.
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To accomplish given task, Demo Game is implemented with help of the Godot v4.2.1
[37] game engine, which is a set of tools that help to create video games. Using estab-
lished game engine is supposed to make Demo similar to games that created for commer-
cial purposes. Worth to mention, that the reasoning behind picking Godot and not differ-
ent game engine is its lightweight and open-source nature. Advantage of using established
game engine is that is handles most generic cases for game creation and has solutions for
most problems. Also, solution itself is game engine agnostic and does not require to use
any particular tools. Any solutions used in the Demo can be implemented by any set of
game engines or programming languages.

Programming language of the codebase [36] is C# as one of the options provided by

Godot. No additional libraries or frameworks used, except ones provided by Godot.
5.1.2 Scenes

The Demo Game is consisting of two scenes. Each scene has static and dynamic ob-
jects to make a visual representation of the game. Static objects do not move and represent
an environment. The opposite of those are dynamic objects, which has light source at-
tached to them that cast light and used to calculate dynamic shadows. Dynamic object
represents complicated systems of the video game that take time to compute. However,
the main computation cost in the Demo will be real-time dynamic lightning in the con-
stantly moving spheres. Figure 4 and Figure 5 is a visual representation of the scenes in
the Godot. Grey plane is a base for navigational mesh that is used by dynamic object to
find path between pre-defined checkpoints. Navigational mesh is constructed around

static objects that stand on the main plane.

Figure 4 Scene one of the Demo Game
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Figure 5 Scene two of the Demo Game

Both scenes have different geometry, navigational mesh and checkpoints. Because
those two scenes must represent different types of content in game. Therefore, switching
between two scenes while measuring performance of each is main activity to be done.

Scenes are populated with spheres with dynamic light source. They move on the nav-
igational mesh between checkpoints. Additional spheres are added to scene by equal in-
tervals of time to add dynamic to the performance collection process. Nevertheless, the
main source of the performance drop is adding additional spheres that start to be source
of light and interact with another spheres by casting shadows. Each additional sphere

makes scene computationally heavier.

5.2 Preparation

The Preparation section outlines the initial stage of the SBPMS, where the ground-
work for the testing process is established. The process of preparing the game for sce-
nario-based performance measurement involves two essential activities: the manual cre-
ation and definition of testing scenarios, and the adaptation of the game build to meet
specific performance measurement requirements. These requirements include enabling
the game to run with a designated console flag, allowing developers to pass a scenario
file that defines the sequence of actions for testing. Additionally, the game must support
an automated mode in which it executes the provided scenario without human interven-
tion while collecting relevant performance data.

In parallel, the game build must be adapted to integrate the necessary components,
which is discussed later, for scenario execution and performance data collection. This
involves incorporating additional code into the game that enables the execution of the
defined scenarios and ensures that performance metrics are captured throughout the

gameplay, by using game engine tools. The adaptation process also includes configuring
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the game to generate structured data outputs, such as performance reports, which are es-
sential for analyzing the game's behavior under various testing conditions. The successful
completion of the preparation stage ensures that the game and its corresponding scenario
are properly aligned, paving the way for the subsequent data collection phase of the
SBPMS.

5.2.1 Performance Metrics

First, we need to choose performance metrics to measure. As discussed, earlier FPS
i1s important metric that represents the whole state of the game. But it would be more
beneficial to collect more metric that may give us insights on what may cause perfor-
mance drops. One of the such metrics is RAM usage, which represent how much memory
does Demo Game occupy in the system. The last metric that will be used is a Unit count.
This metric represents number of dynamic objects currently active on the scene. Worth
to mention that both RAM usage and Unit count metrics are supportive performance met-
rics. They do not reflect direct performance problems, but can markers of possible prob-
lems.

Those three metrics should represent a game system, where main point of perfor-
mance loss is number of units. FPS used to track performance in general. RAM usage is
a metric which helps to keep game in budget and understand hardware requirements. And

Unit count as supportive metric to understand possible performance loss.
5.2.2 Scenario Action Order

Next step would be to decide on scenario structure. This Demo is level-based game,
which means that not all game content is represented in one 3D space, but separated into
different scenes/levels. Playing a game in this case would be completing different levels
in a pre-defined order. Only one scene can be active at a time. Therefore, to play new
scene, we need to unload previous one and then load new scene.

Level/Scene structure makes it easier to keep entities separate from each other and
we can easier notice changes in the performance. Using given structure for scenario-based

approach gives us idea on how to procced with order of actions to execute in scenarios.

Order of actions is demonstrated at Figure 6.

Figure 6 Scenario action order

The first step in the scenario is to Load Level. From game perspective this means,
that old geometry is removed from the scene with all dynamic objects. Progress of the
game can be saved at this point if required. Next, game reads file with new level data.

This data contains all of the information about where and what object should be to place
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them at right positions. Dynamic objects are created and start to interact with the world
and each other. Loading process may take some which is hard to predict. Also, hardware
specification affects speed at which level be loaded. Another problem, is that dynamic
systems are loaded after static and their complex interaction may not start when player
can already interact with a world. Overall, this a normal process, but if start to collect
performance data right now it may be not precise and have a lot of noise in the long run.

To avoid these problems, we will execute the next step of the scenario — Wait. This
action is aimed to give a level room to warm up, start up all systems and make them
interact with each other. Picking a constant time can be a hard task. Some levels may
require more or less time depending on the amount of content. However, to be save in our
judgement we can pick 5 seconds of waiting time in case of this Demo Game. After 5
seconds, several batches of dynamic objects will be created and will start to interact with
each other, which will create a performance load.

The next step will be to Start Measurements. After waiting for several seconds in the
loaded level it is expected that game is ready for performance measurements. Additional
system is started that collects Performance measurement metrics each game tick. At this
moment system reads scenario and decides which measurement metrics needs to be col-
lected. Unknown metrics are ignored.

After starting performance, the next step is Wait. This step is used to give a time to
collect data in span of several seconds to have an average information of hundreds of
frames. Amount of time that system needs to wait is decided in the Scenario by develop-
ers, because some levels may require more time to collect data with higher precision rate.

The last step is to End Measurements. Process collected results and proceed to the
next scenario if exist. In case this was the last step, the results are condensed into a meas-
urement file.

Overall, this process is how a Scenario is executed by the game. All of the actions are
the same for each scenario. And it will be repeated until there are no scenarios to execute.

Scenario is a JSON file with a specific layout that later is translated into actions. This
file is populated by developers depending on their needs on what data to collect. In ideal
situation this file is the only thing when human intervenes in the process and everything

else can be automated. Example layout of the file is shown in Figure 7.
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"Scenarios":

"LevelName": "Levell",
"Measurements": ["FPS", "Memory“, “Unit”],
"CollectingTime" : 5

"LevelName": "Level2",
"Measurements": ["FPS", "Memory“, “Unit”],
"CollectingTime"™ : 8

Figure 7 Scenario file example

In this file layout there is an array of Scenarios that contains all scenario objects. Each
scenario object has: a “LevelName” which used to load level by file name, a “Measure-
ments” array with strings of performance metrics, a “CollectingTime” variable for wait-

ing stage of the scenario execution.
5.2.3 Game Build

Game developers usually has a special environment for developing a game. Those
environments allow to run game to test them, but they do not represent final quality of
the game. Thus, to make data collection closer to the actual results game should be built.
In case of game this means to compile code base, collect all of the required game assets
and distribute together excluding all of the developer tools. Result of this process is an
executable file with assets that a distributed in the same folder with executable. Simplified

version of this process is shown at Figure 8.

[ ] { ]

Figure 8 Game Build Preparation

However, we need to make some compromises with building a game if we want to
collect performance. First of all, game should be compiled with debug flags, which allows
us to collect performance measurement information. Not all performance metrics require
debug flags on, but some of the important do require it. The main problem with it is that
it affects performance. Usually, game is compiled with all of the optimization flags to
give maximum performance for user. Therefore, this makes performance collection not
as precise as we want it to be. But it is hard to manage this problem, because when any

code of performance measurement is introduced — it starts to affect performance.
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Second of all, we need to support running a game with additional flag. This flag when
used, should mean that the game will run in the special mode, where we only need to
execute Scenarios. Discussed flag should accept a path to the Scenario JSON file as an
argument and return error if file does not exist or incorrectly structured.

And the last modification, the game should start a Scenario execution process when
Scenario flag provided. After reading scenario file it should be processed into set of com-

mands that will be executed in particular order and then exit a game.

5.3 Data Collection
After Preparation step is done the next step is Data Collection. Game executable and
Scenario file are artifacts from previous step. Those artifacts are used together to collect

performance measurement data. This process is presented in Figure 9.

"

. /game. rio= ario.json

4

Figure 9 Data Collection Process Graph

Game executable is started with Scenario flag, which specifies which Scenario file to
read. If Scenario file exist and layout is correct, then game processes Scenarios into game
commands. Each command is stored in the queue and executed one by one. The result of
this process is measurements JSON file.

This step can be fully automated, if game is build using any continuous integration
build system and Scenario file is provided with the build or stored on server. Executing
the game from terminal with correct flags can be part of the continuous integration sys-

tem. And when measurements are ready — those can be sent to the any web end-point.
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The last step in the data collection is obtaining Measurements JSON file. This file
contains information about performance of the game levels. There are two types of the
data in this file: Identity Data and Measurement Data. Identity Data are fields that contain
information about what game build, platform and time were when data has been collected.
Game build version is a unique string identifier that makes a distinction between game
builds. Platform is an operation system used to collect data. Timestamp is a time when
data was collected.

Measurement Data is pure version of collected data. It has average values of collected
metrics, name of the level where it was collected and position of the player when it hap-
pened. Each separate measurement is called Sample. File can contain any number of Sam-
ples depending on the Scenario that was used with a game. Sample of measurement file

is demonstrated in Figure 10.

"Build": "Game v1.0",
"Platfc : "Windows",
"Samples": [
{
"LevelName": "Levell",
"Measurements": {
"FPS": 143.800554016621,
"MemoryUsage™: 42.7805787400856,
"Units": 20
I

"Position": o))"

"LevelName": "Level2",

}
1,
"Timestamp™: "2024-05-16T21:57:48"

Figure 10 Measurements JSON File Example

5.4 Data Aggregation
Data aggregation step is the last step that should be done to finish the process. After

data is collected is should be aggregated in some storage. One of the ways to solve this
problem is to set up a web end-point that will receive collected data entries to store them.
However, storing the data is not an end-goal in this. To make an informed decisions —
data should be displayed in human-readable form.

There are tools in the web development that allow to implement this functionality

with frameworks and libraries. Grafana can be used to display aggregated data in a visual
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manner. And MongoDB is a database that allows to store and retrieve JSON data. Those
are examples of what frameworks is possible to use, but it can be implemented any way
as long as team has access to processed data.

However, this step is out of scope of this work, because implantation of the web end-
point is mostly solved problem. But it is still important to mention this stage as a logical

conclusion to the data collection process.

5.5 Results

The Demo Game and SBPMS were successfully implemented, meeting all the speci-
fied requirements and demonstrating the feasibility of the proposed scenario-based ap-
proach for automated performance testing. The system functioned reliably, translating
predefined scenarios into actionable commands and generating performance data that re-
flects real-time computational loads. This implementation provides valuable insights into
the practical application of automated performance testing in game development environ-
ments.

Two distinct scenes were created to simulate typical game scenarios and assess the
system's performance. Scene 1 represents a basic environment populated with static ob-
jects, without elevation and limited number of dynamic entities, which can be seen in
Figure 11. Scene 2 introduces more complex configurations, including additional dy-
namic objects that generate dynamic lighting effects, which can be seen in Figure 12.
Although the visual complexity of the Demo Game is minimal—featuring primarily ge-
ometric shapes—the dynamic lighting system imposes substantial computational de-
mands, thereby simulating real-world performance challenges. This setup effectively
highlights the impact of dynamic processing, reinforcing the importance of scenario-

based testing for identifying performance bottlenecks.
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Figure 11 The Demo Game project level scene one. Spheres with light source traverse a
plane with obstacles

Figure 12 The Demo Game project level scene two. Spheres with light source traverse a
plane with obstacles and different elevations.

The scenario execution process, based on translating scenario files into game com-
mands, operated smoothly. The command-based architecture of the Demo Game ensured

that scenarios could be interpreted and executed with minimal manual intervention. This
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demonstrates that, when a game is developed with a command system in mind, adapting
it to support automated performance testing requires relatively few modifications. This
adaptability is crucial for integrating similar systems into existing game development
pipelines without incurring significant overhead.

Moreover, the system's flexibility was validated through the creation and execution
of multiple test scenarios. Each scenario defined a series of actions, such as navigating
dynamic objects across the environment and triggering performance-intensive processes
like dynamic lighting calculations. The performance data collected during these tests pro-
vided clear insights into the computational load at various stages, enabling an accurate
assessment of system performance. This reinforces the potential for scenario-based ap-
proaches to deliver actionable feedback to developers, facilitating faster iterations and
more informed decision-making.

The automation potential of the implemented system is substantial, presenting signif-
icant opportunities for streamlining performance testing processes in game development.
One of the key strengths lies in the use of executable flags to input scenario files. This
approach offers considerable versatility, allowing developers to define and execute vari-
ous scenarios without modifying the core game code. By running the game from the com-
mand line with these flags, it becomes possible to integrate performance testing seam-
lessly into continuous integration and continuous deployment (CI/CD) pipelines. This in-
tegration ensures that performance testing can occur automatically as part of the develop-
ment lifecycle, providing timely feedback to developers and reducing the need for manual
intervention.

Another significant advantage of the implemented system is its use of JSON for both
input and output data. JSON is a widely used, human-readable format that facilitates clear
and accessible representation of structured data. This readability enhances the overall us-
ability of the system, particularly for creating and editing performance testing scenarios.
Since JSON files can be easily modified using any standard text editor, game developers
and QA teams can quickly adjust scenario parameters or add new test cases without re-
quiring specialized tools. This flexibility reduces the learning curve and streamlines the
process of configuring tests, making the system more user-friendly.

Similarly, output data generated from performance measurements is stored in JSON
format, which offers several practical benefits. The readable structure of JSON enables
developers to quickly inspect and interpret performance results, facilitating easier debug-
ging and analysis. JSON's well-defined structure also makes it straightforward to parse
and process data programmatically, whether for generating reports, visualizing trends, or
integrating with other tools. This consistency in data handling helps maintain transpar-
ency in performance evaluation, ensuring that all stakeholders—from developers to pro-

ject managers—can understand and act on the collected information effectively.
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However, while JSON is convenient for development and smaller-scale projects, it
may introduce performance overhead in high-load systems. As the volume of collected
performance data grows, JSON's text-based nature can result in larger file sizes and
slower processing times compared to more compact binary formats. For large-scale game
projects with extensive performance data, this can impact storage efficiency and data re-
trieval speed. In such cases, transitioning to a binary format for output data could offer
significant advantages. Binary formats are typically more efficient in terms of both space
and processing speed, making them better suited for handling large datasets or high-fre-
quency performance measurements.

In summary, the SBPMS project implemented a scenario-based, automated perfor-
mance testing system that aligns with the requirements defined earlier. The fact that the
system functions as intended suggests that this approach holds potential for broader ap-
plication. By extrapolating these results, it is reasonable to propose that such a method
could be adapted to commercial game development workflows with minimal modifica-
tions to existing architectures. This work provides a foundational framework for further
research and practical exploration, particularly in optimizing performance testing pro-

cesses in larger and more complex game development environments
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6 Evaluation

Main purpose of this stage is to process experience of creation of the SBPMS artifact.
Understanding of possible advantages and problems of the system may be beneficial for
practical applications or further studies in the field.

There are three different areas which we can evaluate. First of all is scenario defini-
tion. Second of all is performance measurement. And the last one is automatization. Each
step represents important topic about this implementation of automated performance

measurement system.

6.1 Scenario Definition

Scenario definition in this project has been implemented by using game actions as
discussed in preparation stage. Scenario file is processed into Game Actions that are ex-
ecuted in particular order. The system may offer considerable flexibility, especially if the
game is already designed with game actions in mind. In such cases, integrating the system
could require relatively little effort. For example, it might be feasible to include an action
that teleports the player to several pre-defined spots for collecting performance data. This
approach could be particularly beneficial for large levels, where incomplete or uneven
data collection might otherwise be a concern.

Another way to define Scenario is to use player inputs. This implementation is easy
to implement by recording developer inputs and then replaying them while collection
performance data. On the one hand, this way of reproducing the gameplay is closer to real
world application, where players can have only inputs to affect game. However, this can
make replays more unreliable if game does not have full deterministic state. In worst case,
some performance collection entries will have big shifts in values, false-positives.

In addition, we need to consider what game is developed. This may be crucial when
there are different ways to represent game worlds. One way to do so is level-based which
is used in this work. However, game may have one big plane with all of the game process
happening there. This type of game worlds is called open-world. When considering im-
plementation of the scenario-based approach it is important to understand how to navigate
open-world for player entity. Usually open-world games use asset streaming process
which is hidden from the player. However, when executing scenario, we need to teleport
player entity around the world to collect performance data in different locations. There-
fore, there needs to be buffer time for the game to load all of the assets, before collecting
performance data. Level-Based worlds usually do have this problem, because all of the
assets are preloaded with the level, but in some games, asset streaming still can be used.

Following this, there is another problem to consider with open-world maps is perfor-
mance collection location. How dense should collection locations be? Are there any per-
formance hard places in the game world? All of these questions should be considered in

both Level-Based and Open worlds, but Open worlds may influence stronger.



48-

Thereafter, we need to consider graphics settings. Video Games usually provide a
way to influence graphics fidelity, so players with older hardware may experience the
game too. As a result, developers may want to add additional performance tests but with
different graphics settings to have full picture on performance situation. However, all of
the possible hardware, operation system and graphic settings combination can go out of
control very fast. If developers do not have unlimited number of resources to collect all
of the possible performance data, then there should be specified list of target machines.
This may be a good compromise between testing on one machine or trying to cover all

possible combinations.

6.2 Performance Measurement

Performance measurements can be done several different ways. Main decision to
make here is: What and How to measure. Demo Game was implemented with a specific
set of features to emulate real game projects, but without a scale of those. What and how
to measure in the Demo Game was about how to come as close as possible to real game
requirements. However, there are decisions in this process that is highly context-based.
Therefore, solutions to the performance measurement questions depends on the different
factors, such as: game genre, world layout, number of active entities, graphics fidelity,
etc.

Demo Game and SBPMS used three metrics. FPS is a main metric to understand
current state of performance in game. Other two metrics are additional one to evaluate
possible problems with performance. In the case of this project identifying performance
issues is a trivial problem, because we are creating those performance issues ourselves.
As a result, we can reduce number of metrics up to three for experiment purposes. How-
ever, real game projects may require an additional development time to decide on which
metrics to collect. It is possible to collect all data that is available, but processing it to
understand possible performance issues can be problematic, because of a lot of noise.

Developers may dedicate time to research what metrics should be the most helpful in
case of evaluating performance issues. Human testing is helpful here to collect initial
information about performance state of the game by collecting data with profiler or other
performance measurement tools and then make educated decision on what metrics to
keep. Metrics can be added or removed any time, but the earlier metric will be issued in
database, the fuller will be history of the performance.

Measuring performance is another question that should be considered. SBPMS used
built-in engine profiler tools to collect data. Its main requirement is building the Demo
Game in Debug mode to allow data measurement. It is flawed but one of the fastest ways
to achieve this functionality. In addition, given functionality is supported by engine de-
velopers and may reduce time and cost of development to implement this as custom so-

lution. However, custom solution may be a proper way of measuring performance if there
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are requirements that can not be covered by existent tools. As a result, implementing
performance measurement tool as custom solution may provide all the functionality re-
quired by introducing additional cost to implement and maintain.

The last question to cover is how to measure performance with scenario-based ap-
proach. Defining a scenario and providing it as file brings us to the moment when we
processing text file into game commands. Demo Game uses level-based structure when
we unload and load level when required. And to make measurements closer real game
with simulations — we need to add additional waiting time before starting measurements.
Higher waiting values after loading level result in more precise measurements, but returns
are diminishing. Therefore, this factor should be balanced depending on level loading
time and amount of dynamic game systems to optimize this parameter. Additionally, data
collection process will provide us hundreds of measurements in a span of several seconds.
This amount of data make take a lot of storage space. Thus, it should be considered to

average collection samples or use other methods.

6.3 Automatization

To decrease cost of performance measurement process given architecture should be
ready for automatization. Moreover, developers need to prepare game build and their pro-
duction pipelines for this process. There are steps that cannot be automatized, such as
scenario creation. But this is a onetime process of preparation before data collection.
Other stages of performance measurement should be possible to autotomize.

First of all, game should be built in the CI/CD pipeline, so it can be used as artefact
further in the process. If process of building a game on the server is not ready at this point,
then it should be done at this point. Without its full automatization is difficult to achieve.

When build is ready it should be run on the target machine. Depending on the project
requirements - the target machine specifications may vary. Making a target machine with
specifications of an average player machine is a solid fundament. In addition, it is possible
to have different machines to run one game build to collect information about perfor-
mance on set of hardware.

Also, it is highly important to modify a build to allow running a game from a terminal
with a flag to start a special game mode that will execute only scenarios. This process is
a corner stone of automatization. Executable can be run with a flag that switches a game
into a special mode, were game runs by scenarios. The whole process depends on the
game architecture, because game should be able to process scenario into commands if
such entity exists in the system or use analogs. For Demo Game command-based system
was created to emulate such systems in the real game projects. However, complexity and
number of commands were limited. It would be safe to assume, that bigger projects may
have problems with direct transcription of scenarios into commands without further ad-

justment of some parts of the system.
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7 Discussion

The adoption of a Scenario-Based approach for performance testing offers a flexible
and practical framework for automating game performance assessments. The SBPMS im-
plemented in this project demonstrates the potential benefits and challenges of using this
method. A Scenario-Based approach allows for the modeling of real-world player behav-
iors and game scenarios, which can be automated to replicate typical gameplay condi-
tions. This method’s versatility makes it applicable to a wide variety of testing goals. In
the context of performance testing, using predefined scenarios enables developers to eval-
uate a game’s performance in different conditions without the need for manual interven-
tion. However, to successfully adopt this approach, the testing environment must be
properly set up. One of the key requirements is the automation of the game build process,
which can be integrated into a CI/CD pipeline. This automation ensures that the game is
consistently built and tested, streamlining the performance testing workflow. Addition-
ally, certain adjustments to the game build may be necessary, particularly when specific
performance metrics need to be collected. The limitation here is that some performance
metrics, are not typically available in release builds. Consequently, the Demo Game relies
on debug mode for performance testing, which allows for more comprehensive data col-
lection at the cost of potentially slower performance during testing. Once the CI/CD pipe-
line and testing scenarios are established, the process becomes largely automated, with
the QA team playing a central role in preparing scenarios and ensuring that tests are exe-
cuted consistently.

Let us now address the research questions outlined earlier. The first question exam-
ines how a scenario-based approach can be adopted to video game performance measure-
ment process. The second question focuses on the performance metrics that can be col-
lected during such testing and the constraints that influence the data collection process.

Adopting a Scenario-Based Approach for Performance Testing. To adopt a sce-
nario-based approach with the goal of performance testing, developers must follow a se-
ries of preparatory steps. The first step involves preparing the game build to support sce-
nario execution. This process depends largely on the game’s underlying architecture.
Games built on command- or action-based architectures are particularly suited for this
approach, as existing structures can often be leveraged to create and manage scenario
commands. For other architectures, additional modifications may be required to integrate
scenario execution capabilities, such as developing middleware or extending the engine’s
scripting capabilities to support automated tasks.

Once the game build is equipped for scenario execution, the next step is to design and
prepare the scenarios themselves. This involves defining the structure and data format of
the scenarios, determining key locations within the game environment for performance

measurements, and selecting the specific performance metrics to track. The sequence of
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actions within each scenario must be carefully designed to ensure consistency, reproduc-
ibility, and alignment with the testing objectives.

Finally, once the game build and scenarios are ready, the process should be automated
through a CI/CD pipeline. Automation ensures that scenarios are executed regularly
across different game builds, allowing developers to track performance trends over time
and quickly identify regressions. Integrating this process into the CI/CD pipeline further
enables scalability, as scenarios can be executed across a wide range of hardware config-
urations and settings, ensuring comprehensive performance coverage.

What performance metrics can we collect? What constraints affect the collection
process? A wide range of performance metrics can be collected during scenario-based
testing, offering valuable insights into the game’s performance across different contexts.
The most common and critical metric is FPS, which reflects the game’s rendering perfor-
mance and is a key determinant of player experience. Additional metrics may include
system resource usage, such as RAM and VRAM consumption, CPU and GPU utiliza-
tion, and disk I/O rates. Metrics related to load times, such as the duration of level loading
or asset streaming, can also be highly informative in understanding bottlenecks in the
game’s pipeline.

However, the collection of performance metrics is subject to several constraints. One
significant limitation is the tooling available for data collection, which can vary depend-
ing on whether the game uses a proprietary or third-party engine. Proprietary engines may
lack certain built-in profiling tools, necessitating the development of custom solutions,
whereas third-party engines may provide comprehensive but standardized metrics that
may not fully align with specific project needs.

Another constraint arises from the mode of game compilation. Certain metrics, such
as detailed memory usage or debugging information, may only be accessible in debug
builds, which do not always reflect the game’s performance in release conditions. Addi-
tionally, the act of collecting performance data can itself introduce noise, particularly for
metrics requiring extensive logging or intrusive profiling tools. For instance, real-time
performance tracking may impose a computational overhead that skews the data, requir-
ing careful calibration of tools and techniques to minimize this impact.

Ultimately, the choice of metrics to collect and the methods of collection should align
with the specific objectives of the performance testing process. Developers must balance
the value of detailed metrics against the potential for noise and overhead, selecting data
points that are both viable and meaningful for the project’s goals. By carefully managing
these considerations, scenario-based performance testing can yield accurate, actionable
insights into the game’s behavior under realistic conditions.

In terms of performance metric collection, the primary metric used in the SBPMS is

FPS, which provides a basic yet essential measure of the smoothness and responsiveness
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of the game, giving developers an overview of the game’s performance during specific
scenarios. However, FPS alone is insufficient for comprehensive performance analysis.
Additional metrics, such as load times, memory usage, frame times, and CPU/GPU utili-
zation, can be vital for identifying performance bottlenecks and understanding how dif-
ferent aspects of the game are affecting overall performance. The selection of additional
metrics depends on several factors, including the game genre and the specific perfor-
mance bottlenecks present in the game. For example, a resource-heavy game with com-
plex graphics may require more granular metrics to assess rendering performance, while
a game with many active Al entities may necessitate metrics focused on processing and
memory usage. This flexibility allows the Scenario-Based approach to be tailored to the
unique needs of each game.

One of the primary constraints in performance metric collection is technical in nature.
Not all performance metrics can be captured in all types of game builds, especially when
a game is deployed in a release mode. This is a significant limitation because certain
performance data, may not be accessible without switching to a debug mode or incorpo-
rating additional development tools into the build. These technical constraints must be
carefully managed during the testing phase. Developers may need to decide which metrics
are most critical for testing based on the performance aspects of the game that are most
susceptible to performance issues. Furthermore, the hardware and system environments
used for testing also impose limitations, as performance data may vary significantly
across different machines, operating systems, or configurations. Therefore, selecting the
right set of metrics and ensuring that the correct technical environment is in place are key
considerations for the successful application of the Scenario-Based approach in perfor-
mance testing.

One of the primary limitations of this thesis is that the research and the Demo Game
was not implemented within a fully operational real-world game development environ-
ment, but instead aimed to simulate such conditions. While the Demo Game and SBPMS
provides a useful framework for performance testing, it lacks the complexity and unpre-
dictability of a live game development setting. This controlled setup means that certain
important details related to real-world performance testing may not have been fully cap-
tured. For example, the intricacies of handling real-time performance data across large,
dynamic game worlds with diverse assets and player behaviors may not be entirely rep-
resented in the Demo's simplified environment. The gap between simulation and real-
world application could lead to discrepancies in how the approach performs under actual
conditions, where external factors, such as network latency, player behavior, and more

complex game systems, play a significant role.
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Another limitation arises from the scale of the project. The Demo Game was designed
with relatively simple test scenarios and was not scaled to the level of larger, more re-
source-intensive game projects. Larger studios often operate within much more rigid and
complex production processes, where performance testing involves greater coordination,
more sophisticated toolchains, and broader integration with other systems, such as con-
tinuous integration, deployment pipelines, and cross-platform testing. The Demo Game
does not fully account for the added complexity of these processes, and therefore, the
scalability of the proposed Scenario-Based performance testing approach remains uncer-
tain for larger studios. In reality, testing performance in large-scale games involves addi-
tional layers of complexity, such as managing diverse teams, handling vast amounts of
game content, and addressing hardware variations across different testing environments,
which this work does not extensively address.

Finally, a significant limitation is that similar systems for automated performance
testing likely already exist in larger game development studios; however, these imple-
mentations are often not publicly disclosed. The proprietary nature of such systems means
that there is limited access to information on how they function in practice. This lack of
transparency creates challenges in understanding the full scope of existing solutions and
comparing the proposed approach with those used by industry leaders. Consequently, the
findings and methods developed in this thesis may only be partially representative of the
practices followed by major game studios, as these studios may be using customized tools
or advanced technologies that are not readily available or documented in the public do-

main.
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8 Conclusion

This thesis presented a structured, scenario-based approach to automated perfor-
mance measurement in game development, focusing on key stages: Preparation, Data
Collection, and Data Aggregation. Through the creation of a SBPMS artifact, the project
illustrated the practical implementation of these stages, identifying potential advantages,
challenges, and areas for future improvement.

The proposed system leverages predefined scenarios to simulate various game states
and measure performance consistently. By defining scenarios as JSON files and translat-
ing them into executable actions, the approach minimizes human intervention, enhancing
automation and repeatability. This method ensures flexibility and reliability, especially
when compared to input-based approaches, which can introduce variability.

This thesis identified challenges related to performance data accuracy, particularly
the impact of debug builds on measurements. Additionally, the need for balanced waiting
times during scenario execution was highlighted to ensure data reliability. While data
aggregation and visualization were beyond the scope of this work, their importance in
deriving actionable insights from collected data was acknowledged.

This work provides a foundation for implementing automated performance testing
systems in real-world game development projects. The scenario-based approach can be
adapted to various game types, including level-based and open-world architectures, with
considerations for asset streaming and performance hotspot identification. Furthermore,
the modular nature of the system allows developers to tailor metrics and scenarios to their
specific needs, enhancing the relevance and accuracy of performance evaluations.

Several avenues for future research and development emerged from this study:

- Enhanced Metrics: Investigating additional performance metrics, such as CPU
and GPU utilization, could provide a more comprehensive understanding of sys-
tem performance.

- Open-World Navigation: Developing methods for efficiently testing open-world
environments, including adaptive scenario generation and dynamic loading strat-
egies.

- Custom Measurement Tools: Exploring the creation of bespoke performance
measurement tools to address limitations in existing engine profilers.

- Data Aggregation and Analysis: Implementing advanced data aggregation tech-
niques and visualization frameworks to transform raw performance data into ac-
tionable insights.

In conclusion, this thesis demonstrated the viability and advantages of a scenario-
based, automated performance measurement system in game development. By addressing
key challenges and providing a structured methodology, this work contributes to the on-

going effort to optimize game performance testing, ultimately enhancing the quality and
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reliability of game releases. Future advancements in this area promise to further stream-
line development processes, ensuring that performance optimization keeps pace with the

increasing complexity of modern games.
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