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ARTICLEINFO ABSTRACT

Article history: This study presents a performance analysis of real-time multiplayer

. gaming through web-based game engines deployed on cloud Platform-
Rsce!veg Bec ;g gggg as-a-Service infrastructure, specifically examining Construct 3
A ewsted Jec 12' 2026 integration with Heroku's managed deployment platform. A multiplayer
ceepted Jan fz, Pong game was developed to evaluate the viability of browser-based
gaming architectures for real-time applications, utilizing WebSocket

Keywords: communication protocols, room-based session management, and

. hybrid client-server prediction models. The implementation

Cloud Comput!ng; demonstrates five architectural components: secure WebSocket
Construct Engine; connection establishment, 60 frames-per-second server-side game

~ Heroku Infrastructure; state synchronization, minimal cloud deployment configuration, scalable
Real-time multiplayer gaming; room management supporting multiple concurrent sessions, and
WebSocket Protocol. responsive input handling with client-side prediction. Performance

evaluation with ten concurrent game instances revealed exceptional
resource efficiency, consuming maximum 34 megabytes memory with
dyno load averages of 0.01, validating JavaScript-based server
implementations for real-time gaming applications. The results indicate
that web-based game engines can achieve performance characteristics
traditionally associated with dedicated server architectures while
maintaining significant advantages in development velocity, deployment
simplicity, and operational efficiency. The study contributes evidence
supporting the democratization of multiplayer game development
through accessible web technologies, demonstrating that traditional
barriers between browser-based and native gaming applications are
diminishing as platform capabilities mature. These findings establish
benchmarks for web-based multiplayer gaming performance and
provide foundation for future research in cloud-based game
development paradigms.
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1. INTRODUCTION

The modern landscape of game development has undergone a profound transformation with the
advent of cloud computing technologies and web-based development platforms (Panwar, 2024). The
proliferation of internet connectivity and the increasing demand for accessible, cross-platform gaming
experiences have driven developers toward innovative approaches that leverage cloud infrastructure
for multiplayer game deployment (Esiri, 2024). This paradigm shift represents a fundamental
departure from ftraditional desktop-centric game development methodologies, offering
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unprecedented opportunities for scalability, accessibility, and real-time collaborative
gameplay(Chandola et al., 2024). Cloud gaming, also known as Games-as-a-Service (GaaS), has
emerged as a revolutionary delivery paradigm that promises gaming accessibility across diverse
devices and platforms (Longan et al., 2022). The integration of cloud computing resources with
multiplayer game architectures addresses critical challenges related to latency, scalability, and
resource distribution that have historically constrained the reach and performance of online gaming
experiences (Harle et al., 2024). Platform-as-a-Service (PaaS) solutions, such as Heroku, provide
developers with streamlined deployment mechanisms that eliminate the complexity of infrastructure
management while ensuring robust scalability for multiplayer environments(Younis et al., 2024).

The emergence of browser-based game engines has fundamentally altered the
development landscape by democratizing game creation and reducing barriers to entry for
independent developers (Mehanna & Rudametkin, 2023). Unlike traditional game engines such as
Unity or Unreal Engine, which require extensive setup, licensing considerations, and platform-
specific compilation processes, web-based engines offer immediate accessibility through standard
web browsers (Ghareb, 2016). HTML5 technologies have proven particularly effective in addressing
cross-platform compatibility challenges that have historically fragmented the gaming market (Weeks,
2014). Construct 3 represents a significant advancement in web-based game development, offering
several distinct advantages over conventional desktop engines (Ramadani et al., 2025). Firstly, its
browser-based architecture eliminates installation requirements and provides instant accessibility
across operating systems without compatibility concerns (Kenwright, 2021). Secondly, the visual
scripting system in Construct 3 reduces development complexity compared to code-intensive
engines like Unity, enabling rapid prototyping and iterative development cycles (Marin-Lora &
Chover, 2025). Thirdly, the engine's native HTML5 export capabilities ensure optimal performance
in web environments without requiring additional compilation steps or plugin dependencies that
traditional engines often necessitate (Sung et al., 2022).

The integration of web-based development tools with cloud deployment platforms presents
unique opportunities for multiplayer game development (Bangash et al., 2024). Research has
demonstrated that WebSocket-based communication protocols, commonly supported by modern
web engines, provide efficient real-time networking capabilities essential for synchronous multiplayer
experiences (Kawase et al., 2015). Furthermore, the stateless nature of web applications aligns
naturally with cloud computing principles, facilitating horizontal scaling and load distribution across
multiple server instances (Ugwueze, n.d.). Recent studies have highlighted the performance
advantages of cloud-deployed multiplayer games, particularly in scenarios requiring dynamic
resource allocation and global player distribution (Zhao et al., 2021). The ability to leverage cloud
infrastructure for physics processing, game state management, and real-time synchronization
addresses computational limitations that traditionally constrained browser-based games (Abidi &
Rasool, n.d.). Additionally, cloud deployment enables sophisticated matchmaking systems and
persistent world mechanics that were previously exclusive to dedicated server architectures (Ajayi,
2025).

The literature surrounding cloud-based multiplayer game development and web-based
game engines reveals several distinct research trajectories that collectively highlight both
technological advancements and persistent challenges in this domain. Kassir et al., (2021)
conducted comprehensive analysis of multiplayer cloud-edge gaming services, focusing on spatial
geometry and performance tradeoffs in joint update rate adaptation, demonstrating that cloud-based
gaming systems require sophisticated algorithms to balance latency constraints with resource
utilization efficiency, achieving up to 35% improvement in quality-of-service metrics compared to
static approaches, though their study focused primarily on infrastructure-level optimizations without
considering web-based development tools. Similarly, de Oliveira et al., (2023) explored scalable
cloud gaming systems through physics processing decoupling from game engines, addressing
critical bottlenecks by demonstrating how physics calculations can be distributed across multiple
cloud instances while maintaining consistency, showing significant performance improvements in
massively multiplayer scenarios with reduced latency spikes during high-concurrency events, yet
their implementation relied on traditional game engines rather than browser-based development
environments. Deng et al., (2016) investigated server allocation strategies for multiplayer cloud
gaming, developing optimization algorithms that consider geographical distribution and
computational load balancing, establishing mathematical models for predicting optimal server
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placement and resource allocation, though their findings did not address the unique deployment
characteristics of web-based applications.

The comprehensive review of existing literature reveals a significant research gap at the
intersection of web-based game engines, cloud deployment platforms, and multiplayer gaming
architectures, where substantial research exists on cloud gaming performance optimization and web-
based engine capabilities independently (Muralikrishnan, 2021). However, there is notable absence
of studies examining the specific combination of browser-based development tools with Platform-as-
a-Service deployment strategies for multiplayer applications. Contemporary research by Fransson
et al., (2024) offered updated perspectives on web-based game engine performance through their
comparison of WebGPU and WebGL implementations in the Godot game engine, indicating
substantial performance improvements with WebGPU and showing reduced CPU and GPU frame
times across various rendering scenarios, highlighting the evolving capabilities of web-based
graphics technologies but not exploring multiplayer networking or cloud deployment aspects. The
literature lacks empirical analysis of how modern web-based game engines, such as Construct 3,
perform when deployed on PaaS platforms like Heroku for multiplayer scenarios, with the unique
characteristics of web-based engines including their visual scripting systems, browser-native
compilation, and JavaScript-based runtime environments presenting distinct opportunities and
challenges that differ fundamentally from traditional engine deployments studied in existing research,
representing a critical knowledge gap that this research addresses by providing empirical analysis of
Construct 3 engine implementation on Heroku platform.

The convergence of these technologies presents an opportunity to explore novel
architectural approaches that combine the accessibility of web-based development with the
robustness of cloud infrastructure (Mahmood et al., 2024). Despite the growing prevalence of web-
based game engines, the technical integration between visual-scripting environments like Construct
3 and cloud-based PaaS infrastructures often encounters challenges in real-time data
synchronization and efficient server resource management. This research investigates the
implementation of multiplayer games using Construct 3 engine deployed on Heroku's cloud platform,
examining the technical considerations, performance characteristics, and scalability implications of
this development paradigm. This study is driven by the practical urgency for independent developers
and educational institutions to adopt a cost-effective, scalable, and easily deployable multiplayer
architecture. Therefore, this study aims to evaluate the technical performance—specifically latency
and resource efficiency—of integrating Construct 3 with Heroku using WebSocket protocols. The
primary scientific contribution of this work lies in providing empirical evidence regarding memory
efficiency and CPU load in a JavaScript-based server environment on a PaaS platform, establishing
a technical benchmark for scalable real-time web gaming applications. The study aims to contribute
to the growing body of knowledge surrounding cloud-native game development while providing
practical insights for developers seeking to leverage modern web technologies for multiplayer gaming
applications.

2. RESEARCH METHOD

This research employs an experimental-implementative approach, consisting of system architecture
design, cloud-based deployment, and empirical performance testing. The implementation of real-
time multiplayer gaming through web-based technologies demonstrates the maturation of browser-
based platforms for sophisticated interactive applications. This study presents a comprehensive
analysis of a multiplayer Pong game developed using Construct 3 and deployed on Heroku's
Platform-as-a-Service infrastructure, revealing significant insights into modern cloud-based game
development paradigms. The architectural approach combines client-side visual scripting with
server-side Node.js implementation, creating a hybrid system that leverages the accessibility of web
technologies while maintaining the performance characteristics required for real-time multiplayer
interaction..
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Figure 1. Client-side and Server-side configuration

The foundation of the multiplayer architecture rests on WebSocket communication
protocols, as illustrated in Figure 1, which demonstrates both client-side connection establishment
and server-side connection handling mechanisms. The client implementation utilizes secure
WebSocket connections (WSS) to establish bidirectional communication channels with the cloud-
deployed server, enabling the sub-100ms latency characteristics essential for responsive gameplay.
The connection management system implements an elegant room-based architecture that
automatically assigns players to available game sessions or creates new rooms when necessary,
demonstrating the scalability potential inherent in cloud-deployed multiplayer systems. The message
protocol design reveals careful consideration of both performance and maintainability requirements,
with distinct message types for player initialization, paddle movement, and game state
synchronization. This implementation successfully manages the inherent tension between client
responsiveness and server authority by allowing immediate local feedback for player actions while
maintaining server-side validation for all game-affecting events, ensuring that players experience
responsive controls while preventing cheating and maintaining synchronization across all connected
clients.

The WebSocket communication architecture reveals the intricate technical mechanisms
underlying real-time multiplayer connectivity. The client-side implementation begins with secure
WebSocket establishment using the WSS protocol connecting to “wss:/multiplayer-pong-
xxx.herokuapp.com™, where the connection function implements event-driven architecture through
‘addEventListener("open”)” and ‘addEventListener("message”)” handlers that manage the
asynchronous nature of network communication. The JSON serialization protocol using
"JSON.stringify({ type: "name", name: playerName })" and corresponding ‘JSON.parse(event.data)’
demonstrates the structured message passing system that ensures type safety and protocol
consistency across client-server boundaries. The player identification mechanism utilizes “playerid
= parselnt(data.id)" for numeric conversion and ‘runtime.globalVars.playerld = playerid™ for global
state management within the Construct 3 runtime environment, while the server-side connection
handling implements sophisticated room-based matchmaking through iterative room discovery using
“for (const room of rooms)" loops that check capacity with ‘room.players.length < 2 conditions,
automatically creating new rooms through the factory pattern ‘createRoom()" function when no
available sessions exist, and managing player indexing with ‘playerindex =
joinedRoom.players.length” to maintain consistent array-based player references stored in
joinedRoom.players|[playerindex] = ws" for direct WebSocket access.
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Figure 2. Server game loop mechanism and client handling

The real-time game state synchronization mechanism, depicted in Figure 2, demonstrates
sophisticated approaches to managing distributed game state while maintaining consistent 60
frames-per-second update rates across all connected clients. The server-side game loop implements
comprehensive physics simulation including ball movement, collision detection with paddles and
boundaries, and score tracking, all executed within a precise timing framework that ensures
predictable performance characteristics. The collision detection algorithms efficiently handle ball-
paddle interactions through geometric calculations that maintain accuracy while minimizing
computational overhead, enabling the JavaScript runtime to sustain real-time performance
requirements without the optimization complexity typically associated with compiled languages. The
client-side state handling reveals innovative approaches to managing network latency and ensuring
smooth visual representation despite inevitable network delays, with linear interpolation functions
providing smooth visual transitions between discrete network updates, effectively masking network
jitter and providing consistent visual feedback to players. The selective state synchronization
approach updates only essential game elements rather than comprehensive world state, minimizing
network bandwidth utilization while maintaining complete game consistency, demonstrating that
careful architectural design can achieve performance levels comparable to native applications while
retaining the deployment advantages of web-based technologies.

The mechanisms demonstrate precise timing control and physics simulation through the
server-side game loop using ‘setinterval(() => {}, 1000 / 60)" to maintain consistent 60 FPS update
rates, where ball physics are implemented through velocity-based movement using “ball.x += ball.vx;
ball.y += ball.vy" and collision detection algorithms that handle wall bounces with “if (ball.y < 0 || ball.y
> 470) ball.vy *= -1 boundary checks and paddle interactions through geometric calculations ‘if
(ball.x < 20 && ball.y > p1Y && ball.y < p1Y + 100)" that trigger velocity reversal “ball.vx *= -1" and
position correction ‘ball.x = 20" to prevent ball penetration, while score management through
‘room.score[1]++" increments and ‘resetBall(room)’ function calls maintain game state consistency,
with the client-side state handling implementing selective message processing through if (data.type
=== "state")" filtering and direct object synchronization using 'ball.x = data.ball.x; ball.y = data.ball.y
for immediate position updates, opponent paddle targeting through ‘opponentTargetY =
data.paddles[1 - playerld] array indexing that utilizes player ID arithmetic for opponent identification,
and smooth visual interpolation using ‘opponent.y = lerp(opponent.y, opponentTargetY, 0.2)" with a
0.2 smoothing factor that provides natural motion characteristics by converting discrete network
updates into continuous visual transitions.
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Figure 3. Heroku Deployment Configuration

The cloud deployment architecture, illustrated in Figure 3, demonstrates the operational
advantages of managed cloud platforms for multiplayer game development, revealing simplifications
compared to traditional dedicated server approaches. The Heroku Platform-as-a-Service deployment
configuration requires minimal infrastructure management, with the package.json file specifying only
essential dependencies and the Procfile defining the simple process execution command required
for Heroku's dyno management system. The server configuration automatically adapts to Heroku's
dynamic port allocation through environment variable utilization, enabling seamless deployment
without manual port configuration or network administration requirements. The integration with
Heroku's managed services provides several operational advantages that significantly reduce
development overhead while ensuring production-ready reliability, including automatic SSL/TLS
termination for secure WebSocket connections without certificate management complexity, and built-
in load balancing and health monitoring that provide resilience against application failures without
requiring custom implementation. The environment-based configuration approach facilitates
development-to-production transitions through configuration management rather than code
modifications, demonstrating the operational efficiency advantages of Platform-as-a-Service
solutions for multiplayer game deployment.

The Heroku Platform-as-a-Service deployment configuration reveals the minimal
infrastructure requirements for cloud-based multiplayer game deployment, where the package.json
configuration specifies only essential dependencies with “"ws": "*8.13.0" for WebSocket functionality
and defines the entry point through “"main": "server.js™ with NPM script configuration *"start": "node
server.js" for process management, while the Procfile implements Heroku's process type declaration
using ‘web: node server.js' for dyno management and automatic scaling capabilities, and the server
environment configuration demonstrates dynamic port binding through ‘const PORT =
process.env.PORT || 8080° environment variable utilization that enables Heroku's dynamic port
allocation, HTTP server creation using ‘http.createServer()" for WebSocket upgrade compatibility,
WebSocket server attachment with ‘new WebSocket.Server({ server })’ constructor pattern, and port
listening with callback logging through ‘server.listen(PORT, () => { console.log(\"WebSocket server
running on port ${PORT}\"); })* for deployment verification and runtime monitoring.
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Figure 4. Room Management and Broadcasting

The room management and scalability architecture, presented in Figure 4, reveals
sophisticated approaches to handling multiple concurrent game sessions while maintaining isolation
and efficient resource utilization. The room creation system implements a factory pattern that
initializes game state with predefined parameters while providing extensibility for future game
mechanics additions, and the automatic matchmaking functionality efficiently assigns incoming
players to available rooms or creates new sessions as needed, ensuring optimal resource utilization
while minimizing player waiting times through intelligent capacity management. The state
broadcasting mechanism demonstrates efficient network utilization through selective message
distribution, where game state updates are transmitted only to players within specific rooms rather
than global broadcasting approaches that would consume unnecessary bandwidth. The
implementation includes robust error handling for disconnected clients and automatic cleanup
procedures that prevent resource leaks during player departures, ensuring stable long-term
operation under varying player loads. The room isolation architecture enables independent game
sessions without cross-contamination, while the centralized room management system provides
administrative capabilities for monitoring active sessions and resource utilization patterns,
suggesting that web-based multiplayer games can achieve enterprise-level reliability and scalability
characteristics through careful system design.

The architecture demonstrates sophisticated session isolation and resource utilization
through the factory pattern implementation in ‘createRoom()" that returns object literals with
predefined game state including ‘players: [|" for dynamic player arrays, ‘paddles: [160, 160] for
default positioning, “ball: { x: 400, y: 240, vx: 4, vy: 3 } for physics initialization, 'score: [0, 0] for
score tracking, ‘names: [", "] for player identification, and ‘interval: null" for timing reference
management, while the automatic matchmaking algorithm implements room availability checking
through ‘if (room.players.length < 2)° capacity validation and sequential room iteration for optimal
player assignment, with state broadcasting mechanisms utilizing JSON message construction
through selective property inclusion in { type: "state", paddles: room.paddles, ball: room.ball, score:
room.score }' and efficient message distribution using ‘room.players.forEach(p => { if (p &&
p.readyState === WebSocket. OPEN) { p.send(msg); } })" that includes WebSocket state validation
and null reference checking, and comprehensive cleanup procedures implementing interval clearing
with ‘clearinterval(joinedRoom.interval)’, null assignment for disconnected players through
‘joinedRoom.players[playerindex] = null’, array filtering using ‘joinedRoom.players.filter(p => p)" for
active player maintenance, and room removal through ‘rooms.filter(r => r == joinedRoom)" to
prevent memory leaks and ensure stable long-term operation.
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Figure 5. Input and message handling

The input handling and client-side prediction system, detailed in Figure 5, demonstrates
advanced techniques for managing the inherent tension between responsive user interaction and
authoritative server validation in networked gaming environments. The client-side implementation
provides immediate visual feedback for player actions through direct paddle position updates,
ensuring that user input feels responsive regardless of network latency conditions, while boundary
constraint enforcement prevents invalid player actions locally as the server maintains authoritative
validation, creating a seamless user experience that combines responsiveness with cheat prevention
mechanisms. The server-side message processing system efficiently handles multiple concurrent
message types while maintaining strict validation and state consistency requirements, with the
paddle position update mechanism processing incoming player movement data with minimal
computational overhead, and the game termination and player registration systems demonstrating
the extensibility of the message protocol design for complex multiplayer interactions. The
interpolation system for opponent movement utilizes mathematical smoothing functions that provide
natural motion characteristics, effectively converting discrete network updates into smooth visual
transitions that maintain the illusion of continuous real-time interaction, demonstrating that web-
based gaming architectures can achieve the sophisticated networking characteristics traditionally
associated with dedicated gaming engines while maintaining the accessibility and deployment
advantages of browser-based technologies.

The input handling and client-side prediction system shows advanced networking
techniques for responsive user interaction through runtime event binding using
‘runtime.addEventListener("tick")" for frame-based input processing, object reference caching for
performance optimization, keyboard state polling with ‘keyboard.isKeyDown("ArrowUp")" for real-
time input detection, immediate position updates using ‘paddle.y -= 8" and ‘paddle.y += 8 for
responsive feedback, boundary constraint enforcement through ‘Math.max(0, Math.min(paddle.y,
320))" mathematical clamping that prevents invalid positions, WebSocket state validation before
message transmission using if (socket.readyState === WebSocket. OPEN)" checks, and JSON
message protocol implementation with { type: "paddle”, y: paddle.y } for structured data
transmission, while the server-side message processing system implements robust exception
handling through try-catch blocks for JSON parsing protection, message type routing using
conditional statements for ‘data.type === "paddle™ paddle updates, 'data.type === "gameOver™
termination handling, and ‘data.type === "name™ registration processing, with cross-client
communication through index calculation using *1 - playerindex’ for opponent identification and bi-
directional name broadcasting that includes WebSocket state verification before message
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forwarding, demonstrating the sophisticated balance between immediate client responsiveness and
authoritative server validation that ensures both performance and security in networked gaming
environments while maintaining the accessibility advantages of web-based technologies.

To ensure the reliability of the empirical data, the testing was conducted in a controlled
environment using five concurrent game instances running simultaneously to simulate a multi-room
session load. Each testing session lasted for 10 minutes and was repeated through 5 independent
trials to obtain consistent average performance values. The system's performance was evaluated
using standardized cloud computing metrics collected directly through the Heroku Dashboard and
Heroku Metrics. The evaluation focuses on three primary indicators: (1) Memory Usage, measured
in Megabytes (MB), representing the RAM consumption of the Node.js server during peak game
synchronization; (2) CPU Load, representing the processing demand on the Heroku Dyno, measured
as a fractional load average where 1.0 indicates full utilization of the allocated resources; and (3)
Latency (Response Time), monitored via Heroku’s router metrics to determine the time taken for
WebSocket packets to be processed and acknowledged, ensuring real-time responsiveness for
multiplayer interactions. Data collection was performed in real-time during each trial, and the results
were aggregated to analyze the stability and scalability of the Construct 3 and Heroku integration.

The analysis of this implementation reveals that the combination of web-based game
engines with cloud Platform-as-a-Service deployment represents a paradigm shift in multiplayer
game development, offering advantages in development velocity, deployment simplicity, and
operational management while maintaining performance characteristics suitable for real-time gaming
applications. The architectural approaches demonstrated through these code implementations
suggest that the traditional barriers between browser-based and native gaming applications are
diminishing as web technologies mature and cloud platforms provide increasingly sophisticated
services for real-time applications. The implementation of complex multiplayer functionality through
visual scripting environments and simplified deployment workflows indicates substantial potential for
democratizing multiplayer game development, enabling smaller development teams and
independent developers to create sophisticated networked gaming experiences without the
traditional infrastructure and expertise requirements that have historically limited access to
multiplayer game development capabilities. The technical achievements demonstrated in this project
establish a foundation for future research in cloud-based multiplayer gaming architectures,
particularly in the areas of hybrid client-server prediction models, elastic scaling strategies for
WebSocket-based applications, and the integration of visual game development environments with
enterprise-grade deployment platforms, contributing to the growing body of evidence that modern
web technologies can support sophisticated real-time applications while maintaining the universal
accessibility that has made web platforms the dominant medium for digital content distribution and
user interaction.

3. RESULTS AND DISCUSSIONS
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Figure 6. Interface of the Pong Game and performance Benchmark

The performance evaluation of the multiplayer Pong implementation on Heroku's
Platform-as-a-Service infrastructure demonstrates the viability of web-based game engines for real-
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time multiplayer applications under concurrent user loads. Empirical testing conducted with ten
simultaneous game instances, representing twenty concurrent players across five separate room
sessions, revealed highly efficient resource utilization characteristics that validate the scalability
potential of browser-based multiplayer gaming architectures deployed on managed cloud platforms.
The memory consumption analysis indicates exceptionally conservative resource requirements, with
maximum memory utilization reaching only 34 megabytes during peak concurrent gameplay
scenarios and maintaining a stable average consumption of 32 megabytes throughout extended
testing periods, demonstrating that Node.js-based WebSocket servers can efficiently manage
multiple concurrent game sessions without exhibiting memory bloat or resource leakage patterns
commonly associated with more resource-intensive gaming architectures.

The dyno load metrics provide critical insights into the computational efficiency of the
implemented architecture, with the one-minute load maximum registering at 0.07 and the average
load maintaining an remarkably low 0.01 throughout the testing duration, indicating that the server-
side game loop processing, WebSocket message handling, and room management operations
consume minimal CPU resources even under concurrent multiplayer conditions. These load
characteristics suggest that the JavaScript runtime environment, despite common perceptions
regarding performance limitations, can effectively handle real-time game processing requirements
while maintaining substantial headroom for additional concurrent sessions, with the observed load
metrics indicating potential capacity for significantly higher player counts without approaching
resource saturation thresholds. The minimal load average particularly demonstrates the efficiency of
the event-driven architecture and asynchronous message processing implementation, where the
server maintains responsive performance characteristics while simultaneously managing multiple
game rooms, player connections, and physics calculations across concurrent sessions.

The empirical results, specifically the maximum memory consumption of 34 MB,
demonstrate superior resource efficiency when compared to broader cloud gaming benchmarks. In
a comparative study by Muralikrishnan (2021), traditional cloud gaming architectures and
containerized instances were reported to consume between 150 MB to 400 MB of memory to
maintain stable game sessions. The implementation in this study achieves a memory footprint that
is approximately one-fourth (25%) of the lower bound reported in conventional cloud gaming
research. This significant reduction in resource overhead confirms that the integration of Construct
3’s optimized runtime with a minimalist Node.js environment on Heroku provides a highly efficient
power-to-resource ratio. Academically, these findings reinforce the position of web-based engines
as a viable, low-resource alternative to native engines. Practically, this suggests that developers can
achieve high-performance multiplayer functionality with substantially lower operational costs and
infrastructure complexity than previously documented in literature.

The resource utilization patterns observed during testing validate the architectural design
decisions regarding room-based isolation and efficient state management, where each game session
operates independently without resource contention or performance degradation affecting other
concurrent matches. The memory stability throughout extended testing periods indicates effective
garbage collection behavior and absence of memory leaks in the room creation, player management,
and connection handling systems, suggesting that the implementation can sustain long-term
operation under varying load conditions without requiring periodic server restarts or manual resource
management interventions. Furthermore, the consistent performance metrics across the testing
duration demonstrate that Heroku's managed infrastructure provides reliable resource allocation and
process management capabilities that align effectively with the requirements of real-time multiplayer
applications, eliminating the infrastructure management complexity typically associated with
dedicated server deployments while maintaining performance characteristics suitable for interactive
gaming experiences.

The observed performance characteristics establish a baseline for scalability projections,
suggesting that the current implementation architecture could theoretically support hundreds of
concurrent players across multiple dyno instances through Heroku's horizontal scaling mechanisms,
with the minimal resource consumption patterns indicating cost-effective deployment scenarios for
independent developers and small-scale multiplayer gaming applications. The efficiency metrics
particularly highlight the advantages of Platform-as-a-Service deployment for multiplayer games that
prioritize accessibility and rapid deployment over maximum performance optimization, demonstrating
that web-based development approaches can achieve professional-grade reliability and
responsiveness while maintaining the operational simplicity that enables broader adoption of
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multiplayer gaming development practices among developers with limited infrastructure
management expertise.

4. CONCLUSION

The results of this study demonstrate that the integration of web-based game engines with cloud
Platform-as-a-Service infrastructure is a viable and effective approach for real-time multiplayer game
development, as evidenced by the successful implementation of a Construct 3 multiplayer Pong
application deployed on Heroku. The technical analysis shows that modern web technologies are
capable of achieving performance and reliability comparable to traditional dedicated server
architectures, while maintaining advantages in accessibility, deployment simplicity, and cost
efficiency, with empirical measurements confirming scalable resource use such as ten concurrent
game instances requiring only thirty-four megabytes of memory and maintaining a dyno load average
of 0.01. This memory footprint is significantly more efficient than traditional cloud gaming
benchmarks, which typically range from 150 MB to 400 MB as documented in existing literature.
However, this study is limited to a 2D environment with controlled concurrent players, suggesting
that performance may vary in more complex 3D contexts or under extreme network loads.
Furthermore, the implementation illustrates meaningful contributions in WebSocket-based
communication, room-based scalability, and hybrid client-server prediction models, achieving sub-
one-hundred-millisecond latency under secure SSL or TLS connections through Heroku’s managed
environment. These findings reinforce the growing evidence that web technologies have matured
sufficiently to support sophisticated real-time applications, reducing long-standing assumptions
about browser performance limitations. To ensure research sustainability, future studies should
explore this architecture across different PaaS providers and higher-throughput game genres to
establish a more comprehensive technical benchmark for the evolution of cloud-native web gaming.
Ultimately, this development paradigm is positioned to gain broader adoption due to its strong
balance of performance, operational efficiency, and development velocity, contributing to the
democratization of multiplayer game creation.
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