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Abstract:  As gamers expect more immersive, real-time experiences, the limitations of traditional cloud 

systems are becoming harder to ignore. This review dives into the fast-growing world of low-latency gaming 

portals built on edge-friendly infrastructure, showing why they matter in today’s game development. We take 

a closer look at system designs, AI-driven coordination, performance data, and real-world findings that show 

how latency drops, frame rates stay stable, and players stick around longer. We also introduce a theoretical 

model with simulation results, and explore what’s next—like pairing with 5G, making edge computing more 

energy-efficient, and setting up shared ways to measure progress—bringing together ideas from research and 

industry for developers, architects, and tech teams. 

 

Index Terms - Edge computing, low latency, online gaming, AI orchestration, cloud gaming, edge 

infrastructure, multiplayer games, game development, edge architecture, 5G gaming. 

I. INTRODUCTION 

Gaming is growing—fast. The global industry is expected to pass $300 billion by 2026 [1]. With that growth 

comes a demand for richer, faster, more responsive experiences. Players, especially in competitive or 

multiplayer games, now expect real-time performance. Delays, even by milliseconds, can ruin the experience. 

That’s where low-latency portals come in. Built on edge-optimized infrastructure, they’re reshaping how 

games are delivered. This shift is more than technical—it’s changing how developers build, test, and launch 

the next generation of immersive, real-time games. 

You’re in the middle of an intense online match—one wrong move, and it’s game over. You hit a button, but 

your character lags. That tiny delay? It’s often the cloud’s fault. Sure, cloud systems handle big tasks well. 

But speed isn’t their strength. Data has to travel far, and that trip—depending on your location and internet—

can add 80 to 150 milliseconds of frustrating lag [2]. That said, advances in network optimization and content 

delivery networks (CDNs) are helping to narrow the gap, though not always enough for latency-sensitive 

experiences. That’s a problem for real-time apps like gaming, AR, and VR. Edge computing offers a smarter 

fix. By moving processing closer to the user, it cuts delay, speeds up delivery, and makes everything feel 

smoother, faster, and more in sync with the player [3]. 

Edge-optimized architectures are gaining attention—not simply as a technical trend, but as a response to 

pressures introduced by 5G, AI-powered game engines, and platform-agnostic deployment models. These 

developments invite a re-evaluation of established workflows. While promising, they raise new challenges. 

Today’s developers are seeking tools that deliver low-latency performance while still scaling securely—yet 

making everything work smoothly across diverse systems remains a tricky, often overlooked challenge [4]. 
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Despite the increasing interest and investment in edge computing solutions, several challenges and gaps 

persist in the current body of research. To begin with, there’s still no clear, widely accepted framework to 

guide how low-latency gaming portals should be built across today’s diverse edge environments. In addition, 

challenges like real-time data flow, managing limited edge resources, and ensuring strong security are far 

from fully resolved. And while commercial solutions are out there, academic research has yet to offer a 

thorough evaluation of their effectiveness, scalability, or fit for different game types and player communities 

[5]. These gaps continue to limit broader adoption and slow down smarter use of edge systems in gaming. 

This review aims to gather and thoughtfully examine what’s currently understood—across both academic 

research and real-world practice—about building and running low-latency portals on edge-optimized systems 

for game development. It looks at everything from architectural designs and middleware solutions to practical 

case studies and the questions that still need answers. By offering a clearer, more unified view, the paper aims 

to close the gap between theory and practice, giving developers and researchers insights they can actually use. 

In the following sections, readers can expect a thorough review of: 

• The core components and technologies that constitute edge-optimized gaming architectures; 

• Comparative analysis of latency benchmarks across traditional and edge-based systems; 

• A survey of leading commercial and open-source solutions; 

• Future research avenues focused on AI integration, sustainability, and regulatory considerations. 

By doing so, the review not only highlights existing achievements but also sets the stage for innovation in a 

field that is rapidly shaping the digital entertainment landscape. 

Year Title Focus Findings (Key results and 

conclusions) 

2016 Edge Computing: Vision 

and Challenges 

Conceptual foundations of 

edge computing 

Defined core concepts of edge 

computing and emphasized its 

potential to minimize latency and 

optimize real-time applications [6]. 

2017 The Emergence of Edge 

Computing 

Real-world applicability of 

edge systems 

Highlighted edge computing as a 

critical paradigm for latency-

sensitive services, particularly in 

gaming and AR/VR contexts [7]. 

2018 Mobile Edge 

Computing: A Survey 

Comprehensive review of 

MEC applications 

Provided taxonomy of mobile edge 

computing and discussed potential 

benefits for online gaming and real-

time services [8]. 

2019 Latency-aware Edge 

Server Placement 

Optimization algorithms for 

server placement 

Introduced a heuristic to improve 

edge server placement that 

significantly reduced latency for 

mobile game users [9]. 

2020 EdgeCloudSim: A 

Simulation Framework 

Performance evaluation of 

edge-cloud systems 

Presented a simulator tool and 

demonstrated its value in testing 

game streaming performance under 

varying network conditions [10]. 

2020 AI at the Edge: A Game 

Changer 

Integration of AI with edge 

platforms 

Argued that AI-enabled edge 

systems can autonomously manage 

latency, scaling, and content 

delivery in gaming applications 

[11]. 

2021 Towards 5G and Edge 

Synergy 

5G-edge integration for ultra-

low latency 

Demonstrated the synergy between 

5G and edge computing in reducing 

latency to sub-10ms, enhancing 

multiplayer gaming [12]. 
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2022 Adaptive Edge Gaming 

Architectures 

Dynamic resource allocation 

in gaming 

Proposed architecture that adapts in 

real time to workload demands, 

reducing response lag in high-

demand scenarios [13]. 

2023 Benchmarking Game 

Performance on the 

Edge 

Empirical study of edge vs. 

cloud gaming 

Showed that edge-based setups 

consistently outperformed cloud-

only models in latency, jitter, and 

player retention [14]. 

2024 Edge AI for Game State 

Synchronization 

Real-time synchronization 

techniques 

Employed edge-hosted AI models 

to manage state synchronization 

across distributed multiplayer 

games, reducing latency spikes by 

35% [15]. 

 

Table: Key Research on Edge-Optimized Infrastructure for Low-Latency Gaming 

 

In-Text Citations 

These studies are referenced throughout the review to support arguments and findings, e.g., edge placement 

strategies [9], simulation testing environments [10], and AI integration with edge gaming [11]. 

2. Proposed Theoretical Model and System Architecture 

2.1. Overview 

The proposed model for deploying low-latency portals for game development utilizes a distributed edge 

computing architecture. The architecture emphasizes real-time responsiveness, reduced data transmission 

delay, scalability, and intelligent workload allocation between cloud, edge, and user devices. This model 

addresses latency constraints in multiplayer, cloud-based, and augmented reality games by integrating AI-

driven orchestration, dynamic load balancing, and edge caching strategies. 
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2.2. Block Diagram of the Edge-Optimized Game Delivery System 

Below is a simplified representation of the system architecture: 

 

Figure: Edge-Optimized Game Delivery System 

2.3. Key Components and Functions 

Central Cloud Layer 

This layer functions as the master control node, storing the full version of the game, performing batch 

analytics, and handling developer-side logic updates. Game assets are periodically synchronized with edge 

nodes. This separation helps centralize heavy data operations while pushing real-time tasks to the edge. 

Edge Nodes 

Edge servers are strategically distributed geographically close to end users. They provide: 

 Real-time game state management 
 Partial AI inference for NPCs, predictive input buffering, etc. 

 Caching of frequently used assets 
 Load balancing to redirect users to optimal edge servers based on location, latency, and network 

health 

Research has demonstrated that such distributed edge nodes can reduce latency by over 60% in interactive 

gaming environments compared to centralized cloud-only setups [16]. 

Player Clients 

User-side applications communicate directly with the nearest edge node for most operations. Latency-

sensitive actions such as hit detection, character movement, and chat are handled locally or via the edge node, 

while less time-critical operations like game updates or analytics sync with the central cloud asynchronously. 
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Edge Telemetry System 

Real-time monitoring at the edge gathers metrics on network jitter, CPU usage, and player behavior. This 

information feeds into adaptive orchestration algorithms that dynamically scale services, redirect player 

sessions, and adjust AI behavior [17]. 

AI-Enhanced Orchestration 

One of the most novel elements of the proposed model is the integration of AI-based orchestration 

mechanisms. Machine learning models located at the edge nodes continuously analyze: 

 Player movement patterns 

 Network behavior 

 Concurrent session densities 

Based on these inputs, the system predictively re-allocates computational resources across edge servers, 

optimizing performance and preemptively managing spikes in load. This technique aligns with emerging 

trends in Edge AI and federated learning, where models are trained on-device and aggregated centrally, 

enhancing both privacy and responsiveness [18]. 

Benefits of the Proposed Model 

 Ultra-low latency (<20 ms roundtrip in controlled edge environments) 

 Reduced cloud traffic via edge caching and local computation 

 Improved player experience through proximity-based content delivery 

 High scalability due to microservice modularity and distributed orchestration 

 Cost-effectiveness by reducing dependency on high-throughput backhaul networks 

Limitations and Future Directions 

Although the model offers significant performance improvements, its implementation requires investment in 

edge server infrastructure, sophisticated orchestration algorithms, and interoperability standards. 

Future research can explore energy efficiency optimizations, cross-platform compatibility frameworks, 

and open benchmarking tools for standardized performance assessment [19]. 

3. Experimental Results, Graphs, and Tables 

3.1. Experimental Setup 

To evaluate the impact of deploying a low-latency portal via edge-optimized infrastructure, we simulated 

three system configurations: 

 Cloud-only architecture (baseline model) 

 Hybrid cloud-edge deployment 

 Edge-dominant infrastructure with AI orchestration 

The simulations used the EdgeCloudSim environment [20], integrating benchmarked multiplayer gaming 

scenarios with 500 concurrent users under variable network latency conditions. The average simulated round-

trip time (RTT), frame rate stability, packet loss, and game session retention were measured. 

3.2. Key Metrics Evaluated 

 RTT (Round Trip Time): Time taken for a signal to go from client to server and back. 

 Jitter: Variation in packet arrival times. 

 FPS Stability: Frame rate performance consistency during gameplay. 

 Session Retention Rate: Percentage of users staying connected and actively engaged. 
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3.3. Comparative Results Table 

 

Metric Cloud-Only 

Model 

Hybrid Cloud-

Edge 

Edge-AI 

Optimized 

Avg RTT 

(ms) 

125 ms 68 ms 24 ms 

Jitter (ms) 28 ms 14 ms 6 ms 

FPS 

Stability 

(%) 

76% 88% 95% 

Session 

Retention 

(%) 

71% 84% 93% 

 

Table: Performance comparison of different gaming architectures under simulated load with 500 users. 

These results align with those from prior studies [21], where AI-assisted orchestration in edge deployments 

consistently improved responsiveness and session stability. 

3.4. Graphs 

RTT Comparison Across Architectures 

 
Figure: Avg RTT (ms) per Architecture 

Graph clearly illustrates that Edge-AI Optimized architecture results in the lowest RTT, outperforming both 

cloud-only and hybrid models significantly. 
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FPS Stability Over Time 

 

Figure: FPS Stability (%) over 60 minutes gameplay 

Graph demonstrates the superior frame stability provided by edge-AI deployments. The FPS does not 

fluctuate significantly, enhancing gameplay smoothness. 

3.5. Discussion of Results 

The experimental findings reveal several key insights: 

 Latency Reduction: Edge-dominant architecture consistently demonstrated the lowest RTT (24 ms 

on average), which is crucial for real-time gaming applications like FPS and MMORPGs [22]. 

 Stability & Reliability: With only 6 ms jitter, the Edge-AI configuration ensured a more consistent 

user experience, especially important in e-sports environments [23]. 

 User Engagement: The session retention rate was highest (93%) in the Edge-AI setup, validating that 

performance improvements lead to tangible user behavior benefits, such as prolonged gameplay and 

reduced churn [24]. 

 Resource Optimization: AI-based orchestration led to real-time scaling and adaptive load balancing, 

which are essential for handling peak traffic without degrading service quality [25]. 

These results validate prior assertions that edge computing, combined with AI orchestration, delivers 

significant advantages for latency-sensitive, resource-intensive gaming platforms [26]. 

 

4. Future Research Directions 

4.1. 5G and Beyond 

Bringing 5G networks together with edge computing unlocks exciting new potential for ultra-responsive 

gaming, possibly cutting round-trip times to under 10 milliseconds [27]. Going forward, research should dig 

into sync methods, handoff strategies, and seamless session continuity across scattered 5G edge nodes. 
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4.2. Federated Learning and Edge AI 

While current models use centralized AI inference, federated learning at the edge offers privacy-preserving 

and personalized optimization for gamers [28]. This could involve on-device training of player behavior 

models, latency predictors, or in-game economy balancing systems. 

4.3. Green and Sustainable Edge Infrastructure 

The environmental impact of dense edge node deployment must be studied. Future studies should explore 

smarter ways to manage power, like energy-aware scheduling, voltage adjustments on the fly, and greener 

hardware options [29]. This could support more sustainable gaming ecosystems. 

4.4. Standardization and Open Benchmarks 

There is a pressing need for standardized performance metrics and open benchmarking tools that can 

objectively compare edge-based systems across vendors and implementations. It’s time to adapt tools like 

EdgeBench and EdgeDLBench for gaming needs [30]. 

4.5. Cross-Platform Gaming Portability 

For edge computing to really deliver on its promise, games need to play nicely across mobile, console, PC, 

and the cloud. That means rethinking how we build runtimes and creating SDKs that are edge-aware from the 

start [31]. 

5. Conclusion 

The rise of edge computing marks a notable shift in how digital games are built, delivered, and experienced. 

As expectations for real-time interaction increase, centralized cloud systems are showing their limits—

especially for latency-critical use cases. This review has explored the evolving role of edge infrastructure in 

gaming, drawing attention to emerging work in system design, AI-driven coordination, and strategies aimed 

at boosting performance where it matters most. 

Tests based on simulation strongly suggest that edge-led systems hold an edge over older setups—offering 

lower latency, steadier frame rates, and better player engagement. What’s more, AI at the edge is beginning 

to show real value in managing load, spotting slowdowns early, and adapting gameplay to individual users. 

Even so, plenty of gaps still need attention—especially when it comes to making edge systems sustainable, 

scalable, standardized, and truly cross-platform. The path forward invites fresh thinking across fields like 

networking, AI, game psychology, and hardware. With open collaboration and creative effort, edge-based 

gaming could well shape the next chapter of interactive play. 
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