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Abstract 

In an increasingly dynamic online gaming landscape, full-stack engineering has evolved from a mere option 

to a necessity. Modern game servers must have low latency (<20ms), be able to handle thousands of players, 

counter sophisticated player cheating, and grow in size as users proliferate due to viral games, among other 

attributes. This paper summarizes the key engineering concepts required to develop and expand a large-scale 

online gaming solution, such as: architectural design, real-time multiplayer enabling, horizontal scalability 

patterns, security deals, and data engineering for player analytics. This paper offers valuable insights for 

game designers, analyzing current technologies and architectural decisions and showing how they can be 

utilized to craft scalable, efficient and secure game backends that can adapt to their users, while maintaining 

resilience. 
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1. Introduction  

In the past few years, the Online gaming Business has 

grown into a healthy and flourishing business, which 

at present is a full-fledged multi-billion-dollar market 

in the world. Some of the world's biggest financial 

systems rely on similar infrastructure and data flow 

as popular titles like Fortnite, League of Legends and 

Valorant, which can have millions of users playing 

simultaneously at any given time. With full-stack 

engineering, it's a lot more than Frontend Clients and 

Backend API; it's all the way down from Frontend 

Rendering Pipelines, distributed logic, real-time state 

synchronization, petabyte-scale analytics 

infrastructure and all the way up to network 

transports and anti-cheat systems [1]. This paper is 

comprised of five main technical subtopics. In 

Section 2 we’ll examine the layered system 

architecture that is used for games. Real-time 

Multiplayer Engineering is described in Section 3. To 

be deployed in a cloud-native environment, in 

addition to being scalable, as required in Section 4, it 

should be considered [2]. The notion of anti-cheat 

and security engineering is addressed in Section 5. 

Section 6 is dedicated to Data infrastructure & Player 

analytics. Section by section, both a theoretical 

grounding and industry-leading technologies are 

discussed [3].  

2. Layered System Architecture for Gaming 

Platforms 

2.1.Architectural Overview 

A production gaming site is designed into very well-

defined layers, and each layer features an adjacent 

responsibility boundary. The outermost layer is the 

client (the game engine rendering software (Unity, 

Unreal or Web-based engines), handling of input and 

the local prediction model that hides network latency 

from the player – all these factors form the outermost 

layer). To the right is the API Gateway layer, 

responsible for token authentication, request routing, 

rate limiting and translation of client and service 

protocols [4]. Figure 1 Full-Stack Gaming 

Architecture — Client, Gateway, Microservices, and 

Data Layers.As shown in Figure 1 Full-Stack Gaming 

Architecture — Client, Gateway, Microservices, and 

Data Layers. 
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Figure 1 Full-Stack Gaming Architecture — 

Client, Gateway, Microservices, and Data Layers 

2.2.Microservices Decomposition 

The service tier is broken down into domain-bounded 

microservices such as Matchmaking Service, Game 

Session Service, Player Profile Service, Economy 

and Inventory Service, and Notification Service, just 

to name a few. For each service, they have their own 

data store, and each service has a set of synchronous 

response calls via REST/gRPC for low-latency 

transactions, aside from some events that use async 

calls via Kafka topics for their workflow [5].  This 

decomposition affords a deployment pipeline of its 

own, autoscaling granularity and fault isolation. Core 

gameplay functionality is preserved in case of failure 

of the Economy Service and is made to degrade 

gracefully in the matchmaking service. 

 

Table 1 Technology Stack by Architectural Layer 

Layer Technology Use Case Scalability Latency 

Frontend Client 
React / Unity 

WebGL 

Game UI & 

Rendering 
CDN-backed < 50 ms 

API Gateway 
Kong / AWS API 

GW 

Routing, Auth, 

Rate Limit 
Horizontal < 10 ms 

Game Server Go / C++ / Node.js Real-time Logic 
K8s Auto-

scale 
< 20 ms 

Message Queue Apache Kafka Event Streaming Partition-based < 5 ms 

Cache Layer Redis Cluster 
Session / 

Leaderboard 

Cluster 

Sharding 
< 1 ms 

Primary DB 
PostgreSQL / 

CockroachDB 

Player Data, 

Economy 
Read Replicas < 15 ms 

3. Real-Time Multiplayer Infrastructure 

3.1.Transport Protocols 

For real-time multiplayer scenarios, the latency 

between players' clients and game server should be 

under 20ms. Head-of-line blocking is very expensive 

for TCP's reliability, and doesn't work well when the 

positional update is followed by the next frame's data. 

Whereas for critical state (player health, item 
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pickup), modern game net code relies on the 

underlying UDP and builds application-layer 

reliability, but is otherwise very liberal with 

discarding stale positional packets [6].As hown in 

Figure 2 Real-Time Multiplayer Pipeline - 

WebSocket & UDP Relay Architecture with Lag 

Compensation. 

 

 
Figure 2 Real-Time Multiplayer Pipeline - 

WebSocket & UDP Relay Architecture with Lag 

Compensation 

 

3.2.State Synchronization & Lag 

Compensation 

Client-server model + server-side reconciliation + 

client-side prediction is the widely used one for 

authoritative multiplayer. All clients replicate the 

game state every tick (often 64Hz–128 Hz) and send 

input to the server. The server acts on those inputs in 

an authoritative fashion; if the new state is different 

from the state that the client expected, then the client 

gets a correction and plays the rest of its inputs. The 

algorithm was developed by Quake and later used as 

the foundation for the Source engine used by the 

game-developing giant Valve, and it is still 

considered by most forms shooters to be the 

"standard" to beat [7]. This is extended with lag 

compensation, which takes into consideration 

network round-trip for hit detection. If a player shoots 

at a target, the server rolls the game back in time to 

the period the shooter thinks he is at, and checks for 

collision at this point; it also then checks whether the 

shot was valid; If the shooter was at the correct time, 

and his shot was "geometrically valid", it means that 

the target was hit, so the shooter is awarded the target 

[8]. This method will use a rolling buffer of 1 second 

(64 Hz) of world states stored on each instance of a 

server. 

4. Horizontal Scalability and Cloud-Native 

Deployment 

4.1.Kubernetes-Orchestrated Game Servers 

There are now many large-scale game backends out 

there that use Kubernetes for their container 

orchestration. Game server processes are packaged as 

stateful containers and managed using tools like 

Agones, an open-source deployment of Kubernetes 

written by Google that extends the standard pod 

object state model with game-server-specific 

lifecycle states: Request Ready, Ready, Allocated 

and Shutdown [9].As shown in Figure 3 Horizontal 

Scalability Stack - Kubernetes Auto-scaling, Redis 

Clustering, and Distributed Storage. 

 

 
Figure 3 Horizontal Scalability Stack - 

Kubernetes Auto-scaling, Redis Clustering, and 

Distributed Storage 

 

4.2.Global Anycast Routing & Edge Nodes 

Player perceived latency depends on two parts – the 

time it takes for the server to process the request and 

the propagation time of the physical network. If the 
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game server is located in one region only, it is not 

sufficient for users in other regions to spread around 

the globe. In the geographic regions, player-powered 

points of presence are distributed by 20-50 Edge, 

which in turn routes to the game server located in the 

closest region to the player via anycast 

DNS/GeoDNS, and the next-closest region's game 

server if necessary [10]. Stateless CDN egress costs 

are reduced; patch download time is also reduced 

when static assets are accelerated (game patches, 

texture atlases/audio banks, etc.). To maintain 

consistency across the various regions to which the 

players are served, matchmaking and game state data 

will always be sent over Regional API endpoints and 

not over the CDN edge point.  

4.3.Auto-scaling Policies 

The amount of users on the game server fluctuates 

heavily over time, particularly after users start a new 

game, new content has been added and at the 

weekends. A successful auto-scaling strategy needs 

to include reactive scaling: scale up/down based on 

CPU/memory resource usage and/or queue depth, 

and predictive scaling: pre-warm the resources that 

will be required based on historical usage trends and 

scheduled events [11]. You'd generally expect 

exactly that, so it's not uncommon for over-

provisioning to be done by 20-30% more than 

predicted peaks with matchmaking queue timeouts 

during unforeseen system peaks due to the added cost 

to player experience.  

5. Security and Anti-Cheat Engineering 

5.1.Threat Landscape 

The situation is particularly conflictual when players 

and players of a digital game are involved. It 

compromises the integrity and fun of real game 

players, lowers LVT and lowers retention. Client-side 

solutions: avoiding speed hacks and aim bots and 

exploiting influence of the game servers remotely 

(API level). Server-side: Multi-game server 

(economy duplication), API level. Server-side: 

hacking aim bots and speed hacks from the server 

side such as 'double dipping' or 'economy system 

bugs', and payment system hacks using the API 

parameters. Owned accounts through credential 

stuffing (also known as account takeover [ATO]): 

Using the credential stuffing method to take over 

accounts [12].As shown in Figure 4 Security & Anti-

Cheat Architecture - Multi-Layered Defense Stack 

from Client to ML Behavior Analysis. 

 

 

Figure 4 Security & Anti-Cheat Architecture - 

Multi-Layered Defense Stack from Client to ML 

Behavior Analysis 

5.2.Defense-in-Depth Architecture 

Industry standard – validations carried out at every 

level is a defence-in-depth model. The kernel-level 

anti-cheat software (EA Version Check & BattlEye) 

is running on the client side to validate the running 

processes and memory of the game. All traffic is 

forwarded through WAF rules and DDoS mitigation 

services in the network layer. Game Server validates 

all actions being taken by clients, such as exceeding 

their client's movement speed, line of sight for 

generating damage, inventory transactional flows, etc 

[13]. Machine learning systems are utilized to 

supplement these rule-based algorithms in detecting 

behavioral abnormalities on a scale. On just a few 

hundred, false positive anomaly sessions, a Gradient-

boosted tree classifier can be trained with millions of 

real player sessions, and has an aim precision of over 

90%, recall rate >90% and a false positive rate within 

the acknowledged range for gaming, making it 

possible to detect and send the few false player 

sessions to human review for investigation, and 

eventually, automated sanction. 
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Table 2 Security Threat Matrix - Threats, Detection, and Mitigation 

Threat Vector Detection Method Mitigation Strategy Severity 

Speed / Aim Hacks 
Server-side Physics 

Validation 
Prediction Divergence Kick Critical 

Memory Injection 
Kernel Driver Integrity 

Check 
Client Attestation + Ban Critical 

DDoS / Flooding 
Rate Limiting + Anomaly 

ML 
WAF Block + IP Reputation High 

Account Takeover Geo-velocity + Device FP 
MFA Challenge + Session 

Revoke 
High 

Economy Exploits 
Transaction Graph 

Analysis 
Rate Limit + Rollback Engine Medium 

Collusion / Match-

fixing 

Behavioral ML 

Clustering 
Shadow Review + Suspension Medium 

 

 

6. Data Infrastructure and Player Analysis 

6.1.Event Streaming Architecture 

Each relevant positive action done by the player 

(even joining the game, buying an item, dying, etc.) 

is translated into a well-defined event which is 

recorded on a Kafka topic on the fly. Producers can 

share a contract with producers that is enforced by 

consumers through a schema registry (Apache Avro 

or Protobuf). Below are the downloads for each of the 

internet shops that is downstream: real-time 

dashboard pipeline (Apache Flink for sub-second 

data aggregations), data warehouse ingestion pipeline 

(batch load into Snowflake or BigQuery), and fraud 

detection pipeline [13].  

6.2.Player Segmentation and Personalization 

A rich behaviour log can enable rich segmentation of 

players for LiveOps (live operations). For each data 

segment, the data science team develops customer 

churn propensity and purchase intent models and 

session length models. These scores feed into 

personalization engines to customize game content, 

challenges, and re-engagement offers for each user, 

enhancing room retention and boosting maximum 

income [14]. The ability to scale A/B 

experimentation and iteration of game design 

decisions with infrastructure typically built on top of 

a feature flagging system such as Launch Darkly or a 

custom system.  

6.3.Data Governance and Compliance 

There are gaming laws and ever-stronger data 

protection laws to comply with across the world, such 

as GDPR in the European Union, CCPA in 

California, COPPA for those under 13 years of age, 

and increasingly strict laws in markets such as South 

Korea and China. Data governance infrastructure also 

features data fields' classification and encryption, 

automated pipelines for data subject access requests 

(DSAR), data retention policies using time-to-live 

(TTL) settings on objects in object storage and data 

archives in databases [15].  

Conclusion 

The development of a full-stack engineering 

foundation for products that support large-scale 

gaming ecosystems necessitates highly experienced 

distributed systems, systems network engineering, 

security, and data architecture professionals. Each of 

the five pillars studied for this paper is interrelated, 

with any failure affecting another layer other than the 

one they are part of. The five pillars studied for this 

paper are interdependent, with a deficiency in any 

one layer cascading into a degradation in the other 

layers. Technology is rapidly changing. Web 

Transport and QUIC hold the promise of enhancing 

web-based client networking. Tools using AI are 

starting to transform the gaming design process. Edge 

compute is a phenomenon that places game logic 
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nearer to players. However, a full-stack engineer in 

this space requires a grasp of high-level concepts and 

the ability to deeply analyse the latency, consistency 

and security concerns that are distinctive of 

interactive real-time entertainment across the globe. 
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