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Abstract: Microservices architecture has become a popular choice for software development due to its 

scalability, flexibility, and ease of maintenance. This article presents the design and implementation of a sports 

competition management system using microservices architecture deployed on Amazon Web Services (AWS) 

with Terraform scripts for a simple Kubernetes cluster. The system includes responsibility separation for 

command queries (CQRS) and event sourcing patterns, as well as APIs for various data sources, a worker 

microservice, a user interface application, and identity-based security APIs. 

Code snippets in the article include examples of using MongoDB as a data store with .NET, Terraform 

scripts for deploying a Kubernetes cluster on AWS, setting up a CI/CD pipeline using GitHub Actions for 

building, testing, and deploying .NET Core applications, and implementing a create player command using the 

MediatR library for CQRS. 

The article also notes that the presented code snippets are just a starting point and require configuration 

and extension according to specific requirements and system architecture. Overall, the described system offers 

an example of applying microservices architecture for developing a sports competition management system on 

the AWS platform, using modern technologies and software development practices. 
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Introduction 
Sports competitions, ranging from local leagues to international tournaments, require effective 

management of various data objects, such as leagues, champions, stages, groups, schedules, events, teams, 

players and transfers. Traditional monolithic sports competition management applications can be complex, 

difficult to scale, and difficult to maintain. The microservices architecture offers a solution that splits the 

application into smaller, loosely coupled services that can be developed, deployed and scaled independently. 

 

Problem statement 

Sports competition management includes processing large amounts of data, integration with external data 

sources such as sports websites, providing secure authentication and authorization of users, as well as providing 

an adaptive user interface for competition management. Tasks include the development of a scalable and 

supported system architecture, the creation of an efficient infrastructure in the cloud, the introduction of CI/CD 

pipelines for automated deployments and the introduction of modern templates such as CQRS and Event 

Sourcing [1]. 

 

Goal 

The purpose of this article is to demonstrate how microservices architecture can be used to create a sports 

competition management system on AWS using Terraform and CI/CD methods. The proposed system includes 

CQRS and Event Sourcing templates for effective data management, uses an API for data integration, includes a 

working microservice for external data processing, implements a user interface application and a mobile 

application for user interaction, and also uses an identity server-based security API for user authentication and 

authorization. Infrastructure setup is automated using Terraform scripts, and CI/CD pipelines are implemented 

for continuous integration and continuous deployment. 

 

Architecture of Microservices 
General overview 

Microservices architecture is an architectural style in which an application is broken down into a set of 

loosely coupled services that can be developed, deployed and scaled independently. Each service is responsible 

for a specific functionality and interacts with other services over the network, usually using lightweight 
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protocols such as HTTP or message queues. Microservices architecture provides flexibility, scalability and 

maintainability, because services can be developed and deployed independently and scaled horizontally to 

handle different workloads. 

 

The use of microservices architecture for managing sports competitions has a number of advantages: 

Scalability: The architecture of microservices allows you to independently scale individual services, ensuring 

efficient processing of various workloads during sports competitions, for example, during peak hours when 

there is a high level of user activity. 

 

Flexibility: Microservices architecture enables faster development and deployment of new features, because 

services can be developed independently and deployed without compromising the entire application. This allows 

you to adapt faster to changing requirements and market demands. 

 

Maintainability: The architecture of microservices promotes a clear separation of tasks, simplifying the 

maintenance and updating of individual services without compromising other parts of the system. This ensures 

better code reuse, maintainability, and testability. 

 

Resilience: The microservices architecture provides fault isolation, since failures in a single service do not 

necessarily affect the entire system. This makes the system more resilient to failures and provides better fault 

tolerance. 
 

While microservices architecture offers many advantages, it also creates problems that need to be 

addressed: 

Complexity: Managing a large number of loosely coupled services can be complex, requiring a robust 

deployment and monitoring strategy. Ensuring the efficient operation of all services and data exchange can be a 

daunting task, especially as the size and complexity of the system increases. 

 

Service Discovery: In microservices architecture, services need to dynamically discover each other because 

they are deployed independently and can have dynamically assigned IP addresses or ports. Implementing 

effective service discovery mechanisms, such as using a service registry or a service grid, can be challenging. 

 

Resilience: The architecture of microservices requires correct handling of failures, since services can fail 

independently of each other for various reasons, such as network problems, hardware failures or software errors. 

Implementing fault tolerance mechanisms, such as retrying failed requests, correctly handling failures, and 

implementing circuit breakers, can be challenging. 

 

Data Management: Managing data in a distributed system with a microservices architecture can be 

challenging. Each service can have its own database, and ensuring data consistency and integrity between 

services can be challenging. Implementing data management strategies, such as event-driven architecture, 

distributed transactions, or end-to-end consistency, requires careful planning and coordination. 

 

Testing and Debugging: Testing and debugging microservices can be challenging due to their distributed 

nature. Ensuring that each service is tested independently and in isolation, as well as debugging issues spanning 

multiple services, can be challenging. Implementing effective testing and debugging strategies such as 

automated testing, continuous integration, and distributed tracing can help solve these problems. 

 

Security: Protecting the architecture of microservices can be challenging due to the distributed nature of the 

system. Ensuring the security of each service, processing authentication and authorization in different services, 

as well as ensuring the security of data transmission and storage can be complex tasks. It is crucial to implement 

reliable security measures, such as the use of HTTPS, the introduction of authentication and authorization 

mechanisms, as well as the protection of confidential data [2]. 

 

Setting up the Infrastructure 
Hosting on AWS 

The proposed sports competition management system is hosted on Amazon Web Services (AWS) due to 

its reliability, scalability and flexibility. AWS provides a wide range of services that can be used to create and 

deploy applications based on microservices. The system uses various AWS services, including Amazon Elastic 

Kubernetes Service (EKS) for container orchestration, Amazon Simple Queue Service (SQS) for message 
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queuing, Amazon DocumentDB for a MongoDB-compatible database, and Amazon RDS for a PostgreSQL 

database [3]. 

 

Terraforming scenarios for Kubernetes cluster 

Terraform, the Infrastructure as Code (IaC) tool, is used to automate the deployment of the system on 

AWS. Terraform allows you to define the infrastructure in the form of code using declarative configuration files 

that can be versioned and easily reproduced in multiple environments. Terraform scripts are used to create a 

Kubernetes cluster in AWS using EKS, including configuration of worker nodes, VPC, subnets and load 

balancer. This ensures efficient scaling and management of microservices in the cluster [6]. 

 

Continuous Integration and Continuous Deployment (CI/CD) 
Overview 

CI/CD is an important practice in modern software development, which includes continuous integration 

of code changes, assembly, testing and deployment of applications in a production environment. The proposed 

sports competition management system implements the CI/CD pipeline to automate the process of creating, 

testing and deploying microservices in the Kubernetes cluster on AWS. The CI/CD pipeline is implemented 

using popular DevOps tools such as Jenkins, Docker and Kubernetes [7]. 

 

CI/CD Pipeline for Security APIs and Interfaces 

The CI/CD pipeline for the API and Security API corresponds to the typical stages of the CI/CD process, 

including code validation, creating Docker containers, running tests, sending Docker images to the container 

registry, and deploying containers in a Kubernetes cluster. Jenkins, a popular open source automation server, is 

used as the primary orchestrator for the CI/CD pipeline. Docker is used for containerization of microservices, 

which provides easy deployment and scaling. Kubernetes is used to deploy containers in an AWS EKS cluster, 

using its capabilities for container orchestration and management [2]. 

 

CQRS and Event Vendor Search 
General overview 

The proposed sports competition management system uses Team Query Responsibility Sharing (CQRS) 

and event search patterns to manage data and handle domain events. CQRS divides data read and write 

operations into separate services, which allows you to perform more optimized and scalable operations for each 

type of operation. On the other hand, Event Sourcing captures and stores all changes in the system state as a 

sequence of events, providing a complete control log and allowing you to reconstruct the system at any time. 

 

Implementing CQRS and searching for event sources 

The system uses a combination of technologies to implement CQRS and event search. As for write 

operations, the command service is responsible for processing incoming commands from clients and verifying 

them. If the commands are valid, they generate events that are stored in the event store, which acts as a 

permanent log of all system state changes. The events are then published to the event bus, which distributes 

them to interested subscribers, such as event handlers and processors. 

For read operations, a separate query service is responsible for processing requests from clients and 

maintaining read models, which are preprocessed representations of data optimized for specific queries. Read 

models are updated asynchronously by subscribing to events from the event bus and applying changes to read 

models. This ensures efficient and scalable read operations, since read models can be adapted to specific use 

cases and do not require complex joins or aggregations. 

 

Below are some examples of code snippets and links to key components of the system: 

1. MongoDB as the datastore (using .NET) 
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2. Terraform Scripts for Kubernetes Cluster 
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3. CI/CD Pipeline for API and Security APIs (using GitHub Actions) 

 
 

4. Implementation in the Proposed System (using MediatR for CQRS) 
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These code fragments are just starting points for each section and require additional configuration and 

expansion in accordance with specific requirements and the overall architecture of the system. In the process of 

further development of the sports competition management system, it is recommended to take into account the 

following additional code fragments and links: 

 

1. Message Bus for Data Communication (using RabbitMQ and MassTransit) 
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2. UI Application and Mobile App (React) 

 
 

Creating a basic Mongorepository and implementing CRM with an emphasis on creating competitions 

with stages, groups, schedules and events. 

 

Creating a Mongo Repository Base Class: 
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CQRS Implementation 

To implement CQRS, you need to create separate command and query handlers to manage competitions. 

 

Command handler example: 
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Query handler example: 

 
 

To add an event to a fixture: 
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It should be noted that the provided code fragments are starting points and require configuration in 

accordance with specific requirements and the overall architecture of the system. It is important to familiarize 

yourself with the best practices and design patterns for each component of the system in order to develop a 

reliable and scalable solution. 

 

Security Measures 
Data encryption 

Data encryption is an essential aspect of system security measures. All confidential data, such as user 

credentials, personal information and payment details, are encrypted using industry standard encryption 

algorithms, both during storage and transmission. AWS services such as Amazon Document DB and Amazon 

RDS provide built-in encryption options, and SSL/TLS is used to secure communication between microservices 

[4]. 

 

Authentication and authorization 

The system implements reliable authentication and authorization mechanisms to ensure that only 

authorized users have access to system resources. Users must authenticate using secure methods such as multi-

factor authentication (MFA), and their access is restricted depending on their roles and permissions. OAuth 2.0 

is used for authentication and authorization using external providers, such as social media logins or third-party 

integrations. 

 

Audit and logging 

The system keeps detailed logs of all actions, including user actions, system events, and error messages. 

These logs are centrally collected and stored in a secure location, protected from unauthorized access, for audit 

purposes. Logging is done using industry standard logging frameworks, and log data is analyzed using log 

analysis tools to detect anomalies and identify potential security threats. 

 

Scanning and fixing vulnerabilities 

The system is regularly checked for vulnerabilities and fixes them to make sure that all components 

comply with the latest fixes and security updates. To detect vulnerabilities in the system, automatic vulnerability 

scanning tools are used, and a proactive approach is applied to timely fix any identified vulnerabilities. 

 

Disaster Recovery and Backup 
Backup Strategy 

The system implements a robust backup strategy to ensure data availability and integrity in the event of 

data loss or system failure. Backups of all critical data are regularly created, including databases, event stores, 

and other system components. These backups are securely stored in multiple geographically distributed 

locations to protect against data loss due to natural disasters or hardware failures. 

 

Disaster Recovery Plan 

The system provides a comprehensive disaster recovery plan that ensures the availability of the system in 

the event of a catastrophic event. The plan includes procedures for data recovery, system recovery, and 

switching to backup systems in different regions or availability zones. Regular disaster recovery exercises are 

conducted to test the effectiveness of the plan and ensure that the system can quickly restore normal operation in 

the event of an accident. 

 

Conclusion 
The proposed sports competition management system is designed to be reliable, scalable and secure, 

using modern software development methods and technologies such as microservices architecture, AWS cloud 

services, CQRS and event information sources. The system provides functions such as registration of 

competitions, teams and participants and their management, as well as scoring, planning and reporting. The 

system is designed to work with a large number of simultaneous users and provide updates and notifications in 

real time. 

The system architecture is based on microservices, which provides scalability, flexibility and 

maintainability. CQRS and event search patterns are implemented to separate read and write operations, 

optimize read operations, and provide a complete audit log of system state changes.  

Security measures such as data encryption, authentication and authorization, auditing and logging, 

vulnerability scanning and error correction are used to ensure confidentiality, integrity and availability of data, 

as well as protection against potential security threats. 
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A robust disaster recovery and backup strategy is used to ensure data availability and integrity in the 

event of data loss or system failure.  

In general, the proposed sports competition management system is designed in such a way as to provide a 

reliable, scalable and secure solution for managing sports competitions, while adhering to modern software 

development methods and using cloud computing capabilities. 

 
 

Potential areas for future work on a sports competition management system 
As with any software system, there is always room for further improvement and expansion. Here are 

some potential areas for future work on a sports competition management system: 

Improved Security: Although the system includes basic authentication and authorization mechanisms, 

further improvements can be made to improve the security of the system. This may include implementing 

additional security measures, such as multi-factor authentication, rate limiting, and API token management. 

Regular security audits and vulnerability assessments should also be conducted to identify and eliminate 

potential security risks [5]. 

Scaling and performance optimization: As the volume of data and the user base of the system grows, it 

may be necessary to scale and optimize performance. This may include the implementation of caching 

mechanisms, optimization of database queries and horizontal scaling of microservices to handle the increased 

load. Performance monitoring and profiling can also help identify bottlenecks and areas that need improvement. 

Adding additional functions: The system can be expanded by adding additional functions depending on 

the requirements of sports competitions. For example, features such as real-time scoring, scheduling, and 

statistics can be added to provide users with a richer experience. Integration with external services, such as 

payment gateways, notification services and geolocation services, can also be considered as an extension of the 

functionality of the system. 

Internationalization and localization: If the system is intended for global use, adding internationalization 

and localization support may be useful. This may include support for multiple languages, date formats, and time 

zones, as well as allowing users to customize the system based on their preferences and location. 

Testing and quality assurance: Continuous testing and quality assurance are necessary to maintain the 

reliability and stability of the system. Further improvements can be made to the testing infrastructure, including 

the addition of automated tests for all system components, the introduction of continuous integration and 

deployment pipelines (CI/CD) with more advanced testing stages, as well as regular regression testing and 

performance testing. 

In conclusion, it should be noted that the presented sports competition management system provides a 

solid foundation for managing sports competitions using modern technologies. Further improvements and 

extensions can be made in areas such as security, scaling, performance optimization, adding additional features, 

internationalization and localization, as well as testing and quality assurance. The system has the potential to 

become a reliable and scalable solution for managing sports competitions in various contexts. 
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