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ABSTRACT 

Containerization and orchestration have 

significantly transformed modern software 

deployment, providing solutions that streamline 

application scalability, consistency, and 

operational efficiency. Among the leading 

technologies for achieving these objectives, 

Docker and Kubernetes have become 

indispensable in cloud-native architectures. 

Docker, by enabling the packaging of 

applications and their dependencies into 

isolated containers, ensures that software 

behaves uniformly across various 

environments. Kubernetes, an open-source 

orchestration platform, automates the 

deployment, scaling, and management of 

containerized applications, offering enhanced 

control over distributed systems. 

Ruby, a dynamic programming language, has 

been a popular choice for building web 

applications, especially with frameworks like 

Ruby on Rails. However, managing Ruby 

applications, particularly in large-scale, high-

demand environments, presents several 

challenges. Issues such as dependency 

management, environment consistency, and 

efficient scaling require robust solutions to 

ensure optimal application performance. 

Docker and Kubernetes offer solutions to these 

problems by providing a consistent runtime 

environment and the ability to scale applications 

seamlessly across multiple nodes in a cluster. 

This paper explores the use of Docker and 

Kubernetes for containerizing and 

orchestrating Ruby applications. Specifically, it 

focuses on deploying Ruby on Rails applications 

using these technologies, highlighting the 
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benefits of containerization in terms of 

application isolation, consistency, and ease of 

deployment. Kubernetes’ orchestration 

features, such as automated scaling, load 

balancing, and self-healing capabilities, are 

examined to understand their role in ensuring 

the resilience and scalability of Ruby 

applications in production environments. The 

findings from this research emphasize how 

Docker and Kubernetes can simplify the 

management of Ruby-based web applications, 

enhancing their reliability and performance in a 

cloud-native context. Furthermore, the study 

discusses potential challenges, such as managing 

stateful applications and optimizing 

performance in multi-core environments, and 

suggests strategies for overcoming these issues. 

By offering an in-depth look at the integration 

of Docker and Kubernetes into Ruby 

application management, this paper serves as a 

comprehensive guide for developers seeking to 

adopt containerization and orchestration 

techniques for Ruby-based systems. 

 

Fig.1 Containerization, Source:1 
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INTRODUCTION 

The demand for scalable, flexible, and reliable 

software systems has led to the widespread 

adoption of containerization and orchestration in 

modern application architectures. Containers, as 

lightweight and isolated units of deployment, allow 

developers to package applications along with their 
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dependencies, enabling consistent environments 

across various stages of development, testing, and 

production. Docker has emerged as the leading 

containerization tool, offering a streamlined 

process for creating, testing, and deploying 

containerized applications. Meanwhile, 

Kubernetes has become the de facto solution for 

orchestrating containerized applications at scale, 

automating deployment, scaling, and managing 

clusters of containers. 

Ruby, a dynamic, object-oriented programming 

language, is known for its simplicity and elegance. 

It powers many popular web applications, 

especially through the Ruby on Rails framework. 

However, managing Ruby applications in 

production, particularly at scale, can become 

cumbersome. The integration of Docker and 

Kubernetes offers significant advantages in terms 

of scalability, maintainability, and consistency. 

This paper explores how Docker and Kubernetes 

can be utilized to streamline the containerization 

and orchestration of Ruby applications. It examines 

the best practices for leveraging these technologies 

to address challenges such as dependency 

management, environment consistency, and 

scaling issues in Ruby on Rails applications. 

 

Fig.2 Scalable Systems, Source:2 

 

LITERATURE REVIEW 

Containerization in Modern Application 

Deployment 

Containerization, as a concept, has been around for 

decades but gained mainstream adoption with the 

advent of Docker. Docker simplifies the creation of 

isolated environments, allowing developers to 

build, ship, and run applications as containers. 

These containers are portable, ensuring that the 

application runs consistently across different 

systems. Docker has gained significant traction in 

cloud-native application development, providing 

the foundation for microservices architectures, 

where applications are broken down into smaller, 

independent services that can be deployed and 

scaled independently. 
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Docker and Ruby Applications 

The Ruby programming language has been widely 

used in the development of web applications, 

especially with Ruby on Rails, which is known for 

its simplicity and rapid development cycle. 

However, Ruby applications can present 

challenges in terms of deployment due to the 

intricacies of managing dependencies and 

configuring runtime environments. Docker 

addresses these issues by providing a consistent 

environment for running Ruby applications, 

ensuring that they behave the same way in 

development, testing, and production 

environments. 

Several studies highlight the effectiveness of 

Docker in improving the deployment and scaling of 

Ruby on Rails applications. Docker’s ability to 

isolate the Ruby application and its dependencies 

in a container ensures that issues related to 

mismatched dependencies or runtime 

environments are minimized. This is particularly 

beneficial for large-scale Ruby applications, where 

dependency management can become increasingly 

complex as the system grows. 

Kubernetes for Orchestration 

While Docker simplifies the process of 

containerizing Ruby applications, it is Kubernetes 

that handles the orchestration of these containers at 

scale. Kubernetes, an open-source container 

orchestration platform developed by Google, 

automates the deployment, scaling, and 

management of containerized applications. 

Kubernetes allows developers to manage clusters 

of containers, ensuring high availability, load 

balancing, and automatic scaling. 

A significant amount of research has been 

conducted on the application of Kubernetes in 

microservices architectures, where applications are 

decomposed into smaller, independently 

deployable units. Kubernetes enhances the 

management of these microservices by 

automatically handling the scaling and distribution 

of workloads across the infrastructure. Its robust 

feature set, including automated rollouts, health 

checks, and secret management, makes it ideal for 

running complex, distributed systems like Ruby on 

Rails applications. 

Benefits and Challenges of Docker and 

Kubernetes for Ruby Applications 

The primary benefit of using Docker and 

Kubernetes with Ruby applications lies in the 

ability to automate the deployment and scaling 

processes. Containers ensure that Ruby 

applications are portable and environment-

agnostic, eliminating the "it works on my machine" 

problem. Kubernetes, in turn, offers the tools 

needed to manage these containers at scale, 

ensuring that Ruby applications can handle 

increased loads and remain highly available. 

https://ejset.org/
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However, there are challenges involved in 

containerizing and orchestrating Ruby 

applications. These include the complexity of 

managing stateful applications, the overhead of 

maintaining Kubernetes clusters, and the learning 

curve associated with both Docker and Kubernetes. 

Moreover, Ruby’s performance characteristics, 

such as its single-threaded nature, may require 

careful consideration when scaling applications 

using Kubernetes. 

 

METHODOLOGY 

To explore the containerization and orchestration 

of Ruby applications using Docker and Kubernetes, 

we conducted a series of experiments on a typical 

Ruby on Rails web application. The methodology 

includes the following steps: 

1. Containerization with Docker: We began 

by containerizing a simple Ruby on Rails 

application. This involved creating a 

Dockerfile that specifies the necessary 

Ruby version, dependencies, and the Rails 

environment. The Docker container was 

tested locally to ensure that the application 

ran consistently across environments. 

2. Setting Up Kubernetes Cluster: We 

deployed the containerized Ruby 

application to a Kubernetes cluster. This 

involved configuring Kubernetes 

manifests, including deployment, service, 

and ingress resources. The cluster was set 

up using Google Kubernetes Engine 

(GKE), and various scaling strategies were 

tested to evaluate Kubernetes' performance 

in managing the Ruby application at scale. 

3. Testing Scalability and Performance: To 

assess the scalability and performance of 

the containerized Ruby application, we 

conducted load testing. This involved 

simulating multiple users accessing the 

application and monitoring key 

performance indicators (KPIs), including 

response time, throughput, and resource 

utilization. We compared the performance 

of the Ruby application running in Docker 

containers on Kubernetes with that of a 

traditional deployment method. 

4. Monitoring and Logging: We integrated 

monitoring and logging tools, such as 

Prometheus and Grafana, to track the health 

and performance of the Kubernetes cluster 

and the Ruby application. This step was 

essential to ensure that the application was 

resilient under load and to identify potential 

bottlenecks. 

 

RESULTS 

The experiments revealed several key findings: 

1. Simplified Deployment: Containerizing 

the Ruby application with Docker 
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significantly simplified the deployment 

process. The Docker containers 

encapsulated all dependencies, ensuring 

that the application ran consistently across 

all environments. 

2. Improved Scalability: Kubernetes 

provided excellent support for scaling the 

Ruby application. We were able to easily 

scale the number of application instances 

based on incoming traffic. The automatic 

scaling capabilities of Kubernetes, coupled 

with its ability to load balance traffic across 

containers, resulted in improved 

responsiveness and availability under 

heavy load. 

3. Efficient Resource Utilization: The 

combination of Docker and Kubernetes led 

to efficient resource utilization. Kubernetes 

efficiently distributed workloads across the 

nodes in the cluster, ensuring that resources 

were allocated optimally. Moreover, the 

Kubernetes Horizontal Pod Autoscaler 

(HPA) was able to dynamically scale the 

application based on CPU and memory 

usage, ensuring that the application could 

handle varying traffic loads. 

4. Challenges in State Management: One of 

the key challenges encountered was 

managing the state of the application. Ruby 

on Rails applications often rely on 

persistent data stores, which can be difficult 

to manage in a stateless containerized 

environment. Using Kubernetes' 

StatefulSets and persistent volumes helped 

mitigate this issue, but careful 

configuration was required to ensure that 

data was consistently available across 

container restarts. 

5. Performance Considerations: While 

Kubernetes provided excellent 

orchestration capabilities, the performance 

of the Ruby application was affected by the 

overhead of running within containers. 

Ruby’s single-threaded nature posed 

challenges in efficiently utilizing multi-

core processors, particularly when scaling 

horizontally. However, this issue was 

mitigated by optimizing the application’s 

database queries and leveraging caching 

mechanisms. 

 

CONCLUSION 

The containerization of Ruby applications using 

Docker, along with orchestration through 

Kubernetes, offers numerous advantages that 

address the challenges associated with managing 

Ruby-based systems at scale. Docker's ability to 

package Ruby on Rails applications and their 

dependencies into isolated, consistent containers 

ensures a streamlined deployment process, 

mitigating the issues often encountered in different 

runtime environments. This ability to provide 

consistency between development, testing, and 
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production environments is particularly valuable 

for large-scale Ruby applications, where 

dependency management and environment 

conflicts can be a significant source of friction. 

On the other hand, Kubernetes enhances the overall 

architecture by automating the deployment, 

scaling, and management of containerized 

applications. By using Kubernetes, developers can 

take advantage of automatic scaling based on 

demand, ensuring that the application remains 

responsive even under heavy traffic loads. 

Kubernetes' self-healing mechanisms, load 

balancing, and automated rollouts contribute to the 

system’s reliability and resilience, enabling Ruby 

applications to achieve high availability and fault 

tolerance in production environments. 

However, the integration of Docker and 

Kubernetes is not without challenges. One of the 

primary concerns involves managing stateful Ruby 

applications, as Kubernetes is inherently designed 

for stateless workloads. For Ruby on Rails 

applications, which often require persistent storage 

for session data and databases, Kubernetes' 

StatefulSets and persistent volumes can be utilized 

to mitigate these concerns. Nevertheless, careful 

configuration is required to ensure that data 

remains consistent and available, especially when 

scaling applications horizontally. 

Moreover, performance optimization in Ruby 

applications when containerized and orchestrated 

with Kubernetes requires attention. Ruby's single-

threaded nature can present bottlenecks in a multi-

core environment, potentially limiting the 

application's scalability. However, by optimizing 

database queries, utilizing caching mechanisms, 

and applying Kubernetes' resource management 

tools, such as horizontal pod autoscaling (HPA), 

these performance limitations can be effectively 

managed. 

In conclusion, Docker and Kubernetes provide an 

effective and scalable solution for managing Ruby 

applications in cloud-native environments. The 

integration of these tools allows Ruby on Rails 

applications to be containerized and orchestrated 

efficiently, addressing issues related to 

consistency, scalability, and reliability. Despite 

some challenges related to state management and 

performance, the benefits of containerization and 

orchestration far outweigh the complexities, 

making Docker and Kubernetes a compelling 

choice for modern Ruby application deployment. 

As cloud-native architectures continue to evolve, 

the combination of Docker and Kubernetes will 

remain at the forefront of scalable, resilient 

application management, positioning Ruby 

applications for sustained success in an 

increasingly distributed and dynamic digital 

landscape. 
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