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Chapter overview

Key Topics: Practical skills for managing containers, container use and configuration, container

registries and lifecycle management.

Learning Objective: Explore and apply advanced containerization techniques and strategies,

focusing on creating, managing, and deploying containers in diverse computing environments.

Summary: This chapter provides a comprehensive look at the usage and management of Docker

containers, encompassing their creation, configuration, and strategic deployment techniques.

Various challenges, best practices, and real-world use cases demonstrate the importance of

understanding and leveraging container technology.

Introduction
Navigating today’s rapidly evolving technological landscape requires the skills to efficiently manage

and deploy applications. Mastering containerization—and in turn enhancing productivity, scalability,

and security—is a crucial skill for DevOps engineers, Site Reliability Engineers (SREs), and platform

engineers. Many professionals are familiar with the basics of containers and tools like Docker and

Kubernetes, but there is a wealth of advanced techniques and practices that are not widely covered in

coursework.

This chapter aims to bridge that gap by discussing advanced containerization strategies that are

essential for optimizing workflows and maintaining scalable infrastructure. We will examine the

historical evolution of container technology, delve into best practices for creating and maintaining

containers, discuss critical security considerations, and cover sophisticated techniques such as the

use of sidecar containers, dependency management, and the integration of containers into CI/CD

pipelines. Whether you are looking to improve the efficiency of your workflows, ensure security of

your deployments, or simply stay up-to-date in the fast-paced world of software engineering, this

chapter will provide the knowledge you need.

Evolution of Container Technology
Container technology has rapidly evolved over recent decades, with the goal being more efficient and

scalable ways to manage applications. The modern container ecosystems that we rely on today can

be traced back to BSD jails, an early tool for operating system-level virtualization.

Historical Context: From BSD Jails to Modern Containers

BSD jails, introduced in the FreeBSD operating system in 2000, were the start of the container

technology journey. They provided a way to split FreeBSD systems into multiple mini-systems, each

with its own root directory and IP address, while sharing the same kernel. This allowed for the isolation
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of processes and resources, and laid the groundwork for future advancements.

Linux later introduced the chroot, which offered another early form of process isolation by changing

the apparent root directory for a process and its offspring. However, it wasn’t until the introduction of

cgroups (control groups) that containers as we know them today became possible.

Cgroups, Namespaces, and Layered File Systems

Introduced in 2007, cgroups marked a crucial milestone in the development of containers, as they

enabled precise control and allocation of system resources. They provided a mechanism to limit,

account for, and isolate the resource usage (CPU, memory, disk I/O, etc.) of a collection of processes.

Namespaces, another key development, allowed isolation of resources such as process IDs, network

interfaces, and user IDs. This meant that processes within a container could operate independently of

the rest of the system, creating a more secure environment.

These two key advancements set the stage for the next development: layered file systems. Layered

file systems such as AUFS (Advanced Multi-Layered Unification File System) improved flexibility of

containerized applications by enabling the creation of containers with a union of multiple file system

layers. This allowed for efficient storage and versioning of container images, significantly enhancing

performance.

Containers as OS Virtualization: Benefits and Use Cases

Contains represent a form of OS virtualization, providing an easier, more compact alternative to

traditional virtual machines (VMs). Unlike VMs, which require a full guest operating system, containers

share the host OS kernel, creating a faster and more resource-efficient system. Several benefits of OS

virtualization include:

Efficiency: containers use fewer resources than VMs, as they do not require a full OS stack.

Speed: they can be stopped and started quickly, enabling rapid scaling of applications in response

to demand.

Portability: they encapsulate an application and its dependencies, ensuring consistent behavior

from development to production.

Isolation: a secure and isolated environment for applications reduces the risk of conflicts and

improves security.

These advantages have led to widespread adoption of containers in a variety of different cases,

including microservices architectures, CI/CD (Continuous Integration/Continuous Deployment)

pipelines, and multi-cloud deployments. Docker and Kubernetes provide powerful platforms for

container management and orchestration, further accelerating their adoption.

For more information on the evolution of container technology, plug these search terms into ChatGPT:

“BSD Jails container technology”

“Chroot vs cgroups vs namespaces”
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“Introduction to layered file system AUFS”

“Cgroups and resource management in Linux”

“Namespaces in Linux for containers”

Best Practices in Containerization
Effective containerization extends beyond the basics of Docker and Kubernetes. Following best

practices and advanced strategies creates more efficient, secure, and maintainable containers.

Lightweight and Task-Specific Containers

Containers should be designed to perform a single task or run a single service. Adhering to this

principle allows for simplified management and troubleshooting, uses fewer resources, and enhances

security. To achieve this, keep these guidelines in mind.

Achieving Lightweight Containers

Start with minimal base images obtaining only necessary components in order to reduce size and

vulnerabilities.

Follow the principle of single responsibility, where each container performs only one specific

function.

Minimizing Container Content

Only install packages and dependencies that are necessary for the application to run. Avoid tools or

utilities that are not essential.

Use multi-stage builds. This will allow you to use intermediate stages to compile and build your

application, and then copy only the necessary artifacts into the final stage, resulting in smaller and

more secure images.

Using Base Images and Layering

Choose base images that best fit your specific case. For example, use an official Node.js image for

a Node.js application, or an official Python image for a Python application.

Do not overlook the order of commands in your Dockerfile. Place commands that change less

frequently (such as installing system packages) at the top, and commands that change more often

(such as copying application code) towards the bottom. This will speed up rebuilds by minimizing

the use of Docker’s caching mechanisms.

Combine multiple commands and use multi-stage builds to reduce the number of layers and create

smaller images.
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Maintaining Regular Security Scanning and Updates

Use tools to scan container images for known vulnerabilities, and integrate these scans into your

CI/CD pipelines to catch issues early.

Regularly update base images and dependencies to make sure that they include the latest security

patches. Automate this process where possible.

Immutability and Avoiding Runtime Modifications

Treat container images as immutable artifacts. Instead of modifying them at runtime, rebuild the

image if changes are necessary.

Ensure that all dependencies are included in the image during the build process

Dependency Management

Use statically compiled binaries where possible to reduce dependencies and simplify container

images.

Explicitly define and manage dependencies within the build process. Do not rely on runtime

installations, as they can lead to inconsistencies and security issues.

Utilizing Sidecars and Bind Mounting
Sidecars and bind mounting can be very helpful tools, improving the functionality, flexibility, and

maintainability of containerized applications. They enable more sophisticated application

architectures, as well as improving isolation and management of dependencies.

Applications of Sidecar Containers

Sidecar containers allow you to extend the function of a primary containerized application without

modifying its code or environment. They run alongside the primary container in the same pod, sharing

the same lifecycle and environment. Some of the applications of sidecars include:

Collecting logs or metrics from the primary container and sending them to a central

logging/monitoring service.

Acting as proxies, handling network requests and responses to and from the primary container.

This is particularly useful in service mesh implementations where a sidecar manages traffic routing,

retries, and circuit breaking.

Synchronizing data between the primary container and an external service such as a database or

storage system.

Case Studies: Sidecars for Supplementary Tasks

1. Logging with Fluentd Sidecar: In this scenario, an application container is generating logs that need

to be forwarded to a centralized logging system. To achieve this, implement a Fluentd sidecar

RackN TechOps Handbook Advanced Containerization Techniques for DevOps and SRE

Preview edition, October 2026 · rackn.com Page 4 of 12



container that tails the log files of the primary container and sends them to the logging system. This

will allow the primary container to focus on its core task while the sidecar handles logging.

2. Service Mesh with Envoy Proxy Sidecar: In this case the sidecar is used to handle a microservices

application that requires advanced network traffic management, including load balancing, retries,

and circuit breaking. Deploy an Envoy proxy sidecar alongside each microservice to manage all

inbound and outbound traffic, providing traffic control without making changes to the microservice

code.

3. Data Synchronization with a Sync Sidecar: A primary application container needs to periodically

synchronize files with an external storage service. In this situation, use a sidecar container that

runs a synchronization tool like ‘rsync’ or a custom script. This will periodically sync the data,

ensuring consistency without increasing the burden on the primary application.

Bind Mounts for Managing Mutable Data

Bind mounting allows you to mount a file or directory from the host filesystem into a container at

runtime. This is helpful for managing mutable data that needs to be shared between containers or

persist outside the container’s lifecycle. Their persistence beyond the container’s lifecycle ensures

that important data is not lost when the container stops or is removed. They also allow multiple

containers to access the same files and directories, and can effectively maintain security by injecting

configuration files or secrets into containers without baking them into the image.

Sidecars and bind mounts are both powerful tools that can significantly enhance your containerized

applications. Sidecar containers extend the capabilities of an application without modifying its core

code, while bind mounts effectively manage mutable and shared data. Both are essential for building

scalable and maintainable containerized environments, making them exceptionally useful for DevOps

and SRE professionals.

For more information about sidecars and bind mounting, plug these search terms into chatgpt:

“Bind mounting in Docker”

“Advantages of bind mounts vs volumes”

“Sidecar container patterns and best practices”

“Sidecar containers for logging and monitoring”

Container Management Systems
As container technology continues to evolve and become more widespread, managing containerized

applications at scale becomes more and more complex. Systems such as Kubernetes provide the

necessary tools to orchestrate, deploy, and manage containers efficiently.
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Container Orchestration Tools

These tools automate the deployment, scaling and operation of containerized applications. They

manage container lifecycles, handle failovers, and ensure that everything is running as intended.

Kubernetes is the most widely adopted container orchestration platform, but tools like Docker Swarm

and Apache Mesos also play important roles.

Kubernetes automates various complex processes, simplifying container management. It schedules

containers across a cluster based on resource requirements and availability, optimizing resource

utilization. It automatically replaces failed containers, reschedules terminated ones, and restarts

containers that fail health checks. It can scale applications up or down based on demand, and it allows

for updates without restarting containers by managing application configurations through ConfigMaps

and Secrets. Traffic is evenly distributed across the available instances of a service by built-in

discovery and load balancing. Overall, Kubernetes significantly reduces manual labor and risk for

human error.

Central Dependency and Update Management

Centralized dependency and update management maintain consistency and security in containerized

environments. Container management systems, like Kubernetes, streamline these processes and offer

several key benefits. Firstly, they ensure that all containers in the environment use the same versions

of dependencies, reducing conflict and ensuring that behavior remains consistent. Secondly, they

allow for easy monitoring and updating of dependencies to address security vulnerabilities.

Automated updates can be rolled out to all containers in need of them, ensuring that security patches

are applied right away. Finally, centralized management reduces effort, as updates and changes are

only made once and then propagated across the environment. This streamlines maintenance and

reduces the risk of errors.

Maintaining Immutability and Security

Immutability is a core principle of containerized environments. Once a container image is built, it

should not be altered. This will make sure that the same image will behave the same way across

different environments. Container management systems maintain security and immutability in several

ways:

They enforce the use of immutable container images to ensure that they are not modified after

deployment. This prevents configuration drift and maintains consistency.

Many container management systems can be integrated with image scanning tools that scan

container images for security vulnerabilities. This ensures that only secure images are deployed.

Many systems include role-based access control (RBAC) which restricts access to resources based

on user roles, limiting who can perform certain actions within the cluster.

Kubernetes allows for the definition of network policies that control the communication between

containers, improving security by limiting the potential impact of compromised containers.
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Security Considerations

A comprehensive approach to maintaining security of containerized environments is essential. Here

are the most critical practices:

Regularly scan container images using tools like Clair and Trivy to identify and correct

vulnerabilities during build and deployment processes.Monitor continuously to identify issues

promptly.

Use internal, secure registries to store container images. Make sure all images come from trusted

sources, use image signing to verify integrity, and enforce strict access to controls to prevent

unauthorized modifications.

Apply the principle of least privilege and run containers as non-root users. Implement resource

limits to avoid exhaustion attacks, and use network policies to restrict inter-container

communication. Tools like Seccomp and AppArmor can help to further limit capabilities.

Implement intrusion detection systems to track container activities and detect anomalies. Create

and regularly update an incident response plan tailored to your container environment.

For more information about container management systems, plug these search terms into ChatGPT:

“Kubernetes features explained”

“Docker Swarm vs Kubernetes vs Apache Mesos”

“Kubernetes network policies examples”

“Role-based access control (RBAC) in Kubernetes”

Evolution and Role of Container Registries
Container registries facilitate the storage, management, and distribution of container images, making

them indispensable to the container ecosystem.

Transition from Docker Hub to Enterprise and Cloud Provider Registries

Docker Hub, which was initially the primary repository for container images, provided a central place

for developers to share and access images. However, its limitations as a public registry became

apparent as container technology became more widespread. As a security measure, many

organizations opted for private registries to gain control over who could access, upload, and download

images. Tools specifically designed for enterprise requirements began to emerge, such as JFrog

Artifactory, Nexus Repository, and Harbor. These tools offer features like advanced access controls,

vulnerability scanning, and integration with CI/CD pipelines, making them useful and convenient for

large organizations.

Ensuring Secure and Efficient Distribution of Container Images

Key Practices:
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1. Use image signing to ensure the integrity and authenticity of images. Tools like Docker Content

Trust (DCT) and Notary verify that only secure images are deployed.

2. Use RBAC to prevent unauthorized access to images. As mentioned earlier in the chapter, this will

ensure that only authorized personnel can make modifications.

3. Integrate vulnerability scanning tools with your registry. This is a proactive way to identify and

resolve issues before deployment.

Function and Benefits of Proxy Registries

Proxy registries cache images from upstream public registries. Caching frequently used images locally

reduces download times, and improves build performance. Proxy registries provide an extra layer of

security by minimizing the reliance on public registries and external networks, making them especially

useful for air-gapped or high-security environments. They also enhance reliability, ensuring that all

images come from a trusted and controlled source. Understanding and utilizing these tools will

significantly improve the consistency and reliability of your infrastructure.

For more information about container registries, plug these search terms into ChatGPT:

“Docker Hub vs private container registries”

“Enterprise container registries overview”

“What is a proxy container registry”

“Using image signing for container security”

“JFrog Artifactory for container images”

“Harbor container registry features”

Integration with CI/CD Pipelines
Integrating containers into continuous integration and continuous deployment (CI/CD) pipelines is

crucial for automating the build, test, and deployment processes, creating faster and more reliable

software delivery.

Challenges of Integrating Containers into CI/CD Workflows

Several commonly encountered challenges include:

Ensuring that all dependencies are consistently managed across different stages of the pipeline.

Maintaining consistency between development, testing, and production environments.

Coordinating deployment of multiple interdependent containers, especially challenging in

microservices architectures.
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Managing Version Control with Task-Specific Containers

Version control must be managed carefully when integrating containers into CI/CD pipelines. To

ensure that correct versions are used at each stage of the pipeline, use a clear and consistent tagging

strategy for container images. As mentioned earlier, treat images as immutable artifacts, which should

not be modified after being built and tested. If changes are needed, rebuild the image and assign a

new version.

Effective Chaining of Containers in Pipelines for Dependency and Output

Management

Chaining containers in CI/CD pipelines involves orchestrating multiple containers to handle

dependencies and outputs effectively. Use these strategies:

1. Break down the pipeline into distinct stages (e.g., build, test, deploy) and use task-specific

containers for each stage. This will ensure that each stage has its necessary tools and

dependencies without bloating the containers.

2. Store intermediate artifacts (e.g., binaries, test reports) generated by one stage in a shared storage

system or artifact repository. Later stages can retrieve these artifacts as needed.

3. Use sidecar containers for processes such as logging, monitoring, and security scanning, to avoid

over-complicating the primary container image.

Best Practices for Container Integration in CI/CD Pipelines

Use tools like Jenkins, GitLab CI, or CircleCI to automate the build and test processes. Ensure that

container images are built and tested automatically with each code change. Implement automatic

security scanning tools to catch vulnerabilities before deployment. Use environment variables to

manage configuration settings, allowing containers to adapt to different environments (development,

staging, production) without modifying images. Remember to utilize orchestration tools like

Kubernetes to manage deployment and scaling of containerized applications. Kubernetes can also

help by automating aspects of the CI/CD pipeline, such as rolling updates and rollbacks. Implementing

these practices will streamline the integration of your containers into CI/CD pipelines, creating a more

secure, reliable, and consistent software delivery process.

For more information about integration with CI/CD pipelines, plug these search terms into ChatGPT:

“Managing version control with containers in CI/CD”

“Chaining containers in CI/CD pipelines”

“Jenkins and Docker integration”

“GitLab CI/CD with containers”

“CircleCL with Docker containers”

“Automating build and test processes with containers”
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Practical Examples and Use Cases
Seeing how these theoretical concepts apply to real-world scenarios will deepen your understanding

and solidify your knowledge.

Real-World Applications of Advanced Container Techniques

1. Scenario: you have a large e-commerce platform that needs to manage numerous microservices

efficiently.

2. Application: Use Kubernetes to manage the deployment for these microservices. Each service

will run in its own container, allowing for independent scaling and deployment. Kubernetes

ensures high availability and performance by automating service discovery, load balancing, and

scaling. This makes deployment significantly easier, and speeds up the release cycle.

3. Scenario: A web application requires a robust CI/CD pipeline to automate builds, tests, and

deployments.

4. Application: Use Jenkins to automate the pipeline. It includes stages for building Docker images,

running unit and integration tests, and deploying to a Kubernetes cluster. Images are versioned

and stored in a private registry to ensure consistency across environments. This will create

faster and more reliable deployments, reduced manual intervention, and consistent

environments across development, testing, and production.

5. Scenario: A microservices application requires centralized logging and monitoring without

modifying the primary application containers.

6. Application: Deploy sidecar containers running Fluentd alongside the main application

containers. Fluentd collects logs from the application containers and sends them to a centralized

logging system like Elasticsearch or a monitoring system like Prometheus. This allows for

enhanced observability without modifying the primary application code. Centralized logging and

monitoring facilitates easier debugging and performance monitoring.

7. Scenario: Regular backups of a PostgreSQL database are needed, with the ability to restore data

quickly.

8. Application: Use a container running a PostgreSQL client to perform backups and restores. The

backup container is scheduled via Kubernetes CronJobs to run periodically, taking snapshots of

the database and storing them in a secure system like Amazon S3. This will provide automated

and reliable backups, an easy restoration process, and minimized risk of data loss.

9. Scenario: Infrastructure as code (IaC) management with Terraform needs to be integrated into a

GitOps workflow.

10. Application: Deploy Atlantis to automatically run Terraform plans and apply in response to pull

requests in a Git repository. It uses containerized environments to ensure consistent execution.

Use bind mounts or sidecars to handle Terraform binaries and dependencies. This will automate

infrastructure management, reduce the risk of human error, and allow for seamless integration

with version control systems.
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These cases illustrate versatility of container technology and advanced containerization techniques.

Leveraging tools like Kubernetes for orchestration, Jenkins for CI/CD pipelines, Fluentd for logging,

and Atlantis for infrastructure management, can help you achieve more powerful and reliable

workflows.

For more examples and use cases, plug these search terms into ChatGPT:

“Kubernetes for microservices deployment”

“Jenkins CI/CD pipeline example with Docker”

“Fluentd sidecar container for logging”

“Using Kubernetes CronJobs for database backups”

“Atlantis for Terraform automation”

Conclusion
This chapter has discussed advanced containerization techniques for modern DevOps and SRE

practices. From the evolution of container technology, to modern best-practices and real-world

scenarios, we’ve covered valuable insights and strategies to optimize workflows, ensure security, and

maintain scalable infrastructure.

From its very early stages, container technology has transformed how we develop, deploy, and

manage applications. Containers offer unparalleled flexibility and consistency, brought to their full

potential by leveraging advanced techniques and best practices. As the world of software engineering

rapidly evolves, it is essential to stay ahead of new trends and technologies, and equip yourself to

handle the ever-changing challenges and opportunities.

Discussion Topics
1. Evolution of Container Technology

1. Discuss how the evolution of container technology, from BSD Jails to modern Docker containers,

has impacted the efficiency and scalability of application deployment. How have these

advancements changed the way you approach application development and infrastructure

management?

2. Best Practices in Containerization

1. What are the most critical best practices for creating lightweight, task-specific containers? How

do these practices contribute to the overall security and maintainability of containerized

applications?

3. Sidecars and Bind Mounting

1. Explore the benefits of using sidecar containers and bind mounts in complex application

environments. How can these techniques improve the flexibility and functionality of
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containerized applications?

4. Container Management Systems

1. Kubernetes and other container orchestration tools have become essential for managing

containers at scale. What are the key features of these systems that make them indispensable

for modern DevOps and SRE practices?

5. Container Registries

1. Discuss the role of container registries in the secure and efficient distribution of container

images. How do enterprise and cloud provider registries compare to Docker Hub in terms of

features and security?

6. Integration with CI/CD Pipelines

1. How can integrating containers into CI/CD pipelines enhance the automation and reliability of the

build, test, and deployment processes? What challenges might arise during this integration, and

how can they be addressed?

7. Real-World Use Cases

1. Reflect on the real-world examples provided in the chapter. Which scenario resonated most with

your current or past work, and how could you apply the discussed techniques to improve your

containerization practices?

8. Security Considerations in Containerization

1. Container security is a critical concern in modern DevOps and SRE practices. What are the most

effective strategies for maintaining security in containerized environments, and how do tools like

RBAC, image scanning, and network policies contribute to this goal?
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