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Preface





This book, Ultimate Certified Kubernetes Administrator (CKA) Certification Guide, is the product of years spent navigating the intricacies of IT architecture and witnessing the transformative impact of technology, particularly in cloud computing and containerization. The goal is to provide a comprehensive resource that empowers IT professionals. It aims to equip them for the CKA and CKS certifications while fostering a deeper understanding of Kubernetes as a vital tool for modern infrastructure management. By delving into the world of Kubernetes, readers will gain the knowledge and skills necessary to effectively manage and orchestrate containerized applications.


This guide is crafted to serve both newcomers and seasoned practitioners by breaking down complex Kubernetes concepts into understandable segments, supported by real-world applications and examples. Through this book, we share not just the technical know-how but also the strategic thinking required to harness the full potential of Kubernetes in any organizational context. Whether you're looking to certify your skills or simply aiming to enhance your technical arsenal, this guide stands as a beacon of knowledge and practical insight in the ever-evolving world of cloud-native technologies.


Chapter 1. Introduction to Kubernetes: This chapter introduces Kubernetes, detailing its evolution from Google's internal system to the leading open-source container orchestration platform. It covers the architecture, benefits, and fundamental concepts, providing a solid foundation for understanding how Kubernetes facilitates complex deployments and operations.


Chapter 2. Installing Kubernetes: This chapter delves into the practical setup of Kubernetes environments, covering essential tools, such as Oracle VirtualBox, Vagrant, and various Kubernetes installation methods, including Minikube, Microk8s, KIND, and Kubeadm. This chapter equips readers with the knowledge to successfully install and configure Kubernetes clusters on different platforms for various use cases.


Chapter 3. Workload Objects - Pod Deploy StatefulSet: This chapter delves into key Kubernetes concepts such as Pods, Deployments, and StatefulSets, detailing their configurations, uses, and management. It extensively covers container probes—startupProbe, readinessProbe, and livenessProbe—to monitor and improve the health and responsiveness of applications. It is pivotal for understanding the lifecycle of Kubernetes workloads and how to ensure their robustness and reliability. It serves as a comprehensive guide to deploying and managing stable, scalable applications in a Kubernetes environment.


Chapter 4. Service and Ingress - Exposing Apps Outside the Cluster: This chapter explores the methods and strategies for exposing Kubernetes applications to internal and external network traffic through Services and Ingress Controllers. It covers different types of services including ClusterIP, NodePort, LoadBalancer, and ExternalName, detailing their use cases and configurations. The chapter also introduces Ingress as a powerful tool for managing external access to services within a cluster. This chapter is essential for mastering the networking aspects of Kubernetes, ensuring applications are accessible and secure.


Chapter 5. Deploy and Scale - Stateless Apps: This chapter delves into the deployment and scaling of stateless applications within Kubernetes. It begins by explaining how to set application-specific runtime specifications that aid Kubernetes in effectively placing Pods on Nodes, enhancing overall performance and enabling efficient autoscaling. It highlights the role of the metrics-server, an addon component that tracks CPU and memory usage, providing crucial data for managing resources. It covers the configuration and activation of the Horizontal Pod Autoscaler (HPA), the dynamic nature of application loads and discusses the HPA's strategy to maintain cluster stability.


Chapter 6. Deployment Strategies – RollingUpdate, Recreate: This chapter explores advanced deployment strategies in Kubernetes, focusing on RollingUpdate, Recreate, Blue-Green, and Canary deployments. It begins with the straightforward Recreate strategy, which involves full replacement of old instances, potentially causing downtime. It then covers the RollingUpdate method, which allows for seamless, zero-downtime updates by incrementally replacing pods. The chapter further delves into Blue-Green deployments that facilitate testing by running two identical environments before fully switching traffic to the new version. Finally, it examines Canary deployments, which roll out changes to a small subset of users to gauge impact before a broader rollout.


Chapter 7. Data Persistence - Local and Cloud: The chapter thoroughly addresses the topic of data persistence in Kubernetes, focusing on both local and cloud storage solutions. It explores the mechanisms through which Kubernetes manages persistent data across various environments, ensuring data durability and accessibility. It details the use of Persistent Volumes (PVs) and Persistent Volume Claims (PVCs) for managing local storage resources, including their lifecycle, provisioning, and dynamic binding processes. The chapter also delves into cloud storage integrations, discussing how Kubernetes interfaces with cloud providers to leverage their storage services for stateful applications.


Chapter 8. Deploy and Scale – StatefulSet: This chapter is dedicated to the deployment and scaling of stateful applications using StatefulSets in Kubernetes. It provides a comprehensive understanding of StatefulSets, which are crucial for applications that require stable, unique network identifiers and persistent storage. It covers the creation, management, and scaling of StatefulSets, detailing how they maintain the order and uniqueness of pods during updates and scaling operations. The chapter also discusses strategies for effectively managing stateful resources, such as databases, within a Kubernetes environment, ensuring data consistency and high availability.


Chapter 9. Configure Apps for Production Deployment: The chapter focuses on configuring applications for production deployment in Kubernetes. This chapter provides detailed guidance on best practices for preparing applications for the rigors of a production environment. It covers essential topics such as setting up robust logging and monitoring, implementing efficient resource limits, and applying security configurations. It also discusses the importance of creating reliable liveness and readiness probes to ensure application health and resilience. By emphasizing automation and adherence to best practices, this chapter equips readers with the necessary tools and knowledge to configure their Kubernetes applications efficiently, ensuring smooth and stable production deployments.


Chapter 10. Cluster Database - Backup and Restore: The chapter is dedicated to the comprehensive management of the ETCD cluster database, which is critical for maintaining the state and configuration of Kubernetes clusters. It begins with an in-depth look at understanding ETCD and its role within Kubernetes, followed by detailed discussions on how to configure, manage, and secure ETCD clusters effectively. It covers key aspects of backup and disaster recovery strategies, ensuring data integrity and availability even in the face of system failures. The chapter also addresses scaling ETCD clusters to meet growing demands and optimizing performance for high availability.


Chapter 11. Cluster Upgrade – Kubeadm: This chapter is centered on upgrading Kubernetes clusters using kubeadm. It starts with an overview of the Kubernetes release cycle and versioning to set the stage for understanding the importance of timely and efficient upgrades. It then progresses into detailed preparation steps necessary for a successful upgrade, including backup strategies and the importance of reviewing release notes. The chapter concludes with insights into rollback strategies and troubleshooting common issues, along with best practices to ensure a smooth and effective upgrade process, making it an essential resource for anyone responsible for maintaining Kubernetes clusters.


Chapter 12. CoreDNS: This chapter thoroughly examines CoreDNS within Kubernetes, emphasizing its architectural components, deployment, and pivotal role in DNS resolution and service discovery. It details customization and configuration strategies, explores its integration with Kubernetes networking, and addresses performance, scalability, and security challenges. The chapter concludes by providing solutions for common operational issues, making it a vital resource for Kubernetes administrators.


Chapter 13. Networking - Pod Service and Ingress: This chapter dives into the Kubernetes networking model, explaining how containerized applications benefit from unique and efficient networking approaches. It covers intra-pod communication through shared network namespaces, inter-pod connectivity across the cluster via a flat network and CNI plugins, and the role of Kubernetes services in providing stable endpoints for load balancing and service discovery. Additionally, it details the mechanisms for external access to services, such as NodePort, LoadBalancer, and Ingress, highlighting their roles in external communication and access control.


Chapter 14. Kubernetes CNI: This chapter delves into the intricacies of Kubernetes Container Network Interface (CNI), crucial for the implementation and management of network plugins that facilitate secure and isolated container communications. It provides detailed insights into the functionality, selection, and configuration of popular CNI plugins, including Calico, Flannel, and Weave Net, illustrating how they integrate with kubelet to ensure efficient pod networking. This chapter is vital for administrators and developers seeking to understand and leverage the full capabilities of networking within Kubernetes environments.


Chapter 15. Kubernetes Security: This chapter offers an extensive examination of Kubernetes security, detailing its comprehensive security model which includes the API server as a central access point for authentication, authorization, and admission control. It explores the implementation of Pod Security Standards and the transition towards more streamlined security practices that enhance flexibility in policy enforcement, auditing, and warning. It also covers Role-Based Access Control (RBAC), network policies, securing the control plane, and the importance of audit logging. By integrating these security measures with TLS for secure communications, the chapter outlines how to significantly strengthen the security posture of Kubernetes environments, ensuring resource protection and adherence to best security practices.


Chapter 16. Troubleshooting: This chapter is dedicated to troubleshooting within Kubernetes environments, providing essential techniques for diagnosing and resolving common issues that arise in cluster management and application deployment. The chapter thoroughly covers health checks of cluster components, application failure analysis, service connectivity, and network troubleshooting, including DNS resolution and load balancing. It places significant emphasis on practical skills, such as effective use of `kubectl` commands, understanding Kubernetes events, and verifying configurations. Additionally, the chapter explores complex scenarios involving resource quota management, pod security, persistent storage configurations, and advanced deployment strategies like blue-green deployments. By blending theory with hands-on practices, this chapter equips Kubernetes administrators with the tools necessary to maintain security, performance, and resource efficiency, preparing them for real-world challenges and enhancing their proficiency for the Certified Kubernetes Administrator (CKA) exam.


Chapter 17. Kubernetes Production Essentials: This chapter addresses the critical steps needed to enhance a basic Kubernetes cluster to a production-grade environment by integrating essential third-party tools. The chapter provides detailed guidance on deploying the NGINX Ingress Controller for traffic management, Cert-Manager for TLS certificate automation, and Metrics Server for monitoring resources. It also explores the implementation of the EFK stack (Elasticsearch, Fluent-bit, Kibana) for advanced logging and integrates Prometheus and Grafana for in-depth monitoring and analytics. The importance of Application Performance Monitoring tools is highlighted to gain real-time insights into application performance. This comprehensive approach not only enhances cluster performance, security, and observability but also ensures the cluster's readiness for production deployments, making it robust and resilient for handling real-world workloads effectively.


Chapter 18. Microservices Observability: This chapter provides a detailed exploration of observability within Kubernetes environments, focusing on microservices architecture. It underscores the importance of comprehensive monitoring and management practices, incorporating logging, distributed tracing, and metrics collection as foundational elements. The chapter guides Kubernetes practitioners through best practices and tools like Elasticsearch, Fluent-bit, Kibana, APM Server, Prometheus, and Grafana, which are essential for building a robust observability framework. Through practical examples, including a case study on optimizing a Weather Application, the chapter illustrates how logs, tracing, and metrics—collectively the three pillars of observability—play critical roles in enhancing the understanding, performance, and reliability of microservices. This knowledge empowers IT professionals to improve the resilience and efficiency of their systems, ensuring scalable and performance-optimized deployments.


Chapter 19. Scalable Jenkins on Kubernetes: This chapter focuses on optimizing Jenkins for scalability within Kubernetes environments. The chapter dives into effective strategies for a scalable Jenkins setup, particularly highlighting the use of external storage solutions and the dynamic creation of pods for job execution using the Jenkins Kubernetes plugin. Detailed, step-by-step guidance on configuring this setup is provided, followed by practical demonstrations through an inline pipeline example. This approach not only enhances Jenkins' performance but also its flexibility, making it well-suited for cloud-native ecosystems. The chapter serves as a comprehensive guide for professionals looking to leverage Kubernetes to improve the efficiency and scalability of their Jenkins pipelines.


Chapter 20. GitOps using ArgoCD and GitHub: This chapter delves into GitOps, a modern methodology that revolutionizes DevOps by integrating Git with operational workflows for enhanced efficiency and control. The chapter thoroughly explores the use of GitHub and ArgoCD, a Kubernetes-native continuous delivery tool, to implement GitOps practices effectively. It demonstrates how these technologies can streamline the deployment process within Kubernetes environments, making it more transparent and automated. Through practical implementation, the chapter outlines how to establish a robust CI/CD pipeline combining Jenkins and ArgoCD, ensuring consistent deployment and synchronization of Kubernetes applications with their desired states in GitHub. This setup not only enhances operational efficiency but also aligns with the best practices of cloud-native application management, providing clear insights into integrating GitOps within modern DevOps frameworks.


Chapter 21. CKA Exam Mastery: This chapter serves as a crucial guide for mastering the Certified Kubernetes Administrator (CKA) exam. The chapter provides effective strategies and insights, emphasizing the necessity of a deep, comprehensive understanding of Kubernetes coupled with extensive, hands-on experience. It details a targeted approach to excel in the exam, focusing on the critical areas such as cluster architecture, workloads, services, networking, and troubleshooting. Highlighting the practical, hands-on nature of the exam, this chapter equips candidates with the knowledge and skills required to succeed in achieving one of the most esteemed certifications in cloud-native technologies.


Chapters 18, 19 and 20, while not directly part of the Certified Kubernetes Administrator (CKA) syllabus, offer invaluable knowledge for professionals operating in modern cloud-native environments. Chapter 18 delves into microservices observability, equipping practitioners with the tools and strategies needed for effective monitoring and management, crucial for maintaining robust and scalable services. Chapter 19 explores the integration of Jenkins within Kubernetes, focusing on scalable CI/CD practices that enhance development pipelines and operational efficiency. Chapter 20 introduces GitOps using ArgoCD and GitHub, presenting advanced deployment techniques that streamline and secure application management processes. These chapters provide essential insights and practical skills that transcend certification requirements, preparing professionals to tackle real-world challenges in Kubernetes deployments and operations, thus adding significant value to their expertise in the evolving landscape of cloud technologies.
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CHAPTER 1


Introduction to Kubernetes



Introduction

In the pre-Kubernetes era, the cost of deploying and managing software was considerably high. Moreover, the operations team faced formidable challenges with regard to replicating software within and across data centers, geographical regions, and for increased load. These were just a few of the numerous complex requirements, making deploying and managing a highly available distributed system a nightmare.

Google knew that these challenges would become bigger with time and thus developed a cluster management software called ‘Borg’. With this software, Google was running billions of containers every week on machines spread across multiple geographic locations. Nearly a decade later, Google open-sourced this software under the name of Kubernetes, and a year later, in 2015, handed it over to the Linux Foundation.

Structure

In this chapter, we will cover the following topics:


	Overview

	Benefits of Kubernetes

	Kubernetes Architecture

	Logical View

	Dynamic View







Overview

Kubernetes is an open-source software used for the management of containerized applications. This includes managing the scalability of applications, facilitating automated deployment, and so on. In a nutshell, Kubernetes is a cluster management software that lets you create and deploy highly available distributed applications.


Benefits of Kubernetes


Following is the list of a few benefits that Kubernetes offers:


	Service discovery and load balancing

	Automated rollouts and rollbacks

	Automated bin packing

	Self-healing

	Storage orchestration

	Secrets and configuration management



You will learn and experience these benefits/advantages in greater detail in subsequent chapters. We will provide a brief explanation of the benefits mentioned here.

Service Discovery and Load Balancing

Kubernetes provides a service-level abstraction to expose your application. This service abstraction enables decoupling between callers of your application and the application itself. For example, a frontend application can call the backend application via the Service URL - a stable network URL that can be accessed within the cluster from anywhere. While the backend application replicas may be running on different nodes or replaced by new ones, the frontend application does not need to worry about which backend application replica responds. This is similar to applications accessing a database using the database URL without worrying about the underlying database instances.

Besides providing decoupling between the caller and the callee, Kubernetes Service also acts as a load balancer. For example, if there is more than one replica of a backend application, then Kubernetes will route the request to one of the available backend replicas. This routing is mostly round-robin in nature; however, it can be customized. This, in turn, helps cater to varying levels of load on the backend application.

Automated Rollouts and Rollbacks

Often in the enterprise world, many replicas of applications are deployed on dozens if not hundreds of servers. Now rolling out any new change would not only be cumbersome but also impractical in most cases. Using Kubernetes, you can roll out new changes or hotfixes with just a single line of command, and it will take care of automatically rolling out this change in the cluster, no matter how big it is.

In case of any issue during or post-rollout, you can roll back too! Again, using a single line of command, you can instruct Kubernetes, and it will roll back automatically.

This automated rollout and rollback are generally pretty quick, meaning that you can see the changes happening within a few minutes.

Automatic Bin Packing

In the pre-Kubernetes era, deployment procedures invariably contained details of servers on which the application was to be deployed. The Operations team would then deploy the application, ensuring adequate capacity was available on those hosts where the application was to be deployed.

In the Kubernetes world, you just need to specify the application’s runtime requirements, be it in RAM, CPU, or even parameters like disk type, GPU availability, and more. Kubernetes will then find the appropriate server(s) in the cluster to deploy the application onto. This is called Automatic Bin Packing.

Self-Healing

Some of the application pods may crash or hang, or even the node on which they are running may go off the network or keep crashing. This presents a challenging scenario to the Operations teams, who often end up spending a significant amount of effort, sometimes even sleepless nights, recovering from such failures to ensure the high availability of applications.

Kubernetes runs continuous checks through its controller component, identifies failures, and launches application pods on the available computer capacity (servers) to ensure the desired number of application replicas are running.

Storage Orchestration

Most enterprise applications need either temporary or permanent storage to work with. Kubernetes is designed to provide access to various kinds of storage through Volume APIs, regardless of whether storage is needed for the application’s current runtime, across multiple runtimes, or post-restart to maintain the application state. Kubernetes is also designed to work with many external storage providers such as AWS EBS, Azure, Google, Ondat, CephFS, GlusterFS, PortWorx, Cinder, and so on.

Secrets and Configuration Management

Sensitive information required by the applications, such as the API key, can be stored in the Secret object provided by Kubernetes. All the information kept in the Secret object is base64 encoded by Kubernetes. Information stored in these Secret objects can be referenced in the application via environment variables or container file systems.

Kubernetes provides a ConfigMap object to store runtime inputs, say environment variables. This gives the flexibility to deploy the application in various environments like test, pre-prod, prod, and more. Information stored in the Config object is made available to the application at runtime via environment variables or container file system. Kubernetes also ensures that if there is any change in the Config object, then the corresponding application is relaunched automatically to reflect the change in the Config for that particular application.

Kubernetes Architecture

Architecture can be best understood by looking at the system from various perspectives/views. We will first examine Kubernetes from a logical view. Then, to understand how different components interact with each other, we will use a dynamic view in the form of a sequence diagram.

Logical View

Now, let us understand the different components that make up the architecture of Kubernetes and how these components interact with each other.

Figure 1.1 shows the logical overview of the Kubernetes cluster:
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Figure 1.1: Kubernetes Architecture - Logical View


Control Plane


The control plane consists of one or more servers, also called controller nodes, where the key components that are responsible for managing the Kubernetes cluster are deployed. All control plane components are designed for distributed scaling, and the number of nodes in the control plane is typically an odd number like 1, 3, 5, 7, and so on. Generally, it is 3 or more in the enterprise setups.

API Controller

This is the central component in Kubernetes architecture as all other parts/components interact with the API controller. This is the only component that interacts with the ETCD database to store and retrieve cluster information. To manage or operate on the cluster, the User (the external entity to the cluster) can send execution commands using Command Line Interface (CLI) known as ‘Kubectl’. The API Controller exposes itself over the network, allowing utilities like kubectl to send commands (JSON messages over HTTPS) to control the Kubernetes cluster.

ETCD Database

This component holds the state of the cluster, and the only component allowed to manage the state of the cluster is the API Controller. Cluster state information is stored in the ETCD database in the form of key and value pairs. Like other control plane components, the ETCD database is designed to be a highly available and scalable software component. It exposes itself over the network and on port 2379.

Scheduler

The main responsibility of the scheduler is to schedule pods on appropriate nodes. In Kubernetes, pods are the smallest deployable units. A pod may contain one or more containers. The scheduler watches for all newly created pods and assigns nodes to them so that Kubelet can launch those on the assigned nodes. While assigning nodes to the pod, the scheduler takes into account various computing needs required by the pod such as CPU, memory, disk type, GPU, affinity/anti-affinity preferences, and so on.

Controller (KCM - Kube Controller Manager)

Controller, also known as Kube Controller Manager (KCM), is a group of controller processes packaged together to reduce deployment complexity. Following are some of the controller processes:


	
Node controller: Monitors and responds whenever the node goes down.

	
Job controller: Watches for tasks represented as Jobs and launches them.

	
Endpoint Slice controller: Links pods to their service object.

	
ServiceAccount controller: Creates a service account that pods can use to communicate with the API Controller. For example, the CI/CD pipeline uses a service account to deploy the built application in the cluster.



Cloud Controller (CCM - Cloud Controller Manager)

CCM consists of controllers that interact with the cloud provider to provide features such as a cloud load balancer, manage the cloud provided with nodes, and set up routes in the cloud infrastructure.

Worker Plane

This plane consists of nodes where applications are typically deployed. Kubelet, Kube-proxy, and container runtime are also installed on all the worker plane nodes.

Kubelet

Kubelet, which runs on every node, interfaces with the container runtime that implements the Container Runtime Interface (CRI) to create and launch applications. There are many CRI implementations available, such as containerd, rocket, CRI-O, Docker, Mirantis, and so on. Kubelet also interfaces with a networking plugin that implements Container Network Interface (CNI). Many plugins, such as Weave, Calico, and Flannel, are available in the market. Kubelet continuously works with the API Controller to take appropriate action on the node, such as, launching applications, destroying applications, sending health status information, and so on.

Kube-proxy

Kube-proxy, too, runs on every node and routes the requests to one of the application instances. Kube-proxy either makes use of iptables or IP Virtual Server (IPVS) for highly performant request routing.

Dynamic View

Figure 1.2 captures the interaction among components when the user requests the creation of a pod:
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Figure 1.2: POD Creation Sequence Diagram

As you can see in the diagram, when a user requests a pod creation, the API Controller (also known as API-server) responds after saving the request in the ETCD database. Controllers continually check for new changes in the cluster with the API server, whille the scheduler keeps track of all the pods that are yet to be assigned a node and assigns nodes as soon as the necessary conditions are met. Once a pod is assigned a node, the scheduler notifies the API server, which in turn saves this new information in the ETCD database. Meanwhile, the Kubelet obtains information about newly assigned pods and launches them using the container runtime on the assigned nodes. Kubelet also updates this to the API server, which then saves the latest state in the ETCD database.

Tip: You can use a control plane node to deploy your application in the test setup; hence, in Figure 1.1, the number of nodes is shown as 0..*, meaning 0 or more.

Conclusion

Kubernetes is designed for high availability and scalability. It includes many features that greatly reduce the operational burden on system admins and operations teams. It provides smooth integration with many cloud service providers, such as storage, network, and more. Moreover, it is a pluggable architecture that allows many alternate implementations to be part of it, as long as these implementations/plugins/adapters meet the interface specification. The Kubernetes framework is also extensible, allowing you to extend Kubernetes for your custom requirements.

In the next chapter, you will learn different ways to set up a Kubernetes cluster, including single-node as well as multi-node. We will also focus more on the Kubeadm way of running a multi-node cluster because the CKA certification expects you to troubleshoot Kubeadm cluster components and/or applications deployed on it.

Points to Remember


	Kubernetes is a container orchestration software.

	Kubernetes has a pluggable and extensible architecture.

	Automated deployments, rollbacks, and autoscaling of apps are some of the key features of Kubernetes.



Multiple Choice Questions


	Kubernetes project is maintained by

	Google

	Linux Foundation CNCF - Cloud Native Computing Foundation

	Redhat

	All of the above





	What is CNI?

	Custom Networking Interface

	Container Network Interface

	Client Network Interface

	Cloud Network Interface





	Which utility is used to interface with the Kubernetes cluster?

	Docker CLI

	Kubelet

	Kubectl

	Kube-proxy







Answers


	b

	b

	c




Questions



	Which is the smallest deployable unit of execution in Kubernetes?

	Which controller creates a load balancer in the cloud infrastructure?



Keywords


	Control Plane

	API Controller

	Scheduler

	Cloud Controller Manager

	Kube Controller Manager

	ETCD Database

	Kubelet

	Kube-proxy

	CNI

	CRI



Further Reading


	
CRI (Container Runtime Interface): To know more about CRI, please browse this Kubernetes documentation page: (https://github.com/kubernetes/community/blob/master/contributors/devel/sig-node/container-runtime-interface.md)

	
CNI (Container Network Interface): To know more about CNI and various CNI plugins available, please browse this GitHub page: https://github.com/containernetworking/cni
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