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Abstract: The integration of OpenShift on OpenStack has emerged as a compelling solution for
optimizing modern application deployment. OpenShift, a robust container orchestration platform,
combines seamlessly with OpenStack's infrastructure management capabilities to create a dynamic
environment that offers unparalleled scalability, flexibility, and efficiency. In this abstract, we
explore the symbiotic relationship between OpenShift and OpenStack, highlighting how their
combined strengths enable organizations to address diverse use cases. OpenShift's containerization
and automation capabilities align seamlessly with OpenStack's resource management and
networking features, resulting in a cohesive platform for deploying, scaling, and managing
applications. Through a comprehensive architecture design, we examine the intricacies of
deploying OpenShift on OpenStack. We delve into considerations like high availability,
networking, security, and storage integration, while also addressing the nuances of CI/CD
pipelines and disaster recovery strategies. The abstract further explores real-world use cases,
ranging from microservices deployment to hybrid cloud scenarios, showcasing the versatility of
this integration.

By understanding the convergence of OpenShift and OpenStack, organizations can unlock the
potential to innovate faster, optimize resource utilization, and meet the demands of modern
application deployment. This abstract provides a glimpse into the powerful synergy that these
technologies bring, ultimately paving the way for enhanced application lifecycle management in

today's ever-evolving technological landscape.
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1. Introduction

In the dynamic realm of modern application deployment, the integration of OpenShift on
OpenStack has emerged as a potent strategy to unlock unparalleled flexibility, scalability, and
efficiency. OpenShift, a robust container orchestration platform, and OpenStack, a versatile
infrastructure management framework, converge to provide a holistic solution that empowers
organizations to streamline their application lifecycle management. OpenShift's prowess in
containerization, orchestration, and automation seamlessly complements OpenStack's capabilities
in resource management, networking, and security. Together, they form a symbiotic relationship
that caters to a multitude of deployment scenarios and business requirements. Throughout this
exploration, we will delve into the intricate details of designing architectures, understanding use
cases, and crafting strategies for deploying applications on OpenShift within an OpenStack
environment. By examining the synergies between these two formidable technologies, we'll
uncover how organizations can harness their combined potential to navigate the complex

landscape of modern application deployment with confidence and finesse.

1.1 OpenShift on OpenStack design patterns

Designing OpenShift deployments on OpenStack involves several considerations. Here are some
common design patterns: Single-Node Cluster: Suitable for development or testing, where
OpenShift runs on a single VM. This simplifies deployment but lacks high availability. Multi-
Master Cluster: Offers high availability by having multiple master nodes. This ensures the cluster
remains operational even if one master goes down. Node Scaling: Design your setup to easily scale
the number of worker nodes based on demand. OpenStack's auto-scaling groups can help with this.
Persistent Storage: Utilize OpenStack Cinder or Manila for persistent storage in OpenShift pods.

This ensures data durability and allows stateful applications to run successfully.

Network Configuration: Set up OpenStack networking to provide connectivity between OpenShift
nodes. Utilize Neutron networking features like routers, security groups, and load balancers. Load
Balancing: Use OpenStack Load Balancer service or Octavia to distribute traffic across OpenShift

worker nodes for enhanced performance and failover.
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Security Groups and Policies: Implement proper security groups and policies in OpenStack to
control network traffic between OpenShift components and nodes. External Access: Configure
OpenStack Neutron routers and floating IPs to allow external access to applications deployed on

OpenShift.

High Availability Patterns: Implement patterns like Active-Passive or Active-Active setups for
different components (masters, etcd, worker nodes) to ensure system availability and fault

tolerance.

Automated Deployment: Leverage OpenStack Heat templates or Ansible playbooks for

automating the deployment and management of OpenShift clusters.

Monitoring and Logging: Integrate OpenShift monitoring tools like Prometheus and Grafana with

OpenStack's logging and monitoring services for comprehensive cluster management.

Backup and Disaster Recovery: Plan for backups of both OpenShift and OpenStack components
to facilitate recovery in case of data loss or system failures. Remember that each application's
requirements and the existing OpenStack infrastructure can influence the design choices you make.
It's essential to carefully analyze your use case and workload to create an architecture that meets

your specific needs.

1.2 Components of the Architecture:

1.2.1 OpenStack Infrastructure:
Compute Nodes: VM instances that host OpenShift nodes.

Networking: Neutron for creating networks, routers, security groups.
Block Storage: Cinder for persistent storage volumes.
Load Balancing: Octavia for load balancing across OpenShift nodes.

1.2.2 OpenShift Nodes:

Master Nodes: Control plane components like API server, controller manager, scheduler, etcd.

Worker Nodes: Run application pods and containers.
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1.2.3 Design Patterns and Considerations:
Multi-Master Configuration:

e Deploy at least three master nodes for high availability.

e Use etcd clustering for distributed data storage.
Worker Node Scaling:

e Leverage OpenStack's auto-scaling groups to dynamically adjust worker node count based

on demand.

Networking:
e Create a dedicated OpenStack network for OpenShift communication.

e Utilize Neutron routers for routing traffic between OpenShift nodes and external networks.
Load Balancing:

e Use Octavia for load balancing incoming traffic across worker nodes.
Persistent Storage:

e Integrate OpenStack Cinder volumes for stateful application storage.

e Configure PersistentVolume and PersistentVolumeClaim resources in OpenShift.
Security Groups and Policies:

e Define OpenStack security groups and Neutron firewall rules to control communication

between OpenShift nodes.
External Access:

e Assign floating IPs to OpenShift services to allow external access.
e Set up OpenStack Neutron routers to route external traffic to the appropriate OpenShift

services.

High Availability Patterns:
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e Deploy multiple worker nodes for application redundancy.

e Utilize Active-Passive or Active-Active configurations for key components.
Automated Deployment:

e Use OpenStack Heat templates or Ansible playbooks to automate OpenShift cluster

provisioning and configuration.
Monitoring and Logging:

e Integrate OpenShift monitoring tools (Prometheus, Grafana) with OpenStack monitoring
services.

e Capture OpenShift and OpenStack logs for troubleshooting and analysis.
Backup and Disaster Recovery:

e Regularly back up OpenShift etcd data and configuration.

e Backup OpenStack components and configuration using OpenStack-native tools.
Networking Flow:

e Traffic from external clients reaches OpenStack Load Balancer.

e [oad Balancer routes traffic to OpenShift services running on worker nodes.

e Worker nodes communicate with OpenShift master nodes for orchestration and
management.

e Communication between OpenShift master nodes is facilitated by etcd.

e OpenShift worker nodes communicate with OpenStack Cinder for persistent storage.

Remember that actual deployment details may vary based on your specific requirements, version
of OpenShift, OpenStack setup, and any additional tools or integrations you choose to include.
Always consult the official documentation for both OpenShift and OpenStack for the latest

guidelines and best practices.

1.3 Design considerations

Resource Sizing and Scaling:
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e Determine the appropriate sizing for OpenShift master and worker nodes based on
workload requirements.

e Plan for horizontal scaling by utilizing OpenStack's auto-scaling capabilities.
High Availability and Redundancy:

e Design for high availability by deploying multiple master nodes and worker nodes.

e Implement redundancy for critical components to ensure system resilience.
Networking and Security:

e Configure OpenStack networks and security groups to control communication between
OpenShift nodes.

e Consider using Virtual Private Networks (VPNs) or private networking for added security.
Storage Integration:

e Choose between ephemeral or persistent storage based on application needs.
e Integrate OpenStack Cinder volumes for stateful applications.

e Implement proper storage isolation and manage storage quotas.
Load Balancing and Traffic Distribution:

e Utilize OpenStack Octavia or other load balancer services to evenly distribute incoming
traffic to worker nodes.

e Design load balancing for scalability and failover.
Network Latency and Performance:

e Minimize network latency by placing OpenShift nodes and OpenStack resources within
the same availability zone or region.
e Leverage OpenStack's placement groups to ensure nodes are placed close to each other for

improved communication.

External Access and Ingress:
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¢ Plan for external access to OpenShift services by assigning floating IPs or setting up proper
DNS records.

e Implement Ingress controllers to manage external traffic routing.
Backup and Disaster Recovery:

e Design backup and restore processes for both OpenShift and OpenStack components.

e Regularly test and validate the restoration process to ensure data recoverability.
Monitoring and Logging:

e Integrate OpenShift monitoring tools with OpenStack's monitoring services.

e Define monitoring metrics, alerts, and thresholds to proactively identify and address issues.
Upgrade and Maintenance Strategy:

e Plan for regular updates and upgrades of both OpenShift and OpenStack components.

e Have a strategy in place to minimize downtime and service disruptions during upgrades.
Automation and Orchestration:

e Leverage automation tools like Ansible, Terraform, or OpenStack Heat templates for
consistent and repeatable deployment.

e Define automated workflows for provisioning, scaling, and management tasks.
Compliance and Security Policies:

e Ensure compliance with organizational security policies and industry regulations.

e Implement security best practices, including regular patching and access controls.
Integration with CI/CD Pipelines:

e Integrate OpenShift and OpenStack with continuous integration and continuous
deployment (CI/CD) pipelines.

e Automate application deployment, testing, and updates.
Application and Workload Placement:
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e Consider affinity and anti-affinity rules to optimize the placement of application pods on
OpenShift nodes.

e Balance workloads across nodes to avoid resource bottlenecks.

Remember that successful deployment of OpenShift on OpenStack requires a deep understanding
of both platforms, as well as the specific needs of your applications. Regular testing, monitoring,

and adjustment of the architecture will help ensure optimal performance and reliability.
Application on boarding plan

Creating a successful application onboarding plan involves several key steps to ensure a smooth

transition onto an OpenShift cluster deployed on OpenStack. Here's a comprehensive plan:
1. Assess Application Requirements:

Gather requirements for the application, including resource needs, dependencies, and performance

expectations.

Determine whether the application is stateful or stateless, and whether it requires persistent storage.
2. Containerization:

Containerize the application using Docker or other compatible containerization tools.

Create a Docker file that defines the application's runtime environment and dependencies.

3. Define Deployment Strategy:

Choose between Deployment Config, Stateful Set, or other suitable resources to deploy the
application on OpenShift.

Decide on the desired number of replicas for the application.
4. Application Configuration:
Define environment variables, configuration files, and other settings required for the application.

Leverage OpenShift Config Maps or Secrets for managing configuration data.
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5. Persistent Storage Configuration (if applicable):

Determine whether the application requires persistent storage for data.

Set up Persistent Volume and Persistent Volume Claim resources in OpenShift.
Integrate OpenStack Cinder volumes for persistent storage.

6. Network and Ingress:

Define how the application should be accessed from outside the OpenShift cluster.

Set up Ingress resources to route external traffic to the application.

7. Testing:

Test the application within a development environment on OpenShift to ensure it functions

correctly.

Verify application scaling, load balancing, and failover mechanisms.
8. Performance Optimization:

Monitor the application's performance and resource utilization.

Tune resource requests and limits to optimize application performance.
9. Backup and Recovery Testing:

Test backup and recovery procedures for the application data, as well as the application

configuration on OpenShift.
10. Monitoring and Alerting:

Configure monitoring tools (e.g., Prometheus) to track application health, resource usage, and

other metrics.

127 |Page



o
8 j 155N Omline : 3T0O%-E0&8
T58N Print : 2TO0-50TH
WOST

INTERNATIONAL JOURNAL OF COMPUTER SCIENCE AND TECHNOLOGY (1JCST) Vol.6 No.1 (2022)

Set up alerts to notify administrators of any issues.

11. Documentation:

Create comprehensive documentation for deploying and maintaining the application on OpenShift.
Include step-by-step instructions, configuration details, and troubleshooting guidelines.

12. Production Deployment:

Deploy the containerized application to the production OpenShift environment.

Monitor the application closely during the initial deployment phase.

13. Load Testing and Scalability Assessment:

Conduct load testing to assess the application's scalability and performance under various

conditions.

14. Rollout and Continuous Improvement:

Monitor the application's behavior in the production environment.
Continuously gather user feedback and make necessary improvements.
15. Training and Support:

Provide training to the operations team on managing and troubleshooting the application on

OpenShift.
Offer support for any issues that arise during the application's lifecycle.

By following this comprehensive onboarding plan, you can ensure a successful and controlled
deployment of your application on an OpenShift cluster running on the OpenStack infrastructure.
Deploying applications through a CI/CD (Continuous Integration/Continuous Deployment)
pipeline involves automating the steps from code development to production deployment. Here's
a high-level overview of how to deploy applications on an OpenShift cluster running on OpenStack

using a CI/CD pipeline:
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1. Code Development:
Developers write and commit code to a version control repository (e.g., Git).
2. Continuous Integration:

A CI server (e.g., Jenkins, GitLab CI) automatically builds, tests, and packages the application

code whenever changes are pushed to the repository.
Unit tests, integration tests, and other quality checks are performed during this phase.
3. Containerization:

The CI/CD pipeline uses Docker to containerize the application by building Docker images from

the application code.
4. Image Registry:

The Docker images are pushed to a container image registry (e.g., Docker Hub, OpenShift

Integrated Registry) for storage and distribution.
5. Continuous Deployment:

The CI/CD pipeline triggers the deployment process whenever changes are merged into a specific

branch (e.g., master branch).
6. Deployment Pipeline Stages:

The deployment process can include several stages, such as development, testing, and production,

each with its own OpenShift environment.
7. OpenShift Integration:

Within each deployment stage, the CI/CD pipeline interacts with the OpenShift API to deploy and

manage applications.

8. Manifest Files:
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Define Kubernetes manifests (YAML files) that describe how the application should be deployed
in OpenShift.

Manifests include information about pods, services, routes, and any other required resources.

9. Environment Configuration:

Use OpenShift Config Maps or Secrets to inject configuration data into the application pods.
Manage environment-specific configurations for different deployment stages.

10. Deployment Strategy:

Define deployment strategies (e.g., rolling deployment) in the manifest files to control how new

versions of the application are rolled out.

11. Ingress Configuration:

Set up Ingress resources to manage external access to the application within OpenShift.
12. Automation Scripts:

Use scripting tools like Bash, Python, or Ansible to automate tasks such as applying manifests,

triggering deployments, and updating configurations.
13. Monitoring and Validation:

Integrate monitoring and validation steps in the CI/CD pipeline to ensure the application is

functioning as expected post-deployment.
14. Version Tagging:

Use version tags on Docker images to keep track of different releases deployed to different

environments.
15. Rollback Plan:

Define a rollback strategy in case issues arise after deployment. This might involve reverting to a

previous known-good version.
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16. Continuous Improvement:

Gather metrics, user feedback, and performance data to continuously improve the application and

the deployment process.

By implementing a well-structured CI/CD pipeline, you can achieve rapid and reliable application
deployments on your OpenShift cluster while maintaining consistency, automation, and
traceability throughout the entire software delivery lifecycle. Certainly, here are some detailed use
cases that highlight specific scenarios where deploying OpenShift on OpenStack can be

advantageous:
1. Microservices Application Deployment:

Use Case: A company wants to modernize its monolithic application architecture by adopting

microservices.

Solution: OpenShift on OpenStack provides a platform to deploy and manage microservices-based
applications. The flexibility of OpenShift allows each microservice to run in its own container,

enabling easier development, scaling, and maintenance.
2. Scalable E-commerce Platform:

Use Case: An e-commerce business experiences fluctuating traffic levels based on seasons and

promotions, requiring a scalable platform.

Solution: OpenShift on OpenStack enables automatic scaling of application instances based on
demand. OpenStack's auto-scaling features complement OpenShift's ability to dynamically adjust

the number of replicas, ensuring optimal performance during peak periods.
3. Hybrid Cloud Deployment:

Use Case: A company wants to take advantage of both public and private clouds for different parts

of their application infrastructure.
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Solution: OpenShift on OpenStack allows applications to be deployed in a private cloud
environment while easily integrating with public cloud services. This hybrid setup provides the

flexibility to choose the best-fit environment for various components.
4. DevOps Automation:

Use Case: A development team seeks to streamline application deployment and testing processes

through automation.

Solution: OpenShift on OpenStack, along with CI/CD tools, enables seamless integration of
development, testing, and deployment workflows. DevOps teams can automate the building,

testing, and deployment of applications, ensuring faster time to market.
5. Big Data and Analytics:
Use Case: An organization needs to process and analyze large datasets for business insights.

Solution: OpenShift on OpenStack can host big data applications such as Apache Spark or Hadoop
clusters. OpenStack's resource allocation and OpenShift's container orchestration ensure efficient

utilization and management of resources.
6. Stateful Applications with High Availability:

Use Case: Running stateful applications like databases or content management systems that require

data persistence and high availability.

Solution: OpenShift on OpenStack can utilize OpenStack Cinder volumes to provide persistent
storage for stateful applications. Multi-master configurations and node redundancy in OpenShift

ensure high availability and fault tolerance.
7. Disaster Recovery Planning:
Use Case: An organization requires a disaster recovery setup for their critical applications.

Solution: OpenShift on OpenStack allows organizations to set up a disaster recovery site in a
different OpenStack region or availability zone. Data replication and backup strategies can be

implemented to ensure minimal data loss and downtime.
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8. Edge Computing:

Use Case: Deploying applications at the network edge to reduce latency and improve performance

for edge devices.

Solution: OpenShift on OpenStack enables the deployment of containerized applications at edge
locations. This is especially useful for scenarios like IoT, where data processing and analysis are

performed closer to the data source.
9. Compliance and Security Requirements:

Use Case: Industries with strict compliance and security regulations need a platform that offers

granular control over resources and access.

Solution: OpenShift on OpenStack allows organizations to implement specific security measures,
access controls, and network isolation to meet compliance requirements while benefiting from

containerized application deployment.

Each of these use cases demonstrates how the combination of OpenShift's container orchestration
capabilities and OpenStack's infrastructure management features can address diverse business
needs and scenarios. The flexibility and scalability of this combination make it a powerful choice

for a wide range of application deployment scenarios.

In conclusion, the integration of OpenShift on OpenStack presents a powerful solution for
modernizing, optimizing, and streamlining application deployment and management. By
combining OpenShift's container orchestration capabilities with OpenStack's infrastructure
management features, organizations can achieve a dynamic and scalable platform that caters to

various use cases and scenarios.
OpenShift on OpenStack offers benefits such as:

Containerization: Utilizing containers allows for consistent application packaging, portability,

and efficient resource utilization.
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Scalability: OpenStack's auto-scaling and OpenShift's dynamic scaling ensure applications can

handle varying workloads seamlessly.

High Availability: Multi-master setups, node redundancy, and persistent storage solutions

contribute to a highly available environment.

Hybrid Cloud Flexibility: The ability to deploy applications across both private and public cloud

environments offers flexibility and resource optimization.

Automation: CI/CD pipelines can automate application deployment, testing, and updates,

reducing manual intervention and accelerating time to market.

Resource Management: OpenStack's infrastructure management and OpenShift's resource

allocation enable efficient use of computing resources.

Security and Compliance: Granular security controls and compliance measures can be

implemented to protect sensitive data and adhere to regulations.

By carefully designing the architecture, considering various use cases, and implementing best
practices, organizations can harness the benefits of OpenShift on OpenStack to drive innovation,
enhance efficiency, and meet the demands of modern application deployment in an ever-evolving
technological landscape. As you embark on your journey to deploy OpenShift on OpenStack, keep
in mind the unique requirements of your organization and applications to ensure a successful and

optimized deployment process.
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