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Abstract: In the current landscape of corporate IT infrastructure, virtualization technologies
have become crucial for optimizing resource usage, reducing operational costs, and achieving
flexibility in deployment. While traditional hypervisor-based virtualization provides solid
isolation and resource management, containerization offers a lightweight, faster alternative for
application deployment. This paper presents a comprehensive case study that explores the
integration of hypervisor and container-based virtualization technologies within a corporate IT
environment. The research examines how this hybrid architecture can optimize resource
utilization, enhance security, and improve scalability. By analyzing real-world performance
metrics, cost savings, and architectural benefits, this paper aims to provide practical insights
into the adoption of hybrid virtualization strategies.
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1. Introduction

Virtualization has emerged as a core technology in corporate IT infrastructure, allowing
organizations to abstract physical resources into multiple virtualized environments. Traditional
virtualization relies on hypervisors to run multiple virtual machines (VMs), each with its own
operating system, providing strong isolation and robust resource allocation. Containers, on the
other hand, provide a more lightweight approach, virtualizing at the OS level and enabling
rapid deployment of applications with minimal overhead.

With increasing demand for flexibility, scalability, and cost-effective solutions, many
organizations are moving towards a hybrid approach—integrating hypervisors and containers
within the same IT infrastructure. This hybrid architecture seeks to leverage the benefits of both
technologies while addressing their respective limitations. This paper presents a case study on
the implementation of such a hybrid architecture in a mid-sized corporate IT environment and
analyzes the resulting performance, security, and operational improvements.

2. The evolution of virtualization technologies

Virtualization technology has evolved significantly over the last two decades. Hypervisor-
based virtualization, pioneered by technologies such as VMware ESXi, Microsoft Hyper-V,
and KVM, has long been the standard in enterprise environments. Hypervisors provide an
abstraction layer between hardware and virtual machines, allowing organizations to run
multiple isolated operating systems on a single physical server. This isolation provides strong
security boundaries but introduces overhead due to the need for complete OS instances for each
VM.

Containerization, introduced by technologies like Docker and Kubernetes, virtualizes at the
operating system level, allowing applications to share the same kernel while running in isolated
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environments. Containers are lightweight, portable, and ideal for cloud-native applications and
microservices architectures. The tradeoff, however, is that containers do not provide the same
level of isolation as VMs, which may pose security risks in certain environments.

3. Hybrid virtualization: combining hypervisors and containers

The hybrid approach involves combining both hypervisor-based VMs and containerization
within the same IT infrastructure. This architecture allows organizations to use VMs for
applications requiring strict isolation, while containers are employed for applications that
prioritize scalability and lightweight deployment. Several studies have shown that this approach
can improve operational efficiency and cost-effectiveness in cloud and on-premises
environments (Morabito et al., 2021).

In a hybrid architecture, VMs can host containerized applications, enabling the reuse of
existing virtualized infrastructure while reaping the benefits of container orchestration for
application scalability. This blend creates a more versatile infrastructure capable of handling
diverse workloads.

4. Case study environment

The case study was conducted in the IT department of a mid-sized corporation specializing in
financial services. The company had traditionally relied on hypervisor-based VMs for its
critical applications, including databases, ERP systems, and legacy software. However, with the
increasing demand for new microservices-based applications and cloud-native workloads, the
IT team sought to introduce containerization as a complementary virtualization strategy.

To implement hybrid virtualization, the organization introduced containers managed by
Kubernetes into its existing VMware-based infrastructure. VMs continued to run mission-
critical legacy applications, while containers were used to deploy new, cloud-native
applications. The primary goal of the integration was to optimize resource utilization, improve
scalability, and enhance the overall efficiency of the IT infrastructure.

5 Tools and technologies used

The following technologies were employed to create the hybrid infrastructure:

 VMware ESXi: Used to manage the hypervisor layer and run virtual machines for
legacy and monolithic applications.

 Docker and Kubernetes: Docker was chosen for containerization, and Kubernetes was
deployed as the orchestration platform to manage containerized applications, ensuring
automated scaling, load balancing, and application resilience.

 Ansible: For infrastructure automation and configuration management, ensuring
seamless deployment and updates across both virtual machines and containers.

 Prometheus and Grafana: Used for real-time monitoring and performance tracking of
the hybrid environment.

The integration of these tools allowed the IT team to maintain a stable environment for legacy
systems while dynamically deploying and scaling containerized applications.

6. Resource optimization
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One of the key motivations behind hybrid virtualization is optimizing the use of physical
resources. Hypervisor-based VMs, while versatile, introduce significant overhead due to the
need for a full operating system per VM. By introducing containers, which only require an
application and its dependencies, the organization was able to significantly reduce resource
usage.

Through the implementation of containers within VMs, the company observed a 40% reduction
in resource consumption per application. This was primarily due to the lower overhead
associated with containerized applications. For example, whereas each VM typically required 2
GB of memory to run a complete OS and application stack, containers for similar workloads
only required 1 GB, as the operating system was shared among the containers.

Moreover, the integration of Kubernetes allowed for dynamic scaling, ensuring that
containerized applications consumed resources only when necessary. During peak workloads,
Kubernetes automatically scaled the number of container instances to match demand, while
during off-peak times, containers were decommissioned, reducing the load on the underlying
infrastructure.

7. Performance improvements

Performance tests were conducted to compare application deployment times and overall system
throughput before and after the hybrid virtualization implementation. The introduction of
containers significantly reduced the time required to deploy new applications, from an average
of 20 minutes for a VM to under 2 minutes for a container.

System throughput, particularly for cloud-native applications, also improved. The hybrid
architecture allowed the company to handle an additional 35% increase in traffic without
requiring additional physical servers. Containers were able to scale horizontally more
efficiently than VMs, enabling faster response times and improved load distribution.

8. Security and isolation

Security is a primary concern when integrating containers with virtual machines, as containers
are inherently less isolated than VMs. However, by running containers within VMs, the
organization was able to achieve an additional layer of isolation. This approach allowed
containerized applications to benefit from the enhanced security of VMs, particularly for
workloads requiring strong compliance measures, such as financial and transactional data.

Network segmentation and virtual firewalls were also implemented to ensure that containerized
applications running on the same host did not have unrestricted access to each other. By
employing this multi-layered security strategy, the company minimized the potential attack
surface while maintaining the agility and flexibility offered by containers.

9. Operational complexity and mitigation

While hybrid virtualization provided clear performance and resource benefits, it introduced
additional operational complexity. Managing both hypervisors and containers required IT
teams to be proficient in multiple technologies and tools. To mitigate this, automation tools
such as Ansible were used to streamline deployment and management tasks.

Additionally, the company invested in training IT staff to become proficient in Kubernetes and
container orchestration, which proved essential for managing the hybrid environment. The use
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of automation and orchestration tools reduced the overall management overhead, though the
complexity of monitoring and maintaining two layers of virtualization remained a challenge.

Conclusion

Hybrid virtualization, which integrates hypervisor-based and container-based technologies,
offers significant advantages for corporate IT infrastructures, particularly those managing a mix
of legacy and modern applications. As demonstrated in this case study, hybrid architectures can
optimize resource utilization, improve scalability, and offer enhanced security by leveraging
the strengths of both virtualization models. However, the increased complexity of managing
such an environment underscores the need for skilled IT personnel and robust automation tools.

Overall, the case study shows that hybrid virtualization is a viable solution for organizations
looking to modernize their infrastructure without abandoning legacy applications. Future work
may involve exploring fully automated systems for managing hybrid infrastructures and
investigating the impact of new container security technologies.
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