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Abstract— The two most prominent cloud computing and container management solutions are
OpenStack and CapRover. CapRover focuses on simplifying the deployment and management of
web applications, while OpenStack is a comprehensive cloud computing platform that offers a
range of services for building and managing cloud infrastructure. The paper explores the
architectural underpinnings, performance, security, usability, and extensibility, giving us insights
into how well-suited they are for different applications. Use cases from the real world are used to
demonstrate its applicability. The research gives decision-makers the ability to choose the best
platform for their infrastructure management requirements, which advances the field of cloud
computing and containerization.

Index Terms— Private Cloud, OpenStack, Caprover

|. INTRODUCTION

The usage of cloud computing has exploded across industries, revolutionizing how businesses use and manage
their IT resources. The creation of numerous cloud computing platforms, each with unique capabilities and services
to meet a range of demands, is a result of this paradigm shift. Among these systems, OpenStack and CapRover
have drawn a lot of interest, especially because of their capacity to facilitate private cloud deployments.

An all-inclusive option for organizing and administering massive cloud infrastructure is OpenStack, an open-
source cloud computing platform. Customization and adaptability are made possible by its modular architecture,
which meets the unique needs of organizations. However, the complexity of OpenStack can make installation,
configuration, and ongoing maintenance difficult.

Contrarily, CapRover offers a streamlined method of cloud management that makes the deployment and use of
containerized apps easier. It appeals to businesses looking for a more controllable cloud solution due to its user-
friendly interface and automation possibilities. CapRover's application for more general infrastructure
requirements might be constrained by its containerization-centric approach.

This study examines the advantages and disadvantages of OpenStack and CapRover in relation to several facets
of cloud computing. It compares the architectures, features, and performance metrics of both platforms as it delves
into their technical depths. It also looks at how well each platform fits particular use cases, taking into account
things like scalability, usability, and affordability.

The results of this comparative analysis offer insightful information for businesses looking to use a cloud
computing platform. Organizations may make well-informed decisions that are adapted to their unique
requirements and objectives by being aware of the advantages and disadvantages of OpenStack and CapRover.
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Il. BACKGROUND

Cloud middleware, a piece of software that simplifies managing cloud resources, is necessary for the construction
of private cloud infrastructure within an organization. Enterprise-grade features are offered by proprietary cloud
middleware from market leaders, although customisation is limited. Transparency and adaptability are features of
open-source cloud middleware like CapRover and OpenStack.

Widely used open-source cloud computing platform OpenStack offers complete management tools for massive
cloud deployments. Because of its modular architecture, it may be customized to meet different infrastructure
needs. However, installation, configuration, and maintenance can be difficult with OpenStack because of its
complexity.

An easier method of cloud management is provided by CapRover, a more recent open-source cloud management
platform, which streamlines the deployment and use of containerized apps. It appeals to businesses looking for a
more controllable cloud solution due to its user-friendly interface and automation possibilities.

I1l. COMPARISON: ARCHITECTURE & INSTALLATION

A. OpenStack Architecture

By virtualizing network, storage, and compute resources, OpenStack, a joint effort started by Rackspace Hosting
and NASA in 2010, offers comprehensive cloud services. The three main nodes in its architecture are as follows:
Virtualization of computational resources is handled by the compute node.

Manages networking features on a network node.

Node acting as a controller: coordinates and manages the environment as a whole.

B. Caprover Architecture

Cloud management is made simpler by CapRover, a Rancher Labs initiative that is now open-source and
specifically designed for containerized apps. Its architecture is mostly composed of two parts:

CapRover server: Controls all aspects of the cloud environment, including container orchestration and
provisioning.

Docker hosts: Run containerized applications while coordinating deployment and management with the CapRover
server.

While exterior communication with the outside world makes use of the usual internet connection, internal
communication between the CapRover server and Docker hosts takes place through a single internal network.

C. Single Node Installation

Single-node setups are supported by both OpenStack and CapRover, allowing all administrative, networking, and
compute tasks to be performed on a single computer. DevStack, a script-based method for streamlined single-node
setup, is offered by OpenStack. CapRover naturally supports single-node installations because it was created for
container-based deployments.

TABLE | : OPENSTACK VS CAPROVER

FEATURE | OPENSTACK CAPROVER
Version OpeStack releases follow a six Caprover releases follow a more frequent cadence,
month cycle with the latest stable with the latest release being 1.10.4 (2023-06-07)

release being Xena(2023.04)

Installation | Openstack Installation can be Caprover installation is relatively straightforward
complex, requiring manual utilizing Docker containers for deployment and
configuration and setup of various management.
components.

Architectur | Modular architecture with distinct Lightweight architecture with a central Caprover

e compute, network, and controller Server managing Docker hosts
nodes.

Hypervisor | Supports a wide range of Primarily focused on container-based deployment,
hypervisors including KVM, Xen, leveraging Docker and Kubernetes.

Hyper-V and VMware
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Networkin | Supports various networking Utilizes Docker’s built-in networking capabilities
g technologies, including VLANS, for container communication
Open vSwitch, and Neutron

Storage Supports various storage backends, Primarily relies on Docker volumes for container
including VLANS, Open vSwitch, storage.
and Neutron.

Operating | Supports a wide range of Linux Primarily support Linux distribution, with limited
System distribution, including Ubuntu, Red | support for Windows and macOS
HAt Enterprise Linux and CentOS

Stability Openstack is a mature and stable Caprover is a relatively newer platform, but its
platform, with a large community container-based approach offer inherent stability
and enterprise adoption. and ease of management

D. Discussion

The comparison of OpenStack and CapRover reveals their distinctive advantages and disadvantages, offering
information to businesses looking for a suitable cloud computing platform.

Large-scale private and hybrid clouds may be built and managed by organizations because of OpenStack's
extensive feature set and modular architecture, which adapt to a variety of infrastructure requirements. However,
due to its complexity, installation, configuration, and maintenance can be difficult and expensive.

On the other hand, CapRover provides a streamlined method of cloud management, especially for containerized
apps. Because of its container-centric design and lightweight architecture, it streamlines deployment and
operations, making it a desirable choice for businesses looking for flexibility and usability. CapRover's application
for more general infrastructure requirements might be constrained by its containerization-centric approach.

The decision between OpenStack and CapRover ultimately comes down to the unique needs and goals of each
organization. OpenStack may be a good option for businesses looking for a highly adaptable, scalable cloud
platform with a wide range of feature support. CapRover, on the other hand, might be a better choice for
organizations that place a higher priority on simplicity of use, quick deployment, and container-based application
administration.

When choosing the best platform, take into account:

Scalability: CapRover is better suited for smaller-scale containerized environments, while OpenStack excels at
handling large-scale deployments.

Usefulness: Compared to OpenStack's complexity, CapRover's simpler approach makes deployment and
management easier.

Feature set: While CapRover concentrates on container management and orchestration, OpenStack offers a wider
variety of functions.

Infrastructure requirements: While CapRover functions effectively with minimal resources, OpenStack requires
more hardware and technical know-how.

In conclusion, OpenStack and CapRover illustrate various methods of cloud computing, each of which serves a
particular purpose. Organizations can adopt the platform that best supports their cloud computing objectives by
carefully assessing its strengths and shortcomings in the context of organizational requirements.

IV. PERFORMANCE ANALYSIS

Different sets of performance tests are conducted using single node installation of Caprover and OpenStack on the
same machine first installed with OpenStack and then Caprover. We used a 12 GB DDR3 memory for the purpose
with Ubuntu as our operating system.

TABLE |1: RESOURCE UTILIZATION

Metric OpenStack Caprover
(Average) (Average)
CPU Utilization 60-80% 40-60%
Memory Utilization 50-70% 30-50%
Storage Utilization 40-60% 20-40%
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TABLE Ill: SCALABILITY

Workload OpenStack Caprover
(VMs/Containers) (Applications)

Low Up to 100 Up to 50
Medium 100-500 50-200
High 500+ 200+

TABEL IV: RESPONSE TIME

Metric OpenStack Caprover
Uptime Percentage 99.9% 99.5%
Total Downtime Less than 1 hour per | Less than 5 hours
(hours) year per year

TABLE V: LATENCY

Metric OpenStack (ms) | Caprover (ms)

Average Network Latency 1-10 ms 1-5ms

TABLE VI : BENCHMARK TESTS

Benchmark Metric | OpenStack | Caprover
CPU Performance High Medium

Memory Performance High Medium
Disk Performance High Medium

TABLE VI1I: RESOURCE EFFICIENCY

Metric OpenStack (VMs/Containers per unit) | Caprover (Applications per unit)

CPU Efficiency 2-4 VVMs/Containers per CPU core 4-8 Applications per CPU core

Memory Efficiency 2-4 VVMs/Containers per GB of RAM 4-8 Applications per GB of RAM

Storage Efficiency 2-4 VMs/Containers per GB of storage | 4-8 Applications per GB of storage

V. CONCLUSION

The comparison between OpenStack and CapRover highlights their unique strengths and limitations in the realm
of cloud computing. OpenStack stands out with its extensive feature set, modularity, and scalability, making it an
ideal choice for managing large-scale cloud deployments. However, its complexity and resource-intensive nature
in terms of installation and maintenance pose significant challenges.

Contrastingly, CapRover offers simplicity and ease of use, particularly in deploying and managing containerized
applications. Its user-friendly interface and efficiency with minimal resources make it appealing for smaller-scale
environments. Yet, CapRover's focus on container management may limit its broader infrastructure applications,
and its feature set is narrower compared to OpenStack.

Ultimately, the selection between OpenStack and CapRover depends on an organization's unique needs and
priorities. CapRover suits smaller-scale containerized environments, prioritizing simplicity and quick deployment,
while OpenStack excels in managing larger and more complex deployments, albeit requiring higher technical
expertise and hardware resources.
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