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Abstract: In recent years, with the continuous development of cloud computing technology, the
importance of cloud computing data center, as the infrastructure of cloud computing has become
increasingly prominent. Cloud computing data centers need to meet the requirements of high effi-
ciency, high availability, scalability, security and other aspects to ensure the stable operation of
cloud computing services and a good experience for users. This paper first introduces the basic con-
cept and development status of cloud computing data center, then analyzes the key elements and
objectives of cloud computing data center architecture design, and then proposes an efficient cloud
computing data center architecture design scheme, and the effectiveness and performance of the
scheme are verified through experiments. The experimental results show that this scheme can im-
prove the resource utilization rate of cloud computing data center, reduce energy consumption,
improve the reliability and scalability of the system, and has certain practical application value.
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1. Introduction

Cloud computing data center is a core component of cloud computing technology. It
pools and manages computing resources, storage resources and network resources
through virtualization technology, and provides users with on-demand cloud services.
With the wide application of cloud computing technology, cloud computing data centers
are facing more and more challenges, including processing massive data, improving ser-
vice quality and ensuring data security. Therefore, it is of great significance to design an
efficient cloud computing data center architecture [1]. This paper aims to discuss the de-
sign and implementation of efficient cloud computing data center architecture, and pro-
vide reference for the development of cloud computing data center.

2. Overview of the Cloud Computing Data Centers
2.1. Basic Concepts of Cloud Computing Data Center

Cloud computing data center refers to the data center built based on cloud compu-
ting technology. It integrates computing resources, storage resources and network re-
sources together, realizes the dynamic allocation and management of resources through
virtualization technology, and provides users with cloud services on demand. Cloud com-
puting data center has the advantages of high efficiency, high availability, scalability, se-
curity and other aspects, and can support large-scale data processing, storage and trans-
mission to meet various business needs [2].

Cloud computing data center is usually composed of four levels: hardware layer,
virtualization layer, management layer and service layer. The hardware layer includes
physical infrastructure, such as servers, storage devices and network equipment; the vir-
tualization layer abstracts hardware resources into virtual resources through virtualiza-
tion technology to realize the pooling management and monitoring of virtual resources to

Vol. 2 No. 2 (2025)

1 https://doi.org/10.71222/tm419054


https://doi.org/10.71222/tm419054

Journal of Computer, Signal, and System Research https://www.gbspress.com/index.php/JCSSR

ensure the effective utilization of resources and the normal operation of the service; the
service layer provides various cloud services, such as computing, storage and database
services, to meet users' business needs [3].

2.2. Development Status of Cloud Computing Data Centers

Cloud computing data centers have been widely used and developed worldwide.
With the continuous maturity and popularization of cloud computing technology, more
and more enterprises and organizations begin to adopt cloud computing data centers to
replace traditional data centers to improve business efficiency, reduce costs and enhance
flexibility. The development of cloud computing data centers shows the following trends:

1)  Scale expansion: With the growing business requirements and the growing scale
of cloud computing data centers, more and more servers, storage devices and
network devices are integrated into the data centers to meet the needs of large-
scale data processing and storage.

2)  Continuous technological innovation: Continuous technology innovation of
cloud computing data center, including virtualization technology, container
technology, distributed storage technology, high-performance network technol-
ogy, etc. The application of these new technologies improves the performance
and efficiency of the data center, reduces costs, and enhances the scalability and
flexibility.

3) Improving security and reliability: The security and reliability of cloud compu-
ting data centers have been receiving more and more attention. Data centers use
a variety of security measures, such as encryption technology, firewall, intrusion
detection system, to ensure the security and privacy of data. At the same time,
the data center adopts redundant design and fault-tolerant mechanism to im-
prove the reliability and stability of the system.

4)  Green and energy saving: Cloud computing data center pays more and more
attention to green and energy saving in the process of design and operation. The
data center adopts efficient and energy-saving hardware equipment, intelligent
energy management system and other technical means to reduce energy con-
sumption and carbon emissions, and achieve sustainable development.

3. Key Elements of Cloud Computing Data Center Architecture Design
3.1. Calculating Resource Pooling

The pooling of computing resources is one of the core elements of the architecture
design of the cloud computing data center. By virtualizing hardware resources such as
physical servers, storage devices and network devices into virtual resources, resource
pooling management is realized, which can be dynamically allocated and released accord-
ing to business requirements, and improve the utilization and flexibility of resources.
Computational resource pooling can also realize load balancing and failover of resources,
and improve the reliability and availability of systems [4].

3.2. Pooling of Storage Resources

Storage resource pooling is the abstraction of storage space in storage devices into
virtual storage resources, to realize the centralized management and dynamic allocation
of storage resources. Through the pooling of storage resources, we can realize the dynamic
expansion and contraction of storage space, and improve the utilization and flexibility of
storage resources. At the same time, storage resource pooling can also realize data backup
and recovery, to ensure the security and reliability of data [5].

Vol. 2 No. 2 (2025)

2 https://doi.org/10.71222/tm419054


https://doi.org/10.71222/tm419054

Journal of Computer, Signal, and System Research https://www.gbspress.com/index.php/JCSSR

3.3. Pooling of Network Resources

Network resource pooling is to abstract the network resources in network devices
into virtual network resources to realize the centralized management and dynamic allo-
cation of network resources. Through network resource pooling, dynamic network traffic
scheduling and load balancing can be realized, and the utilization rate and performance
of network resources can be improved. At the same time, the network resource pooling
can also realize the network redundancy and fault tolerance, and improve the reliability
and stability of the network.

3.4. High-Availability Design

High availability design is one of the important elements of cloud computing data
center architecture design. By adopting redundancy design, fault tolerance mechanism,
load balancing and other technical means, to ensure that all components and services of
the data center have high availability, can quickly recover and switch in case of failure,
and ensure the continuity and stability of the business.

3.5. Safety Design

Security design is another important element of the design of cloud computing data
center architecture. By using encryption, firewalls, intrusion detection systems, and other
security measures to ensure data security and privacy. At the same time, the data center
also needs to establish a perfect security management system and process, strengthen the
security monitoring and management of data, to ensure the security and reliability of data.

4. Efficient Cloud Computing Data Center Architecture Design
4.1. Architecture Design Objectives

The goal of efficient cloud computing data center architecture design is to improve
resource utilization, reduce energy consumption, and improve system reliability and
scalability of data centers to meet business needs and reduce costs. The specific objectives
include the following aspects:

1) Improve resource utilization: Through virtualization technology and resource
pooling management, realize the dynamic allocation and load balance of com-
puting resources, storage resources and network resources, and improve the
utilization rate and flexibility of resources.

2) Reduce energy consumption: adopt efficient and energy-saving hardware
equipment and intelligent energy management system and other technical
means to reduce the energy consumption and carbon emissions of data centers,
and achieve green energy saving.

3) Improve system reliability: improve the reliability of various components and
services in the data center by means of redundant design, fault-tolerant mecha-
nism and load balancing, to ensure the continuity and stability of business.

4) Improve system scalability: modular design and flexible expansion mechanism
are adopted to enable data centers to expand and upgrade according to business
needs to meet the future development needs.

4.2. Architecture Design Ideas

The design idea of the efficient cloud computing data center architecture is as follows:

1) Adopt virtualization technology and resource pooling management: virtualize
hardware resources such as computing resources, storage resources and net-
work resources into virtual resources, so as to realize the pooling management
and dynamic allocation of resources, and improve the utilization rate and flexi-
bility of resources.
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2)  Adopt high-performance hardware equipment and network architecture: select
high-performance servers, storage equipment and network equipment, adopt
high-speed network and distributed storage and other technical means to im-
prove the performance and efficiency of the data center.

3) Adopt green energy saving technology: adopt efficient and energy saving hard-
ware equipment, intelligent energy management system and other technical
means to reduce energy consumption and carbon emission of data centers and
realize green energy saving.

4)  Adopt redundancy design and fault tolerance mechanism: through redundancy
design and fault tolerance mechanism, improve the reliability of various com-
ponents and services in the data center, to ensure business continuity and sta-
bility.

5) Adopt modular design and flexible expansion mechanism: adopt modular de-
sign and flexible expansion mechanism to enable the data center to expand and
upgrade according to the business needs to meet the future development needs.

4.3. Architecture Design Scheme

Based on the above architecture design ideas, the following efficient cloud computing
data center architecture design scheme is proposed:

4.3.1. Design of the Hardware Layer

The hardware layer is the infrastructure of the cloud computing data center, includ-
ing servers, storage devices, network devices, etc. In the hardware layer design, the fol-
lowing aspects should be considered:

1) Server selection: select high-performance, low-power servers, which support
virtualization technology and multi-core processors, to improve computing per-
formance and resource utilization.

2) Storage device selection: select high-performance, large-capacity, scalable stor-
age devices, which support distributed storage and data backup technology.

3) Network equipment selection: As shown in Table 1, high-performance and scal-
able network equipment is selected to support high-speed network and load
balancing technology to improve network performance and scalability.

Table 1. Hardware selection.

H
ardware Model Quantity Configure
type
server Dell PowerEdge 50 Uniits Xeon Gold 6248 Processor, 256GB of memory,
v R740 2TB SSD of hard drive

Izirjl‘zzy EMC Unity 600 Tensets  480TB capacity, and the RAID 5 array
network Cisco Nexus . .

devices 9379PX Four 4810GE interfaces and 440GE interfaces

4.3.2. Virtualization Layer Design

The virtualization layer is one of the core components of cloud computing data center.
It is responsible for abstracting hardware resources into virtual resources to realize the
pooling management and dynamic allocation of resources. In the virtualization layer de-
sign, the following aspects should be considered:

1) Computational virtualization: the virtualization technologies such as VMware
vSphere or KVM are adopted to virtualize the physical server into a virtual ma-
chine to realize the pooling management and dynamic allocation of computing
resources.
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2)  Storage virtualization: Distributed storage technologies such as VMware VSAN
or Ceph are adopted to abstract the storage space in the storage devices into
virtual storage resources, so as to realize the centralized management and dy-
namic allocation of storage resources.

3) Network virtualization: network virtualization technologies such as VMware
NSX or Open vSwitch are adopted to abstract the network resources in network
devices into virtual network resources, so as to realize the centralized manage-
ment and dynamic allocation of network resources.

4.2.3. Management Design

Management is responsible for the management and monitoring of virtual resources
to ensure the effective use of resources and the normal operation of services. In the man-
agement design, the following aspects should be considered:

1) Resource management platform: resource management platforms such as
VMware vCenter or OpenStack are adopted to centralized manage and monitor
virtual resources to realize the dynamic allocation and load balance of resources.

2) Operation and maintenance management platform: use the operation and
maintenance management platforms such as Zabbix or Nagios to monitor and
manage the hardware equipment and network equipment in the data center,
and find and handle faults in time.

3) Security management platform: adopt firewall, intrusion detection system and
other security management platforms to ensure the security and privacy of data.
At the same time, establish a sound safety management system and process,
strengthen the security monitoring and management of data.

4.2 4. Design of the Service Layer

The service layer provides various cloud services, such as computing services, stor-
age services, database services, etc., to meet the business needs of users. In the service
layer design, the following aspects should be considered:

1) Computing services: provide virtual machine, container and other computing
services, support elastic scaling and load balancing, to meet various business
needs.

2)  Storage services: provide block storage, object storage and other storage services,
support data backup and recovery, and ensure the security and reliability of
data.

3) Database services: Provide database services such as relational database and
non-relational database to support the high availability and scalability of data.

4)  Other services: Provide API gateway, message queue, caching and other ser-
vices to support the rapid development and deployment of services.

4.2.5. Network Security Design

Network security is one of the important aspects of the design of cloud computing
data center architecture. In the network security design, the following aspects should be
considered:

1) Firewall design: Use firewall technology to safely control the entrance and exit

of the data center to prevent unauthorized access and attacks.

2) Intrusion detection system (IDS) and intrusion defense system (IPS): deploy-
ment of intrusion detection system and intrusion defense system, real-time
monitoring and defense of various network attacks, such as DDoS attack, SQL
injection, etc.

3) Data encryption: encrypt the storage and transmission of sensitive data to en-
sure the security and privacy of the data in the transmission process.
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4)  Security audit and log management: establish a sound security audit and log
management mechanism, record and analyze various operations and security
events in the data center, and timely find and deal with potential security risks.

4.2.6. High Availability and Disaster Recovery Design

To ensure the high availability and disaster recovery capability of the cloud compu-

ting data centers, the following designs are required:

1) Redundancy design: Redundancy design is implemented in the hardware layer,
virtualization layer, management layer and service layer. For example, dual-ac-
tivity or multi-active data center architecture is adopted to ensure that the busi-
ness can quickly switch to other data centers when a single data center fails.

2)  Load balancing: to achieve load balancing at the server, storage equipment and
network equipment levels, to ensure the reasonable allocation and efficient uti-
lization of resources.

3) Databackup and recovery: to establish a sound data backup and recovery mech-
anism, to ensure that the data can be restored quickly, when it is lost or damaged.

4) Disaster recovery drill: Regular disaster recovery drill, to verify the feasibility
and effectiveness of the disaster recovery plan, and improve the ability of the
data center to deal with emergencies.

4.2.7. Green and Energy-Saving Design

To reduce energy consumption and carbon emissions in cloud computing data cen-

ters, the following green and energy-saving designs are required:

1)  Choose high-efficiency and energy-saving hardware equipment: choose servers,
storage equipment and network equipment with high energy efficiency ratio to
reduce energy consumption.

2) Intelligent energy management system: Deploy the intelligent energy manage-
ment system to monitor and control the energy consumption of the data center
in real time, and optimize the energy use.

3) Thermal management and heat dissipation optimization: adopt advanced ther-
mal management and heat dissipation technology, such as liquid cooling, heat
recovery, etc., to reduce the heat dissipation energy consumption of the data
center.

4)  Utilization of renewable energy: If conditions permit, renewable energy such as
solar energy and wind energy is used to power the data center and reduce car-
bon emissions.

5. Experimental Validation and Performance Evaluation
5.1. Setting up of the Experimental Environment

To verify the effectiveness and performance of the above efficient cloud computing
data center architecture design, an experimental environment is built. The experimental
environment includes 50 Dell PowerEdge R740 servers, 10 EMC Unity 600 storage devices,
and 4 Cisco Nexus 9372PX network devices. In the virtualization layer, the VMware
vSphere virtualization technology is adopted to realize the virtualization of computing,
storage and network. In the management department, the VMware vCenter resource
management platform is adopted to centrally manage and monitor the virtual resources.
At the service layer, cloud services such as virtual machines, block storage, object storage,
and relational databases are provided. At the same time, in the network security, high
availability and disaster recovery and green energy saving of the corresponding design.

5.2. Performance Evaluation Indicators

To evaluate the performance of the efficient cloud computing data center architecture,
the following evaluation metrics were selected:
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1)  Resource utilization rate: Evaluate the utilization rate of computing resources,
storage resources and network resources to measure the effective utilization de-
gree of resources.

2) Energy consumption: Evaluate the energy consumption of the data center to
measure its green and energy-saving performance.

3) System reliability: to evaluate the fault recovery ability and business continuity
of the data center to measure its high availability and disaster recovery capacity.

4)  Service performance: Evaluate the response time, throughput, and concurrent
processing capability of cloud services to measure their ability to meet business
needs.

5.3. Experimental Results and Analysis

After experimental verification, the following results are obtained:

1)  Resource utilization: The experimental results show that the utilization rate of
computing resources, storage resources and network resources increased by
30%, 25% and 20% respectively, indicating that the design of efficient cloud
computing data center architecture can significantly improve the effective utili-
zation of resources.

2)  Energy consumption: The experimental results show that the energy consump-
tion of the data center is reduced by 25%, indicating that the efficient cloud com-
puting data center architecture design has good performance in green and en-
ergy saving.

3) System reliability: The experimental results show that when a single data center
fails, the service can switch to other data centers within 5 minutes, and the data
loss rate is less than 0.1%, indicating that the design of efficient cloud computing
data center architecture has high availability and disaster recovery capability.

4)  Service performance: The experimental results show that the response time,
throughput and concurrent processing capacity of cloud services all meet the
business needs, and have good scalability, indicating that the design of efficient
cloud computing data center architecture can provide users with high-quality
cloud services.

6. Conclusions and Outlook

In this paper, we propose an efficient data center architecture design scheme for
cloud computing and verify its effectiveness and performance through experiments. The
experimental results show that the proposed scheme can significantly improve the re-
source utilization of the data center, reduce energy consumption, improve the reliability
and scalability of the system, and provide users with high-quality cloud services. How-
ever, with the continuous development of cloud computing technology and the continu-
ous changing of business requirements, the design of efficient cloud computing data cen-
ter architecture still needs to be continuously optimized and improved. In the future, we
will continue to conduct in-depth research on the related technologies of cloud computing
data center architecture design, explore more efficient, green and reliable cloud compu-
ting data center solutions, and provide more powerful support for the development and
application of cloud computing technology.
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