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Abstract: This article explores the importance and challenges of data center network architecture design in the context of 

cloud computing. The traditional data center network architecture has some limitations in meeting the needs of cloud 

computing, such as network topology bottlenecks and inefficient resource utilization. Moreover, data security and privacy 

issues, as well as performance and low latency requirements, have become more critical. To address these challenges, new 

data center network architecture design principles have been proposed, including the application of software-defined 

networking (SDN), hyperconverged infrastructure, and the integration of security and privacy. 
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1. INTRODUCTION 
 

In the era of cloud computing, the design of a data center network architecture has become crucial, as it directly 

affects the performance, availability, and security of cloud services[1-6]. The traditional data center network 

architecture is no longer suitable for high elasticity, high availability, and large-scale scalability requirements in 

cloud computing environments. These traditional architectures have limitations in terms of network topology 

design and hardware device selection, resulting in low resource utilization efficiency[7]. Therefore, on the basis 

of the background of cloud computing, this article explores a new data center network architecture design. 

 

2. OVERVIEW OF THE DATA CENTER NETWORK ARCHITECTURE 
 

2.1 Traditional Data Center Network Architecture 

 

The traditional data center network architecture is a complex system consisting of multiple levels, typically with 

a layered structure. In this structure, the core layer is responsible for handling large-scale data transmission, 

whereas the aggregation layer directs traffic from the core layer to the distributed layer, ultimately reaching the 

access layer[8-9]. 

 
Figure 1: Traditional Data Center Network Architecture 
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As shown in Figure 1, the hardware equipment of the data center network includes core switches, aggregation 

switches, access layer switches, firewalls and virtual private networks (VPNs) used for network security. Data 

centers are typically connected to multiple telecommunications operators, such as China Telecom and China 

Unicom, to achieve dual-line redundancy. In addition, the data center also has a VPN for connecting various branch 

offices and a UTM (Unified Threat Management) for network security, including firewall, VPN, intrusion 

detection and defense (IDP) and other functions[10-12]. There is also a dedicated VPN DMZ area for isolating 

external websites, email servers, and other public servers to ensure security. Moreover, the data center also includes 

dual core switches for implementing hot backup to ensure high availability of the network. The overall network 

architecture can provide a 1000 Mbps LAN internet speed and includes security and performance features such as 

behavior management, traffic control, vulnerability scanning, and antivirus servers. Access layer switches and 

network management servers are used to manage terminal devices, internal servers, and network maintenance and 

monitoring. This traditional DCN architecture provides enterprises with a stable and high-performance DCN 

foundation[13-16]. 

 

2.2 Network Requirements for Cloud Computing 

 

2.2.1 Elasticity 

 

In the cloud computing environment, resilience has become a critical network requirement. Elasticity means that 

the network must to adapt to constantly changing workloads and demands. In cloud computing, the dynamic 

creation and destruction of virtual machines, as well as the elastic scaling of applications, require networks to adapt 

quickly to these changes. This requires the network to have the ability to automatically adjust bandwidth and 

resources to ensure sufficient performance during high loads and effective resource utilization during low loads. 

Network devices and topology structures need to support dynamic changes to adapt to the continuous evolution of 

workloads[17]. 

 

2.2.2 High availability 

 

High availability is another important requirement for cloud computing networks. Owing to the critical importance 

of applications and data in cloud computing for enterprises, network unavailability may lead to productivity loss 

and data loss. Therefore, cloud computing networks must have high availability to ensure continuity and reliability. 

This requires the use of redundant equipment, links, and data centers to prevent single-point failures. Moreover, 

the network requires real-time monitoring and fault switching mechanisms to quickly switch to backup paths in 

the event of a failure, reducing the interruption time. High availability also requires consideration of network 

security to address potential network attacks and threats[18]. 

 

2.2.3 Large-scale scalability 

 

Cloud computing networks must have large-scale scalability to meet the growing demands of users and 

applications. Large-scale scalability requires the network to support simultaneous access by many users and large-

scale data transmission. This requires the adoption of distributed architecture and load balancing technology to 

ensure smooth network expansion without performance bottlenecks [2]. Moreover, large-scale scalability also 

requires the consideration of automation in network management and configuration to reduce maintenance costs 

and improve network scalability[19]. 

 

3. CHALLENGES AND PROBLEMS 
 

3.1 Limitations of traditional architecture 

 

3.1.1 Network topology bottleneck 

 

Traditional data center networks typically adopt a layered network topology, such as a three-layer structure (core 

Distribution, Access) or two-tier structure (Core, Access)[20]. This structure may perform well in small-scale data 

centers, but there are bottleneck issues in large-scale data centers. With the dynamic migration of virtual machines 

and the deployment of high-density servers in cloud computing, the traffic in the network has increased sharply, 

and traditional topology structures cannot effectively cope with it. The devices at the core layer become bottlenecks, 

making it difficult to provide sufficient bandwidth and low latency, resulting in performance degradation and 
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network congestion. This limits the scalability and performance of data centers, and the requirements for cloud 

computing applications are no longer applicable. 

 

3.1.2 Inefficient Resource Utilization 

 

The resource utilization in traditional data center networks is usually inefficient, which is reflected mainly in the 

waste of hardware equipment and links[21]. Because network devices are typically deployed in fixed 

configurations, some devices may be in a low load state, and resources may not be fully utilized. In addition, the 

resources of the link may not be fully utilized, as traffic is usually allocated according to the worst-case scenario, 

resulting in waste of link resources. This not only increases the construction and operation costs of data centers 

but also limits the scalability of resources. 

 

3.2 Security and Privacy Issues 

 

3.2.1 Data protection 

 

Data protection is an important issue in cloud computing. Because cloud computing typically involves large-scale 

data storage and processing, data protection has become crucial. Cloud data centers need to take a series of 

measures to ensure the confidentiality and integrity of the data[22]. This includes security policies such as data 

encryption, authentication, access control, and data backup. Moreover, cloud service providers need to establish 

highly secure data centers and adopt physical and logical security measures to protect data from unauthorized 

access and threats. The network architecture of data centers must have the ability to encrypt data and ensure 

transmission security to meet customers' compliance requirements for data privacy. 

 

3.2.2 Isolation 

 

In a multitenant cloud computing environment, different users and tenants share the same data center network 

infrastructure. Therefore, it is necessary to ensure isolation between different tenants to prevent horizontal 

penetration and resource competition. Network isolation is the key to ensuring security between different 

tenants[23]. The network architecture of cloud data centers must support technologies such as virtual network 

isolation, access control lists, and virtual local area networks (VLANs) to ensure isolation and security between 

tenants. 

 

3.3 Performance and low-latency requirements 

 

In cloud computing environments, performance and low latency requirements are key challenges in data center 

network architecture design. Cloud computing applications have extremely high requirements for network 

performance and low latency, as users expect fast data transmission and efficient running of real-time applications. 

This means that the data center network must provide sufficient bandwidth and reduce the data transmission 

latency to ensure a smooth user experience[24]. In addition, the rise of virtualization and cloudification trends has 

made networks more complex, requiring support for rapid migration and resource allocation of virtual machines, 

which further increases the demand for performance and low latency. In response to this challenge, the data center 

network architecture needs to integrate high-speed network devices and intelligent routing and switching 

technologies to meet the high-performance and low-latency requirements of cloud computing applications, 

ensuring that data center networks can support large-scale data transmission and real-time application operations, 

providing users with excellent experience. 

 

4. DESIGN OF THE DATA CENTER NETWORK ARCHITECTURE IN THE 

CONTEXT OF CLOUD COMPUTING 
 

4.1 Software-Defined Networking (SDN) 

 

4.1.1 Basic principles of SDN 

 

The core idea of software-defined networking (SDN) is to separate the network control plane from the data 

forwarding plane to achieve more flexible, programmable, and centralized network management[25]. As shown 

in Figure 2, the controller in the SDN architecture is the brain of the network and is responsible for formulating 

routing policies, managing network traffic, and responding to various network events. The controller can be 
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centralized or distributed, depending on the requirements of the network. Network devices at the data layer, such 

as switches and routers, execute network policies on the basis of controller instructions to transmit data packets 

from the source to the destination. The northbound interface is the interface between the controller and the 

application layer, allowing applications to communicate with the network to program and control network policies. 

The southbound interface is the interface between the controller and network devices, through which the controller 

can issue configuration and policy information to the network devices to control network traffic. 

 

 
Figure 2: SDN Architecture Framework 

 

4.1.2 Advantages of SDN 

 

The application of SDN has brought significant advantages in cloud computing data center network architecture. 

First, SDN provides centralized network control, making network management more flexible. Network 

administrators can adjust network policies in real time according to their needs, thereby achieving optimal 

allocation of network resources. Second, the programmability of the SDN architecture makes the network highly 

customizable, allowing for a precise definition of network behavior on the basis of specific application 

requirements and improving network adaptability. In addition, the centralized control of SDN also reduces 

management complexity, reduces the difficulty of network maintenance, and thus lowers operating costs [26]. 

Most importantly, the advantage of SDN lies in its open nature, which allows third-party development of 

applications and introduces more innovation to data center networks, accelerating the evolution of network 

technology. 

 

4.2 Superconverted infrastructure 

 

4.2.1 Computing, Storage, and Networking Integration 

 

The hyperconverged infrastructure (HCI) is a key innovation in cloud computing data center network architecture, 

which highly integrates computing, storage, and networking on a unified hardware platform[27]. In this 

architecture, computing resources, storage resources, and network resources are intertwined to achieve 

collaborative work. Computing nodes can directly access storage resources, whereas network resources provide 

highly flexible connections and communication methods. This integrated design makes the operation of data 

centers more efficient, reduces latency, and improves performance. Moreover, hyperconverted infrastructure also 

reduces the space requirements of data centers, lowers energy consumption, and provides support for sustainable 

development. 

 

4.2.2 Collaboration of Hardware and Software 
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In the context of cloud computing, the architecture design of data center networks needs to closely integrate 

hardware and software to achieve collaborative work to meet the growing demands for computing, storage, and 

networking. The core idea of hyperconverted infrastructure (HCI) is the deep collaboration of hardware and 

software, which is the key to building efficient and flexible data center networks. 

 

The synergy between hardware and software is fully demonstrated in the hyperconverted infrastructure. First, in 

terms of hardware, HCI adopts highly integrated hardware nodes, which typically include computing, storage, and 

network components. The interconnection between these hardware resources is achieved through software-defined 

methods, making resource allocation and scheduling more flexible and efficient. The communication between 

hardware nodes no longer relies on traditional hardware routers but is managed and scheduled by software 

controllers, thereby improving the scalability and performance of the network. 

 

Second, in terms of software, hyperconverted infrastructure adopts virtualization technology to abstract hardware 

resources into virtual resources, achieving better resource utilization. This means that data center administrators 

can easily manage and allocate resources through software interfaces without the need to directly operate physical 

hardware. In addition, software-defined networking (SDN) technology is widely used, which allows administrators 

to dynamically adjust network topology and policies as needed to adapt to constantly changing workloads [5]. 

 

The collaboration between hardware and software is also reflected in the automation management of data centers. 

Through software-defined methods, data centers can achieve automated resource scheduling and load balancing, 

ensuring efficient completion of various tasks. Administrators can use monitoring and analysis tools to understand 

the performance of networks and applications in real time, thereby better responding to issues and needs. 

 

In short, the collaboration of hardware and software is the core of hyperconverted infrastructure design, providing 

high flexibility, efficiency, and scalability for data center networks. Through deep integration and automated 

management, hyperconverted infrastructure is expected to meet the constantly changing demands of cloud 

computing, providing important references for future data center network architecture design. 

 

4.3 Security and privacy integration 

 

4.3.1 Encrypted Communication 

 

In the design of a cloud computing data center network architecture, security and privacy are crucial considerations. 

Among them, encrypted communication is key for ensuring the protection of data during transmission. Encryption 

communication converts data into ciphertext to ensure that only authorized users can decrypt and read the data. 

The specific design of encrypted communication usually adopts a public key infrastructure (PKI), which includes 

a pair of public keys and private keys for encrypting and decrypting data. Each node and terminal device in the 

data center network needs to generate and manage these key pairs. At the beginning stage of communication, both 

parties exchange their public keys to establish a secure communication channel. 

The data are encrypted during transmission to ensure that even if unauthorized access occurs during the data 

transmission process, the content of the data cannot be interpreted. Once the data reach the recipient, the recipient 

will decrypt the data via their private key to access the original data. This encrypted communication process is 

particularly important in the multitenant environments of cloud computing, as data from different users may be 

stored on the same hardware device. Encrypting communication can prevent unauthorized visitors from accessing 

the data of other tenants. 

 

In addition, encrypted communication can prevent data from being eavesdropped during transmission, ensuring 

the confidentiality and integrity of the data. By using strong encryption algorithms, cloud computing data centers 

can provide highly secure communication channels, ensuring optimal protection for user data. In short, encrypted 

communication is a key component of cloud computing data center network architecture design. By adopting a 

public key infrastructure and strong encryption algorithms, data transmission protection, privacy, and security can 

be achieved. This helps ensure that user data are properly protected and secure in cloud computing environments. 

 

4.3.2 Authentication and Access Control 

 

In the design of the cloud computing data center network architecture, authentication and access control are key 

aspects for ensuring data security and privacy. The design of this section aims to verify user identity and restrict 

access to data and network resources. 
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Identity verification typically involves users providing credentials such as usernames and passwords to verify their 

identities. However, in cloud computing environments, more advanced authentication methods can also be adopted, 

such as multifactor authentication (MFA) or biometric technologies such as fingerprint recognition or facial 

recognition. These advanced authentication methods provide greater security, ensuring that only authorized users 

can access cloud computing resources. 

 

Access control is used to restrict users' access to specific resources. This can be achieved through role-based access 

control (RBAC), which assigns specific roles and permissions to each user to ensure that they can access only the 

resources necessary for their work. In addition, fine-grained access control can also be implemented, allowing 

administrators to define user access permissions to resources more specifically, thereby improving security. 

 

In the design of the data center network architecture, these two aspects of detail are crucial. They are typically 

used in conjunction with encrypted communication to ensure that only authenticated users can decrypt and access 

data. In addition, audit trails for authentication and access control can help detect potential security threats, thereby 

enhancing overall security. 

 

In summary, authentication and access control play important roles in the network architecture design of cloud 

computing data centers. By adopting advanced authentication methods and fine-grained access control, data 

security and privacy can be properly managed and maintained. This helps to protect user data, prevent unauthorized 

access, and improve overall security. 

 

5. CONCLUSION 
 

This article explores and analyzes the network architecture design of data centers in the context of cloud computing, 

emphasizing the changes in network requirements caused by cloud computing and the limitations of traditional 

architectures. A new data center network architecture design has been proposed in the face of challenges and 

problems, mainly including the application of software-defined networking (SDN), hyperconverged infrastructure, 

and security and privacy integration. In the future, the design of the data center network architecture will continue 

to adapt to the constantly changing demands of cloud computing, resulting in higher performance, better security, 

and greater flexibility. Multitask learning for data-efficient spatiotemporal modeling of tool surface progression in 

ultrasonic metal welding Predicting ICU admissions for hospitalized COVID-19 patients with a factor graph-based 

model using emotion recognition technology to enhance the user experience in real time. 
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