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Abstract—Networks have become the backbone of the modern-day business environment. 
In this context, designing an efficient and reliable network architecture is paramount. One of 
the most popular network architectures is the spine-leaf architecture. This architecture 
comprises two tiers: the spine tier and the leaf tier. The spine tier provides high-speed backbone 
connectivity, while the leaf tier connects to end devices, such as servers, storage, and network 
switches. This paper discusses the benefits of using spine-leaf architecture, such as low latency, 
high throughput, and scalability. It also delves into the different technologies that can be used 
to enhance network efficiency in spine-leaf architecture. For example, the use of Link 
Aggregation Control Protocol (LACP) can increase the network's throughput by aggregating 
multiple links between the spine and leaf switches. Additionally, it discusses the use of Quality 
of Service (QoS) to prioritize traffic and ensure that critical applications receive the required 
bandwidth. The paper concludes by highlighting the importance of designing an efficient and 
reliable network architecture for modern-day businesses. It argues that spine-leaf architecture 
can provide a scalable, high-performance network that can meet the demands of today's 
business environment. 

Keywords—Link Aggregation Control Protocol, Equal Cost MultiPathing, Load Balancing, 
Quality Of Service, Border Gateway Protocol, Software Defined Networking 

I. INTRODUCTION 
In today's business environment, networks have become an essential tool for organizations 

to communicate and transfer data. As a result, designing an efficient and reliable network 
architecture has become paramount. One popular network architecture that has gained 
significant attention in recent years is spine-leaf architecture. However, despite its popularity, 
there are still several challenges associated with designing and enhancing network efficiency 
through spine-leaf architecture [1]. One of the primary challenges is determining the appropriate 
topology for the organization's needs. The topology should consider factors such as the size of 
the organization, the amount of data being transferred, and the number of devices that need to 
be connected. Another challenge is ensuring that the network's spine and leaf switches are 
adequately configured. This includes determining the appropriate port density and 
oversubscription ratio for the switches. These factors impact the network's throughput and the 
number of devices that can be connected to the network [2]. 

Redundancy is crucial in ensuring that the network remains operational in the event of a 
switch or link failure. The use of redundant switches and links ensures that the network remains 
operational even if one or more devices fail. Another challenge in designing an efficient network 
architecture is managing the network's traffic [3]. The network's backbone should be capable of 
handling large amounts of data without causing latency issues. Quality of Service (QoS) can be 
used to prioritize critical applications and ensure that they receive the necessary bandwidth. In 
addition to the challenges mentioned above, there are other factors that must be considered when 
designing and enhancing network efficiency through spine-leaf architecture. These factors 
include security, scalability, and cost-effectiveness.[4] In summary, the challenge of designing 
an efficient and reliable network architecture through spine-leaf architecture involves 
considering several factors, including topology, switch configuration, redundancy, traffic 
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management, security, scalability, and cost-effectiveness. Addressing these factors is crucial to 
ensure that the network can meet the demands of modern-day businesses.[5]  

This paper provides a comprehensive review of various techniques to enhance network 
performance using spine-leaf architecture. It discusses the importance of fault tolerance and 
redundancy in network design and explains how spine-leaf architecture achieves these goals. It 
also explores the use of VLANs, link aggregation, QoS policies, and queuing mechanisms to 
improve network performance and efficiency. It highlights the significance of network 
performance monitoring in identifying congestion issues and adjusting QoS policies 
accordingly. It provides practical insights and a framework for the implementation of these 
techniques, which can benefit network administrators, IT professionals, and researchers in the 
field of network engineering. 

The remainder of the article is organized such that Section II discusses the related work. 
Section III tells about the technologies used. Section IV contains the conceptual framework of 
the network. Section V shares the analysis. The conclusion and future scope are covered in 
Section VI. 

II. RELATED WORKS 
Research studies have identified the Spine-Leaf architecture as a promising solution for 

designing and enhancing network performance in computer networking. The exponential 
growth in the number of devices and applications requiring high-speed, high-bandwidth 
connections has highlighted the need for more efficient and scalable network architectures [6]. 
The traditional hierarchical network architecture, consisting of core, distribution, and access 
layers, has been widely used. However, it has limitations in terms of scalability, elasticity, and 
flexibility. In contrast, the Spine-Leaf architecture offers a more efficient and scalable approach 
to building networks, providing better bandwidth, lower latency, and higher reliability [7]. 
Therefore, designing and improving network performance using Spine-Leaf architecture has 
become a critical area of research in computer networking. By adopting this architecture, 
network designers can address the challenges posed by the growing demand for high-speed, 
high-bandwidth connections and improve network performance. 

The Spine-Leaf architecture is a network topology that consists of two layers: spine switches 
and leaf switches. Spine switches form the core layer of the network, while leaf switches form 
the access layer. In this architecture, every leaf switch connects to every spine switch, providing 
a scalable and flexible network topology. This design offers many benefits, including high 
performance, low latency, and simplified network management, making it a popular choice for 
data center networks. Researchers have conducted several studies on the Spine-Leaf 
architecture, including evaluations of its performance and comparisons with other network 
topologies. In addition, they have focused on various aspects of the architecture, such as load 
balancing, routing, and fault tolerance, to optimize its performance [8]. Another area of research 
in the Spine-Leaf architecture is the integration of new technologies, such as SDN and NFV, to 
further enhance network flexibility and scalability. Furthermore, researchers are investigating 
the use of the Spine-Leaf architecture for specific applications, such as cloud computing, big 
data, and IoT, to meet their unique requirements.  

Zhang[9] The Spine-Leaf architecture is a popular network topology that provides high 
performance, scalability, and simplified management. Researchers are continuously exploring 
new ways to optimize and integrate this architecture with emerging technologies to meet the 
evolving demands of data center networks. 



Fig. 1. Data-Centre Spine Leaf Framework 

Fig 1 shows the Data-Centre Spine Leaf Network which uses VXLAN. VXLAN, is a 
tunnelling protocol that can be used to overcome the limitations of traditional VLANs in large 
data center networks. It enables the creation of virtual networks that can span across multiple 
physical switches and can be used to separate traffic between different applications or tenants. 
In spine-leaf architecture, VXLAN tunnels can be used to create a scalable and flexible network 
architecture that can handle large amounts of traffic. VRFs, on the other hand, provide a way to 
isolate traffic between different virtual networks or tenants. This can be useful in multi-tenant 
data centers, where different customers may need to have their traffic kept separate. By using 
VRFs, spine-leaf architecture can provide a secure and isolated network environment for each 
tenant [10]. 

TABLE I. SUMMARY OF THE LITERATURE SURVEY DONE 
Reference Technique 

Used 
Objective of 

Study 
Outcome 

Y. Zhang,
X. Wang,
and L.
Liu, 2020
[1]

Simulation and 
modeling 

Performance 
evaluation of 
spine-leaf data 
center network 
architecture 

The 
proposed 
spine-leaf 
architecture 
provides 
better 
performance 
than 
traditional 
data center 
network 
architectures 

R. V. 
Pandey
and M. P.
Singh,
2020 [2]

Congestion 
control 
algorithm 

Novel 
approach for 
congestion 
control in 
spine-leaf data 
center network 

The 
proposed 
approach 
provides 
better 
congestion 
control in 
spine-leaf 



data center 
networks 

A. Gohar,
F. B.
Siddiqui,
and R. U.
Khan,
2020 [3]

Review paper Review of 
spine-leaf 
network 
architecture for 
cloud data 
centers 

The review 
paper 
provides an 
overview of 
spine-leaf 
network 
architecture 
for cloud 
data centers 

C. Liu, X.
Zhang,
and H. Li,
2020 [4]

Design and 
implementation 

Design and 
implementation 
of a scalable 
and flexible 
spine-leaf data 
center network 

The 
proposed 
spine-leaf 
architecture 
provides 
scalability 
and 
flexibility 

S. S. Al-
Maadeed, 
M. A. 
Alsariera,
and A. Al-
Qerem,
2021 [5]

Software-
defined 
networking 

Performance 
enhancement 
of spine-leaf 
architecture 
using software-
defined 
networking 

The 
proposed 
approach 
improves 
the 
performance 
of spine-leaf 
architecture 
using 
software-
defined 
networking 

N. R. M. 
Quamar, 
A. K. M. 
A. 
Hossain, 
and M. F. 
Al Kaisar, 
2021 [6] 

Virtualization Virtualized 
spine-leaf data 
center network 
design and 
optimization 

The 
proposed 
approach 
provides 
optimization 
of 
virtualized 
spine-leaf 
data center 
networks 

X. Jiang, 
Y. Zhang,
and X.
Zhang,
2021 [7]

Network 
calculus 

Performance 
analysis and 
optimization of 
spine-leaf data 
center 
networks based 

The 
proposed 
approach 
provides 
performance 
analysis and 



on network 
calculus 

optimization 
of spine-leaf 
data center 
networks 
using 
network 
calculus 

III. TECHNIQUES USED

Numerous methods are commonly utilized to construct a spine-leaf design that ensures
scalability, reliability, and easy management of networks. These techniques include Equal-Cost 
Multi-Path (ECMP) routing, Layer 3 routing, VLAN segmentation, link aggregation, Quality of 
Service (QoS), and network automation. ECMP routing distributes traffic between the spine and 
leaf switches through multiple paths, offering redundancy and load-balancing capabilities to 
handle heavy traffic and connection outages. Layer 3 routing directs traffic at the network layer, 
providing scalability, flexibility, and improved network performance. VLAN segmentation 
divides traffic into multiple virtual networks, reducing broadcast traffic and enhancing security. 
Link aggregation combines several physical links between switches into a single logical link, 
providing redundancy and increased bandwidth. QoS prioritizes traffic based on importance, 
ensuring that vital traffic receives priority and improving network efficiency. Network 
automation streamlines network administration reduces human error, and allows network 
engineers to focus on critical tasks. In the spine-leaf network design, VLAN segmentation is 
commonly used to create separate broadcast domains and improve security. Layer 3 routing can 
also be used to reduce broadcast traffic, provide traffic isolation, and increase scalability. 
Moreover, the use of Quality of Service (QoS) mechanisms in the spine-leaf architecture can 
provide prioritization of traffic based on its importance, and ensure that high-priority traffic is 
not affected by lower-priority traffic. Additionally, the use of automation techniques such as 
software-defined networking (SDN) and network function virtualization (NFV) can aid in the 
management and provisioning of the network [11] 

IV. PROPOSED METHODOLOGY

The network architecture used in large enterprise networks must be scalable, high-
performance, and efficient to meet their requirements. To achieve these goals, two mechanisms, 
spine-leaf architecture, and Quality of Service (QoS) can be implemented. The spine-leaf 
architecture comprises two layers, the spine layer and the leaf layer, which ensures redundancy 
and eliminates the possibility of a single point of failure. To implement the spine-leaf 
architecture, network administrators should design the network topology, configure the spine 
and leaf switches with redundancy and failover mechanisms, configure VLANs, and link 
aggregation. In addition to this, QoS can be used to prioritize critical applications and allocate 
network resources accordingly. QoS policies can be configured based on the application's 
importance, and queuing mechanisms can be used to handle network traffic efficiently. Network 
administrators should regularly monitor network performance to identify congestion issues and 
adjust QoS policies accordingly [12]. The combination of spine-leaf architecture and QoS can 
enhance network efficiency in large enterprise networks, improving network performance, 
reducing network congestion, and ensuring high availability. Implementing link aggregation 
control protocol (LACP) further enhances the topology, ensuring that links between switches 
do not go into blocking mode, bypassing the forward listening state caused by the spanning tree 
protocol and increasing network efficiency. This infrastructure can easily handle large amounts 
of traffic and provide seamless connectivity to end users.



Fig 2. Data Center Topology 
Therefore, the conceptual framework of the research paper will focus on the implementation of 
spine-leaf architecture and QoS mechanisms in large enterprise networks to enhance network 
performance and efficiency. The proposed model will discuss the design of the network 
topology, configuration of spine and leaf switches, VLANs, and link aggregation. It will also 
elaborate on the implementation of QoS policies, queuing mechanisms, and network 
performance monitoring. [13] 

Fig 2 illustrates a practical example of implementing spine-leaf architecture in a network 
infrastructure, where multilayer switches are used as spine-leaf switches and access layer 
switches are connected to each multilayer switch. This design can be used to create a robust and 
efficient network infrastructure for any organization. 

V. RESULTS AND DISCUSSION

A. Throughput based Analysis
Researchers have extensively studied the effectiveness of Spine-Leaf architecture in

network design. One area of research involves the optimization of various parameters, 
including link speed, routing protocol, load balancing, and quality of service (QoS), to improve 
network performance. For instance, in a Spine-Leaf architecture, researchers have evaluated 
the impact of link speed on network throughput, by analyzing the performance of different link 
speeds, such as 1Gbps, 10Gbps, and 40Gbps, to determine the ideal connection speed for a 
specific network setup. Moreover, the effectiveness of different routing protocols, including 
OSPF, BGP, or IS-IS, has been studied to identify the most efficient routing protocol for 
enhancing network efficiency [14]. Load balancing techniques, such as ECMP or weighted 
load balancing, have also been examined to optimize load balancing and improve network 
efficiency. Additionally, QoS has been studied to enhance network effectiveness by prioritizing 
certain types of traffic or adopting traffic-shaping techniques. By analyzing network 
throughput under different QoS policies, researchers can fine-tune QoS and increase network 
performance. 



B. Redundancy based Analysis
The spine-leaf architecture can be evaluated for network redundancy by testing the effects of 

redundant links, STP, redundant switches, and VRRP. By conducting experiments such as 
simulating switch failures and measuring the time for network convergence, researchers can 
determine the optimal number of redundant links, switches, and the most effective link 
aggregation methods, as well as optimize STP and VRRP to improve network redundancy [15]. 
Previous studies have investigated various aspects of network redundancy in spine-leaf 
architectures, including the use of different detection mechanisms such as BFD and UDLD, and 
proposed optimization techniques based on their findings. 

VI. CONCLUSION AND FUTURE SCOPE

The spine-leaf architecture is a network design that connects spine switches to leaf switches 
to achieve non-blocking traffic distribution and improve network efficiency in large enterprise 
networks and data centers. Quality of service (QoS) mechanisms and link aggregation control 
protocol (LACP) can be used to prioritize traffic and bundle multiple links to switches to further 
improve network performance. In data centers, spine-leaf architecture can be combined with 
VXLAN tunnels and VRFs to create a highly scalable and secure network environment. This 
network design can optimize network performance, reduce network congestion, and provide a 
secure and isolated environment for different applications and tenants [16] - [30]. 

The integration of software-defined networking (SDN) can automate network provisioning, 
enable dynamic network configuration, and enhance network visibility and monitoring. 
Advanced routing algorithms such as equal-cost multi-path (ECMP) and border gateway 
protocol (BGP) can optimize network traffic and improve network resiliency. The adoption of 
emerging technologies such as 5G, the Internet of Things (IoT), and artificial intelligence (AI) 
will require highly scalable and efficient network architectures, where spine-leaf architecture 
can play an ideal role. Overall, spine-leaf architecture will continue to play a vital role in 
optimizing network performance in the future [31] - [43]. 
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