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Abstract: This extensive paper examines the development, relevance, historical background and architecture, and issues surrounding 

WANs and MPLS in enterprise networking. It presents SD - WAN as a way of doing WAN and a subclass of Software Defined Networking 

(SDN) that overcomes the constraints of traditional WANs and MPLS by offering more flexibility, greater efficiency, and advanced 

protection measures at a lower cost. The paper also describes the main components of SD - WAN, such as edge devices, centralized 

controllers, and transport networks, and how the latter form a comprehensive outline of the SD - WAN’s technical solution. Furthermore, 

the paper also discusses the various practical applications of SD - WAN across different industries such as finance, retail, healthcare, 

and remote work that prove the adaptability of SD - WAN to the current and ever - evolving enterprise networking requirements. The 

paper also examines the future direction of SD - WAN based on AI & machine learning, edge computing, 5G, and multi - cloud, which 

will further expand the adoption of SD - WAN. Ending with a debate on digital transformation, the paper highlights how SD - WAN is 

now an essential component in the modernization process of enterprise networks.  
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1. Introduction to WAN and MPLS  
 

Wide Area Networks, or WANs, have long been an essential 

enterprise networking component. WANs once denied remote 

locations the connection to central data centers through leased 

lines and allowed organizations to function across various 

regions. These leased lines were usually point - to - point 

connections, thus giving an end - to - end connection between 

stations. However, this was expensive and rigid because 

linking organizations needed a line, proving costly and 

cumbersome significantly as organizations grew.  

 

In the second half of the 1990s, when demand for denser 

network fabrics was higher and when requirements for 

expanded scalability and more efficient solutions arose, 

MPLS took a revolutionary position (Hassan et al., 2022). 

MPLS provided a means to transport data more effectively by 

utilizing VPNs over common infrastructure, thus eliminating 

the need for dedicated lines. A very short time later, MPLS 

was established as the leading WAN technology for 

businesses due to the added advantage in performance, 

reliability, and security that the new technology provided.  

 

 
Figure 1: SD - WAN 

 

MPLS Architecture:  

MPLS thrives because it affixes labels on packets of data and 

hence enables the packets to follow a certain path in the 

network (Hu et al., 2020). It guarantees that the data 

transmitted experiences only the fewest delays or diminished 

packet loss rate. In addition, traffic engineering is also 

provided in MPLS. This will allow organizations to prioritize 

some types of traffic, like voice or video, over others.  

 

MPLS is popular due to its capability to provide Quality of 

Service (quality of service). Quality of Service guarantees 

that high - priority applications get the bandwidth and 

performance on the network that is required; this is a big deal 

for applications that are susceptible to delay, such as 

Telephony and Video conferencing. MPLS also supports 

VPNs, or Virtual Private Networks, which afford separate 

connections to varied offices or sections of an organization 

(Sadiku & Akujuobi, 2022).  

 

 
Figure 2: MPLS Network Architecture 

 

Challenges with MPLS:  

Given how enterprise networking requirements have 

emerged, some issues with MPLS might be viewed as more 

critical (Moura & Hutchison, 2016). I will begin by 

explaining some shortcomings of employing MPLS in 

organizing networks. The foremost one can be referred to as 

cost. MPLS circuits are costly, especially for organizations 

with many nationwide branches. Also, MPLS tends to use a 

single service provider, which means an organization gets 

stuck with this provider and needs help to switch quickly, thus 

making it less flexible in managing its network.  

 

One disadvantage of MPLS is that it could be more flexible. 

Configuring a new MPLS connection can sometimes last 

weeks or months. As a result, organizations need help 

adapting to the dynamic business environment and adopting 

agile AfM solutions. This immovability is highly undesirable 

in modern dynamic commercial settings, where enterprises 

require the ability to rapidly expand /extend their networks 

into new sites/applications.  

 

Comparison between MPLS and Traditional WAN:  
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Compared to other WAN technologies, MPLS has some 

benefits, such as enhanced performance over other WAN 

technology solutions, reliability, and improved security. 

However, it also involves higher costs, and it is relatively 

complex. Traditional WANs are generally cheaper for 

implementation and more accessible to administrate, although 

they may offer lower speed and lesser security than MPLS.  

Recent advances in cloud computing, employee and customer 

mobility, and IoTs have put more pressure on enterprise 

networks (Badotra & Panda, 2019). Such trends have 

precipitated a challenge to MPLS and traditional WANs, 

citing issues related to cost, scalability, and flexibility. 

Therefore, organizations are seeking other solutions that 

would perhaps better serve their dynamic networking 

requirements.  

 

Table 1: Comparison of Traditional WAN and MPLS 
Aspect Traditional WAN MPLS 

Cost Lower Higher 

Scalability Limited High 

Flexibility Low Moderate 

Performance Lower High 

Security Basic Enhanced 

 

The Shift in Networking Needs:  

Increased use of cloud - based applications and IoT devices 

and the need for employees to work remotely have shifted 

organizations’ use of their networks (Mishra & Tyagi, 2022). 

MPLS and other traditional WAN architectures were 

developed for a world where applications are centralized in 

data centers, and users access them from those fixed 

locations. Today, however, applications are located in the 

cloud, and users interface with them using any device from 

anywhere.  

 

MPLS has also brought new challenges for IT organizations, 

as the resulting paradigm shift in networking needs indicates 

(Monge & Szarkowicz, 2015). Due to the decentralized nature 

of MPLS and the high costs associated with it, it is no longer 

sufficient for modern - day businesses. Companies require a 

more appropriate and adaptable solution that can easily suit 

the present - day network environment.  

 
Figure 3: SD - WAN architecture with MPLS integration.  

 

2. Emergence of SD - WAN  
 

Introduction to SD - WAN:  

SD - WAN is now recognized as a revolutionary technology 

that stands better than traditional WAN and MPLS. SD - 

WAN utilizes software - defined networking (SDN) to design 

a WAN architecture that is less rigid, more effective, and 

more efficient than the traditional WAN architecture. SD - 

WAN's great benefits include the ability to abstract the 

underlying network infrastructure and create centralized 

control of the WANs to ease network administration while 

delivering better performance.  

 

SD - WAN is built to solve the problems that define today's 

enterprise networking environment. It helps manage traffic 

from different link types, such as broadband, 4G/5G, MPLS, 

etc., to go through an organization's network. This flexibility 

enables organizations to select the optimum cost and high - 

quality connection for every application, eliminating costs 

and enhancing performance (Bai & Sarkis, 2017).  

 

How SD - WAN Works:  

SD - WAN is implemented to function with different control 

and data planes so that the network can be managed and 

orchestrated (Troia et al., 2022). The OSPF control plane is in 

charge of making routing decisions; in contrast, the OSPF 

data plane transmits information units. This decoupling helps 

organizations control and upgrade their entire WAN as a 

single access point, making deploying and implementing 

network resources much more manageable.  

 

SD - WAN operates with the help of a single centralized 

controller for managing traffic on the WAN link. The 

controller is also responsible for controlling the performance 

of each link and directing traffic accordingly with regard to 

the current traffic condition. For instance, whereas a 

broadband connection may be characterized by high latencies 

or lost packets, the controller can easily switch traffic to 

MPLS. The dynamic routing inherent in implementing this 

architecture guarantees that applications are continually 

optimized.  

 

 
Figure 4: What is SD - WAN 

 

Key Innovations in SD - WAN:  

SD - WAN also presented an innovative approach to 

integration with other networks. In contrast to conventional 

WAN designs, where radical shifts in networking are 

typically called for, SD - WAN can be implemented 

preferentially in an MPLS or broadband environment. This 

approach enables organizations to realize an SD - WAN 

service while leveraging existing network investments.  

 

Application - aware routing represents yet another important 

innovation. SD - WAN will be able to detect priority traffic 

based on each application's requirements. For instance, video 

calling can be preferred before email exchanges to make the 

client's experience as comfortable as possible (Parise et al., 

2016). This degree of specialization allows organizations to 

manage the network efficiently for the applications' actual 

needs.  
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Table 2: Key Innovations in SD - WAN 
Innovation Description 

Application - 

aware Routing 

Detects and prioritizes traffic based on 

application requirements 

Centralized 

Management 

Simplifies network administration through a 

single interface 

Dynamic 

Routing 

Automatically selects the best path for traffic 

based on real - time conditions 

 

SD - WAN vs. MPLS:  

SD - WAN has several benefits compared to MPLS. The 

primary advantage of SD - WAN is that it is less costly. SD - 

WAN can decrease WAN costs by permitting organizations 

to use broadband, 4G/5G, and MPLS connections. Thirdly, 

SD - WAN is more dynamic, as organizations can easily 

integrate more locations or connections with less effort or 

time.  

 

SD - WAN can be as good as, if not better than, MPLS when 

it comes to specific performance. Whereas MPLS offers a 

protected QoS, SD - WAN can deliver comparable outcomes 

by directing traffic smartly and leveraging private worldwide 

backbones (Yadav, 2021). This enables organizations to 

provide high performance for severe applications without 

investing heavily in MPLS circuits.  

 

Table 3: SD - WAN vs. MPLS - Key Differences 
Feature MPLS SD - WAN 

Cost High Lower 

Setup Time Weeks to Months Days 

Flexibility Limited High 

Network Management Complex Simplified 

Scalability Moderate High 

 

The Impact of SD - WAN on Network Management:  

 SD - WAN has various advantages, including the 

centralization of network management, one of the most 

important ones. With traditional WANs, while it is already 

challenging to keep track of split and multiconnected 

networks and service providers, one might imagine the 

difficulty that the IT teams encounter in managing them. SD 

- WAN makes this process easy since it offers a single point 

of visibility and management for the WAN.  

 

It also allows for more automation since there is no need for 

so much input and work to make the devices make the optimal 

decision (Tien, 2017). For instance, SD - WAN can diagnose 

a network problem, like congestion or link failure, and easily 

solve it on its own without the help of IT workers. It also 

facilitates less work for the IT teams and better reliability and 

performance of the networks.  

 

 
Figure 5: Benefits of SD WAN 

 

Case Study:  

A manufacturing company with a presence worldwide was 

struggling with the limitations of its traditional MPLS - based 

WAN. The company had several remote locations, all of 

which needed to be connected with high bandwidth for 

critical applications. However, the cost and rigidity of MPLS 

were constraining the growth of its network and the 

opportunities to respond to the business's needs.  

 

The company considered SD - WAN the solution to overcome 

these issues. Thus, it used SD - WAN in addition to MPLS 

and transferred non - critical traffic to cheaper broadband 

connections. The centralized control and inherent automation 

benefits of SD - WAN also made network management easier, 

freeing up the IT staff for other important work.  

 

Cloud application network performance has also improved 

due to the optimization of the company's network in recent 

years (Attaran & Woods, 2019). SD - WAN also provided the 

flexibility and ease of branch additions required for the 

company's expansion agenda.  

 
Figure 6: SD - WAN (Software Defined WAN) 

 

3. Technical Architecture of SD - WAN  
 

SD - WAN Components:  

The architecture of SD - WAN is built on several key 

components that work together to provide a flexible, scalable, 

and secure network solution.  

These components include:  

 

Table 4: Components of SD - WAN Architecture 
Component Role Key Features 

Edge 

Devices 

Connect branch offices, 

data centers, and cloud 

Traffic control, 

Security features 

Centralized 

Controller 

Manages network policies 

and traffic flow 

Dynamic routing, 

Centralized 

management 

Transport 

Network 

Facilitates data 

transmission across sites 

Multi - path options, 

High reliability 

 

• Edge Devices:  

Endpoint devices are vital to SD - WAN design since they are 

physical or virtual devices requiring networking in most 

branches, data centers, and the cloud (Moser, 2021). These 

devices are supposed to give a physical form and operate by 

fulfilling the set by the centralized controller. As the remote 

points of presence at the edges of a network, they also 

coordinate and direct communication traffic to ensure that the 
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information being exchanged in a network is delivered safely 

and optimally between points.  

 

In addition to compliance with policies, edge devices 

determine where traffic flows in the network at that particular 

time to ensure that it takes the most effective route. This is 

essential for keeping the performance high and guaranteeing 

that the packaged missions are allocated the required 

resources. The nodes in the networks should be durable and 

able to work seamlessly with the evolving network systems 

that require multiple forms of connections, several levels of 

traffic, and various levels of security.  

 

These edge devices share inherent security measures that 

enable control and protection of the network periphery. They 

can encompass firewalls, Intrusion Detection Systems, and 

other tools mainly used to defend the network as it gets loaded 

and unloaded with data throughout a set geographical region. 

Edge devices are even more crucial in SD - WAN because of 

their traffic control responsibility, not to mention they are also 

guards that keep the entire system safe and running 

effectively.  

 

• Centralized Controller:  

These elements are integrated into the centralized controller, 

which should be considered the brain of the entire SD - WAN 

architecture. With this controller, network administrators can 

monitor and manage the WAN from a single point of control 

or interface. This interface allows administrators to formulate 

policies, set up networks, and even supervise the performance 

of the whole network. This centralization makes sense 

because managing a distributed network is never trivial, and 

it becomes especially so in large organizations with several 

sites.  

 

Among the essential functions of the centralized controller is 

traffic flow management within the WAN. This is done by 

periodically and actively examining the qualities of the 

network, including latency, packet loss, and availability of 

bandwidths, and gaining sufficient knowledge of the path the 

data should follow to complete this rapidly. This dynamic 

routing capability is crucial for managing networks, 

particularly the concurrent traffic of several services like 

voice, video, and data. The controller's natural time 

management keeps the service quality intact as essential 

applications run without hitches.  

 

The centralized controller also has enormous responsibility 

for network security. Implementing similar policies across all 

edge devices makes it hard to prick holes in security 

standards. The controller can also deal with security threats 

by changing routing paths or quarantining the compromised 

area of the network (Shaghaghi et al., 2020). Although this 

arrangement effectively increases operational efficiency, it 

also increases the network's security and makes it less 

vulnerable to threats.  

 

• Transport Network:  

The transport network in an SD - WAN environment refers to 

the numerous connections that support data transmission from 

one site to another. These options may include but are not 

limited to MPLS circuits, business broadband, 4G/5G 

wireless WAN, and satellite links in complex physical 

connectivity cases. It stands out in the capacity to encapsulate 

these disparate transport forms; organizations can employ the 

least expensive and suitable transport media without specific 

transport vendors or protocols.  

 

As a result of the transport network abstraction, the SD - 

WAN allows network resource management to be flexible 

and dynamic. Organizations can dynamically choose the 

proper connection at the right time for their needs, with some 

sensitive applications that need high MPLS reliability and 

some with lower priority and cheap internet broadband 

connections. This flexibility is especially desirable for 

organizations with networks in different locations, as it allows 

for generating the optimal spend on network infrastructure 

while offering the right level of service at each site, depending 

on its activities.  

 

Besides flexibility, the transport network in SD - WAN is also 

highly reliable and works towards creating a mesh - like 

structure. The system can redirect traffic depending on the 

existing issues, such as when there is a failure or congestion 

of traffic; the data will still pass through seamlessly. Besides, 

this capability increases the strength of the network and 

allows businesses to operate without interruption because the 

probability of a network breakdown and service degradation 

is reduced significantly. This way, SD - WAN delivers 

additional transport types to produce an organized, powerful, 

and delicate network that can quickly respond to topographic 

or transport conditions or load shifts.  

 

• Security Services:  

Security services are deployed to shield the network from 

various forms of cyber threats as data moves in the WAN 

(Asif & Ghanem, 2021). SD - WAN bundles many security 

features into the network architecture, including Firewall, 

encryption, and IDS/IPS. These security levels combine to 

protect information as it transfers from one area to the next 

and guarantee that only authorized personnel can access this 

information.  

 

The first of the security capabilities proposed within the SD - 

WAN concept is to encrypt data to adequately prevent 

interception or alteration in transit. This is especially 

important to organizations that deal with sensitive 

information, like bodies that offer financial or healthcare 

services, whose companies can be severely hit in case of data 

leakage. This means that while traffic is captured during its 

transmission, if intercepted, it cannot be accessed or read by 

anyone since it's encrypted.  

 

Of course, security functions are also an inherent part of SD - 

WAN, and one can find robust firewalls and IDS/IPS that 

analyze traffic for threats. These systems can recognize and 

prevent likely dangers, like viruses, malware, and 

unauthorized access, before they can penetrate and damage 

the whole network. These security services will, therefore, aid 

the constant updating of threat intelligence for the newer 

threats to prevent such networks and SD - WAN 

environments from being attacked.  

 

Centralized Control:  

Centralized control is also one of the essential characteristics 

of SD - WAN that distinguishes it from traditional WAN 
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(Segeč et al., 2020). In other words, SD - WAN separates 

administrative control and data transfer planes, making it 

possible to carry out the entire configuration of an 

organization's vast area network from a central interface. This 

control plane is central control as all routing decisions are 

made, security policies are enforced, and performance is 

managed. By having everything coordinated from a central 

point, the management of the network is likely to be more 

accessible. It does not possess the difficulties usually 

encountered in managing a complex network.  

 

The centralized control plane also makes configuring the 

network and enforcing policies more accessible. Managers 

can develop intricate policies for traffic preferences, 

protection, and application bandwidth propagated and 

implemented at all web - connected sites. In a way, this 

automation helps to ensure that the established policies are 

being enacted uniformly across the network while, at the same 

time, streamlining the potential for configuration mistakes 

that can exist when performing the function manually. This 

continuity across the WAN is essential to help sustain a stable 

network environment that is less susceptible to security 

threats.  

 

SD - WAN comes with centralized control mechanisms which 

offer a better approach to managing the network (Bustamante 

& Avila - Pesantez, 2021). Automating the tasks required at 

installation allows IT to shift their focus to other issues and 

not constantly have to work out the network topology's 

minutia to optimize usage of the existing resources across the 

sites. The centralized control plane also offers a centralized 

approach where the system admin can fully view the network 

in a given timeframe to identify any performance issues. This 

oversight enables quicker recognition and rectification of 

problem areas to maintain the network's efficiency in service 

delivery to the organization.  

 
Figure 7: SD - WAN vs. WAN 

 

Data Plane and Control Plane:  

Conventional WAN architectures define the control plane and 

the data plane as tightly cohesive entities, which severely 

compounds the complexity and impairs the network's 

performance (Slamnik - Kriještorac et al., 2020). The control 

plane mainly focuses on the decision - making process for 

forwarding data through which path, while the data plane is 

solely in charge of forwarding the packet through the decided 

path. When these two functions are closely aligned, any 

modifications or problems with the control plane will hurt the 

data transfer, leading to network conformance and poor 

performance.  

 

To this end, SD - WAN brings a distinct boundary of the 

control plane from the data plane. This means that each 

aircraft can operate independently without interference from 

the other planes. The control plane is tasked with the 

intelligent and dynamic process of deciding on data flow 

across the network. It constantly checks for various factors, 

including traffic congestion, delay, bandwidth utilization, and 

lost packets, before making instantaneous changes to network 

paths. This dynamic capability helps support the required 

higher levels of service quality, especially in networks with 

geographically dispersed access points and different link 

types.  

 

On the other hand, the data plane works autonomously in 

handling the data transmitting function according to the 

directions from the control plane. Its segregation of these two 

functions improves the overall effectiveness and versatility of 

the network when using SD - WAN. The data plane does not 

have to stop working for the control plane of a network to 

adapt itself to the existing conditions of the network. This 

division of labor increases the efficiency and effectiveness of 

networks. It makes WAN more robust and reliable as it does 

not have to depend on a single point, which can collapse any 

network.  

 

 
Figure 8: Relationship between control plane, data plane, 

and applications 

 

Security Features in SD - WAN:  

Security is an essential factor to consider when designing an 

SD - WAN. It also distinguishes SD - WAN from traditional 

WANs, which retrofit security into the network design. Key 

security features of SD - WAN include:  

 

Table 5: Security Features of SD - WAN vs. Traditional 

WAN 
Security Feature Traditional WAN SD - WAN 

Encryption Optional Standard 

Firewall Separate device Integrated 

IDS/IPS Separate device Integrated 

Network Segmentation Limited Granular 

 

• Encryption: SD - WAN offers reliable encryption to 

ensure all the traffic going through the WAN is safe and 

secure, and all information passed between different sites is 

not intercepted. This encryption plays a crucial role in 

ensuring that information remains private and complete and 

is especially important to entities that work with meaningful 

data, like banks or hospitals. SD - WAN also protects data in 

transit from tampering and freezes such risks as data leakage 

or cyberattacks. This encryption works in harmony with the 

SD - WAN platform, so security becomes as effective as 

possible without threatening the network's speed or ease of 

use.  

 

• Network Segmentation: Another benefit of SD - WAN is 

the solution's capability to implement hierarchical 
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segmentation based on roles, applications, or security risks 

(Rose Varuna & Vadivel, 2021). It will also mean that some 

traffic is kept off the network to enhance data security after 

this segmentation's implementation. For instance, an 

organization can provide one segment for financial 

transactions, another for internal employee communication, 

and another for guests' internet connection. Consequently, SD 

- WAN enables organizations to implement specific security 

policies for each segment to protect the core information from 

threats. ­This level of control increases security and optimizes 

network usage, as various types of traffic can be prioritized 

accordingly.  

 

• Intrusion Detection and Prevention: SD - WAN involves 

enhanced IDS/IPS solutions that constantly scan the network 

for any signs of a breach. These systems monitor the network 

and prevent many threats from getting in or attempting to 

attack it. The IDS/IPS in SD - WAN are frequently fed new 

threat intelligence to ensure the network is safeguarded 

against new threats in the future. This preventive measure is 

significant in protecting the network, especially when there 

are many threats of attacks in a particular organization. As 

IDS/IPS technology becomes incorporated into the SD - 

WAN fabric, the probability of having a superior level of 

security without needing separate security appliances 

increases.  

 

• Next - Generation Firewalls (NGFWs): NGFWs are 

integrated into several SD - WAN solutions to offer deep 

packet inspection, application filtering, and threat protection. 

They allow the organization to maintain security policies and 

counter complex threats.  

 

Integration with Cloud Services:  

Cloud integration, on the other hand, refers to embedding 

cloud services within organizations and is gradually 

becoming an important issue compared to others, given the 

increase in cloud - based systems and applications (Díaz et 

al., 2016). Historically, conventional WAN designs can need 

more integration for optimal combination with clouds, 

especially when trialing to manage connections with one or 

multiple clouds or both. With its enhanced features, SD - 

WAN solves these problems as it helps organizations easily 

incorporate public, private, and hybrid cloud services into 

their existing architectures. This integral coupling is also 

essential to prevent users from experiencing insecure and 

unstable connections to cloud - based applications from any 

location.  

 

One of the key benefits of SD - WAN in cloud integration is 

its highly centralized control plane, which allows 

organizations to control both traditional WAN and cloud 

connections. It makes the complex process of directing traffic 

between on - premises networks and different cloud solutions 

much more manageable. It helps administrators to easily set 

and manage policies that decide how traffic flows to and from 

the cloud for each application to get property the proper 

bandwidth and security measures. This level of control is of 

great importance to the availability, security, and 

functionality of cloud applications as the dependencies 

increase with the number of cloud services and cloud service 

providers.  

 

It also enhances cloud services by dynamically routing traffic 

through the best paths that are available within the network. 

For example, SD - WAN can allocate high business priorities 

to customer applications and prioritize bandwidths and low - 

latency connections while allocating the remaining traffic 

through cost - effective pathways. This dynamic routing 

capability is well - suited to instances where an organization 

deploys in - house and external cloud applications, which 

must be balanced effectively and efficiently. Due to the 

dynamic traffic management throughout the WAN, it 

becomes easy for the clients to get a reliable and consistent 

end - to - end performance even when using cloud services.  

 

For instance, an organization that has adopted Microsoft 

Azure as its cloud solution provider can use SD - WAN to 

provide direct and optimized links between the branches and 

Azure cloud service providers (Luciani, 2019). This direct 

connection eliminates the intermediaries that data have to 

pass through by reducing the number of hops, meaning that 

cloud - based applications will respond faster. Apart from 

improving the user experience, this realizes a better 

performance since the enhanced applications make it easier to 

have critical applications available and fast in the 

organization’s cloud. As a result, SD - WAN becomes an 

enabler of efficient and secure integration with clouds while 

also making it a must - have tool in today’s competitive 

business environment dominated by cloud services.  

 

 
Figure 9: Cloud Integration 

 

Case Study:  

One example involves a large retail chain company with 

hundreds of stores across the country experiencing issues 

related to WAN management (Guo et al., 2022). The 

company had a dedicated MPLS network that was costly to 

support and experienced random cloud application 

performance.  

 

To mitigate these problems, the company deployed SD - 

WAN to connect the stores, data centers, and cloud domains. 

The centralized management feature and the automation 

benefits afforded by SD - WAN helped the company preserve 

its resources and minimize expenses by routing any less 

urgent data traffic to broadband connections.  

 

The integration with cloud services was specifically helpful 

for its e - commerce platform, which observed a significant 

enhancement from its switchover to an SD - WAN. It was also 

found that traffic prioritization and optimizing cloud 

connectivity helped improve page load time and customer 

experience.  
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4. Key Advantages of SD - WAN 
 

Table 6: Advantages of SD - WAN with Case Study 

Examples 
Advantage Description Case Study Example 

Visibility 
Comprehensive network 

monitoring and control 

Multinational company 

enhanced network 

debugging 

Scalability 
Easily add new sites and 

applications 

Pharmaceutical 

company added new 

sites swiftly 

Performance 
Optimized traffic routing 

and prioritization 

Financial services firm 

improved cloud app 

performance 

Control 

Centralized management 

and automated issue 

resolution 

Logistics firm managed 

a large - scale network 

more effectively 

Security 
Enhanced and integrated 

security measures 

Healthcare provider met 

HIPAA standards 

Cost Savings 
Reduced reliance on MPLS, 

lower hardware costs 

Retail chain reduced 

WAN costs and 

hardware expenses 

 

Visibility:  

Their flexibility enhances the visibility of a whole network, 

which is one of the most essential benefits introduced by SD 

- WAN. Historically, WAN designs have not provided total 

insight into the network or the ability of IT personnel to 

monitor WAN performance issues and WAN resource usage 

accurately. SD - WAN effectively fills this critical gap 

through visibility into every network layer, from the program 

level to user traffic. This increased awareness enables 

organizations to have better insight into their network's 

performance and observe any weak areas that would require 

improvements, thus making better decisions and enhancing 

the management of the network.  

 

SD - WAN provides features enabling the IT department to 

troubleshoot network problems proactively before the impact 

gets to the users (Blidborg, 2022). Compared to traditional 

WAN, the control plane of SD - WAN is centralized to offer 

real - time visibility into parameters like latency, packet loss, 

and jitter, among others. This information empowers 

administrators to discern issues quickly and then proactively 

manage those issues by altering traffic flow or bandwidth 

allotment. This approach towards early identification and 

corrective action leads to effective, continual client and 

network performance rather than resulting in flow 

disruptions.  

 

Besides solid troubleshooting attributes, SD - WAN allows IT 

departments to monitor the network before critical issues 

occur. For instance, if specific application traffic is heavily 

congested, the SD - WAN controller can generate alarms and 

suggest procedures to mitigate the problem. In addition to 

cutting down on infrastructure downtimes, this type of 

monitoring also benefits users in general since it allows them 

to find problems before they become detrimental to the 

overall network performance.  

 

SD - WAN platforms are typically equipped with advanced 

analytics modules that contribute useful summary 

information based on historical data analysis, performance 

scoring, and predictive analytics. These tools help 

organizations make strategic decisions relating to changing 

trends in networks and likely future requirements and 

resource deployment and, for instance, analyzing the 

bandwidth consumption patterns through which IT teams can 

discover which applications are most CPU intensive and 

apply new policies to let through the essentials. This 

analytical network management model allows organizations 

to maximize the network's usefulness and value by decreasing 

inefficiencies, increasing the network's utility for users, and 

preparing the network for expanded use.  

 

SD - WAN's benefits, such as comprehensive visibility, 

improved control for troubleshooting, a predictive approach 

for monitoring, and narrowed - down analytics measurement, 

make it one of the most effective solutions for running a 

modern network. SD - WAN provides a fresher perspective 

that entails utilizing data to address defaults affiliated with 

traditional WAN architecture and textures, providing 

organizations with a perspective on improving the network 

design.  

 

Case Study:  

A multinational business organization with branches in 

different countries is expected to have a constant networking 

experience in all its branches. Another reason the company 

deployed SD - WAN was to improve visibility across the 

network to enhance the debugging process.  

 

When adopting SD - WAN, the company was able to actively 

track performance, gain insight into problems, and make 

necessary adjustments in traffic flow. Increased visibility also 

helped them look for discrepancies, such as high latency or 

packet loss, before the end users had to face them. 

Consequently, there was a corresponding drop in the number 

of network - related occurrences and better network efficiency 

for the firm.  

 

Scalability:  

The sixth is the scalability advantage that SD - WAN offers a 

solution to a major problem often experienced with traditional 

WAN models within the larger and dispersed networks that 

are rapidly growing (Zhang et al., 2022). Legacy WANs can 

have issues relating to scalability, but SD - WAN provides a 

faster, easier way to add new sites, applications, and end - 

users to the network without the same problems that are 

associated with adding the network.  

 

Among all the features, the most compelling feature that 

allows this company to become liberal with scalability is the 

zero - touch provisioning. With SD - WAN, the optimum new 

and old sites for network connections can be delivered faster 

and more efficiently than before. SD - WAN appliances can 

be shipped to new locations and configured and integrated 

directly into the system through the control plane, where local 

IT specialists are not needed. This helps to save time that 

otherwise could have been spent for weeks while deploying 

for organizational changes or business growth.  

 

SD - WAN makes adopting new locations or applications into 

the network program easy without interrupting business 

processes. For example, if an organization buys another 

business, SD - WAN can quickly and easily extend 

connections to newly acquired locations so that they are 
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seamlessly integrated into the company's network. Such 

integration capability is especially helpful in rapidly 

progressing industries such as the retail or healthcare 

industries, for instance, where expansion is most often 

inevitable.  

 

SD - WAN also embraces elasticity, where organizations can 

allocate the necessary resources depending on current needs. 

For instance, in the case of a massive call for training, a 

business can elevate the bandwidth assigned to video 

conferencing solutions during the event. The purpose of 

making the changes suggested above is as follows: As soon 

as the event is over, the network can restore its parameters to 

the optimal settings so that resources remain efficient. In 

contrast, the network can run without spending excess cash. 

This dynamic adaptability is among the reasons SD - WAN is 

becoming preferred by organizations planning for their 

network infrastructure to meet the challenges of the 

contemporary business climate (Tuitoek, 2022).  

 

 
Figure 10: SD WAN Overlay 

 

Case Study:  

A large international manufacturer and marketer of 

prescription pharmaceuticals required a swift addition to its 

network in anticipation of the introduction of a fresh product 

into the market. The company adopted SD - WAN to connect 

new research facilities and distribution centers to the 

corporate network.  

 

As SD - WAN provides zero - touch provisioning and 

centralized management, it became easier for the company to 

add a new site with limited time, which otherwise would have 

taken weeks or even months with traditional WAN 

architectures (Duggan, 2022). SD - WAN also provided the 

added advantage of scalability in the availability of network 

resources, which had to be prioritized for some applications 

during the product launch.  

 

Performance:  

Availability is an essential network characteristic since many 

business entities rely on cloud applications and real - time 

communication software. SD - WAN is inherently designed 

to improve traffic flow and application delivery by 

intelligently directing traffic, prioritizing critical applications, 

and maintaining adequate quality of service. This 

optimization is essential in today's business environment, 

where any increase in system latency wastes considerable 

time in applications that rely on minimal response delays.  

There are several ways through which SDWAN improves the 

performance of networks; one of the ways is traffic routing. 

SD - WAN uses application - aware routing, which guides the 

traffic through the best available path based on the current 

network conditions. This is particularly significant with 

applications such as video conferencing and VoIP, which 

require even slight delay to disappoint users. SD - WAN 

constantly checks the available bandwidth and quality of 

service to parameters and proactive routing to allocate 

bandwidth and low latency connections to the required 

application.  

 

Besides the efficiency in routing, SD - WAN is a tool to 

manage traffic according to the necessities of each 

application. For instance, traffic related to organizational vital 

applications such as ERP or CRM can be prioritized over non 

vital traffic flow such as email or browsing. This means that 

many critical applications have their resource requirements 

guaranteed and foreseen to avoid potential performance 

issues that could affect their businesses (Javed et al., 2022).  

SD - WAN offers enhanced quality of service control 

capabilities as an area that remains problematic to traditional 

WAN and may fail to deliver acceptable quality of service 

across different network environments. Some SD - WAN 

providers even provide private global backbone services that 

claim to achieve performance levels that are not much 

different from the MPLS, where critical applications never 

have to sacrifice their superior performance levels, even when 

running over public internet service. Such an open and 

intelligent quality of service management is crucial for 

achieving reliability in network continuity and performance 

stability, especially in organizations that utilize cloud and real 

- time business processes.  

 

Case Study:  

 One of the biggest financial services firms ran nearly all its 

operations on cloud applications. However, the experience of 

such applications was not smooth, especially for offices 

connected through public internet connections, such as the 

remote offices they had.  

 

They then adopted SD - WAN to optimize management and 

enhance the wealth's Commonwealth' performance. Through 

SD - WAN's ability to identify the applications used by the 

organization and manage their priority and the connections' 

quality, the firm could guarantee that the financial 

applications were availed of sufficient bandwidth and low 

latency. As such, the firm realized notable enhancements in 

application performance and user efficiency.  

 

 
Figure 11: Benefits of Cloud Adoption in Financial Services 

 

Control:  

SD - WAN offers organizations increased visibility into their 

network environments, allowing the IT department to monitor 

and proactively address the network (Singh, 2018). This 

higher level of control is vital for controlling the network and 

maintaining, managing, and guaranteeing security and 

business processes within the constantly changing 

environment. In turn, the SD - WAN application allows 

organizations to manage their networks effectively, optimize 
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the processes, and control possible problems before they 

become critical and consume the resources of IT departments 

and their staff.  

 

Another significant benefit of SD - WAN is the principle of 

centralized control and command on a global level. The 

control plane extension centralizes the network administrative 

plane, making it easier for the IT teams to manage the whole 

network from an individual interface. This entails setting up 

policies, managing performances, and solving problems at all 

the established sites. Centralized management means that the 

network can be managed from a central point, cuts down 

network control complications, and practically negates the 

requirement of a dedicated local IT workforce. This 

centralization will be advantageous for organizations with 

branches all over the country or in different geographical 

zones since it will lead to proper standardization and 

implementation of managerial strategies.  

 

Apart from centralized management, SD - WAN provides IT 

teams with an idea of how to manage issues independently. 

The SD - WAN controller is implemented to keep metrics on 

the Wan link performance constant and can detect the onset 

of performance decline. In such cases, flexibility intelligently 

enables the controller to redirect traffic or change bandwidth 

usage to optimize service and avoid compromise. With this 

approach to issue management, downtimes are lowered, 

network reliability is increased, and user - friendliness is 

increased since existing problems are dealt with before they 

inconvenience users.  

 

It also means that SD - WAN allows the IT department to 

become less reactive in its function. SD - WAN relieves the 

IT department of mundane network management 

responsibilities like traffic forwarding and policy arbitration. 

This encompasses network optimization, new technology 

introduction, and enhancement of business growth activities. 

IT organizations can be more strategic than tactical, 

guaranteeing the network's provisioning, adaptability, and 

compliance with organizational objectives.  

 

 
Figure 12: SD - WAN: The Revolution and The Solution 

 

Case Study:  

An international logistics firm was facing issues in having a 

steady network and also dealing with a large - scale wide - 

area network (Moons et al., 2019). The company adopted SD 

- WAN in order to have more control over the network and 

get rid of inefficiencies.  

SD - WAN lets the company manage all its networks and even 

some trivial tasks, like traffic steering and quality of service 

configuration. It also provided:  

• Increased visibility and control over the system.  

• Allowing easy management of potential problems.  

• Minimizing downtime.  

• Improving system utilization.  

 

Security:  

 Security always remains a concern for organizations as more 

businesses move to the cloud, deploy new applications, and 

employ new policies to accommodate a growing number of 

remote employees. SD - WAN solves these worries by 

embedding the security layers into the SD - WAN, ensuring 

consistent data and application security. Compared to the 

conventional WAN models, where security is considered an 

afterthought, SD - WAN architectures security into the 

organization's network framework to guarantee that all the 

network traffic is protected as it passes through the WAN. 

This is especially so for firms dealing with large volumes of 

information crucial to an organization like the financial sector 

or hospitals, where the loss of information could be 

disastrous.  

 

SD - WAN offers various security measures to address and 

prevent network traffic from different risks. These features 

include Encryption, which helps to protect data. At the same 

time, it travels from one system to another, with firewalls that 

can prevent unauthorized access to resources and IDS/IPS, 

which can watch for suspicious activities and intrusions and 

stop them. When implemented in the network, SD - WAN 

guarantees that all forms of security are implemented and 

remain integrated into the WAN fabric as data traverses 

through the WAN.  

 

SD - WAN also has the benefit of ensuring centralized 

security policies for all sites, notwithstanding the physical 

location of the branch offices. This consistency is essential in 

the current decentralized workplace, where users may log on 

to corporate resources from any number of locations, be it 

branch offices, remote facilities, or even from home. Using 

SD - WAN, an organization can guarantee that all the traffic 

passes through the corporate security filters, significantly 

lowering the chance of a cyberattack and meeting the 

requirements of various industry laws and regulations, 

including GDPR or HIPAA.  

 

SD - WAN is more flexible regarding where security is 

placed, with multiple models that can be applied to support an 

organization's security strategies (Segeč et al., 2020). 

Whether a business needs intrinsic security inside an SD - 

WAN solution, a possibility to integrate with other security 

appliances, or a solution with security as a top priority, SD - 

WAN is prepared to meet them. This flexibility enables 

organizations to create the proper security structure that fits 

their requirements, whether it is threat detection, isolation of 

network domains, or integration with other security 

platforms. In this respect, SD - WAN enables organizations 

to provide advanced security control and adapt to the growing 

needs of today's business world by delivering a secure 

environment for enterprise resources.  

Paper ID: SR24926093616 DOI: https://dx.doi.org/10.21275/SR24926093616 1442 

www.ijsr.net
http://creativecommons.org/licenses/by/4.0/


International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

SJIF (2022): 7.942 

Volume 11 Issue 10, October 2022 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

 
Figure 13: Zero Trust Network Design 

Case Study:  

A large healthcare organization with many hospitals and 

clinics requires the protection of patient data and adherence 

to HIPAA standards. The provider deployed SD - WAN to 

achieve its network security objective and protect data.  

SD - WAN implementation allowed the provider to encrypt 

all traffic between different sites, minimize data leakage, and 

ensure the patient's data was safe in transit. It also allowed the 

provider to have centralized control of the plane and enforce 

a unified security policy across the entire organization, 

limiting the risk of a data breach and complying with HIPAA.  

 

Cost Savings:  

The most significant advantage of SD - WAN is that it directly 

addresses organizations' critical concerns with traditional 

WAN designs, especially those built around MPLS. MPLS 

circuits are not cheap to deploy and maintain, and this 

becomes more challenging for organizations with many 

remote offices. SD - WAN allows organizations to 

incorporate broadband connectivity and 4G/5G alongside 

MPLS, making it a more economical solution than traditional 

WAN. This approach also reduces the overall network cost 

while providing higher levels of flexibility in managing or 

controlling the traffic over the network.  

 

Another significant factor that has made SD - WAN possible 

to be considered a technology that holds a lot of promise when 

it comes to cutting costs is the relative freedom from using 

MPLS circuits. This way, organizations can significantly 

reduce their reliance on expensive MPLS circuits while 

rerouting non - urgent and non - mission critical traffic to 

cheaper connections like broadband or 4G/5G. As such, this 

shift can be massive in terms of cost savings, more so for 

organizations managing a vast network of remote sites where 

the overall cost of MPLS does look quite expensive. It gives 

the ability to optimize the business traffic over MPLS or 

provide less costly routes for other traffic; it is not so 

important but equally essential to avoid a lot of expenditure. 

Yet, its performance is critical to the organization.  

 

In addition to keeping the network connections' costs down, 

SD - WAN eliminates hardware costs in every branch. Earlier 

WAN architectures generally demanded dedicated equipment 

such as a router, firewall, and WAN - optimizing device. SD 

- WAN makes it easier by consolidating all these functions 

into a single box. This consolidation saves money on 

purchasing the necessary capital equipment. This means the 

IT department has fewer devices to manage and use across the 

network. As mentioned above, SD WAN's hardware 

deployments have been reduced and are efficient, reducing 

costs.  

 

It should be noted that SD - WAN significantly enhances the 

effective use of bandwidth by actively making traffic - 

handling decisions based on real - time network performance. 

It also helps avoid situations where bandwidth is wasted due 

to inefficient utilization, assisting organizations to optimize 

the use of WAN connections. In that, SD - WAN enhances 

routing by making real - time adjustments that move away 

from over - provisioning and reallocating the resources to 

areas of strength in the network (Sassi, 2017). Of course, this 

optimization helps save on bandwidth costs and optimizes the 

network and its performance, providing a positive return on 

investment for the organization while improving its service 

delivery.  

 

 
Figure 14: SD - WAN Best Practices 

 

Case Study:  

A large retail organization with multiple hundred stores in the 

country grappled with high WAN costs because it solely 

depended on MPLS circuits. The organization used SD - 

WAN to help trim the budget and optimize the connections' 

quality.  

 

Routing non - essential traffic through broadband connections 

significantly reduced the usage of MPLS, resulting in a 

decreased cost. The integrated SD - WAN appliances also had 

the added benefit of saving hardware expenses at each store, 

which translates to reduced capital outlay. The organization 

generally has low WAN costs, high performance, and 

improved security.  

 

5. Use Cases of SD - WAN  
 

Table 7: Industry - Specific Applications of SD - WAN 
Industry Challenges SD - WAN Benefits 

Financial 

Industry 

Regulatory compliance, data 

security, application 

availability 

Cost - effective, secure, 

and compliant 

networking 

Retail 

Chains 

Application support, security, 

cost considerations 

Centralized 

management, network 

segmentation, cost 

savings 

Healthcare 

Industry 

Data security, HIPAA 

compliance, real - time 

applications 

Secure architecture, 

bandwidth guarantees, 

centralized control 

Remote 

Work 

Secure access, performance 

for remote employees 

Secure endpoints, 

optimized traffic flow, 

scalability 

 

Financial Industry:  

The financial industry is on the list of the most demanding in 

terms of networking. Trading, customer transactions, and 

compliance are complex and crucial activities that need 

robust, reliable, high - performance networks in financial 

institutions. The forces from new fintech participants, who 

actively use technology to compete with traditional financial 
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service providers, intensify these demands even more. Banks 

and other financial organizations have several issues to 

consider:  

• Compliance with strict regulatory rules 

• Proper storing of customers' information 

• Uninterrupted availability of essential applications 

 

Ns. MPLS, the traditional WAN architecture, is costly and 

rigid, making modification of financial institutions' WAN 

architecture challenging.  

 

Using SD - WAN, institutions in the financial industry can 

leverage innovative connectivity that is cheaper, more 

adaptable, and more secure. The cost advantage of MPLS 

links is complemented by lower - cost broadband connections 

that SD - WAN uses to deliver WAN performance and cost 

savings for business - critical applications. SD - WAN's 

security integration guarantees that data is secure and 

compliance is achieved; thus, SD - WAN suits the financial 

industry's high demands. For instance, a significant bank 

adopted SD - WAN for the company's operations worldwide. 

Meanwhile, the bank required the availability and security of 

the trading to minimize the WAN expenses. By deploying SD 

- WAN, the bank could better manage its trading traffic, meet 

compliance protocols, and even adapt to cost - effective 

means by routing less critical data and traffic to broadband 

connections. The control and automation features offered by 

SD - WAN also improved network operations, letting the 

bank dedicate its efforts and resources to its core services 

instead of spending time on complicated and expensive 

network maintenance (Karim, 2018).  

 

Retail Chains 

The retail industry is experiencing immense changes and 

innovations due to the shift of operations from physical 

commercial spaces to online platforms. Whether the 

customers shop online or on high streets, they expect the best 

experience from the retailers. This needs a robust and scalable 

network solution that can accommodate POS systems, 

customer Wi - Fi, and many other applications. Several 

concerns affect retailers, such as the application support 

pressure, security and compliance concerns, and cost 

considerations. Historically used WAN models can be costly 

and intricate, especially for numerous stores; this complicates 

functioning in the retail industry even more.  

 

SD - WAN is advantageous for retailers because it delivers 

network functions in one appliance; hence, it minimizes the 

cost of administering it and expansion. The above control 

plane centralization gives retailers the benefit of managing 

operations for all their stores in one interface. SD - WAN also 

supports segmentation so that retailers can isolate customer 

traffic from business traffic, which is crucial for security and 

compliance. For instance, an incumbent national retail chain 

carrier recently adopted SD - WAN to address the issues of 

network quality and expense. As a retail chain, the company 

required a solution that would meet various needs, including 

POS systems, inventory tracking, and customer access to Wi 

- Fi (Caro & Sadr, 2019). By choosing SD - WAN, the chain 

received an opportunity to prioritize some applications, meet 

the requirements of PCI DSS, and cut down the costs of WAN 

while redirecting the customer traffic to the broadband links. 

The centralized management of the new SD - WAN also 

facilitated the rapid provisioning of new stores in the chain 

and network expansion, which were important in meeting 

market requirements and consumer expectations.  

 
Figure 15: How Retail IT Solutions Helps In Retail 

Industries 

Healthcare Industry 

The demands on the healthcare industry to provide better 

patient care at lower costs are still rising. As highlighted in 

this paper, the increased use of EMR, telemedicine, and IoT 

medical devices has created the need for a reliable, secure, 

and high - performing network that can be applied to various 

applications. Healthcare organizations have several key 

considerations: data security needs, HIPAA compliance, and 

real - time applications like telemedicine. Hospitals, clinics, 

and other remote offices of healthcare organizations create 

additional challenges to network management.  

 

SD - WAN is a secure architectural solution that brings 

flexibility and scalability to healthcare organizations. The 

security aspects of SD - WAN are inherent, which means that 

patients' data is safeguarded and compliance is achieved. SD 

- WAN also provides bandwidth guarantees to prioritize data 

to support applications with shallow latency requirements, 

such as telemedicine. A centrally located control plane 

enables the overall network management for healthcare 

organizations, making it easier to work with and enhancing 

the network's reliability. For example, a leading healthcare 

organization adopted SD - WAN for its hospitals, clinics, and 

numerous branch offices. The provider had to guarantee the 

security and accessibility of the patient's records to manage 

applications like telemedicine. With SD - WAN, the provider 

could scramble all communication between sites to fit the 

HIPAA standards. The provider also increased telemedicine 

traffic to provide care when it was necessary without any 

interruptions. As a centralized management solution, SD - 

WAN enabled the fast provisioning of new clinics and further 

growth of the provider's network to continuously deliver 

healthcare services in all locations.  

 

Remote Work 

The shift towards handling remote employees has presented 

new issues with IT organizations. Typical VPN tools can be 

costly and challenging to implement, especially when 

practiced by companies with many employees working from 

home. SD - WAN is an economical, secure, and elastic 

solution to support the massive trend of working from home 

or a remote site. New considerations have emerged due to the 

transition to the latest work model. The company must ensure 

remote employees have proper access to corporate resources 

and maintain appropriate performance standards for remote 

employees at a reasonable cost. While traditional VPN 

solutions work, the problem is that when there are thousands 

of workers to cover, VPN costs increase significantly. The 

solution becomes considerably more complicated, making it 

less feasible for long - term remote work solutions.  
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SD - WAN provides a secure and flexible approach to 

addressing remote work demands since it employs software - 

based endpoints on remote worker devices to link remote 

employees to the corporate network securely. The security 

capabilities of SD - WAN, including encryption and multi - 

factor authentication, guarantee that everybody working 

remotely has an opportunity to access company resources 

safely, to whatever place they can connect from. SD - WAN 

also helps improve traffic routes, thus guaranteeing that the 

employee remote from the main office experiences the same 

performance as they do when working on cloud applications, 

which is crucial in a remote working situation. For instance, 

a multinational communication technology firm used SD - 

WAN for its terrain requirements. The business requires the 

protection of corporate assets and ensures equal productivity 

for employees who work from home. With this setup using 

SD - WAN, the company ensured that remote workers were 

well connected to the corporate network without regard to 

their location. The company also improved traffic flow to 

ensure that even the remotely connected worker experienced 

optimal performance when accessing applications on the 

cloud (Attaran & Woods, 2019). SD - WAN is particularly 

useful for managing many remote workers, as it can quickly 

scale and upgrade centralized management of the corporate 

network for employees’ access to resources.  

 

 
Figure 16: Remote Working and Digital Workplace 

Implementation 

 

6. Future Trends and Innovations in SD - WAN  
 

AI and ML - augmented SD - WAN promise to transform how 

the network is operated and. optimized. SD - WAN may be 

more effective when supplemented by AI and ML 

technologies due to the possibility of performing predictive 

analytics, accurate fault detection and correction, and 

enabling the network to respond to new conditions as they are 

detected. For example, predictive analytics uses AI and ML 

to look into past data in the network and infer future network 

scenarios and possible problems. This predictive capacity 

allows SD - WAN to predict the need to change the paths, 

allocate bandwidth, and prioritize the traffic to avoid poor 

performance. For example, suppose AI realizes that traffic 

will be above average for the following several days due to an 

event. In that case, SD - WAN directs resources for bandwidth 

for proper functioning during such times, thus achieving high 

network capacity all the time.  

 

As for the diagnostic and exploratory features, they can also 

work with predictive analytics, AI, and ML and solve network 

problems independently. This capability is handy when 

diagnosing issues in a network context since manual 

diagnosis may take longer, resulting in suboptimal solutions. 

For instance, if a link is highly latent, AI will reroute data 

through a less latent link and notify IT to look at the link 

causing the latency. This automation eliminates delay and 

serves as a quality assurance for the network since it 

counteracts service disruption to the desired working capacity 

of the whole network.  

 

AI and ML help SD - WAN progress toward self - learning 

and become more resilient as it analyzes the environmental 

conditions and adapts the network accordingly. For instance, 

in the context of a newly integrated application, the traffic 

patterns of this particular application can be studied, and 

routing/security policies can be optimized. It must be noted 

that this flexibility enshrined in the SD - WAN model means 

that the network can easily upscale to meet the business needs 

at any given time, optimize the network in general, and 

provide a path for new apps and services without necessarily 

having to be rewired again. 

 

Edge computing is another newer trend in SD - WAN that 

intends to refine the networks and minimize the delay 

(Rafique et al., 2020). Edge computing implies data 

processing at the periphery, instead of the data center or 

cloud, lowering the amount of data transmitted over the 

WAN. This local data processing is critical due to latency - 

sensitive applications such as video conferencing, real - time 

analytics, and IoT devices. Structured data WAN means that 

it is possible to collect all the data at the center to be 

interpreted. However, a lot of time is taken following the 

details’ transmission path, resulting in poor functioning of all 

the most sensitive applications to latency.  

 

Besides cutting latency, edge also works as a safety 

contributor since the less data is transmitted across the WAN, 

the more secure it is. SD - WAN allows data to be processed 

and filtered at the network edge, minimizing the threat of data 

leakage and allowing only valuable data to be sent to the cloud 

or centralized data center. It also increases security while 

reducing traffic congestion on the WAN to improve overall 

network performance. For instance, a manufacturing 

company that used SD - WAN and edge computing to manage 

IoT devices could process data collected from thousands of 

sensors in real time, improving latency and decision - making, 

thus improving efficiency and minimizing downtime.  

 

Another important milestone is the massive adoption of 5G 

networks, which should also significantly affect SD - WAN 

in terms of performance and applications. SD - WAN was 

built as an overlay on top of traditional WAN and is 

particularly designed to work in conjunction with 5G since 

the latter offers much higher speeds and lower latency than 

previous versions of wireless technology. In addition to 

delivering a high - bandwidth, low - latency connection to the 

remote site to enhance cloud deployment, SD - WAN can 

meaningfully support new 5G scenarios like AR/VR.  

 

The 5G system provides network slicing, wherein an operator 

of the 5G network can partition its network resources into 

multiple slicing instances tailored to different use cases. For 

example, to help a given application, a network slice could be 

implemented where a particular application traffic will be 

given priority. Accordingly, a given bandwidth with a low 

latency value must be allocated. SD - WAN can support 5G 

network slicing to deliver high - quality service across the 

entire network for applications that require the required 

resources. For example, a logistics company worldwide 
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adopted SD - WAN and 5G to ensure connectivity for its 

many delivery vehicles. The company needed a tracking and 

communication system that would allow the monitoring of all 

of its cars no matter where they were. By implementing 5G, 

the company was able to deliver fast, reliable connections to 

all their vehicles so that drivers could receive immediate 

updates and be in touch with their dispatchers. SD - WAN 

integration has provided benefits such as routing optimization 

and business priority to critical bandwidth consumers.  

 

In multi - cloud adoption, SD - WAN has emerged as a critical 

enabler for agile and effective multi - cloud management. SD 

- WAN offers the choice and ingestion to connect different 

cloud suppliers without clutter and interference in the 

organization’s performance. Enabling multi - cloud options 

with SD - WAN allows an organization to connect to multiple 

clouds in one place, including AWS, Azure, and Google 

Cloud. This minimizes control of the cloud networks, making 

it much easier to manage them and providing uniformity to 

the cloud environment. For instance, an organization can 

utilize SD - WAN to manage traffic between different cloud 

providers depending on which application best suits the cloud 

environments for running workloads.  

 

Another critical area where SD - WAN excels is security, 

especially in multi - cloud, where security is almost always a 

significant concern. This ensures data is secured as it flows 

between the cloud service providers and the organizational 

network. SD - WAN also provides network segmentation so 

organizations can separate confidential information and meet 

legal requirements. For example, a global enterprise adopted 

SD - WAN to address its multi - cloud environment, where 

the organization connected multi - cloud providers like AWS, 

Azure, etc, to its network. In one way, through SD - WAN, 

the company could interconnect the cloud environments 

securely and guarantee the performance of the applications 

across its use.  

 

Table 8: Future Trends in SD - WAN Technology 
Trend Impact on SD - WAN 

AI & Machine 

Learning 

Predictive analytics, automated fault detection, 

self - learning capabilities 

Edge 

Computing 

Reduced latency, enhanced security, optimized 

network performance 

5G Networks 
High - speed connections, support for new 

applications like AR/VR 

Multi - Cloud 

Integration 

Simplified cloud management, enhanced 

security, optimized application performance 

 

7. Conclusion  
 

SDWAN has many advantages, making it a perfect candidate 

for organizations searching for an upgraded network solution. 

In the meantime, SD - WAN presents benefits in flexibility, 

cost reduction, and enhanced security, making the 

optimization of WAN possible for modern business. Some of 

the benefits of SD - WAN include the following: The first is 

flexibility. Thus, SD - WAN facilitates the utilization of 

transport links like MPLS, broadband, and 4G/5G so that 

organizations can select the most cost - effective and reliable 

transport links for each application. This flexibility is 

essential in today's volatile business environment, where 

speed of response to new requirements and opportunities is 

highly desirable.  

 

Besides the flexibility, SD - WAN also has another 

advantage: cost optimization. The dependency on expensive 

MPLS circuits can be eliminated, and bandwidth 

consumption - optimized as SD - WAN marks a significant 

decrease in WAN costs. With the consolidation of network 

functions into a single appliance, there is a tangible savings 

on expenditure in terms of hardware and management. This 

cost - effectiveness makes SD - WAN a viable solution, 

particularly for the enterprise to obtain the best of its costly 

IT pool while simultaneously providing optimum network 

performance.  

SD - WAN has other advantages, including advanced 

security. SD - WAN incorporates security into the network 

architecture so that traffic flowing through the WAN is 

enhanced by security. This includes encryption, firewalls, 

intrusion detection/prevention, and network segmentation. 

These security features help defend against cyber risks and 

meet legislation standards, mainly as more organizations 

invest in cloud solutions and their employees work remotely.  

SD - WAN improves existing networks by directing traffic 

and prioritizing vital applications. This means that all network 

equipment can perform to their optimum level and, more 

importantly, give the desired quality of service for latency - 

sensitive applications like video conferencing and cloud 

computing. As it prioritizes essential applications regarding 

bandwidth and latency, SD - WAN ensures that users' 

productivity and satisfactory experiences remain optimal.  

 

SD - WAN is gearing up to be the critical technology enabling 

the digital transformation of enterprise networks. With the 

shifting trends of businesses moving to the cloud, managing 

distributed workforces, and embracing IoT and connected 

devices, the need for agile, elastic, and secure WAN providers 

has never been more paramount. SD - WAN offers more of 

what modern business needs to build a future - proof network 

structure capable of adapting dynamically to advancements 

and evolving needs. In its way, SD - WAN also aids in the 

move towards digital transformation since it co - creates new 

approaches and technologies more efficiently. This includes 

capabilities such as functionality to swiftly launch new sites, 

interconnectivity to the cloud services, and availability for 

remote employees. The agility and the ability to scale up 

when required make it powerful in the context of 

organizations present in the digital world today. 

  

 SD - WAN strengthens business continuity through the 

deployment of a reliable and dynamic network infrastructure. 

Another characteristic is the opportunity for the network to 

automatically reroute traffic with a failed link while the 

applications' priorities are still maintained. This is important 

to keep business running, as continuous interruption could be 

very costly and affect several operations in various fields.  

 

It enhances the bandwidth consumption for cloud computing 

applications and real - time communication solutions. This 

optimization is crucial now that many businesses are 

implementing Software as a Service (SaaS) and using the 

cloud for daily operations. SD - WAN also allows cloud - 

based applications to get adequate network resources, 

enabling organizations to enhance workflows and user 
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satisfaction, which is critical for competitiveness in digital 

business today.  

 

It is well emphasized how SD - WAN is currently 

progressing, so what are the emerging trends and technology 

expected to enhance the future of SD - WAN? The four major 

technology shifts are artificial/machine learning, SD - 

WAN/edge computing, 5G, and multi - cloud. AI and 

machine learning, when combined with Swan, are poised to 

create even more innovative networks. These are predicting 

the network status, identifying network ailments, and 

handling network performance hitches. The mentioned WAN 

- integrated software AI solutions will also be capable of 

gathering vast amounts of network data using various 

graphical and statistical tools to make correct conclusions, 

correcting where necessary without human intervention. The 

networks' enhanced efficiency and reliability will be 

experienced exponentially.  

 

The integration of SD - WAN with edge computing will 

significantly complement each other since the latter improves 

the network delay and real - time applications of applications. 

By processing data at the edge, organizations can decrease the 

amount of data communicated over the WAN, optimizing the 

overall network and allowing for quick decision - making. 

This is especially good for data processing under time 

constraints, like IoT and real - time processing use cases.  

Another trend still related to networks is the deployment of 

the 5G network, which will significantly affect SD - WAN 

since 5G provides even higher speed and lower latency for 

mobile and remote workers.5G with SD - WAN will support 

new applications and additional services like augmented 

reality (AR) & virtual reality (VR), offering high speed and 

low time delay. In the future, especially as 5G becomes more 

established, SD - WAN will be important in maintaining and 

orchestrating connections with 5G networks so that 

companies can harness the benefits of this next - generation 

networking standard.  

 

Since organizations are moving toward multi - cloud in large 

numbers, SD - WAN will be critical to managing and 

enhancing multi - cloud infrastructures. SD - WAN offers 

centralized access to clouds, unified security, and improved 

quality of service across a number of cloud service providers. 

This ensures enterprise organizations can optimize the 

management of multi - cloud solutions and always work with 

simplified models that are also highly secure and performant 

across all cloud models.  

 

In conclusion, as organizations seek to continue building and 

modernizing networks, SD - WAN is a foundational 

technology that has become integral to success. SD - WAN 

offers flexibility, enhanced security, cost efficiencies, and 

better performance to support new business requirements and 

help fuel digital transformation. With SD - WAN still 

emerging, its impact on the future of enterprise networking 

will only grow in importance. By choosing SD - WAN, 

organizations will be able to adapt to the digital environment 

while preserving the company's stability and development for 

the long term.  
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