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Sigﬁiﬁcant improvements in network reliability are being observed across vatious types

NOISIAIQ

of networks due to their wide applicability. Novel architectures for various applications

of emerging technologies have been introduced to address problems related to network
reliability. Consequently, a novel networking approach, referred to as Software Defined
Networking (SDN), is being implemented to improve reliability in conventional networks via
revised architectures. This paper primarily aims to provide a broad overview of research
associated with enabling technologies and reliability for the next generation of networks.
Existing research on emerging technologies highlights strategies to improve reliability.
Detailed SDN-based reliability techniques are discussed that make the system more reliable.
It also provides guidelines to address reliability-related challenges across systems and
applications, highlighting key research directions.
Keywords: Software Defined Networking, Reliability, WSN, SDN Controller, Network
Failure
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Introduction:
Recently, a novel paradigm, Software Defined Networking (SDN), has emerged to
address the challenges and issues associated with different types of networks [1][2][3]. An
SDN controller typically communicates through the Southbound Interface (SBI) [4] (e.g.,
OpenFlow Protocol) with network devices and exposes several characteristics and APIs [5]
through the Northbound Interface (NBI) to the network. The centralized controller
approach ensures controllable networks but also introduces potential reliability issues.

Currently, reliability [6] appears to be the most critical concern and has been
considered a serious challenge due to the connectivity of everything. User experience and
revenue may be adversely affected by network outages. Novel networking concepts have
been introduced to provide simplification and innovation for network reliability. Such
innovations include the adaptation of SDN paradigm concepts to simplify infrastructure
management and maintenance. SDN provides real-time failure notifications, thereby
ensuring network reliability [7]. Incorporating SDN to improve connectivity has been a
significant step in the evolution of modern network infrastructure. Consequently, it has
garnered considerable attention from both industry and academia.

This paper focuses on reliability, which can be significantly improved by
incorporating SDN [8] into various systems and applications. As mentioned above, the
incorporation of SDN for reliable connectivity within networks is being implemented in 5G
networks, video streaming, and many other applications (e.g., wireless sensor networks
(WSNs), power grid (PG) networks, computer networks, etc.). To fulfill the myriad
applications within business and user requirements, a broad vision must be implemented to
construct novel architectures by network operators. The 5G network [9] prioritizes reliable
connectivity as a key design requirement, and SDN proves to be an effective option for
providing reliable user connectivity. Reliability refers to a network’s ability to recover
smoothly from failures or overloads while remaining functional from the user’s perspective.
Nowadays, the widespread use of video applications necessitates reconsidering how
networks provide end-to-end quality of service (QoS). Recent QoS network architectures
consider jitter, delay, and bandwidth [10]. While these factors are vital for real-time video
applications, they are insufficient to address network reliability. Therefore, reliability in video
applications [11] requires consideration of the path selection process rather than relying on a
single path, even if that path has previously met reliability requirements before a failure.

This paper provides a comprehensive overview of ongoing research on SDN-based
technologies for reliability within different network schemes and applications. It
encompasses several sections dedicated to specific topics as follows: Section II provides a
brief discussion on SDN architecture, elucidating how it has emerged as a potential solution
to offer benefits related to reliability; Section III reviews the literature on SDN-based
reliability and presents a table summarizing the reliability of different types of networks and
their applications; Section IV explains the various challenges associated with the reliability of
SDN-based networks and highlights the techniques related to enhancing reliability; finally,
Section V provides concluding remarks and future perspectives.

Background Reliability:

This section presents the fundamental characteristics of the SDN paradigm and
highlights the issues that need to be addressed to improve the reliability of different SDN-
based networks and applications.

Background:

SDN is a network paradigm that provides enhanced accessibility in central
management, programmability, and the interaction between control and data planes, as
defined by slightly different perspectives in the literature [12]. This separation of planes is a

anuar (@) ssue age
v 2026 | Vol 8 | Issue 1 Page | 103



OPEN (") ACCESS . . . .
International Journal of Innovations in Science & Technology

fundamental principle across network disciplines. Hardware reconfiguration provides core
functionality, as it constitutes a basic requirement for successful networking.

SDN enables programmable and centralized control of the network [12], and this
novel paradigm has significantly influenced network development and management. The
fundamental concept is similar to storage and computing resources, representing a logically
centralized control plane, while the devices in the data plane include the packet-forwarding
elements. Figure 1 illustrates a basic SDN architecture, which is divided into three planes as
follows.

Data Plane:

The data plane is responsible for the implementation of various processing
functions, such as packet buffering and retransmission of queued packets, on every packet.
Control Plane:

The control plane manages all possible situations and procedures, including the
configuration and management of forwarding tables in the data plane. It also facilitates the
exchange of local routing information with global routing information. High-level
programming languages are typically used to implement control plane functionality, while
more complex control programs run without extensive manual optimization.

Application Plane:

The application plane encompasses applications where high-level management

policies, such as security, monitoring, and routing, are specified.

Applications Application Plane

SDN Controller Plane

s k.

Figure 1. Software Defined Networks enabled networking architecture.
Reliability Issues:

Reliability has been a key concern, and implementing SDN architecture enhances
both network reliability and flexibility. It automates the processes that previously required
human intervention. Retrospective analyses over the past few decades have identified the
first decade of data networking as predominantly decentralized and distributed. During the
second period, the Internet and LANs were dominated by TCP/IP. Figure 2 shows why
there is a need to maintain reliability during the transformation to SDN. The third era of
data networking is characterized by a split between distributed protocols and centralized
approaches, covering both private and local networks. This split is primarily due to two
factors: the distributed nature of control and the emergence of data centers. The distributed
nature of networking intelligence has been highly effective, whereas an Internet with a single
central control point cannot scale in today’s environment. Therefore, the reliability of the
Internet is crucial due to the lack of a central point of control. The notion of completely
centralizing the Internet is widely considered impractical. Meanwhile, data centers are
facilities used to integrate components (e.g., telecommunication and storage systems) as they
host virtual servers. Their commercial success has achieved remarkable levels of
responsiveness and reliability.
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Figure 2. Data usage and virtualization goals.

Implementing SDN requires fundamental changes in the underlying technology to
improve its performance, and achieving reliability can be challenging Although SDN is a
promising solution for IT, its challenges vary depending on whether a centralized or
distributed controller architecture is implemented (Figure 3). The effectiveness of the
controller may be impaired by propagation delays, although a centralized approach has
certain inherent reliability advantages in a centralized architecture, a single controller
manages the entire network, which may collapse if that controller fails. To address this issue,
organizations should optimize controller functions to enhance network reliability efficiently.
The SDN controller should support multipath routing to improve fault tolerance. A feature
comparison of both centralized and distributed controller architectures is given in Table 2.
Central controller-based SDN architecture.

Distributed controller-based SDN architecture.

| Control Plane I

1\

ISouthbound Interface]
// [ I\

| | \

gb_w_#_gs i[ Dataplane |

Figure 3: Central and distributed controller-based SDN architecture.
Table 1. Comparative view of centralized and distributed Controller Architecture.

Feature Centralized Controller Distributed Controller Architecture

S It has IO.W rehablyty due It has High fault tolerance & redundancy
Reliability to a single point of > .

. due to a distributed architecture.
failure

Scalability Limited Highly scalable
Failover Time | High Low
Complexity Deployment is simple Synchronization is a little bit complex
Suitability Small-scale networks Industrial Internet of Things, B5G, Large-

scale data center.

Everyone aims to use the network more efficiently based on load and demand by
directing traffic dynamically. The challenge in achieving this lies in ensuring high network
reliability. Hence, a distributed controller is preferable to a centralized controller when
reliability is a critical concern. SDN does not inherently enhance the physical reliability of
network equipment; its effectiveness depends on stable communication between the
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controller and nodes. Its effectiveness largely depends on stable communication between the
controller and network nodes, which provides an ideal means to achieve reliable OpenFlow
communication.

SDN-Based Network Reliability:

Reliability is a key aspect of SDN, encompassing the system’s ability to handle
failures and notify relevant components or users. This term is defined as a combination of
physical reliability, software reliability, and the effectiveness of protocols for network
equipment, switches, controllers, and broken links, respectively. Service providers deploy
reliable applications that notify end-users of delivery failures. [13]. SDN specifications
primarily ensure data delivery to intended recipients through reliable protocols and
architecture. Improving reliability is of vital importance because disconnections between the
forwarding and control planes can easily occur due to network failures. A reliable SDN must
have sufficient workload capacity to handle messages from the control and data planes
without loss. The control plane, being the brain of the production network, is crucial for
SDN-based network reliability. The hierarchical scheme for SDN-based reliability is shown
in Figure 4.

SDN based Technologies for Reliability
Power Grid Network Video WSN Computer Network Communication Networks
Global Grid Micro Grid iy Tmproved SD-
Levd Chaster RY-SDY L) WSN X
v v y v v
MAC based ICNs mm Wave Back- SDN Configured Fast Failure with
Wireless LAN haul Networks QoS BFD

Figure 4. SDN-based technologies for reliability.

Reliability is a key design feature of network architectures, as discussed in the
Background and Reliability section. For example, some researchers [14] proposed an
improved gateway failure restoration mechanism to enhance resiliency in Universal Mobile
Telecommunication System (UMTS) networks. Moreover, another study provided analytical
models [15] for evaluating the reliability of UMTS networks at various stages. This work
demonstrated that incorporating fault tolerance mechanisms into such networks can achieve
substantial gains in network reliability. Another research effort based on LTE/EPC
networks [16][17] highlights the critical concern of base station (BS) resiliency. Problems in
conventional networks can, to some extent, be addressed through SDN technology. These
advancements can be extended to wireless sensor networks (WSNs), vehicles, video
streaming, 5G networks, power grid (PG) networks, and computer networks. Such
developments improve network reliability and optimize network topology within industrial
environments. Connectivity refers to networks’ ability to guarantee proper data packet
delivery, supported by mechanisms such as mobile tunnels and header compression. Mobile
operators may experience considerable strain due to any network equipment failure within
the Long-Term Evolution (LTE) packet core, potentially leading to temporary service
outages [17]. Furthermore, these outages may result in significant penalties, affecting user
experience and revenue. Therefore, reliability in the data plane [18] can be effectively
improved when the SDN concept is applied in combination with LTE networks.
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Fig. 5 shows an inverted pyramid representing technologies that are expected to play
a predominant role in future Internet of Things (IoT) computing, as they have garnered
significant attention from both industry and academia. The technologies below the IoT
perimeter are considered the building blocks, while the technologies above are regarded as
carriers of IoT. The SDN model should ideally be implemented using a top-down approach
across these technologies. Recently, SDN has attracted considerable attention due to its
many applications, though its adoption in IoT remains limited and under active
development. Research and industrial communities are actively working on various projects
[19] related to advancements in wireless sensor networks (WSNs). WSNs offer numerous
benefits with broad applicability, including environmental monitoring, which is a vital aspect
of IoT. However, hardware malfunctions can lead to node failures, which may affect WSN

reliability.

Mobile

Cloud Computing Moabile Cloud Computing

Fog Computing Mabile Edge Computing

Edge Ultra-Dense
Computing Networking

- - - -

Internet of Things

Sensors
and
Actuators

Software Defined Networking

loT enablers

WSN

o e

Figure 5. SDN enabled Network computing technologies [20]

WSN has been a great platform for personal wireless networks with a short range of
communication. The SDN approach to WSN, called SD-WSN [21], alleviates most of the
challenges in WSN and also plays a role in advancing the IoT paradigm. However, wireless
channel conditions can still impact network reliability, even when data and control planes are
tightly coupled in conventional networks. This can significantly impact network
management, increasing both complexity and cost. Some authors in [22][23] proposed a
framework that employs an edge computing layer to achieve high reliability for IoT
applications. Therefore, SDN has been introduced to enhance WSNs, and a framework
called the Improved Software-Defined Wireless Sensor Network (Improved SD-WSN) has
been proposed to address challenges such as large-scale heterogeneous networks. It also
targets the network coverage problem [24] and resolves it by improving network reliability.
Lastly, this framework addresses node failures occurring due to energy consumption-related
issues. Hence, optimizing WSN reliability requires developing schemes to reduce energy
consumption and delay of network nodes in IIoT environments. Applications designed for
IoT have to face many challenges, such as security, high availability, and high reliability.

Limited research has investigated frameworks for communication networks from a
global perspective to design reliable and open networks. Currently, much attention has been
paid to SDN. Thus, an effective and reliable network framework [25][26] has been proposed.
This framework is capable of abstracting the control plane from the data plane using an
external software controller. To attain the targeted goal, researchers have designed and
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constructed the smart energy Internet with a microgrid cluster and a global-grid-level SDN
framework in a hierarchical manner. This scheme provides efficiency, flexibility, and
reliability to the power grid network. Another work has been proposed using SDN-enabled
technologies (SDN-configured QoS [27] and fast failover combined with BFD [28]). These
technologies improve the reliability of packet transmission for many kinds of computer

networks.
Table 2. SDN-Based Schemes on Reliability.
Scheme Description IApplication Reliability Reference
DL-SDN It offers the management andWSN,  Adaptive 4 (1]
reliability of WSN. Also, it solveslIndustrial
the network coverage problem. Environment IIoT
5G-VANET |It incorporates fault tolerance toAll-IP UMTS 4 [7]
enhance  the  reliability  andnetwork, CDMA
survivability of the UMTS network2000
for network connectivity guarantee.
SDN-enabled |It provides latency, security, andPower Grids and v [8]
communication |reliability of  communicationEnergy Operators
network networks.
RVSDN It builds on previous work (e.g.|Video applications v [11]
IVSDN) to provide QoS for video
applications that need delay, jitter,
and bandwidth.
CTMS with| It reveals the network recoveryCellular networks v [17]
exponential time by improving its reliability.
distribution
Resiliency It measures the resiliency of BSBSs, network] X [18]
Measurement | deployment for network operators. operators, and|
Method lanners
SD-WSN It alleviates most of the challengesloT v [20]
and ultimately fosters efficiency in|
WSN.
Fog computinglt offers a framework for IoT|Latency-sensitive v [23]
with SDN applications to improve reliability. [IoT applications
Improved It reduces the network delay and(UMTS) X [29]
GGSN  Failurefsignalling cost for the restoration of]
Restoration corrupted PDP context.
Mechanism
VSDN It makes an optimum pathVideo applications. X [30]
selection through a global network
view, but has Linear-Message
complexity.
RDSDN The coordinator  selects  theVideo applications [31]
controller with the highest reliability]
rate to assign the switches based on|
a global network view.
SDN-based It maximizes the network averageWSNs 4 [32]
controller reliability by addressing the problem)
placement of controller placement.
algorithm
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SDN-Enabled [It facilitates the reliability in ICNsComputer 4 [33]

Traffic Controlland mm Wave backhaul networks. [Networks
IAlgorithm

Best QoS is only possible if the paths are reliable to meet application requirements.
Ensuring end-to-end QoS demands the network to select the feasible path in terms of delay,
jitter, and bandwidth for video applications. Hence, determining the most reliable path
(MRP) is a well-known issue between two nodes in a network. For this, Video over Software
Defined Networking (VSDN) [30] ensures the optimum path selection by using a global
network view but has a complexity of linear messages. The authors in [34] ensure the
material delivery after a natural disaster by using MRP. They select the reliable path of higher
reliability by providing the three shortest path algorithms (e.g., depth-first search) to
compute the reliability. But the disadvantage is that it is limited in execution time

In contrast, Reliable Video over SDN (RVSDN) does not assume a natural disaster.
This scheme is built upon previous video research (i.e., VSDN) merged with SDN for
addressing and finding the issues related to the most reliable paths in a network. As the role
of the centralized controller in SDN is very important, some researchers in [31] proposed a
novel method called “Reliable Distributed SDN (RDSDN)” to find the reliability rate of
each subnetwork, which depends on load, degree of nodes, and loss rate of links. The
East/West-bound interface is used to share the reliability rates among the controllers. Thus,
the controller’s failure may trigger a fast recovery scheme to replace it. RDSDN is more
reliable because it selects the controller with the highest reliability rate. It also considers
metrics such as load, topology, distance, and link probability when computing reliability,
thereby improving the switch-to-controller latency during recovery. The main objective of
this proposed RDSDN is to manage the reliability based on SDN.

Some authors in [32] discuss the controller placement problem to maximize the
network average reliability under the assumption of the shortest path between controllers
and switches. Another research has been carried out on SDN-enabled resiliency in computer
networks [33]. Such a scheme is enabled for proactive failure recovery, providing the
reliability needed by ICNs and mm Wave backhaul networks. It also looks at split MAC-
based wireless LANs and how to improve traffic control algorithms for SDN to optimize
connection reliability. An extensive work has been targeted on reliability for various
applications, as illustrated in Table 3.

Challenges:

A number of promising research areas should be explored to address the limitations
in existing SDN-based reliability networks and to extend them further. This paper concludes
with a discussion of directions for existing reliability challenges.

The network topologies should be validated and configured intelligently by the SDN
controller to enhance network availability [35]. This intelligence makes the SDN controller
susceptible to a single point of failure [36][37] due to the brain-split issue. Network traffic
routes through alternative devices in case of the failure of one or more network devices to
maintain flow continuity in legacy networks. The entire network may fail because the central
controller is solely responsible for the SDN architecture, and in the absence of a standby
controller. Thus, clustering of two or more SDN controllers can be enabled in an active-
standby mode to maintain memory synchronization. The study in [38] reveals that, in the
event of a controller failure, network traffic will be interrupted by a centralized controller,
mitigated through a distributed architecture called “SiBF” that involves an army of rack
managers (RMs). As a result, another standby controller (RM) handles flow requests when
the master controller fails, whereas new backup flow entries are installed by SiBF in case of
switch failures to route packets to their destinations. SDN controllers should support
technologies (e.g., Multi-Chassis Link Aggregation Group (MC-LAG), Virtual Router
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Redundancy Protocol (VRRP)) to increase network availability in case of path failures. A
distributed algorithm operates through a load-balancing, multi-pathing technique that
integrates central congestion and free multipathing in the event of controller failure.
Reliability issues in a centralized architecture are also discussed in [39]. IT organizations
should address this challenge by leveraging the main controller functions that enhance
network reliability.

Different types of algorithms (such as intelligent optimization algorithms, artificial
intelligence, the firefly algorithm, and machine learning algorithms) are of primary concern in
key technologies and SDN-based WSN reliability. These algorithms can be applied gradually
for dynamic network deployment, coverage optimization techniques, and node scheduling,
making it more convenient for users to improve the reliability of SDN-based WSNs.

Current research indicates that the reliability of network hardware (such as nodes,
routers, and switches) is considered an important factor, while reliability issues related to
data collection, data transmission, and routing fault tolerance are also critical components in
heterogeneous networks. Single-sink node mobility is considered when multiple sink nodes
move simultaneously in heterogeneous WSN-based SDNs. Another important issue is
prolonging the life cycle of a network to increase reliability. Establishing a joint optimization
technique to enhance the performance of SDN-based networks is a challenging task and
should be explored in future research to improve network reliability.

One of the major challenges in SDN is securing the SDN controller that ensures
network reliability. The SDN controller acts as the brain of the network, making it a high-
value target for cyberattacks such as Distributed Denial of Service (DDoS). If the controller
is compromised or overwhelmed, the entire network may experience service disruption.

Additionally, the communication between the controller and switches is commonly
implemented through the OpenFlow protocol, which can be vulnerable to interception,
spoofing, or man-in-the-middle attacks if not propetly secured.

SDN introduces another set of reliability challenges due to the trade-off between
power efficiency and fault tolerance. Network components, such as switches, routers, and
links, can be put into a sleeping state when there is no traffic to reduce power consumption.
However, this also lowers redundancy and removes backup routes, making the system more
vulnerable to failure. If any node or link fails when other routes are also inactive, the
recovery time can be increased. The unpredictability of traffic patterns and their dynamics
makes it more difficult to make energy management decisions without affecting reliability.
Also, the energy-optimization algorithms add overhead processing to the controller, which
can impact its performance and responsiveness. Optimization has also become complicated
due to the lack of standardized measures for comparison between the energy saving and
reliability. In hybrid SDN environments that integrate legacy infrastructure, coordinated
energy management becomes even more challenging, increasing the risk of instability and
reduced network resilience.

Conclusion:

This paper summarizes the state-of-the-art developments in networks and evaluates
the need for reliability. Currently, networks demand the implementation of the most feasible
reliability concepts. Therefore, novel SDN-based techniques have been a major concern for
academia and industry over the last decade. In this paper, we target the improvement of
reliability through the incorporation of SDN-based techniques into various systems and
applications (e.g., 5G, video streaming, WSNs, and more). SDN solutions should be
proposed and implemented as a means to meet the reliability demands of different networks
and beyond. Generally, this paper reviews existing reliability issues and challenges, providing
insights into various networks. Specifically, this research summarizes several significant
studies and informs scientists of the latest trends in the domain. This work opens avenues
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for future research focused on investigating SDN-based methods and strategies to enhance

reliability. Massive efforts will be required for the future realization of networks in

companies, laboratories, and industries. Although a few research works have been identified
in the literature, further research is needed on SDN-based reliability issues.
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