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1. Introduction
Networking has become an essential element of our
lives in a modern digital world, enabling us to share
information and resources easily through the use of
ICT. It has transformed the way we communicate,
collaborate, and access valuable resources. Networking
has become an integral part of various domains, ranging
from personal communication to business operations
and global connectivity.

The traditional network architecture, serving as a
global communication pathway for connecting termi-
nals worldwide, experiences a substantial amount of
network traffic. However, the advent of emerging tech-
nologies such as mobile computing, cloud computing,
and edge computing has introduced significant vari-
ations in patterns of network traffic. Particularly, the
proliferation of mobile devices has enabled users to
access the Internet anytime and anywhere, resulting in
diverse traffic sources. Furthermore, the rise of cloud
computing and edge computing has introduced a mul-
titude of "east-west" traffic flows, which differ from the
conventional "north-south" traffic pattern. Additionally,
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the growing number of cloud services generates passive
traffic across wide area networks [1].

The traditional architecture of network, showcased
by conventional routers and switches, faces several
challenges in adapting to the evolving network traffic
demands. One challenge is the need for network
managers to log into individual routers or switches
and manually modify configurations using vendor-
specific management interfaces. This process proves
time-consuming and hampers the ability to respond
quickly to rapid changes in network traffic. Another
challenge lies in the traditional network’s limited
scalability, Meeting the scalability requirements of
numerous network service providers poses a significant
challenge.

To overcome these challenges, innovative approaches
have emerged to enhance network flexibility, adapt-
ability, and scalability. One such approach is SDN a
paradigm that divides the data from the control plane.
and centralizes network management. By abstracting
network control, SDN enables rapid reconfiguration of
network policies and rules to accommodate dynamic
traffic patterns.

Currently, SDN has found applications in different
domains, including data centers, wide area networks,
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and wireless networks. However, despite its potential,
there remain certain security barriers that impede the
widespread adoption of SDN in global networks. To
ensure the robustness and security of SDN deployment
on a broader scale, these obstacles must be overcome
[2].

SDN has two main architectural approaches: single
controller and multi-controller.

1. Single Controller: Entire network is managed
and control by centralised controller in a single
controller architecture. This controller acts as the
brain for making decisions and enforcing policies
for all network devices. It maintains a global view
of the network topology and is responsible for
processing and responding to control messages
from the switches.

2. Multi-Controller: Each multiple controllers are
responsible for managing a subset of network
devices or a specific domain. These controllers
collaborate and coordinate their actions to ensure
the overall functioning of the network. They can
communicate with each other through standard
interfaces and protocols.

Among the myriad of network security challenges,
DDoS attacks is the most formidable and destructive
threats. The impact of DDoS attacks can be highly
devastating, posing significant risks to the availability,
performance, and reliability of targeted systems and
services.

Along with a large number of services provide by
SDN, they are vulnerable to different attacks such as
Network manipulation , Traffic diversion , DDoS attack
etc. Effect DDoS attack on SDN network. DDoS attack
on data plane switch has switch have limited flow table
size. DDoS passing the number of packets into switch
and switch cannot find the match and it give the request
to the controller and packet consume the bandwidth
of controller. DDoS attacks target a wide range of
different resources and sites, posing big challenges to
their managers and users. Google’s Threat Analysis
Group (TAG) updated its blog on October 16, 2020,
regarding how threats and threat actors are changing
their tactics due to the 2020 U.S. election.

In 2020, our Security Reliability Engineering team
measured a record-breaking UDP ampli- fication attack
sourced out of several Chinese ISPs (ASNs 4134, 4837,
58453, and 9394) which remains the largest bandwidth
attack [3].

SDN allows for network design, construction, and
operation. Attacks via distributed denial- of-service
(DDoS) represent a serious risk to data centers. New
security concerns and assaults, particularly Distributed
Denial of Service (DDoS) attacks, are frequently
launched against SDN networks [3].

A DDoS attack refers to a malevolent endeavor
aimed at confusing the normal operations of a network,
service, or website. This is achieved by inundating
the target with an overwhelming influx of incoming
traffic. By inundating the target with a massive
volume of requests, the assaulter aims to overload its
infrastructure and disrupt its normal operations.

The attack scenario can be compared to a situation
where a crowd of customers congregates outside a shop,
seeking entry and causing disruptions that hinder the
entry of genuine customers [4].

The single architectural design of SDN makes it
susceptible to DDoS attacks from multiple angles.
Controller offers a centralized perspective of the
network topology.it becomes vulnerable to various
threats. Attackers can exploit this characteristic to
manipulate the functionality of the entire SDN network
simply by compromising the controller.

To address these security concerns, one approach is
to adopt a multi-controller setup. In this scenario, if
one controller is compromised by an attacker, another
controller can seamlessly take over and continue
providing network resources to users. This redundancy
and distributed control help increase the flexibility
and security of the SDN infrastructure against DDoS
attacks. However, ensuring the security of SDN
networks and protecting them from various threats
remains an ongoing and active area of research. This
paper concentrates on the detection of DDoS attacks
in both SDN single controller and multi-controller
architectures using machine learning techniques.

The review paper primarily contributes by focusing
on several key aspects. It starts by identifying
vulnerabilities within SDN architecture that are
susceptible to exploitation by DDoS attacks, while
also categorizing various types of DDoS attacks
targeting SDN controllers. Researchers then delve
into analyzing the potential impact of these attacks
on both SDN controllers and network performance.
This analysis encompasses understanding how attacks
disrupt network operations, degrade service quality,
and impact the efficiency of traffic management and
resource allocation. Furthermore, the paper evaluates
different detection and mitigation strategies specifically
tailored for SDN environments, employing machine
learning techniques. Lastly, it offers recommendations
aimed at enhancing the security resilience of SDN
controllers against DDoS threats. These suggestions
may involve protocol refinements, updates to security
policies, or the integration of advanced machine
learning for more adaptive threat responses.

The rest of the paper organized as follows: Section 2
provide introduction to SDN working and comparison
with traditional network. Section 3 discusses SDN
controller with its types. Section 4 explains DDoS
attacks, its impacts and its effect on SDN planes. Section
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5 describes related work for DDoD attack detection in
SDN controller with its mitigation approaches. Section
6 details multi-controller in SDN with its advantages.
Section 7 provides potential research direction in the
area of DDoS detection in SDN environment followed
by conclusion and references at end.

2. Background
In the realm of network infrastructure management,
traditional networking approaches have long relied
on hardware-centric architectures, where the control
and data plane functionalities were tightly integrated
within networking devices. However, with the rapid
evolution of networking demands and the rise of cloud
computing, the limitations of these traditional archi-
tectures became increasingly apparent. This led to the
emergence of SDN, a paradigm that decouples the
control plane from the data plane, enabling central-
ized control and programmability of network devices
through software-based controllers. This fundamental
shift has revolutionized the way networks are designed,
deployed, and managed, offering unprecedented flex-
ibility, scalability, and agility to meet the dynamic
requirements of modern applications and services.

2.1. Architecture of SDN
The SDN is a network architecture approach that
isolates the control from the data plane in traditional
networking. In SDN, there the control plane is
centralised and programmable; data planes are still
distributed. The main goals of SDN architecture are
to enhance network flexibility, agility, and scalability
by separating the control and data planes, enabling
centralized control, and providing programmability as
shown in Figure 1.

SDN is a revolutionary technology that transforms
traditional fixed and complex networks into dynamic
and programmable networks. It represents a major
breakthrough in the field of networking, allowing
for greater flexibility and efficiency in network
management and configuration. SDN architecture
devided into following components:

Application Layer. In the SDN architecture, the appli-
cation plane is the initial plane were all business and
security applications are managed. It is comprised of
applications that use northbound APIs to communicate
with the controller. These applications are tasked with
delivering network services, including security, load
balancing, and traffic management [5].

Northbound Interface (NBI) API. The NBI serves as
the bridge between the controller and the various
applications or services that operate on the controller’s
platform. It allows these applications to interact with
the controller to configure network policies, retrieve

network status information, and manage the behavior
of the network.

The NBI offers a standardized collection of APIs
that developers can utilize to construct applications
capable of communicating to controller. These APIs
abstract the intricacies of the underlying network
infrastructure and offer a simplified programming
model for creating network applications. The NBI
enables the development of a vast range of applications
of network, including network monitoring, traffic
engineering, security, and virtual network services.

For example Frenetic [6], NetKAT [7], Procera [8], and
FML [9] etc are commonly used Northbound Interface
APIs.

Control Layer. It is the brains of the SDN architecture.
The control layer is the second layer in the SDN archi-
tecture and is responsible to manage the forwarding
devices in the data layer. The SDN controller functions
as the central intelligence of the network, taking charge
of the management. It accomplishes this through the
Network Operating System (NOS), offering a compre-
hensive perspective of all network resources from a
centralized standpoint [10].

The SDN architecture includes a centralized con-
troller that establishes communication with the appli-
cation layer via northbound APIs, as well as with the
data plane through southbound APIs. The control layer
is in charge for the following tasks:

• Network topology discovery: The controller gathers
information about the topology by communicat-
ing with the switches in the data layer.

• Network policy management: The controller is
responsible for implementing network forward-
ing rules and policies based on the network
requirements

• Network traffic engineering: It can control the flow
of traffic by manipulating the forwarding rules in
the switches.

• Network security: The controller can detect and
respond to security threats by implementing
security policies.

NOX [11], POX [12], FloodLight [13], Ryu [14] and
Beacon [15] are examples of controllers.

Southbound Interfaces (SBI) API. In the SDN architec-
ture, the SBI designates the communication interfacing
the control with the data plane. It plays a crucial role
in making communication easy between the network
devices and SDN controller, such as routers and routers.
The commonly used SBI in SDN is the OpenFlow pro-
tocol (OFP).

OFP is used to manage the flow of network traffic by
managing the forwarding tables in network switches.
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Figure 1. SDN Architecture

To manage and configure them the SDN controller
establishes communication with them through the
southbound interface. There are several protocols
used in SDN, but the most commonly used protocol
is OpenFlow. Other protocols used in SDN include
NETCONF [16], PCEP [17], and Protocol-Oblivious
Forwarding (POF) [18].

Data Layer. Its also called as the forwarding plane,
encompasses the physical or virtual switches respon-
sible for forwarding packets according to the flow
rules installed by the controller. The data plane in
SDN includes various types of network devices such
as switches, routers, wireless access points, and virtual
switches.

The data plane or forwarding plane is responsible for
the actual forwarding of network traffic. Its primary
function is to forward packets according to the policies
and rules set by the SDN controller.

2.2. Working of SDN

OpenFlow is a key protocol in the realm of SDN, serving
as the foundation for network programmability and
centralized control. It enables the separation of the

control from the data plane, allowing network admin-
istrators to dynamically manage traffic flow and imple-
ment policies through a central controller. With Open-
Flow, switches and routers become simple forward-
ing devices, forwarding packets based on instructions
received from the controller. This flexibility empow-
ers networks to adapt rapidly to changing demands,
optimize resource utilization, and enhance security by
implementing fine-grained policies. In essence, Open-
Flow revolutionizes network management by providing
a standardized interface for configuring and managing
network devices in SDN environments.

The workflow of an SDN OpenFlow switch can be
summarized as follows: upon the arrival of a packet
at the switch, it scrutinizes the header of packet
and searches for a match within its flow table. If a
matching flow entry is discovered, the switch executes
the designated actions specified in the corresponding
flow table entry.

In the event that packet not matched is found, then
packet is transmitted to the controller for additional
processing and decision-making. Once the controller
has determined the appropriate actions, it installs a new
entry in the switch’s flow table to control similar packets
in the future.
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The OpenFlow switch then applies the new flow entry
to subsequent packets. This process guarantees that
network traffic is dynamically and efficiently managed,
taking into account the policies and rules established by
the SDN controller.

2.3. SDN vs. Traditional Networks
Compared with traditional networks, SDN represents
a paradigm shift in network architecture. The division
between the data and the control plane is one main the
key differences. These two planes are tightly integrated
into the networks equipment, e.g. routers and switches,
where they jointly manage transport of data packets
and management of network operations.

This controller provides a global view of the network,
allowing for centralized control, programmability,
and automation of network policies. In traditional
networks, the scope for testing new policies is often.
At its core, SDN encompasses several key aspects that
differentiate it from traditional networking approaches
is summarized in Table 1.

Control and Data Planes. In traditional networks, it is
difficult to manage and scale the network because of an
integrated both the planes. In SDN, the control plane
is segregated from the data plane so that it can be
centrally managed and programmed.

Programmability. SDN allows for more programmability
and flexibility than traditional networks. Network
administrators can use software to manage and
configure the network, instead of relying on manual
configuration of individual devices.

Security. SDN offers enhanced security features, such
as the ability to prevent and detect DDoS attacks,
through the use of software-defined security solutions.
Traditional networks may be more vulnerable to attacks
due to their reliance on distributed control planes and
complex configurations.

3. SDN Controller
The paper focuses on exploring the two variations of
SDN: SDN with a single controller and SDN with
multiple controllers.

In the single controller architecture as shown in
Figure 2a, there is a central controller in charge of
governing the entire network. It maintains a overall
view of the network topology, receives information from
network devices, and makes decisions on how to handle
network traffic. The single controller communicates
with the network devices through southbound inter-
faces, configuring them and directing their forwarding
behavior. This architecture offers a centralized control
plane, simplifying network management and enabling
consistent policy enforcement.

Single controller architectures are typically suitable
for smaller networks or environments with less
complex network configurations where the benefits of
centralization outweigh the scalability and redundancy
requirements.

In a multi-controller architecture as shown in
Figure 2b, multiple controllers are distributed across
the network, responsible for a particular domain
or subset of network devices. These controllers
work collaboratively to manage the network, with
each controller focusing on its assigned domain.
Communication between controllers allows them to
exchange information, synchronize their states, and
make coordinated decisions. This distributed approach
enhances scalability, fault tolerance, and performance,
as the workload is distributed among multiple
controllers.

In a multi-controller architecture, controllers can
collaborate coordinate their actions to make network-
wide decisions. They can distribute network policies,
synchronize flow rules, and dynamically adjust network
configurations based on real-time conditions. This
distributed control approach enables better load
balancing, faster response times, and improved overall
network performance.

The choice between a single controller and multi-
controller architecture depends on various factors, such
as network size, complexity, and requirements. Single
controller architectures are suitable for smaller net-
works or deployments with simpler network policies,
offering centralized control and ease of management.
In contrast, multi-controller architectures are beneficial
for larger networks, geographically distributed deploy-
ments, or environments requiring higher scalability,
fault tolerance, and distributed decision-making capa-
bilities.

Overall, both single controller and multi-controller
architectures in SDN provide flexibility, programmabil-
ity, and centralized control, but they differ in terms of
the scale and distribution of control within the network
is summarized in Table 2.

4. DDoS

DDoS attacks are specifically designed to disrupt
normal operations by inundating network devices
with an overwhelming number of connection requests
within a specific timeframe. The sheer volume of
these malicious requests creates a burden on the
target systems, causing them to experience slowdowns,
crashes, or even complete shutdowns.The aim of attack
is to render the targeted systems inaccessible or
unresponsive to legitimate users, effectively denying
them access to the services they require. By saturating
the network devices and consuming their available
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Table 1. Key differences between SDN and Traditional Networks

Key Differences SDN Traditional Networks

Control plane Separated from data plane Integrated with data plane
Network management Centralized control Distributed control
Network programming Programmable via APIs Not programmable
Hardware dependency Less dependent More dependent
Network scalability Easily scalable Less scalable
Traffic management Dynamic and flexible Static and rigid
Security Centralized security management Distributed security management
Network monitoring Centralized monitoring Distributed monitoring
Network intelligence Intelligent and automated Less intelligent and manual
Cost Higher initial cost Lower initial cost

(a) Single Controller Architecture (b) Multi-controller Architecture

Figure 2. Single and Multi-controller Architecture

Table 2. Differences between Single Controller and Multi-Controller

Differences Single Controller Architecture Multi-Controller Architecture

Control Plane Centralized control plane Distributed control plane
Controller Nodes Single controller instance Multiple controller instances
Network Size Suitable for smaller networks Suitable for larger networks
Scalability Limited scalability Improved scalability
Fault Tolerance Single point of failure Enhanced fault tolerance
Performance May experience performance bottlenecks Distributed workload for improved performance
Network Complexity Suitable for simpler network configurations Handles complex network configurations
Decision Making Centralized decision-making Distributed decision-making
Management Centralized network management Distributed network management
Coordination Less coordination required Controllers collaborate for synchronization

resources, DDoS attacks disrupt the normal flow of
operations and cause disruptions in service.

DDoS attacks come in various types, along with dif-
ferent characteristics and various methods of execution.
Here are some common types of DDoS attacks:

1. Volumetric Attacks: Volumetric attacks have
the objective of overwhelming the destination’s

network bandwidth by overloading it with an
immense volume of traffic. The goal is to saturate
the network capacity, making it challenging for
legitimate traffic to pass through. Volumetric
attacks can utilize various protocols such as ICMP
floods, UDP floods, or even DNS amplification
attacks.
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2. Application Layer Attacks: Application layer
attacks, which are also known as Layer 7 attacks,
focus specifically on the application layer of
a network stack. These attacks specifically tar-
get vulnerabilities in application layer protocols
and exhaust server resources by sending spe-
cial requests. Common application layer attacks
include Slowloris attacks, HTTP floods,and Appli-
cation Layer (Layer 7) DDoS attacks.

3. Protocol Attacks: In order to disrupt the target’s
infrastructure, protocol attacks exploit weakness
in network protocols. For example, SYN floods
overload the target’s resources by sending a big
number of SYN packets without the handshake
process. ICMP floods the target with ICMP
echo request packets, causing network congestion
and unresponsiveness. These attacks exploit
vulnerabilities in protocol implementations and
can consume significant network resources.

4.1. Impacts of DDoS Attacks
DDoS attacks can have severe consequences for the
targeted entities. These include:

1. Service Disruption: A DDoS attack aims to disrupt
the availability of services, making it impossible
for authorized users. This can result in financial
losses, customer dissatisfaction, and reputational
damage.

2. Network Congestion: The high volume of mali-
cious traffic generated during a DDoS attack can
congest network resources, impacting the overall
network performance and causing collateral dam-
age to other systems and services.

3. Loss of Revenue: Online businesses heavily rely
on continuous availability. DDoS attacks can lead
to loss of sales, ad revenue, or other monetary
transactions, directly impacting the financial
health of organizations.

4. Damage to Reputation: Successful DDoS attacks
can tarnish the reputation of targeted organiza-
tions, eroding trust and credibility among cus-
tomers, partners, and stakeholders.

5. Costly Mitigation Efforts: Organizations must
invest in robust mitigation measures and DDoS
protection solutions to counteract attacks, which
can be financially burdensome.

4.2. Effect of DDoS on SDN Planes
DDoS attacks can have significant impacts on the
different planes of an SDN architecture. SDN separates
the control plane, data plane, and management plane,

each of which can be affected differently by DDoS
attacks. Here’s an overview of the effects of DDoS on
each plane:

1. Control Plane: It is for managing and controlling
the network devices and their behavior. DDoS
attacks targeting the control plane can disrupt
the communication done between the network
devices and the SDN controller, leading to a loss
of centralized control and management. This can
result in network instability, misconfiguration,
or even a complete network outage. Attackers
may overload the control plane by flooding the
SDN controller with a large volume of traffic or
by exploiting vulnerabilities in the control plane
protocols.

2. Data Plane: It handles the forwarding traffic of
network based on the instructions received from
the SDN controller. DDoS attacks on the data
plane aim to overwhelm the network switches
or routers, impacting their processing capabilities
and forwarding performance. By flooding the data
plane with excessive traffic, attackers can cause
congestion, packet drops, or resource exhaustion,
leading to degraded network performance and
potential service disruptions.

3. Application Plane: It is responsible for net-
work configuration, monitoring, and mainte-
nance. DDoS attacks targeting the management
plane can disrupt network management func-
tions, making Network administrators face chal-
lenges in effectively monitoring and controlling
the network. These attacks can prevent admin-
istrators from accessing management interfaces,
logging into network devices, or modifying net-
work configurations, impeding effective mitiga-
tion and response to the attack.

4.3. DDoS Attack on SDN

SDN aims to enhance network control by facilitat-
ing quick responses to changing business needs. Con-
versely, the primary aim of DDoS attacks is to disrupt
ongoing operations by overburdening network devices
with a high volume of connection requests for a specific
duration.

DDoS attacks can take different forms and target
various entities for various reasons. For instance, some
attacks may be aimed at disrupting the services of
specific organizations or websites, while others may
seek to steal sensitive data or extort money from
victims. Moreover, as the internet continues to evolve,
new types of DDoS attacks are emerging, making it a
constantly evolving threat in the field of cybersecurity.
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Volumetric Attack. Excessive traffic used to prevent gen-
uine users from accessing by overwhelming a network
are known as volumetric attacks. The production of
many new flows which flood the control plane’s band-
width, OpenFlow switch and SDN controller will allow
volumetric attacks to be performed.

Attackers often uses spoofed IP addresses which
are not there in rules in an OpenFlow switch flow
table. As a consequence, a table-miss scenario arises,
leading the switch to generate an extensive influx of
packet-in messages directed towards the SDN controller
from the affected OpenFlow switch. This activity
consumes memory, communication bandwidth, and
CPU resources in both the data and control planes of
SDN.

There are numerous types of volumetric attacks in
SDN, including UDP floods, ICMP floods, and TCP SYN
floods.

UDP flood attack occurs by sending huge number
of UDP packets to random victim system port. Upon
receiving these UDP packets, the victim system tries to
identify the application that is expecting data on the
destination port [19].

UDP floods occur when a big number of UDP
packets are forwarded to the target device or network,
overwhelming the device’s resources.

It is a type of DDoS attack that floods the victim
with large volumes of UDP packets. The objective of
these attacks is to overload the victim’s network with
a large volume of traffic, which will result in decreased
performance or total unavailability. A specific type of
UDP flood attack is the DNS amplification attack. In
this attack, the attacker falsifies the source IP address
to match that of the victim and forward a small request
to a DNS server. As a result, the DNS server sends a
significantly larger response to the victim, potentially
causing a substantial impact on the victim’s network
[20].

In ICMP flood attack the attacker generates an
overwhelming flood of ICMP ECHO packets sent
at the victim system [19]. During a Smurf attack,
which is a type of ICMP flooding attack, the victim
system responds to each ICMP request, resulting in the
consumption of its CPU and network resources [19].

ICMP floods send a large number of ICMP packets to
the target device or network, which can cause it to slow
down or crash.

Application Layer Attack. Two commonly encountered
types of application layer attacks are HTTP floods
and SMTP floods. In order to facilitate the loading of
websites and the transmission of forms content over
the Internet, HTTP is a foundation for browser based
Internet requests.

Some HTTP-based slow attacks [21] are as follows:

The HTTP header is broken down to several packets
when attacked with a "Slow HTTP Header" attack, also
known as ’Slowloris. The attacker then sends these
fragmented headers to the server at a very slow rate,
which results in an interrupted target service.

In a Slow HTTP POST attack, commonly referred to
as RUDY (R-U-Dead-Yet), the body of the POST message
is fragmented into multiple packets and transmitted
to the server at a deliberately low rate, leading to a
potential denial-of-service condition.

A slow read attack occurs when an attacker makes the
server routine HTTP requests but purposefully waits
to receive the server’s response. This delayed response
from the server can cause disruption and potential
denial-of-service impacts.

5. DDoS Attack Detection in SDN Controller
DDoS attacks in SDN controllers involves leveraging
the controller’s centralized visibility and control over
network traffic. The controller continuously monitors
incoming traffic flows, analyzing various parameters
such as packet rates, flow durations, and packet sizes.
Deviations from normal traffic behavior are indicative
of potential DDoS attacks. Additionally, anomaly
detection algorithms, such as statistical analysis or
machine learning models, can be implemented within
the controller to detect unusual patterns or spikes
in traffic volume. Furthermore, SDN controllers can
collaborate with switches and routers to implement
flow-based filtering policies, dynamically rerouting or
dropping malicious traffic during an attack. Real-
time communication between the controller and
network devices enables rapid response and mitigation
actions, enhancing the network’s resilience against
DDoS attacks. By centralizing detection and response
mechanisms, SDN controllers play a crucial role
in safeguarding network resources and ensuring
uninterrupted service delivery in the face of DDoS
threats.

Shideh et al. [22] presents a novel approach for
detecting DDoS attacks in SDN networks using Support
Vector Machines (SVM) and the Ryu SDN controller.
The study focuses on addressing the challenge of
identifying and mitigating DDoS attacks in the SDN
environment, where traditional detection methods may
not be directly applicable. The authors propose an
SVM-based detection model that leverages features
pluck out from network traffic data to train and classify
normal and attack traffic. The results shows that current
method is effective in accurately detecting DDoS attacks
while maintaining less false positive rates. The study
provides insight into the use of machine learning
techniques, in particular SVM, to enhance security and
resilience for SDN networks against DDoS attacks with
a view to contributing to existing literature.
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Abbas et al. [23] present a collaborative method 
for detecting and containing DDoS flooding attacks 
in SDN. The study addresses the challenge of effec-
tively detecting and mitigating DDoS attacks, which 
can cause significant d isruptions t o n etwork services. 
The authors propose a collaborative framework that 
strengthens the programmability and centralized con-
trol of SDN to facilitate coordinated detection and 
response actions across multiple network domains. The 
approach involves monitoring network traffic using 
flow s tatistics a nd a pplying m achine l earning tech-
niques for traffic cl assification. The  pro posed frame-
work collaboratively activates mitigation strategies, 
such as rate limiting, and traffic di version, to  contain 
the attack. The experimental evaluation demonstrates 
the effectiveness of the collaborative approach in detect-
ing and mitigating DDoS flooding a ttacks, thereby 
enhancing the overall security and resilience of SDN 
networks.

Hock et al. [24] aim at detecting DDoS attacks via ML 
techniques in the SDN domain. In order to ensure the 
availability and security of network services, the study 
addresses the increasing threat of DDoS attacks and the 
need for effective d etection m echanisms. T he authors 
explore the application of ML algorithms, such as SVM 
and Random Forest, for identifying DDoS attacks in 
SDN environments. They evaluate the performance of 
these algorithms using different f eature s ets extracted 
from network traffic da ta. Th e ex perimental results 
demonstrate the efficacy of  th e pr oposed machine 
learning-based approach in accurately detecting DDoS 
attacks with high detection rates and low false-positive 
rates.

Kshira et al. [25] offer a machine learning approach 
for the prediction of DDoS traffic in SDN. The study 
addresses the growing need for proactive DDoS 
mitigation strategies by leveraging machine 
learning methods to accurately identify and 
predict DDoS attacks. The authors propose a 
framework that combines statistical features 
extracted from network traffic data with different 
machine learning algorithms, including Decision 
Trees and Support Vector Machines (SVM). Using 
real world network traffic data, they assess the 
performance of the proposed approach and compare 
it to traditional detection methods. The results of 
the trials show that machine learning techniques are 
effective when it comes to accurate prediction of DDoS 
traffic, with a large accuracy rate. The study contributes 
to the existing literature by providing insights into 
the application of machine learning techniques for 
DDoS traffic prediction in SDN, enabling network 
administrators to take proactive measures to mitigate 
potential DDoS attacks and enhance the security of 
their networks.

T. Chin et al. [23] propose an innovative approach 
for detecting and containing DDoS flooding attacks

in SDN. The study addresses the need for efficient
and effective mechanisms to mitigate and detect DDoS
attacks, which can pose serious threats to network avail-
ability and performance. The framework integrates var-
ious techniques, including statistical analysis, machine
learning, and traffic engineering algorithms, to detect
abnormal traffic patterns and promptly respond to
mitigate the attack. The effectiveness of the collabora-
tive approach to determine and contain flooding DDoS
attacks, while minimising impact on legitimate traffic,
has been demonstrated by a trial evaluation carried
out with network traffic data from actual world net-
works.The research adds to the current pool of knowl-
edge by introducing a fresh method that utilizes SDN
principles and cooperative methods to boost the iden-
tification and control abilities for DDoS attacks. This,
in turn, enhances the general security and durability of
network systems.

K. S. Sahoo et al. [26] propose a module designed
to implement detection mechanisms for transport
layer and application layer DDoS attacks within the
context of SDN architecture. The module is flexible
and adaptable to SDN environments, leveraging the
capabilities of an ONOS controller. The study utilizes
two datasets, namely CICDoS2017 and CICDDoS2019,
to check the performance of the proposed work.
The results indicate high detection rates of up to
95 highlighting the effectiveness of the module in
identifying and flagging potential DDoS attacks at
the application and transport layers. However, the
paper falls short in terms of scalability as it does
not provide extensive scalability analysis or discuss
the potential limitations of the proposed module in
handling larger and more complex network scenarios.
Additionally, the paper lacks a mitigation module,
focusing primarily on detection rather than offering
comprehensive solutions for DDoS attack mitigation.
Nonetheless, the study contributes to the field of SDN-
based DDoS attack detection by presenting an approach
that targets specific layers and achieves promising
detection performance.

Anupama Mishra et al. [12] propose defense
mechanisms for mitigating DDoS attacks in an SDN-
cloud environment. The study focuses on utilizing
entropy-based techniques to detect and prevent DDoS
attacks. The POX controller is employed as the control
plane for implementing the defense mechanisms.
The paper presents various entropy-based algorithms
and evaluates their effectiveness in mitigating and
identifying DDoS attacks. The results demonstrate
that the proposed mechanisms effectively detect
and mitigate DDoS attacks, enhancing the resilience
and security of the SDN-cloud infrastructure. The
study contributes to the field by application of
entropy-based techniques for DDoS defense in SDN
environments, providing valuable information for
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network administrators and researchers working on 
DDoS attack mitigation strategies.

Mohammed et al. [27] provide a compre-hensive 
overview of defense mechanisms employed to counter 
DDoS flooding attacks. The paper highlights the 
significance of DDoS attacks as a major threat to net-
work security and analyzes various defense techniques 
and strategies. The survey categorizes the defense 
mechanisms into four main categories: prevention-
based, detection-based, response-based, and hybrid 
approaches. The paper discusses the strengths and lim-
itations of each approach and provides insights into 
their effectiveness a nd p racticality. A dditionally, the 
survey explores research directions and future chal-
lenges in the field of DDoS defense.

5.1. DDoS Detection using Machine Learning
Machine learning algorithms have emerged as effective 
tools for addressing complex problems, including the 
detection of DDoS attacks. ML based classifiers offer a 
higher level of performance than conventional signa-
ture based detection techniques. In order to identify 
abnormal network traffic be havior, th ese algorithms 
may be trained with greater accuracy. Several com-
monly used classifiers i n t he c ontext o f D DoS attack 
detection include SVM, K-nearest neighbor (KNN), 
Hidden Markov Model (HMM), Random Forest, Deci-
sion Tree (J48), Naive Bayes, Advanced Support Vector 
Machine, Logistic Regression, Binary Bat Algorithm, 
and Random Trees. These effective a lgorithms have 
been widely used by researchers to identify DDoS 
attacks, as shown by the findings that are described in 
Table 3 as follows.

Table 3 summarizes the outcomes of employing 
different m achine l earning t echniques a nd databases 
for the detection of DDoS attacks in SDN single 
controller environments. Accuracy rates for each 
method were evaluated based on the respective datasets 
used.

5.2. Limitations of DDoS Attack Detection
In a single controller-based SDN architecture, there are 
limitations when it comes to the detection of DDoS 
attacks. Here are some of the key limitations:

1. Limited Resources: A single controller has
finite resources, including processing power and
memory capacity. DDoS attacks can generate a big
volume of traffic that overwhelms the resources of
the controller, making it difficult to mitigate and
detect the attack effectively. The limited resources
can result in delays or inaccuracies in detecting
and responding to DDoS attacks.

2. Single Point of Failure: In a controller-based archi-
tecture, the controller serves as the central control

hub for the whole network. This central control
in SDN architecture creates a vulnerability with
a single point of failure. If it is compromised or
suffers a DDoS attack that disables it, the entire
network becomes susceptible, hindering the effec-
tiveness of attack detection and mitigation. Rely-
ing on a single controller heightens the chances of
disruptions and downtime.

3. Scalability Challenges: DDoS attacks can generate
a vast amount of traffic that is processed and ana-
lyzed for effective detection. In a single controller-
based architecture, scaling the resources to handle
large-scale DDoS attacks can be challenging. The
limited scalability can result in performance bot-
tlenecks, delays, or even false negatives in DDoS
detection, allowing the attack to bypass detection
mechanisms.

4. Limited Visibility: DDoS attacks can target
specific network segments or individual devices
within the network. In a single controller-
based architecture, the visibility into individual
network elements and their traffic patterns may
be limited. This lack of granular visibility can
make it harder to accurately detect and isolate
DDoS attacks, as the controller may not have
sufficient information about the traffic patterns
and behavior of individual network elements.

5. Slow Detection and Mitigation: mitigating and
Detecting DDoS attacks in real-time is crucial
to minimize their impact. However, in a single
controller-based architecture, the process of
responding and detecting to DDoS attacks can be
slower due to the centralized nature of control.
The time needed for the controller to receive,
analyze, and respond to the attack traffic can
result in significant delays, allowing the attack
to cause damage before countermeasures are
deployed.

To overcome these limitations, alternative
approaches can be considered, such as multi-
controller architectures or hybrid models that combine
centralized control with distributed elements. These
approaches distribute the control and detection
mechanisms across multiple controllers or network
devices, enabling better scalability, improved resilience
against attacks, and enhanced detection capabilities.
By leveraging distributed resources and decentralized
decision-making, these architectures can provide more
effective DDoS attack detection and mitigation in SDN
environments.
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Table 3. DDoS attack detection using machine learning method in SDN environments

Reference ML method
used Controller Dataset

used Disadvantages

Hüseyin
Polat et
al.[28]

KNN,ANN,DT,
SVM

Single InSDN
Additionally, the proposed method needs the large
amount of network traffic data, which may be
challenging in some environments.

Shi Dong
and Mudar
Sarem[29]

KNN
algorithm

Single
custom
dataset

The performance may be sensitive to the choice of
hyperparameters, which could require significant
tuning to achieve optimal performance.

Lingfeng
Yang and

Hui
Zhao[30]

SVM
algorthim

Single KDD99
The single Data set is used for evaluation and it is
not clear how the method would perform on other
datasets.

V.Deepa et
al.[31]

SVM-SOM Single
custom
dataset

The work is not compared with other existing
approaches for detection of DDoS attack in SDN.

KM Sudar et
al.[32]

DT,SVM Single KDD99

Limited visibility: Machine learning algorithms
rely on the input data provided to them. If the data
is incomplete or inaccurate, the algorithm’s ability
to detect attacks is limited.

S Haider et
al.[33]

RNN,LSTM,
CNN

Single
CICIDS2017

Attackers may try to bypass detection systems by
deliberately crafting attacks that evade detection
by machine learning models. Adversarial attacks
can be addressed through the use of robust training
methods and feature engineering techniques.

NN Tuan et
al.[34]

KNN Single
CAIDA

and
Custom

The effectiveness of work may be limited by the
quantity and quality of the training data used for
machine learning.The proposed scheme may not be
effective against new or sophisticated DDoS attacks
that are not covered by the training data.

L Tan[35]
K-Means
and KNN

Single NSL-KDD

The proposed framework uses machine learning
algorithms for DDoS detection, which may impose
a significant computational overhead on the SDN
controller. This overhead may affect the overall
performance and responsiveness of the SDN
network.

K Naik et
al.[36]

SVM Single
NSL-KDD
and DDoS

It not be scalable to large-scale SDN networks with
a large number of controllers and switches, as the
training process may become computationally
expensive.he proposed method uses a limited set of
features to represent network traffic, which may
not capture all the relevant information needed for
accurate DDoS detection.

F Musumeci
et al.[37]

RF, KNN,
SVM and

ANN
Single

Real time
dataset

The proposed work is limited to SYN DDoS flood
attacks. Also training and testing is done on small
dataset.

Sangodoyin
et al.[38]

DA, KNN,
DT and NB

Single
Custom
dataset

It was trained with the default settings of
hyper-parameters or control parameters.

Polat et
al.[39]

SVM, NB,
ANN and

KNN
Single

Custom
dataset

The ML classifiers achieve relatively low
performance along with detection accuracy and the
proposed approach’s false positive rate is not
discussed.
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6. Multi-Controller in SDN
Using a single controller to detect DDoS assaults in SDN
was covered in the previous Section 5 description. How-
ever, there are several defense mechanisms available to
prevent and detect DDoS attacks in SDN. These mech-
anisms include flow-based anomaly detection, traffic
sampling and analysis, threshold-based detection, and
machine learning-based approaches.

Single controller architectures in SDN networks
have several limitations. One major drawback is their
vulnerability to DDoS attacks, as these attacks can
overwhelm the controller and render it unable to
manage the network effectively. Additionally, single
controller architectures may struggle to handle large-
scale networks with high traffic volumes, resulting in
poor network performance and reduced scalability.

Using multiple controllers in an SDN network can
also enhance DDoS defense by distributing the traffic
load and enabling the network to quickly respond
to any attack. Moreover, applying a combination of
different defense mechanisms can improve the accuracy
and efficacy of DDoS mitigation and detection.

The benefits of a multi-controller SDN architecture
include:

• Scalability: With multiple controllers, the SDN
network can scale better, handling more switches
and flows without overloading a single controller.

• Resilience: If one controller fails, the other
controllers can take over, ensuring that the
network remains available and operational.

• Load Balancing: Multiple controllers can balance
the load, distributing the work between them, and
improving overall network performance.

• Geographic Distribution: Multi-controller SDN
architectures can be deployed across different
geographic locations, providing redundancy, and
minimizing latency.

• Better Resource Utilization: With multiple con-
trollers, different applications and services can be
assigned to specific controllers, allowing for better
resource utilization and more efficient manage-
ment of the network.

A survey paper by Tao Hu et al. [40] is dedicated
to the exploration of multi-controller based SDN, a
networking paradigm that enables the separation of
control and data planes, enhancing network flexibility
and programmability. The paper delves into the
architecture, advantages, and challenges associated
with multi-controller based SDN. It also presents
an overview of the existing literature on multi-
controller based SDN, including various approaches
and techniques used in research. The paper highlights

the advantages of using multiple controllers in SDN, 
such as fault tolerance and scalability, while also 
discussing the challenges of ensuring consistency and 
synchronization between the controllers. Overall, this 
survey provides a comprehensive and informative 
overview of multi-controller based SDN, its benefits, 
and its challenges.

The design principles for multiple controllers can 
be analyzed from three key aspects: fault tolerance, 
consistency and availability.

By examining these aspects, one can identify the 
key considerations and best practices for designing and 
implementing a robust and reliable multi-controller 
SDN network.

6.1. Consistency

Consistency refers to the degree to which network 
controllers maintain a consistent view of network 
topology and forwarding rules. This is essential for 
ensuring that traffic is  co rrectly an d effi ciently routed 
through the network. To achieve consistency, the 
controllers must communicate regularly and effectively 
with each other, and use consistent protocols and 
algorithms for managing the network.

Fetia Bannour et al. [41] suggest a self-adjusting 
consistency model designed for distributed SDN con-
trollers, capable of effectively u pholding consistency 
while adjusting to the network’s specific a ttributes. It 
is based on the eventual consistency model and uses 
a set of mechanisms to achieve self-adaptivity. These 
mechanisms include conflict d etection a nd resolution, 
adaptive quorum selection, and threshold-based con-
sistency enforcement. The proposed model is evaluated 
through simulations and the results show that it can 
provide efficient and effective consistency management 
for distributed SDN controllers. The paper highlights 
the importance of consistency in distributed SDN con-
trollers and presents a practical approach to achieve it.

Aslan et al. [42] utilized clustering methodologies, 
such as incremental K-means and sequential K-means, 
to construct a tailored consistency model adaptable to 
the precise needs of the network. The proposed tunable 
consistency model was evaluated using simulations, 
and the results showed that it could effectively manage 
consistency while adapting to changes in the network. 
This approach provides a practical solution for 
managing consistency in distributed SDN controllers 
while addressing the challenges posed by network 
dynamics.

Within the realm of SDN with multiple controllers, 
consistency typically encompasses three key aspects: 
version update consistency, state consistency, and rules 
update consistency.
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6.2. Fault Tolerance
Fault tolerance refers to the capacity of a network to 
operate when one or more controllers fail or become 
disabled. To achieve fault tolerance, the network must 
be designed with redundancy and failover mechanisms, 
so that if one controller fails, another can take over 
its responsibilities without disrupting the network’s 
operations.

Koponen et al. [43] introduces Onix, a dis-
tributed control platform designed for managing 
large-scale production networks. Onix utilizes a dis-
tributed publish-subscribe (pub-sub) messaging sys-
tem, enabling flexible a nd efficient net work program-
ming. The platform is designed to handle the scale and 
complexity of modern networks, with features such as 
a distributed data plane and fine-grained control over 
network forwarding behavior. The authors describe 
the architecture and implementation of the platform, 
and evaluate its performance and scalability through a 
series of experiments.

Yuan Zhang et al. [44] The utilization of reactive 
fault management mechanisms in SDN can impose 
computational overhead on controllers and lead to 
extended recovery times. To enhance fault tolerance, 
a combination of preventive protection and recovery 
mechanisms can be employed. Preventive mechanisms 
involve the backup of routes or common fault messages, 
enabling quicker recovery times. On the other hand, 
recovery mechanisms implemented after a fault may 
introduce computational burdens and longer recovery 
durations.

6.3. Availability
Availability means the capability of the network to 
provide uninterrupted service to its users. This requires 
ensuring that the controllers are always available and 
responsive, and that they can handle the volume of 
traffic and requests that are generated by  the network. 
To achieve high availability, the network must be 
designed with load balancing, scalability, and other 
mechanisms that can distribute the workload across 
multiple controllers and resources.

There are three methods available to improve 
controller availability:

1. Rule Backup: Dumitras et al. [45] proposed 
approach for achieving high availability in 
RuleBricks revolves around the concept of rules 
backup. In this system, each rule is represented 
by a specific color of "bricks," with the top bricks 
signifying the currently active rules. If a network 
node fails and certain colored bricks are lost, 
RuleBricks will replace them with new active 
rules. Through efficient ma nagement of  brick 
selection and operation, RuleBricks prevents

flow redistribution and excessive rule creation,
ensuring smooth network operation.

2. Controller Load Balancing: S Mukherjee et
al [46] proposed solution, known as Load-
Constrained Control (LCC), seeks to dynamically
manage traffic distribution among controllers by
regularly monitoring the load window. As the
load window fluctuates, LCC dynamically adjusts
the controller pool size to align with the current
demand. In instances where the load surpasses
the maximum capacity of the controller pool, LCC
incorporates additional controllers to ensure high
availability and efficient network management.

3. Proactive Rule Setup: A. R. Curtis et al
[47] proposed DevoFlow is a technique that
categorizes network flows into two types: short
and long. The switch applies different rules to
handle these flows. Short flows are processed
in the data plane directly, without requiring
controller intervention. Only a small number of
long flows are sent to the controller. By reducing
the number of flows that require controller
processing, DevoFlow minimizes the controller
load and enhances controller availability.

A multi-controller platform has been developed to
improve both the consistency and scalability of the
network in summery table 4. By introducing multiple
controllers, the platform aims to distribute the control
plane functions across different entities, allowing for
better fault tolerance and load balancing. The multi-
controller platform offers enhanced scalability and
reliability, providing a more robust and efficient
network infrastructure.

6.4. Advantages of Multi-Controller
1. Scalability and High Availability: Multi-controller

architecture enables better scalability and high
availability compared to a single-controller archi-
tecture. By distributing the control plane across
multiple controllers, the network can handle
larger scale deployments and increased traffic vol-
umes more effectively. The redundancy provided
by multiple controllers ensures fault tolerance
and minimizes the impact of a controller failure
on the overall network.

2. Improved Performance: With multiple
controllers, the processing load can be
distributed, resulting in improved performance.
Controllers can handle network events and
updates in parallel, reducing processing
bottlenecks and enabling faster response times.
This distributed approach allows for better
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Table 4. Summary table of Multi-Controller

Reference Consistency Scalability Controller Type Limitations

T Koponen et
al.[48]

Consistent state
replication across
controllers

Scalable to
large-scale
networks

Onix distributed
control platform

Lack of specific scalability metrics
mentioned

Vignesh
Sridharan et

al.[49]

Consistent traffic
engineering
policies

Scalable to
large-scale
networks

Floodlight and
Ryu controllers

Lack of specific evaluation metrics
for consistency and scalability,
limited to two controller platforms

Stephanos
Matsumoto et

al.[50]

Ensures
consistent
network policies
and updates

Scalable to
large SDN
deployments

Custom
controller (Fleet

Controller)

Limited evaluation of scalability
with only up to 20 switches and
160 hosts, and limited deployment
of the system in a small testbed
environment.

J Wang et
al.[51]

Ensures
consistency in
multi-domain
SDN
deployments

Designed for
scalable SDN
architectures

Coordinate
Controller

Limited evaluation and
deployment in a specific
multi-domain SDN scenario,
scalability needs to be evaluated in
larger and diverse network
environments.

MN Yusuf et
al.[52]

Consensus-based
controller
placement

Scalable to
large-scale
networks

Multiple
controllers (not

specific)

No specific scalability evaluation
metrics mentioned

F Bannour et
al.[53]

Introduces a
self-adaptive
consistency
model

Focuses on
improving
scalability of
distributed
SDN

Distributed
Controllers

Limited evaluation and validation
of the proposed self-adaptive
consistency model, scalability
needs to be evaluated in larger
distributed SDN deployments.

Abubakar
Siddique

Muqaddas et al.
[54]

Focuses on
supporting
consistency in
ONOS clusters

Addresses
scalability
considerations

ONOS cluster

The study may have specific
limitations related to the
experimental setup, deployment
scenario, or scalability limitations
specific to the ONOS platform.

resource utilization and more efficient handling
of network operations.

3. Enhanced Fault Isolation: In a multi-controller
architecture, failures or issues in one controller
do not affect the entire network. The fault can be
isolated to specific controller domains, allowing
for easier troubleshooting and containment of
issues. This isolation ensures that disruptions are
localized and do not impact the overall network’s
functionality.

4. Load Balancing and Traffic Optimization: Multi-
ple controllers can collaborate to distribute net-
work traffic and balance the load across the net-
work. By dynamically assigning tasks and traffic
to different controllers, the architecture can opti-
mize resource utilization, reduce congestion, and
improve overall network performance.

5. Flexibility and Modularity: Multi-controller
architecture offers greater flexibility in network
design and deployment. It allows for modular
expansion and the addition of new controllers as
the network grows. This flexibility supports the
scalability requirements of modern networks and
facilitates the integration of new technologies and
services.

7. Emerging Research Directions
The research on machine learning methods for detect-
ing DDoS attacks, in single controller and multi-
controller architectures, represents a prominent and
evolving direction in the field of SDN. Despite consid-
erable advancements in DDoS detection methods, there
exists a noticeable gap in the current literature when it
comes to applying machine learning algorithms within
the context of SDN multi-controller environments.

Current work focuses on detection of DDoS attack
in both single-controller and multi-controller SDN
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environments. We analyze various machine learning
techniques to identify effective methods for detecting
DDoS attacks in SDN networks. In the context of a
single controller, several existing methods are available
for DDoS attack detection. However, when it comes
to a multi-controller SDN setup, there is a gap in
the existing literature, and there are limited methods
available for effectively detecting DDoS attacks.

In a multi-controller environment, there are indeed
numerous research papers available that focus on
various aspects related to consistency, reliability, and
fault tolerance. These topics are crucial in ensuring the
robust and efficient operation of SDN architectures with
multiple controllers.

Consistency in multi-controller SDN environments
refers to the synchronization of the network state
and policies across all controllers. Research papers
explore techniques for achieving strong consistency to
ensure that all controllers have a consistent view of the
network topology and forwarding rules.

Reliability is critical to maintain the continuous
operation of the SDN network, even in the presence of
failures. Research papers in this area investigate fault-
tolerant mechanisms to handle controller failures and
ensure network resilience.

Fault tolerance techniques aim to prevent or recover
from errors and failures in the network. This involves
developing mechanisms to detect faults, isolate affected
components, and ensure that the network remains
operational.

Research topics in SDN multi-controller environ-
ments cover a broad spectrum of challenges and oppor-
tunities in distributed network management. Here are
some potential research topics in this area:

Collaborative DDoS Attack Detection: Develop effi-
cient and accurate collaborative DDoS attack detection
mechanisms among multiple controllers in SDN to
improve detection and mitigation capabilities.

Load Balancing and Resource Management: Investi-
gate load balancing techniques and resource manage-
ment strategies to distribute the control plane load
evenly among multiple controllers, ensuring efficient
resource utilization and high network performance.

Controller Placement and Scalability: Investigate
optimal controller placement strategies and scalable
designs to efficiently manage large-scale SDN deploy-
ments.

Research topics in SDN multi-controller using
machine learning combine the advancements of
machine learning with the complexities of distributed
control in SDN environments. Here are some potential
research topics in this area:

Distributed Traffic Classification: Investigate dis-
tributed machine learning algorithms for traffic clas-
sification in multi-controller SDN networks, enabling

efficient and accurate identification of different traffic
types.

Federated Learning in SDN: Explore federated
learning approaches to train machine learning models
across multiple controllers without centralizing data,
ensuring data privacy and reducing communication
overhead.

Auto-scaling and Elasticity: Explore machine learn-
ing techniques to enable auto-scaling and elasticity of
controller resources to handle varying workloads in
multi-controller SDN setups.

These research topics aim to leverage the capabilities
of machine learning to enhance the intelligence
and efficiency of SDN multi-controller environments,
leading to more reliable, scalable, and secure network
management.

This paper primarily focuses on tackling the issue of
DDoS attacks within SDN environments. These attacks
present a substantial threat to network availability and
performance by inundating network resources with a
large volume of traffic.

The paper focuses on exploring and evaluating var-
ious techniques for DDoS attacks detection in SDN.
These techniques may include traditional machine
learning algorithms, rule-based methods, and collabo-
rative approaches among multiple SDN controllers.

By analyzing and comparing different detection
techniques, the paper aims to provide the limitations
and strengths of each approach and guide network
administrators and security practitioners in choosing
the most suitable method for their specific SDN
deployment.

In summary, the primary focus of the paper is to
study detection of DDoS attack in SDN environments
and present a comprehensive analysis of the available
techniques to improve network security and resilience
against DDoS threats.

8. Conclusion
This survey paper offers an extensive and detailed
examination of the present advancement in DDoS
attack detection within SDN multi controller as well as
single controller architectures. By evaluating existing
approaches, tackling challenges, and proposing future
research directions, the aim is to encourage further
progress in this crucial field of network security. We can
strengthen the resilience and security of SDN networks
against distributed denial of service attacks and ensure
the uninterrupted delivery of network services through
continued efforts and innovative solutions.
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