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Abstract: Software Defined Networks (SDNs) is a programmable novel mechanism that managed
networks centrally through separating the control logic plane and the data forwarding plane. However,
the challenge to place the multiple controllers in the network and issue of security vulnerability affects
the Quality of Service (QoS) in SDN environments. This manuscript focuses that a better controller
placement and enhancing security measures could improve the Quality of Service (QoS) in SDN networks.
This study survey the existing art of state on load balancing strategies, algorithms for controller
placement, and security frameworks which considers intrusion detection systems, encryption, and secure
communication protocols. A comparison of previous studies shows that current methods have some clear
trends, some advances in performance, and some problems. This manuscript highlights that employing
security measures and optimized controller placement mechanisms combined the significantly SDN fast,
minimize the failure to reliable the system. Also, the security mechanism prevents from attacks and
threats. The proposed mechanism is found appropriate for modern programable SDN environments and
could be useful for cloud networks, latest 5G networks, data centers, and Internet of Things (IoT) network
infrastructures.
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Introduction

Due to the new networking technologies like 5G, cloud computing, and the Internet of Things (loT) are
growing so quickly, the need for flexible and effective network management solutions is even higher. The
control and data planes are very closely coupled in traditional networking systems. This makes it
challenging to adapt, grow, and administer the network. Software-Defined Networking (SDN) solves these
problems by separating the data plane from the control plane. You can manage and set up network
resources from this one area. [1].

There are several advantages with SDN, but there are also some disadvantages that impair Quality of
Service (QoS). These include network latency, controller overload, challenges with where to locate the
controller, and security weaknesses. The distance between the controllers and switches has a huge effect
on how long it takes for them to talk to each other. If the controller is in the wrong place, there can be
latency, packet loss, and a network that does not perform well [2]. Also, it is easy for hackers to take over
SDN controllers, fake them, or launch Distributed Denial of Service (DDoS) assaults because they are all in
one area.
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We need both good techniques to put controllers in place and effective security measures to make sure
that SDN environments have high QoS. A few algorithms have been suggested by researchers to tackle
these issues. Some of them are genetic algorithms, machine learning techniques, heuristic methods, and
clustering methods. Several security frameworks have been put in place to make SDN safer. These include
intrusion detection systems (IDS), authentication mechanisms, and secure communication protocols.
The systematic review analyzed on existing state of art mostly focused on optimizing controller
placements and enhancing security measures to enhance QoS in SDN infrastructure. The aim of this survey
is to consider current progress, compare different methodologies, and find research gaps for future work.
Related work

In the last few years, researchers have focused to improve the QoS in SDN and mitigate the security
challenges in SDN. The initial research was focused on optimizing controller placement to reduce network
latency in the network. Heller et al. [1] suggested the Controller Placement Problem (CPP) and discussed
that the controllers significantly influence network performance.

In recent studies researchers have focused on security measures and through controller optimization. Bari
et al. [2] discussed a method for integrating dynamic controllers in SDN networking to enhance their
scalability and reliability. Hu et al. [3] focused on distributed controllers to make network better load
balance and more fault-tolerant network.

Several researches demonstrates the significance of integrating security systems with enhance QoS in
SDN. Shin and Gu [4] designed the FortNOX security architecture to protect from malicious attacks on SDN
controllers. Scott-Hayward et al. [5] also surveyed the security issues of SDN and discussed the rules-based
security mechanism.

Few researches demonstrated metaheuristic algorithms, clustering mechanisms, and dynamic controller
placement mechanisms to reduce latency challenges and enhance network security and reliability. Table
1 indicates how earlier research has tried to make SDN networks' QoS better.

Table 1. Comparison of Related Work in SDN QoS Enhancement
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Key Contribution

The key contributions of this research survey paper are followings:

1. The research contributes in comprehensive survey includes the reliability, controller placements

strategy and considers security mechanism in Software-Defined Networking (SDN).

2. The comparative analysis of studies highlights the merits and demerits of deferent studies along with

findings of research gaps.

3. The research emphasizes that there is need of modern frameworks which combines both multiple

controller placement optimization and security mechanisms for reliability of SDN.

4. The study helps for future research directions with the help of identified research gaps and existing

infrastructure challenges.

Methodology of study

This study follows a systematic literature review that analyze the existing state of art. The survey focused

on QoS improvement in SDN infrastructure. Followings are the key considerations criteria which are

followed during survey:
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Research focusing on SDN controller placement

Focused on papers which are discussing SDN security frameworks

Studies addressing QoS metrics such as latency, throughput, and packet loss




After filtering, relevant studies were analyzed and categorized into three major groups:

1. Controller placement optimization algorithms

2. Security mechanisms in SDN

3. Hybrid approaches integrating QoS and security
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Figure 1. conceptual architecture for Integration between QoS optimization and security mechanisms

Discussions

According to literature, the placement of the controller is crucial for the best performance of SDN
networks. Genetic algorithms, clustering techniques, and heuristic methods are some types of algorithms
that can make communication between switches and controllers faster.

But just improving the placement of controller would not guarantee a strong Quality of Service (QoS). An
attack on the SDN controller could make the network not work properly. It is important to include strong
security measures such as intrusion detection systems, identity verification procedures, and encrypted
communication channels.

Figure 1 illustrates the conceptual architecture for integration between QoS optimization and security
mechanisms. It illustrates a simplified SDN architecture where centralized controllers manage network
devices while security and QoS optimization mechanisms are implemented within the controller layer.
Many people are using machine learning to find strange patterns in SDN traffic. These technologies are
better at finding problems and taking quick action than rule-based security solutions. The researchers
should focus to emphasize more about how to combine security frameworks with improvements to
Quality of Services in SDN. The Future research should be focused on developing lightweight mechanism
to enhance QoS performance and security both.
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Conclusions
The research in this study examines the different challenges of QoS in Software-Defined Networks due to
controller placement problem (CPP) and security vulnerabilities. A comprehensive literature survey is
conducted to analyze existing state of art on security mechanisms and metaheuristic algorithms to deploy
the multiple controllers in Software-Defined Networks. Placing dynamically the multiple controllers on
appropriate locations and applying the advanced security mechanisms can greatly improve the latency
issues, reliability, and throughput of SDN networks.
There are several existing solutions which suffers the challenges to process large amount of real time data
and slow the networks. Future research should consider the Al to develop such mechanisms which
dynamically optimize the path and also integrated QoS-security frameworks for large-scale SDN network
environments.
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