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Abstract: Software-Defined Networking (SDN) and Network Function Virtualization (NFV) have become popular as creative answers 

to contemporary networking problems due to the quick expansion of data traffic, the growing complexity of network operations, and the 

need for real-time services. These technologies have enabled separation of control operations from traditional hardware-based appliances, 

providing more scalable, adaptable and efficient management of the network. To manage and optimise such dynamic networks, however, 

one requires sophisticated techniques for dealing with issues such as congestion, resource allocation and security. Artificial Intelligence 

(AI) is crucial in this situation. Artificial intelligence (AI) technologies such as machine learning (ML), deep learning (DL), reinforcement 

learning (RL) and federated learning are changing the network management landscape by automating activities, improving traffic 

prediction, enabling real-time decision making, and enhancing the capabilities of SDN and NFV systems. This article explores the 

incorporation of AI and SDN/NFV for enhancing network speed, scalability, and security. Other key applications such as SDN controllers, 

traffic steering use cases, and VNF orchestration with AI are also included. AI, SDN, and NFV significantly enhance the agility and 

adaptability of modern networks, allowing them to allocate resources on the fly, self-optimize, heal themselves, and deliver automated 

services. But there are still challenges related to scalability, data privacy, and the complexity of the AI models that require further research. 

The merger of the technologies appears to be a way forward to create new-generation intelligent, scalable and self-governing networks to 

power applications such as 5G, IoT and smart cities. 
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1. Introduction 
 

Innovative paradigms like Software-Defined Networking 

(SDN) and Network Function Virtualization (NFV) have 

emerged as a result of networking technology' rapid 

expansion, which is fueled by the growing need for scalable, 

dependable, and fast communications. The technologies aim 

to overcome the limitations of traditional networking systems 

by providing programmability, flexibility, and efficiency [1]. 

SDN separates the data plane from the control plane and 

allows the network to be centrally managed by SDN 

controller. This makes the network more agile, cost-effective 

and automated, enabling the network manager to monitor and 

manage the network via a software interface. However, NFV 

replaces dedicated hardware appliances such as firewalls, 

load balancers and routers by virtue of virtualized instances 

running on commodity hardware [2]. This change helps to 

increase the use of the resources, reduce the operating cost 

and efficiently scale the network services as per the demand. 

 

The dynamic nature of modern networks, driven by high 

mobility, changing traffic patterns and diverse services, poses 

greater challenges for network management [3]. With such 

complexity, it's impossible to use the traditional methods of 

manual management. This is where Artificial Intelligence 

(AI) comes to the rescue to offer a radical solution in 

improving the performance of SDN and NFV systems. AI can 

enhance the intelligence, speed, and adaptability of network 

operations, enabling them to be automated. By leveraging AI, 

networks can predict traffic flow, optimize resource 

allocation, detect anomalies, and even make decisions on the 

fly without human intervention. 

 

AI benefits networking in numerous ways, including 

automation of network management, real-time traffic 

prediction and optimization, dynamic resource allocation, 

fault detection, self-healing and enhanced security. Large 

amounts of network data may be analyzed by AI-powered 

systems to forecast traffic congestion, make the best routing 

choices, and distribute resources effectively. In NFV, AI 

could dynamically provision resources to virtual network 

functions based on the network condition, ensuring optimal 

performance [4]. AI can also analyze traffic patterns and 

trigger mitigation actions to detect security threats, such as 

DDoS attacks. Moreover, AI enables automated, self-learning 

adjustments to network configurations by SDN controllers, 

ensuring high performance and reliability with minimal 

downtime and enhanced service quality [5]. The combination 

of AI, SDN and NFV allows for the development of more 

flexible and scalable networks that can be more effective. 

Networks need to be responsive to real-time changes, 

dynamically optimise resources and operate autonomously to 

meet the growing needs of next-generation applications such 

as 5G, IoT and smart cities. 

 

2. Literature Review 
 

AI is crucial to networking technology's progress. With the 

growth of data traffic, network complexity, and the need for 

services in real time, intelligent and automated network 

management systems are required. AI technologies, such as 

machine learning, deep learning and reinforcement learning, 

can analyze vast quantities of network data, discover patterns, 

predict actions and make decisions for themselves to optimize 

network performance [6].  One of the significant advantages 

of AI in networking is network automation. Traditional 

networking systems tend to have inefficient and error-prone 

manual settings and reactive administration. But, AI can 

streamline traffic routing, problem identification and resource 

allocation. SDN can be powered by AI, which can learn from 

the past and predict future traffic conditions to intelligently 

route traffic around congestion, link failures, and other traffic 

patterns. This will maximize network performance and 

minimize manual operations.  
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Table 1: Literature Review 
Study Contribution Key Techniques Used Focus Area 

Zhang et al., 

2022 [7] 

Proposed a reinforcement learning-based SDN routing algorithm 

that adapts to dynamic network conditions, improving throughput 

and reducing packet loss. 

Reinforcement 

Learning 

SDN Routing 

Optimization 

Singh & 

Kumar, 2021 

[8] 

Developed a machine learning-based NFV resource allocation 

model that efficiently provisions virtual network functions (VNFs) 

based on traffic demand. 

Machine Learning 

(ML) 

NFV Resource 

Allocation 

Chen et al., 

2020 [9] 

Explored AI-driven predictive maintenance in NFV, where ML 

models predict potential network failures and automate fault 

recovery processes. 

Machine Learning, 

Predictive Modeling 

NFV Fault Detection 

and Recovery 

Tan & Xiao, 

2023 [10] 

Introduced deep learning models for SDN traffic optimization, 

focusing on congestion prediction and real-time traffic 

management. 

Deep Learning (DL) 
Traffic Optimization in 

SDN 

Li et al., 2019 

[11] 

Proposed an AI-based framework for dynamic VNF chaining in 

NFV, where ML algorithms adaptively select the optimal VNF 

sequence to ensure QoS and minimize latency. 

Machine Learning, 

VNF Chaining 

VNF Service Chain 

Optimization 

Gupta & 

Sharma, 2021 

[12] 

Utilized deep reinforcement learning for autonomous network 

function placement and traffic routing in SDN/NFV environments 

to enhance network efficiency. 

Deep Reinforcement 

Learning (DRL) 

Autonomous Network 

Function Placement 

Wang et al., 

2020 [13] 

Developed a hybrid AI model combining ML and RL for dynamic 

network slicing in 5G networks, ensuring efficient resource 

allocation and low latency. 

Hybrid AI (ML + RL) 5G Network Slicing 

Kumar et al., 

2022 [14] 

Investigated the integration of AI with SDN/NFV for self-healing 

networks, enabling real-time detection and correction of network 

faults. 

Machine Learning, 

Fault Detection 
Self-Healing Networks 

Cheng & Lee, 

2021 [15] 

Analyzed the use of federated learning in SDN for decentralized 

training of traffic models, preserving data privacy while 

optimizing routing. 

Federated Learning, 

SDN 

Decentralized Traffic 

Optimization 

Jiang & 

Zhang, 2020 

[16] 

Proposed an AI-based method for optimizing virtualized resource 

allocation in NFV networks, minimizing energy consumption and 

improving network sustainability. 

Machine Learning, 

Optimization 

Resource Allocation 

and Energy Efficiency 

AI is crucial to network security. As cyber threats grow, AI-

powered intrusion detection systems are more capable than 

traditional security measures at catching malicious activity 

and unusual network activity. The deep learning models 

analyze traffic data to identify DDoS and Man-in-the-Middle 

attacks. AI can quickly adjust firewall settings, block 

malicious traffic, or divert data to secure routes. Network 

Function Virtualization (NFV) transforms VNF orchestration 

automation with AI. NFV is a technology that virtualizes 

devices such as firewalls, load balancers and routers, enabling 

them to be deployed on standard hardware [17]. AI can 

predict the demand of network functions, and then allocate 

network resources in real time. AI can forecast the traffic 

volume and allocate greater resources to support performance 

when needed, such as during the peak of traffic for virtual 

firewalls. SDN and NFV both utilize AI for traffic 

management, but in real time. By utilizing large datasets, ML 

models can predict traffic congestion and adjust traffic flow 

and resource management accordingly to prevent congestion. 

Network conditions can also be leveraged as a source of 

reinforcement learning (RL), which can help improve 

decision-making. RL-based controllers use network feedback 

to make routing decisions so as to minimize the wasted 

network resources. Table 1 presents the work of different 

authors with techniques used and focus area. 

 

3. SDN and NFV Fundamentals 
 

Software-Defined Networking (SDN) and Network Function 

Virtualization (NFV) are new networking paradigms that are 

designed to address the problems of complexity and 

scalability in today's networks. This separation enables real-

time and dynamic management and optimization of network 

traffic. With NFV, on the other hand, virtualizing traditional 

network functions- like firewalls, routers and load balancers- 

is more of an agnostic approach that can be deployed on 

commodity hardware as opposed to dedicated appliances. 

Finally, the combination of SDN and NFV is a great enabler 

for more flexible and scalable network infrastructures, which 

helps network operators to optimally provision resources, 

automate services and quickly respond to changes in network 

conditions to meet changing demands. Next generation 

networks, 5G, IoT and cloud computing, require network 

automation, dynamic resource allocation and service delivery, 

and these technologies are vital to this [18]. 

 

3.1 SDN Architecture 

 

Software-Defined Networking (SDN) is a revolutionary 

network architecture presented in Figure 1 in which the 

control of the overall network infrastructure is centralized 

using a software program. The traditional network 

architecture is split into two planes in SDN: data plane and 

control plane. This separation will facilitate more efficient 

network management, flexibility and efficient use of 

resources [19]. Its control plane performs decisions on the 

way data packets are to be managed, including determining 

optimal data packet paths. Traditional networking has the 

control plane implemented as part of a network equipment 

(e.g., routers and switches), while in SDN, the control plane 

is centralized in a software-based SDN controller that can be 

programmed to alter and optimize the network as it is used. 

The data plane—also known as the forwarding plane—

intermediately routes traffic according to the operations of the 

control plane. In SDN, the implementation of this plane takes 

place in the network switch hardware, which is 
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preprogrammed by the SDN controller with a set of rules to 

forward packets. The SDN controller is the "brain" of SDN, 

which receives instructions from the data plane, and it makes 

decisions to act according to the control plane. It offers a 

programmatic interface which allows administrators to 

manage and reconfigure the network in real-time, thus 

simplifying network management and making it more 

flexible. The Applications layer in SDN is where the 

applications that utilize the SDN controller to implement 

higher-level policies such as network security, traffic 

engineering and load balancing reside.  

 

 
Figure 1: SDN Architecture 

 

These applications utilize the controller's interface to ask for 

behavior adjustments in the network, and get the real-time 

performance information from the network. With SDN, it's 

possible for networks to be more agile, cost-effective, and 

programmable, which paves the way for innovations like 

network slicing, virtualized network functions, and 

automated traffic management. 

 

3.2 NFV Framework 

 

One of such revolutionary technologies is NFV, which 

virtualizes, say, firewalls, load balancers, routers from the 

traditional network functions and builds Virtual Network 

Functions (VNFs) that can be deployed on commodity 

standard hardware. NFV separates network functions from 

the custom-made hardware and shifts them to virtualized 

infrastructure that's easier to quickly scale and manage. VNFs 

are virtualized versions presented in Figure 2 shows the 

traditional network functions, which can be provisioned and 

scaled flexibly using virtualized infrastructure. NFV 

Infrastructure (NFVI): The physical and virtual resources 

used to run the VNFs include compute resources (servers and 

virtual machines), storage resources (virtualized storage 

systems), and network resources (virtualized switches, 

routers and links). The NFV Orchestrator plays a crucial role 

in the lifecycle management of VNFs, automating 

deployment, scaling, reconfiguration and fault recovery to 

ensure efficient network utilization and reduce downtime 

[20].  
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Figure 2: NFV Framework 

 

At the same time, the VNF Manager will take care of 

individual VNFs, managing their performance, 

troubleshooting, and updating them, in parallel with the NFV 

orchestrator [21]. The key benefits of NFV are related to the 

cost of the VNFs, which are implemented as commodity 

hardware; scalability, whereby the VNFs are dynamically 

provisioned based on the traffic volume; and flexibility, where 

the VNFs can be moved and instantiated between different 

servers based on their availability and network characteristics.  

 

3.3 SDN + NFV Synergy 

 

SDN and NFV are a powerful synergy, which increases 

network flexibility, scalability and efficiency. SDN is all 

about centralization and programmability of the network 

control plane, while NFV virtualizes the network functions to 

lessen the need for physical hardware. These technologies 

work together to build flexible, resilient networks that are able 

to adapt and quickly meet evolving needs. Table 2 shows the 

Key aspects and benefits of SDN and NFV 

 

Table 2: Key aspects and benefits of SDN and NFV 
Key Aspect SDN Contribution NFV Contribution Combined Benefit 

Dynamic 

Resource 

Allocation 

Centralized control to 

dynamically allocate network 

resources. 

Virtualized instantiation and 

scaling of network functions. 

Enables real-time adjustments to network 

functions and traffic routing, ensuring optimal 

performance under varying network conditions. 

Network Slicing 

Controls traffic routing 

between multiple virtual 

networks (slices). 

Provides the necessary 

virtualized network functions for 

each slice (e.g., firewalls, 

routers). 

Facilitates the creation of multiple optimized 

virtual networks with specific requirements 

(e.g., low latency, high bandwidth), each 

running on a shared infrastructure. 

On-Demand 

Service 

Provisioning 

Centralized provisioning of 

network services. 

Instantiates the necessary 

network functions as virtualized 

services on-demand. 

Ensures flexible and rapid deployment of 

network services, automatically adjusting 

traffic and function placement based on 

demand. 

Improved Agility 

and Flexibility 

Reconfigures the network 

dynamically to meet evolving 

demands. 

Provides flexible and scalable 

virtualized network services that 

can be easily deployed or scaled. 

Ensures faster deployment of new services, 

quick scaling, and movement of services based 

on real-time network conditions. 

Simplified 

Network 

Management 

Centralized control of network 

functions, providing visibility 

and decision-making 

capabilities. 

Automates the deployment and 

orchestration of virtualized 

network functions, reducing 

manual operations. 

Reduces complexity in network management 

by integrating centralized control with 

automated service deployment, leading to more 

efficient and reliable service delivery. 

 

4. AI Techniques for Networking 
 

Modern networks benefit from AI-optimized traffic 

management, resource allocation, and security. Machine 

Learning (ML), Deep Learning (DL), Reinforcement 

Learning (RL), and Federated Learning are helping the 

development of SDN and NFV. These AI techniques 

streamline and improve network performance and 

responsiveness by making decisions based on data. In 

network applications, ML can also be applied to learn from 
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data, detect patterns, and make predictions without the need 

for programming. In networking applications, ML is used to 

predict traffic, detect anomalies, allocate resources, and 

optimize routing. Supervised learning algorithms train on 

labeled data to forecast network situations like congestion and 

faults, making them effective for traffic classification. As data 

is processed, ML models get better and better, which comes 

in very handy when the network needs to be modified in real-

time and when decisions need to be made [22]. The subclass 

of ML is Deep Learning (DL), which is based upon 

multilayered neural networks and learns from vast amounts of 

data. Traffic classification, intrusion detection, and demand 

forecasting are ideal networking applications for this method. 

CNNs and RNNs are typically applied in the analysis of 

complex and sequential traffic patterns. CNNs and RNNs are 

commonly used for analysing complex and sequential traffic 

patterns. Network traffic data can also be used to identify 

patterns in network traffic that can be used to improve 

predictions of congestion and identify potential security 

threats, which is another application of DL models. DL is 

helpful in networking applications where there can be a lot of 

data, as deep networks are capable of handling large data sets 

and extracting features independently. Reinforcement 

Learning (RL) is ML where an agent learns by interacting 

with an environment and getting rewards or punishments. RL 

has tremendous power in networking, particularly dynamic 

routing, traffic engineering and resource allocation. SDN 

employs RL to make real-time decisions on routing based on 

past knowledge and experiences about the network. SDN 

controllers are trained to make decisions that will improve 

network efficiency over time and reduce network congestion, 

load balancing, and enhance the delivery of services. RL is 

well suited for scenarios with dynamic traffic where decisions 

need to be made in real-time. A new AI paradigm called 

Federated Learning trains AI models on multiple 

decentralized devices without the sharing of sensitive data. 

Federated learning enhances data privacy and security on 

distributed routers, switches, and edge nodes to train ML 

models. This approach enables networks to build the network 

model from local data without having to transmit raw data to 

servers [23]. In SDN/NFV infrastructures, federated learning 

can enhance the scalability, privacy and collective learning 

for many devices by distributing anomaly detection, traffic 

prediction, and optimization tasks. Overall, these AI 

techniques drive automation, optimization, and real-time 

decision-making in modern networking, transforming the 

landscape. Overall, the applications of AI in networking 

revolutionize the field by providing a way to automate, 

optimize, and make real-time decisions. As 5G, IoT and edge 

computing continuously complicate network infrastructures, 

AI will play a role in building agile, scalable and self-healing 

network infrastructures. 

 

5. AI-Enabled NFV and SDN Integration 
 

AI technologies can be leveraged within the framework of 

Network Function Virtualization (NFV) and Software-

Defined Networking (SDN) to empower more efficient, 

dynamic, and automated network management practices [24]. 

AI can improve the orchestration of Virtual Network 

Functions (VNFs), automatically placing, scaling and 

reconnecting them according to the current state of the 

network. AI-based SDN controllers use data to make the best 

routing decisions, forecast congestion, and steer traffic 

dynamically to enhance network performance. One important 

application of AI in this scenario is traffic steering, in which 

the AI model forecasts traffic volume and SDN controllers 

control the flow of data in real-time to guarantee maximum 

use of bandwidth, minimum latency, and high service quality 

[25]. The Table 3 summarizes the main components of the 

combination between the two technologies, namely AI and 

NFV/SDN and their respective roles for network 

orchestration, SDN controller operations and traffic 

optimization. 

 

Table 3: AI Contribution in NFV and SDN and its benefits 
Key Aspect AI Contribution in NFV and SDN Description Benefits 

AI in NFV 

Orchestration 

AI-based orchestration for dynamic 

VNF placement, scaling, and 

reconfiguration 

AI automates the lifecycle of Virtual 

Network Functions (VNFs), ensuring 

optimal placement and resource allocation 

in NFV environments. 

Optimized resource 

utilization, better scaling of 

services, and reduced 

manual intervention. 

AI-Driven SDN 

Controller 

AI enables SDN controllers to 

autonomously make networking 

decisions based on real-time data and 

traffic conditions. 

AI algorithms continuously optimize 

network paths, predict congestion, and 

adjust traffic flows to enhance network 

performance. 

Improved routing, reduced 

congestion, and better 

network efficiency. 

Use Case: 

Traffic Steering 

AI models predict traffic demand, and 

SDN controllers dynamically adjust 

traffic paths to balance loads and 

reduce bottlenecks. 

By leveraging AI models and SDN 

controllers, traffic is steered through 

optimal paths based on predictions of 

network conditions and user demand. 

Efficient bandwidth usage, 

reduced latency, and 

improved Quality of Service 

(QoS). 

 

6. Conclusion 
 

Modern network architectures are changing as a result of the 

integration of Artificial Intelligence (AI) with Software-

Defined Networking (SDN) and Network Function 

Virtualization (NFV). A mix of SDN's programmability and 

centralized control and NFV's flexibility and scalability, 

coupled with the power of AI, can make networks more 

intelligent, adaptable and efficient. Machine learning (ML), 

deep learning (DL), reinforcement learning (RL), and 

federated learning are examples of AI approaches that are 

automating network administration, optimizing traffic, 

dynamically allocating resources, forecasting errors, and 

enhancing network security. Real-time, data-driven decisions 

that improve performance, decrease manual intervention, and 

facilitate quicker service delivery are made possible by AI-

powered SDN controllers and NFV orchestrators. In addition 

to providing scalable solutions for managing the increasing 

demands of next-generation applications like 5G, the Internet 

of Things (IoT), and smart cities, the synergy of AI with SDN 
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and NFV also offers a foundation for self-healing networks, 

where defects may be identified and addressed autonomously. 

As networks become more complex, these AI-powered 

solutions will play a crucial role in ensuring they remain 

economical, efficient, secure, reliable, and meet evolving user 

needs and requirements. But overcoming challenges such as 

data privacy, scalability, and the complexity of AI models is 

essential to achieve the potential benefits of AI in networking. 

For a broad adoption and more robust realization of AI in 

SDN/NFV systems, future research and development should 

focus on addressing these challenges. Despite these 

challenges, SDN, NFV and AI have vast potential in building 

automated, adaptive and adaptable networks to help power 

the future of global digital infrastructure. 
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