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ABSTRACT: Network Functions Virtualization (NFV) and Software-Defined Networking 

(SDN) are transformative technologies that have revolutionized network design by enabling 

flexibility, scalability, and automation. The integration of NFV and SDN holds the potential 

to further optimize network management, resource allocation, and service delivery. This 

systematic literature review examines recent advancements in integrated NFV/SDN 

architectures, exploring the synergies between these technologies, their challenges, and the 

benefits of their convergence. We analyze various approaches, architectures, and case 

studies, providing a comprehensive overview of the current state of research, as well as 

future trends in this area. 
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I. INTRODUCTION 

The demand for agile, scalable, and cost-efficient network solutions has led to the rise of 

two key technologies: Network Functions Virtualization (NFV) and Software-Defined 

Networking (SDN). Both technologies have transformed the way networks are designed, 

managed, and operated. While NFV focuses on virtualizing network functions (e.g., 

firewalls, load balancers), SDN provides centralized control of network infrastructure, 

enabling dynamic and programmable network management. 

The convergence of NFV and SDN offers the potential to overcome many challenges faced 

in modern networks, such as network congestion, high operational costs, and inflexible 

infrastructures. However, integrating these two technologies poses unique challenges, such 

as ensuring interoperability, optimizing resource allocation, and maintaining network 

security. 
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This paper presents a systematic literature review on the integrated NFV/SDN architectures, 

exploring how the combination of these technologies can enhance network performance, 

scalability, and flexibility. 

II. LITERATURE REVIEW 

1. NFV Overview 

o NFV was initially introduced to reduce the dependency on proprietary 

hardware by virtualizing network functions. Key aspects of NFV include 

virtualized network functions (VNFs), NFV infrastructure (NFVI), and the 

management and orchestration layer (MANO). 

2. SDN Overview 
o SDN decouples the control plane from the data plane, enabling centralized 

network management. SDN controllers play a central role in the network’s 

operation by providing real-time decision-making and programmability. 

3. Integration of NFV and SDN 
o Several studies have proposed architectures where SDN controls the 

virtualized network functions provided by NFV, creating a dynamic and 

flexible network environment. The integration enables network slicing, 

optimized resource allocation, and end-to-end service chaining. 

4. Challenges in Integration 

o Interoperability between SDN controllers and NFV management systems. 

o Dynamic resource allocation and orchestration. 

o Security concerns with distributed virtualized network functions. 

o Scalability issues when integrating NFV/SDN at large scales. 

5. Key Applications and Use Cases 
o Network Slicing: NFV and SDN integration allows for network slicing, 

providing dedicated virtual networks for specific applications or users. 

o Service Function Chaining (SFC): The integration of SDN and NFV enables 

the creation of service chains, where traffic is dynamically routed through a 

series of virtualized network functions. 

III. METHODOLOGY 

This paper follows a systematic literature review methodology to identify, analyze, and 

synthesize research papers related to integrated NFV/SDN architectures. The review 

process involves the following steps: 

1. Data Collection: A systematic search was conducted across academic databases 

such as IEEE Xplore, Google Scholar, and ScienceDirect using keywords related to 

NFV, SDN, and their integration. 
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2. Inclusion and Exclusion Criteria: Papers focusing on integrated NFV/SDN 

architectures, published in peer-reviewed journals or conferences in the last five 

years, were included. Papers outside the scope of NFV/SDN integration or that were 

not peer-reviewed were excluded. 

3. Analysis and Synthesis: A detailed analysis of the selected papers was conducted to 

categorize the research into various themes, such as architecture models, challenges, 

applications, and performance metrics. 

Table: Comparison of Key Integrated NFV/SDN Architectures 

Architecture 

Model 
Key Features Strengths Challenges 

Centralized 

Model 

SDN controller manages 

VNFs through NFVI 

Simplifies control 

and management 

Scalability issues as the 

network grows 

Decentralized 

Model 

Distributed SDN 

controllers with VNF 

orchestration 

Improved scalability 

and fault tolerance 

Complexity in 

coordination and 

synchronization 

Hybrid Model 

Combination of 

centralized and 

decentralized elements 

Balances control and 

scalability 
Integration complexity 

1. Overview of NFV and SDN 

NFV (Network Functions Virtualization): 

 Goal: Virtualize traditional network functions (like routers, firewalls, load balancers) 

and run them on general-purpose hardware, rather than relying on specialized 

network appliances. 

 Components: 

o VNF (Virtual Network Functions): Virtualized network functions (firewalls, 

load balancers, etc.). 

o NFVI (NFV Infrastructure): The underlying hardware and software 

infrastructure that hosts VNFs (e.g., compute, storage, networking resources). 

o MANO (Management and Orchestration): The system responsible for 

managing VNFs and orchestrating their lifecycle. 

SDN (Software-Defined Networking): 

 Goal: Decouple the control plane (decision-making) from the data plane (packet 

forwarding), enabling centralized management and programmable networks. 

 Components: 
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o SDN Controller: Centralized controller that manages the network’s behavior, 

defines traffic flow rules, and communicates with switches/routers. 

o Southbound APIs: Protocols like OpenFlow that communicate with network 

devices. 

o Northbound APIs: Interfaces that enable communication between SDN 

controllers and network applications. 

2. Integrated NFV/SDN Architecture: The Synergy 

When NFV and SDN are integrated, they form a unified framework that allows network 

functions to be more dynamic and flexible, and the network itself to be more programmable 

and automated. 

Key benefits of integration: 

 Scalability: Both NFV and SDN enable network infrastructure to scale quickly, 

whether it's by adding new VNFs or scaling network capacity through SDN 

controllers. 

 Flexibility: The virtualized network functions in NFV can be easily deployed, 

moved, or scaled, while SDN allows for dynamic control of the traffic paths. 

 Automation: The combination of NFV and SDN allows for automation of both 

network function provisioning (NFV) and traffic management (SDN). 

 Cost Efficiency: Virtualized functions reduce reliance on proprietary hardware, and 

SDN reduces the cost of managing and controlling the network through software. 

3. Key Components of an Integrated NFV/SDN Architecture 

Here's how NFV and SDN components work together: 

1. SDN Controller + NFV Orchestration 

 The SDN Controller manages network topology and flow, while the NFV 

Orchestrator manages VNF lifecycle and resource allocation. 

 Integration: The SDN controller provides dynamic network resource allocation to 

VNFs, while the NFV orchestrator ensures VNFs are deployed in a way that aligns 

with the network’s requirements. 
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Example: 

 The SDN Controller can adjust network paths to ensure low-latency communication 

between VNFs deployed across different physical servers. The NFV Orchestrator 

will then handle the dynamic scaling of these VNFs based on traffic demands. 

2. Virtualized Network Functions (VNFs) with SDN-Enabled Traffic Management 

 VNFs run on virtualized resources, and SDN can ensure that the traffic between 

these VNFs is routed optimally. 

 Integration: The SDN controller manages network traffic between VNFs by 

dynamically adjusting flow rules to optimize resource utilization, reduce bottlenecks, 

and ensure QoS. 

Example: 

 In a firewall-as-a-service scenario, the SDN controller directs traffic through the 

virtualized firewall function, ensuring that traffic is analyzed before being 

forwarded. It can also adjust flow rules if the firewall is under heavy load. 

3. MANO + SDN Control Plane Integration 

 MANO (Management and Orchestration) is responsible for managing the 

lifecycle of VNFs and ensuring they are deployed and scaled efficiently. 

 Integration: SDN provides the necessary network configuration (e.g., paths, 

bandwidth) that enables the VNFs to function properly, while MANO orchestrates 

the deployment, scaling, and monitoring of these VNFs. 

Example: 

 A virtual load balancer might need to be scaled up based on demand. The NFV 

orchestrator (MANO) will instantiate a new instance of the load balancer, and the 

SDN controller will modify network traffic paths to ensure the new load balancer is 

utilized effectively. 

4. Northbound and Southbound APIs 

 Southbound APIs: Allow the SDN controller to configure network devices (such as 

switches and routers) to forward traffic in a desired way. 

 Northbound APIs: Enable communication between the SDN controller and higher-

level applications (e.g., service orchestration, traffic management). 
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 The integration of NFV with SDN enables these APIs to communicate seamlessly, 

allowing for the dynamic provisioning of VNFs and traffic rerouting. 

4. Integrated NFV/SDN Architecture Workflow 

1. VNF Deployment: The NFV Orchestrator deploys a new VNF (e.g., virtual router, 

firewall) in response to a service request. 

2. Network Resource Allocation: The SDN Controller dynamically allocates network 

resources (e.g., bandwidth, paths) for the newly deployed VNF. 

3. Traffic Management: Once the VNF is deployed, the SDN Controller adjusts 

traffic flows based on real-time network conditions to optimize performance. 

4. Scaling and Adjusting: Based on traffic demand, the NFV Orchestrator can scale 

the VNFs (up or down), and the SDN Controller can adjust the network traffic flows 

accordingly to maintain performance and minimize latency. 

5. Use Cases for Integrated NFV/SDN Architectures 

1. Dynamic Service Chaining 

 Combining multiple VNFs into a service chain (e.g., a firewall followed by a load 

balancer, followed by a virtual private network) and using SDN to dynamically 

manage the traffic across this chain. 

2. Data Center Automation 

 In data centers, VNFs can be dynamically instantiated for services like load 

balancing, security, and VPN, while SDN ensures that the network is configured in 

real-time to accommodate the new services. 

3. 5G Networks 

 In 5G networks, NFV can virtualize network functions (e.g., gateway, edge routers) 

and SDN can dynamically manage traffic across different virtualized network slices 

to meet SLA requirements for different use cases (e.g., low-latency, high-

throughput). 

4. Cloud Computing & Edge Networking 

 VNFs like virtual firewalls, load balancers, and routers can be deployed on-demand, 

with SDN managing the connectivity and traffic between edge devices, cloud data 

centers, and end-users. 
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6. Challenges in Integrating NFV/SDN 

 Interoperability: Ensuring that SDN controllers and NFV orchestrators from 

different vendors can work together seamlessly. 

 Network Latency: The dynamic nature of NFV and SDN may introduce latency, 

especially in large-scale deployments, which can affect real-time applications. 

 Resource Management: Efficient allocation and management of resources across 

both virtual and physical network infrastructures can be complex. 

 Security: Both NFV and SDN introduce new attack surfaces that must be carefully 

managed, including securing the SDN control plane and the VNFs themselves. 

Figure: Integrated NFV/SDN Architecture Overview 

 

IV. CONCLUSION 

The integration of Network Function Virtualization (NFV) and Software-Defined 

Networking (SDN) represents a transformative shift in the design and management of 

modern network infrastructures. Through this systematic literature review, we have 

observed that the synergy between NFV and SDN creates a flexible, programmable, and 

highly scalable networking environment, offering significant benefits in automation, 

resource optimization, service agility, and cost reduction. The combination allows network 

services to be dynamically deployed, scaled, and orchestrated with greater efficiency 

compared to traditional network architectures. 
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Despite these advantages, integrated NFV/SDN architectures are still maturing, and several 

critical challenges persist. Issues related to interoperability, security, orchestration 

complexity, performance overhead, and standardization are consistently highlighted across 

the literature. Furthermore, while various architectural models and frameworks have been 

proposed, a unified and universally adopted reference architecture remains elusive. The 

heterogeneity of implementations and the evolving nature of standards contribute to this 

fragmentation, hindering widespread adoption in operational environments. 

The literature also reveals a growing trend toward utilizing machine learning and intelligent 

orchestration systems to enhance decision-making processes within NFV/SDN frameworks. 

These technologies show promise in addressing dynamic resource management and 

anomaly detection, though they introduce new complexities in terms of trust, transparency, 

and operational reliability. 

In conclusion, while integrated NFV/SDN architectures offer enormous potential for the 

future of networking, realizing their full benefits requires overcoming technical, 

operational, and standardization challenges. Future research should prioritize the 

development of interoperable frameworks, robust security mechanisms, and intelligent, 

scalable orchestration strategies. Additionally, closer collaboration between industry 

stakeholders and standardization bodies is essential to accelerate the maturation and 

adoption of NFV/SDN solutions. As the network landscape continues to evolve with 

emerging technologies like edge computing and 5G, the integration of NFV and SDN will 

undoubtedly play a crucial role in shaping next-generation network services. 
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