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Abstract: Network Functions Virtualization (NFV) and Software-Defined Networking (SDN) are two 

innovative technologies that have emerged in recent years to address the limitations of traditional network 

architectures. NFV enables network functions to be implemented on standard hardware, rather than on 

dedicated proprietary devices, while SDN separates the control plane from the data plane, enabling 

centralized control and management of network traffic. Together, NFV and SDN provide a new era of 

network agility and flexibility, enabling network operators to dynamically provision and scale network 

services to meet changing demands, improve network efficiency and reduce costs. 
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I. INTRODUCTION 

In recent years, network infrastructure has undergone a significant transformation, driven by the emergence of two key 

technologies: Network Functions Virtualization (NFV) and Software-Defined Networking (SDN). NFV enables the 

virtualization of network functions such as firewalls, routers, and load balancers, while SDN separates the control plane 

from the data plane, allowing for centralized management and configuration of network devices.Together, NFV and 

SDN offer a new era of network agility and flexibility, enabling organizations to more easily adapt to changing business 

needs and customer demands. By leveraging virtualization techniques and centralizing network management, 

organizations can reduce the costs associated with traditional hardware-based network infrastructure while also 

improving network performance and reliability. 

The benefits of NFV and SDN are not limited to traditional network operators, but extend to a wide range of industries, 

including cloud service providers, telecommunications companies, and enterprises of all sizes. As the adoption of NFV 

and SDN continues to grow, we can expect to see even greater innovation and transformation in network infrastructure, 

paving the way for the next generation of networking technologies.NFV and SDN have a number of key benefits that 

are driving their adoption across various industries. One major advantage is the ability to rapidly deploy and scale 

network services. With NFV, network functions can be spun up or down on-demand, without the need for physical 

hardware installation or manual configuration. This enables organizations to quickly respond to changing business 

needs and customer demands, while also reducing the time and costs associated with traditional network infrastructure 

deployment. 

SDN, on the other hand, provides centralized management and configuration of network devices, allowing for greater 

network agility and flexibility. By separating the control plane from the data plane, SDN enables organizations to 

automate network management tasks, such as traffic routing and load balancing, which can improve network 

performance and reduce the risk of errors caused by manual configuration.Another key benefit of NFV and SDN is the 

potential for cost savings. Traditional network infrastructure requires significant upfront investment in hardware, as 

well as ongoing maintenance and support costs. With NFV and SDN, organizations can reduce their reliance on 

physical hardware, which can result in lower capital and operational expenses. Additionally, NFV and SDN enable 

organizations to use commodity hardware, which can be less expensive than specialized networking equipment. 

NFV and SDN represent a major shift in the way networks are designed, deployed, and managed. As organizations look 

to stay competitive in a rapidly changing business landscape, these technologies offer a way to improve network agility 

and flexibility, reduce costs, and better meet the needs of customers and stakeholders. As the adoption of NFV and 

SDN continues to grow, we can expect to see even greater innovation and transformation in network infrastructure, 

paving the way for the next generation of networking technologies. 
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II. BACKGROUND AND MOTIVATION FOR NFV 

The traditional network infrastructure is typically composed of physical devices, such as routers, switches, and 

firewalls, that are dedicated to performing specific network functions. This hardware-based approach to network 

infrastructure is inflexible and expensive, as it requires significant upfront investment and ongoing maintenance costs. 

Network Functions Virtualization (NFV) was developed to address these challenges by virtualizing network functions 

and moving them to a software-based platform that can be run on commodity hardware. The goal of NFV is to provide 

a more flexible and cost-effective approach to network infrastructure by leveraging virtualization techniques that have 

been successful in the server and storage domains. 

The concept of NFV was first introduced by a group of leading telecommunications service providers, including 

AT&T, Deutsche Telekom, and NTT, in 2012. These providers recognized the need for a more agile and efficient 

approach to network infrastructure that could keep pace with the rapidly evolving demands of the digital economy. 

The motivation behind NFV is to enable service providers to deploy and manage network functions more efficiently 

and cost-effectively. With NFV, service providers can virtualize network functions, such as firewalls, routers, and load 

balancers, and run them on commodity hardware, rather than requiring specialized networking equipment. This can 

result in significant cost savings, as well as greater agility and flexibility in deploying and managing network functions. 

NFV has also been motivated by the increasing demand for cloud-based services, which require a more flexible and 

scalable approach to network infrastructure. With NFV, service providers can rapidly deploy and scale network 

functions to meet the needs of cloud-based services, while also reducing the costs associated with traditional network 

infrastructure. 

The motivation for NFV has been to enable service providers to achieve greater agility, flexibility, and cost efficiency 

in their network infrastructure, in order to better meet the demands of the digital economy. As the adoption of NFV 

continues to grow, we can expect to see even greater innovation and transformation in network infrastructure, paving 

the way for the next generation of networking technologies. 

 
Fig. NFV 

 

III. VIRTUAL MACHINES 

A virtual machine (VM) is a software-based emulation of a computer system that runs on top of a physical computer or 

server. It allows multiple operating systems to run on a single physical machine, providing a flexible and efficient way 

to utilize hardware resources. VMs are typically created by using a hypervisor, which is a software layer that sits 

between the hardware and the operating system. The hypervisor enables multiple VMs to run simultaneously on the 

same physical machine, with each VM having its own operating system, applications, and data. 

One of the primary benefits of VMs is their ability to consolidate multiple physical servers into a single machine, which 

can result in significant cost savings and improved resource utilization. By running multiple VMs on a single physical 

server, organizations can reduce hardware and energy costs, as well as simplify management and maintenance tasks. 

Another benefit of VMs is their ability to provide a flexible and scalable platform for deploying and testing 

applications. With VMs, developers can easily create and deploy virtualized environments that replicate the production 
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environment, allowing for more accurate testing and development. Additionally, VMs can be easily cloned or copied, 

allowing for rapid deployment of new instances as demand requires. 

VMs can also improve system security, as each VM is isolated from other VMs running on the same physical machine. 

This can help prevent security breaches and limit the impact of any security incidents that do occur.One important 

application of virtual machines is in cloud computing, where they are used to provide virtualized infrastructure and 

services to users over the internet. Cloud providers use virtualization technology to create virtual machines that can be 

quickly deployed and scaled to meet the needs of their customers. 

In addition to traditional virtual machines, there are also container-based virtualization technologies, such as Docker 

and Kubernetes. Containers are a lightweight and portable alternative to traditional virtual machines, enabling 

developers to create and deploy applications with greater flexibility and efficiency. Containers are typically used to 

package and deploy applications and their dependencies, making them a popular choice for cloud-native applications. 

Virtual machines have also been used to improve system availability and reliability, by enabling the creation of high-

availability clusters. In a high-availability cluster, multiple virtual machines are configured to work together as a single 

system, with failover mechanisms in place to ensure that if one VM fails, another takes over seamlessly. 

Another important use case for virtual machines is in desktop virtualization, where they are used to provide remote 

access to desktop environments. With desktop virtualization, users can access their desktop environments from any 

device with an internet connection, enabling greater mobility and flexibility. 

Virtual machines have transformed the way organizations deploy and manage computing resources, enabling greater 

efficiency, flexibility, and scalability. As the technology continues to evolve, we can expect to see even greater 

innovation and transformation in the way virtualization is used to improve system performance, security, and reliability. 

 

IV. NFV CONCEPTS 

Network Functions Virtualization (NFV) is a technology that enables the virtualization of network functions and 

services on commodity hardware. Here are some of the key concepts associated with NFV: 

1. Virtual Network Functions (VNFs): A VNF is a software-based implementation of a network function that 

runs on top of virtualized infrastructure. VNFs are designed to be portable, scalable, and interoperable, 

enabling them to run on a variety of virtualization platforms and be easily integrated with other network 

functions and services. 

2. NFV Infrastructure (NFVI): The NFVI is the virtualized infrastructure layer that provides the compute, 

storage, and networking resources needed to support VNFs. The NFVI is typically implemented using a 

combination of virtualization technologies, such as hypervisors, software-defined networking (SDN), and 

network virtualization overlays (NVO). 

3. NFV Orchestrator: The NFV Orchestrator is a key component of the NFV architecture that provides 

centralized management and orchestration of VNFs and NFVI resources. The NFV Orchestrator is responsible 

for deploying, scaling, and managing VNFs, as well as coordinating the allocation and management of NFVI 

resources. 

4. NFV Management and Orchestration (MANO): The MANO layer is a set of components and interfaces 

that enable end-to-end management and orchestration of VNFs and NFVI resources. The MANO layer 

includes the NFV Orchestrator, as well as other components such as the Virtualized Infrastructure Manager 

(VIM) and the VNF Manager (VNFM). 

5. Service Function Chaining (SFC): SFC is a technique used to chain multiple VNFs together to create end-to-

end network services. SFC enables the creation of flexible and scalable network services that can be 

customized to meet the specific needs of different applications and services. 

6. Network Service Descriptor (NSD): The NSD is a specification that describes the composition of network 

services and their associated VNFs. The NSD provides a standardized way of describing network services and 

enables the automated deployment and management of complex network services. 

7. Virtualized Infrastructure Manager (VIM): The VIM is responsible for managing the virtualized resources 

that underpin the NFV infrastructure. This includes managing the compute, storage, and networking resources 
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that are used to support VNFs. The VIM also provides a standardized interface for managing the virtualized 

infrastructure, which enables interoperability between different NFV deployments. 

8. VNF Manager (VNFM): The VNFM is responsible for managing the lifecycle of individual VNFs. This 

includes tasks such as deploying VNFs, scaling VNFs up or down in response to changing network traffic, and 

monitoring the performance of VNFs to ensure that they are operating correctly. 

9. NFV Infrastructure Manager (NFVIM): The NFVIM is responsible for managing the overall NFV 

infrastructure. This includes tasks such as deploying the NFV infrastructure, configuring the NFV 

infrastructure to meet the needs of different VNFs, and ensuring that the NFV infrastructure is running 

smoothly. 

10. Network Functions Virtualization Forwarding Graph (NFV-FG): The NFV-FG is a logical representation 

of the chain of VNFs that are used to deliver a network service. The NFV-FG defines the order in which VNFs 

are chained together, as well as the connectivity between the VNFs. 

11. NFV Infrastructure Resource Allocation (NFV-IRA): The NFV-IRA is responsible for allocating resources 

within the NFV infrastructure to support the deployment and operation of VNFs. This includes tasks such as 

allocating compute, storage, and networking resources to individual VNFs, and monitoring resource usage to 

ensure that resources are being used efficiently. 

These concepts are all essential components of the NFV architecture, and they work together to enable the creation of 

flexible, scalable, and cost-effective network services. By using NFV to virtualize network functions and services, 

network operators can reduce costs, improve agility, and deliver new services more quickly and efficiently than with 

traditional network infrastructure. 

 

V. HOW NFV AND SDN WORK TOGETHER 

NFV (Network Function Virtualization) and SDN (Software-Defined Networking) are two separate but complementary 

technologies that can work together to improve network performance and flexibility. 

NFV involves separating network functions from dedicated hardware devices and running them as software-based 

virtual instances on standard servers or cloud infrastructure. This allows for greater flexibility and scalability in the 

deployment and management of network services, as well as improved resource utilization and cost savings. 

SDN, on the other hand, involves separating the control plane from the data plane in network devices, allowing network 

administrators to centrally manage network traffic and dynamically allocate resources based on network conditions and 

traffic patterns. This enables more efficient use of network resources and better control over network traffic, resulting in 

improved performance and reliability. 

When combined, NFV and SDN can provide even greater benefits for network operators. By virtualizing network 

functions, NFV makes it easier to deploy and manage network services on demand, while SDN enables dynamic and 

intelligent traffic routing and resource allocation, optimizing network performance and responsiveness. Together, they 

provide a more flexible and agile network infrastructure that can adapt quickly to changing business needs and user 

demands. 

One way in which NFV and SDN work together is through the use of virtual network functions (VNFs). VNFs are 

software instances of network functions that can be deployed and managed as needed using NFV technology. SDN 

controllers can then use these VNFs to dynamically allocate network resources based on network traffic, enabling more 

efficient use of resources and improving network performance. 

Another way in which NFV and SDN can work together is through the use of network slicing. Network slicing involves 

creating multiple virtual networks within a single physical network infrastructure, each with its own set of resources 

and capabilities. By using NFV to create VNFs and SDN to manage network traffic, network operators can create 

customized network slices for different applications or user groups, optimizing network performance and delivering 

tailored services to customers. 

NFV and SDN can also work together to improve network security. By using NFV to virtualize security functions such 

as firewalls and intrusion detection systems, and SDN to dynamically route traffic to these virtual security functions, 

network operators can create more agile and responsive security solutions that can adapt to changing threats and protect 

the network more effectively. 
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NFV and SDN are two complementary technologies that can work together to create more flexible, efficient, and 

responsive network infrastructures. By virtualizing network functions and dynamically managing network traffic, 

network operators can optimize network performance, improve resource utilization, and deliver tailored services to 

customers. 

 
Fig. NFC in SDN 

 

VI. SIMPLE EXAMPLE OF THE USE OF NFV 

One simple example of how NFV can be used is in the deployment of a virtual firewall. In traditional network 

deployments, a physical firewall appliance would be installed at the network edge to filter traffic and protect the 

network from external threats. However, this approach can be expensive and inflexible, as it requires dedicated 

hardware for each firewall instance. With NFV, the firewall functionality can be virtualized and deployed as a virtual 

network function (VNF) on commodity hardware. This allows the firewall to be easily deployed and scaled up or down 

as needed, without the need for dedicated hardware. The VNF can also be easily integrated with other network 

functions and services, such as load balancing or intrusion detection. 

To deploy the virtual firewall, an NFV Orchestrator would be used to manage the VNF and allocate the necessary 

resources on the virtualized infrastructure. The virtual firewall would be implemented using a virtual machine (VM) 

running a firewall application, which would be connected to the virtual network through a virtual switch.This approach 

has several advantages over traditional firewall deployments. It is more cost-effective, as it eliminates the need for 

dedicated hardware. It is also more flexible, as the virtual firewall can be easily scaled up or down as network traffic 

changes. Additionally, the virtual firewall can be easily customized to meet the specific needs of different applications 

and services, enabling greater agility and innovation in network deployments. 

Another example of NFV is the deployment of virtualized customer premise equipment (vCPE). In traditional network 

deployments, customer premise equipment (CPE) such as routers, switches, and modems would be installed on 

customer premises to provide connectivity to the network. However, this approach can be costly and complex, as it 

requires dedicated hardware for each CPE instance, and requires on-site installation and maintenance. 

With NFV, the functionality of the CPE can be virtualized and deployed as VNFs on commodity hardware in the cloud 

or data center. This allows the CPE functionality to be easily deployed, scaled up or down as needed, and managed 

remotely by network operators. The VNFs can also be easily customized to meet the specific needs of different 

customers and applications, providing greater flexibility and agility in network deployments. 

To deploy vCPE, an NFV Orchestrator would be used to manage the VNFs and allocate the necessary resources on the 

virtualized infrastructure. The vCPE would be implemented using a combination of virtual machines running routing, 

switching, and other networking applications, which would be connected to the virtual network through a virtual 

switch. 
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This approach has several advantages over traditional CPE deployments. It is more cost-effective, as it eliminates the 

need for dedicated hardware and on-site installation and maintenance. It is also more flexible, as the vCPE can be easily 

customized and scaled up or down as customer needs change. Additionally, the vCPE can be easily integrated with 

other network functions and services, such as virtual private networks (VPNs) and network security, enabling greater 

agility and innovation in network deployments. 

 

VII. NFV PRINCIPLES 

There are several key principles that underpin the NFV architecture and enable its flexibility, scalability, and cost-

effectiveness. These principles include: 

Virtualization: NFV relies on virtualization technologies such as virtual machines (VMs) and containers to create 

virtualized network functions (VNFs) that can run on commodity hardware. This enables network operators to reduce 

costs by using standard off-the-shelf hardware instead of specialized network equipment. 

1. Service chaining: NFV allows network operators to chain together multiple VNFs to create complex network 

services. This enables the creation of flexible and customizable network services that can be tailored to meet 

the specific needs of different applications and customers. 

2. Orchestration: NFV relies on an orchestration layer that automates the deployment, scaling, and management 

of VNFs. This enables network operators to easily deploy and manage complex network services at scale, 

without the need for manual intervention. 

3. Standardization: NFV is built on standardized interfaces and protocols that enable interoperability between 

different VNFs and NFV deployments. This makes it easier for network operators to deploy and manage 

complex network services from multiple vendors. 

4. Scalability: NFV is designed to be highly scalable, allowing network operators to easily add or remove VNFs 

as network traffic changes. This enables network operators to respond quickly to changing network conditions 

and scale their networks up or down as needed. 

5. Resilience: NFV is designed to be resilient, with built-in redundancy and failover mechanisms that ensure 

high availability and network uptime. This enables network operators to deliver reliable and robust network 

services to their customers. 

6. Multi-tenancy: NFV provides support for multi-tenancy, allowing multiple customers or applications to share 

the same virtualized infrastructure while maintaining their own isolated and secure network functions. This 

enables network operators to efficiently allocate resources and provide differentiated services to multiple 

customers. 

7. Automation: NFV leverages automation to simplify the deployment, configuration, and management of 

VNFs. Automation helps to reduce the risk of human error and increase the efficiency of network operations, 

enabling network operators to rapidly deploy and scale network services. 

8. Elasticity: NFV provides support for elastic resource allocation, allowing VNFs to dynamically scale up or 

down based on demand. This enables network operators to optimize resource utilization and reduce costs while 

maintaining service performance. 

9. Agility: NFV enables network operators to rapidly deploy and innovate new network services, reducing time-

to-market and improving competitiveness. The flexible and customizable nature of NFV allows network 

operators to quickly adapt to changing customer needs and market conditions. 

These principles are key to the success of NFV and enable network operators to create a more flexible, scalable, and 

cost-effective network infrastructure. By embracing NFV, network operators can drive innovation, improve service 

quality, and reduce costs, all while providing their customers with more customized and efficient network services. 

 

VIII. HIGH LEVEL NFV FRAMEWORK 

The NFV framework is a high-level architecture that provides a reference model for the deployment of virtualized 

network functions. The framework consists of several key components, including: 
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1. Infrastructure: The infrastructure layer provides the physical resources required to host the virtualized 

network functions, including servers, storage, and network equipment. These resources can be located in a 

centralized data center or distributed across multiple locations. 

2. Virtualization layer: The virtualization layer provides the necessary software infrastructure to create and 

manage virtualized network functions. This includes hypervisors, containers, and other virtualization 

technologies. 

3. Management and orchestration (MANO) layer: The MANO layer provides the necessary tools to manage 

the lifecycle of virtualized network functions. This includes the orchestration of network functions, automated 

deployment, and scaling of VNFs, and the monitoring and management of VNFs. 

4. VNFs: Virtualized network functions are the software components that provide the network services required 

by the network operator. These can include routing, switching, security, and other network functions. 

5. Service chain: Service chaining enables the composition of multiple virtualized network functions to create 

complex network services. Service chains can be dynamically created and modified based on the network 

operator's requirements. 

6. Virtual network functions manager (VNFM): The VNFM is responsible for the lifecycle management of 

VNFs. This includes the deployment, scaling, monitoring, and decommissioning of VNFs. 

7. NFV Orchestrator (NFVO): The NFVO is responsible for managing the overall orchestration of VNFs 

across the network infrastructure. This includes the management of service chains, VNFs, and the allocation of 

network resources. 

8. Virtual Infrastructure Manager (VIM): The VIM is responsible for the management of the virtualized 

infrastructure resources, including servers, storage, and network equipment. This includes the allocation and 

monitoring of resources to support the deployment of VNFs. 

9. Hardware Infrastructure: The hardware infrastructure provides the physical resources, including servers, 

storage, and network equipment, required to host the virtualized network functions. The hardware 

infrastructure can be located in a centralized data center or distributed across multiple locations. 

10. Network Function Virtualization Infrastructure (NFVI): The NFVI is the virtualized infrastructure that 

provides the necessary resources to host VNFs. This includes the virtualized compute, storage, and network 

resources required to support the deployment of VNFs. 

11. Service Function Chaining (SFC): SFC enables the composition of multiple virtualized network functions to 

create complex network services. Service chains can be dynamically created and modified based on the 

network operator's requirements. 

12. Network Services: Network services are the applications and functions provided by the VNFs that enable the 

network operator to deliver network services to their customers. These can include routing, switching, security, 

and other network functions. 

The NFV framework provides a high-level architecture for the deployment of virtualized network functions, enabling 

network operators to create a flexible and scalable network infrastructure. By adopting the NFV framework, network 

operators can reduce costs, increase efficiency, and deliver more agile and innovative network services to their 

customers. 

 

IX. NFV BENEFITS AND REQUIREMENTS 

NFV provides several benefits to network operators, including: 

1. Cost savings: NFV enables network operators to reduce costs by consolidating network functions onto fewer 

physical devices, reducing hardware and maintenance costs. 

2. Flexibility and scalability: NFV enables network operators to easily scale their network functions up or down 

based on demand, enabling them to quickly adapt to changing customer needs and market conditions. 

3. Service agility: NFV enables network operators to rapidly deploy and innovate new network services, 

reducing time-to-market and improving competitiveness. 

4. Multi-tenancy: NFV provides support for multi-tenancy, allowing multiple customers or applications to share 

the same virtualized infrastructure while maintaining their own isolated and secure network functions. 
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5. Reduced complexity: NFV simplifies network operations by enabling network operators to deploy, manage, 

and orchestrate network functions using software, reducing the need for specialized hardware and skilled 

personnel. 

To achieve these benefits, network operators must meet several requirements, including: 

1. Virtualization: Network functions must be virtualized using hypervisors, containers, or other virtualization 

technologies. 

2. Orchestration: The deployment, management, and orchestration of network functions must be automated and 

managed through an orchestration layer. 

3. Management and Monitoring: The network operator must have visibility into the performance and health of 

network functions to ensure that they are meeting service level agreements and customer expectations. 

4. Standardization: The adoption of standardized interfaces and APIs ensures that VNFs can be easily deployed 

and managed across different vendor platforms. 

5. Security: The network operator must ensure that virtualized network functions are secure and isolated from 

each other, and that access to network functions is restricted based on role and responsibility. 

6. Integration: The integration of VNFs with the underlying infrastructure and network elements must be 

seamless and transparent to ensure that the network functions can operate effectively and efficiently. 

7. Performance: The performance of virtualized network functions must meet the same or higher standards as 

their physical counterparts to ensure that they can deliver the required level of service to customers. 

To meet these requirements, network operators must invest in new technologies, processes, and skills. This includes 

adopting virtualization technologies, implementing an orchestration layer, investing in management and monitoring 

tools, standardizing interfaces and APIs, and ensuring that the network infrastructure is secure and meets regulatory 

compliance. 

In addition, network operators must also ensure that they have the necessary organizational structure and culture to 

support the adoption of NFV. This includes creating cross-functional teams that can collaborate effectively, fostering a 

culture of innovation and experimentation, and building a shared vision and strategy for the adoption of NFV. 

The adoption of NFV can provide significant benefits to network operators, but it requires a significant investment in 

new technologies, processes, and skills. By meeting the requirements of NFV and fostering a culture of innovation and 

collaboration, network operators can create a flexible, scalable, and agile network infrastructure that can meet the 

demands of the modern digital economy. 

 

X. NFV REFERENCE ARCHITECTURE 

The NFV Reference Architecture defines the standard framework for implementing and deploying virtualized network 

functions using NFV. It provides a blueprint for network operators to design, deploy, and manage their NFV 

infrastructure and network functions. 

The NFV Reference Architecture consists of three main layers: 

1. Infrastructure Layer: This layer includes the physical resources that are used to host virtualized network 

functions. This includes compute, storage, and networking resources, as well as the hypervisors or 

virtualization technology used to run the virtual machines. 

2. NFV Management and Orchestration (MANO) Layer: This layer provides the management and 

orchestration functions required to deploy, manage, and monitor virtualized network functions. It includes 

several functional blocks, such as the Virtualized Infrastructure Manager (VIM), which manages the 

underlying infrastructure, the Virtual Network Function Manager (VNFM), which manages the lifecycle of 

individual network functions, and the Orchestrator, which coordinates the deployment and management of 

network functions across multiple domains. 

3. Virtualized Network Function (VNF) Layer: This layer includes the virtualized network functions 

themselves, which are the applications that provide specific network services, such as firewalls, routers, or 

load balancers. These functions are designed to run on virtual machines and can be dynamically provisioned 

and scaled based on demand. 
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The NFV Reference Architecture also includes several key interfaces and APIs that enable interoperability and 

standardization across different vendor platforms. These include the NFV Infrastructure (NFVI) interface, which 

enables communication between the infrastructure and the MANO layer, the VNF Package format, which defines the 

packaging and deployment of VNFs, and the VNF Lifecycle Management (VNF LCM) interface, which provides 

standard interfaces for the management of VNFs throughout their lifecycle. 

The NFV Reference Architecture also enables the implementation of a multi-vendor ecosystem, where network 

operators can choose the best-in-class components from different vendors to build their NFV infrastructure and network 

functions. This promotes competition and innovation among vendors, which can result in better quality products and 

services for network operators and their customers. 

In addition to the three main layers and key interfaces and APIs, the NFV Reference Architecture also includes several 

functional blocks that support the deployment and management of virtualized network functions. These functional 

blocks include: 

1. Element Management System (EMS): The EMS provides the management and monitoring functions for 

individual network functions. It is responsible for the configuration, monitoring, and maintenance of VNFs, 

and provides a standard interface for VNFs to interact with the MANO layer. 

2. Service Orchestrator (SO): The SO is responsible for the end-to-end orchestration of network services across 

multiple domains. It coordinates the deployment and management of multiple VNFs to deliver a specific 

network service, such as a virtual private network (VPN) or a network security service. 

3. Network Service Descriptor (NSD): The NSD is a template that describes the requirements and dependencies 

of a network service. It includes information such as the number and type of VNFs required, the connectivity 

requirements between VNFs, and the service level agreements (SLAs) that must be met. 

4. Virtual Network Function Descriptor (VNFD): The VNFD is a template that describes the requirements and 

capabilities of a specific VNF. It includes information such as the compute, storage, and networking 

requirements of the VNF, as well as the interfaces and APIs required to interact with other VNFs and the 

MANO layer. 

Overall, the NFV Reference Architecture provides a comprehensive framework for the deployment and management of 

virtualized network functions using NFV. By adopting this architecture, network operators can achieve greater 

flexibility, agility, and scalability in their network infrastructure, while promoting competition and innovation among 

vendors. 

 

XI. NFV MANAGEMENT AND ORCHESTRATION 

NFV Management and Orchestration (MANO) is a critical component of the NFV architecture that provides the 

management and orchestration functions required to deploy, manage, and monitor virtualized network functions. The 

MANO layer is responsible for managing the entire lifecycle of a VNF, from onboarding to decommissioning. 

The MANO layer is composed of several functional blocks that work together to provide a complete management and 

orchestration solution. These functional blocks include: 

1. Virtualized Infrastructure Manager (VIM): The VIM is responsible for managing the underlying 

infrastructure that hosts virtualized network functions. It provides functions such as resource allocation, 

fault management, and performance monitoring, and communicates with the other functional blocks in the 

MANO layer through the NFV Infrastructure (NFVI) interface. 

2. Virtual Network Function Manager (VNFM): The VNFM is responsible for managing the lifecycle of 

individual VNFs. It provides functions such as VNF instantiation, scaling, termination, and updating, and 

communicates with the other functional blocks in the MANO layer through the VNF Lifecycle 

Management (VNF LCM) interface. 

3. Orchestrator: The Orchestrator is responsible for coordinating the deployment and management of VNFs 

across multiple domains. It provides functions such as network service orchestration, service function 

chaining, and policy management, and communicates with the other functional blocks in the MANO layer 

through the Orchestrator interface. 
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The MANO layer also includes several key interfaces and APIs that enable interoperability and standardization across 

different vendor platforms. These include the VNF Descriptor (VNFD) interface, which provides a standard format for 

describing the requirements and capabilities of VNFs, and the Network Service Descriptor (NSD) interface, which 

provides a standard format for describing the requirements and dependencies of network services. 

The MANO layer plays a critical role in enabling the automation and orchestration of virtualized network functions, 

which is essential for achieving the agility, flexibility, and scalability benefits of NFV. By adopting an NFV MANO 

solution, network operators can simplify the management of their network infrastructure and improve their ability to 

quickly respond to changing customer needs and market conditions. 

The MANO layer also provides a number of other benefits, including: 

1. Improved Efficiency: By automating the deployment and management of VNFs, the MANO layer can 

reduce the time and effort required to manage complex network infrastructures. This can help network 

operators to reduce their operational costs and improve their overall efficiency. 

2. Enhanced Service Quality: By providing end-to-end service orchestration and policy management, the 

MANO layer can help to ensure that network services meet the required quality of service (QoS) levels. 

This can help network operators to improve their customer satisfaction and retention rates. 

3. Faster Time-to-Market: By enabling rapid service creation and deployment, the MANO layer can help 

network operators to quickly introduce new services and features to the market. This can help operators to 

stay competitive and increase their revenue streams. 

4. Interoperability and Standardization: By providing standardized interfaces and APIs, the MANO layer 

can help to ensure interoperability between different vendor platforms. This can promote competition and 

innovation among vendors, while also reducing vendor lock-in. 

5. Scalability and Flexibility: By providing dynamic resource allocation and VNF scaling, the MANO layer 

can help to ensure that network infrastructure can easily accommodate changing traffic patterns and 

service demands. This can help network operators to achieve greater scalability and flexibility in their 

network infrastructure. 

The MANO layer is a critical component of the NFV architecture that enables the deployment and management of 

virtualized network functions. By adopting an NFV MANO solution, network operators can achieve greater efficiency, 

service quality, time-to-market, interoperability, and scalability in their network infrastructure. 

 
Fig. NFC Management and Orchestration 
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XII. CONCLUSION 

Network Functions Virtualization (NFV) and Software Defined Networking (SDN) represent a new era of network 

agility and flexibility. By virtualizing network functions, operators can simplify network infrastructure, reduce costs, 

and improve service delivery.NFV provides several benefits, including the ability to scale and deploy network functions 

quickly, reduce operational costs, and provide better service quality. The NFV architecture is built on a set of 

principles, including decoupling of software and hardware, standard interfaces, and modular design. 

The NFV Reference Architecture provides a blueprint for implementing an NFV solution, with a focus on 

interoperability and standardization. The Management and Orchestration (MANO) layer is a critical component of the 

NFV architecture that provides the management and orchestration functions required to deploy, manage, and monitor 

virtualized network functions.By adopting NFV and MANO, network operators can achieve greater agility, flexibility, 

and scalability in their network infrastructure, while also reducing operational costs and improving service delivery. As 

such, NFV and MANO are poised to play a significant role in shaping the future of networking, as operators look to 

meet the demands of an increasingly complex and dynamic market. 
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