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ABSTRACT: Network Function Virtualization (NFV) radically transforms traditional network service delivery by
decoupling network functions from proprietary hardware and deploying them as software-based Virtual Network
Functions (VNFs) atop Commercial Off-The-Shelf (COTS) systems. This enables scalable, flexible, and agile network
service provisioning. By systematically reviewing pre-2019 literature—including foundational NFV frameworks,
NFV/SDN integration models, VNF performance evaluations, energy-aware NFV for 5G, and security considerations—
we analyze how NFV stands to reduce both OPEX and CAPEX, accelerate service rollouts, and support dynamic
scaling. Using case studies such as energy-efficient 5G NFV architectures (notably achieving ~34% energy savings)
and performance benchmarking of VNFs across cloud instances, we assess NFV’s practical performance and
deployment challenges. We propose an NFV deployment workflow encompassing: (1) architecture design and
standards alignment, (2) VNF selection and performance testing, (3) orchestration and automation via NFV-MANO, (4)
deployment with autoscaling and event chaining, (5) security hardening, and (6) continuous monitoring and
optimization. NFV advantages include vendor-neutral flexibility, rapid deployment, elasticity, operational agility, and
potential energy efficiency. Disadvantages involve increased management complexity, performance overhead,
interoperability difficulties, and expanded attack surfaces. Results and discussion reveal that while NFV promises
transformative impact—especially when integrated with SDN—the transition to production-grade, carrier-grade NFV
systems remains in early stages, with orchestration, performance tuning, and security still active research areas. We
conclude that NFV is essential for future network scalability and flexibility, but effective realization requires robust
frameworks, performance-aware deployment, and secure orchestration. Future work should focus on lightweight cloud-
native VNFs, unified orchestration across multi-vendor environments, and energy-optimized NFV designs.
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L. INTRODUCTION

Network Function Virtualization (NFV) ushers in a transformative approach to network service provisioning by
transitioning functions such as firewalls, network address translation, and load balancers from fixed, proprietary
hardware into software-based entities known as VNFs, deployed on general-purpose servers and cloud platforms
WikipediaEncyclopedia Pub. Rooted in efforts spearheaded by ETSI in 2012, NFV aligns telco infrastructures with
agile, cloud-native paradigms, decoupling functionality from hardware form factors Wikipedia. NFV inherently
promises reduced capital expenditures and operational costs, faster time-to-market for new services, and enhanced
flexibility and scalability for telcos and service providers arXivAlepo.

In parallel, Software-Defined Networking (SDN) complements NFV by providing programmable connectivity that
enables dynamic chaining and steering of VNFs for flexible service delivery arXiv. Together, NFV and SDN chart a
strategic path toward software-driven, scalable, and flexible network architectures.

Yet, while NFV holds significant promise, its realization introduces challenges: performance overhead versus
specialized hardware, orchestration complexity, interoperability across multi-vendor VNFs, autoscaling, and robust
security in virtualized domains remains actively under investigation arXivACM Digital LibraryMedium.

This paper explores the pre-2019 state of NFV research, examining architecture frameworks, automation orchestration,

performance evaluations, and security considerations. We aim to propose a structured deployment methodology for
scalable and flexible NFV systems and identify key gaps to guide future evolution in network virtualization.
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II. LITERATURE REVIEW

Foundational NFV Architectures & Benefits
A core reference outlines NFV’s potential to significantly lower OPEX and CAPEX, improve agility, and accelerate
service deployment by abstracting network functions from proprietary hardware arXiv. NFV’s infrastructure
framework (NFVI), VNFs, and MANO constitute the architectural pillars defined by ETSI Encyclopedia
PubWikipedia. Practical benefits include hardware flexibility, rapid service lifecycle, scalability, energy efficiency, and
vendor independence AlepoEncyclopedia Pub.

Integration with SDN
Systematic reviews show that SDN facilitates flexible VNF chaining and orchestration, with architectures integrating
NFV and SDN improving performance and scalability arXivMDPI.

Performance & Cost Analyses
Studies assessing cloud-hosted VNFs show that selecting appropriate instance types (e.g., EC2 configurations) is
essential for performance; CPU resources often dictate VNF throughput arXiv.

Energy-Efficient NFV for 5G
Energy-aware NFV deployment models in 5G adopt MILP optimization to minimize power consumption, showing up
to 38% savings in energy by intelligent VM placement arXiv.

Orchestration and Autoscaling
Control frameworks in 5G NFV contexts enable automation through event chaining and autoscaling, managed through
NFVO and supervisor systems Wiley Online Library.

Security Challenges
NFV presents heightened security risks due to expanded attack surfaces and virtualization layers. Surveys provide
threat taxonomies and frameworks to secure NFV deployments ACM Digital Library.

Advanced NFV Frameworks
Specialized frameworks—MicroNF for optimized chaining and NetBricks or HyperNF for high performance—address
latency, packet processing, and resource efficiency in NFV service chains MDPI.

Overall, literature reveals that NFV promises agility, scalability, and efficiency, but requires careful orchestration,
resource tuning, and security hardening to reach carrier-grade deployment.

III. RESEARCH METHODOLOGY

1. Literature Survey

o Review pre-2019 NFV studies covering architectural design, performance evaluations, orchestration, energy
optimization, and security.

2. Architectural Synthesis

o Extract NFV components (NFVI, MANO, VNF chaining) and their interrelations with SDN for dynamic service
flexibility Encyclopedia PubarXiv.

3. Case Study Analysis

o Evaluate findings such as energy savings in NFV-enabled 5G scenarios and VNF performance variability on cloud
platforms arXiv+1.

4. Framework Evaluation

o Analyze orchestration workflows including autoscaling and event chaining for VNFs in mobile core networks
Wiley Online Library.

5. Security Assessment

o Utilize NFV security surveys to understand threat dimensions and mitigation strategies relevant to virtualization
layers ACM Digital Library.

6. Advanced Deployment Techniques

o Examine MicroNF, NetBricks, and HyperNF frameworks for insights into high-performance, low-latency, and
scalable VNF chaining MDPI.
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7. Workflow Development
o Integrate insights into a deployment workflow emphasizing architecture alignment, VNF placement, orchestration
automation, autoscaling, security hardening, and monitoring.

This methodology consolidates conceptual, performance, and security perspectives into a unified roadmap for scalable,
flexible NFV deployments.
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IV. KEY FINDINGS

1. Operational Agility & Cost Efficiency

o NFV enables rapid deployment of services, reducing CAPEX/OPEX and enabling service providers to innovate
with agile delivery pipelines arXivAlepo.

2. Architecture & Orchestration Synergy

o Integration with SDN is vital for dynamic, programmable service chaining, and NFV/SDN architectures improve
scalability and flexibility arXivMDPI.

3. Performance & Instance Tuning Necessary

o Cloud instance selection profoundly affects VNF performance; a “you get what you pay for” assumption doesn’t
always hold—performance depends heavily on CPU and instance type arXiv.

4. Energy Efficiency in 5G NFV

o Energy-aware orchestration models in NFV-based mobile networks yield substantial power savings (~34-38%)
through optimized VM allocation arXiv.

5. Automation via MANO Enables Scalability

o NFV-MANO with autoscaling and event chaining enables dynamic lifecycle management of VNFs, critical for
scalable mobile core network services Wiley Online Library.

6. Security Gaps Must Be Addressed

o Virtualization expands attack surfaces; securing NFV demands layered threat modeling and architectural safeguards
ACM Digital Library.

7. Performance Frameworks Enhance VNF Efficiency

o MicroNF, NetBricks, and HyperNF frameworks deliver low-latency, high-throughput performance and streamlined
VNF chaining via optimized processing architectures MDPI.

In summary, NFV delivers flexibility and scalability for network services, but performance, orchestration automation,
and security remain pivotal areas for robust deployment.

V. WORKFLOW

1. Architecture Design & Standards Alignment

o Define NFVI, MANO, and VNF chaining per ETSI guidelines; incorporate SDN for dynamic connectivity
WikipediaarXiv.

2. VNF Benchmarking

o Evaluate candidate VNFs on cloud infrastructure—for performance, CPU usage, and packet handling behavior
arXiv.

3. Energy & Resource Optimization Planning

o For 5G or large-scale deployments, apply MILP or heuristic models to minimize energy consumption via optimal
VNF placement arXiv.
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4. Orchestration & Automation Implementation

o Configure NFVO and supervisors for autoscaling and event chaining to enable lifespan management and fault
response Wiley Online Library.

5. Performance & Security Framework Integration

o Deploy high-performance frameworks (NetBricks, HyperNF) to reduce latency; embed security hardening per
threat models MDPIACM Digital Library.

6. System Deployment

o Launch service chains in production environments; monitor real-time throughput, latency, and VNF health.

7. Monitoring & Feedback Loop

o Collect KPIs and energy metrics; adjust orchestration policies for scaling, placement, and resource allocation
dynamically.

8. Iterative Refinement

o Refine orchestration logic, VNF implementations, and security configurations based on observed performance and
threat landscape changes.

VI. ADVANTAGES & DISADVANTAGES

Advantages

o Flexibility & Vendor Independence: VNFs run on general hardware, removing vendor lock-in AlepoEncyclopedia
Pub.

¢ Rapid Service Rollout: Services can be instantiated or withdrawn on demand AlepoarXiv.

e Scalable & Elastic Deployment: Autoscaling and orchestration enable dynamic resource adaptation Wiley Online
LibraryarXiv.

o Energy Efficiency Potential: Strategic VNF placement can yield significant energy savings arXiv.

Disadvantages

e Performance Overheads: Virtualization can introduce latency and throughput limitations compared to hardware
appliances MediumarXiv.

¢ Management Complexity: Orchestration tools and multi-vendor VNFs complicate deployment MediumWikipedia.
e Security Risks: Virtualization layers and VNFs expand the attack surface ACM Digital Library.

o Interoperability & Standardization Gaps: Inconsistent implementations across providers hinder seamless
integration TelSocarXiv.

VII. RESULTS AND DISCUSSION

Our review confirms that NFV’s transition from specialized hardware to software-defined VNFs substantially enhances
service scalability and deployment agility. Samples such as 5G energy-efficient NFV deployments demonstrate that
strategic orchestration can substantially reduce power usage (~34-38%) arXiv. Performance studies of VNFs running
on cloud instance types underscore the importance of informed instance selection to meet throughput and latency
demands arXiv. NFV/SDN integration streamlines dynamic chaining of VNFs and improves programmability—critical
for next-gen service flexibility arXivMDPI.

Advanced frameworks like NetBricks and HyperNF illustrate opportunities to mitigate virtualization-induced
performance hits by optimizing packet 1/0 and reducing context-switch overheads MDPI. Meanwhile, orchestration
mechanisms using NFV-MANO with autoscaling and event chaining ensure resilience and adaptability under variable
workloads—Kkey to scalable deployments Wiley Online Library.

However, challenges persist. Orchestration complexity, multi-vendor interoperability, and the need for security
hardening remain stumbling blocks to widespread NFV adoption. Security concerns, due to virtualization's expanded
attack surface, call for holistic threat modeling and protective frameworks ACM Digital Library. Interoperability issues
among VNFs impede seamless chaining, underscoring the need for standardized interfaces TelSocarXiv.

In conclusion, NFV offers a scalable, agile, and flexible paradigm for network services. Its practical realization requires
robust orchestration tools, performance-aware frameworks, and secure, interoperable designs.
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VIII. CONCLUSION

Network Function Virtualization represents a crucial shift in the design and deployment of network services, enabling
scalability, flexibility, and reduced costs. Pre-2019 research illustrates NFV’s potential—in agile service rollouts,
reduced energy usage, and dynamic orchestration—but also signifies that achieving carrier-grade deployments
necessitates solving performance, orchestration complexity, security, and interoperability challenges. Realizing NFV’s
full benefits requires integrating high-performance frameworks, standardized orchestration (NFV-MANO), automation
via event chaining and autoscaling, and security by design. When paired with SDN, NFV can unlock highly
programmable and scalable network infrastructures. As networks evolve, NFV's principles will underpin next-
generation deployments—especially in areas like 5G, uCPE, and cloud-native architectures.

IX. FUTURE WORK

Future research should focus on:

1. Cloud-Native VNFs (CNFs)

o Transitioning VNFs to lightweight, container-based implementations for improved scalability, resiliency, and
DevOps integration Wikipedia.

2. Unified Orchestration Across Multi-Vendor Environments

o Developing standardized APIs and interoperability frameworks to manage diverse VNFs seamlessly.
3. Al-Assisted NFV Orchestration

o Applying machine learning to predict demand, optimize VNF placement, and automate scaling decisions.
4. Performance-Oriented NFV Frameworks

o Enhancing systems like NetBricks and HyperNF for low-latency, high-throughput NFV deployments.
5. Energy-Aware Scaling Strategies

o Further refining energy-optimized NFV models across varying network contexts.

6. Security and Trust in NFV Systems

o Building secure-by-design architectures, threat-aware orchestration, and runtime security enforcement.
7. Edge-based NFV in 5G

o Integrating NFV with network slicing and edge computing modules to support ultra-low-latency vertical services
Wikipedia.

Pursuing these will propel NFV from experimental to ubiquitous, flexible, and resilient network infrastructure.
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