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Network Management is Becoming Challenging

~3x in 5yrs

1Cisco Visual Networking Index: Forecasts and Trends 2017 ð2022
2 https://about.att.com/story/att_adds_high_quality_spectrum_to_support_growing_demand_for_mobile_video_and_high_speed_internet.html

é scale capacity to match traffic growth

Network operators need to é

Global IP traffic

forecast1
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Network Management is Becoming Challenging

1óGet ready for 5Gó - Nokia

é satisfy diverse requirements from emerging and future applications

Network operators need to é



Networking iswas the New Mainframe
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1980s Mainframe

Proprietary;

Vertically integrated hardware/software;

Handful of vendors

Expensive; Slow innovation

2010s Networking Equipment

Proprietary;

Vertically integrated hardware/software;

Handful of vendors

Expensive; Slow innovation



Network Softwarization
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Open API

Open Instruction Set

Hardware

OS

App.

App. + OS + Hardware



Network Softwarization
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Open API

Commodity hardware

Network control, 

Network Function,

Service Orchestration

Specialized H/W + Network 

Control + Network Functions



Three drivers 
of Network 
Softwarization

Software-Defined Networking

Separation of control from packet 

forwarding hardware; centralization 

of network control

Network Functions Virtualization

Decoupling of network functions 

(Firewall, NAT) from hardware 

middleboxes

Network Virtualization

Instantiation of multiple virtual 

networks with different QoSson the 

same physical network in isolation 

SDN

NFV

NV

7



Network Softwarization
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Hardware-centric

CLI-driven

Software-centric; Virtualized

API-driven

Manually provisioned Programmable

Fine-grained and programmable control over network resources

Traditional networks Next generation networks 

empowered by softwarization

Reaping full benefits of softwarizationrequires 

mechanisms for efficient resource management

One-size-fits-all Sliceable to meet different QoS



Thesis 
Proposal

Re-architecting Virtual Network Functions 

(VNFs) for finer-grained resource-

allocation and scaling

Resource efficient Virtual Network (VN) 

embedding in Multi-layer IP-over-Optical 

Networks

Software-Defined Network Monitoring

NFV

NV

SDN

Challenge some of the existing practices 

of resource allocation and monitoring in 

networks empowered by softwarization
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Re-architecting VNFs for Finer-
grained Resource Allocation 
and Scaling



Transition from middleboxes to VNFs
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Purpose-built hardware middlebox*
Commodity computing, storage &

switching equipment

NFs are run as VNFson 

pool of (virtual) resources



Transition from middleboxes to VNFs
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Purpose-built hardware middlebox*
Commodity computing, storage &

switching equipment

NFs are run as VNFson 

pool of (virtual) resources

Current practice

One-to-one 

substitution of 

middleboxes with 

monolithic VNFs
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Monolithic VNF 
Limitations

Functional decomposition of commonly found 

NFs in Data Centers1

1S.R. Chowdhury, et al.Re-architecting NFV Ecosystem with Microservices: State-of-

the-art and Research Challenges. IEEE Network, April 2019
13
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Monolithic VNF 
Limitations

Functional decomposition of commonly found 

NFs in Data Centers1

Coarse-grained resource 
allocation & scaling2

Redundant development 
of common tasks

1

1S.R. Chowdhury, et al.Re-architecting NFV Ecosystem with Microservices: State-of-

the-art and Research Challenges. IEEE Network, April 2019
14
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Monolithic VNF 
Limitations

Functional decomposition of commonly found 

NFs in Data Centers1

Coarse-grained resource 
allocation & scaling

Wasted CPU cycles when 
VNFs are chained

2

3

Redundant development 
of common tasks

1

1S.R. Chowdhury, et al.Re-architecting NFV Ecosystem with Microservices: State-of-

the-art and Research Challenges. IEEE Network, April 2019
15

Service Function Chain



Monolithic VNFs: Impact on CPU usage

Chain

Edge Fw. ĄMonitoring ĄApp. Fw

(config-i)Click-based monolithic

VNFs chained with vethpairs

(config-ii) Optimized Click pipeline

Traffic

HTTP trace derived from a web-service 

(~15k hits/mo)
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