
NEXT STEPS
•	 Further automations in the CDN service experimentation over 

the FED4FIRE test-beds

•	 Large-scale experiments over multiple test-beds and 
heterogeneous resources, representing both edge and core clouds

•	 More sophisticated VM placement algorithms and extensions in 
our change-point detection mechanisms to support 2nd order 
statistics

•	 Organize the results and submit them to Zenodo open-data 
repository

CONCLUSIONS

•	 The FED4FIRE facilities and tools enable large-scale 
experimentation of next-generation CDN services

•	 The UNIC high-level abstractions extend the automation of 
FED4FIRE tools towards novel content distribution services

•	 Novel service & resource orchestration mechanisms can be tested 
in a realistic environment

•	 Resource heterogeneity and scalability impact the design of such 
mechanisms

RESULTS

Impact of VM placement algorithms
on web client download time

Impact of change-point detection
on web client connection time

Content views per minute
and detected change-points

Content download time over
multi-domain E2E slices

DEMO SETUP

Network Tunnel (Stitching)

The Content Distribution Service

FED4FIRE test-beds (Virtual 
Wall, w-iLab) and Cloudlab Utah

FED4FIRE test-beds 
(Virtual Wall, w-iLab)

Web Servers 
Cluster

Benchmark tools

Service Orchestrator
Slice Segment Slice Segment

Load Balancer

ARCHITECTURE

Virtual 
Resources

Fed4Fire+ GENI Local 
Infrastructure

Te
ch

no
lo

gy
 S

pe
ci

fic
S

ou
th

 In
te

rfa
ce

s

Physical Resource Discovery
Allocate/Deallocate Resources

Resource Abstraction LayerU
ni

fo
rm

N
or

th
 In

te
rfa

ce

jFed CLI geni-lib local-library

Deploy/Terminate VE
VE Migration

Monitoring and 
Event Detection

Experiment 
Dashboard 

M
ulti D

om
ain

Experim
ent Engine

Network Optimizer

M
anagem

ent &
 

O
rchestration

Service Entity 
Repository

Caching Optimizer

Slice Resource
Controller

Resource Orchestrator 

Monitoring
Network Control

Service
Orchestrator

CHALLENGES

The emerging 5G networks call for new approaches to CDNs 
through addressing challenging issues, such as: 

•	 scalable and holistic resource utilization, spanning from large 
data centers to the user device, including edge clouds

•	 incorporation of heterogeneous physical and virtual resources

•	 adaptability to dynamic user requirements, server resources and 
network capacity constraints

GOALS
“UNIC brings together lightweight clouds, CDNs and the novel 
FED4FIRE experimentation environment to achieve improved 
QoS and QoE through tackling scalability, heterogeneity issues, 
and realizing adaptability to dynamic network conditions and 
user requirements”.

We experiment with:

•	 early  content popularity change detection driving content 
distribution service elasticity

•	 Unikernel-oriented VM  placement   algorithms  considering  
real-time server resource utilization and content provisioning 
requirements

Unikernel-based CDNs (UNIC)


