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This talk is about 

“How we can do a more Energy Efficient 
Internet where Content is King”



  

Once upon a time….



 

Shifting Content and Infraestructures 
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Today Media Internet 

social networks knowledge sharing

personalized browsers, content sharing

search engines



  

Today Media Internet (ii)

And much more almost every day…

http://www.voipbuster.com/es/index.html
http://images.google.es/imgres?imgurl=http://www.futura-online.com/e-tienda/catalog/images/icono_msn.jpg&imgrefurl=http://www.futura-online.com/e-tienda/catalog/index.php/cPath/70_67/name/videojuegos/name/guias%2Bvideojuegos/&h=149&w=145&sz=7&hl=es&start=5&tbnid=7t0bTE2nKT-SCM:&tbnh=95&tbnw=92&prev=/images%3Fq%3Dmsn%26svnum%3D10%26hl%3Des%26hs%3DYWa%26lr%3D%26client%3Dfirefox-a%26rls%3Dorg.mozilla:en-US:official%26sa%3DN
http://www.audiogalaxy.com/index.php?SID=2c50f9e66ce73b7fb9ab235df048c4aa
http://www.skype.com/intl/es/
http://www.vonage.com/index.php?lid=login_logo


  

Client-Server Economics
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P2P Economics
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 Filtering out P2P traffic

 But P2P increases 
access demands (€€)

 Add caches

 Enrich connectivity

 Peering between 
access ISPs



  

P2P Economics

Transit ISP Transit ISP

INTERNET

Access ISP
Access ISPAccess ISP
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Solutions:

That means:

 Flattening 
Internet



  

Flattening the Internet

The world is Flat: A Brief History of the 
Twenty-First Century. Thomas Friedman



  

Flattening the Internet

The world is Flat: A Brief History of the 
Twenty-First Century. Thomas Friedman

and

It’s also increasingly in the palm of your 
hand… 



  

Flattening the Internet

The world is Flat: A Brief History of the 
Twenty-First Century. Thomas Friedman

and

It’s also increasingly in the palm of your 
hand… 

and

Increase the needs of battery/power



  

“Content is King

or 

How we can make the Content Green”



  

Content distribution infrastructures 
consume substantial amounts of energy.

Servers and data centers consumed 
around 100 billion kilowatt hours at a cost 
of 7.4 billion USD in 2011.

To meet the growing demand for content:

 Content providers are enlarging data centers

 Network providers are increasing network 
capacity

Content is not Green



  

Content is not Green

Providers invest in more content distribution 
infrastructures, which consume a 

substantial amount of energy.



  

Research today

 Most research focused on energy 
consumption/optimization at data centers

 Dynamic resource provisioning (e.g., DVFS, 
sleeping)

 Request routing to a data center with lower 
energy costs

 Energy-proportional computing: power 
consumption ~ utilization

 Researchers are seeking energy-proportional (EP) 
networking



  

But…

…user demands increase, so EP 
computing/networking is not the solution



  

Maybe CDN can helps….

Shifting content to the users…

…means

hop count reduction and overall network 
traffic reduction 

and

energy savings



  

CDNs today
Solutions:

 Akamai

 40,000 
servers

 900 PoPs, 71 
countries

 300 Gbps

 Limelight

 25,000 
servers 

 25 PoPs

 1,000 Gbps

 CDN servers at 
home (PC, STB)

 NADA, 
BitTorrent

Transit ISP Transit ISP

INTERNET

Access ISP
Access ISPAccess ISP

€€



  

CCN on stage

 Routers support content caching throughout the network.

 No need for dedicated infrastructure components.

 A simple model for CCN router energy consumption

 Memory hierarchy to support content caching in routers

 Example: Memory 4G ~ 10W, SSD 32G ~ 1W, Disk ~ 12W (if 
needed)

Transit ISP Transit ISP

INTERNET

Access ISP Access ISPAccess ISP

€€



  

Current research on Green CCN

 Comparision of EE of p2p, cdn, nada and ccn

 Experiments by Volker Hilt et al, Alcatel-Lucent Bell 
Labs

 Path energy model: content server, core/edge 
router, DSLAM/OLT, home gw

 Metric: energy consumption per dowloading 1Gb

 Scenarios with different levels of CCN deployment



  

The particular case of the OSN



  

Evolution of Internet Traffic
socialnets > email

Source: comScore global, Morgan Stanley Research



  

TREND NoE and Green OSNs

How green is the networking  infrastructure 
of the OSNs?

 Intensive crawling of Twitter, Facebook and G+

 Research based on Internet scale 
measurements

 Important collection of datasets



  

TREND NoE and Green Content

Not only green aspect, but also a more 
global characterization of the OSNs 

Understanding the locality effect 

 improve/optimize distributed architectures (e.g. where to 
place a cache server)

Understanding the  information flow 

 does the distance between two users influence the 
probability that these two users interact in Twitter?)

Facebook graph analysis > 280M relations

Google Plus graph analysis > 215M 
relations

Compare Twitter, Facebook and G+



 

Microbloging System created in 2006

Tweet: 140 characters message

Friend  Follower relationship

Some statistics:

200M of users

+140M tweets per day

Social Media (Events announced in 
Twitter even before than traditional 
media)

Twitter

27/10/201126TFM



 

System Scalability (Performance issue)

Distributed Architectures (e.g. cuckoo)

Understanding Information Flow

Marketing (e.g. advertisement campaign)

Greening the Networking Infraestructure

Challenges

27/10/201127TFM



 

Towards Real Energy-efficient 

Network Design
Grant agreement n. 257740

THEME [ICT-2009.1.1]

[The Network of  the Future]

Coordinator: Marco Ajmone Marsan – Politecnico di Torino

www.fp7-trend.eu

Politecnico di Toino

Universidad Carlos III de Madrid

Interdisciplinary Institute for Broadband Technology

Technische Universitat Berlin

Ecole Polytechnique Federale de Lausanne

Consorzio Interuniversitario per le Telecomunicazioni

Panepistimio Thessalias

Alcatel- Lucent Bell Labs France

Huawei Technologies Duesseldorf GmbH

Telefonica Investigacion Y Desarrollo SA

France Telecom SA

FASTWEB SPA

Academic 

Manufacturers

Operators



  

What is our objective?

29

Propose approaches to 

improve energy 

efficiency of existing 

networks by at least 

20% Integration of the EU 

research community in 

green networking;  in the 

long term consolidate 

the European leadership 

in the field



  

Start from data…

Derive reliable, updated data and models 
about consumption and traffic

30



  

Start from data…

31

Operator with 

monitoring 

facilities in 

network in oper.

Academic

partner with 

measurement & 

analysis skills 



  

Start from data…
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90 % at idle

Traffic measurement

Device consumption



  

… to solutions at the access

33

Efficient transmission
resource allocation 

BS sleep modes

Energy efficient
planning

Planning with 
sleep modes



 

Physical layer 

Use of
sleep mode

Transmission 

techniques

Evaluation of 
heuristics 

Service 
layer

Cloud computing 

Social networks

Content Delivery 

Energy-efficient

architectures

Network 
layer

Multilayer optimization 
tool for core scenarios 

Generic evaluation 
of architectures

and the core
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TREND actions

 Coordination and creation of an identity for the 

European research on energy-efficient networking 
through integration and collaboration

 Specific Integrated Research Actions (IRAs), and Joint 

Experimental Activities (JEAs) internal to the NoE

 Establishing contacts and links primarily among FP7 
projects, but also with national programmes and with 
projects outside the FP7-framework

 Organization of workshops targeting the 
dissemination of the TREND know-how and view on 
green networking



  

e-Energy 2012 Third International Conference 
on Future Energy Systems: Where Energy, 

Computing and Communication Meet 

May 9-11, 2012 -- Madrid, Spain

http://e-energy2012.networks.imdea.org/ 

in cooperation with  ACM SIGCOMM 

Deadline 27 January


