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This talk 1s about

“How we can do a more Energy Efficient
Internet where Content is King”
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Once upon a time....

Content Is King — Bill Gates (1/3/1996)

Content 1s where I expect much of the real money will be made on the Internet, just as
it was 1n broadcasting.

The television revolution that began half a century ago spawned a number of

industries, including the manufacturing of TV sets, but the long-term winners were
those who used the medium to deliver information and entertainment.
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Shifting Content and Infraestructures
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Today Media Internet
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Today Media Internet (ii)

¢ And much more almost every day...
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http://www.voipbuster.com/es/index.html
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Client-Server Economics
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P2P Economics

' server

¢ Filtering out P2P traffic

But P2P increases
access demands (€€)

¢ Add caches

\ ¢ Enrich connectivity
Transit ISP + Peering between

access ISPs
\ ee

Access ISP
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P2P Economics
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¢ That means:

\ + Flattening
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Flattening the Internet

The world is Flat: A Brief History of the
Twenty-First Century. Thomas Friedman
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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...
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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
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“Content is King
or
How we can make the Content Green”
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Content is not 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
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Content is not Green

Providers invest in more content distribution
Infrastructures, which consume a
substantial amount of energy.
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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
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Maybe CDN can helps....

Shifting content to the users...
...means

hop count reduction and overall network
traffic reduction

and
energy savings
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CDNs today

¢ Akamai

40,000
servers

(@kamaﬁ + 900 PoPs, 71
countries

300 Gbps

¢ Limelight

Transit ISP Transit ISP < 25,000
BiLimelight servers

/ \ \ ee o5 25 PoPs

1,000 Gbps
Access ISP Access ISP ¢ CDN servers at

home (PC, STB)

= |
s, . (Apittorrent = NADA,
@ | % BitTorrent

Access ISP

L£1cend

EN
RRRRRRRR



CCN on stage

-

Transit ISP . Transit ISP
/ \ \ ee
Access ISP Access ISP Access ISP

¢ 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)
L£1cend




Current research on Green CCN

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

/
0’0
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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
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The particular case of the OSN
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Evolution of Internet Traffic
soclalnets > email

Global Users™, 11/06 — 12/09 Global Time Spent, 11/06 — 12/09

Social Networking Users

Surpassed Email = 7/09 \ /ﬁ

Social
Networking

Social Networking Usage
Surpassed Email = 11/07
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Source: comScore global, Morgan Stanley Research
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TREND NoE and Green OSNSs

¢ 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+
L£Tcend




twitter¥ Buscar Q| Inicio Perfil Me

What’s happening? Tus Tweets 1.271
hace 19 horas : 3 _emmegi Lo bueno de un Milan - B

Siguiendo 69 Seguidores 45

Cronologia @Menciones  Retweets Bisquedas Listas ﬂmuﬂ ?”u.ﬁh -&-‘-

] SergioRamos Sergio Ran @2
| 3 puesto fmalmente para SR4 2 puesto para Benzema y el mitico
Pirata primer puesto. pic twitter.com/EuX9c716 Temas del momento: Globales

Micrc - pace 1t #gadvah

#CoisasGays
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SamFirmware
Firmware: Samsung 85570 Firmware: S5570DXKPD/OLB Online!
(Android 2.3.4)

Spirit Day
Saddam Hussein

Twee

Osama Bin Laden

. Lego House
Fr | e n SamFirmware SamFirmware Misrata
Firmware: Samsung 19103 Firmware: 19103ZSKJ1/0OZS Online! Libyans
(Android 2.3.5) Col
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realmadrid Rez
Iker just posted this funny photo of Marcelo during an Audi event
on.fb.me/mYjOlt #realmadrid

Twitter para iPhone
La aplicacion de Twitter para iPhone esta disponible en
Espafiol

realmadrid Real Madrid Sobre nosotros Ayuda Blog Movil Estado Empleos Términos
FOTO: @Aarbeloal7 y @SergioRamos en el evento de Audi (via Privacidad Atajcs Pubhudau Negocios Media Desarrolladores

S‘ @ lker Casillas) on.fb.me/nui7Z9 #realmadrid Recursos  ©

T\ > realmadrid Real Hadric
FOTO: Iker Castllas ha publicado esta divertida foto de Marcelo
durante la entrega de los coches Audi a la plantilla on.fb.me/qHf8Dp

muyinteresante 1LY Interesante
L Dicen en Reino Unido que acaban de componer la cancién mas
relajante del mundo. ;Quieres escucharla? bit.ly/oOFVfG
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Ewitter e [ HEWIERR

Twitter is over capacity. Twitter is currently down for database maintenance.

IT'SCOOL,
ICAN CHILL.

HURRY UP
Syst 3
bR
Und
©2008 Twiior Acout Us Contact Biog Ste AP Ml Jobs TOS Privacy
Marketing (e.g. advertise
o Ewikker | suws
g v
MON Misleading error message 20 hours ago Updates on the
A " status of the Twitter
you try to follow a user who was recently suspended, you may "
see an error message that your account Is suspended. Really, the service.
account you're trying to follow was suspended; your account is
okay. We are working to fix this wording now and apologize for Related Links
the confusion. Official Company
Blog
17
rrr— Official Help
Challen - T
a e g e - - - Developer
L’weet delivery delays for streaming clients 1day Communi
We experienced temporary delays but the issue has now been
resolved. Archive
13 RSS

[ b Tweet |

FR| Intermittent errors 3 days ago

We are experiencing intermittent errors on certain user actions. Powered by Tumblr
Sorae users may see the error message “Your account may not be

!!~wd to perform this action. Try logging out and in again.” We

are working to fix this.

UPDATE: Issue has been resolved. If you are still seeing the error
message, refresh the page.
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Towards Real Energy-efficient
Network Design
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What is our objective?




Start from data...

¢ Derive reliable, updated data and models
about consumption and traffic
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Start from data...
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Start from data...

1 z

08 L ' SRR SO D e G.__

i Y i3
06 - '§ ________ Ai4F N HESE L N IS

- L A S FR A R S
E oz I £ & A T S
N ﬁ 25 I A
04 F: & P& g i bt
byt f tg o td tioiE it

02 L% MR ‘ ....... I -

Normalized traffic

T 100.00%
1 90,00%

90 % at idle

-+ 70,00%

1 60,00%
+ 50,00%

1 40,00%




... to solutions at the access

fficient transmissio
resource allocation

BS s/eep modes




and the core

Evaluation of
heuristics

Energy-efficient

Generic evaluation architectures

of architectures

AN
Multilayer optimization
tool for core scenarios

Transmission

Use of techniques
s/eep mode




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
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@nergy

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
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