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Disclaimer 

ÅThe contents of this presentation include figures and 

results from several Internet sources. 

ÅAuthor has tried to include all the corresponding 

references, included at the end of this presentation 

ÅWith all, the major part of the presented technologies 

and solutions are actually over researching and the 

lecturer recommends to complete the information for 

each option directly over the source to obtain concrete 

details. 

ÅIf you are not referenced yet, Iôm sorry and Iôll include 

your name in next versions of this document. 
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Agenda 

1. Power consumption over the access 

2. Power consumption over the backbone 

3. Why Energy Efficiency over networks 

4. EE over the practice: some proposals 

5. Main keywords: 

1. EE techniques 

2. Circuit switching 

3. Slow down 

4. Turn off hardware 

5. EE applications/protocols 
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Internet: the origin 

ÅMost traffic flowing between the core tier-1 provider 
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NAP NAP 

Sprint, MCI, AGIS, Uunet, PSINet 

ISP1 ISP3 ISP2 
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Providers 

Customer IP Networks 

Customers and business customers 

Settlement Free 

Pay for BW 

Pay for access BW 

Traditional hierarchical Internet topology 
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Internet: actually 

ÅMost traffic flowing directly between content providers 

and customer IP networks 

ÅPart flows to the global Internet through Internet 

Exchange Points (IXP) 
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IXP IXP 

ñHyper Giantsò 

Large Content, Consumer, Hosting CDN 
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Emerging flat Internet topology 
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Internet: the practical view 
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Source: Tucker, Baliga et all 

 



2nd  COST 804 Trainning Cost  

Balearic Islands University, April 24-27, 2012  

And écloud computing??? 
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Source: Tucker, Baliga et all 

 
a) Public cloud 

b) Private cloud 
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EE: What is the objective? 

ÅThe optimization of energy consumption is a crucial topic  

ÅEuropean Commission promoted the ambitious  

ñ20-20-20ò  
ï20% cut in emissions of greenhouse gases by 2020 (compared 

with 1990 levels); a  

ï20% increase in the share of renewable sources in the energy 

mix 

ï20% cut in energy consumption. 

ÅTransport networks are into the hurricane eye 
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Communication from the Commission - Energy 

efficiency: delivering the 20% target 

/* COM/2008/0772 final */ 
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Which transport networks? 
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Source Bolla et all 
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Is it possible??? 

10 

Source: TELIT 
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NGN is an explanation too 
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Source STRONGEST Project 
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Itôs the time of the (ICT) networks 
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The reality of the access 

ÅCoexistence of several 

access worlds 

ÅLimits depending of 

technology 
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Access: What are the limits? 
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Source ECOnet Project 

(low Energy COnsumption NETworks) 

https://www.econet-project.eu/ 

Source: ñPower consumption in telecommunication 

networks: overview and reduction strategiesò, IEEE 

Communications Magazine, June 2011 
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Access: How many and When? 

ÅPower as a function of 

access rate with an 

oversubscription rate of 

20. 

ÅExpected power 

consumption of latest  

ÅBase access rate in 2010 

= 5 Mb/s. 
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Access: and the winner isé 
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Comparing with the rest 

 

 

ÅOptical technologies are most eficient 

ÅBackbone equipment more efficient than access 

equipment 
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And the backbone? 

ÅBackbone equipments 

evolved too 

ÅBut, what is the problem? 

ïcomsumption 

proportional to the 

bandwidth 
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Source: Tucker, Baliga et all 
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Inside a router 
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Source: Tucker et al 
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EE in routers: who is who? 
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Why does the network need EE ? 

ÅCurrently:  

ïAccess is dominating overall energy consumption 

ÅIn futureénear future!!!  

ïCore will become increasingly important  

ïFeasibility limits may be reached (growing traffic volumes & 

more node consolidation) 

Å Innovation needed: 

Å To keep this under control 

Å To stay well below these limits 

Å Even avoid further growth of energy 
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EE: some suggestions 
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Practical EE: a formal approach 
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Source: STRONGEST project 

http://www.ict-strongest.eu/ 

Scalable, Tunable and Resilient Optical Networks 

Guaranteeing Extremely-high Speed Transport  
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The ñStrongestò Keywords 

Å A. Improved inherent energy-

efficiencies as offered by 

electronics technologies  

ï (1) More efficient CMOS 

technologies 

ï (2) High temperature 

operation of ICs 

Å B. More sophisticated 

management and exploitation 

of network resources  

ï (3) Source coding & caching  

ï (4) Multi-layer traffic 

engineering (MLTE),  

ï (5) Powering down, sleep/idle 

modes and burst-mode 

operation.  

 

Å C. The inherent energy 

efficiencies as offered by 

optics technology solutions  

ï (6) Optical bypass  

ï (7) Coherent detection  

ï (8) Polarisation multiplexing.  

Å D. More environmentally 

sustainable approaches to 

network design such as  

ï (9) Micro-power generation  

ï (10) Increased reliability and 

robustness of network 

equipment. 
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EE: some solutions 

ÅTechniques for improving energy efficiency in 

communication networks: 

 

1. EE technics 

2. Circuit switching  less work/buffering 

3. Slow down 

4. Turn off hardware 
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EE Technics 
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Source Aleksic 
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Routing vs. switching 
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Source: ECOnet 
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Circuit Switching 

ÅInternet traffic: large 

share of predictable 

services (e.g. video) 

ïCircuit switching = EE 

ÅPipeline forwarding 

ïNo buffers & no header 

processing 

ï++ faster 

ÅApplication: video 

file/stream per optical 

circuit 
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Switching: the evolution 

30 

Source: Tucker et al 
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SDH/SONET + WDM 

a)  All traffic is passed up through the lower layers and processed by 

the IP router 

b) Traffic is processed by the SDH/SONET switch, bypassing the IP 

router 

c) Traffic is switched by the optical cross-connect, bypassing both the 

SDH/SONET and IP layers. Lower layers are progressively more 

energy efficient. 
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