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An  urgent  issue  !

Links  with  ICT  ?
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Electrical  consumption  of  ICT….
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2013…  gwatt.net



Lifecycle  of  ICT

5  mandatory  steps

Raw material extraction

Design

Transport
Usage

End  of  life  

http://ecoinfo.cnrs.fr
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● ICT  – 5%  of  CO2  emissions  

● Green  IT  è reducing  electrical  consumption  of  IT  equipment  -­
CO2  impact  depends  on  countries

● But,  IT  by  definition  is  not  clean -­ Bad  lifecycle  :  planned  
obsolescence,  rebound  effect,  design  (rare  minerals),  
recycling...

● Future  exascale/datacenters  platforms  -­>  systems  from  20  to  
100MW

●How  to  build  such  systems  and  make  them  (more)  energy  
sustainable/responsible  ?  -­ Multi  dimension  approaches :  
hardware,  software,  usage
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Energy  :  1st  limiting  factor  for  large  scale  systems  
((hpc)datacenter,  clouds,  internet)?
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top500.org

Exascale  race  !



green500.org
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Energy  
Proportionality

Luiz  André  Barroso and  Urs Hölzle,  « The  case  for  
Energy-­Proportional  Computing »,  IEEE  
Computer,  2007

Servers  :  idle consumption  loosely  proportional

Network  equipment   :  consumption  unaware  of  usage

Energy consumptionand energy efficiency of a server
according to its load
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EP  in  reality
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Green  capabilities  !

l Shutdown   :  to  reduce  the  number  of  useless  plugged  resources

l Slowdown  :  to  adapt  performances  (and  energy  consumption)  to  the  
real  needs  of  applications,  services  and  protocols

l Optimizing   :  to  modify  application  sand  services  in  order  to  malke  
them  greener

l Consolidating  /  aggregating   :  relocate  services  and  applications  on  
smaller  number  of  physical  resources  
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But  where  to  focus  on  the  curve  ?
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But  where to  focus  on  the  curve ?

• Energy Profiling and 
monitoring 
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But  where to  focus  on  the  curve ?
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• Energy Profiling and 
monitoring 

• On/Off
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• Energy Profiling and 
monitoring 

• On/Off
• Resizing



But  where to  focus  on  the  curve ?
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• Energy Profiling and 
monitoring 

• On/Off
• Resizing
• Consolidating



Energy Profiling !!!  
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A  (1slide)  short  history  of  Green  Grid  5000
l 2007  :  first  energy  efficiency  considerations  

l 2008  :  Launch  of  research  activities  on  Green    :  Inria  support  (ARC  Green-­Net  project  :    
"GREEN-­NET  :  Power  aware  software  frameworks  for  high  performance  data  transport  
and  computing  in  large  scale  distributed  systems"  with  Lyon,  Toulouse,  Grenoble  and  
Virginia  Tech)  -­ 1st challenge  :  finding  a  First  (real)  powermeter  SME  (Omegawatt)

l 2009  :  Deployment  of  3  powermeters  :  Lyon,  Toulouse,  Grenoble  -­ Design  of  the  Green  
Grid5000

l 2010  :  Increasing  scalability  :  Lyon  Grid5000  site  -­ a  fully  energy  monitored  site  >  150  
powermeters  in  big  boxes..  Hemera  Launch

l 2015  :  All  G5K  sites  are  energy  monitored   (various  sensors)  – Large  scale  Logs  collection  
in  production  (kwapi)
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Marcos  Dias  de  Assuncao,  Jean-­Patrick  Gelas,  Laurent  Lefèvre,  and  Anne-­Cécile  Orgerie.  "The  Green  Grid5000:  Instrumenting a  
Gridwith Energy Sensors",  5th  International  Workshop  on  DistributedCooperative Laboratories:  Instrumenting the  Grid (INGRID  
2010),  Poznan,  Poland,  May  2010



Unified  way  to  access  energy  logs  for  
energy  profiling

– Energy  consumption  per  
resource

– Energy  consumption  per  user  
jobs

Energy  measurement  injection  in  user  
application  and  services

1
8

New  Kwapi  Grid5000  API  for  Energy  monitoring
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Dell  R610  -­ Zimmer  LMG450

1
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What  to  observe  :  Profiling  applications  on  a  
server
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Homogeneous electrical consumption ?  Does it
exist ?

-

Mohammed  el  Mehdi  Diouri,  Olivier  Gluck,  Laurent  Lefevre  and  
Jean-­Christophe  Mignot.  "Your  Cluster  is  not  Power  
Homogeneous:  Take  Care  when  Designing  Green  
Schedulers!",  IGCC2013  :  International  Green  Computing  
Conference,  Arlington,  USA,  June  27-­29,  

• Depends  on  technology
• Same  flops  but  not  same  flops  per  watt
• Idle  /  static  cost
• CPU  :  main  responsible
• Green  scheduler  designers  must  

incorporate  this  issue  !
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• Need  of  End2end  measurement
• How  to  evaluate  impact  of  equipment,  protocols  and  services  in  
front  of  usage/traffic  ?

• How  to  evaluate  application  of  green  capabilities  ?
• Simulation  mandatory  ?  Yes  but  with  calibrated  values  !  i.e.  Ecofen
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The shutdown approach : 
Switching ON  & OFF for 

energy proportionality



On/Off Models 
l Switching  off  useless  resources

l Coarse  grain  :  servers,  disks,  network  equipment
l Middle  grain  :  network  ports,  fibers,  computing  cores,  co-­processors
l Small  grain  :  memory  banks,  electronic  components

l First  approach  and  widely  explored
l Allow  the  development  of  sleep  states  and  fast  wake  up
l Directly  fights  the  static  electrical  consumption  issue

SUCCES 2015 - November 2015, Paris



Energy  proportionality  on  hybrid  architectures
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• Hybrid  computing  architectures  :  low  power  processors,  co  processors,  GPUs…
• Supporting  a  “Big,  Medium,  Little”  approach   :  the  right  processor  at  the  right  time

V.  Villebonnet,   G.Da   Costa,   L.Lefevre,   J.-­M.  Pierson   and   P.Stolf.  
"Big,   Medium,   Little"   :  Reaching   Energy   Proportionality   with  
Heterogeneous   Computing   Scheduler",   Parallel   Processing  
Letters,   Volume   25,   Number   3,  Septembre   2015



Energy  proportionality  on  hybrid  architectures
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• Need  of  pertinent  resource  profiling
• Mapping  choices  and  migration  costs  must  be  included
• Switching  on/off  useful/useless  resources

V.  Villebonnet,   G.Da   Costa,   L.Lefevre,   J.-­M.  Pierson   and   P.Stolf.  
"Big,   Medium,   Little"   :  Reaching   Energy   Proportionality   with  
Heterogeneous   Computing   Scheduler",   Parallel   Processing  
Letters,   Volume   25,   Number   3,  Septembre   2015



Energy  proportionality  on  hybrid  architectures
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V.  Villebonnet,   G.Da   Costa,   L.Lefevre,   J.-­M.  Pierson   and   P.Stolf.  
"Big,   Medium,   Little"   :  Reaching   Energy   Proportionality   with  
Heterogeneous   Computing   Scheduler",   Parallel   Processing  
Letters,   Volume   25,   Number   3,  Septembre   2015



The slowdown approach : 
efficient resizing



EE&EP  Without knowledge of  applications  and  
services  ?
HPC  applications  keep  growing  in  complexity  :  too  many  bugs  in  HPC  applications  

already  present,  adding  energy  management   and  considerations  won’t  help  :=)

Are  HPC  programmers  ready  for  eco  design  of  applications  ?

Applications  can  share  the  same  infrastructure  :  Optimizations  made  for  saving  
energy  considering  some  applications  are  likely  to  impact  the  performance  of  
others

Instead  of  looking  at  applications  and  service  =>  Focusing  on  the  infrastructure
• Detect  and  characterize  system’s  runtime  behaviours/phases
• Optimize  each  subsystem  (storage,  memory,  interconnect,  CPU)  accordingly
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Without knowledge on  applications

Landry   Tsafack,   Laurent   Lefevre,   Jean-­Marc   Pierson,   Patricia   Stolf,   and  
Georges   Da  Costa.   "A  runtime   framework   for  energy   efficient   HPC  
systems   without   a  priori   knowledge   of  applications",   ICPADS   2012   :  18th  
International   Conference   on  Parallel   and   Distributed   Systems,   Singapore,  
December   2012

• Irregular  usage  of  resources
• Phase  detection,  characterisation
• Power  saving  modes  deployment
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Conclusions
-­ On  the  road  to  EP...
-­ Energy  is  driving  the  way  we  design  applications,  services,  protocols,  equipment…
-­ Grid  5000  is  a  needed  experimental  environment  for  experimenting  energy  awareness  in  
distributed  systems

-­ Based  on  realistic  measurements,  Energy  Efficient  applications  and  services  can  be  built
-­ Green  Grid5000  eco-­system  has  reached  a  first  « production  level »  which  allows  easy  
reporting  (for  green  programming)  and  injection  (for  energy  aware  software  design)  –
New  sensors,  new  metrics  ?

-­ Must  take  care  of  the  Full  lifecycle  loop  and  include  (human)  users  choices
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Venez  verdoyer  avec  nous  sur  Grid5000  !  



Laurent.lefevre@inria.fr

Thanks to : D. Balouek, F. Cappello, E. Caron, R. Carpa, G.
DaCosta, M. Dias de Asuncao, M. Diouri, J.-­P. Gelas, O.
Gluck, J.C. Mignot, A.-­C. Orgerie, G. Tsafack, J.-­M. Pierson,
L. Pouilloux, F. Rossigneux, P. Stolf, V. Villebonnet

Questions ?




