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GREEN ICT « Full-time researcher at CNRS (about 33,000 people)
« Located in Rennes, France.
« IRISA laboratory (about 1,000 people)

« Myriads team: INRIA, CNRS, University of Rennes,
INSA, ENS Rennes (about 30 people)

. Energy efficiency in large-scale distributed systems
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Green Computing? O Outline
“Designing, manufacturing, using, and disposing of ' l. Introduction to (not) green ICT
computers, servers, and associated subsystems -- such as . i .
monitors, printers, storage devices, and networking and Il. Trails to green ICT from my research point of view
communications systems -- efficiently and effectively with A. Green computing history
minimal or no effect on the environment.”
B. Data center level
Sam Murugesan, “Harnessing Green IT: Principles and . .
Practices” |IEEE IT Professional, 2008. C. Measuring energy consumption
D. Slowing down
* Green use: reduce usage of hazardous materials E. Switching off unused resources
« Green design: design compliant with the environment F. Efficient scheduling
» Green disposal: recycling e-waste with little impact G. Exploiting renewable energy
» Green manufacturing: new products without hazardous lll. Concluding remarks
substances
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Energy for dummies ICT impact ?

el * Whatis ICT carbon impact in comparison with global
Pscsimeoss | mpact

Current (I) Amperes (A) . .
Voltage (U) Volts (V) *  What is carbon impact?
Power (P) Watts (W) Power consumption *  Which part of the lifecyle of an ICT product has more
Energy (E) Joules (J) or Wh carbon impact?

P=UxI

E=Pxt

https://app.klaxoon.com/join/VNCJ9JX
Energy

Time
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ICT is not green

ICT is responsible for 2%
to 10% of CO2 emissions

The Cloud

Je

<>

N

|
T
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Resource waste

Servers are used 6% on average.
Source: Revolutionizing Data Center Energy Efficiency, McKinsey, July 2008.

Networks are lightly of unevenly utilized

TOTAL DAILY

PEAKIN peAKOUT
10T 8.15 s 8.15 1ors

™
AVERAGEIN AVERAGE OUT

5.857 s 5.858 1ois

CURRENTIN CURRENT OUT

6.956 i 6.953 1ois

00:00 08:00 16:00 00:00 08:00 6:00

® Input Output
Daily aggregated traffic on AMS-IX(Amsterdam Internet eXchange Point), October 2020.
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Computing in the 215t century?
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ICT energy consumption
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3% of the global energy consumption in 2018.

Rapport Lean ICT : Pour une sobriété Numérique, 2018, https://theshiftproject.org
Cisco Visual Networking Index: Forecast and Me(hodologv 12013—2019).
World Population: Past, Present, and Future https; ion 2019,
Te ion Union, the ion Society Report, 2018.
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Cloud computing in 1 slide E

Cloud computing: access through networks to on-demaqﬁx\'\c“
self-service, configurable, shared computing Qf

ose e Eé%\fame \“c,e-

* Mutualization of “(\G“\%g k =
services do et

. ed O\Veem )
EIa éﬁ o \isa\ of ©

. Eaté%a%;w’bi“of data % =
deC

g

- Economies of scale i conpue

Phones.

Infrastructure

Tablets

Cloud Computing
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Can we save ICT... Internet of many things

THE INTERNET OF THINGS susui (G

AN EXPLOSION OF CONNECTED POSSIBILITY

2B

B BILLION

29 BILUON @

284 BILLIOK

1B2BILLIR GD
144 BILLIOK @;
=

87BILLION
IeT INCEPTION
@ i000000  0SBILLDN -

“The Big Data revolution”, C}\TRS Ineternati

. withou Qaﬁging users’ habits

- ) Source: Cisco
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Practical Internet of Things

INTERNET OF THINGS

Enter your sub headline here

o4l .;18&6 Q A

VEDEL, At BRI Agriculture Automation  Energy consumption Security

Monitoring & Controlling

Embedded Mobile gmmmg managemev\(

% &

M2M & wireless
Ca— Everyday thlngs get connected
For smarter tomorrow
g ﬁ ‘
_ e —

Evervdaythmgs Smart homes & cities Telemedlcme & Healthcare

Anne-Cécile Orgerie http://www.supinfo.com/articles/single/4235-internet-of-things 15 Anne-Cécile Orgerie [Source : https:/Awww.google.fr/about/datacenters ]

One Google Data Center (Dalles) UPS to the rescue

" Each data ciar s Uninterruptible power supply:

11.5 times

the size of a football ield » Emergency power system

» Used to protect hardware from
power disruption

11,5 football + Supplies energy stored in
fields batteries, supercapacitors of
100,000 servers flywheels (converted into

alternating current)

100 MWatts
But only for
few minutes!
https://www.google.com/about/datacenters/inside/locations/the-dalles/
17 Anne-Cécile Orgerie
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And then?

Engine-generator

I

https://news.microsoft.com/features/
microsoft-research-project-puts-cloud-in-
ocean-for-the-first-time/#sm.
0000q5ts4lqgfez110wem1gb0ig5o

Anne-Cécile Orgerie 21

Distribution of ICT energy consumption

ICT Energy consumption in 2017
End-devices (usage)
Networks (usage)

Data centers (usage)
Smartphones (production)
Computers (production)

TV (production)

Other (production)

THE SHIFT
PRIECT

£ CARBON TRANSITION THINK TANK

Rapport Lean ICT : Pour une
sobriété Numérique, 2018
https://theshiftproject.org

Anne-Cécile Orgerie 23

OVH example

Roubaix site: ~ 10,000
servers

8 MVA at max: 1,600L/h
of oil

Tests: every 2-3 weeks

https://lafibre.info/ovh-
datacenter/test-de-
groupes/

Anne-Cécile Orgerie

Inside the cloud

Year

“ICT - Energy Concepts for Energy Efficiency and Sustainability”, G. Fagas,

0
2000 2005 2010 2015

2020

1.0
2000 2005 2010 2015 2020 2025 2030

Anne-Cécile Orgerie
CO2 is a different metric
@ 1400 ® 3
= 1200
2 ’
£ 1000 ® 25 .
g ] »
o 800 F] .’
< & 20 . Pid
E 600 g« %’
& 8 J
5 G s 7
= 200 o e
’

Year

L. Gammaitoni, J. Gallagher and D. Paul, InTech (open) book, 2017.

Anne-Cécile Orgerie
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But globally, it provides the same

THE SHIFT
message PRAIECT

Part du Numérique dans les
émissions GES mondiales

O 2025 Scénarios sans sobriété
2025 Scénario « Sobriety »
2019

+8%]an

Anne-Cécile Orgerie

;. [ENERGSS |

First eco-labels = =
« Energy Star: international standard for energy efficient
consumer products

+ 1992, USA
* Voluntary labeling program ENERGY STAR

» To promote energy-efficient monitors, climate control
equipment and other technologies
* Main result: sleep mode
* TCO certification
* 1992, Sweden
» To promote low magnetic and electrical emissions
from CRT-based computer displays

Anne-Cécile Orgerie

¥

Outline of my research work &z

=N

Data center level

Understanding energy consumption
Slowing down

. Switching off unused resources

. Consolidation the load

. Exploiting virtualization capabilities

N o oA WN

. Consuming renewable energy
8. Networking equipment

Anne-Cécile Orgerie 29

Green computing history

«f5h 6

Something, somewhere went terribly wrong

Anne-Cécile Orgerie 26

Specific eco-labels a

» 80 Plus: voluntary certification program to
promote efficient energy use in computer power

supply units (2004):
+ More than 80% energy efficiency at 20%, 80

50% and 100% of rated load PLUS'
» Power factor of 0.9 or greater at 100% load
» 80 Plus Titanium : 90% energy efficient

* RoOHS: Restriction of Hazardous Substances
Directive (2003): R

- Adopted in 2003, effective in 2006 in EU e

» Restricted use of six materials c €
28
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Data center level

Anne-Cécile Orgerie 30



Where is electricity consumed?
Data center example

electrical losses

IT room

servers

cooling

network

Data Center )

J. Ni and X. Bai, “A Review of Air Conditioning
Energy Performance in Data Centers”, 2017

Great part consumed by facilities
— Cooling accounts for 30-50% of the total value

31
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Let’s reduce the heat

« QOil-based cooling

Green Revolution Cooling, https://www.grcooling.com

Anne-Cécile Orgerie

Water-cooled doors

« Hybrid cooling

65 F
CHILLEDWATER
RETURNING TO CHILLER AT
75°F

EC FANS

75°F
ROOM AIR OUT

SLAB FLOOR

Exploded View of Chilled Door®

Anne-Cécile Orgerie
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https://www.monman.com/motivair-chilled-door-rack-cooling-details 35

* Water-based cooling

https://www.datacenterknowledge.com/
archives/2012/12/11/defense-
department-cool-servers-with-hot-water

Anne-Cécile Orgerie

Let’s reduce the heat

32

Let’s reduce the heat

Free cooling

https://www.google.com/about/datacenters/inside/locations/hamina/

34
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Water required!

/ Water tanks

4 Capacity:
900,000 liters

> Google data
|'l center in South
= Carolina, US

e i e A e

e

https://www.google.com/about/datacenters/gallery/index.html#/tech/19

Anne-Cécile Orgerie
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Water pipes

[Source : https://www.google.com/about/datacenters/gallery/index.html#/tech/19]
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Understanding energy consumption

Anne-Cécile Orgerie 39

How to measure energy
consumption?

. Power usage per device, per process, per service, per
rack?

. Software tools: powertop
. Event counters

. Sensors

Less Watts.

[

Saving Powes with U on e Platorms Wl o | |

http://lesswatts.org/projects/powertop,

“Balancing power consumption in multiprocessor
systems”, A. Merkel and F. Bellosa, SIGOPS
Oper. Syst. Rev., 2006.

Anne-Cécile Orgerie
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Thermal management

. Cooling costs a lot, so reduce heat Pomer Consumed,

production to reduce energy
consumption

DC_plsin_26KW_e60_SPECIAL_mod

“Energy Aware Grid: Global Workload Placement based
on Energy Efficiency ", HP Technical Report, 2002.

“Power Provisioning for a Warehouse-sized Computer”,
X. Fan, W. Weber and L. Barroso, ISCA, 2007.

Anne-Cécile Orgerie

.100

10,000

Heat

Data Center

Understanding energy consumption

. Mandatory to optimize the energy consumption of a

resource or an application

. Mandatory to simulate or emulate energy consumption

« Other usages:
« monitoring,
« forecasting,
« accounting...

Anne-Cécile Orgerie

Intel Power Gadget

https://software.intel.com/en-us/articles/
intel-power-gadget-20

Anne-Cécile Orgerie

060

(intel') Intel® Power Gadget
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Without wattmeters With an example: Grid'5000

PAPI (Performance Application Programming Interface) can
read RAPL (Running Average Power Limit) values « French experimental

* Uses software power model, hardware performance testbed

counters, temperature, leakage models and 1/0O models . 15,000 cores
[ |

Package0 Package1

. 8 sites
« Dedicated Gb network

. Designed for research
on large-scale parallel
and distributed systems

@ packasepover plane
ppO/core power plane (all cores on the package)

@ vo1/araphics povier plane (client only)  Energy measurements:
DRAM power plane (server only) PACKAGE_ENERGY:PACKAGE0  176.450363J  (Average Power 42.9W)

PACKAGE_ENERGY:PACKAGEl  75.812454  (Average Power 18.4W)
DRAM_ENERGY : PACKAGEOQ 11.899246J (Average Power 2.9W)
DRAM_ENERGY : PACKAGE1 8.3411410 (Average Power 2.0W)
PPO_ENERGY : PACKAGEO 118.0292367 (Average Power 28.7W)
PPO_ENERGY : PACKAGE1 16.759064J (Average Power 4.1W)
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A monitored site: Lyon
« 78 nodes

« 50 power measurements per node and per second
« Multiple views + logs on demand

| | -
sagiiairo8: 18412 Walts ___ sagitaro-0 167.25 Walts___sagittare-10: 198.12 Watts____ sagit

"~ sagitaire-14: 218.75 Wats

sogtiare20 173,88 Walls __ sogitaire 21: 17350 Watls ___ sagittairo-22: 172.50 Walts

sagitaie.26: 220,68 Walts ___ sagitiaro-27: 234.38 Walls __ sagitare.26: 215.75 Watts___ sagt

33:196.88 Walls___ sapiltairo-34: 198,68 Watts

agtiaire-32: 205,88 Wats

TaihLight " Tianhe-2
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N°1: Fugaku (TOP500 June 2020)

415 Petaflops, 28.335 MW, 7,299,072 cores, Top500 500

The List.
Rmax Rpeak  Power
Rank System Cores (TFlop/s) (TFlop/s) (kW)
1 Summit - IBM er System AC OWER? 22C 3.07GHz, NVIDIA 2,397,824 143,500.0 200,794.9 9,783
2 GV Dual-rail Mellar 1BM

0E k Ri National L af

United States
2 Sierra System S WER? 22C 3.16 NVIDIA 1,572,480 94,640.0 125,712.0 7,438

ta Mellan nd, IBM / NVIDIA / Mellanox

DOE/N LLNL

United States
3 Sunway TaihuLight nway M un W260 60C 1.4 10,649,600 93,014.6 125,435.9 15,371

unway , NRCPC

Nati Jper u;

China
4 Tianhe-2A - TH-IVB-FEP Clu: Intel X E5-269 12C 2.2GHz, TH 4,981,760  61,444.5 100,678.7 18,482

Expre Matrix-2000 , NUDT

Natic uper C ter Ce n Gu: u

https://spectrum.ieee.org/tech-talk/computing/hardware/japans-fugaku-supercomputer-is- China
first-in-the-world-to-simultaneously-top-all-high-performance-benchmarks 5  PizDaint-C 90v3 6GHz, Aries inter 387,872 21,230.0 27,1543 2,384

NVIDI
Typical applications: Swiss Nat
- Artificial intelligence Switzerland
- Disaster-prevention simulations http://www.top500.0rg, Top500 list, November 2018.
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tGREEN
Performance development .5'60 The Green500 50Q

10 EFlopls The List. Rank  Rank  System Cores  (TFloplsl (kW) [GFlops/watts)

oo T30 MN-3-MN-Core Server Xeon8260M 2,080 e mo 2um
1 EFlopls C N 24C 2.46Hz, MN-Core, ROCEVZ/MN-
oo Care DirectConnsct, Preferred
100 PFlopls »° VW Networks
DU Preferred Networks
"
10 PFlop/s LN Japan
a' At . 2 7 Selene - DGX A100 SuperPOD, AMD 272800 275800 136 20518
1 PFlopls il - EPYC 7742 640 22500, NVDIA AT,
anad Mellanox HOR Infiniband, Nvidia
o -

Lot NVIDIA Corporation
100 TFlopls PN - i
o - United States.

K - 3 468 NA-1 - ZettaScaler-2.2, Xeon D-1571 12060 13032 80 18433

Performance

L}
LY
:
3

L]

)

™

10 TFlopls " - o
.’ aha o 16C 1.36Hz, Infiniband EDR, PEZY-SC2
1 TFlopls * aras - 700Mhz, PEZY Computing / Exascaler
. . Inc.
aadmat - PEZY Computing K.K.
100 GFlopls -~ Japn
10 GFlopls - o AG4FX prototype - Fujitsu AGGFX, wess 1995 18 1687
- Fujtsu ABLFX 48C 26H, Tofu
interconnect D, Fufitsu
1 GFlopls _'- Fujtsu Numazu Plant
Japan
100 MFlopls
1990 1995 2000 2005 2010 2015 2020 2025 5w AIMOS - [BM Power System AC922, EM 130,000 830 512 16285
POWER? 20C 3.456Hz, NVIDIA Volta .
6V10, Dt Melanos E0R https://www.top500.0rg/
Infiniband, 1BM green500/, Green500
Rensselaer Polytechnic Institute Center :
o Sm 4 o# w #500 for Computtionat inovaions () list, June 2020.
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Lists

Energy spent in a server Profiling applications Q\
16%

boot idle hdparm iperf cpuburn stress halt

B

8%._

43%

“GreenCloud: A Packet-
level Simulator of Energy-
aware Cloud Computing
17% X Data Centers,”, D.

- Kliazovich, P. Bouvry, and

S. U. Khan, The Journal of L) -
Supercomputing, vol. 62, = e s =
1 20 no 3, pp 1263-1283, 2012. Time (seconds)
%

. Running benchmark applications

Physical Machine

Power (Watts)

® cpu @® Memory Disk « Idle power consumption is really high.
® Peripheral ® Motherboard @ Other Courtesy of
Anne-Cécile Orgerie David Guyon 51 Anne-Cécile Orgerie 52

Variable workload & non-power proportionality Ideal server vs. current server

TOTAL DAILY

< Grid’5000 PIAX> =
o Taurus cluster, Lyon, NAS-EP ot
sTors 20 &
%
200 Q PUDLED =|
s Frequency (MHz) a
— —— 1200 Ideal server
4Tors £ P — 1400
% —— 1600
3T 2 — 1800
H T 0w 100+
2ms o 2200 CPU USAGE o -
w00 e e e >50% Courtesy of David Guyon TOTAL ENERGY
‘ //7 DYNAMIC ENERGY
Aggregated traffic at o 3 3 = N
Amsterdam Internet Number of active cores E /////%
Exchange Point (AMS-IX). [Cluster 2017] 2 e 7
w
[Source: https://www.ams-ix.net/ams, . . . 3
May 2019] P High idle power consumption. &
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Wasted energy

Data center
T room
= cooling
W electrical losses

IT room
B servers
B network devices

Serveur
mEE processor
D. Kliazovich, P. Bouvry, and S. U. Khan, = :‘T‘""V
“GreenCloud: A Packet-level Simulator of j— p:”pherical
Energy- aware Cloud Computing Data B motherboard
Centers”, The Journal of Supercomputing, . other

vol. 62, no. 3, pp. 1263-1283, 2012

Anne-Cécile Orgerie Courtesy of David Guyon 55

PUE examples

Power distribution for PUE = 3.0

Lighting/aux Switchgear/gene

Power distribution for PUE = 1.80
Lighting/aux
devices
ups rator
B

1%

Swilchgear/gene

d

Humidifier

Humidifier
3%

Anne-Cécile Orgerie 57

Facebook live dashboard

oo e e
== 1,07
== 0,22
= g2

Compute Project

1.10 042...

https://www.facebook.com/ForestCityDataCenter/app_288655784601722

Anne-Cécile Orgerie 59

OPEN

How to measure energy efficiency?

( .
IT room electrical losses
servers
cooling
network
N Data Center | Courtesy of
David Guyon
PUE: Power usage effectiveness
PUE= Total Facility Power mEE-
= - HeEN
IT Equipment Power L.
“Green Grid Data Center Power Efficiency Metrics: the green grid”
» . PUE and DCIE", Green Grid White Paper, 2008.
Anne-Cécile Orgerie 56

PUE as a selling point: Google case

Conti PUE Impr
Average PUE for all data centers

1.26

1.14 @
A\

A\ w—

YANEEVAN
| W—

1.1;)'08 2009 2010 201 2012 2013 2014 2015 2016 2017 2018
= Quarterly PUE = Trailing twelve-month (TTM) PUE
https://www.google.fr/about/datacenters/
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Energy cost of an Internet box?
oo ., Energy costin Joules/bit:
H g data _volume
Em wo- * When the bow is idle, it
£ .. consumes15 Watts
. © + At8am, 15.15 Watts and
¢ > 0.65 Mbps
I 25« At 8pm, 16.05 Watts and
%00 400 f\:i» 12:00 1600  20:00 000" 4.75 Mbps
’ ™ hourofthe day ) : « At max, 25 Watts and 60
Mbps

Anne-Cécile Orgerie 60



Efficiency of an Internet box

Efficiency Conditions pJoules/
200 20.0 metrics bit
7 — Puissance
5 — Trafic At 8am,
2% = energie M '\,M 7 Instantaneous 45 \yatts 023
% 15.0 150 dynamic cost 0.65 Mbps
é 125 d At 8am,
o 15.15 Watts 233
5 10.0 H
s ¢ | Instantaneous 0.65 Mbps
£ s 75 | overall cost At8pm
] { X
S s 5o 16.05 Watts ~ 3.38
g 4.75 Mbps
g s 25 On average,
¢ AN Daylyoverall 1535 watts 9.9
*%00 400 8:00 12:00 1600  20:00 000" CoSt 1.55 Mbps
Heure de la journée
o Il minimal At max,
"et'a minimal 25 watts 0.42
cos 60 Mbps
Anne-Cécile Orgerie Two orders of magnitude 61

Standards, Consortiums, Projects

. Energy Star EEE- ' l
. Green Grid et s 7

HeEN
the green grid” ENERGY STAR

. Efficient Servers

. The green 500 EFFIQENT-SERVERSy)

:GREEN
50Q

. 4
eosers "2 NESUS
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. Ecolnfo

Power modes by component

-on -on -on -on -on ~on -on
STATES o0 Joff -off -off - off -off - off
- Different speeds - Different speeds - Different frequencies yjotherboard .
an
Hard disk Network card CPU

(many times)

RAM
§
y (many times)
qany times) N

(many times)
(many times)

Dynamic adaptation to the load:

* Hard disks: spin-down

» Processors: Dynamic Voltage Frequency Scaling (DVFS)
* Network cards: Adaptive Link Rate

Anne-Cécile Orgerie 65

PCI slot

Internet energy intensity

Study Method System boundary Data for Energy intensity
Networking equipment Optical fibers End devices
Koomey et al. (2004) Top-down X X X 2000 <136 KWh/GB
Taylor and Koomey (2008) ‘Top-down X X X 2006 8.8-243 KWh/GB
‘Weber et al. 2010) Top-down X X X 2008 7 KWh/GB
Pickavet et al. (2008) Top-down X X 2008 1.8 KWh/GB*
Lanzisera et al. (2012) Top-down X 2008 0.39 kKWh/GB*
Baliga et al. (2007) Model-based X X 2007 0.7-2.1 KWH/GB*
Baliga et al. (2009) Model-based X X >0.179 KWh/GB
Baliga et al. (2011) Model-based X X 2011(2) 0,006 KWh/GB
Schien et al. (2012) Bottom-up X X 0,057 KWh/GB*
Coroama et al. (2013) Bottom-up X X 2009 <02 kWh/GB
* Galaulated

“Estimates published over the last decade diverge
by up to four orders of magnitude — from 0.0064
kilowatt-hours per gigabyte (kWh/GB) to 136 kWh/

GB.”
“Assessing Internet energy intensity: A review of methods and results”,
V. Coroama, L. Hilty, Environmental Impact Assessment Review, 2014.
Anne-Cécile Orgerie 62
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N
|
|
Gi
o tdte tdte
Time Slice Time Slico | Time Slice
a
Given
Performance
Idle Idle
Time Slice Time Slice | Time Slice
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DVFS under load

Taurus cluster, Lyon, NAS-EP

2504
2004
Frequency (MHz)
s — 1200
2
% 1501 Pgtatic —— 1400
=3 / —— 1600
2 00l —— 1800
o e
s - - —— 2000
Average idle consumption (Pige)
- 2200
50+
o]
Co : ; ;
0 1 4 8 12

Number of active cores

I . y the Energy Cc at Scale Using a Single Node", C. Heinrich, T. Cornebize,

of MPI
egomme, A. Legrand, A. Carpen -Amarie, S. Hunold, A.-C. Orgerie, and M. Qulnson |IEEE Cluster 2017
Anne-{ Ceclle rgerie

Simulating energy consumption of applications

Taurus, EP - class C @ 2300 MHz

~ Roalty =+ Sinuiaten

Simulation useful E T e e
because: 5 o

. T A~ B R
+ No need of big  SIMZRID e

infrastructure -

Taurus, LU - class C @ 2300 MHz

+ Reaity + Simuaton

+ Testing new i e
approaches i \* =
« Fair comparison S wn e W W we e we

nodes x processes per node

between two methods

Taurus, HPL @ 2300 MHz

* Reproducible R
) T —
Reproducible results: i \_ﬁ -
https://gitlab.inria.fr/fheinric/paper-simgrid-energy " ‘”‘;
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Energy consumption of loT

— RUTGERS

@ 7 ()
l S e

1oT part Networking part Cloud part

[FGCS 2018]

T
3605

Energy om)

) cach of

Real measurements for the Cloud part:
Simulation of the various configurations, image
networking part resolutions and application accuracy
(wireless and wired)

Scenario: Data
stream analysis from
cameras embedded
on vehicles to detect
objects on the road

Scenario IoT Network Cloud

Edge Cloud 10.96 Watts  0.07 Watts ~ 32.3 Watts
Core Cloud 10.96 0.11 Watts  22.8 Watts
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big.LITTLE architecture

10 Coherent Masters
2K-4K Mali™-T760 GPU
oS . Shader Shader
Sub-system
L o e
ADB4%0| [ ADBA®
U400 [MMU40|  [MHU400] [ MU0
| CorelLink CCI-400 Cache Coherent Interconnect ‘
[ TZC-400 ]
[ Bie ] To Peripheral Interconnect
| oorieoor | | DbRiPDDR |

Fig. 3: Block diagram of a big.LITTLE System on Chip design representation
https://www.arm.com/products/processors/technologies/biglittieprocessing.php
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Simulating energy consumption

R

Platforms Experimental Simulation
scenarios models

Scientific
results

“SIMRD
)

http://simgrid.gforge.inria.fr

Validation Instantiation

Validity limits

f Loi n
Anne-Cécile Orgerie Courtesy orLoic Guega 70

Switching off unused resources
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Switching off ©00o0

Idea: adapt the set of active resources to the load

Issues:

- Does it reduce the life time of resources?

- How to switch resources on again?

- How much time does it take to switch?

- Switch off or sleep?

- Does the middleware consider the resources as dead?

Anne-Cécile Orgerie

When can we switch off?
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Booting
Off
= <> Switching off
S e >ide
s
@
H
°
=Y
time (s)
_ Idle
2
=
o
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°
o

time (s)

_ By — Porr(bon—orr + orr—oN) + Eon—orr + Eorr—on

T,

Pr — Porr

“Towards Energy Aware Reservation Infrastructure for Large-Scale
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Processing Letters, 2009.

Experimental Distributed Systems ", A.-C. Orgerie et al., Parallel 75

Energy-efficient scheduling to switch off
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maore resources
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Does a switched off node consume

;i e HP Proliant
;v/:T 2 = HP Proliant
2 2 SunFire
s 18 SunFire
Et 16 e IBM eServer
2 - |BM eServer
2 14 - s
O 12
S o
c 8 WM‘A

6 1 1

0 10 20 30 40 50
Time (seconds)
“Demystifying Energy Consumption in Grids and Clouds ",
A.-C. Orgerie et al., WIPGC, 2010.
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On/off tools

. Suspend to disk (hibernation)

. Suspend to RAM (standby or sleep)

. Wake on LAN

. IPMI (Intelligent Platform Management Interface)
. Presence proxies

. Smart PDU (Power Distribution Unit)
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Consolidation

m“

% CPU Node-1
CPUNG

% CPU Node 2
% CPU Node-2

) 4 servers

Server n°3 stopped

|
]
|
CPU Node-3

% CPU Node-3

il

Courtesy of Jean-Marc Menaud

4 Tasks, 3 or 4 Ser\)érs
Consumption is reduced by 25%

4_ Tasks (

% CPU Node-4
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Consolidation in space

Anne-Cécile Orgerie

Courtesy of Ekhiotz Jon Vergara
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Consolidation in space & time

Load
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[ 1 Time
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Server 2
Time
Load
Server 1
Time
Load
Time
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Courtesy of Ekhiotz Jon Vergara
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Exploiting live-migration capabilities

Idea: migrating virtual machines to consolidate the load
on the fewer number of physical resources

Anne-Cécile Orgerie

Energy Consumption under VM Migration

Power Consumption in Watts
N
S

Start of migrations

— Machine 1
— Machine 2

“Energy Aware Clouds”, A.-C. Orgerie et al., book chapter in

50 200

100 150
Time in Seconds

Grids, Clouds and Virtualization, Springer, 2010.
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Consolidation in time
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Courtesy of Ekhiotz Jon Vergara

Virtualization

Servers are used 6% on average.

Source: Revolutionizing Data Center Energy Efficiency, McKinsey, Juillet 2008.

Virtualization to the rescue.
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Infrastructure level & renewable energy
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Follow-the-* approaches

. Follow the moon: free cooling with air from outside
during cool days, and on hot weather days,
computing load is shifted to other data centers

. Follow the sun/wind: use renewable energy sources
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Problem

Renewable

energy Workload

time

Courtesy of Jean-Marc Menaud
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Opportunistic scheduling

Renewable
energy Workload
?
/ \7 A\ regular electric
time
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Problem

Workload

-

time

Courtesy of Jean-Marc Menaud
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Problem

Renewable
energy

/ ’? e ~ regular electric
H

—_—

Workload

time

Courtesy of Jean-Marc Menaud
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Opportunistic scheduling
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“Opportunistic Scheduling in Clouds Partially Powered by Green
Energy”, Y. Li, A.-C. Orgerie and J.-M. Menaud, GreenCom 2015.90



Energy storage

Renewable

Real infrastructure: Parasol

Workload
-

?
o "

H
regular electric
H
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Figure 1. (a) Outside view of Parasol. (b) Parasol’s power and
time THE STATE UNIVERSITY OF NEW JERSEY http://parasol.cs.rutgers.edu
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A real example Apple Environmental Responsibility Report 2016
Apple’s renewable energy use
00 I Idwid:
Apple’s North Carolina iCloud o 1 Apple (orldwide)
data center o
40 MW (max) of power
/,."/.r‘ } g 1
Renewable energy

M Apple (U.S.)
)
i

; i | EEE | B =
Apple Environmental Responsibility Report, 2017.

* two 20 MW and one 18 MW solar arrays
« one 10 MW biogas fuel cells

25%
+ producing 244 million kWh annually

100%
0%
« daily on-site production: 60-100% of facility’s consumption

Anne-Cécile Orgerie

Around 450 acres (1,800,000 m?) needed for solar farms

50%

Apple data centers are powered by
100 percent renewable energy.

In just six years, Apple’s use of renewable energy to power its corporate facilities,
in 2016.
93
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retail stores, and data centers worldwide went from 16 percent in 2010 to 96 percent
https://images.apple.com/environment/pdf/Apple_Environmental_Responsibility_Report_2017.pdf
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T ?
How is this possible?

The Truth About Apple's '100% Renewable' Energy Usage
Alex Epstein, Forbes, January 2016.

Conclusions
http://tinyurl.com/yc3r7c73
-~ §
Apple pays off consumers and other companies to give
it 'green credits' for its coal electricity usage

Anne-Cécile Orgerie
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State of the art

Computing resources

/

Node level Infrastructure level Virtualization

- sleep state
(hibernation)
- DVFS

- green
softwares

- hardware
capabilities

i

Anne-Cécile Orgerie
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- green sources
(follow-the-sun)
- thermal

- virtualization
layer (green

¢ hypervisors)
manalgen:jen - VM migration
- workloa - Cloud level

consolidation
- task scheduling

ZAgne,
g‘ 'R
U o Q"
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Sources of energy waste
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Performance and general purpose

Optimization for peak performance scenario
» Low average system utilization 6

* Benchmarks stress worst-case performance workloads

« Systems optimized for these scenarios @

Good performance for a multitude of different applications

* Union of maximum requirements of each application

class

+ E.g. smartphone vs. MP3 player
* Legacy solutions

Anne-Cécile Orgerie

D. Kliazovich, P. Bouvry, and S. U. Khan,
“GreenCloud: A Packet-level Simulator of
Energy- aware Cloud Computing Data

Wasted energy

Data center
= (T room
= cooling
W electrical losses

IT room
B servers
s network devices

Serveur
mm processor
= memory
- disk

e péripherical
W motherboard

Centers”, The Journal of Supercomputing, . other
vol. 62, no. 3, pp. 1263-1283, 2012
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Complex tradeoffs and modularity

System design is full of complex tradeoffs

Peak vs. average performance
Peak vs. average load

General-purpose vs. dedicated
High vs. best effort availability
Backward compatibility

System functionality as independent modules

N,
Modularity and interaction k K
System components designed separately (CPU,

network interface...)
Courtesy of Simin Nadjm-Tehrani
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Growth and availability

Overprovisioning to plan for the future
» Ensure enough capacity
Redundancy to increase availability

Anne-Cécile Orgerie 102



Design process structure

* Hardware and software separately

« Divided system functionality across components

« Layers
» Local optimizations not optimal for global efficiency
« E.g. worst-case assumption at each layer

Layer 3
Layer 2

Layer 1

Anne-Cécile Orgerie

Energy efficiency at runtime

« Trade off some other qualities for energy
« Disable or scale down unused resources
+ Combination of multiple tasks in a single energy event
* Spend someone else’s power

* Spend power to save power

* Monitor energy consumption to be energy-aware

« Predict resource usage trends

in

« Control algorithms and policies

EEErIR
menene Dien
W
B
i firid

| N |
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ICT for Green vs. Green ICT

* ICT for Green

» Use ICT technologies to reduce the environmental
footprint of other processes and sectors

* E.g. smart grids, smart buildings, etc.

* GreenICT
* Reduction of the ICT’s environmental footprint
* E.g. energy-aware data centers

Anne-Cécile Orgerie
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Energy efficiency at design stage

* Replacement with a more power-efficient alternative
* Holistic solutions
» Look at problem with broad scope
» Cross-layer interaction
» Optimize energy efficiency for the common case
» Design only for required functionality and requirements

ER YN

kuugrﬂ‘J
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B E CIE |

Anne-Cécile Orgerie 104

To go a bit further

° Q::
° °
» .
- ~.
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The (in)dispensable weather toaster

In 2017: 5 connected devices / person
20 billion devices worldwide.

Forrester Research, “Connected devices forecast, 2012 to 2017, white paper, 2013.
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The smart frying pan

|

Assisteo,
Tefal, 2017.

In 2017: 5 connected devices / person
20 billion devices worldwide.

Forrester Research, “Connected devices forecast, 2012 to 2017”, white paper, 2013.
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Complete life-cycle

* 1.4 billion
smartphones sold
in 2015.

Average life
duration of first-
hand smartphones
<2 yearsin 2015.

A. Scarsella, W. Stofega,
“Worldwide Smartphone
Forecast Update , 2015-2019”,
IDC report, 2015.

Anne-Cécile Orgerie 111

User = person responsible

* Bloatware
* Obsolescence

In 2014, on average, 35 applications installed per
smartphone, among which: 11 are used every week and 12
are never used.

Harris Interactive, 2015
Anne-Cécile Orgerie 113

Are we going on the good way?

- New functionalities

- Create new practices and needs
- Multiplication of the devices

- Capability overlap

- Health issues

Anne-Cécile Orgerie 110

Durability and life cycle

=

Source e N

Materials [ <Js, ‘-l‘ Make
!

[ iPad Pro (12.9-inch)

life cycle
136 kg carbon
emissions® L
Recover = . Package
~~— and Ship
iPad Pro (12.9-inch) life cycle
Use carbon emissions
ENERGY
STAR limit 83% Production
'V iPad Pro (12.9-inch)
1% _ Transport
kWh kWh <1% End-of-life processing
Uses less energy Uses more energy
Anne-Cécile Orgerie Product environmental report, Apple, 2018. 112

Video games

14 hours

odededododolo;
cledejofodolc;

chu oy VR < 28

101GB download 7GB per hour

Video games purshased on download
Do not fit on DVD any more
Network-hungry

[Source : Sandvine, The Global Internet Phenomena Report, 2018.]
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What else?

Opportunities

* To think differently
* To propose new things

What you can do

» Completely switch off unused devices

* Remove unused applications

» Erase useless (old) emails, photos, etc.
» Be careful when sending emails (attachments, receivers)
» Be careful when coding (image size, active loops, etc.)

» Look at eco-labels when buying new equipment

+ Keep devices longer if they are still working
» Avoid capability overlap

+ Stay energy-aware...
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* To build differently
* To design a sustainable future

_! Opportunity
¥ HEXT ”
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http://ecoinfo.cnrs.fr

GDS Ecolnfo

Pour une informatique éco-
responsable

Groupement de Service (G.D.S.) Ecolnfo : des
ingénieurs et des chercheurs (CNRS, INRIA,
ParisTech, Université Grenoble Alpes, université
de Strasbourg, Universits Alx-Marseille, etc...) a
votre service pour réduire les impacts
écologiques et sociétaux des TIC.

conf éco-conception : supports en ligne

Partenaires

Plaquetie
0 Py X . sccoint
— - =
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Thank you for your attention

http://people.irisa.fr/Anne-Cecile.Orgerie

Go Green gies fora ic career
Recycle (ideas)  Reduce your i‘l'grcnha:i“’,e Eat local.

On-lab Footprint.

° 9
4 o
This Paper made
from 30% post- .. Exit

published material

119

Fuel Sources.
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