Our Green Future
« Peur bleue » ou « vie en rose » ?
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Revenue
Sustained global
growth with a strong
international focus

HPC experts
The largest group of

HPC experts in
Europe
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2 566 Thlops/s
4701 Thops/s
186 368 coeurs Xeon +

7 168 accélérateurs

4 040 kW

10051 Tflops/s
11 280 Tilops/s
/05 024 coeurs sparc

12 660 kW
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3 petaflop-scale systems
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TERA 100

® 1,25 PetaFlops
140 000+ Xeon cores

= )56 1B memory

= 30 PB disk storage

= 500 GB/s 10 throughput
= 580 m2 footprint

® 2 PetaFlops
Q0 000+ Xeon cores
148 000 GPU cores

= 360 TB memory

= 1O PB disk storage

= 250 GB/s 10 throughput
= 200 m? footprint

IFERC

= 1,5 PetaFlops
/0 000+ Xeon cores
= 280 TB memory
® 15 PB disk storage
= 120 GB/s 1O throughput
= 200 m? footprint

FUSION
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http://fusionforenergy.europa.eu/
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TERA 100

GPU-based extension

198 bullx B505 accelerator
blades

396 NVIDIA® Tesla™
M2090 GPU processors
202,752 GPU cores

CURIE

GPU-based extension

144 bullx B505 accelerator
blades

288 NVIDIA® Tesla™
M2090 GPU processors
147456 GPU cores

BSC

GPU-based system

126 bullx B505 accelerator
blades

252 NVIDIA® Tesla™
M20Q0 GPU processors
129,024 GPU cores

e«

Barcelona
Supercomputing
(_':enter

Centro Nacional de Supercomputacion




Rank  Site Country ~ Year  Rmax Rpeak Effeciency (%)

1,36 Pflops

1,13 Pflops
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Cray inc.; 20%

Bull SA; 6%

[

NUDT; 6%
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Appro International; 4%
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Crayinc.; 15%

Bull SA; 26%
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T-Platforms; 6%

Autre; 8%
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1 TFlops

100 GFlops

10 GFlops

Performance Development

hitp://www top500.0rg/
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eENERGY Potential System Architecture

Systems Difference
Today & 2018

System peak 2 Pflop/s 1 Eflop/s 0(1000)
Power 6 MW ~20 MW (goal)

System memory 0.3 PB 32-64PB 0O(100)
Node performance 125 GF 1,2 or 15TF 0O(10) — O(100)
Node memory BW 25 GBJs 2-4TB/s O(100)
Node concurrency 12 O(1k) or 10k 0(100) - ©(1000)

Total Node Interconnect BW 3.5 GB/s 200-400GB/s O(100)
(1:4 or 1:8 from memory BW)

System size (nodes) 18,700 0(100,000) or O(1M) 0O(10) - O(100)
Total concurrency 225,000 O(billion) [O(10) to O(100) for 0O(10,000)
latency hiding]

Storage 15 PB 500-1000 PB (>10x system 0(10) — O(100)
memory is min)

02TB 60 TB/s O(100)
days O(1 day) - 0(10)

Source: “Advanced Scientific Computing Research”, Walter M. Polansky, 27 avril 2010
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Generatio Cooling
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Considering Peak
Considering C
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Dual Core Itanium 2

Intel CPU Trends

(sources: Intel, Wikipedia, K. Olukotun)
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Source: ISSCC 2010 TRENDS REPORT
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Source: ISSCC 2010 TRENDS REPORT



EB'U& Get m

CoreCount
=

.

2002

Clock Frequency (MHz)

1992 1995 1998 2001 2004 2007 2010

Year

Bull Exireme Computing - ©2011 24
Source: ISSCC 2010 TRENDS REPORT



“A ol

http:/ /www-inst.eecs.berkeley.edu/"n252 /paper/Amdahl.pdf



ot Dark silicon NN

Currently, the broader computing e ) = s, [
. . . . % of Dark Sicon

community is in consensus that we are in s =t e

1" o " . = Conservative Features

the multicore era.” Consensus is often Pacten = Appcaton s

- Y 77"|-1’~"q ._
dangerous, however. Given the low == j - ST o f A
performance returns assuming L I bl - —C é X
conservative (and to some degree ITRS) o [\ i / ..ﬁ@i
scaling, adding more cores will not |- — : i
orovide suficient benefit to justify T ..,.t.'ﬁ'.f','ff;" TS G e ST

c Processors - for 12 Benchmarks
continued process scaling. If multicore P Clrsion o e ol snd e ety

scaling ceases to be the primary driver of
performance gains at 16nm (in 20 14) the
"multicore era” will have lasted a mere
nine years, a short-lived attempt to defeat
the inexorable consequences of Dennard
scaling’s failure

"Dark Silicon and the End of Multicore Scaling” (ISCA"11), Hadi Esmaeilzadehy Emily Blem, Renée St. Amant, Karthikeyan Sankaralingam, Doug Burger
Bull Exireme Computing - ©2011 26
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The Free Lunch Is Over: A Fundamental Turn Toward Concurrency in
Software

Home i Books & Asticles Training & Consulting
. - » .

On the
blog

The Free Lunch Is Over

A Fundamental Tum Toward Concurrency in Soltware

By Herb Sutter
st sea change ins & de ment since the OO ravolution is knocking at the door, and its 2 is Concurrency

appeared in Dr. Dobb's Journal, 30(3), March 2005. A much briefer version under the title "The Concurrency Revolution
Journal, 23(2), February 2005

Update note: The CPU trends graph last updated August 2009 to Include current data and show the trend continues as predicted, The
rest of this article including all text Is still original as first posted here in December 2004.

Your free lunch will soon be over. What can you do about #? What are you doing about it?

The major processor manufacturers and architectures, from Intel and AMD to Sparc and PowerPC, have run out of room with most of their traditional
approaches to boosting CPU performance. Instead of driving clock speeds and straight-line instruction throughput ever higher. they are instead tuming
en masse to hyperthreading and multicore architectures, Both of these features are already available on chips today; in particular, multicore is available
on current PowerPC and Sparc |V processors, and is coming in 2005 from Intel and AMD. Indeed, the big theme of the 2004 in-StatMDR Fall
Processor Forum was multicore devices, as many companies showed new or updated multicore processors. Looking back, it's not much of a stretch to
call 2004 the year of multicore,

And that puts us at a fundamental turning point in software development. at least for the next few years and for applications targeting generak-purpose

Bull Exireme Computing - ©2011
Source: http:/ /www.gotw.ca,/publications /concurrency-ddj.htm
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Parallélisme au niveau instruction



Intel Architecture Instruction Set Over Time

Intel Architecture Instruction Set Over Time
AES-NI
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SEVENTH FRAMENORE PAOGRAMME
THEME ICT- 20005 1)
2-scale computing. software and smuation

Mone-Blanc. Furopean scalable a0d power
Mcient HOC platform based on low power
mbedded technology

Type of funding ccheme: Large-scale irsgrating progect 171
Work programme toplc addressedi WCT-2011 513 Exa-scale computing. software and
senuaTn

Name of the coordinating persom:

« Ales Ramrer (Technical Manager)

« Geadalipe Morens |Progect Mamager)
List of participantss

Lebraz Rechenzentrum der Bayernschen BADW LPZ
Alacerie der Wesercchaften

T Momt 'Ta—r;_rr:r:n_g “White Mo, ey 2910485 m | 7 fi) abowe sen level and is
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NVIDIA.

512 coeurs & 2,1 GHz (1 flop/cycle)
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12000000 120,00%
10000000 100,00%
10/0/0/0/0/0) 80,00%
6000000 60,00%
10/0/0/0/0/0) 40,00%
210/0/0/0/0/0) 20,00%

O 0,00%







Vision 2
g

> |




Con5|der|n9 peak

What can




L)
BulLk

Generati

Bull Extreme Computing - ©201 1

40






L)
BulLk

Bull Extreme Computing - ©201 1 42
Jonathan Koomey. 2011. Growth in data center electricity use 2005 to 2010. Oakland, CA: Analytics Press. July



0.9% HPC system budget breakdown

1,9% example (academics)
3,7%

HW maintenance
m Electricity
Staff
Building
» Batch system
¥ HPC software
W ISV software
M Linux
W office space

13%

HPC servers
‘ 37%

15%
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400 W

350 W

When Machine
Is fully loaded

300 W

250 W

200 W

When machine
is idle

ow
0,00% 10,00% 20,00% 30,00% 40,00% 50,00% 60,00% 70,00% 80,00% 90,00% 100,00%

Better utilization
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M Power con

= Voltage has to be high with high fr ave clear rising edges)

htto:/ /en.wikipedia.org /wiki/CMOS

Sources

http:/ /en.wikipedia.org/wiki/Dynamic_frequency_scaling  Bull Exireme Computing - ©2011 48
« Low voltage, low power VLSI subsystems », Kiat Seng Yeo, Kaushik Roy


http://en.wikipedia.org/wiki/CMOS
http://en.wikipedia.org/wiki/CMOS
http://en.wikipedia.org/wiki/CMOS

Memory is becoming resistive

Several technologies : PCRAM, memiristor (2008)
High density, very good cyclability

Side effect,

memory becomes non-volatile.

Shudown becomes more efficient (in time and power)

® Crystal
* Amorphous

Reset (amorphous)

Set (crystalline)

?
E
€
s
=
3
o

Voltage [V]

htto://agigatech.com/blog/pcm-phase-change-memory-basics-and-technology-advances
http:/ /julie.grollier free.fr/memristors.htm

Bull Exireme Computing - ©2011 49


http://agigatech.com/blog/pcm-phase-change-memory-basics-and-technology-advances/
http://agigatech.com/blog/pcm-phase-change-memory-basics-and-technology-advances/
http://agigatech.com/blog/pcm-phase-change-memory-basics-and-technology-advances/
http://agigatech.com/blog/pcm-phase-change-memory-basics-and-technology-advances/
http://agigatech.com/blog/pcm-phase-change-memory-basics-and-technology-advances/
http://agigatech.com/blog/pcm-phase-change-memory-basics-and-technology-advances/
http://agigatech.com/blog/pcm-phase-change-memory-basics-and-technology-advances/
http://agigatech.com/blog/pcm-phase-change-memory-basics-and-technology-advances/
http://agigatech.com/blog/pcm-phase-change-memory-basics-and-technology-advances/
http://agigatech.com/blog/pcm-phase-change-memory-basics-and-technology-advances/
http://agigatech.com/blog/pcm-phase-change-memory-basics-and-technology-advances/
http://agigatech.com/blog/pcm-phase-change-memory-basics-and-technology-advances/
http://agigatech.com/blog/pcm-phase-change-memory-basics-and-technology-advances/
http://agigatech.com/blog/pcm-phase-change-memory-basics-and-technology-advances/
http://agigatech.com/blog/pcm-phase-change-memory-basics-and-technology-advances/
http://agigatech.com/blog/pcm-phase-change-memory-basics-and-technology-advances/

E@u& Get le

Planar Transistors 1 20E.007 -

| BOE-007
1.40E.007 -
1 206-007 -

1. OCE-007

Average Leakage Power(VW)
Logritimc Scale

Irverter NANDZ

Intel’'s 22 nm technology introduces
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loweiEE Carbon Nanotubes
50% less power consumption

Source: Intel Developper forum 2011

Bull Exireme Computing - ©2011
http:/ /www.ece.neu.edu/groups,/hpvlsi/publication/2009IMTC_CHO.pdf
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™ Higher Bandwidth,

™ lower lafency
" FEfficient data Moving

" More performance

Bull Extreme Computing - ©201 1 51
http:/ /www.research.ibm.com/photonics/publications/SEMICON _Tokyo 121 _2010.pdf
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™ 15% of the energy is lost in UPS

™ Power supply unit has an efficiency depending on the power

" Many transformations ([ 1] is great)

Efficiency (240V) Efficiency (240V)

Q3
Q2
Q1
Q0
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0 50 100 150 200 250 300
load (V) Load (V)
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[1] hitp:/ /www.thegreengrid.org/”™ /media/WhitePapers/IssuesRelatingtothe AdoptionofHVdcPowerintheDataCenter_v1.ashxelang=en
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™ power consumption for each rack and the whole cluster, with GUI

" action launched when power consumption reaches warning/ critical
threshold (default action is log + mail only, power capping possible).

=~ log + mail when N temperature upper non critical alerts (WARNING) from
distinct hosts are catched by the powerManager in less than P seconds

(N=3, P=5 by default).

= log + mail when N temperature upper critical alerts (CRITICAL) are catched
by the powerManager in less than P seconds (N=1, P=1 by defauli).

= a mail is sent when the consolidated value of a rack reaches a customizable

threshold (default is 50 °C).

m Allis configurable

Bull Extreme Computing - ©201 1 55
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™ Data center has an overall Energy Budget

W™ Energy is spread over components (compute, UPS, cooling, ...)

" The power capping must ensure the consumption is always less than

the budget.

™ The power capping must ensure the service is as high as possible.

" Winter: less cooling, more compute power

™ Summer: more cooling, less compute power.

Bull Extreme Computing - ©201 1 56
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™ "Pollution, we concentrated it or spread it”

" We spread i, melt it for a long time.

" However, we can have
- Larger fans

= Managed fans

Bull Extreme Computing - ©201 1 58
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W T° qir front==T° air back
" 40 kW can be absorbed in stead of 12kW (air)

® Many, many, sensors...T° air, T® inlet, T® outlet, pressure, speed, ...
can be used for « event correlator ».

™ Gain depends of the context

Wiater ternperabure 7OC Wakrtempemure 1250

-

T —— Foam Temp 20 °C
10 — - - Room Temp 23 °C|
- - - Room Temp 26 “C|

Mazimum powar disslpation capabllly

1] o5 1 15 2 23
“watar flow (Ile)

Bull Exireme Computing - ©2011 59
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- Water has closed as possible to the heat source

- Water can be hotter (as delta T is key]
~ Room can be hotter ([remove CRAC)

~ But, maintenability is key IvNo change in maintenance process
© CPU can be changed,
© DIMM can be changed

Bull Extreme Computing - ©201 1 60
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Source: http:/ /www.ncdec.noaa.gov/sotc/global /
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Prix de I'électricité pour l'industrie
€KWh

L > > L > 2 L > > 3 L)
(=3 [~ (-3 [~ < @,
2% % R B R AR Y Bl

time
| UE (27 pays) ® UE (25 pays) ® UE (15 pays) ® Zone euro (composition variahle) = Belgique = Bulgarie
W République tchéque ™ Danemark ™ Allemagne  Estonie # Irlande ® Gréce © Espagne M France
W [talie ™ Chypre W Lettonie © Lituanie @ Luxemhourg ® Hongrie = Malte m Pays-Bas  Autriche
®m Pologne ® Portugal ~ Roumanie M Slovénie © Slovaquie M Finlande @ Suéde m Royaume-Uni
W [slande ™ Norvege © Suisse M Croatie ™ Ancienne Répuhligue yougoslave de Macédoine ™ Turquie
® Etats-Unis Japon + Des données indisponibles sontignorées

Source: http:/ /epp.eurostat.europa.eu



™ Cost of Energy in France is lower in 2010 than 1995 (in constant
Furo) But, increase in the last two years is higher than inflation

W Prediction: +30% in 2016 (for end user)

" Nuclear:
Cost of Maintenance

Cost of security

m Renewable

Cost of dismantling

Cost of new plant

Need complementary energy (wind may vary), production must be equal to
consumption.

Bull Exireme Computing - ©2011 68
hitp:/ /www.assemblee-nationale.fr/12/rapports /13277 .asp
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http://fr.wikipedia.org /wiki/R%C3%A%seau_%C3%A%lectrique
Jean-Michel Tesseron, « Les pertes des réseaux électriques: estimations et achats », dans ACTU SEE, Société de I'Electricité, de I'Electronique et des Technologies de
IInformation et de la Communication, décembre 2006

Bull Extreme uting - ©201 1 71
hitp:/ /www.rte-france.com/fr/developpement-durable /les- engogements/mdmoteurs volet- economlque -2 /pertes-electriques-du-reseau



Enfin, il y a une solution radicale au traitement des pertes, c'est la
production décentralisée. L'un des avantages de |"éolien, du
photovoltaique ou de la petite hydraulique par exemple est d'étre
produits sur les lieux de consommation réduisant & zéro la longueur des
lignes d’acheminement et donc les pertes créées par celles-ci.

« Perte d'énergie dans les réseaux de distribution d'électricité » Mathias Laffond - Juin 2009

http:/ /mathiaslaffont files.wordpress.com /2011 /01 /rdv-tel-27_04_09.pdf
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® One engine produces:
Electricity
Cold water

Hot water

m Efficient

" lLocal

Bull Exireme Computing - ©2011 73
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> Water has closed as possible to the heat source _#".2

- Water can be hotter (as delta T is key]
o But, maintenability is key |

o Hot watter can be reused

o I hate free cooling

Bull Exireme Computing - ©2011 75






"Constraints Feed Imaginafion” La disparition Les revenentes

George Perec, OULIPO, 1969 315p - 1969 1072
(1936 - 1982)

-
T

revenenies
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1965: prix nobel de médecine

1970

Bull Extreme Computing - ©201 1 84



Processor Family Share Over Time Interconnect Family Share Over Time
1993-2009 1993-2009
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