Bulk

Data Centers

Current trends and impacts /

Xavier VIGOUROUX
HOSCAR Workshop

Bordeaux
Sept. 2, 2013

© Bull



WHO AM |

X
& .
9 9
o & &
\q \q \q
- r e e e e
| | | | | | | | | | | | | | | | | | | | | | | |
Qvo ECOLENORMALE SUPERIECRE DE LYON
R
()
<
8“9 & & .@
¢ o & &
RS & »
J J o o
N N D o
(N I () S I S S I A A |
| | | | | | | | | | | | | | | I |

L

ECOLENORMALE SUPERIEURE DELYON

&’ Szm

microsystems




A VERY QUICK SUMMARY
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Article suggestion: http://herbsutter.com /welcome-to-the-jungle /

4 . N\ [ 4 N\
Hard time for software . .
el Good time for software Hard time for software
No Software compatibilities developers developers
(PVM was just appearing] Better Performance by just waiting Getfing performance requires work
\_ J L \_ J
But



2004 - END OF ROAD FOR MONOCORE /

Intel Halts Development of 2 New Microprocessors

By LAURIE J. FLYNH
Fublished: May 8, 2004

SAN FRAMNCISCO, May 7 - Intel said on Friday that it was scrapping SIGN IN TO
RECOMMEND

its development of two microprocessors, a move that is a shift in the
[e] TwITTER

combany's business strataoy,

“THE SHIFT IS ALSO AN INDICATION THAT THE INTEL PENTIUM 4 LINE
HAD REACHED ITS PERFORMANCE LIMIT FOR THE AMOUNT OF POWER IT
CONSUMED.”

N. BROOKWOOD - ANALYST
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2004 - EARLY ADOPTERS FOR GPGPU /

General-Purpose Computation on
Graphics Hardware

[I4GPU

2001 — programmable shader (NVidia)
2002 — name "GPGPU" by Mark Harris
2003 - cloud simulation on GPGPU by Mark Harris

Source: http://apgpu.ora/s2004, http://apapu.org/oldsite /data /history.shtml, http://apapu.org/about, ‘BUE



http://gpgpu.org/s2004
http://gpgpu.org/oldsite/data/history.shtml
http://gpgpu.org/about

2005 - TANSTAAFL" ... BUTIT’S OVER

[raining & Consulting_|

on = M i Sessions O 26: Hoare on Testi
the B ' ] CDeprecating ort Considered for 150
blog : :

The Free Lunch Is Over

A Fundamental Turn Toward Concurrency in Software
By Herlh Sutter

The biggest sea change in software development since the 00 revolution is knocking at the door, ant

This article appeared tn Dr Dobb's Journal, 30(3), March 2005 A ruch brisfer version under the ti
C/C++ Users Journal, 23{2), February 2005.

Update note: The CPU trends graph last updated August 2009 to include current data and sh
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 it? What are you doing about 7

The major processor manufacturers and architectures, fram Intel and AMD to Sparc and PowerPC, h
approaches to boosting CPU pedformance. Instead of driving clock speeds and straight-line instructio
masse to hyperthreading and multicore architectures. Both of these features are already available on
current PowerPC and Sparc IV processors, and is coming in 2005 from Intel and AMD. Indeed, the b
Forum was multicore devices, as many companies showed new or updated multicore processors. Lo

T —————

Ref: “The Free Lunch Is Over - A Fundamental Turn Toward Concurrency in Software” By Herb Sutter in Dr. Dobb's Journal
* “There ain't no such thing as a free lunch”
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Architect of an Open Waorld”

Land & Ocean Temperature Percentiles Jul 2013
NOAA's National Climatic Data Center
Data Source: MLOST version 3.5.4

Record Much Cboler than Near Wéﬁﬁ'é}"than Much Record

Coldest Cooler than Average Average Average Warmer than Warmest
Average Average

Wed Aug 14 08:06:41 EDT 201

Source: http:/ /www.ncdc.noaa.gov/sotc/global /






New constraints e
On most consuming parts

Cooling -




COOLING /

12kW /rack
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6°C - 30kW

30°C - 80kW,/Rack
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DIRECT LIQUID COOLING S/

L) Water has closed as possible to the heat source (CPU af 70 C|
L) Water can be hotter (as AT is key)
() Room can be hotter (remove CRAC)

L) And without any change in maintenance process

& CPU can be changed,
&« DIMM can be changed

¢ Blades can be removed

PUE < 1.08

30°C - 80kW /Rack
Bulk
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DIRECT LIQUID COOLING /

L) Most efficient pure x86 supercomputer in Green 500 june’ 13 (météo France]

L) New version with GPGPU is coming

Bulk
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ADIABATIC COOLING

Nembre Sheures
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Moyenne annuelle du nombre d'heures d'apparition des températures

sur la base des données 2007 a 2012 (5 an 1/2)

13574
1278,07

Intervalle de température (en °C)

835,73
475,83
198,23
I 54,88
-

12 R EAl [GH mal @esl (Bi3a0 (20180 0s:200 [200zal [24:38] 7R

3N [32:38] »e35

Cooling capacity

108 kW

Power consumption

2,8 kW

Water used (estim. h/year]

4772

Water used (estim. m

’)

53
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New constraints e
On most consuming parts

Cooling -




FREQUENCY AND POWER CONSUMPTION S/

IVB Power vs. Voltage -1.6 GHz and 2.4 GHz, Q0°C
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Sources: http:/ /blog.stuffedcow.net/2012 /10 /intel 32nm-22nm-core-i5-comparison/

Power vs. Frequency, 1.26 V, variable temperature
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CPU FREQUENCY

E|

Frctutect af an Ooen Works
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ARCHITECTURE EVOLUTION SUMMARY

Simple
Processors

HUGE multicore

Processors

OProcessors

many very simple units

Coprocessors
many very simple units

Bulk



SEVENTH FRAMEWORK PROGRAMME
THEME ICT-2009.9.13
Exa-scale computing, software and simulation

p—1 e
SEVENTH FRAMEWORK

PROGRAMME
Proposal acronym: Mont-Blanc
Proposal full title: [Mont-Blanc, European scalable and power
efhcient HPG platiorm bazed on low power
=mb=dd=d t=chnology

Type of funding schemes Large-scale int=grating project (IP)

Work topic d: ICT-2011.5.13 Exa-scale computing, software and
simulation

Mame of the coordinating person:

« Alex Ramirez (Techniczl Manager)

- Guadalupe Moreno (Project Manager)
List of participants:

Participant Participant organisation name Part. short Country
no. name

T [Barcelona Supercomputing Center B3C [Spain

2 [Bull 345 Bull France

3 |ARM Limited [ARM UK

4 Gnodal UK

5 UELICH Germany

3 BADW-LRZ Germany

7 iona GENCI France

8 |Consorzio Interuniversitario CINECA CINECA italy

1 Mont-Blanc, meaning “White Mountain®, rises 4,810.45 m (15,782 f) above sea level, and is
the highest mountain in the European Union

Mant-8lanc Froposal, Part &

o ARM sells IP not a physical core

o ARM is present in

Mobile (phone, tablet, laptop)

o
o Embedded (electronics)
o

Enterprise (switch, disk, printers, servers...)
o Home (TV, camera, games consoles)

o Shipped chips
o 2012 - 27 billions
o 2017 - 41 billions

Why ARM cores 2
o Price ($1 - $25)

o Power consumption is key for mobile device (100mW)|

o Very versatile

Source: http:/ /ir.arm.com/phoenix.zhim|2c=197211 &p=irol-presentations



HOW TO SIZE A MACHINE

/

[Money] => [CAPEX] + [OPEX]

| CAPEX]

| OPEX]

-

Flops/$ is decreasing
Cheaper

More flops

More Watt
\_

~

J

-

More Watt (from CAPEX and PUE)
$,/Waitt is increasing
Much More Expensive

&

~

cpu.h

W.h
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ELECTRICITY, A SIGNIFICANT PART OF HPC BUDGET S/

HPC system budget breakdown
example (academics)

HPC servers

HW maintenance
m Electricity

Staff

Building

Batch system

HPC software

ISV software
¥ Linux

office space

[ 7
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IMPACT OF ELECTRICITY COST INCREASE ON YOU

Soft dev &

Write code taking info account “execution policy”

Execute your job with a choice of policy (fime to result, Joule to result, Price to result)

Usefs Pay less by a cossing the policy (time to result, Joule to result)
MidleWOre You will have to bridge the gopﬂ between Hordwﬁore and Users
i Write code faking info account “execution policy” (upward and downward)
prOVIderS You wilt face heterogeneity

Cloud
And

Data Center
Director

You will charge in Watt.hour
You can adjust your batch scheduler according to policy (green energy, power capping, ...)
Efficient hardware will be valuable (DLC, ...

You will adjust your electricity contract

Bulk






WHAT DO CONSUME YOUR APPLICATIONS? S/

O Pluggins: RAPL, IPMI (OS) and RRD

O Per job (global value & time slice)
O Per node

O Per user

O New srun parameter to allow CPU 45

frequency scaling for job execution 0

< 30
Rk
2 !
o 19

10

0 50 100 150 200 250
Time (s)

— CPU-predicted == CPU-actal
ol =1} INEriEe|sir — PG-precicted = PG-actual
— Package-predicted — Package-actual
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HDEEM

High Definition Energy Efficiency Monitoring



TOOL CHAIN

Hardware (cpu, chipset, ...)




EXECUTION POLICY S/

Ecoimpact to

Time to result Watt to Result Price to Result

Result

As fast as Minimal power Cheapeast
possible consump-tion Execution

Green Energy

[ 7
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POLICIES COMPARISON

Watt

Fastest

\Watt to Result

Ecolmpact

Cheapest

>

Renewable Source

time

Off-peak hours




SESAMES FRAMEWORK: A MULTI-CRITERIA GREEN SCHEDULER

FOR CONSUMING LESS AND BETTER /

=O—Price === Pollution

L
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Application

o
w

@

Administrator

o
N}

o
=

Energy supplier

Price of a kWh (in euros)

Days of the agenda

1) Beservation reques

Energy Logs Supercomputer

2a) Impossible
Reservation

2b) Optimal solution
Previsions of the future energy consumption=———— i <> for the three criteria

[energy, price,

. el luition |
Information about energy >
(price, pollution, power capping) 2¢) Choics of's
EI‘[E]’E}" ——— ranking for

. the three criteria
provider

3} Retries, Confirms
or Chooses a reservation

M.E.M. Diouri, O. Gliick and L. Lefévre,
SESAMES: A Smart Grid based framework for consuming less and better in extreme scale infrastructures, GreenCom
2013, 20-23 August, Beijing 2013.
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TOOLS

COMPUTE
PERFORMANCE

(flops/s)

7

* Applications are written for compute

performance

* Tools are seeking performance issues
(host spot, idle time)

» Cost of a run is expressed in core.hour
(because it's easy to measure)

POWER
CONSUMPTION
(W.h)

Becomes an increasing budget
Will be charged on end users
s a strict constraint for large systems

flops/Watt is becoming a metric (see
green500).

HDEEM MERGES THE BOTH WORLDS

Precise metrics in

[ 7
Bulk



TU DRESDEN IN A NUTSHELL

TECHNISCHE
UNIVERSITAT
DRESDEN

The technische universitét dresden is the largest
institute of higher education in the city of dresden,
the largest university in saxony and one of the 10

largest universities in germany.

/""":) "

Lgeamden

.
Gronigen

PP
PAYS-BAS

I— —
#students 34'993

#foreign students 3'442 (9,8%)
#employees 6'123

#faculties 14

Total Budget € 500M (circal)

e/
,.*"Q\ )

1 poloaNe

Gorsow




INTERESTED IN HDEEM

worldatlasbook.com
Europe

Developping tools

Map not 1o scale
o —
Copyright ® worldatlasbook, com

Developping tool

S

£ |
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L LT
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SOLUTION O

VERVIEW

TECHNISCHE
UNIVERSITAT
DRESDEN

VR DIMM:

VR DIMM4

Ethernet | 100Mb

(Baseboard Management Controller)

Freq: SO0Hz - Error: 2%

f Flo view Help
Wiew Chant Fiter

LOTERS &G V4 | I I A

Timeline FUnetion Summary
All Processes, Accumudated Exclusave Time .

405 500 5 05

Process 8

Process 75

Communication Matrix View

faumber of Messages

i
Process summary conrext view
® function summary B3 | -
Property. [ value
Crepla Function Summary
@ (61

Accumulated Exclusive Time 748.945947 5 (29.198320%)
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DON’'T FORGET ABOUT THE JUNGLE

User

AP

Accurate, swift, non intrusive Probes

H Bivare

> [cpu, chipset, ...)

HW Y
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center for \ \

excellence in parallel
programming

allinea CAPS




Architect of an Open World




1914

Production: 1908 - 192/
50% of the world market
Low cost ($850 — 4 months)
Easy Maintenance

@3 min to build one

Bulk



IF ALL YOU HAVE IS A HAMMER... S/
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Frequency

Buy It Because
It's a Better Car

......

Multicore

Dulk
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Simplification

\ y
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Diversification

- J
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Optimisation
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