>
; ') l o
ISLiM RIKEN

ExaFLOPS~AMDEE
~Exa~N0DE ~

INAFR—IN\—aAE1—T4V T RS
SK EFFEEAER

himeno@riken jp




ISLiM

~—y

R BT VO E AN FTHE ﬁ

IN—FDx7
— @10PFLOPstho B4Z:ERL : 3. 112t bHhSTERTE TR T
- @WBENEH<10MW, KB EiE<3000m2
« TERNIZZERTEAEET. LOMDEDENTEHERAIRE, K=
BEENDEGEHEZEICT RNEZSI
Vo7
~ CEBOT T TI%EHZ DEMEREDER: F/, 5147, RXth
— @Gordon BellEZ#kLT- (IR ICHE5EAoT=)
— @OUNASHREEEEDER
« FORTRAN{RE. C++DEMEBEDIES, Java, Ruby, Perl, Python,
R, gccth & DHR—k
- @ERYVIDSR—T1o T L R—kEhiL
AICS
— CERAICGERZRICEATOIMEE2—MERIL
- @WTEORBELISHENED
RIOVIIMDBEED—DIIELTBHOREBRI AT LNEEMIZHING
OMEIMTRESD: 0/A?

BioSuperComputing Winter School

2014/01/23 2014 2



A 2
g ISLIMIZEEL T D {@E A BYEE 4 SR

« CEBOTTITI%EBZDZEMMEREDER  ZZ-EFZIith

o CHEGHPICERTIEEMLERYNT—INTES

c @RZMATELHHMAKIBICIER. BohKVILEEoT=DIZFER M1
« @RRLEVILOFIBELABLTLEEZT ., #Hix-mEd

¢ @AMDIRH

EEML - TEMD= ! !

BioSuperComputing Winter School
2014/01/23 2014 3



°
|s<m CDORBITILHO>T, RNDExalZM]FT

1. N—FOzT7IXELGYERITOEN B D
2. 7T)EITERIED=DIZEZIZEWITFHELNE
3. YVIMRROEHATEZLGNEWNTERN E

BioSuperComputing Winter School
2014/01/23 2014

2

RIMEN



ISLiM RIMEN

1. AV E 1—2(FELGYHRITHH

BioSuperComputing Winter School
2014/01/23 2014 5



A R
AUE1—ADEEDES DT o

Sl Exa y; RIKZN

Peta 7@%%@45% Roadrunng
%ﬁiﬁ CRAY — ASCEE

computer
Tianhe-1A
Blue Gene P
CRAY XT4/XT3

‘jﬁ il
Tera & j VPP5000,100
@
o
f_j Giga
S CDC7gOO<>
g Mega STRETC ¢
S IBM704
't <
o
o

2
o

<& Theoretical Peak ' 'LINPACK

1940 1950 196@iost@rdmpd@BBintst 9@ 2000 2010 2020
2014/01/23 20Kar 6



(L
.?3 JOtyHmEER L ﬂ

RIK=EN
LSID E
L—7 Dk Bl (H B : http://www.intel.co.jp/jp/technology/mooreslaw/
index.htm) RS
19654 . Gordon Moore., FEEXF VT (CEBIND TP A R odhdkid iy 2
CEITEET S e
FaFPNIT A7)0 Ranium® 2 70 v —
SPTY Ty m— g 1,000,000,000
— 3 w7 * anium -
A 70)%5“ AVFNS Itanium"?Dt'y*;/—/
A7) Pelitium' 4 70EvH~ 100,000,000
427N Peatium® Il F0E» '7—‘/
4>i)b‘Pen’Zum'::70t'7‘7; / 10,000,000
AVFN Pent‘.nm'7c1t"'/‘):/
Intel486™ 7!‘&:“1'7-",/
= 1,000,000
Intel386™ 70&"/'7;/ 30&?1 O0,000{%
7 100,000
8086’7 ’l -
A TETELGL30ET
aooea?io-l/ 1 ,OOO,OOO,OOO 10,000
4004 &
1,000

1970 1975 1980 1985 1990 1995 2000 2005 2010

BioSuperComputing Winter School
2014/01/23 2n4



(d
.s%z AVEa—SMHEEDE LD VRDZEAE ﬁ

REIAEDERIC
B X -5 ; 426 > o
ﬁ‘i%ﬂ%%t(bf-%n%s IJf=ﬁ « >100W. HEZE LAy h %O)ﬁ%%s J%_l,&'%“j:i% ggféfogﬁg}]?%t%%
PEELAELTLNS 1—>2—E>4—>8—>?

hER R ERE | S s
DT HSHL IR

1,000,000

100,000

oilfi 5| CAIEBTELENT AT S L
[FELSTR 570N &
O A7 KT DM MERET DT

1,000

100

10

i ‘/
1 __/ s = Transistors (000) |
| o Clock Speed (MHz)

BioSuperComputing Winter School 50 Se* il (RN

2014/01/23 o 12014 ! 1 1 I
1970 1975 1980 1985 1990 1995 2000 2005 2010




ISLiM

10

1

May-05 Oct-06 Feb-08 Jul-09 Nov-10 Apr-12

* B

Wa7H

Intel DY —/N\—FHT7OtvyHY: Z DD AM

Xeon

£ e o ¥,

2014/01/23

o

.-

u

Aug-13 Dec-1

2

RIMEN
Phi
70 250 0.3
X
“ENE A X
60 X
200 | XEAMEIEH R oz
o UM Ll
'I_E?] X 0.2 \;]_
“ 450 A—A A A %-
40L| % % X m
\i 4 A AAx2 X 4 0.15 ‘m_
. >< )
30%' gg X X @F
100 X ~
X A A A [Hﬂi
A X A A 0.1 tli'
20 >@< %
50
X 0.05
10 A
0 0 0
4 May-05 Oct-06 Feb-08 Jul-09 Nov-10 Apr-12 Aug-13 Dec-14

BioSuperComputing Winter School

2014



(L
|sdm 70Dt‘y4j'd)|‘b>|:

o FIUDRA—H OB TR AR
JatyYOEREIEZ DD AR

— Many core 5[
- EREtFEMELTOTEZEEM,
« JHEBNZTITAH=0. FHLYLEFEEITIEL

— ETRERESEA M
- FEE#IE3-4GHz
o AT7HIFHRRICIEM, EHLEBTERERERZMA L

BioSuperComputing Winter School
2014/01/23 2014

2

RIMEN

10



ISLiM

2014/01/23

Rank

c

Site
National Super Computer

Ceonter in Guangzhou
China

DOE/SC/Oak Ridge
National Laboratory
United States

DOENNSA/LLNL
Unitoed States

RIKEN Advanced Instituie
for Computational Science
(nCS)

Japan

DOE/SC/Argonne National
Laboratory

United States

Swiss National
Supercomputing Centre
(CsCy)

Switzerland

Texas Advanced
Computing Center/Univ. of
Toxas

United States
Forschungszentrum
Juelch (FZ))

Germany

DOE/NNSA/LLNL
United States

Labniz Rechenzentrum
Germany

TOD1 Oa)fﬁ,’lﬁ ng.u

Rmax Rpeak Power
System Cores (TFlopis) (TFlopds) (kW)
Tianhe-2 (MilkyWay-2) - TH-IVB-FEP Cluster, 3,120,000 33,862.7 54,902.4 17,808 77t5

Intel Xoon E5.2692 12C 2.200GHz, TH Express-
2[INEeor PR 3TSTP] € L—~A
o0

Titan - Cray XK7 , Opteron 6274 16C 2.200G} = . 7.112.5 8,209

Cray Gemini interconnect
Cray Inc.

Sequoia - BlueGena/Q, Power BQC 16C 1.60 1,572,864 17,1732 20,132.7
GHz, Custom
1BM

K computer, SPARCE4 Vlifx 2, 0GHz, Tofu
interconnect
Fujtsu

Mira - BlueGena/Q, Power BQC 16C 1.60GHz,
Custom
I1BM

Piz Daint - Cray XC30, Xoon E
2.600GHz, Anes intarconnect
Cray Inc.

3,945

5.2670 8C 6,271.0 7,7889 2325

Stampede - PowarEdge 03220, Xeon E5-268 462,462 5,168.1 8,520.1 4,510
8C 2.700GHz. Infiniband F
SE10P

De!

JUQUEEN - BlueGena/Q, Power BQC 16C 458,752 5,0089 58720 2,301
1.600GHz, Custom Intarconnect
I1BM

Vulcan - BlueGeona'Q, Power BQC 16C 303,216 42933 5,0332 1972
1.600GHz, Custom Intarconnect
1BM

SuperMUC - DataPlex DX360M4, Xeon ES-2680 147,456 2,897.0 3,185.1 3,423
8C 2.70GHz, Infiniband FDR
1BM
BioSuperComputing Winter School
2014 11
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Top 10 of Greend00 -4

ETT7IEIL—E4E

Computer*

Green500
_

10

2014/01/23

4,503.17

3,631.86

3,517.84

3,185.91

3,130.95

3,068.71

2,702.16

2,629.10

2,629.10

2,358.69

GSIC Center, Tokyo Institute of
Technology

Cambridge University

Center for Computational
Sciences, University of Tsukuba

Swiss National Supercomputing
Centre (CSCS)

ROMEO HPC Center -
Champagne-Ardenne

GSIC Center, Tokyo Institute of
Technology

University of Arizona

Max-Planck-Gesellschatt MPUIPP

Financial Institution

CSIRO

TSUBAME-KFC - LX 1U-4GPU/104Re-1G Cluster, Intel Xeon E5-

2620v2 6C 2.100GHz, Infiniband FOR [RUIDIARZ04) R
Wilkes - Dell T620 Cluster, Intel Xeon E5-2630v2 6C 2.600GHz,
2 5262

Infiniband Fom

HA-PACS TCA - Cray 3623G4-SM Cluster, Intel Xeon E5-2680v2 10C 7877

2.800GHz, Infiniband QDRINVIDIA K20x s

Piz Daint - Cray XC30, Xeon E5-2670 8C 2.600GHz, Aries interconnect

Level 3 measurement data avallable

romeo - Bull R421-E3 Cluster, Intel Xeon E5-2650v2 8C 2.600GHz, 81.41

iniand FOR (VDRRZG) |

TSUBAME 2.5 - Cluster Platform SL390s G7, Xeon X5670 6C 92254

2.930GHz, Infiniband QDR [RYIDIAR20X] :

IDataPlex DX360M4, Intel Xeon E5-2650v2 BC 2.600GHz, Infiniband 53.62

FDR14[NVIDIA K20X! 3

nDataPlex DX360M4, Intel Xeon E5-2680v2 10C 2.800GHz, Infiniband, 269.94

iDataPlex DX360M4, Intel Xeon E5-2680v2 10C 2.800GHz, Infiniband, 55.62
(e |

CSIRO GPU Cluster - Nitro G16 3GPU, Xeon E5-2650 8C 2.000GHz, 71.01

Infiniband FDR_. T8 R20Mm |

BioSuperComputing Winter School
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2. [
isLim FTDEE. ENETNDEREE? s
B HATE S TRBLESET BE,

B HIE100MW
“2015” “2018” Difference
2010 &
2018

System peak 2 Pflop/s 200 Pflop/s 1 Eflop/sec 0O(1000)
Power 6 MW 15 MW ~20 MW
System memory | 0.3PB 5PB 32-64 PB 0(100)
Node 125GF 0.5TF T TF 1TF 10TF 0(10) -
performance 0(100)
Node memory 25GB/s 0.1 1TB/sec | 0.4TB/sec | 4 TB/sec 0(100)
BW TB/sec
Node 12 0(100) 0(1,000) 0O(1,000) 0(10,000) 0(100) -
concurrency 0O(1000)
Total 225,000 0(108) 0(109) 0(10,000)
Concurrency
Total Node 1.5GBI/s 20 GB/sec 200 GB/sec 0(100)
Interconnect
BW
MTTI days O(1day) O(1 day) -0(10)
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