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Current Trends in High Performance Computing
and Challenges for the Future

Jack Dongarra
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Abstract :

In this talk we examine how high performance computing has changed over the last 10-year and look
toward the future in terms of trends. These changes have had and will continue to have a major
impact on our numerical scientific software. A new generation of software libraries and algorithms
are needed for the effective and reliable use of (wide area) dynamic, distributed and parallel
environments. Some of the software and algorithm challenges have already been encountered,
such as management of communication and memory hierarchies through a combination of compile
-time and run- time techniques, but the increased scale of computation, depth of memory hierarchies,
range of latencies, and increased run--time environment variability will make these problems much
harder. We will focus on the redesign of software to fit multicore architectures.

Keyword :
High Performance Computing, Multicore, numerical software, algorithms, parallel computing

Profile:

Brief History :

Jack Dongarra received a Bachelor of Science in Mathematics from Chicago State University in 1972
and a Master of Science in Computer Science from the lllinois Institute of Technology in 1973. He
received his Ph.D. in Applied Mathematics from the University of New Mexico in 1980. He worked at
the Argonne National Laboratory until 1989, becoming a senior scientist. He now holds an
appointment as University Distinguished Professor of Computer Science in the Computer Science
Department at the University of Tennessee and holds the title of Distinguished Research Staff in the
Computer Science and Mathematics Division at Oak Ridge National Laboratory (ORNL), Turing
Fellow at Manchester University, and an Adjunct Professor in the Computer Science Department at
Rice University. He is the director of the Innovative Computing Laboratory at the University of
Tennessee. He is also the director of the Center for Information Technology Research at the
University of Tennessee which coordinates and facilitates IT research efforts at the University.

Field of research :

He specializes in numerical algorithms in linear algebra, parallel computing, the use of
advanced-computer architectures, programming methodology, and tools for parallel computers. His
research includes the development, testing and documentation of high quality mathematical software.
He has contributed to the design and implementation of the following open source software packages
and systems: EISPACK, LINPACK, the BLAS, LAPACK, ScaLAPACK, Netlib, PVM, MPI, NetSolve,
Top500, ATLAS, and PAPI. He has published approximately 200 articles, papers, reports and
technical memoranda and he is coauthor of several books.

Academic society, Award, Book, etc. :

H He was awarded the IEEE Sid Fernbach Award in 2004 for his contributions in the application of
high performance computers using innovative approaches and in 2008 he was the recipient of the
first IEEE Medal of Excellence in Scalable Computing. He is a Fellow of the AAAS, ACM, IEEE, and
SIAM and a member of the National Academy of Engineering.
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< Performance Development
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o 1 GFlop/s; 1988; Cray Y-MP; 8 Processors
O Static finite element analysis
o 1 TFlop/s; 1998; Cray T3E; 1024 Processors

O Modeling of metallic magnet atoms, using a
variation of the locally self-consistent multiple
scattering method.

o 1 PFlop/s; 2008; Cray XT5; 1.5x105 Processors

O Superconductive materials

o 1 EFlop/s; ~2018;
(10 threads)

2; 1x107 Processors




Performance Development in Top500 Processors Used in Supercomputers
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Distribution of the Top500
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Rank 13

15 Systems on Top 500 in Japan

ank_ocation Manuf _Jachine Year | Cores | Rmax | Rpeak
frhe Earth
22 isimulator center | NEC _[arth simulator 2009 | 1280 | 122400 | 131072
Fujitsu FX1, Quadcore SPARC64 VI1 2.52 GHz,
28 baxa Fujitsu DDR 2009 | 12032 | 110600 | 121282
inst of Phy & PRIMERGY RX200SS Cluster, Xeon X5570 2.93GHz,
40 [chem. Res (RIKEN)| Fujitsu_[infiniband DDR 2009 | 8256 | 87890 | 96760
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Fujitsu Cluster HX600, Opteron Quad Core, 2.3 GHz.
78 ikyoto universit Fujitsu 2008 | 6656 | 50510 | 61235
National Inst for
93 |vaterials Science | S6T _ISGI Altix ICE 8200EX, Xeon X5560 quad core 2.8 GHz | 2009 | 4096 | 42690 | 45875
Nat Astro Obs of
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High Energy Acc
398 Research org 7kek| IBM leServer Blue Gene Solution 2006 | 8192 | 18665 | 22037
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D) LANL Roadrunner
A Petascale System in 2008

= 13,000 Cell HPC chips

= 1.33 PetaFlop/s (from Cell)
= 7,000 dual-core Opterons
= 122,000 cores

“Connected Unit” cluster
192 Opteron nodes
(180 w/ 2 dual-Cell blades
connected w/ 4 PCle x8

17 clusters
o o o

2nd stage InfiniBand 4x DDR interconnect
(18 sets of 12 links to 8 switches)

2nd stage InfiniBand interconnect (8 switches)

Based on the 100 Gflop/s (DP) Cell chip

Hybrid Design (2 kinds of chips & 3 kinds of cores)
Programming required at 3 levels.

pual Core Opteron Chip

i
~
o

ORNL’s Newest System Jaguar XT5

Will be upgraded this

daguar System with » 254K
Peak Performance 1,645 AMD Istanbul Cores.
AMD Opteron Cores 181,504 15%17 31,328

System Memory (TB) 362 300 62

Disk Bandwidth (6B/s) 284 240 44

Disk Space (TB) 10,750 | 10,000 | 750

Interconnect Bandwidth (TB/s) 532 374 157

ORNL/UTK Computer Power Cost Projections
2008-2012
* Over the next 5 years
ORNL/UTK will deploy WL Corapatng Fower Presecbom
2 large Petascale El
systems o
* Using 15 MW today e
* By 2012 close to s - = Compuers
50MwW!! H
» Power costs close to H
$10M today. ™
» Cost estimates based 0| I I
0.07 KwH
on$ per Kwl ,
Power becomes the architectural >$10M >$20M > $30M
driver for future large systems Cost Per Year
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< Something’s Happening Here...

10,000,000 T . - T
From K. Olukotun, L. Hammond, H. | 1 “
Sutter, and B. Smith | .+ = Inthe “old
e T T ] days” it was:
A hardware issue just became a each year
iwa.c00 1= software problem processors
| would become
10,000 ! faster

= Today the clock
—_— speed is fixed or

' getting slower

« Things are still

1wo .
doubling every
18 -24 months
¥ | = Moore’s Law

reinterpretated.
% » Clack ;,...,‘:,m,, = Number of cores

S EEIEAT 0 double every

o srotices il 18-24 months

18
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< Moore’s Law Reinterpreted

= Number of cores per chip doubles
every 2 year, while clock speed
decreases (not increases).
= Need to deal with systems with millions
of concurrent threads

« Future generation will have billions of
threads!

= Need to be able to easily replace inter-
chip parallelism with intro-chip
parallelism
« Number of threads of execution
doubles every 2 year 0

£ Today’s Multicores

282 use Quad-Core
204 use Dual-Core
3 use Nona-core

99% of Top500 Systems Are Based on Multicore
FE o3

'_Ir-;t‘el Polaris [ex;;;r'\rn:enlal]
(80 cores)

AMD Istambul (6 cores)

|BM BG/P (4 cores)

< What’s Next?

Mixed:Lage- s
Al konge Core: and: i
Smalll€one: =

s 2

- -

W

{\
<~ Commaodity

i Different Classes of
Many Floating- Brwinnic 190G :

Point Cores — Chips
Home

Games / Graphics
Business
Scientific

21

 Moore’s “Law” favored consumer
commodities
= Economics drove enormous improvements
= Specialized processors and mainframes faltered
= Custom HPC hardware largely disappeared
= Hard to compete against 50%/year improvement
« Implications
= Consumer product space defines outcomes
= |t does not always go where we hope or expect
= Research environments track commercial trends
= Driven by market economics
= Think about processors, clusters, commodity

storage 2

{\
< Future Computer Systems
= Most likely be a hybrid design

= Think standard multicore chips and
accelerator (GPUs)

» Today accelerators are attached <9
< Next generation more integrated
 Intel’s Larrabee in 2010 =]
= 8,16,32,0r 64 x86 cores
« AMD’s Fusion in 2011
= Multicore with embedded graphics ATI
< Nvidia’s plans?

Intel Larrabee

{\
<= Architecture of Interest

* Manycore chip
e Composed of hybrid cores
= Some general purpose
= Some graphics
= Some floating point

'R N
Doooooood
ogooooooog

e el

24
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<= Architecture of Interest

» Board
composed of
multiple chips
sharing
memory

25
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<= Architecture of Interest

* Rack composed
of multiple
boards

= |=
-,” | | i | |

{\
<= Architecture of Interest

= A room full of these racks

UL _

ueel

* Think millions of cores

UL —
BORD -

{\
Major Changes to Software

e Must rethink the design of our
software

= Another disruptive technology

« Similar to what happened with cluster
computing and message passing

= Rethink and rewrite the applications,
algorithms, and software
= Numerical libraries for example will
change
= For example, both LAPACK and

ScaLAPACK will undergo major changes
to accommodate this

£ Quasi Mainstream
| Programming Models

« C, Fortran, C++ and MPI

e OpenMP, pthreads

« (CUDA, RapidMind, Cn) = OpenCL

* PGAS (UPC, CAF, Titanium)

« HPCS Languages (Chapel, Fortress, X10)
« HPC Research Languages and Runtime

« HLL (Parallel Matlab, Grid Mathematica,
etc.)

{\
<~ DOE Office of Science Next System

< DOE's requirement for 20-40 PF of
compute capability split between the
Oak Ridge and Argonne LCF centers

« ORNL's proposed system will be
based on accelerator
technology includes software
development environment

« Plans are to deploy the system in late
2011 with users getting access in
2012

29
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< Sequoia LLNL

ASC

Diverse usage models drive
platform and simulation
environment requirements
= Will be 2D ultra-res and 3D high-res
Quantification of Uncertainty
engine
= 3D Science capability for known
unknowns and unknown unknowns

Peak 20 petaFLOP/s

« IBMBG/Q

« Target production 2011-2016

* Sequoia Component Scaling
= Memory B:F =0.08
= Mem BWB:F=0.2

Crustors = Link BWB:F=0.1

o e R = Min Bisect B:F = 0.03
= SAN BW GB/:PF/s = 25.6
= Fis peak FLOP/s

¥ 2010111

Soquoia
Computo
N

132 Gils Deliversd W | ©
258 P RAID Dish

SAN Federated Switch

Sequaia Targots
24x Purple on IDC
20x BGL on Scence
512 GBis Delvared Lustn BW
100% BW 10 100 & 50% of CN
5% BW to 25% of CN

Sequoia

50 P8 RAIDS Disk
S70x 1BA 4x ODR
1.284x10G0E

50 P RAN) Disk

IBA 4x QDR 10 GLE 1 GbE
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e NSF University of lllinois; Blue Waters

Blue Waters will be the powerhouse of the National Science
Foundation’s strategy to support supercomputers for
scientists nationwide

T
1

Ranger TACC/U of 504 Tflop/s peak per second
T { Texas
2 Kraken NICS/U of 1 Pflops peak per second
Tennessee
Campuses
T across the U.S. | Several sites 50-100 Tflops peak per second
3

Pe

NSF University of lllinois; Blue Waters

Blue Waters - Main Characteristics

e Hardware:
= Processor: IBM Power7 multicore architecture

= 8 cores per chip

= 32 Gflop/s per core; 256 Gflop/s chip
More than 200,000 cores will be available
Capable of simultaneous multithreading (SMT)
Vector multimedia extension capability (VMX)
Four or more floating-point operations per cycle
Multiple levels of cache - L1, L2, shared L3
32 GB+ memory per SMP, 2 GB+ per core
16+ cores per SMP
10+ Petabytes of disk storage
Network interconnect with RDMA technology

33

¢ DARPA’s RFI on Ubiquitous High
“" Performance Computing

* 1 PFLOP/S HPL, air-cooled,
single 19-inch cabinet
ExtremeScale system.

« The power budget for the cabinet is 57 kW, including cooling.

« Achieve 50 GFLOPS/W for the High-Performance Linpack (HPL)
benchmark.

* The system design should provide high performance for
scientific and engineering applications.

* The system should be a highly programmable system that
does not require the application developer to directly manage
the complexity of the system to achieve high performance.

* The system must explicitly show a high degree of innovation
and software and hardware co-design throughout the life of
the program.

= 5 phases;

= 1) conceptual designs; 2) execution model; 3) full-scale simulation; 4)
delivery; 5) modify and refine.

{\
< Exascale Computing

.

Exascale systems are likely feasible by 2017+2

10-100 Million processing elements (cores or
mini-cores) with chips perhaps as dense as
1,000 cores per socket, clock rates will grow
more slowly

3D packaging likely

Large-scale optics based interconnects
10-100 PB of aggregate memory
Hardware and software based fault management
Heterogeneous cores

Performance per watt — stretch goal 100 GF/watt of
sustained performance = >> 10 - 100 MW Exascale system
< Power, area and capital costs will be significantly higher
than for today’s fastest systems

.

.

Google: exascale computing study 35
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< |ESP: The Need

« The largest scale systems are
becoming more complex, with
designs supported by consortium

» The software community has responded slowly
= Significant architectural changes evolving
= Software must dramatically change

* Our ad hoc community coordinates poorly,
both with other software components and
with the vendors

= Computational science could achieve more with
improved development and coordination




n =
< A Call to Action

« Hardware has changed dramatically while software
ecosystem has remained stagnant

= Previous approaches have not looked at co-design of
multiple levels in the system software stack (OS, runtime,
compiler, libraries, application frameworks)

= Need to exploit new hardware trends (e.g., manycore,
heterogeneity) that cannot be handled by existing software
stack, memory per socket trends

« Emerging software technologies exist, but have not been
fully integrated with system software, e.g., UPC, Cilk,
CUDA, HPCS

= Community codes unprepared for sea change in
architectures

« No global evaluation of key missing components

37
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< |ESP Goal

Improve the world’s simulation and modeling
capability by improving the coordination and
development of the HPC software environment

Workshops:

Build an international plan for
developing the next generation open
source software for scientific high-
performance computing

£ Wh We Are Tod £ All of these issues add programming
L - L - -
ere vwe Are 10day. complication
= Assertion: data structure design and data motion
O SCO08 (Austin TX) meeting to generate interest — Nov 2008 minimization have
O DOE’s Office of Science funding * more impact on performance than instruction ordering
O US meeting April 6-8, 2009 = But, these are both architecture specific!
O 65 people Apr 2009 - Resilience: DARPA exascale report has component failure
O NSF’s Office of Cyberinfrastructure funding 35-39 mins
O European meeting June 28-29, 2009 = Message delivery failure in MPI-3
O 70 people Jun 2009 = Dead node detection and recovery
O Draft Roadmap = Needs to be integrated from the hardware through the
O Outline Report application
O Asian meeting (Tsukuba Japan) October 18-20, 2009 e Soft error tolerance
O Refine roadmap = If we assume any operation can give incorrect results, can
O Refine Report we make more robust algorithms?
O SC09 (Portland OR) BOF to inform others Oct 2009 = Can we better protect high-order bits?
0 Public Comment « Some hardware support libraries are only available in
O Draft Report presented certain programming languages, and some programming
Nov 2000 models only on certain hardware
- L
\/ 39 40
2 2

< Conclusions

= For the last decade or more, the research
investment strategy has been
overwhelmingly biased in favor of hardware.

= This strategy needs to be rebalanced -
barriers to progress are increasingly on the
software side.

= Moreover, the return on investment is more
favorable to software.

= Hardware has a half-life measured in years, while
software has a half-life measured in decades.
High Performance Ecosystem out of balance

= Hardware, OS, Compilers, Software, Algorithms, Applications
= No Moore’s Law for software, algorithms and applications

41

<= Collaborators / Support

Employment opportunities for

Microsoft
post-docs in the ICL group ‘D
at Tennessee ‘_\Thc MathWorks
* Top500

Hans Meuer, Prometeus
— Erich Strohmaier, LBNL/NERSC
Horst Simon, LBNL/NERSC

C.Ougle

42




& If you are wondering what’s beyond

cL

ExaFlops

Mega, Giga, Tera,
Peta, Exa, Zetta ...

103
108
10°
1012
1015
1019
1021

kilo
mega
giga
tera
peta
exa
zetta

1024
1027
10830
1033
1036
1083°
1042
1045
1048
1051
1054
1057
1060
1063

yotta
xona
weka
vunda

treda
sorta
rinta
quexa
pepta
ocha
nena
minga
luma

43




%\t 51 B B #H & &I

¥

# : i
SS#HHPC Z74+—35.42009 &Y

JAXA Supercomputer System(JSS)D
MBI ETEREEE




YALOTAT49I SV RTLRARES 2000 £ 9 A 3H
SS #f HPC 74—5. 2009

JAXA Supercomputer System (JSS) DA EMEREIE

B A, BRRET. RES—
FHMEFR TR RS

[7TRMZOH]

ST ZE T SE B AR (JAXA) 13221 40 B IS B 1T D AL R 22 B 22 - I £ T2 — B L TITo T
BY., ATE OFH B O RO B IERERH R Z VBB 2 L — v a HIRO AL, &
PEBE - mHERE 70 KRB G R S 27 A0 He i i FH 2 MR A ICHEE L TX7=, 2009 4 4 AT JAXA
Supercomputer System (KL T JSS) EFEIZNAH LW AT A0 ENZBRAA LT, JSS 13HIEROFH Rk A
T LINOERSNDH, EOH I E Ll FX1 T, v /v F a7 AhT7—CPU %\ 7 KB 5155
FETHY, 120TFlops OFEFETHFMEAEL 94TByte D EREBEA BEF->TD,

AFEFTIL JSS OMEEA BN T HEFIRC, JAXA TEBICH I COABZEFEH 5823175 CED
70y T M DT RIS RS DWW T 975,

[F—7—F]

1.

WLZE T . CFDGHRFA S5 KB SIR G, ~vF a7

[ZC®HIC

TR 2SI 2 B SRS (JAXA) 13, ATZ2 17 40 BF O SRR 220 BB T - AU £ T — B L TIT->T0%
3. HITE ORI FEAT (NAL) 36 KOVFHEHAIFZERT (ISAS) DR G Sk B HR A IV 723
Es 2l —ra O BEMZRFL | @VERE - EHEREZR RGBS 2T A DA - 18 A FE Y
AT TET, MUZEFH DB RB T DBIE S 2L — S a T KBBR8 26 < . RIS R BB 51 5
B AT DS EES N CET, Bl 2 ROt AEDVORNOMBIT LI EY, FHEEORELLBIC
FOBHEIIOIR | B 2 I X2 A D0 OREPEIRAVIRNT 0, KOBEMEZR BRG0PV N TR E UG E
PESRBETR N2 E DR ~ETRIBL Qo Tz, ZRHDOIET 2l — a2 AT M 7E DY — L EL TR
T3, EEEOMIZERE, nlroh, 2 - REHE ORG-S STV D, FRZEBEOSHICE
WTIEBIRICB W CRAE LN TS T DT TS 2—T 4 7 R BRI AL DO T 7 o —F b
BT TIEH DMK FHEE LT LW o T iR B T v A2 BT D822 b 5 I 7 RL T D,

JAXA A RIEZICIBNT, B 3 BRI O ORME THEG L FIAG . A H AR 3 & CRBURE
B AT LHE A ST, 16, A O AT ANEERIFHIC) — 27 7 h 50252812 2009
o4 AICH LW KBS G FRE S 27 258 AL, HILEA LG EMY A7 A1 JSS (JAXA
Supercomputer System) EFETAL, JAXA FEAZRHD TOEANLLRDHZEND, ZIVETU RIZFHBTRED
JAXA FHEAOARREI2IE B L OFH =B A O RVI7AL & ST (One-JAXA) ZE XL THEA
Sz,

AR TIE, TFEDICJSS DR FHEAB LY 2T A&, B IOV TR T 5, IRIT JAXA TF]
SN TCOABIFEMZ CED 7’127 5% iz ]SS OPEREFEARSE AT DV TS 45, %12 JSS EARF
IR ST KRBT IOV TR T 5,



RETRE

JSS BT DITHTZ0E 2 R A ED DO AT o7z, T IHT AT AOFBEBEEL TRBUE SMP Offivy
XN o727, JAXA TIESMP /—RNIZHEE DO Y a7 NRAET DIEHAZIT> Q2o a7 OF R EEE O
SNNFA LT, FHERR O ST T 0S T AT a2 — = P ORI EE L) 1% F TR AR R 34T
RILIDT, FTAFRYNURIEA R, HEIAL Y REAa AT ORES) AN A7 —CPU DR R0 L
DI MERE DS el o7z,

AN, EDOIH it R (A MERE RN AEUMERREA, MEMERER) 28 AT RENTRHTL7
V=2 a AR EURAFET Do BLD JAXA 77V ELTLF R 7 7Y Capacity #HHEAGIAB IO
277V Capability FHRIFADZHETHND, LFRIINTAN V3R EANN—T Y NEHAOLDOTH
0. FARRITVERECREE N BRSNS, DO T ZVIFESLITHX G R AR OREWT 7Y GHER) |
HEAMORENT T G@EER)  AERIT 7 EAAMDRERT 7V (AEVR)ITHEATED, EDOIO7 %
PeZFG oI T T Ve — R T DI TEERD/ AT A (AR, ATVMERE, Ry b —271EE) 23D 6
LD JSS TIELFRT VAR INIBEZ O DFINRT 7 VCHEUE T 258t E L, 2O iR MRS A
EUMEREZ BT DILELT,

BN A7 BT, JeERRE CIIEN 2 o720 HERFEHL (T, 2 AR) BREREAM - AT LD
BRITOIEVREECHY | REREh X LR 2 D Db il IR E O RrE T e Ze Bl A B T2 L E R B D,
BIZIE/—RIEREE L TUIAEIMERECE ) - 2 AN B 2 D KBS AEY /— RIS A FI7Z2/ N ) —
RZEBIRLTe, FfEE R NI —7 (A2 —ax I NIZBEAL T, BRI 0 AN — Ry NT — 2713 &1
IZHEBLERTHY , 77y W)= 8 BEDOHH L B A /s LT,

BB A AT LU COERITIGZ D120, ZNETOT 0l T LDk i Hih D OFIEME I
Bl L7z, ZD7DEPEITITT b REERECT 7 A VY — B RE A A T D A o AT L0458
T AW URAT LERLE LT, IV aT ~ORLEN /NIRRT ML AT BB A LT, SHIT,
AT AERCIENE B a7 TR T PV DOBMET Ty b7 4 — bEE 250 RERATVEMER T 54 2
FVVAT NI THY, ERBRAEVEH THIAARI AT LEREAET22LE LT,

VAT LIERL &

Bk 2 7 SR TE B SORFTOFE R, JSS 1EX 1 BLOFE 1 TRIERICKHEBSGH RS AT L ARL—
VAT LI AEVAT A BERFIHY AT L BT — 2 IRA T AT DR EBE OGRS AT L0
HRENDEA T AT Ll oTe, HERT AT MR TEEMERRII 154, ATVETIZR 25 %5, AR —
TETIIN 20 EREE OMEREZ A T D, JSS D TEERDF RO PR L/R DT AT AT KBNS G
AT LTHY, v/ F 37 CPU Z_N—RZLZE il FXL SN D A0 7 — B85 R Tk s 5,
KIFREAEFIGHF RS 2T 2 120TFlops OB MERES 94TBytes D EreiEEE A A T M(AL) VAT L
& 15TFlops, 6TBytes @ P(F Ry =JhK) VAT AN IND, ZNE DD AT A TIE Integrated
Multicore Parallel ArChiTecture (IMPACT) EREIZNA~/VF 27 CPU W BHICFIH T2 03 &
TWD, IMPACT 257 [N —Ry =7 \U7 W Fry o, BEIAL Y RIFSaL S AZ0E
(RO RERAMERE DY e o T AL EE AL R F1] (R — 7 T DAL REFIE) T 437t RE DS I FF
TEDHIITheoTe, 2D, 2—W— 2/ — xR 52 H it sifbL . /—RWIE IMPACT
O BN RATIZED HEIAL Y RSN ENE DLV ST T L EHELEL T D,



HHARVVAT AL ATV —al) VAT LAEMEINS 1 TBytes OIGAEVEHT5HE i@
SPARC Enterprise M9000 & V («RXZ7 L) AT LAEMETILD, 4.8TFlops DEEFENEREE 3TBytes D ATV A
35 NEC BRIV AT L SX-9 035705, ZNHD Y AT AT E KR AT Z R ORI R A TE)
LC, B Z & TIN5 a7 Rk T 7, NI MLya” OFATICHI S L5,

AR =DV AT WELTIXT A AZIN 1PByte, 7—7 4 10PByte 0T 4 A7 ~D# EFTHREMEREIX
28GByte/s (ioperf (ZEVITE) &72D, TAAZ LT —TIIHEBRIAR —FHL (HSM) 247> T 5,

JSS OEFE TN FETICHREINDT20 A H | HLE ., AR E O RILAII =R > 2
TAL(L VAT L) ERELTC, ZAUIB IS DOFENEZ A LT DD T, 77 AV — 07
VR ROEEE R, FAMRETCOT 7 ANV E LB T 57280 J-SPACE LRI 53T —
AT AT DERER LT, FA S AT DEBPE DT AT LLlZ A Ay oy TN L @R Xy T — 7T
PEi S Cnd,

JSS BMAIZHTD, BEFRRBITIIAVE SRV R 2R Lz, iz CldmiiRom L4 B
U, HERAEEBB IERR, 2805 7 Mk B3 D72 L TRR S R A TELOTET 2 BEL . AR S E5 5578
T REAToTo, 2RI EB NI DZEFADO MOV HT A LD ZE OB oM S DR &, BN
EREORF2CBRBICEEB L= b DL/ > TN,

AML—YER HEI IVE
Starﬂgepqrr Compute Engine Part
I

M>AT L

Storage Systern Maln System Project Systerm

pry— [NEC SX-9] [Fujitsu FX1] [Fujitsu FX1]
T * 1 PBytes HIRENSIE: 4.8 7rL0PS SE M9000] cruse: 3008 cpPu crusm: 384 cpu

ERANEE 15 TrLops

Peak Performance

ERMNEE 120 TrLOPS
EXTUR: g4 1g EXTUR: g1

JSSnet (VPN, Gigabit Ethernet)

H—hzo J-SPACE | J-SPACE |L AT L J-SPACE | L ¥ 7L | J-SPACE
an A 0-—7.

Gateway

7 — E ISR

Topo 10PBytes BXTUE:  3Tp Fesk Prfarmance 12 TFLOPS
‘otal Memory .

7535101 ﬁm 3te

[ETERNUS2K] SOv Ty e
[SE M3000] Front-end Function
L]

o-3h

722:] TBytes | = #22:] TBytes

Local System
Al HEm
Kakuda Sagamihara

722:] TBytes

S
Tsukuba

[HPSS]
rao: 3 TBytes

Local System

77 60TBytes

1 : JAXA Supercomputer System (JSS) D AT AlX|



4.

#1:JSS O EHFHEME S AT I

4 Fp JSS-M/P JSS-A Jss-v
CPU Scalar Scalar Vector
System MPP SMP SMP
J— N 3008/384 1 3
CPU// — K 1 32 16
Core/CPU 4 4 1
AMERMERE  [TFlops] 120/15 1.2 4.8
J— FERE  [GFlops] 40 40 1, 600
wAEYU  [TBytes] 94/6 1 3
J—RAEY [GBytes] 32/16 1 1
ATy — B FXl B+ SEM9000 NEC SX-9
T4 RE T
JSSIZB I DFHR D TR E/2 D JSS-M/VITBIL TEERIT JAXA THON TV HET T —i a8

MERESEA 21T -7, £ JSS-M
alb HENHE DIV CWAERT 7 r—
PA B AN RENWT F VA r— a0 P2 EPSIZIAERY T 7B RAMBRENT U r— a0 P3 TRy

TV r—

U — BN RENT SV — a3 Thod,

a9 Th

WK ARHIIZOWTRT, ] 2 17 7V —ar O EE RS, EO7
arOEHELL T PL &

. KT TVr—

R 2JAXA T IV r—rar—

af | A FHE T a5k e
PL | JkJE FDMHEZERCS | MPT+TMpAcT | BORABTZSK

P2 | % FVM (H63) wpI+iMpacT | ATV T EARRAKR
P3 AL FDM+FFT YPE+IMPACT | ¥ MY —Z AR
P4 75 X~ | PIC WPT+TMPACT | BERAG IR

P5 | iz POl GERES) | wprenwpact | ATV 77 EARAA

7 3 THER K2R T, ZORERIY JAXA OET 7V —a4Z% LT JSS-M 1E CeNSS (T A7 A
Td2 NS-II OFREEIERE) Z0FEIT 10 5Ll L@ THLZEN DD, P2 & P4 OYERE
2, P2 X BHBYAL RIS ST OMERER] L _ctfoxl//% N5 DR FH 7 S
AEEOUENERIHEE ZLND, W
BT x L CTHRTAYIC T — Z R 15 A 23 R & <R

P4 /X MPI D5

(xF CeNSS HT 2 %1

IPFF‘?T

72 BIRDOMERELE N EL e o7 E 261D,

MBI E
Wolzleb Bz b, £z
ZP3 WENDIIM T TV —a L RIRD | A
EIFFFREE L7225, JSS-M TlLi@(E
TLARBRW ) (TR MEREE (R 2 5. a7 B4 £, 2ol 2 £5) I~ TE W



# 3 JAXA T L APERERAM

. CeNSS SS-M .
27 crusk | C° J PEREL:
[sec] [sec]

P1 744 1380. 4 143.3 9.63
) 750 1468. 6 91.5 16. 05
P3 512 3517. 0 491.7 7.15
P4 750 3061. 7 193.0 15. 86
P5 750 1447. 2 181.6 8.13
T ] 11. 36

(FHZE ) (10.73)

JAXA DREHIZRET 7V D—>ThH%H UPACS & HIV VT JSS-M OMEREFEATi &1 T -7, UPACS I3 &K,
BB A H— B a—/L VN o7= Fortran90 OREEEZTE F L CIERCE V- IR B 72 FEREIVE TR A4S iR
W7 a7 75 THY, 3 Wt~ VT 7 ay VIEERKR B LOEAHE F2 ]I LN TED, UPACS & WA
— VT T M E K 21T, TS CPU 03 G R A RS A7 — 7 73l ©
1% 729CPU £ T 74% (7 2y 7% A X% 40%) ~96% (7 1y 7% A X% 200%) o7z BUNEFIR R 2R LT,
Ty 7P ARPREL 2D EFARHNAFIVERBIZ B <72 D, filil7en, 7 my 70 1i0% N &3 5 E &I N
(ZRFU GG Bl N3 2720 N BRRELAR D DFEV Ty 7 A XK EL 2D EFAR B2 L
DA =Ny R T D6 THD,

1-1 T T T T T T T
1.08 g
1.08 =
104 .
% Flat-MPI is faster than IMPACT
- & 102} E
8 g
2 E 1
= =
= iy
2 = l
E o 098 B
= =
% % IMPACT is faster than Flat-MPI
Q S o008 .
[1+]
E
£
0.94 J
75 JSS-M (40%) —H— 4 0.02 J
JSs-M (80%) —B—
JSS-M (1002) —©— 09 IMPACT/F-MPL-1CPU —— |]
JSS-M (2007) —A— IMPACT/F-MPI:1331CPUs —lll—
70 T 1 0.88 A A ) I I I I
1 10 100 1000 40 60 80 100 120 140 160 180 200
Number of CPUs Block size
oz — 1
a) A —)L 77 B b) IMPACT &7Z vk MPI @ kg

[X]2: UPACS 1Z%% JSS-M D EfAh

IMPACT &7 MPL O Hifgg 2 [X] 2b)1Z7 3, IMPACT 759 R MPL T, EH N EVWINI A & RSO



B35, B ZIE, CPU NNEHIZE 2 =854 IMPACT O FIPEREIL EH BIESI= 7S AT DRE FITHEAF
FT2M, 77vh MPl Tl —H =PRI EATIZ & TRV SRR IR ¢ 5, —J7, 7'k
AMBEEB 225G IMPACT 137 m AR A D SELHILNTELD T, |/ AW HNZ BN THHE
BEHILDMERVD, 7T vk MPL O%A X7 ot AR a7 H 52 5720 m 7 2 A5 B W CTIMERE
BB RENEE 2 DD, F27 7 VRIORMBEEL TEHRME T O 7y 7 A XN KRELIeHET7 T MPL A3
HRNE2 D, ZHUTATGR L2 IS T my IV A AP K ELIL D LIEE DA — =~y RIS R DD THD,
Ty YA XD 20) Db HEH LD, BURD JSS OB TIZT 7V —ai2b 557 IMPACT
FOb 77k MPL O3B T AERIDSLNRWD, SHERDAT— VT v (a7, /—N ) 2B 2745
A 77N MPL OFRR N2 TEIZEE 2T,

WIZZhE JAXA OREMRT 7FVD—>TH2 LANS3D 2T JSS-M B8I OV JSS-V OFEfi &1 772,
LANS3D V3225 1 43 B C HL r 1N B S 72 SEBR A7 CED 7' "7 T Fortran77 &~ — A A &
b7 a s I 773 2 7 TSI, RIS VR AT FEE S 7 R ) 7 FEAE MR I (R g~
177 L ThHDH, WHNKIZEAL TIEARRNC HBEIAL Y RWEANIZ I D5 A T > Tnd, 7 reRitsi kel
TIE MPL & W R BN — B i L T3 287 m B AIC LD FFHRIT B ER) TRW\W e 22T
13K 8 7 AL TELTZ, 20 LANS3D Z VT JSS-M/V DAL —R 7 v 7 i li& 4T o7, MBS L
THY 3300 IR DFHRME A EEL T, CPU AT LIS LD EHE DO EAFHliL7z, & 4 ICFHA
DR Z 779, JSS-M TIEX IMPACT W T, a2l L CT1~8 7 u v AL THIE & T 7=, T A%
WG C TR 727y 73 EIL, ICPUIZ1 7 vy 7% BN Tz, JSS-V BLTY SSS (BAAES FRARL I T
HH @ NEC # SX-6) TIZ/—RPIZIREL BEIES TAL v RE1~16 (SSS 1X8FT) TEHllZITo7-, &
eI MVEDORER Q5T 320x320x320 2317 2y 7 OFtHEE 160x160x160 7387 v/ DFHHZIT-7,
BIEFE R 3 1RT, X 3a) IXFHRFEFEZ R0, X 3b) 1T A I TR HEE L T-H DO TH
%o ZZ CHEXT B FEAT R R ITFH AR O Wi 4k 2 FI H L 7= CPU DY — 7 PERE CTEIS 72l THY | AT — 7P
REHT-VOFREHEE /RS, ZOT2OZNHDOMO TR T RO L LR U B R Z RO, FHx B9 FAT
hERITIEF OFATRLIT R0 RIS R ESNDEH, 22— —DFFITIT -, FHUBE S o7
AV R’ BHHT-8 T TITFIR RO SRIT2h R 2 bl L7z, X 3b) LY SSS(SX-6)& JSS-M(FX1)TIXFATRhH
T3HFRREDE D ALLIDAY, JS-V(SX-9)& JSS-MEX D) TIEK 2.5 (5L DOE W IHE/ L THNDZED D
DD, F12 JSS-VISX-9IE SSS(SX-6)IZ bR TRI MLV ENHEL 72D EMEREN AL 752 8b 0D,

% 4:LANS3D |2 X 53

_ . " v — 7 MERE (Tay7HAX) . .
AT A e 7S AL R . w“ A |ESY
AT 7 % A= [GFlops] N DIRZAESES
1 40 (320x320x320) x1 IMPACT
JSS-M 2 8 80 (320x320x160) x2
4 16 160 (320x160x160) x4 | MPI+IMPACT
8 32 320 (160x160x160) x8
JSS-V(SX-9) 1 1,2,4,8,16 | 102.4~1638.4 E?{zgﬁégﬁégi ié
(320x320%320) x1 A B3|
X X X
SSS(SX-6) 1 1,2,4,8 9.0~720 (160x160x160) x8




1000 r T - 0.7
Jss-M (FX1.320%) —B— JS8-M (FX1 320 ) =
JSS-V (5X-9,320%) —O— JSS-V (5%-9,320 ) -
SSS (5X-6,320%) —f— SSS (SX-6,320 ) —A—
° JSS-V (5X-9,160%) —%— 06 SX-6 JSS-V (SX-0,160 ) ——
% 5SS (SX-6,160%) —©— SSS (5X-6,160%) —€—
o,
g
100 | . E O0s5f E
= ¥
g FX1 g SX-9
E SX'6 =
= _D
= g o4} .
2 g
z o
=1 Q
= g
3 g
10 | i 2 03f ]
=
w
SX-9
02} J
FX1
o
° 0.1 . L L
1 L L L 1 10 100 1000 10000
1 10 100 1000 10000
Peak performance [Gflops]
Peak performance [GFlops]
=L AA L. L [ ey Lo
a) RTELIRFRE] D g b) FHXIHYFEAT R =R D L

3:LANS3D 2 L5 3 ffi# 5 (JSS-M(FX1), JSS-V(SX-9), SSS(SX-6))

5. KIRIEMEH

JSS BARFIZ JSS-M DHe53% 1 A FEEERIH 32 KBUSLARNT A2 S ha L7z, TR ASIRBHE Fi ok b Fe g
B KBS AL (LSC) | & T RKHRDRL - FHR TR FH 2 MIE R O 4 A IV A ~Fp¢fh 2B kR
DOERIZAT T~ (LSC2) 1D 2 HFTENENDFRMEL R 5 18, A7y — AT v TOWFHLEh A4
(2L AR R O— B Z X517 T, LSCL 1EFHRFREH R 7 LSC2 [ ZAEY R 7 DT T b, EI-l51t.
Zhet, LSC1 TlE 50%55 TH DM, LSC2 1 90%LL LD @ ME L2 ~T-, ZNENOFHFfE RIT M % 0BT
REREREZZHZT TR, TNHOKELIHZ LG BAYINCKERNT T BRI NBOFFE A
FEAR2 HIZHES TIAT CEILI LI AT LAORE BHEERIEFIZEH NI EOERNTHD, 2 LT
(21972 Linpack HPL OFHABAT 7273, ZDOESHIE 60 FEFILL EOm AR EICB W THL N 7 7
HREZEZRTDHZENTE, VAT LD LR EENIET ITE NI LA EFETE, 72385, Linpack (ZBIL T
Rpeak=121.282TFlops (2L T Rmax=110.600 &720) @470 (91.19%) 2~ L7z,

K 5 R BUBARAT O

LSC1 LSC2

A F A 1440 7’ a® A (5760 =17) | 1444 7w A (5776 =27)
B 4.5 R 152 500 {EA1E

%I‘%%E‘*i *%%u\ 58 {L‘ o

A€V :40TB
R 410 R 740 R
HH 7740 | 153TB (25 KEfE) 180TB (4 £ : 430TB, 43 )
FATRIR H A%FEFE 9 8oFR L




\
TN . \ A
AN

\ a2
50

Parallel Efficiency [%)]
Parallel Efficiency [%)]

with IMPACT —— with IMPACT —— \E
without IMPACT —&— without IMPACT —&—
40 T : a0 T :
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000
Number of Cores Number of Cores
a) LSC1 b) LSC2

(X4 : KBEAEHT O FU L ZhZR (A — VT > )

a) LSC1 O#s 5 b) LSC2 Dk H

15 : KHEREAT D7 A1

6. BHYIZ
JAXA OF A/ A AT B (JSSHUTHOUWNT, REHEAR S A7 A0, FIHIVEREREAN . KRBT 6172
EIZHOWTRIT LT, S RITERDMREE, = — W —DF a—= 7 X8| UL AT L0728 %
WD TITL LIFIRIZ, JSS & LT Bl S 2L —a Hific k., JAXA FHEICBIT ARz ntx
HIRO$EHZ B FRL, [HOED | ~DOERkE LI HEREL TF<,
PLE



0%
£

N

§ ; - BR
- -_"__'_____-'.:" « JSSME&ETBRE
JAXA Supercomputer System (JSS) * Y ZTA%EZC%%Z

N EMEEEE - 1ERESTE /8
o KIRIERNT |1

SARE, BHEfT, ME®B— o FHED
(GREMMZEIRZIRI RS

JAXAD LT & JAXAICRITBHEY =AU —Y 3 UK

o ST OY —IU
- FHBEZZEDNIC
- fNZEME, OT v b, B2 - FEHMORET - BE
1 ?E'TEI‘JL BREBOREMB. DX ~EIE. F0Es)
ST DRIF
- ¥EY=2 L/—y 3 VEMOERZERIE
o ERER/T -4, I5LEITHE  REERSHEE

PIO—FOiHTS
- 3ERR

- RRIEHE (BERIRED

e

p—— : - BEHTOEROEH
EMCE ; . s, REl GRtRE)

25 Ty e

IAXAREATE XA =

85 10 15
J #;"’S"fgﬁ’"”’ " PRIVEPOWER JSS“l[FXl 5X9)
[BNAL | vp400 CRAY cvnVAL V92 JSS
Paragon 366
@ Sx4 % \JSS@DRD iy} \\?F\\

RER SX6 |
IBISAS { vppsoy7_—R80UZ "5SS
—YP200__ A UAXARR

NS: Numerical Simulator System, NSE: Numerical Space Engine, SSS: Space Science Simulator

YRFLE NS | NSE | sss
E—2DTFLOPSIE 93 0.5 14
TRESE(Be) | 37 | 05 1
#CPUR 1792 | 64 | 128

o EMBOES 275 | ROV RO




BYZ5A (EICNS) pizss XA

. MABRHS. KNIFESMP_J — R DA
- BRiG8 S
- RO BV RADS—N\DER#R
— MEEENNES 0N
« XEUNY RIBOFRR. BENSI /A SORENTRR
- KIBBEIL v ROBENCLE
s EFREAOTIL - Fa-—ZYINTEREN
. SERBRN 5.
- Y1 FOBIR THDEDHE
< EMBEOIEMEM, BRO—TEE. MARMOHRA
o JAXABS IR

PIUT—yauhEnEs A

PTIEFTIVA)
-I¥% = Z2—Tyh-EBR (Capacityst&EE@)
- FfiRk = MR REER (Capabilityst&EiE@D

« PTUETILE)
- EFIA EHES L
-EFI2: BE%
- EFIB XEUPDOERZ

- EFaUFIUAL ETEDPINCEFTIT DN ? e
-BEBRYIRIIP, STEYRER

PITIVT =3 Uh5DHRR A ERY A EDLDOEKR A

. BHASH - EXEH

- gE@ L (B : 150TFlops)
- XEUMEE (B/F=1)
- IERPIN, PMRICEER
s YRATLEH
- J—RikgE. XEUMEE. XEUEEBL - B3
o =1
- J—FRI&, SMPEOXRE S — hT <TRW
- RRDIWIETIVERELEZRR
- J— FARMIZEENME
- BIERHDREDHE TR

- RERE (FSTILHVDISL. FRENE)
- EREENE, ERIA LD
-REBME (AIX-X, EN. /D
-1—YICxI U CE—Y —ER=REH
< ZRHDSDORAICKT LT
-V LDz PORERE. NBE
- Y RT LADILSRM
- MEEBIRA NG YRR C &

Bl LY RHOB DS KA

o BARRAM

- SIRENAE D, EENBNEDIIBIR

s BNTRIDHRE
- SFBDOFBEIFREDE RIE R IZ R
s BEVILFIP

« J—Fk

- RE ) — FOYER] (XAEUMEE. EH. JAH)
« BERY D=0 (AVH—-DIRD )

- DO\ HEE

2 ZAVANDE 2 E ST

B LXA

+ CPUZENHD
- JOEBEODOMERF TSR IR LEZN
o RIABRITIISTEEN'S1)
- 18/ — FICKRESMPZ AT TARFY
« EH. DR XEUMEE
- :ézgﬁ—CPUOJI%’ET\ NILVFIPEWRICERICRAT D00
FRiEd

. XEUEDY
B IEES T NN RAMH: (TB/TF) =0.6~0.8 (90~
120TB) T+%
- J—BRDOXEUELT, H10GBIFFEIR LI
1§LI§’@3F—I’§J I3 TDEDHIC, Eé&?@ﬁﬁ@;&ﬁ%f D)
(#H100GB) /— FD‘EJL&‘)E)C
- X’E'JI\J Rigl&. B/FEb=1 &I‘EFL/U:IKM\E
. BENWEDD
- :—_\E@@HJL_U)%GI (BED1/4FT) TIHNNIERL,

- EY §3J37!3:7§< BATE1/BYRTLIEE, B
l31/20~1/473§




VAT LB EEH

VAT LB A
HETYYVE
- NIBRUBIEEMY 2T L

- HEXEUSEMY T

M E J ‘I’ﬁ*ﬁ%/ TL)

« ZRL—=I3I2F A po s N
i\ﬂgigtz’fﬁ/_\gﬁ

J5Smet | VPN, Gigabit Ethernet |

ﬁ ﬂ o ﬁ :

« BRNBYRT A
s DT —IHEIYRT A
¢ EERY D—D

14

e AXA

« BARS D 5 ADIERE
- 75— 1 135TFLOPS, RO )L : 48TFLOPS
- REST S5 XDOLINPACKETTIEAE
91.19%
« RAESEEN. BU\BF - BB TICERE
- BHOP—FTUF v BRI | BIROBH
- KIEXEY : 100TBMUE
- KIEZ U= 1 T4 22 1PB. T—J10PB
- HEXEUYRT A ATBHEXEY
« ElRittH S ORBRE
- JSSRw b 1 SINET3. VPNICK B
- D-ALYZTA

HETYYVE e

YRT LB MY 25 A ‘ PYZF A ‘ AV T VYRF A
CPUS 1T 2NS5— N BIb
YRFNIAT MPP SMP
J—F# 3008 ‘ 384 1 3
CPU#/ /—F 1 32 16
J77#/CPU 4 4 4 1
[Ecmpz=i) (12,032) (1536) 128) 48)
E—DH#E[TFlops] 120 15 12 48
(/ —F&®I2D[GFlops]) (40) (40) (40) (1600)
XEUBE[TByte] o4 6 1 3
(/—E®ZD [GBytel) 32 e (1000) (1000)
yo =y ELE o
HRE s1@ FX1 SEM9000 NEC SX-9

T8I VY VED (USS-M/P)
- ELERFX1USRSY
« 3008/ —F (1203237
- SPARC64TM VIl 25GHz. 4377
— 40GFlops. 32GByte@./—
s 945w D
-32/—F 12KW@S v D
FBBO 7y kW= - AU —0XRT
— DDR Infiniband
120TFLOPS. 94TB
- Linpack : 110.6TFLOPS. 91.19%
JSS-PEHYTEY ~ (15TFLOPS)

4/—F@YP—Y

StETYYVE (Uss-mp) 0 KA

Integrated Multicore Parallel ArChiTecture : IMPACT
- DPEN=FDTP/INUP
- B6MB #BL2F vy ¥ )
- BE8IRLw RSO\ S

o RAL—TUMEITEMEEDED ’

o BAEUMAE
- BAEU/NY FIE 40GB/s
- BLTITYY
- BiS#E (FyTFILECO)

P |
o J—RESENUPRY D=0 eilim
- TYEmELIIRI !om,en:;m - Inner looy
- J—RRN-RNUP [ ’
- EESBED/\— KOOI PYR— |

enddo

— OSBIDAHC K DEIEIER




STEIYIVE (USS-A/V) A
- 1 TBORIRBEHEXEUVYY

o BIRIE, JEMHIVIT, BKI3T (RD+
VRIFY 3T mRPT)

+ JSS-A I ELERSEMO000, 1./—F
- SPARC64TM VIl 2.5GHz, 437, 40GF@7y7
- 32CPU(12837) . 1.2TFLOPS
— Fluent, NASTRAN, FIELDVIEW II

« JSS-V I NECRSX-9, 3/—F

A RU—IEB

* DISK : 1PByte
- RAIDS
- 4Gbps FC : 180&

A

28GB/sMI/OtEE
(by ioperf, 270/ — )

- Fvwyv¥a:360GB |

M-system || A-system || L-system |

- gégéB 7200rpm, I I T
_ Infiniband Eth
« =77 10PByte [ i ) I )
- 40XLTO4 RS51 7., SRFSISRFS on Ether
S8XLTO3 RS+ SAM-QFS | | SAM-QFS || SAM-QFS

— 4XTS350051 731,

Solaris10 Solaris10 Solaris10

~ 102 4GFLOPS@CPU 133320 FUsY
- 16CPU, 16TFLOPS = 48TFLOPS, 3TB . 1/OT—/N: : _
— J— RESIZIXSTHEsS — SEMS000X3 FC-SAN SW FC-SAN SW|
-ROBLBIFY3T D e HSM : _ ‘LTO
_ _ RAID x
. - SAM-GFS @
DEIRIEMES RN R

« BRABYRTA (LYRFTL)
FESERNODIOY IV Rk

- BHEOE L
- BEUBRIBELEAR, 2R D

DI TRRCHRZD6
- Bl HE. BER - BNEBEDIRE
. TR =] N — Hzomm
. A1YH—Ry HSINETIHLOE e Hg’f*
RIZT 71 ILRE < s = =
= SRFS on Ether o RIBHIEIY 2T A
N = N
. BUSETOT—SHENTEED - BOERO=R
g — ~ - -System -
BT —9HBIYRTA (VS « BEIC U Z2 8T
- J-SPACE(HPSS) rose et
aabi 2EH | ZREBH e V2T LR
( JSSnet (VPN, Gigabit Etherlnet) on SINET3 | ) e e | | 35;%73];];
L-System L System L-System [C] A B C=A+B
o | P S 20 |1 @&® | 2. 00 | 3. 00
royes I oo, e e Toos ool 5 o5
21 BB | (seus000] B | [sEms000) TBIRE | [se wsooo) o © . o O
2N VIE XA KA

* BFUHLBIRG LEAR
Dk

23

JSS-M (FX1)

Linpack
JAXANY FN—2
UPACS

DYEBERTD




Linpack HPL LXA

s TopS00DS Y F VT [CEONDNYFY—D
- BUETE 1 91.19%
- RISAZERE) | 6085-400 — Ml AER
Top5005 ¥ 4 (EIN%)

| vy I7H [?gleoitj [fpnffis] TQ/IJL

22 |[#ERYTaU—4% | SX-9/E 1,280 | 131,072 | 122,400 | 9338
28 | JAXA FX1 12,032 | 121282 | 110600| 91.19
40 | Btf RX200S5 8,256 96,760 87,890 | 90.83
41 |RIK Sun Fire 31,024 | 163,188 87,010 | 5332
42 | &KX HA8000 12,288 | 113,050 82,984 | 7340
47 | FEKR Xtreme-X3 10,368 95,385 77280 | 81.02

[2009.6 7]
25

IAXARYF =2 S
o IAXADHRKWR P TV T—V3Y

S | IR Fi& 5L

P1 PRI FOM+EZRm | MPHMPACT

P2

P2 A FVM (818 MPRHMPACT

P3 Bl FDM+FFT XPF+MPACT

P4 | IS5XZ¥ PIC MPHMPACT

P5 A FVM GE#i8) | MPHIMPACT

aP3 ‘

T EENS
/ WP AN\
P4
P4 7
*
/| @ e
A o

Low | CPUntensive Memg

26 o ey v o =

JAXAR Y F ¥ —2 XA

JSS-MIZCeNSS(18YATH) [CEEARTT 118 (1) &R
CeNSSItaELL

- BEMRE: 8+ a)fE |
00w 24
« JPE 41
. Z0M: ?
- Ry D=0 28 ¢
P2 . 8&msI> /N1
SouE o

3000

2500

2000

ime [sec]

T

1500

1000

P3 : BEHaERE 0
E58&E = A S A S
P4’ %DL S

Applications

27

UAXAR Y F9—2 LA

HPC2500 [sec] | FX1 [sec] )24 SN
By 13730| 1384 09
P1 063
wE |pE 740 46 15
L 146560 703| 185
B 148 30 05
P2 1648
A |Usoysy 148 03 49
NP 000 65 00
By 16500 | 1346|123
P3| e [ 4729|1623 29| 715
=° [usoysy 1394.1 1948 72
By 250480 | 17570| 143
7 13, 7.
e | = 10270 350 6] \oss
@E | Usoysy 61630 360| 1712|
NUP 002 020 01
ey 12086 | 15000 8.1
B 1252 1020|123
P 813
aEs | Usoysy 306 o075| 408
o8 NP 1244 2061 60

SRITRAT—=IVPP v T

« UPACS 9 000
- MPIHIMPACT 12 33
. J0v Y1 X340~

200

+ 729(93)CPUE TR
MHIRER (7T4~06%) & | =
g

s JOyIOYA XNAE
i@%tﬂﬁﬁﬂ?ﬂ%b“@

- SIEERNY CBEEE =l =uw
N DINS VR roige-a

JE5.M (200’

Caasation s jsec]

0y oY+ ZUER

29 P ot GPUs

IMPACT 5t 25w ~MPI S

UPACSE*U% = 235w EMPIASEL
. CPURIIMEAE j\\x*___
— B8y VNS : i

- MPIfi5Y : D —H—i8%E i
« JOREEEMEE

- JOeZE N
- JOoB2R# K
« JOvOU1X
- JOvOHK: I35y EMPIERI
CPU%L JOER# | ALy R¥ | JOv o8
IMACT:1CPU 1 1 4 1
25w EMP1CPU 1 4 1 4
IMPACT:1331CPUs 1331 1331 4 1331
30 75w EMPI1331CPUs 1331 5324 1 5324




JSS-V (SX-9) DiEaEFHID

LANS3DIC KD

XA

SRTTRAE—RP VT A
- [RERRE (IB300L R F) Z=—rEIC

U CREFA g 2CPUSIZIE® U TiRgE b
FEBE 2 ST

Gqm . E-oMe | JOvogrX
Y2FA | JORZM | 2Ly RS (Grooe) o 5
1 4 40 (320x320x320)x1 | IMPACT
2 8 80 (320x320x160)x2
JSSM
4 16 160 | (320x160x160)x4 | MPHMPACT
B 32 320 | (160x160x160)x8
g 1024~ | (320x320x320)x1
JsSV ! 124816 | 16384 | (160x160x160x8
L
(320x320x320)x1
88 ! 1248 90~720 | (160x160x1601x8
32

IRTTRAE—RP VT
o STEIEM (EX) Sywx (GX)

XA

oo .
-l
) 8-
Yy
. ) ==
L 5 s 1e0) =0 | w0
o < 5
i & =
i Q/té\ § JSS-V:3208
- s
2
ol i
£
5 JSS-V:1603
‘k@ ¢ 4
1 = 0 .-
0 1000 10000 12

33

IRTTRAE—RP VT
« 1BXTBIZEITRIR
= 1/5t888/E—D4Ee
— I Ea60 I IRES
- A—H—DEBICTH
—FHAIN'ES
« FX1ICxtL T
_SX-6 : #1315 ;
_SX-9 : {1254
o« SX-OIIRD FILED =
FENK

34 IR————

|Caunon spean Thgs:

NIRRETDORENE

o LSCH : MRIRRBIES R MR
16@FIZFRBBDARIRIEETE

- FiiER (UAXA/TRZBE%
ZX:i))

» LSC2 : KiFBRIF5TE T
RDITFHEEEERDY
T ZA~REF2ERAIK
SOERICAIFT T~

- R B (JAXA/FERZ
BHZSAER)

35

NARIRBEMT

« LSCH1
- MHFRE : 144070 X422y F=576027
- HERR . (—SHERERvYD)

« BFRE  58ER
- ETEESR 1 41065
- HHI»)L: 153TB (2565f)
- EWME : §I4%IEE

- LSC2
- WIFRE : 1444T08IAX42L Y R=577627
- SERR . (—XTEURYD)

- BFRE 45BR. KWFE  500EE. XE : 40TByte
- u+§ﬂ§l§ﬁ 740858
- BHI 7L 180TB (fh&E : 430TB. 435D
- ERINE | KI8%IZE

« BAHRCTOLRERE ERET

36




RIHRERIT

< WHHERE (RT—)L77w )
- LSC1 : 50%85. LSC2 : 90%3%

LSCH1 # LSC2

LSCH1 5t8nBEHNCHE A

s TVIVRRMEEICESRIBZEDOMIEE/RETD
. CNETEBORMEREHOFE
.« BIREISIC K IS RIS

8. .5

Primary Breakup

B. Chehroudi et al. (2002)
ERTIZR - V2T =)L - BRITOZ
DRNBERD < RDDIEINS D B

Secondary Breakup
AFE T, EEOHBRZZIRTT
HEEETD (FRM)
S[B_ERI—F RERDDHD) TRINVEERREHEETE
DBFTHEL. BB ERBETD

MR FEHNEORREEREARE

38

LSC1 : &

— MAHENZE S VNIRE B ZEBRE UIC
« BICEAR, EEPRIC B DREEDROR
BIC OV THERDEZIDIMEEISHE, CNICK
DRERDEFETIVEEE T DHFENBITPR,
Rt

DHHBERABOFEE | S smrmeone
I g, = | ol

(=4 © 9@, R
g )
! ;
SR LHEESEN IS
QEADH CEEERLUDINIT) [ @RANSOEEOEA |
T P T N = e TR

LT
S mRRETOREED

) L TR ORmE2ORERE

o HEIC & B e AT

A alr, gk, TBoESE

TEABEL— ) —E—

¥ ([JiEeC DIC<\ T EEER.

LscC2  sapamems A

+ FHICKRIDIFBERILS TRILF—RFODER
R FILROVIEHE TN ?

VG ba)
- BERADRR : BXINTBREDA R
- BRI S DBIEEIL | T—Y DERIRDE AR
« WRADOAIBEVR 3RITHEIC L D BEZEHE
ROYIBEIBORRIE, SEONFBEGAIY
Y3V EEE

40

LSC2 @&

R
HEZCE RO
BHGENEE S D
ANy it

r

41

HELIaL—YavITkB
K EREBASEICH T HIRRERRIR
*BHERTOER BAHROESR
3R/ DA ISR BDEEDEIL

RBL ) LE
%\\ﬁg‘;}gm P
[

MELE
T

FARFOMALILDEY I~DEHK




43

Fow LA

o JAXADFTZ/INDV YT (USS) I
DNTHBIT UIS,
- BEtER
- YRTADOHE
— ¥DHAMEAESTE
— ¥ERB A B[ UIE ARSI
- MEBDSEOFIEM
- TEDED | NOF#
—BEMR — RAMEARTORBROEH

SHOBS G-
o SHMTMRESTE—REAY X AICEITT
e - —DFa—_VIZE
o RIBBRRITDOMIT X migy 27 AOGEEES
-1,000./ — FiEEEEENIC
o ORIV RT LADIEE
- KIEEQIRIL (M5B
« B IRIK : 25GB — JSSTIFI500GB
- EERAD SIEEBMITN — HULETT—IDER
- =REI®KRIL
- ) IBBROEERS | SO0GBEHET B E T

44
JIREY T ADHE A2
T T SO
! O OO0 OO Ol O ®3YokEEk)
i . | 2o || Trusr || Truse || epuxa | i
14/—F o] seos J[ wos [ eon ] fT
! GPU GPU T \_”
T s N fem Ao ! 1
Jara4 7 IB.or.10G
ARIED AT L 10G Ether File Server}”
JAVhIVR
1668
/| =
9
%i =
Work Station VIXELi K




	06_1_中表紙-色紙裏白
	06_2_sci1
	06_doc.pdf
	06_PPT

	07_1_中表紙-色紙裏白
	07_2_sci2
	07_doc.pdf
	07_PPT


