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FP Intensive
. (MO): Gaussian, MOPAC, UT-Chem, CHARMM...
« MD ( ): AMBER, Molpro, GROMACS...
(Almost) Embarrasingly Parallel FP
 FMO
* SA-Replica Exchange
Integer Intensive / Search
* Homology Search/Sequence Matching (BLAST, Smith Waterman, ...)
* Multiple Alignments
» Graph-Theoretic Metabolic Network
* Phylogenetics

Pattern Matching / Vision processing Ep
 HEM Structural analysis, various Cardiology
Data Intensive
» Genomic Data Mining

Database / Data Archiving
 PDB, Genbank, ...

Visualization
 GaussView, ...
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BlueGene, | RISC/Itaniu | x86 ClearSpeed
:SX, X1 ) m ( Grape
CPU : NA
CPU
FPU
FLOPS
( GB (
10GB )
) e
FLOPS NA
(
/O NA
(HDD)
NA

(TCPHP)a




""""""" BlueGene. | RISC/ltaniu | x86 ClearSpeed
%, (M ( Grape
X1
X86

FLOPS ......................... (
availability
FLOPS ..........................
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HPC

HPC

2004




2006 "TSUBAME”

| . Sun/AMD
Voltaire Infiniband (Opteron Dual core 8-Way)
)1((5383 X2 (x2) 10480core/655
50TeraFlops
OS( ) Linux
10Gbps+ ( NSolaris, Windows

NAREGI
No.1 j )
\ | — . /

NEC SX-8 - ‘ = e Y BT G
50 | so0cs ClearSpeed
( ) 2] asdisks [ CSX600

A A A

SIMD
1 Petabyte (Sun “Thumper”)  35TeraFlops
0.1Petabyte (NEC iStore) ( 1 )

Lustre
>400Gbps
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(1)

— 64bit x86 CPU
. INT/FP

« Best applications & software availability: OS (Linux/Solaris/Windows),
languages/compilers/programming tools, libraries, Grid tools, all ISV
Applications

— FAT Node Architecture
e Multicore SMP — most flexible parallel programming
» Facilitate multithreaded acceleration
* High memory capacity per node (32/64GB)
« Large total memory — 21.4 Terabytes
* Low node count — improved fault tolerance, easen network design

— High Bandwidth Infiniband Network
. (Restricted) two-staged fat tree (3-D Torus )

« High bandwidth (10-20Gbps/link), multi-lane, low latency (<
10microsec), reliable/redundant (dual-lane)

e Very large switch (288 ports) => low switch count, low latency

» Resilient to all types of communications; nearest neighbor,
scatter/gather collectives, embedding multi-dimensional networks

14
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(2)
e Hybrid Architecture: General-Purpose Scalar
+ SIMD Vector Acceleration w/ ClearSpeed CSX600
— 35 Teraflops peak @ 90 KW (~ 1 rack of TSUBAME)
— General purpose programmable SIMD Vector architecture

- PB

— All Disk Storage Architecture (no tapes), 1.1Petabyte
» Ultra reliable SAN/NFS storage for /home (NEC iStore), 100GB
e Fast NAS/Lustre PFS for /work (Sun Thumper), 1PB

— Low cost / high performance SATAZ2 (500GB/unit)

— High Density packaging (Sun Thumper), 24TeraBytes/4U

— Reliability thru RAIDG6, disk rotation, SAN redundancy (iStore)
e Overall HW data loss: once / 1000 years

— High bandwidth NAS 1/0: ~60GBytes/s Livermore Benchmark

— Unified Storage and Cluster interconnect: low cost, high bandwidth,
unified storage view from all nodes w/o special I/O nodes or SW



NEC Empowered by Innovation 0.1

AMD
AMD Il Gy
(2.4/2.6GHz, 10480 )
Opteron

S 8-Way/16-Core 655 50TFlops
% Sun

microsystems

GigaFlops SIMD
360 35TeraFlops)

(v | Infiniband 10Gbps
VolTAiRE 288

Cluster
File ' - = s = = -
Systems, Ine. "
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Advance™ Dual CSX600 PCI-X
accelerator board

lamf_ Currently 360 boards in
i el Bl TSUBAME -> Plans to increase to
~600 (>50TeraFlops)

— 50 DGEMM GFLOPS sustained

— 0.4 M 1K complex single precision FFTs/s (20 GFLOPS)
— ~200 Gbhytes/s aggregate B/W to on-chip memories

— 6.4 Gbytes/s aggregate B/W to local ECC DDR2-DRAM
— 1 Gbyte of local DRAM (512 Mbytes per CSX600)

— ~1 Gbyte/s to/from board via PCI-X @133 MHz
o 4 Gbytes/s PCI-E RSN

— < 25 watts for entire card (8” single-slot PCI-X)
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CSX600 coprocessor layout

 Array of 96 Processor Elements

mm » 250 MHz, 48 GFlops (Double FP

' Processor

G ores+H++HH '

e BEL Lk

e

c.f. Grape SFP)

' | - 1BM 0.13um FSG process, 8-

layer metal (copper)

2| + 47% logic, 53% memory

—More logic than most processors!
—About 50% of the logic is FPUs

—Hence around one quarter of the
chip is floating point hardware

m@:ﬁm@ﬁ—éﬁ—?m—t—s = 15 mm x 15 mm die size

= « 128 million transistors

e Approx. 10 Watts



CSX600 processor core

- y Multi-Threaded Array Processing
— Programmed in high-level languages

— Hardware multi-threading for latency
tolerance

— Asynchronous, overlapped I/O
— Run-time extensible instruction set
— Bi-endian (compatible with host CPU)

- Array of 96 Processor Elements (PES)

il B — Each is a Very Long Instruction Word
(VLIW) core, not just an ALU

— Flexible data parallel processing

— Built-in PE fault tolerance, resiliency

High performance, low power dissipation



ClearSpeed Mode-of Use

« 1. User Application Acceleration
— Matlab, Mathematica, Amber, ...
— Transparent to users

e 2. Acceleration of Standard Libraries

— BLAS/DGEMM, IMSL, FFTW...

— Transparent to users (Fortran/C bindings)
o 3. User Applications

— Arbitrary User Applications

— Need MPI-like programming with C-dialect

22



BLAS/LAPACK/FFTW uses

o Software known to use BLAS, LAPACK, FFTW...
— MATLAB, Mathematica, Maple, Octave, ...
— LINPACK, HPCC
— IMSL, BCSLIB-EXT, SuperLU, NAG
 FEA, CFD, Finance codes
— ABAQUS, ANSYS, MSC (Nastran, Marc, ADAMS), ...
— LS-DYNA parallel implicit (uses BCSLIB-EXT)
— CPMD, Molpro, NWChem, GAMESS, Gaussian, ...
— Some silicon design (EDA) tools
— Numerous Oil & Gas in-house codes
— Many, many more!

« ClearSpeed has a profiler for analysing an
application’s use of standard libraries (ClearTrace)



Application acceleration structure

Software

Hardware |

User's View

Application — e.g. Mathematica, MATLAB etc.

Vi

‘Shared library APls

€.9. BLAS, FFTW etc

Shared libraries

for CPU
e.g. ACML, MKL

General purpose CPU
e.g. AMD, Intel
~5 GFLOPS

ClearSpeed Advance™
~ 50 GFLOPS

24



Mathematica Performance Data

Mathematica Notebook

W

Data for system with NO

CSX600 Advance card

Virani ey Hegasti_ b *

Fin2, & wimgle fimction 1o compuie e GFLOTL o performance

gflepain_|i=
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iE

1|'|

o

64

TEE

1530

304

307z

3540

Hatrisn Sice

Maximum ~ 3 GFLOPS DGEMM
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Mathematica Performance Data

\ EFLOPS
40

Mathematica Notebook W
Data for system with 3g “M

CSX600 Advance card JVV
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1 |
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Fiest[[a=Takla[l., [8].(&8]}];:

eaFirst [AbsolutaTiming(a.a:]]/. Secopd->1; i o

2% [p*3) /LODOO000000) Fe)] -

gflops [5700]
Usksg this fanction jo generme a graph of periormance -J‘/

score=Tabla (0., {30)] L L L L L L
Dol (seore [1]1gE1ops (4+64.1: 64  7es 1536 2304 3072 3640
LisePlot[score, FlotFoined-Teua, FlorRangs--[(0,40.0}),
Raaslabal-|"Mateiz Size™, "GFLOPR"],
ImageSire->T2 &,
Gridiinss—{None, Automatic),
Ticka-> [{{1,"&4"],[12,"T6B"], (24,1336}, |36, 23047},

et L Maximum ~ 40 GFLOPS DGEMM
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ClearSpeed MATLAB FFT/BLAS acceleration

100 200 300 400 500 &0O0 700 @800 S00
Original kernel

3 10 13 20 23 30

100 200 300 400  S00 GO0 FOO BO0 900
Filtered image with ClearSpeed FFT in 1.6042 seconds

100 200 300 400 500 GO0 700 @00 900
Filtered image with ClearSpeed Convolution in 1.2546 seconds

= ——. e — =,
100 200 300 400 500 600 700 ann 400

Plug-and-play MATLAB acceleration via standard

libraries (BLAS, FFTW)
1,024x1,024 double precision convolution

Original time on 3.2 GHz Xeon:

— 8.1 seconds

Time with ClearSpeed FFTW acceleration:
— 1.6 seconds

Time with ClearSpeed convolution
acceleration:

— 1.2 seconds
6X acceleration!

Performance does not deteriorate with larger
FFTs as conventional cache-optimized
Processors.

— 3.8GFlops sustained per chip ~= SX-5

— At only 10 Watts!



GSIC Titech (Campus)
Grid (2002-)

Titech Grid E-Science

( 13 )

800 PC
(Super TITANET)

( )

E-Science

5?

(1 4Gbps)

15

SuperSINET
( Gigabits)

-}

5,y X ER
o |'F|_;-_|-. *

=ll | /I GSIC  PC
'- TCl = 1 10 256 'x2

800 1.3TeraFlops, 25T eraByte
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Titech Supercomputing Grid 2006

e ~13,000 CPUs, 90 TeraFlops, ~26 TeraBytes Mem,
~1.1 Petabytes Disk

« CPU Cores: x86: TSUBAME (~10600), Campus Grid Cluster
(~1000), COE-LKR cluster (~260), WinCCS (~300)
+ CIearSpeed CSX6OO (720 Chips) = '
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10PF 71

1PF =

100TF -4

10TF_L

1TF 7

2010
2007 2008

~HPC

40TF (2002) (TSUBAME

~90TF (2006)
KEK 59TF

BG/L+SR11100

(2007~8)
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X >10PF(2011)

10P
(2011~127)

O
HPCS
(2010)

1PF (2010)

>200TF (2008-2H)
>100TF (2007~8)

>100TF (2006~7)

2002 2004 2006 2008

2010 2012



2007-8

64bit PC Cluster

SX-8/9 ?:'g\;g:g;: (Intel Tigerton, IBM BlueGene/P
AMD K8L/HT2)

GFLOPS/CPU 22 200 i
CPU CORE/Chip 1 2 ¢N”
CPU Chips/Cabinet 8 80 =
TFLOPS/Cabinet 0.176 3.2
Memory BW/Chip (GB/Ss) 64 51.2
Memory BW/Cabinet (GB/s) 256 4096 :
Memory Bytes/s/Flop 1.4545455 1.28 0.533333333 0.8
Network BW/Chip(GB/s) NA 4 2 5
Network BW/Cabinet(GB/s) 32 320 288 5000
Network Bytes/s/Flop 0.1818182 0.1 0.041666667 0.3125
#Cabinets for 1PetaFlops 5681 312 144 62
Physical size relative to ES 7.40 0.41 0.19 0.08
Power/Cabinet (KW) 9 30 20 25
Total Power (30% cooling) (MW) 66.47 12.17 3.74 2.02
Power relative to ES (11MW) 6.04 1.11 0.34 0.18
Cost/Cabinet ($Million US) 1 1 0.6 15
Total Cost ($Billion US) 5.68 0.31 0.09 0.09
Cost relative to ES ($400 mil 14.20 0.78 0.22 0.23

2011-12 x86 10PF

?
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