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TOP500

B =X | [ZLINPACK 10PFLOPS%E Rk

K computer (2011411 8) K computer (201146 8)
R 10.51PFLOPS 8.162PFLOPS
R,k 11.28PFLOPS 8.774PFLOPS
efficiency 93.2% 93.0%
N, ox 11,870,208 10,725,120
Execution time 29h28m 27h39m
B TOP500 list TIX2E DNo. 1% %15
500

m E38E (20114E118)

m 37\ (20114FE68)
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K computer, a Fujitsu System at the

RIKEN Advanced Institute for Computational Science (AICS), Kobe, Japan

is ranked
No. 1

among the World’s TOP500 Supercomputers
on the TOPso0 List published at the SC11 Conference, November 15, 2011

Congratulations from the TOP500 Editors

o Ms, 1747 O %L/&

eeeeeeeeeee ich Strohmaier Jack Dongarra Horst Simon
University of Mannheim NERSC/Berkeley Lab University of Tennessee NERSC/Berkeley Lab
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B "First—principles calculations of electron states of a silicon
nanowire with 100,000 atoms on the K computer

® 107,292 D) AV EFIoEdF /DAY (BEF20H/ A—k)L, K6/
A=V TS S, EFRICEICEFIKETE (HEW) Z1T0. EEHE
AE 3.08RATOYT R (EITHE $943.6%) Z3ERK
* ERYRISUCRINDEZFFrRILDIKETE

& #910,000/@H 540,000 D) AV EFIDESE A EH. FURNIWEESEFIE LT
BREFDODRSINI0FT/A—MILDF/TANDEFIREEZHFAL . EFEHEDHENT
JRAT—=ILDRARIZKELEKEFET HEXHHTHLMZLELT =,

ACM Gordon Bell Prize

Peak Performance

drain

Yukihiro Hasegawa, Junichi Iwata, Miwako Tsuji,
Daisuke Takahashi, Atsushi Oshiyama,
Kazuo Minami, Taisuke Boku, Fumiyoshi Shoji,
Atsuya Uno, Motoyoshi Kurokawa, Hikaru Inoue,
Ikuo Miyoshi, Mitsuo Yokokawa

First-Principles Calculation of Electronic States of a source
Silicon Nanowire with 100,000 Atoms on the K Computer

N\t keccorsmas Ao @
Scott Lathrop Thom H. Dunning; J¥. (‘\:‘}Z[‘[ 1 Q
SC11 Conference Chair Gordon Bell Chair A
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HPC Challenge Award (PU5d)
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¢ Global HPL (KFRIZZGEILIR AKX DKEICH THEE M)

@ Global RandomAccess (MiF| TAEAB THDIUF LA EYT XD TEHE)

& EP STREAM (Triad) per system (ZEAFROAE) T IR EEE

¢ Global FFT (87— T ZE#DHEE).
M The HPC Challenge Class 1 Awards(& ED4ADDARUFI—IDIEINRETR
® UE(EBlueGene/LLELK

HPCCHALLENGE HPCCHALLENGE HPCCHALLENGE HPCCHALLENGE
FFT Kgomputer STREAM Kggmputer HPL I(wc;.qrrrr\puter RandomAccess Kgomputer
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The K computer
Compute nodes

s =

-

Local file system
(11PB~)

Pre/Post
Processing
Servers

K computer
Front-end
Servers

( Control and Management NW

H O NW

System System
Management Control

Servers Servers
Job / User

e O
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m FtE/—K (CPU): 82, 944 B RybT—27 : Tofu /22— RIk
m 10/—K:5, 184 (6D Ayia / b—FR RYLT—9)
m O7%: 663552 (705,024) m 10Y2Y(5GB/sx2)/ vy

m ERE—JMAE 106 (11.3) PFLOPS . Eﬂﬂfijﬂ"]’% 31D' 2D or 1D b—35RFWET—0Z1—Y
N _ _ DaJICiRH

®m 16GB/ /—F

“paywn nsifng @

¢XS/d9 §

Compute node

SPARC64™ VIIIfx CPU: 128GFLOPS
(8 cores)

5GB/s x 2

Core VL
SIMD(4FMA)
16GFL|O|I|’S| 'T

| L28: 6MB

| 64 GBrs )
| MEM: 16 GB |

X
¢XxXs/d9 §
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[RIDV AT LAT—)L 40m X _40m

Full System
Compute Rack x 864

400cm X 80cm

2 Cabinet

Compute Rack x 4
80cm X 80cm Disk Racks x 1

=
31

Compute Rack
SBx24
I0SBx6

10.6(11.3)PFLOPS
1.27(1.34)PiB

50cm X 50cm

System Board(SB)
Nodex4

49.2(52.4)TFLOPS
6.00(6.38)TiB

12.3(13.1)TFLOPS

1.50(1.59)TiB
512GFLOPS
64GiB
128GFLOPS
16GiB O NIXIO/—FZ&EHT=-%1E
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B OS: LinuxX—2(2.6.38.8) OS (;t&E /—FEHLUVIO/—FK)
B J7AIL AT L Lustre(1.8.5)R—XXMDFEFS (Fujitsu Exabyte File System)
B DRTLRILIDAN JOBR R UANGELGE
B JOJ53V5RE
B JOYJSLEE-QVINMT
@ Fortran 95&Fortra2003M STy ZERL f=Fortran, XPFortran (E 1@ DPGASE i&
€& C99 and C++ 2003 [ZHEMLLT=C/C++
o LNDHMDGNU C/CH++HhaR{EHRBELY A &
& OpenMP 3.0 ZHHR—Fk
B HEEESAT3Y)
& BLAS, LAPACK, FFTW, SSL I(E @& f A MiEtES473")), double-double datatype (415 );H
BES5403)
® MPISAJ3Y)
& OpenMPI 1.4.1 (MPI 2.1#£4L)
¢ EBEETERIL—TyrEER
o OpenMPIDY IR DT T ARAYIZEINAINR
¢ TofuryhrT—VIZ&Zi#EELI-EREEFIRH

» Broadcast, Gather, Reduce
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CPU (SPARC64™ VIIIfx)

m EXRTH

m 817,6 MBXH L2 Fvvia
B FMAXx4 (2 SIMD)
B U —Fvyia (YIRIITIZKBHESHRZ FHIME)
m  32KB (I)/ 32KB (D) L1 F+y>a /a7
B 256 (64bit) DPL- X4, 188 (64bit) GRL ¥ XA

® 8ch DDR3 DIMM MAC
m ER#E 2 GHz
m HPCHL3RMDISA (HPC-ACE)
m HETEH 58W(Tj=30°C)

B 45nm CMOS

B 22.7mm x 22.6mm

m 760M FSUTURAE

m 1271 {EFEY

m ERE—ORE
B PFEEEE 128GFLOPS
B AEFIE 64GB/s

B EEMETAY
m KA
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DDRS3 interface

M check and correct by hardware B RAS

check by hardware
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InterConnect Controller (ICC)
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Network Nétwork] | Network
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Express| |
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m EARTHR
® RDMABEIOU X4
B /\—Fx7Barrier + Reduction
B Ry —YRT 10
B PCI Expressig& &}
m E{ERIKRE 312.5 MHz
B 65nm ASIC
M 18.2mm x 18.1mm
m F—R R 48M
® SRAM 12Mbit
M HSIO%K 128 lanes
N JAVN -
m Y2/ RiE 5GB/s x 2
B RIYFUITBRE
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Hm OS
B SPARCG64 VIIfxHLEEEAN D 3 /i &
¢ SIMD. 256FP Reg/i&
¢ —IR—=D
B 7IJITRLTE/ A1 XA RIEF IR
¢ OSUvAHERR
¢ T—EVDEYAHER/ME
¢ FYAARIEIRT D 21—F
B30I R—Tr—
W ACL(Access Control List)[Z&5DZFE
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B Adobe AIRZRALV=#ESHRIRE

B LUTOT/N\YARTAI7(5%#E

9l Debugger

File  Information  Execution

> @ processo
> @ processt
> @ process2
> @ process3
> @ processs
> @ processs
> @ processe

> @ process?

Location ) [Fvar/crash/fsdt/dbg/MP1/test3/8]a.c

static int rank, size,i,ik.cc;
static int #r_data,*s_data;
static char *n;
static WPI Status status;
// static WPI_Request *s_req, *r_req;
static WPI_Request s_rea[MAX_PRC], r_rea[MAX_PRC];

static double ts,te;

WPI_Init( darge, dargy )
MPT_Comm_rank ( MPI_COMM_WORLD, &rank );

—\® N N
H T/\v/H
. % EE %:IJ 7__ / ‘\yjj ‘fpf:::.f( ))ﬁgh load comnunicationd proc num:%d¥n”,size);
¢ DWARF-2%tt
—— /- — » N
m ETETNYS

¢ J0J3La—RH(ZEIAD—REEDHIA

T
Global View || Rank View

nenset (s_rea,0,sizeof (s_rea));
nenset (r_rea,0,sizeof (r_rea));

Debug console Local variables Stack trace

ProcO [thread 1 on process 28068) Stepped :
Procs [thread 1 on process 18371] Stepped
Proc2 [thread 1 on process 18753] Stepped
Proc3 [thread 1 on process 23748] Stepped
Proc4 [thread 1 on process 24232] Stepped
Procé [thread 1 on process 18491] Stepped
Proc7 [thread 1 on process 3167] Stepped ¢
Procl [thread 1 on process 18448) Stepped @

main() at line 25 in /var/crash/fsdt/dbg/MP1/test3/8/a.c.
main() at line 25 in /var/crash/fsdt/dbg/MP1/test3/8/a.c.
main() at line 25 in /var/crash/fsdt/dba/MP1/test3/8/a.c.
main() at line 25 in /var/crash/fsdt/dbg/MP1/test3/8/a.c.
main() at line 25 in /var/crash/fsdt/dbg/MP1/test3/8/a.c.
main() at line 25 in /var/crash/fsdt/dba/MP1/test3/8/a.c.
sin() st line 25 in /var/crash/fsdt/dbg/ MPI/test3/8/=.

main() at line 25 in /var/crash/fsdt/dbg/MP1/test3/8/a.c.

Thread View

—
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B —
|| 7 D 77 ,r 5 pr |

Name Elapsed (S)
o Name 2824 tame ToTAL AvE. nin nax ToTAL
. N I — D b . Elapsed () 55368.4257 Ml Application 555021787  55222.9883  54996.6836  55502.1797
T | — ) =]

ExecEnvInfo

—
DataCompare

1.6958042+09
User (5) 415160.0000
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B SRS EEMOMmIL
B 1TB/sOZAD BI04 RE

m E—[EE
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B TRIOEREMEREZHITAN
B U37RvaA—YR. VAT LB DIONE
=715

B J7AIIOIZ&LBH0STvADHERR
B UA—ERAMNAIREERE M SR
B QoSMHEA

B ACL¥Quota®>T7HhO T4 W ARE

B DRTLDEZARYYT HAEE

B FEFS (Fujitsu Exabyte File System)

BNV L T24H365D D E A

Lustre D7 IV AT LT RN—X|Z
BRARGERTILE

B SO0—/\N)L&O—HILD2EEREEX

L—o

B JO—NILIFAIVVRT L A—Y
R— L 5B

B O—AILIT7PAIVDATL : A—HD3
T DRI ZyF 8

B 7MW RAT LORRFE BRI
[ZH T HEER
B LustreD7AMIL AT LD GRE I

Features Current Lustre Our 2012 Goal
System Max file system size 64PB 100PB
limits Max file size 320TB 1PB
Max #files 4G 32G
Max OST size 16TB 100TB
Max stripe count 160 10k
Max ACL entries 32 8191
Node Max #OSSs 1020 10k
Scalabilit | Max #OSTs 8150 10k
y Max #Clients 128k 1M
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B RT—UVT R

B RT—U-1M2FERED

m a7 TRAWAS A—N\IL- D7V AT LEDI7AILE
A—AI-T7AILRTLEIZOE—T B,

B XT—U-7OMCGERE)

B CIURFICEOTERBIVEEH SN T7MILEDITRT The K computer
%(:7‘51/ ML D7AIV R T LIZFBEN T S, Compute nodes
— NS o D 3 o — Number of CPUs > 80K
. ZT y-/o ‘ﬁ&ﬂﬁé*ﬁiliyajxaljj I\q:llﬁ Total memory capacity> 1PB
2 —HHEE
B ATV MBEFIOIGTIRDAVR AT LN O Node
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. al file sys
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Local file system
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Global Storage I/O Architecture

W 0SS :90, OST: TBD

B RAID Storages : 720
& RAID6 ((6D+2P) + 2S) ZE F7E Compute node

Frontend Sleers, etc.

IO node

s : a i
OSS#1 OSS#2 OSS#3  OSS #4 OSS #89 0SS #90 MDS #1 MD%
A S )

. K computer
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Computer system
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na Room Global File System
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