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Roadrunner

T . Los Alamos National Lab.
IBM
20084 5ERL
£ /—FIZ0opteronF Oty &
IBM Cell Broadband EngineZ &
BLINATVIFRHSR4E
H R DPFLOPSOVE 1—4
129600 core
1.46 PFLOPS
(Linpack: 1.11 PFLOPS)

Oak Ridge National Lab.
Cray (XT-5)

20085 5ERL

CPUIZAMD Opteron (quad-
core)ZN Yk —U 145
AIFAZED3D-Torus
FEMEEK

18769 node

(QC x 2 socket / node)

1.38 PFLOPS

(Linpack 1.06 PFLOPS)
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o USRBHEW  SEHOHPCADRAKDERE
— BEMDYSA%:"Poor Men’s Supercomputer”
>EIFNMIENSBIFIETISRA
— TOP500Y RNMZHBITET9 1%
— RNIMIVEHEHF L RBE O & ERELL (E— 214 8E)
- TRy Y ERVRT =V DORAICAET4TAHEMEHRA

s ACTSYbI+r—LETARFELERFEDHEZRINAAE
— 64bitilb I T=IA-32 (x86) T Oty HZLinuxIRE THIAT 2O M HEIH GELE,
WindowsZ 5 A A HIR)
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TOP500') A+ (2010/11)

« T—XTIF
Architecture Count Share (%) Rmax (GF) | Rpeak (GF) | Processor
Cluster 414 82.8| 25641314 | 40666452 | 3602852
Constellations 2 0.4 94970 112947 17648
MPP 84 16.8| 17936809 | 23875912 | 2851827
Totals 500 100.00 | 43673093 | 64655311 | 6472327
- JAtyHI7I)
Processor Count Share (%) | Rmax (GF) | Rpeak (GF) | Processor
Intel EM64T 449 89.8| 37195653 | 56467398 | 4983111
+AMD x86_64
Others 51 10.2 6477439 8187912 | 1489216
Totals 500 100.00 | 43673092 | 64655310 | 4672327
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COTS (Commodity Of The Shelf) CPUIZ &5 L st fI#& 14 BE
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3817

— Commodity - THFZ8 & (1—4) N RIS E BE I bhAECTEUVETE#
BRI (HREO— 11— DYIZH>TTNS)

&) RO LEHERE or MPP: A —H ABIFKIRMERLS
BEI0FEM T, BIACPUDEREIIRIZAIIZHRTU TLNS
- BiE#HORL

— WILFaTEA
— SIMD (SSE-type) Bi 4512k BFLOP/clockD [\ E
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AETATA4R VNI —Y (FREFEERELTD)

s HREMGIETAT4RVET—Y
— Ethernet: 10base -> 100base -> 1000base -> 10Gbase
— BOHTEUVHEEERELE A AU RIRIZE L TEHELONTINS
2L, LA4To2 GREERFR) (SO TIES—D
— EXMICTKREBE G T-OILREAEL
* SAN (System Area Network / Storage Area Network)
— Myrinet, Infiniband, Quadrix, ...
— NURBELATULDEATELMERE
f=fZL. hizY S
— Clos#{>Fat-Treef@M\MEZ ST HLRMEA S LY
o SR SAND{EE A RBITIETLTLS
— SANDAETATALHSTES
— On-board Ethernet NICD X4>Y[Z0n-board Infiniband NICEHLH TET-
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D5 R3DFOE W EREHARM

IO ZADELE

— PCI = PCI-X = PCI-Express = PCI-E gen2

— WHFIIY => BEHROEBSEITILIDY

— CPUMBDEE!)>%: Hyper Transport, Quick Path

N—RTT7T7IIL—3DEE
— Clear Speed: B T XTSUBAME

— Cell Broadband Engine: LANL Roadriinnar
— GRAPE: HUKAFIRST Cluster 12+

 GPGPU: PC clsters m
Al x -~
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HARDTOPI L Y Gowums)

Machine Site Vendor Rpeak (GF) | Rmax (GF) | #rank

TSUBAME2.0 | Tokyo Inst. Tech. | HP+NVIDIA 2287630 | 1192000 4
(RTX)

Xeon Cluster | JAEA (JRHf) Fujitsu 200080 191400 33

Altix U. Tokyo (R X% | SGI 180019 161800 42
35!

ES2 (SX/9) JAMSTEC (i ¥ NEC 131072 122400 54
)

FX1 JAXA Fujitsu 121282 110600 59

T2K-Todai U. Tokyo (R X) Hitachi 138956 101741 70

RICC RIKEN (Z28t) Fujitsu 106042 97940 | 74

T2K-Tsukuba | U. Tsukuba (3% | Appro 95385 77280 96
x)

24




T2K

L e et

T2K-Tsukuba: KIFHEFLBIT RS2 =

#20 at TOP500 on June 2008 (Linpack: 76.46 TFLOPS)
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Computat|(?n node (70racks) 800 TB (physical 1PB) RAID-6

Luster cluster file system
Infiniband x 2

Dual MDS and OSS config.
= high reliability

648 node (quad-core x 4socket / node)
Opteron “Barcelona” B8000 CPU
2.3GHz x 4FLOP/c x 4core x 4socket

= 147.2 GFLOPS / node

= 95.3 TFLOPS / system

20.8 TB memory / system

:
il

File server (disk array only)
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Aaroe
Dual Channel
Reg DDR2
2GB 667MHz DDR2 DI = 2 -867MHz DDR2 DIMM x4

667MHz DDR2 DIMM x4

2GB 667MHz DDR2 DI! =

=

4GBJs
(Full-duplex)

(A)2
=———=—14¢m) (B)2

(Full-duplex)

4GB/s

(Full-duplex)
PCHExpress X16 PCIExpress X16

1/0 Hub
Mellanox H28-XTC ConnectX HCA x2

(1.2us MPI Latency, 4X DDR 20Gbl/s)
]

Mellanox
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Oren
Infiniband 4xDDR x 4-rail @ Fat-Treeffd ...T2K

Full bi-sectional FAT-tree Network 3 + #Node with 4 Links

r::’;r:;l : #24ports IB Switch

i
i

2

=

=

==

)

AN

# switches
=616
(all 24-port)
.-I #1B cable 8554

B
N,
i

)
(70

S
§v
DAPTPT
(A
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KIRIEHPCHOZRAD LR

AREBRIZECPUTERE
— Quad-core processorMD &5 =>5(26~8 core~
— IA-32 SSER S =1 clock & f=UDEE ME#EM £
— SSE dual issue= 1 clock T2 D MDSSEAR T E1T

=SHEEA o A—aR D IEMIEIEEMERER £

— InfinibandI 24X R &M ASAN (System Area Network) HSHPCZ S A 2D
TR LA ICAHICEMBIELTNS

— RIRBEICHETIRBERNVTFDES

— INERERMYFDIEME

- 5 —TILOEMIEIE

— Infiniband M4 #E : DDR=>QDR (40Gbps/direction) =EDR...

SHRERRRISRA I ERFRA
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Heterogeneous Computing Platform

« BE/—FISRAITOEyYEERTOwy Y ERE GEBH) S BT
(A 5 038) S R T L
- BXRWGREAI:OZRFBMFHBERDGE/—RIZALADEE
MREEEEE
* ClearSpeed
* GRAPE
* GPGPU (General Purpose — Graphic Processing Unit)
* Cell Broadband Engine
- REFVEETTIr—2avcBIT5EaHae AR TERA,
2008/06 [ZLANLIZ g LY TRoadrunnerH¥Opteron + Cell BED AT HERK T
over 1PFLOPS Linpack ! BE%ZE Bk (E—41EREIL 1.3PFLOPS)

— “Hybrid Computing” ELVIEEIEHFAE LD ERATE!) Dprogramming
paradigm# 5T I E N H DD T, ZZTldHetero-... EFER
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FFIRST

s REKFEEBEH
Tt a—

s HPHEMARNIOR

= 20054 5EHL

= &£ /—FKI[ZBlade-
GRAPEE W7 V15
L—AR—REEE

« FEFEYMEZRICS
S YA AV = -

= 512 CPU
+256 GRAPE
3.5TFLOPS (CPU)
+35TFLOPS (GRAPE)
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HRIZEKRZ

SUN Microsystems +
NEC

20064 SERL

L E/—KFZEmulti-
core CPU (dual-core
Opteron) &7 9t5
L —4A (ClearSpeed,
GPU) IZ&-THERIL
faATaI5RSE
FEMEEMR

655 nodes/10480
cores

163TFLOPS(7 V&5
L—3AH)

(Linpack 87TFLOPS)
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2010/118% s D Fx =& ¥ > > Tianhe-1A (China)

y'

* GPU accelerated PC cluster
— Intel Xeon + NVIDIA Tesla (Fermi)
— Xeon (6-core) 143365 + Tesla 71688
— Rpeak=4.7PFLOPS, Rmax=2.57PFLOPS

* Network: original (NUDT, Infiniband QDRx248%3 ?)

« IEATOPS00H ¥)EH TRy T

. #&EHavw
© 2{i(MJaguar (Rpeak=2.33PFLOPS) D E A 1E6.8MW

« 5L (BAL6L) DTSUBAME2.03PFLOPSZE X HGPUYS
ABTZH, Tianhe-1AIEFREM 2. 5FCHLVKREL

* T=FZL. GPUTERE & =Y DLinpack3h LB N R (FLOPS/
W) [XTSUBAME2.0M A A L[E-TLVS

e GPUIZ &% over PFLOPS cluster[EEEIRENF=-HY, SH (T KRB 5|7
TUr—avBNENFEITESRNDRIRE
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[T 13> E 1—% (“K Computer”)

o BARMM IR R0 1ELT2006E< HLMNSETE, 2008F H
LAKMIBFERR (L9, [RFEIOVE2—2EMEENT)

« 20124 (Z10PFLOPSEA L D1 BE (Linpack 4 8E) % B 4ZIZIB{L 0
RATHEAF
=> 2010/10IZAICS (imEt BRI 2 EHFE . P ) HER -
BERELTERILEND

« BELEMNVATLEBELE
(H%). NEC+BII ML T EIRINLEEER 21 Ho1=H%2009/5(2
mEMNETEZEREY )

+ 8-coreDEMRET Oty Y7 %$FDCPU (Fujitsu SPARC64VIIIfX)
#1/—FIZ12##. 4/—FZ1 DO P —R—FIZEE

s HEZERIMBEDRTF—3A=>INEI—HIZIEIRTI—
SRXELTRE%: ToFu network

Compute Nodes and network

=Compute nodes (CPUs): > 80,000 rxLogical 3-dimensional torus network
= Number of cores: > 640,000 »Peak bandwidth: 5GB/s x 2 for each
«Peak performance: > 10PFLOPS direction of logical 3-dimensional

torus network

=Memory: > 1PB (16GB/node) wbi-section bandwidth: > 30TB/s

] =t 1

R
P
SPARC64™ VIlIfx Compute node

CPU: 128GFLOPS
(8 Core)

2% (ead) s/os
®
o

Logical 3-dimensional torus network

fOr prog ramming Courtesy of FUJITSU Ltd.

CPU Features (Fujitsu SPARC64™ V|1Ifx)

* 8cores
* 2 SIMD operation circuit 16GF/core(2*4*2G)
— 2 Multiply & add floating-point operations (SP or DP) are executed in one SIMD
instruction

e 256 FP registers (double precision)

e Shared 5MB L2 Cache (10way)
— Hardware barrier
— Prefetch instruction

— Software controllable cache
- Sectored cache

TSl

¢ Performance 45nm CMOS process, 2GHz
— 16GFLOPS/core, 128GFLOPS/CPU 22.7mm x 22.6mm
760 M transisters

. 58W (at 30°C by water cooling)
Reference: SPARC64™ VIIIfx Extensions

http://img.jp.fujitsu.com/downloads/jp/jhpc/sparcé4viiifx-extensions. pdf
36




Photo of proto-type system

* Prototype system has been built.

— Several system boards are compiled and set into a cabinets.

System Board

LSI for
interconnect

Courtesy of FUJITSU Ltd.
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AICS building at Kobe

(courtesy of RIKEN AICS )39

HEH FHEMR 1 '
RBES'[e;’Ch | Computer
BE HEWE uilding - building
SESREN °
o = ST
Bz BHRRE '
= Zifi

BE EEE
BE FA—/SLTFANSRT L
BE

TRHAES

o | Substation Supply
Chillers S .




— , Balance on CPU : Memory : Network
5 ADREBIET4TA(CPUD L E DRI y
Systems C:M:N=GFLOPS:GB/s:GB/s [C:M:N(M=1.0)
+ HFEYE/OD/NIRIBIZHEA BH TEVFE/NURES CPPATS SO DN IS B
:Iiﬁg Earth Simulator 64 256 12.5 0.25 1 0.05
— CPUREEIIRRITELDDOHY CHEBEHDT=8) Th Ll EXigk PACS-CS 5.6 6.4 0.75 0.90 1 01
A LIFRADHLEL T2K-Tsukuba 147.2 427 8 3.50 1 0.2
- FEERTV/ODEESLEITTEY (90[nm] = 65 = 45
=222 )51 LDINSU PR EHFIEMERSRITS . . o
- ;nt:;—gfﬁemm@r:m TLFIT . A=—aFALTILDIEE CHVNSNAYKEZWZET /N RIEAIIZ J KLY
RIEIR
o MDOTHORYMILETE R ="4Byte/FLOP”
o AFE!/\UKIE: “Rich Vector” vs “Poor Scalar” (EDETIE CM = 0.25:1)
— CPUFLOPS EAEYNVRIEDX vy IEHRICEZ KITTLS
= FZIE
— E—%21M8E (Linpack) EEZNTEEE (non-cache-aware applications) D2
MR REIE>TLK
41 42
QCD (Quantum Chromo Dynamics) [ZIABIE AT /N KiF AFE 1) {‘/ F‘[I]E,—I—{ F)b*“}b
e “QCD-mult” benchmark core equation
Mult(n l.-n'_', \: i M) (U (n) "'A,,,“ oo 1. 1 Lotr (1) . ,,_' M )(:EU/{VF‘“]EE;R&)%)HPCTjU’T_:/ED
o - MIAETE. SR TFH
dim. computation load store B/flops — QCD (Quantum Chromo Dynamics)
t 168(x), 120(+) 21*2 complex 12 complex 3.00 — FFT
—2881ep — 572 — 52 - EEMBEEREESHTISaL—vay
z 144(x), 192(+) 21%2+12 complex 12 complex 3.14 _
= 336 flop = 8648 =1928 o .. o .
y 144(x), 192(+) 21*2+12 complex 12 complex 3.14 . %*LbCDTjU r—i3 /'C:liEET:E O)FI:ET AT 1ACPUD KLY
= 336 flop = 8648 =1928 RTHATIILFATT7—FTIFvhNbd L aEm LIZHE
X 144(x), 192(+) 21*2+12 complex 12 complex 3.14 U’J 75\7:';[,\
= 336 flop = 8648 = 1928 — BELIND Byte/FLOP HEEEA RSN
clover isggg).f:)iz(ﬂ 218624+812 complex :i;gr;plex 1.76 _ g%,ﬁg& l_/»’iéﬁ\;"("y?l%o)?]'?/:ﬁ“}jxFb—?’@liiﬁ‘@b‘
(by Prof. Ishikawa @ Hiroshima U.) N ot . ﬁg _ R ” -
= 5088B / 1896flop = 2.68 Byte/flop * T—30 localization (/HATIL) HV =TT RETIL7ELY
= SEEDIET4T/CPUDIER TIXEFMIZRE — TV —230FFvyiall Iy SERFa—Z U AR
= cache-awareness
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VAT LT —FTOFDEH

s DISARRAVAT L
— RIILFAT7/RIVFVyt /< ILFNICIE

s AEYBBOSHILERYNT—I(02T7—ADBEHEIZEYTRT S
SV EEFa— o T R R E I

o HFEARY(RILFATHIUFITIR) EFRAEY (A0 2—aRIF)
DNATYIRT—FFHOF X LOTOTSIVT%EEST M
SHEFI—FLARILTHAEAEY (ex. OpenMP) + D ELAEY) (ex.
MPI)

FHRAYIZEE R
=#1=#% programming paradigm, compiler technologyh\ K& H>h 3
- kiﬁ.*ﬁﬂ:(iitj EfZAN, FRE L ORIFIAEELL

AR—Z HFHITEKX

o BN ATHEYENETTA>TNEA/—F =Y [EHEE

o TR TRLNISRAIAMAIZ.

SPZRADKFRILIZEHEREALIZVL DN IR HLLDTE G ?
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SEE R ~DHAF

HKEOERAEEEENS CE)REEREEN
— PERBIGRAPED KO FHIEE MEM S, SIMDER T IZ KD AR
HEE/INATSAUDFI AT RE
— GPGPUTIIZEMLTOY ST Y—ILNERFEINhDODOHS
(NVIDIAQCUDA 45 PGIO)CUDAREHRTL /S 5%)
— SRACPUIZEERIBH TELVERE B AL
« Opteron B8300 :37GFLOPS / 120 W = 0.3GFLOPS/W )‘F’JZOFL”
« TESLA C1060 card : 1TFLOPS / 160W = 6.25GFLOPS/W

On-chipCDAE!) /T—A2T7 U R/\KIg
— GPGPUTIIIEEICEL\REAEY /U RIEEEIR

— GRAPETIZY—BIF—ANRRIZKYET—ERDRAIL—TYEIE
BIZEL

KRB EETOEDERE M
— IREDGPGPUIFECCHELN !
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REDEEIMREEDRER

o A UCPUEDRBIDT—AFEEI/ N\ RIEAV NN
— IS DHNEBNRIZKDIEGE=>REISIZEERIZPCI-
ExpresshVAALYBN S
= PCI-E Gen2 x 16 THLIEHE — M4 EE 10GB/s
== EAEDDDR3 %%'J%l tl:/\éﬁz nD—
— f5l: 18 D GForceGTX280_L TCCUDAZ AL TIREFAL F
< —%4H70GFLOPSLL E CTENMET B
=>HET1EDGPULTDEE
SEMEEHR OIS —R—F L TCPuLEE &I HEMERE
MELUETTS

s LYRA AEAEYEE. SIMDET S EHIZKY#EH
T r—2a0DEI-AEREHDS
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=] it N —
BiiFHESATLDS R
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