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Hitachi SR16000/M1 (172 TF, 22TB)
Cloud System Hitachi BS2000 (44TF, 14

TB)

Tohoku m NEC SX-9 + Exp5800 (31TF) >

NEC S

X-ACE 706TF, ~2MW (FCL-M)

10+ PF 100 PF 2 MW
(CFL-M/TPF + UCC) 1.5 MW (CFL-
M/TPF+UCC)

30+PF, 30+PB/s (CFL-D) ~5.5MW(max) >

HA-PACS (1.17 PF)

| COMA (MIC) (1PF)

ya

T2K Todai (140 TF)

S

Fuijitsu FX10 (1PFlops, 150TiB, 408 TB/s),
Hitachi SR16000/M1 (54.9 TF, 10.9 TiB, 5.376 TB/

5)

50 PF (TPF) 2MW

JCAHPC Post T2K (20~25PF)
(UCC + TPF) 4MW

100+ PF
(UCC + TPF)
AMW

Tsubame 2.0 (2.4PF,
97TB, 744 TB/s)1.8MW

TB/s), 1.8MW

Tsubame 2.5 (5.7 PF, 110+ T

B, 1160 }

Tsubame 3.0 (20~30 PF, 2~6PBI/s)
1.8MW (Max 3MW)

20~40PB/s), 2.3~1.8MW

Tsubame 4.0 (100~200 PF, :

(Max 3MW)
Fujitsu M9000(3.8TF, 1TB(S) _ ..
HXB00(25.6TF. 6_6TB,S)B<t Fujitsu FX10 (98,8TF, 31.8 TB/s), CX400(470.6TF, 55 50-100 Pflops 100~200 PE
.,b FX1(30.7TF,30 TBJs) /| TBIS) Upgrade to FX100 (3.2PF) 3MW (FAC+UCC) mpy (FACITPF +UCC)
Cray XE6 (300TF, 92.6TB/s), -
| GreenBlade 8000 \ 610 PF O PI7
‘ — (243TF, 61.5 TBs) Cray XC30 (400TF) > (FAC/TPF + UCC) 1.8 MW (FAC/TPF + UCC 1.8-2.4 MW
“==l Sx.8 +SX-0 (21,7 TF, 3.3 TB,
50.4 TBS) 423 TF (CFL-M) 1.2 MW > 5+ PB/s (TPF) 1.8 MW >
tach! Hitachi HA8000tc/ Xeon Phi (712TF, 242
. SR1600(25TF ) Mtachi ¢l 2eon Fhrt/Le Ir, > 5-10 PF (FAC) 100-150 PF
ﬁ G TB), SR16000(8 2TF, 6 TB) o v{ (FACITPF +UCC) 3w
' CX400/GPGPU (766TF, 183 TB) 2.0MW (UCC + TPF) >
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Positioning of infrastructures in Japan (HPCI)

National Flagship Leading Machine (NFL)
s K, post-K
Flagship—Aligned Commercial Machine (FAC)
= small scaled machine of NFL (or similar system) —> FX10, FX100
Complimentary Function Leading Machine (CFL-M, CFL-D)
= special architecture or featured machine for the field not covered by NFL —> Vector
Upscale Commodity Cluster Machine (UCC)

s commodity cluster based on conventional technology and commodity market —>
Clusters

Technology Path—Forward Machine (TPF)

s experimental system toward future technology and next generation HPC system —>
original technology
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(JCAHPCFIjIZ) T2K Alliance

m [2K Open Supercomputer Alliance
» FEKE
» REKFE
» REPKRZF
s REWIACRTATATY/AVIZKEREFFTEDMLHRICE
BA—TUDZARRIVATLDEA
» SKETERITHRZHEIL
2« 7OV —230 VRTLYINIZTTDOEFIZEY., VR T LM
DERERIRE. To VT —LHFEEIR
s RUA—FEDHIO—AF GV RTLNSA—T UG AT L~

Open Supercomputer
Alliance

PCCWorkshop2016@fli&
5
2016/02/19 Center for Computational Sciences, Univ. of Tsukuba



T2K Open Supercomputer Specification
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T2K Open Supercomputer Specification

Open Supercomputer

u ';I:!E E —d— %) 'H: *% Alliance

s Hardware
= shared memory node of 16+ x86 cores and 32+GB ECC memory with 40+GB/sec

(aggr.)
Fat Node Architecture for wide variety of applications

= bundle (even #) of inter—node links of 5+GB/sec (aggr.)
High bandwidth to support very high performance of computation node

= on—node 250+GB RAID-1 disk (optional) and IPMI2.0

s Software
= Red Hat or SuSE Linux
= Fortran, C and C++ with OpenMP and auto—parallelizer
= Java with JIT compiler
= MPI of 4+GB/sec and 8.5—usec RT latency
= BLAS, LAPACK and ScalLAPACK
= Benchmarks ((FEERE BIRIZRZKRZFIZKYELLD)
= SPEC CPU2006, SPEC OMP2001, HPC Challenge (part)
= our own for memory, MPI and storage performance
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T2K Open Supercomputer Alliance

m Open hardware architecture with
TCRIERARNIVEREICSITDHE  commodity devices & technologies.
IHRRESEREENBH = Open software stack with open-
FEREGE ERMF-SAHEMFORER  source middleware & tools.
#BEL. AR -HE T UVVRERFIC o Open to user's needs not only in
HITHEEZEA~ FP & HPC field but also INT world.

Kyoto Univ. Univ. Tokyo \// Univ. Tsukuba

416 nodes (61.2TF) / 13TB 952 nodes (140.1TF) / 31TB 648 nodes (95.4TF) / 20TB
Linpack Result: Linpack Result: Linpack Result:

Rpeak= 61.2TF (416 nodes) Rpeak= 113.1TF (512+256 nodes) Rpeak= 92.0TF (625 nodes)
Rmax = 50.5TF _Rmax = 83.0TF Rmax = 76.5TF
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T2KEFX D HARKDTOP-4 X /N>

TOP500 2008/06—2008/11

Machine Site Vendor Rpeak (GF) | Rmax (GF) | #rank
T2K-Todai Univ. Tokyo Hitachi 113050 82984 | 16—-27
T2K-Tsukuba | Univ. Tsukuba Appro 92000 76460 | 20—32
TSUBAME Tokyo Inst. Tech. | Sun 109728 67700 | 2429 >

161816 77480
T2K-Kyodai Kyoto Univ. Fujitsu 61235 50510 | 34—-51

WE. REDFHEEI—DIIUNRTOP-4% HH TS
45535 H “T2K Open Supercomputer Alliance” DI >

T2K & AT LslE 2 T quad—core Opteron (Barcelona) & quad-rail SAS
(Myrinet10G or Infiniband)Z | B

B T KTSUBAMEI[Z dual-core Opteron +72t5L —% (ClearSpeed + GT200)
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JCAHPC
JCAHPC
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JCAHPC R T LD (55 E)
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20~ 25PFLOPS

AZ—AFT7—XTUF v, X86-64E {1

> 100Gbps

Fat-Tree (full-bisection B/W)

> 96GiB (low speed) + > 16GiB (high speed)

> 115GB/s (low speed) + > 850GB/s (high speed)
16~26PB

265-380 GB/s ~ 1500 GB/s

EEICED
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JCAHPC
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JCAHPC

AZ—AT VAT LFfmsE

s IREFATTESERA-NBAA=—a7 78t yHELT., Intel Xeon
Phi (KNC)ZRHW =SR2l RETERF
« HRK:COMA (PACS-IV), 393 nodes, 786 Xeon Phi
s B K:64 nodes, 64 Xeon Phi

s R KCOMAIZHPCI, FEEXRFIAEDEEIOT T LIZENT
2015/4K Y — % EFH

s A-—Oa7 70y HEEOEEIC L7 I r— 3 Fa—=
2ol
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COMA (PACS-IX)

= Crayft CS300 R—X

= Intel Xeon Phi (KNC:
Knights CornenZz £
F

= 393/—Fk (2 Xeon E5-
2670v2 +
2 Xeon Phi 7110P)

= Mellanox IniniBand FDR,
Fat Tree

= 2015/108F = TXeon Phiig
FHISAAELTHARK

s File Server: DDN
1.5PB (RAID6+Lustre)

= 1.001 PFLOPS
(HPL: 746 TFLOPS)
June '14 TOP500 #51

s HPLZhER 74.7%
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COMA (PACS-IX) &t& /—F (Cray 1U 1027GR)

TRIELER Inel Xeon E5-2670v2 (IvyBridge core) SATA HDD
\\ (3.5inch 1TB x2)

Kl

D

inside™

IB FDR
Mellanox
Connect-X3 Intel Xeon Phi 7110P
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ARTED: EFEHEIaLl—oa>a—FRIZHIT5
Xeon Phim] T4 geFa1—=24 (by BIIER@FIEK)

» FREHEIZEO(EFENFHEI—F
s RBERFHERFHAE LA —D in—house code
» BFOREBEAMDNIIIC=T U EI B
» FICBRRTUVIIWHELNHEREOXEE EH5HD
s Fortran90 TEE, A/ 2—4FyhIFEIAVEL—A

» REBERIIEREERATTRLED/NTA—ITRIND

= (NZ, NK, NB, NL)

L = NZ . THOF A
%“ = NK : Bloch Wave Number A
— L. NB : Wave Band
= = NL - 3RITTLERIMEF (NLx, NLy, NLz)
]
- PCCWorkshop2016@1li&
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ARTED DitE

s ETEFEEIEKREZERE MPI + OpenMP Tilfi 51| 53 8%
s RBEBO YA XANEZREYBLIEEIZKEL
» EZERIE L2 oyl aTHHIEEIZ/NS0N
s SREERDHENZLE>THEBO AT E
« BIEBERBARMLRYIELZLEE

n BRAEREHD 25 R ATUVIILETEIZER
= 158 FLOP / Point
= OpenMP 1ALYFTIEDZEEEFZFETE
s VUG INALYRTODRTUVILETE D &#E L [ERE

Y )
) ( i i I J J
X A

S
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ATUVIIETED—F (A1) FIL)

integer, intent(in) :: IDX(-4:4,NL),IDY(-4:4,NL),IDZ(-4:4,NL)

| NL = NLX*NLy*NLz MESEES EERADATYIRTRE

do i=0,NL-1

I x-computation [
v(1)=Cx(1)*(E(IDX(1,1i))+E(IDX(-1,1i))) ...
w(1)=Dx(1)*(E(IDX(1,i))-E(IDX(-1,1))) ...

1
I
1
I
1
I
I y-computation :
v(2)=Cy(1)*(E(IDY(1,1i))+E(IDY(-1,i))) ... :
w(2)=Dy(1)*(E(IDY(1,i))-E(IDY(-1,i))) ... :
|
I
1
I
1

I z-computation
v(3)=Cz(1)*(E(IDZ(1,1i))+E(IDZ(-1,i))) ...

L W(3)=Dz(1)7(E(IDZ(L, 1)) E(IDZ(-1,1))) --- ) £ A A EITERLAL }

ES4DERMAIMLRELRY, 51201t SIMD B S LETHETED |

PCCWorkshop2016@fli&
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gDk JL{E (Compiler Vec.)

__________________________ -
real(8), intent(in) :: B(@:NLz-1,0:NLy-1,0:NLx-1)

|

l : : .. . . . oy = -

Icomplex(8),}n‘cen‘c(1n) :: E(O:NLz-1,0:NLy-1,0:NLx-1)] [ 3RITHIAI [ ZZ HA ]
complex(8),intent(out) :: F(O:NLz-1,0:NLy-1,0:NLx-1)]

#define IDX(dt) iz,iy,iand(ix+(dt)+NLx,NLx-1) -
#define IDY(dt) iz,iand(iy+(dt)+NLy,NLy-1),ix AT IVIRZEEEEE
#define IDZ(dt) iand(iz+(dt)+NLz,NLz-1),iy,ix

do ix=0,NLx-1

_dO_i_EG_,N_y_-l_ e —
| !dir$ vector nontemporal(F) : [ Xy axBALGWVESAHFFTIER }
do i1z=0,NLz-1 — ~— =~ °
v=0; w=0

I I z-computation |

I v=v+Cz(1)*(E(IDZ(1))+E(IDZ(-1))) ... :

| w=w+Dz(1)*(E(IDZ(1))-E(IDZ(-1))) ... i [ AT b EEA AR D ETE ]
1

| !

I y-computation
I x-computation
F(iz,iy,ix) = B(iz,iy,ix)*E(iz,iy,ix) &

& + A *E(iz,1iy,ix) &
& - 0.5do*v - zI*w
end do
end do
end do
PCCWorkshop2016@fli&
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Fa~NUkJIL1E (Explicit Vec.)

» TEEDRIERNEZLOND
L ERFBEOEL (B
= Xeon Phi [IEZHIEADIIESHNREE
- EHREO-HERLTHE
» EFEABDAE)TIOEARKEL
s WS TIAVPNTNIAT) T IO ERANEE

» AAETE, ZEEBFRIPAXICHIPRZERITSH
= NLz AEY EEfRAR) DY A XZ40EHICEE
s NMLVETEIYIINS LI
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EfE A RDAE) TV AREL

@ 1|2 3|4 |5 (6|7 |8]|9(10|11|12|13 |14 |15

[ (2) LI EBE T oTR EH A THEL T — A% 5 BRI S ]

(1) |12]13]14 |15 @ 1|23 45|67

(1) 2BV T ZA2hRioT- Load Z3RIFTLVAEBELEFE DT —2%2ED

| >

Memory direction
PCCWorkshop2016@fli&
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Computation
direction

%
1510 | 12| =x||l1]2]|3]24
1
(2) 14|15 o 213145
=+
13 |14 |15 | © 5 314|516
12 (13|14 |15 || + 4|5 |6 |7
3
=+
4
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ATV IVEHE ERE

= (NK, NB, NL) =(83 16, 16%) &L 1 7O+ RXTHE
» Xeon Phi TlEEWIEF|EANELLS
s __TIE NK ZKRKE<EY, Hi54EF <95 (83x 16 ifi

A1)

. [lype  GFLOPS |F—/t#gEt:
: Original 29.0 2.70 %
X;irl'g;" Compiler Vec.  132.2 12.30 %
Explicit Vec. 212.2 19.75 %
Ivy-Bridge Original 53.7 26.85 %

i (o)

E5.2670v2 Compiler Vec. 102.7 51.35%

Explicit Vec. 106.9 53.45 %

PCCWorkshop2016@1li&
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