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HPC R T L D[R] (1/2) FUjiTSU
B Top500[12R 3R T LDMER-£IK

®  http://www.top500.0rg/lists/2015/06/download/TOP500_201506_Poster.pdf
®  http://www.top500.org/statistics/overtime/
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Rank Name Rmax Rmax Share |Processor Accelerator Interconnect
1/Tianhe-2 33,862,700 9.3%|Intel Xeon E5-2692v2 12C 2.2GHz |Intel Xeon Phi 31S1P [TH Express-2
2[Titan 17,590,000 4.9%|Opteron 6274 16C 2.2GHz NVIDIA K20x Cray Gemini interconnect
3|Sequoia 17,173,224 4.7%|Power BQC 16C 1.6GHz None Custom Interconnect
4K computer | 10,510,000 2.9%|SPARC64 VllIfx 8C 2GHz None Custom Interconnect
5Mira 8,586,612 2.4%|Power BQC 16C 1.6GHz None Custom Interconnect
6|Piz Daint 6,271,000 1.7%|Xeon E5-2670 8C 2.6GHz NVIDIA K20x Aries interconnect
7/Shaheen |l 5,536,990 1.5%Xeon E5-2698v3 16C 2.3GHz None Aries interconnect
8|Stampede 5,168,110 1.4%|Xeon E5-2680 8C 2.7GHz Intel Xeon Phi SE10P |InfiniBand FDR
9JUQUEEN 5,008,857 1.4%|Power BQC 16C 1.6GHz None Custom Interconnect
10Vulcan 4,293,306 1.2%|Power BQC 16C 1.6GHz None Custom Interconnect
Top10 total 114,000,799 31.4% 50% 40% 90%
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VAT LY ITR(TCS: Technical Computing Suite)
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1S T 7 &0pen Source Software
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Technical Computing Smte(TCS)

-

N\
Management

W System management
Single system image
Single action IPL
Fail safe capability

® Job management
Highly efficient scheduler

AN

File system (FEFS)

* Lustre based
» Higher scalability

(thousands of 10 servers)

- Higher 10 performance (1.4 TB/s)

\

8
Programlng environment

= Compiler
Fortran, XPF, C, C++
Automatic parallelization
SIMD support

™ MPI: Open MPI based

® Tools and math libraries

v

Copyright 2015 FUJITSU LIMITED



|

2011 2012

2013 2014

FUJITSUn

ﬁ, PRIMEHP(

®1.85 x CPU
performance
® Easier installation

2015 2016 2017 2018 2019

b PRIMEHPC FX100

® Improved CPU & network
performance

® High-density packaging & low
power consumption

Japan's national projects
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++  Operation of

HPCl strategic applications
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projects

FLAGSHIP2020 Project *

(Post-K computer development)
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PRIMEHPC FX100D & E FUjfTsu
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‘ | FX100 | P10 | Kcomputer
ol Double Flops / CPU 128 GF
”J Single Flops / CPU 128 GF

Memory / CPU 32 GB 16 GB
SIMD width 256 bit 128 bit

Byte per flop 0.4~0.5
Interconnect Tofu 6D mesh/torus
Interconnect BW 12.5 GB/s 5 GB/s
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PRIMEHPC FX1000D#& R S %k FUjiTsu

Cabinet

-Up to 216 nodes/cabinet
High-density

- 100% water cooled
with EXCU (option)

Tofu Interconnect 2 1 cpu Memory Board

-12.5 GB/s x 2(in/out)/link -Three CPUs
=10 links/node =3 x 8 Micron's HM(s

-Optical technology -8 opt modules,
for inter-chassis connections

FUJiTSU

SP.-\R(.‘M?

Fujitsu designed SPARC64 XIFx
- 1TF~(DP)/2TF~(SP)
32 + 2 core CPU

*HPC-ACE2 support
-Tofu2 integrated

-1 CPU/1 node
12 nodes/2U Chassis

-Water cooled
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Tofu2 controller

cole 'core cofe icore
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M E RiE+Y (comm. interval=1ms)

x86lL LY RELNV/ A XHY) .
I .
0.4 fwg 1.6
-w 13 # Bits in work. # of loop iter. is 2w
-n 500000 # # of samples to take 1.5
-t32 # # of threads to be executed
1.4 /
0.2 1.3 /
1.2
T3 * . 1,1 AM/
P S )
0.0 A e e
© ™ © ™ © )
x86 cluster + FX10 FX100 RN AN A G A
K > o
§7J_T|ZFEIEH 50*@‘ # of nodes
-@-x86 cluster =@=FX10 FX100
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B Open MPIZAR—X[Z581k - iz B b & HE

AT L PRIMEHPCH] I+ X863 R432
(REA2—aRIL) (Tofu) (InfiniBand)

FERHBEDHELBELEDA —/INTFYT FLRAVIATEFALE BEALYE HIEFE)

EALYF

F-RAvE—UMITEREREE BEHDMATU DY 7 JLRDMA1E (%It 5E)
% RITEHE R

BAvtE—UmITRERE Tofu/\!) 7 & A :

(Barrier, Bcast, Reduce, Allreduce)

=S IS4l =S PT *I{E4
Isend Irecv Isend Irecv
-ontrol message AT
Wait Wait
- Ak T S 1 Lo Foo_.
e PT(ERL o
#<' """""" ® B HNO
. X = = - = . MPIRE SR 1T XS
BED/TOVFUTBEE SEIERLYRIZ LB IER A1 | MPIRSSSE (TR
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MPI_lsend 6 \M‘/O%““%ﬁ
MPI _Irecv 2
ISOMP PARALLEL DO o 5
do i=... = ) BET—4E5
BETSIEELGLERNE | a—
N3 LALVEERIE
ISOMP END PARALLEL DO > S
MPI_Waitall 2 I HEFENE
do i=... 4
BIET—AIKESTHEENE 1
enddo
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Tianhe-2
(MICx3
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Titan
(GPU x1
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TSUBAME
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(GPU x3
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Node performance (Gflops/node) Breakdown of execution time
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o

50

40 1.831%

1.231%

20 1.581% =
Pl

' 0

w w
o U

MW 2-4 inst. commited

W 1 inst. commited
- wait (others)
wait (instruction)

wait (calculation)

[ .
wait (cache)
. - — B wait (memroy)

=
o

1101117 S
= N N
(S} o U

(0

0
16 cores 2 way SIMD, 4 way SIMD, 4 way SIMD, 16 cores 2 way SIMD, 4 way SIMD, 4 way SIMD,
16 cores 16 cores 32 cores 16 cores 16 cores 32 cores
FX10 FX100 FX10 FX100

{FFHa—K: NAS Parallel Benc
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I0CL CACHE_SECTOR_SIZE(19,5) 4—
10CL CACHE_SUBSECTOR_ASSIGN (ue,uo,yde,fclinve)
1$OMP PARALLEL DO SCHEDULE(STATIC, 1)

do ix=1,NX

do iy=1,NY
doiz=1,NZ 120
gyl1=yo(..,iy+1,..)+... _100
gyl1=yo(...iy-1,..)+.. é% 80
enddo %’60
enddo é 3
enddo 5

ISOMP END PARALLEL DO
IOCL END_CACHE_SUBSECTOR
IOCL END_CACHE_SECTOR_SIZE 0

20

{8 Fa—K: CCS QCD Miniapp. BREH 1 X: 32*
https://github.com/fiber-miniapp/ccs-qcd

/ BARALAZWLEESNZE2211ZE|YHT

(BRIRI 5T —2IEtEI20I2AD)

Node performance (Gflops/node)

9%[m] L

—

27

T

6%[m] L

Sector Cache
enabled

Sector Cache
disabled

FX100 (32 cores)

Sector Cache
enabled

Sector Cache
disabled

FX10 (16 cores)
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K computer FX10

VISIMPACT VISIMPACT VISIMPACT

SIMD extension HPC-ACE HPC-ACE HPC-ACE2
Direct network Tofu Direct network Tofu Tofu interconnect 2
HMC & Optical connections

CY2010~ CY2012~ CY2015~
128GF, 8-core/CPU 236.5GF, 16-core/CPU 1TF~, 32-core/CPU
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