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n BiIT9=AhJ)LY—/\ : History & Future

Almost 30 Years of Super Computing Development

Petaflop
computer
Vector-Scalar SR16000
Combined type Over 3-4 times node
S peak performance with
POWER6™ processor
147.2 GFlops of node peak
performance with POWERS+™ I
processor (Model K2)
Scalar Parallel SR800g !
(MPP type) First HPC machine with
combined vector & scalar
processing
SR2201
) ) = HAB000-:
First commercially ?
available distributed High Performance
Vector memory parallel processor Serverifor

Cluster System

S e cPU peak 0

ingle CPU pe:

performance 8 m [ :
GFlops (fastest in the g

S-820 orld)

Single CPU peak PC Server
S-810 performance
First SERED 't HAB8000 Series a

vector supercomputer =

Hitachi started development of Hitachi’s original chipset
and server for Itanium® processor

'82 '85 '90 '95 '00 ‘05 ‘10

POWERGis a trademark of IBM corporation.
POWERS®is a trademark of IBM corporation.
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DARATLNGURET TV r—3> DtERE
FYor—=3>DEGMEBE(HE)ZELIF D205 F E5F T

node

Memory

(1) E—VEREMEREICHTS
XAEY/I\UFIE [Byte/flop]

(2) E-VRFEHREICTHT S I

RybI—2\UFitE [Byte/flop] | Inter-node Network

Example of high performance sever

(1), RQ)D#ENEFZEAAL It TEIIEEADEEZES (>5S2L—23>)
2 FIYor—23  BROBRTLINGRERDS
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ST ) r—

4FELE DI 7T I= D) TEEHH 5 EH
WHERF—LETOERBEE/NI—VIEZLTOEY

No. Application Calculation method Partition type
1 | Ab initio MD FFT, DGEM Band Energy 1
2 | Structural Calculation | Finite Element Method 3-Dim. space 2
3 | Atmosphere Difference Method 2-Dim. 3
4 | Ocean Difference Method 2-Dim. 3

Type 1 2 3
Z
Partition {}{}:}{J [ y ﬁ%
X X
Communication :[—»
Pattern <G
: MPI_allreduce| MP_send, MPI_recv MP_send, MPI_recv
MPI function (MP1 sum) MPI_allreduce(MPI_sum
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(XEY/\2F1HE GB/s) / (EEI¥EE GFlop/s) > 0.4[Byte/flop]

+ CPU time ratio becomes lower. ==——=> (.2 ~ 0.4[Byte/flop]
+ Better to keep more than 1.0 [Byte/flop]

100
b

80 -
: 60
«©
2 >\/ —o— ab initio MD
; 40 Structural Calculation |
S Atmosphere

=¥ Ocean
20
0 L
Memory throughput/Calculation performance[Byte/flop]
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kT — R R B RED 5 R
(v T—2o/ >R iE GB/s) / (BE£EE GFlop/s)

> 0.02 [Byte/flop]

* The ratio of the communication time depends on the application.
o Better to keep more than 0.02 [Byte/flop]

100 ——— —
H—-"—‘.
5 80 ———*
s /M —e—ab initio MD
@ 60 .
E W Structural Calculation
2 40 ¢ Atmosphere
© /( == Ocean
20
0 1 1 % :\ 1 1 1 1 1 1 ;)
DD D > o D O QDL O X
N PP T PPN DID DD
QQ QQ Q.Q Q§ Q§ Q§ QQ Q.Q Q§ Q7 Q7 Q7 Q7
Communicatin throughput/
Computation performance[Byte/flop]

4'521% Memory throughput/Calculation performance[Byte/flop] = 0.4 D5 4&
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7 ) r—a DEFE
(KEYIY R G GB/s) / (RIMERE GFlon/s) > 0.4[Byte/flon]
(R T7—2/Y>FiF GB/s) / (RILIESE GFlop/s)
> 002 [Byte/flop]

OV ILFGPUSL RTLDING VR
(AEYIYRHE GB/s) / (RIIERE GFlon/s) = 0.25[Byte/flop]
(Ev,T—2/2F8E GB/s) / (RIEMEHE GFlon/s)
= 0.004 [Byte/flop]

O ERIZT IV r—2 a0 OHEREIEESREM ?
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R} GPUS R TLTHOT T DEREHETE

A GRSt R B
T £ CPUB I 7 — Sl B 5 B2

XEVURR ) .
CPU time data transfer time AEYNVRIBEDE
Fma (high) &
Fub (low)
> TTRR
HERFE] . PCOSRATUIEFTLT
BETOT7 LN ERE 7
O]
eSS
B4 DEEICHLT § '
BEEgrcEEmRmE S ]
TSIH06RKHB E
data size [B]
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Ocean O3 51t BE [#E E]

- [ACHREDGEE x— 7., y-T5E DI THEZF#EYERT = strong scaling

+ 17O DAY EFR GPUICIRF SR/ DI TR FEE(TSoDTOEIFH(H)=1)
TOt$E(H)=1 DAEYEHER 2.6GB = 52050 CTFIFATBELRAME

 TOCIH(H)=1DEEDEEFHFRE = LEITIRIDI.4%

- BEHEL B/ FHOSHED = 3.3%

OceanMiEAE
10000 — 100%
1 90%
1{ 80%
1000 —
1 70%
A FFHER = 1 6o%
3 (EXhitRE/Ideal
5 100 —— 50%
E 170ERET
YOI 1 408
1 30%
10
1 20%
1 10%
1 Lo . : . . . 0%

1 2 4 8 16 32 64 128 256 512 1024
FoER¥(k)

S
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Ocean i 5|t RE[HEE] D=

[1] BEFITYRALIZLEHF
BB E T S EREFEEIEL TEELKZHIH

[2] ERIEBIZLEHFE
&5/2, InfiniBannd ZiBMIL T2 (6] DBEIERTE 1S /e ETT
OceaniEE
70
60 %
. o~

- |

212

TaE(k)

1 2 4 8 16 32 64 128 256 512 1024
TOeRH(t)
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- TOEeIH(t)=1 DAEYEFE 1.8GB
- EEYELBFHSHT = 3.8%, TOUIH(H)=1 DEEEEHFHI£16%

Atmosheres 51 1% Bk [# ]

6519

60

\ -
" / ~{amsrsa |
540 //4] P _mas

/46/\\
& //g’
10
0 M

1 4 16 64 256 1024
FatRH()

[1] BEFATYZXALICLEHE
BHEEE T SEFRTZZEIL TEEEKZHIR

(2] ERIEBRICLEHFE
&5/, InfiniBannd ZBHL T2 [a] DB T E 15 Z /55 EfT
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SR L6 :TILFGPUL RTFLETTUDMEE

&7 ILFGPUS R T LD
(XEYsvFig GB/s) / (FAMIERE GFlon/s) = 0.25[Byte/floo]
AEUMERE/ND D R [EXPCH—/ KU OED, $hEEIXBLV(80%)
(FyFT—2/V2F g GB/s) / (IR GFlop/s) = 0.004 [Byte/flop]
IR I—OHEEDHMBITIESRZ S, LA4TUY > 20us
GPU Direct [ F¥—4%& > 16KB THEREX

7 ) r—a DA FIRTIERE
GPUD A B ETRKIZ{EALT- weak scaling TIERVrI—H DB EF
Bif=7%
=strong scaling TR —SEUTFALIEILRLY
SEIOFETIE 16GPUTHI10fEME., LB REICSHE
=strong scaling TR —SEYTAZREDIZFZANRBE
BHICIERTENLEBL
EET—AENKREVNGEEIN1TS5101E
EXT—ARAANEVE S LEERBOEIR
BEHEMNEZ THEERBHEHIRZRE (shadow BB D E EBILAR L)
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SC10 11/15-11/18
NewOrleans
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Clustered PCle SS5D

Virident tachlOn™ eliminates 1/0 bottleneck
- Leading 550 performance with datacenter reliability
- Over 300K sustained 4k 10Ps
- Compact half size PCle card
- Lower power for reduced TCO

- Enterprise class reliability
= Hardware RAID
- Field replaceable modulles
- Modular design with field
upgradeable FLASH

]

Total Read : 41.6GB/s
(1.3GB/s x32)
With 32nodes in a 38U rack
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NextiO VCORE™ Extreme

Scale-Out GPU Computing Solution for HPC
Scalable from 2 GPU’s per server to 16 GPU's per
server, Supports 16 GPU's and up to B servers
connections in 3U

vCC Extreme Pf ysical Mapping

i EEG
9

TFLOPS X 64) : | =
ATFLOPS x16) ~

Purts sed 123 Condigarses
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