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: 54.9 TFLOPS

: 56

: 11200 GB

: 980.48 GFLOPS
: 200 GB

: 556 TB

1R T L~65E, SEFHTI)IL—X
Oakleaf-FX T2K-Todai Yayoi
(Fujitsu PRIMEHPC FX10) (Hitachi HA8000-tc/RS425 ) (Hitachi SR16000/M1)
Total Peak performance :1.13 PFLOPS ||Total Peak performance : 140 TFLOPS Total Peak performance
Total number of nodes  : 4800 Total number of nodes  : 952 Total number of nodes
Total memory : 150 TB Total memory : 32000 GB Total memory
Peak performance / node : 236.5 GFLOPS ||Peak performance / node : 147.2 GFLOPS ||Peak performance / node
Main memory per node :32 GB Main memory per node :32 GB, 128 GB ||Main memory per node
Disk capacity :1.1PB + 2.1 PB ||Disk capacity :1PB Disk capacity
SPARCG64 Ixfx 1.84GHz AMD Quad Core Opteron 2.3GHz IBM POWER 7 3.83GHz

512/—F for HPCI

,
-
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Total Users > 2,000
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National
Supercomputing
Center in Tianjin, China

Oak Ridge National
Laboratory, USA

Lawrence Livermore
National Laboratory,
USA

RIKEN AICS, Japan

Argonne National
Laboratory, USA

TACC, USA

Forschungszentrum
Juelich (FZJ), Germany

DOE/NNSA/LLNL,
USA

Leibniz
Rechenzentrum,
Germeny
National
Supercomputing
Center in Tianjin, China
ITC/U. Tokyo
Japan

Tianhe-2A Intel Xeon E5-2692, TH

Express-2, IXeon Phi2013 NUDT 3120000
I:Irt:; XK7/NVIDIA K20x, 2012 Cray 00040
Sﬁﬂ:ggﬂeK2,201llBhﬂ 1572864
gqicl) rE EjlthtSir, SPARC64 VIIIfx , 05004
I\BAIIJ:Gene/Q, 2012 IBM 786432
L — Phi, 2012 Dell 402402
é?u%gEEeN/Q 2012 IBM 458752
\B/:Julggréne/Q, 2012 IBM 393216
%uaeglg}gglc):(eon E5-2680 2012 IBM 47496
Li(j'[r;?(?g-iﬁeous Node 2010 NUDT 186363
Oakleaf-FX 26800

SPARC64 IXfx, 2012 Fujitsu
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Hitachi SR11000/J2
18.8TFLOPS, 16.4TB

RBEEAE)ZFFE->TEHENHUFE Our Last SMP, MPPAFZITHR—k

| | |
m Hitachi HA8000 (T2K)
140TFLOPS, 31.3TB

Srer

Peta

MPIZ &AM FE, AEYITEVAEEIZRL

gl

Fujitsu PRIMEHPC FX10

based on SPARC64 IXfx
1.13 PFLOPS, 150 TB

Hybrid~MDEx[El &, Flat MPITHE L VERE

Post T2K

0(10%-102)PFLOPS

Exa




T2K - Oakleaf-FX - Post T2K

Hop

— HA8000(T2K), Homogeneous Compute Nodes

— O(10Y) PFLOPS

— Flat MPI

Step

— PRIMEHPC FX10, Homogeneous

— O(10% PFLOPS

— MPI + OpenMP, {ELFlat MPItFE 5 &E <R T IEE A ALY

Jump

— Post T2K, Heterogeneous (Tl <% Y ZF 512 HY)
« HEAN, AEVINVFIE
_ 0(101-102) PFLOPS
— MPI + X (OpenMP, CUDA, OpenCL ... OpenACC)

ZF D 5EIZExascale SystemM$H (L3
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M Engineering

M Earth/Space

® Material

M Energy

B Information Sci.

W Education

W Industry
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o BFZE
— DRATLYIRD T, BHETILI) X L, BEfTFa—=2T
— FIAEELDOERE, JHPCN (XRF B-LRFTHMS)
— FFEDODHPCIV AT LDOHY A DRAEMZE (FS)
— FP3C(JST-ANR), ppOpen-HPC (JST-CREST)
— LBNLED EE#ZE 1% 51, OPL(Open Petascale Library)

« TR AMBER

- ZEBEHEMNZE-IZ AMERIOISL
o 22 p7%HPC (High-Performance Computing) &
 http://nkl.cc.u-tokyo.ac.jp/CSEedu/

— BALT7HOUMTEEE S (Oakleaf-FX)
— RIKEN AICS Summer School &

o [LEREE)
— R—/N\—OAVEa1—T4J Za—X(F6E+4FEF)
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— Feasibility Study (FS)
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)—%<,3v 7 (SDHPC)

Workshop on Strategic Development of High

Performance Computers

http://www.open-supercomputer.org/workshop/sdhpc/

¢ 2010%8H ~

— 2013 7H308IZE10E7—9 3y T (AL L)

o REARR—/N\—aE1—3FFEAMITT-E

FEHIHUHE

— Architectures, System Software, Compiler/Programming,

Applications, Algorithms

— Academia & Industries

o FEE(2012F3A)
— SR OHPCIHEINEAREICEET 48 EE
— HPCIfiio—k<v T BE




System Requirement for Target Sciences by 2020

Mapping of Architectures

1.0E+1
X
X
1.0E+0 X X X
L X X X X
0 X Xy
%S 1.0E-1 X XX S ¢ X
— X X
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= CcCO
= X
O
O 1.0E-3 XXX
nd
1.0E-4 X

10E-3 10E2 10E-1 10E+0 10E+1 10E+2 1.0E+3
. 800 — 2500 PFLOPS Requirement of Memory Capacity (PB)

* 10TB - 500 PB Source: Masaaki Kondo’s presentation at
e B/F: 10-3-100 IESP Kobe meeting, 2012
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Candidate of the Post Peta-scale Architectures

Four types of architectures are
considered

— General Purpose (GP)
e Ordinary CPU-based MPPs
* e.g.) K-Computer, GPU, Blue
Gene, x86-based PC-clusters
— Capacity-Bandwidth oriented (CB)
« With expensive memory-I/F rather
than computing capability
* e.g.) Vector machines
— Reduced Memory (RM)
* With embedded (main) memory
* e.g.) SoC, MD-GRAPE4, Anton

— Compute Oriented (CO)
e Many processing units
* e.g.) ClearSpeed, GRAPE-DR

Memory

Memory
bandwidt

_____________

____________
_______

capacity

’ Compute
oriented

FLOPS
—5

Source: Masaaki Kondo's presentation at
|IESP Kobe meeting, 2012
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Towards Next-generation General Purpose Supercomputer

Feature of Target System:

v'Deployment around 2018
v'Power consumption 30MW, 2000 m? constraints

v'Extension of K/FX10.

v'Co-Design, Memory-Bound Applications

PI: Yutaka Ishikawa, U. of Tokyo
» Organization
» System Software Stack
» Performance Prediction and Tuning

Co-PI: Yuichi Nakamura, NEC
» System Software Stack

Co-PI: Kei Hiraki, U. of Tokyo
> Architecture Evaluation,
Compiler, and Low power
technologies

Applications

System Software Stack
(MPI, parallel file /0, PGAS,
Batch Job Scheduler, Debugging and
Tuning Tools)

Co-PI: Mutsu Aoyagi, Kyushu U.
» Network Evaluation

Environment
Commodity- Next-Gen
based General Purpose _ e -
Supercomputer | Supercomputer Co-PI: Naoki Shinjo, Fujitsu

» Processor, Node, Interconnect
Architecture and System

Co-PI: Tsuneo lida, Hitachi Software Stack

» Storage Architecture and

System Software Stack [Ishikawa, 2012]



Target Applications considered in FY2012

ALPS(Algorithms and Libraries for Physics Simulations)

— Providing high-end simulation codes for strongly correlated
guantum mechanical systems

— Total Memory: 10~100PB, low latency and high radix
network

RSDFT (Real-Space Density Functional Theory)

— A DFT(Density Functional Theory) code with real space discretized
wave functions and densities for molecular dynamics simulations
using the Car-Parrinello type approach

— Total Memory: 1PB
— 1EFLOPS (B/F = 0.1+)
NICAM (Nonhydrostatic ICosahedral Atmospheric Model)
— A Global Cloud Resolving Model (GCRM)
— Total Memory:1 PB, Memory Bandwidth: 300 PB/sec
— 100 PFLOPS (B/F = 3)

COCO (CCSR Ocean Component Model)

— ocean general circulation model developed at Center for Climate
System Research (CCSR), the University of Tokyo

— Total Memory: 320 TB, Memory Bandwidth:150 PB/sec.
— 50 PFLOPS (B/F=3)

[Ishikawa, 2012] 19



Target Applications considered in FY2012

Mapping of Architectures

1.0E+1
X
X
1.0E+0 X X X
L X X X
0 X Xy
“S 1.0E-1 X XX X X
— X
c
® ~M GP
aE) 1.0E-2 X
= CO
g X
O 1.0E-3 XXX
nd
1.0E-4 X

1.0E-3 1.0E-2 1.0E-1 1.0E+0 1.0E+1 1.0E+2 1.0E+3
Requirement of Memory Capacity (PB)

Source: Masaaki Kondo’s presentation at
|IESP Kobe meeting, 2012
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Co-design Strategy

S
® Four teams, architecture design,

application tuning, architecture Programming Model
Execution Model

evaluation, and system
software design, are intensively
cooperative. [

® Every two months, the
architecture design team
provides architectural Parameters to evaluate
parameters and tune applications

Evaluation and Tuning of
Applications

e To evaluate and tune . .
appli cations Study of New Architecture Heedbac Fvaluation of
] . Processor, Node, Interconnect, | &= Pora i
* To design and implement Hierarchical storage system
system software stack
e To evaluate architecture Parameters
. . to design OS FEedbacK
® [n FY2013 More applications
will be used to evaluate the =— r——
architecture | eolsn and LToT0Type
) ) implementation of System
® Good system for Linpack is Software Stack

not necessarily a good one for (Ishikawa. 2012
certain applications 21
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Key-Issues for Appl's/Algorithms

towards Post-Peta & Exa Computing
Jack Dongarra (ORNL/U. Tennessee) at ISC 2013

» Hybrid/Heterogeneous Architecture

— Multicore + GPU/Manycores (Intel MIC/Xeon Phi)
« Data Movement, Hierarchy of Memory

 Communication/Synchronization Reducing Algorithms
 Mixed Precision Computation

e Auto-Tuning/Self-Adapting

e Fault Resilient Algorithms

e Reproducibility of Results
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ppOpen-HPC(l/Z)
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User’s Program

1 L L | L [
ppOpen-APPL FEM FDM FVM BEM DEM

ppOpen-MATH MG GRAPH VIS

ppOpen-AT STATIC DYNAMIC

ppOpen-SYS COMM FT

Optimized Application with
Optimized ppOpen-APPL, ppOpen-MATH

25
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ppOpen-HPC(2/2)

¢ ﬂ%l‘ﬁﬁ%&"t— /f’&”'ﬁ_lzﬁg$/£ % /f ﬁBEﬁF*E/f
REFRZE ERAEREICETEL, EFEDHEFMEIZE ’J%
IN—F Oz TIEKELGEWREBA R TI—REEHTH7T
) —a BRARRASAI3)E, /—FEBEZA4773Y),
ﬁ'ﬂTEﬂBﬂ*}f& e SOERITIRIZEZ IR T S,

. Fa—=UUEMDBAICKY, HRAGIRETICE

TAHRBEILSA4T5Y, MBIEHREEZFO&REILT T
—avDBEEERZTBIEY

e 2015FEICERRFEREB LV I—ICEAFTEDR
ART2KO AT LZEZA—TyheEL, RIVATLLETETD
i — a2 &>THREE, SRBL, — RT3 5,

e 2012 11A8IZT2K, FX10[@EIFOTAarNA TE 4B
o IRART2KIATLANDRL—REFTEBIET
* Intel Xeon/Phiz2—%"vk, I-FX10, Cray’iEEHR R
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M RET DEEREF I
SRR, BEEEEDD, BATS

4

FREEE

Finite Volume Method

FRERE

Finite Element Method
FEM

TCCCCE

RRERE EVE-E 97

Boundary Element Method Discrete Element Method
BEM DEM




ppOpen-HPC: A A &t
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DEFZXR D7 : Co-Design
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F10 2N 2012 Fall(1/2)
o TILFAFTISAZMIT
 Flat MPI, OpenMP/MPI HybridlZ X% Jits
e SC12@SLCIZEHE TR, B2 (EXDOC(DHA))

30

ppohFDM_0.1.0 O

ppohFVM 0.1.0 O O
ppohFEM 0.1.0 O O O
ppohBEM 0.1.0 O O
ppohDEM 0.1.0 O O

ppohVIS _FDM3D 0.1.0 O O
ppohAT _0.1.0 - - O

O O O O O O O



F10 2N 2012 Fall(2/2)

Component

ppOpen-APPL/FDM
ppOpen-APPL/FVM
ppOpen-APPL/FEM

ppOpen-APPL/BEM

ppOpen-APPL/DEM
ppOpen-MATH/VIS K

PPOpen-AT/STATIC [

Z R ERTEAEEI—FERIELE (Flat MPI)

Elr ks

=RalEfEEI—FRRIRE -BESEY—IL . MEEX, =ZAH
[EfETE IR N E

AREREZI—FHARRE-BEAZNY—IL . ZFERER
A=l

ZITH KA NABEREREZI—FHRIRE
REEBERRETVIL—k

BRI EREZI—FHEIRE

=Z=RTTEAET

=RFTENEFRITIUTILEA LB HRIESA TS (Flat MPI)

BEFai—=2Jmi+7)Toteyvy
ppOpen-APPL/FDM, ppOpen-APPL/BEM & EEFH

http:.//ppopenhpc.cc.u-tokyo.ac.|p/
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GeoFEM-Cube

MREEFMANFI—oT7 0T 5 L
- HRERE(ZRTEARADZF  BIEFHEEN)
— SGSHIALIE{FECGiE : Memory-Bound

— Flat MPI, OpenMP/MPI Hybrid, Single/Multi nodelZXF Jits
e Multicolor/RCM/CM-RCM reordering v
f U,=1

2010 FEMNKYEBERFIT—ILELTHERE

R BhR (Ver.2.0: 38 B AT FE)

— BEH|H A X, reordering;E%$8E A] RE NZ

— SEIREIE (24E) AT —aE— ,
HPCG N 4

— HPL(Linpack) IZ&HhHFTLLVERR (1SC’'13) NY

X



Xeon Phi 39

GeoFEM : 1S/ R TF LD LLEG k& &7 2018

Phid#HTER 1073, MliéTTE,.“aMO 3

Preproduction E5-2670 Power7/ Opteron8356 SPARC64 IXfx SPARC64
Xeon Phi 2. 60GHz 3. 83GHz 2. 3GHz 1. 848GHz VITIfx
1. 10GHz 2. 0GHz
T#//—Fk 571 (228) 8 (16) 32 16 16 8
mx AGFLOPS 1003. 2 166. 4~ 980.5 147.2 236.5 128.0
211. 27
STREAM Triad  102.0 15.7 264. 2 20.0 64. 7 43. 4
(GB/s)
Byte/Flops 0.102 0. 455 0. 269 0.136 0.274 0. 338
GeoFEM-Cube 17.9 15.0 (8) 12.7 4.69 16.0 11.0
(GFLOPS) 16.8 (16)
% to Peak 1.78 10.10 1. 41 3.18 6.77 8.59
LLC/core (MB) 0.512 2.50 4.00 2.00 0.75 0.75

@ GeoFEM-Cube M 14 BEGFLOPSZE R 5 EPhi D4 REITELLGLN, TLARLY
& E—IUMHREIFEL, £ TPhiTEITLTWAZEDOTF v YL 1aDINSESNEE 2



Xeon Phi 36

GeoFEM : Flat vs Hybrid (K%-&F 2013)

2280x10x10(fl1at228i 51 DT AR HT-Y 10”318 H)

0.03
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&
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e
>0.015
_‘u
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Jav 0. 01
% 0. 005 balanced compact scatter

> <€ > € >
q,p N ™ YN N ™ ‘N N

N + + + + + + +
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® RELEFGULMTlath—FEE



FEH(FR)

STERFMR L Y—, FHRER T — (F R %)
- 8, BE Bi-F5%) — R B hRFINEE

ijtlﬁ«_-.-_'lz 2ZF|DR/NAV AT Ls

Ze AR A T2K=>7RART2K (FY.2015)

— HigiAER : SR11IK=SR16K-FX10=? (FY.2018)
HKNFEL: MohDIAREARE INSEOREZSLIL
— CPUIXOETATATHHAEEM T H DD

— Application Driven, Co-DesignZfilieéL TRIRAEA~ADH—E

AEZEZ TLDEITNITEZSALY
— oA=L TOHBY, HEDARHE
REMERIHPCERBMEREZRDBRE . S ATLDA
— 1F:Oakleaf-XXX

— 2F:0akwoods-YYY or Oaktree-ZZZ&9 B3DELYUE>F=M
c RFEIMFERHPCERERNTSRERIT OIVDEHY

=

37



