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http://www.top500.org/

National Supercomputer
Center in Guangzhou,
China

Oak Ridge National
Laboratory, USA

Lawrence Livermore
National Laboratory, USA

RIKEN AICS, Japan

Argonne National
Laboratory, USA
Swiss National
Supercomputing Ctr.
(CSCS), Switzerland

KAUST, Saudi Arabia

TACC, USA

Forschungszentrum Juelich
(FZJ), Germany

DOE/NNSA/LLNL, USA

ITC/U. Tokyo, Japan
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Ria: EIIERE (TFLOPS), R oy E—V14RE(TFLOPS), Power: kW

Tianhe-2A Intel Xeon E5-2692, TH
Express-2, IXeon Phi2013 NUDT

Titan
Cray XK7/NVIDIA K20x, 2012 Cray

Sequoia
BlueGene/Q, 2011 IBM

K computer, SPARC64 Vliifx , 2011
Fujitsu

Mira

BlueGene/Q, 2012 IBM

Piz Daint

Cray XC30, Xeon E5-2670 8C,
NVIDIA K20x, 2013 Cray

Shaheen I, Cray XC40, Xeon E5-
2698v3 16C Cray

Stampede
Xeon E5-2680/Xeon Phi, 2012 Dell

JUQUEEN
BlueGene/Q, 2012 IBM

Vulcan
BlueGene/Q, 2012 IBM

Oakleaf-FX
SPARC64 IXfx, 2012 Fujitsu
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TOP500 List Highlights, June 2015

 The No.1 system, Tianhe-2, and the No.7 system,
Stampede, use Intel Xeon Phi processors to speed
up their computational rate. The No0.2 system,
Titan, and the No.6 system, Piz Daint, use NVIDIA
GPUs to accelerate computation.

A total of 90 systems on the list are using
accelerator/co-processor technology, up from 75
on November 2014. 52 of these use NVIDIA chips,
4 use ATl Radeon, and there are now 35 systems
with Intel MIC technology (Xeon Phi). 4 systems
use a combination of NVIDIA and Intel Xeon Phi.

http://mwww.top500.org/
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(retired, March 2014)

Oakleaf-fx

(Fujitsu PRIMEHPC FX10)

Total Peak performance :1.13 PFLOPS
Total number of nodes  : 4800
Total memory : 150 TB

Peak performance / node : 236.5 GFLOPS
Main memory per node :32 GB
Disk capacity :1.1PB+21PB

SPARC64 Ixfx 1.84GHz

T2K-Todai

(Hitachi HA8000-tc/RS425 )
Total Peak performance : 140 TFLOPS
Total number of nodes  : 952
Total memory : 32000 GB

Peak performance / node : 147.2 GFLOPS
Main memory per node : 32 GB, 128 GB
Disk capacity :1PB

AMD Quad Core Opteron 2.3GHz

Yayoi
(Hitachi SR16000/M1)

Total Peak performance : 54.9 TFLOPS
Total number of nodes  : 56

Total memory : 11200 GB
Peak performance / node : 980.48 GFLOPS
Main memory per node : 200 GB

Disk capacity : 556 TB

IBM POWER 7 3.83GHz

“Oakbridge-fx” with 576
nodes installed in April
2014 (separated) (136TF)

Total Users > 2,000

| 4.4
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Hitachi SR11000/J2
18.8TFLOPS, 16.4TB
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| | | |
m Hitachi HAS000 (T2K)
140TFLOPS, 31.3TB
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Fujitsu PRIMEHPC FX10

based on SPARC64 IXfx
1.13 PFLOPS, 150 TB

Hybrid~DEx[E £, Flat MPITEHE L VERE

Post T2K

0(10-102)PFLOPS

Exa




Post T2K System

>30 PFLOPS, 20165 %
Many-core based (e.g. (only) Intel MIC/Xeon Phi)

Joint Center for Advanced High Performance
Computing (& Fcimtt FIHPCE#E 2%, JCAHPC,
http://jcahpc.|p/)
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http://jcahpc.jp/

Key-Issues for Appl’s/Algorithms

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

Heterogeneous/Hybrid Architecture

Communication/Synchronization Reducing
Algorithms

Mixed Precision Computation
Auto-Tuning/Self-Adapting
Fault Resilient Algorithms
Reproducibility of Results
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ppOpen-HPC @n-Hpc
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User’s Program

|| L L L L
ppOpen-APPL FEM FDM =YY BEM DEM

ppOpen-MATH \Y[€] GRAPH VIS MP

ppOpen-AT STATIC DYNAMIC

ppOpen-SYS COMM FT

pPpOpen-HPC @E’H-H;‘E
Qan

Optimized Application with

Optimized ppOpen-APPL, ppOpen-MATH
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Finite Element Method Finite Difference Method Finite Volume Method
FEM FDM

BREREK &5 ZFRiE

Boundary Element Method Discrete Element Method
BEM DEM
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FRRAFILRIZRIVFAT IS AZMAITIZR T
IL—T D EIFELT=ppOpen-APPL, ppOpen-AT,
ppOpen-MATH®D -1 EE% 22 (Ver.0.1.0)

— http://ppopenhpc.cc.u-tokyo.ac.jp/

— F 25511 A ZVer.0.2.08

— T 26511 A ZVer.0.3.08
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http://ppopenhpc.cc.u-tokyo.ac.jp/

User’s Program

FEM FDM FVM BEM
' MG | GRAPH = VIS | MP

pPpOpen-HPC @E’H-H;‘E
Qan

Optimized Application with

Optimized ppOpen-APPL, ppOpen-MATH
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PpOpen-APPL

« A set of libraries corresponding to each of the five
methods noted above (FEM, FDM, FVM, BEM,
DEM), providing:

— 1/O
« netCDF-based Interface
— Domain-to-Domain Communications

— Optimized Linear Solvers (Preconditioned lterative
Solvers)
« Optimized for each discretization method

— H-Matrix Solvers in ppOpen-APPL/BEM
— Matrix Assembling
— AMR and Dynamic Load Balancing

* Most of components are extracted from existing
codes developed by members



FEM Code on ppOpen-HPC

Optimization/parallelization could be hidden from

application developers

Program My pFEM
use ppOpenFEM util
use ppOpenFEM solver

call ppOpenFEM init
call ppOpenFEM cntl
call ppOpenFEM mesh
call ppOpenFEM mat init

do
call Users FEM mat ass
call Users FEM mat bc
call ppOpenFEM solve
call ppOPenFEM vis
Time= Time + DT

enddo

call ppOpenFEM finalize
stop
end



Target Applications

Our goal is not development of applications, but we need
some target appl. for evaluation of ppOpen-HPC.

ppOpen-APPL/FEM

— Incompressible Navier-Stokes
— Heat Transfer, Solid Mechanics (Static, Dynamic)

ppOpen-APPL/FDM
— Elastic wave propagation

— Incompressible Navier-Stokes
— Transient Heat Transfer, Solid Mechanics (Dynamic)

ppOpen-APPL/FVM
— Compressible Navier-Stokes, Heat Transfer
ppOpen-APPL/BEM

— Electromagnetics, Solid Mechanics (Quasi Static) (Earthquake Generation
Cycle)

ppOpen-APPL/DEM

— Incompressible Navier-Stokes, Solid Mechanics (Dynamic)
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Seism3D+ (composed by ppOpen-APPL/FDM)
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FrontISTR++(1)

Seism3D+

ppOpen-APPL/FDM FrontISTR++(2)
Velocity Open-MATH/MP ppOpen-APPL/FEM
pppen 2

Displacement

Overview of the coupling simulation

(north to south)
Y

X (west to east)
Building
ya vibration

to und d .
(to underground) Seism3D+ :

FrontISTR++
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User’s Program

ppOpen-APPL FEM FDM

ppOpen-MATH MG GRAPH VIS
ppOpen-AT STATIC DYNAMIC

ppOpen-SYS COMM FT

=
ppOpen-HPC E@.:/"H.nc

Optimized Application with
Optimized ppOpen-APPL, ppOpen-MATH
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ppOpen-AT

« Automatic tuning (AT) enables smooth and easy
shifts to further development on new and future

architectures, through use of ppOpen-AT/STATIC
and ppOpen-AT/DYNAMIC.

« A special directive-based AT language based on
ABCLIbscript is developed for specific procedures

In scientific computing, focused on optimum
memory access.

— Geometries
— Problem size
— H/W Parameters
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Optimization of ppOpen-APPL/FDM
(Seism3D) by ppOpen-AT

e A single node of Intel Xeon

Phi (60 cores, 240 threads)

— P240T1: Flat MPI (240 process
with 1 thread)

— P8T30: 8 proc’s with 30 threads

— Speed-ups based on execution
without auto-tuning

update stress

— 3-nested FDM loops, with a lot
of operations

— “Loop Splitting” is effective
update vel

— 3-nested FDM loops, medium
amount of operations

— “Loop Fusion” is effective (i-j-k -
> i*j-k)

1.5

0.5

1.5

0.5

1.63
1.36
Speedups
P240T1 P120T2
Speedups 1.49
1.28
P240T1 P120T2

c/o T.Katagiri

1.55 1.59

1.34

1.63x

P60T4 P16T15 P8T30

Problem Size:
NX*NY*NZ=
256x96x100/node

1.61 1.68

1.38

1.68x

P60T4 P16T15 P8T30
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Schedule of Public Release

(with English Documents, MIT License)
We are now focusing on MIC/Xeon Phi

4Q 2012 (Ver.0.1.0)

— ppOpen-HPC for Multicore Cluster (Cray, K etc.)
— Preliminary version of ppOpen-AT/STATIC

40Q 2013 (Ver.0.2.0)
— ppOpen-HPC for Multicore Cluster & Xeon Phi (& GPU)

40Q 2014 (Ver.0.3.0)
— Prototype of ppOpen-HPC for Post-Peta Scale System

4Q 2015

— Final version of ppOpen-HPC for Post-Peta Scale System
— Further optimization on the target system

31



PpOpen-HPC Ver.0.3.0

http://ppopenhpc.cc.u-tokyo.ac.jp/

e Released at SC14 (or can be downloaded)

e Prototype version (Flat MPIl, OpenMP/MPI Hybrid) with documents in
English

e Collaborations with scientists

OpenMP/

PPOREDH_0.2.0
PPORFDI AT 0.2.0
PpPOhAMREDM 0. 3.0
ppOpen-APPL/FVM ppohFVM 0.3.0
ppOhFEH_0.3. 0
ppOhBEM_0.3.0
ppohBEM AT 0.1.0
ppOpen-APPL/DEM-util ppohDEM util 0.3.0
ppohVIS FDM3D 0.2.0
PPOhMATHMPPP 0.2.0
PPORAT_0.2.0

OO0 00000000
P HONONONONONONONO)

ONONONONONONONONONOXNO)

Ox 0O x x x0O %X X x X
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