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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

DOE/NNSA/LANL/SNL,
USA

Swiss National
Supercomputing Ctr.
(CSCS), Switzerland

HLRS, Germany
KAUST, Saudi Arabia

TACC, USA

ITC/U. Tokyo, Japan
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Riax: RENERE (TFLOPS), R E—21%HE(TFLOPS), Power: kW

Tianhe-2A Intel Xeon E5-2692, Xeon
Phi 31S1P, 2013 NUDT

Titan
Cray XK7/NVIDIA K20x, 2012 Cray

Sequoia
BlueGene/Q, 2011 IBM

K computer, SPARC64 VIlifx , 2011
Fujitsu

Mira

BlueGene/Q, 2012 IBM

Trinity Cray XC40, Xeon E5-2698v3,

2015 Cray

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

Hazel Hen Cray XC40, Xeon E5-
2680v3, 2015 Cray

Shaheen Il Cray XC40, Xeon E5-
2698v3 2015 Cray

Stampede Xeon E5-2680/Xeon Phi,
2012 Dell

Oakleaf-FX
SPARC64 IXfx, 2012 Fujitsu
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TOP500 List Highlights, Nov. 2015
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(retired, March 2014)

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 :54.9 TFLOPS
Total number of nodes  : 4800 Total number of nodes  : 952 Total number of nodes  : 56
Total memory : 150 TB Total memory : 32000 GB Total memory . 11200 GB
Peak performance / node : 236.5 GFLOPS | |Peak performance / node : 147.2 GFLOPS | |Peak performance / node : 980.48 GFLOPS
Main memory per node :32 GB Main memory per node : 32 GB, 128 GB ||Main memory per node : 200 GB
Disk capacity :1.1PB+2.1PB | |Disk capacity :1PB Disk capacity : 556 TB
SPARC64 Ixfx 1.84GHz AMD Quad Core Opteron 2.3GHz IBM POWER 7 3.83GHz

qriais 4

- L \
i

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

Total Users > 2,000
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Hitachi SR11000/J2
18.8TFLOPS, 16.4TB

REEAEUZFE->TEHAFIME Our Last SMP, MPPAFB{THHR—k

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

MPIIZ&AiiFIE, A B ITEWLNAEEIXZERL

Srer

7t

Peta

Fujitsu PRIMEHPC FX10

based on SPARC64 IXfx
1.13 PFLOPS, 150 TB

Hybrid N D E5[E g, Flat MPITHELVIERE

Post T2K

0(10%-102)PFLOPS

Exa




Post T2K System

25+ PFLOPS, 2016&F =
Many-core based (e.g. (only) Intel MIC/Xeon Phi)

Joint Center for Advanced High Performance
Computing (&xtimit RIHPCE#& e E%, JCAHPC,
http://|cahpc.|p/)
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— MP1+OpenMP
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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 @”‘Hp?
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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

=y
ppOpen-HPC E@%:ﬂc

Optimized Application with

Optimized ppOpen-APPL, ppOpen-MATH

14



MRET HEERETFIER

AREREK AREEE

Finite Element Method Finite Difference Method Finite Volume Method
FEM FDM

¢

“
PPTCCCLS R
rreCtee

BRERE B 5 ZERiE

Boundary Element Method Discrete Element Method
BEM DEM

15
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ER24F 1 BIZRILVFAT IS REMEIFIZEY
IL—T D EFLT=ppOpen-APPL, ppOpen-AT,
ppOpen-MATH®D &8 8E% 22 Bl (Ver.0.1.0)

— http://ppopenhpc.cc.u-tokyo.ac.jp/

— 25511 B (ZVer.0.2.0
— 26511 8(ZVer.0.3.02
— 275118 (ZVer.1.0.022 B4
IRE LB HEEDFHEL, HEEEIEN, ppOpen-APPL
IZ&kBT7T)r—a EFEEELIZ, Intel Xeon/Phi

EA-—a7EIFN—Da ERFET



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

User’s Program

ppOpen-APPL FEM FDM FVM BEM

ppOpen-MATH \Y[€] GRAPH VIS MP

ppOpen-AT STATIC DYNAMIC

ppOpen-SYS COMM =

=
ppOpen-HPC E@%."FC

Optimized Application with

Optimized ppOpen-APPL, ppOpen-MATH

18



PpOpen-APPL

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

— /O
* netCDF-based Interface
— Domain-to-Domain Communications

— Optimized Linear Solvers (Preconditioned lIterative
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



PpOpen-APPL

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

— /O
* netCDF-based Interface
— Domain-to-Domain Communications

— Optimized Linear Solvers (Preconditioned lIterative
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
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How to distribute sub-matrices to each processor

Processor Assigned data Assign a to P if S(a¢)) in R(P,)

A : Whole matrix
Aj;: The entryin the /th row
and the /th column of A
a‘: A small submatrix of A
a‘;;: The entry in the j-th row
and the jth column of a“
N : Number of rows of A
n : Number of processors

P, : The k~th processor
Leil=ly < <ly<<lyy=N+1

R: RP={i| Si<lpyr}
S: S(acij) = I whena®;; = Ay

P1

P2

c/o T. lwashita & A. Ida



c/o T. lwashita & A. Ida

Calculation time of HACApK

B Comparison between HACApK and H-lib
(conventional library)

Calculation time of Mat-Vec Multiplication Time (H-lib=1.0)

1.2

EACA N=2,400 N=2,1600 1
Hacapk | H-lib | Hacapk | H-lib o8 -

1.0E-3 2.29e-3 | 6.64e-3 3.21e-2 2.90e-1 |06 —

1.0E-4 | 2.91e-3 | 7.94e-3 | 4.09e-2 | 3.26e-1 |4 -

1.0E-5 | 3.42e-3 | 8.60e-3 4.92e-2 3.45e-1 |5,

0 I

HACApK H-lib



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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User’s Program

[ L L L L
MG GRAPH VIS MP

=
ppOpen-HPC E@%."FC

Optimized Application with

Optimized ppOpen-APPL, ppOpen-MATH

26
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ppOpen-MATH/VIS

[Nakajima & Chen 2006]IZ#& D<K
— EEFR/N—2a 2B ppOpen-MATH/VIS-FDM3D

* UCD single file T
o TIYRTA—L

— T2K, Cray
— FX10
— Flat MPI

 Hybrid, FEHEEST SEEEn [

[Refine]

AvailableMemory = 2.0
MaxVoxelCount = 500
MaxRefineLevel = 20

Available memory size (GB), not available in this version.
Maximum number of voxels
Maximum number of refinement levels

27




Simplified Parallel Visualization

using Background Voxels
[KN, Chen 2006]

* Octree-based AMR
 AMR applied to the region where gradient of field
values are large
— stress concentration, shock wave, separation etc.
* |f the number of voxels are controled, a single file

with 10° meshes is possible, even though entire
problem size is 10° with distributed data sets.

e Pha T
Ii._i" lill’ =]

7 ﬁ 7
1) ’ﬂi!ii.’-—Tu
/

ﬁl

it

el

28
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Example of Surface Simplification

I(nitial )N ~ 50% reduction
11,884 tri's)

Y ﬁ" : =

e

95% reduction
(594) |




pFEM3D + ppOpen-MATH/VIS

— T
/<\ ]
" <HEADER> . *

INPUT.DAT J

|

pfem3d test

%j
e
\

BRSEAYYTPAIL

|

test.inp
vis temp.l.inp

ParaView 7 : AFEE

vis.cnt J
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Fortran/main (1/2)

use solverll
use pfem util
use ppohvis fdm3d util

implicit REAL*8 (A-H,0-2)

type (ppohVIS FDM3D stControl)

type (ppohVIS FDM3D_ stResultCollection)
type (ppohVIS FDM3D_stResultCollection)
character(len—PPOHVIS FDM3D FILE NAME LEN)
character(len—PPOHVIS_FDM3D_FILE NAME LEN)
character (1en=PPOHVIS FDM3D LABEL LEN)
integer (kind=4) - - -

CtrlName = ""
CtrlName = "vis.cnt"
VisName = ""

VisName = "vis"
Vallabel = ""
ValLabel = "temp"

call PFEM INIT

call ppohVIS PFEM3D Init(MPI_COMM WORLD, iErr)

pControl
pNodeResult
pElemResult
CtrlName
VisName
ValLabel
iErr

call ppohVIS PFEM3D GetControl (CtrlName, pControl, iErr) ;

call INPUT CNTL
call INPUT_GRID

call ppohVIS PFEM3D SETMESHEX (
NP, N, NODE ID, XYZ,

ICELTOT, ICELTOT INT, ELEM ID, ICELNOD,
NEIBPETOT, NEIBPE, IMPORT INDEX, IMPORT ITEM,

22 2

EXPORT_ INDEX, EXPORT ITEM, iErr)
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Fortran/main (2/2)

call MAT ASS MAIN
call MAT ASS BC

call SOLVEI11l

call OUTPUT UCD

call ppohVIS PFEM3D ConvResult (N, ValLabel, X, &

pNodeResult, pElemResult, iErr)

call ppohVIS PFEM3D Visualize (pNodeResult, pElemResult, pControl, &
VisName, 1, iErr)

call ppohVIS PFEM3D Finalize (iErr)

call PFEM FINALIZE

end program heat3Dp

32



C/main (1/2)

#include <stdio.h>

#include <stdlib.h>

FILE* fp log;

#define GLOBAL VALUE DEFINE
#include "pfem util.h"

#include "ppohVIS FDM3D Util.h"
extern void PFEM INIT (int,char**);
extern void INPUT CNTL () ;
extern void INPUT GRID() ;
extern void MAT CONO () ;

extern void MAT CONI1 () ;

extern void MAT ASS MAIN () ;
extern void MAT ASS BC();
extern void SOLVE11 () ;

extern void OUTPUT UCD() ;
extern void PFEM FINALIZE () ;
int main (int argc,char* argv[])

{

double START TIME,END TIME;
struct ppohVIS FDM3D stControl *pControl = NULL;
struct ppohVIS FDM3D stResultCollection *pNodeResult = NULL;

PFEM INIT (argc,argv);

ppohVIS PFEM3D Init(MPI_COMM WORLD) ;
pControl = ppohVIS FDM3D GetControl ("vis.cnt") ;

INPUT CNTL() ;
INPUT GRID() ;

if (ppohVIS PFEM3D SetMeshEx (

I

NP,N,NODE ID,XYZ,

ICELTOT ICELTOT INT ,ELEM ID,ICELNOD,

NEIBPETOT NEIBPE, IMPORT INDEX IMPORT ITEM, EXPORT INDEX,EXPORT ITEM)) ({
ppohVIS FDM3D PrlntError(stderr),

33



C/main (2/2)

MAT CONO () ;
MAT CON1 () ;

MAT ASS MAIN() ;
MAT ASS BC() ;

SOLVE11l () ;
OUTPUT UCD () ;
pNodeResult = ppohVIS PFEM3D ConvResult (N, "temp", X);

if (ppohVIS PFEM3D Visualize (pNodeResult, NULL, pControl,
ppohVIS FDM3D PrintError (stderr);
}

ppohVIS PFEM3D Finalize();

PFEM FINALIZE () ;

"vis mw ,

1)) {

34
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vis.cnt

not 1in use

>3
a= (GB)

e HIEHIERE -
')

F|FARIEE A £
Max Voxel #

.0

2
1000

[Refine]
AvailableMemory =

MaxVoxelCount

Max Voxel Refinement Level

= 20

MaxRefinelevel

A
M
e\
Q2
P %
4o
& b
' D
to
~ =
ik e
R
o
o
I
0,
)
a
14
G
— O
QO A
20
3
55
»n a0
—

813 elements, 6,504 nodes

.385 MB,

ST
o W e
e eSS

8,000 elements, 10,334 nodes

1.52 MB
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ppOpen-MATH/I\/IP

0° 30° 60° 90° 120° 150" 180°-150-120°-90° -60° -30° 0O°
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Seism3D+ (composed by ppOpen-APPL/FDM)
LI DR IR NGB LRI T 5= DERFEFDMT 1)

v RE
o (9o, do. 0 0. 7]
D atp =( gxxp + ;yyp + gzz" +fpj, (p=xy.2) | f: 4+ 51
A, W LameE &k
0 oV av av
qu:l an_|_ y+aVz 5pq+ll’l _+_, (p’q:X’y,z) : | ;
ot oXx oy oz oqg op ==
FDMET & fE 1

FrontISTR++ (composed by ppOpen-APPL/FEM)
ISR AIRAREFEMT )
Md+Cd+Kd=F

M - BATE I
< BT

FEME# Ay a




B SaAL—I g DER

FrontISTR++(1)

Seism3D+

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

Displacement

Overview of the coupling simulation

(north to south)
Y

X (west to east)
Building
7 vibration

(to underground)

FrontISTR++

e
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Oakleaf-FXIZ&L D KIRIBEHPCF LU O DETE EH

BN IR g E R EL=#960kmE A DT 7T, EiRIL20134
(FER25F)4AR13BICHR A L-AREMEZBIR . BEYII®mE

MAR—,7ASUFIZHABIEEM BT ERIFEHZRHEERE (AICS) D
BEEXETUVY,
Seism3D+
EHFEHM  (x,y,z) = (1536, 1536, 1600)
M 51| £ 256051 & /—FK:25607A1 X
16 ALwk/178€X

FrontISTR++
ENE# #9600 5 (AICSOERE) o 1 '
Wi 5% 10005t & /—K 1000701 X: 16;<l/ul~/17|:|t7<(@A|cs>
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User’s Program

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

ppOpen-MATH MG GRAPH VIS MP
ppOpen-AT STATIC DYNAMIC
ppOpen-SYS COMM

=
ppOpen-HPC E@..H.lﬂ:

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
ABCLIibscript is developed for specific procedures

In scientific computing, focused on optimum
memory access.

— Geometries
— Problem size
— H/W Parameters




ppOpen-AT D AT LI E

12— OF A )

— BRI
| UL‘ )

,—--

BE1L & :
ppOpen-
APPL/*

FFEMR
1—%
@\ D F A

—_

N, V4

EEEEE EEEEE S s e e el

. o | Fizvrmw
MEEEROIME | po—rns

BEIERIND

™~

Xeon Phi | FX10 | & st&E#

> 8 B B B N _§ § N N N § N
an mm =e Bn = e = =S ..
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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 -
> j*j-k)

1.5

0.5

1.5

0.5

1.63

1.36

Speedups

P240T1

Speedups

1.28

P240T1

P120T2

1.49

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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« SC12, Nov 2012 (Ver.0.1.0)
« SC13, Nov 2013 (Ver.0.2.0)
« SC14, Nov 2014 (Ver.0.3.0)
« SC15, Nov 2015 (Ver.1.0.0)(F5E)
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http://ppopenhpc.cc.u-tokyo.ac.jp/

[omee  Ver1OIZHIT5EHEE  °

 B—
) http://ppopenhpc.cc.u-tokyo.ac.jp/

* ppOpen-APPL/FDM
— OpenACC version

* ppOpen-APPL/FVM
— Matrix Assembly and Linear Solvers

* ppOpen-APPL/BEM

— HACApK library for H-matrix computation
(OpenMP/MPI Hybrid Version)

* ppOpen-MATH/MP

— First Release

— Coupler for Multiphysics Simulations, Loose Coupling
of FEM & FDM


http://ppopenhpc.cc.u-tokyo.ac.jp/
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— IPCC (Intel Parallel Computing Ctr.)
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