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Total Peak performance
Total number of nodes
Total memory

Peak performance / node :
Main memory per node
Disk capacity

SPARC64 Ixfx 1.84GHz

: 1.13 PFLOPS
1 4800
: 150 TB

236.5 GFLOPS

: 32 GB
:1.1PB+21PB

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

Total Peak performance
Total number of nodes
Total memory

Peak performance / node :
Main memory per node
Disk capacity

IBM POWER 7 3.83GHz

:54.9 TFLOPS
: 56
11200 GB

980.48 GFLOPS

: 200 GB
: 556 TB

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

RESAEVZFE-THEALSE

Hitachi SR16000/M1

based on IBM Power-7
54,9 TFLOPS, 11.2 TB

Our Last SMP, MPPAR{THHR—k
|
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m Hitachi HA8000 (T2K)
140TFLOPS, 31.3TB

Peta
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Fujitsu PRIMEHPC FX10

based on SPARC64 IXfx
1.13 PFLOPS, 150 TB

Hybrid~MDE5[E] 5, Flat MPITHE L \VERE

Post T2K
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Post T2K System

20-30 PFLOPS, FY.2015
Many-core based (e.g. (only) Intel MIC/Xeon Phi)

Joint Center for Advanced High Performance Computing (Ex
Srimit RHPCE AR HEER, JCAHPC, http://icahpc.jp/)

— Iﬂ/&j(%n-l_ﬁ*—l'%ﬁﬁ 't’/g_, %E\K%Iﬁiﬁﬂsﬁggt
R—

Programming is still difficult,

although Intel compiler works.

— (MPI + OpenMP)

— Tuning for performance (e.g.
prefetching) is essential

— Some framework for helping users Xeon ohi')
needed
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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
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Boundary Element Method Discrete Element Method
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User’s Program

ppOpen-APPL FEM FDM FVM BEM
ppOpen-MATH MG GRAPH VIS MP

ppOpen-AT STATIC DYNAMIC

ppOpen-SYS COMM FT

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:

— /0
« netCDF-based Interface
— Domain-to-Domain Communications

— Optimized Linear Solvers (Preconditioned Iterative
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

17



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

— 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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Large—Scale Coupled Simulations in FY.2013

Challenge (FY2013) : A test of a coupling simulation of FDM (regular
grid) and FEM (unconstructed grid) using newly developed ppOpen-

MATH/MP Coupler

c/o T.Furumura B
asement-|
i engineerin

Sed|men\t (clag;iﬁcatic?n)

;4 e
__ \p

]

Sedimentary Rock >~ —
s 10-50 m

A Bedrock %3\5% Baseme\nt-
: 1O (seismologica
/ classification)

> = ¢ -

Earthquake

Source Sedimentary Rock
(FDM-mesh)

FDM: Seismic Wave Propagation —
Model size: 80x80x400 km FEM: Building Response
Model size: 400x400x200 m

Time: 240s _
Time: 60 s

Resolution (space): 0.1 km (regular) .
Resolution (time) : 5 ms Resolution (space): 1 m
(effective freq.<1Hz) Resolution (time) :1ms

s L

ppOpen-MATH/MP: Space-temporal interpolation, Mapping
between FDM and FEM mesh, etc.




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

4Q 2013 (Ver.0.2.0)
— ppOpen-HPC for Multicore Cluster & Xeon Phi (& GPU)
— available in SC'13

4Q 2014
— 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

21



PpOpen-HPC Ver.0.1.0

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

e Released at SC12 (or can be downloaded)

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

e Collaborations with scientists

ppohFDM 0.1.0 O O
ppohFVM_0.1.0 O O O
ppohFEM_0.1.0 O O O O
ppohBEM_0.1.0 O O O
ppohDEM_0.1.0 O O O
ppohVIS_FDM3D 0.1.0 O @) O
PpohAT 0.1.0 - - o O

22



What i1s new In Ver.0.2.0 ?

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

e Available in SC13 (or can be downloaded)

Component

New Development

ppOpen-APPL/FDM

ppOpen-APPL/FVM
ppOpen-APPL/FEM
ppOpen-MATH/MP-PP

ppOpen-MATH/VIS

ppOpen-AT/STATIC

OpenMP/MPI Hybrid Parallel Programming Model
Intel Xeon/Phi Version
Interface for ppOpen-MATH/VIS-FDM3D

Optimized Communication

Sample Implementations for Dynamic Solid Mechanics
API for Linear Solver in Fortran

Tool for Generation of Remapping Table in ppOpen-
MATH/MP

Optimized ppOpen-MATH/VIS-FDM3D

Sequence of Statements, Loop Splitting (Optimized)
ppOpen-APPL/FVM
ppOpen-APPL/FDM-BEM



=R iESE)(1/2)

* ppOpen-ATEE & i [ # 5%
- ITEREKRFE BHPHREE

« HPHAEZERRDATA (d-spline ARX)DBEAT R EL TppOpen-ATD

ATHEREZ T ok
- RRKF AHMRE

-

s ENmBEIEDT-O, EHARETHEDRDATAR EE NBITED L EAPI
ZF AL, ppOpen-ATZ ALV =B IZEIEL ARXFIRE

e JHPCNEEIHFITEERE

- BREETHATHET LT X LIZEIT B

(BX, BEFEEX) (H245FEE) (

=

SEFIEDFHFE

j‘b&bf(iﬂ_%ﬂ.)

« ERETINATIRERICEITHITH-TIIRDREEA N ERICHIA

— ARERTILIYXLOIFEIZEET S
(H254FE)

=

R (EXK, EEX)

« MMALZAL—1a DO DERIEFETEHENSERE/NTAZIDATTH|

RZEmat



= RiEEN(2/2)

e JHPCNHERIRFZEERRE (Fr )

- BXRMERE YAV
fh) (H24- 254 F)

Ialb—avOEELGEXR BX

« HRM) DX, falgifi sk
- RRRRER— L RT L% BIELE ZBIb R E i E s

Salb—Ia EMD

=

FBFE (KRR, WK) (H255FF)

o BRITHIV)L/N—, dfiFIA]2E4E
— KBBHESEHORRESIAL—3 (R (MK E | [FiR
KBt 2—)) (H255FFE)
o BRITHIV)L/N—, dfiFIA]2E4E

* BB, B

— ppOpen-HPCDEE S 2014F3 A ML EH
— 2 EES(EHFERESERE) TppOpen-MATH/VISEERAL T

AIfRIEZERET AT E




Log Density

-0.5

-1.0

-1.5

-2.0

26

[Prof. Ryoji Matsumoto, Chiba U.]



27

CO M TFRFESaL— 3y

Yokohama

Point G
=

-
CO, Plumes _=
Groundwater Head (m)
s 0 =

0 1 10 20 30 40 50 60 70 80 100

M-4 CO,EABOMTAKE (£KERE) Oa% (100 £6)

i i bar
O 04 08 17 18 7 2438

100 years

o~

Tohyo g
1

| fI.L:

)
2

Tokyo Bay

;

(a) PREFEEENE T (b) PREPMEARE T
-5 EHERBROF@EAE GINRED6OR 5%, EAR, S 100 £&)

(BRI IUARZEE T (KRR )



CO, M T IKIZIA T TULIWERF
LT RIDT=OIZITMMDNAY Y 2D E = KIRELF
HETIL, EIL—XRAFRERX

W &
£ i AV A
R |
0005 001 0015 002 0025 003 0035 004 0045

CO, Dissolved in Groundwater

0 100 200 300 400
Radial Distance, m

100000 sec
HHOLAYS A

B | T i
0,005 001 0015 2 0025 003 0035 004 0045

0.0;

CO, Dissolved in Groundwater

0 100 200 300 400
Radial Distance, m

(E &M ILARZEE L (KEEER) )



AfRIEDEE
¢ L2l —La ORI D ES N KIS

ET—2Z2HARR[ICERLI RO ERKRAE

fF - SRR T 23R
— Controllable pictures are worth more than a
thousand of words!

Data file

oooooooooooooooo
oooooooooooooooo
oooooooooooooooo

oooooooooooooooo

29



S

eeing Is Believing

« NEIZESTEER PRI, SESELTIFEHRDIIR-
RE-GEFIZBTHARVEELGATATELGHOTLVS
ABHETHEROERGERFORZREDFHREZ, OVEa
—97774’J7Z(CG)’E VT AEIZHEEZLAST LY
THREIEL, EECMEELTRIRT HiAa
Ea—2—ETa7)tE—3> (Computer
Visualization) (TE>a7)E— 3> =& A[R1E
1) THB,

— H

==

EX—pEEIOEL—2EDATIE— T3]

EZ, §

. $£ 37 HBR, 2000.
e A[RILEILICG DT ETILALY
— CGIZEAETORRARIEMEBZIO[fRE 1 &LV

30



Al fRIEDEZTE

HENENITHES=2A(M19855F) &, 2ol —

AVIFIZRITHAPRILT, FEM(EREREZ)DET

ILEFE-STHL,0004AY 1 FBETHo 1=,

— JRFZEH AL, TNZEIFHFO ICEIZEK>THRZFEMmL TLY
FF(ETILOFIVIELED),

=R, WH (FE)NEBICKBEIIaL—iarvhE

mIZIEY D DOHAHIRTE, AItRIEB T D EEH(E30L

BIEF IR LV RELY,

- IEMIZHEEOID HE,

- ;ﬁ%*ﬁjhﬂ"@%é(:b’c%, HETHLZRITEE AN DIRF

Sy,

31



[ %1 | AT $RAE

» WHZ2L—2a 0 DiER%E, EHEFEREERALTH
RIET D&,

o« ZCTI, HHIOZaL—avIzd o THELNE=2ET—

B(ITFAIVE-IZAE) A A—D)ZFNIBLT, — O EE
TRAZEMTERLSICT AL,
s BRT—AFIFEBICKRBESEH—T—2IIA A5

DR e
A1

32



Data-Flow Paradigm for Parallel
Visualization (Fujishiro et al.)

models

Simulation [+« Computational
| data Efficiency

Filtering N

PB (parallel backend)
data Supercomputer

Mapping —

Toatches VF (visualization front end)

Rendering [«

! images Interactivity

Presentation }—
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Mesh Analysis Result Visualization Visualization
Files Files Result Files
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#1
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o
o
= [nput
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/O ]Sol /10 Output
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- 16-4009
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Mesh Analysis+Visualization Visualization
Files on GeoFEM Platform Result Files

mesh [==
#0

/O |Solver| 1/O

(_etc. VIEWER
Ne—

Images on Client

= Input
= Output

== Communication

616-2057/616-4009
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Data-Flow Paradigm for Parallel
Visualization (Fujishiro et al.)

models

Simulation =

ldMa

Filtering -~

I GeoFEM
data via-File

Mapping [ PR GeoFEM
{ patches I, \/Ia-Memory

Rendering |« VE PB

limaqes

VF

Presentation |—




AVS/Express PCE
Parallel Cluster Edition

http://www.cybernet.co.|p/avs/products/pce/
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Data-Flow Paradigm for Parallel
Visualization (Fujishiro et al.)

models

Simulation =

ldma

Filtering -~

I GeoFEM
data via-File

Mapping [ PR GeoFEM
{ patches I, \/Ia-Memory

Rendering |« VE PB
! images

VF AVS/PCE
Presentation [— PB=VF




AVS/Express PCE
Parallel Cluster Edition(cont.)

http://www.cybernet.co.jp/avs/products/pce/
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ppOpen-MATH/VIS

=

« RO BEESZBRFEFERALELRKREL S TR 1S
[Nakajima & Chen 2006][Z& DK
- ERFR/N—I322F  ppOpen-MATH/VIS-FDM3D
* UCD single file
» TSYRIA—L4
— T2K, Cray
— FX10

— Flat MPI
* Hybrid, IEBERF FHFES

[Refine]

AvailableMemory = 2.0  Available memory size (GB), not available in this version.
MaxVoxelCount = 500 Maximum number of voxels

MaxRefineLevel = 20 Maximum number of refinement levels

4
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Simplified Parallel Visualization

using Background Voxels
[KN, Chen 2006]

e QOctree-based AMR

 AMR applied to the region where gradient of field
values are large
— stress concentration, shock wave, separation etc.

* |If 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.




Procedure

ol e

Original Meshes

Background Voxel's
with AMR

Q
Q o
O——0 O~——0

Surface Nodes after
Simplification
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Delaunay Meshes
(2D: triangle,

3D: tetrahedra)



Voxel Mesh (adapted)
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Flow around a sphere

Pressure

1.32 -
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Example of Surface Simplification

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

B

95% reduction
(594) -
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FEM Mesh (SW Japan Model)
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pFEM3D + ppOpen-MATH/VIS

aE—
>$ cd ~/pFEM

>$ cp /home/ss/aics60/2014Summer/pVIS.tar .

>$ tar xvf pVIS.tar

FORTRANO—H'—
>$ cd ~/pFEM/pVIS/F/src

>$ make
>$ cd ../run
>$ pjsub go.sh
Ca—H—
>$ cd ~/pFEM/pVIS/C/src
>$ make
>$ cd ../run

>$ pjsub go.sh



pFEM-VIS

Makefile

CFLAGSL = -1/home/ss/aics60/ppohFVM-tutorial/ppohFILES/1nclude
LDFLAGSL = -L/home/ss/aics60/ppohFVM-tutorial/ppohFILES/11Db
LIBSL = —Ippohvispfem3d
-SUFFIXES:
.SUFFIXES: .o .c
.C.o:
$(CC) -c $(CFLAGS) $(CFLAGSL) $< -0 %0
TARGET = ../run/pfem3d_test
OBJS = ¥

testl.o ...
all: $(TARGET)

$(TARGET) : $(0OBJS)

$(CC) -0 $(TARGET) $(CFLAGS) $(CFLAGSL) $(0BJIS)
$(LDFLAGSL) $(LIBS) $(LIBSL)

rm -F *.o *_mod
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~/pPFEM/pVIS/F(C)/run

cube 20x20x20_4pe_kmetis.O
cube 20x20x20_4pe_kmetis.1
cube 20x20x20_4pe_kmetis.2
cube 20x20x20_4pe_kmetis.3
cube 20x20x20 4pe.out

go.sh

INPUT .DAT
vis.cnt
Vvis_temp.l.1np

cube 20x20x20_ 4pe_kmetis #1/bin/sh

2000

1.0 1.0 #PJIM -L "rscgrp=school™
1.0e-08 #PIM -L "‘node=4"

#PIM --mp1 "‘proc=4"

#PIM -L "elapse=00:10:00""

#PIM -}

#PJIM -0 "‘cube_ 20x20x20_4pe.out"

mpiexec ./pfem3d_test



oFEM3D + ppOpen-MATH/VIS

INPUT .DAT J
— T l
/<\ I—
<) <HEADER> _* —_— pfem3d_test - vis.cnt J
S—

— |

BRtH 8 AV T7PALIL

test.iInp
vis _temp.l.1np

ParaView HHH: & FEE




pFEM-VIS

Ro Ro Ro o

Fortran/main (1/2)

use solverll
use pfem_util
use ppohvis pfem3d util

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

type(ppohVIS BASE stControI) : - pControl
type(ppohVIS BASE stResultCollection) - - pNodeResult
type(ppohVIS BASE stResultCollection) - pElemResult

character(len=PPOHVIS_BASE_FILE_NAME_LEN) :: CtrlIName
character(len=PPOHVIS BASE_FILE_NAME LEN) :: VisName

character(len=PPOHVIS_BASE_LABEL_LEN) :- VallLabel
integer(kind=4) - 1Err
CtriName =

CtriIName = "vis.cnt"

VisName =

VisName = "'vis

VallLabel =

VallLabel = "temp"

call PFEM_INIT

call ppohVIS_PFEM3D_Init(MPI_COMM_WORLD, 1Err)

call ppohVIS PFEM3D_GetControl(CtrIName, 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 TNDEX, IMPORT ITEM,
EXPORT_INDEX, EXPORT_ITEM, iErr)

Ro Ro Ro Ro
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&

Fortran/main (2/2)

call MAT_ASS_MAIN
call MAT_ASS BC

call SOLVE1l1l

call OUTPUT_UCD
pNodeResult%ListCount = 1
pElemResult%ListCount = O
allocate(pNodeResult%Results(1l))

call ppohVIS PFEM3D ConvResultNodeltemlN( &
NP, VallLabel, X, pNodeResult%Results(l), I1Err)

call ppohVIS PFEM3D Visualize(pNodeResult, pElemResult, pControl, &
&

VisName, 1, 1Err)
call PFEM_FINALIZE

end program heat3Dp
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pFEM-VIS

C/main (1/2)

#include <stdio.h>

#include <stdlib._h>

FILE* fp_log;

#define GLOBAL_VALUE DEFINE
#include "pfem _util.h"

#include "ppohVIS PFEM3D Util._h"
extern void PFEM_INIT(int,char**);
extern void INPUT _CNTLQ;

extern void INPUT_GRID();

extern void MAT_CONOQ);

extern void MAT_CON1();

extern void MAT_ASS_MAIN(),
extern void MAT_ASS BCQ);

extern void SOLVE11();

extern void OUTPUT _UCDQ);

extern void PFEM_FINALIZEQ);

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);
ppohVI1S_ PFEM3D Inlt(MPI COMM_WORLD) ;
pControl = ppohVIS_FDM3D GetControI( vis.cnt');

INPUT_CNTLQ);
INPUT_GRID() ;

1T(ppohVIS_PFEM3D_SetMeshEx(
NP,N,NODE_ID,XYZ,
ICELTOT, ICELTOT INT,ELEM_1D, ICELNOD,
NEIBPETOT,NEIBPE, IMPORT TNDEX, IMPORT_ITEM ,EXPORT_INDEX,EXPORT_ITEM)) {
ppthIS BASE PrlntError(stderr)
MPI1_Abort(MPT_COMM_WORLD,errno);



pFEM-VIS

C/main (2/2)

MAT_CONOQ);
MAT_CON1():

MAT_ASS_MAINQ);
MAT_ASS_BCQ) :

SOLVE11(Q);
OUTPUT_UCDQ);

pNodeResult=ppohVI1S_BASE_ AllocateResultCollection();
1T(pNodeResult == NULL) {

ppohVI1S BASE PrintError(stderr);

} MP1_Abort(MPT_COMM_WORLD,errno);

1T(ppohVIS_BASE_InitResultCollection(pNodeResult, 1)) {

ppohVIS BASE PrintError(stderr);

MP1_Abort(MPT_COMM_WORLD,errno);

}:
pNodeResult->Results[0] =
ppohV1S PFEM3D_ConvResultNodeltemPart(NP,1,0,"temp*,X);

START _TIME= MPI_Wtime();
1T(ppohVIS_PFEM3D_Visualize(pNodeResult,NULL,pControl,"vis'™,1)) {
ppohVIS_BASE_PrintError(stderr);
MP1_Abort(MPT_COMM_WORLD,errno);

}:
ppohVIS_PFEM3D_Finalize();
PFEM_FINALIZEQ)
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vis.cnt

[ReTine] M EREEHRES a3y
AvailableMemory = 2.0 F|AA[gEA EUAE (GB) not in use
MaxVoxelCount = 1000 Max Voxel #

MaxRefineLevel = 20 Max Voxel Refinement Level
[Simple] BRIEHIEEHRE I >3 >
ReductionRate = 0.0 FME/N Y FHEIEEE

1.52 MB .385 MB,
8,000 elements 813 elements
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K& (FOaT S5 LILFortranD &)

FORTRAN a1 —H—
>$ cd ~/pFEM/pfem3dV/src
>$ make
>$ cd ../run
>$ pjsub go.sh

Ca—H—
>$ cd ~/pFEM/pfem3dV/src
>$ make
>$ cd ../run
>$ pjsub go.sh




Fortran/main

program heat3Dp

use solverll
use pfem_util

implicit REAL*8(A-H,0-2)
call PFEM_INIT
call INPUT CNTL
call INPUT_GRID

call MAT_CONO
call MAT_CON1

call MAT_ASS_MAIN
call MAT_ASS_BC

call SOLVE1l1l
call OUTPUT_UCD_REGULAR
call PFEM_FINALIZE

end program heat3Dp



pFEM3D-2

#1771 )L INPUT.DAT

. ./pmesh/pcube HEADER
2000 ITER
1.0 1.0 COND, QVOL
1.0e-08 RESID
1000 N MESH VIS
e HEADER : BRAE7 74 LAy 54, <HEADER>.my_ rank
e ITER: k&% LR
e COND : FnER
- QVOL : KEL-YRAEERKN
e RESID: REED UK H EE

N_MESH _VIS: EHaRIEEEICEITIRTA V18NSR

0 (laTj 5 (laTj 0 (/IaTjHj(x,y,z):O

+ +
ox\ ox) oy\ oy) oz\ oz

Q(x,y,2)=QVOL|x. + Y|
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