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Mesh used in FDM, FEM, BEM

Pictures are transcribed from

FDM: de Havilland Aircraft Company, VINAS Co. Ltd
FEM: Prof. Nakazima (Tokyo Univ.)
BEM: y-TEC Co. Ltd 5




FDM, FEM, BEM for Elliptic PDE

continuous discrete

For x €  c R3, find ¢(x) s.t.

Agp(x) = f(x)

*Bi-linear form
Jo Y)AP(x)dx = [ p(x)p dx
-Green's identity

Jo ¥)AP(x)dx =

Jaa W)y (1) dx = [ Vip(x) - Vp()dx J |,

fﬂ 7Y - V() dx = (i, f)

- Fredholm integral equation ‘Base function | v . -

faQ l/;(x: V) (x) dx = f_

- -- - - '\--_-_ "
f mm Tt - =
RO e
I T
S -, = = "
_l\'_ﬂ_. n - L] -
I}:'Il . = [
FEM R s :
L = '
T P - '
! ' ] ' ! 1
PRI » EE
J T

] o) | Y0,y (x)dxdy = (@, f)[  BEM > =
90

[2k9)

Base function




#% . ppOpen-HPC

BJST-CREST
TIRRAMREBR T — VS MR EICE TSV AT LY Iz 7 E M ORI " fEis
- BEFA——UUEEERE I ST I —a B - E1TEREppOpen-HPC”
MAERERE: PE HEEREXFEHREBE L Z)
B Download site: http://ppopenhpc.cc.u-tokyo.ac.jp/

User’s Program :0)7—:.—“} 7) b—éﬁ4
ppOpen-HPC covers ...

ppOpen-AT STATIC DYNAMIC
FEM
Finite Element Method
ppOpen-SYS COMM FT

ppOpen-HPC

Optimized Application with
Optimized ppOpen-APPL, ppOpen-MATH

T = == L
DEM
Boundary Element Method Discrete Element Method
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pOpen-APPL/BEMZ,

W BT

- Potential operator: Viul(x) :=

r’“’\

RISV TOHROE

Ground

T
fEHT & fRHTIRR




ppOpen-APPL/BEM% FA L 1= R4 451 o

W BRI
- Potential operator: Viu|(x) = / 4
I

0.25m
w /
Conductor
Air
0.5m Ground
L Saa
- FZ0.25mDERIKICIVEEZ S BARBDTHEDICKRELEREZE
-FREICHENAERERDD NELS

(FERBHADEMNEHIND)



ppOpen-APPL/BEM®MD#ERK

BEBEM—BB

BRERZEZ - BHARELXEZRBYINI 7 IOL—LT—7
(SA4TS5Y ., APIETILELY)
FHE ERERESBAREFTL—HAEHEELBEM-BBIZIEH AL
(A—H707 3 Lo hBIREMZETESDTIEALY)
-ZITHEE R BIR. FBEREE 175 (H-matrix) | Bk
*Fortran90, MPI+OpenMP, BLAS

BHACApK
-EEITHIES AT
FRRE . A — 7R S LN ELGEMAEMES

HACAPKMLIE[EAN SRR BERREAEBZAEL THLS
*Fortran90, MPI+OpenMP
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ppOpen-APPL /BEM®Di ik

s ™ BEM-BB
ZITHEEEZRAWN - RIRENSEREREHRIL—LT—
RS EREMN J FLFL— 4% ORI %t
TUTL—EE

q LTIL—LT—4 &2t I F

HAT5I5% ALV KA SIS R E R Il — LT —%

HACApK
SWAFIHITSIE S A 7 IL—=LI—IATER

N J \

D7) r— 30 THF AT EE

ppOpen—-APPL/BEM
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— B8

B, IIRsE t, BEMIFEEICHER)

« —IRBIICIFBITIEGT RN E
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RABRRRSAEXDOHRIE

BETHERBEITIICE DEBERAREXRINFONS.
glul = f, where g[u](x): = [ x(x,y) u(y)dy

singular kernel: k(x,y) € span({|x — y[™7,p > 0})

e.d. k(x,y) < |x —y|™t

Discretization

(p.
by WRM., e.g. | | u=u qul(pl A
Ritz-Galerkin "4 i€
Ap = b,

Ay = fﬂ 0 (%) jﬂ 9G6) @, ()dydx, by = jﬂ 0O @i (x)dx

A E1TS

14
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1. ETILT—3DAN
2. BREBITHIDVER

- BxBEEIE/HETIRD

NDET
3. HAiARIRILDER
— iiﬁ 4 mE
4. EIL—RFEXDKEE
— BHRBITIEER

5. BRITHIERDH 7

e

BEM-BB
IL—LT—Y
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BEM-BB® | F B 4 o

- BEFIAHIL—Y
- F BEREFREZFEAL, KRERAEFNGFTEIRIET
MEMIZENMET HLIaL—3T7Aa55 L%
FRT HHRE - HilTE
B BEEOTI)r—a EEOREE ERERE
ICKY SRR - FHiTE
c BRDOTIVr—3 Y77 ERIRRICETIVIZET
BHIEHMEANT BT TURELGEEFE-U,

s PCHEORERGTERBENO/NMNIERELGISRE, IIILFIAT7TO
Y THLEMET AZENEFELLY
— KRR EREAD— LU REFELT
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BEM- BBO) I:I-l_II_.\IL.\ QEE‘?E

ATEREEENBODTAT TR TESLR
iﬂl?ﬁﬁ%é‘hfl]\?&('J'*Llif&b@b\
— Y R—FDELERZFEET S
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BEM-BBO#EEL1—F DHE 2

M Framework for parallel BEM analyses

< Frame work> <user>
Input file

- mesh, physical parameters and so on

Model data input

Making matrix Boundary element integral

- Call user function -Function to calculate entry A;;

Liner solver
e.g. : real*8 function entry_ij(ij, j, param)
on distributed memory integer ::1i,j
parallel computer systems type(phys) :: param

— S

OpenMP/MPI x4 Tk
A 51 AL EE 0D iF F

18



BEM-BBO#EEL1—F DHE 2

M Framework for parallel BEM analyses

< Frame work> <user>

Model data input Input file

- mesh, physical parameters and so on

Making matrix

- Call user function TempI.?tes ication d _
: * Specific application domains
Liner solver P PP
— Ml Static electric filed
on distributed memory

parallel computer systems

OpenMP/MPI /\AT1)yk
WA MEHDFEA

i

!

Al =
1

19



BEM-BBf& Rk

bem_bb_dense_mpi Initialization_MPI
AMUTAG S MPIZE 5 A 1L
Read_bem_bb_config

o ARAITFPAINLEN—FA—T 125
T4+ b:sample.input.txt

Read_model_data
ANT 37 MRS ST L

Make_equation_data element_i j element i i
. ake_equation._ LR S . _ij_SCcM
fairsl, BasobEm [T AR S EBILEAT S TL—h

ppohBEM_pbicgstab_dense
B ILIN

I
H A% 405 Tveo direct /_
- ﬁﬁllm-a&‘\glijblié%gbody \ Hf T3 bR IZHACAPKJL—F (& B

A
A—FHHE Print_result
ARt T —4H A

HAIT7AIVEN—FaA—F 125
S%BINTEHMEE T4 )Lk :sample.output.vtk




BEM-BBDANT—3ER

H3RTZEB LOZABAY A TRBESNIEEETE
BANT—2774IV FisRF .pbf) TA—vb

(i) Number of nodes (linteger*4 number): nond

(i) Coordinates of the nodes in three dimensions (3 real*8 numbers for each node)

(i) Number of faces (linteger*4 number): nofc

(iv) Number of nodes on each face (1 integer*4 number): nond_on_fc

(v) Number of integer parameters set on each face (1 integer*4 number): nint_para_fc
(vi) Number of real parameters set on each face (1 integer*4 number): ndble_para_fc
(vii) Node number constructing for each face (nond_on_fc x nofc integer*4 numbers)
(viii) Integer parameters set on faces (nond_on_fc x nint_para_fc integer*4 numbers)
(ix) Real parameters set on faces (nond_on_fc x ndble_para_fc real*8 numbers)

4

0.000000000000e+00 0.000000000000e+00 0.000000000000e+00
0.000000000000e+00 1.000000000000e+00 0.000000000000e+00
1.000000000000e+00 1.000000000000e+00 0.000000000000e+00
2.000000000000e+00 0.000000000000e+00 2.000000000000e+01

2

3

0

1 E-— &5
1 2 3 1%
243

0.000000000000e+00 A %ﬁ

1.000000000000e+00

21



ConfigZ7AJL

BANT—REENTOGVWGIE/ NS A—FFIETE

(i) number_element_dof (integer*4)
(ii) linear_solver (character*16)

(iii) tor (real*8)

(iv) max_steps (integer*4)

1
BICGSTAB
1d-8
5000

fFiEconfigZ7 AL

22



A—YFEBRBEAM clement i

B2 ONEZRBSLEFTERLOBEREZZITIY., ITIHIEREZRT

real (8) function matrix element ij (i, Jj, nond, nofc, nond on fc, np,int para fc,
nint para fc, dble para fc, ndble para fc, faceZnode)

type :: coordinate
real(8) :: x ,v ,Z
end type coordinate

integer, intent (in) :: 1,J,nond,nofc,nond on fc,nint para fc,ndble para fc
type (coordinate), intent(in) :: np(*) ! B
integer, intent (in) :: faceZnode(nond on fc,*), ! BRI HE R

int para fc(nint para fc,*) ! BEEX FICintTHEZABNTWSEHR

real (8),intent (in) :: dble para fc(dble para fc,*) ' EBER FICreal STHEALNTLVSEER

23



BEM-BBIZ XA HTHERDAIRIE

BA—7Y—XA[fRI{EV Tz 7 ParaViewl Zxt i
-VTKEKX 2714 ILEH A

# vtk DataFile Version 2.0 1 (1)
Title(max:256 characters) 1 (2)
ASGI] or BINARY ) 1 (3)

DATASET type

. )
POINT_DATA n 7
CELL_DATA n )

-

% C.1: VTK 7 7 A VB

24
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ppOpen—-APPL/BEM
ERERELBEM-BBIL—LT—4

y

7S5 LEE I

BEM—BB
Z R 1753k EFH ACAPKS A TS

fes

J
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YN T0 S LTHET HMHE A

B E ISR
- Potential operator: Viul(x) := / In
Sy

0.25m
w/
Conductor
Air
0.5m Ground
fRiTEY
- 120.25mDEIRKIZIVEE X S BRBKDTHRICKSEEREE
-REIZIENLSEREKDSD NELS

(FERBHADEMNEHIND)
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W %175 Bz > TOELEL(BEM-BB)

» T7A1ILA

ppohBEM 0.4.1.tar.gz (Oakleaf—fx@) &)

y T RAH)TRIT74 )Lbem-bbbashtb D F1—L& %

lecture HV5 tutorial [CEELTH S
JSUbLT(T:éL\o

lecture : EEFEIND X 1— (BEIFEITH)
tutorial : EE BN D ¥ 1— (FEFRFEITEH4+)

27 BRALT7HVUMIZEES m A SRR —
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO



#!/bin/bash
#PIM -L "rscgrp=lecture”

BEM-BBHY a 7 A7) 7 b (Oakleaf-fx)

#PIM -L "node=1" €
#PIM --mpl "proc=1" €

MR/ —F%

#PIM -L "elapse=15:00"
#PIJM -g gtoo

MPIZ O+t Xk

OpenMP

export OMP_NUM_THREADS=1 <€
mpirun ./bem-bb-SCM.out input sample.pbf

ALyRE

!

ART—53%

—K# . MPIZ Ot X 8. OpenMPAL YR D

=JL ==

nZJ:E (j:

Oakleaf-fx[&1/—FH=Y16aF7 THAHZLITEFELTITD

= S ST A L R
28 PRALT7HDUNMIZEEE S m BRI A AR A —
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYQO



BEM-BBDO %1y (Oafleaf-fx)

» Qakleaf-fxIZAHY A9 5
» LT KREEFTTS
cp /home/z30107/ppohBEM 0.4.1.tar.gz ./

tar xvzf ppohBEM 0.4.1.tar.gz
cd ppohBEM 0.4.1

cd bem—bb—framework dense
cd src

€A 6 6 6 &

$ cd framework with templates
$ make

$ pjsub bem—bb.bash
» BTN T LG, LTZETIT S
§ cat bem-bb—fx bash.oXXXXXX (XXXXXX[&E{E)

29 35 L/ jj .\/I\ S HBER = \ P
BELTATVMIERER SERASERER T —
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO



BEM-BB®M 31T (Oafleaf-fx)

BLUTOIGHRENRZINIED]
Number of processes 1 €= MPI?"EItZ%?jZ

Number of unknowns set on each face element= 1

Selected linear solver = BICGSTAB -

Convergence criterion = 1.000000000000000E-08 A j] 7—— —/51 g

Upper limit of iteration counts = 50£

Load data file :input_sample.pbf sl
PHSATIPED OpenMPX LK%k

Number of total threads, Thread number 1 0 < "

ext_ndim = 600, ndim = 600 €— BEEMN

Original relative residual norm = 1.0000000E+00
Step 1 relative residual = 5.3560399E-03

()

Step 11 relative residual = 1.3362906E-08
Step 12 relative residual = 2.5294315E-09

Relative residual norm = 2.5294314E-09

before user_func time = 1.17245559E-02 [sec]
user_func time = 0.704002202 [sec]

bicgstab time = 8.27010907E-03 [sec]
bicgstab time/steps = 6.89175737E-04 [sec/times]

all time = 0.723996818 [sec] €= E‘fﬁﬂ#ﬁzﬂ 30




JEEEERE1(BEM-BB)

1. ﬁﬁﬁ‘f‘*%_ﬁm £

=B 7 DOPCI

Paravlewin

1774 )L sample.output.vtk |

ZAra—kL,

1ILYT B

X

D EHEA[fRIEZ 1T TLIESLY,

31



JEEIERE2(BEM-BB)

2-1 YT WS D T—3E AW E
EE1TERLET—21input_sample.pbf(ER 1
600) TL 7=,

Input_10ts.pbf(EFR % : $91000)E &V
Input_216h.pbf(E X% £92,1000)D T —42Z& AL /-
ETEZITL. STEEBZRIEL TS0,

BV DT RYVTHIENNTNST —REEEET D

EVb T —R216hDETEREIIEF15 M YET, D3 TMN
NI EZREL=-oRDEE ITEHEA TS

2-2 St EA—F —DETA
,,Ez 1 CHIEL-ETHRIRFEZE-T.
ZITH AWV - IR R EREBETOFTERBA.
BEMENELT.ON)THAEEHENDTT LY,

32




JHE iR 3. 4(BEM-BB)

3-1 a—kD Ui 5IET
LNALALEOpenMPR LY REAOMPIZ AR T
FSTEZEITL. sTERREZETAIL TS,

3-2 BHNRIZ KSR L o) FF(i
BREATIZEER ENfZITER{ESN=h,
M gEEEMZ L TZELY,

4 FRIREDEE
ppohBEM 0.4.1.tar.gz%.
ReedBushZx1=I&Oakforest-PACS~OE—L.
BEM-BBZEj{ESH& Tz,
Bk Make7 7LD EBERIT T REREZHELTLET
eV DT RY)TRIMMDEE THES-LDESEIZCEE

33
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y

Do LEE I
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fEEE1THES AT 51 HACApPK

> 1THLEELFE

> 3

BESAERZTAWNV=- I 2L—13 D00 ERAETATT)
fEEE1THE - O(N?) = O(NlogN)
(Hierarchical matrices, H-matrices)
555

MPI+OpenMP/\NAJ Yy TOS 53205 ETILEEHER
M Target applications
- Electromagnetic fields

- Earthquake cycle

-
|

[
g3

- Quantum mechanics

il

it
Ty
i

36°

*Transcribed from Ohtani at al (2011)

*Transcribed from NIST Image Gallery
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fEE A 1T 5

BIERDAREREICENSGZITIINT HEUFEND—7F
i FH % R 45 2] (x) = f

Q
singular kernel: g(x,y) € span({|x —y|™",p > 0})

%ﬁﬁﬂ% B B B 17 51 %

RRS
2 ":‘?":;‘
101 (29 ’!,n
P

g(x,y) u(y)dy

Permutation
Partition

12
Full rank #1751l Bl Full-Rank O (mn) =0 (k(m + n))

Low-Rank AT ER

THINORILIEEER

36



AEYERE(FETH. BEETI)

1000 o o° O Dense matrices
. F ° & HACApK
8 100¢ O : © (Static electric field)
— a :
b - *° :
o 10k o | Q i
- S - e
S 1la ? A HACADK
= o (Static electric field)
01 ;IIIIO I [ 11111l | R I 111l I 111l Sl

10* 10° 10° 10" 108
Matrix size N

X HACApK
Memory usage (Log—Log scale) (Earthquake cycle)

37




R ITHED LR

WY')—X, FMM, /\RILOZRZ) T xGESRLIREBIZELC.

~ h_z () : Pi
Ritz-Galerkini wERE, it | |/|\| 1 18

REESMERAR: glul() = [, 9. y)u@)dy, #l:glx,y) =Ix—yl™

T
glul(x) = Ap, A€ R, ¢ eR? Q
:a(%ﬁim‘_zﬁx yIZ¥ LTI, Ajj = jﬂ gol(x)j g(x,y) @;(y)dydx
9(x,y) = Z PHEILHE) k

LY
BERET

R - B OO SR T BT B EE(L gf(x)‘““‘”")( (Y)‘p’(Y)dy)
v=1

ECBENT-28B O o x, QF 5y TEZBE, 1&7/’7??@1:&@1 Alsxr = VWT HVE[HE
Qnr

. Qh
@ dist(Q?, Q) Q t

* X

VAL EFZR - min{diam(QF), diam(Q})}< ndist(QF, Q)

38



NIFVDOEFREEBS V175 L

BROMLOERIZU21475111274%
a, /a1b1 aib, a1b3\

a, a2b1 a2b2 a2b3

. as . a3b1 a3b2 a3b3

a®b=1gq, |®b1 by b3)= asb; aub, aubs
as \asbl ash, a5b3/

Ae agb, agh, agbs

BEZEDTIEINIMLDERE (G117 TR TES (BEFENFE)

C11 €12 (13 a,
C21 Cp2 (23 a;
C31 C32 (33 as

~ by b, b
Ca1 Cap (43 Ay ® (by 2 3)
Cs1 Cs3  Cs3 as
Cé1 Ce2 Co63 g

BEEDELBRSUI11T50EKBERTESOIk{THIIZHS
BEEDTINITUKITHITEETES
kD IS ITRIFIES D 3E e

R
=




THDFEER LS, - T
175 A eC™" m>nlZxtLT.
B SVD:A=UXY UeC™n"yeRY"V e

X BT DA 01 = -+ = 0, =0
. A@Ul'i&ﬂ;l Al = UZIVJ Zl = (0-1) “.)O-l) O; 'ty O)

n

o EBDEE: 14— Al = | Y o

=
- ntF'ﬁ‘n %8[ -L-_“./—C ”A Al“F < EHAHF giﬁf:—d—l(&‘)‘is
[(¢) := min{l € N: 0,2 <c¢ g;%}

BT DEERESESVD)IFFAEIRMEF LD T, HACAPK TIEIE B F X EFES
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ACAZRAW=ES /17 5:5E4
Adaptive Cross Approximation

ACA ERYRIIEERYMNMTEREITER

k v AFEEDFIRIRIL (e.g. 1518)
a ~ d, = z vy (wY)T wh: jJUTAIRIL, jt = argmax;|v’)]

v=1

HEESNDELIERE:

R wR
Ek:—
k
\/zvzl 1] - 1wl

-FRERAl: €, < €4

HERTHRTNILDAREIZKYER AT = &30 LUFF E 2l 15 0] 5E.

41




BERTIOE/RTAOEX

BHACApKTIIFFODAZZHERALTLNS

Step 1 Clustering & Construction of a cluster tree |[ | |

 AMG-like method

-Method based on geometric information { [‘
-Method based on nested dissection ‘g H —

Step 2 Construction of a partition
B There're only blocks(frames of sub-matrices).

Step 3 Fill in sub-matrices
BLow-rank approximation
-Cross approximation i) ACA i) ACA+
*Interpolation
- Hybrid method of interpolation and ACA

42



HACApKIZH T 51T R END %

WA AIMFIRICEDKITRA T EFH H
Admissible condition: mln{dlam(ﬂh) diam(Q})}< ndist(Q?, o)
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HACApKIZ K 51T5I 5 ElDH)
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HACApKIZ K 51T5I 5 El D H)

—
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HACApKIZEBT5ERBEE1THED M 5L Fi*%

WEERITHDOERIZEINT
- step 3 (RLEFEHAMNNDED) DA F1E.
* MPI DBEFFE.
stepl Cluster tree 1Ef% \
step2 H-matrixt&i& {ERL

SMPIZ7OCRATCRESE

J

[stepS EB2 1T DETFE(ACA) it 51|51 &

BEERITH-ROMNLESTEIZBLNT
- EMPIZ7AEANRINILEREZED.
- MPI7OFABDBENLE.

BLEEEOmMADIFETEIZEINT
SHEITADT—AREY B TAHRKITHRBIZTS.
CEHEIIE S THEEAMAELTITY.

S EOTARY L TONF-TF— 2L TIDES LS.
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T—5EY L THELEER

BMPI7AEX[ZDULNT
@ "IREZBRYR (M) DR KEEZZAIZT S
= X T — A YA X% V71T S
@ MPI7OtRAMDOEEAMAEEZR/NMET S
R(M,).
R(Mz)*q) ’ ' ;-'u‘:é’

R(M;)-4)

B OpenMPRLYKIZDILVT
+ OpenMPRLYRIDETE AR A HEHZ&R/IMET S
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HRBEDE K SHEY H{TT—2EBDEL

HACApKTEMPIZ O+ R AERREAREICEDE

575
~E|Y 4 TN F-ER ST 5 R THIDENY LT
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HACApKD I FEFHEERET AR

RO2DDFFEDMHFTE S REFTFAT-
- BEREBERITHD &R
HMVM (B2 B 1T5-ROKILFE)

BComputer: IR KFE Oakleaf—fx
Processor : SPARC64™ |xfx (16cores/node)
Memory :32GB
Network :5 GB/s, Tofu.

BEZRZN

case 1: N= 1,000
case2: N= 10,000
case 3: N= 100,000

case 4: N=1,000,000

Hl Test model
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fEERITINZERT S HEICETHRTr—3E) T4

BT — 3 A XANKELGDITONT,
FYENWRT—FEVTAHNHACAPKTIEFOoNT=.

60-—0— 1,000,000unkowns )
—o— 100,000

- —— 10,000 >

sol—"— 1,000

0 20 40 60
Number of Processors

50



BRETHIRIMNLEFEICB T R T—FE )T+

Flat-MPIfRHACApKD 1 /—FIZL55tERBEEELLT-.

H MP|+0pen|v|P/\47‘"Ju|~“miliFlat MPIREY S Uit 5 FHE M RE
NEoNT-, MPIOBEDEIBNEIZEDSEDEEZ NS
BFlat-MPITIE., STtEEER LEANGaAT7ZETLIEON G ST =.

Elo | [ [ I I

= .1,000,000 B

= 8- O

o o

S 6 O

do) L i

—

» 4+ —o— Flat-MPI

> | | —— MPI+OMP2threads
T oL °|  —8— MPI1+OMPA4threads
D ©— MPI+OMP8threads
(‘/8)_0" 1 1 —— MPI+OMP16threads

1 | 1 | 1 | 1 |
0 50 100 150 200 250
Number of cores
Parallel scalability when performing an H—matrix vector multiplication 51




HACApKF,

O—F D& R

main

rM

iz

A—5HAE

MPI_Init

HACApK_ init
ML

HACApK_generate

HAT 5 & Bk

HACApK_solve
BRI

supermatrix_
construction_cog_
leafmtx

HITHI#EE 1R R

_ | create_ctree_ssgeom

D3RI — e

set_bndbox_cog

INQUT AT RV RVERL

[: create=cluster
RECURSIVE

— RECURSIVE

fill_leafmtx
& INMTHI DAL {

create_leafmtx
J—2INMTHIERL

gsort_leafmtx
J—21MTH)—F

aca COomp_row

acaplus comp_col

chk_leafmtx

setcutthread

accuracy_leafmtx

[: dist=ZcIuster
RECURSIVE

HACApK _element_i j

ITHIERAE
BRERESET

maxabsval loc_d

bicgstab_|fmtx_p
Bicgstaby/JL/\

adot_|fmtx_p

adot_body_|fmtx

HAT 51 Rk JLEED body

HACApK_free_leafmtxp
1THIAE) BRI
HACApK_finalize

Hil ) F AR IS R A E U AR IR

MPI_Finalize

L HiT5 - ROKILFE

dotp_d

NiE
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program Example Using HACApPK

use m HACApK solve

use m HACApK base

implicit real*8(a-h,o-z)

type (st HACApK lcontrol) :: st ctl

type (st HACApPE leafmtxp) :: st leafmtxp
type (st HACApK calc entry) :: st bemv
real*8,dimension(:,:),allocatable :: coord

real*8,dimension(:),allocatable :: rhs,sol

<<< User code part 1 >>>

HACApKDE A&

ROoNT-IREICEARZE
A TLKZF TERATETRE

lrtrn=HACApPK init(nd,st ctl,st bemv)

allocate (coord(nd, 3),rhs (nd) , sol (nd))

<<< User code part 2 >>>

ztol=1.0e-5

lrtrn=HACApPK generate (st leafmtxp,st bemv, st ctl,coord,ztol)

\

lrtrn=HACApK finalize(st ctl) 5;\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

lrtrn=HACApK solve (st leafmtxp,st bemv,st ctl,rhs,sol,ztol)

lrtrn=HACApK free leafmtxp (st leafmtxp)

<<< User code part 3 >>>

end program

HACApKA = w54 X

HIT I & Bk

—_ HITHIZ®RBISH D
R AR RZTAES

T HiTHI AR R
T HACApKZ74F+54 X

Pseudo code 2.4.1: example of the basic usage of the HACApK.
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A—YFEHEBEAM HACAPK element i

M2ONERESLEERLOBHERTRY, THEREEET

real*8 function HACApK_entry ij(i,j,st_bemv)
integer :: i,
type(st. HACApK calc_entry) :: st bemv

return HACApK entry_ij
end function

BERERB S CRETR/REEMNT OBERZEESLTHS

type(st_HACApK calc_entry)
integer :: nd,lp6l
real*8,pointer :: ao(:)

integer :: 1nt ex

real*3 :: dbl ex

integer,polinter :: int exl(:),1int ex2(:,:)
real*8,pointer :: dbl exl(:),dbl ex2(:,:)
end function




FEFEE§¥Rcoord

BOSAR) T I BT ER R

ATINATIIRAEEEMITONTWS=ZRITTHILERZE

BESELTERS
ATHA T REBEFF TN TOSDNERDIZGHFIZIE.
BEIDDERFREZEZSD
(0,3,0) (6,3,0)
Element 2
¢ (4,2,0)
¢ (2,1,0)
Element 1
(0,0,0) (6,0,0)
nd=2
coord(1l,1)=2.0; coord(l,2)=1.0; coord(l,3)=0.

coord(2,1)=4.0; coord(2,2)=2.0; coord(2,3)=0.
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Fa—R) 7 ILD RN
1. ppOpen-APPL/BEM

 EREZRELIBEM-BBIL—LALT—4

3. A0S LEEI
BEM-BB
4. BEREIITHEEHACAPKS AT TY)

5. A5 LEED
.BEM-BB+ H ACApK

4

N
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YOI TRYSLTHET HRRE

W BRI
- Potential operator: Viu|(x) = / 4
I

0.25m
w /
Conductor
Air
0.5m Ground
L Saa
- FZ0.25mDERIKICIVEEZ S BARBDTHEDICKRELEREZE
-FREICHENAERERDD NELS

(FERBHADEMNEHIND)
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B 2179 DT> TORHE S (HACAPK)

» T71IL4
BEM-BBEREBFIZCA LV A—ILBEHTY

y oaTdRHYTRI7A )Lbem-bbbashbDF1—4 %

lecture HV5 tutorial [CEELTH S
JSUbLT(T:éL\o

lecture : EEFEIND X 1— (BEIFEITH)
tutorial : EE BN D ¥ 1— (FEFRFEITEH4+)
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HACApKHY a 7 A 7Y 7 b (Oakleaf-fx)

(BEM-BBJH & [ —)

#!/bin/bash
#PIM -L "rscgrp=lecture”

#PIM -L "node=1" €
#PIM --mpl "proc=1" €

MR/ —F%

#PIM -L "elapse=15:00"
#PIJM -g gtoo

MPIZ O+t Xk

OpenMP

export OMP_NUM_THREADS=1 <€
mpirun ./bem-bb-SCM.out input sample.pbf

ALyRE

!

ART—53%

—K# . MPIZ Ot X 8. OpenMPAL YR D

=JL ==

nZJ:E (j:

Oakleaf-fxlZ£1/—FHT=-Y16a7 THAHA_EIZTEFELTITO
59 BERLTNYMIEHEER [ smosmnmnes—



BEM-BB+HACApK®D 347 (Oafleaf-fx)

» Oakleaf-fxIZAHY 1> 9 5
» ppOpenBEM *xxMNA 2 A—)LENTINDEFFER
» LTFOaATUREETT S

$ cd ppohBEM 0.4.1

$ cd HACApK 1.0.0

$ cdsrc

$ cd HACApK with BEM—-BB—-framework 1.0.0
$ make
$ pjsub bem-bb.bash

» ETHARTLEL.UTEZETITS
$ cat bem—bb.bash.oXXXXXX (XXXXXXIZk{iE)

60 BHLTAOUMIEEES m AR —
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BEM-BB

HACApK® ZE 1T (Oafleaf-fx)

BLUTOIGEHERNEINILED]

Number of processes 1 €=
Number of unknowns set on each face element= 1
Selected linear solver = BICGSTAB
Convergence criterion = 1.000000000000000E-06
Upper limit of iteration counts = 5000

MPIZ Ot £k

Number of total threads, Thread number 10 €&
ext_ndim= 21600, ndim= 21600 <€

OpenMPR Ly K #

kkkkkkkkkkkkkkkkk HACApK Start kkkkkkkkkkkkkkkkkkkk

nd= 21600 nofc= 21600 nffc= 1
nrank= 1 nth= 1
No. of cluster= 3903

No. of nsmtx 17002 33096 16699

1:Rk-matrix 2: dense-mat 3:H-matrix
ncpc= 24306128 ncpc/nrank= 24306128
time_supermatrix =0.1259064860641956
time_fill_hmtx = 87.13198765483685
time_construction_Hmatrix =87.25789824104868
Memory of the H-matrix= 327.1665954589844 (Mbyte
Memory compression v.s. dense matrix=
9.191182270233195 (%) &=

BHRM

H1T5| D ERAAE!)

(FPER)

before HACApK time = 0.266355455 [sec]
HACApK time = 98.4935837 [sec]

ZITHZxtT B
H{T 3| D [ g ==

AT E A fE] 61

all time = 98.7606354 [sec] €=




B a1 (HACAPK)

1-1 TSN DT—2ZF AL =EE

EE1TERALET—2I&input_sample.pbf(EER2K
600) TL 7=,

Input_10ts.pbf(EF2: £91000)E LU
Input_216h.pbf(EHR#:£92,1000)DT—42Z AL \-
ETEZITL. FTEERBZAIEL TS0y,

BN DI3TRI)THCEMTWST—RBELEET D

FATHIE A5 E O ERM L LB T AL,

1-2 5t EA—5 —DEtHAl
B 1-1TREL=FHAIRHEZES T,

fEERITIZE AL -IRRERETOETERE A,
g%’%‘ﬂ’EN&L’CO(NlogN)’Cﬁéu&’Eﬁﬁ?ﬁ\&)’CTé‘L\
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JEEIERE2. 3(HACAPK)

3-1 a—kDMi5IET
LNALALEOpenMPR LY REAOMPIZ AR T
FTEZEITL. st ERREZETAIL TS,

3-2 é%‘&xﬂ%( K5 8E M £ oD ETA
BREITICHER, ENfZITEERIESNT=H,
M gEEEMZ L TZELY,

3 FTRERIEDZE
ppohBEM_0.4.1.tar.gz%.
ReedBushZ f=[#0Oakforest-PACS~OE—L.
BEM-BB+HACApKZEj{fF = T=&LY,

Bk :MakeT77AMIILDEEHIT CHEREZRTELTLVET
EVR:DOaTR)THIMMDEE THEL-LDESEICEE
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BENIFETLL
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