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GeoFEM: FY.1998-2002
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ppOpen-HPC (FY.2011-)
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¢« YY—XOQ—F
— <SFVM>/src

— ZCClmake | T5E<SFVM>/run] [Zlsol 1 ELVHETERXA
TZEH. U TFTnNz=EHT 5,

S> cd <SFVM>/src

S> make

S> 1s -1 ../run/sol
sol
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$>
$>

$>

$>
$>

cd <SFVM>/ex

cat fvmmg.ctrl

32 32 32

cat fvmpart.ctrl
'INITIAL FILE

fvm entire mesh.dat

| METHOD
RCB
X,Y,7

'REGION NUMBER
8

'MESH FILE
mesh.rcb

!COMMUNICATION FILE
comm.rcb

'Uch
32-32-32-rcb-8.1inp
eps fvm mg
eps_fvm part

774 IV AR

$S> 1s -1 mesh.rcb.*

mesh.rcb.0 .. mesh.rcb.7/

S> 1s -1 comm.rcb.*

comm.rcb.0 .. comm.rcb.7

18
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W HETEFHIE T 7AIL

. INPUT.DAT(ZFEE)

o« ETHAKIsol|ERILTALIMICHEITNIZESELN(ED
B EIE<SFVM>/run) .

« £ TOHIEHIIABAT,

../ex/mesh.rcb B SEIAY A T7AILDNYE L
../ex/comm.rcb B EUBREI7AILDAYE £

Jex/result TAIRIEBAEAT7AILE (Fah)
1 AIfRILAE I DEE(=1DEEHA)
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ab—2avIZHEITHI0

INPUT.DAT(ETE)

<SFVM>/run/ J

WHETEREIT7AIL

'

HEHERIFAIL
(UCDZ74 L&)
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5T 5

$> cd <$FVM>/run
S> cat INPUT.DAT
../ex/mesh.rcb
../ex/comm.rcb
../ex/result
1

[go.sh|Z&EEMZD

$> gsub go.sh
S> 1s -1 ../ex/result
result

21



T2K-FVM-04 22

[eps_fvm D514k : £ 5 2 : test.f

Ezzgigimiﬁzgij?vm_all % [j: li t/\/t 71N L \
BISREET7 A )L B 1A

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

call hpcmw eps fvm init
call hpcmw eps fvm input grid

zzii E;iigins_fvm_solver W,ﬁ\’ 9*““
call output uc
e — M intNODE _tot
- AR+4% 5 NODE._tot

call hpcmw eps fvm finalize

end program eps fvm

MPIO—)LIX TE 51T IERR

— #)#A1E, Finalize
 hpcmw_eps_fvm_ util. *

- BIEERYIIL—FUH

 hpcmw_eps _fvm_comm. *
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program eps fvm
use hpcmw eps fvm all

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

call hpcmw eps fvm 1init

call hpcmw eps fvm input grid
call pol gen

call hpcmw eps fvm solver
call output ucd

call hpcmw eps fvm finalize

end program eps fvm
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ZI 0y hpecmw_eps fvm_all

1C
ICkx**x
IC*** hpcmw eps fvm all
IC**%%
1C
module hpcmw eps fvm all
use hpcmw eps fvm util
use hpcmw eps fvm pcg
use appl cntl
end module hpcmw eps fvm all

24
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module hpcmw_eps_fvm_ util

» EHTOVY
— Ayia
— @15
» MPIZIEAIE-#8 THFICEEL =Y T IIL—F U
— hpcmw_eps_fvm_init
« MPI_Init
— hpcmw_eps_fvm_finalize
 MPI_Finalize
— hpcmw_eps_fvm_abort
« MPI_Abort
— hpcmw_eps_fvm_define file_name
« FBITANEBESR

25
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hpecmw_eps_fvm_util (1/3) Ay 2 B E

L i) AR 07 N &
NODE_ tot | - A mh+ o m
intNODE_ tot I - Y=t
NODE_GLOBAL(:) | NODE_tot Ja—nNILEXES
NODE_VOL(:) R NODE_tot BERAE
NODE_COND(:) R NODE_tot BERMpER
NODE_XYZ(:) R 3*NODE_tot BERBDEZ(3RTT)
CONN_tot | - ORI TAE T8
CONN_node(:) I 2*CONN_tot ARITAETAHERER
CONN_COEF(:) R CONN_tot AR TAETARE
FIX_NODE_tot | - TA)ILERFHERAERY
FIX_NODE_ID(:) | FIX_NODE_tot TAVIVEREFHERERES
FIX_NODE_COEF(:) R FIX_NODE_tot TAVIUVEREHRE
FIX_NODE_VAL(:) R FIX_NODE_tot TAVILEREHE
SURF_NODE_tot | - JARVEREFHERERKY
SURF_NODE_ID(:) | SURF_NODE_tot JMRVEREFHERERES
SURF_NODE_FLUX(:) R SURF_NODE_tot JARVEREHTZVIR
BODY_NODE_tot | - AREXMRRAFHERAERY
BODY_NODE_ID(:) | BODY_NODE_tot RERBBEREHEAERES
BODY_NODE_FLUX(:) R BODY_NODE_tot RBERMEREHIIVIA

26
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hpcmw eps fvm util (2/3) @B {E B8 E

EH4 it BegilH 4 X S
PETOT I - TOotwygE
errno I - I5—HEYE
my_rank I - SVOES
n_neighbor_pe I - B4z P 2 2K
neighbor_pe(:) I n_neighbor_pe B4 pEEID
import_index(;) I 0:n_neighbor_pe RET—TIHAOTIIR
import_item(:) I import_index(n_neighbor_pe) ZET—TI
export_index(:) I 0:n_neighbor_pe EET—TILARAOTYIR
export_item(:) I export_index(n_neighbor_pe) EET—TNL
HPCMW_NAME_LEN | ; NAME length/$5 A—% (=63)
HPCMW_HEADER_LEN | | ; AT —REEIS A=A (=127)
HPCMW_MSG_LEN | ; Ayt—UEE/SA—4 (=255)
HPCMW_FILNAME_LEN I - 774V EBRES/NTA—2(=1023)
hpemw_eps_fvm_files(:) C 4 DEOTFAIVGE, (1) AvaT7AIb, ()

BIO7M4L, (4)BIETZ7AIL

27
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hpcmw eps fvm util (3/3)
MPIR/\TA—4

Pt Bl NSA-A{E N
hpcmw_sum I 46801 MPI_SUM
hpcmw_prod I 46802 MPI_PROD
hpcmw_max I 46803 MPI_MAX
hpcmw_min I 46804 MPI_MIN
hpcmw_integer I 53951 MPI_INTEGER
hpcmw_single_precision I 53952 MPI_SINGLE_PRECISION
hpcmw_double_presision I 53953 MPI1_DOUBLE_PRECISION
hpcmw_character I 53954 MPI_CHARACTER

28
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<O AR E

84
NPLU
D()

PHI(:)

BFORCE(:)

index(:)

item(:)

AMAT(:)

g!

A4 X AR
I —
NODE_tot  &3i—
NODE_tot  &iI
NODE_tot

29

(hpcmw _eps fvm_ pcg)

RABXBRETIIRIER AR 3
RABRBRBN) VRS HRELS

—RABARMBARILIL

A—RABKEGARIIL

O:NODE_tot  REYIMIIRAERARNERESA—RTEMES GEX LS %)

NPLU BRETMIIRAFER AR ERBSA—RTEMBES GERARDERES)

NPLU FRETMIIRAFER AR BERESA—RTEMRES GEXFRS)

do i= 1, N

q(i)= D(i)*p (1)
do k= index(i-1)+1l, index (i)

q(i)=
enddo
enddo

q(i) + AMAT (k) *p (item(k))
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£ 70y appl_cntl

NG
!C***
IC*** appl cntl
!C***
1C
module appl cntl
use hpcmw eps fvm util
I1C

!C-- FILE NAME
character (len=HPCMW HEADER LEN
character (len=HPCMW_HEADER_LEN
character (len=HPCMW_HEADER LEN
character (len=HPCMW HEADER LEN

'C
!C-- MESH info.
integer (kind=kint) :: NX, NY, NZ,
integer (kind=kint) :: PVISFLAG
(Bg8)

end module appl cntl

~ ~— ~— ~—
o oo oo oo
o oo oo oo

HEADERgrid
HEADERresult
HEADERcomm
AVSfile

NXP1, NYP1l, NZzP1l

30
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program eps fvm
use hpcmw eps fvm all

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

call hpcmw eps fvm init

call hpcmw eps fvm input grid
call pol gen

call hpcmw eps fvm solver
call output ucd

call hpcmw eps fvm finalize

end program eps fvm
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v
PS

PEA1E (hpecmw eps fvm util.f)

JC

!C***

ICx** HPCMW EPS FVM INIT

!C***

e

e INIT. HPCMW-FEM process's

1 C
subroutine HPCMW EPS FVM INIT
integer :: 1lerr
call MPI INIT (ierr)
call MPI COMM SIZE (MPI COMM WORLD, PETOT , lerr)

call MPI COMM RANK (MPI COMM WORLD, my rank , ierr)

i1f (my rank.eq.0) then

zero= 1
else

zero= 0
endif

end subroutine hpcmw eps fvm init

32
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Finalize (hpcmw eps fvm util.f)

e

!C***

IC*** HPCMW EPS FVM FINALIZE

!C***

IC
subroutine HPCMW EPS FVM FINALIZE
integer :: ilerr

call MPI FINALIZE (ierr)
i1f (my rank.eq.0) stop ' * normal termination'

end subroutine hpcmw eps fvm finalize

33
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Abort (hpcmw eps fvm  util.f)

e

IC***
IC***
IC***

1 C

HPCMW_ EPS FVM ABORT
subroutine HPCMW EPS FVM ABORT
integer :: ilerr

call MPI BARRIER (MPI COMM WORLD, ierr)
call MPI ABORT (MPI COMM WORLD, ierr)

end subroutine hpcmw eps fvm abort

34



T2K-FVM-04

program eps fvm
use hpcmw eps fvm all

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

call hpcmw eps fvm 1init
call hpcmw eps fvm input grid

call pol gen
call hpcmw eps fvm solver
call output ucd

call hpcmw eps fvm finalize

end program eps fvm
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T—3ATERD (1/5)

subroutine hpecmw_eps_fvm_input_grid
use hpcmw_eps_fvm_all
implicit REAL*8 (A-H,0-2)

character(len=HPCMW _NAME_LEN) :: member
character(len=80 ) = LINE

'IC

open (11, file="INPUT.DAT’, status="unknown’)
read (11, (a127)") HEADERgrid
read (11,'(a127)’) HEADERcomm
read (11, (a127)’) AvsSfile
read (11, *) PVISFLAG
close (11)

allocate (hpcmw_eps_fvm_files(4))

member= "gridfile’
call hpcmw_eps_fvm_define_file_name (member, HEADERgrid)

member='commfile’

call hpcmw_eps_fvm_define_file_name (member, HEADERcomm)
1C===

ANYE—HEB5Z THEI7AIVREERT S,

Hll{E 774 JL TINPUT.DAT |

#D-COMM

#0-com

36
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ab—2avIZHEITHI0

INPUT.DAT(ETE)

<SFVM>/run/ J

WHETEREIT7AIL

'

HEHERIFAIL
(UCDZ74 L&)

37
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R8I 74 IV &£ (1/2)
(hpcmw eps fvm util.f)

IC
IC***x HPCMW _EPS_FVM DEFINE_FILE NAME
1C k%%
IC
subroutine HPCMW_EPS_FVM DEFINE_FILE NAME (member, HEADEROo)

character (len=HPCMW _HEADER _LEN) :: HEADERo, FILENAME
character (len=HPCMW NAME _LEN) : member

character (len=HPCMW _NAME_LEN) : HEADER

character (len= 1) :: SUBindex1

character (len=2) :: SUBindex2

character (len= 3) :: SUBindex3

character (len= 4) :: SUBindex4

character (len=5) :: SUBindex5

character (len= 6) :: SUBindex6

integer:: LENGTH, ID

HEADER= adjustL (HEADERo)
LENGTH= len_trim(HEADER)
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R eI 74 IV B ER(2/2)

(hpcmw eps fvm util.f)

if (my_rank.le.9) then

ID=1

write(SUBindex1 ,'(i1.1)") my_rank
else if (my _rank.le.99) then

ID= 2

write(SUBindex2 ,'(i2.2)") my_rank
else if (my_rank.le.999) then

ID=3

write(SUBindex3 ,'(i3.3)") my_rank
else if (my rank.1e.9999) then

ID=4

write(SUBindex5 ,'(i4.4)") my rank
else if (my _rank.le.99999) then

ID=5

write(SUBindex6 ,'(i5.5)") my rank
else if (my_rank.le.999999) then

ID=6

write(SUBindex4 ,'(i6.6)") my rank
endif

if (ID.eq.1) filename= HEADER(1:LENGTH)//"."//SUBindex1
if (ID.eq.2) filename= HEADER(1:LENGTH)//’."//SUBindex2
if (ID.eq.3) filename= HEADER(1:LENGTH)//’."//SUBindex3
if (ID.eq.4) filename= HEADER(1:LENGTH)//"."//SUBindex4
if (ID.eq.5) filename= HEADER(1:LENGTH)//"."//SUBindex5
if (ID.eq.6) filename= HEADER(1:LENGTH)//’."//SUBindex6

if (member.eq. 'gridfile’) hpcmw_eps_fvm_files(1)= filename
if (member.eq. 'commfile’) hpecmw_eps_fvm_files(4)= filename

end subroutine hpcmw_eps_fvm_define_file_name

7H18%41,000,000F T
X It A] HE
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T—3ANE (2/5)

:8|MESH INPUT| #D-GRID, CZub~AldserialcRIL
= HFPETI7AMILBZZESHLTR K

IUNIT= 11
open (IUNIT file= hpcmw_eps_fvm_files(1), status="unknown’)

1C
'IC— NODE
read (IUNIT, '(10i10)’) NODE _tot

allocate (NODE_VOL(NODE tot), NODE_COND(NODE _tot), &
& NODE_XYZ(3*NODE_tot))

do i= 1, NODE tot

read (IUNIT,(i10,5e16.6)") ii, NODE_VOL(i), NODE_COND(j), &
& (NODE_XYZ(3*i—-3+k), k=1, 3)
enddo

IC
IC-—— CONNECTION
read (IUNIT,(10i10)") CONN tot
allocate (CONN_NODE(2*CONN_tot), CONN_COEF(CONN tot))
do i= 1, CONN_tot
read (IUNIT,( 2i10, 3e16.6)’) (CONN_NODE(2*i-2+k), k= 1, 2), &
& AREA, D1, D2
in1= CONN_NODE(2*i-1)
in2= CONN_NODE(2%*i )
C1 = NODE_COND(in1)
C2 = NODE_COND(in2)
CONN _COEF(i)= AREA / (D1/C1 + D2/C2)
enddo

40
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—\®
T—2ANHNER7 (3/5)
AP /]
IC
IC— DIRICHLET

read (IUNIT, (10i10)") FIX_ NODE tot

allocate (FIX NODE_ID(FIX_ NODE tot), FIX NODE_COEF(FIX NODE tot))

allocate (FIX NODE_VAL(FIX NODE tot))

do i= 1, FIX NODE _tot
read (IUNIT, '(i10, 3e16.6)") &
& FIX NODE_ID(i), AREA, DIST, FIX NODE_VAL()
icel= FIX NODE _ID()
COND= NODE_COND(icel)
FIX NODE_COEF(i)= AREA / (DIST/COND)
enddo
IC
IC-— NEUMANN
read (IUNIT,(10i10)’) SURF NODE tot

allocate &
& (SURF_NODE_ID (SURF_NODE_ tot), SURF_NODE_FLUX(SURF_NODE_tot))

do i= 1, SURF_NODE _tot
read (IUNIT, '(i10, 3e16.6)") SURF_NODE_ID(i), AREA, FLUX
SURF_NODE_FLUX(i)= AREA*FLUX
enddo
IC
IC— BODY FLUX
read (IUNIT,(10i10)") BODY_NODE _tot

allocate (BODY_NODE_FLUX(NODE _tot))
do i= 1, BODY_NODE tot
read (IUNIT, '(i10, 3e16.6)") icel, FLUX
BODY_NODE_FLUX(icel)= FLUX * NODE_VOL(icel)
enddo
close (IUNIT)

42



T2K-FVM-04

SRR A A I L

H PO BMBMNMDNWOLNMRERE JO U 00 N00 & WDNRL O

L N

1.
1.

1

S13i¥a

YAV 2T 7A )L (mesh.0)

R RPWDNWDMNMDWNDN

.500000E+00
.500000E+00
.500000E+00
.500000E+00
.500000E+00
.500000E+00
.500000E+00
.500000E+00

WINhDNRPRPRPRWWDNDD

.500000E+00
.500000E+00
.500000E+00
.500000E+00
.500000E+00
.500000E+00
.500000E+00
.500000E+00

.000000E+00 1.000000E+00
.000000E+00 1.000000E+00
.000000E+00 1.000000E+00
.000000E+00 1.000000E+00
.000000E+00 1.000000E+00
.000000E+00 1.000000E+00
.000000E+00 1.000000E+00
.000000E+00 1.000000E+00
1 1.000000E+00 5
2 1.000000E+00 5
1 1.000000E+00 5
2 1.000000E+00 5
3 1.000000E+00 5
4 1.000000E+00 5
3 1.000000E+00 5
4 1.000000E+00 5
000000E+00 5.000000E-01
000000E+00 5.000000E-01
.000000E+00

.000000E-01
.000000E-01
.000000E-01
.000000E-01
.000000E-01
.000000E-01
.000000E-01
.000000E-01

0.000000E+00
0.000000E+00

[C2ENC NG NG NC) BN G G BN |

.000000E-01
.000000E-01
.000000E-01
.000000E-01
.000000E-01
.000000E-01
.000000E-01
.000000E-01

ERHICHHIEEAY2T7A4ILERLC
RITERBSIZLDEED
BREH (TAIIL, /7472, (KFEFREL)

O oo 0 1 011

.000000E-01
.000000E-01
.000000E-01
.000000E-01
.000000E-01
.000000E-01
.000000E-01
.000000E-01

—_
(6)]

—
_\l_‘

TRRIDHDIE

o~

EM

o oo

43



T2K-FVM-04

FRAESE ESIES N

WO MNRKFEFRER JIONUVG 0o Jo U & W N~ ®©

N

R P2 o & DN

N W U S SR S S

1.

1

1

S13i¥a

YAV 2T 7A )L (mesh.0)

R PN wbdDD wN

.500000E+00
.500000E+00
.500000E+00
.500000E+00
.500000E+00
.500000E+00
.500000E+00
.500000E+00

w NP P wWwwNDDN

.500000E+00
.500000E+00
.500000E+00
.500000E+00
.500000E+00
.500000E+00
.500000E+00
.500000E+00

.000000E+00 1.000000E+00
.000000E+00 1.000000E+00
.000000E+00 1.000000E+00
.000000E+00 1.000000E+00
.000000E+00 1.000000E+00
.000000E+00 1.000000E+00
.000000E+00 1.000000E+00
.000000E+00 1.000000E+00
1 1.000000E+00 5
2 1.000000E+00 5
1 1.000000E+00 5
2 1.000000E+00 5
3 1.000000E+00 5
4 1.000000E+00 5
3 1.000000E+00 5
4 1.000000E+00 5
000000E+00 5.000000E-01
.000000E+00 5.000000E-01
.000000E+00

.000000E-01
.000000E-01
.000000E-01
.000000E-01
.000000E-01
.000000E-01
.000000E-01
.000000E-01

0.000000E+00
0.000000E+00

(SIS, IS, G, IS, RS, G G

.000000E-01
.000000E-01
.000000E-01
.000000E-01
.000000E-01
.000000E-01
.000000E-01
.000000E-01

EARMIZHEAS AR AV 2 T7A4ILERIC
BrERBFSICEHED
~NEl TR~ RmI1DHDIEHR

AR TA4ET4 . TRE~

SISICISIOIRIIS)

o O O O U1 O O1 O

.000000E-01
.000000E-01
.000000E-01
.000000E-01
.000000E-01
.000000E-01
.000000E-01
.000000E-01
PE#0
14 5@ 16
el e
10 n — 12
7 1 C) 2
PE#1 @I
7 8
5 6

PE#2

44



T2K-FVM-04

'IC
IC +

T—32ANEG

IC | COMM INPUT |

IC +

1C===

IUNIT= 12

open (IUNIT file= hpcmw_eps_fvm_files(4), status="unknown’)

read (JUNIT, (a)") LINE
read (IUNIT,'(6i12)") n_neighbor_pe

allocate (neighbor pe(n_neighbor pe))
allocate (import_index(0:n_neighbor pe))
allocate (export_index(0:n_neighbor pe))

import_index= 0
export_index= 0

read (IUNIT, (a)") LINE
read (IUNIT,(6i12)") (neighbor_pe(k), k= 1, n_neighbor_pe)

read (IUNIT, (a)") LINE

read (IUNIT,(6i12)") (import_index(k), k= 1, n_neighbor_pe)
nn= import_index(n_neighbor pe)

allocate (import_item(nn))

read (IUNIT, (a)’) LINE

read (IUNIT,(6i12)") (import_item(k), k= 1, nn)

7 (4/5)

/\:H:&LL: T
#D-COMM

—3
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BT ERIEZ 74 Il (comm.0)
ZET—TIL, 5 E51EER

#NEIBPEtot
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T—3ANEG (5/5)

read (IUNIT,(a)’) LINE

read (IUNIT, (6i12)") (export_index(k), k= 1, n_neighbor_pe)
nn= export_index(n_neighbor_pe)

allocate (export_item(nn))

read (IUNIT,'(a)’) LINE

read (IUNIT, (6i12)") (export_item(k), k=1, nn)

read (IUNIT, (a)") LINE
read (JUNIT,(6i12)") intNODE _tot

read (IUNIT, (a)") LINE
read (IUNIT, (6i12)") nn

allocate (NODE_GLOBAL(nn))
read (IUNIT, (a)’) LINE
read (IUNIT, (6i12)") (NODE_GLOBAL(), k=1, nn)

close (IUNIT)

1C===

end subroutine hpcmw_eps_fvm_input_grid
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T—3ANEG (5/5)

read (IUNIT, (a)’) LINE

read (IUNIT, (6i12)") (export_index(k), k= 1, n_neighbor pe)
nn= export_index(n_neighbor pe)

allocate (export_item(nn))

read (IUNIT, (a)") LINE

read (IUNIT,(6i12)") (export_item(k), k= 1, nn)

read (IUNIT, (a)’) LINE .
read (IUNIT,'(6i12)") intNODE _tot N a2
Ne+

read (IUNIT, (a)’) LINE "
read (IUNIT, (6i12)") nn R+ R (NODE tot)
allocate (NODE_GLOBAL(nn))

read (JUNIT, (a)") LINE

read (IUNIT,'(6i12)’) (NODE_GLOBAL(k), k= 1, nn)

close (IUNIT)

1C===

end subroutine hpcmw_eps_fvm_input_grid
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program eps fvm
use hpcmw eps fvm all

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

call hpcmw eps fvm 1init
call hpcmw eps fvm input grid

call poi gen
call hpcmw eps fvm solver
call output ucd

call hpcmw eps fvm finalize

end program eps fvm
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poi_gen(1/2)
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poi_gen(2/2)
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program eps fvm
use hpcmw eps fvm all

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

call hpcmw eps fvm 1init
call hpcmw eps fvm input grid

call pol gen
call hpcmw eps fvm solver
call output ucd

call hpcmw eps fvm finalize

end program eps fvm
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HIALIR S R BEED AL
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hpcmw_eps_fvm_comm. *
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i
hpcmw eps fvm commDRAE
http://nkl.cc.u-tokyo.ac.jp/tutorial/parallel lib_tutorial/

MPI BARRIER
subroutine hpcmw eps fvm barrier
MPI_ALLREDUCE (RH5—)
subroutine hpcmw eps fvm allreduce R ( VAL, ntagq)
subroutine hpcmw eps fvm allreduce I ( VAL, ntagq)
MPI_BCAST(RHTF—)
subroutine hpcmw eps fvm bcast R ( VAL, nbase)
subroutine hpcmw eps fvm bcast I ( VAL, nbase)
subroutine hpcmw eps fvm bcast C ( VAL, n, nbase)
MPI_ALLREDUCE (X%kJL)
subroutine hpcmw eps fvm allreduce RV ( VAL, n, ntag)
subroutine hpcmw eps fvm allreduce IV ( VAL, n, ntag)
MPI_BCAST(NJhkJL)
subroutine hpcmw eps fvm bcast RV ( VAL, n, nbase)
subroutine hpcmw eps fvm bcast IV ( VAL, n, nbase)
subroutine hpcmw eps fvm bcast CV ( VAL, n, nn, nbase)
—x—@BERANIEIL)

subroutine hpcmw eps fvm update 1 R (X, n)
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hpcmw eps fvm allreduce R

IC
!C***
IC*** hpcmw eps fvm allREDUCE R
!C***
IC
subroutine hpcmw_eps fvm allreduce R ( VAL, ntagq)
use hpcmw eps fvm util
implicit REAL*8 (A-H,0-2)
integer :: ntag, ierr
real (kind=kreal) :: VAL, VALM

if (ntag .eq. hpcmw_sum) then

call MPI_ allREDUCE &
& (VAL, VALM, 1, MPI_DOUBLE PRECISION, MPI_ SUM, &
& MPI COMM WORLD, ierr)
endif

if (ntag .eq. hpcmw max) then

call MPI allREDUCE &
& (VAL, VALM, 1, MPI DOUBLE PRECISION, MPI MAX, &
& MPI_COMM WORLD, ierr) -
endif

if (ntag .eq. hpcmw min) then

call MPI_allREDUCE &
& (VAL, VALM, 1, MPI_DOUBLE PRECISION, MPI_MIN, &
& MPI_COMM WORLD, ierr)
endif
VAL= VALM

end subroutine hpcmw eps fvm allreduce R
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hpcmw_eps_fvm_allreduce RV

1C

I C* o *
I C* o *
I C* o *

IC

hpcmw eps fvm allREDUCE RV

subroutine hpcmw eps fvm allreduce RV ( VAL, n, ntag)

use hpcmw eps fvm util
implicit REAL*8 (A-H,0-7)

integer :: n, ntag, ierr
real (kind=kreal), dimension(n) :: VAL
real (kind=kreal), dimension(:), allocatable :: VALM

allocate (VALM(n))
if (ntag .eg. hpcmw sum) then

call MPI allREDUCE
& (VAL, VALM, n, MPI DOUBLE PRECISION, MPI SUM,
& MPI COMM WORLD, ierr) -
endif

if (ntag .eq. hpcmw max) then

call MPI allREDUCE
& (VAL, VALM, n, MPI DOUBLE PRECISION, MPI MAX,
& MPI COMM WORLD, ierr) - -
endif B -

if (ntag .eq. hpcmw min) then
call MPI allREDUCE

& (VAL, VALM, n, MPI DOUBLE PRECISION, MPI MIN,
& MPI COMM WORLD, ierr)

endif

VAL= VALM

deallocate (VALM)

end subroutine hpcmw eps fvm allreduce RV

[>g]

°g]
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hpcmw_eps_fvm_update 1 R(1/2)

subroutine hpcmw _eps fvm update 1 R (X, n)
use hpcmw eps fvm util

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

integer :: n, nn, ierr
real (kind=kreal), dimension(n) :: X
real (kind=kreal), dimension(:), allocatable :: WS, WR
integer (kind=kint ), dimension(:,:), allocatable :: stal
integer (kind=kint ), dimension(:,:), allocatable :: sta?2
integer (kind=kint ), dimension (: ), allocatable :: reql
integer (kind=kint ), dimension (: ), allocatable :: reg2
nn= max (n, import index(n neighbor pe), &
& export index(n _neighbor pe))
allocate (WS(nn), WR(nn)) = w5 =, O Ll
' EE, ZENVITDEE
1C
lC-- INIT.
allocate (stal (MPI_STATUS SIZE,n neighbor pe))
allocate (staz(MPI_STATUS SIZE,n neighbor pe))
allocate (regl(n neighbor pe))
allocate (reg2(n neighbor pe))
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hpcmw_eps_fvm_update 1 R(2/2)

'C-- SEND

do neib= 1, n neighbor pe M= = RN ~ .
istart= export index(neib-1) %1':'/\}77 0)1_t]\
inum = export index(neib ) - istart

do k= istart+l, istart+inum
WS (k)= X(export item(k))

enddo
call MPI_ISEND (WS (istart+l), inum, MPI DOUBLE PRECISION, &
& neighbor pe(neib), 0, MPI_COMM WORLD, &
& reql (neib) , ierr)
enddo )
IC =15

!C-- RECEIVE
do neib= 1, n neighbor pe
istart= import index (neib-1)

inum = import index(neib ) - istart

call MPI_IRECV_(WR(istart+l), inum, MPI DOUBLE PRECISION, &
& neighbor pe(neib), 0, MPI COMM WORLD, &
& reg2 (neib), ierr) N N
enddo

call MPI WAITALL (n neighbor pe, reg2, sta2, ierr)

do neib= 1, n neighbor pe
istart= import index(neib-1)
inum = import index(neib ) - istart
do k= istart+l, istart+inum
X (import item(k))= WR (k)
enddo
enddo

call MPI WAITALL (n_neighbor pe, reql, stal, ierr)

deallocate (stal, sta2, reql, reg2, WS, WR)]
end subroutine hpcmw eps fvm update 1 R
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1%{§ (MPI Isend/Irecv/Waitall)

neib#1 neib#2 neib#3 neib#4

@ ® @
}4 - - L] P‘
BUFlength_e BUFlength_e BUFlength_e BUFlength_e
export_index(0)+1 export_index(1)+1 export_index(2)+1 export_index(3)+1 export_index(4)

do neib= 1, NEIBPETOT
do k= export index(neib-1)+1l, export index (neib)
kk= export _ item (k)
SENDbuf (k)= VAL (kk)

cnddo EE/NYVITFADKA L
enddo RETEDERZTEREIE, ZEICHE
do neib= 1, NEIBPETOT YD TIELEL, DX\ T7A~—]H]

iS_e= export_index(neib-1) + 1 RALTHET HEZEHB,

iE _e= export index(neib )
BUFlength e= iE e + 1 - iS e

call MPI Isend &
& (SENDbuf (iS _e), BUFlength e, MPI INTEGER, NEIBPE (neib), O, &
& MPI COMM WORLD, request send (neib), ierr)
enddo

call MPI Waitall (NEIBPETOT, request send, stat recv, ierr)
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hpcmw_eps_fvm_update 1 R(2/2)

!C-—- SEND
do neib= 1, n neighbor pe
istart= export index(neib-1)
inum = export index(neib ) - istart

do k= istart+l, istart+inum
WS (k)= X (export item(k))

enddo
call MPI ISEND (WS (istart+1l), inum, MPI DOUBLE PRECISION,
& neighbor pe (neib), 0, MPI COMM WORLD,
& reql (neib), ierr)
enddo
IC
!C-- RECEIVE o
do_neib= l{ n_neighbor_pe_ i‘-{g
istart= import index (neib-1)
inum = import index(neib ) - istart
call MPI_IRECVF(WR(istart+1), inum, MPI DOUBLE PRECISION,
& neighbor pe (neib), 0, MPI_COMM WORLD,
& req2 (neib) , ierr)
enddo

call MPI WAITALL (n_neighbor pe, req2, sta2, ierr)

do neib= 1, n neighbor pe
istart= import index(neib-1)
inum = import index(neib ) - istart
do k= istart+l, istart+inum
X (import item(k))= WR (k)
enddo
enddo

call MPI WAITALL (n neighbor pe, reql, stal, ierr)

deallocate (stal, sta2, reql, reg2, WS, WR)]
end subroutine hpcmw eps fvm update 1 R

[>g]
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hpcmw_eps_fvm_update 1 R(2/2)

!C-—- SEND
do neib= 1, n neighbor pe
istart= export index(neib-1)
inum = export index(neib ) - istart

do k= istart+l, istart+inum
WS (k)= X (export item(k))

enddo

call MPI ISEND (WS (istart+1l), inum, MPI DOUBLE PRECISION,
& neighbor pe (neib), 0, MPI COMM WORLD,
& reql (neib), ierr)
enddo

IC
!C-- RECEIVE
do neib= 1, n neighbor pe
istart= import index(neib-1)

inum = import index(neib ) - istart

call MPI IRECV_(WR(istart+l), inum, MPI DOUBLE PRECISION,
& N neighbor pe (neib), 0, MPI COMM WORLD,
& req2 (neib), ierr) - -
enddo

call MPI WAITALL (n neighbor pe, reqg2, sta2, ierr)

do neib= 1, n neighbor pe

istart= import_index (neib-1) _ %1%/ {\y777f)\ 15 D
inum = import index(neib ) - istart .
do k= istart+l, istart+inum T—g Hy U Hj L
X (import item(k))= WR (k)
enddo
enddo

call MPI WAITALL (n neighbor pe, reql, stal, ierr)

deallocate (stal, sta2, reql, reg2, WS, WR)]
end subroutine hpcmw eps fvm update 1 R

[>g]
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248 (MPI_Isend/lrecv/Waitall)

do neib= 1, NEIBPETOT
iS i= import index(neib-1) + 1
iE i= 1mport index (neib )
BUFlength i= iE i + 1 - is i

call MPI Irecwv &

(RECVbuf(lS i), BUFlength i, MPI INTEGER, NEIBPE (neib), O, &
& MPI_COMM_WORLD request recv(neib), ierr)
enddo

[>g)

call MPI Waitall (NEIBPETOT, request recv, stat recv, ierr)

do neib= 1, NEIBPETOT

do k= 1mport index (neib-1)+1, import index (neib)
kk= import item(k) - o
VAL (kk) = RECVbuf (k) ZENVT7HBHEA
enddo
enddo

neib#1 neib#2 neib#3 neib#4
}4 + L - L

BUFlength_i BUFlength_i BUFlength_i BUFlength_i
import_index(0)+1 import_index(1)+1 import_index(2)+1 import_index(3)+1 import_index(4)
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hpcmw_solver.f

subroutine hpcmw eps fvm solver

use hpcmw eps fvm all
implicit REAL*8 (A-H,0-Z)

EPS = 1.d-8
ITR = NODE tot

call hpcmw eps fvm solver CG

( intNODE tot, NODE tot, NPLU, D, BFORCE, DELPHI, EPS,

ITR, IER, index, item, AMAT, COMMtime)

open (11, file='fvmmg.ctrl', status='unknown')
read (11,*) NX, NY, NZ
close (11)

iS= NX*NY*NZ/2 + NX*NY/2
do i= iS+1, iS+NX

write (*,'(i8,3(lpel6.6))") i, DELPHI (i)
enddo

end subroutine hpcmw eps fvm solver
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R BEE

e

!C***

[Cwwe O

!C***

e
subroutine hpcmw eps fvm solver CG
& ( N, NP, NPLU, D, B, X, EPS, ITR, IER,
& index, item, COEF, Tcomm)

use hpcmw eps fvm util
implicit REAL*8 (A-H,0-Z)

real (kind=kreal), dimension (N ) D

real (kind=kreal), dimension (NP) B

real (kind=kreal), dimension (NP) X

integer , dimension (0:N) :: index
integer , dimension (NPLU) :: item
real (kind=kreal), dimension (NPLU) :: COEF
real (kind=kreal) :: EPS, Tcomm

integer :: ITR, IER

integer :: P, Q, R, Z, DD

real (kind=kreal), dimension(:,:), allocatable, save

N : intNODE_tot COEF: AMAT
NP: NODE_tot B : RHS

°g)
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HigWEdEON L F1E1(1/4)

« ITHIRYKILIE

1C

'C +————————————= +
'C | {gl= [Al{p} |
'C +————————————- +
! C:::

exchange W(i,P)

do i= 1, N

W(i,Q) = D(1) * W(i,P)
do Jj= index (i-1)+1, index (i)
W(i,Q) = W(1,Q) + COEF(j) * W(item(3),P)
enddo
enddo

| C===
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HigWEEDONAEHE1(1/4)

« ITHIRYKILIE

e

IC femmmmcma===== +
'C | {g}= [Al{p} |
'C +———————————— +
| C===

call hpcmw eps fvm update 1 R (W(1,P), NP)

do i= 1, N

W(i,Q) = D(1) * W(i,P)
do j= 1ndex(1-1)+1, 1ndex( )
W(i,Q) = W(i,Q) + COEF () * W(item(J),P)
enddo
enddo

| C===
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HigwEcED AL F]4E 1(2/4)

- NF&:MPI_ALLREDUCE

'C
'c +-—————————-—= +
'C | RHO= {r}{z} |
'C +—————————=——= +
| C===
RHO= 0.d0O
do i= 1, N
RHO= RHO + W(i,R)*W(i, Z)
enddo
allreduce RHO
| C===

e

RHO= 0.dO0

do i= 1, NP
RHO= RHO + W(i,R)*W (i, Z)
enddo

allreduce RHO

ZHLTIZUNMFELLY - = - fa[ L HV?
(N:NE2 NP RE+H5Aa)

N : intNODE_tot
NP: NODE_tot
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HigWELED ML SE 1 (2/4)

« N#E:MPI_ALLREDUCE

e

'c +-————-———=——-—- +
!C | RHO= {r}{z} |
'c +-——————=——-—- +
IC===

RHO= 0.d0

do i= 1, N
RHO= RHO + W(i,R)*W(i, Z)
enddo

call hpcmw eps fvm allreduce R (RHO, hpcmw sum)
I C===
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H iz WELED ML S1E 1 (3/4)

* N(intNODE tot)&NP(NODE_tot) D:ELMIEE,
— EXMICHEEINEZ ONEIDNOL—TFdo 1i=1,N),
- NRDEZEZA DI (EBIZLB)FFEILLAELY,
© S EDEDBEREEEATHIRIFILIED .,
¢ ZOEEITHBIELTH ADBELDS>TRIFZRL,
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HigWEED AL 54k 1(4/4)

» RIS, BREHX) DN RICHITEEIEZLLSO>THS
CEETNIENEKDIC,

DNRM20= 0.d0O
do i= 1, N

X (1) = X (1) + ALPHA * W(i,P)
W(i,R)= W(i,R) - ALPHA * W(i,Q)
enddo

DNRM2? = 0.0
do i= 1, N

DNRM2= DNRMZ2 + W(i,R)**2
enddo

call hpcmw eps fvm allreduce R (DNRM2, hpcmw sum)
RESID= dsqrt(DNRMZ/BNRMZ)

1f ( RESID.le.EPS) goto 900
RHO1 = RHO

enddo
900 continue

call hpcmw eps fvm update 1 R (X, NP)

return
end subroutine hpcmw eps fvm solver CG
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program eps fvm
use hpcmw eps fvm all

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

call hpcmw eps fvm 1init
call hpcmw eps fvm input grid

call pol gen
call hpcmw eps fvm solver
call output ucd

call hpcmw eps fvm finalize

end program eps fvm
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A[ R4t

Wb B, T AL 1 E B> THHIDEY =D THSD
B e s

e MicroAVSHEETHEZANT, VLE-F-77O0—F%H
HBH_EIZLT=,
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+ REDI3

Rl

D EE = F),

AT Do

A[ R4t

AtRIE 1EITE AELVAY, TMPI_Gatherv %5

19 DRICTIFDDT, CDELIGEPYM =%
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AVS UCDZ77A4J)L

e H#RH HIZUCD (Unstructured Cell Data) 74—<wvk&L
T, ZNZEMicroAVSTinA AT,

o J7AILAILI* . inp | THIFNIEESLLY,
. UCD77’f)bliuT®2ﬁB DNLEREINTNSDTHLHH,
SEIITRARNZDOWTIE, FIEAEFEAYS 20T R L—ET
HBIMICERESN TS (fvm entire mesh.inp-
geo) .
- IR (B R, BR)
— faR
» BROAZDVTTZRUNFTRIELLY,
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<SFVM>/ex/
fvmmg.ctrl

#MGCTRL J

FEZRH AR DERR
(BEE)

#S-GRID
<SFVM>/ex/
fvm_entire_mesh .dat

NPAEEAY 2T —4
(BHEE)

IyadIRL—4
eps fvm mg

'

#S-GRID-UCD
<SFVM>/ex/
fvm_entire_mesh .in

NEAEEKAY 2 T—42
UCDZ71JL(AVSH)
(B FEE)

NELK
Ay, HE Rk

v
PS

#S-GRID-GEO
<$FVM>/ex/
vmm entire mesh.inp-ge

AR AY T4
UCDZ7 A JLRZIRER
(AVSH) (A EIE)

HRE, EREF

B AR EEAR

BXRARIT(1ETA«

BEROE, 5THEER

BRE, BRBF

B R AR

BEFRARIT(ETA
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AVS UCDZ7714ILMD151(1/2)
45E|1,.“, 162X D NHIA

45 1
1 0. 000000E+00 0.000000E+00 0 000000E+00
2 1. 000000E+00 0. 000000E+00 0. 000000E+00
3 2.000000E+00 0. 000000E+00 0. 000000E+00
4 0.000000E+00 1. 000000E+00 0. 000000E+00
5 1. 000000E+00 1. 000000E+00 0. 000000E+00
6 2. 000000E+00 1. 000000E+00 0. 000000E+00
1 0. 000000E+00 2.000000E+00 0. 000000E+00
8 1. 000000E+00 2.000000E+00 0. 000000E+00
9 2. 000000E+00 2.000000E+00 0. 000000E+00
10 0.000000E+00 0. 000000E+00 1. 000000E+00
11 1. 000000E+00 0. 000000E+00 1. 000000E+00
12 2.000000E+00 0. 000000E+00 1. 000000E+00
13 0. 000000E+00 1. 000000E+00 1. 000000E+00
14 1. 000000E+00 1. 000000E+00 1. 000000E+00
15 2. 000000E+00 1. 000000E+00 1. 000000E+00
16 0. 000000E+00 2. 000000E+00 1. 000000E+00
17 1. 000000E+00 2. 000000E+00 1. 000000E+00
18 2. 000000E+00 2. 000000E+00 1. 000000E+00
19 0. 000000E+00 0. 000000E+00 2. 000000E+00
20 1. 000000E+00 0. 000000E+00 2. 000000E+00
21 2.000000E+00 0. 000000E+00 2. 000000E+00
22 0. 000000E+00 1. 000000E+00 2. 000000E+00
23 1. 000000E+00 1. 000000E+00 2. 000000E+00
24 2. 000000E+00 1. 000000E+00 2. 000000E+00
25 0. 000000E+00 2. 000000E+00 2. 000000E+00
26 1. 000000E+00 2. 000000E+00 2. 000000E+00
27 2. 000000E+00 2. 000000E+00 2. 000000E+00
28 0. 000000E+00 0. 000000E+00 3. 000000E+00
29 1. 000000E+00 0. 000000E+00 3. 000000E+00
30 2.000000E+00 0. 000000E+00 3. 000000E+00
31 0. 000000E+00 1. 000000E+00 3. 000000E+00
32 1. 000000E+00 1. 000000E+00 3. 000000E+00
33 2. 000000E+00 1. 000000E+00 3. 000000E+00
34 0.000000E+00 2. 000000E+00 3. 000000E+00
35 1. 000000E+00 2. 000000E+00 3. 000000E+00
36 2. 000000E+00 2. 000000E+00 3. 000000E+00
37 0. 000000E+00 0. 000000E+00 4. 000000E+00
38 1. 000000E+00 0. 000000E+00 4. 000000E+00
39 2.000000E+00 0. 000000E+00 4. 000000E+00
40 0. 000000E+00 1. 000000E+00 4. 000000E+00
41 1. 000000E+00 1. 000000E+00 4. 000000E+00
42 2. 000000E+00 1. 000000E+00 4. 000000E+00
43 0. 000000E+00 2.000000E+00 4. 000000E+00
44 1. 000000E+00 2.000000E+00 4. 000000E+00
45 2. 000000E+00 2.000000E+00 4. 000000E+00
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AVS UCDZ7714IL D15 (2/2)
AS5EN A, 16EXDN@EIAX

11 e 1 2 5 4 10 T 14 13

2 1 hex 2 3 6 5 T 12 5 14

3 1 hex 4 5 8 7 13 14 17 16

1 1 hex 5 6 9 8 14 5 18 17

5 1o 10 T 14 13 9 20 23 22

6§ 1 hex T 12 5 14 20 21 21 23

D 7 o 13 14 17 16 22 23 26 25

8 1 hex 1 5 18 17 23 24 27 26

9 1 hex 19 20 23 22 28 29 32 31

10 1 hex 20 21 24 23 29 30 33 32

M9 22 23 26 2% 31 32 35 34

12 1 hex 23 24 27 26 32 33 36 35

13 1 hex 28 29 32 31 37 38 41 40

14 1 hex 29 30 33 32 38 39 42 41

B A o 31 32 35 34 10 41 44 43
16 hex 32 33 36 35 41 42 45 41

COLOR, color
R : .
. e+

A 2. 006+00

5 2. 006+00 ?h,(iEL\

6 2. 006+00

7 2. 000+00

8 2. 006+00

9 1" 006+00

10 1. 00e+00

1 1. 006+00

12 17 006+00

13 1" 006+00

14 17 006+00

15 1" 006+00

16 17 006+00
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F g

e BT7OLYHIZEITHHERER (PHI (@) IZHRIASINDS), F
O—NIILVEZREFESE, H5709HI(ZEDHS:
MPI_Gatherv{# FH

- TRNRIDFERDHTRLY,

« TOTOEYYML, BRZUTOEXT, F/0—NILES
IRIZEEH I (1T ANLLY)
< a— LERES><HERBE

« J74)L%Z/fvm entire mesh.inp-geol|lC7RUKLT
UCDI7A/ILEERT 5,

¢« Bk
— MPI_Gatherv&{E>
— JB—N\I)LIDIXBAAEBEI7MILEYES
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MPI_Gatherv:

MPIl_Gatherv

BFIRIRILINSEEARINILERL

« cd <SFVM>/gatherv

e [a2.0~a2.31H 5]
bV JEHRZEE T Oy YICs
935, MPl_Gatherv&{&#|

PE#0

8
101.
103.
105.
106.
109.
111.
121.
151.

QOO OO OCOOo

PE#1

S
201.
203.
205.
206.
209.

QOO OO

PE#2

.
301.
303.
305.
306.
311.
321.
351.

OO OO OOCO

BTN IR IVIEHRZES A A H, [N
"9 5700 S LEERK
19 8.

PE#3

401.0
403.0
405.0
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MPIl_Gatherv

BEIRIRILOSEEARTRILE R

MPI_Gatherv&{#>35 4 (1/5)

MPI_Gatherv

PE#0

PE#1

PE#2

PE#3

B
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MPI_Gatherv

MPIl_Gatherv

«  MPI_Gather @RI ZERKEANUKILER
— B T—21h Bl &KT—R21Z4E/KT S

* call MPI Gatherv (sendbuf, scount, sendtype, recvbuf, rcounts,

displs, recvtype, root,

— sendbuf
— scount

— sendtype
— recvbuf
— rcounts
— displs

— recvtype
— root

— comm

- dierr

HE
By
B
&
B
B
B
B
B
B

O HH HHHOHH H

comm, ierr)

EIE/NYITFDEETRLUA,

EEAYVE—DDH AKX

EEAYVE—DOT—3247

FE/NVTFDHIETRL X,

REAVE—D DY A X (EEH: Y4 X=PETOT)
ZEAYE—SDAUT VIR (BRFI: YA X =PETOT+1)
SFEAVE—SDT—REA4T
ZEAYE—DRET(SVY)

OS2 =4 —3%BETH

SET3—F
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MPI Gatherv (#iZ)

* call MPI Gatherv (sendbuf, scount, sendtype, recvbuf,
rcounts, displs, recvtype, root, comm, ierr)

- rcounts B 1 ZEAVE—COYAX(EH]: Y4 X=PETOT)
~ displs BY I 2EAYE—2010TYIR (B Y4 X=PETOT+1)

MPIl_Gatherv

- C02D00ESE, ZERMICEMSNII KT 210V A XIETHEFNTHS=0, £IOEATES|
DETDENBEITLES:
+ VBBARTOERATHREBEDEZRFOVEND S,

~- JBHEIEstride (i)=rcounts (i)

PE#0 PE#1 PE#2 PE#(m-2) PE#(m-1)
stride(1) stride(2) stride(3) stride(m-1) stride(m)
L - | - < |
rcounts(1) rcounts(2) rcounts(3) ®0® 0O counts(m-1) rcounts(m)
) } ?
displs(1)=0 displs(2)= displs(m+1)=
displs(1) + stride(1) displs(m) + stride(m)

size(recvbuf)= displs(PETOT+1)= sum(stride)
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5] & displs(1) MPI_
MPI_GathervT+°>T Gatherv
— @ stride(1)
\NA =
L 6ht —4— displs(2)
BT —32h b2k T—42% 3
= A 7S S stride(2)
n
PE#0 N =
iy N = —1— displs(3)
o
— §
oo N _ % stride(3)
- - —T1— displs(4)
N — 3
— = % stride(4)

—— displs(5)

BT —43:sendbuf £{&T—24 recvbuf
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MPI_GathervT4>T
AV Tl

MPIl_Gatherv

—_— — ~ — - - I dlSpIS(1 )
%FET_/)"?f)\bé1$T_9€’$ﬁ‘Z'd—é § stride(1)
/ /% - rCOlJntS(1)
PE#0 N = —4— displs(2)
(@)
@)
—»| S stride(2)
PE#1 N — @ = rcounts(2)
N
— T displs(3)
PE#2 N — 3
— | S stride(3)
7} = rcounts(3)
w
PE#3 - — —|— displs(4)
stride(4)
= rcounts(4)
—1— disols(5)

B T—%:sendbuf £{&T—4 :recvbuf
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MPIl_Gatherv

MPI GathervE#i (1/2)

* call MPI ALLGATHERV (sendbuf, scount, sendtype, recvbuf, rcounts,
displs, recvtype, root, comm, ierr)

—~ rcounts EB¥ I ZEAYE— DY A X (BRF|: 4 X =PETOT)
- displs B I ZEAYE—DDAUT VIR (EEH|: /4 X=PETOT+1)

e rcounts

- KBEPEIZBITEIAVE—OHAL X BAAT—2DOH4X
e displs

- BRAAT—3DEET—RIBETHATIIR

- displs (PETOT+1) NEHET—2DHAX

PE#0 PE#1 PE#2 PE#(m-2) PE#(m-1)
stride(1) stride(2) stride(3) stride(m-1) stride(m)
L | L | - < |
rcounts(1) rcounts(2) rcounts(3) @00 rcounts(m-1) rcounts(m)
t t t
displs(1)=0 displs(2)= displs(m+1)=
displs(1) + stride(1) displs(m) + stride(m)

size(recvbuf)= displs(PETOT+1)= sum(stride)

90



T2K-FVM-04

MPIl_Gatherv

MPI GathervEfifi (2/2)

. rcounts&displsli%jl:l‘t'x’& B DEAHE
- £7O0RADARIFMNILDKREEN FallgatherL T, rcounts

[CHBTEHIRNIEILVEES,
~ recountsMhH&TALRIZE LV TdisplsZE A (RLEDMNT
=)o

« stride(i)= rcounts (i) &9 5

— rcountsDMIZLT=A > TrecvbufDitiEtBIB R T S,

PE#0 PE#1 PE#2 PE#(m-2) PE#(m-1)
stride(1) stride(2) stride(3) stride(m-1) stride(m)
L L - | |
rcounts(1) rcounts(2) rcounts(3) ® O® ® [counts(m-1) rcounts(m)
? ? ?
displs(1)=0 displs(2)= displs(m+1)=
displs(1) + stride(1) displs(m) + stride(m)

size(recvbuf)= displs(PETOT+1)= sum(stride)
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MPIl_Gatherv

MPI Gatherv{$i R (i

e “a2.0"~"a2.3'M5, EAEARHKILES

ERT B,

e BIFAILDARIRILDOYAXM, 85,7.3THHIID, K
23 (=8+5+7+3) DRIKNILMWTESHZEITH S,

PE#0 PE#1 PE#2 PE#3
8 5 7 3
101.0 201.0 301.0 401.0
103.0 203.0 303.0 403.0
105.0 205.0 305.0 405.0
106.0 200.0 3060.0
109.0 209.0 311.0
111.0 321.0
121.0 351.0

151.0

S1-2
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MPIl_Gatherv

RFi=>2ENIMVER: FIR

PE#0 PE#1 PE#2 PE#(m-2) PE#(m-1)
stride(1) stride(2) stride(3) stride(m-1) stride(m)
> > > - —
rcounts(1) rcounts(2) rcounts(3) ®O®@® counts(m-1) rcounts(m)
? ) ?
displs(1)=0 displs(2)= displs(m+1)=
displs(1) + stride(1) displs(m) + stride(m)

size(recvbuf)= displs(PETOT+1)= sum(stride)

o BRRNIRIVIEERZFRAAD

« Trcounts], ldisplslZ{ERd %
« TlrecvbufIZ#{Hd %

« Gatherv

S1-2
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MPIl_Gatherv
FI=>2@ARNIkLE
a) P N\ JU 1/2
<$FVM>/gatherv/mpigathertest.*
implicit REAL*8 (A-H,0-2Z)
include 'mpif.h'
integer :: PETOT, my rank, SOLVER COMM, ierr
real (kind=8), dimension(:), allocatable :: VEC, VEC2, VECg
integer (kind=4), dimension(:), allocatable :: COUNT, COUNTindex
character (1len=80) :: filename
call MPI INIT (ierr)
call MPI COMM SIZE (MPI_COMM_WORLD, PETOT, ierr )
call MPI COMM RANK (MPI COMM WORLD, my rank, ierr )
call MPI_COMM_DUP (MPI_COMM_WORLD, SOLVER_COMM, ierr)
if (my rank.eq.0) filename= 'a2.0'
if (my rank.eqg.l) filename= 'a2.l'
if (my rank.eq.2) filename= 'a2.2'
if (my rank.eq.3) filename= 'a2.3'
open (21, file= filename, status= 'unknown') ~
read (21,%) N hEZEEHLTRES
allocate (VEC(N))
do i= 1, N
read (21,*) VEC (i)
enddo
allocate (COUNT (PETOT), COUNTindex (PETOT+1)) - > S
call MPI allGATHER ( N , 1, MPI INTEGER, %PELBH’%’*O")I/EéU)ﬁ*&?ﬁ‘
& - COUNT, 1, MPI INTEGER, -
& MPI_COMM WORLD, ierr) TCOUNTIIZA%(Trcounts])

COUNTindex (1)= 0

do ip= 1, PETOT EIJE'E#%H:'.L'CEJ:'B

COUNTindex (ip+1)= COUNTindex (ip) + COUNT (ip)
enddo
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MPIl_Gatherv

MPI AII th P#0 | AO P#0 | AO|BO|CO|DO
ga er P#1 | BO All gather P#1 | A0|BO|CO|DO

P#2 | CO P#2 | AO|BO|CO|DO

« MPI_Gather+MPI_Bcast

* call MPI Allgather (sendbuf, scount, sendtype, recvbuf, rcount,
recvtype, comm, ierr)

- sendbuf TFE I EIE/NYITFDHRETFLAR,
— scount BH I EEAYE—PDOHAX

- sendtype EH I EEAYE—DDT 3347
- recvbuf TFE 0 ZIE/NVITDFETRLUR,
- rcount B I ZEAYE—VDHAX

- recvtype EH¥ I ZEAYVE—DDT—E324T
- comm B I O =4 —3%TFIT D

- lerr B @) 5SS T3—k
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MPIl_Gatherv

BFr=>2F&ARNIR VAR (2/2)

<$SFVM>/gatherv/mpigathertest.*

do ip= 1, PETOT
COUNTindex (ip+1)= COUNTindex (ip) + COUNT (ip)
enddo

[displs]IZHHETHLDZEER.

allocate (VECg (COUNTindex (PETOT+1)))

VECg= 0.d0
call MPI Gatherv &
& ( VEC , N, MPI DOUBLE PRECISION, &
& VECg, COUNT, COUNTindex, MPI DOUBLE PRECISION, &
g 0, MPI COMM WORLD, ierr)
if (my rank.eq.0) then
do i= 1, COUNTindex (PETOT+1)
write (*,'(218,£10.0)"') my rank, i, VECg(i)
enddo
endif
call MPI FINALIZE (ierr)
stop
end
PE#0 PE#1 PE#2 PE#(m-2) PE#(m-1)
stride(1) stride(2) stride(3) stride(m-1) stride(m)
-+t > ¢<—P> -+ >{¢«—>
rcounts(1) rcounts(2) rcounts(3) ®O® @® [counts(m-1) rcounts(m)
? ? ?
displs(1)=0 displs(2)= displs(m+1)=
displs(1) + stride(1) displs(m) + stride(m)

size(recvbuf)= displs(PETOT+1)= sum(stride)
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MPIl_Gatherv
— &
BfT=>2&ANI8LE R (2/2)
<$SFVM>/gatherv/mpigathertest.*
do ip= 1, PETOT
COUNTindex (ip+1)= COUNTindex (ip) + COUNT (ip)
enddo
allocate (VECg (COUNTindex (PETOT+1)))
VECg= 0.d0 >
? lrecbuf | DY (X
call MPI Gatherv &
& ( VEC , N, MPI DOUBLE PRECISION, &
& VECg, COUNT, COUNTindex, MPI DOUBLE PRECISION, &
& 0, MPI COMM WORLD, ierr)
if (my rank.eq.0) then
do i= 1, COUNTindex (PETOT+1)
write (*,'(218,f10.0)"'") my rank, i, VECg (i)
enddo -
endif
call MPI FINALIZE (ierr)
stop
end
PE#0 PE#1 PE#2 PE#(m-2) PE#(m-1)
stride(1) stride(2) stride(3) stride(m-1) stride(m)
- P -+ >{¢«—>
rcounts(1) rcounts(2) rcounts(3) ®O® @® [counts(m-1) rcounts(m)
? ? ?
displs(1)=0 displs(2)= displs(m+1)=
displs(1) + stride(1) displs(m) + stride(m)

size(recvbuf)= displs(PETOT+1)= sum(stride)
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MPIl_Gatherv

BFr=>2F&ARNIR VAR (2/2)

<$FVM>/gatherv/mpigathertest.*

do ip= 1, PETOT
COUNTindex (ip+1)= COUNTindex (ip) + COUNT (ip)

enddo

allocate (VECg (COUNTindex (PETOT+1)))

VECg= 0.d0

call MPI_Gatherv &

& ( VEC , N, MPI DOUBLE PRECISION, &

& VECg, COUNT, COUNTindex, MPI_DOUBLE PRECISION, &

& 0, MPI_COMM WORLD, ierr)

if (my rank.eq.0) then call MPI_Gatherv
do i= 1, COUNTindex (PETOT+1) (sendbuf, scount, sendtype, recvbuf, rcounts, displs,

write (*,'(218,f10.0)"'") my rank, i, VECg (i) ;

enddo — recvtype, root, comm, ierr)

endif

call MPI FINALIZE (ierr)

stop
end
PE#0 PE#1 PE#2 PE#(m-2) PE#(m-1)
stride(1) stride(2) stride(3) stride(m-1) stride(m)
- P -+ >{¢«—>
rcounts(1) rcounts(2) rcounts(3) ®O® @® [counts(m-1) rcounts(m)
? ? ?
displs(1)=0 displs(2)= displs(m+1)=
displs(1) + stride(1) displs(m) + stride(m)

size(recvbuf)= displs(PETOT+1)= sum(stride) 98
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= 1T
FORTRAN

$ cd <SFVM>/gatherv
$ mpif90 -Oss —-noparallel mpigathertest.f

(go.shf&I1E)
$ gsub go.sh

$ cd <SFVM>/gatherv
$ mpicc -Os —noparallel mpigathertest.c

(go.shf&1E)
$ gsub go.sh

99
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ol !

« 7OV HIZHEITHEERR (PHI (@) [TI&FASND) %,
HhHTOyHIZEDHSB:MPI Gatherv{s

- TRRIDERDATELY,
« ZDT7OvvHhn, FEREUTODEXT, FO—NILES
IB[CZZH T (I IIXANZZLY)
<JO—NIILERBE><FTEHEE>
« J74J)L%Zlfvm entire mesh.inp-geo|IZ7NUKLT
UCDI7AMILEERT 5,
e EK
— MPI_Gatherv&{£>
- 7 O—N\)VIDIEBAARBEZ7MILEYIES
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B 77 8B E 77 4 )L (comm.0)
NS, BERR (AR, SHERES

#NEIBPEtot
2
#NEIBPE
1 2
# IMPORT index
2 4
#IMPORT items
7 8 5 6

#EXPORT index PE#0
2 4 T
#EXPORT items 14 15 16
1 3 1 2 ) 3 4
8 3 4
#INTERNAL NODE
4
#TogAL NODE 10 1 12
_ 7 1 2
#GLOBAL NODE ID EHREZES(EMESIR)
11 12 15 16 7 8
10 1s PE#1
7 8
5 6

PE#2
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BEEMN4S O—/\)LID
hpcmw_eps_fvm_input_grid

read (IUNIT, (a)’) LINE
read (IUNIT,'(6i12)") (export_index(k), k= 1, n_neighbor pe)
nn= export_index(n_neighbor pe)

allocate (export_item(nn))
read (IUNIT, (a)’) LINE

read (IUNIT,(6i12)") (export_item(k), k= 1, nn)

read (IUNIT, (a)") LINE
read (IUNIT,(6i12)") intNODE _tot

read (IUNIT, (a)") LINE
read (IUNIT, (6i12)") nn

allocate (NODE_GLOBAL(nn))
read (IUNIT, (a)") LINE
read (JUNIT,'(6i12)") (NODE_GLOBAL(k), k=1, nn)

close (IUNIT)
1C===

end subroutine hpcmw_eps_fvm_input_grid
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14 15 | 16
13 [ 14 | 15 | 16 4 3 4
10 " 12
9 10 [ 11| 12 2 1 2
3 6 7 8 6 14 8
/A 3 4
1 2 3 4 2 3 4
2 1 2
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Bl ETERFENB:-PHIOF 5

== | wio =0 | W E

14 15
4 3
10 "
2 1
6 14
4 3
2 3
2 1

E NI | Do N|§ -h|a E

PE#

N DNDNDN o O OoOOo

— — —, —

W wwow

N = D WN —= N =

B WhRr

BRES

(B—AhiL) (Fa—\IL)

1
2
)
6

[o%

— | —
|w|0'“’

—_—
NN

1.150000E+01
9.500000E+00
1.150000E+01
9.500000E+00

6.500000E+00
4  2.500000E+00
7 6.500000E+00
8 2.500000E+00
1.150000E+01
9.500000E+00
1.150000E+01
9.500000E+00

11  6.500000E+00
12 2.500000E+00
15 6.500000E+00

2.500000E+00

— | —h ] —

PHT (1)
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hpcmw_eps_fvm_global output(1/2)

'IC

subroutine hpcmw_eps_fvm_global_output
use hpcmw_eps_fvm_all
implicit REAL*8 (A-H,0-2)

integer, dimension(:), allocatable :: rcounts, displs
integer, dimension(:), allocatable :: NODE_ID_G
integer, dimension(:), allocatable :: NEWtoOLD
real(kind=kreal), dimension(:), allocatable :: VAL

IC— INIT.

allocate (rcounts(PETOT), displs(0:PETOT))

rcounts= 0
displs = 0

call MPI.Allgather &

& (intNODE_tot, 1, MPLINTEGER, rcounts, 1, MPLINTEGER,

& MPIL.COMM_WORLD, ierr)

do ip=1, PETOT
displs(ip)= displs(ip—1) + rcounts(ip)
enddo

NODE_tot_G= displs(PETOT)

allocate (NODE_ID_G(NODE_tot_G), NEWtoOLD(NODE _tot_QG))
allocate (VAL(NODE_tot_QG))

MPI_Gatherv® #{i

BEHERDERH
(RNREDH)

105
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hpcmw_eps_fvm_global output(2/2)

IC

IC— GLOBAL ARRAY
call MPLLGATHERvV &
& (NODE_GLOBAL, intNODE _tot, MPLINTEGER, &
& NODE.ID_G , rcounts, displs(0), MPLINTEGER, &

& 0, MPL.COMM_WORLD, ierr) . .
Ja—/\)LERES NODE_ID_G

call MPI. GATHERv &
& (PHI, intNODE _tot, MPI_DOUBLE_PRECISION, &
& VAL |, rcounts, displs(0), MPI. DOUBLE_PRECISION, &

& 0, MPLCOMM_WORLD, ierr)

if (my_rank.eq.0) then
do i= 1, NODE_tot G
j= NODE_ID_G(i)
NEWtoOLD(j)= i
enddo

IUNIT= 12
open (IUNIT, file= AVSfile, status="'unknown’, position="append’)
do j= 1, NODE_tot G
ii= NEWtoOLD()
write (IUNIT,(i8,1pe16.6)") j, VAL(i)
enddo
close (IUNIT)
endif

end subroutine hpcmw_eps_fvm_global_output



T2K-FVM-04 107

hpcmw_eps_fvm_global output(2/2)

IC
IC— GLOBAL ARRAY
call MPI. GATHERv &
& (NODE_GLOBAL, intNODE tot, MPLINTEGER, &
& NODE.ID G , rcounts, displs(0), MPLINTEGER, &
& 0, MPLCOMM_WORLD, ierr)
call MPLLGATHERv &
& (PHI, intNODE _tot, MPI_.DOUBLE_PRECISION, &
& VAL |, rcounts, displs(0), MPL.DOUBLE_PRECISION, &

& 0, MPLCOMM_WORLD, ierr)
if (my_rank.eq.0) then ﬁl‘ﬁﬁ%%’\ﬁ ML VAL
do i= 1, NODE_tot G
j= NODE_ID_G(i)
NEWtoOLD(j)= i
enddo

IUNIT= 12
open (IUNIT, file= AVSfile, status="'unknown’, position="append’)
do j= 1, NODE_tot G
ii= NEWtoOLD()
write (IUNIT,(i8,1pe16.6)") j, VAL(i)
enddo
close (IUNIT)
endif

end subroutine hpcmw_eps_fvm_global_output
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ZDIREEDVALO B 5

PEESIEIZHfISNTEY,
JO—NIILERBFIEICEH>TLVEL

13 | 14 15
3 4 3
9 10 "
1 2 1
) 6 14
3 4 3
1 2 3
1 2 1

E NS | B Nl N E

WWWWMNNMNMNNMNN—=E == OO0 O

PE#

o

SO DN

—h
o © o J o

11
12
13
14
15
16

i EXREBE
(4'a—/\)L)
NODE_ID G (i)

1 1.150000E+01
2 9.500000E+00
5 1.150000E+01
6 9.500000E+00
5 3 6.500000E+00

4  2.500000E+00
7  6.500000E+00
8 2.500000E+00
9 1.150000E+01
10 9.500000E+00
13  1.150000E+01
14 9.500000E+00
11 6.500000E+00
12  2.500000E+00
15  6.500000E+00
16 2.500000E+00

VAL (i)
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hpcmw_eps_fvm_global output(2/2)

IC
IC— GLOBAL ARRAY
call MPI. GATHERv &
& (NODE_GLOBAL, intNODE tot, MPLINTEGER, &
& NODE.ID G , rcounts, displs(0), MPLINTEGER, &
& 0, MPLCOMM_WORLD, ierr)
call MPI. GATHERv &
& (DELPHI, intNODE _tot, MPI_DOUBLE_PRECISION, &
& VAL |, rcounts, displs(0), MPI. DOUBLE_PRECISION, &

& 0, MPLCOMM_WORLD, ierr)

if (my_rank.eq.0) then

do i= 1, NODE tot G Global& & EIZ

j= NODE_ID_G(i) VP _
NEWtoOLD()= i A~ Z (my_rank=0D &)
enddo
IUNIT= 12

open (IUNIT, file= AVSfile, status="'unknown’, position="append’)
do j= 1, NODE_tot_G
ii= NEWtoOLD()
write (IUNIT,(i8,1pe16.6)") j, VALU(i)
enddo
close (IUNIT)
endif

end subroutine hpcmw_eps_fvm_global_output
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hpcmw_eps_fvm_global output(2/2)

IC
IC— GLOBAL ARRAY
call MPI. GATHERv &
& (NODE_GLOBAL, intNODE tot, MPLINTEGER, &
& NODE.ID G , rcounts, displs(0), MPLINTEGER, &
& 0, MPLCOMM_WORLD, ierr)
call MPI. GATHERv &
& (DELPHI, intNODE _tot, MPI_DOUBLE_PRECISION, &
& VAL |, rcounts, displs(0), MPI. DOUBLE_PRECISION, &

& 0, MPLCOMM_WORLD, ierr)

if (my_rank.eq.0) then
do i= 1, NODE_tot G
j= NODE_ID_G(i)
NEWtoOLD(j)= i
enddo
EE=HL (my_rank=0D &)
IUNIT= 12
open (IUNIT, file= AVSfile, status="unknown’)
do j= 1, NODE_tot G
ii= NEWtoOLD())
write (IUNIT,'(i8,1pe16.6)") j, VALCi)
enddo
close (IUNIT)
endif

end subroutine hpcmw_eps_fvm_global_output
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WOBZ-BOVALOF S

13 14 15
3 4 3
9 10 "
1 2 1
) 6 14
3 4 3
1 2 3
1 2 1

Iél NI | & Nl N I%I

WWMNNWLNDNDNN—=2— OO —=- =00

PE#

O©WOID A WN =

— ) — — — —)
SOOI hOWN—=

i

1

2
3
4

5

6
g
8

9

10
11
12
13
14
15
16

BEFEES VAL(i)

('a—/\JL)
1.150000E+01
9.500000E+00
6.900000E+00
2.500000E+00
1.150000E+01
9.500000E+00
6.5000000E+00
2.500000E+00
1.150000E+01
9.500000E+00
6.000000E+00
2.500000E+00
1.150000E+01
9.500000E+00
6.000000E+00
2.500000E+00
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WH2aL—2anIZH1T5I/0

<$SFVM>/run/
INPUT.DAT(EE)

WHETEREIT7AIL

'

— #M-RESULT J

HEHERIFAIL
(UCDZ74 L&)
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W HETEFHIE T 7AIL

. INPUT.DAT(ZFEE)

o« ETHAKIsol|ERILTALIMICHEITNIZESELN(ED
B EIE<SFVM>/run) .

« £ TOHIEHIIABAT,

../ex/mesh.rcb B SEIAY A T7AILDNYE L
../ex/comm.rcb B EUBREI7AILDAYE £

Jex/result TAIRIEBAEAT7AILE (Fah)
1 AIfRILAE I DEE(=1DEEHA)
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HEELT, IJ7MILERK

S> cd <SFVM>/run
S> cat INPUT.DAT
./ex/mesh.rcb
./ex/comm.rcb
./ex/result

1

$> gsub go.sh
S> 1s -1 ../ex/result _NMNEEZENT-
result SRI7AIL

$> cd ../ex
$> cat fvm entire mesh.inp-geo result > test.inp

FARER T [CHER I 7ML %
TRUKLT, AVSSHAOR®D
TJ7A4IVTERT B,
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leps_fvm D illi 514k

L ARILNIBEOEHERRCE, HFHIE
implicit REAL*8 (A-H,O0-Z) ﬁef# 5 O) LEE 'j: 7N 'Tﬁlj @Eii 0) |7\]
call hpcmw_eps_fvm init *ﬁ ’ 'fT §|J /\7 I\) L* R *E J_E o % ;h':E) ’

Coll g eoopefvmAnput grEid hpcmw_eps _fvm_comm. * M KD7&
cal bpeme eps fm_solver e VDIV TFUBEERTNIL, —17
call hpcmw_eps_fvm_ finalize 0) *ﬁ /-\ —Giﬁ AJ T L/ i 5 o

end program eps_fvm

I

i HETE D2k

il Bl 2 8L T — 2 & DE Y S ERET
MNEeET: —iiESN-BET—TI/




i 5{ELT=lTeps-fvm ]

e WHDENT—2AN
« HZOBLIE
« AJfR1L

o EBEE(T2KA—T 2 R/NAVERT—SE )T +)
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-
-

« Strong Scaling

—- BIEY A XZEE, PE#ZZLSE THE (21K, 857 ZHRIE.
« Weak Scaling

- PEH-YDRBEY A XZEBE, 1REH-YDFTEREZRD S,
« BEINTIEE

- @Y A4 X

— $BHE 9 E|F % (RCB, METIS, 1D~3D) M £,
« JFE

- BIERRZETATAIXRELTR KL,
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RERZBZEELEZWNGS

 hpcmw_eps fvm_solver

I1C
!C***
!C*** hpcmw solver
I O* %% -
1C
subroutine hpcmw eps fvm solver
use hpcmw eps fvm all
implicit REAL*8 (A-H,0-2)
ISET= 0
EPS = 1.d-8 - - . -
ITR = intNODE tot  CODEDZEFIAIXIITR=501DLIITT B,
call hpcmw eps fvm allreduce R (ITR, hpcmw max)
ITR = PETOT * ITR
S TIME= MPI WTIME ()
call hpcmw eps fvm solver CG &
& ( 1IntNODE tot, NODE tot, N2, D, BFORCE, DELPHI, EPS, &
& ITR, IER, WAindex, WAcoef, COMMtime)

E TIME= MPI WTIME ()
ISET= ISET + 1
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1D~3D%r &l
EQFENBONEZTRE
A4 A4

1D#E 2D#! 3D#!
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1D~3D% &l
IS B DM (FT4AN, 85EEET D)
[T 77 7

1D#! 2DZ#! 3D#!
16 N2 x 7 = 112 N2 16 N2 x 4 = 64 N2 16 N2 x 3 = 48 N2
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1D~3D%

80x80x80& %, 8mREIDETEHI

1D#!
16 N2 x 7 = 112 N2

8. 867188E+00
3. 488281E+00
6. 066079E+01

#HHt solver time
#HH comm. time
#HH work ratio

TS S S

2DH!
16 N2 x 4 = 64 N?

6. 574219E+00
1. 285156E+00
8. 045157E+01

#ittt solver time
### comm. time
i work ratio

A4

3DE
16 N2 x 3 = 48 N?

6. 230469E+00
1. 031250E+00
8. 344828E+01

it solver time
### comm. time
i work ratio
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1D#

| METHOD
RCB
X,X,X

IREGION NUMBER
8

1D~3D%%

fvmpart.ctrl

J

[ LSS

2DH

I METHOD
RCB
X,Y,X

IREGION NUMBER
8

122

3D#!

| METHOD
RCB
X,Y,Z

I'REGION NUMBER
8



a7 A91) Tk :go.sh

#QS-r test
#QS—-g tutorial
#QAS-N 1

#@S-J T8

#QS-e err

#QS-0 aaa.lst
#@S-1M 28GB
#QS-1T 00:05:00
#@$-s /bin/sh
#QS

cd $PBS_O WORKDIR
mpirun numactl --localalloc ./sol



Speed-Up

§TE%:Strong Scaling: T2KHE X

| —idesl ? — PAREIREEE

« 1003E X%

// ¢ AT DIBEEEE




TR (Z R T ERIRE) (T2K)

1200 |
i ® FlatMPI O HB4x4
1000 [ A HB8x2 A HB16x1
: —ideal
o 800 | /g
=| L
S 600 |
w 3
& [ /@/
400 | r/@/w
200 V@/@/@
0 1 = T T P TP P

0 128 256 384 512 640 768 896 1024
core#

- 8,957,952EH K & (3x1443), Strong Scaling
e 32~10247 (3237 Flat MPIDIZ & & &%)




Flat MPI vs. Hybrid
Flat-MPI:Each PE -> Independent




Flat MPI, Hybrid (4x4, 8x2, 16x1)

Higher Performance of HB16x1 is important

= T
o o e e
ol o mom o
o




Domain Decomposition

example: 6 nodes, 24 sockets, 96 cores

LI IE ]
RN ][
LI IE ]
L IE I IE ]
BN ]| [
BN ]| [
BN ]| [
CEEEC I .
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BEEIMSDIT

MPLRIEZDELDIZET HEfHE
— T—R%E{F LTS
— /—FREIZBEWLTIEEB /UMK OTRES
— BERRBIXEZEN\YIFO YA XIZLLH
« MPIDiLE EAYYRFRE

— latency

— EZENYITTDOHAX(ZEBAL

IO LA, T O R AT B ST B ER

- BE, M~#Ht+usechF—5 —
« MPID RIHAD 1= 8> D B[]

— JORFHIENT HEEMNT S ER]
« FTEEMMN/NESWVGE (BERENNEWNIZE) IZShED
NERZTEHTEAE,
— 852, EFEAVE—DHD/NEVNGEEIL, TLatency D514,
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« Weak Scaling
- TRty HI-Y DREREZEE
— TRty Y HEIEMEES
~ TSt EMREIELTIEAEDIET THLHH, TRIET Ay EiE
P9I EMEREIXEL

* Nakajima, K. (2007), The Impact of Parallel
Programming Models on the Linear Algebra Performance
for Finite Element Simulations, Lecture Notes in
Computer Science 4395, 334-348.

— MW HFHREZRZE FFIZ latency DFZEXK)
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GFLOPS

@® Flat-MPI DJDS

Weak Scaling: LARGE O Hybrid  DJDS

Earth Simulator

1,572,864 DOF/PE
(=3x128x64x64)

— Flat-MPI(ideal)
Hybrid (ideal)

IBM SP-3 (Seaborg at LBNL)

375,000 DOF/PE
(=3x503)

4000 <
_ O g 150 _
I O [
— | o
[ 100
2000 T 2.2G DOF 0.38G DOF
- 3.80 TFLOPS 110 GFLOPS
1000 K 33.7% of peak 7.16% of peak
- (176 nodes, (128 nodes,
[ 1,408 PE’s) 1,024 PE’s)
0 Q/ ............................ | W (O A T T T T
0 250 500 750 1000 1250 1500 0 250 500 750 1000 1250
PE#

PE#

1500
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@® Flat-MPI DJDS

Weak Scaling: SMALL O Hybrid DJDS

— Flat-MPI(ideal)
Hybrid (ideal)

Earth Simulator IBM SP-3 (Seaborg at LBNL)

98,304 DOF/PE 98,304 DOF/PE
(=3x323) (=3x323)
4000 150
| Hybrid is much faster :
s000 | i PE# is large !! pd : /.4_

GFLOPS
GFLOPS

7.51% of peak

_ 100 O
2000 T o t | 0.10G DOF
L . s
/ S e ‘e 115 GFLOPS

1000 T ® 0 (128 nodes,
[ 1,024 PE’s)
ol
0 250 500 750 1000 1250 1500 0 250 500 750 1000 1250 1500

PE# PE#
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EXENZAT)DEAEBELINS

do neib= 1, NEIBPETOT
do k= export index(neib-1)+1, export index (neib)
kk= export item(k)
SENDbuf (k)= VAL (kk)
enddo
enddo

do neib= 1, NEIBPETOT
1S e= export index(neib-1) + 1
1E e= export index(neib )
BUFlength i= iE e + 1 - iS e
1S i= import index(neib-1) + 1
iE i= import index(neib )
BUFlength i= iE i + 1 - iS i

call MPI SENDRECV &
& (SENDbuf (iS e), BUFlength e, MPI INTEGER, NEIBPE (neib), 0, &
& RECVbuf (iS i), BUFlength i, MPI INTEGER, NEIBPE (neib), 0, &
& MPI COMM WORLD, stat sr, ierr)
enddo

do neib= 1, NEIBPETOT
do k= import index(neib-1)+1, import index(neib)
kk= import item (k) -
VAL (kk) = RECVbuf (k)
enddo

enddo
133
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]
-

e B[ZnumactliDFEIZDWVTHERETE &K
— BBV AMADEE
« 2RDEREY A X, 1a7H=YVORIEYAX
—4/—FFETHEALTRE
— [--physcpubind IDEE|IZ DV THREEFTE L AT ZIBEETES
—1/—FD568a7ZEIRLTERIT HEZEICDOVVTHRFILTH L
—~ JOTPRBFEES~OAT7ESDERIZOVTEREILTA L

STREAM
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§TE%:Strong Scaling: T2KHE X

64

® FVM 1 ()()ESEEE;§$§

—ideal

ol 407 DIFEEH

)
\S&

' . A 3

LT » Policy-3:&
:? 32
=]
w 3
a |
7] 16 _‘./‘(//4i

0- 1 1 1 1 1

0 16 32 48 64

PE#

Policy:3

#!/bin/bash

MYRANK=S$SMXMPI ID

MYVAL=$ (expr SMYRANK / 4)

SOCKET=$ (expr SMYVAL % 4)

numactl —--cpunodebind=SSOCKET --membind=SSOCKET $@
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BhHYIZ
. T35t )

— DT —AAREENDEEMN
— TTDT7 ) =3 x5 FENEENANE
— PO —3 |2 &k-TiFliE DE IR B85

« 10A16H17:00&£THIHTZET,
° ﬁFnEJ *ﬁ %‘-liﬁﬁlﬁ
o« PUr—KMZZHHALIEELY

o PRIFAE|Y—ILF
— /home/t00000/pre.tar
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SROBATHIEN R
« YIJLFY

« OpenMP+4F| AT RE
« OpenMP+MPI /N\AJ)yRHiFNTOT S35
c MPIOERIEARBEESDELDEERKIZELGLILY
e OpenMP (RILFATINATYYRTOTIZUT)DEESELT
SERLTZS0
- 12A6R-7THDREZFE

- GPU
o XWNRMERBIZKH>TITIFREIZEUVEEE
« 1GPUT100GFLOPSiE
+ CPULIRELSTRYILRMREFa—ZVT FiE
« CUDA. OpenCL




