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e <$ppohFVM>/examples/heat3D/src
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(GtEFXTE3)
e Flat MPIICL71=Ly& Eld<SppohFVM>/MakeFileZ
LTDELSIZEELTEIa /NS IL (,openmp kL)

# Install directory

PREFIX = /home/z30088/ppohFILES
INCDIR = $(PREFIX)/include
LIBDIR = $(PREFIX)/11b
BINDIR = $(PREFIX)/bin

# Fortran compiler settings

F90 = frtpx

F77 = frtpx

MPI1F90 = mpifrtpx

MPIF77 = mpifrtpx

SFFLAGS = -Kfast

SMGFLAGS = -Kfast

PFFLAGS = -Kfastsoepenmp



X B2 A FEIC
Ao—Fx2i%k 5K
FXRHMDIES

- BRI M) RERK
AT M) O RER
15 5 5 44k A
EIL—RAFE




pFEM3D-2

NHBRERZEZDONE : J07 5 L

o HHE
— THIEN 25 S EE A+ 3A A
— Ay aTd7AIEEHAH (NETRE, NE: EFRH)
— EEHMERILE (2R RO R, BRI LU R)
—EEFS2ART MYV RTYETS (Index, Item)

e Y)Y RER

— BXRBEFOUIE (doicel=1, NE)
e BX T M)V REE
e AT MO RADEREDOE

— f‘ﬁl PR

—RARERN
kBkdix (CG)




pFEM3D-2

I HBREREZDFIE (LHNEFET)

INPUT _.DAT J

— T l
/<\ I
< <HEADER> _ * — heat3D
—
\
B BAYATPAIL

pmesh
test.iInp J

ParaView 1 : L ¥EE




pFEM3D-2

%I 7 7 €4 JL : INPUT.DAT

../ ../pmesh/pcube_ asci HEADER

ASCI_MESH: HAwia774)LfAK, ASCI:T, BIN:F
N_MESH_VIS: EHaRIEEEICEITIRTA V1 8DBER

0 (/@Tj+ 0 (/IaTj 0 (zaTj+Q(x,y,z):o

ox\ oOx ) oy\ oy +-8z 0z
Q(xX, y,2)=QVOL|x. + Y|

2000 ITER
1.0 1.0 COND, QVOL
1.0e-08 RESID
T MESH_ASCI
1000 N MESH VIS
e HEADER : BRI 7 74 LAy 24, <HEADER>.my rank
e ITER: RiE[R# £ R
e COND : FnE R
e QVOL : KEL-URBERN
e RESID : REEDINEHIEE
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<$ppohFVM>/examples/heat3D/run/go.sh
#1/bin/sh

#PJIM -L "'rscgrp=tutorial™
#PJIM -L ""‘node=8"

#PJIM —-mp1 '‘proc=8"

#PJM -g "'gt00*

#PJIM -L "elapse=00:30:00"
#PJIM -}

#PJIM -0 "'testOl.Ist*
export OMP_NUM_ THREADS=16

mpiexec ./../../../bin/heat3D

8535l 1653 & 3258l 64535l 192"*“
“node=1* node 1 node 2" node 4 “node=12*
“proc=8~ “proc=16"  “proc=32~ “proc=64"  “proc=192”
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<$ppohFVM>/examples/heat3D/run/gof.sh
#1/bin/sh

#PJIM -L "'rscgrp=tutorial™
#PJIM -L ""‘node=8"

#PJIM —-mp1 '‘proc=128"
#PJM -g "'gt00*

#PJIM -L "elapse=00:30:00"
#PJIM -}

#PJIM -0 "'testOl.Ist*

mpiexec ./../../../bin/heat3D

8535l 1653 & 3258l 64535l 192"*“
“node=1* node 1 node 2" node 4 “node=12*
“proc=8~ “proc=16"  “proc=32~ “proc=64"  “proc=192”
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E{RNE

program heat3Dp

testl.f (1/2)

FRF :ppOpen-HPC (FR7E)

use ppohFVM_util

use ppohFVM_util _matrix %E—HT: : ppOpen-HPC(FﬁE)
= — —

use pfem util AF -'f E%

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

type (ppohFVM_file_info) :: file_info

type (ppohFVM_local mesh) :: local _mesh

type (ppohFVM_grp_data) L grp_data

type (ppohFVM_comm_info) :: comm_info

type (ppohFVM_edge_info) :: edge_info

type (ppohFVM matrix_info) :: matrix_info
type (ppohFVM_solver_info) :: solver_info
type (ppohFVM_vis_info) o vis_info

call ppohFVM_Init (file_info, comm_info, edge_info)

PETOT = comm_info%PETOT
PEsmpTOT= comm_info%PEsmpTOT
my_rank = comm_info%my rank

call INPUT _CNTL (file_info, comm_info, edge_info, matrix_info, solver_info, vis_info)
call ppohFVM_dist_file (file_info, HEADER, 80, 0, my_rank, 1)

call ppohFVM_pre (file_info, local_mesh, grp_data, comm_info, edge_info)
call LOAD MESH ( local _mesh, grp_data, comm_info)



pFEM3D-2

E{RNE

testl.f (2/2)

IC
IC +
:g | Matrix Connectivity/Assembling |
'C:::
call ppohFVM_mat_con (local _mesh, comm_info, matrix_info)
call MAT_ASS_MAIN (local_mesh, matrix_info)
' call MAT_ASS BC (local_mesh, matrix_info)
IC
IC +————
IC | SOLVER |
IC +————
call ppohFVM_solver11l (local_mesh, comm_info, matrix_info, solver_info)
IC
IC +————
IC | OUTPUT |
IC +————

call ppohFVM_Finalize (comm_info)

end program heat3Dp

11



I8, 7T : MPI Init/Finalize

subroutine ppohFVM_Init (file_info, comm_info, edge_info)
use ppohFVM_uti |
implicit REAL*8 (A-H, 0-2)

type (ppohFVM_file info) :: file_info
type (ppohFVM_comm_info) :: comm_info
type (ppohFVM_edge_info) :: edge_info
call MPI_INIT (ierr)

call MPI_COMM_SIZE (MPI_COMM_WORLD, comm_info%PETOT, ierr )
call MPI_COMM_RANK (MPI_COMM_WORLD, comm_info%my_rank, ierr )

file_info%mesh_asci= . true.
edge_info%use_edges= . true.

return
end

subroutine ppohFVM_Finalize (comm_info)
use ppohFVM_uti |

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

integer:: errno

type (ppohFVM_comm_info) :: comm_info

call MPI_Finalize (errno) o
if (comm_info%my_rank.eq.0) stop ' * normal termination’

return
end
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ppohFVM_matrix_info%TYPE p p O h FV |\/|_U tl I_

[A] without [D]

[A] with [D] -

101,10, and o matrix (1/2
matrix_info%BLOCKsize ( )
1x1 block

2x2 block

3x3 block

4x4 block

matrix_info%DomainDecomposition
LBJ (Localized Block Jacobi)
LBJ with 1-layer overlapping extention
LBJ with 2-layer overlapping extention
LBJ with 3-layer overlapping extention
LBJ/RCM global
LBJ/RCM global with 1-layer overlapping extention
LBJ/RCM global with 2-layer overlapping extention
LBJ/RCM global with 3-layer overlapping extention
HID with 1-layer overlapping extention
21: HID with 1-layer overlapping extention
22 HID with 1-layer overlapping extention
=23: HID with 1-layer overlapping extention
ppohFVM_solver_info%PRECOND
= 0: NO preconditioning
= 1: Point/Block Jacobi
=10: ILU(O)/IC(O;

=

< pON—<wWONO—

=)
L=}
(@)

=

=}

g‘ -
UL L L L L I A e 0 _|.|II I I n

OWLWN—=OWN—=O

'\D—L—L—L—L

ppohFVM solver info%METHOD
CG, GMRES, etc.
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ppohFVM util matrix (2/2)

module ppohFVM_util_matrix
use ppohFVM_uti |

implicit none
public

type ppohFVM_matrix_info _ o
integer TYPE, BLOCKsize, DomainDecomposition
integer N, NP
integer NL , NU , NLU
integer NPL, NPU, NPLU
integer,pointer:: INL(:) , INU(:) , INLU(:)
integer, pointer:: IAL(:, :), TAU(:, D), TALU(:, @)

integer, dimension(:), allocatable :: indexL, indexU, index
integer, dimension(:), allocatable :: itemL, itemU, item

real (kind=ppohFVM_kreal), dimension(:), allocatable :: AL, AU, D, RHS, X, AMAT

integer hexa_color_tot _ _
integer, dimension(:), allocatable :: hexa_color_index, hexa_color_item
end type ppohFVM_matrix_info

type ppohFVM_solver_info
integer METHOD, PRECOND, ITER, ITERactual, ERROR, ICFLAG
real (kind=ppohFVM_kreal) :: RESID _
real (kind=ppohFVM_kreal) :: COMMtime, COMPtime

end type ppohFVM_solver_info

type ppohFVM_vis_info
integer n_cel | ucd_reg_hexa_1
end type ppohFVM_vis_info

end module ppohFVM_util_matrix

14
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BRITHIAD

CRSHE, it

do j=1, N
Q(j)= matrix_info%D (j)*P(j)

do k= matrix_info%index (j—1)+1,

i = matrix_info%item(k)

~NILFE

+ 3F >t

| 53

matrix_info%index (j)

Q(j))= Q(j) + matrix_inTo%AMAT (k)*P (i)

enddo
enddo

15
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HIEEER - INPUT CNTL (1/2)

subroutine INPUT_CNTL (file_info, comm_info, edge_info,
& matrix_info, solver_info, vis_info)

use ppohFVM_uti |
use ppohFVM_util_matrix

use pfem util

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

type (ppohFVM_file_info) :: file_info
type (ppohFVM_comm_info) ::  comm_info
type (ppohFVM_edge_info) :: edge_info

type (ppohFVM_solver_info) :: solver_info

type (ppohFVM_matrix_info) :: matrix_info
type (ppohFVM_vis_info) L vis_info

if (my_rank.eq.0) then

open (11, file= ' INPUT.DAT', status="unknown’)
read (11, (a80)’) HEADER

read (11,%) ITER

read (11,#*) COND, QVOL

read (11,%) RESID

read (11,%) file_info%mesh_asci

read (11,%) vis_info%n_cell_ucd_reg hexa_1
close (11)

write (x,' (a80)') HEADER
write (x, %) file_info%mesh_asci
write (11, (i10)") vis_info%n_cell_ucd_reg hexa_1
write (k%) '
endif
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HIEEER - INPUT CNTL (2/2)

call ppohFVM Bcast_G (HEADER, 80, 0)
call ppohFVM Bcast_I (ITER , 0)

call ppohFVM Bcast R (COND , 0)

call ppohFVM_Bcast_R (QVOL , 0)

call ppohFVM Bcast R (RESID, 0)

call ppohFVM Bcast L (file_info%mesh_asci, 0)

call ppohFVM_Bcast_I (vis_info%n_cell_ucd_reg_hexa_1, 0)

edge_info%use_edges= . false.

solver_info%RESID= RESID
solver_info%ITER = ITER

matr ix_info%TYPE
matrix_info%BLOCKsize

matr ix_info%DomainDecomposition
solver_info%PREGCOND

return
end

—_—_O =N
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ppohFVM Bcast X

REFIRAD S —MDH

subroutine ppohFVM Bcast R ( VAL, nbase )
use ppohFVM uti |

implicit REAL%x8 (A-H, 0-2)

integer :: nbase, ierr

real (kind=ppohFVM_kreal) :: VAL

call MPI_Bcast (VAL, 1, MPI_DOUBLE_PREGCISION, nbase, MPI_COMM_WORLD,
end subroutine ppohFVM_Bcast R

subroutine ppohFVM Bcast_I ( VAL, nbase )
use ppohFVM uti |

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

integer :: nbase, ierr

integer :: VAL

call MPI_Bcast (VAL, 1, MPI_INTEGER, nbase, MPI_COMM_WORLD, ierr)
end subroutine ppohFVM_Bcast_I

subroutine ppohFVM_Bcast G ( VAL, nn, nbase )
use ppohFVM_ uti |

implicit REAL%x8 (A-H, 0-2)

integer :: nn, nbase, ierr

character (len=nn) :: VAL

call MPI_Bcast (VAL, nn, MPI_CHARACTER, nbase, MPI_COMM_WORLD, ierr)
end subroutine ppohFVM_Bcast _C

subroutine ppohFVM Bcast L ( VAL, nbase )
use ppohFVM uti |

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

integer :: nbase, ierr

logical :: VAL

call MPI_Bcast (VAL, 1, MPI_LOGICAL, nbase, MPI_COMM_WORLD, ierr)
end subroutine ppohFVM_Bcast_L

ierr)

18
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LOAD MESH (1/2)
RAVADIE—

subroutine LOAD_MESH (local_mesh, grp_data, comm_info)

use ppohFVM_uti |
use pfem_util
implicit REAL*8 (A-H, 0-2)

type (ppohFVM_local_mesh) :: local_mesh
type (ppohFVM_grp_data) :: grp_data
type (ppohFVM_comm_info) :: comm_info

1C

IC— Parallel Info.
NEIBPETOT = comm_info%n_neighbor_pe
NE IBPE => comm_info%neighbor_pe

IMPORT_INDEX => comm_info%import_index
IMPORT_ITEM => comm_info%import_item
EXPORT_INDEX => comm_info%export_index

c EXPORT_ITEM => comm_info%export_item

IG— MESH
NP= local_mesh%n_node
N = local_mesh%n_internal
ICELTOT = |local_mesh%n_elem
ICELTOT_INT= local_mesh%ne_internal

NODE_ID => local_mesh%node_id
ELEM_ID => local_mesh%elem_id

intELEM_l ist => local_mesh%ne_internal_list
al locate "E)FEYZ (NP, 3)) TS EROEMAERE

do i=1,
XYZ (i, 1)= local_mesh%node (1, i)
XYZ (i, 2)= local_mesh%node (2, i)
XYZ (i, 3)= local_mesh%node (3, i)
enddo

19
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LOAD MESH (2/2)
RAVADIE—

allocate (ICELNOD (ICELTOT,8))
do icel= 1, ICELTOT

ICELNOD (icel, 1)= local_mesh%ptr_elem(8%icel-7)
ICELNOD (icel, 2)= local_mesh%ptr_elem(8%icel-6)
ICELNOD (icel, 3)= local_mesh%ptr_elem(8%icel-b)
ICELNOD (icel, 4)= local_mesh%ptr_elem(8%icel-4)
ICELNOD (icel, 5)= local_mesh%ptr_elem(8%icel-3)
ICELNOD (icel, 6)= local_mesh%ptr_elem(8%icel-2)
ICELNOD (icel, 7)= local_mesh%ptr_elem(8%icel-1)
ICELNOD (icel, 8)= local_mesh%ptr_elem(8*icel-0)

enddo

if (N.le.0) cal |l ppohFVM_error_exit (1001)

if (ICELTOT. le.0) call ppohFVM_error_exit (1001)
NODGRP_NAME => grp_data%node_grp%enum_grp_name
NODGRP_ITEM => grp_data%node_grp%enum_grp_node
NODGRP_INDEX=> grp_data%node_grp%enum_grp_index
NODGRPtot = grp_data%node_grp%n_enum_grp

return
end subroutine LOAD_MESH

20
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LOAD MESH (2/2)
RAVADIE—

allocate (ICELNOD (ICELTOT,8))
do icel= 1, ICELTOT

ICELNOD (icel, 1)= local_mesh%ptr_elem(8%icel-7)
ICELNOD (icel, 2)= local_mesh%ptr_elem(8%icel-6)
ICELNOD (icel, 3)= local_mesh%ptr_elem(8%icel-b)
ICELNOD (icel, 4)= local_mesh%ptr_elem(8%icel-4)
ICELNOD (icel, 5)= local_mesh%ptr_elem(8%icel-3)
ICELNOD (icel, 6)= local_mesh%ptr_elem(8%icel-2)
ICELNOD (icel, 7)= local_mesh%ptr_elem(8%icel-1)
ICELNOD (icel, 8)= local_mesh%ptr_elem(8*icel-0)

enddo

if (N.le.0) cal |l ppohFVM_error_exit (1001)

if (ICELTOT. le.0) call ppohFVM_error_exit (1001)
NODGRP_NAME => grp_data%node_grp%enum_grp_name
NODGRP_ITEM => grp_data%node_grp%enum_grp_node
NODGRP_INDEX=> grp_data%node_grp%enum_grp_index
NODGRPtot = grp_data%node_grp%n_enum_grp

return
end subroutine LOAD_MESH

21
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GlobalZ#i % : pfem_util.f (1/4)

ZHe | E5 H4 X /0 N B
NP 1 | ERE (N AR NP AR
’ local_mesh%n_internal,local_ mesh%n_node
IGELTOT ! | local_mesh%n_elem
EimJIL—TH
NODGRPtot I | grp_data%node_grp%n_enum_grp
i R EEAR
Xz R (NP 3) | local_mesh%node
BERIRIVT1ET4
ICELNOD I (ICELTOT, 8) I local_mesh%pir_elem
e E > =P [— . e g =+
NODGRP_INDEX [ | (0:NODGRPtot) | | BERIL—TICBENOEHRY (RED
grp_data%node grp%enum_grp_index
(NODGRP_INDEX (NODGR HEIdIL—TICEENSHEA
NODGRP_ITEM l PTOT) grp_data%node_grp%enum_grp_node
HmIIL—T4%
NODGRP_NAME C80 | (NODGRPTOT) I grp. datadnode._grp%n_enum_grp
NLU I O | BERIEXXFAMSE matrix_info%NLU
NPLU I O | ERAMPD#EEL matrix_info%NPLU
D R (NP) O | &7 :®BEJTa vy matrix_info%D
B X R (NP) o BiANY ML, RAMEAT RIL

matrix_info%RHS, matrix_info%X
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GlobalZ# 3%

. pfem_util.f (2/4)

P e =Rl B4 X O SIS

E81751 : EFIERARS

AVAT R (NPLU) © matrix_info% AMAT

index I (0:NP) O éﬁ(ﬁﬂ : QFE.%#;@%EEQ&
matrix_info%index

tem [ (NPLU) o éﬁiﬁﬁu : 3!54'?;3!5561%&6:‘ (51%S)
matrix_info%item
£ E R DIEFIER M Al 57 8

INLU : (NP © matrix_info%INLU
LFHRDFFEAAAI T 5IFS)

IALU : (NP, NLU) © matrix_info%lALU

TWKX I (NP, 2) O 7 —% FHES
REEZHD LR, EEREORERN

ITER,  ITERactual I | solver_info%ITER, solver_info%ITERactual
HHEYRE (Le-8ITEE)

RESID R | solver_info%RESID
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GlobalZ %1 3

% . pfem util.f (3/4)

EH% R H4 X /10 SIS
08th R | |=0.125
PNQ, PNE, PNT R | (2.28) O |&AYVAESEIHITE T T-THi-1-9)
POS, WEI R | @22 O |&HYRESADEE, BEHRY
NCOL1, NCOL2 [ | (100) O | v—FrET—4EF
SHAPE R | 2228) O |&BAYRBARITHFHIREH N, (/=178)
PNX, PNY, PNZ R | (2228) O |&AYRMBRICHHS T 0T Hi-1-0)
DETJ R | 222 O |&HYREAAIZHEITEYIET LI
COND, QVOL R || BMEER, RN YRRERE
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GlobalZ #%k : pfem_util.f (4/4)

T4 3]l HA4 X 110 AN B

fEEE (MPIT7 R+ X#)

PETOT l © comm_info%PETOT
MPIZ7O+RES

my_rank 1 O | comm_info%my_rank

errno I O T3-937
3% Hi RE IR 2K

NEIBPETOT I | comm_info%n_neighbor_pe

NEBPE [ | (NEIBPETOT) | |BEEEES

comm_info%neighbor_pe

IMPORT_INDEX
EXPORT_INEDX

(0:NEIBPETOT)

EfE RET—TILOYAX (—RTEHMEES)
comm_info%import_index, comm_info%export_index

ZIEET—TIL )

IMPORT_ITEM I (Npimport) (NPimport=IMPORT _INDEX(NEIBPETQOT)))
comm_info%import_item
EET—TIL FERR)

EXPORT _ITEM I (Npexport) (NPexport=EXPORT_INDEX(NEIBPETOT)))

comm_info%export_item

ICELTOT_INT

RERERH

local_mesh%ne_internal

intELEM_|ist

(ICELTOT_INT)

HEEEEROUR b AIRIEFICER

local_mesh%ne_internal_list
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E{RNE

testl.f (2/2)

1C

IC

:g | Matrix Connectivity/Assembling |

IC:::
call ppohFVM_mat_con (local _mesh, comm_info, matrix_info)
call MAT_ASS_MAIN (local_mesh, matrix_info)

' call MAT_ASS BC (local_mesh, matrix_info)

IC

IC +————

IC | SOLVER |

IC +————

c call ppohFVM_solver11l (local _mesh, comm_info, matrix_info, solver_info)

IC

IC +————

IC | OUTPUT |

IC +————

call ppohFVM_Finalize (comm_info)

end program heat3Dp

27



testl
AA7ay95 4

input_cntl
FEHT—2A N

input_grid
AyaTd7AILAS

mat_con0
THARITAETAEH

mat_conl
THARITAETAEH

mat_ass_main
BREATHI LR

28

find_node
BT miER

mSORT
V—k

jacobi
VYaETUEE

mat_ass_bc
BREHNE

solvell
B ILN—H 1

ppohFVM_ucd_regular_hexa_1
aJfR{LAnIE

Cg
CGixEtE
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T YO RERMET

e —ITDE =L, index, itemIZBHE L F-1EH %
HIZESZENTET:
— EFOERAREL DEIL2
— BENEHAITHLT : +1&-1
c ZRTDEEIETH - LEH
- EFOERBFIO VI DEIL7T~26 GREDRIK)
- ERIFEL - LEH
— HILLT, EFOERAIO VY DOEITHA DL
e INLU(N), IALU(N,NLU) Z{# > TIEE OIER AR
NEEFEHIZHIET S

29



pFEM3D-2

ppohFVM _mat con (1/4)

subroutine ppohFVM_mat_con (local_mesh, comm_info, matrix_info)

use ppohFVM_uti |
use ppohFVM_util_matrix

implicit REALx8 (A-H, 0-7)

type (ppohFVM_local_mesh) :: local_mesh
type (ppohFVM_comm_info) ::  comm_info
type (ppohFVM_matrix_info) :: matrix_info

integer, dimension(1000) :: NCOL1, NCOL2

IC
Ll e —— +
IC | INIT. |
L +
IC

IC

Ic

matrix_infokN = local_mesh%n_internal
matrix_info%NP= local_mesh%n_node

N = local_mesh%n_internal
NP= |ocal_mesh%n_node

if (matrix_info%TYPE. eq.2) then

iC | 2: [A] with [D] |
1C 4 f

matrix_info%NLU= 26
NLU= matrix_info%NLU
al locate (matrix_info%INLU(NP), matrix_info%IALU (NP, NLU))

matrix_info%INLU= 0
matrix_info%IALU= 0

30
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ppohFVM _mat con (2/4)

IG— HEXA.
do icel0= 1, local_mesh%n_ACThexa
icel=local _mesh%ACThexa_id (icel0)
iSO=local_mesh%index_elem(icel-1)

in1= local_mesh%ptr_elem(iSO0+1)
in2= local_mesh%ptr_elem(iS0+2)
in3= local_mesh%ptr_elem(iS0+3)
ind= local_mesh%ptr_elem(iS0+4)
inb= local_mesh%ptr_elem(iSO0+5)
in6= local_mesh%ptr_elem(iS0+6)
in7= local_mesh%ptr_elem(iS0+7)
in8= local_mesh%ptr_elem(iS0+8)

cal | ppohFVM_FIND_TS_NODE_2 (in1, in2)
cal | ppohFVM_FIND_TS_NODE_2 (in1, in3)
cal | ppohFVM_FIND_TS_NODE_2 (in1, in4)
cal | ppohFVM_FIND_TS_NODE_2 (in1, in5)
cal | ppohFVM_FIND_TS_NODE_2 (in1, in6)
cal | ppohFVM_FIND_TS_NODE_2 (inl, in7)
call ppohFVM_FIND_TS_NODE_2 (int, in8)
cal | ppohFVM_FIND_TS_NODE_2 (in2, in1)
cal | ppohFVM_FIND_TS_NODE_2 (in2, in3)
cal | ppohFVM_FIND_TS_NODE_2 (in2, in4)
cal | ppohFVM_FIND_TS_NODE_2 (in2, in5)
cal | ppohFVM_FIND_TS_NODE_2 (in2, in6)
cal | ppohFVM_FIND_TS_NODE_2 (in2, in7)
cal | ppohFVM_FIND_TS_NODE_2 (in2, in8)

call ppohFVM_FIND_TS_NODE_2 (in3, in1)
call ppohFVM_FIND_TS_NODE_2 (in8, in7)
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ppohFVM_ _mat con (3/4)

IC
I +———————
IC | SORTING |
I +——————
IC:::
if (matrix_info%TYPE. eq.2) then
do in=1, N
NN= matrix_info%INLU(in)
do k=1, NN
NCOL1 (k)= matrix_info%IALU (in, k)
enddo
call ppohFVM_mSORT (NCOL1, NCOL2, NN)
do k= NN, 1, -1
matrix_info%IALU (in, NN-k+1)= NCOL1 (NCOL2 (k))
enddo
enddo
endif

1C===
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ppohFVM_ _mat con (4/4)

IC

Ll — +
IC | CRS |
(0} e +
10===

allocate (matrix_info%index (0:NP))
matrix_info%index= 0

do i=1, NP
ggtrix_info%index(i)= matrix_info%index (i-1) + matrix_info%INLU(i)
enddo

matrix_info%NPLU= matrix_info%index (NP)
al locate (matrix_info%item(matrix_info%NPLU))

do i=1, NP
do k= 1, matrix_info%INLU(i)
kk = k + matrix_info%index (i-1)
matrix_info%item (kk)= matrix_info%IALU (i, k)
enddo
enddo

deal locate (matrix_info%INLU, matrix_info%IALU)
contains
subroutine ppohFVM_FIND_TS_NODE_2 (ip1, ip2)

do kk= 1, matrix_info%INLU(ip1)

if (ip2.eq.matrix_info%IALU(ip1, kk)) return
enddo
icou= matrix_info%INLU(ipl) + 1
matrix_info%IALU (ip1, icou)= ip2
matrix_info%INLU (ip1 )= icou
return

end subroutine ppohFVM_FIND_TS_NODE_2
end subroutine ppohFVM_mat_con
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MAT ASS MAIN : &4k

do kpn=1, 2
do jpn=1, 2
do ipn=1, 2
HORE SR (8E) (2HI1TSHIKEHE,
BLUZTD TBREER] ITEIT5MaDEH
enddo
enddo
enddo

do icel= 1, ICELTOT

BEIMDEZEMN D, AIABARIZEITSH, BHRERO 2EERR] I2H1T5M7,

BXUVaET7 U ZEH (JACBI)

do ie= 1, 8
do je=1, 8
LARERES : ip, Jp
Ay pRitemlUIZE1F57 KL R - kk

do kpn=1, 2
do jpn=1, 2
do ipn=1, 2
EXEO=>ERTIEREE, 2&KTI~DRLIH
enddo
enddo
enddo
enddo
enddo
enddo

O|0|0|0|0|0|0|0
O|O0|0|0|0|0|0|0
O|O0|0|0|0|0|0|0O
O|0|0|0|0|0|0|0
O|0|0|0|0|0|0|0
O|0|0|0|0|0|0|0
O|0|0|0|0|@|O|O |
O|0|0|0|0|0|0|0
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ZE4T5] : MAT ASS MAIN (1/6)

subroutine MAT_ASS_MAIN (local_mesh, matrix_info)

use ppohFVM_uti |
use ppohFVM_util_matrix

use pfem util
implicit REALx8 (A-H, 0-Z)
type (ppohFVM_local_mesh) :: local_mesh

type (ppohFVM_matrix_info) :: matrix_info
integer (kind=kint), dimension( 8) :: nodLOCAL
NPLU= matrix_info%NPLU

allocate (matrix_info%AMAT (NPLU), matrix_info%X (NP))
allocate (matrix_info%RHS (NP), matrix_info%D (NP))

matrix_info%AMAT= 0. d0
matrix_info%RHS = 0. d0
matrix_info%X = 0.d0
matrix_info%D = 0.d0

WET (1
WET (2

+1..0000000000D+00
+1..0000000000D+00

-0. 5773502692D+00
+0. 5773502692D+00
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%475 : MAT ASS MAIN (1/6)

subroutine MAT_ASS_MAIN (local_mesh, matrix_info)

use ppohFVM_uti |
use ppohFVM_util_matrix

use pfem util
implicit REAL*8 (A-H, 0-2)
type (ppohFVM_local_mesh) :: local_mesh

type (ppohFVM_matrix_info) :: matrix_info
integer (kind=kint), dimension( 8) :: nodLOCAL
NPLU= matrix_info%NPLU

allocate (matrix_info%AMAT (NPLU), matrix_info%X (NP))
allocate (matrix_info%RHS (NP), matrix_info%D (NP)) =

.o 7
matrix_info%AMAT= 0. d0 -
matr i x_infokRHS = 0. d0 (—=1,1) (1. 1)
matrix_info%X = 0.d0
matrix_info%D = 0.d0 * .

WEI (1)= +1. 0000000000D+00
WEI (2)= +1. 0000000000D+00 a £
POS (1)= -0. 5773502692D+00

POS (2) = +0. 5773502692D+00 5 3

POS: &0 mEIE (=L @ =D

WEI: EHRH masta EBHERW
0.57735 02692 1.00000 00000
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ZE1TH] : MAT ASS MAIN (2/6)

iC— INIT.

IC PNQ - 1st-order derivative of shape function by QSI
IC PNE - 1st-order derivative of shape function by ETA
;8 PNT - 1st-order derivative of shape function by ZET

do kp= 2
do jp=1, 2
do ip=1, 2

QP1=1.d0 + POS(ip)
QM1=1.d0 - POS(ip)
EP1= }.dO + POS (jp)
1
1

EM1=1.d0 - POS(jp)
TP1=1.d0 + POS (kp)
TM1=1.d0 - POS (kp)

SHAPE (ip, jp, k
SHAPE (ip, jp, k
SHAPE (ip, jp, k

, kp, 8th *x QM1 x EM1 * TM1
’ p7
. 4 ’ p7
SHAPE (ip, jp, kp,
’ p7
’ p7
’ p7

0

08th * QP1 * EM1 = TM1
08th * QP1 * EP1 = TM1
08th * QM1 * EP1 = TM1
08th * QM1 * EM1 = TP1
08th * QP1 * EM1 = TP1
08th * QP1 * EP1 * TP1

SHAPE (ip, jp, k
SHAPE (ip, jp, k
SHAPE (ip, jp, k

~NoOoihwN—
NN
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ZE4TH : MAT ASS MAIN (2/6)

iC— INIT.

IC PNQ - 1st-order derivative of shape function by QSI
IC PNE - 1st-order derivative of shape function by ETA
;8 PNT - 1st-order derivative of shape function by ZET

do kp=1, 2

do jp=1, 2
do ip=1, 2

o= 180 = PoR (I QP(i)
)

1

aM1=1
EP1= }.dO + POS (jp)

1

1

(1+&) QMii)=(1-¢)
i =PU)=Qer) EMI)

TM1= 1.d0 - POS (kp) TP1(k)=(1+§k), TMl(k)z(l—Jk)

SHAPE (ip, jp, kp, 08th = QM1 = EM1 = TM1
SHAPE (ip, jp, kp, 08th = QP1 = EM1 = TM1
SHAPE (ip, jp, kp, 08th = QP1 = EP1 * TMI
SHAPE (ip, jp, kp, 08th = QM1 = EP1 = TM1
SHAPE (ip, jp, kp, 08th = QM1 = EM1 * TP1
SHAPE (ip, jp, kp, 08th = QP1 = EM1 * TP1
SHAPE (ip, jp, kp, 08th = QP1 * EP1 * TP1

~NoOoihwN—
NN
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ZE4TH : MAT ASS MAIN (2/6)

iC— INIT.

IC PNQ - 1st-order derivative of shape function by QSI
IC PNE - 1st-order derivative of shape function by ETA
IC PNT - 1st-order derivative of shape function by ZET

ic
do kp=1, 2
do jp=1, 2
do ip=1, 2
Qil= 140 = oS (i
EP1= 1.d0 + POS(jp) (~1+1,+1) (+1+1+1)
Th1= 140 + POS iy
= . =+ p
M= 1.d0 - POS (kp) (-1-1,+1) (+1-1+1)

SHAPE (ip, jp, kp, 1)= 08th * QM1 * EM1 * TM1
SHAPE (ip, jp, kp, 2)= 08th * QP1 * EM1 * TM1
SHAPE (ip, jp, kp, 3)= 08th * QP1 * EP1 * TM1
SHAPE (ip, jp, kp, 4)= 08th * QM1 * EP1 * TM1
SHAPE (ip, jp, kp, 5)= 08th * QM1 * EM1 * TP1
SHAPE (ip, jp, kp, 6)= 08th * QP1 * EM1 * TP1
SHAPE(ip, Jp. kp, 7)= 08th * QP1 * EP1 * TP1 (5177,4’):(_1,_1’_1) (+1’_1’_1)
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ZE4TH : MAT ASS MAIN (2/6)

'C—— INIT.

IC PNQ - 1st-order derivative of shape function by QSI 1
IC PNE - 1st-order derivati f sh functi by ETA N 1, =—(1- 1-— 1-
SR i st of s tion o (6m.¢) =g U-gl-mlt=¢)
do kp=1, 2 N,(&n,8) == (1+§)( n)l-¢)
jp=1, 2
do ip=1, 2
e 1.4y » (Y Ny (£7,¢)== (1+§)(1+n)(1 ¢)
EP1= 1.d0 + POS(jp)
5 ol T
THi= 17d0 - POS (kp) N,(&,n,¢) =§(1—§)(1+77)(1—§)

SHAPE (ip, jp, kp, 1)= 08th * QM1 * EM1 * TM1
SHAPE (ip, jp, kp, 2)= 08th * QP1 * EM1 * TM1

SHAPE (ip. Jp. kp. 3)= 08th * QP1 * EP1 * THI YA

SHAPE (ip. ip. kp. 2= 08th * QM1 * EP1 % TMI N:(&,n,¢8) = (1 ENL-n)1+¢)
SHAPE (ip. Jp. kp. 5)= 08th * QM1 * EM1 * TP1

SHAPE (ip. Jp. kp. 6)= 08th * QP1 * EM1 * TP1

SHAPE (ip, Jp, kp, 7)= 08th * QP1 * EP1 * TP1 Ne(E,n,¢8) = (1+f)( 77)(1+§)

N, (&1,¢)== (1+§)(1+77)(1+C)
Ng(£,7,) =§(1—§)(1+n)(1+4)
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ZE4T5 . MAT ASS MAIN (3/6)

PO (1 E" 3= % ath + £l + Tl
Jp' p = + *k *k
PNQ (ip. kp, 3)= + 08th * EP1 * TNI PNQ(Jk)‘ '(5 &n=n,,6=¢)
PNQ (jp. kp, 4)= - 08th * EP1 * T 5
PNQ (jp, kp, 5)= — 08th * EM1 * TP1
PN (1o kb 9= T 08tk % EP1 + T PNE(i k) = MV
1P, Kb, -t * o =— = C. = . =
PNQ (jp. kp. 8)= — 08th * EP1 * TPI (1,k) 5 (&= m=1;,6 =)
PNE (ip, kp, 1)= - 08th * QM1 * TMi n
PNE (1o kb 5= & 08tk * Qp1 + T oN
|p, p = + *k *k - -
PNE (ip kp. 4)= + 08th * QM1 * THI PNT(i, j)=—2>(=&.1=1,.{ =)
PNE (ip. kp, 5)= - 08th * QM1 * TP1 o¢
PNE (ip. kp. 6)= — 08th * QP1 * TP
PNE (ip. kp. 7)= + 08th * QP1 * TP
T (1p b 8 R O * 1
Ip, Jp, 1)= - * * 1 = —— =
PNT (ip. ip. 2)= - 08th * QP1 * EM 5 (Sh775,64) = 8( 77,-)(1 $v)
PNT (ip. ip. 3)= - 08th * QP1 * EP1
BEEA gn i e
ip, jp, 5)= + * QM1 * N, _
PNT (ip. jo. 6)= + 08th * QP1 * EMI (G 75:6) =+5 ﬁl 771)61 ¢y)
PNT (ip. jp. 7)= + 08th * QP1  EP1 5
PAT (i, Jp, 8)= + 08th QNI  EP1
enado
enggo ; (é:l’nj'é/k) 3 (1+77jxl_é/k)
enado
do icel= 1, ICELTOT
CONDO= COND ;(éﬁp40=— (+mXP{U

inf= IGELNOD (icel, 1)
i S DR — R
ind= ICELNOD (icel’ 4 (S 71, Ck) 1SR SRR D —BEB S
inb= ICELNOD (icel. 5)
in6= ICELNOD (icel. 6)

in7= IGELNOD (icel, 7)
in8= ICELNOD (icel, 8)



pFEM3D-2

REITH

PNQ (jp, kp, 1)= — 08th * EM1
PNQ (jp, kp, 2)= + 08th * EM1
PNQ (jp, kp, 3)= + 08th * EP1
PNQ (jp, kp, 4)= — 08th * EP1
PNQ (jp, kp, 5)= — 08th * EM1
PNQ (jp, kp, 6)= + 08th * EM1
PNQ (jp, kp, 7)= + 08th * EP1
PNQ (jp, kp, 8)= — 08th * EP1
PNE (ip, kp, 1)= — 08th * QM1
PNE (ip, kp, 2)= — 08th * QP1
PNE (ip, kp, 3)= + 08th * QP1
PNE (ip, kp, 4)= + 08th * QM1
PNE (ip, kp, 5)= — 08th * QM1
PNE (ip, kp, 6)= — 08th * QP1
PNE (ip, kp, 7)= + 08th * QP1
PNE (ip, kp, 8)= + 08th * QM1
PNT (ip, jp, 1)= — 08th * QM1
PNT (ip, jp, 2)= — 08th * QP1
PNT (ip, jp, 3)= — 08th * QP1
PNT (ip, jp, 4)= — 08th * QM1
PNT (ip, jp, 5)= + 08th * QM1
PNT (ip, jp, 6)= + 08th * QP1
PNT (ip, jp, 7)= + 08th * QP1
PNT (ip, jp, 8)= + 08th * QM1

enddo

enddo

enddo

do icel=1, ICELTOT
CONDO= GOND

in1= ICELNOD (icel,
in2= ICELNOD (icel,
in3= ICELNOD (icel,
in4= ICELNOD (icel,
in5= ICELNOD (icel,
in6= ICELNOD (icel,
in7= ICELNOD (icel,
in8= ICELNOD (icel,

MAT ASS MAIN (3/6)

* TM1
* TM1
* TM1
* TM1
* TP1
* TP1
* TP1
* TP1
* TM1
* TM1
* TM1
* TM1
* TP1
* TP1
* TP1
* TP1
* EM1
* EM1
* EP1
* EP1
* EM1
* EM1
* EP1
* EP1

(-1+1+1) (+1,+1,+1)

(F1=1+1)

(&.m.¢)=(-1-1-1)

42
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RE1TS

Qo 2o o

nodLOCAL (1
nodLOCAL (2
nodLOCAL (3
nodLOCAL (4
nodLOCAL (5
nodLOCAL (6
nodLOCAL (7
nodLOCAL (8) =

)
)
)
)
)
)
)

X1= XYZ (in1,
X2= XYZ (in2,
X3= XYZ (ing,
X4= XYZ (in4,
X5= XYZ (inb,
X6= XYZ (in6,
X7= XYZ (in7,
X8= XYZ (in8,
Y1= XYZ(in1,
Y2= XYZ(in2,
Y3= XYZ(in3,
Y4= XYZ (in4,
Y5= XYZ (inb,
Y6= XYZ(in6,
Y7= XYZ(inT,

Y8= XYZ(in8,

inl
in2
in3
in4
inb 8
in6
in/
in8

P N N N N N e P e e s e e g

l\)l\)l\)l\)l\)l\)l\)l\)—‘—*—k—k—k—n—m—x

MAT ASS MAIN (4/6)

3
S
3
i
i

QVC= 08th * (X1+X2+X3+X4+X5+X6+X7+X8+
Y1+Y2+Y3+Y4+Y5+Y6+Y7+Y8)

Z1= XYZ(in1,
22= XYZ(in2,

Z3= XYZ(in3,

Z4= XYZ(in4, 3)

Z5= XYZ(inb,
26= XYZ(in6,
Z7= XYZ(inT,

3)
3)

3)
Z8= XYZ(in8, 3)

call JACOBI (DETJ, PNQ, PNE,
X1, X2, X3, X4,
Y1, Y2, Y3, Y4,
21, 72, 13, 4,

PNT, PNX, PNY, PNZ,

X5, X6, X7, X8,
Y5, Y6, Y7, Y8,
Z5, 76, 71, 18)

(-1,+1,+1)

(-1-1,+1)

(&.n.¢)=(-1-1-1)

Qo o o

(+1,+1,+1)
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ZE4TH : MAT ASS MAIN (4/6)

Qo o o

nodLOCAL (1)= in1

nodLOCAL (2)= in2

nodLOCAL (3)= in3

nodLOCAL (4)= in4

nodLOCAL (5)= inb

nodLOCAL (6)= in6

nodLOCAL (7)= in7

nodLOCAL (8)= in8

X1= XYZ (int1, 1)

X2= XYZ(in2, 1)

Xz XYz (ing 1

= N4, Ihe

X5= XYZ(in5. 1) SEN L D XEEFE
X6= XYZ(in6, 1)

X7= XYZ (in7,1)

X8= XYZ(in8, 1)

Y1= XYZ(in1, 2)
Y2= XYZ(in2, 2)
Y3= XYZ(in3, 2)
Y4= XYZ(in4, 2)
Y5= XYZ(inb, 2)
Y6= XYZ(in6, 2)
Y7= XYZ(in1, 2)
Y8= XYZ(in8, 2)

QVC= 08th * (X1+X2+X3+X4+X5+X6+X7+X8+
Y1+Y2+Y3+Y4+Y5+Y6+Y7+Y8)

Z1= XYZ(in1, 3)
Z2= XYZ(in2, 3)
Z3= XYZ(in3, 3)
Z4= XYZ(in4, 3)
Z5= XYZ(inb, 3)
Z6= XYZ(in6, 3)
Z7= XYZ(in1, 3)
Z8= XYZ(in8, 3)

call JACOBI

(DETJ, PNQ, PNE,
X1, X2, X3, X4,
Y1, Y2, Y3, Y4,
21, 72, 13, 4,

SEI M D ZEEFE

PNT, PNX, PNY,

X5, X6, X7, X8,

Y5, Y6, Y7, Y8

75. 16, 71, 18

PNZ,

)

(-1,+1,+1)

(-1-1,+1)

(&.n.¢)=(-1-1-1)

Qo o o

(+1,+1,+1)
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ZE1TH] : MAT ASS MAIN (4/6)

Qo 2o o

nodLOCAL (1)
nodLOCAL (2)
nodLOCAL (3)
nodLOCAL (4)
nodLOCAL (5)
nodLOCAL (6)
nodLOCAL (7)
nodLOCAL (8)

X1= XYZ (in1,
X2= XYZ (in2,
X3= XYZ (in3,
X4= XYZ (in4,
X5= XYZ (inb,
X6= XYZ (in6,
X7= XYZ (in1,
X8= XYZ (in8,
Y1= XYZ (in1,
Y2= XYZ (in2,
Y3= XYZ (in3,
Y4= XYZ (in4,
Y5= XYZ (inb,
Y6= XYZ (in6,
Y7= XYZ (in,

Y8= XYZ(in8, 2)

QVC= 08th *

Z1= XYZ(in1,
22= XYZ(in2,
Z3= XYZ(in3,
Z4= XYZ(in4,
Z5= XYZ(inb,
26= XYZ(in6,
Z7= XYZ(inT,
Z8= XYZ(in8,

call JACOBI

in
in2
in3
in4
ind
in6
in/
in8

NONOINO NI NI NI NI N ==t b ek ek ek ek ek ek
e P e N A N N N N

(XT+X2+X3+X4+X5+X6+XT7+X8+
Y1+Y2+Y3+Y4+Y5+Y6+Y7+Y8)

(-1,+1,+1)

(-1-1,+1)

a(laT}a /IaT +g(/18_T
ox\ ox) oy\ oy) oz\ oz

Q(x,y,z)= Q_VOL\XC +Yc|

(DETJ, PNQ, PNE, PNT, PNX, PNY, [
0k X M X6 X6 K X6 AATE T Y REBBIILE (X v andil

Y1, Y2, Y3, Y4, Y5, Y6, Y/, Y8,
21, 72, 73, 74, 15, 16, 71, 18 ]

DEEFE Xy, |2IKTFE

(+1,+1,+1)

j Q(x,y,z)=0
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RE1TS

Qo 2o o

MAT

nodLOCAL (1)= in1

nodLOCAL (2)= in2

nodLOCAL (3)= in3

nodLOCAL (4)= in4

nodLOCAL(5g inb
)

nodLOCAL (6) = in6
nodLOCAL (7)= in7
nodLOCAL (8)= in8

X1= XYZ (in1,

X2= XYZ (in2,

X3= XYZ (in3,

X4= XYZ (in4,

X5= XYZ (inb,

X6= XYZ (in6,

X7= XYZ (in7,

X8= XYZ (in8,

Y1= XYZ (in1,

Y2= XYZ (in2,

Y3= XYZ (in3,

Y4= XYZ (in4,

Y5= XYZ (inb,

Y6= XYZ (in6,

Y7= XYZ (in7,

Y8= XYZ (in8,

QVC= 08th * (X1+X2+X3+X4+X5+X6+X7+X8+
Y1+Y2+Y3+Y4+Y5+Y6+Y7+Y8)

Z1= XYZ(in1, 3)

2= XYZ(in2, 3)

Z3= XYZ(in3, 3)

Z4= XYZ (in4, 3)

Z5= XYZ (inb, 3)

26= XYZ(in6, 3)

Z7= XYZ(in7, 3)

Z8= XYZ(in8, 3)

call JACOBI (DETJ, PNQ, PNE,
X1, X2, X3, X4,
Y1, Y2, Y3, Y4,
21, 72, 13, 4,

l\)l\)l\)l\)l\)l\)l\)l\)—‘—‘—*—*—*—*—‘—‘
R N T N g N N W Nl N N A g

X5, X6, X7, X8,
Y5, Y6, Y7, Y8,
Z5, 76, 71, 18)

_ASS_MAIN (4/6)

(-1,+1,+1) (+1,+1,+1)

(-1-1,+1)

PNT, PNX, PNY, PNZ,

o( .0T o ,0T o .0T
A A A—
8x( axj+ay[ ay] az( 82)+Q(X yz)
Q(x, y,z):Q_VOL\xC +Yc|
QVC =|x. + Y|
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RE1TS

Qo @o o

nodLOCAL (1) =
nodLOCAL (2) =
nodLOCAL (3) =
nodLOCAL (4) =
nodLOCAL (5) =
nodLOCAL (6) =
nodLOCAL (7) =
nodLOCAL (8) =

X1= XYZ (in1,
X2= XYZ (in2,
X3= XYZ (ing,
X4= XYZ (in4,
X5= XYZ (inb,
X6= XYZ (in6,
X7= XYZ (in7,
X8= XYZ (in8,
Y1= XYZ(in1,
Y2= XYZ(in2,
Y3= XYZ(in3,
Y4= XYZ (in4,
Y5= XYZ (inb,
Y6= XYZ(in6,
Y7= XYZ(inT,
Y8= XYZ(in8,

in
in2
in3
in4
ind
in6
in/
in8

l\)l\)l\)l\)l\)l\)l\)l\)—‘—‘—*—*—*—*—‘—‘
R N T N g N N W Nl N N A g

MAT ASS MAIN (4/6)

QVC= 08th * (X1+X2+X3+X4+X5+X6+X7+X8+
Y1+Y2+Y3+Y4+Y5+Y6+Y7+Y8)

Z1= XYZ(in1,
22= XYZ(in2,
Z3= XYZ(in3,
Z4= XYZ(in4,
Z5= XYZ(inb,
26= XYZ(in6,
Z7= XYZ(inT,
Z8= XYZ(in8,

call JAGOBI

3)
3)
3)

3)
3)

(DETJ, PNQ, PNE,
X1, X2, X3, X4,
Y1, Y2, Y3, Y4,
21, 72, 173, 74,

PNT, PNX, PNY, PNZ,
X5, X6, X7, X8,

Y5, Y6, Y7, Y8,

Z5, 16, 71, 18 )

Qo @o o
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ZE4T5] . MAT ASS MAIN (5/6)

[C== CONSTRUCT the GLOBAL MATRIX

do ie= 1, 8
ip = nodLOCAL (ie)

do je=1, 8
jp = nodLOCAL (je)
kk= 0

if (jp.ne.ip) then
i iS= matrix_infokhindex (ip-1) + 1
i iE= matrix_info%index(ip )
do k= iiS, iiE
ifkémaﬁrix_info%item(k).eq.jp ) then

exit
endif
enddo
endif

(-1+1,+1) (+1,+1,+1)

il (+1-1,+1)

AT DIEX AR SD
Aip,jp

kk: matrix_info%item(Z&H1FHF KL X

Ip= nodLOCAL(ie)
Jp=nodLOCAL(je)



< kYO R :8x81TF

2%

|.kijJ (i’ J :1---8)

(+1,+1,+1)

(-1,+1,+1)

(-1,-1+1)

O|1010|0|0]10|0|0||®

O|00|0|0]0|0|0||®
OO0 |0]0|0|@]|0|®

O|O00|010]0|0|0||®

O|010(0|0|0|0|0||®

O|O00|0|0]0|0|0]||®

O|O0|0|0|0]0|0|0|®

O|1010|0|0|0|0|0||®

(+1-1-1)

(&m1.¢)=(-1-1-1)
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ZE4T5] . MAT ASS MAIN (5/6)

'C:: CONSTRUCT the GLOBAL MATRIX

do ie= 1, 8
ip = nodLOCAL (ie)

do je=1, 8
jp = nodLOCAL (je) —
kk= 0 E%VHJ OZ(IQ"JG)

if (jp.ne.ip) then . é{$7|"}71(ip~jp)0)5§”¥¢

i iS= matrix_info%index (ip-1) + 1
i iE= matrix_info%index(ip )
do k= iiS, iiE

if, (natrix_infokiten (). eq. jp ) then kk : matrix_info%itemIZ& 757 L X
exit
endif
enddo
endif
(-1+1,+1) (+1,+1,+1)

il (+1-1,+1)
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ZE1T5] . MAT ASS MAIN (6/6)

QO =0.d0
COEFi j= 0.d0
do kpn= 2
do jpn=
do ipn=1, 2

coef= dabs (DETJ (ipn, jpn, kpn) ) #WEI (ipn)*WET (jpn) *WEI (kpn)

PNXi= PNX (ipn, jpn, kpn, ie)
PNYi= PNY (ipn, jpn, kpn, ie)
PNZi= PNZ (ipn, jpn, kpn, ie)

PNXj= PNX (ipn, jpn, kpn, je)
PNY j= PNY (ipn, jpn, kpn, je)
PNZ j= PNZ (ipn, jpn, kpn, je)

COEFi j= COEFij + coef * GONDO
& (PNXi*PNX j+PNY i #PNY j+PNZ i *PNZ j)

SHi= SHAPE (ipn, jpn, kpn, ie)
QvV0= QVO + SHi * QVOL * coef
enddo
enddo
enddo

— ) —h
N

if (jp.eq.ip) then
matrix_info%D (ip)= matrix_info%D (ip) + COEFi j
Tatrix_info%RHS(ip): matrix_info%RHS (ip) + QVO*QVC
else

g@%rix_info%AMAT(kk): matr ix_info%AMAT (kk) + COEFi j

endi

enddo

enddo A AN ON - ON. ON . ON. ON .

enddo —‘”J‘Jl IR LI il B R B B det‘.]‘
re’gurn —1—1—1l OX  OX ay ay oz o1

en

Icdnds
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4T - MAT ASS MAIN (6/6)

QVvo 0.d0
COEFi j= 0.d0
do kpn=1, 2
do jpn=1, 2
do ipn=1, 2

coef= dabs (DETJ (ipn, jpn, kpn) ) #WEI (ipn)*WET (jpn) *WEI (kpn)

PNXi= PNX (ipn, jpn, kpn, ie)
PNYi= PNY (ipn, jpn, kpn, ie)
PNZi= PNZ (ipn, jpn, kpn, ie)

PNXj= PNX (ipn, jpn, kpn, je)
PNY j= PNY (ipn, jpn, kpn, je)
PNZ j= PNZ (ipn, jpn, kpn, je)

COEFi j= COEFij + coef * GONDO

& (PNX i xPNX j+PNY i «PNY j+PNZ i *PNZ j)
SHi= SHAPE (ipn, jpn, kpn, ie)
QVO= QVO + SHi * QVOL * coef 1 41 +1
it =] [ [f&n.¢)déadnds
enddo 1 1 4
if (jp.eq.ip) then L M N
matrix_info%D (ip)= matrix_info%D (ip) + = lA/.-\A/.-\A/ f (& n., I
Tatrix_info%RHS(ip)= matrix_info%RHS(ip) + ;E; = Eg; : J K (é; Tj éjk)
else = =1 k=
g@$rix_info%AMAT(kk)= matr ix_info%AMAT (kk) + COEFi j
endi
enddo
enddo A AN ON - ON. ON . ON. ON .
enddo —jjﬂz L 2Ty T A det|d| Hd pd g
regurn —1—1—1l oX  OX ay ay oz 0oz
en




4T - MAT ASS MAIN (6/6)

Qv0 =0.d
COEFi j= 0.d
do kpn= 1,
do jpn= 1,
do ipn=1, 2

coef= dabs (DETJ (ipn, jpn, kpn) ) *WEI (ipn)*WEI (jpn)+WEI (kpn)

PNXi= PNX (ipn, jpn, kpn, ie)
PNYi= PNY (ipn, jpn, kpn, ie)
Pzi= PAZCipn. Jon. kon. Te) coef =W, -W, -W, °det‘\](§i177j1§k}

PNXj= PNX (ipn, jpn, kpn, je)
PNY j= PNY (ipn, jpn, kpn, je)
PNZ j= PNZ (ipn, jpn, kpn, je)

COEFi j= COEFij + coef * GONDO

0
0
2
2

& (PNX i #PNX j+PNY i #PNY j+PNZ i *PNZ j)
SHi= SHAPE (ipn, jpn, kpn, ie)
QVO= QVO + SHi * QVOL * coef 1 41 +1
it =] [ [f&n.¢)déadnds
enddo 1 1 4
if (jp.eq.ip) then L M N
matrix_info%D (ip)= matrix_info%D (ip) + = W, W, HT (&, n. I
Tatrix_info%RHS(ip)= matrix_info%RHS(ip) + ;E; = Eg; : J K (43'77J’éjk)
else = = =
g@$rix_info%AMAT(kk)= matr ix_info%AMAT (kk) + COEFi j
endi
enddo
enddo A _ON. - ON. - ON.
enddo —jjﬂza'\" 1y g N 9y 5 ON; O, det|J| d&dnd¢
regurn —1—1—11 oX  OX ay ay oz 0oz
en




BT - MAT ASS MAIN (6/6)

QV0O =0.d0
COEFi j= 0.d0
do kpn=1, 2
do jpn=1, 2
do ipn=1, 2
coef= dabs (DETJ (ipn, jpn, kpn) ) #WEI (ipn)*WET (jpn) *WEI (kpn)

PNXi= PNX (ipn, jpn, kpn, ie)
PNYi= PNY (ipn, jpn, kpn, ie)
PNZi= PNZ (ipn, jpn, kpn, ie)

PNXj= PNX (ipn, jpn, kpn, je)
PNY j= PNY (ipn, jpn, kpn, je)
PNZj= PNZ (ipn, jpn, kpn, je)

g O OO R ONR MYPNY <N [+PNZ 4PNZ ) I_kijJ (l, j=1.. -8)
SHi= SHAPE (ipn, jpn, kpn, ie) J

enngZOVOJrSHi * QVOL * coef ololololololololle

o ololololo|o]o|o]|e

ifmé%?iig'irg%%gherzip)= matrix_info%D (ip) + COEFij 12001001060

_Tmatrix_infoiRHS (ip)= matr ix_infoliRHS (ip) + OVOXQUC ©|0|0|0|0|0|0|0||@®

matr ix_info%AMAT (kk)= matrix_info%AMAT (kk) + COEFi j 0]10]0]0]0]|0]|0]|0| ®

enddo | olololo|o|o|o]o|e

enddo. " olololo|o|o|e|o|e

return Ol0|10|O0|0|0[0|10||®

end
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%475 : MAT ASS MAIN (6/6)

Qv0 = 0.d0
COEFIJ— 0.d0
do kpn=1, 2
do jpn=1, 2
do ipn=1, 2
coef dabs (DETJ (ipn, jpn, kpn) ) *WET (ipn) *WEI (jpn) *WEI (kpn)
PNXi= PNX (ipn, jpn, kpn, ie) -
PNYi= PNY (ipn, jpn, kpn. ie) k (e) ¢ (e) _ f (e)
PNZi= PNZ (ipn, jpn, kpn, ie) L —
A1 BAY (1o o o 1o 210 _ [
J= Ipn, Jjpn, Kpn, je —
PNZj= PNZ (ipn, jpn, kpn, je) f ] o IQ[N ]Tdv
COEFi j= GOEFij + coef * GONDO * Vv
& (PNX i xPNX j+PNY i «PNY j+PNZ i *PNZ j)
SHi= SHAPE (ipn, jpn, kpn, ie) .
QVO= QVO + SHi * QVOL * coef ( ) =
o Q(X,y,z)=QVOL|X. + Y|
enggo
enddo
QVC =X + Y|

if (jp.eq.ip) then
matrix_info%D (ip)= matrix_info%D (ip) + COEFi j

matrix_info%RHS (ip)= matrix_info%RHS (ip) + QVO*QVC

e p p QVO0= jQVOL[N]Tdv
matr ix_info%AMAT (kk) = matrix_info%AMAT (kk) + COEFi j

endif vV

enddo

enddo
enddo

return [ ](6) QVO QVC

end
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MAT ASS BC : &A%k

do i=1, NP

(TaVOL) BREGEZRTETHEHEEY—S (IWKX)
enddo
do i= 1, NP

if (IWKX(i, 1).eq.1) then
XIETBEDRY ML (B) Oy, ®AKS D) OFRSDIEE (1T - 5) Z |\
do k= index(i-1)+1, index(i)
X9 HIEZRERMAMS (AMAT) RS DBE (T)
enddo T=0@Z=z
endif
enddo

max

do i= 1, NP NZ
do k= index (i-1)+1, index (i)
if (INKX(item (k),1).eq.1) then

T BEEDARNY FL, EFEFARS (AMAT) OFESDIEIE (5I) Y
endif ,/,;X
enddo ) ’
NY
enddo
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BREMHE - MAT _ASS BC (1/2)

subroutine MAT_ASS_BC
use pfem util
implicit REAL*8 (A-H, 0-2)

al locate (IWKX(NP, 2))

IWKX= 0
IC
IC== Z=Zmax
do in=1, NP
gy = HaT IL—F B Zmax 1 THS
ib0= -1 BiminIZH NV T:

do ib0O= 1, NODGRPtot

if (NODGRP_NAME (ib0).eq. ' Zmax') exit )
enddo IWKX(in,1)= 1
do ib= NODGRP_INDEX (ib0-1)+1, NODGRP_INDEX (ib0)

in= NODGRP_ITEM (ib)

IWKX (in, 1)= 1 E95

enddo
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BREHE - MAT _ASS BC (2/2)

do in=1, NP
if (IWKX(in, 1).eq.1) then
matrix_info%RHS (in)= 0.d0
matrix_info%D (in)= 1.d0

iS= matrix_info%index(in-1) + 1
iE= matrix_info%index(in )

do k= iS, iE
matrix_info%AMAT (k)= 0.d0
enddo
endif
enddo
do in=1, NP

iS= matrix_info%index (in-1) + 1
iE= matrix_info%index(in )
do k= iS, iE
if (IWKX(matrix_info% item(k),1).eq.1) then
matrix_info%AMAT (k)= 0.d0
endif
enddo
enddo

return
end
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BREHE - MAT _ASS BC (2/2)

do in=1, NP
if (IWKX(in. 1).eq.1) th .
! métrix_(mfogﬁRﬁg(ialF 0. do IWKX (in, =14 B8 AT LT

matrix_info%D (in)= 1.d0 . . — .
_ ST AR =1, HGi0=0, JEFXIARH=0
iS= matrix_info%index(in-1) + 1
iE= matrix_info%index(in )
do k= iS, iE
r(ljlgtrix_info%AMAT (k)= 0.d0 B
enddo o
endif ooy 7

enddo

do in=1, NP
iS= matrix_info%index (in-1) + 1

iE= matrix_info%index(in )
do k= iS, iE
if (IWKX(matrix_info% item(k),1).eq.1) then
matrix_info%AMAT (k)= 0.d0
endif
enddo
enddo

I0==

return
end
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I0==

BREHE - MAT _ASS BC (2/2)

do in=1, NP
if (IWKX(in, 1).eq.1) then .
i i S - Gt IWKX(in, N=1¢72 48R ZEFTEXA
matrix_info% in)= 1. . _
o ; it index (i) + Bl LTELTWAEIAIZR LT,
iS= matrix_info%index (in-1) + > N 5= s g\ _
éE:kTatgix;IiEnfo%index(in ) BIA~NFEIE, HZIEFIEXRAMS=0
“matrix. info%AMAT (k)= 0. d0 I
enddo
endif
enddo
do in=1, NP

iS= matrix_info%index (in-1) + 1
iE= matrix_info%index(in )
do k= iS, iIE
if (IWKX(matrix_info% item(k),1).eq.1) then
matr i x_infohAMAT (k)= 0. d0
endif
enddo
enddo

return
end!C==

return 5ﬁf, ‘E‘DOUT

end
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NHBRERZEZDONE : J07 5 L

o HHE
— THIEN 25 S EE A+ 3A A
— Ay aTd7AIEEHAH (NETRE, NE: EFRH)
— EEHMERILE (2R RO R, BRI LU R)
—EEFS2ART MYV RTYETS (Index, Item)

e Y)Y RER

— BXRBEFOUIE (doicel=1, NE)
e BX T M)V REE
e AT MO RADEREDOE

IEREHDNE
o HEII—RAEX
— Xz QEdiE (CG)
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E{RNE

testl.f (2/2)

IC
IC +
:g | Matrix Connectivity/Assembling |
'C:::
call ppohFVM_mat_con (local_mesh, comm_info, matrix_info)
call MAT_ASS _MAIN (local_mesh, matrix_info)
' call MAT_ASS_BC  (local_mesh, matrix_info)
IC
IC +—m—m—
IC | SOLVER |
I +———-
!C:::
call ppohFVM _solver11 (local_mesh, comm_info, matrix_info, solver_info)
1C
IC +—mm——
IC | OUTPUT |
|6 d————

call ppohFVM_Finalize (comm_info)

end program heat3Dp
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ppohFVM solverll

subroutine ppohFVM_solver11 (local_mesh, comm_info, matrix_info, solver_info)

use ppohFVM_uti |
use ppohFVM_util_matrix

implicit REALx8 (A-H, 0-7)

type (ppohFVM_local _mesh) :: local_mesh
type (ppohFVM_comm_info) :: comm_info
type (ppohFVM_matrix_info) :: matrix_info
type (ppohFVM_solver_info) :: solver_info

character (Ien=ppohFVM_name_len) :: BUF
call ppohFVM_CG_2_1_00
& ( comm_info, matrix_info, solver_info)

end subroutine ppohFVM_solver11
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HITALEE

& KR BECE

Preconditioned Conjugate Gradient Method (CG)

Compute r®= p-[A]x©®
for i= 1, 2, ..
solve [M]zG-D= rG-D
Pi_1= r(i-1 »(@-1)
1t 1=1
p(l): 7 (0)
else
Bi-1= Pi-1/Pi-2
endif
q(i): [A]p(i)
a; = p;_/pMqg®
x(MD= x@-1) 4 aip(i)
rM= G-1) _ Oﬂiq(i)
check convergence |r|

)
>
o

B ALEE - >t

IRV
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AR r—") 27, RY 3 ERILE

« BILIEITHIE LT, ©EDITHDXI AT DHZH
L L 7=175 ZRiLE1THI [M] £F B,

—XBRT—1) 24, A¥aE (point-Jacobi) RILIE

T

D 0 .. 0 0
0 D, 0 O
M]=] ...
0 0 D,, O
0 0 0 Dy |

- solve [M]zG-D= rG-DENSBAICHITHIERE
IZRDHBCEMNTES,

[N
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ppohFVM CG 2 1 00 (1/6)

subroutine ppohFVM_CG_2 1 00 ( comm_info, matrix_info, solver_info)

use ppohFVM_uti |

use ppohFVM_util_matrix

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

type (ppohFVM_comm_info) :: comm_info
type (ppohFVM_matrix_info) :: matrix_info
type (ppohFVM_solver_info) :: solver_info

real (kind=ppohFVM_kreal), dimension(:, :), allocatable:: WW

integer (kind=ppohFVM_kint), parameter :: R=
integer (kind=ppohFVM_kint), parameter :: Z=
integer (kind=ppohFVM_kint), parameter :: Q=
integer (kind=ppohFVM_kint), parameter :: P=
integer (kind=ppohFVM_kint), parameter :: DD=

integer (kind=ppohFVM_kint ) :: MAXIT, N, NP
real (kind=ppohFVM_kreal) :: TOL

SHWONN —

IC

s h
IG | INIT. |
s h

N = matrix_info%N
NP= matrix_info%NP

solver_info%COMMtime= 0. d0
solver_info%COMPtime= 0.d0

solver_info%ERROR= 0
al locate (WW(NP, 4))

MAXIT solver_info%ITER
TOL solver_info%RESID

c matrix_info%X = 0.d0
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IC

ppohFVM CG 2 1 00 (2/6)

1C | {r0}= {b} - [A]{xini} |
1C + }

IC
IC—— INTERFACE data EXCHANGE
cal| ppohFVM_update_1_R (comm_info, matrix_info%X, NP, N)

do j=1, N
WW(J DD)= 1. d0/matrix_info%D (j)
WVAL= matrix_ info%RHS (j) - matrix_info%D (j)*matrix_info%X(j)

do k= matrix_info%index (j-1)+1, matrix_info%index (j) Compute r®= b-[A]x®
i= matrix_info%item (k) for i= 1, 2,
if (i.gt.NP) write (*,%) comm_info%my_rank, j, i D@i-D= ¢(i-1)
WVAL="WVAL - matrix_info%AMAT (k) *matr ix_info%X (i) solve [M]Z r
enddo Pi_1= r@i-1 z(@-1)
WW(j, R)= WVAL -_'[_- 1
enddo if =
p(l): 7 (0)
BNRM20= 0. dO else
do i=1 N . . Pi1= Pi-1/pPio
BNRM20= BNRM20 + matr ix_info%RHS (i) **2 (I%_ zO-D + B. , p@-D
enddo - -
endif ]
cal| ppohFVM_Allreduce_R (BNRM20, ppohFVM_sum) (1( )= [/\] )
BNRM2= BNRM20 /p( gD
! call MPI_Allreduce (BNRM20, BNRM2, 1, MPI_DOUBLE_PRECISION, Xz )_ X it 4 Otlp( )
! & MPI_SUM, MPI_COMM_WORLD, ierr) r(= rG-1 _ OL-q( )
1
if (BNRM2. eq. 0. d0) BNRM2= 1.d0 check convergence |r|
ITER = 0 en
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ppohFVM update 1 R

subroutine ppohFVM_update_1_R (comm_info, VAL, n, nO)
use ppohFVM_SR_r1

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

integer :: n, ierr

real (kind=ppohFVM_kreal), dimension(n):: VAL
type (ppohFVM_comm_info) :: comm_info

call ppohFVM_SEND_RECV_r1
comm_info%import_index, comm_info%import_item,

comm_info%export_index, comm_info%export_item,
comm_info%WS, comm_info%WR, VAL, comm_info%my_rank)

@0 o 2o o

end subroutine ppohFVM_update_1_R

subroutine ppohFVM_update_2 R (comm_info, VAL, n, nO)
use ppohFVM_SR_r2

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

integer :: n, ierr

real (kind=ppohFVM_kreal), dimension(2,n):: VAL
type (ppohFVM_comm_info) :: comm_info

call ppohFVM_SEND_RECV _r2
comm_info%import_index, comm_info%import_item,

comm_info%export_index, comm_info%export_item,
comm_info%WS2, comm_info%WR2, VAL, comm_info%my_rank)

@0 o o o

end subroutine ppohFVM_update_2 R

( n, n0, comm_info%n_neighbor_pe, comm_info%neighbor_pe,

( n, n0, comm_info%n_neighbor_pe, comm_info%neighbor_pe,

@0 o 2o o

@0 o 2o o
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ppohFVM SEND RECV r1 (1/2)

subroutine ppohFVM_SEND_RECV r1
& ( N, NO, NEIBPETOT, NEIBPE, IMPORTindex, IMPORTitem, &
& EXPORTindex, EXPORTitem, &
& WS, WR, X, my_rank)

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

integer (kind=ppohFVM kint ) intent(in) :: N, NO

integer (kind=ppohFVM kint ) , intent(in) :: NEIBPETOT

integer (kind=ppohFVM_kint ), pointer , intent(in) :: NEIBPE (1)

integer (kind=ppohFVM_kint ), pointer , intent(in) . IMPORT index (:), IMPORTitem(:)
), pointer , intent(in) : EXPORTlndex( ), EXPORTitem(:)

real (kind=ppohFVM_kreal), dimension(N) |ntent(|nout)
real (kind=ppohFVM_kreal), dimension(N) , intent(inout):
real (kind=ppohFVM_kreal), dimension(N) intent(inout):: X
integer , intent(in) S my_rank

integer (kind=ppohFVM kint

integer (kind=ppohFVM_kint ), dimension(:, :), save, allocatable :: stal
integer (kind=ppohFVM_kint ), dimension(: ), save, allocatable :: reql

integer (kind=ppohFVM_kint ), save :: NFLAG
data NFLAG/0/

IC
IC—— INIT.
if (NFLAG. eq.0) then
al locate (stal(MPI_STATUS_SIZE, 2«xNEIBPETOT))
al locate (reql (2xNEIBPETOT))
NFLAG= 1
endif
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ppohFVM SEND RECV r1 (2/2)

IC
IC—— SEND
do neib= 1, NEIBPETOT

istart= EXPORTindex (neib-1)

inum = EXPORTindex (neib ) - istart
I$omp parallel do private (k)

do k= istart+1, istart+inum

WS (k)= X(EXPORTitem(k))

enddo
call MPI_Isend (WS(istart+1), inum, MPI_DOUBLE_PRECISION, &
NEIBPE (neib), 0, MPI_COMM_WORLD, &
& reql (neib), ierr)
enddo
IC
1C— RECEIVE

do neib= 1, NEIBPETOT
istart= NO + IMPORTindex (neib-1)
inumn = IMPORTindex(neib) - IMPORTindex (neib-1)

call MPI_Irecv (X(istart+1), inum, MPI_DOUBLE_PRECISION, &
& NEIBPE (neib), 0, MPI_COMM_WORLD, &
& i reql (neib+NEIBPETOT), ierr)
enddo

call MPI_Waitall (2xNEIBPETOT, reql, stal, ierr)

end subroutine ppohFVM_SEND RECV r1
end module ppohFVM_SR_r1
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ppohFVM_ Allreduce R

subroutine ppohFVM_Al Ireduce_R ( VAL, ntag )

use ppohFVM_uti |

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

integer :: ntag, ierr

real (kind=ppohFVM_kreal) :: VAL, VALM

if (ntag .eq. ppohFVM_sum) then

call MPI_AlIreduce &
& (VAL, VALM, 1, MPI_DOUBLE_PRECISION, MPI_SUM, &
& MPI_COMM_WORLD, ierr)
endif
if (ntag .eq. ppohFVM_max) then
call MPI_AlIreduce &
& (VAL, VALM, 1, MPI_DOUBLE_PRECISION, MPI_MAX, &
& MPI_COMM_WORLD, ierr)
endif
if (ntag .eq. ppohFVM_min) then
call MPI_AlIreduce &
& (VAL, VALM, 1, MPI_DOUBLE_PRECISION, MPI_MIN, &
& MPI_COMM_WORLD, ierr)
endif
VAL= VALM

end subroutine ppohFVM_Al|Ireduce_R
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ppohFVM_Allreduce RV

subroutine ppohFVM_AlIreduce_RV ( VAL, n, ntag )

use ppohFVM_uti |

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

integer :: n, ntag, ierr

real (kind=ppohFVM_kreal), dimension (n) ;1 VAL
real (kind=ppohFVM_kreal), dimension(:), allocatable :: VALM

allocate (VALM(n))
if (ntag .eq. ppohFVM_sum) then

call MPI_AlIreduce &
& (VAL, VALM, n, MPI_DOUBLE_PRECISION, MPI_SUM, &
& MPI_COMM_WORLD, ierr)
endif
if (ntag .eq. ppohFVM_max) then
call MPI_AlIreduce &
& (VAL, VALM, n, MPI_DOUBLE_PRECISION, MPI_MAX, &
& MPI_COMM_WORLD, ierr)
endif
if (ntag .eq. ppohFVM_min) then
call MPI_AlIreduce &
& (VAL, VALM, n, MPI_DOUBLE_PRECISION, MPI_MIN, &
& MPI_COMM_WORLD, ierr)
endif
VAL= VALM

deal locate (VALM)
end subroutine ppohFVM_AlIreduce RV
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ppohFVM CG 2 1 00 (3/6)

do iter=1, MAXIT
10
I1C +
'Cl{ﬂ-[Mmﬂ{HI

do i= 1, N
WW (i, Z)= WW(i,R) = WW(i, DD)

enddo
! C:::
IC
IC +
'CI{MN-{H{AI
' C:::
RHOO= 0. d0
do i=1, N
RHOO="RHOO + WW (i, R) *WW (i, 2)
enddo
cal| ppohFVM_AlIreduce_R (RHOO, ppohFVM_sum)
RHO= RHOO
! C:::
IC
IC +
IG | {p} = {z} if ITER=1
%8 BETA= RHO / RHO1 otherwise
jc:é: '
if ( ITER.eg.1) then
do i=1, N
WW (i, P)= W(i,2)
enddo
else
EETA— RHO / RHO1
0 i=
WW (i, P) WW(i,Z) + BETA*WW(i,P)
enddo

endif

D
o

Compute r®= pb-[A]x©O
== i: 1’ 2’

solve [M]z(-D= rG-D
pl l_ r(l 1) Z(I 1)
1T 1=1

p(l)_ 7 (0)

else

I\.A—‘
0
1

N
0
5

endif

q®= [A]p™

o; = p; 1/p( )q(®

X{-): xO-1D + g p»
rM= rG-1) _ th()
check convergence |r|
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ppohFVM CG 2 1 00 (4/6)

Je
iC -
'CI{M—[M{M I

I C:::
IC
IC— INTERFACE data EXCHANGE
cal| ppohFVM_update_1_R (comm_info, WW(1,P),

do j=1, N
WVAL= matrix_info%D (j)+WW(j, P)
do k= matrix_info%index (j-1)+1,
i= matrix_info%item (k)
\g\éAL: WVAL + matrix_info%AMAT (k) xWW (i, P)
enddo

NP, N)

matrix_info%index (j)

WW (), Q)= WVAL
enddo
!C:::
IC
IC 4
lc | ALPHA= RHO / {p} {a} I
|C:::
C10= 0.d0
do i=1, N
C10= C10 + WW(i, P)*WW (i, Q)
enddo

cal| ppohFVM_AlIreduce_R (G10, ppohFVM_sum)
C1= C10

! cal MPI_Allreduce (G10, G1, 1, MPI_DOUBLE_PRECISION,
! & MPI_SUM, MPI_COMM_WORLD, ierr)

ALPHA= RHO / C1

Compute r®= b

for

D
-
o

— [A]X(O)
=1, 2, .
solve [M]z('1>- ra-n
pi_= ra-D zG-1
if i=1
p(l): z(©0)
else

i-1= Pi-1/Pi-
g(i%:: Pi-1/Pi-2

endif
q(O= [A]p®

= p; 1/p( )q( )
xt)= x(-1) 4 a; P
rM= pG-1) _ (xlq(i)
check convergence |r|
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ppohFVM CG 2 1 00 (5/6)

+ ALPHA*{p |
- ALPHA*{q] |

IHI

do i= 1,

WW(i,R) =
enddo

DNRM20= 0. dO
do i= 1,

N
DNRM20= DNRM20 + WW (i, R) %2

enddo

cal| ppohFVM_AlIreduce_R (DNRM20, ppohFVM_sum)

DNRM2=DNRM20
RESID= dsqrt (DNRM2/BNRM2)

if ( RESID.le.TOL ) exit
if ( ITER .eq.MAXIT ) solver_info%ERROR= -300

RHO1 = RHO
enddo
!C:::
30 continue
IC

IC— INTERFACE data EXCHANGE

call ppohFVM_update_1_R (comm_info, matrix_info%X, NP, N)

deal locate (WW)

solver_info%RESID = RESID
solver_info%ITERactual= ITER

end subroutine ppohFVM_CG_2_1_00

N
matrix_ |nfo%X(|)— matrix_info%X (i) + ALPHA *x WW(i, P)
WW(i,R) — ALPHA * WW(i, Q)

@
o

Compute r®= b-[A]x©®

=1, 2, . ]
~ solve [M]z(hik: ra-n
pi_= ra-D zG-1
if =1

p(l): z(©0)

else

i- i-1/Pi-
g(i%—- Pi-17 Pi-2

endif
q®O= [ATp®

= p; 1/p()q()
X{-)— xG-D + q.p®
r= pG-1) _ aiq(i)
check convergence |r|
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ppohFVM CG 2 1 00 (6/6)

I1C

IC +

e | B
-

+ ALPHA*{E] i

— ALPHA*
"~ doi=1 N
matrix_info%X (i)= matrix_info%X (i) + ALPHA x WW(i, P)
WW(i, R) = WW(i,R) — ALPHA * WW(i, Q)
enddo
DNRM20= 0. dO
do i=1, N
DNRM20= DNRM20 + WW (i, R) **2
enddo

cal |l ppohFVM_Allreduce_R (DNRM20, ppohFVM_sum)
DNRM2= DNRM20

RESID= dsqrt (DNRM2/BNRM2)

if ( RESID. le.TOL ) exit
if ( ITER .eq.MAXIT ) solver_info%ERROR= -300

RHO1 = RHO
enddo
!C:::
30 continue
IC

IC— INTERFACE data EXCHANGE
cal| ppohFVM_update_1_R (comm_info, matrix_info%X, NP, N)

deal locate (WW)

solver_info%RESID = RESID
solver_info%ITERactual= ITER

end subroutine ppohFVM_CG_2_1_00
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st Bl

e 192X 96 X 6481 &= é(.)66./pmesh/pcube I-:@I_,Aé%ER
(=1,179,64881 1, 1.0 1.0 COND, QVOL
1,143,135E %) %'06_08 ﬁg:&\su

. 16~19237F 1000 N_MESH VIS

CEY (Speed-up)

a7) 32 (4x4x2)  4.80 (31.4)

— 1,21681 8, 576E % (16 64 (4x4x4)  2.56 (58.9)
A7) 96 (6x4x4)  1.85 (81.5)
128 (8x4x4)  1.38 (109.)

192 (8x6x4) 1.07 (141.)
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MPI Programming

vaJiA, R

e T3TDHEA pjsub XU 1) T +4
e DaTJNER pjstat

e D3 TJMDEMYEL - EmHIRT pjdel <3 7JID

. jF:L DIKRE D HEER pjstat --rsc

e T a1 —DEFMER pjstat --rsc —x
e ETHNY 3 T pjstat --rsc -b
e [EIFFEIT - A AR pjstat —-limit

[230088@0ak | eaf-fx-6 S2-refl$ pjstat
Oak leaf-FX scheduled stop time: 2012/09/28 (Fri) 09:00:00 (Remain: 31days 20:01:46)

JOB_ID JOB_NAME  STATUS PROJECT RSCGROUP START_DATE ELAPSE TOKEN NODE: COORD
334730 go. sh RUNNING gt61 lecture  08/27 12:58:08 00:00:05 0.0 1



Flat MPI vs. Hybrid

Flat-MPI: Each Core -> Independent

-
o
&
5
S

memory
O 1O
2=
memory
O 1O
| &
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HB M X N

]

Number of OpenMP threads
per a single MPI process

Number of MPI process
per a single node



Size (and number) of local data
changes according to parallel

programming model
example: 6 nodes, 96 cores

[ I 1 [
1 1 1 1
1 1 1 1
_____
1 1 I 1
1 1 I 1
| | | |
1 1 1 1
1 1 I 1
——————————————————————
1 1 1 1
1 1 1 1
1 1 1 1

[ ]
[ ]
[]
[ ]
[]
[]
[ ]
[ ]
L]
[]
[]
[]

128 192 64 128 192 64 128 192 64
8 12 1 4 6 1 2 3 1
pcube pcube pcube
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Batch Script (1/2)
Env. Var.:. OMP_NUM THREADS

Flat MPI Hybrid 16 X1

#PJIM -L ""‘node=6" #1/bin/sh

#PJIM -L "elapse=00:05:00" #PJIM -L "‘node=6"

#PIM -] #PIM -L "elapse=00:05:00"
#PJIM -L “rscgrp=tutorial“ #PIM -]

#PJIM -g “gt00* #PJIM -L "rscgrp=tutorial“
#PJIM -0 "'test.lIst” #PJIM -g ““gtO00*

#PIM --mpi1 "'proc=96" #PJIM -0 "'test.lIst”

#PJIM —-mpi1 "‘proc=6"
mpiexec ./sol

export OMP_NUM_ THREADS=16
rm wk.* mpiexec ./sol

rm wk.*



Batch Script (2/2)
Env. Var.:. OMP_NUM THREADS

Hybrid 4 X 4

#1/bin/sh
#PJIM -L "‘node=6"

#PJIM -L "elapse=00:05:00"

#PIM - j

#PJIM -L "rscgrp=tutorial“

#PJIM -g “gt00*
#PJIM -0 "'test.lIst”
#PJIM —-mpi1 "‘proc=24"

export OMP_NUM_THREADS=4
mpiexec ./sol

rm wk.*

Hybrid 8 X 2

#1/bin/sh

#PJIM -L "‘node=6"

#PJIM -L "elapse=00:05:00"
#PIM -]

#PJIM -L "rscgrp=tutorial“
#PJIM -g “gt00*

#PJIM -0 "'test.lIst”

#PIM —-mpi1 “proc=12"

export OMP_NUM THREADS=8
mpiexec ./sol

rm wk.*
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