EZ2REINETED-HD

JIVFAT TS0 AP
EIMER: OpenMP(Z &A1l 514k

hEHE
RRAPEREBE 5




OMP-3

OpenMPilti 514k

e L2-sol&#OpenMPIZ&-Tili5l{Ed 5,

— HHEIZH =D TIETRAL YR EZETPESMpTOTIIZ&>TTH
DS LANTHRETELFEZERT S

— RCIE I (F=IFTURNIL))ADERIZELIIHIL, Li=H->
Tl 5515 (EIRFLIE) AR RE




OMP-3

A8, AR YR D
)%

HAYT 2

57|58(59/60/61|62|63/64
4950|51/52|53|54|55/56
4142|43/44/45|4647/48
33|34(35|36|37|38/3940
25|26(27|28/29(30|31|32
17|18|19|20|2122/23|24
9110/11|12(13|14|15|16
112/3/4/5/6|7|8




OMP-3

A8, AR YR D
)%

HAYT 2

0/7|58(59/60/61/62|63/64
4950(51/52|53|54|55/56
4142|4344/45|464748
33|134(35(36|37|38|3940
25|26(27|28|29(30|31|32
17|18|19(20|2122(23|24
9110{11|12(13|14/15|16
11234/ 5/6|7|8




OMP-3

A8, AR YR D
BEDIEIZHES{TIT

4561/46/62(47|63/48|64
13|29(14/30|15|31/16|32
4157|42/5843|5944/60
9125/10126|11 271228
37|53|38/54/39|55/40|56
52116 22| 7 23| 8 |24
33|49|34/50/35/51|36|52
117,218/ 3|19 4 20




OMP-3

A8, AR YD

FRICEOZERIIMEIL: WHEFTF A6

BFIEIZRALYFIZEIYY TS
456146/62|4763/48 64
13[29]14]30|15[31]16]32
41/57/42/58/43/59/44/60
9 25/10]26(11/27|12|28
37/53/38/54/3955/40 56
5121] 6 |22] 7 |23[ 8 |24
33/49/34/50/35/51/36/52
1]17]2]18[3]19]4 |20

thread #3

thread #2

thread #1

thread #0



OMP-3

095 LDHYH on Oakleaf-FX

P&

— <$0-L3>/src, <$0-L3>/run
e OIS, EITAE

— KIK

e cd <$0-L3>/src

e make

e <$0-L3>/run/L3-sol (E17fz=)
—ayvkO—)LT—%4

e <$0-L3>/run/ INPUT .DAT
— ETRHAYTIL

e <$0-L3>/run/gol.sh




E1T1
% cd <$0-L3>

% Is
run src srcO src short (Fortran®&)

% cd src

% make

% cd ../run

% Is L3-sol
L3-sol

% <modify “INPUT.DAT”>
% <modify ‘““‘gol.sh”>

% ppsub gol.sh



OMP-3

A9 5 LNDELT
JO005L4L, WEBELI7AILE

L3-sol
R7YAHER
JILIN—

}

INPUT.DAT
HEI7AIL

J

i

—
—

test.inp
ERI7FAIL

(ParaView)
\_//



OMP-3

#1557 —4 (INPUT.DAT)

100 100 100 NX/NY/NZ
1.00e-00 1.00e-00 1.00e-00 DX/DY/DZ
1.0e-08 EPSICCG
16 PEsmpTOT
100 NCOLORtot
B s N
NX, NY, NZ I BT DBEZH
DX, DY, DZ fEAG 523K BHEEDILDES (AX, AY, AZ)
EPSICCG (EAG 523K I ] EAE
PESmpTOT kIS T — 2 EK
NCOLORtot K Ordering it & A4
=2 : MC¥E (multicolor) , Ak
=0 : CM{£ (Cuthill-Mckee)
=—1 : RCM¥E (Reverse Cuthill-Mckee)
<-2 : CM-RCM{E




OMP-3

gol.sh

#1/bin/sh

#PJIM -L "‘node=1"

#PJIM -L "elapse=00:10:00"
#PJIM -L "rscgrp=lecture"
#PJIM -g "'gt61l™

#PIM -]

#PJIM -0 "arcm.lst"

export OMP_NUM_THREADS=16
./L.3-sol

PESmpTOT & —Eis 5%

10



* L2-sol~MDOpenMPDE%

e Hitachi SR11000/J2THELT
- FTERRE
— CM-RCM#A—%1Y >4

e FX10THELT




OMP-3

L2-sollZOpenMP% & FH

¢ ICCGYILN—ADEREZEETHL

« [NF&, DAXPY, 1THIRIKILFE
— 3EHET—AEREFEMEL = straightforward7: 3% FA vl gE
e BILIEE ((EIEEFRTTLaAL AT —0fE, BIEERERA)
- RCBERIFERFHEEL > BATIEILFEa]gE

I




OMP-3

E(XZNDESIZL TDirective®
EIEEALTLERULNDEA---(1/2)

I$omp parallel do private(i, VAL, k)
doi=1 N
VAL= D (i)W (i, P)
do k= indexL(i-1)+1, indexL (i)
VAL= VAL + AL (k) *W(itemL (k), P)
enddo
do k= indexU(i-1)+1, indexU(i)
VAL= VAL + AU (k) *W (itemU (k), P)
enddo
W(i, Q)= VAL
enddo
I$omp end parallel do

ALyrEZTAT S LTHIEITESLIITLTHED

13



OMP-3

E(XZNDESIZL TDirective®
EIEEALTELERULNDENA---(2/2)

do 1col= 1, NCOLORtot
I$omp parallel do private (i, VAL, k)
do i= COLORindex (icol-1)+1, COLORindex (icol)
VAL= D (i)
do k= indexL(i-1)+1, indexL (i)
VAL= VAL - (AL (K)*%2) * DD (itemL (k))

enddo
DD(i)= 1.d0/VAL
enddo
I$omp end parallel do
enddo

o ALYFHZET A S LTHIEITESLIICLTHED



ICCGEMD i 51k : OpenMP

« NFE:0OK
e DAXPY:OK

o THIRNIKILFE . OK

« HIALIE
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JA9 S LDWER(1/2)

program MAIN

use STRUCT
use PCG
use solver_ICCG_mc

implicit REAL*8 (A-H, 0-2)
real (kind=8), dimension(:), allocatable :: WK

call INPUT

call POINTER_INIT

cal | BOUNDARY CELL
cal| CELL_METRICS

call POI_GEN

PHI= 0.d0

call solve_ICCG_mc &
& ( ICELTOT, NPL, NPU, indexL, itemL, indexU, itemU, D, &
& BFORCE, PHI, AL, AU, NCOLORtot, PEsmpTOT, &

& SMPindex, SMPindexG, EPSICCG, ITR, IER)

16



OMP-3

TS LDWER(2/2)

al locate (WK (ICELTOT))

® 1o b lomnr BR (PH)ELLOES
gﬁéicelﬁ PHI (ic0) 1:_[-(-”::68—;—
en

do icel= 1, ICELTOT
PHI (icel)= WK(icel)
enddo

call OUTUCD

stop
end

17



OMP-3

TS5 L DR

use STRUCT
use PCG
use solver_ICCG_mc

implicit REAL*8 (A-H, 0-2)
real (kind=8), dimension(:), allocatable :: WK

call INPUT

call POINTER_INIT

cal | BOUNDARY CELL
cal| CELL_METRICS

call POI_GEN

PHI= 0.d0

call solve_ICCG_mc &
& ( ICELTOT, NPL, NPU, indexL, itemL, indexU, itemU, D, &
& BFORCE, PHI, AL, AU, NCOLORtot, PEsmpTOT, &

& SMPindex, SMPindexG, EPSICCG, ITR, IER)

18



ICELTOT : ZER#
ICELTOTp: = IGELTOT

OMP-3
module STRUCT
use omp_lib
include "precision. inc’
IC

IC— METRICs & FLUX
integer (kind=kint) :: ICELTOT, ICELTOTp, N
integer (kind=kint) :: NX, NY, NZ, NXP1, NYP1, NZP1, IBNODTOT
integer (kind=kint) :: NXc, NYc, NZc

real (kind=kreal) ::
& DX, DY, DZ, XAREA, YAREA, ZAREA, RDX, RDY, RDZ,
& RDX2, RDY2, RDZ2, R2DX, R2DY, R2DZ

real (kind=kreal), dimension(:), allocatable ::
& VOLCEL, VOLNOD, RVC, RVN

integer (kind=kint), dimension(:,:), allocatable ::
& XYZ, NEIBcell

IC
IC— BOUNDARYs
integer (kind=kint) :: ZmaxCELtot

integer (kind=kint), dimension(:), allocatable :: BG_INDEX, BGC_NOD

integer (kind=kint), dimension(:), allocatable :: ZmaxGEL

IC

IC—— WORK
integer (kind=kint), dimension(:, :), allocatable :: IWKX
real (kind=kreal), dimension(:, :), allocatable :: FCV

integer (kind=kint) :: PEsmpTOT
end module STRUCT

N : R

NX,NY,NZ : x,y, zARIEZRHK
NXP1, NYP1, NZP1 :

X, Y, 23 A BT R Ak
IBNODTOT : NXP1 x NYP1

F&t
e

XYZ(ICELTOT, 3) : EREEREF (
NEIBcel | (ICELTOT, 6) :

BrEER (

fk\&t
e

IR RAE . /=/max

PEsmpTOT : X L v F#&

19



OMP-3
module PCG (CNETED
odulie —

module PGCG

integer, parameter :: N2= 256

integer :: NUmax, NLmax, NCOLORtot, NCOLORK, NU, NL

integer :: NPL, NPU

integer :: METHOD, ORDER_METHOD

real (kind=8) :: EPSICCG

real (kind=8), dimension(:), allocatable :: D, PHI, BFORCE

real (kind=8), dimension(:), allocatable :: AL, AU

integer, dimension(:), allocatable :: INL, INU, COLORindex

integer, dimension(:), allocatable :: SMPindex, SMPindexG

integer, dimension(:), allocatable :: OLDtoNEW, NEWtoOLD

integer, dimension(:, :), allocatable :: IAL, IAU

integer, dimension(:), allocatable :: indexL, itemL

integer, dimension(:), allocatable :: indexU, itemU

end module PCG

NCOLORtot B

COLORindex (0:NCOLORtot)

FRICEFNIERBDAVTYIRX

(COLORindex (icol)—COLORindex (icol-1))

SMPindex (0:NCOLORtot*PEsmpTOT) X L v FAEZF| (#&ih)
SMPindexG (0:PEsmpTOT)

OLDtoNEW, NEWtoOLD

ColoringRIZMERBFTSXIEE

20



OMP-3

E ik (1/2)
A B

BCAl-ZeE | B

D(N) R | ®AmS, (N:2AVT )

BFORCE(N) R | GARNIML

PHI(N) R | RENEAIURIL

indexL(O:N) | 1 | BITDIEZT=ARMSE(CRS)

indexU(O:N) | 1 | ZHTDIEFTL=AMSE(CRS)

NPL 1 | EFT=AMS#E(CRS)

NPU | | EFE=ARDHE(CRS)

itemL(NPL) | I |EZBT=ZAMS (BIFS) (CRS)

itemUNPU) | I |SEFT=AMD (5I1FS) (CRS)

AL(NPL) R | EFT=AMD (RE0 (CRS)

AU(NPL) R | EF L=/ (%30 (CRS)

NL, NU | | FITDOEFLT=ZAMSTDORKRE (2 ZTIE6)

INL(N) | | BITOEFTT=AMSK

INU(N) | | BITOEZTL=AMNH

IAL(NL,N) | | FITOEFT=ZARSITICT HINES
I

IAUCNU,N)

FTDEFLZARRICHIST HINES

21



4

EH# K (2/2)

BCol - R4

N =

NCOLORtot

i)
|

ANEFIZIE0rdering Tk (=2 0 MC, =0 :
CM, =—1: RCM,-2= : CMRCM) ,
BOEHINZIT I, VLV EBAD

COLOR1Ndex(0:NCOLORtot)

H, LVUMVIZEEN S ERED

— IR It EARERLA,
COLORindex(icol-1)+175
COLORindex(icol) ¥ ThEENicolF
Hof (L) ICaEnsd,

(O:NCOLORtot*PEsmpTOT)

NEWtoOLD(N) | | = HE T ~DOSHELS
OLDtoNEW(N) | | B8 ~OS Al

PEsSmpTOT I | XLy P

SMPindex | | X vy FR#ABES (F—FEEFEHERH S

JL—IAER)

SMPINdexG(0:PEsmpTOT)

2 vy FHMBES (F—F K EN B
JV—IZAEH)

22



OMP-3

TS5 L DR

use STRUCT
use PCG
use solver_ICCG_mc

implicit REALx8 (A-H, 0-2)
real (kind=8), dimension(:), allocatable :: WK

call INPUT

call POINTER_INIT

cal | BOUNDARY CELL
cal |l CELL_METRICS

call POI_GEN

PHI= 0.d0

call solve_ICCG_mc &
& ( ICELTOT, NPL, NPU, indexL, itemL, indexU, itemU, D, &
& BFORCE, PHI, AL, AU, NCOLORtot, PEsmpTOT, &

& SMPindex, SMPindexG, EPSICCG, ITR, IER)

23



OMP-3 24

Input
[IPNUT.DAT | D & &3I4 &

IC
;gi’;: INPUT ¢ PEsmpTOT
1 Gkkok " \\*
Eg INPUT CONTROL DATA — OpenMPA L Ik
o Struer !  NCOLORtot
use PCG
’ o sotorsg0 ONTFIL ) - B
c _ . a A
© Cng)léh :al(i f)i |ﬁ;' IN$UTN2AT’, status="unknown’ ) _ r_OJ 0)1@- = [j:CM
rea I , , _ — 3 A
S5 (1) e [=-11015EI1XRCM
lﬁggd(ﬁgig NGOLORtot — =Z£-21D15E&(LCM-
close
= return RCM
end
100 100 100 NX/ZNY/NZ
1.00e-02 5.00e-02 1.00e-02 DX/DY/DZ
1.00e-08 EPSICCG
16 PEsmpTOT

100 NCOLORtot



OMP-3 25

cell metrics

IG
I Gtk
[Grk+ CELL_METRICS

| Coksksk
IC
subroutine CELL_METRICS E -, TEE NS A —
use PCG
implicit REAL*8 (A-H, 0-2)

IC
IG— ALLOCATE

al locate (VOLCEL (ICELTOT))
' allocate (  RVC(ICELTOT)) XAREA

IC— VOLUME, AREA, PROJECTION etc. e
XAREA= DY * DZ A
YAREA= DX * DZ D7
ZAREA= DX * DY

RDX= 1.d0 / DX

RDY= 1.d0 / DY DY
RDZ= 1.d0 / DZ ox

1.d0 / (DX**2) Z) y

RDY2= 1.d0 / (DY#x2)

RDZ2= 1.d0 / (DZx2)

1.d0 /

R2DY= 1.d0 / (0. 50d0*DY)

R2DZ= 1.d0 / (0. 50d0%DZ)

RVO= 1. d0/VO

VOLCEL= VO

RDX2=

R2DX= (0. 50d0*DX)
VO= DX * DY * DZ

RVC = RVO

return
end



OMP-3

TS5 L DR

use STRUCT
use PCG
use solver_ICCG_mc

implicit REALx8 (A-H, 0-2)
real (kind=8), dimension(:), allocatable :: WK

call INPUT

call POINTER_INIT

cal | BOUNDARY CELL
cal| CELL_METRICS

call POI_GEN
PHI= 0.d0
call solve_ICCG_mc &
& ( ICELTOT, NPL, NPU, indexL, itemL, indexU, itemU, D, &
& BFORCE, PHI, AL, AU, NCOLORtot, PEsmpTOT, &

& SMPindex, SMPindexG, EPSICCG, ITR, IER)

26



OMP-3

subroutine POI_GEN

use STRUCT
use PCG

implicit REAL*8 (A-

IC

IC— INIT.
nn = [CELTOT
nnp= ICELTOTp

NU= 6
NL= 6

H, 0-2)

poi_gen (1/9)

al locate (BFORCE(nn), D(nn), PHI (nn))

al locate (INL (nn),

0.d0
0.d0
BFORCE= 0. dO

INU (nn),

IAL(NL, nn), TAU(NU, nn))

27



OMP-3

ECHIDES

AU (NPL)

BoA e | B S
D (N) R | AR 24yl a#)
BFORCE (N) R | GiARTRIL

PHI (N) R | RENFATRIL
indexL(0:N) | I |&{TOESFST=A/SE(CRrRS)
indexU(0:N) | I |&ITODIIEFL=HAHE(CRS)
NPL I | EFT=ARAHEE(CRS)
NPU I |EFLE=ASHEE(CRS)
itemL(NPL) | I |EFT=ZHAH FIES) (CRS)
itemU(NPU) | I |FEFTFT=B/» FIES) (CRS)
AL (NPL) R | EFT=A/KT ZRE) (CRS)

R

EFLE=FRH (BE) (CrS)

28



Cfc 29

IG 4 =
}8 ! CONNECTIVITY !

= do icel= 1. ;CELTOT pOI_gen (2/9)

=1
icN1= NEIBcel | (icel, 1
icN2= NEIBcel | (icel, 2
icN3= NEIBcel | (icel, 3
icN4= NEIBcell (icel, 4
icN5= NEIBcel | (icel, 5 .
|cN6 NEIBcel | (icel, 6 NEIBcell(icel,6)

if (icNb.ne.0. and. icN5. le. ICELTOT) then NEIBcell(icel,4)

icou= INL(icel) + 1

IALE|cou,!ceIg: i cNb

INL icel)= icou
endif

if (icN3.ne.O0.and. icN3. le. ICELTOT) then NEIBcell(icel,1)
icou= INL(icel) + 1

L (icou, |celg= icN3

icel)= icou

NEIBcell(icel,2)

endif

if (icN1.ne.0.and. icN1. le. ICELTOT) then NEIBcell(icel,3)
icou= INL (icel) + 1
IALE|cou,|ceIg= icN1
INL icel)= icou NEIBcell(icel,5)

endif
if (icN2.ne.0.and. icN2. le. ICELTOT) then

= INU I 1 =
ixﬁlglcou fég?g) JgrcNZ T_ﬁﬁiﬁ. :
éN¥ icel)= icou NEIBcell(icel,5)= icel = NX*NY
enai NEIBcell(icel,3)= icel —
if (icN4.ne.0.and. icN4. le. ICELTOT) then NEIBcell(icel,1)= icel —

icou= INU(icel) + 1
IAU (icou, |celg icN4
| icel icou

+

endif

if (icN6.ne.0.and. icN6. le. ICELTOT) then
icou= INU(lceI) 1
IAU(icou, icel)= icN6

+

INU icel
endif
enddo

icou



Cig” 30
iC - =
;8 ! CONNECTIVITY !

= do icel= 1. ;CELTOT pOI_gen (2/9)

=1
icN1= NEIBcel | (icel, 1
icN2= NEIBcel | (icel, 2
icN3= NEIBcel | (icel, 3
icN4= NEIBcel | (icel, 4
icNo= NEIBcel | (icel, 5 .
icN6= NEIBcel | (icel, 6 NEIBcell(icel,6)

if,(icN5.ne.Q.and.|c¥5.le.ICELTOT) then NEIBcell(icel,4)

icou= INL (icel)

+

IAL (icou, icel)= icNb
IN icel)= icou
endif
if (icN3.ne.0.and. icN3. le. ICELTOT) then NEIBcell(icel,1) NEIBcell(icel,2)
icou= INL(icel) + 1
IAL§|cou |celg: icN3
INL icel)= icou
endif
if (icN1.ne.0.and. icN1. le. ICELTOT) then NEIBcell(icel,3)
icou= INL(icel) + 1
IALglcou,lceIgf i cN1
enél}lf icel)= icou NEIBcell(icel,5)
if (icN2.ne.0.and. icN2. le. ICELTOT) then
iXﬁu_ lNU(lctIaI) g '112 F=/EES
icou, icel)= ic —
cli'f |celg: icou NEIBcell(icel,2)=icel + 1
endi NEIBcell(icel,4)= icel + NX
|f|éc|)3!4 ne. ((I)cgnsj |cl1‘l4. le. ICELTOT) then NEIBcell(icel,6)= icel + NX*NY
IAUE|cou |celg: i cN4
INU icel)= icou
endif

if (icN6.ne.0.and. icN6. le. ICELTOT) then
icou= INU(icel) + 1
lAUElcou |celg— icN6
INU icel)= icou
endif
enddo
! C:::



OMP-3

I1C
1C +

poi gen(3/9)

ic |
| !

MULTICOLORING i

i C===

111

&
endif

&
endif

&
endif

&
endif

allocate (OLDtoNEW(IGELTOT), NEWtoOLD (ICELTOT))
allocate (COLORindex (0:ICELTOT))

continue

write (x,' (//a, i8,a)’) 'You have' , ICELTOT, ' elements.
write (*," ( a )') "How many colors do you need ?’
write (x," ( a )') ' #COLOR must be more than 2 and’
write (x," ( a,i8 )') '~ #COLOR must not be more than’
write (x," ( a )’) " CM if #COLOR .eq. 0’

write (x," ( a )’) ' RCM if #COLOR .eq.-1'

write (x,' ( a )’) 'CMRCM if #COLOR . le.-2’

write (x, ‘( a ) ) =

if (NCOLORtot. gt.0) then
call MC (ICELTOT, NL, NU, INL, IAL, INU, IAU,
NCOLORtot, COLORindex, NEWtoOLD, OLDtoNEW)

if (NCOLORtot. eq.0) then
call CM (ICELTOT, NL, NU, INL, IAL, INU, IAU,
NCOLORtot, COLORindex, NEWtoOLD, OLDtoNEW)

if (NCOLORtot.eq.-1) then
call RCM (ICELTOT, NL, NU, INL, IAL, INU, IAU,
NCOLORtot, COLORindex, NEWtoOLD, OLDtoNEW)

if (NCOLORtot. It.-1) then
call CMRCM (ICELTOT, NL, NU, INL, IAL, INU, IAU,
NCOLORtot, COLORindex, NEWtoOLD, OLDtoNEW)

ICELTOT

write (x," (//a,i8,//)") "#i## FINAL COLOR NUMBER', NCOLORtot

WAREFZDERR :

NCOLORtot > 1 :
NCOLORtot = 0 :
NCOLORtot =-1:
NCOLORtot <-1:

31

Multicolor
CM

RCM
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OMP-3

1C===

poi gen (4/9)

al locate (SMPindex (0:PEsmpTOT*NCOLORtot))
SMPindex= 0
do ic= 1, NCOLORtot
nn1= COLORindex (ic) - GOLORindex (ic-1)
num= nni1 / PEsmpTOT
nr = nnl — PEsmpTOT*num
do ip= 1, PEsmpTOT
if (ip. le.nr) then
?MPindex((ic—1)*PEsmpTOT+ip): num + 1
else
SMPindex ((ic—1)*PEsmpTOT+ip)= num
endif
enddo
enddo

do ic= 1, NCOLORtot
do ip= 1, PEsmpTOT
j1= (ic—1)*PEsmpTOT + ip
jo=j1 -1
SMPindex (j1)= SMPindex (jO) + SMPindex (j1)
enddo

enddo
allocate (SMPindexG (0:PEsmpTOT))
SMPindexG= 0

nn= [CELTOT / PEsmpTOT
nr= [CELTOT - nn*PEsmpTOT
do ip= 1, PEsmpTOT
SMPindexG (ip)= nn
if (ip.le.nr) SMPindexG(ip)= nn + 1
enddo

do ip= 1, PEsmpTOT
3MPindexG(ip): SMPindexG (ip-1) + SMPindexG (ip)
enddo

SRNDEFRH
COLORindex (ic)—COLORindex (ic-1)
B LENDEXRIIKEENEN D,
MHZEFTE R EE = OpenMPiE

ZNEE(Z TPEsmpTOT] TEI-T
[SMPindex| IZE|Y KBTS,

R T A

do ic= 1, NCOLORtot
I$omp parallel do ---
do ip= 1, PEsmpTOT
ipl= (ic—1)*PEsmpTOT+ip
do i= SMPindex (ip1-1)+1, SMPindex (ip1)
D)
enddo
enddo
lomp end parallel do
enddo

32



OMP-3

do ic= 1, NCOLORtot

- ! |lel do ---
SMPindex: '$omzop?r:: 1 PEompTOT

ip1= (ic—1)*PEsmpTOT+ip

=111 do i= SMPindex (ip1-1)+1, SMPindex (ip1)
HIJMI::rnj ('j- 0(_I__) Inaex\ip + Inaex\ip

enddo
enddo
lomp end parallel do
enddo

Initial Vector

\

Coloring

color=1 color=2 color=3 color=4 color=5
(5 colors)
+Ordering *
color=1 color=2 color=3 color=4 color=5

12|3|4|5|6|7|8| [1{2|3|4|5|6|7|8| [1(2|3|4|5|6|7|8| |1(2(3|4|5|6|7|8| [1|2(3|4|5|6|7

e 5f, AL YF®DHI
. RUT&IICEY 2 E R (TIAT= 1 51 58 AT A
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poi_gen (4/9)

allocate (SMPindex (0:PEsmpTOT#NCOLORtot))
SMPindex= 0
do ic= 1, NCOLORtot
nn1= COLORindex (ic) — COLORindex (ic-1)
num= nn1 / PEsmpTOT
nr = nnl — PEsmpTOT*num
do ip= 1, PEsmpTOT
if (ip.le.nr) then
?MPindex((ic—1)*PEsmpTOT+ip)= num + 1
else
SMPindex ((ic—1) *PEsmpTOT+ip)= num
endif
enddo
enddo

do ic= 1, NCOLORtot
do ip= 1, PEsmpTOT
j1= (ic—-1)*PEsmpTOT + ip
jo=j1 -1
SMPindex (j1)= SMPindex (jO) + SMPindex (j1)
enddo

enddo
al locate (SMPindexG (0:PEsmpTOT))
SMPindexG= 0

nn= ICELTOT / PEsmpTOT
nr= IGELTOT - nn*PEsmpTOT
do ip= 1, PEsmpTOT
SMPindexG (ip)= nn
if (ip. le.nr) SMPindexG(ip)= nn + 1
enddo

do ip= 1, PEsmpTOT
gﬂPindexG(ip): SMPindexG (ip—-1) + SMPindexG (ip)
enddo

SEZ % PEsmpT0T] TE|->T
[SMPindexG] [ZE|Y T3,

MR, 17519 ~ILER, DAXPYTEA

_NEFERAITNIE EIF,
[poi_gen(2/91 MDER7 % L F)1EA]EE
fpoi_gen(5/91 LIBFTIXERIZER



OMP-3

SMPiIndexG

ip=3

Ip=6

BZALYRTHILIZEHE 1THIRIRILIE, RTE, DAXPYE

35
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IC
IC— 1D arra
nn = ICELTOT .
allocate (indexL(0:nn), indexU(0:nn))
indexL= 0
indexU= 0
do icel=1, ICELTOT
!ndexLégceI = INLégcelg
indexU(icel)= INU(icel
enddo
do icel= 1, ICELTOT . . .
!ndexLégcelgz !ndexLégcelg i !ndexLégceI—1
indexU(icel)= indexU(icel) + indexU(icel-1
enddo
NPL= indexLéICELTOTg
NPU= indexU (ICELTOT
al locate éitemLéNPLg, ALéNPng
al locate (itemU(NPU), AU(NPU
itemL= 0
itemU= 0
AL= 0.d0
AU= 0.d0
EESIDES

)

poi gen(5/9)

LB ETLLY
BB TTZER

36

By -EHa B 2
D (N) R | AR W:2Ava2E)
BFORCE (N) R | HANTRL

PHI (N) R | RENEATRIL
indexL(0:N) | I | Z{TOFEFT=A57E(CRS)
indexU(0:N) | I |&Z{TOFEFL=A7E(CRSs)
NPL I |FEFT=HRESEHEI(CRS)
NPU I |EFLE=HRESHEI(CRS)
itemL(NPL) | I |EFT=HHS (FNES)(CRs)
itemU(NPU) | I |FEFTFT=HHES FNES)(CRS)
AL (NPL) R | EFT=A/D (& (Crs)

R

AU (NPL)

FEF E=AE5 (E¥) (Crs)
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IC
IC + :
;8 | INTERIOR & NEUMANN BOUNDARY CELLs |
i G=== '

I$omp parallel do private . .
(ip, icel, ic0, icN1, icN2, icN3, icN4, icN5, icN6) &
I'$omp& private (VOLO, coef,j, ii, Jj, kk)

do ip =1, PEsmpTOT . .
do Tcel= SMPindexG(ip-1)+1, SMPindexG (ip)

ic0 = NEWtoOLD (icel)
icel: HILLWHES

icN1= NEIBcell (icO, 1
icN2= NEIBcel | (icQ, 2 icO: EL‘E%

icN3= NEIBcell (icO, 3
icN4= NEIBcel | (ic0, 4
icN5= NEIBcel | (icO0, 5
icN6= NEIBcell (icO, 6

VOLO= VOLCEL (icO0)

if (icN5. ne.0) then
icNb= OLDtoNEW (icN5)
coef= RDZ * ZAREA
D(icel)= D(icel) - coef

if (icN5. It.icel) then
do.%: 1, INL(icel)
i (IAL(J,lceI).eq.|cN5§gthen

itemL (j+indexL (icel-1))= icN5
AL (J+indexL (icel-1))= coef
exit
endif
enddo

else
do = 1, U(iceD)
it (IAU(j, icel).eq. icNb) then
g: icN5
= coef

itemU (J+indexU(icel-1
AU (J+indexU (icel-1
exit
endif
enddo
endif
endif

poi_gen(6/9)
FHLWESHITZER
¢neib(ice|,l) _¢icel AYAZ +
AX
ﬂmwwu)_ﬂwlAyAz+
AX
¢neib(ice| 3) ¢icel AZAX +
Ay
¢neib(icel,4) ~ e AZAX +
Ay
¢neib(icel,5) _¢icel AXAY +
AZ
¢neib(icel,6) ~ e AXAY = ficeI AXAYAZ
Az
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ZREDETE M F|ZE ] §E
SMPindexG %% A

privateEE TR

IC
IC A
IC | INTERIOR & NEUMANN BOUNDARY GELLs |
IC A

I$omp parallel do private (ip, icel, ic0O, icN1, icN2, icN3, icN4, icN5, icN6)
I $omp& private (VOLO, coef, j, ii, jj, kk)

do ip =1, PEsmpTOT
do icel= SMPlndexG(lp 1)+1, SMPindexG (ip)
icO = NEWtoOLD (icel)

icN1= NEIBcel | (ic0, 1)
icN2= NEIBcel | (icO, 2)

= NEIBcel | (icO, 3)
icN4= NEIBcel | (icO, 4)
icN5= NEIBcel | (ic0, 5)

icN6= NEIBcel | (ic0, 6)
VOLO= VOLCEL (icO)

Q
Z
(%)

Q
=
S

O
=
o1

&
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IC
IC + :
;8 | INTERIOR & NEUMANN BOUNDARY CELLs |
i G=== '

I$omp parallel do private . .
(ip, icel, ic0, icN1, icN2, icN3, icN4, icN5, icN6) &
I'$omp& private (VOLO, coef,j, ii, Jj, kk)

do ip =1, PEsmpTOT . .
do Tcel= SMPindexG(ip-1)+1, SMPindexG (ip)

ic0 = NEWtoOLD (icel)
icel: HILLWHES

icN1= NEIBcell (icO, 1
icN2= NEIBcel | (icQ, 2 icO: EL‘E%

icN3= NEIBcell (icO, 3
icN4= NEIBcel | (ic0, 4
icN5= NEIBcel | (icO0, 5
icN6= NEIBcell (icO, 6

VOLO= VOLCEL (icO0)

if (icN5. ne.0) then
icNb= OLDtoNEW (icN5)
coef= RDZ * ZAREA
D(icel)= D(icel) - coef

if (icN5. It.icel) then
do.%: 1, INL(icel)
i (IAL(J,lceI).eq.|cN5§gthen

itemL (j+indexL (icel-1))= icN5
AL (J+indexL (icel-1))= coef
exit
endif
enddo

else
do = 1, U(iceD)
it (IAU(j, icel).eq. icNb) then
g: icN5
= coef

itemU (J+indexU(icel-1
AU (J+indexU (icel-1
exit
endif
enddo
endif
endif

poi_gen(6/9)
FLLWESITZzER
¢neib(ice|,l) _¢icel AYAZ +
AX
ﬂmwwu)_ﬂwlAyAz+
AX
¢neib(ice| 3) ¢icel AZAX +
Ay
¢neib(icel,4) ~ e AZAX +
Ay
¢neib(icel,5) _¢icel AXAY +
AZ
¢neib(icel,6) ~ e AXAY = ficeI AXAYAZ
Az
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'C

IC

'C | INTERIOR & NEUMANN BOUNDARY CELLs |
C:::

I$omp parallel do private
(|p icel, icO, icN1, icN2, icN3, icN4, icNb5, icN6) &
I'$omp& private (VOLO, coef, ], ii, jj, kk)

do ip =1, PEsmp . .
do |ceI— SMPlndexG(lp 1)+1, SMPindexG(ip)
icO = NEWtoOLD (icel)

icN1= NEIBcel I (ic0, 1)
icN2= NEIBcel | (ic0, 2)
icN3= NEIBcel | (ic0, 3)
icN4= NEIBcel | (ic0, 4)
icN5= NEIBcel | (ic0, 5)
icN6= NEIBcel | (icO, 6)

VOLO= VOLCEL (ic0)

if (icN5.ne.0) t
i cNb= OLDtoNEW(|cN5)
coef= RDZ * ZAREA
D(icel)=D(icel) - coef

|f (|cN5 [t.icel) then

% INL (icel)

i (IAL( icel).eq. icN5) then
|temL(J+|ndexL(|ceI 1))= icNb

AL (J+indexL (icel-1))= coef

exit

endif

enddo

do % INU(icel)
i (IAU( icel).eq. icN5) then
|temU(J+|ndexU(|ceI 1))= icNb
AU (J+indexU(icel-1))= coef
exit
endif
enddo
endif
endif

40

poi gen(6/9)
HLWLWE ST T2 F]

¢neib(ice| 1) ¢i

cel
AYAZ +
AX g
¢neib(ice|,2) _¢iCE| AyAZ 4+
AX
¢neib(icel 3) ¢iCEl AZAX +
Ay
¢neib(icel,4) ~ e AZAX +
Ay
¢neib(icel,5) _¢icel AX Ay +
AZ
¢neib(ice|A,6) ~ P AXAY = f,. AXAYAz
Z
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'C

IC

'C | INTERIOR & NEUMANN BOUNDARY CELLs |
C:::

I$omp parallel do private
(|p icel, icO, icN1, icN2, icN3, icN4, icNb5, icN6) &
I'$omp& private (VOLO, coef, ], ii, jj, kk)

do ip =1, PEsmp . .
do |ceI— SMPlndexG(lp 1)+1, SMPindexG(ip)
icO = NEWtoOLD (icel)

icN1= NEIBcel I (ic0, 1)
icN2= NEIBcel | (ic0, 2)
icN3= NEIBcel | (ic0, 3)
icN4= NEIBcel | (ic0, 4)
icN5= NEIBcel | (ic0, 5)
icN6= NEIBcel | (icO, 6)

VOLO= VOLCEL  (icO) RDZ-

if (icN5.ne.0) t Az

o fhoeilio  zareas way

D(icel)= D(icel) - coef

|f (|cN5 It. icel) then
# L(icel)
i (IALE icel). eq. |cN5§;then

i temL J+|ndexL$|ceI 1))= icNb
AL (J+indexL (icel-1))= coef
s .
endi i R
enddo icN5Avicel&kY/h&

ThIFTFT=AKS
do % INU(icel)
it (IAU

(j, icel).eq. icN5) then

|temU(J+|ndexU(|ceI 1))= icN5
AU (J+indexU(icel-1))= coef

exit

endif
enddo
endif
endif

41

poi gen(6/9)
HLWLWE ST T2 F]

¢neib(ice| 1) ¢i

cel
AYAZ +
AX g
¢neib(icel,2) _¢iCE| AyAZ 4+
AX
¢neib(icel 3) ¢iCGl AZAX +
Ay
¢neib(icel,4) ~ e AZAX +
Ay

¢neib(icel,5) _¢icel AX Ay +
AZ

¢neib(icel,6) o ¢|cel AX Ay — f

A o AXAYAZ
Z
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'C

IC

'C | INTERIOR & NEUMANN BOUNDARY CELLs |
C:::

I$omp parallel do private
(|p icel, icO, icN1, icN2, icN3, icN4, icNb5, icN6) &
I'$omp& private (VOLO, coef, ], ii, jj, kk)

do ip =1, PEsmp . .
do |ceI— SMPlndexG(lp 1)+1, SMPindexG(ip)
icO = NEWtoOLD (icel)

icN1= NEIBcel I (ic0, 1)
icN2= NEIBcel | (ic0, 2)
icN3= NEIBcel | (ic0, 3)
icN4= NEIBcel | (ic0, 4)
icN5= NEIBcel | (ic0, 5)
icN6= NEIBcel | (icO, 6)

VOLO= VOLCEL (icO) RDZ- L
if (icN5.ne.0) t Az

o fhoeilio  zareas way

D(icel)= D(icel) - coef

|f (|cN5 It. icel) then
# L(icel)
i (IALg icel). eq. |0N5§gthen

i temL J+|ndexL§|ceI 1))= icNb
éL J+indexL (icel-1) )= coef
exi
enggg It icN5h%icel kY K&
else FThiE E=ZAS
do =1, INU(icel)
(IAU j. icel).eq. icNb) then
i temU J+|ndexUE|ceI -1 ;: icNb
AU(J+indexU(icel-1))= coef
exit
endif
enddo

endif
endif

42

poi gen(6/9)
HLWLWE ST T2 F]

¢neib(ice| 1) ¢i

cel
AYAZ +
AX Y
¢neib(icel,2) _¢i06| AyAZ 4+
AX
¢neib(icel,3) - ¢iC€| AZAX +
Ay
¢neib(icel,4) _¢icel AZAX +
Ay
¢neib(icel,5) _¢icel AX Ay +
Az
¢neib(ice|A,6) ~ P AXAY|= fi. AXAYAZ
Z
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if (icN3.ne.0) then
icN3= OLDtoNEW (icN3)
coef= RDY * YAREA
D(icel)=D(icel) - coef

if (icN3. It icel) then
do.%: 1, INL(icel)
it (IAL

. j, icel).eq. icN3) then
i temlL J+!ndexL§!ceI—1 ;: icN3
AL (J+indexL (icel-1))= coef
exit
endif
enddo
else .
do.%: 1, INUCicel)
it (IAU(j, icel).eq. icN3) then
i temU J+!ndexU§!ceI—1 ;: icN3
AU(J+indexU(icel-1))= coef
exit
endif
enddo
endif
endif

if (icN1.ne.0) then
icN1= OLDtoNEW (icN1)
coef= RDX * XAREA
D(icel)=D(icel) - coef

if (icN1. It icel) then
do.%: 1, INL(icel)
it (IAL

. j, icel).eq. icN1) then
i temlL J+!ndexL§!ceI—1 ;: icN1
AL (J+indexL (icel-1))= coef
exit
endif
enddo
else .
do.%: 1, INUCicel)
it (IAU(j, icel).eq. icN1) then
i temU J+!ndexU§!ceI—1 ;: icN1
AU(J+indexU(icel-1))= coef
exit
endif
enddo

endif
endif

poi_gen(7/9)
¢neib(ice|,l) _¢icel AyAz +
AX
¢neib(ice|,2) ~ e AYAZ +
AX
¢neib(icel 3) ¢iCEl AZAX +
Ay
¢neib(icel,4) ~ e AZAX +
Ay
¢neib(icel,5) _¢icel AX Ay +
AZ
¢neib(ice|A,6) ~ P AXAY = Ty AXAYAZ
Z
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if (icN2.ne.0) then
icN2= OLDtoNEW (icN2)
coef= RDX_* XAREA
D(icel)= D(icel) - coef

|f (|cN2 It. icel) then

% INL (icel)

if (IAL(j, icel).eq. icN2) then
itemL (j+indexL (icel-1))= icN2

AL (J+indexL (icel-1))= coef

exit

endif

enddo

do % INU(icel)
it (IAU(j, icel). eq. icN2) then
itemU (j+indexU (icel-1))= icN2
AU (J+indexU(icel-1))= coef
exit
endif
enddo
endif
endif

if (icN4.ne.0) then
icN4= OLDtoNEW (icN4)
coef= RDY * YAREA
D(icel)= D(icel) - coef

|f (|cN4 It. icel) then

% INL (icel)

if (IAL(j, icel).eq. icN4) then
itemL (j+indexL (icel-1))= icN4

AL (J+indexL (icel-1))= coef

exit

endif

enddo

do % INU(icel)
if (IAU(, icel).eq. icN4) then
itemU (j+indexU (icel-1))= icN4
AU (J+indexU(icel-1))= coef
exit
endif
enddo
endif
endif

poi_gen(8/9)
ﬁmummy_ﬂwlAyAz+
AX
¢neib(ice|,2) ~ e AYAZ +
AX
¢neib(icel 3) ¢iCEl AZAX +
Ay
¢neib(icel,4) ~ e AZAX +
Ay
¢neib(icel,5) _¢icel AX Ay +
AZ
¢neib(ice|A,6) ~ P AXAY = f,. AXAYAz
Z



OMP-3

I$omp parallel do private
(ip, icel, icO, icN1, icN2, icN3, icN4, icNb, icN6) &

I $omp& private (VOLO, coef, j, ii, jj, kk)
if (icN6.ne.0) then
icN6= OLDtoNEW (icN6)
coef= RDZ * ZAREA
D(icel)= D(icel) - coef
if (icN6. It. icel) then
do j= 1, INL(icel)
if (IAL(j, icel).eq. icN6) then
itemL (j+indexL (icel-1))= icN6
AL (j+indexL (icel-1))= coef
exit
endif
enddo
else
do j= 1, INU(icel)
if (IAU(J, icel).eq. icN6) then
itemU (j+indexU(icel-1))= icN6
AU (j+indexU(icel-1))= coef
exit
endif
enddo
endif
endif
ii= XYZ(ic0,1) HEDERITH-ST
kk= XYZ (ic0, 3) .

BFORCE (icel)= —dfloat (ii+jj+kk) * VOLO
enddo ii jj,kk,VOLOIprivate

enddo
I$omp end parallel do
10===

poi_gen(9/9)
RO E (BERELN)
¢neib(ice|,l) _¢icel AYAZ +
AX
¢neib(ice|,2) ~ e AYAZ +
AX
¢neib(icel 3) ¢iCGl AZAX +
Ay
¢neib(icel,4) ~ e AZAX +
Ay
¢neib(icel,5) _¢icel AXAY +
AZ
¢neib(ice|A,6) ~ P AXAY = Ty AXAYAZ
Z
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TS5 L DR

use STRUCT
use PCG
use solver_ICCG_mc

implicit REAL*8 (A-H, 0-2)
real (kind=8), dimension(:), allocatable :: WK

cal | INPUT

call POINTER_INIT

cal| BOUNDARY_CELL
call CELL_METRICS

call POI_GEN
PHI= 0.d0

call solve_ICGCG_mc &
& ( ICELTOT, NPL, NPU, indexL, itemL, indexU, itemU, D, &
& BFORCE, PHI, AL, AU, NCOLORtot, PEsmpTOT, &
& SMPindex, SMPindexG, EPSICCG, ITR, IER)

COBRT, ®R¥, 518N IRL
EBIT, THLWIBESICLEAST
B, BEiEShTLVS,

46
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solve ICCG mc(1/6)

ICkxx module solver_ ICCG_mc

| Goksksk

i

' module solver_ICCG_mc
contains

i8*** solve_ICCG
subroutine solve [CCG _mc &
& "N, NPL, NPU, indexL, itemL, indexU, itemU, D, B, X, &
& AL, AU. NCOLORtot, PEsmpTOT, SMPindex, SMPindexa, &
& EPS, ITR, IER)
implicit REAL*8 (A-H, 0-2)

integer :: N, NL, NU, NCOLORtot, PEsmpTOT

real (kind=8), dimension(N) :: D

real (kind=8), dimension(N) :: B

real (kind=8), dimension(N) X
realgkind:8) dlmen3|ongNPL) ooAL

real (kind=8), dimension(NPU) :: AU

integer, dimension(0:N) .7 indexL, indexU
integer, dimension(NPL) :: itemL

integer, dimension (NPU) :: itemU

integer, dlmenS|on§0 NCOLORtot*PEsmpTOT) SMPindex
integer, dimension (0:PEsmpTOT) . SMPindexG

real (kind=8), dimension(:, :), allocatable :: W

integer,
integer,
integer,
integer,
integer,

parameter :: =
parameter ::
parameter ::
parameter ::
parameter ::

1
SN —
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solve ICCG mc(2/6)

IC

Ll — +
IC | INIT |
Ll — +

allocate (W(N, 4))

I$omp parallel do private(ip, i)
do ip= 1, PEsmpTOT . .
do i ; SMPéndexG(lp 1)+1, SMPindexG (ip)

I$omp end parallel do

do ic= 1, NCOLORtot
I$omp parallel do Brlvate(lp ipl, i, VAL, k)
do ip=1 B
ipl= (ic—-1)* EsmpTOT + ﬁ
dovl— SgPlndex(|p1 1)+1, SMPindex (ip1)

A
do k= indexL (i-1)+1, index Lé i)
VAL= VAL - (AL(k)**Z) * W(itemL (k), DD)

enddo
W(I DD)= 1.d0/VAL
enddo

enddo
I $omp end parallel do
enddo
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49

AESBEaAL R T—2fiE

1 1 W(@i,DD):  d,
d. = (a” —Zaikz .dk) = |ii_1 D(i): a.
. ALGQ): K
AL(j0): a,
do i=1, N
VAL= D (i)

do k= indexL (i-1)+1, indexL (i)

VAL= VAL - (AL (k)**2) * W(itemL (k), DD)
enddo

W(i,DD)= 1.d0/VAL
enddo
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AREEBEILRAFT—5fE: Wk

1 1 W@iDD):  d
d,=|a,-) & d | =1 D(1): aj
- IAL(],1): k

AL(.i): a,

do ic= 1, NCOLORtot
I$omp parallel do private(ip, ip1, i, VAL, k)
do ip= 1, PEsmpTOT
ipl= (ic—1)*PEsmpTOT + ip
do i= SMPindex (ip1-1)+1, SMPindex(ip1)
VAL= D (i)
do k= indexL(i-1)+1, indexL (i)
VAL= VAL - (AL (K)*%2) * W(itemL (k) DD)
enddo
W(i,DD)= 1.d0/VAL
enddo
enddo
I$omp end parallel do
enddo

private(ZEFE,
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solve ICCG mc(3/6)

IC + =
w! {r0}= {b} - [Al{xini} |

I $omp paraIIeI do Brlvate(lp i, VAL, k)
o |p- EsmpTO
i = MPlndexG(lp— 1)+1, SMPindexG (ip)
VAL D (i) *X (i) ,
do k= |ndexL( -1)+1, indexL (i)
VAL= VAL + AL(k)*X(ltemL(k))
enddo . . .
do k= indexU(i-1)+1, indexU(i)
VAL= VAL + AU (k) *X (itemU (k))

enddo
W(i,R)= B(i) - VAL
enddo

enddo
I$omp end parallel do

BNRM2= 0. 0DO
I $omp 3ara||e{ do prlvate(lp i) reduction (+:BNRM2)
0 ip=
do i = SMPlndexG(lg 1)+1, SMPindexG (ip)
BNRM2 = BNRM2 + B(i) #*2
enddo

I$omp end parallel do

Compute r®= b-

[AIx

for 1= 1, 2,

M

solve [M]zG-D= rG-1
Pi_1— r(i—l) Z(i—l)
if i=1
p(l): 7(0)
else
Bi—_lz pi—_llpi—z )
p(l): 7z(-1) 4 Bi—l p(l_l)
endif
qﬁ): [A]p(D
o; = pi/pPgd®
xM= xG-1 + ¢ pd
rM= pG-1) _ (Xiq(i)
check convergence |r}|
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TSI RILIR
KFENEN=IRT (25T E 0] gE=> SMPindexG{#E

I$omp parallel do private(ip, i, VAL, k)
do ip= 1, PEsmpTOT
do i = SMPindexG(ip-1)+1, SMPindexG(ip)
VAL= D (i)*X(i)
do k= indexL (i—-1)+1, indexL (i)
VAL= VAL + AL (k) *X (itemL (k))
enddo
do k= indexU(i—-1)+1, indexU(i)
VAL= VAL + AU (k) *X (itemU (k))
enddo
W(i,R)= B(i) - VAL
enddo
enddo

I$omp end parallel do




OMP-3

solve ICCG mc(3/6)

IC + =
:8 | {r0}= {b} - [A]l{xini} |
IC::: I
I $omp paraIIeI do Brlvate(lp i, VAL, k)
do |p—
do i = SMPlndexG(lp 1)+1, SMPindexG (ip)
VAL= D (i)*X (i)

do k= |ndexL( -1)+1, indexL (i)
VAL= VAL + AL(k)*X(ltemL(k))

enddo

do k= indexU(i-1)+1, indexU(i)
VAL= VAL + AU (k)*X (itemU(k))

enddo
W(i,R)= B(i) - VAL
enddo

enddo
I$omp end parallel do

BNRM2= 0. 0DO
I$omp parallel do private(ip, i) reduction (+:BNRM2)
do ip= 1. PEsmpTQT
do i = MPlndexG(lg .;+1, SMPindexG (ip)
BNRM2 = BNRM2 + B(i) *x2
enddo

|$omp end parallel do

Compute r®= b-
for 1= 1, 2,

D

[A1x®

solve [M]zG-D= rG-1
0; = rG-D zG-D

if 1=1

pM= z(®
else

Bi-1= Pi-1/Pi-2
p(D= zG-D 4+ g.

endif

qO= [A]p®

o; = pij/pMg®

XM= x(-D + o.p®
rd= rG-1 _ g.qd
check convergence |r|
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N#E : SMPindexG{E . reduction

BNRM2= 0. 0DO
I$omp parallel do private(ip, i) reduction (+:BNRM2)
do ip= 1, PEsmpTOT
do i = SMPindexG(ip-1)+1, SMPindexG(ip)
BNRM2 = BNRM2 + B(i) *x*2
enddo
enddo
I$omp end parallel do
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I[TR= N
do L= 1, ITR
'C
IC + : :
'C | {z}= Minv1{r) |
' C::: I

i $omp parallel do private(ip, i)
do ip= 1. PEsmpTOT _ _
dowk = SMqudeﬁg(lp 1)+1, SMPindexG(ip)
i

e
I$omp end parallel do

do ic= 1, NCOLORtot
I$omp parallel do private(ip, ip1, i, WAL, j)
do ip= 1, PEsmpTOT _
ipl= (ic—1)*PEsmpTOT +
do i= SMPlnd§§(|p1 1)+1, SMPlndex(|p1)

WVAL= W(
do j= 1, INL(i) o o
WVAL="WVAL - AL(j, i) * W(IAL(j, i),2)

enddo
W(i,Z)= WAL = W(i, DD)

enddo

enddo

I'$omp end parallel do
enddo

do ic= NCOLORtot, 1, -1
I$omp parallel do private(ip, ip1, i, SW, j)
do ip= 1, PEsmpTOT .
ipl= (ic—1) *PEsmpTOT +
do i= SMPlndex(|p1 1)+1, SMPlndex(|p1)
SW =0.0d0

do j=1, INUCi) o
SW: S+ AUGE, i) * WUAUG, 1), 2)

enddo
W(i,Z)=W(i,Z) — W(i,DD) * SW

enddo

enddo

I'$omp end parallel do
enddo

solve ICCG_mc

(4/6)

Compute r®= b-[A]x©
for i=1, 2,

D

solve [M]zCG-D= rG-D
pi_= rG-1 zG-1)

if 1=1

pM= z(®
else

Bi-1= Pi-1/Pi2 )
p(D= zG-D + B pG-D

endif

q= [A]p®

o = pi-/pq®

XM= x(-D + o.p®
rd= rG-1 _ g.qd
check convergence |r|
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ITR:_N
¢ T e SOlVE_ICCG_mMC
'CI (z)= (Ninv] {r) | B S
L] (4/6)
I $omp parallel do private(ip, i)
do 1P %MPPESm G 0lp-1)+1, SHPindexd (ip) ©) )
01 = indexG (i indexG (i —
WG D= WG R P Compute ri®= b-[A]x
BIoES for 1=1, 2, .
I'$omp end parallel do solve [M]Z(i—l): ri-1
d = 1, NCOLORtot = i-1 i-1
I $omp pgrall?lel do prlvage(lp ipl, i, WAL, k) f_)_lf-l__r( ) 2=
ol% (ic- 1)*BEsm TOT + Iﬁ it =1
do i= SMPindex (ip1-1)+1, SMPindex (ip1) p(l): 7 (0)
WVAL= W (i, 2)
do k= indexL (i-1)+1, indexL (i) else
gXAL WVAL - AL (k) * W(itemL (k), Z) /
0 . .= 0- i
\Z\Igi,Z): WVAL * W(i,DD) g'(ﬁ Z'(-ill)p';zﬁ 0Gi-D)
enddo = - i -
dd _ 1-1
| $omp en§2pa?allel do endif
enddo - i
M= TAT1p(MD
do ic= NCOLORtot, 1, -1 q _ [Alp (Y (i)
I'$omp paaallel (110 BElva%(e)T(lp ipl, i, SW, k) o = pi_llp q
= sm . o -
i ST, Bt o i -
Ogvlv_k Olgdgz(lpn 1 ) lljrz :X 'P r(l): r(l—l) - aiq(l)
= +
Sil= Si -+ AUGK)” * wd?eﬁﬁ(k)',Z) check convergence |r|
enddo
W(i,2)=W(i,2) - W(i,DD) * SW ena
enddo
enddo
I'$omp end parallel do
enddo
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ITR= N
do L= 1, ITR

Ic m— _ -
Eg = Wi 0 I Z_TlEXISMPindex1Z{E>

'C:::
| $omp parallel do private(ip, i)
do ip= 1 PEsmplOT . .
do i = SMPlndexG(lp 1)+1, SMPindexG (ip)
W(i,Z2)= W@, R)
enddo
enddo
I$omp end parallel do
do ic= 1, NCOLORtot
1 $omp paraIIeI do private(ip, ipl, i, WAL, k)
do ip= 1, PEsmpTOT
ip1=_(ic—1)*PEsmpTOT + Iﬁ
do i= SMPindex (ip1-1)+1, SMPindex (ip1)
WVAL= W(i, 2)
do k= indexL (i-1)+1, indexL (i)
WVAL= WVAL - AL (k) * W(itemL (k), Z)

enddo _
W(i,Z)= WAL * W(i, DD)
enddo
enddo
I$omp end parallel do
enddo

do ic= NCOLORtot, 1, -1
I$omp parallel do prlvate(lp ipl, i, SW, k)

do ip=1 , PEsmB
ip1=_(ic—1)*PEsmpTOT + Iﬁ

do i= SMPindex (ip1-1)+1, SMPindex (ip1)
SW = 0.0d0
do k= indexU(i-1)+1, indexU(i)

SW= SW + AU(K) * W(itemU(k),Z)

enddo
W(i,Z)=W(i,Z) - W(i,DD) * SW
enddo
enddo
I$omp end parallel do
@ enddo

(4/6)

(M)z}=(LDL Jiz}=

(Lhz}={r}
FIER A
Forward Substitution

(DL )z} =
ZEKXA
Backward Substitution

solve ICCG_mc
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AIEE A : SMPindex{# B

do ic= 1, NCOLORtot
I$omp parallel do private(ip, ip1, i, WAL, k)
do ip= 1, PEsmpTOT
ipl1= (ic—1)*PEsmpTOT + ip
do i= SMPindex (ip1-1)+1, SMPindex (ip1)
WVAL= W(i, 2)
do k= indexL(i-1)+1, indexL (i)
WVAL= WVAL - AL(k) * W(indexL (k), Z)
enddo
W(i,Z)= WWAL = W(i, DD)
enddo
enddo
I$omp end parallel do
enddo
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IC | {p} = {z} if ITER=1
}8 BETA= RHO / RHO1 otherwise
! ===
if (L.eg.1) then
I$omp parallel do private(ip, i)
do ip= 1. PEsmpTOT _ _
do i = SMPlndexG(lp—1)+1 SMPindexG (ip)
W(i,P)= Wi, 2)
enddo
enddo
I$omp end parallel do
else
BETA= RHO / RHO1
I $omp paraIIeI do Brlvate(lp i)
do ip= 1, PEsmpT
do i = SMPlndexG(lp—1)+1 SMPlndexG(lp)
Wi, P) W(i,Z) + BETA%W(i,P)
enddo
enddo
I$omp end parallel do
endif
I C:::
'C | {a}= [A] {p} !
I C:::
I $omp parallel do private(ip, i, VAL, k)

'$omp

do ip= 1, PEsmpTOT .
do i = SMPlndexG(lp 1)+1, SMPindexG (ip)
VAL D(i)*W(i,P _
do k= indexL (i-1)+1, indexL (i)
VAL= VAL + AL (k)*W(itemL (k), P)
enddo . . .
do k= indexU(i-1)+1, indexU(i)
VAL= VAL + AU (k) *W (itemU (k), P)
enddo
W(i, @)= VAL
enddo
enddo
end parallel do

solve ICCG_mc

Compute r®= p-

(5/6)

[AIx®

for 1= 1, 2,

M

solve [M]zC(-D= rG-1D
Pi_1= ra-1 zd@-1)

if i1=1

pM= zO®
else

Bi-1= Pi-1/Pi-2

pO= zG-D + . pG-D

endif

q(O= [A]p®

a; = Pi-1/p(i)q(i)

x(M= x(-1) 4+ o.p®
rd= rG-0 - g.qM®
check convergence |r|



IC +
IC | {p} = {z} if ITER=1
}8 BETA= RHO / RHO1 otherwise
!C:::
if (L.eg.1) then
I$omp parallel do private(ip, i)
do ip= 1, PEsmpTOT . .
do i = SMPlndexG(lp—1)+1, SMPindexG (ip)
W(i,P)=W(i, 2)
enddo
enddo
I$Somp end parallel do
else
BETA= RHO / RHO1
I$omp parallel do prlvate(lp i)
do ip= 1, PEsmpTOT . .
do i = SMPlndexG(lp 1)+1, SMPindexG (ip)
Wi, P)— W(i,2) + BETA%N (i, P)
enddo
enddo
I$omp end parallel do
endif
IC:::
'C | {a}= [A] {p} !
IC:::
I $omp parallel do private(ip, i, VAL, k)

'$omp

do ip= 1, PEsmpTOT _
do i = SMPlndexG(lp— )+1, SMPindexG (ip)
VAL— D(i)*W(i,P) _
do k= indexL (i-1)+1, indexL (i)
VAL= VAL + AL (k)W (itemL (k), P)
enddo _ _ _
do k= indexU(i-1)+1, indexU(i)
VAL= VAL + AU (k)*W (itemU (k), P)

enddo
W(i, Q)= VAL
enddo

enddo
end parallel do

solve ICCG_mc

Compute r®= p-

(5/6)

[AIx®

for 1= 1, 2,

M

solve [M]z(-D= rG-D
Pi_1= ra-1 zd@-1)

if i1=1

pM= zO®
else

Bi-1= Pi1/Pi-2 ]
pO= 2G-D 1 . pl-D

endif

q(O= [A]p®
a; = Pi-1/p(i)q(i)

x(M= x(-1) 4+ o.p®
rd= rG-0 - g.qM®
check convergence |r|
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IC
IC 4 :
lC | ALPHA= RHO / {p} {a} |
I C::: I
= 0.d0
I $omp paraIIeI do prlvate(lp i) reduction(+:C1)

do ip= 1, PEsm
do i = SMPlndexG(lp—1)+1 SMPindexG (ip)
C1— C1 + W(i,P)=W(i, Q)
enddo
enddo
I$omp end parallel do

ALPHA= RHO / C1

| T

IC:::
I $omp parallel do private(ip, i)
do ip= 1, PEsmpTOT . .
do i = SMPindexG (ip-1)+1, SMPindexG (ip)
X(i) = X(i) + ALPHA * W(i,P)
W(i, R)= W(i,R) — ALPHA * W(i, Q)
enddo
enddo
I$omp end parallel do

DNRM2= 0. d0
I$omp parallel do private(ip, i) reduction (+:DNRM2)
do ip= 1, PEsmpTOT . .
do i = SWPindexG(ip-1)+1, SMPindexG (ip)
DNRM2= DNRM2 + Wi, R)**2
enddo

I$omp end parallel do

solve ICCG_mc
(6/6)

Compute r©®= b-[A]x®
for i= 1, 2, .
solve [M]zC(-D= rG-1D
pi—]_: r(i—l) Z(i—l)
if 1=1
p(l): 7(0)
else
Bi—_lz Pi-_1/Pi_2 _
p(l): z(i-1) 4 Bi—l p(|_1)
endif
qMO= [A]p®
OLi = pi—]_/p(i)q(i)
x(D= x(-D + . p®
r= rG-0 - g.q®
check convergence |r}|

D
-
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10

1C + t
lc | ALPHA= RHO / {p} {a} |
C::: I

C1=0.d0

I$omp parallel do prlvate(lp i) reduction(+:C1)
do ip= 1, PEsmpTOT
do i = SMPlndexG(lp 1)+1, SMPindexG (ip)

Cl1=C1 + W(i,P)«W(i, Q)

enddo
enddo

I$omp end parallel do

ALPHA= RHO / C1

| T

C:::
I $omp parallel do prlvate(lp i)
do ip= 1. _ _
do i = SMPlndexG(lp—1)+1 SMPindexG (ip)
X(i) = XC(i) + ALPHA * W(i,P)
Wi, R)= W(i,R) — ALPHA * W(i, Q)
enddo’

ndd
I$omp end parallel do

DNRM2= 0. d0
I$omp parallel do private(ip, i) reduction (+:DNRM2)
do |p- 1, PEsmpTOT . .
do i = SWPindexG(ip-1)+1, SMPindexG (ip)
DNRM2= DNRM2 + W(i, R) #%2
enddo

I$omp end parallel do

Compute r®= p-

solve ICCG_mc

(6/6)

[AIx®

for 1= 1, 2,

M

solve [M]zC(-D= rG-1D
Pi_1= ra-1 zd@-1)

if 1=1

p= z©®
else

Bi-1= Pi_1/Pi2 ]
pMO= z3G-1) 4+ Bi_1 pC-1

endif

gO= [A]p®

a; = Pi-1/p(i)q(i)

XM= xG-D + o.p®
rM= rG-0 _ ¢.q®»
check convergence |r]|
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, solve ICCG mc

Ic | ALPHA= RHO / {p} {a} |

s C1= 0. d0 | (6/6)

I$omp parallel do prlvate(lp i) reduction(+:C1)
do ip= 1, PEsmpTOT
do | = SMPlndexG(lp 1)+1 SMPindexG (ip)

[ $omp ggd garallel do for 1=1, 2, G-n N
i-1)— i-
ALPHA= RHO / Cf solve [M]z¢ V= r
|C=== pi_= ra- zaG-H
1f 1=1
= D= (O
|[1 ) - Apl | Ise
ri — ALPHA*{q ! else
= Bi-1= Pi-1/p;
I Ilel d i-1= Pi-1/Pi-2 _
ome et Sednator 0 p(= zG-D + g pG-D
do i = SMPindexG(ip-1)+1, SMPindexG (ip) _ -1
i 0= i AR 16 endit
enggo ' q(i): [A]p(i)
I $omp = garallel do a; = pi_llp(i)q(i)
DNRM2= 0. d0 o XM= x0-D + ¢.pM
I $omp §gr?r|)leiM:o :nig’%e(;p 1I) ;;:lljc:w:(T.DNRMZ) ()= pG-1) _ Otiq(i)
°3§Rﬁz— DﬁRM§X+(\}4‘ZT bk ndex6(ip) check convergence |r|
enado

D
-
o

0
|$omp end parallel do
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FRERIFZDESTZEIL—TIZH S
A g = EEAA —/ N\— Ay Emn
g HABINDFTENEHLOTHLRDIE J1217<

S

do ic= 1, NCOLORtot
I$omp parallel do private(ip, ip1, i, WAL, k)
do ip= 1, PEsmpTOT
ip1= (ic—1)*PEsmpTOT + ip
do i= SMPindex (ip1-1)+1, SMPindex (ip1)
WVAL= Wi, Z)
do k= indexL(i-1)+1, indexL (i)
WVAL= WVAL - AL(k) * W(itemL (k), Z)
enddo
W(i,Z)= WWAL = W(i, DD)
enddo
enddo
I$omp end parallel do
enddo
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Ar—5E1) 74

REEI#:MC(28) :333E], RCM(298L)L) : 224[E
CM-RCM (Nc=20) : 2498

30.0 20.0
O MC=2 [ lmMC=2
B RCM(298) 160 | ®RCM(298)
O CM-RCM(20) "~} lmCM-RCM(20)
200 } I
o
5 120
(&) o
(] (]
(7)) (]
S 8.0 -
100 }
i m 4.0 n
0.0 4 1 1 . 1 . 0.0 [ | lm- | .
1 2 4 8 16 1 2 4 8 16
thread# thread#
16 threads
MC(2): 1.83 sec.

CM-RCM(20): 1.79 sec.
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CM-RCM
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GeoFEM Benchmark

ICCGED E8E (EAR H=EMmIT)

SR16K/M1

SR11K/J2

Core #/Node 8

(PGeEICOPsg;)rmance 128.0
STREAM Triad (GB/s) 43.3
B/F 0.338
GeoFEM (GFLOPS) 11.0
% to Peak 8.59
LLC/core (MB) 0.75
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