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J7A4J)L3aE— on FX10
Fortran® &

cd <$0-TOP>

cp /home/ss/aics60/2014SpringSchool/GeoFEM. tar .

tar xvf GeoFEM.tar

Is
flat hybrid
Is GeoFEM/Flat
run src
Is GeoFEM/hybrid
run Src src?2
cd GeoFEM/Tlat/src
make

cd ../../hybrid/src
make

cd ../src2

make



E£17H:% on FX10

Fortran® &
Flat MPI
>$ cd <$0-TOP>/GeoFEM/flat/run
>$ <modify ““go.sh”, “mesh.inp”>

>$ pjsub go.sh

Hybrid

>$ cd <$0-TOP>/GeoFEM/hybrid/run
>$ <modify “go.sh”, “mesh.inp”’>
>$ pjsub go.sh

Hybrid (X P2 RERKEBARAL Y K3

1511E)

>$ cd <$0-TOP>/GeoFEM/hybrid/run
>$ <modify “go2.sh”, “mesh.inp”>
>$ pjsub go2.sh



‘mesh.inp"MF & : Flat MPI

(&) (Z#A) (EHAR)

80 80 80 npx, npy,nNpz p-20MDNX, Ny, Nz

4 2 2 ndx, ndy, ndz X, Y, ZEhA MmN 7B

1 1 PEsmpTOT, (unused) FMPIZOE®XIZE[FHAL Y K

#M(=1), XEAH (1zANSD)
200000 I TERmax CGED RER
e npx,npy,npzlEndx,ndy,ndzTEIY I B LEH Y
e ndx X ndy X ndzAY¥&EMPI 7 0+ X £
—- LREDOFEIFL/—F, 1607, 16781EX



“‘mesh.inp"MH & : Hybrid

(&) (Z#A) (EHAR)

80 80 80 npx, npy,nNpz p-20MDNX, Ny, Nz

1 1 1 ndx, ndy, ndz X, Y, ZEiAR®D7D B

16 1 PEsmpTOT,Ftflag HMPIZFOEXIZE[FHIALY K

$(=1), First Touch
(=0:#&L, =1:FY)
200000 I TERmax CGEM REMREK

e npx,npy,npzldndx,ndy,ndzTEIYTINZHEH Y
e ndx X ndy X ndzA¥MPI 7 0t X%

— FEEDBEIF1/—F, 1607, 178X
 First Touch® B EIIFX10TIIER T >

— Multi Socket, NUMA=EBEER®H S
o I T—RYI—IILEH




Flat MPI vs. Hybrid

Flat-MP1:Each Core ->
Independent
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]

Number of OpenMP threads Number of MPI process
per a single MPI process per a single node
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go.sh, go2.sh

Flat MPI

#PJIM -L "‘node=1"

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

#PJIM -L "‘rscgrp=small"”
#PJIM -0 "'test.lIst”

#PJIM —-mpi1 "‘proc=16"

mpiexec ./sol

rm wk.*

Hybrid

#1/bin/sh

#PJIM -L "‘node=1"

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

#PJIM -L "rscgrp=small'’
#PJIM -0 "'test.lIst”

#PIM —-mp1 "‘proc=1"

export OMP_NUM_ THREADS=16
mpiexec ./sol

rm wk.*



E{RNE

program SOLVER33_TEST_SMP

use solver33

use hpcmw_al |

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

integer, dimension(:), allocatable :: OLDtoNEWpe

call HPCMW_INIT
call INPUT_CNTL

al locate (OLDtoNEWpe (PETOT))

call INPUT_GRID (OLDtoNEWpe, ITERkk)
cal| MAT_CONO (ITERkk)

call MAT_CON1 7

S1T’IE i Hf\? %gé_vaI\mE 0 Uniform Distributed Force in
ca _J | -di i =

E1 time= MPI WTINE ) zdirection @ 2=Zng,

call MAT_ASS BC U=0 @ y=Yp,

E2_time= MPI_WTIME ()

t1= E1_time - S1_time U,=0 @ X=X,
t2= E2_time - E1_time
if (my _rank.eq.0) write (x,’ (2(1pel6.6))’) t1, t2

(N,-1) elements
call SOLVE33 (hpcmwlarray, hpcmwRarray, [TERKk) | sl N,-1) elements

A
A

if (m%_rank. eq. PETOT-1) then -1 N, nodes .
i= R y
write (k' (i8,3(1pel6.6))") i,X(3%i-2), X (3xi-1), X (3*i) /

endif x////
U,=0 @ z=Z;, (N,-1) elements

cal |l HPCMW_FINALIZE - N, nodes
h@l‘ﬁwm—i{ﬁ X
end program SOLVER33_TEST_SMP
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STERRE (Flat MPI)

80 80 mesh.inpMITa—
? 2 2
#iti# NORMAL
color number: 1
AL T8 BF
6. 311270E-01 1. 540459E-02 (mat_ass_main,

1 1. 001078E+00 mat_ass_bc)

101 4. 844414E-01

201 1.161330E-01
301 2. 332553E-02
401 3. 149446E-03
501 2. 317633E-04
601  1.145272E-05
701  1.245789E-06
801  2.954170E-08
833  9.582782E-09
RE A%k (c=109),
elapsed 833  1.892079E-02 ; et
32000 -2.370E+01 -2.370E+01 7. 900E+01 IR ESHI-Y T REMHE

@ - D3ARZENL
jwe0002i stop * normal termination



= | /=& -
sTHifaR (Hybrid)
80 80 80
1 1 1

"
### NORMAL
color number: 0

6. 585308E+00 1.859461E-01

833 9. 589950E-09
elapsed 833 1. 825187E-02

912000 -2.3/0E+01 -2. 3/0E+0T 1. 900E+01

jwe0002i stop * normal termination

mesh.inpM I 31—

A0 2E B ]
(mat_ass_main,
mat_ass_bc)

B [EI# (¢=109),
1REHT-YitErEE
@ D3AFZEL
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Jowh ELTHRE (1/3)

iLEBENREDS
— index, itemI(CEH 9 S ER =TT DLIZHIBETE S
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JOows E LTRE (2/3)

A

_RBESE (AEVYICAHE) SHEORANS D
R ML, RAS—RITH L 2B DR

do i=1, 3*N
Y(i)=D(i)*X(i)
do k= index(i-1)+1, index(i)
kk=item (k)
Y(i)=Y(i) + AMAT (k) *X (k)
enddo
enddo

do i=1, N

X1= X (3*i-2)
X2= X (3*i-1)
X3= X (3xi)
Y (3%i-2)= D (9%i—8) *xX1+D (9%i—7) *X2+D (9% —6) *X3
Y (3*i—1)= D (9%i-5) *X1+D (9%i—4) *X2+D (9% —-3) *X3
Y (31 )= D(9%i-2)*xX1+D (9%i—1) «X2+D (9% ) *X3
do k= index (i-1)+1, index(i)
kk= item(k)
X1= X (3*kk-2)
X2= X (3*kk-1)
X3= X (3*kk)
Y (3%i-2)= Y (3*i—2) +AMAT (9xk—8) xX1+AMAT (9%k-7) *X2 &
+AMAT (9%k-6) *X3
Y (3%i—1)= Y (3*i—1) +AMAT (9xk—-5) xX1+AMAT (9%k—-4) *X2 &
+AMAT (9xk-3) *X3
Y31 )= Y(3*I )+AMAT (9xk-2) *xX1+AMAT (9%k—1) *X2 &
+AMAT (9%k ) *X3
enddo

enddo

17
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Parallel FEM 3D-2

DAXPY In CG

'C
R
— ALPHA*{q
" doi=1, N
X(3%i-2) =X (3*i-2) + ALPHA * WW(3*i-2, P)
X(3xi-1) =X (3*i-1) + ALPHA * WW(3*i-1, P)
X(3*i ) =X (3%i ) + ALPHA x WW(3xi ,P)
WW(3%i-2, R)= WW(3*i-2,R) — ALPHA = WW(3*i-2, Q)

W (3%i-1 R)= WW(3%i-1 R) — ALPHA * WW(3%i~1 Q)
gﬁ(3*i R)= WN(B*i ,R) — ALPHA = WW(3*i Q)
endaao

I$omp parallel do private(iS, iE, i)
| $omp& shared (ALPHA)
do ip= 1, PEsmpTOT
iS= STACKmcG (ip—1) + 1
iE= STACKmcG (ip )
do i= iS, iE
X@3*i-2) =X (3*i-2) + ALPHA * WW(3xi-2, P)

X(3xi-1) =X (3*i-1) + ALPHA * WW(3*i-1, P)
X3*i ) =X (3%i ) + ALPHA x WW(3xi ,P)
WW (3xi- 2 R)= WW(3%i-2,R) — ALPHA = WW(3xi-2, Q)

WW(3%i—1,R)= WW(3*i—1,R) — ALPHA = WW(3*i-1, Q)
WW(3%i ,R)= WW(3*i ,R) — ALPHA = WW(3*i ,Q)
enddo
enddo



Parallel FEM 3D-2 21

STACKMcGILF < THOK

I$omp parallel do private(i) shared (ALPHA)
do i=1, N

X(3*i-2) =X (3*i-2) + ALPHA * WW(3%i-2, P)
X(3*i-1) =X (3*i-1) + ALPHA * WW(3xi-1,P)
X@B*i ) =X (3*i ) + ALPHA * WN(3%i ,P)
WW (3%i—2, R)= WW(3*i-2,R) — ALPHA * WW(3*i-2, Q)

WW (3%i—1,R)= WW(3*i—1,R) — ALPHA = WW(3*i-1, Q)
\(/jv\(zjv(s*i ,R)= WW(3*i ,R) — ALPHA = WW(3xi Q)
enddo

allocate (STACKmcG (0:PEsmpTOT)); STACKmcG= 0
icon= N/PEsmpTOT; ir= N - icon*PEsmpTOT
do ip= 1, PEsmpTOT
STACKmeG (ip)= icon
enddo
do ip=1, ir
STACKmeG (ip)= icon + 1
enddo
do ip= 1, PEsmpTOT
ggACchG(ip): STACKmcG (ip—1) + STACKmcG (ip)
enddo

I$omp parallel do private(iS, iE, i)
| $omp& shared (ALPHA)
do ip= 1, PEsmpTOT
iS= STACKmcG (ip—1) + 1
iE= STACKmcG (ip )
do i= iS, iE
X@3*i-2) =X (3*i-2) + ALPHA * WW(3xi-2, P)

X(3xi-1) =X (3*i-1) + ALPHA * WW(3*i-1, P)
X3*i ) =X (3%i ) + ALPHA x WW(3xi ,P)
WW (3xi- 2 R)= WW(3%i-2,R) — ALPHA = WW(3xi-2, Q)

WW(3%i—1,R)= WW(3*i—1,R) — ALPHA = WW(3*i-1, Q)
WW(3%i ,R)= WW(3*i ,R) — ALPHA = WW(3*i ,Q)
enddo
enddo



Parallel FEM 3D-2

Nig

DNRM20= 0. d0

do i=1, N
DNRM20= DNRM20 + WW (3%i-2, R)*x2 + WW(3*i—1, R) **2
+ WW(3%i ,R)*x2

enddo
call MPI_Allreduce (DNRM20, DNRM2, 1, MPI_DOUBLE_PREGISION,
& MPI_SUM, SOLVER COMM, ierr)
DNRM20= 0. d0
I$omp parallel do private(iS, iE, i)
I Sompé& reduction (+:DNRM20)

do ip= 1, PEsmpTOT
iS= STACKmcG(ip-1) + 1
iE= STACKmcG (ip )

do i=iS, iE
DNRM20= DNRM20 + WW (3%i—2, R) *x2 + WW (3%i—1, R) **2
& + WW(3*xi ,R)*x2
enddo
enddo

call MPI_Allreduce (DNRM20, DNRM2, 1, MPI_DOUBLE_PREGISION,

& MPI_SUM, SOLVER_COMM, ierr)

22



Parallel FEM 3D-2

&
&

THIRS kJLFE (Flat I\/IPI)

call SOLVER_SEND_RECV_3
( N, NP, NEIBPETOT, NEIBPE, STACK_IMPORT, NOD_IMPORT,
- S¥AC§ EXPORT, NOD_EXPORT, WS, WR, WW(1,P) , SOLVER_COMM, my_ rank)
0 J=_1,
X1="WW (3% -2, P)
X2= WW (3% -1, P)
X3= WW(3*j ,P)
WVALT= D (9% j—8) *X1 + D (9% j—7)*X2 + D (9% j—6)*X3
WVAL2= D (9% j=5) *X1 + D (9% j—4)*X2 + D (9% j-3) *X3
WVAL3= D (9% j-2) *X1 + D (9% j-1)*X2 + D(9%j )=*X3
do k= INL(j-1)+1, INL(J)
i= TAL (k)
X1= WW (3xi-2, P)
X2= WW (3xi-1, P)
X3= WW(3xi ,P)

WVAL1= WVAL1 + AL (9%k-8) *X1 + AL (9%k-7)*X2 + AL (9%k—6) *X3
WVAL2= WVAL2 + AL (9%k-5)*X1 + AL (9%k—4)*X2 + AL (9%k—3) *X3
gXAL3: WVAL3 + AL (9%k—-2)*X1 + AL (9%k—1)*X2 + AL (9%k )=*X3
enddo
do k= INU(j-1)+1, INU(j)

i= AU (k)
X1= WW(3*i-2, P)
X2= WW(3*i-1,P)
X3= WW(3*i P)
WVAL1= WVAL1 + AU (9%k-8) X1 + AU( + AU (9%k—-6) *X3
WVAL2= WVAL2 + AU (9%k-5)*X1 + AU (9%k—-4)*X2 + AU (9%k—3) *X3
gXALS: WVAL3 + AU (9xk-2)*X1 + AU( + AU (9%k )*X3
enddo
WW (3% j-2, Q)= WVAL1
WW(3xj-1, Q)= WVAL2
WW(3*j ,Q)= WVAL3
enddo

23



Parallel FEM 3D-2

&
&

TR FILEE

call SOLVER_SEND_RECV_3

(Hybrid)

( N, NP, NEIBPETOT, NEIBPE, STACK_IMPORT, NOD_IMPORT,

STACK_EXPORT, NOD_EXPORT, WS, WR, WW(1.P) .

SOLVER _COMM. my_rank)

I$omp parallel do private (ip, jS, JE, j, k, i, X1, X2, X3, WAL1, WVAL2, WVAL3)

do ip= 1, PEsmpTOT
jS= STACKmcG (ip-1) + 1;
do j= jS, JE
X1= WW(3*j-2, P)
X2= WW(3*j-1, P)
X3= W@3*j ,P)
WVAL1= D (9% j-8) *xX1 +
WVAL2= D (9% j-5) xX1 +
WVAL3= D (9% j—-2) xX1 +
do k= INL(j-1)+1, INL
i= TAL (k)
X1= WW(3*i-2, P)
X2= WW(3*i-1, P)
X3= WW(G3*i ,P)

JE= STACKmcG (ip )

*j—1)%X2 + D (9%

WVAL1= WVAL1 + AL (9%k—-8)*X1 + AL (9%k-7) %xX2
WVAL2= WVAL2 + AL (9%k-5)*X1 + AL (9%k-4) %xX2
WVAL3= WVAL3 + AL (9%k—-2)*X1 + AL (9%k-1) %xX2
enddo
do k= INU(j-1)+1, INU(j)

i= TAU (k)
X1= WW (3*i-2, P)
X2= WW (3xi-1, P)
X3= WW(3xi ,P)

WVAL1= WVAL1 + AU (9xk-8)*X1 + AU (9%k-7) *xX2
WVAL2= WVAL2 + AU (9xk-5)*X1 + AU (9%k-4) %xX2
WVAL3= WVAL3 + AU (9xk—-2)*X1 + AU (9%k-1) %X2

enddo

WW (3% j-2, Q)= WVAL1

WW(3*%j-1, Q)= WVAL2

WW(3*j ,Q)= WVAL3

enddo

enddo

D (9% j-T7)*X2 + D (9% j—6) *X3
D (9% j—4) %X2 + D (9% j-3) *X3
%(? ) %X3
J

+ AL (9%k—6) *X3
+ AL (9%k—3) *X3
+ AL (9%k ) *X3

+ AU (9%k—6) *X3
+ AU (9%k—3) *X3
+ AU (9%k ) *X3

&
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Parallel FEM 3D-2

SEND
do neib= 1, NEIBPETOT

istart= STACK_EXPORT (neib-1)
inum = STACK_EXPORT (neib ) - istart
do k= istart+1, istart+inum
ii = 3*NOD_EXPORT (k)

WS (3%k-2)= X (ii-2)

WS (3xk—1)= X (ii-1)

WS 3k )= X(ii )
enddo

call MPI_ISEND (WS (3*istart+1), 3*inum, MPI_DOUBLE_PRECISION,
" NEIBPE (neib), 0, SOLVER_COMM, reql(neib), ierr)
enddo

do neib= 1, NEIBPETOT
istart= STACK_EXPORT (neib-1)
inum = STACK _EXPORT (neib ) - istart
I$omp parallel do private (ii)
do k= istart+1, istart+inum
ii = 3xNOD_EXPORT (k)

WS (3%k-2)= X (ii-2)
WS (3%k—1)= X (ii-1)
WS(3*k )= XC(ii )
enddo
call MPI_ISEND (WS (3*istart+1), 3*inum, MPI_DOUBLE_PRECISION,
& NEIBPE (neib), 0, SOLVER_COMM, reql(neib), ierr)

enddo

&

&

25



Parallel FEM 3D-2

SEND/RECYV (Original)

IC
IC— INIT.
allocate (stal (MPI_STATUS_SIZE, NEIBPETOT), sta2(MPI_STATUS_SIZE, NEIBPETOT))
al locate (reql (NEIBPETOT), reqg2(NEIBPETOT))
IC
IC— SEND
do neib= 1, NEIBPETOT
istart= STACK_EXPORT (neib-1)
inum = STACK_EXPORT (neib ) - istart
do k= istart+1, istart+inum
WS (k)= X (NOD_EXPORT (k) )
enddo
call MPI_ISEND (WS(istart+1), inum, MPI_DOUBLE_PREGISION, &
& NEIBPE (neib), O, MPI_COMM_WORLD, reql(neib), ierr)
enddo
IC
IC— RECEIVE

do neib= 1, NEIBPETOT
istart= STACK_IMPORT (neib-1)
inum = STACK_IMPORT (neib ) - istart
call MPI_IRECV (WR(istart+1), inum, MPI_DOUBLE_PRECISION, &
& NEIBPE (neib), O, MPI_COMM_WORLD, reg2(neib), ierr)

enddo
call MPI_WAITALL (NEIBPETOT, req2, sta2, ierr)

do neib= 1, NEIBPETOT
istart= STACK_IMPORT (neib-1)
inum = STACK_IMPORT (neib ) - istart
do k= istart+1, istart+inum
X (NOD_IMPORT (k) )= WR (k)
enddo

enddo
call MPI_WAITALL (NEIBPETOT, reql, stal, ierr)



Parallel FEM 3D-2

If numbering of external nodes is
continuous In each neighboring
process ...

27



Parallel FEM 3D-2 28

SEND/RECV (NEW:1)

IC
IC— INIT.
al locate (stal (MPI_STATUS_SIZE, 2xNEIBPETOT))
al locate (reql (2«xNEIBPETOT))
IC
IC— SEND
do neib= 1, NEIBPETOT
istart= STACK_EXPORT (neib-1)
inum = STACK_EXPORT (neib ) - istart
do k= istart+1, istart+inum
WS (k)= X (NOD_EXPORT (k) )
enddo
enddo
do neib= 1, NEIBPETOT
istart= STACK_EXPORT (neib-1)
inum = STACK_EXPORT (neib ) - istart
call MPI_ISEND (WS(istart+1), inum, MPI_DOUBLE_PRECISION, _ &
NEIBPE (neib), 0, MPI_COMM_WORLD, reql(neib), ierr)
enddo
IC
IC— RECEIVE

do neib= 1, NEIBPETOT
inum = STACK_IMPORT (neib) — STACK_IMPORT (neib-1)
istart= NOD_IMPORT (STACK_IMPORT (neib-1)+1)

call MPI_IRECV (X(istart), inum, MPI_DOUBLE_PRECISION, &
" NEIBPE (neib), 0, MPI_COMM_WORLD, reql(NEIBPETOT+neib), ierr)
enddo

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



Parallel FEM 3D-2

SEND/RECV (NEW:2), NO: int. node #

IC—— INIT.
al locate (stal (MPI_STATUS_SIZE, 2«NEIBPETOT))
al locate (reql (2+NEIBPETOT))

IC
IC— SEND
do neib= 1, NEIBPETOT
istart= STACK_EXPORT (neib-1)
inum = STACK_EXPORT (neib ) - istart
do k= istart+1, istart+inum
WS (k)= X (NOD_EXPORT (k) )
enddo
enddo
do neib= 1, NEIBPETOT
|start STACK _EXPORT (neib-1)
inum = STACK_EXPORT (neib ) - istart
call MPI_ISEND (WS (istart+1), inum, MPI_DOUBLE_PRECISION, _ &
NEIBPE (neib), 0, MPI_COMM_WORLD, reql(neib), ierr)
enddo
IC
IC— RECEIVE

do neib= 1, NEIBPETOT
inum = STACK_IMPORT (neib) — STAGK_IMPORT (neib-1)
istart= STACK_IMPORT (neib-1) + NO + 1

call MPI_IRECV (X(istart), inum, MPI_DOUBLE_PRECISION, &
" NEIBPE (neib), 0, MPI_COMM_WORLD, reql(NEIBPETOT+neib), ierr)
enddo

call MPI_WAITALL (2xNEIBPETOT, reql, stal, ierr)
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Parallel FEM 3D-2

allocate (ELMCOLORitem (ICELTOT))

ZxB7

al locate (ELMCOLORindex (0:NP))

T (1/2)

FRICEFENJHERY (- RuEHEES)
BEDIEEFCHVEA-ERES

if (allocated (IWKX)) deallocate (IWKX)
allocate (IWKX(NP, 3))

IWKX= 0
icou= 0

do icol= 1,

do i= 1,

IWKX (i,

enddo
do icel=
if (IWK
inl=
in2=
in3=
in4=
ind=
in6=
inl=
in8=

ipl=
ip2=
ip3=
ipd=
ipb=
ip6=
ip/=
ip8=

NP
NP
1N=0

1, ICELTOT

X(icel 2). eq.
ICELNOD (icel,
ICELNOD (icel,
ICELNOD (icel,
ICELNOD (icel,
ICELNOD (icel,
ICELNOD (icel,
ICELNOD (icel,
ICELNOD (icel,

IWKX (int,
IWKX (in2,
IWKX (in3,
IWKX (in4,
IWKX (ind,
IWKX (in6,
IWKX (in7,
IWKX (in8,

— — — — — —  —  —
R N S N g N e

0) then
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Parallel FEM 3D-2

100

BEESIT (2/2)

isum= ipl + ip2 + ip3 + ip4d + ipd
if (isum.eq.0) then

icou= icou + 1

IWKX (icol, 3)= icou

IWKX (icel.2)= icol

ELMCOLORitem (icou)= icel

IWKX (int,
IWKX (in2,
IWKX (in3,
IWKX (in4,
IWKX (inb,
IWKX (in6,
IWKX (in7,
IWKX (in8,
if (icou.
endif
endif
enddo
enddo

D —— e .
_Q\/\/\/\/\/\/\/v

I 1 I A N 1|
O_L_L_L_L_L_L_L_L

ICELTOT) goto 100

continue
ELMCOLORtot= icol
TWKX (O ,3)
IWKX(ELMCOLORtot 3)= ICELTOT

do icol= 0, ELMCOLORtot
ELMCOLORindex (icol)= IWKX (icol, 3)
enddo

0
I

' (a,2i8)") '#it# Number of Elem

my_rank, ELMCOLORt

write (*,

deal locate (IWKX)

+ ipb6 + ip/ + ip
ERERHERNRBATTZ V2RI TULVEL
W)U —F1DIE0T
BERERNICEENIERVDETRE
icoUBEBEDERZxicel LT 5

ZERIRABNTT Y EAFT, FlagiiTs

EERMNBIFTINELRT

B

ent Colors’,
ot
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Parallel FEM 3D-2

&
&
&

I$omp parallel do private (icelO, icel, inl, in2, in3, in4, in5, in6, in7, in8)
private (nodLOCAL, ie, je, ip, jp, kk, iiS, iiE, iDlu, k)
private (PNXi, PNYi, PNZi, PNXj, PNYj, PNZj, al1, a12)
private (al3, a21, a22, a23, a31, a32, a33, ipn, jpn, kpn, coef)

do icel0= ELMCOLORindex (icol-1)+1, ELMCOLORindex (icol)

| $ompé&
| Sompé&
| $ompé&

ALy Rilis{E E -
< kO RERER

X1= 0. d0

Y1= 0. do

Z1= 0. d0

X8= 0. do

Y8= DY

78= DZ

call JACOBI (QETJ, PNQ, PNE,

Y1,
21

X2, X3, X4,
Y2, Y3, Y4,
12, 13, 14,

(ZERFLBRLEOTYIET Y ORERSFIL—TDIHLTLED)

do icol= 1, ELMCOLORtot

icel= ELMCOLOthem(lceIO)
in1= ICELNOD (icel, 1)

in2= ICELNOD (icel,
in3= ICELNOD (icel,
ind= ICELNOD (icel,
in5= ICELNOD (icel,
in6= ICELNOD (icel,
in7= ICELNOD (icel,
in8= ICELNOD (icel,

PNT, PNX, PNY, PNZ,
X9, X6, X7, X8,

Y5, Y6, Y/, Y8,

Z5, 16, 71, 18)

@0 2o o

&
&
&
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Rixk : First Touch Data Placement
“Patterns for Parallel Programming” Mattson, T.G. et al.

To reduce memory traffic in the system, it is important to keep the
data close to the PEs that will work with the data (e.g. NUMA control).

On NUMA computers, this corresponds to making sure the pages of
memory are allocated and “owned” by the PEs that will be working
with the data contained in the page.

The most common NUMA page-placement algorithm is the
“first touch” algorithm, in which the PE first referencing a region of
memory will have the page holding that memory assigned to it.

A very common technique in OpenMP program is to initialize
data in parallel using the same loop schedule as will be used later
In the computations.



NUMA
T—=XTIF~v

Memory | | Memory | o 1] 7 —C‘“*& 5 7__\\_9 ‘itﬂt

5 = AREO—AIEAE

Rlelele|— L[l
|l |(ulululu IJ (:7@%76\/

Core|Core|Core|Core Core|Core|Core|Core /7_ “J I\ 0) )( :E IJ ) J: ':
I I 5B EMENRRL,

Core|Core|Core CoreI Core|Core|Core|Core
L1 | L1 | L1 1(1 L1 | L1 | L1 | L1
L2 | L2 | L2 /i_2 —_— | 2 | L2 | L2 | L2

13 / DI L3




Memory

A !

L3
L2 | L2 | L2 | |L2
L1 | L1 | L1 |1
Core|Core|Core|Qore
Core|Core|Core|Cor
L1 | L1 | L1 | L1
L2 | L2 | L2 | L2

L3

|

|

L2

L1

Core

Core

Core

Core|Core

Core

L1

L1

L2

L2

« B LV MZIHDB
EEILT It X IZFHE
Nhh b,
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NUMA e First-touchlZ&k > T, T
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Parallel FEM 3D-2

First Touch® &

if (FTflag.eq.1) then
I$omp parallel do private(jS, jE, j, jsL, jeL, jsU, jeU, k)
do ip= 1, PEsmpTOT
iS= STACKmcG (ip-1) + 1
jE= STACKmcG (ip )
do j = jS, jE
jsL= indexL (j—-1)+1
jeL= indexL (j)

do k= jsL, jelL
AL (9%k-8)= 0. d0
AL (9%k-7)= 0. d0
AL (9%k-1)= 0. d0
AL(9%k )= 0.d0
enddo

jsU= indexU(j-1)+1
jeU= indexU(j)
do k= jsU, jeU
AU (9%k-8)= 0. d0
AU (9xk-7

)
AU (9%k-1)
AU (9%k )
enddo
enddo

enddo

else

AL= 0.d0

AU= 0. d0
endif

0.d0
0.d0
0.d0



SecC.

20.0

15.0

10.0

5.0

0.0
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First Touch® &
T2KEX1/ — K163 7, 16X L v K
=ERFTARTYUOAERFTERRB (ICCGE)

OMC=2
B RCM(298)

B CM-RCM(20) H

[ ]

1

CASE-0

CASE-1b CASE-2a CASE-3a

STRATEGY

Case-0:
#)ER

Case-1b:
NUMAZ> cO—)L (E47RF)

Case-2a:
+ First Touch

Case-3a:

+ Sequential Reordering (Z
NIEINUMATEHLTEHEE R,
Summer School&$ & 88)



