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Fortran® &
cd ~/pFEM

cp /home/S11502/nakajima/Zl6Summer/cc-overlap.tar .

tar xvf cc-overlap.tar

cd cc-overlap/srcO

make

cd ../srcOm

make

cd ../srcOm2

make

cd ../run

Is -1 sol*

sol0 HE-BEA—N—ZvTEL
sol0m HE-BEA—N—ZvTHY

solOm_xxx + dynamic scheduling



£ 1T
Fortran® &
>$ cd ~/pFEM/cc-overlap/run

BETEHI77AI

mesh.inp [l RE 5% 7€

go00.sh solOETHERXY ) T+
goOm.sh solOmEITHR Y ) T k

goOm2.sh solOm_XXXETHRY 1) 7+



“mesh.inp”MH & :Hybrid 16 X 1

(&) (&%) (ZEHARE)
400 400 600 npx,npy,npz p-2MNX, Ny, Nz
2 2 3 ndx,ndy,ndz X, Y, ZEhARD7DEIH
16 1 PEsmpTOT, (unused) &MPIZAEXRIZEBFBAL Y K
#M(=1), XEAH (12zANSD)
200 I TERmax CGED BRI

 npx,npy,npzlEndx,ndy,ndzTEYTINZLEHY
 ndx X ndy X ndzAV¥AMPIZ7' O+ X %4

_ FEOEAIF12/—K, 19237, 1270+X, 170t H
=YD RALYRE =16 (PEsmpTOT)

 LUHZATEHEDHEREEITEZRSADTHNIL
ITERmaxlZ LEEDKSIZDEHIZT S
— INRTHETHET HEERBANMND



go00.shD 5l

export OMP_NUM THREADS=PEsmpTOT

#1/bin/sh

#PJIM -L ""node=12"

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

#PIM -]

#PJIM -L "rscgrp=school™

#PJIM -0 "t00-012-128-128-128-03.1Ist"
#PJIM —--mpi1 "'proc=12"

export OMP_NUM_ THREADS=16
mpiexec ./sol0
rm wk.*
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qQ=ApDups3:src
call SOLVER SEND RECV 3
& ( N, NP, NEIBPETOT, NEIBPE, STACK IMPORT, NOD IMPORT,

& STACK_EXPORT, NOD_EXPORT, WS, WR, WwW(1,P) , SOLVER_COMM,
& my_rank)
1$omp 8argllil ﬂo private (J,k,1,X1,X2,X3,WVAL1,WVAL2,WVAL3)
oj=1,

X1= WW(3*j-2,P
X2= WW(3*]-1.P
X3= WW(3*] .P
WVAL1= 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*]-3)*X3
WVAL3= D(9*J-2)*X1 + DCO*j-1)*X2 + D(9*J )*X3
do k= INLGi-D)*1, INL())
i= IAL
X1= WW(3*1-2,P
X2= WW(3*i-1.P
X3= WW(3*i .P
WVAL1= WVALL + 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

+ +
+ +

ggAL3= WVAL3 + AL(9*k-2)*X1 + AL(9*k-1)*X2 + AL(9*k )*X3
enddo
do k= INU(-1)+1, INU()

i= 1AU

X1= WN(3*1-2,P
X2= WW(3*1-1,P
X3= W(3*1 ,P

WVAL1= WVAL1 + AU(9*k-8)*X1 + AU(9*k-7)*X2 + AU(9*k-6)*X3
WVAL2= WVAL2 + AU(9*k-5)*X1 + AU(9*k-4)*X2 + AU(9*k-3)*X3
WVAL3= WVAL3 + AU(9*k-2)*X1 + AU(9*k-1)*X2 + AU(9*k *X3

enddo

WW(3*j-2,0)= WVAL1

WW(3*j-1,0)= WVAL2

wWwW(3*j) ,0)= WVAL3

Ro Qo Ro



q=ApDEE4%3 :srcOm (1/3)

do neib= 1, NEIBPETOT
istart= STACK EXPORT(neib-1
inum = STACK _EXPORT(neib - 1start
1$omp parallel do private (i)
do k= istart+l, istart+inum

i 3*NOD_EXPORT (k)
WS(3*k-2)= WW(ii=2,P
WS(3*k-1)= WWCii-1,P

WS (3*k wWw(Cin P
enddo
call MPI_ISEND (WS(3*istart+1), 3*inum,MP1 DOUBLE PRECISION,
& NEIBPE(neib), O, MPI_COMM_WORLD, reql(neib),
& ierr)
enddo

do neib= 1, NEIBPETOT
istart= STACK_IMPORT(neib-1 i
inum = STACK_ IMPORT(neib - Istart
call MPI_IRECV (WW(S*(lstart+N%+1,P&, 3*1num,

& MP1 DOUBLE PRECISIO

& NEIBPE(neib), 0, MPI_COMM_WORLD,
& dd reql(neib+NEIBPETOT), ierr)
enddo

1C
IC-- Pure Inner Nodes

'$omp parallel do private (J,.k,1,X1,X2,X3,WAL1,WVAL2,WVAL3)
do j= 1, Ninn _
X1= WW(3*j-2,P
X2= WW(3*j-1,P
X3= WW(3*y ,P i i
WVAL1= D(9*j-8)*X1 + D(9*j-7)*X2 + D(9*]-6)*X3
WVAL2= D(9*}-5)*X1 + D(9*j-4)*X2 + D(9*}]-3)*X3
WVAL3= D(9*j-2)*X1 + D(9*)-1)*X2 + D(9*]} *X3

Ro Ro

Ro Qo Ro



q=ApDER4%3 : srcOm (2/3)

IC-- Pure Inner Nodes

1$omp parallel do private (J,k,1,X1,X2,X3,WAL1,WVAL2,WVAL3)
do j= 1, Ninn
X1= WW(3*j-2,P
X2= WwW(3*j-1,P
X3= WW(3*] P

WVALL= D(9*j-8)*X1 + D(9*j-7)*X2 + D(9*j-6)*X3
WVAL2= DC9*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= INLGi-D*1, INL())

i= IAL
X1= WW(3*i1-2,P
X2= WW(3*i-1,P
X3= WW(3*i P

WVALL= WVAL1 + AL(9*k-8)*X1 + AL(9*k-7)*X2 + AL(9*k-6)*X3
WVAL2= WVAL2 + AL(9*k-5)*X1 + ALC9*k-4)*X2 + AL(9*k-3)*X3
ggAL3= WVAL3 + ALC9*k-2)*X1 + AL(C9*k-1)*X2 + AL(9*k J)*X3
en 0)
do k= INU(j-1)+1, INU(§)
i= 1AU

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(9*k-7)*X2 + AU(9*k-6)*X3
WVAL2= WVAL2 + AU(9*k-5)*X1 + AU(9*k-4)*X2 + AU(9*k-3)*X3
WVAL3= WVAL3 + AU(9*k-2)*X1 + AU(9*k-1)*X2 + AU(9*k *X3

enddo

WW(3*j-2,0)= WVAL1

WW(3*j-1,0)= WVAL2

wWW(3*j) ,0)= WVAL3

enddo

call MPI_WAITALL (2*NEIBPETOT, reql, stal, ierr) CCTRIZEELS



q=ApDER 43 : srcOm (3/3)

1C
1C-- Boundary Nodes

1$omp parallel do private (J,k,1,X1,X2,X3,WAL1,WVAL2,WVAL3)

do j= Ninn+l1l, N
X1= WwW(3*j-2,P
X2= WW(3*j-1,P
X3= w(3*y ,P
WVAL1= D(9*j-8)*X1 + D
WVAL2= D(9*]-5)*X1 + D
WVAL3= D(9*)-2)*X1 + D
do k= INL(j-1)+1, INLQ
i= 1AL
X1= Ww(3*1-2,P
X2= WW(3*1-1,P
X3= W(3*1 ,P
WVAL1= WVAL1 + AL§9*k—8§*X1

o9*y-7
3
9*)-1
)

WVAL2= WVAL2 + AL(9*k-5)*X1

WVAL3= WVAL3 + AL(9*k-2)*X1
enddo
do k= INU(J-1)+1, INUQ)
i= 1AU

X1= WW(3*1-2,P
xX2= WW(3*1-1,P
X3= W(3*1 ,P
WVAL1= WVAL1l + AU(9*k-8)*X1
WVAL2= WVAL2 + AU(9*k-5)*X1

WVAL3= WVAL3 + AU(9*k-2)*X1
enddo
WW(3*j-2,0)= WVAL1
WW(3*j-1,Q)= WVAL2
wWW(3*) ,0)= WVAL3

o+ o+

++ +

*X2 + D(9*j-6)*X3
*X2 + D(9*J-3)*X3
*X2 + D(9*]

9

AL(9*k-4)*X2

AL(9*k-7)*X2
AL(9*k-1)*X2

AU(9*k-4)*X2

AU(9*k-7)*X2
AU(9*k-1)*X2

++ 4

++ +

AL(9*k-3)*X3

AL(9*k-6)*X3
AL(9*k )*X3

AU(9*k-3)*X3

AU(9*k-6)*X3
AU(9*k )*X3

13
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HELEEOA—1—FyT

With Reordering (current)

call MPI Isend
call MPI Irecv

do i=1, Ninn
(calculations)
enddo

call MPI Waitall

do i= Ninn+1, Nall
(calculationas)
enddo

Without Reordering

call MPI Isend
call MPI Irecv

do i= 1, Nall

if (INNflag(i).eq.1) then
(calculations)

endif

enddo

call MPI Waitall

do i= 1, Nall
if (INNflag(i).eq.0) then
(calculations)
endif
enddo
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OpenMP: JL—TR5<a—1)25

1Somp parallel do schedule (kind, [chunk])
1$Somp do schedule (kind, [chunk])

#pragma parallel for schedule (kind, [chunk])
#pragma for schedule (kind, [chunk])

kind &t BA
IW—TERILCKRESDF¥Y, F2lE UL—TOREHENRALYRERIZFvo o9 4(4X
static (chunk) Z# T ={ETEIVUINLZLMEGE (X)) TESLEITRCKRESDF Y1208, T
THILETIE, Fro 99 A XL —T REHEFIRAATREGRAL YR TE|>7-fE (schedule
ZHEMET BEstaticDTIAILENZHED),
BALYRTFYo I A X7 DT OVI DI —TRENBEREM, ALYEBERT 5, 4
dynamic |EFa—D—FLMSRDITOAVIERFT D, T IAILTIE, Fyo P4 X=1, Fv>P
Y ARXANINSGTEDEF—/IN—AYRHRKRELY,
RELGF YOI AXIMORIBLT, RAITNSKLTVE, L—TREFMD BT EEE
guided |, chunk /N\SA—42—[F, FRTLIFY IV A XDR/IMEFIETE, T IAILLTIE, Fv
O ARIEN—T REHZFRAATEELGERALYF TR - {ELIFIXRELC,
ST schedule (auto) AfEESINDE, R Da—ILIZET BREFIVNAFT—H1T5,
F—LADRALYEADREDEINYEHTIEIV/(F5—HNHER,
runtime |OMP_SCHEDULE REBEZHEFERALT, 3 2OIIL—T RSP a—/L(static, dynamic,

guided) DLVT NZEIETE,




5 & (ldomura et al. 2014 ]

e dynamic& 1'$omp master~!1$omp end
master ] , YA —XL v FHABREEH

I1Somp parallel private ggeib,j,K,i,X;zxg,X3,WVAL1,WVAL2,WVAL3)
1$omp& private (istart,inum,ii,ierr)

:iésomp master BEKXTRAZI—ZAL Y F (0%F) HA4EY
IC— Send & Recv.

call MPI_WAITALL (2*NEIBPETOT, reql, stal, ierr)
1$omp end master

1C

IC-- Pure Inner Nodes AR D &EIIdynamic, BEMNMERT LEZLIRX2—X Ly F£5

I1Somp do schedule (dynamic,200) F v %4 X=200

dogjs 1, NiInn
enddo
1C

1C-- Boundary Nodes ERADFEFEE2AL Y F (static)

1$omp do _ T4 J)L k&K 1$omp do schedule (static)

do j= Ninn+1, N
g.)
enddo

15omp end parallel

Idomura, Y. et al., Communication-overlap techniques for

improved strong scaling of gyrokinetic Eulerian code beyond 100k

cores on the K-computer, Int. J. HPC Appl. 28, 73-86, 2014

16



CC-Overlapping

ATERER: 1&15:-1'%5#%5] (sec.)

12/—K (Fa&X){#,

FxD | =

Original (sol0) static - 0.311

STE~BEA—/\FvT (solOm) static - 0.313

50 0.309

100 0.300

200 0.297

E-l_%tTJEET_f oy T+ dynamic 300 0.302
R oa—1)27 (sol0m_XXXXX)

500 0.309

750 0.310

1000 0.314

guided 50 0.323
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