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Communication-Computation Overlapping

hEHE
RRAPEREBE 5




Uniform Distributed Force in

z-direction @ z=Z,,,
Uy=0 @ y=Ymin

RREMH

A LJx=0 @ X=>(min
— PR

(N,-1) elements o szo@ X=0

N, nodes (N,-1) elements . _ _
yNynodes - U,=0@Y=0
< > y ° U —O@Z—O

Y \ _

U0 @ z=Z, /(Nx-l) elements % *ﬁ'f_f 8B

N, nodes o Fz—l @ 7= Zmax

o GETELR

— Y% E(=1.00), R7Y > v (=0.30)
« EAAR

- —ARI1DIAK RER) EXR

— ZAMIZNX = NY - NZE D& =

ﬁ%tﬁ_éﬁ:ﬁ%ﬁ



JA9 S LDOEE

=RTEEREE
—3x37AawyynE
AILIESE L CGIE
Hybrid

L

B NEA Y 2F 7095 LNTEHENSER

- FHA Y1 ER, EEIEFONES D
CGEDITHINY FILEERIZ BT R EBIEDA —
N—ZwT] ZEA

— SEND_RECV : BEEE/4 L, EEMICZIEFEVHL ~IL
L5ENY DA —/N\—~v k (latency) DNIFEAE




J7A4I)LbaE— +a> /1)L

Fortran@ &

cd ~/pFEM

cp /home/ss/aics60/2014Summer/cc_overlap.tar .

tar xvf cc_overlap.tar

cd cc_overlap
cd srcO
make

cd ../srcOm

make
cd ../run
Is —1 sol*

sol0 HE-BEA—/N\—ZyvTEL
solom HE-@EA—1N—ZvTHY
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mesh.inp [l RE 5% 7€
go00.sh solOETHERXY ) T+
goOm.sh solOmEITHR Y ) T k



“‘mesh.inp”M A 5 :Hybrid 16 X 1

(&) (&%) (ZEHARE)
200 200 300 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)
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g000.shdD 15|

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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— hv i | AR O
qQ=ApD =53 :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=ApD &R 4 : srcOmM (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
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q=ApD &R 4 : 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=Ap®DER 53 : 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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STREBEDTF—/N\—5VYT

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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FTEGR 17HXRIRILEE (g=Ap)
—IEIW—UCD“Jr:éZH#FaEI(sec )

12/—K(FatR)EFE
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_ (npx,npy,npz) (ndx,ndy,ndz)

(256,256 ,384) (200,200, 300)
(2,2,3) (2,2,3)

solO 1.06 x 101 3.75 %102

solOm 7.92 %X 1072 3.76 X 102
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