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Introduction e /LMA C

 Finite Difference Method
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How many lines are necessary to its implementation? ! /LMA C

while (erro >= tol) do{

sor method(f, tf);
calc erro(residuo, f, tf);

erro = max reduce(residuo);

itera += 1; do while (erro.gt.tol)

call sor method(f, tf)
call calc erro(f, tf, residuo)

erro = maxval(residuo)
itera = 1tera + 1

end do




Cartesian topology
of processes




How many lines are necessary to its implementation? \ } /LMA C

subroutine mpi initialize

implicit none

include 'mpif.h'

include 'mpi.comm'

include 'par.for'

logical periods(3)

integer dims(3), coords(3), COMM CART, comm old, ierr

call MPI Init(ierr)
dims(1) npx

dims(2) npy

dims(3) npz

periods . false.

comm old = MPI COMM WORLD

call MPI Comm size(MPI COMM WORLD, size, ierr)
if (npx*npy*npz.ne.size) then

write(*,*) "number of process should be", npx*npy*npz

call MPI Finalize(ierr)
stop

end if




How many lines are necessary to its implementation? ! LMA C

call MPI Comm rank(MPI COMM WORLD, my rank, ierr)

call MPI CART CREATE(COMM OLD, 3, dims, periods, 1, COMM CART,ierr)

procx npx - 1

procy npy - 1
procz npz - 1

subroutine mpi initialize call MPI_CART_COORDS(COMM CART,my rank,3,coords,ierr)
implicit none rankx coords (1)
include 'mpif.h' ranky = coords(2)

(
include 'mpi.comm' rankz coords(3)
include 'par.for'
logical periods(3) shiftx

: ; = rankx * tsx -
integer dims(3), coords(3), COMM CART, comm old (p

shifty ranky * (ptsy -

shiftz rankz * (ptsz -

call MPI Init(ierr)

dims (1) npx

dims(2) npy

dims(3) npz

periods = .false. call MPI CART SHIFT(COMM CART, 0, 1, west, east, ierr)
eotlit oLdE=HHPTE CORY WORLD call MPI CART SHIFT(COMM CART, 1, 1, south, north, ierr)
call MPI CART SHIFT(COMM CART, 2, 1, down, up, ierr)

call MPI Comm size(MPI COMM WORLD, size, ierr)
if (npx*npy*npz.ne.size) then return

write(*,*) "number of process should be", npx*npy*npz

call MPI Finalize(ierr)
stop

end if




How many lines are necessary to its implementation? \ i LMA (:

ca11 MPI Comm rank(MPI COMM WORLD my rank, ierr)

call MPI CART CREATE(COMM OLD i dlms perlods, 1. COMM CART, ierr)

procx 'nbx -
procy npy -
procz = npz -

subroutine mpi initialize o S

;mp}igit,nong . coforall (ii,jj,kk)

ilncLuae mpirT. ~ s .

include 'mpi.comn in {2..1imax-1, 2..jmax-1, 2..kmax-1}

include 'par.for'

logical periods(3) by (ptSX, ptsy, ptSZ){

integer dims(3), coords(3),

call MPI Init(ierr)

dims (1) npx

dims(2) npy

dims(3) = npz | Fir - > ranks neidq inc -0ces

periods = .false. call MPI CART SHIFT(COMM CART, 0, 1, west, east, ierr)
Ealtie SR PHE FCUBEHDRLE call MPI CART SHIFT(COMM CART, 1, 1, south, north, ierr)
call MPI CART SHIFT(COMM CART, 2, 1, down, up, ierr)

cali MPIkComm size(MPI COMM WORLD, size, ierr)
if (npx*npy*npz.ne.size) then return

write(*,*) "number of process should be", npx*npy*npz

call MPI Finalize(ierr)
stop

end if




How many lines are necessary to its implementation? ! /LMA C

while (erro >= tol) do{

sor method(f, tf);
calc erro(residuo, f, tf);

erro = max reduce(residuo);

itera += 1;

do while (erro.gt.tol)

call sor method(f, tf, dx2, betal, beta2, beta3, w, wl)

call boundary exchangex(f)
call boundary exchangey(f)
call boundary exchangez(f)
call calc erro(f, tf, dx2, dy2, dz2, erro)

itera = itera + 1

end do



How many lines are necessary to its implementation?

coforall (ii,jj,kk)

in {2..imax-1, 2..jmax-1, 2..kmax-1}
by (ptsx, ptsy, ptsz){

for i in ii..ii + ptsx-1 do{
for j in jj..jj + ptsy-1 do{
for k in kk..kk + ptsz-1 do{

subroutine boundary exchangex(f)
implicit none

include 'mpif.h'

include 'mpi.comm'

include 'par.for'

integer ierr, status(MPI STATUS SIZE), tag, dyz

double precision, dimension(ptsx,ptsy,ptsz)

dyz = ptsy*ptsz
if (rankx.lt.procx) then
tag = 100 + rankx

Lg/MAC

f

call MPI SEND(f(ptsx-1,:,:), dyz, MPI double precision, &
east, tag, MPI COMM WORLD, ierr) =

tag = 200 + rankx

call MPI RECV(f(ptsx,:,:), dyz, MPI double precision, &
east, tag, MPI COMM WORLD, status, ierr)

end if

if (rankx.gt.0) then
tag = 100 + rankx - 1

call MPI RECV(f(1,:,:), dyz, MPI double precision, & =
west, tag, MPI COMM WORLD, status, ierr) S

tag = 200 + rankx - 1

call MPI SEND(f(2,:,:), dyz, MPI double precision, & ZEE

west, tag, MPI COMM WORLD, ierr)
endif
return

end

subroutine boundary exchangey (f)

implicit none

include 'mpif.h'

include 'mpi.comm’

include ‘'par.for

integer ierr, status(MPI_STATUS SIZE), tag, dxz
double precision, dimension(ptsx,ptsy,ptsz) :: f

wxz = ptsx*ptsz
if §anky.lt.procy) then
ag = 301 + ranky
call MPI_SEND(f(:,ptsy-1,:), dxz, MPI_double precision, &
north, tag, MPI COMM WORLD, ierr)
tag = 401 + ranky
call MPI_RECV(f(:,ptsy,:), dxz, MPI_double precision, &
north, tag, MPI _COMM WORLD, status, ierr)
end if

if (ranky.gt.0) then
tag = 301 + ranky - 1
call MPI RECV(f(:,1,:), dxz, MPI_double precision, &
south, tag, MPI_COMM WORLD, status, ierr)
tag = 401 + ranky - 1
call MPI SEND(f(:,2,:), dxz, MPI double precision, &
south, tag, MPI_COMM WORLD, ierr)
endif

subroutine boundary exchangez(f)

implicit none

include 'mpif.h'

include 'mpi.comm’

include 'par.for

integer ierr, status(MPI_STATUS SIZE), tag, dxy
double precision, dimension(ptsx,ptsy,ptsz) :: f

dxy = ptsx*ptsy
if (rankz.lt.procz) then
tag = 501 + rankz
call MPI_SEND(f(:,:,ptsz-1), dxy, MPI_double precision, &
up, tag, MPI_COMM WORLD, ierr)
tag = 601 + rankz
call MPI RECV(f(:,:,ptsz), dxy, MPI double precision, &
up, tag, MPI_COMM WORLD, status, ierr
end if

if (rankz.gt.0) then
tag = 501 + rankz - 1
call MPI_RECV(f(:,:,1), dxy, MPI double precision, &
down, tag, MPI_COMM WORLD, status, ierr
tag = 601 + rankz - 1
call MPI_SEND(f(:,:,2), dxy, MPI_double precision, &
down, tag, MPI_COMM WORLD, ierr)
endif
return
end
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Chapel row-majo
px=1 npy=4 npz

n

Fortran + MPl column-major
npx=1 npy=1 npz=4

Fortran+MPI

Chapel
npX NPy npz|npx npy npz

Threads
2
4
8
16
32




Tools/libraries ud /LMA C

Variable Value
CHPL_TASKS gthreads
C compiler gec 12.2.0 CHPL _TARGET CPU native

Chapel 1.30.0 latest version
Chapel optimization flag --fast  cHpL_HOST_PLATFORM | linux64

CHPL_LLVM none

CHPL_COMM none

C compiler gcc 4.9.2
mpich 3.1.4
Fortran optimization flag -O3
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Machine and Operating System ud /LMA C

Machine
Cluster Euler
Memory
128 GB DDR3 1866MHz
Processor Intel Xeon E5-2680v4 de 2.4 GHz
1 locale - 28 cores, 56 parallel processes available.
Operating System
CentOS Linux release 7.2.1511

anil€uler

Cluster Euler
%C@MEA' ‘JI!MPESP https://euler.cemeai.icmc.usp.br/

Matematicas Aplic Industr DO ESTADO DE SAO PAULO 12



https://euler.cemeai.icmc.usp.br/

Results
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Results \;/LMA C

const Inner = {2..1imax-1, 2..jmax-1, 2..kmax-1};

forall (1,j,k) in Inner do{

700 T T T
I Chapel coforall flag - - fast
600 L B Fortran+MPI flag -O3 I
[ ] Chapel forall flag - - fast
500 —
Z 400 t !
Q
< 300} N -
200 t :
100 + .
0 “H B0 mmm
2 4 8 16 32

Threads 15



Conclusions W/ MAC

Chapel provides...

* an easy language for writing algorithms
* significantly reduces the number of lines implemented
* as fast as Fortran+MPI

and next stages...

* Work with Distributions: BlockDist, CyclicDist, BlockCycDist;
* Building Multilocale Chapel
 Compare with the latest version of Fortran+MP|
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