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 Need to communicate data between processors
e distributed memory or shared memory ?



acceptable






arr < tol break:end:




N every row

/Ak,J)*u());end;
= s + myA(k,j)*u(j);end,;
new guess in row k

v (k,1) = (myb(Kk) - s)/myA(k,k);




pe adigm:
— same as block Jacobi, using Jacobi on individual processors
(additive Schwartz, overlapping DD)

— equivalently: perform iteration as if everything was done on “one
processor”

must be able to exchange data between processors




oc-1)+1..myn*nproc=n

/hat Iis happening to data between two processors

) proc 1 local to proc 2 local to proc nproc
—_————

portant to proc 1 important to proc 2 Important to proc nproc

___T\;._._.?_ .............. @

uleft uright



ual
rations acceptable

st know
J
er of processors nproc
Jrocessor must be able to access
ocal data
— all data important to her

Processors must be able to communicate
— with immediate neighbors
— with everybody




myA(| I+1)=-1;end,;
h * ones(myn,1);

%% % off-diagnal blocks represented
Aright = -1;
Aleft = -1;

%%% initial guess: could be given externally




has current data in uleft, uright

Ise important data on the left and right

0 > 1 myr(1) = myr(1) - Aleft*uleft(p);end;
- If p < nproc myr(myn) = myr(myn) - Aright*uright(p);end,




N all Processors .. execute

6%% is it time to stop ?
If glob_err < tol break;end;




in every row

nyA(k,))*u());end;
s = s + myA(k,j))*u());end;

corporate values from left and right

==1ifp>1 s = s + Aleft*uleft(p);end;end;
If K==myn if p < nproc s =s + Aright*uright(p); end; end;

%% compute new guess in row k
unew (k,1) = (myb(k) - s)/myA(k,Kk);
end;




ace) developed/

gov/mpi/

elementary operations as subroutine
ortran
ization/introduction/finalize operation

call MPI INIT (ierr)

e call MPI COMM RANK (MPI COMM WORLD, rank, ierr)

e call MPI COMM SIZE(MPI COMM WORLD, nproc, ierr)

e call MPI FINALIZE (ierr)




ob_err,1,MPI DOUBLE PRECISION,
_COMM WORLD, ierr)

( what, count, MPI DOUBLE PRECISION,

_COMM WORLD, ierr )

RALLEL recelve operation

e call MPI_RECV (what, howmuch, MPI_DOUBLE_PRECISION,
wherefrom,

tag,
MPI COMM WORLD, status,ierr )




 nobody ever gets to eat (DEADLOCK, LIVELOCK)




value of b belongs to proc 1

MPI_DOUBLE_PRECISION, 1,0,
us, ierr )

( a, 1, MPI DOUBLE PRECISION,1,0,

, MPI RECV (a, 1, MPI DOUBLE PRECISION, 1,0,
'MPI COMM WORLD, status,ierr )

call MPI_Send ( b, 1, MPI_DOUBLE_PRECISION,1,0,
MPI_COMM_WORLD,ierr )
endif

e thisis aclassical DEADLOCK




value of b belongs to proc 1

1 MPI Send ( b, 1, MPI DOUBLE PRECISION,O0,O,
MPI COMM WORLD, ierr )

call MPI RECV (a, 1, MPI DOUBLE PRECISION, 0,0,
MPI COMM WORLD, status,ierr )

endif

« thisis aclassical DEADLOCK




%% %% %% % %% %% %%
NIT (ierr)
err .ne. MPI SUCCESS) then

print *, 'Error starting MPI program. Terminating.'
call MPI ABORT (MPI COMM WORLD, rc, ierr)

end if

c%%%% what is my number (rank+l) and total number of processors
call MPI COMM RANK (MPI COMM WORLD, rank, ierr)
call MPI COMM SIZE(MPI COMM WORLD, nproc, ierr)

= rank + 1
if (rank.eqg.0) then
write(6,*) 'Number of processors=',nproc




1D0 / (1DO0+x*x)

PARALLEL: must add all values
call MPI_ALLREDUCE (s,glob pi,1l,MPI DOUBLE PRECISION,MPI SUM,
$ MPI COMM WORLD, ierr)
c %%% finished
if (rank.eqg.0) then

write(6,*) 'Finished with ',n,' subitervals. Result=',glob pi
write(6,*) 'Error ',abs( glob pi-atan(1.0)*4D0 )




ords its number in vector u

6,*) 'Proc ',p,' data before
left, (u(i) ,i=1,myn) ,uright

%6%%%%%%%%%%%% %%%%%%% example of exchange data




u(myn), 1, MP
OMM WORLD, ierr );

1), 1, MPI DOUE
ORLD, ierr );

enal

write(6,*) 'Proc ',p,




from file only
output can go to screen, will be saved in job log file

ait for job to finish
— (Qstat the queue

PLEASE

— wait until LAB 7 before using the cluster
— do not submit multiple jobs before first one is done
— ask for help when needed




problems
inear solvers and sophisticated preconditioners

d Amdahl’s law: T(N,p) >= T(N,1)/p

aled speedup (especially for out-of-core problems)
— change N when p changes
« parallel implementations of solvers typically have worse
properties than serial (single-processor) implementations

— G-S inherently serial
— multigrid has issues




