COMPILER PASSES FOR AUTOMATIC TASK DISTRIBUTION
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Initial Code

int main(int argc, char x**xargv) {
/* problem size. x*/
int ni = 1000, nj = 1100, nk
/* Variable declaration x*/
double alpha, beta;
double C[1000][1100], A[1000][1200], B[1200][1100];
int i, j, k;

1200;

/**x%% Initialization ***x*x*/
#pragma distributed on_cluster=0

{
init(ni, nj, nk, &alpha, &beta, C, A, B);
}

/***x%% Job to distribute *x*¥*xx/
#pragma distributed for

{
for(i = 0; i <= ni-1; i += 1)
for(j = 0; j <= nj-1; j += 1)
CLi]l[j] *= beta;
}
#pragma distributed for
{
for(i = 0; 1 <= ni-1; i += 1)
for(j = 0; j <= nj-1; j += 1)
for(k = 0; k <= nk-1; k += 1)
C[il[j]l += alphaxA[i]l[k]=*B[k][j];
}

/**x*x*x*x Print result **x*xx*xx/
#pragma distributed on_cluster=0
print_array(ni, nj, c);

return O;

by

Final MPI Code Generated

int main(int argc, char x**xargv) {
// Generated by Pass MPI_CONVERSION
MPI_Status statusO; MPI_Request requestO;
MPI Init(&argc, &argv);
// Generated by Pass VARIABLE REPLICATION
double _alpha O, _alpha_1, _alpha_2, _alpha_3, _beta_ 0, ...;
double _C_0[1000][1100], _C_1[1000][1100], ...;
int 1, j, k;
/***x* Initialization **x*xx/
if (rank0==0) {

init (1000, 1100, 1200, &_alpha O, & _beta_ 0, _C O, _A 0, B 0);
// Generated by Pass COPY_VARIABLE with OUT-REGION
MPI Send (& _alpha O, 1, MPI _DOUBLE, 1, 0, ...);
MPI Send (& _alpha O, 1, MPI_DOUBLE, 2, 0, ...);
MPI_Send (& alpha 0, 1, MPI DOUBLE, 3, 0, ...);
//similar for _beta 0O, _beta_ 1, _beta 2, _beta_3
int _phil_;
for(_phil_ = 250; _phil_ <= 499; _phil += 1)
MPI Send (& C_O[_phil 1[0], 1100, MPI DOUBLE, 1, 2, ...);
for (_phil_ = 500; _phil_ <= 749; _phil_ += 1)
MPI Send (& C_O[_phil 1[0], 1100, MPI DOUBLE, 2, 2, ...);
for(_phil_ = 750; _phil_ <= 999; _phil_ += 1)
MPI Send (& C_O[_phil 1[0], 1100, MPI DOUBLE, 3, 2, ...);
//similar for A O, A1, A2, A3, BO, B1, B2, B3
}
if (rank0O==1) {
// Generated by Pass MPI_CONVERSION
MPI Recv(& alpha 1, 1, MPI DOUBLE, 0, 0, ...);
MPI Recv (& beta 1, 1, MPI DOUBLE, 0, 1, ...);
int _phil_;
for(_phil_ = 250; _phil_ <= 499; _phil_ += 1)
MPI Recv(& C_1[_phil 1[0], 1100, MPI DOUBLE, 0, 2, ...);
//similar for A 1, B 1
}
/**%*x% Job to distribute *xxx*xx*/
if (rank0==0)
for(i = 0; i <= 249; i += 1)
for(j = 0; j <= 1099; j += 1)
_C_0[i]l[j] *= _beta_0;
if (rank0==0)
for(i = 0; i <= 249; i += 1)
for(j = 0; j <= 1099; j += 1)
for(k = 0; k <= 1199; k += 1)
_C_0[il[j] += _alpha Ox A O[il[k]l*_B 0[k1C[j];
if (rankO==1) A
for(i = 250; i <= 499; i += 1)
for(j = 0; j <= 1099; j += 1)
for(k = 0; k <= 1199; k += 1)
_C_1[i1[j] += _alpha_ 1% A 1[il[k]l*_B_1[k1[j];
// Generated by Pass COPY_VARIABLE with OUT-REGION
int _phil_;
for(_phil_ = 250; _phil <= 499; _phil_ += 1)
MPI Send(& C_1[ phi1 ][0], 1100, MPI DOUBLE, 0, O, ...);
}
if (rank0==0) {
// Generated by Pass MPI_CONVERSION
int _phil_;
for(_phil_ = 250; _phil_ <= 499; _phil_ += 1)
MPI Recv(& C_O[_phil 1[0], 1100, MPI DOUBLE, 1, 0, ...);

by

/**x*x*xx Print result **x*xx*xx/
if (rank0==0)
print_array (1000, 1100, _C_0);
MPI Finalize ();
return O;
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Compiler //
o Fortran code o Static analyses o Fortran code
o C code o Instrumentation/ o C code
int main() { Dynamic analyses
int i=10, j=1; / /PRECONDITIONS
int k = 2x%(2%i+j); o Transformations int main() {
/PO {3

int i = 10, j = 1;

/) P(iL)) {i==10, j==1}
int k = 2%x(2xi+j );

return k; o Source code generation

}
o Code modelling

o Prettyprint /] P(i,j, k) {i==10, j==1,

k==42}
return k;
}
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Communications as Copies

int main(int argc, char x**xargv) {
// Generated by Pass VARIABLE REPLICATION
double _alpha 0, _alpha_ 1, _alpha_ 2, _alpha_ 3, _beta O, ...;
double _C_0[1000][1100], _C_1[1000][1100], ...;
int i, j, k;
/***x%% Initialization ****x*/
#pragma distributed on_cluster=0

Mapping
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{
init (1000, 1100, 1200, & alpha 0, & beta 0, C 0, A O, B 0);
// Generated by Pass COPY_VARIABLE with OUT-REGION
_alpha_ 1 = _alpha_O;
_alpha 2 = _alpha_O;
_alpha_3 = _alpha_O;
//similar for _beta O, _beta 1, _beta 2, _beta 3
int _phil_, _phi2_;
for(_phil_ = 0; _phil_ <= 999; phil_ += 1)
for(_phi2 = 0; _phi2_ <= 1099; _phi2 += 1) {
_C_1[_phi1_1[_phi2_] = _C_O[_phil_J[_phi2_1;
_C_2[_phi1_1[_phi2_] = _C_O[_phil_J[_phi2_1;
_C_3[_phi1_1[_phi2_] = _C_O[_phil_J[_phi2_1;
}
//similar for A O, A1, A2, A3, BO, B1, B2, B.3
}

/*xx*xx*x Job to distribute **xx*xx*xx/

Dead Iterations
Elimination

Group Copies

IIlltl&hZ&thﬂS #pzagma distributed on_cluster=0
Variables Replication for(i = 0; i <= 249; i += 1)
for(j = 0; j <= 1099; j += 1)
_C_O0[i]l[j] *= _beta 0;
// Generated by Pass COPY_VARIABLE with OUT-REGION
int _phil_, _phi2_;
for (_phil_ = 0; _phil_ <= 249; _phil_ += 1)
for(_phi2_ = 0; _phi2_ <= 1099; _phi2 += 1) {
_C_1[_phil_1[_phi2_] = _C_O[_phil_Jl[_phi2_1];
Values (jCHQ}@ Values (jCﬂQ)G _C_2[_phi1_1[_phi2_ ] = _C_0O[_phit_][_phi2_1;
Write Effects Out Regions _C_3[_phil_1[_phi2_] = _C_O[_phil_Jl[_phi2_1;
}
}
);;*** Print result ***x*xx/
#pragma distributed on_cluster=0
print_array (1000, 1100, _C_0);
return O;
Initial Variable Elimination ’
Removing Useless Copies-Communications
int main(int argc, char **xargv) {
// Generated by Pass VARIABLE REPLICATION
IJ()C%%I double _alpha_ O, _alpha_1, _alpha_2, _alpha_3, _beta_ 0, ...;
() t' . t' double _C_0[1000][1100], _C_1[1000][1100]1, ...;
imisations int 1, j, k;
I) [)€iuj (jcxie /***xx*x Initialization **xx*x*xx/
[ElhjlhjaﬁiCH] #pragma distributed on_cluster=0
{

init (1000, 1100, 1200, & alpha 0, & beta O, C O, A O, B 0);
// Generated by Pass COPY_VARIABLE with OUT-REGION

_alpha_1 = _alpha_O;
_alpha_2 = _alpha_O;
_alpha_3 = _alpha_O;

//similar for _beta 0, _beta_1, _beta 2, _beta_3
int _phil_, _phi2_;

Global

Optimisations

Useless Communications
Elimination

for(_phil_ = 250; _phil_ <= 499; _phil_+= 1)
for(_phi2_ = 0; _phi2_ <= 1099; _phi2_ += 1)
_C_1[_phil_1[_phi2_]1 = _C_O[_phil_1[_phi2_1];
for(_phil_ = 500; _phil_ <= 749; _phil_ += 1)
for(_phi2_ = 0; _phi2_ <= 1099; _phi2_ += 1)
_C_2[_phi1l_1[_phi2_]1 = _C_O[_phil_1[_phi2_1];
for(_phil_ = 750; _phil_ <= 999; _phil_+= 1)
for(_phi2 = 0; _phi2 <= 1099; _phi2 += 1)

_C_3[_phi1_1[_phi2 ] _C O[_phi1_1[_phi2_ ];
//similar for A O, A1, A2, A3, BO, B1, B2, B3
+
/**x%x*x* Job to distribute ***xx*xx*x/
#pragma distributed on_cluster=0
{
for(i = 0; i <= 249; i += 1)
for(j = 0; j <= 1099; j += 1)
_C_0[i]l[j] *= _beta_O;

}

#pragma distributed on_cluster=0

{
for(i = 0; i <= 249; i += 1)
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for (j 0; j <= 1099; j += 1)
for(k = 0; k <= 1199; k += 1)
_C_0[il[j] += _alpha 0% A O[i][kl*_B 0[k]1[jI1;
+
#pragma distributed on_cluster=1
{

for(i = 250; i <= 499; i += 1)
for(j = 0; j <= 1099; j += 1)
for(k = 0; k <= 1199; k += 1)
_C_1[il[j] += _alpha_ 1% A 1[i]J[k]I* B 1[k][j1;
// Generated by Pass COPY_VARIABLE with OUT-REGION
int _phil_, _phi2_;
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Contributions

o Generation of Distributed Code
from Sequential Code.

o Simple Step by Step Transformations.

o Elimination of Useless Communications.
o Optimisation of Communications.

o Optimisation of Local Memory.

o Semantically Equivalent Program.

for(_phil_ = 250; _phil <= 499; _phil_ += 1)
for (_phi2_ = 0; _phi2_ <= 1099; _phi2_ += 1)
_C O0[_phi1_J[_phi2 1 = C_1[_phi1l ][ _phi2 1;

by

/***x*x*x Print result **xxxx/
#pragma distributed on_cluster=0
print_array (1000, 1100, _C_0);
return O;
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