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Aspect-oriented programming based
DSL constructing platform for HPC

OSAMU ISHIMURA'®  YOSHIHIDE YOSHIMOTO:P)

Abstract: Domain Specific Language is a promising approach to achieve programmability and portability
of scientific program codes and obtain reasonable performance without pain. However, DLS platforms them-
selves often lacks in portability. To solve this issue, we developed a platform to construct DSLs that optimize
and adapt the scientific computation kernel codes recursively concerning the hierarchal structure of HPC sys-
tems. On our platform, the optimization and adaptation system is modularized as aspects, which is a type
of object in Aspect-oriented Programming, corresponding to each layer of the HPC system (like node-level
parallelism by MPI, thread-level parallelism by OpenMP, accelerator-level parallelism by OpenACC, and so
on). Therefore, system designers can easily construct the DSL platforms for their HPC system by combining
the modules provided by DSL developers using our platform. In this paper, we demonstrate and evaluate
our platform by constructing a simple DSL for stencil computation.
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Fig. 3 Aspect weaving process
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pointcut sugoi_main(int argc, char **argv) = ...
- //U
pointcut sugoi_env_inode_refresh() = ... //L
pointcut sugoi_SUGOI_Grid_2D_createLeaf( /*[l*/ )
- = ... //0
};
aspect SUGOI_Aspect_MPI : public SUGOI_Aspect {
//000000000000T
advice sugoi_main(argc, argv) : around(int argc,
— char **argv){
layer_level = Aspect::current_layer_num;
Aspect::current_layer_num++;
int mpi_mode;
MPI_Init_thread(&argc, &argv,
< MPI_THREAD_FUNNELED, &mpi_mode);
MPI_Comm_size(MPI_COMM_WORLD, &numprocs);
MPI_Comm_rank(MPI_COMM_WORLD, &mypid) ;
tjp->proceed();
MPI_Finalize();
}
//000
advice sugoi_env_inode_refresh() : around() {
if (!flag_dryrun) tjp->proceed();
else dryrun();
MPI_Barrier (MPI_COMM_WORLD) ;
data_transfer();
MPI_Waitall(req_send_count, req_send,
< stat_send);
MPI_Waitall(req_recv_count, req_recv,
< stat_recv);
MPI_Barrier (MPI_COMM_WORLD) ;
}
advice sugoi_SUGOI_Grid_2D_createLeaf( uuid, i,
< i_max, j, j_max ) : around(/*[]*/) {
auto ni = balancing(uuid, i, i_max, j, j_max);
tjp->proceed() ;
if (ni != mypid) *(tjp—>result()) = false;
}
};
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class My_Target
{

: SUGOI_Target

using ENVT = SUGOI_Env_inode_Grid<double,

— std::tuple<int64_t, int64_t>>;

using BLKT = SUGOI_Env_leaf_Grid<double,

— std::tuple<int64_t, int64_t>>;

/000000000000
public:

void Initialize(int argc, char **argv) override {
init_envs();

envs->generate (2048, 2048);

envs =
env =

}

void Main() override {
for (int ¢ = 0; ¢ < 10000; c++) {

for (auto el : *env->get_blocks()) {

auto p = static_cast<BLKT *>(el);
Kernel (*p);

}

env->refresh();

}
void Finalize() override { }
void Kernel(BLKT &blok) {
//0000I ool
for (uint64_t j = 1; j < BLKT::SIZE_Y - 1;
- j++) {
blok[j]1[0] = (blok[j]l[0] + blok[j - 1][0]
— + blok.getL(-1, j) + blok[j + 1][0] +
— blok([jl1[11) / 5; //L LI
for (uint64_t i = 1; i < BLKT::SIZE_X - 1;
o i) {
blok[j]l[i] = (blok[jl[i] + blok[j -
— 11[i] + blok[jl[i - 1] + blok[j +
— 1J[i] + blok([jl[i + 11) / 5; //L
— OOoOooooo
}
blok[j] [BLKT::SIZE_X - 1] =
< (blok[j][BLKT::SIZE_X - 1] + blok[j -
1] [BLKT: :SIZE_X - 1] +
blok[j] [BLKT::SIZE_X - 2] + blok[j +
1] [BLKT::SIZE_X - 1] +
— blok.getL(BLKT::SIZE_X, j)) / 5; //
— Q0oooo

i
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