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Kokkos Programing Model & KokkACC Implementation

Improve programming productivity: cokicos: View <laghletss XCHe. R by ek
Kokkos: :Vi <doublex*> X("X", M N); = i ' . ;
yo auto X - static cast<doubles>(Kokkos: :kokkos malloc<>(N * sizeof(double))): o 05” iew <double (H M )f auto X static_castidnubleﬂ(t{ckkos. :kokkos_malloc<>(SIZE));
. . . . auto ¥ = static_cast<double*>(Kokkos::kokkos_malloc<>(N * sizeof(double))); fokicos:=¥iew =doublers YU, 1, 103 auto ¥ = static castedoubles>(Kokkos: -kokkos malloc=>(5128));
« OpenACC codes are simpler to implement and maintain - - ' | |
o X typEde{: Kokkos: :HDRangeF’Dllcy‘i Kokkos: :Rank<2> >mdrange_pﬂllcy; t}:pedef Kokkos- :Teampﬂlicy{} team_pnlicy;
than Other COdeS, SUCh as CU DA, HIP, OpenCL, etC. Kokkos: :parallel_for( “axpy_init”, N, KOKKOS_LAMBDA ( 1nt n ) typedef Kokkos::TeamPolicy<>::member_type member_type;
{ Kokkos: :parallel_for( "axpy_init", mdrange_policy( {@, @}, {M, N} ), KOKKOS_LAMBDA ( int m, int n )
. . X[n] = Init"falue; { _ Kokkos: :parallel_for( "axpy_init", team_policy( M, Kokkos::AUTO ), KOKKOS_LAMBDA ( const member_type
« Both (Kokkos and OpenACC) aim to be architecture Y[n] = InitValue; X(n, n) = InitValue; -, &teanMember )
B; Y(m, n) = InitValue; (
agnostic, which make both models very similar and | IRk const int i = teamMenber. league_rank();
e . . . Kokkos: :parallel for( "axpy_computation”, N, KOKKOS_LAMBDA ( int n ) ) . _ _ ) Kokkos: :parallel_for( Kokkos::TeamThreadRange( teamMember, N ), [&] ( const int j )
faC|||tate the |mp|ementat|on Ofthe KOkkOS features US|ng { I'Eokkas::par‘allel_f"or( axpy_computation”, mdrange_policy( {@, @}, {M, N} ), KOKKOS_LAMBDA ( int m, int n ) {
double alpha = ALPHA; X[i * N + j] = InitValue;
double alpha = ALPHA; : . .
OpenACC. Y[n] += alpha * X[n]; - Y'E'rlrll E)aj::" zlpha i xi:m . - Y[i * N + j] = InitValue;
bortable back-end. OnenACC model i D L kokkos }); L kokkos )
e Portable back-end. pen Modadel Can target ITTerent ’
arChlteCtureS. template <class TagType> inline void execute_impl() const template <class TagType, int Rank> ilnline t_'-,r_pename std: :enable_if<Rank == 2>::type execute_functor( const Kokkos: :parallel_for( "axpy_computation”, team_policy( M, Kokkos::AUTO ), KOKKOS_LAMBDA ( const
{ =s FunctorType& functor, const Policy& policy ) const s member_type &teamMember )
OpenACCExec: :verify_is_process("Kokkos: :Experimental: : OpenACC parallel_for"); { ¢ FunctorT functor (functor) { const int i = teamMember.league_rank()
. . e " o . . . . const FunctorType a_functor(functor); = . _ :
° Use OpenACC featu res to Complement KOkkOS featu Fes tO OpenACCExec: :verify_initialized("Kokkos: :Experimental: :OpenACC parallel_for"); int beginl = policy.m lower[0]; Kokkos: -parallel for( Kokkos: :TeamThreadRange( teamMember, N ), [&] ( const int j )
I | I I I L . . . int endl = policy.m_upper[@]; {
|mprove performance on EXIStIng app||cat|0ns. const auto begin = m_pnlicy.begln(], int begin2 = policy.m_lower[1]:; double alpha = ALPHA:
‘f?"?t :“t" E“d, ): m;p”h‘:}"e”d()? int end2 = policy.m_upper[1]; Y[i * N + j] += alpha * X[i * N + j1;
° ° ° . ° 1 en == E',E,'lﬂ re LIrI'I,', } }. ”
([ ’
Slmpllfy the portlng Of OpenACC appllcatlons to KOkkOS' const FunctorType a_functor(m_functor); #pragma acc parallel loop gang vector collapse(2) copyin(a_functor) 1); - k O k k oS
for (auto i@ = beginl; i@ < endl; i@++) {
#pragma acc parallel loop gang vector copyin(a_functor) for (auto i1 = begin2; i1 < end2; i1++) {
for (auto i - begin; 1 < end; 1++) a_functor(18, 11); template <class TagType> inline void execute_impl() const {
a_functor(1); OpenAcc } OpenAcc OpenACCExec: :verify_is_process( "Kokkos::Experimental::OpenACC parallel_for");
1 } OpenACCExec: :verify_initialized("Kokkos: :Experimental: :OpenACC parallel_for");
ATOMIC OPERATIONS & MEMORY S e
auto team_size = m_policy.team_size();

auto vector_length = m_policy.impl_vector_length();
const FunctorType a_functor(m_functor);

DESCRIPTIVE (OPENACC) VS PRESCRIPTIVE (CUDA)

inline unsigned int atomic_fetch_add( volatile int league_id = 1i;
-» unsigned int *const dest, const unsigned int OpenACC faSter than CU DA? ty;f)enalile FZ(t)liC))/::member_type team( league_id, league_size, team_size, vector_length );
&val ) { a_functor(team);
: . }
unsigned int retval;
i 1 * = i 1 1 1 . . . . . . o o . ° ° }
L{:n.slie;;; | ptr = const_cast<unsigned int Kokkos atomic operations Next, we highlight why it is possible to provide competitive or even better performance using a high-level and high foragna acc routine worker |
#pragma acc atomic capture { can be implementEd pro rammin productivit descriptive (pra ma_based) model (OpenACC) than usina a low-level prescriptive (device_speciﬁc) KOKKOS_INLINE_FUNCTION void parallel_for( const Impl::TeamThreadRangeBoundariesStruct<iType,
retval = ptrl@]; b - O ACC g g y . g . g <> Impl::OpenACCExecTeamMember>& loop_boundaries, const Lambda& lambda ) {
ptr(o] += val; y using vpen model (CUDA) for C++ Metaprogramming solutions (Kokkos). fpragna acc loop worker
) for (iType j = loop_boundaries.start; j < loop_boundaries.end; j++) {

return retval; t t . . . . . . ambda(j);
} b OpenACC annotations - C++ Metaprogramming solutions, like Kokkos, rely on C++ lambdas. C++ lambdas are defined by application programmers y OpenACC

and can express any operation. !

« Kokkos::malloc (acc_malloc),

- Device-specific solutions like CUDA weren'’t designed to work at lambda level originally. CUDA Kokkos back-end relies on

. Kokkos::free (acc_free) and CUDA developers, who don't know which operations will be computed by GPU kernels, but they must take decisions about

. Kokkos::view are used to represent user data. size of CUDA blocks, memory usage, synchronization, etc. This makes the optimization of these solutions extremely difficult or

- Kokkos::deep_copy (acc_memcpy_[to/from]_device)
is used for memory transfers. : OpenAC(.Z ba.ckend relies on compiler, which can take better decisions depending on the operations defined by C++ lambdas OpenACC vs CUDA:
and application developers.

- Competitive performance for Single Range.
- Better performance for Multi-Dimensional.
- Competitive performance for Hierarchical Parallelism

Pe rfO I'm a n Ce An a |yS i S parallel_for and worse performance for parallel_reduce.

- Competitive (lulesh) and better performance (miniFE) on

PLATFORM MINI-BENCHMARKS ECP MINI-APPS mini-apps.
OpenACC vs OpenMP Target:
ORNL SUMMIT Single Range Multi-Dimensional Hierarchial Parallelism —— + Better performance in most of the cases tested.
— OpenACC [parallel for — OpenACC (parallel for e OpenACC (parallel_for) :8EZEME¥ZI§2E/OpenAcc KOKKACC is aligned with other important efforts:
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