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Overview

e The Allen Initiative (Upgrading LHCb by using GPUs)

e Parallelizing more of the code

e AMD GPUS only use HIP

e Trying to increase AMD’s throughput (rate of events per second) to a similar level as

NVIDIA's GPUS



GPUS N

e Kernels = Functions that runs on the GPU
e Threads = Workers allocated to each kernel
[ ]

Block Dimensions = Logical group of threads that share

memory
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Profiling using rocprof

Name

velo_search_by_triplet:ivelo_search_by_triplet(velo_search_by_triplet::Parameters, VeloGeometry const®)
|If_triplet_seeding::If_triplet_seeding(If_triplet_seeding::Parameters, LookingForward::Constants const*)
velo_consolidate_tracks::velo_consolidate_tracks(velo_consolidate_tracks::Parameters)

is_muon::is_muon(is_muon::Parameters, Muon::Constants::FieldOfInterest const*, float const*)
velo_estimate_input_size::ivelo_estimate_input_size(velo_estimate_input_size::Parameters)
|ut_search_windows::ut_search_windows(ut_search_windows::Parameters, UTMagnetTool*, float const*, unsigned int const*, float const*)
velo_calculate_phi_and_sort::velo_calculate_phi_and_sort(velo_calculate_phi_and_sort::Parameters)
muon_populate_hits::muon_populate_hits(muon_populate_hits::Parameters)
muon_add_coords_crossing_maps::muon_add_coords_crossing_maps(muon_add_coords_crossing_maps::Parameters)
velo_masked_clustering::velo_masked_clustering(velo_masked_clustering::Parameters, VeloGeometry const®, unsigned char const*, float const®, float const*)
scifi_raw_bank_decoder_v4::scifi_direct_decoder v4(scifi_raw_bank_decoder_v4::Parameters, char const*)
|If_create_tracks::If_extend_tracks(If_create_tracks::Parameters, LookingForward::Constants const*)

compass_ut::compass_ut(compass_ut::Parameters, UTMagnetTool*, float const*, float const*, unsigned int const*)
If_create_tracks:If_triplet_keep_best(If_create_tracks::Parameters, LookingForward::Constants const*)
pv_beamline_peak::pv_beamline_peak(pv_beamline_peak::Parameters, unsigned int)
If_search_initial_windows::If_search_initial_windows(If_search_initial_windows::Parameters, char const*, LookingForward::Constants const*, float const*)
pv_beamline_multi_fitter::pv_beamline_multi_fitter(pv_beamline_multi_fitter::Parameters, float const*)
pv_beamline_extrapolate::pv_beamline_extrapolate(pv_beamline_extrapolate::Parameters)
scifi_pre_decode_v4::scifi_pre_decode_v4(scifi_pre_decode_v4::Parameters, char const*)
pv_beamline_histo::pv_beamline_histo(pv_beamline_histo::Parameters, float*)
scifi_consolidate_tracks::scifi_consolidate_tracks(scifi_consolidate_tracks::Parameters, LookingForward::Constants const®, float const*)
global_decision::global_decision(global_decision::Parameters)

void ut_pre_decode::ut_pre_decode<3, false>(ut_pre_decode::Parameters, char const*, char const*, unsigned int const*, unsigned int const*, unsigned int const*)
velo_kalman_filter::velo_kalman_filter(velo_kalman_filter::Parameters, float*)
ut_find_permutation::ut_find_permutation(ut_find_permutation::Parameters, unsigned int const*)
two_track_evaluator::two_track_evaluator(two_track_evaluator::Parameters, float const¥, int const®, float const®, int const®, int const®, int const®, int)
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Resource Management (if_create_tracks extend_tracks)
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Muon_add_coords_crossing_maps

for (unsigned i = threadIdx.x;

i < Muon::Constants::n stations * Muon:

i += blockDim.x) {
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1st Possible Optimization Spot

for (unsigned i = threadIdx.x;

i < Muon::Constants::n stations * Muon::Constants::n regions * Muon::Constants::n _quarters;
i += blockDim.x) {

Note: The location of the indices depends on n layouts.
const auto start index = storage station region quarter offsets[2 * i] - event offset;
const auto mid index = storage station region quarter offsets[2 * i + 1] - event offset;
const auto end index = storage station region quarter offsets[2 * i + 2] - event offset;

if (start index != end index) {
const auto tile = Muon::MuonTileID(storage tile id[start index]);
const auto station = tile.station();
const auto region = tile.region();
unsigned number of hits in station = 0;



1st Attempt

__shared__ int sharedArray[Muon::Constants::n_stations * Muon::Constants::n_regions * Muon::Constants::n_quarters];
__shared  uint sharedCounter;

if (threadIdx.x == 0)
{

sharedCounter

0;

__syncthreads();

for (unsigned i = threadIdx.x;
i < Muon::Constants::n_stations * Muon::Constants::n_regions * Muon::Constants::n_quarters;
i += blockDim.x) {

/ Note: The location of the indices depends on n layouts.
const auto start_index = storage station region quarter offsets[2 * i] - event offset;
const auto end index = storage station region_quarter offsets[2 * i + 2] - event offset;

if (start _index != end index)
{
sharedArray[sharedCounter] = 1i;
atomicAdd(&sharedCounter, 1);
}
}

__syncthreads();



2nd Possible Optimization Spot

if (start _index != end index) {
const auto tile = Muon::MuonTileID(storage tile id[start index]);
const auto station = tile.station();
const auto region = tile.region();
unsigned number of hits in station = 0;

const auto x1 = getLayoutX(

parameters.dev _muon raw to hits.get()->muonTables, Muon::MuonTables::stripXTableNumber, station, region);
const auto yl = getlLayoutY(

parameters.dev_muon_raw to hits.get()->muonTables, Muon::MuonTables::stripXTableNumber, station, region);
const auto x2 = getlLayoutX(

parameters.dev_muon_raw to hits.get()->muonTables, Muon::MuonTables::stripYTableNumber, station, region);
const auto y2 = getlLayoutY(

parameters.dev_muon_raw to hits.get()->muonTables, Muon::MuonTables::stripYTableNumber, station, region);



2nd Possible Optimization Spot (cont)

__device  inline unsigned int
getLayoutX(MuonTables* muonTables, size_t tableNumber, unsigned int station, unsigned int region)

{

return static_cast<unsigned int>(muonTables->gridX[tableNumber][station * Constants::n_regions + region]);

}

__device  inline unsigned int
getLayoutY(MuonTables* muonTables, size_t tableNumber, unsigned int station, unsigned int region)

{

return static_cast<unsigned int>(muonTables->gridY[tableNumber][station * Constants::n_regions + region]);

}
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2nd Attempt

// initializing all shared arrays
int stripXTableNumber = Muon::MuonTables::stripXTableNumber;
int stripYTableNumber = Muon::MuonTables::stripYTableNumber;

__shared__ int gridXstripXTable[Muon::Constants::n_stations * Muon::Constants::n_regions];
__shared__ int gridXstripYTable[Muon::Constants::n_stations * Muon::Constants::n_regions];
__shared__ int gridystripXTable[Muon::Constants::n_stations * Muon::Constants::n_regions];
__shared__ int gridystripYTable[Muon::Constants::n_stations * Muon::Constants::n_regions];

for (int i1 = threadIdx.x; i < Muon::Constants::n_stations * Muon::Constants::n_regions; i += blockDim.x) {
gridXstripXTable[1] = parameters.dev_muon_raw_to_hits.get()->muonTables->gridX[stripXTableNumber][i];
__syncthreads();
gridXstripYTable[i] = parameters.dev_muon_raw_to_hits.get()->muonTables->gridX[stripYTableNumber][i];
__syncthreads();
gridystripXTable[1] = parameters.dev_muon_raw_to_hits.get()->muonTables->gridY[stripXTableNumber][i];
__syncthreads();
gridyYstripYTable[1] = parameters.dev_muon_raw_to_hits.get()->muonTables->gridY[stripYTableNumber][i];
__syncthreads();

}
__syncthreads();



2nd attempt (Cont)

const

const
const
const
const

auto value =

unsigned int
unsigned int
unsigned int
unsigned int

station * Muon::Constants::n_regions + region;

x1

yl
x2

y2

gridXstripXTable[value];
gridXstripYTable[value];
gridystripXTable[value];
gridystripYTable[value];
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Recap

e Learned how to profile code
e Understand resource management by changing and testing block dimension sizes
e Made attempts to parallelize and speed up code

e Understand and build off an existing project
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