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for (i=0; i<N; i++) {

SIMD Mode Scalar Mode clil=a[i]+b[i];
}

for (i=0; i<N; i+=4) {
c[i+0]=a[i+0]+b[i+0];
cl[i+l]l=a[i+1l]+b[i+1l];
c[i+2]=a[i+2]+b[i+2];
cl[i+3]=a[i+3]+b[i+3];
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_ PARALLEL + SIMD [S THE PATH FORWARD |

INTEL" XEON" AND INTEL" XEON PHI™ PRODUCT FAMILIES ARE BOTH GOING PARALLEL

Intel” Xeon® Intel” Xeon® Intel” Xeon" Intel’ Xeon® Intel” Xeon® Intel” Xeon® Intel” Xeon® Intel* Xeon®

processor processor processor processor processor pl“ﬂw Processor PrOCessor
64-bit ot named robe samet cote rames oos names sde names code ramed sl tansd
Woodcrest Nehalem  Westmere Sandy Bridge Ivy Bridge Haswell Skylake!
EP EP EP EP EP EP P
Core(s) 1 2 4 6 8 12 18 28
Threads 2 2 8 12 16 24 36 56 244 288
SIMD Width 128 128 128 128 256 256 256 512 512 512
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OpenMP* is one of most important vehicles for the parallel + SIMD path forward
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tmp_@));
params = _mm512_loadu rr[i]);

) 2 = _mm512 mul_ps(vec_tmp 1, params);

16 cmp_result = vec_tmp_2, _mm512_setl ps(

vec_tmp _mm512_mask_blend_ps(cmp_result, _mm512_setl_ps(

ec_tmp_4 = _mm512_cv 132 _epil6(_mm51: pi32(vec_tmp_3));
._storeu epil6(&raw mat[i],@xFFFF,vec_tmp_4

= pixel_count - pixel count % 16; i < pixel count; ++i

. mat_tmp = raw_mat[i] * params_arr[i];

raw_mat[i] = uintl6 t(correction_raw_mat_tmp);
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VFilter = _mmS12_loadu_si512( 12i*)&filter[i]);

iggeerCount, mask, vIrig t, _mm512_set1 epi64(1))

k8 maskl = _mmS12_cmpeq_epi64_mask(vFilter, mmS12_setl epi64(Filter_In_Start));

(mask1!= @)

= Hits[i + j].back().time;
Hits[i + §].pop_back();

Hits = _mmS12
2_mask_blend_ej

VRank2 = _mm512_max_epi64(vRank2, vFilter);
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Algorithm.cxx

GPU() void FitTrack(int I

libFit

void FiTacks{nt ) ([Uses fters{0) o ftles(f - 1) o ft tracks ..

Fitterinterface.cxx
//Every fitter processes a sub-range n of N thal is proportional (o its speed ...

FitterBase.cxx Device Interface:
} Obtains GPU instances of Fitter class, does multi-device
e management and scheduling. Can request particular or
iyl multiple devices or fall back to CPU automatically.

dass FitterBase
virtual void FitTracks(int n) {
#pragma omp parallel for

3 for (int = 0;i < nii++) FitTrack(i)

WFitCu = diopen(...
(8]

FitterBase" fitters; int nf = 0;
fiinf++] = new FitterBase;

if (IFiCu) for (i = o|<mum-mmnuw)
fittersnf++] = cudalnterface->GetFitter(
7 if (FHCY) for (i -o-<ummmuuu)
: fitters{nf++] = clinterface->GetFitter(
included _ =
three times e dlopen .
-
. . Device Interface: g . Device |
libFitCUDA etum new FitierCUD) ||bF|t0penCL rotum new FitierOpenCL;
FitterCUDA.cu FitterOpenCL.cl FitterOpenCL.cxx
#define GPU() __¢ #define GPU() #define GPU()
#include #include “Algorithm. class FitterOpenCL : public FitterBase {
cass FitterCUDA : punuc FitterBase { virtual void FitTracks(int n) {
__global F(Iled:sGPu(lm i)(FKde\(l)) __kemel void (int i) {
Virtual void FiTracks(int FitTrack(i); )
FVITr-d:sGPtK«n»»() ) ’ static MuliGPUManagerCL man;
)nnc MultiGPUManagerCUDA man;
} Manage / synchronize multiple GPUs

[ linked to GPU shared object file I

libCUDA

libOpenCL

CUDA

Code compare OpenCL
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ACL kernel for adding two input vectors
—~

atpuct _ atcribute_ ((packed)) __ attribute_ ((aligned(8))) data_in ‘ |-

4 .‘

float a; [ ‘
float b; =

}:
Latruct __attribute_ ((packed)) __attribute__((aligned(4))) data_out

{ OpenCL
float c;

}:

_attribute_ ((num_simd work_items(1l)))

__attribute__ ((num_compute_units(l)))

__kernel void rich(__global gonst struct data_in* restrict dataln,
__global strucr data_out* restrict datalut)

// get index of the work item
private ipt index = get global id(0):

datalut[index].c = dataln[index].a + dataln[index].b;

OpenCL

10
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THANK YOU !




