Co3saHue peanbHbIX NPOrpaMm AN BUAEOKAPT



KswwrpoBaHue aaep

[eHepauusa Koja

MHOFOMeprIe MaCCUBbI N COJIBEPDI

Hecko/1bKO BrAeoKapT
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Co3gaHve nporpamMmbl U3 6UHAPHWKOB

std::string src = ...;

try {
// mbITaeMca WCNONb30BaTb CKOMMUINPOBAHHbIE paHee 6GUHAPHUKM
std::vector<const unsigned char> binaries = read_binaries(src);
clCreateProgramwWithBinary(..., binaries.data(), ...);

} catch (...) {
// nbiTaeMcsi CKOMNUAMPOBAaTb B6UHAPHUKM U3 MCXOAHOTO Koaa
clCreateProgramwithSource(..., src.data(), ...);
clGetProgramInfo(..., CL_PROGRAM_BINARIES, ...);
// coxpaHsem 6UHApHUKM
write binaries(src, binaries);
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Co3gaHve bMHapPHUKOB

std::string parti;

partl += platform.getInfo<CL_PLATFORM_NAME>();

partl += platform.getInfo<CL_PLATFORM_VENDOR>();

partl += platform.getInfo<CL_PLATFORM_VERSION>();

partl += device.getInfo<CL_DEVICE_NAME>();

partl += device.getInfo<CL_DEVICE_VENDOR>();

partl += device.getInfo<CL_DEVICE_VERSION>();

std::string part2;

part2 += src; // 6e3 yueTa include

part2 += flags;

std::hash<std::string> hash;

auto number = hash(partl + part2);

std::stringstream filename;

filename << std::setfill('0') << std::setw(2*sizeof(number))
<< std::hex << number;
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[eHepauua Koga

BapuaHThbI:
> licnonb3oBaHve onumin npenpoueccopa -D.
> Co3zaHuve NnporpamMMbl No LLAGA0oHY.

» Co3gaHvie 61bnMoTeKkn Ana paboTbl C MHOFOMEPHbLIMY MaccBamu A1t OpenCL.
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Onuuun npenpoLeccopa

const char» flags = "-DREAL=float -DREAL_FLOAT";
cl::Program prog(...);
prog.build(devices, flags);

types.h (kog OpenCL):
#if defined(REAL_DOUBLE)

#pragma OPENCL EXTENSION cl_khr_fp64 : enable
ttendif

#tidefine DO_CONCAT(x,y) xit#y
#tdefine CONCAT(X,y) VTB_DO_CONCAT2(X, y)

typedef REAL T;

typedef CONCAT(REAL,2) vec2; // float2 wnu double2
typedef CONCAT(REAL,3) vec3;

typedef CONCAT(REAL,4) vech;

typedef CONCAT(REAL,16) vecil6;
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Onuuun npenpoueccopa (2)

#tinclude "types.h"

T interpolate_3d(
global const T* func,
vec3 X,
const int3 size,
const vec3 lbound,
const vec3 ubound

)RR R
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[eHepaumda No WabsoHy

std::stringstream out;

if (Nprev > 1) {

out <<
<<
<<
} else {
out <<
<<
<<

angf = (float) (("
(z*numWorkItemsPerXForm) << " + ii) >>"
(logNPrev) << ");\n";

" angf = (float) ("
(z*numWorkItemsPerXForm)
"o+ 1i);\n";

> /106011 CKansipHbIA apryMeHT MOXHO NpeBpaTuTb B KOHCTaHTy OpenCL.

> Yewm 60/bLLE KOHCTAHT, TeM 60/bLLe 6UHapHbLIX GaliioB B K3LLe.

Mpumep: Ans ABYXMEPHOro 6bICTPOro npeobpasosaHusd ®ypee ot 2 0 1024 Hy>XHO
100 pa3nnuHbIX aaep.
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MHoromepHsble MaccmBbl Ha OpenCL

VexCL (kog Ha C++):
X =2 %Y - sin(Z);
CreHepupoBaHHbI kog Ha OpenCL:
kernel void vexcl vector_kernel(
ulong n, global double* prm_1, int prm_2,
global double* prm_3, global doublex prm_4
) {
size_t id = get_global _id(0), sz = get_global _size(0);
for (size_t i=id; i<n; i+=sz) {
; prm_1[1] = prm_2*prm_3[i] - sin(prm_4[i]);
}

Brbnnotekn ¢ MHoromepHbiMu MaccuBamu a4ns OpenCL: VexCL, ClojureCL, ArrayFire.
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https://www.khronos.org/registry/OpenCL//sdk/2.2/docs/man/html/get_global_id.html
https://www.khronos.org/registry/OpenCL//sdk/2.2/docs/man/html/get_global_id.html
https://github.com/ddemidov/vexcl
https://clojurecl.uncomplicate.org/
https://arrayfire.com/

Coneepsbl Ha OpenCL

MySolverOpenMP MySolverBase MySolverOpenCL
— ——— kernel: cl::Kernel
solve(): void solve(): void solve(): void

My_solver.hh:

// 6a30Bblil KNacc ANA CONBEPOB C BUPTyanbHOW (GyHKLMEN
struct My_solver_base { virtual void solve(...) = 0; };

enum class Engine { OpenMP, OpenCL };

// YHKUUA-KOHCTPYKTOP
std::unique_ptr<My_solver_base> make_my_solver(Engine eng);
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My_solver_openmp.cc

// peanusauus consepa Ha OpenMP

struct My_solver_openmp: public My_solver_base { ... };
My_solver_opencl.cc

// peanusauus conBepa Ha OpenCL

struct My_solver_opencl: public My_solver_base { ... };
My_solver.cc

std::unique_ptr<My_solver_base>

make_my_solver(Engine eng) {
using ptr = std::unique_ptr<My_solver_base>;
if (eng == Engine::0penMP) { return ptr(new My_solver_openmp); }
if (eng == Engine::0penCL) { return ptr(new My_solver_opencl); }
return nullptr;
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BanaHcpoBKa Harpysku

load_balancer.hh

struct Queue_pair { cl::CommandQueue kernel_queue, data_queue; };
struct Load_balancer {
std::vector<Queue_pair> queues; // ouyepeAb ANS KaXAoro yckopuTens

size_t current = 0; // Tekywas ouepenb
std::vector<cl_event> events;
void kernel(cl::Kernel k); // 3anyck agpa

void copy(...,cl::Buffer,...); // KonMupoBaHume AAHHbBIX

void wait();

// round-robin

void next() { if (++current >= queues.size()) current = 0; }
size_t num_gpus() const { return queues.size(); }

};...
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load_balancer.cc
void Load _balancer::kernel(cl::Kernel k) {
cl_event event;
clEnqueueNDRangeKernel(queues[current].kernel_queue.get(),
k.get(), ..., &event);
events.emplace_back(event);

}

void Load_balancer::copy(..., cl::Buffer b, ...) {
clEnqueueWriteBuffer(queues[current].data_queue.get(), ...);

}

void Load_balancer::wait() {
clwaitForEvents(events.size(), events.data());
events.clear();

}

13/16



[MapannenbHas nepegava AaHHbIX 1 BbIUMCIEHWS
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Heckonbko BraeokapT

Bbino:
class My_solver_opencl {
cl::Kernel kernel;
cl::Buffer buffer;
public:
void solve() override { queue.enqueueNDRangeKernel(kernel); }
i
Crano:
class My_solver_opencl {
std::vector<cl::Kernel> kernel; // AnA Kaxgonm BUAeOKapThl
std::vector<cl::Buffer> buffer; // ans Kaxgon BuUAEOKAPTHI
public:
void solve() override {
Load_balancer 1b;
for (size_t i=0; i<lb.num_gpus(); ++i) {
1b.kernel(kernel[i]);
P
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