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AGENDA
 Multi-tile Xe GPU Hierarchy: Recap 
 oneAPI Software Stack 
 Just-In-Time (JIT) Compilation Flow
 OpenMP SIMD for GPUs
 Unified Shared Memory (USM) 
 OpenMP and DPC++ Composability 
 New Features (declare mapper, class member functor, function pointer in offload region)
 Multi-GPU and Multi-Tile Support
 Asynchronous Offloading 
 Optimization Report 
 Summary
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David Blythe at HotChips’2020 
Raja Koduri at Intel Architecture Day’2021
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Xe GPU Architecture Hierarchy 
Xe GPU

Tile 0

Tile 1

EUs

EUs

HBM

HBM

L3

L3

 Tiles are independent
• No global scheduler (each tile has its 

own scheduler)
• Tiles can work concurrently
• No Global Commands affecting all 

tiles
• No global state

 Tiles can communicate over 
memory
• Synchronization between tiles uses 

memory and GPU semaphores

PCIe

DRAM

CPU
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oneAPI Software Stack for HPC and AI Applications
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OpenMP SIMD for GPUs
#pragma omp target enter data map( alloc:a[0:TOTAL_SIZE] )    
#pragma omp target enter data map( alloc:b[0:TOTAL_SIZE] )  
#pragma omp target enter data map( alloc:c[0:TOTAL_SIZE] )    
#pragma omp target update to(a[0:TOTAL_SIZE])    
#pragma omp target update to(b[0:TOTAL_SIZE])    

const int no_max_rep = 400;    
double time = omp_get_wtime();    
for ( int irep = 0; irep < no_max_rep; ++irep ) {

#pragma omp target teams distribute parallel for
for ( int isimd = 0; isimd < TOTAL_SIZE; isimd += SIMD_SIZE<<2) {
#pragma omp simd simdlen(32)
for (int ilane = 0; ilane < SIMD_SIZE<<2; ++ilane) {

const int index = isimd + ilane;
c[index] = a[index] + b[index];

}        
}    

}    
time = omp_get_wtime() – time;
time = time/no_max_rep;
… … … … 

#pragma omp target exit data map( release:a[0:TOTAL_SIZE] )
#pragma omp target exit data map( release:b[0:TOTAL_SIZE] )    
#pragma omp target exit data map( release:c[0:TOTAL_SIZE] )
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#include <stdio.h>
#include <stdlib.h>
#include <omp.h>
#define SIZE 1024
#pragma omp requires unified_shared_memory
int main() {

int deviceId = (omp_get_num_devices() > 0) ? omp_get_default_device() : omp_get_initial_device();
int *a = (int *)omp_target_alloc(SIZE, deviceId);
int *b = (int *)omp_target_alloc(SIZE, deviceId);
for (int i = 0; i < SIZE; i++) {

a[i] = i;     b[i] = SIZE - i;
}

#pragma omp target parallel for
for (int i = 0; i < SIZE; i++) {
a[i] += b[i];

}

for (int i = 0; i < SIZE; i++) {
if (a[i] != SIZE) {

printf("%s failed\n", __func__);  return EXIT_FAILURE;
}

}
omp_target_free(a, deviceId);
omp_target_free(b, deviceId);
printf("%s passed\n", __func__);
return EXIT_SUCCESS;

}

Adding USM support via managed 
memory allocator

Unified Shared Memory Support

• omp_target_alloc_host(…) 
• omp_target_alloc_shared(…)
• omp_target_alloc_device(…)
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DPC++ and OpenMP Composability 

10

#include <CL/sycl.hpp>
#include <array>
#include <iostream>
float computePi(unsigned N) { 
float Pi;
#pragma omp target map(from : Pi)
#pragma omp parallel for reduction(+ : Pi)
for (unsigned I = 0; I < N; ++I) {
float T = (I + 0.5f) / N;
Pi += 4.0f / (1.0 + T * T);

}
return Pi / N;

}
// DPC++ Code
void iota(float *A, unsigned N) {
cl::sycl::range<1> R(N);
cl::sycl::buffer<int,1> X(A, R);
cl::sycl::queue().submit([&](cl::sycl::handler &cgh) {
auto Y = X.template get_access<cl::sycl::access::mode::write>(cgh);
cgh.parallel_for<class Iota>(R, [=](cl::sycl::id<1> idx) {

Y[idx] = idx;
});

});
}

int main() {
std::array<int, 1024u> V;
float Pi;

#pragma omp parallel sections
{

#pragma omp section
iota(V.data(), V.size());

#pragma omp section
Pi = computePi(8192u);

}

std::cout << "V[512] = " << V[512] << std::endl;
std::cout << "Pi = " << Pi << std::endl;
return 0;

}

xtian@scsel-cfl-02:~/temp$ icpx -fiopenmp -fopenmp-targets=spir64 -fsycl compos.cpp -o run.y
xtian@scsel-cfl-02:~/temp$ OMP_TARGET_OFFLOAD=mandatory ./run.y
V[512] = 512
Pi = 3.14159

OpenMP offloading code

DPC++ code
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OpenMP and DPC++/SYCL USM Composability 
#include <CL/sycl.hpp>
#include <omp.h>
#include <algorithm>
#include <iostream>

extern "C" void *omp_target_get_context(int);
#ifndef LEVEL0
#pragma omp requires unified_shared_memory
#endif

int main() {
  const unsigned Size = 200;
  int D = omp_get_default_device();
#ifndef LEVEL0
  cl::sycl::queue Q(
      cl::sycl::context(static_cast<cl_context>(omp_target_get_context(D))),
      cl::sycl::gpu_selector());
#else
  cl::sycl::queue Q;
#endif
  std::cout << "SYCL: Running on "
            << Q.get_device().
               get_info<cl::sycl::info::device::name>() << "\n";
  if (!Q.get_device().
      get_info<cl::sycl::info::device::usm_shared_allocations>()) {
    std::cout << "SYCL: USM is not available\n";
    return 0;
  }
  auto validate = [](int *Data) {
    for (unsigned I = 0; I < Size; ++I)
      if (Data[I] != 100 + I) return "failed";
    return "passed";
  };

 auto testOmp = [&](int *Data) {
    std::fill_n(Data, Size, -1);
    #pragma omp target parallel for device(D)
    for (unsigned I = 0; I < Size; ++I) {
      Data[I] = 100 + I;
    }
    return validate(Data);
  };
  auto testDpc = [&](int *Data) {
    std::fill_n(Data, Size, -1);
    Q.submit([&](cl::sycl::handler &cgh) {
      cgh.parallel_for<class K>
          (cl::sycl::range<1>(Size), [=](cl::sycl::id<1> I) {
        Data[I] = 100 + I;
      });
    }); Q.wait();
    return validate(Data);
  };

  int *ompMem = (int*)omp_target_alloc_shared(Size*sizeof(int), D);
  int *dpcMem = cl::sycl::malloc_shared<int>(Size, Q);
  std::cout<<"SYCL and OMP memory: "<<testDpc(ompMem) << "\n";
  std::cout<<"OMP and OMP memory:  "<<testOmp(ompMem) << "\n";
  std::cout<<"OMP and SYCL memory: "<<testOmp(dpcMem) << "\n";
  std::cout<<"SYCL and SYCL memory: "<<testDpc(dpcMem) << "\n";
  omp_target_free(ompMem, D);
  cl::sycl::free(dpcMem, Q);
  return 0;
}
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Class Member Functor in Offload Region
#include <bits/stdc++.h>

using namespace std;

// A Functor

class inc

{

private:

    int num;

public:

    inc(int n) : num(n) {  }

    int operator () (int arr_num) const {

        return num + arr_num;

    }

};

int main()

{

    int arr[] = {1, 2, 3, 4, 5};

    int n = sizeof(arr)/sizeof(arr[0]);

    int add5 = 5;

    inc a_inc(add5);

    #pragma omp target teams distribute \

           parallel for map(arr[0:n]) map(to: a_inc)

    for (int k = 0; k < n; k++) {

       arr[k] = arr[k] + a_inc(k);

    }

    for (int i=0; i<n; i++) cout << arr[i] << " ";

    cout << "\n" << "Done ......\n";

}
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Function Pointer Support in Offload Region
#include <stdio.h>

#include <string.h>

#pragma omp begin declare target

int foo(int y)

{

   printf("called from device, y = %d\n", y);

   return y;

}

#pragma omp end declare target

int main()

{

  int x = 0;

  int y = 100;

  int (*fptr)(int) = foo;

  #pragma omp target teams \

        distribute parallel for \

        firstprivate(y) reduction(+: x)

  for (int k = 0; k < 16; k++) {

      x = x + fptr(y + k);

  }

  printf("Output x = %d\n", x);

}
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User Defined Mapper (declare mapper)
extern "C" int printf(const char *, ...);
struct C {   int num;   int *arr;  };
#pragma omp declare mapper(id: C c) map(c.num, c.arr[0:c.num])

void foo(int num, int *arr, int *arr_one) {
    int i;  C c;  c.num = num;  c.arr = arr;
    for (i=0; i<num; ++i) printf("%s%3d %s", (i==0?"In : ":""), c.arr[i], (i==num-1?"\n":""));

    #pragma omp target map(mapper(id),tofrom: c)
    { int j;   for(j=0; j < c.num; ++j)      c.arr[j] *= 2;   }
    for (i=0; i<num; ++i) printf("%s%3d %s", (i==0?"Out: ":""), c.arr[i], (i==num-1?"\n":""));

    C c_one;  c_one.num = num;  c_one.arr = arr_one;
    for (i=0; i<num; ++i) printf("%s%3d %s", (i==0?"In : ":""), c_one.arr[i], (i==num-1?"\n":""));

    #pragma omp target map(mapper(id),tofrom: c_one)
    { int j;    for(j=0; j < c_one.num; ++j) c_one.arr[j] *= 2; }
    for (i=0; i<num; ++i) printf("%s%3d %s", (i==0?"Out: ":""), c_one.arr[i], (i==num-1?"\n":""));
}
int main() {
    int arr4[] = { 1,2,4,8 };      int arr8[] = { 1,2,4,8,16,32,64,128 };
    int arr4one[] = { 1,2,4,8 };   int arr8one[] = { 1,2,4,8,16,32,64,128 };
    foo(sizeof(arr4)/sizeof(arr4[0]), arr4, arr4one);  foo(sizeof(arr8)/sizeof(arr8[0]), arr8, arr8one);
    return 0;
}
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#include <stdio.h>
#include <stdlib.h>
#include <omp.h>
#define N 16384
int main() {
  int numDevices = omp_get_num_devices();
  int numThreads = 4 * numDevices;
  int *a = new int[N]; int *b = new int[N]; int *c = new int[N];
  for (int i = 0; i < N; i++) {   a[i] = i; b[i] = N - i;  }
  printf("Testing offload with %d devices, %d threads\n", numDevices, numThreads);
#pragma omp parallel num_threads(numThreads)
  {
    int threadNum = omp_get_thread_num();
    int deviceNum = threadNum % numDevices;
    int begin = threadNum * N / numThreads;
    int count = N / numThreads;
#pragma omp target teams distribute parallel for device(deviceNum) \
                         map(a[begin:count]) map(b[begin:count]) map(c[begin:count])
    for (int i = 0; i < count; i++) {
      c[begin + i] = a[begin + i] + b[begin + i];
    }
  }
  for (int i = 0; i < N; i++) {
    if (N != c[i]) { printf("FAIL\n"); return EXIT_FAILURE; }
  }
  printf("PASS\n"); delete[] a; delete[] b; delete[] c;
  return EXIT_SUCCESS;
}

Multi-GPU and Multi-Tile support 
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SpecACCEL/514.pomriq: Subdevice Usage
//Declaration
#define NT 2
struct mptr {

float * p[NT];
};
struct sptr {

kValues * p[NT];
};
mptr device_ptr_x;
mptr device_ptr_y;
mptr device_ptr_z;
mptr device_ptr_Qr;
mptr device_ptr_Qi;
sptr device_ptr_kVals;

const int device_id = omp_get_default_device();
//Initialization
int TILE_SIZE = numX/NT;
for ( int igpu = 0; igpu < NT; ++igpu ) {

device_ptr_x.p[igpu] = (float*)malloc( TILE_SIZE * sizeof(float) );
device_ptr_y.p[igpu] = (float*)malloc( TILE_SIZE * sizeof(float) );
device_ptr_z.p[igpu] = (float*)malloc( TILE_SIZE * sizeof(float) );
device_ptr_Qr.p[igpu] = (float*)malloc( TILE_SIZE * sizeof(float) );
device_ptr_Qi.p[igpu] = (float*)malloc( TILE_SIZE * sizeof(float) );

for ( int k = 0; k < TILE_SIZE; ++k) {
device_ptr_x.p[igpu][k] = x[igpu*TILE_SIZE+k];
device_ptr_y.p[igpu][k] = y[igpu*TILE_SIZE+k];
device_ptr_z.p[igpu][k] = z[igpu*TILE_SIZE+k];
device_ptr_Qr.p[igpu][k] = Qr[igpu*TILE_SIZE+k];
device_ptr_Qi.p[igpu][k] = Qi[igpu*TILE_SIZE+k];

}
//”Transfer”

#pragma omp target enter data map( to:device_ptr_x.p[igpu][ 0:TILE_SIZE ] ) 
device(device_id) subdevice(igpu)

#pragma omp target enter data map( to:device_ptr_y.p[igpu][ 0:TILE_SIZE ] ) 
device(device_id) subdevice(igpu)

#pragma omp target enter data map( to:device_ptr_z.p[igpu][ 0:TILE_SIZE ] ) 
device(device_id) subdevice(igpu)

#pragma omp target enter data map( to:device_ptr_Qr.p[igpu][ 0:TILE_SIZE ] ) 
device(device_id) subdevice(igpu)

#pragma omp target enter data map( to:device_ptr_Qi.p[igpu][ 0:TILE_SIZE ] ) 
device(device_id) subdevice(igpu)
}

for (int k = 0; k < numK; k++) {
kVals[k].Kx = kx[k];
kVals[k].Ky = ky[k];
kVals[k].Kz = kz[k];
kVals[k].PhiMag = phiMag[k];

}
//Same data for both Tiles
for ( int igpu = 0; igpu < NT; ++igpu ) {
device_ptr_kVals.p[igpu] = (struct kValues*)malloc( numK * sizeof(struct 

kValues) );
memcpy(device_ptr_kVals.p[igpu], kVals, numK * sizeof(struct kValues));

#pragma omp target enter data map( to:device_ptr_kVals.p[igpu][ 0:numK ] ) 
device(device_id) subdevice(igpu)
}

//Received result on host
for ( int igpu = 0; igpu < NT; ++igpu ) {
#pragma omp target update from( device_ptr_Qr.p[igpu][ 0:TILE_SIZE ] ) 

device(device_id) subdevice(igpu)
#pragma omp target update from( device_ptr_Qi.p[igpu][ 0:TILE_SIZE ] ) 

device(device_id) subdevice(igpu)

for ( int k = 0; k < TILE_SIZE; ++k) {
Qr[igpu*TILE_SIZE+k] = device_ptr_Qr.p[igpu][k];
Qi[igpu*TILE_SIZE+k] = device_ptr_Qi.p[igpu][k];

}
}
//Free 

for ( int igpu = 0; igpu < NT; ++igpu ) {
#pragma omp target exit data map( release:device_ptr_x.p[igpu][ 0:TILE_SIZE ] )
#pragma omp target exit data map( release:device_ptr_y.p[igpu][ 0:TILE_SIZE ] )
#pragma omp target exit data map( release:device_ptr_z.p[igpu][ 0:TILE_SIZE ] )
#pragma omp target exit data map( release:device_ptr_Qr.p[igpu][ 0:TILE_SIZE ] 

)
#pragma omp target exit data map( release:device_ptr_Qi.p[igpu][ 0:TILE_SIZE ] 

)
#pragma omp target exit data map( release:device_ptr_kVals.p[igpu][ 0:numK ] )

}

Intel confidential
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SpecACCEL/514.pomriq: Subdevice Usage
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Asynchronous Offloading Example

xtian@scsel-cfl-12:$ icpx -fiopenmp -fopenmp-targets=spir64 -mllvm -vpo-paropt-enable-async-helper-
thread target_nowait.cpp -o run.x

xtian@scsel-cfl-12:$ ./run.x

Before explicit offload sync: ret = 0

Device ret = 1

After  explicit offload sync: ret = 1

#include <stdio.h>
#include <omp.h>

int main() {
  int ret = 0;
#pragma omp target map(ret) nowait
  {
    for (int i = 0; i < 1000; i++)
      for (int j = 0; j < 1000; j++)
        ret--;
    if (ret <= 0)
      ret = 1;
    printf("Device ret = %d\n", ret);
  }
  printf("Before explicit offload sync: ret = %d\n", ret);

#pragma omp taskwait
  printf("After  explicit offload sync: ret = %d\n", ret);

  return 0;
}

Free agent helper thread running 
concurrently with the initial thread

working with community to enable 
free agent helper thread integration   
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INTEGER FUNCTION target_teams_distribute_parallel_for()
INTEGER :: errors_bf, errors_af
INTEGER :: i
INTEGER, DIMENSION(ARRAY_SIZE) :: a = (/(1, i=0,ARRAY_SIZE - 1)/)
INTEGER, DIMENSION(ARRAY_SIZE) :: b = (/(i, i=0,ARRAY_SIZE - 1)/)
INTEGER, DIMENSION(ARRAY_SIZE) :: c = (/(2 * i, i=0,ARRAY_SIZE - 1)/)
INTEGER :: num_teams = 0
INTEGER, DIMENSION(ARRAY_SIZE) :: num_threads = (/(0, i=0,ARRAY_SIZE - 1)/)
INTEGER :: alert_num_threads = 0
CHARACTER(len=300) :: msgHelper
OMPVV_INFOMSG("target_teams_distribute_parallel_for")
OMPVV_GET_ERRORS(errors_bf)

!$omp target teams distribute parallel do map(from:num_teams, num_threads)
DO i = 1, ARRAY_SIZE, 1

!$omp atomic write
num_teams = omp_get_num_teams()
num_threads(i) = omp_get_num_threads()
a(i) = a(i) + b(i) * c(i);

END DO

DO i = 1, ARRAY_SIZE, 1
OMPVV_TEST_AND_SET(errors_af, (a(i) .NE. (1 + (b(i) * c(i)))))
IF (num_threads(i) .EQ. 1) THEN

alert_num_threads = alert_num_threads + 1
END IF
END DO

! Rise lack of parallelism alerts
WRITE(msgHelper, *) "Test operated with one team.  &

&Parallelism of teams distribute can't be guaranteed."
OMPVV_WARNING_IF(num_teams == 1, msgHelper);

WRITE(msgHelper, *) "Test operated with one thread &
&in all the teams. Parallel clause had no effect"

OMPVV_WARNING_IF(alert_num_threads == ARRAY_SIZE, msgHelper);

OMPVV_GET_ERRORS(errors_af)
target_teams_distribute_parallel_for = errors_bf - errors_af

END FUNCTION target_teams_distribute_parallel_for

A Simple Fortran Offloading Example 
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How to Generate Opt-Report Info?
 Use “-qopt-report” flag to emit a YAML format opt-report for the source file being 

compiled.

• icpx –fiopenmp –fopenmp-target=spir64 –qopt-report foo.c

• This generates two files called “icx8iguij.yaml, foo.opt.yaml” containing the opt-report 
messages

 Use opt-viewer.py (from llvm/tools/opt-viewer) to create html file from the YAML file.

• Opt-viewer.py foo.opt.yaml

 Use any web-browser to open the html file with the opt-report messages displayed inline 
with the original souce code 

• Firefox html/foo.c.html
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Using clang style opt-reports with “icpx –fiopenmp”



Intel Technical Webinar 22

Format of opt-report messages in yaml files 
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View the Host Compilation HTML Report 
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View Device Compilation HTML Report 



Intel Technical Webinar 25

25

Intel Confidential – CNDA required 25

Design your code to efficiently offload to accelerators 
• Determine if your code would benefit from offload to accelerator – even before you have the hardware
• Identify the opportunities to offload
• Project performance on accelerators
• Estimate overhead from data transfers and kernel launch costs
• Pinpoint accelerator performance bottlenecks (memory, cache, compute and data transfer)
• Follow good SIMD guidelines (e.g. avoid branch divergence and gathers/scatters)

Offloaded

Host Host Host(CPU) (CPU)

Host Host Host(Accelerator) (Accelerator)

Original

Data transfer costs 
and overhead

Time

Summary: Offload Where it Pays Off the Most
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Get Started with oneAPI Today!
Resources

Start in the Cloud - No Download, No Installation, 
No Setup – Sign up here -
software.intel.com/devcloud/oneAPI

Intel® 
DevCloud

OpenMP 
Specification

Stay with Standard Body - Cross-
industry, open, standards-based unified 
programming model across architectures 
– Learn more here – openmp.org

oneAPI 
Toolkits

Develop On-Prem – Download & 
Develop - Get them here -
software.intel.com/oneAPI

Build XPU Applications
Intel® Xeon, FPGA, Integrated 
Graphics GPUs & Xe GPU, DG1**

Interoperable with MPI, 
OpenMP,  Fortran, C/++

Gaining Momentum!
oneAPI 1.0 Now Available!

Community
Collaboration

Community – Working with community 
closely for OpenMP 5.2/6.0 support.

Prototype Your Project
Evaluate Workloads

26
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Additional Resources

• Intel® oneAPI Base Toolkit

• Intel® oneAPI Base & HPC Toolkit

• Intel® oneAPI Base & IoT Toolkit

• Intel® oneAPI Base & Rendering Toolkit



 Replay will be available here at the end of the week:    
https://techdecoded.intel.io/essentials/#gs.1t92xk

 Other webinars for you:  https://techdecoded.intel.io/webinar-
registration/upcoming-webinars/#gs.1t90np
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