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1. Introducing Intel oneAPIl 2023
https://www.allshowtv.com/detail.htmI?idx=1259

2. Heterogenous Programming with oneAPI and DPC+ +(SYCL)
https://www.allshowtv.com/detail.html?idx=1337

3. CUDA to SYCL Migration with Intel(R) oneAPI
https://www.allshowtv.com/detail.html?idx=1377
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Overview of oneAPI

Syntax and feature comparison-CUDA vs. DPC++

Migration of CUDA codes with SYCLomatic

New features of oneAPI| 2023.2

Hand-on
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\\ READERS’ CHOICE
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oneAPlL

Open, Standards-Based
Unified Software Stack

Freedom from proprietary programming models
Full performance from the hardware

Piece of mind for developers

Application Workloads Need Diverse Hardware

Middleware & Frameworks

@ ﬁ:ﬁ NumPy  X...

IF TensorFlow PyTorch {@xnet ©penVIN®

Intel®oneAP|
oneApI Product

Compatibility Analysis &

Low-Level Hardware Interface

XPUs

GPU

CPU, GPU 2! FPGAR} Z+2 CHOFSH 7h:7| (XPU) K| &
C DN HEY U SES YT AUS XBHoR LM
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CUDA HIP OpenACC OpenMP DPC++/SYCL
Languages | C/C++/Fortran C++/Fortran C/C++/Fortran C/C++/Fortran C++
Abstraction Low Low High High Medium
Coding - - Directive-based Directive-based C++ lambda
. Fork-join Fork-join
Parallelism SIMT SIMT SIMD SIMD OpenCL
Offload GPU GPU GPU CPU/GPU CPU/GPU/FPGA
(NVIDIA) (NVIDIA/AMD) (NVIDIA) (NVIDIA/AMD/Intel) (NVIDIA/AMD/Intel)
Compiler Proprietary LLVM PGI/CCE/GCC PGI/CCE/GCC/LLVM/XL/Intel LLVM
License Proprietary Open-source Open-source Open-source Open-source
- icc/icpc 2t ifortdl A=

= GPU& OpenMP*4.0/452| LE2E 7|52 X[HE[X] F2
- OpenMP*5.0/5.1/5.2 = X| & X| ALK %S
- dpcpp/icx/icpx/ifxe= ME2 LLVM 7|4t Huld2{0|H Intel® oneAPI Toolkit0]l Zgt
- GPUE OpenMP LEZZE 7|52 X|& 7ts
= OpenMP*5.0/5.1/5.2& X|& 7t5

https://www.intel.com/content/www/us/en/developer/articles/technical/openmp-features-and-extensions-supported-in-icx.html

intel software

moosxs



https://www.intel.com/content/www/us/en/developer/articles/technical/openmp-features-and-extensions-supported-in-icx.html

MUkl

NVIDIA GPU 5! AMD GPUE 9|t Iy Eg{1¢9l

<>

Plugin Interface (PI)

C++/ SYCL™ Source Code C++ / SYCL™ Source Code

. . R T

|

OpenCL API

CUDA API HIP API Level 0 API

=
H
1
|
o
3
\

oneAPI Base Toolkit oneAP| Base Toolkit

{] T T4 0404 m
oneAPI for NVIDIA® GPUs oneAPI for AMD GPUs (beta)
CUD_A RT HlERT& Level ORT & OpenCLRT &
& Drivers Drivers _ﬂ Drivers Drivers

™ !

« Intel DPC++ ZL}22{: oneAPI BASE Toolkit
= OpenCL BRI E: Intel CPU, GPU(Gen9, 11, Xe) H FPGA(Stratix, Aria)0f Z|X =}
= Level Zero B = Intel GPUE 2Tt low level 2LZEZZE AP

Ho
Hu
In
>
olr

- Codeplay0{|A] Intel® oneAPI 2023 AHutee{e| |4l Hio|LH2| F2{1QUE F&rE C}
= https://developer.codeplay.com/products/oneapi
= NVIDIA GPU: A100-PCle-40GB (sm_80)
- AMD GPU (H||El): AMD Radeon Pro W6600 (gfx1032)
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SYCL ZEQ| £

#include <iostream>
#include <sycl/sycl.hpp>

sycl.hpp: Intel ®|& = SYCL EFQ| of|H ut

using namespace sycl;

SYCL O| &2 SYCL Y|Aho|A0f Ho|E

int main() {
int data[1024];

sAE0 HE 2Y
queue myQueue; Ms0| 75 =2 C|HIO|AE AA| X o Z MEH
{ e
buffer<int, 1> resultBuf { data, range<l> { 1024 } }; 7IE7| 22| HI eHEt
myQueue.submit([&] (handler& cgh) {
accessor writeResult { resultBuf, cgh, write_only, no_init }; O HIHo| 28 HQIX| Mo
cgh.parallel_for(1024, [=](id<1> idx) { A AFEF] B = AlSH
writeResult[idx] = idx;
1
})s VAN
} L7 H 220 HIH 2 s A
for (int i = @; i < 1024; i++) §ﬁ§0ﬂ ANE =4
std::cout << "data[" << 1 << "] = " << data[i] << std::endl;
return 0;
}
intel software 6
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SYCL ZEQ| 41: 2020 #

Type Description Accessible Accessible Located on
CPU GPU CPU on host? on device?

* * device | Allocationsin device memory x v device

I | ‘ ‘ host Allocations in host memory v v host
- I - - shared | Allocations shared between v v Can migrate

host and device between host
HOST MEMORY GPU MEMORY UNIFIED SHARED MEMORY and device
H L=2 alS
- SYCLOAM ZQIE 7|8t CHQtS M| ST

- C++ ZE2OH-O0M 2= ZAH S BIZ NS FE

- 2 AE QL FA| AEHAN s HZ2E WA S

- Buffer® X[&5t0] 7t 7|0| porting 7tk

int main() {
queue myQueue;

int *data = malloc_shared<int>(1000, myQueue);

A2 Z2AMHOA 20| 2 US
Xsts Ol
=T MO
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SYCLS| &l md

(CPU)

Executed on...

!

SYCL Application

Host code Device code

submits...

Device

Private Memory

Global Memory

Command
Group

—
o
[
il
<
m
=
o
=

-

Executed on.

-~ ]

Command

Queue

- CUDA 2EZl2 in-orderC 2 X El

« SYCL F= 7|EMO 2 out-of-order@ 2
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CUDAZ2} sycLe| 0 Xto|H

Concept SYCL CUDA
A function executed in parallel on device Kernel Kernel
Object used to execute kernels on a device Queue Stream
The N-dimensional parallel index space ND-Range Grid
A kernel instance in parallel index space Work-ltem Thread
A group of kernel instances Work-Group Block
A group of kernel instances with additional communication and synchronization Sub-Group Warp
Memory used to exchange data among instances in a group Local Memory | Shared Memory
Memory which is private to each kernel instance Private Memory Register
Function used to synchronize instances in a group UL _:ZCEtr;;E?S(j()

= Sub-group vs. Warp:
- Warpl| 327|= 2= CUDA LC|HO|AO|AM 322 M E.

- Sub-group®| Z7|= C|HIO|A0f M2t CrE0 =2 dsas flol &

=

S
H

= M2t}
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CUDAO|A| SYCLE2| &4|& M=zt

h

CUDA" to SYCL' Code Migration & Development Workflow

CUDA Source Cade

#include
<cuda_runtime. h>

my_cuda_routine()

—L

__global__ woid -

HumanReadakle
SYCLomatictool C++with SYCL Sirgle Source

Codewithinline comments

"

—
%

FO-FR% Format & Structure
Code Transformed Preserved

qithul . com/oreapi-snc/ 2% Clomatic

Compilers, Likbraries,
Analyzers, Debuggers

‘y

Ture perDesirad
Architecture Perdformance

+ Intel estimates as of September 202 1. Based on measurements on a set of 70 HPC benchmarks and samples, with examples like Rodinia, SHOC, PEMMANT. Results mayvary.
£+ Other names and brands may be claimed as the property of others. 5YCL is a trademark of the Khronos Group Inc.

- 0|0] CUDA*=Z 2d &l ZEE DPCPPE Hetotd Al ot= JHEALE K| &otH, At 0| di=

- (YHIHOZ FEO| 90~95%= AL 2 O10|12{0|M 7+s)
= JXH7F Of = 2| A 0| M Ofo|1zjo|ME &tadt == Q2tol AHEE K=

Funon Multiple Devices
(Architecture/Vendor Agnostic)

o
]
=
c

|||||

o
0
=
c

o
T1
-
o
I

Otheraccel.

LILELL
. "
I|

Ty

|||||
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SYCLomatic2l| &4

G’d AST

Inter-procedural

Abetract Analyzer L Migration Set of
Sarled source
o - rules o
Clang Syntax tree ) modifications
Front-End?! (AST) engine

Users source code

in CUDA {.cu,

¥

.Cpp, -h, etc.)

v

Rewrite engine

Users make file l

\ Clang Format J

Intercept-build
Embedded comments
with hints
how to complete the code Helper header Iibrarv
Original parts
3 party/user Ext. Binaries in CUDA
data fModules

A produces Bf " |
4B Bconsumes A/ |:I Int. Modules

B depends A
- Intel’s data or produced data

TP
O 2
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SYCLomatic®@l Helper Library

[ Helper header library 1

Helper Implementation

v

Helper User interface

Memory manager s
singleton

sycl::buffer/accessor p—

- Helper header library companent
A =B  AusesB

[ ] svoufoneari component

) L

Device manager b
singleton

sycl::device/queue

Y

Device API >

sycl::image/accessor/
sampler

Image API > Image wrappers

sycl::atomic_ref

Atomics AR a. Maps host virtual pointers

and SYCL buffers

Math API »  sycl:: math functions b. Manages all SYCL capable
devices available on the
oneDPL Extensions > DT]EDPL enens.lcns * oneapi:dpl:: functions system
implementation .
c. Address semantic
differences
BLAS Wrappers * oneapi:mkl:: functions
old O =S re) HOo
- 25 CUDA 7|52 SYCLO| 5S¢t #+20| Qi3
I 2f0|E&{2|= CUDA &%t 7|s& EEot elim SeiAE M
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SYCLomatic Gl A|

« Gt AA O10| Z18|0|M

= Vector addition
- dpcte 2 T

- 02| &4 Opo[a2 0] & Makefile

= Jacobi interactive solution

- X REX| &= 7|5 SHZ: CUDA 2=

= intercept-build2 2 T

- cuBLAS 0t0[12f0|M
= Matrix multiplication
- intercept-build2 2 T2

= Hand-on:
= SYCLomatic A X|
= CodePlay’s NVIDIA plugin A X|
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Ched AA Ofo|8|0]M: Vector Addition

#include <cuda.h>
#include <iostream>
#tdefine N 16

__global _ void VectorAddKernel(float* A, float* B, float* C)
{

}

C[threadIdx.x] = A[threadIdx.x] + B[threadIdx.x];

int main()

-
$ dpct vector_add.cu

$ tree

— dpct_output

{ — MainSourceFiles.yaml
float A[N] = {1: i, 1, 1,1, 1,1, 1, 1, 1, 1, 1, 1, 1, 1, 1}; . Vector‘add.dp.cpp
float B[N] = {2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2};
float C[N] = {0, 0, @, ©, ©, 0, ©, @, ©, 0, ©, @, @, 0, O, 0}; vectoradd.cu
float *d_A, *d_B, *d_C;
cudaMalloc(&d_A, N*sizeof(float));
cudaMalloc(&d_B, N*sizeof(float)); Q MolE =i A
cudaMalloc(&d_C, N*sizeof(float)); = A|-O Xl- O—l l_I El = E-I E—l O-”A-I D|-O|:I-E-”O| I_:|
cudaMemcpy(d_A, A, N*sizeof(float), cudaMemcpyHostToDevice); $ det --out-root sycl _code vector add.cu
cudaMemcpy(d_B, B, N*sizeof(float), cudaMemcpyHostToDevice); - -
VectorAddKernel<<<1, N>>>(d_A, d_B, d_C); $ tree
cudaMemcpy(C, d_C, N*sizeof(float), cudaMemcpyDeviceToHost); i
— sycl_code
for (int i = @; 1 < N; i++) std::cout<< C[i] << " "; — MainSour‘ceFiles.yaml
std::cout << "\n";
— vectoradd.dp.cpp
cudaFree(d_A); — vectoradd.cu
cudaFree(d_B);
cudaFree(d_C);
return 0;
}
intel software 14
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Ched AA Ofo|8|0]M: Vector Addition

#include <cuda.h> #include <sycl/sycl.hpp>
#include <iostream> #include <dpct/dpct.hpp>
#define N 16 #include <iostream>

#define N 16

__global _ void VectorAddKernel(float* A, float* B, float* C) void VectorAddKernel(float* A, float* B, float* C,
{ const sycl::nd_item<3> &item ctl)
C[threadIdx.x] = A[threadIdx.x] + B[threadIdx.x]; {
} C[item_ctl.get_local_id(2)] =
A[item_ctl.get local id(2)] + B[item_ctl.get local id(2)];
¥
int main() int main()
{ {
sycl::device dev_ctl;
sycl::queue q_cti(
dev_ctl, sycl::property list{sycl::property::queue::in_order()});
float A[N] = {1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1}; float A[N] = {2, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1};
float B[N] = {2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2}; float B[N] = {2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2};
float C[N] = {0, 0, @, ©, ©, 0, ©, ©, ©, 0, ©, @, @, 0, O, 0}; float C[N] = {0, 0, 0, ©, @, 0, 0, ©, @, @0, 0, ©, @, 0, 0, 0};

= CUDA grids vs. SYCL ND-Range
- CUDAE 13T BES 7|Htsi0] & #M k2 w2y S%0j&
- SYCLE C++ BEF 7|Htorq] OpX| 5 A3l 2 #EA S40|= A&
- CUDA 2E 2l vs. SYCL 7
« SYCLTF £ in-order@ 2 44 &

intel software 15 moosxs



Ched AA Ofo|8|0]M: Vector Addition

float *d_A, *d_B, *d_C;

cudaMalloc(&d_A, N*sizeof(float));
cudaMalloc(&d_B, N*sizeof(float));
cudaMalloc(&d_C, N*sizeof(float));

float *d_A,
d_A = sycl:
d B = sycl:
d_C = sycl:

*d_B, *d_C;

:malloc_device<float>(N, g_ctl);
:malloc_device<float>(N, g_ctl);
:malloc_device<float>(N, g_ctl);

cudaMemcpy(d_A, A, N*sizeof(float), cudaMemcpyHostToDevice);
cudaMemcpy(d_B, B, N*sizeof(float), cudaMemcpyHostToDevice);

g_ctl.memcpy(d_A, A, N * sizeof(float));
g_ctl.memcpy(d B, B, N * sizeof(float));

VectorAddKernel<<<1l, N>>>(d_A, d B, d C);

g_ctl.parallel for(

sycl::nd_range<3>(sycl::range<3>(1, 1, N), sycl:
[=]1(sycl:

:nd_item<3> item ctl) {

VectorAddKernel(d_A, d B, d_C, item _ctl);

})s

:range<3>(1, 1, N)),

cudaMemcpy(C, d_C, N*sizeof(float), cudaMemcpyDeviceToHost);

g_ctl.memcpy(C, d_C, N * sizeof(float)).wait();

for (int i = @; i < N; i++) std::cout<< C[i] << " "
std::cout << "\n";

for (int i = @; i < N; i++) std:
:cout << "\n";

std:

icout<< C[i] << " "5

cudaFree(d_A);
cudaFree(d_B);
cudaFree(d_C);

sycl::free(d_A, gq_ctl);
sycl::free(d_B, q_ctl);
sycl::free(d_C, gq_ctl);

return 0;

USM2 = 0402 0]-H =:

HIH API: --usm-level=none
- HE A

- SYCL2 C++E=9| lambda 7| 522

return 0;

)\|'6'|-|E|
=]
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o2{ &A O10|a2|0]M : Jacobi Iterative Solver

= Jacobi Iterative Solver

9l CUDA def=
= https://qgithub.com/NVIDIA/cuda-samples/tree/master/Samples/3 CUDA Features/jacobiCudaGraphs

= main.cpp:
- CUDA 2EE

- A™GPUS| L2
= CPUOIA H|O|E 7|3}

« A4S 25 GPU 22| 2 G|0|E ZA}

= GPUO|A] Al4F A

. 23t ol U 53

= jacobi.cu:
- 7d Ho
- S 2Z 0j2e| g€E
- APE =5 222 4
- = Z2|0[E[E ARE
. |.O|o| o|-7:” ‘<'5I- f%

FQi
0%

24 7

H

2|2t atomic AFE
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https://github.com/NVIDIA/cuda-samples/tree/master/Samples/3_CUDA_Features/jacobiCudaGraphs

2| &2 O10|a|0]M : Jacobi Iterative Solver

- Compilation DB 44

$ make clean
$ intercept-buid make

= compile_commands.json

[
{
"command": "nvcc -¢ -I../../../Common -m64 --std=c++11 -0 jacobi.o -D__ CUDACC__ =1 jacobi.cu",
"directory": "/scratch/optparel/work/2023/cuda-samples-11.6/Samples/3 CUDA_ Features/jacobiCudaGraphs",
"file": "/scratch/optparel/work/2023/cuda-samples-11.6/Samples/3 CUDA Features/jacobiCudaGraphs/jacobi.cu"
}s
{
"command": "nvcc -¢ -I../../../Common -m64 --std=c++11 -o main.o -D__CUDACC__=1 main.cpp",
"directory": "/scratch/optpar@l/work/2023/cuda-samples-11.6/Samples/3_CUDA_ Features/jacobiCudaGraphs",
"file": "/scratch/optpar@l/work/2023/cuda-samples-11.6/Samples/3_CUDA_Features/jacobiCudaGraphs/main.cpp"
}s
{
"command": "nvcc -m64 -o jacobiCudaGraphs jacobi.o main.o -D__CUDACC__=1",
"directory": "/scratch/optpar@l/work/2023/cuda-samples-11.6/Samples/3_CUDA_ Features/jacobiCudaGraphs"
}
]

- =X Ot0] g 0]

$ dpct -p compile_commands.json --use-experimental-features=logical-group

intel software 18 moosxs



Jacobi Iterative Solver: API H|1d

Concept

CUDA

SYCL

header file

#include <cuda_runtime.h>

#include <CL/sycl.hpp>
#include <dpct/dpct.hpp>

Memory allocation on host

cudaMallocHost(&b, N_ROWS * sizeof(double))

sycl::malloc_host<double>(N_ROWS, g_ct1)

Create CUDA Stream / SYCL Queue

cudaStreamCreateWithFlags(&stream1, cudaStreamNonBlocking)

dpct::device_ext &dev_ctl = dpct::get_current_device();
stream1 = dev_ctl.create_queue()

Memset on device

cudaMemsetAsync(d_x, 0, sizeof(double) * N_ROWS, stream1)

stream1->memset(d_x_new, 0, sizeof(double) * N_ROWS)

Copy memory between host and device

cudaMemcpyAsync(
d_A, A, sizeof(float) * N_ROWS * N_ROWS,
cudaMemcpyHostToDevice, stream1)

stream1->memcpy(
d_A, A, sizeof(float) * N_ROWS * N_ROWS)

Free device memory allocation

cudaFree(d_A)

sycl::free(d_A, q)

Synchronize host and device

cudaStreamSynchronize(stream)

stream1->wait();

CUDA sync threads / SYCL group_barrier

cg::sync(cta);

item_ctl.barrier();

CUDA Cooperative groups / SYCL sub-groups

cg::thread_block_tile<32> tile32 = cg::tiled_partition<32>(cta);

sycl::sub_group tile32 = item_ctl.get_sub_group();

CUDA Warp function / SYCL group algorithms

tile32.shfl_down(rowThreadSum, offset);

sycl::shift_group_left(tile32,rowThreadSum, offset);

CUDA Atomic Add / SYCL Atomic Add

atomicAdd(
&b_shared[i % (ROWS_PER_CTA + 1)], rowThreadSum);

dpct::atomic_fetch_add<double, sycl::access::address_sp
ace::generic_space>(
&b_shared[i % (ROWS_PER_CTA + 1)], rowThreadSum);

- dpct::device= CUDA 2E T2 2o C|HIO|A MES

A1 EH

A dd oy ShAY
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= SYCLomatic2| diagnostic HIA| X|

/*

DPCT1007:16: Migration of cudaGraphCreate is not supported.

*/

checkCudaErrors(cudaGraphCreate(&graph, 0));

/*

DPCT1007:17: Migration of cudaGraphAddMemsetNode is not supported.
*/

checkCudaErrors(

cudaGraphAddMemsetNode (&memsetNode, graph, NULL, ©, &memsetParams));

/*

DPCT1082:18: Migration of cudaKernelNodeParams type 1is not supported.
*/

cudaKernelNodeParams NodeParams@, NodeParamsil;

/*

DPCT1007:19: Migration of cudaGraphAddKernelNode is not supported.

*/

checkCudaErrors(

cudaGraphAddKernelNode(&jacobiKernelNode, graph, nodeDependencies.data(),
nodeDependencies.size(), &NodeParams@));

intel software 20 moosxs



CUDA API O10]3gj|0]/d X| &l sigt

nvGRAPH API

Function
nvgraphGetProperty
nvgraphCreate
nvgraphDestroy
nvgraphCreateGraphDescr
nvgraphDestroyGraphDescr
nvgraphSetGraphStructure
nvgraphGetGraphStructure
nvgraphConvertTopology
nvgraphConvertGraph
nvgraphAllocateEdgeData
nvgraphSetEdgeData
nvgraphGetEdgeData
nvgraphAllocateVertexData
nvgraphSetVertexData

nvgraphGetVertexData

cuBLAS API

Migration

Support Diagnostic Message Function

NO cublasCreate

NO cublasDestroy

NO cublasGetVersion

NO cublasGetProperty

NO cublasSetStream

NO cublasGetStream

NO cublasGetPointerMode
NO cublasSetPointerMode
NO cublasSetVector

NO cublasGetVector

NO cublasSetMatrix

NO cublasGetMatrix

NO cublasSetVectorAsync

NO cublasGetVectorAsync
NO cublasSetMatrixAsync

Migration
Support

YES
YES
YES
NO
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES

Diagnostic Message

DPCT1026 / DPCT1027
DPCT1026 / DPCT1027
DPCT1018 f DPCT1020
DPCT1018 / DPCT1020
DPCT1018 / DPCT1020
DPCT1018 / DPCT1020
DPCT1018 / DPCT1020
DPCT1018 / DPCT1020

DPCT1018 / DPCT1020

https://oneapi-src.github.io/SYCLomatic/dev guide/api-mapping-status.html#runtime-and-driver-api
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https://oneapi-src.github.io/SYCLomatic/dev_guide/api-mapping-status.html#runtime-and-driver-api

XX = 715 sli&

« CUDA dglijl= &+

double sumGPU = 0.0;
if (gpumethod == 0) {

sumGPU = JacobiMethodGpuCudaGraphExecKernelSetParams(d A, d b, conv_threshold, max_iter, d x, d_x new, streaml);

} else if (gpumethod == 1) {

sumGPU = JacobiMethodGpuCudaGraphExecUpdate(d A, d_b, conv_threshold, max_iter, d x, d_x new, streaml);

} else if (gpumethod == 2) {
sumGPU = JacobiMethodGpu(d_A, d b, conv_threshold, max_iter, d x, d _x new, streaml);

}

. Bz

double sumGPU = 0.0;
sumGPU = JacobiMethodGpu(d_A, d_b, conv_threshold, max_iter, d_x, d_x_new, streaml);

- 7l 82 A

//double JacobiMethodGpuCudaGraphExecKernelSetParams (
// const float *A, const double *b, const float conv_threshold,
// const int max_iter, double *x, double *x_new, dpct::queue_ptr stream) {

e

//double JacobiMethodGpuCudaGraphExecUpdate(
// const float *A, const double *b, onst float conv_threshold,

// const int max_iter, double *x, double *x_new, dpct::queue_ptr stream) {
50
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Diagnostics Reference

ID

DPCT1000

DPCT1001

DPCT1002

DPCT1003

DPCT1004

DPCT1005

DPCT1006

DPCT1007

DPCT1008

DPCT1009

DPCT1010

DPCT1011

Message

Error handling if-stmt was detected but could not be rewritten.

The statement could not be removed.

Special case error handling if-stmt was detected. You may need to rewrite this code.

Migrated API does not return error code. (*, 8) is inserted. You may need to rewrite this code.
REMOVED.

Compatible SYCL code could not be generated.

The SYCL device version is different from CUDA Compute Compatibility. You may need to rewrite this

code.
SYCL does not provide a standard API to differentiate between integrated and discrete GPU devices.
Migration of <API name> is not supported.

<function name> function is not defined in SYCL. This is a hardware-specific feature. Consult with your

hardware vendor to find a replacement.

SYCL uses exceptions to report errors and does not use the error codes. The original code was

commented out and a warning string was inserted. You need to rewrite this code.

SYCL uses exceptions to report errors and does not use the error codes. The call was replaced with 0. You

need to rewrite this code.

The tool detected overloaded operators for built-in vector types, which may conflict with the SYCL 2020
standard operators (see 4.14.2.1 Vec interface). The tool inserted a namespace to avoid the conflict. Use

SYCL 2020 standard operators instead.

DPCT1003

Message

Migrated API does not return error code. (*, @) isinserted. You may need to rewrite this code.

Detailed Help

Typically, this happens because the CUDA* API returns an error code and then it is consumed by the program

logic.
SYCL* uses exceptions to report errors and does not return the error code.

SYCLomatic insertsa (*, @) operator, so that the resulting application can be compiled. This operator returns
0 and is inserted if the return code is expected by the program logic and the new APl does not return it. You

should review all such places in the code.

Suggestions to Fix
If in a DPC++ application you:

* Do not need the code that consumes the error code, remove the code and the (*, @) operator.

» Need the code that consumes the error code, try to replace it with an exception handling code and use

your logic in an exception handler.

https://oneapi-src.github.io/SYCLomatic/dev guide/diagnostics-reference.html
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cuBLAS 0O(0|gf|o]M

= Matrix Multiplication
= https://github.com/NVIDIA/cuda-samples/tree/master/Samples/4 CUDA Libraries/matrixMulCUBLAS

= main.cpp:

- CUDAAEZ MX

GPUL| M E2| &S

CPUOA| C|O|&f Z=7[=}

A2 28 HIO|EHE GPU HZ 2|0 SA}
GPUOJ| A A 4h 2l

21 20l U 5
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https://github.com/NVIDIA/cuda-samples/tree/master/Samples/4_CUDA_Libraries/matrixMulCUBLAS

cuBLAS Migration

= Compilation DB 44

$ make clean
$ intercept-buid make

= compile_commands.json

[
{
"command": "nvcc -¢ -I../../../Common -m64 --std=c++11 -o matrixMulCUBLAS.o -D__CUDACC__=1 matrixMulCUBLAS.cpp",
"directory": "/scratch/optparel/work/2023/cuda-samples-11.6/Samples/4_CUDA_Libraries/matrixMulCUBLAS",
"file": "/scratch/optpar@l/work/2023/cuda-samples-11.6/Samples/4 CUDA _ Libraries/matrixMulCUBLAS/matrixMulCUBLAS.cpp"
}s
{
"command": "nvcc -m64 -o matrixMulCUBLAS matrixMulCUBLAS.o -D__CUDACC__ =1",
"directory": "/scratch/optparel/work/2023/cuda-samples-11.6/Samples/4_CUDA_ Libraries/matrixMulCUBLAS"
}
]

- =X O+0] g 0]

$ dpct -p compile_commands.json
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matrixMulCUBLAS: API Comparison

Concept CUDA SYCL

header file #include <cuda_runtime.h> #include <CL/sycl.hpp>
#tinclude <dpct/dpct.hpp>

library header file #include <cublas_v2.h> #include <dpct/blas_utils.hpp>

d_A = (float *)sycl::malloc_device(

Memory allocation on device cudaMalloc((void **)&d_A, mem_size A) I e}

dpct::get_default_queue().memcpy(

Copy memory between host and device cudaMemcpy(d_A, h_A, mem_size_A, cudaMemcpyHostToDevice) A1 (0 A (TE e Tl

Free device memory allocation free(h_A) sycl::free(h_A, q)

gemm function cublasSgemm(...) oneapi::mkl::blas::column_major::gemm(...)

= CUBLAS gemm

checkCudaErrors(cublasSgemm(
handle, CUBLAS OP_N, CUBLAS OP_N, matrix_size.uiWB, matrix_size.uiHA,
matrix_size.uiWA, &alpha, d B, matrix_size.uiWB, d_A,
matrix_size.uiWA, &beta, d_C, matrix_size.uilB));

= oneMKL gemm

oneapi::mkl::blas::column_major::gemm(
*handle, oneapi::mkl::transpose::nontrans, oneapi::mkl::transpose::nontrans, matrix_size.uiWB, matrix_size.uiHA,
matrix_size.uiWA, alpha, d_B, matrix_size.uiWB,
d A, matrix_size.uiWA, beta, d_C, matrix_size.uiWB)
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Intel® oneAPI 2023 M 22 7|

Aot 8 SyCcL X ¥

= Intel® oneAPl DPC++/C++ ALY = BF162 2AHSHA X810 Al 7IEE X2
- NVIDA 5! AMD GPU 0|£3}0f CodePlay2| oneAPl 221012 X| &
= SYCLomatic S5 cuBLAS % cuDNNIt &2 CUDA* 2t0|E 22| 2Z 2 SYCL % oneAPI 20| E2{2|0f HEt 7t5

- 185 ARE S 212 A Fortran ALY

= Fortran 2003, Fortran 2008 3 Fortran 20182 2 & 7|51

2 OpenMP 5x 7|2 K| &

- CPUOA Co-ArrayE X|#3tH GPUOA DO CONCURRENTE X[

ds 2to| =8

- Intel® oneAPl Math Kernel Library= HIO|E MlE GPU H& XXzt Z3t
- MZ3 FFT, 1D % 2D %Az}, = 47|, Sparse BLAS 3! LAPACK A&
» Intel ® MPI Library= GPU HIHE AFESG Collective 7|52 d& & 7ts

=4 Sl O3
= [ntel® VTune™
= Intel® Xeon® MaxO|A| HBM O|&3}I0 M= a4t 7=

= Intel® O|O|E ME{ MaxO|A] Xe Link 223t CPU/GPU &1

S U HYE Y2 HY 22X EA
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Intel® DPC++ ZI}22{: CUDA HHdI =

Relative Performance: NvidiaSYCL vs.NvidiaCUDA on Nvidia-A100
(CUDA =1.00)
(Higher is Better)

L 1.09 112 1.09
0.97 0.99
L 0.9

0.8
0.6
0.4
0.2
0

Sobel filter Reverse Time SYCLHP- Support Vector Hashtable Bitcracker Easywave Ethminer Cudasift Aocbench

Migration Linpack Machine (SVM)
® Nvidia CUDA ® Nvidia SYCL (Exascale Computing Project, USA)

- HAE 2H4:
= |Intel® Xeon® Platinum 8360Y / NVIDIA A100-PCle-80GB

- CUDA 117
= NVIDIA GPUS| H|O|E|E CUDA*Y| EXst= Hs
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Intel® DPC++ ZALIAUZ]: HIP WA E

Relative Performance: AMD SYCL vs. AMD HIP on AMD Instinct MITOO Accelerator
(HIP =1.00)
(Higheris Better)

2 1.9
1.8
1.6 1.5
14 1.3
12 1.07
1 0.93 0.96 0.96
0.84
0.8 0.75
0.6
0.4
0.2
0
Sobelfilter Reverse Time SYCLHP-Linpack SupportVector Hashtable Bitcracker Easywave Ethminer Acbench
Migration Machine (SVM)
mAMDHIP mAMDSYCL (Exascale Computing Project, USA)

- HAE 23:
= |Intel® Xeon® Gold 6330 / AMD Instinct MI100

= RoCm 5.2.1
= SYCL 2020 7|=2| 50% O| &= =
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C++ O S2|#A|o|M ds et

Relative Floating Point Speed Performance (est.) Relative Integer Speed Performance (est.)
(GCC12.1=1.00) (GCC12.1-1.00)
(Higher is Better) (Higher is Better)
140
2.00 113
167 20 0.99 1.00
1.00
1.50 1.21
1.00 0.80
1.00 0.60
0.50 949
0.20
0.00 0.00
Intel® oneAPI Intel® C++ Compiler LLVMI5.0.0 GCCI21 Intel® oneAPI Intel® C++ Compiler LLVMI15.0.0 GCCIl21
DPC++/C++ Classic 2021.8 (LLVM.org) DPC++/C++ Classic 2021.8 (LLVM.org)
Compiler 2023.0 Compiler 2023.0
(LLVMBased) (LLVM Based)
Estimated: internal measurement of the geometric mean of the C/C++ Estimated: internal measurement of the geometric mean of the C/C++
workloads from the SPECspeed* 2017 Floating Point suite (baseline) workloads from the SPECspeed* 2017 Integer suite (baseline)

- HI2E 23:
- Intel® Xeon® Platinum 8480
= SPEC ®lX|OF=3: molecular dynamics, biomedical imaging, ray tracing, fluid dynamics etc.

intel software 30 moosxs



Conclusion

v " 3 C++ / SYCL™ Source Code

= > A
i ’\| m|
BERKELEY LAB ‘ SYCL

1

oneAPI

oneAPI| Base Toolkit

¥ OAK RIDGE
. AS National Laboratory Ty yy (Ll

5 EVERGY i (’\/’l‘ s

oneAPI| for oneAPI| for oneAP| for

AMD GPUS (beta) Intel® GPUs NVIDIA® GPUs

CodePlay Software, Targeting Multi-Vendor Architectures with oneAPIl and SYCL
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OneAPl {20} &+H

= Purchasing oneAPI software with support provides registered users with many benefits shown on
this page https:.//www.intel.com/content/www/us/en/developer/tools/oneapi/commercial-base-
hpc.html and listed here:

= Direct and private interaction with Intel's support engineers, including the ability to submit confidential support requests
= Accelerated response time for technical questions and other product needs
= Free download access to all new product updates and continued access to older versions of the product

= Priority assistance for escalated defects and feature requests
= Access to a vast library of self-help documentation built from decades of experience with creating high-performance code

= oneAPI
- moasys =If|O|X| 0 M oneAPI & {H[Lt0f| Chot G2 & =I5t = US LI
= moasys S 0|X| : http://www.moasys.com/
= oneAPl 2& HH : http://www.moasys.com/oneapi.html

- oneAPl TOf 2| : sales@moasys.com

} I]}O}
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https://devcloud.intel.com/oneapi/

Sign out (U66264)
PRODUCTS SUPPORT SOLUTIONS DEVELOPERS PARTNERS Expiration Date : 03/02/2025
Request Extension

Software Tools DevCloud +~ oneAPIl

Intel® DevCloud for oneAPI

Overview GetStarted Early Access Resources Documentation  Forum =

Announcements VIEW ALL ANNOUNCEMENTS >

> Jun 28, 2022 *New* Retirement of the Intel® Iris® Max Graphics from the Intel® DevCloud — We have decided to retire the Intel® Iris® Xe Max Graphics from the Intel® DevCloud for oneAP| effective Friday 07/29/2022 EOD. This affects compute nodes s011-n[001->008] and s01...
| Jun1o0, 2021 S5H Configuration Change is Required — A recent DNS change now requires users to update their SSH configuration. Please search and replace devcloud.intel.com with ssh.devcloud.intel.com in your SSH config file to avoid any connection issues.
| Mar 16, 2021 DevCloud Maintenance on March 25, 2021 — Intel DevCloud may be unavailable from 7:00 am to 1:00 pm UTC (4:00 PM midnight to 10:00 PM Korean Standard Time) on March 25, 2021 due to network service maintenance.

Welcome, Early Access Users! Thank you for your continued partnership in Intel’s GPU journey. We've made available several resources to help you evaluate the latest GPU hardware on the Intel® DevCloud

Explore Resources

Test Performance on CPU, GPU, What You Get Why oneAPI?
and FPGA Architectures

Free access to Intel® oneAPI toolkits and components Freedom of choice for accelerated computing across
and the latest Intel® hardware multiple architectures: CPU, GPU, and FPGA

220 GB of file storage

CPU: An open alternative to proprietary lock-in

192 GB RAM

Data Parallel C++ (DPC++)—an open, standards-based
evolution of ISO C++ and Khronos SYCL*

« |ntel® Xeon® Scalable 6128 processors

s Intel® Xeon® Scalable 8256 processors 120 days of access (extensions available)

Optimized libraries for API-based programming

« Intel® Xeon® E-2176 P630 processors (with Intel® Terminal Interface (Linux*)

Graphics Technology)

Advanced analysis and debug tools

Microsoft Visual Studio* Code integration

CUDA* source code migration

Remote Desktop for Intel® oneAPI Rendering Toolkit

Additional support for OpenCL and RTL development
on FPGA nodes

GPU:

« |ntel® Xeon® E-2176 P630 processors (with Intel®
Graphics Technology)

» Intel® Iris® Xe MAX
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Linux* {(Terminal)
macOS* (Terminal)
Windows (PUTTY)

WinSCP, FileZilla

Choose your /J’/ SSH = | Login
Connection Node
Method

[ ) E

\ IDE Access = Job Compute
— - Queue Nodes

()] (@]
- o)

Remote
Desktop FPGA
ey
Jupyter
o~
Notebooks
Storage Server Access oneAPI Get Trained Q . Forum Access to Latest
(Up to 200GB) ® Toolkits on DPC++ Support Intel Hardware
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Step 1) Visit https://devcloud.intel.com/oneapi/get started/

PRODUCTS SUPPORT SOLUTIONS DEVELOPERS PARTNERS‘ [ _fgSign In m

Software Tools DevCloud v oneAPI

Intel® DevCloud for oneAP|

Overview GetStarted Documentation Forum @

The Intel DevCloud is a development sandbox to learn about programming cross architecture applications with OpenVino, High Level Design (HLD) tools -
oneAPI|, OpenCL, HLS — and RTL.

Get Free Access

Sign in

Explore Intel oneAPI Toolkits in the DevCloud

These toolkits are for performance-driven applications—HPC, 10T, advanced rendering, deep learning frameworks—that are written in
DPC++, C++, C, and Fortran languages. Select a toolkit to see what it includes, explore training modules, and go deeper with developer

guides.


https://devcloud.intel.com/oneapi/get_started/

Step 2) Click the “Register now for Intel® DevCloud” link

PRODUCTS  SUPPORT  SOLUTIONS  DEVELOPERS  PAR S P usaencush) Q) search Intel.com

Intel® DevCloud

Signn Get an Account

Quickly create an account to start using

Intel Customer or Partner? DevCloud today.

Username [ n Register now for Intel® DevCloud ]

With and Intel® DevCloud account, you can:

Password .
» Evaluate the latest software without

By signing_in, you agree to our Terms of Service downloading
» Access the latest compute technology with

0J Remember me no setup

Registration is simple and quick.

Forgot your Intel username or password?
Contact customer support




https://devcloud.intel.com/oneapi/get_started/

intel

OpenCL for FPGA development

FPGA SDKx W\

Sl . Intel® FPGA SDK for OpenCL™ software technology is a development environment that enables software developers to accelerate their applications by targeting heterogeneous platforms with Intel CPUs and FPGAs.
or OpenC

Get Started with your first Sample

« Microsoft* Visual Studio or Eclipse*-based Intel® Code Builder for + Create OpenCL™ project jump-start wizard * FPGA resource and performance analysis
OpenCL™ API now with FPGA support + Development Environment for both host (CPU) and accelerator (FPGA) + Fast and incremental FPGA compile
* Fast FPGA emulation based on Intel's compiler technology + Syntax highlighting and code auto-completion features

RTL Acceleration Functional Unit

HUARTUS N The revolutionary Intel® Quartus® Prime Design Software includes everything you need to design for Intel® FPGAs, SoCs, and complex programmable logic device (CPLD) from design entry and synthesis to optimization, verification, and
PRI ME } simulation. Dramatically increased capabilities on devices with multi-million logic elements are providing designers with the ideal platform to meet next-generation design opportunities.

DESIGN SOFTWARE Build and design using standard logic gates. Great for visualization and education.
Connect with JupyterLab* Training Resources
Connect with JupyterLab* DevCloud Commands

Use JupyterLab* to learn about how oneAPI can solve the challenges of programming in a heterogeneous world  Learn about the features of the compute nodes, data management, and how to submit, query, and delete your jobs.
d understand the Data Parallel C++ (DPC++) | d i del. - .
andunderstand the bata Farafle ( )language and programming mode Introduction to oneAPI and Essentials of Data Parallel C++
£
Launch JupyterlLab Use JupyterLab* to learn about how oneAP| can solve the challenges of programming in a heterogeneous world and
understand the Data Parallel C++ (DPC++) language and programming model.
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Interactive Job

u66264@s001-nB23:~% qsub -I -1 nodes=2:gen9:gpu:ppn=2
gsub: waiting for job 2080043 .v-qsvr-1l.aidevcloud to start
gsub: job 2086043.v-qsvr-1.aidevcloud ready

HASH AT R R R R R R R I R

# Date: Thu 88 Dec 20622 ©8:22:21 PM PST

# Job ID: 2080043 .v-qsvr-1.aidevcloud

# User: u66264

# Resources: cput=35:00:00,neednodes=2:gen9:gpu:ppn=2,nodes=2:gen9:gpu:ppn=2,walltime=06:00:00
HHHH S R R R R R R

Request node based on device properties

= gsub -l -I nodes=[nnodes]:[props]:ppn=[process_per_node]
Properties describing device class:

= core / xeon / gpu / fpga

Properties describing device name:

= gen9 / iris_xe_max / aria10 / stratix10 / gold6128 / 19-10920x
Properties describing purpose:

= fpga_compile / fpga_runtime / renderkit
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SYCLomatic Installtion

O Product ¥ Solutions ¥ Open Source ¥ Pricing Sign in | Sign up |
=]
<» Code () Issues (22 i1 Pull requests 37 () Actions [ Projeas ©) Security |~ Insights

Tags

18 hours 290 SYCLomatic daily 2023-10-15 (rere-

» Assets 1

S wget https://github.com/oneapi-src/SYCLomatic/archive/refs/tags/20231015.tar.gz
S tar xf 20231015.tar.gz

S export PATH=<syclomatic path>/bin:SPATH

S dpct -h
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CodePlay Plugin for oneAPI: Download

oneAPI for NVIDIA® GPUs

Add support for NVIDIA GPUs to the Intel® oneAP| Base Toolkit using oneAPI for
NVIDIA GPUs. Develop code using SYCL™ and run on NVIDIA GPUs.

& Download Plugin ! GetStarted

Have you installed an Intel® oneAPI Toolkit?

To use oneAPI for NVIDIA GPUs, you must have an Intel oneAP| Toolkit installed. & Getintel oneAP! Base Toolkit
For example, the Intel oneAPI Base Toolkit should suit most use cases.



https://developer.codeplay.com/products/oneapi/nvidia/home/

CodePlay Plugin for oneAPI: Installation

= Plugin installation
$ sh oneapi-for-nvidia-gpus-2023.2.1-cuda-12.0-1linux.sh --install-dir /path/to/intel/oneapi

= DPCPP backend enumeration

$ sycl-1s
[opencl:acc:0] Intel(R) FPGA Emulation Platform for OpenCL(TM), Intel(R) FPGA Emulation Device 1.2 [2023.16.6.0.22 223734]
[opencl:cpu:1] Intel(R) OpenCL, AMD EPYC 7543 32-Core Processor 3.0 [2023.16.6.0.22 223734]

[ext_oneapi_cuda:gpu:0] NVIDIA CUDA BACKEND, NVIDIA A100-SXM4-80GB 8.8 [CUDA 11.6]

= Fat binaries for multiple targets (AMD, NVIDIA, INTEL)

$ icpx \
-fsycl \
-fsycl-targets=amdgcn-amd-amdhsa,nvptx64-nvidia-cuda,spir64 \
-Xsycl-target-backend=amdgcn-amd-amdhsa --offload-arch=gfx1030 \
-Xsycl-target-backend=nvptx64-nvidia-cuda --offload-arch=sm_80 \

-0 sycl-app sycl-app.cpp

= Backend selection at runtime
$ ONEAPI_DEVICE_SELECTOR=cuda:® SYCL_PI_TRACE=1 ./sycl-app
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Vector Addition: CUDA Code

$ nvidia-smi

Mon Oct 16 21:04:58 2023

| NVIDIA-SMI 510.47.03

| GPU Name

Driver Version:

Persistence-M| Bus-Id

| Fan Temp Perf Pwr:Usage/Cap]|

| | MIG M. |
| ===============================4===========z==========4===============z======z|
| © Tesla V100-PCIE... | 00000000:3B:00.0 Off | 0 |
| NJA 28C  P@  23W / 250W | 4MiB / 32768MiB | 0% Default |
| | N/A |
= mmm e eeememememmeaeaaa- fmmmmmmemmmmmemaeeaoaa- fmmmmmmemmmmmmmeaeaaaa- +
Sy S S S S Sy Sy S Sy S Sy R Sy EpS +
| Processes: |
| GPU GI CI PID Type Process name GPU Memory |
| ID ID Usage I
| No running processes found |
Sy S S S S Sy Sy S Sy S Sy R Sy EpS +

$ nvcc vectoradd.cu -o vectoradd.x

$ ./vector_add

33333333333333333

510.47.03

CUDA Version: 11.6 |
| == - mm e TP +
Disp.A | Volatile Uncorr. ECC |

Memory-Usage | GPU-Util Compute M. |
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Vector Addition: SYCL Code

CUDA development machine:
$ syls-1s

[opencl:acc:0] Intel(R) FPGA Emulation Platform for OpenCL(TM), Intel(R) FPGA Emulation Device 1.2 [2023.16.6.0.22 223734]

[opencl:cpu:1] Intel(R) OpenCL, Intel(R) Xeon(R) Gold 5217 CPU @ 3.00GHz 3.0 [2021.12.9.0.24_005321]

[ext_oneapi_cuda:gpu:0] NVIDIA CUDA BACKEND, Tesla V100-PCIE-32GB 7.7

Compile migrated SYCL Code

$ icpx -fsycl vectoradd.dp.cpp -o vectoradd.cpp
./vectoradd.x
3333333333333333

Print device information

int main()

{
dpct::device_ext &dev_ctl = dpct::get _current_device();
sycl::queue &g _ctl = dev_ctl.default queue();
std::cout << "Device: " << q_ctl.get_device().get_info<sycl::info
= Recompile:

$ icpx -fsycl vectoradd.dp.cpp -o vectoradd.cpp
./vectoradd.x

Device: Intel(R) Xeon(R) Gold 5217 CPU @ 3.00GHz
3333333333333333

[CUDA 11.6]

::device::name>() << "\n";
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Vector Addition: SYCL Code

= Compile migrated SYCL Code with NVIDIA backend

$ icpx -fsycl vectoradd.dp.cpp -fsycl-targets=nvptx64-nvidia-cuda,spir64 -o vectoradd.x
./vectoradd.x

Device: Tesla V100-PCIE-32GB

3333333333333333

= Runtime selection of backend

$ ONEAPI DEVICE SELECTOR=cuda:@ SYCL PI TRACE=1 ./vectoradd.x

SYCL_PI TRACE[basic]: Plugin found and successfully loaded: libpi_cuda.so [ PluginVersion: 12.27.1 ]
SYCL_PI TRACE[all]: Requested device_type: info::device_type: :automatic

SYCL_PI TRACE[all]: Selected device: -> final score = 1500

SYCL_PI_TRACE[all]: platform: NVIDIA CUDA BACKEND

SYCL_PI TRACE[all]: device: Tesla V100-PCIE-32GB

Device: Tesla V100-PCIE-32GB

3333333333333333

$ ONEAPI DEVICE_SELECTOR=opencl:1 SYCL_PI TRACE=1 ./vectoradd.x

SYCL_PI TRACE[basic]: Plugin found and successfully loaded: libpi_opencl.so [ PluginVersion: 12.27.1 ]
SYCL_PI TRACE[all]: Requested device_type: info::device_type::automatic

SYCL_PI TRACE[all]: Selected device: -> final score = 1300

SYCL_PI TRACE[all]: platform: Intel(R) OpenCL

SYCL_PI TRACE[all]: device: Intel(R) Xeon(R) Gold 5217 CPU @ 3.00GHz

Device: Intel(R) Xeon(R) Gold 5217 CPU @ 3.00GHz

3333333333333333
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Vector Addition: SYCL Code

= Compile migrated SYCL Code on DevCloud

$ icpx -fsycl vectoradd.dp.cpp -o vectoradd.x
./vectoradd.x

Device: Intel(R) UHD Graphics [0x9a60]
3333333333333333

= Runtime selection of backend

$ ONEAPI DEVICE SELECTOR=opencl:1 SYCL PI TRACE=1 ./vectoradd.x

SYCL_PI TRACE[basic]: Plugin found and successfully loaded: libpi_opencl.so [ PluginVersion: 12.27.1 ]
SYCL_PI TRACE[all]: Requested device_type: info::device_type: :automatic

SYCL_PI TRACE[all]: Selected device: -> final score = 1300

SYCL_PI TRACE[all]: platform: Intel(R) OpenCL

SYCL_PI TRACE[all]: device: 11th Gen Intel(R) Core(TM) i9-11900KB @ 3.30GHz

Device: 11th Gen Intel(R) Core(TM) i9-11900KB @ 3.30GHz

3333333333333333

$ ONEAPI DEVICE_SELECTOR=opencl:2 SYCL_PI TRACE=1 ./vectoradd.x

SYCL_PI TRACE[basic]: Plugin found and successfully loaded: libpi_opencl.so [ PluginVersion: 12.27.1 ]
SYCL_PI TRACE[all]: Requested device_type: info::device_type::automatic

SYCL_PI TRACE[all]: Selected device: -> final score = 1500

SYCL_PI TRACE[all]: platform: Intel(R) OpenCL HD Graphics

SYCL_PI TRACE[all]: device: Intel(R) UHD Graphics [0x9a60]

Device: Intel(R) UHD Graphics [0x9a60]

3333333333333333
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Jacobi Iteraction: CUDA Code

= Download CUDA samples

$ wget https://github.com/NVIDIA/cuda-samples/archive/refs/tags/v11.6.tar.gz
$ tar xf vlil.6.tar.gz

= Compilation of original CUDA codes

$ cd cuda-samples-11.6/Samples/3 CUDA_ Features/jacobiCudaGraphs
$ make

$ ./jacobiCudaGraphs -help

Command line: jacobiCudaGraphs [-option]

Valid options:

-gpumethod=<0,1 or 2> : O - [Default] JacobiMethodGpuCudaGraphExecKernelSetParams
: 1 - JacobiMethodGpuCudaGraphExecUpdate
: 2 - JacobiMethodGpu - Non CUDA Graph

-device=device_num : cuda device id-help : Output a help message

$ ./jacobiCudaGraphs -gpumethod=2

CPU iterations : 2954

CPU error : 4.988e-03

CPU Processing time: 2095.318115 (ms)
GPU iterations : 2954

GPU error : 4.988e-03

GPU Processing time: 66.236000 (ms)
&8&&8& jacobiCudaGraphs PASSED
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Jacobi Iteraction: CUDA Code

= Compilation of migrated SYCL code with graph

$ icpx -fsycl -fsycl-targets=nvptx64-nvidia-cuda,spir64 *.cpp -I ../../../../Common/
jacobi.dp.cpp:211:3: error: unknown type name 'cudaGraph_t'
cudaGraph_t graph;

jacobi.dp.cpp:212:3: error: unknown type name 'cudaGraphExec_t'
cudaGraphExec_t graphExec = NULL;

jacobi.dp.cpp:216:3: error: use of undeclared identifier 'checkCudaErrors’
checkCudaErrors(

jacobi.dp.cpp:219:15: error: use of undeclared identifier 'cudaGraphNode t'
std: :vector<cudaGraphNode_t> nodeDependencies;

= Compilation of migrated SYCL code sans graph features (CUDA machine)

$ icpx -fsycl -fsycl-targets=nvptx64-nvidia-cuda,spir64 -I ../../../Common -I ../../../include *.cpp -0 jacobi.x
$ ONEAPI_DEVICE_SELECTOR=cuda:@ ./jacobi

CPU iterations : 2954

CPU error : 4.988e-03

CPU Processing time: 283.115997 (ms)
GPU iterations : 2954

GPU error : 4.988e-03

GPU Processing time: 362.898987 (ms)
&&8&& jacobiCudaGraphs PASSED
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Jacobi Iteraction: CUDA Code

= Compilation of migrated SYCL code sans graph features (DevCloud)

$ icpx -fsycl -I

$ ONEAPI_DEVICE_ SELECTOR=opencl:1 ./jacobi

CPU
CPU
CPU
GPU
GPU
GPU

iterations : 2954

error : 4.988e-03

Processing time: 157.582001 (ms)
iterations : 2954

error : 4.988e-03

Processing time: 1480.723022 (ms)

&&&& jacobiCudaGraphs PASSED

$ ONEAPI_DEVICE_SELECTOR=opencl:2 ./jacobi

CPU
CPU
CPU

terminate called after throwing an instance of 'sycl:: V1::exception

iterations : 2954
error : 4.988e-03
Processing time: 152.328003 (ms)

../../../Common -I ../../../include *.cpp -0 jacobi.x

what(): Required aspect fp64 is not supported on the device
Aborted
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cuBLAS Migration

= Compilation of original CUDA codes

$ cuda-samples-11.6/Samples/4 CUDA Libraries/matrixMulCUBLAS
$ make

$ ./matrixMulCUBLAS

MatrixA(640,480), MatrixB(480,320), MatrixC(640,320)
Computing result using CUBLAS.. .done.

Computing result using host CPU...done.

Comparing CUBLAS Matrix Multiply with CPU results: PASS

NOTE: The CUDA Samples are not meant for performance measurements. Results may vary when GPU Boost is enabled.

= Compilation of migrated code on DevCloud

$ icpx \
-fsycl \
-I../../../Common -I ../../../include \
*.cpp -1lmkl_sycl -1mkl_intel ilp64 -1mkl sequential -1mkl core -o matmul.x

$ ./matmul.x

MatrixA(640,480), MatrixB(480,320), MatrixC(640,320)
Computing result using CUBLAS.. .done.

Computing result using host CPU...done.

Comparing CUBLAS Matrix Multiply with CPU results: PASS

NOTE: The CUDA Samples are not meant for performance measurements. Results may vary when GPU Boost is enabled.
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THANK YOU
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