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B—EEE: hostfldeviceLiBiR B TRIE, queue: P
DPC++ PASIR loc_shared:

[EFREC + +1L7B, BT e A
YA <BAZY Memory (USM) Skif7

#include <CL/sycl.hpp>

nyaﬂgLﬂmt_ﬁﬁfﬁﬂu constexpr int N=16;
EIREFFTIT using namespace sycl;

lambdazzix= 118 int main() {

4 Host gueui 4> .
) e int *data = malloc_shared<int>(N, q);
: g.parallel for(N, [=](auto i) {

Device { data[i] = i;

code = }).wait();

Host for (int i=0@; i<N; i++) std::cout << data[i] << "\n";
code free(data, q);

return 0;

} free: {EMsycl:freef?
nsBcHIUSM
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.
#include <CL/sycl.hpp>
constexpr int N=16; handler: a<EAMITIR, 24
using namespace sycl; RH—FRIFNEERE

int main() {
queue q;
int *data = malloc_shared<int>(N, 5
g.submit([&] (handler &h){
h.parallel for(N, [=](auto 1) {
data[i] =
1)

Zi;\ }).wait();
-

e for (int i=0@; i<N; i++) std::cout << data[i] << "\n";

= " free(data, q);
;7’ ereturn 0;
. 7
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« \FIRI LB S gk iFes(device selecton) g ixs ‘

default selector selector;
// host selector selector;
// cpu_selector selector;
// gpu_selector selector;
queue d(selector);
std: :cout << "Device:

<< g.get_device().get_info<info::device::name>() << std::endl;

L

« EENMIREFILEE:

a9
class IntelGPUSelector : public device selector {
public:
\§ e int operator()(const device& Device) const override {
;;, y const std::string DeviceName = Device.get info<info::device::name>();
// return Device.is gpu() && (DeviceName.find("Intel") != std::string::npos) ? 100 : 0;
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« ZZ,m2g(buffer) #include <CL/sycl.hpp> ®
Jr. #include <vector> y
* 15ia)gg(accessor) constexpr int N = 16; |
using namespace std;
using namespace sycl;
o {LEx: int main() {
© ISR T AR RIER e
vector<int> v(N);
« TRER: {
- (ERbuffer NMNE ZEERIETTIEES @ buffer buf(v);
g.submit([&](handler &h) {
4 accessor a(buf, h, write only);
” h.parallel for(N, [=](auto i) { a[i] = i; });
}).wait();
}

for (int i = @; i < N; i++)
std::cout << v[i] << "\n";
return 9;

}
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for(int i=0; 1 < 1024; i++){
, a[i] = b[i] + c[i]; —)
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h.parallel for(range<1>(1024), [=](id<1> i){
A[i] = B[i] + C[i];
1)

| ,
o ¢

/‘

g



A A\
(CPP-Summit )

DPC++ ERFIEFITAX g

id(0,0)
range [1]

- HAHITAZAITHEEET range. id #0 item SSHE{H,

ra nge KT EAFITHITEREF IR
ALAFRRT. 2. 34

- HEEERRFNTEE tem with

. BMEERNX/NJUUREITIIEE

d AT F RrangeTEFAIZES|

o
Q
o
[
L]
o

- EREAILARRT. 2. 3%
4 . N i h.parallel for(range<1>(1024), [=](item<1> item){
/ © EEREERIFRRE auto idx = itei.get_id();
/ « B5|—1FHITIEITRISEH auto R = item.get_range();

« ° bufferfy{m#z

})s
erp FEREARZRERIERA L
o FERAZBIPITERERIZEREIRISLAIZRS| (958 UEER get_id #0 get_range)

Z" |+ Srange Flid —H, THMEWRIEREZNIEE
e

/.



(CPP-Summit)
DPC++ Z3( ND-Range A% '/"f

- BT BAERLE, BERTERIEEGSRIAI TN
ND-Range WRJLLRSEGID AARRZEERI D, FEREIBHRRIMEIZIE -5
» IEfARY(EA ND-Range WA LAFTE D HYARELBHEREE D, SENF LIt ERToEEF

Work-group of
(4,4,4) work—items

Sub-group of
4 work-items

(9] Ork—grou Q

L & 0
S N
& o 4;°*
: : & : : § z .
(o] —range (o) OrK—grou Of sub-grou
ND-Range Work-group Sub-group Work-item
{



CCPP Sum/m|t ) "

DPC++ ND-Range &IFEfE{F4EE[RIE *

« Intel Skylake GT3/e Graphics Intel® Processar Graphics Gens o/
. With 48 EUs and eDRAM ad Disp:

l

‘Slice: 24 EUs
=

Each Slic
Read: 64B/c\k {
Write: 64B/cyc -

Read: G4B/c c
Write: 643/cyc




DPC++ ND-Range &IEFE{HIEREEER *

Intel Skylake GT3/e Graphics
With 48 EUs and eDRAM

Uheach EU{ A
GRF&DFPUS
R: 96B/cyc
W: 32B/cyc

Each Subslice:
Sampler

(LTI
|-

Ring Interconnect

L3S

512KB/slice

Local Mem
64KB/subslice

W: 32B or 64B/cyc
G ck

(CPP-S.

/\\
mmit

EDRAM 64-128MB

(On Package, some Iris™ products)

each BB/cy;:
-clock

(Shared
With
CPUs)

|

) '.




DPC++ ND-Range &IEmE{4HA

« Intel Skylake GT3/e Graphics

(CPP-Summit)

Tt 4’1

. With 48 EUs and eDRAM EU: Execution Unit P

4| 28KB GRF: J [=
7 thrds x 128x | [:
[ SIMD8 x 32b T ARF
= i
3




CCPP Surﬁrmt) '

DPC++ c|:|;|'g§§ “T

|

+ DPC++ i BEiafTHIEE—FS C++ 5 &iRiE, BHAEMREC 15 EEER '

- NASCEFGRSHEEHE

o EFHEHATAICHE

- MBS ETERSS T C++ BIPFBINEE
- RiEH:

. mRFILWITRICEE

: W’fZ,Blﬁ%E’J C++ BEbo IR
B ZANRESHFIIANIEF TIE

Z/ © FIEC IO BSSTE. SENEAR (EURER new o delete ERFIHTIKER) | HEEE. @
#3EEt. B{TAEEAEE RTT) IR ek,
N 20 . RAFN IR BRI ORI R RS S S MR,

. SRR AR,




03

SYCL & DPC++
fmiFemRitEn

o L\
(LCPP-Sumimit

g

A



(CPPS ] méit |
Intel DPC++ Compiler =T

Compiler \ Linux* Driver Windows* Driver

Intel® DPC++ A C++ and dpcpp (clang compatible)
Compiler Khronos SYCL*
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Clang front-end. compatible)

dpcpp-cl (clang-cl

Intel® C++ A C++ compiler icx for C e

Compiler with a Clang front-
end, supporting
OpenMP* offload.

icpx for C++
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Clang miim=HY SYCL 37§55 =

int foo(int x) { return ++x; } //
int bar(int x) { throw std::exception{"CPU code only!"}; }

using namespace cl::sycl;
queue Q;
buffer<int, 1> a{range<1>{1024}};
Q.submit([&](handler& cgh) {
auto A = a.get access<access::mode::write>(cgh);
cgh.parallel for<init a>(range<1>{1024}, [=](id<1> index) {
A[index] = index[@] * 2 + foo(42);
1
}
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// SYCL kernel is defined in SYCL headers:

template <typename KernelName, typename KernelType/*, ...*/> r
__attribute  ((sycl kernel)) void sycl kernel function(KernelType KernelFuncObj) { '
LR
KernelFuncObj();
}

// Generated OpenCL kernel function

__kernel KernelName(global int* a) {
KernelType KernelFuncObj; // Actually kernel function object declaration
// doesn't have a name in AST.
// Let the kernel function object have one captured field - accessor A.
// We need to init it with global pointer from arguments:
KernelFuncObj.A. init(a);
// Body of the SYCL kernel from SYCL headers:

{

KernelFuncObij();
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Overview

Get Started with Intel® DevCloud

Work with Intel® Distribution

@penV|N@ of OpenVINO™ Toolkit

B3 Learn through a new suite of curated experiences, including market vertical samples, Jupyter* Notebook
tutorials and more.

§2 Build your solution in JupyterLab* and test with bare metal or develop your containerized solution. Quickly
bring it to Intel DevCloud for testing.

& Optimize your solution for a specific target edge device with the Deep Learning Workbench and take advantage
of the new, more robust telemetry dashboard

& Launch quicker and reduce cost by fast-tracking your path from prototype to production with solutions from
the Edge Software Hub or Intel's ecosystem partners.

. ' 28
C(;PP:Sum'mit) |

HaEfinte 22N =Fs, B LUHERERIEMNFARIGTIZ S &5

Intel® DevCloud offers complimentary access to a wide range of Intel® architectures to help you get instant hands-on experience with Intel® software and execute
your edge, Al, high-performance computing (HPC) and rendering With prei Intel® op
everything you need to fast-track your learning and project prototyping.

d fi rks, tools, and libraries, you have

Work with oneAPI

m
oneAPI

(@ Deliver fast C++, Fortran, OpenMP*, and MPI applications that scale using Intel® oneAPI HPC Toolkit

€ Speed Al development with tools for DL training, inference, and data analytics using the Intel® oneAPI Al
Analytics Toolkit.

[al Create high-performance, high-fidelity visualization applications with these five powerful, open-source libraries
using Intel* oneAP| Rendering Toolkit.

{} Learn, build, test, and validate with FPGA accelerators


https://www.intel.com/content/www/us/en/developer/tools/devcloud/overview.html

N
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181 sshiZxiZDevCloud ‘/i

Connect to DevCloud A

Connect to the DevCloud using SSH Clients.

Select Preferred OS/Client Interface:

O Cygwin on Windows*
nux* or macOS*

@ Visual Studio Code

Hello World! Get Started by running a simple sample on DevCloud. v

Use this simple sample to confirm that you are connected to oneAP| DevCloud

Run Base Toolkit Samples on DevCloud

Explore the samples already installed in Step 2.

Browse Available Samples




CCPP SumrmO

EB1gjupyter notebook{EFDevCloud 25

Learn the Essentials of Data Parallel C++

+ FREROF I e g e BRI
. BB |
. YFFIERGADPC++ 7575 EE;
. IS RRE AL,

SRIEFF A E .

Module 3 Module 4 Module 5
DPC++ Unified Shared Memory g DPC++ Sub-Groups Demanstration of Intel® Advisor

+ Und

Module 6 Module 7
. Intel® VTune™ Profiler on Intel® DPC++ Library Utilization
DevCloud
ea DPC++ 3
" Profil
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& Launcher X A Unified_Shared_Memory.ipyr ® Build and Run

B + §< E D > ™ c » Markdown Select the cell below and click run [l to compile and execute the code:

! chmod 755 q; chmod 755 run_usm.sh; if [ -x "$(command -v qsub)" ]; then ./q run_usm.sh; else ./run_usm.sh; fi

1. mspeCt the code cell below and click run u to save the code to file. Job has been submitted to Intel(R) DevCloud and will execute soon.

If you do not see result in 68 seconds, please restart the Jupyter kernel:
Kernel -> 'Restart Kernel and Clear All Outputs...' and then try again

2. Next run [ the cell in the Build and Run section below the code to compile and execute the code.

@

Time Use S Queue

070, 3 2
%kwritefile lab/usm.cpp 1849943.v-qsvr-1 ...ub-singleuser u123998 00:00:12 R jupyterhub
f/= = 1849944.v-gsvr-1 run_usm.sh u123998 8 Q batch

// Copyright ©® 2020 Intel Corporation

/7 cezmzee =0 cowoo | T N N N N IS N

// SPDX-License-Identifier: MIT TimeOut 66 seconds: Job is still queued for execution, check for output file later (run_usm.sh.01849944)
. Donel

#include <CL/sycl.hpp>

using namespace sycl;

Date: Sat 12 Feb 2022 ©4:24:19 AM PST

3 g . Job ID: 1849944.v-gsvr-1.aidevcloud
static const int N = 16; User: 1123998

Resources: neednodes=1:gpu:ppn=2,nodes=1:gpu:ppn=2,walltime=06:00:00

int main() {
gqueue q; ## u123998 is compiling DPCPP_Essentials Module3 -- DPCPP Unified Shared Memory - 1 of 4 usm.cpp
"

std::cout << "Device : " << q.get_device().get_info<info::device: :name>() Device : Intel(R) UHD Graphics P63 [0x3e96]
<< std::endl;

//# USM allocation using malloc_shared
int *data = malloc_shared<int>(N, q);

//# Initialize data array
for (int 1 = @; 1 < N; i++) data[i] = i;

//# Modify data array on device
g.parallel_for(range<l>(N), [=](id<l> i) { data[i] *= 2; }).wait();

//# print output

for (int 1 = @; 1 < N; i++) std::cout << data[i] << std::endl;
free(data, q); # End of output for job 1849944.v-gsvr-1.aidevcloud
return e; # Date: Sat 12 Feb 2022 ©4:24:40 AM PST

¥

Overwriting lab/usm.cpp

Job Completed in 6@ seconds.
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