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Open, Standards-Based
Unified Software Stack

Freedom from proprietary programming models
Full performance from the hardware

Piece of mind for developers

CPU, GPUd FPG& ~ k o,
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Application Workloads Need Diverse Hardware

Middleware & Frameworks

{F TensorFlow PyTorch @xnet @ ﬁ:ﬁ NumPy | X... ©penVIN®

Intel®oneAP|
oneApI Product

Compatibility Analysis &

Low-Level Hardware Interface

XPUs

GPU
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CUDA HIP OpenACC OpenMP DPC++/SYCL
Languages | C/C++/Fortran | C/C++/Fortran | C/C++/Fortran C/C++/Fortran C++
Abstraction Low Low High High Medium
Coding - - Directive-based Directive-based C++ lambda
Parallelism SIMT SIMT FOSrIkNJI(Sn Fosrlll(wjgln 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=

= GPUo OpenMP*4.0/45¢ @ T i |
= OpenMP*5.0/5.1/52 4 R L "M LHR Q4

= dpcpp/icx/icpx/ifx= MZ2 LLVM 7|8t A
= GPU~ OpenMP ¢

TI/I*

= OpenMP*5.0/5.1/5.21 N L " =

= https://www.intel.com/content/www/us/en/developer/articles/technical/openmp

xERLHR QA

s ERnL" x

oA 2{0|H Intel® oneAPI Toolkitd] =&t

-features-and-extensions-supported -in-icx.html
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NVIDIA GPU % AMD GPUE ¢|¢t ZAoleg| E2{1¢!

SYC Ope CL nd SPIR-V, a: d stry
d rds, enable flex bl eg d
de pl ymen fmul tiple a l erati h

SYCL enables Khronos to influence
ISO C++ to (eventually) support
heterogeneous compute

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

' > A
o i - Fm

oneAP| Base Toolkit oneAPI Base Toolkit

= Intel DPC++ ZL}22]: oneAPl BASE Toolkit
= OpenCLh{ # :Intel CPU, GPU(Gen9, 11Xe) d FPGA(Stratix, Ariaj &
= LevelZero hT i :Intel GPUW — lowlevel @ T i API

= Codeplay®| A Intel® oneAPI 2023 ZHuta{e| X[4l HIO|H{ 2] F2{1QUE FEE CIREE 7t
= https://developer.codeplay.com/products/oneapi

= NVIDIA GPU: A100-PCle40GB (sm_80)

= AMD GPU (I  ): AMD Radeon Pro W6600 (gfx1032)
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DPC++: vector_add.cpp

#include <iostream> SYCL*/C++ Source Code
#include <vector>
#include <string> Clang/LLVM

#include < sycl /sycl.hpp>

10y

#if FPGA_HARDWARE || FPGA_EMULATOR
#include < sycl / ext/intel/fpga_extensions.hpp>
#endif

using namespace sycl ;

CPU GPU FPGA Specialized
T

« DPC++ = [C++] + [SYCL] + [&EHd]
«C++7 YU E 4O C++_ wi Qo 4 v Oo M>F + = 71 nDLlner
-« SYCL 1:0OpenCl/ , eq7T F, =~ Ag L - T V =mE?Q
= Intelqr  » "E: SYCL' 1, unified shared memory (USM), subgroup, reduction
. Bl EY
= syclLhpp: Intel(R) DPC++1 ®y" +~ y SYCL 1y x ®
= fpga_extensions.hpp: FPGAY n Ly DPC++ » 'E H x W

intel software 6 mOOsxs



DPC++: vector_add.cpp

int main(int  argc, char* argv(]) {
#if FPGA_EMULATOR
Il FPGA emulator selector on systems without FPGA card.
auto selector = sycl :: ext:intel::  fpga_emulator_selector v ;
#elif FPGA_HARDWARE
/| FPGA selector on systems with FPGA card.
auto selector =  sycl :: ext:intel::  fpga_selector v ;
#else
// The default device selects the most performant device.
auto selector = default_selector v ;
#endif

Algorithm M

Algorithm N

[ Algorithm P

CPU

Algorithm Q

LI

>
@)
)]
(o

FEEETTTT
Algorithm R

Algorithm S

/l Queue creation
gueue g(selector);

SERE FHUg WM O|EE MY Ztetsirt
- DPC++IE { /S A+ L ® i NS AN 4 ¢ 0 T

| default_selector}EID 6 + o " = Ruof 1 8. 4" » Exfunkileg
FPGA #|8t St H&E7
= FPGA N 'l'® =|= -7 T fpga_selector®¥ fpga_emulator_selector na? 1" 1 £°
= :': fpga_extensions.hpp x MW/ A 5

Algorithm T
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DPC++: vector_add.cpp

Il Vector definition
auto N = 10000;
std::vector<int> a(N), b(N), c(N);

/I Vector initialization

Q
AN
<
oR
A

for(auto i =0; i <asize(); i+t)aat( i)= i;
for (autoj=0;) < b.size (); j++) b.at(j) = 2%j;
{

I/ Buffer

buffer a_buf(a);
buffer b_buf(b); "1 1023/ K rod A
buffer c¢_buf(c);
g.submit ([&](handler &h){
I/l Create an accessor for each buffer with access permission
accessor a_acq a_buf, h, read _only);
accessor b_acqb_buf, h, read only);
accessor c_acc(c_buf, h, write_only , no_init );

5/ UT o[ n £ A

teK /7 »  A14n ag

h.parallel_for (range<1>(N), [=](id<1> i){ c acdi]= a acdi]+ b_acdi];});
)

U mm% OO0 T |

"1, yp=/ K 5 &
- & OW¥F aB Oin CH i gt CPUGPUFPGAY é+dT1T ¢ T " %
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DPC++: vector_add.cpp

// Result print

for(int i =0; i <N; i++){
std:: cout <<'"["<< | <<"]:" } N,

<<a[i]<<"+"<<b[ i]<<"=" a / n AN O
<<c[i]<<" \n"

} =2

&

a.clear (); —~

b.clear (); & o3 g E

c.clear ();

return O;

$ icpx -fsycl -0O2vector add.cpp -0 vector _add.x

$ ./ vector_add.x
[0:0+0=0
[1]:1+2=3
[2]:2+4=6
[3]:3+6=09

[9999]: 9999 + 19998 = 29997

intel software 9 moosxs



(CPU) cuto SYCL Application
xecuted on...
. Host code Device code
1 submits...

Device

Command
Group
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o
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-

Executed on.

e
+

Private Memory

Global Memory
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_-- Infocplatiorm::name
= [ D\ System =" ...~ info-platform:vendor
\ T / .r::-.- o - |
[ ePu | Platform  -*=------------ info::platform::version
\—/ J— 7 Intel OpenCL Nvidia PTX Host Platform
. /, \\ - info: device::name
. \ FPGA )/ i . ) .- info::device::vendor
LN /" ._.’ ._'.-"
: ~ oy ) PR
L — h Device -.1»‘:-;_- -------------- info::device: version
Il CcPU GPU GPU R .
~ . * info: device: device_type
w
: “info:-device::max_compute_units
Chosen Device v ~tompute_

- info-device “local_mem_size
* info::device::double_fp_config

= =
HE ST

«SYCLER = Ad / AQ-" =& o ~ Loy

g o L IntelOpenCL” € Nvidia PT)X¥ ~ Ehi i L+ T

= 5 b 700 v T . — sycl:platform:: get_info () " £~
« platform 0 ,” | %N d K&

Mk

>

for (auto const& this_ platform : platform:: get platforms ()) {
std:: cout <<"Found platform: "
<< this_platform.get_info  <info::platform::name>() <<"  \n";

intel software 11 moosxs



_-- Infocplatiorm::name
. Ve Y System ": info-platform:-vendor
\ | \ opu . _,_—_’-'-"'J - .
[ eru | \ Platform  -+==------------ info::platform::version
\—/ — r Intel OpenCL Mvidia PTX Host Platform
) y- N _.- info:device::name
" | FPGA )/ " .- info- device -vendor
5 “— _././" L d . aie=
\ Device PEIo e info::device: version
Il CPU GPU GPU o
N infodevice: device_type
Chosen Device

S, Cinfordevice:max_compute_units

“info-device local_mem_size

. C|H}o|A SajA
=oneAPY A" 1, ., &l+ T
- 5 b 800 v —

T . sycl ::device:: get info () " &7
= device 0,7 | %o\ d K&

= | P = q bandwidth, frequency, cache size, online/offline status
=debug — SYCLYé=+d1fhH dre=rc@l/ A+ §y & VYeéeFd t-

for (auto const& this_device : this_platform.get _devices ()){
std:: cout <<" Device:"

<< this_device.get_info <info::device::name>() <<" \n";

}

intel software
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DPC++ 2H4: 7 &

ClH}O| A MEHT]

accelerator_selector v (

nyefa ¢ L E
host selector v ( U Qo " & )

(" EREM LT
[

- C|H}O| A MEHT| SEf2
=g B L A
= sycl i
= sycl :: default_selector_v
= sycl ::
= sycl :: cpu_selector_v
= sycl :: gpu_selector_v
= sycl :: ext:intel:

= sycl ;.exit::intel::

= 73 2

YeFbs o

-Yé+G/ 0B

- YéFd/ v

fpga_selector_v
fpga_emulator_selector v

M (command group) L & A
wn £ A
N &

oM™ [ ~F48H, 0, of

I‘I)I:ﬁ

t T 0éF04 (GPU € FPGAF 7 " H

K HA £

auto selector =

queue g(selector);

g.submit ([&](handler& h){
/I COMMARIROUP

h;

gpu_selector_v;

intel software
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DPC++ @li{l: HE| GPU MEH 7]

-« ¢ override: " » un E rating

class my_device selector : public device_selector {
public:
int operator()(const device& dev) const override {
int rating = 0;
if ( dev.is gpu() &( dev.get_info <info::device::name>().find( “Intel” ) != std::string:: npos)) rating = 3;
elseif (  dev.is gpu() & ( dev.get info <info::device::name>().find(  "HA N) DI std::string:: npos)) rating = 2;
elseif ( dev.is_cpu()) rating = 1,
return rating;
H
b
int main() {

my_device_selector selector;

queue q(selector);

std:: cout << " Devi cgaget deMices(kx get info <info::device::name>() << std:: endl;
return O;

}

A Anw® 7T ¢
= SYCL_DEVICE_SELECTOR=<backend>:<device>:<id>
= o A export SYCL_DEVICE_SELECTOR=opencl:gpu€l export SYCL DEVICE_SELECTOR=hip:gpu:0

intel software 14 moosxs
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DPC++ 2H4: &

. ¥y 18
= D/ 'A sycl:queue:submit() @n N 4  "EH
= C++lambda

= [&:lambda ® ég P M nwh O/ Ag OO
sycl :handler :Y é &/ aB1” £A HAGWT

=[]~ MO/ ARE YEFG 00 aq
= sycl ::handler:: single task ()
= sycl ::handler:: parallel for ()
= sycl ::handler::copy()
= sycl ::handler:: update_host()
= sycl ::handler:: host _task ()

=X €, 4 (asynchronously)4 T £ AH

= sycl ::queue:submit() [ ~ X B y sycl:event  wait()

- e D :sycl ::queue g{selector, sycl :: property_list

(;0'" T €,
::property::queue::  in_order {}}}

auto selector = gpu_selector_v;

queue ((selector);

auto e = g.submit ([&](handler& h){
/I COMMARIROUP
h.parallel_for ()

h;

e.wait ()

' %
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DPC++ &l &: 8 &=

L= kA
CAHY

=syclzhandler £ 4§ w7y T ==E
[~ M/ IESYCLOB ®[ ~F+ CH1 F -
0B o7

auto selector = gpu_selector v;

gueue q(selector);

» C++ lambdat 7 auto e = g.submit ([&](handler& h){
= [=]T captured-by-value /' COMMAIGROUP
- L On

m f _ , h.parallel_for <my kernel>(..., [=](}
= ¢4 't (dynamic allocation) OH

o . : , /l KERNEL CODE
= ¢4 O 'E (dynamic polymorphism) OH
= ~” (recursion) OH D
- SYCL2020 1/ A &B lambday £°c L ns n QL ¢ g4V
e.wait ()
=R

'60&BI'LQ<—> 3—%0'"'4” J"I:G Gr] GOTr]
Yeée+d4/ ‘ edF OA ' ' F 3e UYvas pforH ¢ T
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DPC++ si4): 7|2 HE 72

. p Oo 0B, ® Erange,idd item n@n O
-range NnalkEOof Teod” " L+ 1
=id nglbor i HKEGBT N F& &/ FMin S
-item ndkaB o NFG& o+ T
= get id (), get range(), get offset (), get linear_id ()

CPU > § £ Hy for H parallel form O« 4 "1 . T @€ 7T il

for (inti=0;i<1024 ;i++){ h.parallel_for (  range<1>(1024), [=](id<1> idx ){
c[i] = al[i] + bl[i]; > clidx]=a[ idx]+b[ idx]

;i ;i

h.parallel_for (range<1>(1024), [=](item<1> item){

auto idx = item.get id ();

clidx]=a[ idx]+b[ idx]
h;

intel software 17 moosxs



DPC++ Si#l: ND-Range 712

Device
sub-group of work-group of
= 4,4,4) work-items
Work-Group Work-Group 4 work-items ( ) N
- A
dimension 1
) <«—»  of work-group dimension 1
Work-Item Work-Item Work-Item diviension o / of g
I I [ of sub-group dimension 0
dimension2  °f work-group
Local Memory Local Memory of work-group ’ ——
P of ND-range
dimension 2
of ND-range
Global Memory Constant Memory
Work-item Sub-group Work-group ND-Range

- M 22| XX}
TG (ocal)y p=/ b »° F &7
MmEoryg Ex oyl " x HA
= Work-group
-2\ €0 " ' E work-group 2 I€E mmk M T ti
o L Ood S TU emdo H 0 £ ®
= Work-item
= work-groupd - mmd% ¢ E W Ziq CH uy G/ Ay —H

) I'/'I?'éi-[r,l,l(:b—/[”‘] ”—H
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DPC++ 2i4&: ND-Range #{'d

» nd_range &
=nd range Na % nditem nNan (@ g

- nd_range 22
=25 | L[—F ' wmdo, My T8/ L[—-0 Qe 4 M g L[—nt T

« nd_item el
O(B w7 era an t 26 wmd% M L—QI I'bafl v
-Yé+d x o Je y work-goup, , ©F°
= get _global id (), get local id (), get global range (), get local range (), get nd rangeg), mem_fendg

h.parallel_for (nd_range<l1>(range<1>(1024) range<1>(64)), [=]( nd_item<1> item){
global range local range

_ _ _ (work-group size)
auto idx = item.get_global id ();

auto local id = item.get_local id ();
/[ CODHHATRUNSNDEVICE
D
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Intel GPU +Z&

/All work-items in a \

work-group are
scheduled on one
Compute Unit,
which has its own
local memory

All work-items in a sub-group
are mapped to vector
hardware

intel software 20 moa sxs



API H|': DPC++/SYCL

vs. CUDA

Execution model equivalence

CUDA

SM

SM core

thread

block

Memory model equivalence

CUDA

register

shared memory

constant memory

global memory

local memory

SYCL

cu

PE

work-item

work-group

SYCL

private memory

local memory

constant memory

global memory

N/A(device specific)

OpenCL

cu

PE

work-item

work-group

OpenCL

private memory

local memory

constant memory

global memory

N/A(device specific)

Memory management APl equivalence

CUDA

cudaMalloc()
cudaMallocHost()
cudaHostAlloc()

cudaHostGetDevicePointer()

cudaMemset ()

cudaMemcpyAsync()
cudaMemcpy ()

cudaFree()

SYCL

buffer class

accessor Class

handler::fill()

handler: :copy()

N/ A

OpencCL

clCreateBuffer()

clEnqueueMapBuffer()

N/A

clEnqueueFillBuffer()

clEngueueReadBuffer()
clEnqueuelriteBuffer()

clEnqueueCopyBuffer()

clReleaseMemObject()

Description

OpenCL does not
support a unified

memory system.

In SYCL explicit copy is
optional. This means
that a user can explicitly
copy the data between
host or device. If a user
does not provide an
explicit copy, the data
transfer is handled

implicitly.

The buffer deletion is
handled by the SYCL
runtime, when an
application exits the end
of the SYCL scope {}.

https://developer.codeplay.com/products/computecpp/ce/2.11.0/quides/sfml-cudadevelopers/migratingfrom-cudato-sycl
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%/ Work Group: Intel vs. NVIDIA

Found Platform: Found Platform: Found Platform:

info::platform::name is 'NVIDIA CUDA BACKEND' info::platform::name is 'Intel(R) OpenCLHD Graphics' info::platform::name is 'SYCL host platform'
info::platform::vendor is 'NVIDIA Corporation’ info::platform::vendor is 'Intel(R) Corporation' info::platform::vendor is "
info::platform::version is 'CUDA 11.2' info::platform::version is ' OpenCL3.0"' info::platform::version is '1.2'
info::platform::profile is 'FULL PROFILE' info::platform::profile is 'FULL_PROFILE' info::platform::profile is 'FULL PROFILE'

Device: Tesla K40 Device: Intel(R) UHD Graphics P630 [0x3e96] Device: SYCL host device
is_host (): No is_host (): No is_host (): Yes
is_cpu (): No is_cpu (): No is_cpu (): No
is_gpu (): Yes is_gpu (): Yes is_gpu (): No
is_accelerator  (): No is_accelerator  (): No is_accelerator  (): No
info::device::vendor is 'NVIDIA Corporation’ info::device::vendor is 'Intel(R) Corporation' info::device::vendor is "
info::device:: driver_version is'CUDA 11.2' info::device:: driver_version is'21.11.19310' info::device:: driver_version is'1.2'
info::device:: max_work_item_dimensions is '3' info::device:: max_work_item_dimensions is '3' info::device:: max_work_item_dimensions is '3’
info::device:: max_work_group_size is '1024' info::device:: max_work_group_size is '256' info::device:: max_work_group_size is'l'
info::device:: mem_base_addr_align is '4096' info::device:: mem_base_addr_align is '1024' info::device:: mem_base_addr_align is '1024'
info::device:: partition_max_sub_devices is'0' info::device:: partition_max_sub_devices is'0' info::device:: partition_max_sub_devices is'l'

Found Platform: Found Platform: Found Platform:

info::platform::name is 'NVIDIA CUDA BACKEND' info::platform::name is 'Intel(R) OpenCLHD Graphics' info::platform::name is 'Intel(R) OpenCL
info::platform::vendor is 'NVIDIA Corporation' info::platform::vendor is 'Intel(R) Corporation’ info::platform::vendor is 'Intel(R) Corporation’
info::platform::version is 'CUDA 11.2' info::platform::version is ' OpenCL3.0" info::platform::version is ' OpenCL 2.1 LINUX'
info::platform::profile is 'FULL PROFILE' info::platform::profile is 'FULL_PROFILE' info::platform::profile is 'FULL_PROFILE'

Device: Tesla V100 Device: Intel(R) Iris(R) Xe MAX Graphics [0x4905] Device: Intel(R) Core(TM) i9 -10920X CPU @ 3.50GHz
is_host (): No is_host (): No is_host (): No
is_cpu (): No is_cpu (): No is_cpu (): Yes
is_gpu (): Yes is_gpu (): Yes is_gpu (): No
is_accelerator  (): No is_accelerator  (): No is_accelerator  (): No
info::device::vendor is 'NVIDIA Corporation' info::device::vendor is 'Intel(R) Corporation’ info::device::vendor is 'Intel(R) Corporation'
info::device:: driver_version is 'CUDA 11.2' info::device:: driver_version is'21.11.19310' info::device:: driver_version is '2021.11.3.0.17_160000
info::device:: max_work_item_dimensions  is '3' info::device::  max_work_item_dimensions is '3’ info::device:: max_work_item_dimensions  is '3’
info::device:: max_work_group_size is '1024' info::device:: max_work_group_size is '512' info::device:: max_work_group_size is '8192'
info::device:: mem_base_addr_align is '4096' info::device:: mem_base_addr_align is '1024' info::device:: mem_base_addr_align is '1024'
info::device:: partition_max_sub_devices is'0' info::device:: partition_max_sub_devices is'0' info::device:: partition_max_sub_devices is '24'

- NVIDIAY & +§ 1 . t/ K max_work_group_sizd€ 1024 (Wu:': Vb D il |, )T ~ AH
= |ntel oé=|=a1r . 1/ I max_work _group sizd€ Ye=|=0(X O 0©° : Iris Xe Max (512), Gen 9 (256)
- G Ve Goil ML=+ "' KEOpenCLYéE+8 1/ ApF"HH
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DPC++ i M: Buffer

- HIO|E M N HM £ =&
= SYChr Bufferte @

d Yefa/ wsf 1 >

= SYChr Accessof€ 7 SYCLa B/ b 6 dVYeéefdrHd / b o %\
« Buffer el
' > H¥ / b *+ FuE Wi 0" Ef] KL—T _ E o 2

= SYCL2020KE GId n —
- Bufferl€ out-of-scope H1 H =

using namespace sycl ;
int  Arr [64];

buffer <int, 2> Buf( Arr, range <2X8, 8));

using namespace sycl ;

std::vector<int> Vector(64)

buffer <int, 1> Buf(Vector, range <1>(64));

Class Template Argument Deduction (CTAD)" N L " &

e T eVY
using namespace sycl ;
CTAD
> int  Arr[64];
buffer Buf( Arr, range(8, 8));
using namespace sycl ;
CTAD

» std::vector<int> Vector(64)

buffer Buf(Vector)

intel software
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DPC++ Al Accessor

= Accessor Sl
= bufferd [ ~ . M sycl:handler Y "EH
= CTAD %l + dNLEK /7 AT1"=x

= AccessP i :
“read:G B wKEHFE 1 g
- wiite: 0 B oK HWE 1 0s,C> [~ M/t dependenciesl Y 'E
“no_int: B wlkHws+ T4, >F %' F& [~ M/ L dependenciesl & .

= a  Accessor:
H¥E 1 & / oA e,
K

= Blocking call: ¢ ® " ws KePo6 b, 8 aBfnq Lge e H
buffer <int, 1> B(Vector, range <1>(64)); buffer B(Vector);
CTAD
accessor<int, 1, access::mode:: read_write > A1(B, h); accessor A1(B, h);
accessor<int, 1, access::mode::write> A2(B, h); accessor A2(B, h, write_only );
accessor<int, 1, access::mode:: discard_write > A3(B, h); accessor A3(B, h, write_only , noinit );
intel software 24 MOdasys



DPC++: scope Sl H|0|E &7z}

Il Vector definition
auto N = 100;
std::vector<int> a(N), b(N), c(N);

/I Vector initialization

for(auto i =0; i <asize(); i+t)aat( i)= i;
for (autoj=0;) < b.size (); j++) b.at(j)) =j;
{

I/ Buffer

buffer a_buf(a);
buffer b_buf(b);
buffer c¢_buf(c);

g.submit ([&](handler &h){
I/l Create an accessor for each buffer with access permission
accessor a_acq a_buf, h, read _only);
accessor b_acqb_buf, h, read only);
accessor c_acc(c_buf, h, write_only , no_init );

h.parallel_for (range<1>(N), [=](id<1> i ){
c acdi]= a acdi]+ b _acdi];
D;

)

}

Q
AN
<
oR
A

scope open

"T,res/ KoonidA,
5/ UT of ~ £A

teK / » 14dn aq
U mm¥% O0 T R

scopeclose:H + €,
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DPC++: @A E Accessor 9| §|0|E| S7|3}

Il Vector definition
auto N = 100;
std::vector<int> a(N), b(N), c(N);

/I Vector initialization

Q
AN
<
oR
A

for(auto i =0; i <asize(); i+t)aat( i)= i;
for (autoj=0;) < b.size (); j++) b.at(j)) =j;
I/ Buffer

buffer a_buf(a);
buffer b_buf(b);
buffer c_buf(c); "1 1023/ K rod A
g.submit ([&](handler &h){

/I Create an accessor for each buffer with access permission

accessor a_acd a_buf, h, read_only);

accessor b_acd b_buf, h, read_only);

accessor c_acc(c_buf, h, write_only , no_init );

5/ UT o[ n £ A

teK / » 14dn aq

h.parallel_for (range<1>(N), [=](id<1> i){
c acdi]= a acdi]+ b _acdi];

D;

)

host_accessor a_host (a_buf, read _only );

U mm% OO0 T |

H=+ €, (blocking call)
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DPC++ i4: Unified Shard Memory (USM)
CPU GPU CPU GPU

HOST MEMORY GPU MEMORY UNIFIED SHARED MEMORY

= SYCLO|AM =ZQIE] 7|2t CHQtE N ST

«C++ T, Y/ Ar6 &+ 0K THYV KI1E T ne/T S FHoE
& d »ADOi/ Ae® o5 Vo yw o B

« Buffern mL 4 "1 _/ porting |
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DPC++ i4: Unified Shard Memory (USM)

- USM 2382 &R

= sycl:malloc_host: & qyeo=""/ 33 4 "1, /A) "=x
- sycl:malloc_device:" 1 , fy°=>""/ =t @& & »  T"

« sycl:malloc_shared:" T . ¥ & o°owm/ A "x -~ ¢

/I USM

auto N = 1000;

int*a= malloc_shared<int>(N, q);

int*b = malloc_shared<int>(N, q);

int*c = malloc_shared<int>(N, q);

/I Vector initialization
for(auto i =0; i <N; i++a[i]= i;
for (auto j=0;j < N; j++) b[j] = j;

/[ Command group submission
g.parallel_for (range<1>(N), [=](id<1> i){c[ i]=a] i]+Db[ i];}).wait();

free( a,q);

free( b,q);
free( c,q);
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USM: wait()

queue q;
int* data=  malloc_shared<int>(N, q);
for(int 1=0; i<N;i++)data[ i]= 1i;

/ltask A
g.submit ([&] (handler &h){
h.parallel_for (range<1>(N), [=](id<1> i){
data[i] +=2;
D;
D-wait();

/ltask B
g.submit ([&] (handler &h){
h.parallel_for (range<1>(N), [=](id<1> i){

data[i] +=3;
D;
1).wait();
Iltask C
g.submit ([&] (handler &h){
h.parallel_for (range<1>(N), [=](id<1> i){
data[i] +=5;
D;
b-wait();

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

wait)' & / AR LN CO freedata g)
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USM: in_order T

queue g{property::queue:: in_order () }
int* data=  malloc_shared<int>(N, q);
for(int 1=0; i<N;i++)data[ i]= 1i;

/ltask A
g.submit ([&] (handler &h){

h.parallel_for (range<1>(N), [=](id<1> i){
data[i] +=2;
D;
D;

/ltask B
g.submit ([&] (handler &h){

h.parallel_for (range<1>(N), [=](id<1> i){
data[i] +=3;
D;
D;

Iltask C
g.submit ([&] (handler &h){
h.parallel_for (range<1>(N), [=](id<1> i){

data[i] +=5;
b;
1-wait();
for(int i=0; i<N;i++)std: cout <<data[i]<<"";

free(data, q);
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USM: depends_on()

queue q;
int* data=  malloc_shared<int>(N, q);
for(int 1=0; i<N;i++)data[ i]= 1i;

/ltask A

auto el = qg.submit ([&] (handler &h){
h.parallel_for (range<1>(N), [=](id<1> i){

data[i] +=2;

D;

D;

/ltask B
auto e2 = qg.submit ([&] (handler &h){
h.depends_orfel)
h.parallel_for (range<1>(N), [=](id<1> i){
data[i] +=3;
D;
D;

Iltask C
g.submit ([&] (handler &h){
h.depends_orfe2)
h.parallel_for (range<1>(N), [=](id<1> i){

data[i] +=5;
b;
1.wait();
for(int i=0; i<N;i++)std: cout <<data[i]<<"";

free(data, q);
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Intel® oneAPI 2023 M 22 7|

-1 My g SycLn L

|1 nt oheBPIDPC++/C++ 1 My Briel N -~ nL 4 AI"T L g~

- N\VIDAd AMDGPU =+ . 4 CodePlayy oneAPI ', L np

= SYCLomatic CUBLASd cuDNN' -~ k CUDA*a £Wnu = A L SYCLd oneAPIA +£Wi1=/ n " =
=" "Ex 1 L — Jn Fortrant My

= Fortran 2003, Fortran 2008 d Fortran 2018 °» 6 ., &' X u E OpenMP5x, = L n L
= CPU A Co-Arrayy mL e GPU A DOCONCURRENT n L

Ex A F Wi s

= IntelE oneAPI Math Kernel Library € H =|= N GPUE® J o

« UT = FFT,1Dd 2DJ & ,p @ Y'E , Sparse BLASd LAPACKE "

= Intel E MP1 L€ GRUXKr y O« + Collective, 1 Ex U " =

TAd YK,
« | nt &/TukeE
" IntelE XeonE M&éBM+. 4 Ex (0" =
=l nt erl+E 7 Max 'A XeLink’ o CPU/GPUT® dbts Oc UOvst A
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Intel® DPC++ ZI}22{: CUDA HHdI =

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

12

1.09 112 —-— 1.09
1.01 AlEn 0.99 097 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 (Exascal€Computing Project, USA)

« HIAE 2H4:
= | nt &le® nFatinum 8360Y / NVIDIA A100 -PCle 80GB

- CUDA 11.7
- NVIDIAGPU;r 14 W CUDAY & I€ "Ex
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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
1.4 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 (Exascal€Computing Project, USA)

- HIA2E 2H4.
= | nt &le® nd@ld 6330/ AMD Instinct MI100

« RoCm 5.2.1
= SYCL 2020, % 50% =0 L 0.
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C++ O S2|#A|o|M ds et

Relative Floating Point Speed Performance (est.) Relative Integer Speed Performance (est.)
(GCC121=1.00) (GCC12.1-1.00)
(Higher is Better) (Higher is Better)
290 2.22 100 1.42
1.40
2.00 113
1.67 1.20 0.99 1.00
1.00
1.50 1.21
1.00 0.80
1.00 0.60
0.40
0.50
l 0‘20
0.00 0.00
Intel® oneAPI Intel® C++ Compiler LLVMI15.0.0 GCCIl21 Intel® oneAPI Intel® C++ Compiler LLVMI15.0.0 GCCIl121
DPC++/C++ Classic 2021.8 (LLVM.org) DPC++/C++ Classic 2021.8 (LLVM.org)
Compiler 2023.0 Compiler 2023.0
(LLVMBased) (LLVMBased)
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)

- Int e X & o nAatinum 8480
= SPECmA X _ : molecular dynamics, biomedical imaging, ray tracing, fluid dynamics etc.
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®p & A=1 "Ex

—JL_
-

intel
Ad Va n Ced MLPerf™ DeepCAM

Matrix EXtenSiOnS Training Performance

2.4 5
intel _ ' 2
YEON Performance Leap in Deep Learning [
. - w
Inference & Training oy
MAX SERIES 5
Q
Q
C
©
£
INT8 (all sign combinations) with INT32 Accumulation £
Q
o
2
&
Bfloat16 with IEEE SP Accumulation &
=1 Intel® Intel®
AVX-512 AVX-512 AMX
Full Intel® Architecture (IA) Programmability
- Intel® Xeon® Intel® Xeon® Intel® Xeon®
AM;? E e Platinum 8380 CPU Max b CPU Max
73-X 7 A100* 5
Processor Series Series
Very Low Latency
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®p & A=1 "Ex

—JL_
-

intel

DATA CENTER

intel

XeON

MAX SERIES

GPU

MAX SERIES ]6X

Life & Material
Science 10x

Speeding Exascale Material Discovery with
Compute Density and HBM for LAMMPS
(Liquid Crystal)

Performance results are based ontesting by Intel as of October 28, 2022 and may not reflect all publicly 'I 6X
available security updates. .

» Intel® Xeon® CPU Max Series: I-node, 2x Intel® Xeon® CPU Max Series, HT On, Turbo On, Total ]X .l * 2X
Memory 128 GB HBM2e, BIOS EGSDCRBI.DWR.0085.D12.2207281916, ucode Oxac000040, SUSE _
Linux Enterprise Server 15 SP3, Kemel 5.3.18, oneAP| 2022.3.0, LAMMPS built with the Intel package

» Intel” Data Center GPU Max Series with DDR Host: I-node, 2x Intel® Xeon® CPU Max Series, HT On, e
Turbo On, Total Memory 1024 GB DDR5-4800 +128 GB HBM2e, Memory Mode: Flat, HBM2e not used, ,\’\(b
6x Intel® Data Center GPU Max Series, BIOS EGSDCRBI.DWR.0085.D12.2207281916, ucode A4
0Oxac000040, Agama pve-prag-54, SUSE Linux Enterprise Server 15 SP3, Kernel 5.3.18, oneAPI + QQ
2022.3.0, LAMMPS built with the Intel package & o

= Intel” Data Center GPU Max Series with HBM Host: I-node, 2x Intel® Xeon® CPU Max Series, HT On, “\O
Turbo On, Total Memory 128 GB HBM2e, 6x Intel® Data Center GPU Max Series, BIOS > &
EGSDCRBI.DWR.0085.D12.2207281916, ucode Oxac000040, Agama pve-prg-54, SUSE Linux S ®+
Enterprise Server 15 SP3, Kemel 5.3.18, one AP 2022.3.0, LAMMPS built with the Intel package. ,@\

Relative Performance (higheris better)

See configuration disclosure for details. No product or component can be absolutely secure.

Performance varies by use, configuration, and other factors. Learn more at &
www.Intel.com/Performancelndex. Your costs and results may vary. b+ b+

intel software 37 moa sxs



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 rRegister now for

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
DevCloud today.

Intel Customer or Partner?
Username [ n Register now for Intel® DevCloud ]

With and Intel® DevCloud account, you can:

Password .
» Evaluate the latest software without

downloading
» Access the latest compute technology with

0J Remember me no setup

Registration is simple and quick.

By signing_ in, you agree to our Terms of Service

Forgot your Intel username or password?
Contact customer support




Step 3) FiI Il out t he

rBasi c

Cont act

PRODUCTS SUPPORT SOLUTIONS DEVELOPERS PARTNER!

Create an Intel® DevCloud Account

Sign up for immediate access to the latest Intel technology without
downloads or hardware setup.

Intel Employee? Create account here

All fields are required except any fields specifically marked as optional.

@ USA (ENGLISH)

Basic Contact Information

|First Name Last Name

Email Address Username

Password Confirm Password

Q. Search Intel.com



Step 4) Fill out the rMore About VyouR

Basic Contact Information Edit

More About you

What is your purpose for using Intel® Devcloud (Select all
that apply)

HPC Workloads

Al Training

Al Inference|

Business or Institution Name

<Enter your business or Institution name here>

What type of user are you?
Teacher/Professor



Step 5) Select what applies

Subscribe to optional email updates from Intel

Select all subscriptions below

Developer Zone Newsletter

Edge Software Hub Product Communication
Programmable Logic Product Announcements
Programmable Logic Newsletters

Software Developer Product Insights

Yes, | would like to subscribe to stay connected to the latest Intel
technologies and industry trends by email and telephone. | can
unsubscribe at any time.

3

and

c |

c k



Step 6) Accept the Terms and Conditi ol

More About you Edit ¢

Terms and Conditions

| have read and accept the Intel® DevCloud Agreement

By submitting this form, you are confirming you are an adult 18 years or older and you
agree to share your personal information with Intel to stay connected to the latest Intel
technologies and industry trends by email and telephone. You can unsubscribe at any
time. Intel’'s web sites and communications are subject to our Privacy Notice and Terms

of Use.
This site is protected by reCAPTCHA and the Google Privacy Policy and Terms of Service apply.

| T |

Company Overview ContactIntel Newsroom Investors Careers Corporate Responsibility



Step 7) Check your emaill to verify your email address

PRODUCTS SUPPORT SOLUTIONS DEVELOPERS PARTNERS @ USA (ENGLISH) Q. Search Intel.com

Almost therel

Check your email for the verification link and sign in. The link will expire in
5 days.

Didn't receive the email? Check your spam or junk folder or click on
Resend email below. Click Here

Company Overview ContactIntel Newsroom Investors Careers Corporate Responsibility

Diversity & Inclusion  Public Policy

f ¥ in @ ©

L R |



Step 8) WérifygokremadiilRB Fink in the epostmaster@irgehcom by w

= M Gmail Q, Search in mail -_T;"

/ Compose < O 0] 8 0 @ B D

g b Intel® DevCloud Account Confirmation - Email Verification Inbox x
nbox

3w Starred o wsm-postmaster@intel.com

® Snoozed @ bome~

B Sent B

[ Drafts 4

v More

Labels —

Almost Done...Please Verify Your Email

Welcome Robert Marivel,

Thank you for registering for an Intel® DevCloud Account.

Please verify your email address by clicking the link below. The link will expire in 5
days.

[ Verify your email ]

Your password should be protected as confidential. Your use of the password and
Intel's websites are governed by Intel's Terms and Conditions of Use linked from the
bottom of each respective site's web pages.

If you have any questions, please contact us.



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

sl | OpenCL for FPGA development

FPGAS

i R 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 Open

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

QUARTES.

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.
Get Started with your first Sample
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.

++ ++ i
and understand the Data Parallel C++ (DPC++) language and programming model. Introduction 1o oneAPI and Essentials of Data Parallel C++

Launch JupyterLab* 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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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 -1 -1 nodes=[ nnodes]:[props]:ppn=[ process_per_nodg
Properties describing device class:

= core/ xeon / gpu / fpga

Properties describing device name:

= gen9/gen 11/ arialO / stratix10 / gold6128 /i9  -10920x
Properties describing purpose:

= fpga_compile / fpga_ runtime / renderkit
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File Edit View Run Kernel Tabs Settings Help

A Welcome.ipynb * | B u66264@s001-n004: ~/hand *

1 Einclude <CL/sycl.hpp>
2 #include <iostream>

using namespace sycl;

int main() {
// Loop through platforms
for (auto const& this_platform : platform::get_platforms() ) {

std: :cout << "Found platform: "
<< this_platform.get_info<info::platform: :name>() << "\n";

// Loop through device
for (auto const& this_device : this_platform.get devices() ) {
std::cout << " Device: "
<< this_device.get_info<info::device::name>() << "\n";
¥

std::cout << "\n";

}

return ©;

https://github.com/Apress/data -parallel-CPP/tree/main/samples/Ch12 device information

5 moasys

intel


https://github.com/Apress/data-parallel-CPP/tree/main/samples/Ch12_device_information

Intel® Gen 9 12jj !

File Edit WView Run Kernel Tabs Settings Help

A Welcome.ipynb % | B uss264@s019-n008: ~/hand *

u66264{@s019-n0B8:~/handon$ cd ..

u66264@s019-nee8:~% cd handon/

u66264@s019-nee8:~/handon$ dpcpp -02 device.cpp -o info.Xx

u66264@s019-neB8:~/handon$ ./info.Xx

Found platform: Intel(R) FPGA Emulation Platform for OpenCL(TM)
Device: Intel(R) FPGA Emulation Device

Found platform: Intel(R) OpenCL
Device: 11th Gen Intel(R) Core(TM) 19-11900KB @ 3.30GHz

Found platform: Intel(R) OpenCL HD Graphics
Device: Intel(R) UHD Graphics [@x9a6@]

Found platform: Intel(R) Level-Zero
Device: Intel(R) UHD Graphics [@x9a6@]

Found platform: SYCL host platform
Device: SYCL host device

u66264@s@19-nees:~/handon$ |
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SYCL Hands-on: Zn}g! 8l AlsH A E

u66264@s019-n016:~% sycl-1s

[opencl:acc:@] Intel(R) FPGA Emulation Platform for OpenCL(TM), Intel(R) FPGA Emulation Device 1.2 [2022.15.12.0.01_081451]
[opencl:cpu:1] Intel(R) OpenCL, 11th Gen Intel(R) Core(TM) i9-11966KB @ 3.30GHz 3.0 [2022.15.12.6.61_©81451]

[opencl:gpu:2] Intel(R) OpenCL HD Graphics, Intel(R) UHD Graphics [@x9a6@] 3.8 [22.35.24855]

[ext_oneapi_level zero:gpu:@] Intel(R) Level-Zero, Intel(R) UHD Graphics [©x9a6@] 1.3 [1.3.24855]

u66264@s@19-n016:~$ dpcpp -02 vector-add-buffers.cpp -o vector-add-buffers.x
icpx: warning: use of 'dpcpp' is deprecated and will be removed in a future release. Use '"icpx -fsycl' [-Wdeprecated]
u66264@s819-nBl6:~$ icpx -fsycl -02 vector-add-buffers.cpp -o vector-add-buffers.x

u66264@s019-n0l6:~$ ./vector-add-buffers.x
Running on device: Intel(R) UHD Graphics [@x9a6@]
Vector size: 10000

[6]: @ + @ =90

[1]: 1 +2 =3

[2]: 2 +4 =6

[9999]: 9999 + 19998 = 29997
Vector add successfully completed on device.
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SYCL Hands-on; &8 A| C|H}O|A MEH

u66264@s019-n01l6:~% SYCL _DEVICE FILTER=opencl:cpu SYCL_PI_TRACE=1 ./vector-add-buffers.x
SYCL_PI_TRACE[basic]: Plugin found and successfully loaded: libpi_opencl.so [ PluginVersion: 11.15.1 ]
SYCL_PI_TRACE[all]: Selected device: -> final score = 1300

SYCL_PI_TRACE[all]: platform: Intel(R) OpenCL

SYCL_PI_TRACE[all]: device: 11lth Gen Intel(R) Core(TM) i9-11900KB @ 3.30©GHz

Running on device: 11th Gen Intel(R) Core(TM) i9-11900KB @ 3.308GHz

Vector size: 10000

[@]: @ + @ =0

[1]: 1 +2 =3

[2]: 2+4 =6

[9999]: 9999 + 19998 = 29997
Vector add successfully completed on device.

u66264@s019-n016:~$ SYCL_DEVICE_FILTER=opencl:gpu SYCL_PI_TRACE=1 ./vector-add-usm.x
SYCL_PI_TRACE[basic]: Plugin found and successfully loaded: libpi_opencl.so [ PluginVersion: 11.15.1 ]
SYCL_PI TRACE[all]: Selected device: -> final score = 1566

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

SYCL_PI_TRACE[all]: device: Intel(R) UHD Graphics [©x9a6@]

Running on device: Intel(R) UHD Graphics [©x9a68]

Vector size: 10000

[6]: e + @ =0

[1]: 1 +2 =3

[2]: 2 + 4 =6

[9999]: 9999 + 19998 = 29997
Vector add successfull leted on device.




Matrix Multiplication: CPU HH

File Edit Wiew Run Kernel Tabs Settings Help
Al Welcome.ipynb »® | B ueB264@s019-n008: ~/hand X
1 flinclude <algorithm>

#include <iostream>
#include <random>

#define N 256
#idefine SEED 1234

void print_matrix(float*, int);

int main() {
// rng
std: :mt19937 mt(SEED);
std: :uniform_real distribution<float> dist(©.e, 1.8);

// initialization
std: :vector<float> A(N * N), B(N * N), C(N * N);

// fill A, B with random numbers
std: :generate(A.begin(), A.end(), [&dist, &mt](){ return dist(mt); });
std: :generate(B.begin(), B.end(), [&dist, &mt](){ return dist(mt); });

// fill C with ©
std::fill(C.begin(), C.end(), ©.9);
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Matrix Multiplication: CPU H*

25 // naive matmul

26 for (int 1 = 9; 1 < N; i++)

27 . for (int j = 8; j < N; j++)

28 : . for (int k = 8; k < N; k++)

29 : : i C[i*N+j] += A[i*N+k] * B[k*N+j];
30

31 // print top left 4x4 block of C

32 print_matrix(C.data(), N);

33

34 return ©;

35 }

36

37 void print_matrix(float *matrix, int n) {

38 for (int 1 = 9; 1 < fmin(N,4); i++) {

39 for (int j = ©; j < fmin(N,4); j++) {
40 . printf ("%12.5fF", matrix[i*n+j]);
al |}

42 printf ("\n");

43 }
44 }
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Matrix Multiplication: ND-Range 7{'2

Work-item

Work-group

|
X
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Matrix Multiplication: Buffer {7

File Edit View Run Kernel Tabs Settings Help

A Welcome.ipynb X | M u66264@5013-n008: ~/hand X

1 [include <algorithm>
#include <iostream>
#include <random>
SYCI— header : #include <CL/sycl.hpp>
#define N 256
#idefine SEED 1234

O ooJohwm b wmN

SYCL namespace

using namespace sycl;

void print_matrix(float*, int);

int main() {
// default queue

DefaUIt queue queue qf{gpu_selector()};

// rng
std: :mt19937 mt(SEED);
std: :uniform_real distribution<float> dist(©.8, 1.9);

// initialization
std: :vector<float> A(N * N), B(N * N), C(N * N);

// fill A, B with random numbers
std: :generate(A.begin(), A.end(), [&dist, &mt](){ return dist(mt); });
std: :generate(B.begin(), B.end(), [&dist, &mt](){ return dist(mt); });

// fill C with @
std::fill(C.begin(), C.end(), ©.8);
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Matrix Multiplication: Buffer {7

File Edit View Run Kernel Tabs Settings Help

A Welcome.ipynb % | B u66264@s019-n008: ~/hand X
31 // buffer scope
. 2
EBLJffEer (:r6351t|()r] 33 buffer<float, 1> buf_A{A.data(), range{N*N}};
: 34 buffer buf_B{B};
35 buffer buf_C{C};
. 36
Accessor Crea“on 37 q.submit([&] (handler& h){
38 auto acc_A = buf_A.get_access<access::mode::read>(h);
39 accessor acc_B{buf_B, h, read_only};
40 accessor acc_C{buf_C, h, read_write};
41
N D.range 42 // ND-range
43 range global {N, N};
44 range local {16, 16};
45
F)EirEi”EE| f()r 46 h.parallel_for(nd_range{global, local}, [=](nd_item<2> id){
47 auto i = id.get_global_id(e);
48 auto j = id.get_global_id(1);
49
50 for (int k = 8; k < N; k++)
51 acc_C[i*N+j] += acc_A[i*N+k] * acc_B[k*N+j];
52 s
1 . _ _
Data W”tten tO hOSt g: } buffer destruction is blocking call, data written to host

56

57 // print top left 4x4 block of C
58 print_matrix(C.data(), N);

59

60 return 8;

intel 58 MOAsys



Matrix Multiplication: USM H™

USM pointer allocation

File Edit View Run Kernel Tabs Settings Help

Al Welcome.ipynb * | M u66264@5019-n008: ~/hand X

1 Binclude <algorithm>
#include <iostream>
#include <random>
#include <CL/sycl.hpp>

#define N 256
#define SEED 1234

using namespace sycl;
void print_matrix(float*, int);

int main() {
// default queue
queue q;

// rng
std::mt19937 mt(SEED);
std: :uniform_real_distribution<float> dist(e.e, 1.9);

// initialization

auto A = malloc_host<float>(N*N, q);
auto B = malloc_host<float>(N*N, q);
auto C = malloc_shared<float>(N*N, q);

// fill A, B with random numbers
for (int i = @; 1 < N*N; i++) A[i] = dist(mt);
for (int i = @; 1 < N*N; i++) B[i] = dist(mt);

// fill C with @ using fill()
q.fill<float>(C, ©.ef, N*N).wait();
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Matrix Multiplication: USM H 7

// ND-range
range global {N, N};
range local {16, 16};

// queue shortcut

g.parallel for(nd_range{global, local}, [=](nd_item<2> id){
auto i = id.get_global_id(®);
auto j = id.get_global_id(1);

for (int k = 8; k < N; k++)
C[i*N+j] += A[i*N+k] * B[k*N+j];
}) .wait();

// print top left 4x4 block of C
print_matrix(C, N);

return ©;

intel 60 MOoAasys



Results

File Edit WView Run Kernel Tabs Settings

Al Welcome.ipynb X M uss264@s019-n008: ~/hand X

u66264@s019-nB8:~/handon$ icpx -02 matmul.cpp -0 mm.X
u66264@s019-neB8:~/handon$ dpcpp -02 matmul buf.cpp -o mm_buf.x
u66264@s019-neB8:~/handon$ dpcpp -02 matmul _usm.cpp -o mm_usm.X

u66264@s019-nB8:~/handon$ .
65.11278 62.92186
62.18514 65.24181
63.24223 63.61086
£3.82029 63.46116

u66264@s019-neL8:~/handon$ ./mm_buf.x

65.11277 62.92186
62.18515 65.24181
63.24223 63.61086
63.02029 63.46117

u66264@s019-neO8:~/handon$ ./mm_usm.Xx

65.11277  62.92186
62.18515  65.24181
63.24223  63.61086
63.82029  63.46117

U66264@s819-nBO8:~/handon$ |

Help

/mm.x

63.92130
63.04198
62.088985
65.088219

63.92129
63.04197
62.08986
65.08218

63.92129
63.04197
62.08986
65.08218

68.
66.
67.
68.

68.
66.
67.
68.

68.
66.
67.
68.

84708
81384
76698
28723

84708
81383
76698
28724

84708
81383
76698
28724
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SYCL Debug with SYCL_PI_TRACE

-

[
o

File Edit View Run Kernel Tabs Settings Help

A Welcome.ipynb * | M u66264@s013-n008: ~/hand X

u66264(@s019-n0e8:~/handon$ SYCL_PI_TRACE=1 ./mm_usm.X

SYCL_PI_TRACE[basic]: Plugin found and successfully loaded: libpi_opencl.so
SYCL_PI_TRACE[basic]: Plugin found and successfully loaded: libpi_level zero.so
SYCL_PI_TRACE[all]: Selected device ->

SYCL_PI_TRACE[all]: platform: Intel(R) Level-Zero

SYCL_PI_TRACE[all]: <device: Intel(R) UHD Graphics [@x9a6@]

65.11277  62.92186  63.92129
62.18515  65.24181  63.04197
63.24223  63.61686  62.08986
63.02029  63.46117  65.08218
u66264@s819-n0O8 : ~/handon$ |

68.84768
66.81383
67.76698
68.28724
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Device Selection with SYCL DEVICE SELECTOR

File Edit WView Run Kernel Tabs Settings Help

A Welcome.ipynb * M u66264@s019-n008: ~/hand X

uU66264@s019-neB8:~/handon$ SYCL _PI_TRACE=1 SYCL_DEVICE_FILTER=opencl:cpu ./mm_usm.X
SYCL_PI_TRACE[basic]: Plugin found and successfully loaded: libpi_opencl.so
SYCL_PI_TRACE[all]: Selected device ->
SYCL_PI_TRACE[all]: platform: Intel(R) OpenCL
SYCL_PI_TRACE[all]: device: 11th Gen Intel(R) Core(TM) i9-11900KB @ 3.30GHz
65.11277 62.92186 63.92129 68.84708
62.18515 65.24181 63.84197 66.81383
63.24223 63.61086 62.08986 67.76698
63.82029 63.46117 65.08218 68.28724
uU66264@s019-neB8:~/handon$ SYCL _PI_TRACE=1 SYCL_DEVICE_FILTER=opencl:gpu ./mm_usm.X
SYCL_PI_TRACE[basic]: Plugin found and successfully loaded: libpi_opencl.so
SYCL_PI_TRACE[all]: Selected device ->
SYCL_PI_TRACE[all]: platform: Intel(R) OpenCL HD Graphics
SYCL_PI_TRACE[all]: <device: Intel(R) UHD Graphics [@x9a6@]
65.11277 62.92186 63.92129 68.84708
62.18515 65.24181 63.84197 66.81383
63.24223 63.61086 62.08986 67.76698
63.82029 63.46117 65.08218 68.28724
U66264@s819-n808:~/handon$ |




