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T Mande! Single

#pragma omp parallel for private (loop)
for (int 1 = 0; 1 < VHIGH; 1i++){
float cy = (float) ((1i - Y CT) / Y CT * scale);
for(int 7 = 0; j < HWIDE; Jj++) {
float cx = (float) ((J - X CT) / X CT * scale + ox);
float x = 0.0f; float y 0.0f;
for (loop = 0; loop < ITER; loopt++) {
float new x, new y;

new x = x * x -y *y + cx;
new y = (float)2.0 * x * y + cy;
X = new_Xx;

y = new_y;
if((x * x + y * y)>5.5) break;
}
#pragma omp critical

{

if( loop >= ITER ) SetPixel (hdc, j, 1, ColorTable[ 0 ] );

else SetPixel (hdc, j, i, ColorTable[ loop % COLOR + 1 ] );
}
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T Mande! Single - o x

#pragma omp parallel for private (loop)
for (int 1 = 0; 1 < VHIGH; 1i++){
float cy = (float) ((1i - Y CT) / Y CT * scale);
for(int 7 = 0; j < HWIDE; Jj++) {
float cx = (float) ((J - X CT) / X CT * scale + ox);
float x = 0,0f; float y = y=0.0f;
for (loop = 0; loop < ITER; loopt++) {
float new x, new y;

new x = x * x -y *y + cx;
new y = (float)2.0 * x * y + cy;
X = new_Xx;

y = new_y;
if((x * x + y * y)>5.5) break;
}
#pragma omp critical
{
Draw table[i] []J] = loop;
}

DI —TTIFERA VO T I JOEEAETE LB IR L ET
B (FRIEMEIEALY RTITLVET
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GPU ANDAZ7O—FIEXRIEED ?

T Mande! Single - o x

#pragma omp target teams distribute parallel for private (loop) \
map (from:Draw table)
for (int 1 = 0; i < VHIGH; i++) {

float cy = (float) ((1i - Y CT) / Y CT * scale);
for(int 3§ = 0; j < HWIDE; j++) ({
float cx = (float) ((J - X CT) / X CT * scale + ox);

float x = 0.0f; float y 0.0f;
for (loop = 0; loop < ITER; loopt++) {
float new x, new y;

new x = x * x -y *y + cx;
new y = (float)2.0 * x * y + cy;
X = new_Xx;

y = new_y;
if((x * x + y * y)>5.5) break;
}
#pragma omp critical
{
Draw table[i] []J] = loop;
}




L

for (unsigned int y=startline; y < endLine; y++) {
c.imag = p->pMandelSpec->min.imag + y*imagScale;
int scanLineOffset = y*p->pImageSpec->pitch/sizeof (DWORD) ;
for (unsigned int x=0; x < p->pImageSpec->width; x++) {
c.real = minreal + x*realScale;
color = CalculatePixel (c);
pBitmap|[scanLineOffset+x] = or << 16) + (color << 8) + ((color & 0x0F) << 4);

}
PostMessage (p—->hWndProgressBar, PBM S

Inline DWORD CalculatePixel (complex c) {
{
Hiimeax, 0 // count
— — -, — ~ f1d1l

7—F T IOFv—ICKFIT D1 TA- fadd st (0), st(0) // 2
TV TS—MRAHEREFERT S fla o rear /7 o venl, 4
c.imag, c.real, 4
Z
Z
Z
Z

.real, c.imag, c.real,
.imag, z.real, c.imag,

e Y=Y IRESNET e

fldz

fldz //
fldz //
fldz //

// 1

4
c.real, 4

.real”2, z.imag, z.real, c.imag, c.real, 4
.imag”®2, z.real”2, z.imag, z.real,

c.imag,

c.real,

4
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OpenMP* [CLDAT7O—FDOYKR—K

A>T )L® DPC++/C++ OV /)\AZ—TIXROA T/ a>VTI—=T v =T )\AAND
A 70— REGHR—LES

-gopenmp —gopenmp-targets=spiro4

fclicLERESNc/\ 1 FH)—%RZETTETdDIE. A7) Oy —&14>5F7)L°
TS5TAVITATINAADIHTY

NVIDIA* Efzld AMD* I 5T 1w DR -7 /\A ANDA 7 O— FEEIE, IETVICIE
YR—hSNTLERA

SYCL* O AZ@ET L CH+EL LD



SYCL* T stbh 5175 U—%{EHLTERET 71K

g.submit ([&] (handler &h) {
/] INYTF—=\TICRTBT7 I —ZER
auto b = data buf.get access(h,write only);

/] AX—I2hERELTCEZEDEILORYTILTO%TE

h.parallel for (range<2>(rows, cols), [=] (auto index) {
int i = int(index[0]);
int j = int(index[1]);
auto ¢ = MandelParameters::ComplexF (p.ScaleRow (i), p.ScaleCol(j)):

b[index] = p.Point(c);

MandelParameters:ComplexF TOEMNA > ~OtE IR
DOHERIFTT

B 7L a—RIPRNSS D O—RTESET: https://github.com/oneapi-src/oneAPl-samples (323E)



https://github.com/oneapi-src/oneAPI-samples

SYCL* ZFIFLIEY —ZADaV N1

SYCL* Z A LIeY — AT 7 ILICIFROIR Y PR LET

S icpx —fsycl mandel.cpp -0 mandel.exe

SRLlc/\1FHU—Z A7 FIL® TJOwvbd—&AUFI)ILC TS5 T4vIR-TI\1 R
CTEITTETET

NVIDIA* & AMD* DTS5 74w H AT INA ATERITTBICE -

CodePlay #t @ oneAPI for NVIDIA*/AMD* GPU /54 >V &ERLED
DT T14 VI IRE Linux* IRIBECOHFTN—FINET



oneAPI for NVIDIA*/AMD* GPU 75041 %&{EHTD

m oneAP| for NVIDIA* GPU 7504 V7% H 9 BICI& CUDA* W —)LFwv FHik
FCTY

m oneAP| for AMD* GPUTZ S04 >V Z{ER I BICIEZ ROCm* VT D7 A5
ONNETT

T2504 %A A—=)LLT GPU W HHTE D E=MHRLIEBROINY RT
V—=AT77I) &=V )\1)LLET
$ icpx -fsycl -fsycl-targets=nvptx64-nvidia-cuda sycl-app.cpp -0 sycl-app

$ icpx -fsycl -fsycl-targets=amdgcn-amd-amdhsa -Xsycl-target-backend=amdgcn-
amd-amdhsa —--offload-arch=gfx1030 sycl-app.cpp -0 sycl-app

https://www.isus.jp/products/oneapi/oneapi-for-nvidia-gpu-get-started/

https://www.isus.ip/products/oneapi/oneapi-for-amd-gpu-get-started/



https://www.isus.jp/products/oneapi/oneapi-for-amd-gpu-get-started/
https://www.isus.jp/products/oneapi/oneapi-for-nvidia-gpu-get-started/

BROI—TY T INAATEITRIEEL SYCL* 7TV
r—aE{ER

m -fsycl-targets [CEHDY—T YV ZIEEI D ET BE—/\1FU—
TR =TV T I\A A TETAER T 71 ILE{ER TEEY

$ icpx -fsycl -fsycl-targets=nvptx64-nvidia-cuda,spir64 sycl-app.cpp -0 sycl-app

-fsycl-targets=nvptx64-nvidia-cuda, spir64 AT 3 TIE NVIDIA* GPU &
SPIRG4 (17 )L°® GPU 7RE) TEITHBER SYCL* 7 U —2/ 3V TS ET

AMD* GPU B —5 W ~C T 2185, amdgcn-amd-amdhsa & -Xsycl-target-
backend=amdgcn-amd-amdhsa --offload-arch=gfx1030 ZEILZET



Ubuntu*

kivo@Hyper-Xeon: ~f/5 X4 kw7 /SYCL/nvidia

simple.cpp

:8] Intel(R) FPGA Emulation Platform for OpenCL{TM), Intel(R) FPGﬁ Emulation Device 1.2 [2022.15.12.0.01_081451]
:1] Intel(R) OpencL, Intel(R) Xeon(R) CPU E5-2699 v4 @ 2.20GHz 3.0 [2022.15.12.0.01 0881451]
:gpu:2] Intel(R) OpenCL HD Graphics, Intel(R) Graphics [8x56a5] 3.G [22.24.23453]
_uncdpl_level_zerg:gpu:ﬂ] Intel(R) Level-Zero, Intel(R) Graphics [@x56a5] 1.3 [1.3.23453]
oneapi cuda:gpu:8] NVIDIA CUDA BACKENMD, NVIDIA GeForce GTX 1860 6GB .0 [CUDA 12.1

Selected device: Intel(R) Graphics [0x56a5

ort S?CL_DEUICE_FILTEchuda

default_selector: Selected device: NVIDIA GeForce GTX 1068 6GB
= % = I

xport SYCL_DEVICE_FILTER=cpu

imple

ult selector: Selected device: Intel(R) Xeon(R) CPU E5-2699 v4 @ 2.20GHz
results are correct!




Ml

kiyo@Xeon-E5: ~/7 X7 v F/SYCL/mandel

S sycl-1s

[opencl:acc:8] Intel(R) FPGA Emulation Platform for OpenCL(TM), Intel(R) FPGA Emulation Device 1.

2 [2023.15.3.0.20_160000]

[opencl:cpu:1] Intel(R) OpenCL, Intel(R) Xeon(R) CPU E5-2699 v4 @ 2.20GHz 3.0 [2023.15.3.0.20_160000]

A _fwaat mmmm e L2 m o Fem s meress as

[opencl:gpu:2] Intel(R) OpenCL HD Graphics, Intel(™®
[ext_oneapi_ level zero:gpu:0] Intel(R) Level-Zero [+l
[ext_oneapi_cuda:gpu:®] NVIDIA CUDA BACKEND, NVID

$ sycl-ls
S export ONEAPI_DEVICE_SELECTOR="opencl:2"
S mandel

Platform Name:

Intel(R) OpenCL HD Graphics

OpenCL 3.0
Intel(R) Arc(TM) A380 clraphic[ext_oneapi_level_zern:gpu:0] Intel(R) Level-

[ext_oneapi_cuda:gpu:8] NVIDIA CUDA BACKEND,
S export ONEAPI_DEVICE SELECTOR="opencl:1"

$ mandel

Platform Version:

Device Name:
1024
128

Max Work Group:

Max Compute Units:

Platform Name: Intel(R) OpenCL

OpenCL 3.0 LINUX

Parallel Mandelbrot set using buffers.

Rendered image output to file: mandelbrot.png (o Platform Version:

0.563242s
0.0045227s

Serial time:

Parallel time:

Successfully computed Mandelbrot set.
s (]

[opencl:acc:8] Intel(R) FPGA Emulation Platform for OpenCl (TM). Tntel(RY} FPGA Fmulation Device 1.2 [?2023.15.3.0.20 16060001
[opencl:cpu:1] Intel(R) OpenCL, Intel(R) Xeon
[opencl:gpu:2] Intel(R) OpenCL HD Graphics, I

kiyo@Xeon-E5: ~/7 X7 b 7 /SYCL/mandel

[+ kiyo@Xeon-E5: ~/7 X7 v 7 [sYCL/mandel

$ sycl-1s

[opencl:acc:0] Intel(R) FPGA Emulation Platform for OpenCL(TM), Intel(R) FPGA Emulation Device 1.2 [2023.15..
[opencl:cpu:1] Intel(R) OpenCL, Intel(R) Xeon(R) CPU E5-2699 v4 @ 2.20GHz 3.0 [2023.15.3.0.20_160000]
[opencl:gpu:2] Intel(R) OpenCL HD Graphics, Intel(R) Arc(TM) A380 Graphics 3.0 [23.085.25593.18]
[ext_oneapi_level_zero:gpu:0] Intel(R) Level-Zero, Intel(R) Arc(TM) A380 Graphics 1.3 [1.3.25593]
[ext_oneapi_cuda:gpu:8] NVIDIA CUDA BACKEND, NVIDIA GeForce RTX 3060 0.0 [CUDA 12.1]

$ export ONEAPI_DEVICE SELECTOR="cuda:*"

Serial time: ©.563607s Device Name: Intel(R) Xeon(R) CPU E5-2
. $ mandel
Parallel time: ©.0109801s Max Work Group: 8192

Platform Name: NVIDIA CUDA BACKEND

Successfully computed Mandelbrot set. Max Compute Units: 44

s D Platform Version: CUDA 12.1

Device Mame: NVIDIA GeForce RTX 3060
Parallel Mandelbrot set using buffers.
Max Work Group: 1024
Rendered image output to file: mandelbrot.pn .
Max Compute Units: 28

Parallel Mandelbrot set using buffers.

Rendered image output to file: mandelbrot.png (output too large to display in text)
0.557785s

0.00533454s

Serial time:
Parallel time:
Successfully computed Mandelbrot set.

$



TAARAOY—= 0571w O BROEER

1> )L® ARC™ A380/750/770 17EDT A AT — TS5 T4 IR —R%
AT MICHEEH 5L TBIOS T Re-Size BAR MBRIICIFEDTULVRLY ) &LVD
BEENALVFILC Arc™ O O— )L\ OSSN ENHNET

Platform Name:
Platform Version:
Device Name:

Max Work Group:
Max Compute Units:

Intel (R) OpenCL HD Graphics
OpenCL 3.0

Intel (R) Arc(TM) A380 Graphics
1024

128

ParaIIeI Mandelbrot set uS|ng buffers.

Ser|alvt|me
Parallel time:

e. mandelbrot. png (output too large to display in text)

8 88%82?333 Platform Name: Intel (R) OpenCL HD Graphics

Platform Version: OpenCL 3.0
Device Name: Intel (R) Arc(TM) A380 Graphics
Max Work Group: 1024
Max Compute Units: 128

ParaIIeI Mande |brot set u3|ng buffers.
¢: mandelbrot. png (output too large to display in text)

‘ Serlal_tlme 0. 3370125
Parallel time: 0.00928928s

y computed Mandelbrot set.
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Re-Size BAR DX E=EEER

I8 TechPowerlp GPU-Z 2.52.0 — o I TechPowerlp GPU-Z 2.52.0 - X %ﬁ/_\/_ 7\7_ 7 4/ \\//' , 2 E\‘ lg:
| i ;o = /N H N\

Graphics Card  Sensors Advanced  Validation 6B 0 = Graphics Card  Sensors  Advanced  Walidation = N
CDOFREIFEHELFTEA
Name Intel(R) UHD Graphics 770 Mame Intel{R) Arc(TM) A380 Graphics [m (- O) HR KE * L_

GPU Alder Lake GPU ACM-GTT

- | E " . 2 -
Technology 10 nm Die Size ‘ l n tE| | el nm Die Size | 157mm

Jun 14, 2022 i 7200M
Release Date | Now 4, 2021 Transistors Release Date | Jun Transistors

BIOS Version [** @ UEF FIOS Versien == [ @uen *g;&d) 7\ 5 7 ’r vy 9 X )

‘ Subvendor ASRock Device ID | 8086 56A5 - 1845 6004
Subvender ASUS Device |0 | 8036 4630 - 1043 3634 S S | YT YT / \\/r j:/\:tk
| s 5 us Interface e x5 4 Xo 4 [ j— \ 2 % § 5
ROPs/TMUs | 8/16  Bus Interface N/A ? = 2 |:| \
Shaders 32 Unified Direct Support 12(12_2)

= i — —
Shaders 32 Unffied Direct Support | 12{12_1) Pixel Filrate | 64.0GPiel/s  Texture Filrate | 128.0 GTexel/s j—/r 2 / 7|J —_— I\ -/_ 7 — 7/]’ \\/

Pixel Fillrate 12.0 GPixel/s Texture Fillrate 24 0 GTexel/s

| Memary Type GDDR& Bus Width 96 bit —_ N .
Memory Type DDR5 Bus Width | 128 bit | e[ Eo bt [ TEED G g Z . 7_/ \,]/ Z'é % 5 = é: 7&
Memory Size N/A Bandwidth | 153.6GB/s Driver Version 310101 4148 DCH / Win11 64 — .

Driver Version 31.0.101.4148 DCH / Win11 64 Driver Date Mar 10, 2023 Digital Signature Beta ﬁ& E/;L\?\ L/—C < 7?: é L \

Driver Date Mar 10, 2023 Digital Signature Beta GPU Clock | 2000 MHz  Memory | 1937 MHz

GPUClock | 300 MHz  Memoary | 2400 MHz  Boost | 1500 MHz Default Clock | 2000 MHz ~ Memory | 1937 MHz
Default Clock | 300 MHz  Memory | 2400 MHz Boost | 1500 MHz Multi-GP LI Disabled Resizable BAR Enabled

Multi-GPU Disabled Resizable BAR | Disabled Computing (@) OpenCL [(JCUDA (@ DirectCompite (@ DirectML

Computing (8 OpenCL (JCUDA (@ DirectCompute (8 DirectML Technologies @ Vulkan @ Ray Tracing [_| PhysX @ OpenGL 4.6
Technologies @ Vulkan [ ] Ray Tracing [ PhysX [ OpenGL 4.5 Intel(R} Arc(TM} A380 Graphics ~

Intel(R) UHD Graphics 770 -
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AVFIVE-DEF—DEN

5 )L oneAPI Y —)LF Y D77V T T —k~/)\—/3> 2023 D
T EMEES bt GPU [@IF TS 04087 ~

= OpenMP* 2R L GPU A7 O—RG4A
» GPU @FD1>F)L® VTune™ 707 714> —0OgEE GPU &iE1L
> )L° DPC++ B Y — )LO#B N

https://www.isus.jp/products/oneapi/webinar/
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m oneAPI for NVIDIA* GPU 2023.0.0 A F

m X—%5hk oneAPIl for AMD* GPU 2023.0.0 1
m 0neAP| T NVIDIA & AMD O R—F%IR

m 0neAPI DPC++ A HAR

m 0neAPI GPU &b 0+ = HAREENR

m 0NeAPIDPC++ IV /\AS—E 51 L F—%F O F v—D3Het

Bt

il
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https://www.isus.jp/products/oneapi/oneapi-for-nvidia-gpu-get-started/
https://www.isus.jp/products/oneapi/oneapi-for-amd-gpu-get-started/
https://www.isus.jp/products/oneapi/bringing-nvidia-and-amd-support-to-oneapi/
https://www.isus.jp/others/get-started-with-oneapi-dpc/
https://www.isus.jp/products/oneapi/oneapi-gpu-optimization-guide-released/
https://github.com/intel/llvm/blob/sycl/sycl/doc/design/CompilerAndRuntimeDesign.md

Intel, 1> F )L, Intel O, ZDMEDT T IILOBEFPOTIE, Intel Corporation e lEZDFEMDEIETT,
*ZOMEOHE, BRBEFEF, —RICRHOEIER LB REIETT,
© 2023 Intel Corporation. ERTO3| B, Er&EEZLET,
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