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BETFTINTAEEHITD
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CfaNTLELCE

B IRITOHM/\—/3> 2023 Z{F>fc DPC++ (C++ with SYCL¥)
S LU Fortran SFERIFIC GPU QARG EE. 20T OIS LD
BT FEERZ BN

m 77 )L°oneAP| W—)LFwv ~liEE
B DPC++ 8K Fortran ICBIFBREET /I\1ADF A
m @Y —ILICED GPU ZIRS 700 S LOEM

eosorr
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TOOLKIT

intel intel intel. intel
XEeON ATOM CORE [ cvcLone
i3

intel
AGILEX

NTA—=IVR NV 5 —REDBDER
BRI 7 )LD CPU,GPU, FPGA VBN SBEATERE RNYF—BBICRDD A—TVi
THENTA—T Y AEREL LAY—O—REBEICHESE EIR A
NE7 75 L—5—ZK&AKRICEA CUDA* h\5 SYCL* NGB ICF1T T—FTOFV—EENES
SESFERAI TL—LD—U%EREL B/NROI—RFEE FRON—RITTICRELREI—R
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L—>>%2 DNN.BE . BS. 5L

B/ \—FOx7DMEZRZARICSIESHT
B FEGQRXMVEBEOREZS1RILT D
KOICERE
BRI\ TA—T VAN ESNDELDIC
BISvkTAa—AMIFICERIIC&EL

3

1>7)L° oneAPI >5)L° oneAPl 1 — -~ a1—

RAA—RISATSU— IRy D=5 TZU—
(1>5)L° oneDNN)

(A>FI)L° oneMKL)

17 )L° oneAPI EF -
Jowvoo-54735)—
(1>7JL° oneVPL)

14>F)L° oneAPI 7—4+
FPFUFADR ST U—
(>5°)L° oneDAL)

1> F)L°oneAPI ALY T 1> -l 125 )L° oneAPI ILO 517+
ElFcvo-JOvo A=azZ5—o3av-51475U—
(1> I)L° oneTBB) (7 I)L° oneCCL)

<> 7)L° oneAPI DPC++ 127 )L° oneAPI
4 SATS— LYHUVTY—)LFY
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https://www.intel.com/content/www/us/en/docs/oneapi/optimization-guide-gpu/2023-0/intel-iris-xe-gpu-architecture.html

CPU & GPU

B RALETNARIEEGDIAEY—ZEFEFHEXT
B /A AT IERTEHT—5IF
ERRIICT I\ RBAINERXLE T
B 5\ A ATETNEERZRANCEELET

TINARBITEST—5 EITYES
ﬂ
h
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EMEINTA—-TIVAIC
BNz SYCL* aVIN\T5—

14>7)L° oneAPI DPC++/C++ AV I\15—

CPU &7 0EIL—5—ICZHOEWIIFITOT 5=
VODEEME/NTA—T Y AR M

B 5=y \—ROIZETI—ROBAANTE BEDT IS L—5—
AFOHRSY -F1—= T %F5ENaTAE

B B Y FOFv—BAOSECRDS A—TUBERSRORETE
Khronos SYCL* &%
B CHt OEEMORSEERE, —RITEVMEIE C 5LV C++ BEEER

[ FT—HNMFNRIBEANFTOY ZFR-TOT S = 0% R— g 38
Khronos Group HMER

AFIVOEFEICDEBR T —FT0Fv—&/\1/\
TA—I VA AVINAS—DRERAEEICIESRE

1

||
oneAPI

125 )L° oneAPI DPC++/C++ AV /)\15—&
P2 A

C++ with SYCL* V—XO—F

Clang/LLVM

DPC++ 551 I




1 *
DPC++ (C++ Wlth SYCL ) #include <CL/sycl.hpp> A
#include <iostream>
— constexpr int num=16;
[ /-I_\ZI\\ + \791—27 I/__g\_F:'——I [FD using namespace cl::sycl;
d—RZEBE—Y—XATERIRLET
7 1 int main() {
B auto R = range<1>{ num };
" buffer<int> A{ R };
Fa1— 5—5'y K TDT—Y
I\ T 57— F—AEIR I—:II_\X||:< queue{}.submit([&](handler& h) {
_ auto out =
parallel_for 05 S0 A.get_access<access::mode: :write>(h);
. h.parallel for(R, [=](id<1> idx) {
X out[idx] = idx[@]; }); });
B T/\1RELIY—ICLBHE ’
auto result =

W — o = A.get_access<access::mode::read>();
FETNA ALY 22— | 55 2~ for (int i=0; i<num; ++i)
default_selector v BWEFNAZEEIR | 75—p saleeEans < reslle[n] < T
gpu_selector_v GPU MR return 0;
cpu_selector_v CPU M:ER -

gosorr



TINTAEL O —

m SYCL* 2020 DX ISICKDRERD dgf/\‘l»izﬁlwiwg_
TI\1 Atz l/gg—ljlle}Ei—é efault_selector_v

gpu_selector_ v

B SYCL*1.2.1 TEHNTLE
7__/ \,]/Zt I/QQ—IBt cpu_selector_ v
OVINTILEFICES 2D . -

host selector_ v

accelerator_selector_v

// SYCL* 2020

sycl::device my gpu { sycl::gpu selector_v };

sycl::queue my accelerator { sycl::accelerator_selector_ v };
// SYCL* 1.2.1 J—FOBMEDsH5| EeSFIARIRE

sycl::queue my old style gpu { sycl::gpu selector {} };

eosorr



Codeplay* AVINAS5—-TS5T14>

B 77 )L® oneAPI R— XY —)LFw k(T
NVIDIA* GPU & AMD* GPU Hii— 21BN
B 27 )L° DPC++/C++ AV/I\1 55— \D
N FU—=TS54>% Codeplay 'y o vO—k
B SOOI
B NVIDIA* GPU - DPC++ A\ CUDA* /\wo T R%&B N

B AMD* GPU (N—%HR) — DPC++ A\ HIP /\w o T RZEBN
B HAFEOMAATE

B oneAPI for NVIDIA* GPU 2023.1.0 i1 R

m ~—%}f oneAPI for AMD* GPU 2023.1.0 A1 R

eosorr O T



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

ifort & ifx
2 ¥&%80) Fortran OV /I\15—

1> 7)L® oneAPI1 'Y —)LFv D\ F|HTE S Fortran 32/ /\1 5 —

m ifort -A2FIL®Fortran AVINA1S—D5I/vD
1> )L® Parallel Studio XE h\65| EfEeMHaenNd /15—
NIRIHE ALY RMEZEZIET D CPU MIT&E{ILZESE
m ifx - 17 I)L® Fortran OV /I\15—
HULLEESIN Fortran OV /\ 15—
ifort CEIEORBILEEES L GPU [IFTDOA T O— RigaExiRH

SEFES AN, 5—

eosorr O T



ifort DHEESE

B ifx \OBTZHERELDDO5| SHhSERAATEE
CPU 5 —T'v bOO—RF%Z{RT

B ifx O\ ifort ZES X TS HEHIM
KHN—Y3vCElTe&RBbEsEDmE

ifx NDIATICRIFER—F1> 01 b

eosorr O P



ifx DEBRTZVIT—F

m Fortran . OpenMP*d‘ EOYRN—EDEN

Fortran 2018 + &% & ZN LRI T N TOIEHE
OpenMP* 5.x (A7 0O—RiEEES )

B |FORT &R UHLRIERE, 7L O 7« 7 BNEICKT IS
B &l 51t ieE = FR<

B DO CONCURRENT [C&? GPU A7 0O— Ri%aE
AV INAS—A T3 VICKBHEI

B iso c _binding [C&D C/C++ LD EERMHDIHLR
(Fortran 2018)

eosorr O F



DO CONCURRENT Ic&kB1i%14k

B DO II—TORERBICT—IDKEREN TV EEIETE

INTEGER,DIMENSION(N) :: J, K
INTEGER i I, M
M= 10
I =15
DO CONCURRENT (I = 1:N, J(I)> ©)LOCAL (M) SHARED (3, K)
M= MOD (K(I), 3(I))
K(I) = K(I) - M
END DO
PRINT *, I, M

Linux*: > ifx -fopenmp-target-do-concurrent -fiopenmp -fopenmp-targets=spir64 ---

Windows*: > ifx /Qopenmp-target-do-concurrent /Qiopenmp /Qopenmp-targets:spir64 ---




OpenMP* [CHIFTDFTNAAATO—-F

I$omp target map(tofrom:is cpu)
is_cpu=omp_is_initial_device()

N |
B target s aio?zl?;rallel do

x(i) = x(i) * 2

B RARDST/INAANDEITZIEE end do

fore I$omp end parallel do
O map Bl I$omp end target

B RN/ T/INARABTHIATICKDT —FIREZFENTIEE

to MAL->F/\AR target fBIHCTF/\ARICOE—

from TINAX>RA L target BT THRFICIKRARATIE—

o target S CT/\1 R COE—
tofrom MARSTIIA 2 ot RTBICRA RS


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

GPU TOETZZRI D

B team 1BiE
mJSAI)—RALYRED—H—ALYRT
BN D 1 Dl EOF—L%1ER
B distribute #B1&
B ) —TRENEZZEF—LICHE

F—TvbETFINAA:

F—L F—L F—L

eosorr O T
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GPU TOETZERID

I$omp target teams distribute num_teams(NUM_BLOCKS) map(tofrom: y) map(to: x)
do ib=1,ARRAY_SIZE, NUM_BLOCKS
do i=ib, ib+NUM_BLOCKS-1
y(i) = a*x(i) + y(i)

end do
end do
I$omp end target teams distribute ARRAY SIZE, a IZE#



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

AVINTIVATS/ 3y

B -fiopenmp (Linux®),
/Qiopenmp (Windows*)
OpenMP* MR Z=BN
OpenMP* T« LOF« J=EICF I—FDER
B -fopenmp-targets=<T1> (Linux*),
/Qopenmp-targets=<T1> (Windows*)
GPU 5—0'vy bADA T O— =B
T1:spir64 (JIT O>//K1IL)

ifx -fiopenmp -fopenmp-targets=spir64 main.f90

gosorr O P




USM ((iEHBXEU—) Z{EoTz7—~ i

B allocate A
B RARET/INARAT 1 DNT7 RLAERAERFEET
B S —5NER A% I IS BRI HIE OV e] BE

[ /371_7 /ZIL- I$omp allocate allocator(omp_target _shared mem_alloc)
= E DT allocate(x(N))
I$omp teams distribute parallel do
do i=1,N
x(i) = x(i) * 2
end do
I$omp end target

[ XLEY 2 (SR /0 cAP| samples: Samples for Intel” oneAPI Toolkits (¥658) 1@


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

H—5v kT IN1ADEIR

B device £
B REDT/I\ A ATHOETZIBELEY
B B GPU =8 LREMRIT
I$omp target device(1)
B OMP_TARGET _OFFLOAD RIBEZ#
B GPU A\OA 7 O— 7l

B OMP_TARGET_OFFLOAD={MANDATORY, DISABLED, DEFAULT}
« T 7#)L: DEFAULT

eosorr



FERIETET

B target BEICHITDIETN TR T IDEFRTHANAIIFHFHLET
B nowait &)

I$omp task
B target BiENOUIE%E call C°’"3“te(l)<
FRMICETLES Fomp end tas

B taskwait *%i%_[:&:loﬁ/ﬁﬁbij I$omp target map(to:x1,yl) nowait
call compute 1(x1, yl, N)
I$omp end target

I$omp target map(to:x2,y2) nowait
call compute 2(x2, y2, N)
I$omp end target

I$omp taskwait

eosorr
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—1>5)L°® Advisor A4>F)LVTune™ 707715 —

» J—F% GPUARIERLATO—F * CPU,GPU.FPGA ZELIXIFER = GPU,CPU,FPGA BIFICFa—=F
o 7OrIL—-5—&YR—k - .
» CPU/GPU O—FOFtEEXEU—% » AT7O0—FRO/I\NTA—T VA %E&EL
iE1b = SYCL* C,C++, OpenMP* Fortran . .
\ o HORTF—FFHFv—TF TUs — = SYCL* C,C++ Fortran, Python*,
= RO BNLIFIBESSICERIICLT 3V AT ARIED T\ Go*, Java* JBEESEEYR—K
RWEZEE L SINETBE
= AL I\“{lﬁéﬂ’CL\@\b\T?"U’I—Da = Microsoft* Visual Studio*, VS Code,
VICKIERBEA LY RME&EEN Eclipse* L0 IDE #a
| |
|
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127 )L® Advisor @ GPU A7 0O— R 1E

\ “ (CPU) Host ((=IV)] Host
A70—F-77F/)\1—

B GPU [CATO—FLIE o o
BROINT A=V AZHE -

W—T S48
my—5yRBEBICHITS
STEUY—AM
FE AR 2481k

s

Q A x B + |Cores {71 vt “ |V Default FLOAT ~ ‘:l: No Results to Compare ~ | =—

2 0.033 054
Physical Cores: 4 ¥ App Threads: 1 ¥  SelfElapsed Time: 17.079s  Total Time: 17.079 s

VISOFT| it I SR P e e



A70—F-7RINA1Y—

Top Metrics 8
| 20.666x 1.866x 49% 4
Speed-up for Accelerated Code Amdahl's Law Speed Up Fraction of Accelerated Code Number of Offloads
Program Metrics A Offload Bounded By N Modeling Parameters A
4.
= Compute 0% <, Save to Remodel
a i =
Original 6.38s L1 Cache BW 0% Reset
Accelerated 3.052s
m L3 Cache BW 0% Hardware Parameters
m GTIBW 0% F
el
Program Time on Host After -~ 2.883s  Speed-up for Accelerated Code  20.666x GDDR6 BW 0% ceaquency; LaGHz
i
Time on Target 18.1ms  Amdahl's Law Speed Up 1.866x Atomics 0%
= Time in MPI calls 0s  Fraction of Accelerated Code 49% Latencies 0% GTiBandwidth ~ _____921.6GB/s
Non-Accelerable Time 0s  Number of Offloads 4 Data Transfer 49% A
Data Transfer Tax 151.1ms  _cpu_threads 16 Launch Tax 0% L1 Bandwidth 14.75TB/s
_—
Kernel Launch Tax 40.5us  Target Platform XeHPG 384 = Dependency 0% i
Baseline Platfo- 13th Gen Intel(R) Trip Count 0% L1 Size < 6MB
Core(TM) i5-13400 Unknown 0% i
Non Offloaded 51% L3 Bandwidth 3.69TB/s
i
L3 Size 16 MB
—
i
Memory Bandwidth 460.8 GB/s
Top Offloaded A Top Non-Offloaded ~
Loop/Function Execution Time Speed-Up Bounded By Data Transfel Loop/Function Execution Time Bounded By Why Not Offloaded
. w— CPU. 13298 ' - — CPU 52.0ms
[loop in main at vector- GPU 454ms 29.303x Data Transfer 1.3 [loop in VectorAdd(sycl GPU 99.8ms ' Data Transfer Not profitable because
. . = CPU 928.0ms ' ' - CPU 270.0ms .
D in main at vector- ) loop in VectorAdd at v R 5
[loop in main at vector. GPU 29.7ms 31.267x Data Transfer 80( [loop in VectorAdd at v GPU  12.088¢ Latencies, GD Not profitable: Latenci

BNRCIFET7—F70Fv—BIFICF1— VI TIRENHDFET




Summary

W—=T511%

B CPU& GPUDIIL—TSAMVZRR

B Y-V rRIEICHTD/INTA—T > Az R 1L

@, Survey & Roofline Wjj Refinement Reports

w /A Some target modules do not contain debug information

Suggestion: enable debug information for relevant modules.
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14>57)L°VTune™ 7O7 7 'f -

Assembly AR A T jol

% GPU Instructions Executed by Instruction T..®
Source # Control Flow B Send & Wait

G PU 7 le 7—:/ 3 \/ rﬂ__l Ijﬁg*ﬁg’r j 158 dx = ptz[3].pesl0] - ptrii].pes=ld] ;nst?joz,iz:oﬂm .'”‘Bﬁp e

159 dy = ptr[jl.pes[l] - ptr[i]l.pos[1] 12,500,000

- G PU Offload 160 dz = ptr[jl.pes[2] - ptr[il.pos[2] 12,500,000
161

162 distanceSgr = dx¥dx + dy*dy + dz*d 87,500,000 [ [ ]

163 distanceInv = 1.0 / sgrt(distances 12,500,000
m CPU f&k7Fh\ GPU f&kfFh

SSICERSYRDI): 2k R e R T T
B GPU Compute/Media Hotspots |~ : =l 15—

B BFRIOHH\D GPU OAIBEETE N | = =
7)I/:i‘UZ“A:E)L,<lzt><36U—o) - (——

> Stalled 92.0% & Total: 0.0Bis —— = -
Thieass issued: 1089547 i 11 S
| \ \ L3 Occupancy:  87.2% <— D.0B/s 0.0Bfs —=
LI‘ . IPC Rate: 1000
L FII Bindless Thvead Dispalch <  EMactve:  0.0%
I
¥
RT U

cPu

©PU core

Utiization:  6,0%

BNRCIFET7—F70Fv—BIFICF1— VI TIRENHDFET



GPU Compute/Media Hotspots

B ETIZVROAR—)LEIRRBIICAR1E

Groupmg:| GPU Adapter / GPU Stack / Computing Task / Function / Call Stack
Work Size Stall Count by Stall Type «

GPU AdaEler / GPU Stack / Computing
Task / Function / Call Stack Global & Local Active | Other ‘ Control | Pipe | Send | Dist or Acc | SBID | Synchronization Instruction Fetch

0:58.0.0 : Display contraller: Intel C 5.3% (S 027 S 0.0% D 1.4% (I 0.0% | 0.5% (D 42 5% I 0.0% 0.1%
GPU Stack 0 2.7% D 0.1% 0.0% I 0.7% D 00% 02% D 21.1% D 0.0% 0.0%
GPU Stack 1 2.6% D 0.1% [ 0.0% D 0.7% I 0.0% | 0.2% DD 21.5% [ 0.0% 0.0%

0:154:0.0 : Display controller: Intel 57% (N 027 S 0.0 DD v O 0.0%  0.5% DD | 42.3% I 0.0% 0.1%
GPU Stack 0 2.9% D 0.1% 0.0% [ 0.6% D 00% | 0.2% DD 21.2% D 0.0% 0.0%
GPU Stack 1 2.9% D 0.1% 0.0% D 0.6% 0.0% | 0.2% DD 21.1% D 0.0% 0.1%

GPU Compute/Media Hotspots (preview) @ w2 2 -

s Conbprsin Coteion Lo | Surmmary | Gragics GPU Compute/Media Hotspots (preview) @

Elapsed Time : 11.299s Analysis Ct i Collection Log y  Graphics
GPUTime - 24262 Memory Hierarchy Diagram = Platform

O: s = e 6900ms 7000ms

XVE Array Stalled/Idle : 84.5% & of Elapsed time with GPU busy

Analyze the avarags velus of the XVE Aray Stalled/Idle metric. Understand why XVEs wers waiting for resources end nat computing. This metric is crtical for compute-bound spplications. Explars typical ressans for this inafficiency.

mainCRTStartup (TID: 18200)

| zoEvent [[ e vent [ ze vt [] ot [[ e vent [ zovert [[zovent [ ovent [Jzovent [

GPU L3 Bandwidth Bound
Identify whathiar performant

Hottest GPU Computing Tasks Bound by GPU L3 Bandwidth =
Qccupancy 7: 70.5% % of peak value H
Idenlify compuling lasks with low oGoupancy thal were 1o large or small lo render the XVE array idle. while wailing for the scheculer. Frequent SLIM accesses and baniiers can affect the maximum possible occupancy. GPU Computing Threads Di e \ ‘ W l w ‘ v .‘. W - ‘

% of peak value
sur coda sxscuting on the GPL is boundsd by GPU L3 bangwieth,

Thread

Hottest GPU Computing Tasks with Low Occupancy =
This seetion lists the mast aetive computing tasks running on the GPU with a lew Occupaney, sorted by the Total Time. GPU Memory Access 174689 A A A A A A A Y A
Computing Task Total Time & SIMD Width ©1Peak XVE Threads SIMD Utilzation GPU XVE Pipelines
MandelParallel o V1queus(lambdaisycl:. V1handler#1F operator{Hsyel: V1:handlers) canst; flambds 0303 s 100.0% = = & = -~ 7 3 ~ 7
. f [ N
P— GPU XVE Instructions ||l B f\ ) | N }l = ||‘ = '”‘. | _ﬂ |
GPU L3 Cache Band...2238562 | Y - | | | | |
N - N P
Bandwidth Utilization Histogram SRUBuUSY | S
Explore bancwidth utlization over time using the histogram and identify memory GBiects or funcfions with maximurm contibution to the high bandwicth utiizaton, GPU Frequency l

Bancwidth Domain | GPU Memory Read Bandwidth GRisec v
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B IIINFF7—FFO0Fv—TJOTS=ZVT7DITITH
B C++ Fortran 57T GPU OFIA

B 27 )L® oneAPI 'Y —)LFw & DPC++ (C++ with SYCL*) KD
Fortran SN 7OJ S AICKHLT GPU REDT7 IS L—5—%&
NMATIFERZRTELET

B SE{LESZIETSZTTIL® Advisor BEXD
AT IL® VTune™ Z7O7 715 —%FHLZSL)
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B Get Started with the Intel® oneAPI DPC++/C++ Compiler (558)

B C/C++ or Fortran with OpenMP* Offload Programming Model
(3258)

B Get Started with Intel® Advisor (&35
B [ntel® VTune™ Profiler - GPU Offload Analysis (3258)

HAEIEIR
B iSUS: HARERR/\WHI—IJ & EFaXUk

eosorr



https://www.intel.com/content/www/us/en/docs/dpcpp-cpp-compiler/get-started-guide/2023-1/overview.html
https://www.intel.com/content/www/us/en/docs/oneapi/programming-guide/2023-1/c-c-or-fortran-with-openmp-offload-programming.html
https://www.intel.com/content/www/us/en/docs/advisor/get-started-guide/2023-1/overview.html
https://www.intel.com/content/www/us/en/docs/vtune-profiler/user-guide/2023-1/gpu-offload-analysis.html
https://www.isus.jp/isus-translated-documents/

HSRIVGHEIICBEEET
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