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Key Concepts for Intel® oneAPl Compilers

Moving forward AND keeping you productive

N
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Evolution of OpenMP Programming Model

= (CPUs and All forms of acceleratars/coprocessers, GPU, APU, GPGPU, FPGA, and DSP
= Heterogenous consumer devices

v Kitchen appliances, drones, signal processors, medical imaging, auto, telecom, -
automation, not just graphics engines




Key Concepts for Intel® oneAPl Compilers

* New Compilation Technology based on LLVM

i

* New compiler technology available today in oneAPI Toolkits for
DPC++, C++ and Fortran (DPCPP, ICX, IFX)

» Existing Intel proprietary “ILO” (ICC, IFORT) Compilation Technology
compilers provided alongside new compilers

» CHOICE! Continuity!

BUT Offload with OpenMP supported only with new LLVM-based
compilers - ICX, IFX
! Cross Compiler Binary Compatible and Linkable!

e



Intel® Compilers —Target & Packaging

OpenMP
Intel Compiler Driver Target* 0":;""‘1 Offioad
po Support

Intel* C++ Compiler Classic

CPU, GPU, Composable with Compasable

dpcpp FPGA constraints with constraints
Intel® oneAP| DPC++/C++ Compiler CPU
fcx Yes Yes
GPU
Intel® Fortran Campiler Classic Ifort CPU Yes No
Intel® Fortran Compiler (Beta) ifx CPU, GPU Yas Yes

. Cross Compiler Binary Compatible and Linkable!

-
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Intel’s Compiler and Software Stack
Supporting OpenMP Standard, Intel’s OMP RT Implementation
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High level architecture

OCL Plugin

}

CPU OpenCL RT

I .
lj-




Just-In-Time (JIT) and
Ahead-of-Time (AOT) Compilation

1y |;CTT‘ITJ’JEIEH_'H'

j'_'.'lf'}( o i S STIRE —LOREENE SJd e o=Sp1I 6 SOUECCS,. CRE

ifx —fiopenmp EORISEMN sarlgessg=gpirhd souUurce, £20

AOT compilation

=% —fi0penmp —IepSRaE-CtSIgetEsSsnitnde g —EopenmrotasgetHHaczensg "—devi
: —LSigpenmpe —fopsnunp-latgsis=sSpictd gen Xopenmpacoce backsnd "-devac

<dev>is your target, use ‘ocloc compile —help’ for list of targets

hitps://www.intabcom/conlent/www/us/an/develon/

documentation/onsepi-dpopp-cpp-compiler-tlev-suide-and-r
top/compiletion/ahesd-of-time-comgpilation byl
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Just-In-Time (JIT) Compilation Flow

host-code

10K Hely=r LEVMIIR ﬂ{:J HW spagifie
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e
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Ahead-Of-Time (AOT) Compilation Flow .
X dtech LLUMIR - & host-code

CLANG FE ohy writer adegen : host

or 16X O e

ACT compiier

Host-path Gb] _ij, |[ =— funtime
Device-path exe
_...a_ bin =2- .oh) | +

officau-wranper

b Writer

device-code

. .bin obi
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__,.-""FF-' ’ bc U:‘:;_'I"-'T"[q -Nn.
= Hivkes ) FAT hinary

e

LLVM-IR “Byte Code” AOT compiler f

- Host:regular A code
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ooty Cobagrith wiiter

-_._. In .exe 'data’ section

Device: target HW bin-code wrapped
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OpenMP Offload with Intel® Compilers

Built-in Support for Intel® X¢
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OpenMP with Intel® Compilers .

T compilation

* Drivers . <
ICpX -—fmpenmp =fopenmp targets=spirba source,cpp |

« jex (C/C++) ifx (Fortran)
« Adheres to OpenMP spec directives 1o ifx —fiopenmp —fopenmp targets=spiréd source.fa0
target for offload
« QOPTIONS
-fiopenmp
« Selects Intel Optimized OMIP
= -fopenmp for Clang® OMP RT
= -gopenmp maps te —fiecpenmp today

AQT compilation — Docs Coming soon

icpX -flopenmp -fapenmp-targets=spir64d_gen
-Xopenmp-target-backend "-device <dev>" source.cpp

ifx -fiopenmp -fopenmp-targets=spiréd_gen
-Xopenmp-target-backend "-device <dev>" source.f90

-fopenmp-targets=spir64
* Needed for OMP Offload
*« Generates SPIRV code fat binary for offload
kernels

<dev> will be targets for CPUs and Intel GPUs -jook at 2022
release documentation formare intfarmation




Example: Simple target offload .

Transfer control and data from the host to the
device

3

Syntax (C/C++) #define FLOPS_ARRAY_SIZE ((1024%1Q24%286)/4)/2 [/map fa fb to 256MB

# raamsa om ta et GJ&USE 1 cla SE‘.---' float fa[FLDPS_ARRA‘f_SIZE] __EttribUtE__([alignEd[&‘l]l]F
prag P targ f [Tj fau ] / float fbIFLOPS_ARRAY_SIZE] __attribute__((aligned(64)));

structured-block lint main(int argc, char #argvl] )
{
int 1,3,k;
double tstart, tstop, ttime;
) o float a=1.0081f;
Clauses for TARGET
device(sca/ar-ineger-expression) #pragms omp parallel for
map([falloc | to | from | tofrom}] ist) i Eﬂrti:m i CFLOPS_ARRAY_SIZE; i+)
if(scafar-expr) falil = (float)i + 1.1f;
| fb[i] = 1.2f;
These OMP pragmas cause the }
IGOP to execute on a fﬂ‘fgﬁ’t device #pragma omp target map(fa, fb, a)

ﬁ- e. GPU} / #pragma_omp parallel for simd firstprivate(a)

for(k=8; k< FLOPS_ARRAY_SIZE; k++ |
falk]l = a % falk] + fblk];
¥




Offloading and Device Data Mapping

* Use target construct to

* Transfer control from Host Device
the 'hr:rst to the target oA @ | i
device \ _ aliac(lily
| — @
* Map variables between & T T3--)
the host and target A s L=
device data b Ll L / fpragma omn target )
environments @ map{aliccs o. )
Eromr (e man (E67 ... [
- map (Exrom |
* Host thread waits until offloaded region is completed [ oni )
* Use other OpenMP tasks for asynchranous execution ©,

* Themap clauses determine how an original variable in a data environment is mapped
to a corresponding variable in a device data environment

-#pragma omp requires unified_shared _memory for managed memory allocation
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Essential Environment Variables
Helping you guide your OpenMP Runtime

N
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Essential Environment Variables .

= Select Target Device with Environment variable
OMP TARGET OFFLOAD = mandatory | disabled | default
* mandatory —The targ=t region runs code on GPU or other accelerator
+ disabled — The targ=1 region code riuns on CPU
+ default - The target region rins ah GPLU if device is avallable, alse will fall back to the CPU i

= Parformance profiling for tracking on GPU kernel start/complete time and data-transfer time.
LIBOMPTARGET _PLUGIN_PROHLE

= Dumps offloading runtime debugging information.

LIBOMPTARGET _DEBUG=[1 | 2]
LIBOMPTARGET _INFO (see LLVM Runtimes document URL below)

» Select Plugin/Driver
LIBOMPTARGET PLUGIN= cpu [only works for OpencCl)
gpu

https://openmp.llvm.org//design/Runtimes.himl




Essential Intel env Var LIBOMPTARGET_PROFILE |

* | LVM OpenMP Runtime ENV vars are accepted. Example

= export LIBOMPTARGET_PROFILE=T ‘
= performance profiling for tracking on GPU kernel start/complete time

and data-transfer time.

Ty bl - - = e - F.- - s T TR T AT e T T
SEE Earformance (G=n%, sxpart TIsMETEESET WEORITLE=T, usar)

Toaration £0 . va
cxlling validafe .., O¥

Calling ClOE8, vas

sZecutian SEindished n 131324 . 304me, sl tims 0,048min

T s
R PRl =

I ENfA TR ST LA e
EiS e S LT o= T ‘_E"L‘-'---n_'_-,LE -

- e E - == - LD T
—— ,L’.!—‘E__'fn_l_m,: -_"'._..."\;.::.'4.—...."""_‘ ttoe

— CETA-WNELIS: 9380,480 users
— EXEC— omp ofEloadiing 311 29cbheigy 2NIJRIackSchclesl Bl Jayances nartials T35

24042 . 503 usac



Debug RT env var LIBOMPTARGET DEBUG -
« Export LIBOMPTARGET_DEBUG=1

= Dumps offload runtime debug information. Default value is O -
indicates no offloading runtime debugging information dump.

LAmatmmll

r-l-

Lipombtaiget —=

o2aing NTLS. ..
Eipomptarast —> Loading liprary '‘libonptargef il .ndos2.50"
S bopiarges —» 03ading lzbhrary '1iDmmtsvgat,ril 288 £4.50"7
inbomparges —= Sucosssttlly Igadad labrary "ldbomptargst.rel (2868 @2 =0

npomptarget —> Loadding labrary 'ibomoUargsv.rol.openci,so'y..

Target OFNUL 2TE —> Start initi=lizieg GEench

sargec CERENCE 25, —> €l tlattorm yersion 1= OGpanch 200 ETNDE

TITUYSE GPRENCL: RTL — Found 1 Sp=nCh deyicss

TargsT OFENCL RTL —> Dsvicsf(: CGenuipe Inmtel () CEUT 0000 @ 3. 00GHz ”

Perfect for bug reports!

intel,
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OpenMP Unified Share Memory

Making Data Mapping Easy

N
I T



Unified Shared Memory
= Single address space for CPU and GPU

« Data migration among CPU and GPUs transparent to the application d

= Explicit mapping of data not required

Host Host Host or Device omp target alloc_host{size, device_num)
Device Device Device omp. target _alloc device(size, device num)
Shared Host or Device Host or Device omp_target allog shared(size, device num)

= Use Shared or Host memory for implicit data movement to achieve ease
of coding

* Use Device memory for explicit data movement to achieve maximum
performance

e




Unified Shared Memory (Implicit)

Finclude <stdla >

#Gncinds: <stdlsb . h>

#inciuds <omp.h>

grefinag BIZH LO24d

$pragma omp raguirse unified shersd memory
int-main(y | - -

=Xample

Int deviceld = (omp.g=t num dsvicgs() > D)
&=p get dafsull devie=|) - nap gubt indddsl devical)
int *a = [(aint ")omp target slloc shsred (STIE ®* saizeof (1nk) deviceld)
(int *Jomp targst alloc shered (SIZE * sireof (int) daviceld) ;
|

gms omp target teams digtribute parallel for
L = < i

oo target fres(a, devicald) .
o target fres(b, devicalaq) !
printf (YEs passed\n’’ Fomne 1

e

rebuen BN SURNCEES

}

USM support via managed

memory allocator
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Unified Shared Memory (Explicit) Example

ant mandl i

int deviceld = lo=fh oot nyum devicossl) > 0] 2 oMty get- defaalt devica () an get InlElal davies|) ;

int %2 = [inE Y)=alloo(SIEE * sizegi(int)), int *h = (int =)mallpc (5328 * sizepf{int));

foxr lint 3 = 0 1 < SIZE; iv) |

ali] = 15 bli] = $@2E - &;

|
ant *a dav (int *lomp target alloc device (SIZE Y sigscf(int) , davicseId).:
ant *b dev {int *jomp target alloc device (SIZE * s:izacf(int) deviceId)
int srror=omp target memcpy(a dev, a, SIZE%si1zeaof (int) 0, U, devicaeid, 0);
srror=omp targ=t nemcpy b dav, b, SIZE¥sizacf(lnt), 0, D,
ffpragma omp tasrgel teams distyribute parallel for - —

For [int L= D: I < SIZE; la3) | EXleClt Data Movement

= devii] = b davili]; -

| from Host to Device
error=omp target memopyi{a, a dew, SIZE®*sizecfiint), 0, 0, 0. devieceld):
srror=amp tsrget mamcpy (b, b dsy, SIZEf*gizeof (int) ( 0, 0, devicoald) :
For [int L= 0; L < SIZE; la3) |

iF (afi] )= 5IZ%) | pointf("%¥s Geilad\!, Tunc |

s
cmp Target free(a dev, deviceld
omp. Tatget
Ere=ig): Erss=ib);
pointi(*%s passad\n".,
return EXIT SUCCESS ;

deviceld) -

Explicit Data Movement

from Device to Host

|



USM Example (Fortran) — IFX Feature Coming Soon!

program main
use omp 1ib
Srtofas; parameter £ N1t omp target host mem alloc and
integer :: i, dev omp targeb | device mem allec

Intsger, allocatable ;31 x([7) a“miun wpes alm m"Eb'E
dav.= omp get default device()

gamp alliocate allocator(omp target shared meam allioc)

sllocste (X (N))

do i=1 N

I1_|| —

o Ar= 4 USM support via managed

end do e memory allocator

1Somp target has devics addir (%)
‘Somp teams distribute parallel do
do i=1,N

x{i) = x{1
end do
‘Somp end target

=

deallocatsE1x)

;nd_prngram main



What Have We Learned?

» |ntel® oneAPI LLVM-based compilers support OpenMP
offload

* Compiling for OpenMP Offload

« Using Environment Variables to Control
the OpenMP Runtime

= |ntel’s Compiler OpenMP Software Stack, JIT and AOT

= Simplify Data Mapping with Unified Shared Memory
* OpenMP Features Support




Call to Action

* |ntel® oneAP] HPC Toolkit

https://www.intel.com/content/www/us/en/developer/
tools/oneapi/hpc-toolkit-download.html e
[m] Yty [m]

* |ntel® oneAP| Base Toolkit
https://www.intel.com/content/www/us/en/developer/
tools/oneapi/base-toolkit-download.html

A




ICX and IFX OpenMP Features and Support

IFX OpenMP Features Support

https://www.intel.com/content/www/us/en/d
eveloper/articles/technical/fortran-language-
and-openmp-features-in-ifx.html

gy SRR, RN

= i
-‘-T—-‘L' |
o I ICX OpenMP Features Support
o
H' - https://www.intel.com/content/www/us/en/
o % developer/articles/technical/openmp-

features-and- extensions-supported-in-
“ |I icx.htm|




System and Driver Prerequisites |

= System Requirements

https://software.intel.com/content/www/us/en/develop/articles/in -
tel-oneapi-base-toolkit-system-requirements.html

* Driver downloads and installation guides

https://dgpu-docs.intel.com/installation-guides/index.html

= [nstallation guides

https://software.intel.com/content/www/us/en/develop/articles/in
stallation-guide-for-intel-oneapi-toolkits.html
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