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Hms doke@P| Toolkit

A core set of high-performance tools
for building C++, Data Parallel C++
applications & oneAP!I library-based
applications

Intel® oneAPI 1
Base Toolkit

Native Code Developers BASE TOOLKIT

Intel® oneAPI

Add-on

Intel® oneAPI Intel® oneAPI Rendering
8 - Tools for HPC Tools for loT Toolkit
Domain-specific 1 1 1
oneAPT Deliver fast Fortran, oneAPI Build efficient, reliable oneAPI Create performant,

OpenMP & MPI solutions that run at high-fidelity visualization

TOO I k Its HPE TOOLKIT applications that laT TOOLKIT network’s edge REMDERING TOOLKIT appLications

scale

Specialized Workloads

Intel® Al Analytics Intel® Distribution of

Toolkits

Toolkit OpenVINO™ Toolkit
p Owe rEd by . Accelerate machine learning & data Deploy high performance
:“e: ?I science pipelines with optimized DL ®penVIN® inference & applications from
0 n eA P I Ton:lxitics frameworks & high-performing Toolkit edge to cloud

Python libraries
Data Scientists & Al Developers
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oneAPI
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Hms doke@Pl BASE Toolkit:

iwg Oo C++1 Wy 3 E£Wis d TATQ,

ilntel E DPEH+

—_

M=/ Je Yy Ex AaFWn>

-

| nt &/Tukee 1 ®Wy7 Oc LT
O "Ex J &

—_

-

J & g scikit-learn, NumPy, SciPya W1 = "
H Python H

Gobl,0 ,H+ TAT1o,xYC/FECRI/Y

l nteltE qarl D% DLd ML » |V, PL

Intel® oneAPI Base & HPC Toolkits

Direct Programming

Intel® C++ Compiler Classic

Intel® Fortran Compiler Classic

Intel® Fortran Compiler

Intel® oneAPI
DPC++/C++
Compiler

Intel® DPC++
Compatibility
Tool

Intel® Distribution for Python

Intel® FPGA Add-on
for oneAPI Base Toolkit

. Intel® oneAPI HPC Toolkit +
. Intel® oneAPI| Base Toolkit

API-Based Programming

Intel® MPI Library

Intel® oneAP| DPC++ Library
oneDPL

Intel® oneAPI Math Kernel
Library - oneMKL

Intel® oneAPI Data Analytics
Library - oneDAL

Intel® oneAPI Threading
Building Blocks - oneTBB

Intel® oneAPI Video
Processing Library - oneVPL

==
==
N e

O

Intel® oneAPI Collective
Communications Library
oneCCL

Intel® oneAPI Deep Neural
Network Library - oneDNN

Intel® Integrated Performance
Primitives - Intel® IPP

Analysis & debug Tools

Intel® Inspector

Intel® Trace
Analyzer &
Collector

Intel® Cluster Checker

Intel® VTune™ Profiler

Intel® Advisor

Intel® Distribution for GDB

ASIC
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Data Parallel C++: ~ f #wd XpP a i P* 2d I EN

I DPC++ = [C++] + [SYCL] + | » 'E] SYCL*/C++ Source Code
iCcCPF "1,/ b |, Hedt Oo 71, nNnDE" Clang/LLVM
T M$¢ '/ 0l ~0eF"® € 8 NUDF o
oy "

|o?<p M &o . 10 bV K€ H % #Vgbl 0C

1 Khronos SYCL 1

OO0aacd
D ol o|F | |
O00aad
|
D—El H OOo0oad

nDLlntL
CPU FPGA Specialized
Accelerators
_an ’ ~ v [ IL
I fF T owown U4 @ M ¥ Ex 1 . €
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NVIDIAGPU D AMDGPU! ~ & Fw w* i

SYCL, OpenCL and SPIR-V, as op dustry
standards, enable flexible integration and

en in SYCL enables Khronos to influence =
deployment of multiple acceleration techno

ISO C++ to (eventually) support
heterogeneous compute

ogies

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

— i ! 4 A
L. ) PRy YR

oneAP| Base Toolkit

oneAPI Base Toolkit

oneAPI for AMD GPUs (beta)

—_

Intel DPC++ T ™y : oneAPI BASE Toolkit

I OpenCLhT i :Intel CPU, GPU(Gen9, 11Xe) d FPGA(Stratix, Ariaj J &

I LevelZero hf i :Intel GPUWY — lowlevel @ T i API

Codeplay Al nt ehekP120231 Wy . ypn éf+y> o £liB7 0Tt " =,

—_

r
1 https://developer.codeplay.com/products/oneapi

NVIDIA GPU: A100-PCle 40GB (sm_80)
AMD GPU (I  ): AMD Radeon Pro W6600 (gfx1032)

—_—( =<
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Hms DPC++ & Fw:CUDAH™ W

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

L 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)

NVIDIAGPUr 1+ W CUDAY & € "Ex

a e -
T 1 nt &le® nFatium 8360Y / NVIDIA A100-PCle80GB
I CUDA 11.7

— -
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Hms DPGH+ & FW:HIPH I

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
14 1.3
1.2 1.07
: 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)
I SYCL2020, & 50% =0 L 0.
T a .
i1 nt &leB nGld 6330 / AMD Instinct MI100
I RoCm5.2.1
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CUDA HIP OpenACC OpenMP SYCL/DPC++

Languages| C/C++/Fortran| C/C++/Fortran| C/C++/Fortran C/C++/Fortran C++
Abstraction Low Low High High Medium

Coding - - Directivebased Directive-based C++ lambda
Parallelism SIMT SIMT F%rIIT\J/I%n FOSr:T\jI%n 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/Ints LLVM

License Proprietary Opensource Opensource Opensource Opensource

-

icc/icpc ¥ ifort/ "AlE:
I GPU- OpenMP*4.0/451 € T i ,

I OpenMP*5.0/5.1/52 1, "L A LHRA Q-

-

% EnLyYn QF

dpcpp/icx/icpx/ifxl€ UT < LLVM_ e 1
T GPUo OpenMP ¢ T . ®m ERL " =
i OpenMP*5.0/5.1/5.21 N L " ®

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

W, +g | nt ehekPl Toolkit/

-features-and-extensions-supported -in-icx.html
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C++ PT =1/ EA

Relative Floating Point Speed Performance (est.) Relative Integer Speed Performance (est.)
(GCC12.1=1.00) (GCC12.1-1.00)
(Higher is Better) (Higher is Better)
140
2.00 113
1.67 120 0.99 1.00
1.00
1.50 1.21
1.00 0.80
1.00 0.60
0.50 949
0.20
0.00 0.00
Intel® oneAPI Intel® C++ Compiler LLVMI5.0.0 GCCI21 Intel® oneAPI Intel® C++ Compiler LLVMI15.0.0 GCCIl21
DPC++/C++ Classic 2021.8 (LLVM.org) DPC++/C++ Classic 2021.8 (LLVM.org)
Compiler 2023.0 Compiler 2023.0
(LLVMBased) (LLVM Based)
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)
T a AN
'l nt le®B nH&Atium 8480
I SPECmA X _ : molecular dynamics, biomedical imaging, ray tracing, fluid dynamics etc
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CUDA> A SYClp | T ¢ & ¥

CUDA" to SYCL' Code Migration & Development Workflow

HumanReadakle

ELIDA Soumze Cade SYCLomatictool A i e e Compllers, Libraries, T s
Code withinline comments Analyzers, Debuggers (Architecture/Vendor Agnostic)
"
#include EEE Ja='E ~
- 139 cpu
<cuda_runtime.h> EEE I_ — 3 ',t,T-III' 3
__global w?id - aEER ol W A~
?y_cuda_routlnel:]l % g d é sPLU
I * s
.. 1171E FPGA
-, Ture perDesirad L
] =lal g = L
Cocie(;-(l-:jrjnifnorn1eci Formpc—‘;te%e%g;ture Architecture Performance i =] E Otheraccel

|||||

qithul . com/oreapi-snc/ 2% Clomatic

+ Intel estimates as of September 202 1. Based on measurements on a set of 70 HPC benchmarks and samples, with examples like Rodinia, SHOC, PEMMANT. Results mayvary.
£+ Other names and brands may be claimed as the property of others. 5YCL is a trademark of the Khronos Group Inc.

—_

+=C CUDA*T wmEy 00 DPCPR & ~ = | e=n RL g,0rF Y
T Meaq1 Ol 90~95%0 = €T X F dFH" &)
go " s{ £ Hx F oF+HL 3B  wOBwuou +a0f n &7

—
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Existing CUDA code

|
Intel® DPC++

Compatibility Tool
l

Existing
OpenCL™
Applications

Existing
C++

Existing
Fortran or C

Use Offload Advisor to fing
kernels to offload

Intel® Advisor — Offload Advisor

4 l .......... '

Kernel Style:
Data
Parallel C++

Intel® SDK for
OpenCL™
Applications

Directive Style:
OpenMP

Data

Parallel C++ Optlmlze your

kernels

Intel® Advisor — GPU Roofline and Flow Graph
analyzer

Optimized
ode

B ——

i UT = IntelE € T tihé=e
TGPUr ¢ Tih Jeaqg Ot ssLA@®GPU™" 1 44 ~ Ex Oc (UL O
iGPUr & y O Oc COLAN 4 Ex$+ AG g JVb>/ T X+ » KR £ " =x
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Hms dVRUBeE P =V

I SYCLU |/| T A Source Assembly M= & & b b Jo)
v 5, v oo & .. # GPU Instructions Executed by Instruction T...*
Py o EA LT x 1€ SYCLd i J|If o Source 8 Control Flow @ Send & Wait

' § Int32 & SP Float @ Int64 & DP Float § Other

158 dx = ptr[jl.pes[0] - ptr[il.pes[0]] 75,002,500 [N B

. 159 dy = ptr[j].pes[l] - ptrlil.pes[1]]| 12,500,000 B

I Intelqr CPU, GPU, FPGA — oy 160 | dz = per(y).pes(2] - ptr(i].pos(2]| 12,600,000 M

- 161 '
I MLHKE nZzLf "1,/ Je 162 | distanceSqr = dx*dx + dy*dy + dz*dj 87,500,000 [N

163 distanceInv = 1.0 / sgrt(distanceS 12,500,000 @
164

y )

I C T Je 166 | przli].acc[l] +=dy * G * per(i).m 150,000,000 (D SR
. - 167 | ptx[i].acc(2] += dz * G * ptr[j].md 150,000,000 DD D
I OpenMP* ¢ Tihnh Ex oy L A

GPU System

Y ! i A\ [ GPU Execution

I L — Ex T Units Array

I CPU,GPU, FPGAG D il ,1 ® =, A

i Me f AL
I SYCL, C, C++, Fortran, Python, Go, Java, € $e
w CcPU

Utilization: 24 5%

163.66 GB/s Total &

intel software 14 moa st



Hms d, KA@® =< +

- . Top Metrics
I ¢ Th o Qo
| 4.8x | 1.7x | 60% | 3
T ﬁ II ‘D =|= / @ T I'/'I U “Ex |.|_ /I ﬁ Speed Up for Accelerated Code Amdahl's Law Speed Up Fraction of Accelerated Code Mumber of Offloads
Program Metrics
1 H A AL TA Original 44865 |
-”- Accelerated 13.25s
~ N 7
D =
I CPU/G PU U I/I -"- l.J g r \'I Q FProgram Time on Host Afte... 4.83s Target Platform Geni1 GT2
m Mon Accelerated Time 1.00s Number of Offloads 3
m Time in MFPI calls 0s Speed Up for Accelerated Code 4.8x
Time on Target TA2s Amdahl's Law Speed Up 1.7x
‘I’ I\'/l i I/I é =|= E ' Fraction of Accelerated Code 60%
I M F M &
~ ] oo =
I g D bl i VI e =|= E Top Offloaded
o0 P I= 5 4 BN —_— AL )
| g ‘D |/| U T] Q l I_l/ - Q -”- q ‘D |/| Loop/Function Speed-Up Estimated Bound... Estimate...
[leop in verify ser at —_— CFU 38.92s
eulerdd cpu ser.cpp434] 5182 - GPU T51s — L3BW 12.5M8
‘I’ T I n T 'A [loop in main at euler3d.cpp:848] 1.170x% EEE 8974?11?2 [ LLC BW 31.9MB
T
o ~ - , [loopin — CFU 60.0ms
1 = J"|: 0 n YEd TA Intel-OpenCL-TaskExecutor-in order 5 % — GPU  124ms — Compute 3038
T ~
0 .
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Hms dEKAC.

Lwwop

i S %
. . . N oneAP| Math Kernel Library oneAkl Deep INeural
[ 29 O Ou/ Ve y "Ex A =|=W'I s n g Y Networl-éh:i}rary
. one
FTGoin,¢ Tih,0 ,HE TAHFE M3 3 XK
oneAP| Video Processing oneAPI| Data Analytics
1 WEF T " AN E b Library Library
¥ n VPL
 HPCup &£ N, 24 1 u? ufngu & °ne oneDAL
. oneAPI Threading Building oneAPI Collective
> mT° T Blocks Communications Library
T J- "Ex L — ‘ D / d° J e oneTBB oneCCL
oneAPIDPC++ Library Ray Tracing
oneDPL
oneAPI Image Processing oneAPI Data .
Library* Transformation Library
onelPL oneDTL
intel software 16 MOASYS



Hms doke®KL:HPCEWy UA w YA 4 QO wwp

Linear Algebra FFTs Vector RNGs Summary Vector Math And More
Statistics

Multi- Trigonometric

LAPACK dimensional

Hyperbolic
Variation L

ScalLAPACK coefficient

Interpolation

Sparse BLAS Exponential

FFTW

interfaces

Min/max
Log

Cluster Sparse
Solver

Intel oneMKL NVIDIA NVIDIA AMD
Trust Region cuBLAS cuRAND hipRAND
Fast Poisson x86 Intel AMD

4

a" 2% u, &/ 1"

3 g *

Order
Distributions Statistics

Cluster FFT

PARDISO/Direct

Variance-
Sparse Solver

covariance

—

CPUF GPU® M oqT Ve y
BLAS LAPACKH

Sparse BLASH

owE Yo+ (RNG)

Ve gy M o (VM)H

v v

i~ 1 =/ n (FFT)

— = = =
—
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Hms doke@IKL: SYCL

DPC++ API CAPI

using namespace cl::sycl;
constexpr size_t N = 256; host constexpr size_t N = 256;
float A[N] = {@}; memory float A[N] = {@}, R[N];

buffer<float, 1> A buf{A, A+N}; } create DPC++

buffers

buffer<float, 1> R_buf{N};

device dev{gpu_selector()}; choose device

queue q{dev}; and queue

oneapi::mkl::vm::sin(q, N, vmsSin(N, A, R, VML_LA);
A_buf, R_buf, ﬁaf;f{ﬁ
oneapi::mkl::vm::mode::1a);

intel software 18 moosxs
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Hms dokdDNN: Deep Neural Network . Lwwpr

i"Ex[Tvoy o v, " re @Bruu nL Applications Enabled with oneDNN
o o/ . z . ~ TensorFlow* PyTorch* OpenVINO™ Toolkit
([~ "E ¥ Ex Ve T Oo'En 10 ’ ’

Apache* MXNet ONNX Runtime BigDL

MATLAB* PaddlePaddle* Eclipse* Deeplearning4J*

-

Intelr CPUF GPU A ¢®  App -

Fulllist: github.com/oneapi-src/oneDNN

—
S
Q-
[l
Qs
€
N

Intel® oneAPI Deep Neural Network Library (oneDNN)

>>>import tensorflow  as ftf

>>> tf.config.list_physical_devices 0
[ PhysicalDevice (name='/physical_device:CPU:0', device type " A #05 R4
PhysicalDevice (name='/physical_device:GPU:0', device type " p' 05 R4 #
PhysicalDevice (name='/physical_device:XPU:0', device type " p8 05 A4 #
>>>a = tfrandom.normal (shape=[5], dtype =tf.float32) # Runs on CPU
>>>p= tfnnrelu (a) # Runs on NVIDIA GPU
>>> with tf.device ("/XPU:0"): # Device selection
. Cc= tt.nn.relu  (a) # Runs on Intel XPU

intel software 20 moosxs



Hms dokeDDN : APl W,

src/dst tensor

cudnnCreateTensorDescriptor()

memory::desc()

cudnnSetTensor4dDescriptor() sycl_interop::make_memory()

filter tensor
cudnnCreateFilterDescriptor () memory::desc()

cudnnSetFilter4dDescriptor() sycl_interop::make_memory()

convolution descriptor

memovyidese0 |
 cudnnsetTensordddeseripot) |  syol_ineropimake_memory) |
.
iter tensor
| cudhnCreateFiterDeseriptor0) | memoryidesc)
cuchnserFiteradbescriptor) | syol_ineropimake_memony)
|
e

convolution_forward ::desc()

cudnnCreateConvolutionDescriptor ()

cudnnSetConvolution2dDescriptor()

—

convoluion algorithm

 cudnGetConvoluionForwardAlgortm 0 |

cuchnGeiConvoluionForwardWorkspacesize( |
!

| convoluion_|

cuchnConvolutonForward

convolution_forward :primitive_desc()

convolution algorithm

cudnnGetConvolutionForwardAlgorithm ()

convolution_forward ()

cudnnGetConvolutionForwardWorkspaceSize ()

sycl_interop::make_memory()

convolution

intel software 21 moosxs




Deploy

Hms dokeBPl> VN FPGA™ E Kk
v I8 n T N
| FPGAr " » CE XTI A / FPGA Development FION
i FFGA, ¢ o ki ®ga L gy LU WA -~
d o Coding
i &1 ESQ ) Y
. o n ¢ . - Emulation
I CPU Al s UJG . € 2 T /~ AD =|= HO - Seconds - (Functional Valdation)
TK " e Ht ®s %A ~ hmuvys A’ " x -
/ o Minutes Static
I A6 Ex TA Reports
iro= "ER,H+ o Oc UL AN K =20 )
i 6c oL R w b E£0 Hours ° Full Compile and
. Hardware Profiling
Ty | H
T Vtune Ex TA / AHF 7 6c (L AN \

intel software
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FPGA™ E k :J w EWK S A

Reports Summary H Throughput Analysis H Area Analysis ¥ H System Viewers >
Loop List g Loop Analysis LIShow blocks hough_transform_kernel.cpp v X
52~ for (uint y=0; w<HEIGHT; y++) { -
4 System Block Block 53 = for (uint x=8; x<WIDTH; x++)}{
P . Scheduled Scheduled 54 unsigned short int increment = @;
Kernel: Hough_transforr Source Location Pipelined Il fMAX Late 55 = if (_pixels[(WIDTH*y)+x] != @) {
4 Hough_transform_ker 56 increment = 1;
Y ] 57 = } else {
Hough_transform_} 58 increment = 8;
Hough_transforn ) 59 ¥
31 hough_transform_kernel.cpp:52 | Yes 1 240.00 11.0 68 - | for (int theta=@; theta<THETAS; theta++){
61 int rho = x*_cos_table[theta] + vy
L.B3 hough_transform_kernelcpn:sa  I— 240.00 208. * sin_table[theta];
62 _accumulators[ (THETAS*(rho+RHOS)} ) +theta] +=
el.Bs ough_transform_kernel.cpp:e0 | Yes 464 248,00 713 63 ) increment;
64 }
b4 » 65 } v
Bottlenecks Details X

4 Throughput bottlenecks
k0_7ZTS22Hough_transfo
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Hms doke@Pl HPC Do WA

z 9 P11

A 4

T | nt oheBPlI BASE Toolkit 1" " x

I C++, Fortran, SYCL*, OpenMP*d MPIT f
A$1, Ati,HPCd Am — ~ "Exq
y " & 0o s LHL e " g

~

% 1 0o 0K Y'E

iakdoqgT h!” Osege » " & U

I nte&lFE T'EA, | nd:EETEA

d Intel" 7 . / Aq Ex O

Intel® oneAPI| Base & HPC Toolkits

Direct Programming API-Based Programming Analysis & debug Tools

Intel® C++ Compiler Classic Intel® MPI Library Intel® Inspector

Intel® oneAPI| DPC++ Library Intel® Trace
oneDPL Analyzer &
Collector

Intel® Fortran Compiler Classic

Intel® oneAPI Math Kernel

Intel® Fortran Compiler Library - oneMKL

Intel® Cluster Checker

Intel® oneAPI
DPC++/C++
Compiler

Intel® DPC++
Compatibility
Tool

Intel® oneAPI Data Analytics

Library - oneDAL Intel® VTune ™ Profiler

Intel® oneAPI Threading
Building Blocks - oneTBB

Intel® Advisor

Intel® oneAPI Video

Processing Library - oneVPL Intel® Distribution for GDB

Intel® Distribution for Python

Intel® oneAPI Collective

Communications Library
oneCCL

Intel® FPGA Add-on
for oneAPI Base Toolkit

Intel® oneAPI Deep Neural
Network Library - oneDNN

. Intel® oneAP! HPC Toolkit + Intel®.ln'§e_g,rated Performance
Primitives - Intel® IPP
- Intel® oneAPI Base Toolkit

GPU FPGA ASIC
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Hms dkC Hny o4 Ws nree 9A2 E e 5 p

I C,C++ d Fortran
Pl /NN S A EH oF

iNggr 1 "ot vyar 9% 4
P28 Yi 6+Y=1 O

GUIKE Windows¥ Linux OSU/ A # o

Microsoft* Visual Studio* T "R

—_—( -

= Hr o>/ 1%

Application
process

Binary [€= Source

Dynamic binary
instrumentation

Inspector
Collector

Inspector GUI

T@Tlgﬂ A\ Analysis Type [ CollectionLog | @ y—

Type
Mismatched allocation/deallocat ...

Memory lesk
Memory lesk
Invalid memory access

Memory not deallocated

Sources
gdrvld cpp

gd pluig svh cs.h 507" 904
milock.c 2
dynamic_link.c ...
api.cpp; util.cpp ... 10376

10f7 B (Al

Results

Funct...

. find_and_fix_mem... 224

Module

Object Size

Object ...| Off... | Variable

Inspector scope

State
R New

Modules| *
find_a...

R New thb_de...
 Fixed find_a ..

block allocated at find ...

1 § D = @ ®
T 1 °> blE T s I .
~ Whe " 4 74
g €y o> APIO o Analysis |  Analysis Memory
TSﬁ ro; EG [ 2f 1 LJAS Ydzf GALX S
Suppress, Filter, Workflow Management N N N
v oW . Visual Studio Integration (Windows N N N
F dpin ¢ gration ( ) : : :
T H + Command line for automated tests N N N
e
- Timeline visualization N N
I Deadlock - :
Memory growth during a transaction N
Trigger debugger breakpoints N N
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Top MPI functions

v .
I n L U I'€ y K -rJ' This section lists the most active MPI functions from all MPI calls in the application.
- T ~

1 GDB

. . mpi_sendrec [N 0.0643 sec (859 %)

I Alllnea DDT vei_anreduce [ 0.0415 sec (5.54 %)
mei_Finalize [ 0.00785 sec (1.05 %)

|

MPI_Bcast 0.00369 sec (0.494 %)

T MPl > !l5 =|= “H L _ “Ex T 'A -L'|,\ MPI_Erthandler_create 0.000239 sec (0.032 %)

o , . MPI event timeline
I n h OtS pOt A 7.488 (500 5 ‘ 7.485 500 5 7.450 (00 = 7.451 (500 s
7.488 000 = 7.480 000 = 7.481 /000 = 7.482 /000 =
‘I’ é T y |_|_ TA ‘ MICONVERGENCE MPI Applicz; MFCONVERGENCE MPI Ap
. T € - - i

\MIF CONVERGENCE MPT applice \MICONVERGENCE MPI Appl
Y

\MICONVERGENCE MPI  Applicz;l

Me MPI¢=n TA

—_

T UT . 0 1 M1 100K+tMPIX_  n 1 B
A

«CONVERGENCE MIAD;
T

LCONVERGENCE Map

bis4et_tsend

F B Rt

. s @ -0 -0 @O O~ @@ =~
N

Ps ST MFLRor MPLRsoy  MPLRecy MPI_Recy MPLRecHP ooy MPL RooWtP fecy  MPLAecr  MPL Ao Baner

- N Q- @~ @O~ Q-0 Q-0

P T WPRecs PPy WPLRecy  WPLAsc  MPLRses MPLAscy  MPLbcy MR ocy

ol

Warnings errors
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Intel Max Seri Intel Max Serie
fod

64GB >'|GB Mem Modes oneAPI Upto Upto Upto
HBM2ein HBM2e HBMor Seamlessly Scale Software 64MB 408MB 128GB

4 stacksof = per Flat Llcache L2Cache HBM2e

16GB P-core f

Upto

I 128 15+

i i Ray Tracing _~
o . st intel intel. Ra ] /g .

System Designs DATA CENTER

s XeON = GPU

System Designs

[

intel MAX SERIES MAX SERIES

|
Acceleration >5X perf ]5)’ perf

Engines vs.EPYC 7773-X vs. NVIDIA A100

Built-in Maximize Possibilities.

for HPC & Al Stream Triad ExaSMR - NekRS

Intel AVX 512

— Better Together y . 5 B G
— P 2}( f Max Series CPU & GPU - it |
( per | ! Via
ottt >.I 6X Max Series 1350 GPU

workloads (geomean) Max Series1100GPU  Max Series 1550 GPU Max Series Subsystem

vs.EPYC 7773-X Performance*

*vs. AMD EPYC 7773X running Molecular Dynamics code, LAMMPS (Liquid Crystal workioad) Visit the SuperComputing 22 page at iex for workloads and configurations. Results may vary
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—_

nt @ldEA= 1 GPU
| nt @ldEA= 1 1100 GPU:

-_

Intel® one API

i 56, 1 X0  /64GB HBM /300W Tools
T Xeo, W3 RAn A A@w 7T :
i1 nt @ldEA= 21 1350 GPU VeI fel
T 112, Xe0 £ /96GB HBM / 450W ~ Operating
T 1 nt @l@dEA= 1 1550 GPU . Systems
T 128, Xe0 £ /128GB HBM /600W & $> o
. o " 2 Level Zero
i H 1 .e N ® M ooT
p |V. F oneAPIr + " %
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I SYCLomatic CUBLASd cuDNN' -~ k CUDA*a £Wnu = A L SYCLd oneAPIA +£Wi1=/ n " =
T° "Ex 1 L — Jn Fortrant My

I Fortran 2003, Fortran 2008 d Fortran 2018 © 6 ., &' % u E OpenMP5x, = L n L
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—_—

Ex A F Wi s

T IntelE oneAPI Math Kernel Library I€ H =|= N GPUEx J o

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

i IntelE MPIl L€ GRUXKr y O« 4+ Collective, 1 Ex U " =

-
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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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intel intel

DATA CENTER

XeON GPU

MAX SERIES 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, +
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 A
0Oxac000040, Agama pve-prag-54, SUSE Linux Enterprise Server 15 SP3, Kernel 5.3.18, oneAPI +
2022.3.0, LAMMPS built with the Intel package 2 @ N)

= 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 o \?} L ()
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 \é' \&'
www.Intel.com/Performancelndex. Your costs and results may vary. o oF
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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

intel software 33 moosxs



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




