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What is oneAPI?

Intel oneAPI DPC++ Programming

High-performance computing (HPC)

Machine learning, Deep learning, and analytics
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Programming Challenges for Multiple Architectures

= Growth in specialized workloads

= Variety of data-centric hardware required

Application Workloads Need Diverse Hardware

= Separate programming models and toolchains for §§ § S§ WWH i@%
each architecture are required today Sgalr i Spatil Matris

= Software development complexity limits freedom of
architectural choice Middleware & Frameworks

CPU GPU FPGA Other accel.
programming programming programming programming
model model model models

Other accel.
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oneAPIl: One Programming Model for Multiple Architectures and Vendors

= Freedom to Make Your Best Choice

= Choose the best accelerated technology the software
doesn’t decide for you

Application Workloads Need Diverse Hardware

= Performance across CPU, GPUs, FPGAs, and other Scalar Vector Spatial Matrix
accelerators

= Realize all the Hardware Value

= Develop & Deploy Software with Peace of Mind Middleware & Frameworks

= Open industry standards provide a safe, clear path to the
future

= Compatible with existing languages and programming Industry

models including C++, Python, SYCL, OpenMP, Fortran, and Initiative
MP!

oneAPI

Other accel.
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oneAPI Industry Initiative: Break the Chains of Proprietary Lock-in

= Open to promote
community and
industry collaboration

= Enables code reuse
across architectures
and vendors

A cross-architecture
language based on C++
and SYCL standards

Powerful libraries designed
for acceleration of domain-
specific functions

Low-level hardware
abstraction layer

Application Workloads Need Diverse Hardware

IF TensorFlow PyTorch @Xnet e ﬂi:f;NumPy X... OpenVIN®

Middleware & Frameworks

oneAPI

oneAPI Industry Specification

B

Direct Programming AP|-Based Programming

Math

Data Parallel C++ Analytics/
ML

Libraries

Threading DPC++ Library

DNN ML Comm

Video Processing

Low-Level Hardware Interface

Other accel.
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Data Parallel C++: Standards-based, Cross-architecture Language

= Freedom of Choice: Future-Ready Programming Model
= Allows code reuse across hardware targets
= Permits custom tuning for a specific accelerator

= Open, cross-industry alternative to proprietary language

« DPC++ = |SO C++ and Khronos SYCL and community
extensions

= Delivers C++ productivity benefits, using common, familiar C and
C++ constructs

= Adds SYCL from the Khronos Group for data parallelism and
heterogeneous programming

« Community Project Drives Language Enhancements

= Provides extensions to simplify data parallel programming
= Continues evolution through open and cooperative development

DPC++ =150 C++ and Khronos SYCL and community extensions

Direct Programming:
Data Parallel C++

Community Extensions

Khronos SYCL

ISO C++
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Intel oneAPI DPC++ Programming

= DEVICE SELECTOR

= The device_selector class enables the runtime selection of a particular device to execute kernels based
upon user-provided heuristics.

= The following code sample shows use of the standard device selectors( default_selector, cpu_selector,
gpu_selector...) and a derived device_selector

default_selector selector;
// host_selector selector;
// cpu_selector selector;
// gpu_selector selector;
queue q(selector);

m

std::cout << "Device: << gq.get_device().get_info<info::device::name>() << std::endl;
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Intel oneAPI DPC++ Programming

= QUEUE
= A queue submits command groups to be executed by the SYCL runtime
= Queue is a mechanism where work is submitted to a device.

= A Queue map to one device and multiple queues can be mapped to the same device.

queue q;

g.submit([&](handler& h) {
// COMMAND GROUP CODE

1)
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Intel oneAPI DPC++ Programming

= KERNEL

= The kernel class encapsulates methods and data for executing code on the device when a command
group is instantiated

= Kernel object is not explicitly constructed by the user
= Kernel object is constructed when a kernel dispatch function, such as parallel_for, is called
q.submit([&](handler& h) {
h.parallel for(range<1>(N), [=](id<1> i) |{
A[i] = B[i] + C[i])}
};
¥
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Intel oneAPI DPC++ Programming

= Parallel Kernels
= Parallel Kernel allows multiple instances of an operation to execute in parallel.

= Useful to offload parallel execution of a basic for-loop in which each iteration is completely independent
and in any order.

= Parallel kernels are expressed using the parallel_for function

for-loop in CPU application Offload to accelerator using parallel _for
for(int i=0; 1 < 1024; i++){ h.parallel for(range<1>(1024), [=](id<1> i){
a[i] = b[i] + c[i]; — A[i] = B[i] + C[i];
1) s
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Intel oneAPI DPC++ Programming

= Basic Parallel Kernels
= The functionality of basic parallel kernels is exposed via range, id and item classes
= range class used to describe the iteration space of parallel execution
= id class is used to index an individual instance of a kernel in a parallel execution

= item class represents an individual instance of a kernel function, exposes additional functions to query
properties of the execution range

h.parallel for(range<1>(1024), [=](id<1> idx){ h.parallel for(range<1>(1024), [=](item<1> item){
// CODE THAT RUNS ON DEVICE auto idx = item.get_id();
}); auto R = item.get_range();
// CODE THAT RUNS ON DEVICE
1
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Intel oneAPI DPC++ Programming

= ND-Range Kernels
. . Work=group of
= Basic Parallel Kernels are easy way to parallelize a for-loop (4,4,4) work-items

but does not allow performance optimization at hardware
level.

= ND-Range kernel is another way to expresses parallelism
which enable low level performance tuning by providing A
access to local memory and mapping executions to compute
units on hardware.

dimension 1

of ND-range
(\0
) e
\/ oe‘o,&@%
& X
- > e
. . X
dimension 2 °
of ND-range
ND-Range
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Intel oneAPI DPC++ Programming

= Intel DPC++ Compatibility Tool

= Minimizes Code-Migration Time

= Assists developers migrating code written in
CUDA to DPC++ by generating DPC++ code
wherever possible

= Expect up to 80-90% of code to migrate
automatically

= Inline comments are provided to help developer
complete code

Intel® DPC++ Compatibility Tool Usage Flow

80-90% Complete Coqin% &
Transformed Tune to Desire
Performance

Human Readable

N DPC++ w/Inline
Comments

DEVELOPER'S CUDA™  COMPATIBILITY DPC++
SOURCE To0L SOURCE

$ dpct vector _add.cu
$ dpcpp vector add.dp.cpp
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Intel oneAPI DPC++ Programming

#include <cuda.h> #include <CL/sycl.hpp>

#include <stdio.h> #include <dpct/dpct.hpp>

#define VECTOR_SIZE 256 #include <stdio.h>
#define VECTOR_SIZE 256

float Result[VECTOR_SIZE] = { };
cudaMemcpy (Result, d_C, VECTOR_SIZE*sizeof(float), cudaMemcpyDeviceToHost);

cudaFree(d_A);
cudaFree(d_B);
cudaFree(d_C);

float Result[VECTOR_SIZE] = { };
q_ctl.memcpy(Result, d_C, VECTOR_SIZE * sizeof(float)).wait();

sycl::free(d_A, g_ctl);
sycl::free(d_B, g_ctl);
sycl::free(d_C, g_ctl);

for (int 1 = @; i < VECTOR_SIZE; i++) {
if (i % 16 == @) {
printf("\n");

b
printf("%f ", Result[i]);
b

return 0;

for (int i = @; i < VECTOR_SIZE; i++) {
if (i % 16 == 0) {
printf("\n");

}

printf("%f ", Result[i]);
}
return 0;

Header

Kernel definition
CUDA: 1D
SYCL: 3D (general)

Device selection
Queue intialization

USM allocation

Kernel execution
CUDA: 1 thread block
SYCL: 1 work group

Data movement
Deallocation

Generic C code
No migration

}
intel software
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Intel oneAPI Libraries

= Intel oneMKL

Linear Algebra FFTs

Multi-
dimensional

FFTW interfaces

Cluster FFT

PARDISO/Direct
Sparse Solver

Beta Intel® Processor Graphics Gen9/Gen12
& Intel discrete GPU support

Vector RNGs

P = == -~

|

|

: |
Engines I
|

|

Distributions

— . - - - =y,
—-— e e e . .

= —

1 ~ ) Limited - Intel® Processor Graphics Gen9/Genl12 & Intel

Summary
Statistics

Kurtosis

Variation
coefficient
Min/max

Order Statistics

Variance-
covariance

== == == discrete GPU (see release notes)

Vector Math

Trigonometric

Hyperbolic

Exponential

Log

And More

Splines

Interpolation

Trust Region

Fast Poisson
Solver

CPU C/Fortran support

intel software
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Intel oneAPI Libraries

* Intel oneMKL Intel® oneAPI| Math Kernel Library offers

= Accelerate Math Processing, Increase Application Performance

\

= Language support for DPC++ and Intel® C & Fortran compilers ' Dense Linear Algebra

= Available at no cost and royalty-free

= Great performance with minimal effort )

= Full support for CPUs and select support for Intel® Processor ‘ U Ll slgare
Graphics Gen9, Gen12, and discrete Intel® GPUs \

= Speeds computations for scientific, engineering, and financial
applications by providing highly optimized, threaded, and

vectorized math functions ’l

Fast Fourier Transforms

= Provides key functionality for dense and sparse linear algebra Vector Math
(BLAS, LAPACK, PARDISO), FFTs, vector math, summary statistics,
splines, and more [

= Dispatches optimized code for each processor automatically ‘ Vector RNGs
without the need to branch code

= Automatic parallelism for multi-core CPUs, GPUs, and scales from

= Optimized for single-core vectorization and cache utilization m
Summary Statistics
core to clusters 4
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Intel oneAPI Libraries

= Intel oneTBB

= Advanced Scaling for Fast Applications

Flexible C++ Library for Parallelism

= An easy way for developers to express parallelism in applications without the need to have deep hardware
knowledge

Future Proof & Scale Application Performance

= Effectively parallelize and scale performance for computationally intensive workloads on current and future
platforms

Compatible with Other Threading Packages

= Keep legacy code as-is and use oneTBB for new implementations. Seamlessly coexist with other threading
packages

Simplified and Enhanced Application Composability
= Create composable, scalable parallelism on the CPU, and extendable with enhanced handling of accelerators

intel software
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Intel oneAPI Libraries

= oneTBB Architecture Overview

= A Collection of Building Blocks to Develop Highly
Scalable Threaded Applications
= Includes high-level parallel execution interfaces
= Parallel Loops: parallel_for, parallel_reduce, etc.
« Complex Algorithms: pipelines, task groups
= Flow Graph: Expressing data flow independent
graphs

= All build on top of TBB tasks, these tasks execute
on top of the TBB scheduler

Tasking
Interdace

= Scheduler controls & parallel loops controls to tightly
control performance

= Concurrent Containers - Queues, Vectors, etc. are
thread safe and thread friendly

= Scalable memory allocator, synchronization primitives
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Intel® MPI Library: Flexible, Efficient and Scalable Cluster Messaging

Optimized MPI Application Performance
= Application-specific tuning
= Automatic tuning Z Crash Climate 0CD BIO Other...
= Support for latest Intel® Xeon® Scalable Processors

Applications

Develop applications for one fabric
Lower Latency and Multi-vendor Interoperability
* |ndustry-leading latency

= Performance-optimized support for the fabric capabilities
through OpenFabrics Interfaces (OFI)

Intel® MPI Library

Select interconnect fabric at runtime

Ethernet,
’ . . . iWarp, Shared ...Other
1PoIB, Omni-Path InfiniBand = '

Faster MPI Communication meeta RoCE Memory Networks
= Optimized collectives Fabrics

Achieve optimized MPI performance

Sustainable scalability
= Native InfiniBand interface support allows

= Lower latencies, higher bandwidth, reduced memory requirements Cluster

Key Updates o Intel® MPI Library — One MPI Library to develop,
= Intel® GPU pinning support maintain & test for multiple fabrics
= Distributed Asynchronous Object Storage (DAOS) support

= Intel® Xeon® Platinum processor 92XX optimizations
= Mellanox ConnectX: 3/4/5/6 (FDR/EDR/HDR) support enhancements

intel software
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Using Intel Analysis Tools to Increase Performance

_ I 0 Existing
Existing CUDA code 2 I Existing OpencCL™
C++ Fortran or C Applications

|
Intel® DPC++
Compatibility Tool
l

Intel® Advisor — Offload Advisor

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

K |.5 |. 3 B
EFBEat;f = Directive Style: Intel® SDK for Data
DPEHMP DpI_EnC_L p llel C++
Parallel C++ Applications aratle

¥

Intel® Advisor — GPU Roofline and Flow Graph Optimized
analyzer * ode

Intel® Advisor

Intel® VTune™ Profiler

Intel® Inspector

Intel® Trace Analyzer & Collector
Intel® Cluster Checker

Use Offload Advisor to
find kernels to offload

Optimize your

kernels

intel software
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Intel® Advisor - Offload Advisor: Efficiently offload code to GPUs

o
q

Aadvisor Beta, build 605774

Intel® Advisor Beta

:intel ’ UFH.UAD ADV'SUR isf;cérléfe;ogwe . 1.8x l‘zlj;imberof Offloads 1 Ef;é\g; of Accelerated 95%

Summary | Offloaded Regions | Non Offloaded Regions | Call Tree | Configuration | Logs

Program metrics @ Offloads bounded by ® Gen9 GT2 configuration ... &,

L3 Cache BW® 95% &
Accelerated @ 0477s LLC BW® 0% 2MEU®
Memory BW @ 0% 5% a
Target Platform Gen9 GT2 Time on Host ® 0.100s
Data Transfer @ 0% S5120KBL3®@
Number of Offloads ® 1 21% Invoke Tax @ 0% X
Time on Target ® 0.377s B Transier Tax @ - = 220 8 GBIs L3 bandwidth &
Speed Up for Accelerated Code @ 1.8x p
Data Transfer Tax @ 0s e W Dependency @ 0% P i
Amdahl's Law Speed Up @ 1.9x B Trip Count® 0% 24 GBIs QRAM bandwidih @
i, Unknown @ 0% =
Fraction of Accelerated Code ® 95% Kernel Launch Tax ® 0.00000520s Non Offioaded @ 5% Integrated GPU &
F Y
Top offloaded ® Top non offloaded @
Location @ Speed Up @ Bounded By ® Data Location @ Data Execution Time @ Why Not Offloaded @
P P y Transfer @ Transfer @ v
[l Itiply 1% 3 llel@201 CPU 0680 CPU 01008 C t b delled: Qutsid
oop in multiply1$omp$parallel [ ]  680s annot be modelle utside
at multiply c-202] 1.80X mmm GPU 03775 L3 BW | 2517MB floop in start_thread] GPU nia of Marked Region

[loop in _INTERNALZ7dd4e00:: [——==_cPU  0.100s

[OpenMP worker at
z_Linux_util.cpp:589]

Cannot be modelled: Outside
GPU nfa of Marked Region

Starting from an optimized binary (running on CPU)

= |dentify high-impact opportunities to offload

= Detect bottlenecks and key bounding factors

= Get your code ready even before you have the hardware by modeling performance, headroom, and bottlenecks
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Intel® Advisor - GPU Roofline: Find effective optimization strategies

A Q)

400

100
70+

40 1

Y Default GTI (Memory) 4 || #* Guidance v |
_G|3'1 Memory Level
% [0 CARM® [ 13® [ SLM® @ GTI(Memory)® @ L3+SLM®
w
| Default || Apply || Cancel |
Y L3; GTI (Memory) ~ || 2 Guidance v ‘ =
(0]
m
—
o
o0
w

q
47.44 GFLOPS 51.9)': .

9.165 P=

Matrix2<float=>
Self Performance: 8.02 GFLOPS

Self L3 Arithmetic Intensity: 0.23 FLOP/Byte
Self Elapsed Time: 0.268 s

Self Memory Traffic: 9.169 GB

FLOP/Byte (Arithmetic Intensity)
T T

0.07 01 0.4 0.7 1 - T 10

Self Elapsed Time: 0.268 s
Quickly find & fix performance bottlenecks, realize all the value of your hardware

=  See

performance headroom against hardware limitations

Configure levels to

display

Shows performance headroom
for each loop

Likely bottlenecks

Suggests optimization next
steps

= Determine performance optimization strategy by identifying bottlenecks and which optimizations will pay off the most
= Visualize optimization progress
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Intel® VTune™ Profiler: Analyze and Tune Application Performance

Save Time Optimizing Code

Hotspots Hotspots by CPU Utilization ~ @ 1) EL VTUNE PROFILER
= Accurately profile C, C++, Fortran, Python, Go, Java Analysis Configuration ~ Collection Log  Summary  Botiom-up ~ Caller/Callee  Top-down
= Optimize CPU, threading, memory, cache, storage rouping:| Fucon /o Stk ot — @
ime « »
= Take advantage Of P”O”tv SUDDOI’tT Function / Call Stack Effective Time by Utilization ’ i = Overhead» Microggcggi]tgcture
fidie @Poor MOk @ideal @ Over Sl‘gﬂr%?‘ggfnengg COI'{%%O” Other | Time
) grid_intersect 3.490s (IS Os Os Os Os 37.7%
y . . . ) sphere_intersect 3.004s (D 0s 0s 0s 0s 41.6%
What s New in 2021 -1 Release (partlal IISt) b GdipDrawlmagePoaintRe| 0.431s |l Os Os Os Os 100.0%
) grid_bounds_intersect 0.176s B Os Os Os Os 27.9%
=  Production release of Platform Profiler ) func@0x6b101e50 0.130s (I 0s Os| Os Os 10.9%
v __kmp_fork_barrier 0s 0.057s Os | 0.064s 0.001s 100.0%
= Design & optimize for Intel® Optane™ DC Persistent " o 0555 0 0003 000TS 1000%
Memory O: g = r i Iazltlorrwsl o Iﬁlaolﬂm‘sl o : . Ias‘oolmsl . 72 |Thlead ,|
_ % § OMP Worker Thread #2 (T1... ¥ [ Running
= Application Performance Snapshot £l OMP Worker Thread 3 (T smoriime
_ _ ) _ OMP Worker Thread #1 (T1.. L ':," CEZ:;ZK S::pza -
= Add communication-pattern diagnosis OMP Master Thread #0 (T1...
# CPU Time
. LelIDTE @ s CPU Time
= Profile more ranks e 1 s Soip and Overhead T,
FILTER 100.0% x | |Any Proc v ‘ | Any Threac ‘ |Any ModL v ‘ |Any Lv | | | User functi » | | Functior v | | Show inli v

Linux

= Extensive perf-enables analysis without adding drivers
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Intel® VTune™ Profiler: GPU Architecture Summary

(v) Collection and Platform Info Slice: 24 EUs
v GPU
Name: Intel(R) UHD Graphics 620
Vendor: Intel Corporation
Driver: 27.20.100.8187
EU Count: 24

U

Max EU Thread Count: 7
Max Core Frequency: 1.1 GHz
~) GPU OpenCL Info

Version: OpenCLC 20
Max Compute Units: 24
Max Work Group Size: 256
Local Memory: 64 KB
SVM Capabilities: Fine-grained buffer with atomics

A s FO v A |
Ls{ [} e | | el

i 1 { {1 i
-
118 1l 1sB 18:8
TANT  TTRT TN BT
: ¢
|
]
: | |

Intel Gen9 GPU detalils:
=  24EU x 7thr = 168 threads
= 128 General-Purpose Registry File (GRF) of 32 bytes
= 2 SIMD-4 FPU of 32-bit FP or INT data
= 16 MAD/cycle (ADD+MUL) x 2FPUs x SIMD-4
= 2 additional units: Branch and Send

EU: Execution Unit
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Intel® VTune™ Profiler: Optimize Your GPU Usage

Summary

(©) Elapsed Time %: 2.017s

- GPU System
(%) GPU Usage s 47.8% K&

Use this section to understand whether the GPU was utilized properly and which of the engines were utilized. Identify the amount of gaps in the GPU Efel(J:ution Sampler

utilization that potentially could be loaded with some work. This metric is calculated for the engines that had at least one piece of work scheduled to them.

Units Array
() GPU Usage
GPU Usage breakdown by GPU engines and work types.

GPU Engine / Packet Type GPU Time GPU Utilization @

Render and GPGPU 0.964s 47.8%
Unknown 0.964s 47.8%
B 147.41 GB/s Total f
*N/A is applied to non-summable metrics.

(5) Packet Queue Depth Histogram cPU
(3) Packet Duration Histogram -
Utilization: 0.0%

. Gmuplng:l Computing Task v ‘ E

@ Hottest GPU Computlng Tasks ) I Work Size [ Computing Task | paa [ EU Anay.@.l
This section lists the most active computing tasks running on the GPU, sorted by the Total Time. Focus on the computing tasks flagged as performance-critical. i Stalled
Computing Task Total Time Total Compute Time Total Transfer Time (f) » clEnqueueReadBufferRect 35.9%  59.8%
Matrix<float> f 3.980s 0.961s 3.019s » [Outside any task] 20.9%| 104% 68.8%
clEnqueueReadBufferRect & 0.000s 0.000s 0.000s

“N/A is applied to nen-summable metrics.

Quickly Find & Fix Performance Bottlenecks
= Explore code execution on your platform’s various CPU and GPU cores
= |dentify whether your application is GPU- or CPU-bound

GPU offload:

= |dentifying how effectively your application uses DPC++ or OpenCL kernels
= Exploring GPU usage and analyzing a software queue for GPU engines at each moment of time

GPU hotspots:

= Analyze the most time-consuming GPU kernels, characterize GPU usage based on GPU hardware metrics
» GPU code performance at the source-line level and kernel-assembly level
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Intel® Inspector: Locate & Debug Threading, Memory Errors

Find and eliminate
= Memory leaks, invalid access
= Persistent memory errors
= Races & deadlocks
= C, C++ and Fortran (or a mix)

Simple, Reliable, Accurate
= No special recompiles: use any build, any compiler
= Analyzes dynamically generated or linked code
= Inspects 3" party libraries without source
= Command line for automated regression analysis

Faster Diagnosis with Debugger Breakpoints
= Breakpoint set just before the problem occurs
= Examine variables and threads with the debugger

Application
process

Inspector scope

Dynamic binary
instrumentation

Inspector GUI

Type

Inspector
Memory leak
Collector GPT@  Memory leak
@pe @ Memory leak
#P9 @ Invalid memory access

@P. &  Memory not deallocated

Sources

Mismatched allocation/deallocat... gdivideo.cpp

0 @ Taget A Anaysis Type [ CollectionLog | @ Summary |

Object Size

gdiplusgraphics.h 507904

mlock.c

dynamic_link.c...

32

api.cpp; util.cpp... 10376

|

10f7 b Al

Descripti...| Source Funct...| Module

Results Allocat... find_and_fo_memory_... opera... find_and_fi

Object ...| Off... | Variable

State Modules| *
Fe New find_a...

= Confirmed find_a...

R New find_a

R New tbb_ds

+ Fixed find_a

R New find -

Memory Threading Persistence
Features
Analysis Analysis Memory

View context of problem
Stack
Multiple Contributing Source Locations

Collapse multiple “sightings” to one error
Suppress, Filter, Workflow Management
Visual Studio Integration (Windows)
Command line for automated tests
Timeline visualization

Memory growth during a transaction

Trigger debugger breakpoints

S N N L NN

N N SN

O NN
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Intel® Trace Analyzer & Collector: Profile & Analyze MPI Application

Advantages Disadvantages

Automatic collection of MPI calls

ORI No medication to source, compile or lihnk

Link with -trace Automatic collection of MPI calls

Compile with -tcollect ~ Automatic collection of all functions entries/exits

Add API calls Selective collection of desired code sections

Debug MPI applications:
= GDB
= Allinea DDT
= gtool

Scale MPI applications:
= Scale performance: perform on more nodes
= Scale forward: multi-core ready

No collection of user code
Requires dynamic link to MPI

No collection of user code
Must be done at link time

Requires code re-compilation

Requires code modification

= Scale efficiently: tune and debug on more nodes

Analyze, tune & optimize:
= |dentify communication hotspots

= Evaluate profiling statistics and load balancing

= Visualize and understand parallel application behavior

= Analyze common MPI issues

Top MPI functions

This section lists the most active MPI functions from all MPI calls in the application.

wpi_sendrec [N 0.0543 sec (259 %)
wpi_alireduce [ 0.0415 sec (5.54 %)

MPI_Finalize 0.00785 sec (1.05 %)

MPI_Bcast 0.00368 sec (0.494 %)

MPI_Errhandler_create 0.000239 sec (0.032 %)

MPI event timeline

7.488500 = 7.488 500 = 7.450 500 = 7.451[500 =
7.488 000 = 7.450 000 = 7.481 (000 = 7.452 (000 =

MFCONVERGENCE MPI Appliczzla

EMPT  Applicei= MICONVERGENCE MPI Appliczgl= MICONVERGENCE MPI Appliczgla

SWPT  Applicells \MFCONVERGENCE MP1 Applicagls \MFCONVERGENCE MPI

ICONVERGENCE MPI  Appliccyl
Vo

Appliczgla

M EONVERGENCE MPI  Appiiceyl=
' T

MICONVERGENCE MPT “MIZONVERGENCE MP1  Appiicegls
v I

M CONVERGENCE MPI
U

“MCONVERGENCE MPI  Appliczils WMCONVERGENCE MPI Appliczi=
y \

\MICONVERGENCE MPI Applicz;l= "MICONVERGENCE MPI Applicz;l=
W L] Y

*MCONVERGENCE MP Applicz3l=!
V

W CONVERGENCE MIApplicel=
’

MCONVERGENCE Mappliczil=!

warnings

' errors
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Intel® Cluster Checker: Functionality, Uniformity & Performance Tests

Intel® Cluster Checker| Functionality Tests Uniformity Tests

System-level Hardware Benchmarks

, ] : * Node + CPUs « DGEMM
N + Connectivity * Memory + HPCG
({ - ‘( e ) « Cluster + Interconnect « HPL
\ unctlonahy’,& Umformﬂ}ﬂ * Disks * Intel® MPI Benchmarks
PN\ Validation Software « 10zone

“‘/ ’ \ » Application platform ¢+ Installed packages + STREAM

f\‘éerforman ompliance and versions

\ + Solution compliance  + numerous kernel and
BIOS settings

API Available for Integration

Get Compact Reports, Find Problems, Validate Status

Summary Output
& Log File
Comprehensive pre-packed cluster systems expertise out-of-the-box
= Suitable for HPC experts and those new to HPC
= Tests can be executed in selected groups on any subset of nodes

Certifying, Testing, and Troubleshooting Clusters
= Check over 100 characteristics that may affect operation and performance
= Catch issues, identify details or remedies
= Use for better uptime and productivity
= Free download, can be redistributed

Priority Support available for Intel® oneAPI Base & HPC Toolkits in commercial versions

intel software
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Intel oneAPI Al Analytics Toolkit

with open Al software Model

Speed Up Development e 2 m@>

Machine learning Deep learning

O TOOLKI !

L anaomes MOdel -
Ts 700 OpenVIN®
“ App Zoo

Developers -
- I'b P . Intel® Data Intel® R Distributed 1" Intelﬂptln.'uledFramewnrks
ibrarieaayis — oisuibuion (e e 3 F g™ Caffe & ONNX
S Acceleration  for Python* - park, | |
4D Library (DAaL)  (Skieam®, o 1 (@xnet O PyTorch
Data Pandas®) I T
Cripnticte . Mare framework optimizations in progress...
I
Kernels ) | Intel® oneAPI Collective DEEPNE':'r*’J'"EmmkS
a ) Intel® Math fernEIleraw I Communication Library Library
Library (Intel® MKL) I (Intel® oneccL) {Intel® oneDNN)
u Developers |
PU =GP
crowore

intel software

moaszs



Accelerate libraries with Intel® Distribution for Python*

= High Performance Python for Scientific Computing, Data Analytics, Machine Learning

Faster Performance Greater Productivity Ecosystem compatibility

Performance Libraries, Parallelism,
Multithreading, Language Extensions

Prebuilt & Accelerated Packages Supports Python* 2.7 & 3.6, & 3.7 conda, pip

Accelerated NumPy*/SciPy*/scikit-learn* with Prebuilt & optimized packages for numerical Compatible & powered by Anaconda®, supports
oneMKL' & oneDAL? computing, machine/deep learning, HPC & data  conda & pip

Ivti
202 VS Distribution & individual optimized packages also

oneMKL accelerated NumPy*, and SciPy
now in Anaconda*!

Optimizations upstreamed to main Python*
Conda build recipes included in packages trunk

Data analytics, machinelearning with scikit-
learn,daaldpy

Drop-in replacement for existing Python*

Optimized run-times Intel MPI?, Intel® TBB Usually NO code changes required!

Scalewith Numba* & Cython*

Includes optimized mpidpy, works with Dask* &
PySpark* Free download & free for all uses including Commercial supportthrough Intel® Parallel
commercial deployment Studio XE

CORE I5 ‘ ' XESN

Optimized for latest Intel® architecture

S e
Intel® Architecture Platforms =

e

Operating System: Windows*, Linux*, MacOS**
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Performance Optimization

= The layers of quantitative Python*

= The Python* language is interpreted and hasy.
many type checks to make it flexible

Enforces Global Interpreter Lock (GIL)

. and is single-threaded, abstraction
Python* :

= Each level has various tradeoffs; NumPy* overhead. No advanced types.

value proposition is immediately seen

= For best performance, escaping the Python

layer early is best method Gets around the GIL

(multi-thread and multi-core)

BLAS APl can be the bottleneck

*Basic Linear Algebra Subprograms (BLAS)
[CBLAS]

Gets around BLAS API bottleneck
Much stricter typing
Fastest performance level

Dispatches to hardware vectorization
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Installing Intel® Distribution for Python* 2020

Download full installer from

https://software.intel.com/en-us /intel-distribution-for-python

Standalone Installer

B e > conda config --add channels intel
co -Org > ¢conda install intelpythond full
Anaconda.org/intel channel . . i

> conda 1install intelpython3 core

l-sckit-learn 27 & 36 &

pip install intel-numpy intel-scipy intel

Docker Hub docker pull intelpython/intelpython3 full

YUMIAPT Access for yum/apt:

https://software.intel.com/en-us/articles/installing-intel-free-libs-and-python




OneAPIl Deep Neural Network Library (OneDNN)

= Features:
= API: DPC++, C++, and C
= Training: float32, bfloat16
= Inference: float32, float16, bfloat16, int8
= MLPs, CNNs (1D, 2D and 3D), RNNs (plain, LSTM, GRU)

= Support matrix:
= Compilers: Intel, GCC, CLANG, MSVC
= OSes: Linux*, Windows*

= CPU engine:
= HW: Intel Atom®, Intel® Core™, Intel® Xeon®
= Runtimes: DPC++, OpenMP, TBB

= GPU engine:
= HW: Intel® HD Graphics, Intel® Iris® Plus Graphics
= Runtimes: DPC++, OpenCL™

Computeintensive  *  (De-)Convolution
operations *  InnerProduct
*  VanillaRNN, LSTM, GRU

Memory bandwidth
limited operations

=  Pooling

. Batch Normalization

*  Local Response Normalization
. Elementwise

(RelLU, tanh, logisticetc.)
Softmax

Sum

Concat

Shuffle

Reorder

Data manipulation .
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OneAPIl Deep Neural Network Library (OneDNN)

What’s Inside

TensorFlow’
Pytorch’ Deep learning and Al ecosystem includes edge and datacenter applications.

Torch’ * Opensource frameworks (TensorFlow®, Pytorch®, ONNX Runtime®)
BigDL * OEM applications (Matlab®, DL4J")

Caffe” (...) * Cloudservice providersinternal workloads

» Inteldeeplearning products (OpenVINO™, BigDL)

oneDNN is an open source performance library fordeep learning applications

Includes optimized versions of key deep learning functions

Abstracts out instruction set and other complexities of performance
optimizations

Same API for both Intel CPU’s and GPU'’s, use the best technology forthe
job

Openfor community contributions

Optimization Notice: Intel's compilers may or may not optimize to the same degree for non-intel microprocessors for optimizations that are not unique to Intel microprocessors. These optimizations include
SSE2, SSE3, and SSSE3 instruction sets and other optimizations. Intel does not guarantee the availability, functionality, or effectiveness of any optimization on microprocessors not manufactured by intel.
Microprocessor-dependent optimizations in this product are intended for use with Intel microprocessors. Certain optimizations not specific to Intel microarchitecture are reserved for Intel microprocessors.

Please refer to the applicable product User and Reference Guides for more information regarding the specific instruction sets covered by this notice.
Noticé Revision #20110804




Intel oneAPI Collective Communications Library (OneCCL)

Optimized communication patterns cross nodes

= Provides optimized communication patterns for high performance on Intel® CPUs and GPUs to
distribute model training across multiple nodes

support many interconnects

= such as Intel® Omni-Path Architecture, InfiniBand*, and Ethernet

On top of MPI and libfabrics

= Built on top of lower-level communication middleware — MPI and libfabrics

All —gather, all-reduce for Deep Learning

= Enables efficient implementations of collectives used for deep learning training — all-gather, all-
reduce
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Intel oneAPI Collective Communications Library (OneCCL)

= Provides optimized communication
patterns for high performance on

Intel® CPUs and GPUs to distribute
model training across multiple nodes

= Transparently supports many
interconnects, such as Intel® Omni-
Path Architecture, InfiniBand*, and
Ethernet

= Built on top of lower-level
communication middleware — MPI and
libfabrics

DL Framework

Intel MPI
Libfabric DPC++ Runtime

Driver / Kernels

HW - CPU, GPU
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Introduction to Intel Devcloud

= oneAPI| available now on Intel® DEVCLOUD

= A development sandbox to develop, test and run
your workloads across a range of Intel CPUs, GPUs, intel .

and FPGAs using Intel's oneAPI software []EVE'UUEI ( b

= software.intel.com/devcloud/oneapi

= A Fast Way to Start Coding

= Try the oneAPI toolkits, compilers, performance
libraries, and tools

[ Minute to Code

No Hardware Acquisition
= Get 120 days of free access to the latest Intel®

hardware and oneAPI software

No Download, Install or Configuration

Easy Access to Samples & Tutorials

Support for Jupyter Notebooks, Visual Studio Code
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Summary

= Diverse workloads are driving the need for heterogeneous compute
architectures, but each architecture has required separate programming
models.

= oneAPI cross-architecture programming model provides freedom of choice.
Apply your skills to the next innovation, not to rewriting software for the next
hardware platform.

= Intel® oneAPI products take full advantage of accelerated compute by
maximizing performance across Intel CPUs, GPUs, and FPGAs.

= Develop confidently with a proven set of cross-architecture libraries and
advanced tools that interoperate with existing performance programming
models.
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