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Multiarchitecture Programming for Accelerated Compute, Freedom of Choice for Hardware

oneAP! Initiative & Intel®
oneAP| Tools

Best HPC Programming
Tool or Technology

155 HPCwre

2022

READERS’ CHOICE

AWARDS Open Source oneAPI

intel.

All information provided in this deck is subject to change without notice.
Contact your Intel representative to obtain the latest Intel product specifications and roadmaps.



Modern Applications Demand Diverse
Architectures

Diverse accelerators needed to meet today’s performance requirements:
48% of developers target heterogeneous systems
that use more than one kind of processor or core!

Other Accelerators

Developer Challenges: Multiple Architectures, Vendors, and Programming Models

Open, Standards-based, Multiarchitecture Programming

o
-
>
-
-

1. Evans Data Global Development Survey Report 22.1, June 2022
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O ﬂ e A P | | ﬂ d u St ry | n |t| at I Ve Application Workloads Need Diverse Hardware

Break the Chains of Proprietary Lock-in

Middleware & Frameworks

* TensorFlow PyTorch e ﬁ:f: NumPy  X.. ©penVIN®

Freedom to Make Your Best Choice

= C++programming model for multiple architectures and vendors i AP IE TR S G Rl

Direct Programming API-Based Programming

Threading Parallel STL Ray Tracing

» Cross-architecture code reuse for freedom from vendor lock-in

Realize all the Hardware Value

e N
= Performance across CPU, GPUs, FPGASs, and other accelerators

. . Video Signal Image Image
= Expose and exploit cutting-edge features of the latest hardware

Develop & Deploy Software with Peace of Mind Low-Level Hardware Interface (oneAPI Level Zero)
» Openindustry standards provide a safe, clear path to the future

» |nteroperable with familiar languages and programming models
including Fortran, Python, OpenMP, and MPI

. . . . o . Other
= Powerful libraries for acceleration of domain-specific functions

Accelerators

The productive, smart path to freedom for accelerated
computing from the economic and technical burdens of
oneAPI proprietary programming models

frsels.

Visit oneapi.com for more details intel
®


oneapi.com

Accelerating Choice with SYCL*

Khronos Group Standard

Open, standards-based
Multiarchitecture performance
Freedom from vendor lock-in

Comparable performance to native CUDA on
Nvidia GPUs

Extension of widely used C++ language

= Speed code migration via open source
SYCLomatic or Intel” DPC++ Compatibility Tool

Architectures
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B NvidiaSYCL mNvidiaCUDA ~ Cudasift: higher SYCL perf. - efficient parallel computations

A DL-Mnist lower SYCL perf. - not yet fully optimized

Intel | Nvidia | AMD CPU/GPU | RISC-V | ARM Mali | PowerVR | Xilinx

Testing Date: Performance results are based on testing by Intel as of April 15,2023 and may not reflect all publicly available updates.
Configuration Details and Workload Setup: Intel® Xeon® Platinum 8360Y CPU @ 2.4GHz, 2 socket, Hyper Thread On, Turbo On, 256GB Hynix DDR4-3200, ucode Oxd000363. GPU: Nvidia AI00 PCle 80GB GPU memory. Software: SYCL open

source/CLANG 17.0.0, CUDA SDK 12.0 with NVIDIA-NVCC 12.0.76, cuMath 12.0, cuDNN 12.0, Ubuntu 22.04.1. SYCL open source/CLANG compiler switches: -fscycl-targets=nvptx64-nvidia-cuda, NVIDIA NVCC compiler switches: -O3 —~gencode

arch=compute_80, code=sm_80. Represented workloads with Intel optimizations.

Performance results are based on testing as of dates shown in configurations and may not reflect all publicly available updates. See configuration disclosure for details. No product or component can be absolutely secure.
Performance varies by use, configuration, and other factors. Learn more at www.Intel.com/Performancelndex. Your costs and results may vary.

SYCL is a trademark of the Khronos Group Inc.

intel.



https://github.com/oneapi-src/SYCLomatic
http://www.intel.com/PerformanceIndex

SYCLomatic: CUDA™ to SYCL™ Migration Made Easy

Choose where to run your software, don’t let the software choose for you.

Hurman Readable

- - ; Compilers, Libraries, Run on Multiple Devices
Cobomatioaton s SASLEIE i mﬂ;ﬁ:ﬁhﬂgﬁﬁgﬂ? e Analyzers, Debuggers (Architecture/VendorAgnostic)
|
#include . EEE - '_"I-““".'
<cuda_runtime.hs EEE - E d 3 CPU
__global__ void B EEN I_ ----------
_cuda_routine() J=="E
¢ % L GPU
I * s
.. 1i19F FPGA
Tune per Desired ikl
S0-95%* Format & Structure ; - T 4
Code Migrated Preserved Architecture Performance i J - Otheraccel,
github.com/oneapi-src/SYCLomatic
Open source SYCLomatic tool assists developers Inline comments are provided to help developers
migrating code written in CUDA to C++ with SYCL, finish porting the application

generating human readable code wherever possible

Intel” DPC++ Compatibility Tool is Intel’s

~90-95% of code typically migrates automatically’ implementation, available in the Intel” oneAPI Base github.com/oneapi-
Toolkit src/SYCLomatic

Intel estimates as of March 2023. Based on measurements on a set of 85 HPC benchmarks and samples, with examples like Rodinia, SHOC, PENNANT. Results may vary. .
*Other names and brands may be claimed as the property of others. SYCL is a trademark of the Khronos Group Inc. "“telO


github.com/oneapi-src/SYCLomatic

Codeplay oneAPI Plug-ins for Nvidia* & AMD*

Support for Nvidia & AMD GPUs to Intel” oneAPI Base Toolkit

oneAPI for NVIDIA & AMD GPUs

Free download of binary plugins to Intel® one API C++/ SYCL™ Source Code
DPC++/C++ Compiler:

Nvidia GPU

AMD beta GPU

No need to build from sourcel
Plug-ins updated quarterly in-sync with SYCL 2020 Intel” oneAPI Base Toolkit
conformance & performance

|
1L TeY

oneAPI for NVIDIA® oneAPI for AMD GPUs
GPUs (beta)

Priority Support

Available through Intel, Codeplay & our channel
Requires Intel Priority Support for Intel® one API
DPC++/C++ Compiler

Intel takes first call, Codeplay delivers backend Image courtesy of Codeplay Software Ltd.
support

Codeplay provides access to older plug-in versions

Nvidia GPU plug-in AMD GPU plug-in

Codeplay blog Codeplay press release

*Other names and brands may be claimed as the property of others. intel 8
®


http://developer.codeplay.com/products/oneapi/nvidia/
http://developer.codeplay.com/products/oneapi/amd/
https://codeplay.com/portal/blogs/2022/12/16/bringing-nvidia-and-amd-support-to-oneapi.html
Codeplay®%20announces%20oneAPI%20for%20Nvidia®%20and%20AMD%20GPU%20hardware%20-%20Codeplay%20Software%20Ltd

Intel” Developer Tools Supporting oneAP!

A complete set of proven tools expanded from CPU to accelerators oneAPl

= Advanced compilers, libraries, and analysis,
debug and port]ng tools Middleware & Frameworks Powered by oneAPI

. F TensorFlow © PyTorch S X.. ©penVIN®

» Full support for C, C++ with SYCL, Python,
Fortran, MPI, OpenMP

= |ntel” Advisor determines device target mix Ry
before you write your code | Tracing

» |ntel's compilers optimize code to take full
advantage of multiarchitecture workload
distribution.

= |ntel” VTune™ Profiler analyzes hotspots to
optimize code performance

= |ntel Altools support acceleration of major deep
learning and machine learning frameworks

intel.



Intel Analysis Tools for GPU Compute Analysis

Intel® Advisor Intel® VTune™ Profiler

Offload Advisor Offload Performance Tuning
* Identify high-impact opportunities to offload » Explore code execution on your platform’s various CPU
* Detect bottlenecks and key bounding factors and GPU cores
* Getyour code ready even before you have the hardware by * Correlate CPU and GPU activity
modeling performance, headroom, and bottlenecks * ldentify whether your application is GPU- or CPU-bound

Roofline Analysis GPU Compute/Media Hotspots

* Analyze the most time-consuming GPU kernels,
« Determine performance optimization strategy by identifying characterize GPU usage based on GPU hardware metrics
bottlenecks and which optimizations will pay off the most

* See performance headroom against hardware limitations

* GPU code performance at the source-line level and
« Visualize optimization progress kernel-assembly level

intel.



Intel®” one AP Toolkits

Intel® one API
Base Toolkit

Add-on

Domain-specific
Toolkits

Toolkits
powered by
oneAPI

Latest version available 2023

oneAPlI

A core set of high-performance libraries and tools for
building C++, SYCL, C/OpenMP, and Python applications

intel

1 HPC
TOOLKIT
oneAPT

For HPC L
developers

RENDERING
TOOLKIT

oneAPT

For visual creators, intel
scientists & engineers ) . developers

Foredge &loT

oneAPT

Intel® oneAPI Tools for HPC
Deliver fast Fortran, OpenMP
& MPI applications that scale

Intel® oneAPI Rendering Toolkit

Accelerate visual compute, deliver high-
performance, high-fidelity visualization applications.

Intel® oneAPI Tools forloT
Build efficient, reliable solutions
that run at network’s edge

For Al developers & data scientists

For deep learning

Al
ANALYTICS

TOOLKIT

Intel® Al Analytics Toolkit
Accelerate machine learning & data
science pipelines end-to-end with
optimized DL & ML frameworks & high-
performing Python libraries

OpenVIN®

Intel”OpenVINO™ toolkit

Deploy high performance inference & applications from
edge to cloud

inference developers

Download at intel.comoneAPI

Or visit Intel® DevCloud for one API

intel.
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https://www.intel.com/content/www/us/en/developer/tools/oneapi/overview.html#gs.iicfss
https://devcloud.intel.com/oneapi/

Intel® VTune™ Profiler Overview

intel



Optimize Performance
Intel® VTune™ Profiler

Get the Right Data to Find Bottlenecks

= A suite of profiling for CPU, GPU, FPGA, threading,
memory, cache, storage, offload, power...

= Application or system-wide analysis

= DPC++, C, C++, Fortran, Python*, Go*, Java*, or a mix
= Linux, Windows, FreeBSD, Android, Yocto and more
= Containers and VMs

Analyze Data Faster

» Collect data HW/SW sampling and tracing w/o re-
compilation

= See results on your source, in architecture diagrams,
as a histogram, on a timeline...

= Filter and organize data to find answers

Work Your Way

= User interface or command line
= Profile locally and remotely
» GUI (desktop or web) or command line

Hotspots Hotspots by CPU Utilization ~ @ INTEL VTUNE PROFILER
Analysis Configuration ~ CollectionLog  Summary Bottom-up ~ Caller/Callee  Top-down Tree = Flame Graph  Platform
User Esystem [ Synchr... [ Overhe... [ Other O BT S Call Stacks h=
47.7% (813.005s of 1703.590s)
miniFE.x | miniFE:matvec_std<miniFE:CSRM
libiomp5.so | __kmp_invoke_microtask+0x92
libiomp5.s0 ! [OpenMP dispatcher]+0x11a - km
miniFE.x ! [Stitch point frame]+0x3
liiomp5.s0 ! _INTERNAL_25______ src_kmp
miniFE::matvec_std<miniFE:;CSRMatrix=double, int, int=, miniFE-... libiomp5.so0 ! __kmp_fork_call+0x16c1 - kmp_r.
| _kmp_invoke_microtask { libiomps.50 [OpenMP fork]+0x17f - kmp_csup
[OpenMP dispatcher]
[Stitch point frame] miniFE.x | miniFE::matvec_std<miniFE::CSRM

src_kmp_runtime_cpp_6e21bb kmp. MINiFE.X | miniFE::cg_solve<miniFE::CSRMatri

anp_fork_ca MIniFE.X | MIniFE: driver<double, int, int>+0x97
[OpenMP fork] 823
miniFE:matvec_std<miniFE:;:CSRMatrix<double, int, int>, miniFE~... MINiFE.x | main+0x823 - main.cpp:178
int,ints, miniFE: int,inb>... libc.50.6 | __libc_start_main+0xi2

miniFE:driver<double, int, int>

=== = — miniFE.x ! _start+0x2d
ICPU Time: 59.411s of 1703.590s (3.5%)

o: +

s S 04s -] 8s 15 12s 14s 16s 18s r-
8| matrx dpcop (TD: 24367)
P ogra |

kworker/u16:2 (TID: 23849)

pinbin (TID: 24413)
pinbin (TID: 24412)

et seeen (10 2420 [—

matrix dpcpp (TID: 24415) # = Computing Task

GPU Execution Units # GPU Execution Units

TR —
GPU Computing Threads Dis [, 4*"Tﬁmhﬁwwwl'\"vw"f’ u‘f"kwmf"lﬂ"'h'"ﬂ = A.:raﬁ
I |

i Active
Idie
CPU Time # i Stalled

GPU Usage

DRAM Bandwidth package_0 # GPU Computing Threa

# ~~ Computing Thread
# ~~ EU Threads Occup

bus O bus 3d bus 98 bus 9b bus b1 bus b4

device O device O device O device O device O device O
4 4 4 4 4 4
DMI: 1.4% PCle 4.0 x4: PCle 4.0 x8: PCle 4.0 x8: PCle 4.0 x8: PCle 4.0 x8:

o 17.1% 35.6% 35.6% 35.3% 35.5%

' ' ' ' ' !
im); i=);

SOCKET 0 SOCKET 1

Average Physical Core Utilization:
31.2% (9.984 out of 32)

GPU Frequency

Average Physical Core Utilization:
0.0% (0.000 out of 32)

uPlI
40.5%
——

4 4
PCle 4.0 x8: PCle 4.0 x8:
35.3% 35.6%

|
v

= =

bus ca bus cd
device O device O

intel.
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Rich Set of Profiling Capabilities

Intel® VTune™ Profiler

)
n=

v Hotspots
v" Anomaly Detection
v' Memory Consumption

Parallelism

v Threading
v HPC Performance Characterization

The metric value is high.

This can indicate that the

significant fraction of

execution pipeline slots

<could be stalled due to

demand memary load and
e Memory

This diagram represents inefficiencies in CPU usage. Treat it 2s a pipe with an output flow
equal to the “pipe efficiency” ratio: (Actual Instructions Retired)/{Maximum Possible
Instruction Retiresi). If there are pipeline stalls decreasing the pipe efficiency, the pipe

shape gets mare narrow,

GPU Offiosd  aruoiicss « @
Anass Confquian  Coleciknlon  Summary  Gladhics Tt
O: 4 - sy

v' Microarchitecture Exploration
v' Memory Access

PCle 40xa:
oMitas PS5

DRAM

v Input and Output
v’ System Overview
v' Platform Profiler

3d bus 98 bus 9b. bus b1 bus ba
device 0 device 0 device 0 device 0 device 0
+ 4 eud |
PCle £0x8: PCle 40:8: PCle 4028:

t
PCle £0x8; PCle 4.0 x8:
353% 35.6%
+ +

busca || buscd
dovice 0 | | device 0

Platform & 1/0

&) = =]
sockeTo Socker1 oRAM
Average Physical Core Utilization: Average Physical Core Utilization:
31.2% (9.984 out of 32} 0.0% (0.000 out of 32)
wn
05w
1

Accelerators / xPU

v" GPU Offload
v" GPU Compute / Media Hotspots
v CPU/FPGA Interaction

Rank-to-rank communication matr - EENANEEEEEN

v" Application Performance Snapshot

intel.
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Profile your applications running on latest Intel HW

4th generation Intel® Xeon® Scalable processors (formerly code named Sapphire Rapids)
Intel® Xeon® Max Series CPUs (code named Sapphire Rapids HBM)
13th generation Intel® Core™ processors (formerly code named Raptor Lake),

Intel® Data Center GPU Max Series (formerly code named Ponte Vecchio).

Accelerate GPU code

Get visibility into XeLink cross-card traffic for issues such as stack-to-stack traffic, throughput and
bandwidth bottlenecks. Identify imbalances of traffic between CPU and GPU through a GPU
topology diagram.

Identify the the reasons of the stalls in Xe Vector Engines (XVEs), formerly known as Execution
Units (EUs). Use this information to better understand and resolve the stalls in your busiest
computing tasks.

Profile applications executing on multiple GPUs.

Optimize Python code

Identify and optimize performance hotspots of Python code, now supporting Python 3.9.*.

Decide memory mode for your workload

Identify performance gained from high bandwidth memory (HBM). Run Intel® VTune Profiler for
each mode (HBM only, Flat, Cache) to identify which profile offers the best performance.

2 Bandwidth
Explore ban

What's New in Intel® VTune™ Profiler
2023.1 and 2023.0 Releases

) GPU Topology Diagram

Use this topology diagram to examine the GPU interconnect (Xe Link) and identify stack-stack, GPU-socket, and GPU-GPU bandwidths. Hover over a GPU stack to see bandwidth metrics.

Links Utilization Communication Bandwidth:
— Actively utilized Incoming, GB
Outgoing, GB/s

= =
0:108:0.0 1:24:0.0
0.007 0.007
0.007 0.007
q 7 g g
Socket 0 0071 . B
0.491 0012
2684 =
I — 1:108:0.0
el 4’ 0.007
el =] 0.007
Stack 0 \
1 ) o
0007 0.007
0.007 0.007
= =

0:66:0.0 1:66:0.0

Cross-card, stack-to-stack, and card-to-socket bandwidth are presented on
GPU Topology Diagram.

it

AN
——— 2

The histogram shows the distribution of the elapsed time per maximum
bandwidth utilization among all packages.

intel.
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intel.

XeON

MAX SERIES

Only x86 CPU with High
Bandwidth Memory

— t
up to DDR5
64GB  j125MB

HBMZe shared LLC

8 channels per
CPU @ 4800MTS (IDPC)
/16 DIMMs per socket

e

~1TB/s memory BW

>]GB/core HBM memory capacity

* Relative performance ISO TDP and core count

intel.

Memory modes
HBM Only HBM Flat Mode
Workloads < 64GB capacity Flat Mem Regions w/ HBM & DRAM
Workloads > 64GB capacity
No code change Code change may be
No DDR needed to optimize perf

Provides flexibility for
applications that require
large memory capacity

System boots
and operates with
HBM only

HBM Caching Mode

DRAM backed cache
Improved performance for workloads > 64GB capacity

No code change
HBM Caches DDR

Blend of both prior modes. Whole
applications may fitin HBM cache
Blurs line between cache and memory




High Bandwidth Memory (HBM) Utilization

Intel® VTune™ Profiler

Bandwidth Util jon Histogram
Explore bandwidin ulliz: ver ime sing the histogram ang igentity memory otjects of functions with maximum contribution o the high bandwidih utiization.

Understand HBM memory usage

* |s the application performance affected by HBM I
utilization? 3

e How is the bandwidth distributed between DRAM vs.

The histogram shows the distribution of the elapsed time per maximum bandwidth

H B M 7 utilization among all packages.
_ SRS ey P
|dentify memory mode for your workload e S T

» package_1

package_1 e ’- y ! " " M T I " y "
package_0 e P - 3 u " u | Y " I - ! Y Y |
To00%

» package 1

* Does your workload benefit from HBM?

n Outgoing, (%) | HEM Bandwidth pRAM Bandwidth

» package 0

* Profile your workload for each mode - HBM, flat or cache

The workload performance in various HBM modes can be evaluated by running the
collection in each mode and analyzing the bandwidth as described above.

intel.



Get Visibility into Xe Link Cross-card Traffic

Intel® VTune™ Profiler

|dentify bottlenecks related to Xe Link

* Understand cross-card memory transfers
and Xe Link utilization

* Visualize GPU Topology of the system
and estimate bandwidth of each link, stack

or card.

 Seeusage of Xe Link and correlate with
code execution.

GPU Topology Diagram
Use this topology diagram to examine the GPU int

nnnnnnnnnnnnnnnnnnnnnnnn
Incoming, GBYs

Socket 0 0.071 /
0.191 0012
2684
( = L’/
GPU
Stack 0 \

Cross-card, stack-to-stack, and card-to-socket bandwidth are presented on GPU
Topology Diagram.

GPU Offload cPu Officad + @
Analysis Configuration ~ Collection Log  Summary  Graphics ~ Platform

o: + e Enssarer Tovererve Booesenre B Dopereeer Reeeasepeeeee Mo nan eserore et Tt
ol v 02400
S
o w GPU Stack 0
2
5 0:24:0.0/0 - 1:24:0.0/0
Z
= 0:24:0.0/0 - 0:108:0.0/0

0:24:0.0/0 - 0:66:0.011 l
0:24:0.0/0 - 1:66:0.0/0 l

0:24:0.0/0 - 1:108:0.0/1
» GPU Stack 1 l | [ l
» 1:24:0.0 i i l i |
» 1108:0.0 l ] i
» 0:66:0.0 l l [ [ i
» 0:108:0.0 [ N ]
» 1:66:0.0 | [ [ | |

Timeline view can show bandwidth usage of Xe Link over time.

intel.
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Command Line Interface

Automate analysis

* Set up the environment variables:
—Windows: <install-dir>\env\vars.bat
—Linux: <install-dir>/env/vars.sh

Command Line

Hel P.
"
} Copy Command Line to Clipboard x
= /
vtune -hel o ine
l C:\Program Fil iles (x86)\Intel SWTools \VTune Amplifier 2019\b|n64\ aaaaaaaaa -collect hotspots -app-

working-dir "C:\Test Cases for AXE\Smoke\bin\release” --searc sym =snv"C:\Test Cases for AXE
\Smoke*h p/lms ‘micro f om/ | d.fym I ch—dlr "bin=srv*C:\Tes Csesf AXE

vtune —help collect hotspots s e

Use Ul to setup e
1) Configure analysis in Ul o0 GT

2) Press “Command Line...” button

3) Copy & paste command

vtune -collect hpc-performance [-knob <knobName=knobValue>] [--] <app>

mpiexec —n 12 vtune —c gpu-hotspots —r gpuhs_mpi—trace-mpi [-knob
<knobName=knobValue>] [--] <app>

intel.
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Intel® VTune™ Profiler Server

Does your development move to
Cloud? VTune is ready to follow!

= \/Tune server for

T hitps://127.0.0.1:45361/ui/samp

File Edit Selection View Go R € C O AN

multiplyc X  {}

build > install > relez > samp

Welcome

r000hs r001ue *

Microarchitecture Exploration @& 7

for(i=tidx; i<msize; il Assembly L aR"

INTEL VTUNE PROFILER

Analysis Configuration  Collection Log ~ Summary  Bottom-up  Event Count  Platform | multiply.c

jo]

or(j=0; j<msize;
or(k=0; k<msi

Source

# Clockticks

CPI Rate

c[i1[3

/ This leads to bad cache reuse and si

// Use Micrcarchitecture and Memory acc

/ See the 'multiply2' function impleme

for(i=tidx; i<msize; i=i+numt)
for(j=0; j<msize; j++) {

k<msize; kt++)

cl[i][3]1 = c[il[3] +

for (k=0;

UTF-8 CRLF C

gnificant memory sta

=33 analysis to estip

ntation to overcome

The CPl may be too high. This
could be caused by issues such as
memory stalls, instruction
starvation, branch misprediction
or long latency instructions.
Explore the other hardware-
related metrics to identify what is
causing high CPL.

a[il [}

;2

Linux

4D

User

Web browser

Admin

User

Web browser

WTune Profiler Server

User

Web browser

= \/Tune server for

- Easy onboarding

| - “
|

VTune Profiler Agent
on Analysis Targets

- Data sharing & collaboration

intel.
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https://software.intel.com/content/www/us/en/develop/documentation/vtune-cookbook/top/configuration-recipes/using-vtune-server-with-vs-code-intel-devcloud.html
https://software.intel.com/content/www/us/en/develop/documentation/vtune-help/top/installation/install-web-server.html

Intel® VTune™ Profiler Application Performance Snapshot (APS)

per Ronic 8
e IntellR) Xeon(R) Processor code nomed Sopphireropics

cal Core Co ¢ rode 208
ector type:  Event-based sompiing driver Event-2osed counting driver

359558

Elapsed Time

2.05
165.82 s & &

3.96

SP GFLOPS DP GFLOPS

GPU Stack Utilization MPI Time
3.84%RW 195.61 s
54.44%RM of Elapsed Time
XVE State
MPI imbalance
TOP 5 MPI

: Functions
Offload Activity PI_A

GPU Occupancy
1.51%RN of Peak Value

Disk 1/0O Bound
Vectorization 0.01% of Elapsed Time
02%# Disk read
Instruction Mix 0.0 K8

Your appllcatlon may underutlhze the GPU

Runa g ffio 184y

with VTune Profiler (d h tblt H !heGDU

Average CPU Frequency

2 £ £ P RIFY
$%%5 5|32

MPI Time SAA4%A <10%

OpenMP Imbalance 0.35% <10%

Memory Stalls 843% <20%

Vectorization 02%N >70%

Disk 1/O Bound 001% <10%

GPU Stack Utilization  3.84%Rv >80%

agPy Co edia review) analysis

|~

137.06 3.08 GHzW

OpenMP Imbalance Memovy Stalls

Cache Stalls

6.57% of Cycles
Memory Footprint DRAM Stalls

Resident RS

44351 M8 DRAM Bandwidth

Resident per Node Average

53221.17 M8

Virtual

NUMA
Virtual Per Node 4.47% of Remote A
1028711.67 MB z

» High-level overview of application
performance

» Detailed reports on MPI statistics

= Primary optimization areas and next steps in
analysis with deep tools — e.g. outlier analysis
for MPI applications at scale

* Explore on source of imbalance

* Choose nodes/ranks for detailed profiling with
VTune

= | ow collection overhead — 1-3%*

= Scales to large jobs
* Tested and worked on 64K ranks

* Trace size on default statistics level ~ 4Kb per rank

= Command Line;

<mpi launcher> <mpi parameters> aps <app>

intel.
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https://software.intel.com/content/www/us/en/develop/documentation/vtune-help/top/analyze-performance/code-profiling-scenarios/mpi-code-analysis.html

Intel® VTune™ Profiler

HPC Performanc

e Cha

racterization

HPC Performance Characterization ®

Analysis Configuration ~ CollectionLog ~ Summary  Bottom-up

Platform Diagram

o) i i[m]; c=
DRAM SOCKET 0 SOCKET 1 DRAM
0.2% Average Physical Core Utilization © : Average Physical Core Utilization 37.1%
— 41.5% (9.950 out of 24) 39.0% (9.360 out of 24) —

UPI

27.4%
—

Effective Physical Core Utilization : 40.3% (19.329 out of 48) &
Effective Logical Core Utilization ©: 39.0% (37.439 out of 96) &
Serial Time (outside parallel regions) ©: 8.300s (54.6%) &
Top Serial Hotspots (outside parallel regions)

Parallel Region Time : 6.902s (45.4%)
Estimated Ideal Time @:  5.960s (39.2%)
OpenMP Potential Gain@: 0.942s (6.2%)
Top OpenMP Regions by Potential Gain

This section lists OpenMP regions with the highest potential for performance impravement. The Potential Gain metric shows the elapsed time that could be saved if the region was

assuming no runtime overhead

OpenMP Region

_Z22lso3dfdVerifylterationPfS_S_S_iiimmm.DIR.OMP.PARALLEL 2$omp$parallel:96@/home/gtaliso3did_omp_offload/sre/iso3dfd_verify.cpp:25:25

OpenMP Potential Gain

0.942s

Cache Bound
DRAM Bound
DRAM Bandwidth Bound

Instruction Mix:
SP FLOPs
Packed
128-bit
256-bit
512-bit
Scalar
DP FLOPs
Packed
Scalar
x87 FLOPs
Non-FP
FP Arith/Mem Rd Instr. Ratio
FP Arith/Mem Wr Instr. Ratio

(%

6

) OpenMP Region Time
2% 6.902s

GPU Utilization when Busy : 25.0% &

EU state
Active @:  25.0%
Stalled @ 71.9% K&
Idle 3.0%

Occupancy @: 97.9%  of peak value

Offload Time: 34.1% (5.190s) of elapsed time
Compute: 84.4% (4.381s) of offload time
Data Transfer: 14.0% (0.728s) of offload time
Overhead: 1.6% (0.081s) of offload time
Top OpenMP Offload Regions

Iso3dfdlteration$ompstargetregion:dve=0@/home/gta/iso3dfd_omp_offload/src/iso3dfd.cpp:50 4.382s
Iso3dfd$omps$target$region:dve=0@/home/gta/iso3dfd_omp_offload/src/iso3dfd.cpp:332 0.808s
[Outside any OpenMP Offload Region]

“N/A I applied to non-summable metrics.

28.8%
5.3%

0.0%

Os
0.728s

0.000s
0.081s

OpenMP Offload Region Offload Time Percentage of Elapsed Time Data Transfer Overhead GPU Utilization when Busy

Memory Bound : 44.1% Rk of Pipeline Slots

NUMA: % of Remote Accesses
Bandwidth Utilization Histogram

Vectorization : 99.9% & of Packed FP Operations

Function CPU Time % of FP Ops FP Ops: Packed FP Ops: Scalar Vector Instruction Set
[Loop at line 38 in _Z22Iso3dfdVerifylterationPfS_S_S_iiimmm.DIR.OMP.PARALLEL.2] 532.905s 23.3% 100.0% 0.0% SSE(128); SSE2(128)k
[Loop at line 34 in _Z22Iso3dfdVerifylterationPfS_S_S_iiimmm.DIR.OMP.PARALLEL.2] 16.680s 2.5% 100.0% 0.0%  SSE(128); SSE2(128)
[Loop at line 103 in WithinEpsilon] 0.460s 9.5% 0.0% 100.0% SSE(128)

: 0.562

: 3.945

Top Loops/Functions with FPU Usage by CPU Time

This section provides information for the most time consuming loops/functions with floating point operations.

14.8%  of Clockticks

40.7% & of Clockticks

39.68% R of Elapsed Time
1 65.0% K

17.9% of uOps
99.9% from SP FP
99.9% Rk from SP FP
0.0% from SP FP
0.0% from SP FP
0.1% from SP FP
0.0% of uOps
0.0% from DP FP
100.0% & from DP FP
0.0% of uOps
82.1% of uOps

A starting point for performance optimization

CPU/GPU usage, Memory efficiency, and
Floating-point utilization

0.0%Kk
0.0%K
25.0% R

vtune -collect hpc-performance [-knob <knobName=knobValue>] [--] <app>
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Hotspots Analysis

* Understand an application flow

« Identify sections of code that get a lot of @cPuTme®:  A726Tis
execution time Paused Time ®: 0s
« Sampling-based collection modes ©) Top Hotspots
« User-Mode Sampling

« Hardware Event Based Sampling Function

Module

Summary

(©) Elapsed Time ©: 133.634s (7]

CPU Time @

multiply1

* Define aperformance baseline.
» |dentify the hottest function.

* |dentify algorithmissues.

matrix.exe

Bottom-up

472.573s

Hotspots Insights
If you see significant hotspots in
the Top Hotspots list, switch to the
Bottom-up view for in-depth
analysis per function. Otherwise,
use the Caller/Callee view to track
critical paths for these hotspots.

This section lists the most active functions in your application. Optimizing these
hotspot functions typically results in improving overall application performance.

Grouping:[ Function / Call Stack

ME]

CPU Time

* Analyze source.

Function / Call Stack A - - — Module Function (Full) Source File
Effective Time Spin Time | Overhead Time
o'
b __printf 0.008s 0Os 0Os libc.so.6 __printf printf.c
» matrix_multiply 13.960s (D 0Os 0Os | MatrixMultiplication_icc ~ matrix_multiply MatrixMultiplicatior-

intel.
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Microarchitecture Exploration

Hierarchical view of the execution pipeline  Elapsed Time ®: 4.000s 7/

. . . . . . Clockticks: 9475,200,000
» Pinpoint sections of the pipeline with nstructions Retired:  10.939.200,000

performance problems flagged by VTune CPIRat~2- naes

MUK B This metric shows how often i
. . . . — hinewas =talled without .
() Retiriny Moo
= Hover over metrics for a detailed description ) Retiring @ iothel 1datacache The 2% Of Pibeline Slots
(») Front-E L1lcachetypically hasthe % of Pipeline Slots
. . . . . @ Bad Soe shortest latency. However, in 5o, ® of Pineline Slots
Visualize the pipeline at the function level O Bad St e ke loads locked ipel
EBra onolderstores, aload might 5% & of Pipeline Slots
- May¢ Sufferahigh latency even D%  of Pipeline Slots
in the bottom-up tab aufferahigh latencyeven ipel
_ (v} Back-EI L1 8% ® of Pipeline Slots
Analysis Configuration  Collectionlog  Summary | Gottom-up | EventCount Platform AV NS -~ SR el
Grouping: Function / Cal Stack “|[5][2] ]} Microarchitecture Usage: 27.0% & of Pipetine stots ) Metoe o o of Fipeline slots
| BackEndBond 2 ® L1Bound [y 13.7% ® of Clockticks
Function / Call Stack Memory Bound 4
L1Bound */| L2Bound | L3Bound * | DRAM Bound * L2 Bound ~: 0.0%  of Clockticks
» grid_intersect Al‘!ﬂ 0.0% 13.9% 6.3% o -':.'; i
________ 146% 15% (2) L3 Bound =: 8.4% ™ of Clockticks
» grid_bounds_intersect 00,0 L0 20.2% Cu - @ i
» func@Owdb2bedad | 0.0% 0.0% 00% Memary Bound: 34 8% - (*) DRAM Bound =: 5.8%  of Clockticks
» pos2grid 0.0% 0.0% 0.0% 0.0% This partof uFipeis fraction of Memary - @ .
b tri_intersect : 0.0% 00% N —— (») Store Bound ~: 0.0%  of Clockticks
» func@Ox14016b345 0.7% 0u0% .08 0% that the significant frac tion of exscutio @ R .
- T p— T o0% pysiesios oo el du todenand (») CoreBound *: 14.4% ™ of Pipeline Slots
b func@0x10046130 | 0.0r% 0.0% «  Access analysisto have the metric 5
- aceodcoreor2 | s0ss  oox ook ook | | isemimecyie e Total Thread Count: 4
» libm_sse2_sqrt_precise 0,03 4. 7% 0.0% 0% Memary obiects. H L
» libm_sse2_pow_precise 100.0% 0.0% 0.0% 100.0% I 27.0%  of Pipeline Slots Paused Time ~: 0Os
b func@Cn140168968 £} 0V, 0.0% 3.0% 00% Front-End Bound: L0%  of Pipeline Slots
» [TBE Scheduler Imemi 0,05 0.0% 00 00% Bad Speculation: 14.4% R of Pipeline Slots
» shader 0.0% 0.0% 0.0% 0% Branch Mispredict: 00%  of Pipeline Slots
b func@Oxsb102230 | 0.0% 0.0% 0.08% 0.0% Machine Clears: 14.4% ® of Pipeline Slots
» light_intersect | 100.0% 0.0% O Back-End Bound: 53.6% R of Pipeline Slots
» intersect obiects | 100.0% 0.0% 0.0% 0.0% ¥ Memory Bound: 35.0% & of Pipeline Slots
< Ll x: L1 Bound: 14.6% Pk of Clockticks

intel. =



Intel® \V Tune Profiler -

What's Using All The Memory?

Memory Consumption Analysis

® Top Memory-Consuming Functions &

This section lists the most memory-consuming functions in your application.

S e e W h at | S Al |~O Catl n g M e m O ry Function Memory Consumption Allocation/Deallocation Delta  Allocations

Module
* Lists top memory consuming functions 7 e S
1 1 1 1 create_array_data 352.3 MB 352.3 MB 7 LinkedList gccl
8 memory Consumptlon dIStrIbUtlon Over itt_init 47.7 KB 8.3 KB 99 LinkedList_gcch
t| me. [Unknown stack frame(s)] 528.0B 528.0B 11 [Unknown]
. [Others] 96.0B 96.0B 3 N/A*
= \/I eW S O U rC e to u n d e rSta n d Ca u S e *N/A is applied to non-summable metrics.
= Filter by time using the memory
consumption timeline _—

Frame Rate

- Focus on the peak values on the Timeline pane | _______—

L LinkedList_gcc (TID: 139536)
= Introduce additional overhead due to
INnstrumentation .

Thread

) 822.1M8B |
Memory Consumption: ...

Native language support is not currently available for Windows*

= Frame

Frame Rate
i Frame Rate

Memory Consumption: ...
#a Memory Consum ption

intel.
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Optimize Memory Access

Memory Access Analysis - Intel® VTune™ Profiler

» Tune data structures for performance

o Attribute cache misses to data structures
(not just the code causing the miss)

» Support for custom memory allocators
* Shows average load latency in cycles
= Optimize NUMA latency & scalability

» Auto detect max system bandwidth
* Detects inter-socket bandwidth

Memory Access MemoryUsage ~ @ O3

INTELVTUNE PROFILE

Analysis Configuration  Collection Log Summary  Bottom-up  Platform -

(©) Elapsed Time“: 168.990s i
CPU Time @: 155.314s
® Memory Bound @:

Loads: 22,954,537,452
Stores: 5,173,914,018
® LLC Miss Count@: 3,857,736,762
Average Latency (cycles) @: 99
Total Thread Count: 6
Paused Time @: 0Os

) Platform Diagram

s i[m]:
DRAM SOCKET 0
1.3% Average Physical Core Utilization @ :
—

1.6% (0.563 out of 36)

NUMA: % of Remote Accesses © : 61.3%
[ 3

37.5% R of Pipeline Slots

i[=]: o}
SOCKET 1 DRAM
Average Physical Core Utilization @ : 1.1%
1.0% (0.364 out of 36) -

NUMA: % of Remote Accesses © : 61.0%
[ 3

UPI
4.0%

intel. ~



Intel® VTune™ Profiler

Profile GPU Performance

= Explicit support of DPC++, DirectX, Intel® Media SDK,
OpenCL™, and OpenMP-offload software technology

Multi-GPU systems analysis

GPU Offload cost profiling
* CPU vs GPU boundness

+ Offload overhead & host-to-device traffic, GPU compute vs data transfer

* GPU utilization and software queues per DMA packet domain

GPU Hotspots analysis

* EUand memory efficiency metrics, GPU Occupancy limiting factors

* Memory hierarchy diagram and throughput analysis

Source level in-kernel profiling
* Dynamic instruction count
* Basic Block execution latency

* Memory latency

O: =& = & ) 3000ms 3500ms

OMP Primary Thread #0 (TID: 24141)

GPU Vector Engine: GPU Stack 0

GPU Computing Threads Dispatch: GP-

GPU XVE Pipelines: GPU Stack 0

GPU XVE Instructions: GPU Stack 0

GPU Memory Access: GPU Stack 0

I
1063747
53.187 |

GPU Busy: GPU Stack 0 ‘

GPU

Stack

Slice

Xe Core

Vector Engine
Active: 47.6%
Thread Dispatcher Stalled: 515% K
> Idle: 0.9%
Threads Issued: 327 456 Occupancy: 98.3%
A EM active: 348%

. FPU active:  2,442,148,027
Bindless Thread Dispatch : EM active:  6,589,368,343
XMX active: 0

. ¥
RT Unit

CPU

CPU core

«—— 3098 GB/s — 106.1 GB/s —

Utilization:  19.1%

intel.
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GPU Performance Problems

ALGORITHM Pem@m)ance MICROARCHITECTURE
Snapshot
- o
Addressing performance issues with dynamic analysis tools
PARALLELISM [/O
[~ o
Threading Perf:r':r;?ance Input and Output

Characterization

e \Work Distribution ACCELERATORS PLATFORM ANALYSES
© O @ & O
D f offcad  ComputeMMedia Intraction A
o a ta t ra n S e r Hotspots
m Assembly o W e | b o
® G P U O C C u p a n Cy A Source .:,((:SF;L‘J Irsléllrudions Iixgcut{e’it;yvlrjtslrudion T *
ontrol Flow en ai
Int32 & SP Float @ Int64 & DP Float @ Other
158 dx = ptrljl.pos[0] - ptrlil.po=[0] 75,002,500 @@ [ ]
[ ] |\/| 159 dy = ptr[jl.pe=s[l] - ptr[i].pos[l] 12,500,000
emory acceSS 160 dz = ptr[jl.pe=s[2] - ptr[i].pos[2] 12,500,000
» Kernel inefficiencies " =T
- DRAM <> LLC DRAM
Slice
. - 0 3 (&
* Non-scaling implementations —.— o e
Active: Boew U2 -
Stalled 86.9%
\de: 02% Untyped: 1574 Untyped: 24084 -~
Theeads lesved: 1966 | < Typed 0000 —— Total 30961 —— Typed 0714 —»
® Occupancy:  994% SLM: 0.000 SLM: 0.000
cPU
CPU core
Utilization: 24.0%

intel. =



Work Distribution

Work distribution among computing resources

e CPU orGPU bound?

« GPU Utilization for OpenMP
regions/SYCL kernels

« EU/XVEs efficiency (Active,
Stalled, Idle)

 Offload Time characterization
« Compute

 Data Transfer
 Qverhead

Welcome baseline_hpc_512 *

HPC Performance Characterization ® t?
Analysis Configuration  Collection Log Summary = Bottom-up

() GPU Stack Utilization : 30.8% & &

() EU State ©:
Active @:  28.8%
Stalled @: 71.1%Kk
Idle @: 0.1%
Occupancy @: 99.2%  of peak value
() Offload Time: 31.9% (18.907s) of elapsed time &
Compute: 96.5% (18.250s) of offload time
Data Transfer: 1.5% (0.281s)  of offload time
Overhead: 2.0% (0.376s)  of offload time
() Top OpenMP Offload Regions i

INTEL VTUNE PROFILER

NS

; Offload Percentage of Data EU Array

OpenMP Cfiiced Region Time Elapsed Time Transfer Overtead Active
Iso3dfdlteration$omp$target$region:dve=0@/home/intel/rroy/oneAPl-sam d|
ples/DirectProgramming/C++/StructuredGrids/iso3dfd_omp_offload/src/is 18.252s 30.8% Os 0.001s 28.8%
03dfd.cpp:50
Iso3dfd$omp$target$region:dve=0@/home/intel/rroy/oneAPI-samples/Dir
ectProgramming/C++/StructuredGrids/iso3dfd_omp_offload/src/iso3dfd.c 0.655s 1.1% 0.281s 0.374s 0.0%
pp:332
[Outside any OpenMP Offload Region] 0.0% 0.0%

*N/A is applied to non-summable metrics.

intel.
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ost and GPU Data Transferring

A commonly known problem of host-to-device transfer performance

 Data transfertime

« Amount of transferred
data

* Transferdirection CPU GPU

Compute Compute

e Executiontime

vtune -collect gpu-offload [-knob <knobName=knobValue>] [--] <target>

intel. =



Graphics View

of GPU Offloaad

I 1-._.|.-|' .'l'-._.—' | \ |_.- |_||
=1 | =
NILL ¥ .J.L_'-.'

Grouping:| (custom) Computing Task

V%]l

) Total Time by Device Operation Type IE‘ Transfer Size
Computing Task Instance Count
Execution Host-to-Device Transfer Device-to-Host Transfer | Synchronization Host-to-Device Device-to-Host
b matrixMultiply1<float, (unsii| 0.053s 44 528s (S 7362s B 0s 2,010 94 GB 0B
» zeCommandListAppendBa Os Os Os 0.002s 2,010 0B 0B
p» [Outside any task] 0
D E -I- -_— 8730ms a740ms 8750ms 8760ms 8770ms 8720ms 8790ms |Threal:| v
E: ] ] [ Running
E matrix_multiply (TID: 13204... s CPU Time
|_

matrix_multiply (TID: 13205

matrix_multiply (TID: 13205...

GPU Execution Units

GPU Computing Threads Dis. ..

[

-

SN

GPU Utilization

CPU Time

i Spin and Owverhe...
[] ® Clocktick Sample
[ ] User Tasks

= GPU Computing ...

GPU Execution Units
EU Arrays
iha Active
g Idle

intel.
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Achieving

igh XVE Threads Occupancy

Occupancy analysis helps identifying problems with work mapping

local sizes
« SIMD Width
* Barriers usage

schedulingissues

Tiny/huge kernels

Detecting workgroups by global and

() Oececupancy : 80.4% & Ik

|dentify too large or too small computing tasks with low occupancy that make the EU array idle while waiting for the scheduler. Note that frequent SLM accesses and barriers may

affect the maximum possible occupancy.

) Hottest GPU Computing Tasks with Low Occupancy 'k
This section lists the most active computing tasks running on the GPU with a low Qcey

Cormputing Task Total Time Global Size Local Siz
kernel_ocl_path_trace_shadow_blocked_dl 32.492s 128 % 185 64
kernel_ocl_path_trace_shader_sort 21.426s 128 x 185 G4

128 x 185 G4

17.506s

kernel_ocl_path_trace_shader_eval

"NrA s appled to non-summable metrics

vtune -collect gpu-hotspots [-knob <knobName=knobValue>] [--] <target>

Peak Occupancy,™
T76.2%

[ F |m—

a -
Peak occupancy you can achieve with existing
computing task launch configuration.

+ T6.2% Bound by SLM
« 100.0% Bound by insufficient work size

® The performance Is limited by low occupancy.
Consider reducing the usage of SLM,

supancy & Occupancy
100.0% B5 6% M
76.2% & 60.5% &
100.0% TB1% &
0.0% T32% &

intel.
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Memory Access problems

* Global memory access penalty

« Cache memory resource limit

GPU
GT
Slice
x6
SubSlice
x16
Execution Unit <« 0.0Bis 0.0B/s — StM
Sampler
Active: 83%
Stalled: 9T%E © U L2
Idle: 0.0%

Threads lssued: 65536 . Toial 51.8GBIs
Occupancy: 98.0%

CPU

CPU core

* Which codeis responsible for
latency?

» Per Basic Block and latencies per
individual instructions

PCle Uncore System

GTI VRAM LLC DRAM

L3

=<— 345GBis — 17.3 GB/s — Traffic Router =™

Utilization:  6.2%

intel.
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Source level in-kernel profiling
-knob computing-task-of-interest=*pattern*#1#10#100

GPU Compute/Media Hotspots (preview) ®

Analysis Configuration

Collection Log Summary Graphics  iso3dfd_kernels.cpp

Source Assembly N T T

Sourc... A ‘ Source # Estimated GPU Cycles |
428 for (auto iter = 0; iter < kHalflength; iter++) {

429 front[iter] = front[iter + 1];

430 }

431

432 // only one new data-pcint read from global memory

433 // in z-dimension (depth)

434 front [kHalfLength] = prev[gid + kHalfLength * nxyl; 8.573e+8 |

435

436 // stencil code teo update grid point at position given by global id (gid)

437 float value = c[0] * front[0l; 3.429e+8 |

438 #pragma unroll (kHalflLength)

439 for (auto iter = 1; iter <= kHalfLength; iter++) {

440 value += cliter] * (frontliter] + backliter - 1] + previgid + iter] + 1.367e+10 (D
441 prev[gid - iter] + previgid + iter * nx] + 1.097e+10 D
442 prev[gid - iter * nx]); 2.358e+10 (D
443 i

444

445 next[gid] = 2.0f * front[0] - next[gid] + value * vel[gid]; 1.929e+9
446

447 gid += nxy;

448 begin z++; 3.429e+8 |

449

450 }

451

452 /=

453 * Host-side SYCL Code

454 *

455 * Driver function for ISO3DFD SYCL code

456 * Uses ptr_next and ptr prev as ping-pong buffers to achieve

457 * accelerated wave propogation

——

Basic Block Latency

Welcome src-analysis_stall_|
GPU Compute/Media Hotspots (preview) ® 2 INTEL VTUNE PROFILER
Analysis Configuration  Collection Log Summary Graphics 3_GPU_linear.cpp
m I = & & é 4 Assembly grouping:‘Address V‘ 0O
Sﬁ,lgge i Shire W Stall Count by Stall Type A <SiF RSl # Stall Count by Stall Type
ol[ Pipe ‘ Send l Dist or Acc ‘ SBID ‘Syn Pipe l Send ‘ Dist or Acc SBID ‘

42 sets to indices to ex 0x960 58 shl (16|M16) r114.0
43 n2 * n3; 1,407 | 0 41 0 0 0x968 58 send.ugm (32[M0) ril 0 0 37 0
44 dx[0] + kHalfLength; 120 | 0 5 0 0 0x978 58 add (16|M0) rlis.o<I
45 dx[1] + kHalfLength; 125 0 1 0 0 0x980 58 add (16|M16) r120.0
46 dx[2] + kHalfLength; 0x988 58 send.ugm (32|MO) ril 0 0 154 0
47 0x998 56 add (321M0) acc0.0<] 3 0 0 57
48 te linear index for e 0x9a0 56 add (32|M0) acc0.0<] 3 0 814 829
49 i *n2n3 + 3 *n3+k 32289 |0 198 @ 0 0 0x9b0 57 add (32|M0) r40.0<1: 1 0 66 1,504
50 0x9c0 57 (W) mul (1[MO) accO| 40 0 201 0
51 Vervatues tor eack cel 0x9do0 57 add (32|M0) ace2.0<] 2 0 0 4,250
52 = = prev acclidx] * c 844 | 0 23 | 0 0 0x9d8 56 sync.nop null {Compg 0 0 0 0
53 . 0x9e0 56 add (32/M0) r35.0<1 9 0 0 0
54 =37 % < ¥iaiitengt 0x9e8 57 (W) mul (1|MO) r61l. 83 0 0 51
55 13| 0 23| 0 0 oxofo 57 (W) mul (1[MO) ré62.9 106 0 0 0
56 £ acclx] * (prev_accl] 30480 0 943 @M 6757 @ |0 0xa00 57 (W) mach (1|MO) ré6, 45 0 60 0
57 prev_acc[{ 20,038 @M O 1,457 @ 23,052 @ O Oxa10 57 (W) shl (1[M0) z63.4 41 0 0 0
58 prev_acc[i | 11,350 @l O 824 @ 13,521 @M O Oxa18 57 subb (18[M0) r84.0<] 53 0 a7 0
59 0xa28 57 sync.nop null {Compg 0 0 44 0
60 dx] = 2.0f * prev_acc 174 | 0 2898 9,676 @B O 0xa30 57 (W) add (1|M0) r90.( 60 0 0 0
61 value * vel| 7 0 58 | 0 0 Oxa38 58 add (32|M0) r49.0<1 5 0 0 5,428
62 - = & 0xa48 56 sync.nop null {Compd 0 0 0 0
63 0xa50 56 add (32|M0) acc2.0<] 7 0 0 376
O0xa58 57 (W) mov (2|MO) r71.9 108 0 0 0

0xab0 57 add3 (16|M0) rll0.0 109 0 65 0

NvaZN B7 e S S Y n n n n

Stall Sampling
L]
intel. =



Custom Analysis with VTune Profiler

INTEL VUNE PROFIER
o 7

@ GPU COmpute/Media Hotsp ts ( Customize a copy of the selected analysis. l'b

@ GPU Compute/Media Hotspots (preview) INTEL VTUNE PROFILER

Analyze the most time-consuming GPU kernels, characterize
performance issues caused by memory latency or inefficient I Ste p 2 I /
certain instruction types. Learn.more - /
G Target GPU 1
All devices R
Perfor v Trace GPU programming APIs

Snap (e Characterization ® ;
GPU profiling mode

Compute Basic (with global/local memory accesses)

ALGORITHM None =

GPU sampling interval, ms

1 GPU events selection
e
Analyze memory and cross-socket bandwidth O Sea

Hotspots Anomaly Memory a
Detection Consumption v/| Trace GPU programming APIs W Event Name Descrintion b
(preview) Analyze power usage ¥ L3_READ _L3BANKO (L3_READ_L3BAN... The number of L3 bank 0 read requests

Source Analysis ® v/ L3_READ _L3BANK1 (L3_READ_L3BAN... The number of L3 bank 1 read requests
z z v| L3_READ _L3BANK10 (L3_READ_L3BA... The number of L3 bank 10 read requests
PARALLELISM Computing task of interest v| L3_READ _L3BANK11 (L3_READ_L3BA... The number of L3 bank 11 read requests
: v| L3_READ _L3BANK12 (L3_READ_L3BA... The number of L3 bank 12 read requests
— v| L3_READ _L3BANK13 (L3_READ_L3BA... The number of L3 bank 13 read requests
Threading HPC v L3_READ _L3BANK14 (L3_READ_L3BA... The number of L3 bank 14 read requests
performance v| L3_READ _L3BANK15 (L3_READ_L3BA... The number of L3 bank 15 read requests
Characterization ALUO FLT16 Instructions Executed (EU... The number of FLT16 instructions executed in ALUO INT64 pipeline.
ALUO FLT32 Instructions Executed (EU... The number of FLT32 instructions executed in ALUO INT64 pipeline.
ALUO FLT64 Instructions Executed (EU... The number of FLT64 instructions executed in ALUO INT64 pipeline.
PLATFORM ANALYSAS ALUO instructions executed by CCCS (... The number of instructions executed in EU ALUO INT64 pipeline by co...
@ Analyze detailed GPU utilization (Intel Graphics only)
' CPU/FPGA System GPU Pl Computing task of interest I Step 3 I Instance step
Compute/Media Interaction Overview Rendgrmg P . 1 ™
Hotspots (preview)

(preview)

Trace FPGA programming APIs
Use AOCL Profiler

Analyze loops

intel. 36



Intel® Advisor Overview
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Offload Modeling
* Accelerated Regions * Logs

NE DA < scoMain Offload Modeling View

Top Metrics

|ﬂtel® AdVISOr | 105.9x | 2.4x | 58% | 2

D e S i g n C O d e fo r m O d e r n h a rd Wa re Speed Up for Acceler Amdahl's Law Speed Up Fraction of Accelerate. .. Number of Offloads

Program Metrics

Offload Modelling Lo e ——————

Accelerated 6.25s ]
» Efficiently offload your code to GPUs even before you have the
‘ Program Time on Host After ... 5.88s Target Platform Target
hard Wa re W Non Accelerated Time 0.11s Device
W Time in MPI calls 0s Number of Offloads 2
- - Time on Target 0.26s Speed Up for Accelerated Code 106.9x
Automated Roofline Analysis e
* Optimize your GPU/CPU code for memory and compute
Y L3: GTI (Memory) v || ;# Guidance v
Vectorization Optimization
« Enable more vector parallelism and improve its efficiency | ’B,;;j_"_’fj_______ﬂ,_./_':_"_’ _"_E_F;gggg._;f;g@_p_@@E;_ﬂ_.:_s_;;_@f}_qp_g_?

2
o 7 _~~ DP Vector Add Peak: 55.13 GFLOPS
e T T T S T

Thread Prototyping | da
» Add effective threading to unthreaded applications ' -

-

Y00 o =
; > . - ;
B+SLM SLM ® L3
87GB[[25701GB, '\”:_?3/-"' 9169

Flow Graph Analyzer s
i Self Performance: 8.02 GFLOPS
. . 0@1}\:@?-’ gg:; lE?aAgleZmﬁrtTi]% !rge;ssli: 0.23 FLOP/Byte
+ Create, visualize and analyze task and dependency S I

computation graphs 7 o1 07 1 i 7

[ Learn more: Intelcomyadvisor | Part of the Intel® one API Base Toolkit intel. 46




"Automatic” Vectorization Often Not Enough

A good compiler can still benetfit greatly from vectorization optimization

Compiler will not always vectorize

» Check for Loop Carried Dependencies
using Intel® Advisor

= All clear? Force vectorization.
C++ use: pragma simd, Fortran use: SIMD directive

Not all vectorization is efficient vectorization

= Stride of 1is more cache efficient than stride of 2
and greater. Analyze with Intel® Advisor.

» Consider data layout changes
Intel® SIMD Data Layout Templates can help

Arrays of structures are great for
intuitively organizing data, but are
much less efficient than structures of
arrays. Use the Intel® SIMD Data
Layout Templates (Intel® SDLT) to
map data into a more efficient layout
for vectorization.

intel.
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https://software.intel.com/en-us/intel-advisor-xe
https://software.intel.com/en-us/intel-advisor-xe
https://software.intel.com/en-us/code-samples/intel-compiler/intel-compiler-features/intel-sdlt
https://software.intel.com/en-us/code-samples/intel-compiler/intel-compiler-features/intel-sdlt
https://software.intel.com/en-us/code-samples/intel-compiler/intel-compiler-features/intel-sdlt

Get

Intel® Advisor—Vectorization Advisor

Faster Vectorization Optimization

Vectorize where it will pay off most

Quickly ID what is blocking vectorization

Tips for effective vectorization
Safely force compiler vectorization
Optimize memory stride

Sreakthrough Vectorization Performance

Data & Guidance You Need

= Compiler diagnostics +

Performance Data + SIMD efficiency
» Detect problems & recommend fixes
» | oop-Carried Dependency Analysis
= Memory Access Patterns Analysis

B Summary % Survey & Roofline ™1 Refinement Reports

[+1[=] Function Call Sites and Loops (m]e i :’erformance
ssues

« O [loop in serial_mandelbrot at mandelbrot.cpp:70] | ﬁ -

-0 [loop in main$omp$parallel@164 at mandelbrot.cpp:181] [

<1 [loop in main$omp$parallel@219 at mandelbrot.cpp:237] B

=¥ [loop in simd_mandelbrot at mandelbrot.cpp:126] | f—

- [loop in simd_mandelbrot at mandelbrot.cpp:114] [ ¢ 2 Possible ineffi

-0 [loop in main$omp$parallel@164 at mandelbrot.cpp:169] [ €1Data type conv

<O [loop in serial_mandelbrot at mandelbrot.cpp:58] [ #1Data type conv

-/ O [loop in serial_mandelbrot at mandelbrot.cpp:57] [7 ¥ 1 Data type conv

«/ O [loop in simd_mandelbrot at mandelbrot.cpp:112] f_ ¥ 1 Data type conv

-0 [loop in main$omp$parallel@164 at mandelbrot.cpp:164] [_—— ¥ 2 Assumed depe

CPU Time 5|

T Type Why No Vectorization? = T T
Total Time | Self Time w |Vector... Efficiency |GainE..| VL
0.2025- 0.2025- Scalar @ loop control variable was not identified. Explicitly compute the it...
0.152s@E 0.152s@8 Scalar @ loop control variable was not identified. Explicitly compute the it...

0.108s 0.108s 8
0.088s @B 0.088s @8
..0.100s@@ 0.012s!

.. 0162 [ 001050
.. 0.202s [ 0.000s!
. 0.202s [ 0.000s!

-.. 0.100s B 0.000s!

- 0162s[l 0.000s!

Vectorized Loops

Inside vectorized
Inside vectorized

Vectorized (Body) AVX2
Scalar € outer loop was not auto-vectorized: consider using SIMD directive

Scalar @ outer loop was not auto-vectorized: consider using SIMD directive

Scalar € outer loop was not auto-vectorized: consider using SIMD directive

Scalar @ inner loop was already vectorized

Threaded (OpenMP) @ vector dependence prevents vectorization

Optimize for Intel® AV X-512 with or without access to AV X-512 hardware

Intel.com/advisor

intel.



Design your code for efficient offload
ntel® Advisor - Offload Modeling

= Will your code benefit from GPU porting”?

= How much performance acceleration will ~  eover

. | 0
yo u r CO d e g et fro m m OVl n g to th e n ext_ Ssp:egjﬁp1fo)§Accelerated Code %2&2& Speed Up grgtgn{?#\:celermed Code ﬁmber of Offloads

g e n e rat | O n G P U . Program Metrics S Offload Bounded By fa Modeling Parameters i

m Compute 0% LS
i <, Save to Remodel
Original - 790.0ms m L3 Cache BW 0%
Accelerated 95.0ms N m GTIEW 97% Target Device
H - . LLC BW 0% Gend GT2
W |th Off | 0Oa d M O d e I N g , yo U can: Frogram Time an Host Afier Acceleration Os  Speed-up for Accelerated Code 8.061X Wemory B %
Time on Target 97.9ms Amdahl's Law Speed Up 8.061x Atomics 0% Set 1o Hardware Defauit
m Time in MPI calls 0s Fraction of Accelerated Code 100%
H H 141 H Non-Accelerable Time 0s Number of Offloads 2 - o Hardware Parameters
) P t ff | d t t h t = Data Transfer 0%
I n O | n O Oa O O r u n | Ies W e re I Data Transfer Tax 0s  CPU Threads 1 Launch Tax 0% EU Count 24
Kemel Launch Tax 106.8us  Target Platform Gend GT2 m Dependency 0% i
p a ys Off th e m Ost Baseline Platform Intel{R) Xeon(R) Gold m Trip Count 0% Frequen% 1.15 GHz
- 6128 CPU Unknown 0%
Non Offloaded 0% GTI Bandwidth 73.6 GB/s
—)
e P tth form GPU
rojec e perrormance on : L3 Bandvidn 205 08
; . L3 Size 512 kB
* |dentify bottl ks and potential
entl ottieneCkKs an otentia Top Offade A Top Non-Offoaded ~
pe rfo rma n Ce g a I n S Loop/Function Execution Time Speed-Up Bounded By Data Transfer
- [loop in iso3dfdlteration at CPU 768.0ms . — f R
1 CPU only.cpp22] - GPU 944me 5133 = GTIBW 33.7MB No Data Available
[loop in initialize at CPU 22.0ms 5 155x = DRAM BV 33.7ME

» Get guidance for optimizing a data wsieos T o
transfer between host and target devices.

intel. =



GPU Offload Modeling

Estimate the performance gain of offloading to the GPU

Code Regions S Details Data Transfer Estimations .~ X
= S | Measured B Basic Estimated Metrics
oop/Function erformance Issues A 5 = oo ini i
= Time Region lteration Space Speed-Up Time Bounded By Offload Summary W # = [loop in iso3dfditeration at 1_CPU_onl...
CC20
» @ [loop in iso3dfdlteration at 1_CPU_only.cpp:22] Code region is recommended for offloading 768.0ms o128 8133 94.4ms  96.3% GTI BW B Offloaded ESTIMATED SPEED-UP: 8.133X -~
CCH1
Pk @ [loop in initialize at Utils.hpp:114] Code region is recommended for offlcading _22'0""5 6.156x% ?._ﬁms 3T% DRAM BW B Offloaded Esflimated Time Measured Time
TC 144
94.4ms 768.0ms
BOUNDED BY: GTI BW ~
Compute 27.2ms
—
Source Top Down ¥ Recommendations o~ DRAM BW 33.6ms
L3 BW 30.9ms
Table of Contents: [T
Possible offloading . ) LLC BW 52.0ms
Sonfidence level: high Possible offloading
Based on the Offload Modeling results, this code region is potentially profitable to offload. - Eﬁﬁg:ﬁ%m" is recommended for Load Latency 42.5ms
© Code region is recommended for offloading Data Transfer Tax 0s
Confidence level high Kernel Launch Tax 100.6us
Based on the Offload Modeling results, this code region is potentially profitable to offload. Estimated relative speedup on the Gen9 GT2 accelerator is 8. 13 compared to the current _ )
platform. Consider using Data Parallel C++ (DPC++) or OpenMP* Offload Programming Model to offioad this region to the target accelerator. Estimated Time 94.4ms

Example of using a DPC++ parallel for construct for offloading: (=

cgh.parallel_for<kernel>(N, [=](id<1> i) {

Example of using OpenMP target construct for offloading: &

#pragma omp target teams distribute parallel for map{to: matrix4, matrixB) map(from: matrixC) private(i, j, k)

Int=l, snd the Intel logo are trademarks of Intel Corporatio
*Cther names and brands may be clsimed a5 the propeny
& Intel Corporation

rin the U.S. andior other countries

intel. =
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GPU Roofline Performance
Insights

» Highlights poor performing kernels
= Shows performance ‘headroom’

for each kernels

- Which can be improved
- Which are worth improving

= Shows likely causes of bottlenecks
- Memory bound vs. compute bound

" Suggests next optimization steps

build 99

B intel ADVISO

E Perspective: GPU Roofline Insights v

—ffective Optimization Strateqgies
ntel® Advisor - Roofline Analysis on GPU

R =

/7

/ Find the minimum of all memory subsystems

Shortest distance == main bottleneck

SLM GB/s

r,mm/s/

(Shortest distance == max saturation (utilization) observed)
(Shortest distance == max effective bandwidth/throughput observed)

Arithmetic intensity (Flop/Byte)

P 0,
Summary * EEIHUEGIIEARERLUEY « Source View : 592 /0

XVE Threading Occupancy

0.0%

2 Stacks Active

GPU Roofline A X GPU Details Data Transfer © Recommendatio X
Y FLOAT, CARM; L3; HBM v~ = #* Guidance v &
o} b O T ROOFLINE GUIDANCE ~
P A 2488~
992.032 O Guies- = . : .
o Sneet- ¢ This kernel is bounded by HEM Bandwidsh.
& 700 ", Improve cache locality. For example, optimize cache accesses
Y by implementing cache blocking technique
Int32 Vector Add Peak
& 400 )
2
a
S 515/5/*16/ 130
\Ba“d&/ 37149 o o g
100 -| Twen |G s
337768 || 8327168 ocs
70 7‘,”5;‘ o
N 78791GB L
T ,,5
y .
R INTOP/Byte (Arithmetic Intensity)
40 B [T T
031
FLOP/Byte (Arithmetic Intensity)
) L ! ] v 1 MEMORY METRICS ~
0.042 0.07 0.1 04 07 0.95
Self Elapsed Time: 0.074 s Impacts
GPU Kernels A X
GPU Compute Performance > Work Size € Data Transferred » Kernel Details 3
Kernel ¥ Elapsed Time Performance Issues s = Kernel Type = 5 7
FLOAT Operations INT Operations. Global  Local Total Size Total Time  Average Time  SIMD Width
6.645 GOp 20.905 GOp
SYCLStream<double>::triad(void): V1l )% 0.074s 33572 1024 Compute 0s 0.001s. 32
89.798 GOp/s Al 0.097 282.487 GOp/s Al 0.306
. 3.329 GOp 17.428 GOp
SYCL! :mul(void): I::_V1:handler&)#1 0.045s e, P N 335.. 1024 Compute 0s 0.000s 32
u
intel. =
®



GPU Roofline Analysis

ROOFLINE MNT
DP Vector MAD Peak- 1.78e+4 GFLOP
10000

S40745

1000

100

FLOP/Byle {Arthmetic Intensity)
T T
01 1 10

This application is bounded by HBM Bandwidth: 844,67 ©69% of 1215.09 GB/sec W

ROOFLINE FLOAT
1.00e+5 7| @ Int32 Vector Add Peak: 1.93e+4 GINTOR,
1000 E
100 4 3
10
1
0.1
0.01
0.001
0.0001 I.I.I.EN' B INTOP/Byle {Arithmetic Intansity)
T T T T T T T T T T
1.00e-7 1.00e-3  0.0001 0.001 0.01 0.1 1 10 100

This application is bounded by HEM Bandwidth: 844.67 ©69% of 1215.09 GB/sec A4

= GPU Roofline Regions « Source View

n intel ADV|S6§ Perspective: GPU Roofline Insights ~

Program Metrics

0.02s

Data Transfer Time

0.30s
GPU Time

10.03s

Program Elap=sed Time

Pr
Application: sycl_1

9.73s

CPU Time

= Rl & cru
GFLoPs: 65.88 GINTOPS 298.59 HEmE 844.67 GB/s aFLors 0.02 cintors: 0.02
GFLOF-2005  FPAI(HEME0.02  GINTOP: 0082 INTAI(HEM):0.35  HEM Traffie: 267.00 GB GFLOF: 0.20 FRALDDS  GINTOP:0.21 NT Al: 0.07
2 Stacks Active: 0.0% XVE Threading Occupancy: 59.2% Thread Count: 1
OP/5 and Bandwidth
8| cFu
ROOFLINE FLOAT ROOFLINE NT
1.00e+5 7| @ Ini32 Viector Add Peak: 1.93g+4 GINTOP,
(4
1000 E
100 - &
10 2 No Data Available
1 - 543(,-
0.1 e BLGE
0.01 325 Rl
1 gl G
0.001 T Az
0.0001 -gtn B INTOP/Byte (Arthmetic Inte
T T T T T T T T T
1.00e7 1.00e-5 00001  0.001 0.01 0.1 1 10 100
This application is bounded by HEM Bandwidth: 84467 69% of 1215.09 GB/sec b
Top Hotspots
| cru
Kernel Elapsed Ti... GFLOPS GINTOPS ... Global/lLo... Active/Sta... Function Call §... Self Elapsed Ti... Self GFLOPS Self GINTOPS ...
SYCLStrea... 0.08s 42138 265.414 335544327 . S.8/796/M115 [loopin __intel ... 0.08s 0.15729049530...
SYCLStrea... 0.07s 49798 282,437 335544327 . 78771151 [loop in piEngue 0.02s 0.00056128438.
syclz V1o 0.07s 102.107 211.759 524208/1024  5.1/56.8/38.1 llogp in func@0...  0.01s
SYCLStea . 0.04s 74718 391125 335544320 108/69.3/1 lloop in func@0...  0.01s
SYCLStrea..  0.04s 0 437.821 33544327, 8.3/59.3224 floog in Ivm-Ba ... 0.01
Platform Information Collection Information
Performance Characteristics
| o ReZVIIES ~
Average GPU Vector Engine Utilization: 8.0% Total CPU Time 3.58s 100%
XVE Array Active: goe MCOMInG GTIBancuidih Bound 35.2%  fime in o vectorized Loops 046 13%
) Qutgoing GTI Bandwidth Bound: 17.8%
= XVE Array Stalled:  69.9% Time in Scalar Code 3125 87%
= XVE Array Idle: 22.1%

[N 18— B

54



Recommended Workflow
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Using Intel® Analyzers to increase performance

et gt o Existing Existin 2ok
Existing CUDA code New Code g OpenCL™ : :
[ ' ‘ C++ Fortran or C Ap‘ﬁ?c';ﬁons Use Offload Advisor to find

| tll o kernels to offload
ntel®

Compatibility Tool
|

Intel® Advisor — Offload Advisor
! 4

v

[@SeweStyley | Directive Style: Intel® SDK for

| SYCL OpenMP OpgnC‘L“‘
Applications

Optimize your kernels
With Advisor and VTune

 J

Intel® Advisor — GPU Roofline and Flow Graph Optimized
analyzer g Code




More Resources

Intel® \VVTune™ Profiler — Performance Profiler
» Product page — overview, features, FAQs...

* Training materials — Cookbooks, User Guide, Processor
Tuning Guides

= Support Forum

= Online Service Center - Secure Priority Support
= What's New?

Additional Analysis Tools

= |Intel® Advisor — Design code for efficient vectorization,
threading, memory usage, and accelerator offload

= Intel® Inspector — memory and thread checker/ debugger

» |ntel® Trace Analyzer and Collector - MPI Analyzer and
Profiler

Additional Development Products
= oneAPI: A new era of heterogenous computing

intel.
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https://software.intel.com/content/www/us/en/develop/tools/oneapi/components/vtune-profiler.html
https://software.intel.com/content/www/us/en/develop/documentation/vtune-cookbook/top.html
https://software.intel.com/content/www/us/en/develop/documentation/vtune-help/top.html
https://software.intel.com/content/www/us/en/develop/articles/processor-specific-performance-analysis-papers.html
https://software.intel.com/content/www/us/en/develop/articles/processor-specific-performance-analysis-papers.html
https://community.intel.com/t5/Analyzers/bd-p/analyzers
https://software.intel.com/content/www/us/en/develop/support/priority-support.html
https://www.intel.com/content/www/us/en/developer/articles/release-notes/vtune-profiler-release-notes.html
https://software.intel.com/en-us/advisor
https://software.intel.com/en-us/inspector
https://software.intel.com/en-us/trace-analyzer
https://www.intel.com/content/www/us/en/developer/tools/oneapi/overview.html

Performance
Iso3dfd Sample

Profiling

- Xercises

intel. s



Workflow

Log into an Intel®
DevCloud GPU
node and
configure the
MandelbrotOMP
sample

Run Intel Advisor:
Offload Advisor
to estimate
performance on
Gen9 GT2 GPU

Run Intel Advisor:
GPU Roofline on
offloaded
implementation
to visualize GPU
performance

Run Intel VTune
Profiler: GPU
Hotspots for
deeper insights
into GPU kernels
and device
metrics

intel.
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S3asic steps

O Log into DevCloud via ssh

Create sample and build the example

DevCloud Setup

S git clone https://github.com/oneapi-
src/oneAPI-samples.git

Start an interactive gpu node;

Intel DevCloud provides a free environment for

. . B testing the Intel CPUs and GPUs. Intel oneAPI toolkits
5 gsub -I -1 nodes=1:gpu:ppn=2 or are already installed and set up for use.

$ gsub -I -1 nodes=1:gen9:ppn=2

DevCloud Document;

Run the profling tools in
commandline and view the results https://devcloud.intel.com/oneapi/documentation/sh
ell-commands/

intel.

60


https://devcloud.intel.com/oneapi/documentation/shell-commands/
https://devcloud.intel.com/oneapi/documentation/shell-commands/

Iso3dfd example

» The ISO3DFD sample refers to Three-Dimensional Finite-Difference Wave Propagation in
Isotropic Media; it is a three-dimensional stencil to simulate a wave propagating in a 3D
isotropic medium

= The sample provides a guided example to optimize code for GPU offload.

https://github.com/oneapi-src/oneAPI-
samples/tree/master/DirectProgramming/C%2B%2BSYCL /StructuredGrids/guided_iso3dfd_GPUOptimization

* Gitrepo: git clone https://github.com/oneapi-src/oneAPT-samples.git

» oneAPIl-samples -> DirectProgramming -> C++SYCL -> StructuredGrids -> guided iso3dfd_GPUOptimization

Every element is dependent
on the 4* (shown here)
elements:

=2 -above it

- below it

- to the front of it

- behind it

- to the left of it

- to the right of it

*8 points read in each direction in the
urce code under test.

Used 16%" order 51pt stencil (But 8t order stencil shown here in figure)

intel.
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https://github.com/oneapi-src/oneAPI-samples/tree/master/DirectProgramming/C%2B%2BSYCL/StructuredGrids/guided_iso3dfd_GPUOptimization
https://github.com/oneapi-src/oneAPI-samples/tree/master/DirectProgramming/C%2B%2BSYCL/StructuredGrids/guided_iso3dfd_GPUOptimization
https://github.com/oneapi-src/oneAPI-samples.git

Build the code

//gd oneAPI- ‘\\

samples/DirectProgramming/C++SYCL/StructuredGrids/qg
ulded 1so3dfd GPUOptimilization

mkdir build
cd build

make

\Jﬁake 4//

intel. =



Intel® Advisor Exercise
Offload modeling, GPU Roofline

intel s



Collect Offload Advisor

Run from GUI - cont

1. Go back to the
Perspective Selector and
select Offload Modeling

GPU Modeling

2. Press Choose button 4

Offload Modeling

From the new Analysis

Workflow panel:
1. Select Low for Accuracy

2. Select Gen9 GT2 from the
Target Platform Model
drop-down

3. Press the Run button

*88e
+
*8e
Vectorization and Code Insights

Cffload Modeling Perspective

Target Platform Model

Geng GT2 ~

CPU Analysis and Modeling

=y

CPU / Memory Roofline Insights

» dentify high-impact epportunities to ofilead you code to a
= Determine potential benefit and key bottlenecks even before
» Get reasons why certain regions are n

Perspective Selector
Perspective is a predefined analysis workflow that consists of multiple profiling {collection) steps helping you understand certain aspects of your application
perform

ance. In the user interface, each perspective has its own set of panes and grids providing insights on 2

pplication performance.

GPU Analysis

GPU Roofline Insights

aa-

Threading

n accelerator.
unning the code on the accelerator.
ot recommended for offloading.

intel.
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Run Advisor in CL|

1. Run the offload collection:

$ advisor --collect=offload --config=gen9 gt2 --project-
dir=./../advisor/l cpu -- ./src/1l CPU only 128 128 128 20

Long running but more accurate performance modeling.

$ advisor --collect=offload --accuracy=high --config=gen9 gt2 -
-project-dir=./../advisor/1l cpu -- ./src/1l CPU only 256 256 256
100

2. Package results for viewing on the local host:

$ advisor --snapshot --project-dir=./../advisor/l cpu --pack --
cache-sources --cache-binaries -- ./offload advisor snapshot

intel. =



Collect Offload Advisor

" The Offload Modeling workflow includes the following analyses:
1.Survey to collect initial performance data.
2.Characterization with trip counts and FLOP to collect performance details.

3.Dependencies (optional) to identify loop-carried dependencies that might
limit offloading.

4.Performance Modeling to model performance on a selected target
device.

intel.



Collect Offload Advisor

build 614264

B intel ADVISOR  [Ellresseene ooaamossing - [T - Accsraea meoions « souceview [ LRI

Top Metrics shows that the speed-up for Top etrics
accelerated code and Amdahl’s Law are very close, | 4 140x 4.140x 100% 2
|ndlcat|n% that the offloaded code makes Up_ m_ost of Speed-up for Accelerated Code Amdanl's Law Speed Up Fraction of Accelerated Code Number of Offfoads
the workload. If accelerated code speed up is high
but the Amdahl's law speed up is close to 1.000x, : ,
then Ofﬂoad|ng [|kely Isn,t Worth lt. Prouram Metrics Offload BoundeuBy Modellng Parameters
| Compute 0% & Save to Remodel
. . . onginal Tadts m L3 Cache BW 0%
Program Metrics contains more details about the Accelerated a230¢ u GTIBW 100%  Target Device
accelerated code and how much program time will e peee b e e o » ucew ®%  censom .
H rogram Time on Host er Acceleration 5 peed-up for Accelera .ode 3 X emo o
remaln On the hOSt Time on Target 3.238s Amdahl's Law Speed Up 4.140x :Um‘cr: o :n/l: Set to Hardware Default
m Time in MPI calls 0s Fraction of Accelerated Code 100% Latencies 0% Hardware Parameters
Offload Bounded By shows the items that may Non-Accelerable Tme Os Number of Offeads 2 Data Transter 0%
i t perf f the cod it is offloaded R 05 cputess ! Launen Tax o ¢ Eucamts 21
Impac per Ormance O e CO e OI"]CG | |S O Oa e " Kermel Launch Tax 507.8us Target Platform Geng GT2 m Dependency 0% T
Baseline Platform 11th Gen Intel(R) Core(TM) i9- m Trip Count 0% Frequency 2 115GHz
Modeling Parameters are the hardware _ 11900K8 Unknonn o 7
characteristics of the target device. Advisor provides en ez 7 | ShSann o a6 aEs

configurations for many Intel GPUs.

L3 Bandwidth - 220.8 GB/s

Top Offloaded / Non-Offloaded — these are loops or L3sie O _ 51248
functions that have the potential to be offloaded. If Top Offioaded Top Non-Offioaded
the speed-up is significant enough, Advisor will

. . . Loop/Function Execution Time Speed-Up Bounded By Data Transfer
recommend offloading. Some loops or functions will
incur too much overhead to make offloading DS 1 CPUCNGRTZ T o) g 4T B oTew zsae = No Data Availabe
prOfltable' [loop in initialize &t Utils hpp:110] _ gzﬁ ﬁgx 2.116x — DRAM BW 233MB

intel. <



Collect Offload Advisor

build 614264

: . . 3 4.140x 4.140x 100% 2
H Intel ADV'SOR E HESEeReRiio SN delin T SI0ED - - SEMERVED - Speed-up for Accelerated Cod.. Amdahl's Law Speed U... Fraction of Accelerated Cod... Number of Offload. ..

Code Regions i+l Roofline ~ K
Loop/Functi Performance IMeasured » Basic Estimated Metrics > Estimated Bounded By » -
oop/Function q
Issues Time Region Iteration Space Speed-Up Time Bounded By Offload Summary Why ... Throughput Taxes Latencies
o i i 13.37s CcC 100 32195 99.4% GTIBW  1.9536s Launch Tax 502.5us Load 1.2635 R
= e o I ——
v & [loop in iso3didlteration at 1_CPU_only.cpp:12] ¢ Codere... —— 4.133x GTI BW @ Offloaded 1600 io5e e A .
¥ @ [loop in iso3dfditeration at 1_CPU_only.cpp:12] 13.36s @ Child loop
@ [loop in iso3dfdlteration at 1_CPU_only.cpp:.. 13.348 @ Child loop
cCH DRAM ... 13.3. Launch Tax 5.4us Load 86.2us R
» 1@ [loop in initialize at Utils.hpp:110] 2 Codere.. 42.0ms 216x  199ms 06%  pRraMBW @ Officaded e ——
TC 272 LLCBW  6.8ms All Taxes S4us W
Source Top Down 2 Recommendations ~ X

Table of Contents:
Possible offloading

Confidence level: high

Possible offloading

Based on the Offload Modeling resuls, this code region is potentially proftable o offioad. T CRedegion s recommendsd for

(]

Code region is recommended for offloading

Confidence level: hig

Based on the Offload Modeling results, this code region is potentially profitable to offioad. Estimated relative speedup on the Gen9 GT2 accelerator is 4.15 compared to the current platform. Consider using
Data Parallel C++ (DPC++) or OpeniP* Offload Programming_hodel to offload this region to the target accelerator.

Example of using a DPC-++ parallel for construct for offloading: &
cgh.parallel for<kernsl>(M, [=](id<1> 1) {
Example of using OpenMP target construct for offloading: &

#pragma omp target teams distribute parallel for map(to: matrixA, matrixB) map(from: matrixC) private(i, j, k)

Inted, and the Intel logo are frademarks of Intel Corporation in the U.ES. and/or other countries.

M Mhne namar and hrande s he sleimand s e arnnnche nf nthaes

oEa

Details Data Transfer Esti~ X

(D « F « [loop iniso3dfditeration at ...

ESTIMATED SPEED-UP: 4.153X ~

Estimated Time

Measured Time

3.219s 13.37s
BOUNDED BY: GTI BW ~
Compute 877.5ms
DRAM BW 1.2363
L3 BW 1.166s
LLC BW 1.956s
Load Latency 1.263s
Data Transfer Tax 0s
Kernel Launch Tax 502.5us
Estimated Time 3.219s

intel. e



GPU-to-GPU performance modeling

Run the offload collection:

$ advisor --collect=offload --profile-gpu —--target-device=pvc xt 51l2xve --project-
dir=./../advisor/gpu2gpu -- ./src/2 GPU basic 256 256 256 100

$ advisor-python $ APM/run oa.py ./../advisor/gpu2gpu --gpu --config=pvc xt 512xve
-- ./src/2 GPU basic 256 256 256 100

Or

$ advisor-python $SAPM/collect.py ./../advisor/gpu2gpu --gpu --config=pvc xt 512xve
-- ./src/2 GPU basic 256 256 256 100

$ advisor-python $APM/analyze.py ./../advisor/gpu2gpu --gpu --config=pvc xt 512xve

* GPU-to-GPU performance modeling is recommended to analyze SYCL, OpenMP target,
and OpenCL application because it provides more accurate estimations. The

« GPU-to-GPU modeling analyzes only GPU compute kernels and ignores the application
parts executed on a CPU.

intel. -«



GPU-to-GPU performance modeling

build 514264

n intel ADVISOR E Perspective: Offload Modeling ~ + Accelerated Regions = Source View
Top Metrics
| 94.193x

Speed-up for Accelerated Code

Program Metrics

Time on Baseline GPU 12.86s
Time on Target 136.5ms

Estimated Time on GPU 117.4ms  Speed-up for Accelerated Code 94.193x
Data Transfer Tax 18.6ms MNumber of Offloads 1
Kernel Launch Tax 500.0us  Target Platform XeHPC XT512
Baseline Platform Intel (R) HD Graphics P630
Top Offloaded
Kernel Execution Time Speed-Up Bounded By Data Transfer
1 |
iso3did(sycl: V1 queue&, float”, float”_fioat”. . Baseline 12.865 g, 1gay - Compute 483MB
Target 136.5ms E

Project: 9_gpu2gpu_cli
Application: 2_GPU_basic

1

Number of Offloads

Offload Bounded By

Top Non-Offloaded

Compute

L1 Cache BW
L3 Cache BW
GTI BW
Memory BW
SLM BW
Atomics
Latencies
Data Transfer
Launch Tax
Trip Count
MNon-Modeled

B

100%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%

Modeling Parameters

& Save to Remodel

Target Device

XeHPC XT 512

Hardware Parameters

Frequency

GTI Bandwidth

L1 Bandwidth

1.7 GHz
1.74 TB/s

55.71TB/s

L1 Size

L3 Bandwidth

No Data Available

w1

-y

32 MB

_6.96 TB/s

intel.

70



GPU Roofline

15t method: Run the shortcut command, 2"d method: Run the analyses separately,
simple compatible with MPI, more flexible
$ advisor —--collect=roofline —- $ advisor —--collect=survey —-profile-gpu -
profile-gpu —--project-dir -project-dir ./advi results -- <app-with-
./advi results -- <app-with- parameters>
parameters>
$ advisor —--collect=tripcounts —--flop —-
profile-gpu -- project-dir ./advi results

-—- <app-with-parameters>

« Add —target-gpu option on mutli-gpu systems
$ advisor —--collect=roofline —--profile-gpu —--project-dir ./advi results --
target-gpu 0:77:0.0 -- <app-with-parameters>

intel. 7



GPU Roofline

View results in Intel® Advisor GUI or generate an HTML report

o HTML GPU Roofline chart

$ advisor --report roofline —-gpu --project-dir ./advisor dir --report-
output=./roofline.html

o Interactive HTML report
$ advisor —--report all --project-dir ./advisor dir -report-
output=./roofline report.html

o Create a snapshot for download to the local GUI:
$ advisor --snapshot --project-dir=./advisor dir --pack —--cache-sources
—--cache-binaries -- ./adv_snapshot

intel.



PU

advisor —--collect=roofline --profile-gpu
dir=./../advisor/gpu roofline basic
H intel AD\/|SOR E Perspective: GPU Roofline Insights ~

Performance Characteristics
B|GPU A~

EU Array Active:
EU Array Stalled
EU Array Idle:

Roofline

24.31s

Program Elapsed Time

@ GPu

cFLors: 8.09

-
GFLOP: 104.02

FPU Utilization: 65.7 %
OP/S and Bandwidth
@& crPu

ROOFLINE

FPAI(GTIE 0.71

12.86s

GPU Time

cinTors: 84.00

——
GINTOP: 1,080.61

EU Threading Occupancy: 98.2%

» GPU Roofline Regions + Source View

—-—-project-

2_GPU_basic

Data Transfer Time

Tl Bandwidgth: 11.39 GB/s

—
INT Al (GTI). 7.38 GTI Trafic. 146.49 GB

EUIPC Rate: 1.67

nt32 Vector Add Peak 32818 GINT

FLOAT

11.45s

CPU Time

crLors: <0.01 ainTops: <0.01

T Band®
100

i, 20241 OV
3

?
gin; 76 GBIEES

T‘thmeti: Intensity’

—— ./src/2 GPU basic 256 256 256 100

* 9_gpu_roofling_basic

This application is bounded by Compute (GINTOPS):

Top Hotspots
& cru

Kernel
iso3dfd(sycl_V1: queued,

FPU Utilization:

Average GPU Execution Unit Utilization:

97.4% B
2.6% GPU L3 Bandwidth Bound:
. Incoming GTI Bandwidth Bound
0.0%

Qutgoing GTI Bandwidth Bound:

Elapsed Time
12.865

GFLOPS
8.086

GINTOPS
83.998

84.00 25% 0f 328.18 GINTOPS Int32 Vector Add Peak

Global/Local
256 x 256 X 256/256 x 1x 1

Active/Stalled/Idle, %
97.4126/<0.1

65.7% Total CPU Time 16.625 100%

9T4%  Time in 3 Vectonized Loops 0.22s 1%

23.2%

14.9% Time in Scalar Code 16.40s 99%
1.5%

GFLOP: <0.01 FPAL<0.01  GINTOP: 0.01 INT Al 0.04
Thread Count: 1
FLOAT
2 Int32 Vector Add Peak: 95.66 GINTOPS
100 ot -
10 din, 33986 G Integer Scalar Add Peak: 8.65 GINTOPS
=
2447 GBIs
" pram Bandwidh:
0.1 =} Com
pute
001 Wemory . bou
0.001 bound Bound by compute and memory roofs” nd
0.0001 | [e] | \NTOF:E‘MB (Arithmetic Infensity)
0.01 0.1 1
A
Function Call Site... Self Elapsed Time... Self GFLOPS Self GINTOPS
[logpin __intel av.. 0.06s 0.0306722439599..
[loop in initialize at 0.05s 0.0968246677217.
[loep in livm:-String 0.01s

[loop in khricdvend...  0s
[loop in khricdOSDi 0s
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PU

Roofline

advisor —--collect=roofline --profile-gpu

dir=./../advisor/gpu roofline oot agood --
256 100 16 8 16

Performance Characteristics

| > LTI

EU Array Active
EU Array Stalled
EU Array Idle:

43.7%
56.3%
0.0%

n intel AD\/|SOR E Perspective: GPU Roofline Insights ~

Program Metrics

6.55s

Program Elapsed Time

@ GPU

GrFLops: 33.07

GFLOP: 104.02

FPU Utilization: 13.1%
OPJS and Bandwidth
@ GPU

ROOFLINE

400

5407139

100 ,
13 Bandwidth- 20256 GB/seC 7

angwatn. 24

40

FPAI(GTI). 2.01

[sunner; RS

3.15s
GPU Time

cINToPs: 14.08

-
GINTOP: 44.28

EU Threading Occupancy: 85.0%

—-—-project-
./src/5 GPU optimized 256 256

9_gpu_roofline_opt_good
5_GPU_optimized

Roofline Regions + Source View

3.41s

Data Transfer Time CPU Time

Tl Bandwidin: 16.42 GB/s crLops: <0.01 ainTors: <0.01

—
GTI Traffic. 51.63 GB

INT Al (GTI): 0.86 GFLOP: <0.01 FPAL<0.01  GINTOP:0.01 INT Al: 0.02
EUIPC Rate: 1.36 Thread Count: 1
SP Vector MAD Peak: 436.41 GFLOPS 2 ni32 Vector Add Peak: 94.82 GINTOPS
Splses 2
w328 o5 B Integer Scalar Add Peak: 8.53 GINTOPS
and WO e
SO\ .-;m' 24,93 GBISE

Com

0.1 O c pute

* b
0.01 Bound by compute and memory roofs nd”

te (Arithmetic Intensity) INTOP/Byte (Arithmetic Intensity)

This application is bounded by SLM Bandwidth:

Top Hotspots

& cpPu

Kernel Elapsed Time
iso3dfd(sycl:_\V1-queues, 3158

FPU Utilization:

Average GPU Execution Unit Utilization’
GPU L3 Bandwidth Bound:

Incoming GTI Bandwidth Bound
Qutgoing GTI Bandwidth Bound

07 1

123.70  61% of 202.47 GBlsec

GFLOPS GINTOPS
33.069 14.076

13.1%  Total CPU Time

4 7

01 1

Global/Local Active/Stalled/Idle, % Function Call Site...  Self Elapsed Time...  Self GFLOPS Self GINTOPS

256 % 256 x 16116 x 8 x 1 43.7/56.3/<0.1 [loopin __intel_av.. 0.05s 0.0343048415801..
[loop in initialize at 0.02s 0.2515649025749.
[loopin __intel_av.. <0.01s 0.3858495015962..
[loop in initialize at =0.01s 0.1017125676606..
[loop in initialize at ... ~ Os

5.77s  100%

437%  Time in 4 Vectorized Loops otls 2%

16.1%

1959,  TIMe in Scalar Code 5865 98%
5.3%
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Compare Rooflines

~ X
i

?

_SP Vector MAD Peak: 436,38 GFLOPS

- ?

FLOP/Byte (Arithmetic Intensity)
T

GPU Roofline
Y FLOAT GTI(Memory) ~ | &¢ 2 Compared Results ~ 4 Guidance ~
ek ?Dl}_g)n
* Available inthe = «:
.
client! @*
https://www.intel.com/c o
ontent/www/us/en/deve
i A0
loper/articles/tool/onea
pi-standalone-
components.html#advis 0l
or &
4 4=
Self Elapsed Time: 3.145 s o v

4 7 10

intel.
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Intel® VTune™ Profiler Exercise
HPC-Performance, GPU Offload, GPU Hotspots
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Intel® VTune™ Profiler Analysis Types

vtune
L— gpu-hotspots

— profiling-mode

| — source-analysis

| | L— source-analysis

| | — mem-latency - to explore memory access issues

| | L— (bb-latency) - identify stall reasons or basic blocks latency due to algorithm inefficiencies
| L— (characterization)
| L— characterization-mode
|
|
|
|

F— full-compute - to combine Overview and Compute Basic event sets
— global-local-accesses — additional metrics that distinguish accessing different types of data on a GPU
— instruction-count - to analyze GPU instruction frequency per certain instruction types
L— (overview) - metrics to analyze sampler, general memory and cache accesses
— collect-memory-bandwidth — Collect the data required to compute memory and cross-socket bandwidth

— true

L— (false)

collect-programming-api - Analyze DPC++, OpenCL, and Intel Media SDK programs

F— (true)

L— false

analyze-power-usage — Enable energy consumption characterization and overtime tracking
— true

L— (false)

computing-tasks-of-interest

L— computing task name[#start idzx#step#stop idx]

T T

+ gpu-offload — To investigate CPU-GPU runtime analysis
+ Other experimental feature — Stall Sampling, Memory Access Analysis

intel.



Intel® VTune™ Profiler CL|

evtune - -help collect

List all the knobs for specific Analysis Type

« vtune - -help collect gpu-hotspots

HPC performance

svtune -c hpc-performance -r hpc_perf -- ./app

GPU Offload

«vtune -c gpu-offload -r gpu_go -- ./app

GPU Hotspots

evtune -c gpu-hotspots -r gpu-hs -- ./app

characterization with hotspots and instruction count

«vtune -c gpu-hotspots -knob characterization-mode=instruction-count -r inst_cnt -- ./app

source analysis with hotspots [with basic block latency - default]

«vtune -c gpu-hotspots -knob profiling-mode=source-analysis -r src-analysis -- ./app

source analysis with hotspots and memory latency

svtune -c gpu-hotspots -knob profiling-mode=source-analysis -knob source-analysis=mem-latency -r src-analysis_mem --./app

intel.



Set up VTune server

1. Start an interactive job on DevCloud
 ssh devcloud
 Qgsub -I-lnodes=T:gpu:ppn=2

2. Run the vtune-backend command
* vtune-backend --web-port=8080 --data-directory=
A URL will be printed by the above the command

3. Setup local port forwarding
* Open another terminal to launch additional SSH sessions to enable port
forwarding:
« ssh-L 8080:127.0.0.1:8080 devcloud
« ssh-L 8080:127.0.0.1:8080
« Copy the URL printed by Step 2 and paste it in the local web browser

intel.



Case Study (SYCL Offload on GPU)

» Profile the baseline version with HPC-performance, GPU-offload,
GPU-hotspots as well as

= [dentify the related metrics correlated with the bottlenecks
= Profile the optimized version

» Compare baseline vs optimized

intel. =



Intel® VTune™ Profiler

GPU Offload Analysis vtune -c gpu-offload -r gpu_go -- ./app

Welcome

Analyze CPU, GPU, and Bandwidth Usage with Platform Metrics

Graphics
Grouping:| GPU Computing Task / Host Call Stack @
i i i 2] Transfer Size [« Work Size
apy Cnmpmgg::sk fHost Gal D Aloca... Host-to-Devl:oet?I!r:Te tafg::ze 0 p:féll)‘:’i‘c—zfil:usl Tra... @ Synchroniz... pEncs Court | Host-to-Device | Device-to-Host Global Local St
v iso3dfd(sycl::_V1::queued, float] 12.940s | | 101 0B 161 MB 256 x 256 x 256 256x1x1 32
» "\ iso3dfd — main — __libc_¢| 12.872s 100 0B 0B 256 x 256 x 256 256x1x1 32
» ™\ [Outside any task] « [Outs| 0.042s | 0 0B 0B 256x256x256  256x1x1 32
"\ iso3dfd «— main «— __lib 0.013s 0 0B 80.5 MB | 256 x 256 x 256 266x1x1 32
» ~\ iso3dfd « main «— __libc_s| 0.013s | 0 0B 80.5 MB 256 x 256 x 256 256x1x1 32
» zeCommandListAppendBarrier | 0.000s 2 0B 0B
» [Outside any task] 0

O: b= il
|| @ M Rumin
§ 2 _GPU_basic (TID: 201185) | URRRRRRTRe TR a &
£ 5 ; s CPU Time
pinbin (TID: 201209) M Spin and Overhead. .-
° .
pinbin (TID: 201185) 5 3'“"1‘_":':5"‘9‘9
ser Tas|
pinbin (TID: 201208) = GPU Computing T...
n (TID: 2011
— & GPU Execution Units
GPU Execution Units. .EU —
GPU Computing Threads Dis... h W Active
GPU Memory Access 26720 e ———— | s Idle
i
CPU Time 'l GPU Computing Threa...
GPU Frequen I | ~~ Computing Thread..
requency F4 ~ EU Threads Occup. ..

Any Thread ~ Any Module v User functions + 1 v
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Intel® VTune™ Profiler

GPU Offload Analysis

Welcome 2_9_gpu_offload *

GPU Offload GPUOfficad ~ @
Analysis Configuration  Collection Log Summary Graphics  Platform

vtune -c gpu-offload -r gpu_go -- ./app

INTEL VTUNE PROFILER

o: + e T TS T, || GPUComputing Queue
8 1 GPU Computing T...
§ """"""""""""""""" [1GPII Comnuting O
% Intel(R) UHD Graphics P630 [0x3e96]
‘é GPU Computing Task
£ Start: 4.234s Duration: 128.2ms
g Computing Task: iso3dfd(sycl::_V1::queue&, float*, float*, float*, float*, unsigned long, unsigned long, unsigned long, unsigned long)::{lambda(sycl::_V1::handler&)#1}::operator()(sycl::_V1::handler&) const::
% {lambda(sycl::_V1:id<(int)3>)#1}
Purpose: Compute
Thread: 2_GPU_basic (TID: 201185)
Global Size: 256 x 256 x 256
Local Size: 256 x 1x 1
SIMD Width: 32
- T
: i Stalled
- GPU Computing Threa...
: ~~ Computing Thread. ..
B ~ EU Threads Occup. -
. GPU Memory Access
is
B Average Bandwidth, GB/.-..
is Read
» i Write
is
s GPU Busy
e GPU Busy
is
is CPU Time
L s CPU Time
o
@ ¥ GPUFi
£ 2 GPU_basic (TID: 201185) @ requency
F -~ GPU Frequency
pinbin (TID: 201209)
pinbin (TID: 201185) |
GPU Execution Units
GPU Computing Threads Dis... | h
GPU Memory Access 26561 | | =4
GPU Busy
CPU Time
GPU Frequency _j

FILTER 1000% 4 | Process Thread | Any Thread ~ | Module | Any Module

| | callStack Moce

intel.
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Intel® VTune™ Profiler

GPU Hotspots Analysis

vtune -c gpu-hotspots -r gpuhs -- ./app

Welcome * | 2_9_gpu_offload < | 5_9_gpu_offload * | 2_9_inst_cnt * | 5_9_inst_cnt 5_9_gpu_hotspots

Memory Hierarchy Diagram

GPU
Slice

SubSlice

=3

CcPU

10.9 GB/s — 554.2 MB/s —>
Total: 0.0B/s

<— Total: 11.3GB/s

Total: 50.5 GB/s— SLM: 0.0B/s —

]

Grouping: | Computing Task

A|[x][a][]

=11 computi ; ~ [Shared Local Me... [GPU Memory Band... | Sampler | .
" puting Threads | L3 Bandwidth, | L3 <-> GTI Total GPU L3 Misses, . .
Computing Task Started GB/sec Bandwidth, GB/sec | peaq e e T Busy e amm— Misses/sec ‘GPU Barriers GPU Atomics
iso3dfd(sycl::_V1::queued, float*, float”, float*, flcjo 52,427,968 50.550 11.294 10912 176475097.811 0 0
» zeCommandListAppendMemoryCopyRegion  |% 4,810,271 53.333 33.878 0.000  0.000 7242 26666 0.0% 0.0% 529351496.332 0 0
» zeCommandListAppendBarrier % 0 0.000 0.000 0.000 0.000 0.000 0.000 0.0% 0.0% 0.000 0 0
» [Outside any task] % 221,473 0.027 0.015. 0.000 0.000 0.004 0012 0.0% 0.0% 241101.471 0 0
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Intel® VTune™ Profiler

GPU Hotspots Analysis

Platform
O: = == - | 3490ms 35[]|[]ms 351:]ms 3520ms 3530ms 3540ms 3550ms 3560ms 3570ms 3560ms 359:]ms 361]l]ms| 361I]ms|
=]
ﬁ OMP Primary Thread #0 (TID: 24141)
E = | Cres
GPU Vector Engine: GPU Stack 0
———

GPU Computing Threads Dispatch: GP._.

| c—

GPU XVE Pipelines: GPU Stack 0

GPU XVE Instructions: GPU Stack 0

106.374

GPU Memory Access: GPU Stack 0 53187

GPU Busy: GPU Stack 0

| Thread V]
[ Running
[]User Tasks
= Computing Task

GPU Vector Engine
XVE Arrays
s Active
o Idle
i Stalled

GPU Computing Thre...
~~ Computing Threa...
~~ XVE Threads Occ...

GPU XVE Pipelines: ...

~~FPU and EM Utiliz....
~~FPU and XMX Util. ..

GPU XVE Instruction. ..
~~ XVE Send pipelin...

~~ XVE Send instruct. ..

~+ XVE FPU instructi...
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Intel® VTune™ Profiler

Source level in-kernel profiling

vtune -c gpu-hotspots -knob profiling-mode=source-analysis -r src-analysis -- ./app

Grouping:\ Source Computing Task (GPU) / Source Function / Call Stack

V&[]

Source Computing Task (SGt'l:éJk) / Source Function / Call ' Computing Task Data Tra"-'- Estimated GPU Cycles
Total Time ¥V Average Time Instance Count Size

iso3dfd(sycl::_V1::queue&, float*, float*, float*, flo 12.836s 0.128s 100 0B 2.373e+12

» iso3dfd(sycl::_V1::queue&, float*, float*, float*, 1.370e+12
_ZN4sycl3_V16detail13dim_loop_impllJLmOEL 6.711e+9
_ZN4sycl3_V16detail13dim_loop_impllJLmOEL 9.555e+11
_ZN4sycl3_V16detail13dim_loop_impllJLmOEL 3.355e+9
_ZN4sycl3_V16detail13dim_loop_impllJLmOEL 3.691e+10

zeCommandListAppendMemoryCopyRegion 0.023s 0.011s 2 161 MB

zeCommandListAppendBarrier 0.000s 0.000s 2 0B

FILTER s | Call Stack Mode | Only user functions  v| Inline Mode | Show inline functions v
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Intel® VTune™ Profiler

Source level in-kernel profiling

vtune -c gpu-hotspots -knob profiling-mode=source-analysis -r src-analysis -- ./app

Welcome 2_9_gpu_offload 5_9_gpu_offload 2_9_gpu_hotspots 5_9_gpu_hotspots 2_9_hpc_perf 2_9_src_anal_bb * 5_9_src_anal_bb

GPU Compute/Media Hotspots (preview) @ th
Analysis Configuration  Collection Log  Summary Graphics 2_GPU_basic.cpp

Source Assembly

N = W b b

INTEL VTUNE PROFILER
N

jol

Source Line A I

W Estimated GPU Cycles: Total ‘ Estimated GPU Cycles: Self ‘

35
36
37
38
39
40
41
42
43
a4
45
46
a7
a8

d a SYCL kernel (lamk to the device for parallel executior

1 kernel runs single cell

h.parallel_for(kernel_range, [=](id<3> idx) {

// start of device code

// Bdd offsets to indices to exclude HALO
int i = idx[0] + kHalflength;

int j = idx[1] + kHalfLength;

int k = idx[2] + kHalfLength;

// Calculate values for each cell
fleat value = prev_acc[i] [j][k] * coeff accl0];

49 #pragma unroll (8)

50
51
52
53
54 |
55
56
57
58
59

for (int x = 1; x <= kHalfLength; x++) {
value +=
coeff acc(x] * (prev_acclil[jl(k + x] + prev_acc(i] (jl[lk - x]
prev_acc[i] [j + x][k] + prev_acc[i] [] - x][k]
prev_acc[i + x][j][k] + prev_acc[i - x][j][k]):

*
¥
}

next_acc[i][j][k] = 2.0f * prev_acc[i][j][k] - next accl[i][3][k] +

value * veliacc[i] [31[k]:

60 12K

61

62

63

64

65 }
66
67
68
69
70
71
72
73
74

having current values in prev buffer

store wave velocity

size of grids and

0.0% 8.380e+8
0.1% | 2.517e+9
0.1% 1.678e+9
0.1% 1.6780+9
17% @ 4.0666+10
06% | 1.3426+10
10.3% (D 2.438e+11
19.5% 4.620e+11
20.0% [ 4.754e+11
13% B 3.081e+10
1.1% 0 25557e+10

intel.

86



Intel® VTune™ Profiler

Comparisons of two profiles

Welcome 5_9_inst_cnt 2_9_src_anal_mem 5_9_src_anal_mem 2_9_inst_cnt 2_9_gpu_hotspots - 5_9_gpu_hotspots *

GPU Compute/Media Hotspots (preview) ® INTEL VTUNE PROFILER

Analysis Configuration  Collection Log  Summary

Elapsed Time : 15.396s - 5.565s = 9.831s
GPU Time 7: 12.903s - 3.186s = 9.717s

EU Array Stalled/Idle : 2.6% - 56.5% = -53.9% of Elapsed time with GPU busy

Analyze the average value of EU Array Stalled/Idle metric and identify why EUs were waiting for resources instead of doing computations. This metric is critical for compute-bound applications. Explore typical reasons for
this kind of inefficiency listed below.

GPU L3 Bandwidth Bound : 23.2% - 72.8% = -49.6% of peak value
Sampler Busy “: Not changed, 0.0% of peak value

FPU Utilization : 61.8% - 10.5% = 51.3% of Elapsed time with GPU busy

Identify computing tasks with high utilization of the floating point execution units.

Hottest GPU Computing Tasks with High FPU Utilization
This section lists the most active computing tasks that ran on the GPU heavily using the floating point execution units. Tasks in the table are sorted by the Total Time.

No data to show. The collected data is not sufficient.

Bandwidth Utilization Histogram

Explore bandwidth utilization over time using the histogram and identify memory objects or functions with maximum contribution to the high bandwidth utilization.

Bandwidth Domain: (L3 Shader Bandwidth, GB/sec V)
Bandwidth Utilization Histogram
This histogram displays the wall time the bandwidth was utilized by certain value. Use sliders at the bottom of the histogram to define thresholds for Low, Medium and High utilization levels. You can use these
bandwidth utilization types in the Bottom-up view to group data and see all functions executed during a particular utilization type. To learn bandwidth capabilities, refer to your system specifications or run appropriate
benchmarks to measure them; for example, Intel Memory Latency Checker can provide maximum achievable DRAM and Interconnect bandwidth.
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More Resources

Intel® \VVTune™ Profiler — Performance Profiler
» Product page — overview, features, FAQs...

* Training materials — Cookbooks, User Guide, Processor
Tuning Guides

= Support Forum

= Online Service Center - Secure Priority Support
= What's New?

Additional Analysis Tools

= |Intel® Advisor — Design code for efficient vectorization,
threading, memory usage, and accelerator offload

= Intel® Inspector — memory and thread checker/ debugger

» |ntel® Trace Analyzer and Collector - MPI Analyzer and
Profiler

Additional Development Products
= oneAPI: A new era of heterogenous computing

intel.
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https://software.intel.com/content/www/us/en/develop/tools/oneapi/components/vtune-profiler.html
https://software.intel.com/content/www/us/en/develop/documentation/vtune-cookbook/top.html
https://software.intel.com/content/www/us/en/develop/documentation/vtune-help/top.html
https://software.intel.com/content/www/us/en/develop/articles/processor-specific-performance-analysis-papers.html
https://software.intel.com/content/www/us/en/develop/articles/processor-specific-performance-analysis-papers.html
https://community.intel.com/t5/Analyzers/bd-p/analyzers
https://software.intel.com/content/www/us/en/develop/support/priority-support.html
https://www.intel.com/content/www/us/en/developer/articles/release-notes/vtune-profiler-release-notes.html
https://software.intel.com/en-us/advisor
https://software.intel.com/en-us/inspector
https://software.intel.com/en-us/trace-analyzer
https://www.intel.com/content/www/us/en/developer/tools/oneapi/overview.html

How to get

* As part of the oneAPI Base Toolkit:

« https://software.intel.com/content/www/us/en/develop/tools/oneapi/base-
toolkit/download.html

« Standalone component:

« https://software.intel.com/content/www/us/en/develop/articles/oneapi-
standalone-components.html

e Linux:

« Package managers:

» https://software.intel.com/content/www/us/en/develop/articles/oneapi-
repo-instructions.html

* Containers:
+ https://github.com/intel/oneapi-containers

intel. o


https://software.intel.com/content/www/us/en/develop/tools/oneapi/base-toolkit/download.html
https://software.intel.com/content/www/us/en/develop/tools/oneapi/base-toolkit/download.html
https://software.intel.com/content/www/us/en/develop/articles/oneapi-standalone-components.html
https://software.intel.com/content/www/us/en/develop/articles/oneapi-standalone-components.html
https://software.intel.com/content/www/us/en/develop/articles/oneapi-repo-instructions.html
https://software.intel.com/content/www/us/en/develop/articles/oneapi-repo-instructions.html
https://github.com/intel/oneapi-containers
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