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Agenda

« PTI-GPU tools

« onetrace tool from PTI-GPU

* VTune overview

 Command lines — Playbook

* VTune GPU analysis using GROMACS
* Documentation

e Demo — Hands on
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Profiling Tools Interfaces for GPU (PTI for GPU)

+ Light weight Open Source tools for GPU profiling (MIT license)

« Github initiated by Intel® engineers but with contributions from community:
https://github.com/intel/pti-gpu

« Profiling for Intel® GPUs using OpenCL and Level Zero runtime
* OpenCL* SYCL*, and OpenMP* offloading supported

* Snapshots taken from Intel® DevCloud using Intel® Iris® X® GPUs

intel.
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https://github.com/intel/pti-gpu

sysmon

* Linux static and dynamic information about GPU activity

* Can be used like Linux ,top"

= 148655@s011-n001: ~ - m] X
1.0s: /data/comp/sysmon s011-n001: Fri May 20 11:23:16 2022

GPU 0: Intel(R) Iris(R) Xe MAX Graphics [0x4905] PCI Bus: 0000:69:00.0

vendor: Intel(R) Corporation Driver version: 1.2.21786 Subdevices: 0

EU Count: 96 Threads Per EU: 7 EU SIMD width: 8 Total Memory(MB): 7714.0
core Frequency(MHz): 1550.0 of 1550.0 Ccore Temperature(C): unknown

Running Processes: 2
PID, Device Memory Used(MB), shared Memory Used(MB), GPU Engines, Executable
221409, 15.9, 0.0, 3D;DMA, /home/u48655/Software/GROMACS/2022/gromacs-master-22.02.03/oneapi/2022.1.2SIMD8USM/bin/gmx
221449, 0.2, 0.0, UNKNOWN, /data/comp/sysmon

GPU 1: Inte1(R) Iris(R) Xe MAX Graphics [0x4905] PCI Bus: 0000:1b:00.0

Vendor: Intel(R) Corporation Driver Version: 1.2.21786 Subdevices: 0

EU Count: 96 Threads Per EU: 7 EU SIMD width: 8 Total Memory(MB): 7714.0
Core Frequency(MHz): 300.0 of 1550.0 Core Temperature(C): unknown

Running Processes: 1
PID, Device Memory Used(MB), Shared Memory Used(MB), GPU Engines, Executable
221449, 0.2, 0.0, UNKNOWN, /data/comp/sysmon

intel.
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onetrace

» Profile OpenCL* and Level Zero backend.
= For OpenCL, SYCL* and OpenMP* offloading applications.

usage: onetrace [options] <application> <args>

Options:
--host-timing [-h] host API calls statistics
--device-timing [-d] kernel execution timing

--chrome-kernel-timeline generates trace for chrome://tracing

intel.



onetrace host statistics (GROMACS SYCL

= § onetrace —h gmx <gmx args>

B /cygdrive/c/Users/hbockhor/OneDrive - Intel Corporation/Training/2022/22.05.30_ISC_MTA/RESULTS onetrace

API Timing Results: ===

Total Execution Time (ns):
Total API Time for LO backend (ns):

== LO Backend: ==

Function,
zeCommandQueueSynchronize,
zeModuleCreate,
zeCommahdQueueExecuteCcommandLists,
zeCommandL1istAppendMemoryCopy,
zeCommandListReset,
zeCommandListCreate,
zeCommandListAppendLaunchkernel,
zeKernelSetArgumentvalue,
zeEventCreate,
zeCommandListClose,
zeMemAlTlocDevice,

zeFenceReset,
zeKernelSetGroupSize,

8849359641
5083012588

calls,
2009,

4226,
3172,
4226,

2811,
35215,
5983,
4226,

4226,
2811,

Time (ns), Time (%),
3697535106, 72.74,
1030797983, 20.28,
146236830, 2.88,
87847894, 1.73,
37004797, 0.73,
27893013, 0.55,
13505254, 0.27,
9806280, 0.19,
6979341, 0.14,
3455592, 0.07,
3054949, 0.06,
3037219, 0.06,
2867434, 0.06,

Average (ns),
1840485,
147256854,
34604,
27694,
8756,
3486626,
4804,

278,

1166,

817,
277722,
718,

1020,

Min (ns),
164,
83120536,
14481,
11550,
554,
226640,
926,

Max (ns)
7145738
227200191
104637
840112
36072
13670348
17791
9071
54293
15018
1191462
24105
4410
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onetrace device statistics (GROMACS SYCL

= § onetrace --demangle —d gmx <gmx args>

= /cygdrive/c/Users/hbockhor/OneDrive - Intel Corporation/Training/2022/22.05.30_ISC_MTA/RESULTS_onetrace

=== Device Timing Results: =

Total Execution Time (ns): 9250282340
Total Device Time for LO backend (ns): 5144159294
== LO Backend: ==
Kernel,

Nbnxmkernel<false, false, (Nbnxm::ElecType)4, (Nbnxm::vdwType)O0>,
zeCommandListAppendMemoryCopy (M2D) ,
zeCommandListAppendMemoryCopy (D2M) ,

Nbnxmkernel<false, true, (Nbnxm::ElecType)4, (Nbnxm::vdwType)0>,
NbnxmkernelPruneonly<false>,

_—usmfill<float>,

NbnxmKernelPruneonly<true>,
cl::sycl::detail::__pf_kernel_wrapper<__usmfill<float> >,
pummyKernel,

Time (ns),
4374811057,
393601766,
183165569,
77472702,
67430948,
27828716,
19808433,
35833,
4270,

Time (%),

=3
OO0OO0OOKFKFW~NW
o

65,
56,
51,
31,
54,
39,
00,
00,

Average (ns),
4419001,
192282,
162813,
7042972,
137614,
21292,
1800766,
35833,

4270,

Min (ns),
4290416,
3229,
520,
6985937,

Max (ns)
4946458
1283489

190104
7131562
151979
42500
1804687
35833
4270

More information available by adding —v (verbose) option

intel.
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onetrace kernel timeline

= § onetrace --demangle --chrome-kernel-timeline <gmx> <args>

< ¢
|

5 Apps

Record

. s |5.160ms . |5.180 ms § X |5.200ms

+ gmx (pid 184022) s e el
DummyKernel -5
zeCommandListAppendMemoryCc g:?
zeCommandListAppendMemoryCc z. @
___usmfill<float> ¥
cl::sycl::detail::__pf_kernel_wrappe =
NbnxmKernelPruneOnly<true> . £
NbnxmKernel<false, true, (Nbnxm: NorumKemeldase ... @
NbnxmKernel<false, false, (Nbnxrr | | NonmKemel<. Nonariema... NormKemel.. NenuKerel<.. Nonxmiemel.. Nona.. .
NbnxmKernelPruneOnly<false> g

1 item selected. Slice (1)

Title NbnxmKernel<false, false,
(Nbnxm::ElecType)4,
(Nbnxm::VdwType)0> &

User Friendly Category  other

Start 5,169.144 ms
Wall Duration 4.498 ms
vArgs
id "2985.1"

intel.



PTI-GPU advantages

No aditional drivers necessary
Low overhead < 3%

Traces in json format to be loded by Google Chrome:
chrome://tracing

intel.
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VTune™ -- Short Overview

One Intel Software & Architecture (OISA) Intel Confidential |nte| 10



ALGORITHM

O ©0 O

Hotspots  Memory  Anomaly
Consumption Detection

Optimize Performance

Intel® VTune™ Profiler

PARALLELISM

@

Threading HPC
Performance
Characterization

Get the Right Data to Find Bottlenecks
ACCELERATORS
= A suite of profiling for CPU, GPU, FPGA, threading, o) o
memory, cache, storage, offload, power... S o ceurres
» DPC++, C, C++, Fortran, Python*, Go*, Java*, or a mix

* Linux, Windows, FreeBSD, Android, Yocto and more ES

®©

Performance
Snapshot

o bt | de | b

MICROARCHITECTURE

[0)

Microarchitecture Memory
Exploration Access

170

1)

Input and Output

PLATFORM ANALYSES

@ ® O

System Throttling Platform
Qverview Profiler

jo

.. A

# Control Flow
Int32 & SP Float @ Int64 & DP Float @ Other

B Send & Wait

# GPU Instructions Executed by Instruction T..*

Analyze Data Faster

= See data 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

» |nstall as an application

» |Install as a server accessible with a web browser

Untyped: 1574

SLM: 0.000

Untyped: 24.084

<« Typed: 0000 —— Total 30961 —— Typed 0714 —>

SLM: 0.000

75,002,500
12,500,000
12,500,000

- 24378 10.745 —
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Find Answers Fast

Intel” VTune™ Profiler

Hotspots Hotspots by CPU Utilization ~ @ 1%

Analysis Configuration ~ Collection Log  Summary  Bottom-up

INTEL VTUNE PROFILER
Caller/Callee  Top-down TW

tom

|2

* Grouping:| Function / Call Stack

Adjust Data Grouping

Function / Call Stack

CPU Time

Function / Call Stack Effective Time by Utilization ¥

Source Function / Function / Call Stack ®ide @Poor §Ok @ideal @ Over

Sync Object / Function / Call Stack

(. grid_intersect

Sync Object/ Thread / Function / Call Stack sphere_intersect 3.748s D ]
... (Partial list shown) grid_intersect 37455 WD s
intersect_objects || 3.580s [ ]

0.168s il
2.457s I

= grid_intersect
func@0x69e19di0

Double Click Function
to View Source

Click [»] for Call Stack

Filter by Timeline Selection
(or by Grid Selection)

fol g o= 335 245
WinMainCRTStartup (TID: 2
OMP Master Thread #0 (TI...
OMP Worker Thread #2 (TI

Thread

CPU Utilization

FILTER Any Proce ¥ read ¥

Zoom In And Filter On Selection ot T

Any ModL ¥

»

Cverhead Time

Spin Time

Any U

Creation

0s
0s
0s

10,25 10.4510.65

Scheduling

0s
0s
0s

User functi ¥

Reduction

0s 0s
0s Qs
0s 0s
|# | Thread v
(| [ Running

(| gaa CPU Time
[ gaa Spin and Overhe...
[ ® CPU Sample
¥/ CPU Utilization
[ gaa CPU Time
[#| gaa Spin and Overhe...

Function * Show inli ¥

Filter In by Selection h

Remowve All Filters

Filter by Process
& Other Controls

Tuning Opportunities Shown in Pink.
Hover for Tips
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VTune Playbook — for this session

= Fasy access to command lines

* Nbody Example for DevCloud — please try

B - /INCOMING/22.02.15-EusoC - o x
Playbook for using vTune tool on devcloud or other C1

Note: command 1ines start with "§" prompt.

1. Log inta Devcloud

8 ssh devcloud

Alternative: open a jupyter notebook and start the terminal

o sampts cton Playbooks on DevCloud:

5 01t Clons httss:/github con/oneasi-src/anesPT-samgles. it /data/comp/workshop/vtune_pTlaybook. txt

3. start interactive session on a node with DGL Xe GPU (iris_xe_max)

(Pleople with NDA accounts may use ATS-P gpu)

it is better to compile on compute node because Togin node has very limited memory etc.
S asub -T -1 nodes=1:iris_xe_max:ppn=2

4. check properties

s sycl-1s --verbose

prints out all backends (GPU device + low level driver level_zero or opencl)
Level Zera shows:

Platform [#4]:
version : 1.2
Name : Intel(R) Level-zero
vendor  : Intel(R) Corporation
Devices :

Device [#0]:

intel.



How to start an Analysis

= \/Tune offers different analysis types with additional “knolbs”
= Application Performance Snapshot (VTune or standalone)

= APS does first analysis and guides to the right VTune analysis or a
different tool available in the oneAPI toolkits.

= APS analyses HW counters, OpenMP and MPI

= APS can be used for MPl and/or OpenMP only to avoid too much data
being collected

intel.



APS usage

* Help menu
$ aps —help
= Run with APS

$ aps <application> <app paramter>

* Run with MPI (Intel MPI or compatible)

$ mpirun -n <N> aps -- <application> < app parameter>

intel.
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APS HTML output (nbody

APS report

x [ 12700155001/ui/NBODY-NEV X +

D file//C:/cygwin64/home/hbockhor/INCOMING/22.02.15-EuroCC/aps._report_20220216_004934 htmi

nbody
ndate 2022-02-16 00:49:08
. Intel(R) Xeon(R) Processor code named Cascadelake
y. 350 GHz
sgical Core Count per node: 24
Collector type: Event-based sampling driver,Driverless Perf system-wide counting

17365 102

Your application might underutilize the available logical

CPU cores

because of insufficient parallel work, blocking on synchronization, or too much I/0.
Perform function or source line-level profiling with tools like Intel ® VTune™ Profiler to
discover why the CPU is underutilized.

Physical Core Utilization 11%K

>80% | ———
3.4% %
PC Rate SP GFLOPS Memery.stallz 4% 2e0%
S GPU Vectorization 0% >70% | ———
& GPU Utilization when Busy 953%  >80%
0 3.51GHz
DP GFLOPS Average CPU Frequency
GPU Utilization when Busy  Physical Core Utilization Memory Stalls Vectorization
95.3% 11%R 3.4% of Pipeline Slots 0%
EU State of EUs Average Physical Core Utilization Cache Stalls Instruction Mix
1.32 out of 12 Physical Cores 9 Cyc
Active 95.3% SP FLOPs
\dle 0.8% DRAM Stalls 0% of uOps
0.4% of Cycles
Stalled 39% 25 DP FLOPs
DRAM Bandwidth 0% of uOps
GPU Occupancy
95.9% of Peak Value Average 0.03 GB/s Non-FP
Peak 6.34 GB/s 99.8% of UOps
A Bound 0% FP Arith/Mem Rd Instr. Ratio
Memory Footprint st
Rasident N:UMA ote Accesses FP Arith/Mem Wr Instr. Ratio
147 MB 0% of Remote Accesses .
0.01
Virtual

68719932 MB

intel.
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Intel® VTune™ Profiler

GROMACS
SYCL version




VTune GPU analysis

= Host APl and GPU kernels

» Detailed source view on Kernels

» Bandwidth data with Hierarchical Memory Diagram

= Estimate for timing per source line (basic block timing)

» Estimate for memory latency per source line

intel. s



SYCL version of GROMACS

= Clone master branch:
$ git clone https://gitlab.com/gromacs/gromacs.git

» Workload: https://www.mpinat.mpg.de/632209/benchMEM.zip

= Run:

${EXE_DIR}/gmx mdrun -ntmpi $RANKS -ntomp $OMP_NUM_THREADS -nb $MODE -pme cpu -s benchMEM.tpr -nsteps $steps

intel.
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APS report

x| [ 127.00.155001/ui/NBODY-NEV X +

D file:///C:/cygwinG4/home/hbockhor/INCOMING/22.02.15-EuroCC/aps_gromacs.html

o 2022-02-16 050315
per Process: 12

™ Intel(R) XeoniF) Processar cod named Cascadelate
v 350Gz
Count per node: 24
driver:

2412 s

Eupe e 092k 7.81 0.13

7855w "
3.59 GHz

Average CPU Frequency

GPU Utilization when Busy
58.2%R

EU State

idle

Stalled

GPU Occupancy
B0.6%N of Peak Value
Vectorization
56.1%R

Instruction Mix

SP FLOPs

%

Scalar: 34%M from DP FP

Non-FP
92.7% of v

FP Arith/Mem Rd Instr. Ratio
0.26R

FP Arith/Mem Wr Instr. Ratio
094

SP GFLOPS DP GFLOPS.

Serial Time
20125
83.42%R of Elapsed Time

Memaory Footprint

Resident:
882 MB

Virtual
34362707 MB

Your application has significant serial time that can prevent application scalability.
Use OpenMP profiling tools like Intel® VTune™ Profiler to explore serial hotspots and opportunities on parallelization.
-
Serial Time %R <15
OpenMP Imbalance 108%  <10%
Memory Stalls 068 <20% 1
Vectorization 56.1%K >70% —
GPU Utilization when Busy 582%R >80% —
——
OpenMP Imbalance Memory Stalls
0265 20.6%M of Pipeline Slots
1.08% of Elapsed Time
Cache Stalls
14.8% of Cydes
DRAM Stalls
DRAM Bandwicith
3.18.GB/s
1462 GB/s
0%

NUMA

0% of Remote Acc

intel.
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Command lines used

= Basic gpu analysis:

vtune —-collect gpu-hotspots —-r <your-result-dir> -- <executable><args>

= Full instrumentation:

vtune -c gpu-hotspots -knob characterization-mode=instruction-count \
-r <your-result-dir> -- <executable><args>

= Source Instrumentation with timing of basic blocks:

vtune -c gpu-hotspots -knob profiling-mode=source-analysis\
-r <your-result-dir> -- <executable><args>

= Source Instrumentation with only memory inst. timed:

vtune -c gpu-hotspots -knob profiling-mode=source-analysis \
-knob source-analysis=mem-latency -r ..

intel. =



Projec... +

» M ggg

» I NBody
~MNBO...
r000ps
001,
r002gh
r003gh
r004gh
» I sam...
~*[GRO...

Welcome

x| [ 127.00.155001/6i/NBODY-NEV X+

QO & hitps/127.0.0.1:55001/ui/GROMACS/gh

Configure Analysis gh ~

DEMO:
Memory Hierarchy
vtune —c gpu-hotspots

Memory Hierarchy Diagram
GPU PCle  uncore  System
GT GN VRAM uc DRAM
Slice
x6
SubSlice
383GBls —————— 29GB/s
e % 16—
~<— 1.6GB/s — 323.0 MB/s — Trafic Router <™
—
-—
-
+————————————— Total: 1856 GBls ——— >
cpPu

v

Grouping:‘comp\m"g Task VJI?E“E‘
Work Size Computing Task [ Data [ EU Array |
Computing Task EU Threads O« Com
Glabal Local | TotalTime ¥ | AverageTime | Instance Count | SIMDWidth | SVMUsageType | Size | Total GBisec | Acive | Stalled | Ide |

» NbnxmKernel<(beol)0, (boel)0, (Nbnxm::ElecType)4, (Nbnxm:: 4x4x7120  4xdx1 1.226s 0.006s 198 8 0B 0.000 69.0% 26.1% 4.9% 94.8%
» NbnxmKernel<(bool)0, (bool)0, (Nbnxm::ElecType)4, (Nbnxm::! 4x4x7149 4xdx 0614s 0.006s a9 8 0B 0.000 68.8% 26.2% 4.9% 94 8%
» NbnxmKernel<(bool)0, (bool)0, (Nbnxm::ElecType)4, (Nbnxm:: 4x4x7147  4xdx1 0.614s 0.006s 99 8 0B 0.000 68.8%  26.2% 4.9% 94.8%
» NbnxmKernel<(beol)0, (boel)0, (Nbnxm::ElecType)4, (Nbnxm:: 4x4x7137  4xdx1 0.614s 0.008s 99 8 0B 0.000 68.9%  26.1% 5.0% 94.7%
» NbnxmKermnel<(bool)0, (bool)0, (Nbnxm::ElecType)d, (Nbnxm::! 4 x4 x7140 4xdx1 0.614s 0.006s 99 8 0B 0.000 68.8% 26.2% 4.9% 94.8%
» NbnxmKemel<(bool)0, (bool)0, (Nbnxm::ElecType)4, (Nbnxm: 4x4x7117 4xdx1 0.614s 0.006s 99 8 0B 0.000 68.8%  26.2% 5.0% 94.8%
» NbnxmKemel<(bool)0, (bool)0, (Nbnxm::ElecType)4, (Nbnxm: 4x4x7130 4xdx1 0.614s 0.006s 99 8 0B 0.000 68.7% 26.3% 5.0% 94.7%
» NbnxmKemel<(beol)0, (bocl)0, (Nbnxm::ElecType)4, (Nbnxm: 4x4x7162  4xdx1 0.613s 0.006s 99 8 0B 0.000 68.8%  26.1% 5.2% 94.5%
» NbnxmKermel<(bool)0, (bool)0, (Nbnxm::ElecType)d, (Nbnxm::! _4 x4 x 7135 Axdx1 0.612s 0.006s 99 8 0B 0.000 68.9% 26.1% 5.0% 94.7% "
< 2| < >
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APS report
C
Projec... +

» I ggg
» I NBody

~ M NBO...

Thread

Welcome *

x [l 127.00.1:55001/ui/NBODY-NEV % | 4

QO & https//127.0.0.1:55001/ui/GROMACS/gh

GPU Execution Units

DEMO:
Platform (zoomed)

Configure Analysis < gh

23345.716ms

23370ms.

OMP Primary Thread #0 (TID: 1536127)

User Tasks
Start: 23343 904ms Duration: 3.508ms
Task Type: zeEventHostSynchronize

!l! lJ Wil Wlﬂ 14 HC

GPU Computing Threads Dis...
GPU Memory Access 25600 A8 e Py} A -
GPU Texture Sampler
GPU L3 Cache Bandwi... 190219
5Py Shrdocatien. 45 I . AR A . S
GPU Busy
Core Fraquency
< >

[]User Tasks
1 Computing Task
GPU Execution Units
EU Arrays
i Active
i ldle
s Stalled
GPU Computing Threads...
~~ Computing Threads S...
~~ EU Threads Occupancy
GPU Memory Access
Average Bandwidth, GB/sec
s Read
- Write
[ GPU Texture Sampler
[ ~ Sampler Busy

Grouping: Source Computing Task

VXDI

»

NbnxmKemel<(bool)0, (bool)0, (Nbnxm::ElecType)d, (Nbnxm::Vdw]
» zeCommandListAppendMemoryCopy
» NbnxmKernelPruneOnly<(bool)0>

__usmfill<float>

» [Outside any task]

Source Computing Task

Computing Task Data Transferred EU Array

Shared Local Men

| EU Threads Occupancy | Computing Threads Started

Total Time ¥ | Average Time Idle

5.800ms

Total, GBlsec Active

3.320ms 0.184ms 18 14.2MB 4.290 0.0% . 100.0% 0.0% 0
0.539ms 0.180ms 3 0B 0.000 56.0% 175% 26.4% 71.9% 5,346
0.206ms 0.034ms 6 0B 0.000 0.0% 0.0% 100.0% 0.0% 0

Oms 0.2% 1.1% 98.7% 0.4% 23,844

GB/sec

188.241 3
0.000 0000 0.
58.006 16.002 0
0.000 0.000 0.
1.083 0.000 0.
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APS report

C

Projec... +

» ™ ggg
» Im NBody
~ M NBO...
r000ps
r001...
1002gh
r003gh
004gh
» I sam...
~[OGRO...
gh
gh
ghi
ahi
ghl
ghl
ghs
ghs

Welcome

Source

Source Line 4 ‘

x [ 127.00.155001/ui/NBODY-NEV X | +

O G https/127.0.0.1:55001/ui/GROMACS/ghi

Configure Analysis gh gh

Assembly

DEMO: Sonox
characterization-mode
=instruction-count

nbnxm_sycl_kernel.cpp ~

# GPU Instructions Executed by Instruction Type
®Se... @Synchronizat... BInt16 & HPFL.. 0Int32&SPF

Source 8 Control Fl...

847
848
849
850
851
852
853
854
855
856
857
858
859
860
861
862

875

cutoff &

ed) 15,247,802,964 (IR

3,158,901,217 @

89,057,962,872
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APS report x [l 127001:55001/ui/NBODY-NE X + DEMO o -~ o x

© QO B hitps//127.0.0.1:55001/ui/GROMACS/ghs p ro f l l l ng —-mo de =source-— w ® =

Projec... + | Welcome Configure Analysis = | gh gh ghi

analysis
» M ggg
» Im NBody nbnxm_sycl_kernel.cpp
~MNEO... Assembly Wl = 4% &t be | be o
N | T Source 4 Estimated GPU Cycles ~
001...
852 ere
r0029h o535 11% 0
1003gh | 54
1004gh 855
» M sam... |856 £ (! T
~[GRO... |27
. 858
850
gh 860 if constex wComb)
ghi 861 {
ghi 862 . 5 and
ahl 1.4% @
on 865
ghs 366 else
ghs 867 {
868
869 -
870
871 1j
872
873
874
875
876
877
878
879
880
881 n); .
ot e 3 < >
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APS report x [l 127.0.0.155001/ui/NBODY-NEV X | + DEMO S - o X
© O & https//127.00.1:55001/ui/GROMACS/ghl source—-anal ySlils=mem— b =
Projec... + Welcome Configure Analysis ~ gh gh > ghi ghs ghl > latency
» M ggg
» I8 NBody nbnxm_syel_kernel.cpp
~ B NBO... Assembly | M = [#F |4t he | 4e o
ire Source Line & ‘ Source # Average Latency, Cycles »/| Estimated GPU Cycles ~
r001...
848
r002gh | o 1| (el 1= ed))
r003gh 850
r004gh 851
» M sam... 852
~[GRO... |85 B
854 {
h
gh 855
er 856
o 857
ghi 858
ghl 859
ghl 860
861
L T
ghs  ls63 58 7.1% G
864 185 22.6% (D
865
866
867
868 [i * c_clsize +
869
870
871 1jCombJ . 13 1):
872 v
<
.
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Documentation

VVTune cookbooks:

https://www.intel.com/content/www/us/en/develop/documentation/vtune-cookbook/top.html

Vtune on DevCloud:

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

GPU profiling:

https://www.intel.com/content/www/us/en/develop/documentation/vtune-help/top/analyze-
performance/accelerators-group/gpu-compute-media-hotspots-analysis.html

intel. =


https://www.intel.com/content/www/us/en/develop/documentation/vtune-cookbook/top.html
https://www.intel.com/content/www/us/en/develop/documentation/vtune-cookbook/top/configuration-recipes/using-vtune-server-with-vs-code-intel-devcloud.html
https://www.intel.com/content/www/us/en/develop/documentation/vtune-help/top/analyze-performance/accelerators-group/gpu-compute-media-hotspots-analysis.html

Notices & Disclaimers

Performance varies by use, configuration and other factors. Learn more at www.Intel.com/Performancelndex.

Performance results are based on testing as of dates shown in configurations and may not reflect all publicly available
updates. See backup for configuration details. No product or component can be absolutely secure.

Your costs and results may vary.
Intel technologies may require enabled hardware, software or service activation.
Intel does not control or audit third-party data. You should consult other sources to evaluate accuracy.

© Intel Corporation. Intel, the Intel logo, and other Intel marks are trademarks of Intel Corporation or its subsidiaries. Other
names and brands may be claimed as the property of others.
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