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Profiling Software with Intel OneAPI Toolset Profilers: 
Vtune and Advisor



• This Vtune tutorial is based on one provided by Intel, but updated for the 
newer version of tools available 
https://www.intel.com/content/www/us/en/docs/vtune-profiler/tutorial-common-bottlenecks-linux/2020/overview.html

• This tutorial assumes you have access to a Linux PC or VM and X11 or a VNC 
client to allow running the Linux gui.
– The install for MacOS didn’t work because there is no current DPC++ compiler
– The install for Windows was not attempted.

• Follow the links in the Use Case and Prerequisites page to download and 
install
– Vtune Profiler 

sh l_oneapi_vtune_p_2023.0.0.25339.sh  

– DPC++ compiler
sh l_dpcpp-cpp-compiler_p_2023.0.0.25393.sh

• Cmake v3.4+ is also required to generate the makefiles

Prerequisites

https://www.intel.com/content/www/us/en/docs/vtune-profiler/tutorial-common-bottlenecks-linux/2020/overview.html
https://www.intel.com/content/www/us/en/docs/vtune-profiler/tutorial-common-bottlenecks-linux/2020/use-case-and-prerequisites.html
https://www.intel.com/content/www/us/en/developer/articles/tool/oneapi-standalone-components.html#vtune
https://www.intel.com/content/www/us/en/developer/articles/tool/oneapi-standalone-components.html#compilerclassic


git clone -b 2021.2.1 https://github.com/oneapi-src/oneAPI-samples.git

Cloning into 'oneAPI-samples'...
remote: Enumerating objects: 24289, done.
remote: Counting objects: 100% (735/735), done.
remote: Compressing objects: 100% (408/408), done.
remote: Total 24289 (delta 353), reused 639 (delta 316), pack-reused 23554
Receiving objects: 100% (24289/24289), 256.31 MiB | 61.87 MiB/s, done.
Resolving deltas: 100% (15792/15792), done.
Note: switching to 'cb1440584bb64554d573bf7b03225926c2da3651'.

You are in 'detached HEAD' state. You can look around, make experimental
changes and commit them, and you can discard any commits you make in this
state without impacting any branches by switching back to a branch.

If you want to create a new branch to retain commits you create, you may
do so (now or later) by using -c with the switch command. Example:

  git switch -c <new-branch-name>

Or undo this operation with:

  git switch -

Turn off this advice by setting config variable advice.detachedHead to false

Updating files: 100% (3353/3353), done.

Getting the code 



source /opt/intel/oneapi/setvars.sh 
 
:: initializing oneAPI environment ...
   -bash: BASH_VERSION = 5.1.8(1)-release
   args: Using "$@" for setvars.sh arguments: 
:: compiler -- latest
:: debugger -- latest
:: dev-utilities -- latest
:: tbb -- latest
:: vtune -- latest
:: oneAPI environment initialized ::

Setting up the environment



cd oneAPI-samples/Tools/VTuneProfiler/matrix_multiply_vtune/
cmake .
-- The C compiler identification is GNU 11.3.1
-- The CXX compiler identification is IntelLLVM 2023.0.0
-- Detecting C compiler ABI info
-- Detecting C compiler ABI info - done
-- Check for working C compiler: /usr/bin/cc - skipped
-- Detecting C compile features
-- Detecting C compile features - done
-- Detecting CXX compiler ABI info
-- Detecting CXX compiler ABI info - done
-- Check for working CXX compiler: /opt/intel/oneapi/compiler/2023.0.0/linux/bin/icpx - skipped
-- Detecting CXX compile features
-- Detecting CXX compile features - done
-- Configuring done
-- Generating done
-- Build files have been written to: /home/gartung/vtune-tutorial/oneAPI-samples/Tools/VTuneProfiler/matrix_multiply_vtune
[gartung@gartung-desktop matrix_multiply_vtune]$ make
[ 33%] Building CXX object CMakeFiles/matrix.dpcpp.dir/src/matrix.cpp.o
In file included from /home/gartung/vtune-tutorial/oneAPI-samples/Tools/VTuneProfiler/matrix_multiply_vtune/src/matrix.cpp:12:
/opt/intel/oneapi/dev-utilities/2021.8.0/include/dpc_common.hpp:14:36: error: use of undeclared identifier 'cl'
static auto exception_handler = [](cl::sycl::exception_list eList) {
                                   ^
1 error generated.
make[2]: *** [CMakeFiles/matrix.dpcpp.dir/build.make:76: CMakeFiles/matrix.dpcpp.dir/src/matrix.cpp.o] Error 1
make[1]: *** [CMakeFiles/Makefile2:110: CMakeFiles/matrix.dpcpp.dir/all] Error 2
make: *** [Makefile:91: all] Error 2

Compiling the sample code (first try)



● Find other examples of cl::sycl::exception_list in samples
cd oneAPI-samples
git grep cl::sycl::exception_list
Libraries/oneMKL/block_cholesky_decomposition/solve.cpp:    auto error_handler = [&] (cl::sycl::exception_list exceptions) {
Libraries/oneVPL/dpcpp-blur/src/dpcpp-blur.cpp:static auto exception_handler = [](cl::sycl::exception_list exception_list) {
Tools/Advisor/matrix_multiply_advisor/src/multiply.hpp:auto exception_handler = [](cl::sycl::exception_list exceptionList) {
Tools/VTuneProfiler/matrix_multiply_vtune/src/multiply.hpp:auto exception_handler = [](cl::sycl::exception_list exceptionList) {
common/dpc_common.hpp:static auto exception_handler = [](cl::sycl::exception_list eList) {

● Check what headers are included in each
git grep cl::sycl::exception_list | cut -d: -f1 | grep -v ' '| xargs grep include
Libraries/oneMKL/block_cholesky_decomposition/solve.cpp:#include <cstdint>
Libraries/oneMKL/block_cholesky_decomposition/solve.cpp:#include <iostream>
Libraries/oneMKL/block_cholesky_decomposition/solve.cpp:#include <vector>
Libraries/oneMKL/block_cholesky_decomposition/solve.cpp:#include <CL/sycl.hpp>
Libraries/oneMKL/block_cholesky_decomposition/solve.cpp:#include "oneapi/mkl.hpp"
Libraries/oneVPL/dpcpp-blur/src/dpcpp-blur.cpp:#include <algorithm>
Libraries/oneVPL/dpcpp-blur/src/dpcpp-blur.cpp:#include <cstdio>
Libraries/oneVPL/dpcpp-blur/src/dpcpp-blur.cpp:#include <cstdlib>
Libraries/oneVPL/dpcpp-blur/src/dpcpp-blur.cpp:#include <cstring>
Libraries/oneVPL/dpcpp-blur/src/dpcpp-blur.cpp:#include <exception>
Libraries/oneVPL/dpcpp-blur/src/dpcpp-blur.cpp:#include <vector>
Libraries/oneVPL/dpcpp-blur/src/dpcpp-blur.cpp:    #include "CL/sycl.hpp"
Libraries/oneVPL/dpcpp-blur/src/dpcpp-blur.cpp:#include "vpl/mfxdispatcher.h"
Libraries/oneVPL/dpcpp-blur/src/dpcpp-blur.cpp:#include "vpl/mfxvideo.h"
Tools/Advisor/matrix_multiply_advisor/src/multiply.hpp:#include <CL/sycl.hpp>
Tools/VTuneProfiler/matrix_multiply_vtune/src/multiply.hpp:#include <CL/sycl.hpp>
common/dpc_common.hpp:#include <stdlib.h>
common/dpc_common.hpp:#include <exception>
common/dpc_common.hpp:#include <CL/sycl.hpp>

How is cl::sycl::exception_list used and defined?



● Add #include <CL/sycl.hpp> to Tools/Advisor/matrix_multiply_advisor/src/matrix.cpp and Tools/VTuneProfiler/matrix_multiply_vtune/src/matrix.cpp

git diff
diff --git a/Tools/Advisor/matrix_multiply_advisor/src/matrix.cpp b/Tools/Advisor/matrix_multiply_advisor/src/matrix.cpp
index 5914031d..54f25696 100644
--- a/Tools/Advisor/matrix_multiply_advisor/src/matrix.cpp
+++ b/Tools/Advisor/matrix_multiply_advisor/src/matrix.cpp
@@ -6,7 +6,7 @@
 
 #include <malloc.h>
 #include <iostream>
-
+#include <CL/sycl.hpp>
 // dpc_common.hpp can be found in the dev-utilities include folder.
 // e.g., $ONEAPI_ROOT/dev-utilities//include/dpc_common.hpp
 #include "dpc_common.hpp"
diff --git a/Tools/VTuneProfiler/matrix_multiply_vtune/src/matrix.cpp b/Tools/VTuneProfiler/matrix_multiply_vtune/src/matrix.cpp
index 5914031d..54f25696 100644
--- a/Tools/VTuneProfiler/matrix_multiply_vtune/src/matrix.cpp
+++ b/Tools/VTuneProfiler/matrix_multiply_vtune/src/matrix.cpp
@@ -6,7 +6,7 @@
 
 #include <malloc.h>
 #include <iostream>
-
+#include <CL/sycl.hpp>
 // dpc_common.hpp can be found in the dev-utilities include folder.
 // e.g., $ONEAPI_ROOT/dev-utilities//include/dpc_common.hpp
 #include "dpc_common.hpp"

● Compile the sample with the changed header

cd oneAPI-samples/Tools/VTuneProfiler/matrix_multiply_vtune/
make
Consolidate compiler generated dependencies of target matrix.dpcpp
[ 33%] Building CXX object CMakeFiles/matrix.dpcpp.dir/src/matrix.cpp.o
[ 66%] Building CXX object CMakeFiles/matrix.dpcpp.dir/src/multiply.cpp.o
[100%] Linking CXX executable matrix.dpcpp
[100%] Built target matrix.dpcpp

Fix and build the sample



● Start vtune-gui
vtune-gui
libva error: vaGetDriverNameByIndex() failed with unknown libva error, driver_name = (null)
[2798917:0227/125808.021651:ERROR:gpu_memory_buffer_support_x11.cc(44)] dri3 extension not 
supported.
[2798884:0227/125808.374982:ERROR:cert_verify_proc_builtin.cc(690)] CertVerifyProcBuiltin for 
127.0.0.1 failed:
----- Certificate i=0 (CN=gartung-desktop.fnal.gov) -----
ERROR: No matching issuer found

● Click Menu(stacked bars) ->New->Project 
● Name the project, eg tutorial
● Click on the folder icon next to application and navigate to 

location of sample directory and select maxtrix.dpcpp

Start Vtune-gui and configure an analysis





















Install sampling drivers or set kernel parameters

● Directions for installing sampling drivers
● Drivers would not compile on AlmaLinux 9 because of error 

-Werror=implicit-function-declaration
● Set kernel parameters for perf

sudo su -
cat /proc/sys/kernel/perf_event_paranoid
2
echo 0 > /proc/sys/kernel/perf_event_paranoid
cat /proc/sys/kernel/kptr_restrict
1
[root@gartung-desktop ~]# echo 0 > /proc/sys/kernel/kptr_restrict

https://www.intel.com/content/www/us/en/develop/documentation/vtune-help/top/set-up-analysis-target/linux-targets/build-install-sampling-drivers-for-linux-targets.html






Collecting profiles from the command line

● These example command lines are taken from a document I wrote up for a 
student to gather profiles on the CMS Reconstruction process and generate 
text reports.

● Run vtune command to collect profile of reconstruction job
source /uscms/home/gartung/nobackup/intel/oneapi/setvars.sh
vtune -collect hotspots -r r35234.21 -resume-after=120 -data-limit=0 -knob enable-stack-collection=true -knob  
stack-size=4096 -knob sampling-mode=sw -- cmsRun step3-35234.21.py 2>&1 | tee step3-35234.21.log

● Generate a Vtune hotspots report to get the top functions by CPU usage
vtune -report hotspots -r r35234.21 -format=csv -csv-delimiter=semicolon >step3-35234.21.hotspots.csv

● Generate a Vtune gprof_cc report to get the callgraph of reconstruction
vtune -report gprof-cc -r r35234.21 -format=csv -csv-delimiter=semicolon >step3-35234.21.gprof_cc.csv

https://docs.google.com/document/d/1RrwSwlVJTYZWB4OR5uIGttpFbjYO660bQzUacSORTa0/edit


Intel Advisor
● Intel Advisor gives insights into vectorization by identifying loops involving floating point operations that can potentially be vectorized.
● Intel Advisor tutorial
● Download and install Intel Advisor standalone

 sudo sh l_oneapi_advisor_p_2023.0.0.25338.sh 
Extract l_oneapi_advisor_p_2023.0.0.25338 to /home/gartung/vtune-tutorial/l_oneapi_advisor_p_2023.0.0.25338...
[##############################################################################################################################]
Extract l_oneapi_advisor_p_2023.0.0.25338 completed!
X11 connection rejected because of wrong authentication.
Could not detect graphical display, installation will continue in console mode. If you aim to launch the installer graphical user interface under root try `xhost si:localuser:root` 
command and then restart the application.
Checking system requirements...
Done.
Wait while the installer is preparing...
Done.
Launching the installer...
Remove extracted files: /home/gartung/vtune-tutorial/l_oneapi_advisor_p_2023.0.0.25338…

● Run advisor-gui and create a project in a similar way to Vtune example and use the example example generated by the code in

cd oneAPI-samples/Tools/Advisor/matrix_multiply_advisor; mkdir build; cd build; cmake ..; make

https://www.intel.com/content/www/us/en/develop/documentation/advisor-user-guide/top/introduction/tutorials-and-samples.html
https://www.intel.com/content/www/us/en/developer/articles/tool/oneapi-standalone-components.html#advisor



