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HPC Community Tools

TAU
https://www.cs.uoregon.edu/research/tau/home.php

HPCToolkit
https://hpctoolkit.qgitlab.io/

Score-P
https://www.vi-hps.org/projects/score-p/overview/overview.html

Likwid
https://docs.hpc.gwdqg.de/software stacks/applications/likwid/index.html

Scalasca
https://scalasca.org/

Grafana
https://grafana.com/

Perfetto
https://ui.perfetto.dev/
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TAU

Tuning and Analysis Utilities, developed at University of Oregon

Scalable and flexible performance analysis toolkit

Automatic instrumentation through Program Database Toolkit (PDT) for routines, loops, 1/0, memory,
phases, etc.
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Installing TAU

Installed from the public mirror on GitHub
(currently using GIT_COMMIT="23a56e2al1a728e99ff03341c30f9d24892c5952b"):
git clone https://github.com/UO-OACISS/tau2.git
cd tau2
git checkout $GIT_COMMIT
wget http://tau.uoregon.edu/ext.tgz
tar zxf ext.tgz

# in the latest version of TAU -roctrace and -rocprofiler are mutually exclusive and -roprofsdk should be used
ROCM_FLAGS="-rocm=${ROCM_PATH} -hip=${ROCM_PATH} -rocmsmi=${ROCM_PATH} -roctracer=${ROCM_PATH} -
rocprofiler=${ROCM_PATH}"

result="echo $ROCM VERSION | awk '$1>6.1.2'" && echo $result
if [[ "${result}" ]]; then # ROCM_VERSION >= 6.2
ROCM_FLAGS="-rocm=${ROCM_PATH} -hip=${ROCM_PATH} -rocmsmi=${ROCM_PATH} -rocprofsdk=${ROCM_PATH}"

fi
# configure with: MPI OMPT OPENMP PDT ROCM
./configure -c++=amdclang++ -fortran=gfortran -cc=amdclang -prefix=${TAU_PATH} -zlib=download -otf=download
-unwind=download -bfd=download ${ROCM FLAGS} -mpi -ompt -openmp -pdt=${PDT_PATH} -iowrapper

/ TAU creates a library for every configuration
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https://github.com/UO-OACISS/tau2.git

How to use TAU

There are mainly two approaches to use an application with TAU and GPUs

Use TAU Wrappers

For C: replace the compiler with tau_cc.sh
For C++: replace the compiler with tau_cxx.sh
For Fortran: replace the compiler with tau_f90.sh

Dynamic instrumentation, for example:

srun -n 2 -gpus 2 tau_exec —T rocm,rocprofiler -rocm ./test
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TAU example in HPCTrainingExample repo

cd ${REPO_DIR}/HIP/jacobi

module load rocm
module load openmpi

module load tau

TAU_PROFILE=${TAU_PROFILE}
t TAU_TRACE=${TAU_TRACE}

rm -rf profile.@*
rm -rf tautrace.®*
make clean

make

ion | head -1 | cut -f1 -d'-' °

% echo $result

mpirun -n 2 tau_exec -rocm -T rocm,rocprofsdk ./Jacobi hip -g 2 1
else

mpirun -n 2 tau_exec -T rocm,roctracer,rocprofiler ./Jacobi_hip -g 2

1s
pprof

Full code at: https://github.com/amd/HPCTrainingExamples/blob/main/tests/tau exec check.sh
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https://github.com/amd/HPCTrainingExamples/blob/main/tests/tau_exec_check.sh

Jacobi example (MPI+HIP) — Part 1/2

Using tau_exec with ROCm options (MPI is included unless the serial is declared)
srun -n 2 --gpus 2 tau_exec -T rocm,rocprofiler,roctracer -rocm ./Jacobi_hip -g 2 1

Partial output of pprof command:

NODE 0;CONTEXT ©;THREAD 0:

%Time Exclusive Inclusive #Call #Subrs Inclusive Name .
______________ mec totalmec ~ wecreall On the top of the output you see Node 0 (means first MPI
le8.8 7 1,942 1 1 1842701 .TAU application H
%96 25 11935 i 14020 1935195 taupretoad main process) and the thread 0 is always on the CPU, the names are
32.5 630 630 1 1 630890 MPI_Init() b t TAU . d t th |
31.6 613 613 1005 0 611 hipMemecpy
18.8 0.859 365 1 3 365638 roctx: Jacobi_t:;‘Jacobi_t::Top Level Init abou namlng an no €rea processes
15.6 0.138 303 1 6 303459 roctx: CreateMesh::Init H H
2.8 248 248 : o 242087 hipMemset Then you can see the percentage of the time, the exclusive
7.6 147 147 1 2 147517 MPI_Finalize() . . .
3.1 s 60 1 10 60800 roctx: Initializeata::Init duration and other information for all the calls from the code
2.8 54 54 2 c] 27380 hipStreamCreate ’
2.5 49 49 2008 ] 25 hipStreamSynchronize
2.1 1 40 1000 2000 40 roctx: Halo D2H::Hale Exchange MP', and HIP API
1.7 2 33 1800 3008 34 roctx: MPI Exchange::Halo Exchange
1.5 29 29 5002 ] 6 hipLaunchkernel
1.5 28 28 1000 8 29 MPI_Waitall()
1.2 1 22 1800 2008 23 roctx: Halo H2D::Halo Exchange
1.1 3 21 1003 3009 21 MPI_Allreduce()
0.9 18 18 1005 ] 18 MPI Collective Sync
0.6 10 10 2008 ] 5 hipEventRecord
0.4 7 7 1080 ] 7 hipMemcpyAsync
6.2 4 4 1068 c] 5 hipMemcpy2DAsync
8.1 2 2 1068 c] 3 MPI_Isend()
8.1 2 2 1001 ] 2 hipDeviceSynchronize
0.1 1 1 7 ] 217 hipMalloc
0.1 1 il 1 3 1320 roctx: ApplyTopology::Init
8.1 0.22 il 1 3 1182 MPI_Comm_dup()
0.1 1 1 1000 ] 1 hipEventElapsedTime
0.1 6.983 0.983 2018 ] 0 hipPointerGetAttributes
0.0 0.637 0.637 1008 c] 1 MPI_Irecv()
0.0 0.525 0.525 3 0 175 hipHostMalloc
8.0 @.131 G 31 1 3 310 MPI_Allgather()
0.0 I GE] 0.163 2 ] 82 pthread_join
0.0 0.012 8.012 2 5} 6 hipGetDeviceCount
8.0 0.887 6.887 2 c] 4 hipEventCreate
0.0 0.084 0.004 3 c] 1 MPI_Barrier()
6.0 0.004 0.004 1 c] 4 hipSetDevice
8.0 0.081 6.801 1 c] 1 hipInit
] 1 ] 8 MPI_Comm_rank R H
Ot 21-23, 2025 ¢ 1 o QEigmowo AMD @ Tsukuba University AMD1

_______________________________________________________________________________________ together we advance_



Jacobi example (MPI+HIP) — Part 2/2

If you continue reading the output of the pprof, we can see the data transfers on thread 1 and 3, these are
streams as the code uses stream

Thread 2 is the actual process on the GPU, we can see the names of the kernels called, duration and
other information

NODE 8;CONTEXT ;THREAD 1:

Time  Exclusive
msec

Inclusive
total msec

Inclusive
usec/call

890197
2454

.TAU application
CopyHostToDevice
CopyDeviceToHost

Time  Exclusive

Inclusive
total msec

Inclusive
usec/call

msec

100.0 94
48.2 372
21.8 168
16.5 127
1.0 8
0.3 2

773552
372
168
128

8
2

.TAU application

KernelExecution NormKernell(int, double, double, double const*, doublet)

KernelExecution JacobiIterationKernel(int, double, double, double const*, double const*, double*, double*)
KernelExecution LoczlLaplaciankernel(int, int, int, double, double, double const*, double*)
KernelExecution HaloLaplacianKernel{int, int, int, double, double, double const*, double const¥, double¥)

KernelExecution NormkKernel2({int, double const*, double®)

Time  Exclusive
msec

Inclusive
total msec

Inclusive
usec/call
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2600
0
0

771690
24
1

.TAU application
CopyDeviceToDevice2D
CopyHostToDevice
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Jacobi visualization with Paraprof

Pack the profiling data to a file:
paraprof --pack jacobi.ppk

Then execute the paraprof tool

paraprof jacobi.ppk
Each color represents a different routine/API call, each row maps to the information on the left, mean/min/max/stdev
values across all the threads, when you go the mouse over a color, it pop ups the name of the event as it is

demonstrated.
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Jacobi - Communication Matrix

Windows -> 3D Communication Matrix

Sender

3. 2768E7
2 4576E7

1. BIBET
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Jacobi - Callgraph

Windows -> Thread -> Callgraph and select a thread, we chose the CPU thread (0)
The color indicates which calls take more time than others (blue color) as also you can see the call dependencies

Oct 21-23, 2025

TAU: ParaProf: Call Graph for n,c,t, 0,0,0 - jacobi.ppk =

.TAU application

taupreload_main

Exchan Halo Exc...

e i
hipMemcpy hipEventCreate

hipPointerGetAttributes MFI Collective Sync

AMD @ Tsukuba University

AMDZU

together we advance_



Jacobi - Tracing

Activate tracing: export TAU TRACE=1

Now we have one TRC file per thread and one EDF file per MPI process

Merge all the files with the command: tau_treemerge.pl now there are two files named tau.trc and tau.edf
Create a json file to visualize with perfetto: tau traceZ2json tau.trc tau.edf -chrome -ignoreatomic -o jacobi.fjson

mh m Elm a muu o -EE_EI‘ - | \m@i E‘ \-ﬂ_—a_ﬂ!‘l‘ \-:m_mzl I-MI‘

A 03219

|

CPU -mz_ul II II\II II III_EE_\III II IIIII II IIII-EE_AIIII II IIII-EMIIII II L hdemay III II IIHIII II I_EE_III II l_m:".u—ll II _EEZ_IIII II L hibencpy |

TAU application
KernelExecution . Kemne__ || KernelE . KemelExecution No_ Kemne_ || KemelE_  KernelExecution No_. Kemne_ || KemelE_  KemelExecution No_ Keme__ | KemelE_  KemelExecution No_ Keme_ J| KernelE . KemelExecution No_ Keme_ || KemelE_  KemelExecution No_ Keme_ || KemelE_  KemelExecution No_ Keme_ li| KemelE_  KemelExecution No... Kerne_ | KernelE_  KernelExecution No_. Keme_ J| KemelE_. KemelExecution No._ Kerne_ || KemelE_  KernelExecution No_.
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Porting an MPI CPU application

|dentify hot loops for CPU code using TAU with PDT

Child C

Igodrod.
{godmeod.fe

OTH [{rmgccrnod. f
TE [fmg
{rngccrmod feol {
) [{godmod. f80} {

{godrod.feo}
[Tgodmod.
[{godmod.fed} {

SRDF3D [{geometn
hrod.fa

throd. fao} 6§58,11}] [THROTTLED]
a0 [{ stensionmod f0} {581,13-{665,6}]
[{mathmod.fe0} {26 2,81 [THROTTLED]

D0TH [{mgecemod, f
MOOTH [{mgcecmod. f90} |
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Fortran+OMP offloading (Nekbone)

Execute the application and declare to tau_exec to profile ROCm events (MPI is activated by default,
otherwise define SERIAL)

srun —n1 tau_exec -T rocm,rocprofiler,roctracer -rocm ./nekbone data
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HPCToolkit: Overview

Not an AMD profiler - developed for 20+ years, mainly at Rice University
HPCToolkit - suite of tools for tracing, profiling and analyzing parallel programs

Combine sampling data with a static analysis of the program structure for loops and inline functions
Present top-down, bottom-up and flat views of calling context tree and time-sequence trace view

Low overhead, easy to use, interactive analysis with hpcviewer
No instrumentation or recompilation needed, as long as “-g” compiler flag is used
Supports threads (pthreads, OpenMP®), MPI, hybrid (MPI+threads), and GPUs (AMD, Intel®, NVIDIA)
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Installing HPCToolkit

HPCToolkit — integrated suite of tools for measurement and analysis of program performance on

computers ranging from multicore desktop systems to GPU-accelerated supercomputers (Rice University)

Installation from Gitlab repo using Meson:

pipx install 'meson>=1.3.2°

export PATH=$HOME/.local/bin:$PATH

git clone https://gitlab.com/hpctoolkit/hpctoolkit.git

git checkout @bfc9cd58da73e3e5b973d754677ebfe2b0da55d

cd hpctoolkit

export CMAKE_PREFIX PATH=$ROCM PATH:$CMAKE_ PREFIX_ PATH

meson setup -Drocm=enabled --prefix=${HPCTOOLKIT PATH}
--1ibdir=${HPCTOOLKIT PATH}/1lib build

cd build

meson compile

meson install

Oct 21-23, 2025 AMD @ Tsukuba University
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https://gitlab.com/hpctoolkit/hpctoolkit

HPCToolkit Capabilities at a Glance

Somaser VRS whyet st 200§ Bavemey |30 N

Execution time
Increases 2.8x in the
loop that scales wors!

loop contributes a
6.9% scaling loss to
whole execution

Pinpoint & Quantify Assess Imbalance
Scaling Bottlenecks and Variability

Analyze Behavior Shift Blame from
over Time Symptoms to Causes

;/r\q RICE hpctoolkit.org

Profiling with HPCToolkit by Mark W. Krentel: AMDA
https.//www.alcf.anl.gov/sites/default/files/2020-05/hpctoolkit-2020.pdf together we advance_

Associate Costs with Data
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HPCToolkit's Workflow for GPU-accelerated Applications

hpcrun

Profile execution on Profile
CPUs and GPUs Files

Source Optimized :
] iz o ian]

Compile & Link

hpcstruct

Analyze CPU/GPU Program
program structure Structure

hpcviewer hpcproffhpcprof-mpi

Present trace view and Interpret profile
rofile view Database Correlate w/ source

. . Performance Analysis of GPU-accelerated OpenMP Applications using AMDZU
Oct 21-23, 2025 AMD @ Tsukuba University HPCToolkit by John Mellor-Crummey: https://www.openmp.org/wp- together we advance_
content/uploads/HPC Toolkit-OpenMP-2023-08.0dft-2020.pdf
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HPCToolkit examples in HPCTrainingExample repo

# This

# runs without

module load rocm

module load hpctoolkit

wg g

REPO_DIR="4$(dirname "$(dirname "$(readlink -fm "$@")")")"

pushd ${REPO_DIR}/HIP/Stream Over -Orig/
rm -rf build for_ test

mkdir build for_test; cd build for_test
cmake ../

make -j

hpcrun -e CPUTIME -e gpu=amd -t ./ pute_comm_overlap 2

1s hpctoolkit-compute_comm_overlap-measuremen

hpcstruct

# This test checks that hpcs

runs without errors

module load rocm

module load hpctoolkit

REPO_DIR=

pushd ${REPO_DIR}/

rm -r+ build for

mkdir build for test; cd build for test
cmake

make -j

hperun -e CPUTIME -e& gpu=amd -t

hpcstruct hpctoolkit-compute_comm_overlap-measurements™

oolkit-compute comm overlap-measurements®

ompute_comm_overlap 2

hpcprof

# This test checks that hpcpro

# runs without errors
module load rocm

module load hpctoolkit

REPO_DIR="$(dirname "$(dirname "$(readlink -fm "$@")")")"
hd ${REPO_DI

rm -rf build_for

mkdir build for test; cd build for test

cmake ../

HIP/Stream Overl

make -Jj

hpcrun -e CPUTIME -e gpu=amd -t ompute_ comm_ov
hpcstruct hpctoolkit-compute_comm_overlap-measurements®
hpcprof hpctoolkit-compute comm_overlap-measurements®

1s hpctoolkit-compute comm overlap-database*

Full code at: https://github.com/amd/HPCTrainingExamples/blob/main/tests/
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DISCLAIMERS AND ATTRIBUTIONS

The information contained herein is for informational purposes only and is subject to change without notice. While every precaution has been taken
in the preparation of this document, it may contain technical inaccuracies, omissions and typographical errors, and AMD is under no obligation to
update or otherwise correct this information. Advanced Micro Devices, Inc. makes no representations or warranties with respect to the accuracy or
completeness of the contents of this document, and assumes no liability of any kind, including the implied warranties of noninfringement,
merchantability or fitness for particular purposes, with respect to the operation or use of AMD hardware, software or other products described
herein. No license, including implied or arising by estoppel, to any intellectual property rights is granted by this document. Terms and limitations
applicable to the purchase or use of AMD’s products are as set forth in a signed agreement between the parties or in AMD's Standard Terms and
Conditions of Sale. GD-18

THIS INFORMATION IS PROVIDED ‘AS IS.” AMD MAKES NO REPRESENTATIONS OR WARRANTIES WITH RESPECT TO THE
CONTENTS HEREOF AND ASSUMES NO RESPONSIBILITY FOR ANY INACCURACIES, ERRORS, OR OMISSIONS THAT MAY
APPEAR IN THIS INFORMATION. AMD SPECIFICALLY DISCLAIMS ANY IMPLIED WARRANTIES OF NON-INFRINGEMENT,
MERCHANTABILITY, OR FITNESS FOR ANY PARTICULAR PURPOSE. IN NO EVENT WILL AMD BE LIABLE TO ANY PERSON FOR
ANY RELIANCE, DIRECT, INDIRECT, SPECIAL, OR OTHER CONSEQUENTIAL DAMAGES ARISING FROM THE USE OF ANY
INFORMATION CONTAINED HEREIN, EVEN IF AMD IS EXPRESSLY ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

© 2023 Advanced Micro Devices, Inc. All rights reserved.

AMD, the AMD Arrow logo, Radeon™  Instinct™, EPYC, Infinity Fabric, ROCm™, and combinations thereof are trademarks of Advanced
Micro Devices, Inc. Other product names used in this publication are for identification purposes only and may be trademarks of their
respective companies.

The OpenMP name and the OpenMP logo are registered trademarks of the OpenMP Architecture Review Board
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