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Profiling your application: what does it mean?

Profiling your application means looking for ways to improve its performance.

The main focus is almost always to reduce the overall runtime.

Assumptions for this presentation

• Your application runs on GPU 

• You know what is the main purpose of each GPU kernel in your application

• You are aware that moving data between CPU and GPU has a toll on the overall runtime

• (Optional) You have observed that your application performs better on non-AMD hardware, despite 

comparable specifications

AMD @ CASTIELOct 28-30, 2025
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What you’ll learn in this presentation

Learning outcomes for this presentation

• Profiling basics 

➢ Learn how to measure where your application spends time on the GPU, including kernel execution and 

data transfers

• Bottleneck identification

➢ Discover how to pinpoint basic performance limitations

• Performance assessment and optimization

➢ Learn where to look for opportunities to improve performance and how to evaluate them

AMD @ CASTIELOct 28-30, 2025
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Before using profilers

• rocm-smi (later amd-smi) – CLI tool for monitoring overall GPU activity 

• export AMD_LOG_LEVEL=3 – HIP logging, very verbose

• export LIBOMPTARGET_INFO=-1 – OpenMP offload activity (memory copies, kernel offload etc.)

• export LIBOMPTARGET_KERNEL_TRACE=1 – kernel names, number of teams/threads, register usage

AMD @ CASTIELOct 28-30, 2025
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We’ll focus on a Jacobi solver example

• Clone our HPCTrainingExamples repo and navigate to the HIP/Jacobi directory:

 git clone https://github.com/amd/HPCTrainingExamples.git

 cd HPCTrainingExamples/HIP/jacobi

• This is a code that implements a Jacobi solver to solve Poisson’s equation (a partial differential equation) 

discretized with a finite difference scheme

• HIP is used to offload the most relevant computations to the GPU

• MPI is used to handle parallel runs, though for simplicity here we will just consider serial runs

For more details, see the dedicated blog post on the Jacobi example

AMD @ CASTIELOct 28-30, 2025

https://github.com/amd/HPCTrainingExamples.git
https://en.wikipedia.org/wiki/Jacobi_method
https://rocm.blogs.amd.com/high-performance-computing/jacobi/README.html
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AMD tools overview
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AMD has three GPU profiling tools

librocprofiler-sdk library - tracing and profiling infrastructure for developing tools

rocprofv3 
GPU tracing and counter collection

rocprof-sys
GPU and CPU tracing

rocprof-compute
GPU kernel performance analysis

Oct 28-30, 2025 AMD @ CASTIEL
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Profiling flow chart

AMD @ CASTIELOct 28-30, 2025
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Establishing the baseline

AMD @ CASTIELOct 28-30, 2025

git clone https://github.com/amd/HPCTrainingExamples.git

cd HPCTrainingExamples/HIP/jacobi

module load rocm amdclang openmpi

make -j

./Jacobi_hip -g 1 1

this is the baseline

https://github.com/amd/HPCTrainingExamples.git
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Identifying the bottlenecks with rocprofv3

AMD @ CASTIELOct 28-30, 2025

First, check that rocprofv3 is available and is taken from the ROCM_PATH

Then, run the command below which will provide a summary of kernel activity on the GPU for the Jacobi 

example

rocprofv3 --kernel-trace --stats --summary --truncate-kernels --output-format csv 
          --output-directory output_dir -- ./Jacobi_hip -g 1 1

Additional rocprofv3 output displayed after the one shown in the previous slide:
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Analysis of rocprofv3 command

AMD @ CASTIELOct 28-30, 2025

rocprofv3 --kernel-trace 
     For collecting Kernel Dispatch Traces

          --stats 
                For collecting statistics of enabled tracing types. Must be combined with one or      

     more tracing options. No default kernel stats unlike previous rocprof versions

          --summary 
    Output single summary of tracing data at the conclusion of the  

                    profiling session
          --truncate-kernels 
    Truncate the demangled kernel names. In earlier rocprof versions, this was known 

      as --basenames [on/off]
          --output-directory output_dir 
       For adding output path where the output files will be saved. If nothing specified 

       default path is `%hostname%/%pid%`
                    --output-format csv
     For adding output format (supported formats: csv, json, pftrace, otf2, rocpd)

          -- ./Jacobi_hip -g 1 1
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Analyzing rocprofv3 data

AMD @ CASTIELOct 28-30, 2025

Approx: 0.779403662 sec Time spent on GPU

Total time of simulation
About 96% of the overall 

time is spent on GPU
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Background – What is roofline?

• Attainable FLOPs/s =

• 𝑚𝑖𝑛 ቊ
𝑃𝑒𝑎𝑘 𝐹𝐿𝑂𝑃𝑠/𝑠
𝐴𝐼 ∗ 𝑃𝑒𝑎𝑘 𝐺𝐵/𝑠

• Machine balance:

• Where 𝐴𝐼 =
𝑃𝑒𝑎𝑘 𝐹𝐿𝑂𝑃𝑠/𝑠

𝑃𝑒𝑎𝑘 𝐺𝐵/𝑠

• Five performance regions:

• Unattainable compute

• Unattainable bandwidth

• Compute bound

• Bandwidth bound

• Poor performance

Oct 28-30, 2025 AMD @ CASTIEL
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Use rocprof-compute to get a roofline

AMD @ CASTIELOct 28-30, 2025

module load rocm amdclang openmpi rocprofiler-compute

rocprof-compute profile --name jacobi 
                                                         Assign a name to workload
      --roof-only 
    Profile roofline data only

                         --device 0 
          Target GPU device ID. (DEFAULT: ALL)

      --kernel NormKernel1
      Kernel filtering

           -- ./Jacobi_hip -g 1 1
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Roofline for NormKernel1

AMD @ CASTIELOct 28-30, 2025

The kernel is far from the 

memory bandwidth bound

It looks like the kernel is 

latency bound
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What is occupancy

AMD @ CASTIELOct 28-30, 2025

The kernel is far from the 

memory bandwidth bound

Occupancy = # resident wavefronts / maximum # wavefronts the GPU can have in-flight

From rocminfo on MI300A

A wave is 64 work items (threads) so Max Waves per CU = 2048 / 64 = 32

Note: higher occupancy can help hide latency
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Analyze hardware resource usage

AMD @ CASTIELOct 28-30, 2025

rocprofv3 --pmc OccupancyPercent --truncate-kernels --output-directory output_dir 
   --output-format csv -- ./Jacobi_hip -g 1 1

cd output_dir/ppac-pl1-s24-16  

cat *.csv | grep NormKernel1

performance monitoring counters

VGPR (count)

The occupancy is low and the VGPR and SGPR usage is also low (each CU in MI300A has a 

maximum of 800 32-bit SGPRs available per wavefront), this means the low occupancy is not 

caused by register pressure:

https://rocm.blogs.amd.com/software-tools-optimization/register-pressure/README.html 

LDS block size

Workgroup size

SGPR (count)

https://rocm.blogs.amd.com/software-tools-optimization/register-pressure/README.html
https://rocm.blogs.amd.com/software-tools-optimization/register-pressure/README.html
https://rocm.blogs.amd.com/software-tools-optimization/register-pressure/README.html
https://rocm.blogs.amd.com/software-tools-optimization/register-pressure/README.html
https://rocm.blogs.amd.com/software-tools-optimization/register-pressure/README.html
https://rocm.blogs.amd.com/software-tools-optimization/register-pressure/README.html
https://rocm.blogs.amd.com/software-tools-optimization/register-pressure/README.html
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Optimize the NormKernel1 kernel

AMD @ CASTIELOct 28-30, 2025

see HIP/jacobi/Norm.hip

Each CU has 64KiB of LDS available

LDS is shared among workgroups

We are currently using a workgroup size (block_size)
of 128 (also seen in previous slide) to allocate 

block_size floats so:

128  [float] * 8 [bytes/float] = 1024 bytes = 1 KiB

hence if we had no limit on the number of workgroups per CU, 

we could use a max of 64 workgroups per CU with this LDS usage 

                          but

with 2048 being the max # of threads per CU and 128 being

the current workgroup size, we can have 16 workgroups per CU max
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Proposed optimization

AMD @ CASTIELOct 28-30, 2025

block_size = 128     wavefronts per workgroup: 128 / 64 = 2

allocated LDS per workgroup:

128  [float] * 8 [bytes/float] = 1024 bytes = 1 KiB

total LDS available on MI300A = 64KiB (with no constraints, could use 64 workgroups per CU max)

max workgroups per CU:

2048 (max # of threads / CU) / 128 (# threads / block) = 16 (# workgroup / CU)

Current implementation

block_size = 1024    wavefronts per workgroup: 1024 / 64 = 16

allocated LDS per workgroup:

1024  [float] * 8 [bytes/float] = 8192 bytes = 8 KiB

total LDS available on MI300A = 64KiB (with no constraints, could use 8 workgroups per CU max)

max workgroups per CU:

2048 (max # of threads / CU) / 1024 (# threads / block) = 2 (# workgroup / CU)

Improved implementation

The max number of waves per

CU is the same (32) but in the

second case there are more

waves per workgroup that can 

share LDS and hide latency

Note: both cases have a max

of 32 waves per CU (in theory)



20

[Public]

Evaluate performance after optimization -- occupancy

AMD @ CASTIELOct 28-30, 2025

Uncomment line 7 in Norm.hip, compile and run again:

rocprofv3 --pmc OccupancyPercent --truncate-kernels --output-directory output_dir2 
   --output-format csv -- ./Jacobi_hip -g 1 1

cd output_dir2/ppac-pl1-s24-16  

cat *.csv | grep NormKernel1

The occupancy is now around 70% (it was around 3.3% before)
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Evaluate performance after optimization -- roofline

AMD @ CASTIELOct 28-30, 2025

Before (block_size 128) After (block_size 1024)
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Evaluate performance after optimization -- timings

AMD @ CASTIELOct 28-30, 2025

Before (block_size 128) After (block_size 1024)

There has been a 2x speedup in time to solution



23

[Public]

Additional resources

AMD @ CASTIELOct 28-30, 2025

Three-part profiling guide on ROCm blogs:

❖ Intro:

https://rocm.blogs.amd.com/software-tools-optimization/profiling-guide/intro/README.html 

❖ Novice (the one shown here): 

https://rocm.blogs.amd.com/software-tools-optimization/profiling-guide/novice/README.html  

❖ Advanced:

https://rocm.blogs.amd.com/software-tools-optimization/profiling-guide/advanced/README.html 

https://rocm.blogs.amd.com/software-tools-optimization/profiling-guide/intro/README.html
https://rocm.blogs.amd.com/software-tools-optimization/profiling-guide/intro/README.html
https://rocm.blogs.amd.com/software-tools-optimization/profiling-guide/intro/README.html
https://rocm.blogs.amd.com/software-tools-optimization/profiling-guide/intro/README.html
https://rocm.blogs.amd.com/software-tools-optimization/profiling-guide/intro/README.html
https://rocm.blogs.amd.com/software-tools-optimization/profiling-guide/intro/README.html
https://rocm.blogs.amd.com/software-tools-optimization/profiling-guide/intro/README.html
https://rocm.blogs.amd.com/software-tools-optimization/profiling-guide/novice/README.html
https://rocm.blogs.amd.com/software-tools-optimization/profiling-guide/novice/README.html
https://rocm.blogs.amd.com/software-tools-optimization/profiling-guide/novice/README.html
https://rocm.blogs.amd.com/software-tools-optimization/profiling-guide/novice/README.html
https://rocm.blogs.amd.com/software-tools-optimization/profiling-guide/novice/README.html
https://rocm.blogs.amd.com/software-tools-optimization/profiling-guide/novice/README.html
https://rocm.blogs.amd.com/software-tools-optimization/profiling-guide/novice/README.html
https://rocm.blogs.amd.com/software-tools-optimization/profiling-guide/advanced/README.html
https://rocm.blogs.amd.com/software-tools-optimization/profiling-guide/advanced/README.html
https://rocm.blogs.amd.com/software-tools-optimization/profiling-guide/advanced/README.html
https://rocm.blogs.amd.com/software-tools-optimization/profiling-guide/advanced/README.html
https://rocm.blogs.amd.com/software-tools-optimization/profiling-guide/advanced/README.html
https://rocm.blogs.amd.com/software-tools-optimization/profiling-guide/advanced/README.html
https://rocm.blogs.amd.com/software-tools-optimization/profiling-guide/advanced/README.html
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Disclaimer

Oct 28-30, 2025 AMD @ CASTIEL

The information presented in this document is for informational purposes only and may contain technical inaccuracies, omissions, and typographical 

errors. The information contained herein is subject to change and may be rendered inaccurate for many reasons, including but not limited to product 

and roadmap changes, component and motherboard version changes, new model and/or product releases, product differences between differing 

manufacturers, software changes, BIOS flashes, firmware upgrades, or the like. Any computer system has risks of security vulnerabilities that cannot 

be completely prevented or mitigated.  AMD assumes no obligation to update or otherwise correct or revise this information. However, AMD reserves 

the right to revise this information and to make changes from time to time to the content hereof without obligation of AMD to notify any person of such 

revisions or changes.

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.

Third-party content is licensed to you directly by the third party that owns the content and is not licensed to you by AMD.  ALL LINKED THIRD-PARTY 

CONTENT IS PROVIDED “AS IS” WITHOUT A WARRANTY OF ANY KIND.  USE OF SUCH THIRD-PARTY CONTENT IS DONE AT YOUR 

SOLE DISCRETION AND UNDER NO CIRCUMSTANCES WILL AMD BE LIABLE TO YOU FOR ANY THIRD-PARTY CONTENT.  YOU ASSUME ALL 

RISK AND ARE SOLELY RESPONSIBLE FOR ANY DAMAGES THAT MAY ARISE FROM YOUR USE OF THIRD-PARTY CONTENT.

© 2025 Advanced Micro Devices, Inc. All rights reserved. AMD, the AMD Arrow logo, AMD CDNA, AMD ROCm, AMD Instinct, and 

combinations thereof are trademarks of Advanced Micro Devices, Inc. in the United States and/or other jurisdictions. Other names are for 

informational purposes only and may be trademarks of their respective owners.

Git and the Git logo are either registered trademarks or trademarks of Software Freedom Conservancy, Inc., corporate home of the Git Project, in the 

United States and/or other countries
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