CPU Profiling

Profile applications to analyze performance bottlenecks. In-depth analysis at all levels of application:

process, thread, module, function, source line, instruction.
Supports call-stack sampling, IMIX reporting. On FreeBSD, only EBP profiling supported.

Profile Types
= TBP - Software timer-based sampling
= EBP - CPU event-based sampling
= |BS - CPU IBS MSR based sampling
= (ustom - Choose events from TBP, EBP, IBS to create specialized custom type.

Profile Scopes: Per-process, System-wide
0S: Windows, Linux, FreeBSD
Languages: (, C++, Fortran, Java, .NET, Assembly

CLI option syntax:

collect [--config <type> | -e <event-specifier>] [<PROGRAM>] translate -i <session-dir path>
report [--view-config <type>]

profile [--config <type> | -e <event-specifier>] [<PROGRAM>]

diff --baseline <base path> --with <non-base path> -0 <out-dir>

info [--help] [options]

Supported Predefined Configs list (Refer Appendix-E):

S

Supported Predefined Events list:
S

Supported PMU (EBP) Events list:
S

Supported View Configs list:
S

Collect command example:

S

Report command examples:

S

Profile command example:

S

Power Profiling

Profile the system for power, thermal, and frequency characteristics.
Report is generated on-the-fly by the Timechart command.

0S: Windows, Linux

CLI option syntax:
AMDuProfCLI timechart [<options>] <program> [<args>]

Supported Counter Categories list:

5

Timechart command example:

S
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MPI PrOflllng (Linux only)

Profile MPI applications to analyze the hotspots. This is similar to performing CPU
profiling on a cluster.

Supported MPI spec: MPI-3.1 or later
Languages: C, C++, Fortran
Implementations: MPICH and derivatives (Ex. Intel MPI), Open MPI, ParaStation MPI

CLI option syntax:
mpirun [options] AMDuProfCLI [options] <program> [<args>]

Collect command example-1:
$ mpirun -np 4 ./AMDuProfCLI collect --config tbp --mpi -o/tmp/myapp-perf
./myapp.exe

Report command example-1:
$ AMDuProfCLI report -i /tmp/myapp-perf/AMDuProf-myapp_MPI --host all

Collect command example-2:
$ mpirun -np 32 --host SHOSTNAMET1:16,SHOSTNAME2:16 AMDuProfCLI collect
--config assess --mpi -0 /tmp/multihost./myapp.exe

Report command example-2:

$ AMDuProfCLI report -i /tmp/multihost/AMduProf_myapp- assess_MPI --host all
--detail

MPI Tracing (Linux only)

Trace MPI applications to analyze compute and message passing load imbalance among the ranks on
a cluster. Supports both MPICH and Open MPI implementations. Supports SINGLE, FUNNLED, and

GPU Pl'OfIIIng (Linux only)

Profile the GPU using the HW perf-counters to analyze the GPU
compute application. Depends on AMD ROCm v6.3 installation.

Supported GPUs: MI100, MI200, MI300A
Prerequisite: Refer Appendix-A
Profile Types:
= (GPU - GPU Profile with all supported views
= CUSTOM - GPU profile with specific view from custom GPU configs

CLI option syntax:
collect --config gpu | --ip-block <ip-Block>

Supported events list:
$ AMDuProfCLI info --list gpu-events

Collect command example:
$ AMDuProfCLI collect --config gpu -0 /home/myhome/~/classic-app

Report command example:

$ AMDuProfCLI report -i
/home/myhome /AMDuProf-classic-GPUProfile_Dec-09-2022_12-19-27

CLI option syntax:

SERIALIZED thread models. Generate report for point-to-point and collective API activity summary.

Supported MPI Spec: MPI-3.1 or later Languages: C, C++, Fortran

0S: Ubuntu 18.04 LTS and later, RHEL 8.6 and 9, Cent0S 8.4

Implementations: MPICH (v4.0.3 and v4.2) and derivatives (Ex. ParaStation MPI v5.6.0, Intel MPI

2021.1), Open MPI (v4.14 and v5.0)

Cautionary Note

In the CLI option, specify which implementation to trace (i.e., MPI app compiled for which

implementation).

Specifying wrong implementation might cause undefined behavior. By default, MPICH

implementation assumed. Use --disable-fortran to disable it.

MPI Implementation: (Default is mpich)
= mpich for MPICH and derivatives
= openmpi for Open MPI

Modes: (Default is full)

during collection stage)

collect --trace mpi --mpi-impl <mpich|openmpi> --mpi-scope <lwt |full>

= |wt (light-weight tracing for quick analysis, report generated on-the-fly

OpenMP Tracing (uinux oniy)

Trace OpenMP applications to analyze load imbalance among the threads in a parallel region.
Supported OpenMP Spec: v5.0

Compiler: LLVM 8 and later, AOCC 2.1 and later, ICC 2025.0.4, GCC 7 and later

Languages: C, C++, Fortran

0S: Ubuntu 18.04 LTS and later, RHEL 8.6 and 9, Cent0S 8.4

CLI option syntax:
collect --trace openmp —-openmp-impl <ompt | omplib> --openmp-scope <basic | full>

Implementation: (Default is ompt)
= ompt for tracing of OpenMP libraries supporting OMPT interface (example: LLVM, AOCC, 1CC)
= omplib for tracing GCC OpenMP library

Scope: (Default is basic)
= full - trace all OpenMP events
= basic - synchronization related OpenMP events are not traced to reduce the disk space

Collect command example:
$ AMDuProfCLI collect --trace openmp --openmp-impl ompt -0 /home/myhome/ ~/classic-app

Report command example:
$ AMDuProfCLI report -i /home/myhome/AMDuProf-classic-TBP_Dec-09- 2022 12-19-27

HPC Hybrid Tracing

Trace the hybrid programs (OpenMP + MPI) using uProf to analyze the load
imbalance. Trace OpenMP and MPI at the same time.

Collect command example:
§ mpirun -np 4 ./AMDuProfCLI collect --mpi --trace mpi —-mpi-impl mpich
--trace openmp --openmp-impl ompt -0 SHOME/hpc- prof/ ./my-hybrid-app

Report command example:
$ AMDuProfCLI report -i SHOME/hpc-prof/AMDuProf-my-hybrid- app_MPI
--host all

= full (complete tracing for in-depth analysis, requires report generation for

analysis)

Collect command example:

$ mpirun -np 4 ./AMDuProfCLI collect --trace mpi —-mpi-impl mpich

--mpi-scope full -o /home/myhome/ ./my_mpi_app

By default, OpenMPI will attempt to build all the three Fortran bindings: mpif.h, mpi module, and

mpi_f08 module.

Report command example:

$ AMDuProfCLI report -i /home/myhome/AMDuProf-classic-

HPC_Dec-09-2021.12-19-27



05 Tracing (Linux only)

Monitors the operating system during application runtime. Supported on Linux
kernel 4.7 or later.

Prerequisite: Refer Appendix-B
Supported Events: function, diskio, syscall, pagefault, memory, pthread

CLI option syntax:
collect --trace osrt --osrt-event [diskio,syscall,pagefault, memory,pthread,function]

Collect command example:
$ AMDuProfCLI collect --trace osrt -osrt-event syscall -o /home/myhome/
~/[classic-app

Report command example:

$ AMDuProfCLI report -i /home/myhome/AMDuProf-classic-
OsTrace_Dec-09-2022 12-19-27

Export Session

GPU Tracing (uinux only)

Trace the runtime API callbacks and synchronous activity of GPU interface
libraries. Depends on AMD ROCm v5.5 installation.

Supported GPUs: MI100, MI200, MI300A
Supported Interfaces: HIP, HSA
Prerequisite: Refer Appendix-A

CLI option syntax:
collect --trace gpu

Collect command example:
$ AMDuProfCLI collect --trace gpu -0 /home/myhome/~/classic-app

Report command example:
$ AMDuProfCLI report -i
/home/myhome/AMDuProf-classic-GpuTrace_Dec-09-2021_12-19-27

The CLI option --export-session helps to generate a compressed archive containing essential session files. The compressed archive
can be easily transported to another system and the GUI can be used for analyzing the performance data.

Steps:

1. Generate compressed archive with Translate, Report, or Profile command. A .zip file is generated.

2. Copy the .zip file to another system and decompress it.

CLI option syntax:

Profile command example:

$ AMDuProfCLI profile --config thp --export-session -o c:\Temp\cpuprof-tbp AMDTClassicMatMul.exe

Help Commands

Looking for more options? Use these commands from the terminal to explore more:

All commands help:
$ AMDuProfCLI -h

Collect command help:
$ AMDuProfCLI collect -h

Report command help:
$ AMDuProfCLI report -h

Profile command help:
$ AMDuProfCLI profile -h

Timechart command help:
$ AMDuProfCLI timechart -h

Compare command help:
$ AMDuProfCLI compare -h

Info command help:
$ AMDuProfCLI info -h



Hotspots Analysis Virtualization Support

Use Hotspots Analysis to understand the application code flow and sections of code which has high execution time (CPU Time).
Profile applications in the virtualized

Collect command example: environment with Linux and Windows 1 —
$ AMDuProfCLI collect --config hotspots ~timer-interval 10 -g -call-graph-depth 128 —openmp-impl ompt -0 0S as guest on these virtualized Ot st
/tmp/hotspots-analysis/ /home/app/classic_lock environments. Festiress P'::i’;
-g: collect callstack Supported Hypervisors: VMWare ESXi,
--call-graph-depth : callstack unwind depth Microsoft Hyper-V, Linux KVM, Citrix Xen CPU Profiling
--timer-interval : sampling interval in msec — pmmiﬂpl'p)
--openmp-impl : openmp implementation used by application. Default is ompt; if application is compiled with gcc, use omplib. CPU Profiling supports: s

Profiling of guest VM from guest VM. Instruction Based Sampling
Report command example: Profiling of guest VM from host system (e
$ AMDuProfCLI report -i /tmp/hotspots-analysis/AMDuProf- classic_lock-Hotspots_May-13-2025_06-00-23 (KVM hypervisor).

HPC- OpenMP Tracing

Limitations .

HPC- MPI Tracing

Compile the application and its dependent libraries with frame pointers enabled for system wide, attach process and in windows.

OSTracing

Power Profiling

Threading Analysis

Profile applications to analyze the number of processor cores used, runtime and wait time of application threads, CPU utilization
and contention among threads due to synchronization.

Supported Platforms: Zen3 and later processors

Limitations
Not supported with system-wide profiling and attach process.
AMDuProfSys
Collect command example:
$ AMDuProfCLI collect --config threading --trace osrt --osrt-event syscall -o /tmp/threading-analysis/ /home/app/classic_lock
Preparing Host system to profile Guest Kernel modules:
Report command example: 1. Copy /proc/kallsyms and /proc/modules from the guest 0S to the host machine.
$ AMDuProfCLI report -i /tmp/threading-analysis/AMDuProf- classic_lock-Threading May-13-2025_06-00-23 2. Copy guest vmlinux and kernel sources in a folder on the host system.

CLI option syntax:
collect [--kvm-guest <pid>] [--guest-kallsyms <path>] [--guest- modules <path>] [--guest-search-path

Profiling Linux Kernel <ate]

Get the kvm guest 0S PID:

1. Enable the kernel symbol resolution. $ ps aux | grep kvm
Set /proc/sys/kernel/perf_event_paranoid to -1.
Set /proc/sys/kernel /kptr_restrict to an appropriate value as follows: Collect command example:
= 0: The kernel addresses are available without any limitations. $ AMDuProfCLI collect -e event=pmcx76,interval=250000 -0 /tmp/ -d 10 --kvm-guest 2444 --guest- kallsyms
= 1: The kernel addresses are available if the current user has a CAP_SYSLOG capability. The kernel addresses /home/guest/guest-kallsyms --guest-modules/home/guest/guest-module
are hidden.
2. Download and install kernel debug symbol packages and source. Build Linux kernel with debug symbols. Report command example:

$ AMDuProfCLI report -i /tmp/cpuprof-76-guest-only/AMDuProf- SWP-EBP_Nov-08-2024_15-00-33
Supported 0S: Ubuntu 18.04 LTS, Ubuntu 20.04 LTS, RHEL 7, and RHEL 8

Citrix Xen




AMDuProfPcm (svstem anawysis)

Monitor basic performance metrics. Collects CPU Core, L3, DF perf-counters, and
reports of various metrics periodically.

0S:
>> Perf mode (rootless) on Linux:

>> MSR mode (root) on Linux:

Prerequisite:

CLI option syntax:

COMMANDS:

Help & list of supported metrics:
$ AMDuProfPcm -h

Collect command example:

$ AMDuProfPcm -0 /tmp/ -a -d 60

$ AMDuProfPcm -m ipc,12,13 -c core=0 -d 60 -0 /tmp/

$ AMDuProfPcm -m memory -c core=0 -0 /tmp/ -- ./myapp.exe

Collect command example MSR mode:
$ AMDuProfPcm --msr -m ipc -0 /tmp/ -- ./myapp.exe

AMDuProfSys (svstem anawvsis)

Python-based system analysis tool. Collects data from CPU Core, L3, DF, UMC, and
HSMP counters. This tool helps collect hardware events and evaluate simple
counter values or complex metrics using collected raw events.

0s:

Prerequisite (on Linux):
Prerequisite (on Windows):

Perf Selection (on Linux):
--use- linux-perf

CLI option syntax:

Help command:
$ AMDuProfSys --help-all

Collection + Reporting command example:
$ AMDuProfSys --config core -C 0 -0 output taskset -c 0 <application>

Custom metric collection command example:

$ AMDuProfSys --metrics
core/BrMisPred="(0x4300C3)/(0x4300C2)",13/L3CacheAccesses="(0x300C000
0040FF04)" core/ratio="BrMisPredExTime/100" -d 20

Roofline Model Analysis

Classic Roofline
AMD EPYC 7742 64-Core Processor
sockets(2), cpus(256), base frequency(225
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Roofline model relates application performance to memory bandwidth and
floating-point computational peaks. This model offers insights on
improving parallel software for floating point operations. This helps
characterize whether an application is memory or compute bound.

Steps to generate the roofline chart:
$ AMDuProfPcm roofline -0 /tmp/ -- /tmp/myapp.exe
AMDuProfPcm profile —-report-roofline -0 /tmp -d 60

Pipeline Utilization (Top-down Analysis)

Supported only on Zen4 and later CPUs. Provides top-down metrics to
analyze bottlenecks in the CPU pipeline. Use the option -m pipeline_util to
monitor and report the level-1and level-2 top-down metrics.

Examples:

Run the following command to collect top-down metrics:

$ sudo AMDuProfPCm -m pipeline_util -c core=0 -0 /tmp/ --
[usr/bin/taskset -c 0 myapp.exe

Else, use the pre-release option -X that does not require root access:
$ AMDuProfPCm -m pipeline_util -A system -0 /tmp/ -- /usr/bin/taskset
-c 0 myapp.exe



Appendix-A (Installing ROCm)

ROCm v6.3 installation is required for GPU tracing and GPU profiling. To install ROCm v6.3 on the host system, follow ROCm
provided instructions at this link:
https://rocm.docs.amd.com/projects/install-on-linux/en/docs-6.3.0/install/quick-start.html

After ROCm v6.3 installation, ensure a symbolic link of " /opt/rocm/" points to "/opt/rocm-6.3.0/".

$In -s /opt/rocm-6.3.0/ /opt/rocm/

Ap pend ix-B (0STracing Prerequisite)

To perform 0STracing, execute ./AMDuProfSetup.sh with root privileges.

$ cd AMDuProf Linux_x64_5.1.x/bin/
$ sudo ./AMDuProfSetup.sh

If you install uProf using DEB installer, the installer runs the script; for RPM installer, manually run the script when prompted.

Ap pe nd iX' C (AMDuProfPcm Prerequisite)

Root permission is required to execute these steps.
On Linux:
= To use msr driver, root privileges or read write permissions are required for /dev/cpu/*/msr devices.
= Disable NMI watchdog
$ sudo echo 0 > /proc/sys/kernel /nmi_watchdog
= Set /proc/sys/kernel/perf_event_paranoid to -1

On FreeBSD:
= Uses the cpuctl module; requires either root privileges or read write permissions for /dev/cpuct!” devices.

Roofline plotting script (AMDuProfModelling.py) requires Python 3.x and the Python module 'matplotlib’

Append iX' D (AMDuProfPcm Prerequisite)

Root permission is required to execute these steps.

If tarball is downloaded, install the driver manually:
# ./AMDPowerProfilerDriver.sh install

If perf is not already installed, install it using this command (on Ubuntu):
# apt-get install linux-tools-common linux-tools-generic linux-tools- "uname -r’

Disable NMI watchdog:
# echo 0 > /proc/sys/kernel/nmi_watchdog

If collecting using perf, set perf_event_paranoid to -1:
# echo -1 >/proc/sys/kernel/perf_event_paranoid

AppendiX'E (AMDuProf Predefined Configs)

The Predefined Configuration provides a convenient way to select a useful set of sampling events for profile analysis. Listed here are all
such configurations.

Config Type Description

tbp TBP Identify where the programs are consuming time.

assess EBP Provide an overall assessment of the performance.

assess_ext EBP Provide an overall assessment of the performance with additional metrics.

data_access EBP Find data access operations with poor L1 data cache locality and poor DTLB behavior.

inst_access EBP Find instruction fetches with poor L1 instruction cache locality and poor
ITLB behavior.

A EBP Find poorly predicted branches and near returns.

ehl EBP Analyze the CPI and IPC metrics of the running application or the entire system.

ibs IBS Collect the precise sample data using IBS Fetch and IBS Op.

memory IBS Identify the false cache-line sharing issues.

hotspots Hotspots Identify where programs are spending time and it's callstack. (Linux Only)

threading Threading Get an overall threading analysis and find potential issues for further investigation. (Linux
Only) [PMU Events: PMCx003, PMCx076, PMCx0C0, PMCx043]

Overview Overview Get an overall analysis and find potential issues for further investigation.

[PMU Events: PMCx003, PMCx076, PMCxQCO, PMCx043]

PUBLIC USER GUIDE

https://developer.amd.com/amd-uprof/#download https://docs.amd.com/r/en-US/57368-uProf-user-guide/Introduc
tion

USEFUL LINKS

Release Site (announcement and download arena) RELEASE NOTES

https://www.amd.com/en/developer/uprof.html https://docs.amd.com/r/en-US/63856-uProf-release-notes/Rele

ase-Highlights-of-5.0
COMMUNITY (QUERY DISCUSSION ARENA)

https://community.amd.com/ FILE DEFECTS / REQUEST FEATURES (AMD INTERNAL)

To file bugs or to request features, use the following JIRA link:
TECH SUPPORT http://ontrack-internal.amd.com/secure/Createlssue!default.jspa
https://www.amd.com/en/developer/aocc/toolchain-technical-supp ~ and choose these options:
ort.html Project: Core Software Group (SWLCSG)

Component: Profilers
PROCESSOR MANUALS
https://www.amd.com/en/developer.html#documentation
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