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ROCm Systems Profiler

Application-level profiler for system-wide tracing and performance analysis

@ OVERVIEW

A system-wide tracing tool for heterogeneous application. It captures the entire application
stack in a single unified timeline.

A PAIN POINTS
> Where is my application spending time?
> Which kernel is taking the most GPU time?

st et soctle socue]

GO KEY FEATURES

> Holistic view of CPU, GPU, Memory, Communication, I/O metrics
CPU/GPU synchronization analysis

Causal Profiling: predict optimization impact before code changes T
Dynamic instrumentation, statistical & process-level sampling View a hierarchical representation of hardware and software components
GUI support via ROCm Optiq
Support for multi-node environments

VVYVVYY

-“\API SUPPORT

> Parallelism: HIP, HSA, Pthreads, Kokkos, OpenMP
> Multimedia: rocDecode, rocJPEG
> Communication: MPI, UCX, RCCL, OpenSHMEM

> Visualize CPU and GPU activities, events and performance metrics in a timeline

< ﬂ_li ROCmM Systems Profiler Documentation
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https://rocm.docs.amd.com/projects/rocprofiler-systems/en/latest/index.html

ROCm Compute Profiler
Kernel-level profiling for ML and HPC workloads on AMD GPUs

ROOFLINE ANALYSIS

@ OVERVIEW

A deep kernel-level profiling tool that helps developers identify which kernels are
slow, explains what causes the performance bottleneck at hardware level, and guide
optimization decisions.

A\ PAN POINTS

> |s this kernel compute- or memory-bound?

> Which hardware block is the bottleneck?

> How did my optimization improve GPU resource utilization?
> Did my optimization improve performance?

The roofline chart plots kernel performance against empirical hardware ceilings.

@‘ KEY FEATURES
> Roofline analysis MEMORY CHART
>
>
>
>
>
>
>

Kernel level performance metrics : Y —
PC Sampling ) . *
System & Hardware block-level Speed-of-Light (SOL) 1 — ; ‘ b :

In-depth memory analysis
Baseline comparisons

Support for multi-node / multi-rank 1 -
GUI support via ROCm Optig = T |

< —’?Hi ROCm Com D ute Profiler Documentation ) Visualization of memory transactions and throughput at each level of the memory sub-system
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https://rocm.docs.amd.com/projects/rocprofiler-compute/en/latest/

ROCm Optiq

Interactive visualization and analysis — a companion for ROCm Systems and Compute Profiler

ROCm
Systems Profiler

Hierarchical view of nodes, processes, GPU queues,

. CPU/GPU events and performance counters over time. ; ;
memory operations and threads. / perf Top 10 kernels by execution time

ROCm
Compute Profiler

Summary view highlighting longest-running Analyze roofline chart to identify if kernel is compute- or Display memory transactions and throughput at
kernels. memory-bound. each cache hierarchy level.
Customizable interface for fast navigation Windows and Linux support (macOS coming soon)
' i - _ _ AMD ¢\
) De3|gned to handle large trace files [ TEH  ROCM Optig Documentation ] fovether e avance.
AMD Copyright 2026



https://rocm.docs.amd.com/projects/roc-optiq/en/latest/
https://rocm.docs.amd.com/projects/roc-optiq/en/latest/
https://rocm.docs.amd.com/projects/roc-optiq/en/latest/

ROCprofiler-SDK

Foundational profiling infrastructure for GPU compute applications on the AMD GPUs

@‘ OVERVIEW

A C++ library that provides a tracing infrastructure that helps tool developers, framework integrators, and advanced users to build custom tools to trace GPU
applications and collect hardware performance counters for AMD GPUs.

A PAIN POINTS
> How can | add AMD GPU support to an existing profiling tool?

@l KEY FEATURES

> Powers higher-level ROCm and third-party profilers
> ML Frameworks: PyTorch, JAX, TensorFlow, Triton, OpenXL
> Community Tools: HPC Toolkit, TAU, PAPI, SCORE-P, Linaro, HPE Internal Profiling Tool
> Runtime-independent APIs for tracing HIP, HAS, RCCL, memory operations, and asynchronous GPU activities.
> Enables both high-level execution tracing and low-level hardware performance counter collection
> PC Sampling (software and hardware based) detects performance hotspots and bottlenecks in GPU kernels
> Advanced Thread Trace (ATT) captures fine-grained GPU thread execution details, essential for deep performance analysis and debugging.
> Dynamic attach/detach API enables profiling of running processes
> Profiles GPU workloads launched via OpenMP offloading in HPC and multi-threaded applications

< W ROCprofiler-SDK Documentation >
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https://rocm.docs.amd.com/projects/rocprofiler-sdk/en/latest/index.html
https://rocm.docs.amd.com/projects/rocprofiler-sdk/en/latest/index.html
https://rocm.docs.amd.com/projects/rocprofiler-sdk/en/latest/index.html

What’s New in ROCprof SDK

Use ROCprof Trace Decoder to convert SQTT data into actionable GPU performance insights — now
available as the open-source rocprof-trace-decoder library.

Attach to and detach from running processes using rocattach.so library - now available as public API.

Start profiling late with rocprofiler _force configure() to profile already-initialized HSA and HIP runtimes,
without requiring application restart. Useful for applications that dynamically load tools at runtime, use
plug-in architectures where ROCprofiler-SDK is loaded after GPU initialization, or need to attach to already
running workload.

PC Sampling (support in MI4xx), Frameworks support (Pytorch, JAX, Triton), MI4xx counters

Streaming Performance Monitor (SPM) samples counters at (high frequency) regular intervals.

AMDC\
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Rocprof-V3
Lightweight command-line profiling tool built on ROCProfiler-SDK

@ OVERVIEW

A command-line profiling tool for accessing rocprofiler-sdk capabilities. It provides a reference implementation and a template for custom tools that will be built
on ROCProfiler-SDK. It is also useful for developers who need a lightweight profiler with minimal overhead.

A\ PAIN POINTS

> Which instruction is causing the stall? What are the reasons for the stall?
> | just need a quick trace or counter dump.
> What hardware counters are available?

@KEY FEATURES

PC Sampling and Advanced Thread Trace (SQTT) deliver deep GPU kernel performance insights
Trace generation per MPI process for distributed applications

ROCTx annotations support enables custom region marking for enhanced trace readability
Profiles single-process, multi-process, containerized, and distributed workloads

Dynamically attaches to running applications via process ID

Y Y VY VY VY

rocpd (database) output enables scriptable trace analysis and merging

< W ROCprof-V3 Documentation >
AMDZ\
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https://rocm.docs.amd.com/projects/rocprofiler-sdk/en/latest/how-to/using-rocprofv3.html
https://rocm.docs.amd.com/projects/rocprofiler-sdk/en/latest/how-to/using-rocprofv3.html
https://rocm.docs.amd.com/projects/rocprofiler-sdk/en/latest/how-to/using-rocprofv3.html

ROCprof Compute Viewer (RCV)

Visualization and analysis tool designed for GPU thread trace data

Pain Points:

[ "0 ROCprof Compute Viewer Documentation]
o What are the performance hotspots in my GPU kernels at the source

| Instructions | Global View | Summary | Explorer
and assembly Ievel? In Hitcount [Latency: sum *  kemel.cpp ” amd_device functions.h | amd hip bf16.h = amd hip_runtimeh
v 1120 5400 109 if hared[WIDTH][4][4][4][TBLOCK][4]; -
. ipr s . . 0 11 T
o Which specific instructions and wavefronts are causing performance ;gg &= o
b ttl k o) e N 6| for (n k2201 k2 < 3 SHHBLOCK I £ StMBLOC)
otlenecks « . = - |
1120 4480 119 IVeca temp_alWIDTH], temp_b;
. e . . i e B mba-mxenecn
o Whatis the hardware utilization over time? . iz e
1120 5804 124 for (int j1=0; jL<4: j1++)
1120 4480 L1} 125 if (kO + j1*TBLOCK < KDIM && Y + 4*TX < NDIM)
1120 12732 (] 126 | temp blj1] = *reinterpret_cast<const uint32_t*>(&b[(k0 + TZ*TBLOCK + TY + 4*1)*NDIM + Y + 4*TXI);]
. i dse A (e e e
Key Features: = = F B Do
1120 4564 ) 131 temp_alnl[j1] = (X + n*SHMBLOCK < MDIM) ? *reinterpret_cast<const uint32_t*>(&al(k0 + j1*TBLOCK +
seimm nx e N T ——
. . . . . 1% aoa 5| G <HeGH)
- Instructions Visualization: Displays ISA and source code (python/c++/fortran) . = Elaiehens
1120 9660 | e— ] ared[TZI[LITY][tx3 + milj1] = (temp_blj1] >> (8*m)) & OxFF:
1120 6900 139
latency hotspots, as well as the source<->ISA correspondence. i o EEmaan
1120 4568 [ — ) a_shared[nl[il][TZI[TY](tx3 + mIlj1] = (temp_alnl[j1] >> (8*m)) & OxFF;
béa [262217] [2302431]] ﬂgg :;:g {m— is% )75yn(thread5{):
1120 4480
H HH H . H H 71 H H H 1120 6040 147 turn;
- Compute Unit and Utilization: Displays individual execution timing and un o o
1120 8444 150 'Vecl6 reg_res[WIDTHI];
H 1120 6580 151 | for (int n=0; n<WIDTH; n++) reg_resin] = {};
latency per wave and hardware pipe, and the correspondence to the ISA. L = [ |
s cmp It i32 534,514 1120 4592 154 float tmo_b:
I E— ] [SHC] (1]

- Occupancy and Kernel plots: Visualizes occupancy per SE and Kernel ID.  Instruction view is best suited for quickly finding hotspot in assembly form.

nd cevice fun. | and device . s devi-| =
I TN | I T Y [ lmull TR

kernel.cpp:143 a_shared.. kernel.cpp:211 reg_r.. kernel.cpp:138 .. |kernel.cpp:194 kernel.cpp:131 ..|kernel.cpp:179 ..|kernel.cpp:2.. kernel.cpp.. |kernel.cpp.. m

kernel.cpp

Flamegraph suitable for general hotspots finding in source form. Select widths using total or non-hidden latency. AMDZD
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https://rocm.docs.amd.com/projects/rocprof-compute-viewer/en/latest/

ROCprof Compute Viewer — The low level information

Cycle-by-cycle view of instruction latency per wave and per hardware pipe
Highlight: Capable of answering questions beyond “where I'm stalling”:
o When am | stalling?
o When are my hardware pipes idle?
o What are other waves doing the moment I’'m stalling?

o What is hiding the latency of my instructions, if anything? [ T3 Hidden Latency Documentation ]
Counters ~ Hotspot = Occupancy = Kernel Dispatch ~ Compute Unit  Utilization Instructions Global View Summary Fine Flamegraph
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ez \IIIIIIIIII\IIIII\II\III\I--I-IIIIIIIIIIIIIIIIIIII In , 11— | 1 lIIIII\IIl-I_IIIII R e e
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waccors. A '
v_and_b32_sdwa v42, v19, s31 ds 56 7
vaowz N o | . or B32 sdua vad V8. vaz dst o6 2
| v_and_b3£_sdwa v42, v17, s31 ds 56 5
v_lshlrev_bl6_e32 v43, 8, v17 56 5
1 v_or_b32_sdwa v45, vl6, v42 dst 56 13
nczor BN e 1 . . .
‘scazo IIIlIIlI\IlIIIl\IIIII\I|II|IIII|IIII\III\IIIII\IIIIIIIIIIIIII\IIIII\IH_II\IIIIII-\-II_II-II\IIIII|lI|lIII\II\IIII.\IIII\IIIIIII\IIIII|III EX,DE’I‘ imental: Appr oximate hidden la tency
v N M O 0 s S O s S I 0 . e
: ; derived from utilization
Cycle-by-cycle view of waves and hardware pipes: Suited for high efficiency kernels
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https://github.com/ROCm/rocprof-compute-viewer/blob/amd-mainline/README.md#hidden-latency

ROCprof Compute Viewer — Trace with

Almost cycle-accurate
view of (potentially) all

waves on the GPU.

Environment variables

to decide filters for:
- CU/WGP

- SIMD

- WAVE_ID (Slot)

+ WorkgrouplD

amd_device functions.h:692
amd_device functions.h:707
amd_device functions.h:714

__syncthreads():

__work_group_barrier{unsigned int)

Wait for producer

" AMD Copyright 2026

sqtt markers

128000 128800

w

E A CUSM

_Z13_ syncthreadsv
Wait for producer
Consumer Thread

VRAM matrix load
Producer Thread

_Z13_ syncthreadsv
Wait for producer
Consumer Thread

000001

i
VRAM matrix load
Producer Thread

| |
i oma device unction._||

devi...

amd_devi |:e_funcr.iun5_.__ | |

e device onctons [ |10
; mecwass sy |[fwe Jne |11 | T LAl
S | (XN |

e rsioned @R oo | [R@ell coqo

MFMA Section

129600

130400 131200

i
Store matrix t...

Loa... Wait for producer

Load ...

32000 132800 EET) 134400 135200

_Z13_ syncthreadsv

WAM matrix load

Store matrix to... |_Z13

136000
I

136800 137600
I I

MFMA Section

syncthreadsv

138400
I

139200 4
I

_713_ syncthreadsv
Wait for producer

i
VRAM matrix load

MFMA

... |Store matrix to DS |_Z13_

Section

syncthreadsv

Global view: Per-wave trace seen with sqtt markers

Load matrix f...

| 2.cpp:188 b_shared[TZ][i1][T¥][tx3 + m][jl...

Store matrix to LDS

Producer Thread

Fine flamegraph: seen with sqtt markers. Also: Coarse flamegraph for all waves.

| | |

SO T O D | = |
| Jsateer| v fbo. [n... [nz..[n2cp... |n... [igg
| % | X CE (| X o |

L-:-a-:l matr... |Load m...

Load A m...
VRAM matrix load

Wai... .I

Wait fo...
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ROCprof Compute Viewe : t markers

- Almost Cycle_accu rate SE/A cUsM i 1 75600 134200 135200 136000 B 137600 138400 139200 ia
. . ) =¥ !
view of (potentially) all . .
waves on the GPU.
- Environment variables
. . 00 0000
to decide filters for:
- CU/WGP
- SIMD
- WAVE_ID (Slot)
_Z.li__-;yn_ctl'ur_n:a_adsv TIIZ__lri_-_sg.rn_ctl'uIr_e_ae:lsu e
‘ WorkgrOUpID :::otulgzrr;wtrl‘lEh;Sar;_ e E—— S
000001 ! ‘ ! ! !
VRAM matrix load Store matrix t... VRAM matrix load ... ||Store matrix to DS |_Z13_ syncthreadsv
Producer Thread

Global view: Per-wave trace seen with sqtt markers

__work_group barrier(y

|||
amd... [fa...[|
functions 707 ____dev | ] | | - - |
S L T |0 | | I SO T O D | = |
|

amd_device functions.h:692

amd_device_fizactions.h:707 __dewi... II.'I'JIEIit T',::,r F:'r'::'lj UcCer

T RT——r Consurner Thread  E] | ESTRES NN N2 cov:100 b sharectrzimimie -+ moon... e tees (s (e f oo
- Nz < L | CEX B X (| e oo

__work_group_barrier(L nsioned int) .m"l” || Load B matrix Load A m... L-:-a-:l miatr... |Load m... Im‘!l.l |

Wait for producer MFMA Section Load matrix f... Store matrix to LDS VRAM matrix load Wait fo... |Wai... .I

Producer Thread

Fine flamegraph: seen with sqtt markers. Also: Coarse flamegraph for all waves.

AMDZU
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ROCprof Compute Viewer (RCV) — User markers in device code

Automatically generated at function
entry/exit by the compiler.

Hand-inserted user markers (similar to roctx
for GPUs).

Automatic annotation of global, buffer and
flat operations.

Or all the above combined.

Compiled out in normal builds for zero
overhead in production/release.

Low overhead (only when used sparsely).

' AMD Copyright 2026

sqtt _marker_enter("Consumer Thread");

(int k1=0; k1 < KDIM; k1 += 2*SHMBLOCK)

/] -

/...
{
{
}
}

(int k2=0; k2 < 2*SHMBLOCK:; k2 += SHMBLOCK)

sqtt_marker_enter("Wait for producer");
__syncthreads();
sqtt_marker_exit("Wait for producer");

sqtt marker_enter("Load matrix from DS");
// ... load from shared memory into registers ...
sqtt_marker_exit("Load matrix from DS");

sqtt_marker_enter("MFMA Section");

(int n=0; n<HEIGHT; n++) (int r1=0; r1<WIDTH; ril++)
{
Vecd res = mfma(a@ load[r1], al load[r1], b® load[n], bl load[n]);
(int m=0; m<4; m++) reg_res[r1][m*HEIGHT + n] += scal[r1][m] * res[m];
}

sqtt_marker_exit("MFMA Section");

sqtt_marker_exit("Consumer Thread");

[ [T SQTT Instrumentation Documentation ]

AMDZU
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https://github.com/ROCm/rocm-systems/blob/develop/projects/rocprof-trace-decoder/markers/README.md

Performance analysis: the known unknowns

What tools do I use
for performance
analysis?

How do I
interpret the
output?

Which part of my
code do I optimize?

"> AMD Copyright 2026

Which tool do I use

What parameters
do I pass the tool?

What do all these
counters mean?

<[>

What compiler flags
would benefit my
code?

AMDZU

together we advance



Seemless integration: perfXpert-mcp

Al Agents
Al Models -— % @ EE
Opus / GPT / LLaMa / Qwen / ...
Claude Code - Codex CLI - Gemini CLI - OpenCode

perfXpert

ROCm Regression & . Code
profilin Hot-ke_rnel baseline Time Co_u_ntel: optimization
& rankin breakdown classification
tools g comparison suggestions
AMDC\
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You use the Al agents
and models you

/ know and trust.

Agents use perfXpert’s
skill and tool library to
collect, interpret, and act

Xpert on profiling evidence
pertXper /

Seemless integration: perfXpert-mcp

Al Agents

Al Models
d
Opus / GPT / LLaMa / Qwen / ... % @ * S

Claude Code - Codex CLI - Gemini CLI - OpenCode

ROCm Regression & . Code
rofilin Hot-ke_rnel baseline Time Co.u_ntel: optimization
p & rankin breakdown classification p
tools g comparison suggestions
AMDC\
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Correctness & Determinism

How can I trust the results?
Did my agent run the tools correctly?
[s the result analysis accurate?

[s my agent hallucinating the whole thing?

AMDZU
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Determinism: peerpel‘t-code perfXpert-code controls agent

behavior and verifies output at
every step to avoid bogus results

Al Agent
AI'Model |« Yoert Deterministic tools
er er
puar dEails produce useful facts and
‘ & ) recommendations
ROCm Regression & . Code
rofilin Hot-ke_rnel baseline Time Co_u_ntel_‘ optimization
p g rankin breakdown classification p
tools g comparison suggestions
AMDA\
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Extending perfXpert

Open-source project in public rocm-systems Github repository

https://github.com/ROCm/rocm-systems/tree/develop/experimental /python/perfxpert

Skills and tools are text-based and human readable
External tool developers can contribute and integrate with their tool
Application/kernel developers can add knowledge about their code

Users can add tests, optimization strategies, architecture details

AMDZU
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Useful Links

ROCm Tools Documentation

ROCmM Developer Tools GitHub Super Repo

ROCm Optig GitHub Repo

ROCadb GitHub Repo

Omnistat GitHub Repo

Check these blog posts:
Introduction to Profiling Tools for AMD Hardware
Performance Profiling on AMD GPUs — Part 1: Foundations
Performance Profiling on AMD GPUs — Part 2: Basic Usage
Performance Profiling on AMD GPUs — Part 3: Advanced Usage

AMDZU
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https://rocm.docs.amd.com/en/latest/reference/rocm-tools.html
https://rocm.docs.amd.com/en/latest/reference/rocm-tools.html
https://github.com/ROCm/rocm-systems
https://github.com/ROCm/rocm-systems
https://github.com/ROCm/roc-optiq
https://github.com/ROCm/roc-optiq
https://github.com/ROCm/roc-optiq
https://github.com/ROCm/rocgdb
https://github.com/ROCm/rocgdb
https://github.com/ROCm/omnistat
https://github.com/ROCm/omnistat
https://rocm.blogs.amd.com/software-tools-optimization/profilers/README.html
https://rocm.blogs.amd.com/software-tools-optimization/profilers/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/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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