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Outline

What is Omnistat?
Underlying architecture
Support utilities to use and analyze Omnistat’s data

Highlight some features:

Low performance impact
Hardware counter sampling
Used-supplied figures of merit
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Omnistat — what is it?

Omnistat is a set of utilities and data collectors to support scale-out cluster telemetry targeting
AMD Instinct GPUs/APUs:

Tracks metrics available via AMD SMI interface(s)
GPU utilization

High-bandwidth memory (HBM) usage "‘lR*Z&NHH{

GPU power, clock frequencies, thermals, power-caps
_—-___,

RAS error counts, throttling events - I : " -’ s =

Additional metrics/features:
application-supplied figures of merit
network traffic
hardware counters
low overhead (target 1% or less) PR T
resource manager job tracking (SLURM, Flux, PBSPro) = e s ; LN

Targets two primary use cases
system-mode

user-mode Open-source: https://github.com/ROCm/omnistat
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https://github.com/ROCm/omnistat

Scale-out Infrastructure - System Mode

Architecture
HPC/AI Cluster

Uses Prometheus and a puII-_ Computes Nodes
model” for telemetry aggregation

Data Q.uer_ies,
across the system Visualization
' ‘

Grafana
(real-time

Prometheus client gathers relevant dashboardas)
metrics and resource manager info * * * * * e
Pos ob

Execution

Scripts
Grafana dashboards ﬁl
\ User
remote HTTP query \

We run this on production clusters at fixed interval

| | (e.g. 60 secs)
for 24x7 monitoring
—> prometheus client

\
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Visualization & Analytics - System Mode

For system administrators

88 Global | (@ Last24hours v Q 3 Refresh ~
v System Overview ~ Node Overview
Number of Nodes Allocation Summary
2024-09-25 05:37:00
Joh u
Number of Allocated GPUs (@ CPU Load Average @ CPU Memory
~ GPU - Utilization

GPU Utilization Heatmap
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System-wide overview Node-level overview
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Visualization & Analytics - System Mode

~ Job Info

Job ID

~ Performance Overview

GPU ©

GPU Memory @

CPU Load Aver...

For system administrators and users

User Annotations | (D)

Partition Job Type

Job-level overview

Job Duration

stat Report Card for Job Id: 168013

Job Overview (Num Nodes = 1, Machine = HPC Fund)
--> Start time = 2025-03-05 13:48:00
--> End time = 2025-03-06 01:03:00

GPU Statistics:

| utilization (%)

Memory Use (%) | Temperature (C)

.15

NoupbhwNnmNEO

.22

Approximate Total

Job-level report

Power (W)
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Scale-out Infrastructure - User Mode

User-mode designed entirely for user-space within a single job (e.g SLURM)
Targets usage on external supercomputing systems by application teams
Omnistat provides plumbing to spin up monitoring infrastructure on all assigned compute nodes
Time-series data can be downloaded locally for use with Omnistat Grafana container

Cluster Compute Nodes

! )
DC = Omnistat data collector PS = VictoriaMetrics server

Data Queries,
Visualization

User
Queries

Grafana

(offline)
\ SLURM / Flux job

allocation

User Mode

Infrastructure spun up within
user job allocation

User-mode adopts a “push” model to
VictoriaMetrics on a single compute node

Default push occurs every 5 minutes

Multi-threaded to support push while sampling
new data

Flask-based REST API for convenience to tear-
down (which flushes cached data)
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Primary CLI Tools for User Mode

To enable data collection in user mode, a user needs to add omnistat-
usermode commands in their job script to spin up data collectors on each
assigned compute node

Example setting up and tearing

omnistat-usermode --start --interval 1.0

“— down data collection at 1 sec

omnistat-usermode --stop

intervals

omnistat-query can be used to interrogate data collected at end of a job

omnistat-query --job ${SLURM JOB ID} --interval 1.0

.github/workflows

docker

docs

grafanafjson-models

misc

omnistat

test

.gitignore

™ LICENSE

] README.md

] VERSION

omnistat-annotate

omnistat-monitor

omnistat-query

omnistat-rms-env

omnistat-usermode

omnistat.service

] pyproject.toml

requirements-query.txt

] requirements.txt
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Visualization & Analytics - User Mode

Omnistat Report Card r Job Id: 168013 Job_level repor-l-s
Job Overview (Num Nodes = 1, Machine = HPC Fund)

--> Start time = 2025-03-05 13:48:00
--> End time = 2025-03-06 01:03:00

Job-level dashboard GPU Statistics:

Utilization (%) Memory Use (%) | Temperature (C) Power (W)

99.00 86.18

User Annotations | (D)

~ Job Info

Omnistat Report Card: JobID = 456402
Start Time: 2025-07-14 20:05:31

End Time: 2025-07-14 20:14:45
Duratlon: 553 secs

Job ID r Partition Job Type . Job Duration

GPU Statistics
~ Performance Overview

Memory Use (% Temperature (C) Power (W) Energy (kwWh)
Mean Total

41.78 5 322.00 209.07

41.78

41.79 & GPU Memory Used (%)
41.79

41.57

41.56

41.57

GPU

GPU Memory

0
1
2
3
4
5
6
7

Vendor Energy Data Totals

T'ﬂ)ﬁ V v 00 " 7 00 .[lﬁ 00 ‘\ 9 00 "_ )
Memory
CPU
Accelerator (GPU)

Total

CPU Load Aver...

U Tem

w—
(OTRINAN M
A U WA ~-:7,;f

Local or remote access to
Grafana dashboards

Plain text, PDF, CSV.
AMDZ1



Sampling Interval and Overhead

Push method allows us to achieve higher sampling frequencies
Overhead target still <1%

| Nocollector | 10sees |  1ses | oOases | o005sees | 0.01secs |

| Run# | GFlop/s | GFlop/s | GFlop/s | GFlop/s | GFlop/s | GFlop/s |

| 2 | 3707400 | 3703000 | 3695900 3661800

3702300 3663850
] (.531B6% ]

Impact --> LLL2B L. 2447

Linpack performance impact using GPUs and all host CPU cores (256 GPUSs)

[to08-001: :22:22] Initiating final data push...
[to08-001: :22:22] Pushing local node telemetry to VictoriaMetrics endpoint -> http://borg019:909
[to08-001: :22:22] Metrics pushed successfully!
[t008-001: 13:22:22]
Generally, [t008-001: 13:22:22] Sampling interval 0.1000 (secs)
[to08-001: 122:22] Total # of samples 6234
recommend 018 [to08-001: 122:22] Average time/sample 0.0024 (secs)

2

0.0031 (secs)
10.6492 (mins)
34.234 MB
60.895 MB

i i [to08-001: 122:22] Total data pushes
Samp“ng or hlgher [to08-001: 122:22] Average push duration

[to08-001: 122:22] Data collection duration
[to08-001: 122:22] Base memory use at start
[to08-001: 122:22] Memory growth at stop

Example log showing Omnistat performance stats AMDZDU



Hardware counter sampling

Automate use of ROCprofiler-SDK to collect
counters

Enables deeper GPU performance insights with
minimal setup and impact on performance

Device collection: continuously samples GPU
activity, independent of running workloads or kernel
execution

800 TFLOPS
600 TFLOPS

400 TFLOPS

200 TFLOPS [\ |

12:18:20 12:18:30 12:18:50

Challenges

Limit on number of concurrent counters you can define at a
time (GPU block dependent)

- Multiplexing allows rotating through counter sets to
overcome hardware limits

High-level metrics derived from counters

- Predefined sets of counters and aggregation

Hardware Counter Flops

rocHPL Reported Step Flops

12:19:00 12:19:10 12:19:20 12:19:30

Observed and actual aggregate FLOPS for a rocHPL execution
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Hardware counter collection: constant and GPU ID sampling

Constant sampling

S S, S3
R : : :
GRBM_COUNT GRBM_COUNT GRBM_COUNT
SQ_WAVES SQ_WAVES SQ_WAVES
: : I
GRBM_COUNT GRBM_COUNT GRBM_COUNT
o SQ_WAVES SQ_WAVES SQ_WAVES
S : : :
o GRBM_COUNT GRBM_COUNT GRBM_COUNT
SQ_WAVES SQ_WAVES SQ_WAVES
I : :
GRBM_COUNT GRBM_COUNT GRBM_COUNT
SQ_WAVES SQ_WAVES SQ_WAVES
I : i
: : :
Node ® > *®
time

space

GPU ID sampling (multiplexing)

S, S, S,
| i l
GRBM_COUNT GRBM_COUNT GRBM_COUNT
SQ_WAVES SQ_WAVES SQ_WAVES
: : :
FETCH_SIZE FETCH_SIZE FETCH_SIZE
WRITE_SIZE WRITE_SIZE WRITE_SIZE
: : :
GRBM_COUNT GRBM_COUNT GRBM_COUNT
SQ_WAVES SQ_WAVES SQ_WAVES
: : :
FETCH_SIZE FETCH_SIZE FETCH_SIZE
WRITE_SIZE WRITE_SIZE WRITE_SIZE
: : :
: : :
o o o
time
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Hardware counter collection: predefined profiles

FLOPS
16 instruction counters: SQ_INSTS_VALU_(ADD|MUL | TRANS | FMA|MFMA_MOPS) (F64|F32|F16|BF16)

FP64 (vector, matrix)
FP32 (vector, matrix) [omnistat.collectors.rocprofiler]
(

FP16 (vector, matrix) profile = flops_gpuid

BF16 (matrix)
Only up to 8 counters per GPU at a time
Multiplex
GPU IDs 0, 2, 4, 6: FP32 and FP64 vector
GPU IDs 1, 3, 5, 7: FP16 vector and all matrix

HBM Bandwidth
2 derived counters: (FETCH|WRITE) SIZE

Constant sampling (MI2xx) or multiplex (MI3xx) [omnistat.collectors.rocprofiler]
profile = hbm
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Application Figures of Merit (FOM) with Telemetry
Many applications have a FOM we care about -

Consider iterative Pytorch example...

Epoch 1/10 : 1.8421 : 32.45% : :
Epoch 2/10 : 1.4233 : 49.87% : :

Can we log this

Epoch 4/10 : 1.0439 : 63.20% . 0.9 3 T 65.78% whilst running?
Epoch 5/10 : 0.9178 c : : : 68.92%
[..]

Epoch 3/10 : 1.2156 : 57.42% : 1 61.44%

Omnistat user-mode collector provides an endpoint to supply custom FOMs
“name” and “value” supplied as JSON
timestamp encoded at time of receipt

$ curl -X POST http://localhost:8001/fom \ Omnistat
-H "Content-Type: application/json" \ —»[ FOM user-mode
-d '{"name": “train_loss", "value": 0.9178}' collector
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Figure of Merit (FOM) Example

~ Additional GPU telemetry: Utilization, Temperature, Power and Frequency

Application Figure of Merit rOCH PCG

810 GFLOPS
800 GFLOPS

Ilterated over each

— GPU in a single node

10:32:00 10:33:00 10:34:00 10:35:00 10:36:00 10:37:00 10:38:00 10:32:00 10:40:00 10:41:00 10:42:00 10:43:00

10:44:00 10:45:00 10:46:00 10:47:00 10:48:00 10:49:00 10:50:00
{_name__="fom", instance="smc300x-ccs-aus-b13-31", name="gflops"}

Dashboards display
FOMs and telemetry
together

GPU Utilization (%)

0% L | | 1 L1 L1
10:32:00 10:33:00 10:34:00 10:35:00 10:36:00 10:37:.00 10:38:00 10:39:00 10:40:00 10:41:00 10:42:00 10:43:00
Card: 0 Card: 1 Card: 2 Card: 3 == Card:4 == Card:5 == Card:6 == Card:7

L1 L
10:44:00 10:45:00 10:46:00 10:47:00 10:48:00 10:49:00 10:50:00

GPU Temperature (°C)
80 °C
70°C
80 °C
50 °C

40°C

10:32:00 10:33:00 10:34:00 10:35:00 10:36:00 10:37:00 10:38:00 10:39:00 10:40:00 10:41:00 10:42:00 10:43:00 10:44:00 10:45:00 10:46:00 10:47:00 10:48:00 10:49:00 10:50:00

Card: O (junction) Card: 1 (junction) Card: 2 (junction) Card: 3 (junction) == Card: 4 (junction) == Card:5 (junction) == Card: 6 (junction) == Card: 7 (junction)
GPU Memory Temperature (°C)

100 °C

10:32:00 10:33:00 10:34:00 10:35:00 10:36:00 10:37:00 10:38:00 10:39:00 10:40:00 10:41:00 10:42:00 10:43:00

10:44:00 10:45:00 10:46:00 10:47:00 10:48:00 10:49:00 10:50:00
Card: O (vram) Card: 1 (vram) Card: 2 {vram) Card: 3 (vram) == Card: 4 (vram) == Card: 5 (vram) == Card: € (vram) == Card:7 {vram)




Real world example: Omnistat collection with data export
Examine energy and runtime impacts as GPU frequency cap varies

@
=
=
-
3
oc
ge]
-
©
>
o
[
]
-
L

Normalized to 1700 MHz Run

o
o

-
oh

=
£

=t
P

500

—— Energy
Runtime

Cholla

700 900 1100 1300 1500 1700
GPU Frequency Cap [MHz]

Normalized runtime and total energy
consumption for Cholla executions

GPU frequency cap varied from
500 MHz to 1700 MHz

Values normalized to the 1700 MHz frequency
run

Omnistat monitoring node-level energy as a
function of time for each run,

delta between stop/start used to quantify total
energy per run
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Upcoming Features

MCP server to access and analyze Omnistat databases
Anomaly detection

Automated GPU control for energy efficiency
Application-level GPU kernel tracing

GPU Average Kernel Stats

Kernel Total Duration # Dispatches Mean Standard Deviation Min

_Z20compute_bound. 413 mins 214 116 s 133 ms 921 ms
_Z19memory_bound_} 517 s 275 188 ms 846 ps 185 ms

_Z18memory_copy_ke 987 ms 275 3.60 ms 6.96 s 3.57 ms

GPU Average Kernel Duration [Top Kernels]

1.60 s
140 s
1.20s
1s
800 ms
600 ms
400 ms
200 ms
Ons
14:35:30 14:36:00 14:36:30 14:37:00 14:37:30 14:38:00 14:38:30 14:39:00 14:39:30 14:40:00

_Z18memory_copy_kernelPfS_i.kd _Z19memory_bound_kernelPfS_ii.kd _Z20compute_bound_kernelPfii.kd

Max

1.37 s

191 ms

3.62 ms

14:40:30
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O mn iStat S umma I'y Courtesy: Pasini, et. al, J. Supercomputing 81, 618 (2025)

Open-source, scale-out telemetry tool

Targets system 24x7 collection and user-mode 0
collection on large clusters Fig. 21 Max GPU HBM memory consumption traces

during final HPO exercise using 8,560 Froatler nodes (68 480 ¢

Designed for large scale and low overhead: used
by Al developers on up to 68K GPUs on Frontier

*  We welcome suggestions for future enhancements and

Wy 75 HPO tria
collaboration opportunities... 2 |} HPO trial selected -tier 2
https://rocm.github.io/omnistat/ : 5 _p ?PGHT selected - tier 1
35 | « —— PFareldo Front
. . . . 1.0 —0.9 —0.8 —-0.7 -0.6 —0,5 —0.4 -0.3
* Feel free to ping us with questions /issues 0g1c (Validation MAE)

karl.schulz@amd.com, jorda.polo@amd.com

rgy consumpiion of each HPU inel ploted sgainst che validation MAE. The Mack dashed
=1 - - [,

i ted 1he HPFO i ikl LIQ), The
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Additional Discussion / Questions?
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