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Meeting Today’s Complexity in HPC with Monitoring for System Observability

• Challenge: HPC operators and users face an increasing complexity in hardware and software

• Solution: deploy monitoring throughout the entire system to enable observability

nvidia-smi Data Center GPU Manager (DCGM)
✅ Ease of use
❌ Limited data

✅ More and better data
❌ Additional SW required❤

NVML GPM API
✅ Ease of use
✅ More and better data
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NVML GPM API – Available Metrics

• First released with NVML v520 in October 2022

• Supported on NVIDIA GPUs since Hopper

NVML GPM
GPU Utilization
SM Utilization
SM Occupancy (warp utilization)
Memory Utilization
Instruction Mix (integer, fp64, fp32, fp16)
Tensor Mix (integer, double, half, any)
PCIe (transmit, receive)
NVLink (transmit, receive)
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NVML GPM API – Available Metrics

• First released with NVML v520 in October 2022

• Supported on NVIDIA GPUs since Hopper

NVML GPM
also in nvidia-smi GPU Utilization

SM Utilization
SM Occupancy (warp utilization)

also in nvidia-smi Memory Utilization
Instruction Mix (integer, fp64, fp32, fp16)
Tensor Mix (integer, double, half, any)

also in nvidia-smi PCIe (transmit, receive)
also in nvidia-smi NVLink (transmit, receive)
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NVML GPM API – Available Metrics

• First released with NVML v520 in October 2022

• Supported on NVIDIA GPUs since Hopper

NVML GPM
also in nvidia-smi GPU Utilization

SM Utilization
SM Occupancy (warp utilization)

also in nvidia-smi

also in nvidia-smi
also in nvidia-smi
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NVML GPM API – Usage Example

• Metric calculation is based on continuously integrated counter values
- “everything” indicates that no load spikes are missed
- Unfortunately, the raw counter values cannot be retrieved directly

• ⚠ Caveat: minimum time between samples is 100 ms

• ✅ But still well suited for monitoring use (and other coarse-grained data collection)
- No interference with other profiling tools like DCGM or NVIDIA Nsight Systems / Compute observed

nvmlGpmSampleGet(device, sample_start)

// everything executed here is measured

nvmlGpmSampleGet(device, sample_end)

nvmlGpmMetricsGet(sample_start, sample_end, metrics)
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Case Study: Energy Consumption Modeling

• Data from 4-weeks in-production monitoring with 1 min sampling frequency
- CLAIX-2023 GPU partition with 52 nodes each with 4 NVIDIA H100 GPUs
- GPU power consumption derived from nvmlDeviceGetTotalEnergyConsumption continuously integrated counters

• Observations:
- Limited resolution of nvidia-smi due to integer GPU utilization values
- NVML GPM’s GPU Utilization with stronger linear correlation than nvidia-smi (counter-based vs sample-based data)
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❌ ✅

𝑟 = 0.86𝑟 = 0.79
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Case Study: Energy Consumption Modeling

• Data from 4-weeks in-production monitoring with 1 min sampling frequency
- CLAIX-2023 GPU partition with 52 nodes each with 4 NVIDIA H100 GPUs
- GPU power consumption derived from nvmlDeviceGetTotalEnergyConsumption continuously integrated counters

• Observations:
- Limited resolution of nvidia-smi due to integer GPU utilization values
- NVML GPM’s GPU Utilization with stronger linear correlation than nvidia-smi (counter-based vs sample-based data)
- Stronger linear correlation with SM utilization than with SM occupancy (as also shown by other works [1-4])
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𝑟 = 0.84𝑟 = 0.95𝑟 = 0.86𝑟 = 0.79
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Metric Validation – Initial Observations

• Initial assumption: SM Occupancy ≤ SM Utilization ≤ GPU Utilization
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The SM utilization may exceed
the GPU utilization… 🤔

The SM occupancy never exceeds
the SM utilization 🤓👍

✅ ❌
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Metric Validation – Metric Definitions

• Checking the documentation of the NVML GPM metrics:

• 💡 The number of cycles depends on the clock frequency
- The clock frequency can be locked with: nvidia-smi --lock-gpu-clocks=1980,1980
- With a locked GPU frequency, the assumption is: SM Utilization ≤ GPU Utilization

• But locking the GPU frequency is undesirable due to a higher energy consumption / degraded performance

[5]
[6]

💡

✅
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Metric Validation – Post-Processing Methodology

• Apply post-processing to the collected raw NVML GPM SM utilization 𝑢𝑡𝑖𝑙!"# = 0.30

• Use a simplified clock frequency model to enable usage in a monitoring context:
- 𝑓!"#$%& $'(& = 2000 chosen as the maximum documented GPU frequency

• Use NVML GPM GPU utilization as 𝑝"$%&'( )*"+ = 0.60

• Clock frequency values from simultaneously collected nvidia-smi samples
2000
1900
1800
345

1900
1800
900

1900
1800
2000

𝑓𝑟𝑒𝑞"', = 𝑓𝑟𝑒𝑞"$%&'( )*"+ · 𝑝"$%&'( )*"+ + 𝑓𝑟𝑒𝑞&-"$%&'( · 𝑝&-"$%&'( + 𝑓𝑟𝑒𝑞"$%&'( &+)( · 𝑝"$%&'( &+)(

2000
1900
1800
345

1900
1800
900

1900
1800
2000

identify samples with
an inactive frequency

2000
1900
1800
345

1900
1800
900

1900
1800
2000

other samples are 
active frequencies

𝑝&-"$%&'( =
2
10 = 0.20

𝑝"$%&'( &+)( = 1 − 𝑝"$%&'( )*"+ − 𝑝&-"$%&'(
𝑝"$%&'( &+)( = 1 − 0.60 − 0.20 = 0.20
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Metric Validation – Post-Processing Methodology

• The active frequencies are used to estimate 𝑓𝑟𝑒𝑞"$%&'( )*"+

• Finally, the post-processed average SM utilization during kernel execution 𝑢𝑡𝑖𝑙.(!-() is:

• This methodology similarly applies to the SM occupancy (or any other clock-dependent metric)

2000
1900
1800
345

1900
1800
900

1900
1800
2000

𝑓𝑟𝑒𝑞"$%&'( = 𝑓𝑟𝑒𝑞"$%&'( )*"+ ·
𝑝"$%&'( )*"+

𝑝"$%&'( &+)( + 𝑝"$%&'( )*"+
+ 𝑓𝑟𝑒𝑞"$%&'( &+)( ·

𝑝"$%&'( &+)(
𝑝"$%&'( &+)( + 𝑝"$%&'( )*"+

solving this equation gives 𝑓𝑟𝑒𝑞"$%&'( )*"+ = 1850

𝑢𝑡𝑖𝑙.(!-() =
𝑓𝑟𝑒𝑞"', · 𝑢𝑡𝑖𝑙!"#

𝑓𝑟𝑒𝑞"$%&'(	)*"+ · 𝑝"$%&'(	)*"+
=
1634.50 · 0.30
1850 · 0.60 ≈ 0.44

𝑝"$%&'( )*"+ = 0.60
𝑝"$%&'( &+)( = 0.20
𝑓"$%&'( &+)( = 2000

computed as the average of all active frequencies𝑓𝑟𝑒𝑞"$%&'( = 1887.50
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Metric Validation – Comparison to Nsight Compute

• Test applications: VeloxChem [5-6], NVIDIA HPL [7], tiny OpenACC SPEChpc2021 [8]
- Each application was configured to run on a single GPU
- VeloxChem was run once and took ≈ 27 min
- To guarantee sufficient samples, all other executions were repeated until each job ran at least 2 h

• In all cases, the post-processing improved the accuracy of the metrics:
- GPM raw values differ by 28.35 %pt and 8.74 %pt on average
- GPM post-processed values differ by 2.31 %pt and 0.95 %pt on average
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Summary & Outlook

• Highlighted the value of the newly available NVML GPM API:
- Ease of use without additional installation requirements
- High quality data due to derivation from continuously integrated counters

• Introduced post-processing methodology for clock-dependent metrics

• Support NVML GPM data collection with our open-source NVML-GPM-Collector
- Available on GitHub: https://github.com/RWTH-HPC/NVML-GPM-Collector

Outlook

• User-facing monitoring portals can supply more accurate insights with NVML GPM data

• Employ NVML GPM data for application modeling and system utilization analysis

Thank you for your attention!
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Metric Validation – Initial Observations

• The tensor utilization seems to be clock-dependent as well…
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The tensor utilization may exceed
the GPU utilization

The tensor utilization never exceeds
the SM utilization

✅ ❌
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Metric Validation – Initial Observations

• Minutely monitoring data has sufficient quality for jobs with 2h runtime + at most 20% inactive portion
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Theme 2 – GPU Monitoring with NVML GPM

• Theoretically also available with nvidia-smi, but
- no sub-second time information available
- data is reported later than expected (to be exact: one delay later)

Thu 14 Aug 17:18:12 CEST 2025
// workload executed on GPU 0
Thu 14 Aug 17:18:58 CEST 2025

nvidia-smi dmon --delay 2 --count 5 --format csv,nounit --options DT \
    --gpm-metrics 1,2,3,4,5,6,7,9,10,11,12,13,20,21,60,61 --gpm-options dm
// only collection of PCIe metrics here with delay 90
//     [rx|tx]pci: --select t
//     pci[tx|rx]: --gpm-metrics 20,21
#Date, Time, gpu, rxpci, txpci, pcitx, pcirx
 20250814, 17:12:06, 0, 0, 0, -, -
 20250814, 17:13:36, 0, 0, 0, -, -
 20250814, 17:15:06, 0, 0, 0, 0, 0
 20250814, 17:16:36, 0, 0, 0, 0, 0
 20250814, 17:18:06, 0, 0, 0, 0, 0
 20250814, 17:19:36, 0, 0, 1, 0, 0
 20250814, 17:21:07, 0, 0, 0, 13, 22
 20250814, 17:22:37, 0, 0, 0, 0, 0
 20250814, 17:24:07, 0, 0, 0, 0, 0

PCIe transfers should already appear here



Leveraging NVML GPM for NVIDIA GPU Monitoring
Christian Wassermann, Tobias Dollenbacher, Christian Terboven, Matthias S. Müller
2026-01-26

26

Case Study: Cluster Workload Analysis – Instruction Mix
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Case Study: Cluster Workload Analysis – Data Transfers
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Details of Job Monitoring Dataset


