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This blog post, part of a series on the DGX-A100 OpenShift launch, presents the functional and
performance assessment we performed to validate the behavior of the DGX™ A100 system,
including its eight NVIDIA A100 GPUs. This study was performed on OpenShift 4.9 with the GPU
computing stack deployed by NVIDIA GPU Operator v1.9. It is a follow-up to our previous work
on enabling MIG support in the GPU Operator and benchmarking AI/ML performance on a single
A100 GPU.

In this work, we paid particular attention to the reproducibility of the functional and performance
tests, so that the whole testing procedure can be easily re-executed in any freshly deployed
OpenShift cluster.

For the workload running on the GPUs, we chose the NVIDIA PyTorch implementation of the
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Single Shot Detector (SSD) AI/ML model, from MLCommons MLPerf v0.7 repository, running
against the COCO dataset.

In the following sections, we describe how we prepared the cluster, then go through the
functional testing of the MIG partitioning control of the GPU Operator. We also present the
performance benchmarking performed to validate the speed up gain when using multiple GPUs
to run the SSD algorithm and the performance isolation when running multiple independent
workloads on each of the GPUs.

To prepare the cluster for running the tests and benchmarks, a few operators must be deployed
and configured:

�. The OpenShift Node Feature Discovery Operator. This operator is in charge of labeling the
worker nodes with hardware and system properties. It is a prerequisite for the NVIDIA GPU
Operator, as it detects NVIDIA GPU PCI cards and advertises them on the node
label  .

�. The NVIDIA GPU Operator. This operator is the cornerstone of this work. It deploys the GPU
computing stack, including the kernel driver, in all of the GPU nodes. Since v1.9.0, the
deployment of RHEL entitlement is not necessary anymore. With the help of NFD labels, the
GPU Operator will automatically detect the DGX A100 node and install (via containers) the
necessary drivers, services, and CUDA libraries to run GPU workloads.

�. The OpenShift Local Storage Operator. This operator allows storing persistent data on local
disks or partitions. See our own LocalVolume resource as an example, but make sure to adapt
it to the hardware setup of your system. The only requirement is to expose
a   (named   in our illustrations) that can be used later to create
a  , with at least 30 GB of available disk space.

Once the operators have been installed and configured, we must prepare the cluster to run the
benchmark:

�. Prepare a   for storing the dataset
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�. Download the COCO dataset and extract it in the persistent storage

�. Create the entrypoint script  . See our entrypoint  .

�. Create the   itself, and wait for its completion. See our download  .

�. Create an   for creating the MLPerf SSD container image, and create
a   to turn the repository into a container image:
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At the end of the   execution, the   will contain a container image that can be
used by the Pods in the same namespace:

Note that this   points to our fork on the   repository
because of a bug in the image build chain, leading to a failure in the image build. Our fork simply
reorganizes the content of the   to avoid hitting the problem, and the rest of the
repository is untouched.

The GPU Operator ships a default list of possible MIG configurations, where all the GPUs of a
given node all have the same configuration. This list can be overridden by a custom configuration
file, allowing a finer-grain configuration of each of the GPUs. As part of our functional testing, we
apply a custom configuration file, extending the default list with this entry (from the NVIDIA
MIG-Parted repository):
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Once all these steps have been carried out, the cluster is ready for executing our benchmark
suite. In the following section, we present the reproducible benchmarking environment we used
for running the GPU computing validation benchmarks on the DGX A100 system.

Running the validation benchmarks can be done manually by instantiating the Kubernetes
resources and waiting for the completion of the workload jobs. However, this would not scale well,
when the number of benchmarks to run gets larger.

To solve this problem, we used the   framework, which allows specifying a
list of workload configurations that should be benchmarked. See this configuration file for the
settings used, and this directory for the code used for running and plotting the benchmark.
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 is a framework for running various combinations of benchmarking
parameters, storing execution artifacts, and plotting the results. The tool is agnostic to the
workload being benchmarked; the configuration file ( ) defines the
configurations that should be tested, as well as how to execute it and where to store the results.

The following components are required to run the benchmark, parse the results, and visualize
them:

�. A benchmark execution script, independent from the rest of the framework (further described
in the following subsection).

�. A Python storage module, which parses the content of the artifact directories and stores the
raw measurements into Python structures.

�. A Python visualization module, which transforms the measurements into Plotly graphs.

The   framework combines these modules and provides two commands:

�.  to run all the benchmark configurations that did not terminate successfully yet

�.  to parse the benchmark artifacts and provide a dynamic Web interface to
visualize the data results

In the following subsections, we more thoroughly present the script in charge of running the
MLPerf SSD benchmark. We also detail the observation artifacts we collect, which allow studying
post-mortem the exact setup in which the benchmark ran, as well as the reproduction artifacts,
which allow anyone to re-run a particular benchmark without hassle.

 is our script in charge of launching the MLPerf benchmark on OpenShift. It
configures the GPUs and the GPU Kubernetes stack according to the benchmark requirements
(GPU MIG configuration, MIG advertisement), then prepares and instantiates the Kubernetes
workload Jobs and waits for the termination of its Pods. The script enforces the proper
coordination of the different steps (e.g., cleanup of any dangling Pod, awaiting for
reconfiguration of the GPUs, validation of the Pod successful execution). It reports an error if
anything goes wrong, so that the   framework knows that this run was
unsuccessful and should be re-executed later.

A Guide to Functional and Performance Testing of the NVID... https://www.redhat.com/en/blog/a-guide-to-functional-and-p...

6 of 24 10/20/25, 1:33 PM

https://github.com/openshift-psap/matrix-benchmarking-workloads/tree/5edb9e2da0d696a965c58d7c52b39c6e80c37e1c/mlperf/exec
https://github.com/openshift-psap/matrix-benchmarking-workloads/tree/5edb9e2da0d696a965c58d7c52b39c6e80c37e1c/mlperf/exec
https://github.com/openshift-psap/matrix-benchmarking-workloads/blob/5edb9e2da0d696a965c58d7c52b39c6e80c37e1c/mlperf/store.py
https://github.com/openshift-psap/matrix-benchmarking-workloads/blob/5edb9e2da0d696a965c58d7c52b39c6e80c37e1c/mlperf/store.py
https://github.com/openshift-psap/matrix-benchmarking-workloads/tree/5edb9e2da0d696a965c58d7c52b39c6e80c37e1c/mlperf/plotting
https://github.com/openshift-psap/matrix-benchmarking-workloads/tree/5edb9e2da0d696a965c58d7c52b39c6e80c37e1c/mlperf/plotting
https://plotly.com/python/
https://plotly.com/python/
https://github.com/openshift-psap/matrix-benchmarking-workloads/blob/5edb9e2da0d696a965c58d7c52b39c6e80c37e1c/mlperf/exec/run_ssd.py
https://github.com/openshift-psap/matrix-benchmarking-workloads/blob/5edb9e2da0d696a965c58d7c52b39c6e80c37e1c/mlperf/exec/run_ssd.py
https://github.com/openshift-psap/matrix-benchmarking-workloads/blob/5edb9e2da0d696a965c58d7c52b39c6e80c37e1c/mlperf/exec/run_ssd.py


In addition to the execution coordination, the script captures observation and reproduction
artifacts. We describe these artifacts in the following subsections.

Observation artifacts are critical for post-mortem studies of the runtime environment in which
the benchmark was executed. They can be used to confirm some aspects of the configuration or
troubleshoot any performance perk and so on. In the following, we list artifacts we currently
gather for each of the benchmark execution:

• Cluster information: OpenShift   resource definition

• Node information: the Node resource definition

• GPU stack information: the   resource definition

• Workload information:

◦ The Jobs resource definitions

◦ The Pods logs

◦ The Pods image (name and SHA)

• GPU usage information:

◦ The Prometheus start/stop timestamp

◦ The GPU metrics generated between these timestamps

• Benchmark execution information:

◦ The exit code of run_ssd.py execution

▪ This tells if the execution was successful

◦ The benchmark settings being tested

▪ This tells what configuration was being tested

◦ The logs of run_ssd.py execution

▪ This contains the performance indicators generated by the application

The second part of the artifacts generated by the benchmark relates to the reproduction
artifacts.
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Reproduction artifacts provide an easy way to re-execute a particular configuration of the
benchmark by providing all the relevant configuration bits. See   for a
minimal sample script re-executing a given benchmark. The artifacts stored for re-execution are
the following:

• Kubernetes environment:

◦ : name of the Job app label, used for tracking the Pods running the workload

◦ : namespace where the resources are created

• GPU configuration:

◦ : the MIG advertisement strategy to configure in the 

◦ : the MIG label to apply to the DGX AI 100

◦ : the entrypoint script controlling the workload execution in the Pods

◦ : the Job defining the benchmark workload

Along with the cluster setup presented in the previous section, these artifacts should be enough
to reproduce the benchmark execution.

In the following subsection, we describe the functional testing we performed on the DGX A100
to validate the good behavior of the NVIDIA GPU Operator with the eight MIG-capable GPUs.

DGX A100 offers eight integrated MIG-capable NVIDIA A100 Tensor Core GPUs with 320 GB
and 640 GB GPU memory options. In this section, we present different tests we ran to validate
that the GPU Operator is able to properly configure MIG functionality on the 320 GB
configuration (40 GB per GPU). The original work on dynamic MIG reconfiguration was
presented in this blog post, and it is also documented on the GPU Operator web page.

With the single advertisement strategy, the GPU Operator exposes the MIG GPUs with the same
tag as full GPUs:  . This advertisement strategy is useful for full compatibility
with full GPUs, as it does not require modifying the resource tag requested by the Pods. The
node labels indicate the MIG slicing through the   label.

Example of configuration:
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• Test artifacts

• Job parallelism: 

• Container resources:

•  (from one of the Pods)

• Test artifacts

• Job parallelism: 
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• Container resources:

• 

In this test case, we request five GPUs in two Pods, while only eight GPUs are available in the
system. Kubernetes Pod scheduler detects that there are not enough GPU resources available to
schedule the second Pod, so it delays it until the resources are released. Hence, the execution of
the two Pods is sequential.

• Test artifacts

• Job parallelism: 

• Container resources:
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•  (from one of the Pods)

The sequential execution of the two Pods is visible in this plot of
the metrics exported by the NVIDIA DCGM exporter:

The   advertisement strategy exposes MIG GPUs with a custom resource tag, indicating
the number of compute units and memory available for the instance (e.g.,: 
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 for the biggest slice of the A100-40GB GPU. This advertisement strategy breaks
the compatibility with full GPUs but allows heterogeneous MIG slicing.

Example of configuration:

• Test artifacts

• MIG configuration: 

• Job parallelism: 

• Container resources:
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•  (from one of the Pods)

• Test artifacts

• MIG configuration: 

• Job parallelism: 

• Container resources:

• 

This test case creates two   requesting 4 Pods. One of the   requests resources of
type   and the second one requests resources of type 

.

• Test artifacts

• MIG configuration: 

• Job parallelism: 
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• Container resources:

• (from one of the Pods)

• Job parallelism:

• Container resources:

•  (from one of the Pods)

For illustration purpose only; this configuration is not supported by the NVIDIA GPU Operator:

• MIG configuration: 

• Job parallelism: 

• Container resources:
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The GPU Operator provides a predefined list of possible MIG configurations for the different
MIG-capable GPUs already released. These configurations also work in a multi-GPU node, such
as DGX A100, however, the same MIG slicing will be applied to all the GPUs of the node. It is
possible to override this default configuration by providing a custom ConfigMap containing the
desired configuration. See the GPU Operator documentation to find out how to deploy such a
configuration.

As part of our test bench, we applied the MIG-Parted sample multi-GPU
configuration named  :

And to validate the proper slicing of all the GPUs, we launched a Pod requesting 0 GPUs,
meaning we got access to all the GPUs of the node:

• Test artifacts

• MIG configuration: 

• Job parallelism: 
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https://docs.nvidia.com/datacenter/cloud-native/gpu-operator/openshift/mig-ocp.html#creating-and-applying-a-custom-mig-configuration
https://docs.nvidia.com/datacenter/cloud-native/gpu-operator/openshift/mig-ocp.html#creating-and-applying-a-custom-mig-configuration
https://github.com/NVIDIA/mig-parted/blob/42717e6ef649f68be22f11cbf3117147518ce660/examples/config.yaml#L38
https://github.com/NVIDIA/mig-parted/blob/42717e6ef649f68be22f11cbf3117147518ce660/examples/config.yaml#L38
https://github.com/NVIDIA/mig-parted/blob/42717e6ef649f68be22f11cbf3117147518ce660/examples/config.yaml#L38
https://github.com/NVIDIA/mig-parted/blob/42717e6ef649f68be22f11cbf3117147518ce660/examples/config.yaml#L38
https://github.com/openshift-psap/dgx-blogpost/blob/dgx/DGX-A100_GPU-Operator_testing/results/mlperf/dgx-test/20211209/gpu=2g.10gb_0gpu_x_1pod/run_20211217_1222.1e2f
https://github.com/openshift-psap/dgx-blogpost/blob/dgx/DGX-A100_GPU-Operator_testing/results/mlperf/dgx-test/20211209/gpu=2g.10gb_0gpu_x_1pod/run_20211217_1222.1e2f


• Container resources:

• 

This concludes the functional testing we performed on DGX A100 to validate the proper behavior
of MIG slicing and GPU requesting. In the following subsection, we present the results of the
performance benchmarking.

The second part of the DGX A100 testing consisted of the validation of the GPU computing
performance, in particular when multiple GPUs are involved in the computation.
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As a follow-up of our previous work on benchmarking a single A100, we continued with the
MLPerf 0.7 SSD training benchmark, from the PyTorch implementation submitted by NVIDIA.
The benchmark was running against the Coco 2017 benchmark.

We ran the benchmark with 1, 2, 3, … or 8 GPUs working together on the benchmark, with GPU
peer-to-peer communication done with the NVIDIA NCCL library.

We obtained the following results, which show very good scaling performance: the results (red
line) are very close to the perfect scaling (blue dotted line).

In the second part of the multi-GPU benchmarking, we wanted to understand how DGX A100
was able to run independent workloads on each of the GPUs. So we took the same benchmark
configuration as in the multi-GPU case, but we launched 1, 2, … 8 Pods of the benchmark, all with
one dedicated GPU. We used a shared directory to synchronize the beginning of the execution
(i.e., wait for the right number of Pods to signal that they are ready).

In the plot below, we took the 1-GPU execution as a reference time (no parallelism) and
compared it against the time it took for all the Pods to complete the benchmark. We can see that
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https://cloud.redhat.com/blog/using-nvidia-a100s-multi-instance-gpu-to-run-multiple-workloads-in-parallel-on-a-single-gpu
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https://content.cloud.redhat.com/hubfs/multi-gpu_time-to-threshold.png
https://content.cloud.redhat.com/hubfs/multi-gpu_time-to-threshold.png


with up to 5 or 6 GPUs running currently, there is barely no slowdown, but it starts to increase
with 7 or 8 GPUs. This is most likely due to the heavy data transfers between the disk, the main
memory, and the GPU memory, for this particular workload.

In this blog post, we presented how we performed the function validation of the OpenShift GPU
Operator running on eight GPUs within DGX™ A100. We described the different MIG modes we
tested, as well as the values of the node labels and Kubernetes resources exposed with these
different settings. We also conducted a performance benchmark, involving the eight GPUs
running simultaneously, either all training a single AI/ML model or all performing independent
computations.

As a follow-up to this work, we're planning on doing more work around AI/ML computing at large
scale, such as multi-GPU multi-node training, with multiple DGX A100 interconnected with
NVIDIA GPUDirect RDMA high-performance networks. To generate enough compute
requirements, we'll turn toward the greedy natural language models, such as BERT or
Transformer-XL. Stay tuned!
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