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Hardware Upgrade — DURIP Program
W911NF1810476
Pl: Dan Negrut — University of Wisconsin-Madison

Assets purchased:
e 581,000 — 2x Supermicro GPU Server
o 2xAMD EPYC 7272 CPU
o 4x NVIDIA A100 40GB SXM4 GPU
o 4TB NVMe SSD
o 100 Gb/s Ethernet Adapter

e $11,500 — 1x Virtualization Server
o 1x AMD EPYC 7282 CPU
o 2x NVIDIA RTX A5000 PCle GPU
o 1TB PCle 3.1 SSD
o 100Gb/s Ethernet Adapter

e $107,237.69 — Network Upgrade (to 100 Gb/s)
o 2x HPE SN3700M 32-Port Switches
o 20x 100 Gb/s Active Optical Cables
o 26x Mellanox QSFP Splitter Cables (200 Gb/s > 2x100 Gb/s)
o 72x 100 Gb/s Ethernet Adapters

Euler Upgrade Process 2021
The entire planning, purchasing, and deploying of both the computational and network components for this
upgrade were done by a part-time System Administrator for the Euler Cluster. Upgrading Euler in the midst
of the COVID-19 pandemic was challenging owing to parts shortages.

Pre-planning

The Sysadmin began assimilating information to be used in the cluster upgrade in February 2020 in response
to perceived deficiencies, e.g., in the performance of distributed (MPI) tasks, in access to large datasets over
the network, and in maintaining a software stack able to support the latest computational hardware. This
involved a deep-dive into the capabilities of various types of high-speed networks including InfiniBand,
OmniPath, and RoCE.

Planning
Once instrumentation was awarded in December 2020, the Sysadmin used the prepared information to
propose a two-pronged approach to infrastructure upgrades:

1. Approximately half of the funding would go toward acquiring the latest GPU technology from NVIDIA.
Due to supply chain issues stemming from the ongoing COVID-19 pandemic and a sharp rise in the popularity
of cryptocurrency mining, consumer GPUs such as the Geforce RTX 3080 were selling for more than double
their recommended value and were almost impossible to obtain even at those prices. Instead, it was
determined that the best option would be to acquire something that was out of reach for cryptocurrency,
such as the Tesla A100 datacenter GPU.
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2. The other half would be used to fund a complete overhaul of Euler’s network infrastructure. This would
require new network switches, 100Gb network adapters for each server, and the cables to connect all of
the machines to the switches. This would also enable a more sophisticated and higher-performing filesystem
which would be deployed during the maintenance window for the network upgrade.

Pandemic-related supply chain issues meant that despite beginning the acquisition process in late January
2021, vendors struggled to predict product availability and lead times. After vendor negotiations concluded
in late February, it was estimated that the hardware would arrive at some time during April. As a result, a
12-day maintenance window was planned for the end of May 2021, in which all of the changes would need
to be implemented. When this was decided, the University of Wisconsin — Madison campus was still in a
partial lockdown; while many buildings could be entered, much of the academic staff had not yet resumed
in-person operations because vaccines were still restricted to specific types of essential workers.

Further complicating the approaches detailed above was the catastrophic announcement that Euler’s
operating system, CentOS 8, would be discontinued nearly seven years before its originally advertised End-
of-Life. Purchasing licenses for Red Hat Enterprise Linux would be prohibitively expensive, but maintaining
compatibility with the latest hardware would be similarly difficult without a widely-accepted target
platform.

Preparations

In the months and weeks leading up to the maintenance window, in addition to his normal maintenance
and classroom assistance duties, the Sysadmin conducted exhaustive testing on potential replacements for
CentOS, assisted users with the migration and cleanup of roughly 100TB of stored data, drafted new
configuration scripts, and collected system backups in order to ensure that the maintenance window could
be entirely devoted to implementing the planned system changes.

Several problems arose as the deadline approached, not the least of which was a number of manufacturing
issues, shipping delays, and last-minute availability changes that caused some of the network components
to arrive as late as just a few days before the deadline.

Installation

Four student volunteers were able to provide time in shifts adding up to roughly 20 person-hours of physical
labor. This became invaluable as installing switches in racks and moving servers within range of cables could
not be safely completed by a single person. The layout of the server room necessitates that cables are run
in overhead channels, requiring the installer to climb atop a ladder while manipulating the cable. An
estimated 600 meters of cable would need to be moved in this way in order to perform the upgrade, and
another 300 meters would need to be run inside of the server racks. This process took the first six days of
the maintenance window, totaling 80 person-hours of labor, 60 of which were performed by the Sysadmin.
The second half of the maintenance window was spent performing a complete overhaul of the cluster’s
software infrastructure, including dual stack networking, a new Identity Management (IdM) deployment, a
new Ceph filesystem deployed from scratch onto a cluster of seven servers, a new deployment of Foreman
(the upstream of RedHat’s Satellite), and the reprovisioning of the system’s GPU compute nodes. This period
took a little over 60 hours of labor and was performed by the Sysadmin.

Post Install and Performance Observations

After the maintenance window completed, several weeks of time were dedicated to assisting users with the
migration of their existing work onto the new platform. The remaining (low traffic, CPU-only) compute
nodes were eventually reprovisioned as user demand grew over the summer term. The resulting platform
has showed greatly improved network performance, showing latencies as low as 890 nanoseconds during
RDMA benchmarks; nearly 1000x faster than the former configuration. Filesystem performance has
improved as well with a parallel write throughput of roughly 2.5 GB/s, over 4x previous speeds. Read

Page 2 of 4



throughput has improved even more impressively, delivering data at around 11GB/s, over 20x faster than
the original implementation.

Use of cluster

The equipment that was purchased through this award was added to Euler, a cluster that is more than a
decade old but has been constantly upgraded throughout its service. Euler is a co-op that several faculty
from the College of Engineering contributed towards. By a large margin, Negrut’s lab has the largest share
of hardware (about 80%). Each co-op contributor has priority over his/her share. However, when his/her
share is not used, other users can tap into it.

Negrut’'s research would not be possible without this cluster, which anchors his lab, which is called
“Simulation-Based Engineering Lab (SBEL)”. As the name suggests, the entire lab works off Euler since
computer modeling and simulation is our focus. We use the cluster in multi-phase fluid dynamics, granular
flows, terradynamics (for ongoing Army & NASA projects), autonomous vehicle simulation, human-in-the-
loop simulation. All the papers (journal & conference) that come out of our lab draw on this cluster. As a
measure of recognition of our work, the poster we submitted to the 2021 Supercomputing Conference in
St. Louis, held in November, was one of the four finalists for the Best Poster Award in the entire
Supercomputer Conference. The remarkable thing is that everybody who contributed to that poster was a
Mechanical Engineer, being recognized at a Supercomputing Conference where the focus is on the TOP500
supercomputers in the world, exascale computing, etc.

Finally, the cluster is used in instructional activities, where students get accounts for one semester to learn
about HPC. For instance, I'll be teaching in Fall the class ME759: High Performance Computing for
Applications in Engineering. This class is a PhD level class that draws between 70 and 100 graduate students
each time is taught. Because of the DURIP funding, which over the years allowed me to keep this cluster up
to date, this highest-level class in the College of Engineering at UW-Madison became the largest graduate
course within the entire college (made up of 12 departments).
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Figure A. Schematic of Euler. The CPU-GPU cluster has more than 80 GPU cards using the Maxwell, Pascal,
Volta, and Ampere architectures.
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Figure B. Partial view of the Euler heterogeneous cluster. Shown are several CPU/GPU nodes.
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