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One Cluster, Many Workloads:
Getting More from HPC Investments
Supporting world-class research across multiple disciplines is no easy task for
today’s high performance computing (HPC) centers. As more and more researchers
come to rely on HPC to break new ground, the range of workloads is increasing.
Few organizations have the luxury of being able to deploy multiple systems to
address different workload requirements, so a modern cluster must be able
to handle compute-intensive number-crunching, data-intensive analytics, and
everything in between.
Plymouth University is a case in point. The University High Performance Computer
Centre (HPCC) recently deployed a 1,600-core cluster based on the Intel® Xeon®
processor E5 v4 family, Intel® Omni-Path Fabric (Intel® OP Fabric), and a highperformance Lustre* storage solution. To simplify configuration and better address
the application requirements of multiple research teams, the cluster was also
configured with Intel® HPC Orchestrator, a pre-integrated system software stack.
According to Dr. Antonio Rago, theoretical physicist and academic lead for the
HPCC, “With Intel HPC Orchestrator, we don’t lose time configuring the system.
It’s as though we’re scaling up a single computer into a large cluster, with no
additional overhead.”

Driving Discovery with a Flexible HPC Cluster
The University of Plymouth’s new cluster will support a wide variety of shortterm projects in fields such as genetics, biomedicine, healthcare, mathematics,
neuroscience, and cyber-security. The two primary focus areas, however, will be
theoretical physics and marine research. The applications for these two areas are
very different, and place different pressures on the resources of the cluster.

Illuminating the Fundamental Secrets of the Universe
Particle physicists have made great progress in understanding the fundamental
interactions of matter and energy. The Standard Model explains all known
elementary particles with remarkable accuracy. Yet major questions remain. For
example, although physicists at CERN confirmed the existence of the predicted
Higgs Boson, there is no clear understanding of what its nature is or whether it is a
fundamental or composite particle. There are also questions about the dark matter
that apparently holds the universe together, yet interacts with other particles only
through gravitation. A particle with the requisite properties has yet to be identified.
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Dr. Rago has contributed to an application called Hirep that
runs lattice gauge models to explore possible extensions of
the Standard Model with very high levels of precision. The
simulation results are then compared with results that are
being generated at CERN by the Large Hadron Collider (LHC).
The goal is to identify subtle frictions between the Standard
Model and experimental results, and then use those findings
to extend the theory—without breaking the parts that have
proven so successful.
Since the lattice gauge models are based on theory alone,
they do not depend on empirical data. The workloads are
extremely compute- and communications-intensive, but
place little if any stress on the storage system.

Using and Protecting Oceans and Coastlines
Marine researchers at the University of Plymouth use
applications that have very different computing
requirements. Their work focuses on exploring the behavior
and impact of winds, currents, and waves on natural and
man-made structures to better understand erosion and to
enable cost-effective energy extraction. The research team
uses a physical wave laboratory for practical investigations
on scaled-down prototypes. They also use large, complex
computational fluid dynamics (CFD) models to extend and
scale their laboratory results, so they can better understand
and predict behavior in the ocean and along actual coastlines.
In contrast to Dr. Rago’s physics applications, the CFD models
of the marine researchers are data bound. Getting the large
data sets into and out of the cluster fast enough to fully
utilize the cluster’s computational resources is the primary
bottleneck that must be resolved to maximize processor
utilization and shorten time to results.
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One Cluster to Run Them All
To address such diverse needs, the University of Plymouth
needs a flexible and balanced hardware infrastructure
that can handle extreme requirements at every level, from
compute, to fabric, to storage.
Dr. Rago and his team chose the latest Intel Xeon processor
E5 v4 family to provide a major upgrade in compute power
compared with their previous clusters. These processors
provide efficient support for the broadest range of commercial,
custom, and open source software applications.
Some of the most frequently used applications will include
ANSYS Fluent* for computational fluid dynamics, Adapco
StarCCM+* for multi-disciplinary engineering simulations,
Hadoop,* Spark,* and Icon* for big data analytics, and Hirep,*
Grid,* OpenQCD,* Chroma,* and Milc* for physics simulations.
Intel works extensively with the software community to
optimize HPC applications for Intel Xeon processors, so
efficient compute performance can be expected across
these and many other applications.
Because of the intense computing demands of his models,
Dr. Rago uses Intel® compilers, profilers, and performance
analysis tools to optimize his code for higher performance.
He finds that the time invested in software optimization
is more than compensated by the faster runtimes for his
complex models.
The storage system for the University of Plymouth’s new
cluster supports 0.5 petabytes today and will scale to 3
petabytes in the future. The Lustre parallel file system is
helping Rago meet the storage access demands of the largest
marine simulations. Based on the stress tests performed to
date, it is helping to resolve many of the issues that arose on
the previous cluster. Multiple data-intensive applications can
now be run simultaneously without slowing performance for
either one.
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A Flexible and Agile Software Stack
Software issues can be as problematic as hardware
bottlenecks in an HPC environment, especially when a cluster
has to accommodate such a wide range of applications. The
University of Plymouth HPCC is taking advantage of Intel HPC
Orchestrator to simplify software management. This preintegrated and validated system software stack is based on
the OpenHPC project, which is controlled and managed by the
Linux Foundation*. Intel HPC Orchestrator includes additional
Intel software components to simplify cluster health checking
and management. It also includes Intel® Parallel Studio XE
Cluster Edition, which provides dynamic access to multiple
developer environments and optimization tools. Intel provides
scale testing and validation for Intel HPC Orchestrator, and
offers professional technical support for organizations that
prefer a supported system software stack.
Intel HPC Orchestrator provided immediate value for the
University of Plymouth. According to Dr. Rago, “It took two
to three weeks for me to manually configure the software
environment for our previous cluster. Using Intel HPC
Orchestrator, I was able to do it in just two days. Aside from
a few additions and relatively minor fixes, everything went
straight into place.”
The long-term benefits may be even greater. “Intel HPC
Orchestrator makes it easy to create and manage multiple
software images, and to quickly reconfigure the cluster,” says
Dr. Rago. “This can be a big advantage. For example, multi-user
management is challenging when running Hadoop, so I created
separate images for two different user groups. I just reinstall
the software when necessary. It’s really quite simple.”
Software versioning is also easier using Intel HPC Orchestrator,
which is particularly helpful for the theoretical physicist,
since his work relies on open source and custom code that
undergoes frequent revisions. Intel HPC Orchestrator makes
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it much easier to manage library dependencies and other
software issues so application upgrades are easier and less
disruptive. A broad community of open source developers
works to continuously upgrade and integrate the software
components in OpenHPC, and Intel tests, validates, and
supports the resulting Intel HPC Orchestrator stack. The
University saves time and has a more stable and reliable
foundation for its own applications.

The Road Ahead
As University of Plymouth begins to move beyond initial
stress testing for the new cluster, Dr. Rago is already looking
ahead to new opportunities. In particular, he is exploring
hybrid and hierarchical software structures that can help
to ensure that the most compute-intensive code segments
run on the highest performing hardware resources that are
available, without excessive communications overhead.
These software strategies could help to improve performance
and utilization in heterogeneous cluster designs, which
could potentially help the University of Plymouth make
better use of future Intel® Xeon® processors and Intel® Xeon
Phi™ processors. Dr. Rago has high hopes for these nextgeneration processors. “If they live up to expectations,
they could provide major—even disruptive—increases in
application performance. I am very excited to find out what
they can do.”
As these and other HPC hardware technologies continue to
evolve, Intel HPC Orchestrator will help to ensure that the
underlying system software evolves along with them. With
this foundation, the University of Plymouth and other research
organizations will find it easier to take advantage of new
technologies, so they can ramp-up performance even higher,
and help drive the next great wave of scientific discovery.
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Visit intel.com/hpcorchestrator
for more information.
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