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High Performance Computing (HPC) supercomputers provide unprecedented
computing power for a diverse range of scientific applications. Despite the
sizeable computing resources on offer there are a number of technical
barriers that limit the use of HPC resources for High Energy Physics
applications. However, more recent HPC facilities use x86-based
architectures managed by Linux-based operating systems which could
potentially allow HEP software to be run on supercomputers. There is now a
renewed interest from both the LHC experiments and the HPC community to
accommodate data analysis and event simulation production on HPC
facilities.

The HPC Execution Environment

* User jobs typically request a large number of processors

e A strictly limited amount of jobs can be run per user at any given time

 No local disk: user application software and associated dependencies
must be resident on the file system mounted on the compute node

* Lightweight compute node OS does not have all the libraries and packages
expected on the standard worker node configuration

* No WAN connectivity from the compute node

* All communication to and from the HPC facility is routed through gateway
servers. Limited ports are open on the gateway servers

* Job input data is expected to be pre-fetched on the shared filesystem

 Each HPC system has its own identity management system

Accessing HPC Resources on the Grid

A feasibility study was performed to determine if HPC resources could be
incorporated into the production operations of an existing Tier-2 grid
site. Access to the HECToR supercomputer [3] was enabled by the
deployment of a dedicated ARC Server [4] at the UKI-SCOTGRID-ECDF Tier-2
site [5]. Both facilities are located at the Advanced Computing Facility in
Edinburgh, UK. A pragmatic approach was taken to resolve any technical
challenges encountered with the aim of providing feedback into a more
general design that can be used at other HPC sites willing to provide
resources to High Energy Physics.

e Member of the PRACE Europe-wide
supercomputing initiative [1]

 Cray XE6 system [2]

* AMD 2.3 GHz 16-core processors

e Total of 2816 compute nodes =90,112 cores

 Theoretical peak performance of over 800 Tflops

32 GB of main memory available per node
 Total shared memory of 90 TB

1 PB Lustre distributed parallel file system
 PBSpro job scheduler

* Cray Linux Environment (CLE) OS

Opportunistic Resources

It is often the case that HPC queue
utilisation is less than 100% as high
priority jobs requesting a large number
of compute nodes wait for adequate
resources to become available. There
are therefore significant backfilling
opportunities available to process high
throughout workload which would not
adversely impact existing user demand.

Job Scheduling
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Experiences and Outlook

The execution of HEP code on HPC compute nodes was found to be the most
challenging aspect of this study. There was no general method that could be
applied and continual engagement with HPC administrators was required to
resolve incompatibility issues.

Additional network access to the compute node and to the gateway servers also
remains a significant barrier. For now only CPU-intensive jobs can be executed
that have no runtime dependency on externally hosted data. However, some of
the compute node and connectivity restrictions are site policy issues which could
be potentially adapted to accommodate additional HEP workloads in the future.
There is increasing engagement between the HPC and Grid communities to
accommodate "big data" processing and high throughput computing at the new
x86-based class of supercomputer facilities. This feasibility study has provided a
useful insight into how this can be achieved using an existing HPC system.
Effort will now continue in this area with the aim of providing a production-level
service for High Energy Physics applications.

Further Information

1. Partnership for Advanced Computing in Europe http://www.prace-ri.eu/

2. Cray XE Systems http://www.cray.com/Products/Computing/XE.aspx

3. HECToR: The UK National Supercomputing Service http://www.hector.ac.uk/abouthector/

4. Nordugrid Advance Resource Connector http://www.nordugrid.org/arc/

5. Edinburgh Compute and Data Facility
http://www.ed.ac.uk/schools-departments/information-services/services/research-support/research-computing/ecdf/




