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Introduction: Computation is joining theory and experiment as the third pillar of scientific investigation. It 
is now recognized around the world as an essential national technology in terms of scientific leadership, 
economic competitiveness and national security. Computational science — the use of advanced computing 
capabilities to understand and solve today's complex problems in science, engineering and the humanities 
— requires significant advances in hardware, software, algorithms, visualization, as well as the underlying 
domains. To promote scientific computing and technology across all disciplines and enable education, 
research and discovery through the use of emerging, advanced computational technologies, LSU’s Center 
for Computation & Technology (CCT) [1] and Information Technology Services (ITS) [2] partnered to 
establish the HPC@LSU [3] in 2005, a central gateway to the high performance computing resources and 
expertise of LSU. The State of Louisiana has responded to the nation’s call for advancing computational 
science by providing advanced infrastructure to its researchers through the Louisiana Optical Network 
Initiative (LONI) [4], over 85 TFlops of compute resources connected to each other, and the rest of the 
nation, via high speed optical networks.  

LONI is a state-of-the-art fiber optic network that runs throughout Louisiana. It connects Louisiana and 
Mississippi research universities to one another, as well as to the National LambdaRail [5] and Internet2 [6] 
high-speed backbone networks. Former Louisiana Governor Kathleen Babineaux Blanco invested $40 
million over a 10-year period starting in 2004 to build and maintain LONI, and she invested an additional 
$10 million in 2006 to enhance the computing resources. HPC@LSU has been providing system 
administration and user support for LONI supercomputers since 2005. In September 2007, the National 
Science Foundation (NSF) awarded LONI a prestigious HPCOPS grant for $2.2 million that allowed 
Louisiana to join the TeraGrid [7], a national cyberinfrastructure established by the NSF for the support of 
computational research. TeraGrid coordinates the use of HPC resources at eleven sites across the country, 
including LONI, which contributes half of the computational cycles on its centerpiece supercomputer, 
Queen Bee [8], to the TeraGrid through the HPCOPS award. 

Initially funded through September 2009, LONI’s HPCOPS award has since been twice extended by the 
NSF. The first extension included an additional $0.5 million in funding for an additional six months of 
operation, and in fall 2009, NSF extended most of the TeraGrid project including LONI for an additional 
year, with an additional $1.14 million of funding coming to LONI and then to LSU to continue supporting 
the HPC@LSU staff until July 31 2011. This project is a significant part of the HPC@LSU team’s work 
and is the main area that creates national visibility for the division. This work also helps the HPC@LSU 
team gain understanding of best practices in similar sites elsewhere. The HPCOPS project initiated a 
national presence at LSU in supercomputing and cyberinfrastructure. This presence has allowed the LSU 
and Louisiana user communities to expand into the national computational science community through 
direct support and development activities. 

The Value of HPC@LSU: HPC@LSU currently maintains 16 HPC clusters that provide over 100 TFlops 
of total computing capacity and more than 500 TB of high performance disk storage, and serves as a central 
point of access to all HPC resources and user expertise at LSU and LONI. Since 2005, HPC@LSU has 
provided researchers in Louisiana with the scientific computing infrastructure and the support necessary to 
facilitate research efforts and utilize cutting-edge technology to push the limits of scientific discovery. 
Major investments from LSU and the state, dozens of people, and several years’ effort, came together to 
develop HPC@LSU into a nationally-recognized facility for providing production HPC cycles to 
researchers on campus, across the state, throughout the nation, and across the world. The advanced HPC 
environment has successfully attracted many faculty, research scientists, and students to LSU and other 
LONI campuses. One important thing that the HPC resources have greatly aided is a number of major 
research and infrastructure projects such as CyberTools [9], LONI Institute [10], PetaShare [11], etc. Since 
2004, HPC@LSU has been supporting the US Army Corps of Engineers and LSU Hurricane Center by 
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simulating and tracking hurricanes that affect the entire Gulf Coast. The near real-time simulations are used 
to help predict storm impacts and directly assist the state and national entities with response planning. 
 
HPC@LSU has played a critical role in advancing research, education, and economic development, and 
brought huge value to LSU and to Louisiana. The many activities HPC@LSU has been involved with have 
enhanced the research strengths and competitiveness of LSU and other state research campuses. As a result 
LSU and the other state research campuses are in a very strong position to apply for computational time on 
national and international supercomputing facilities and are more competitive for federal funds from all 
national agencies. The research grants Louisiana received in the past several years based on the HPC 
environment at LSU and LONI are over $75.3 million ($70.1 million to LSU).  Since 2006, researchers in 
Louisiana have published over 150 papers [12] using the resources supported by HPC@LSU.  
 
The HPC@LSU group offers training sessions and hands-on assistance to students, faculty and staff 
helping them learn how to access and use the cyberinfrastructure available at LSU and LONI. On-going 
consulting support helps them conduct groundbreaking research in a variety of areas ranging from 
astrophysics to computational biology. HPC@LSU has presented 82 tutorials and 18 workshops to 
students, faculty and staff in Louisiana since 2007. 1023 people attended the tutorials and 507 researchers 
participated in the workshops between January 2007 and December 2009. Through additional training, 
workshops, and other activities, we expect more researchers at LSU and in state to use local and national 
HPC resources to do their researches and catalyze literally dozens of competitive, sustainable projects 
across all campuses in the state. 
 
It is critical for the university and the state to continue supporting the mission and direction of HPC@LSU, 
and to sustain this high-performance computing capability. Without a strong HPC, LSU and the state will 
not be able to do high-level research in computational science. LSU and LONI have long understood the 
potential to advance breakthroughs in many disciplines using high-performance computing technology, and 
we need to continually acquire the most effective equipment and use the most advanced computational 
tools to maintain our edge in this area, and enable research that could not be achieved otherwise without 
HPC@LSU.  

The Sustainability Issue at HPC@LSU: 15 out of the 16 HPC systems HPC@LSU maintains for LSU 
and LONI were purchased in either 2005 or 2006. The newest system is LSU’s Philip [13], a small 37-node 
cluster that was acquired in summer 2009. A supercomputer has a typical lifetime of 3 to 4 years, and the 
current systems at LSU and LONI are 3- to 5-year-old machines, many at or near the end of their warranty 
life.  It is time to refresh or replace these HPC systems. However, no funding has yet been identified to buy 
new equipment. Neither LSU nor the state via LONI has a strategic plan to fund new supercomputers and 
to continue have an effective cyberinfrastructure in Louisiana. Sustaining the HPC Environment at LSU 
and in Louisiana is becoming a critical issue. Currently, 8 staff, about half of the HPC@LSU workforce, 
are funded under the NSF HPCOPS grant to LONI that expires on July 31, 2011. When LONI/LSU’s 
TeraGrid participation ends in 2011, retaining these staff and their HPC expertise will be critical to 
continuing the HPC support and operations currently being provided to LSU and LONI research 
communities. Given the amount of time and the number of staff that are required to assure some expertise 
in all HPC critical areas, retaining sufficient personnel support is critical to sustaining the high-level HPC 
services. It is hoped this paper catalyzes a strategic discussion between LSU, LONI and the State, which 
begins planning how to address the sustainability of the HPC environment. 
 
Initially, HPC@LSU resided within ITS; but since April 2007, it has resided within CCT. One challenge 
for HPC@LSU is in seeking funds for new HPC systems.  As a partnership, HPC@LSU doesn’t have its 
own budget authority, therefore, HPC@LSU could not set aside funds over time to cumulate enough 
money to purchase new hardware or replace the existing cyberinfrastructures, as CCT and ITS are in 
control of HPC@LSU’s budget. Funding HPC systems has become CCT’s sole responsibility since 
HPC@LSU moved within CCT and the Office of the Vice Chancellor for Research and Economic 
Development.  ITS, while a previous contributor, has had to focus priorities for its funding investments to 
the broader set of IT challenges on campus that remain a part of its charter.  And both ITS and CCT have 
had to deal with significant budget reductions since January 2009 as part of broader cuts to LSU from the 
State, which has greatly decreased the ability of both organizations to provide ad-hoc or permanent ongoing 
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funding for HPC sustainability.  Compounding the budgetary challenges just mentioned, as CCT has hired 
more faculty and staff over time, it has had less discretionary funding available from unspent salary sources 
for one-time, ad hoc use for HPC systems. For this reason, it has been critical that both local (CCT, ITS, 
LSU, State) and Federal funding sources be sought to keep the HPC facilities at the forefront. To this end, 
several large system proposals were submitted by LSU to NSF to establish a national supercomputing 
facility in the past several years, and thought the review comments to each successive proposal were better 
than the last, LSU did not break through and win an award. Seeking federal funding resources to sustain 
HPC environment at LSU has become harder in recent years, as the university-level HPC machines for 
general-purpose use are no longer being funded by the NSF. 
 
Plans To Sustain HPC Environment:  Ideally, LONI, as a statewide organization governed by the 
Louisiana Board of Regents [14], should focus on maintaining systems larger than those available on a 
campus to facilitate large-scale research efforts, utilizing advanced computational technology to enhance 
the state’s ability towards scientific discovery and economic development. Ideally, LONI should plan to 
purchase one large system every two years, allowing operations on two overlapping (in time) large systems 
at any given time. Such a large system usually costs approximately $3-5 million. If the Board of Regents 
budgets $2-3 million for new hardware each year, $4-6 million would be available for a new system every 
two years. These large LONI systems would be intended for researchers with applications scalable to 
thousands of cores, or with data-intensive projects involving multiple terabytes of data, to solve today's 
complex problems in science and engineering. Such LONI HPC resources would provide transitional 
platforms for extreme large applications that could scale from thousands of cores (on LONI) up to millions 
of cores, positioning them to move onto the national Petascale or future Exascale HPC systems. 
 
Each of the six LONI member institutions currently hosting a small LONI system should also plan to 
refresh their small cluster. These current small LONI clusters were start-up investments from the state, and 
it’s now time for the local schools to pick up and continue the funding. HPC@LSU is willing to continue to 
provide system administration and consultation support for these small systems, funded by contracts with 
the local universities if they can’t, or prefer not to, provide the expertise to maintain the systems. These 
small HPC systems are suitable for single node execution, interactive, educational, and on-demand use by 
the local user community. These resources might also be used as testbeds and software development 
systems, and they provide transition platforms from a departmental-level resource to the larger LONI state-
level and national level cyberinfrastructure resources. Making use of such platforms in this way alleviates 
the pressure of small jobs on the large LONI systems that have been optimized in their configuration and 
operational policies to favor highly scalable applications.  
 
While LSU does have a global strategic plan for IT on campus (Flagship IT Strategy, or FITS [16]) that 
does address the need for effective HPC resources and the need for life-cycle funding mechanisms to be 
developed to fund all of IT (including HPC) resources, a specific, detailed implementation strategy should 
be developed by LSU (CCT, ITS, campus administration and other stakeholders) to sustain and promote the 
HPC environment for advanced research, education and economic development on campus. It is not only 
the responsibility of CCT and ITS, but also the university as a whole, to sustain HPC@LSU, as HPC@LSU 
provides cycles and HPC services to all researchers on campus, and assists faculty, staff, and students in 
developing and deploying applications and tools, and applying these technologies on HPC resources. LSU 
should annually preserve some funds that are not required to be spent in the current fiscal year, and make 
plans to refresh the LSU HPC systems sequentially. The university might consider using the same method 
that LSU uses for network charging to charge for computational time used by their LSU researchers. At 
LSU, network node charges are assessed at $18 per month.  The University provides ITS with accounts to 
pay these charges for academic and administrative units but does not fund auxiliaries, grant funded units, 
contractors, etc. (these groups provide ITS with their own budget codes to pay for their network usage). 
ITS collects the funds, but at the end of a fiscal year, the part of the funds charged on the University 
accounts for academic and administrative units are returned to the University. And even this model is about 
to change, with LSU recognizing that perhaps the better way to charge for pervasive network service is to 
do so based not upon a “node charge” model, but instead one based upon allocating the cost of the network 
across a more relevant metric – personnel headcount (full-time equivalents, or FTE).  In this model, such 
pervasively available services as wireless can be better accounted for, and funded holistically.  This would 
remove connectivity as a ‘discretionary’ element, and make it part of the broader fabric (in accordance with 
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the FITS recommendations) of IT enablement provided to the campus community.   
 
We might suggest that the University could charge campus users for HPC usage in order to fund future 
HPC. However, this will likely be problematic as it is based upon an outdated strategy of rationing, rather 
than a newer approach of encouraging use through providing the resources holistically.  As well, there may 
be the temptation for the most advanced researchers (and heaviest users) to choose to use “free” HPC 
services available at other institutional HPC facilities elsewhere and/or plan to get “free” national HPC 
cycles from NSF’s TeraGrid and DOE’s INCITE [15] programs. The fault in this approach is that these 
services are not, in fact, “free” as they require the researchers to develop proposals for allocations and work 
with remote user support operations resident at these centers.  This may work for some very skilled users, 
but it seems to fail for those not yet at that level, and in any event the process will no doubt place an 
impediment to advancing the use of HPC with ‘novice’ researchers, or those in areas not traditionally used 
to employing HPC in their work.  The advantages HPC@LSU provides to users at LSU include superlative 
services, instant and direct support, unlimited advanced consulting services, a readily understood allocation 
system, and a deploying HPC environment for developing new tools and technologies; these advantages 
would certainly increase the impact HPC can have in a broader sense on research, teaching, and learning at 
LSU, but are not generally provided on the other national HPC resources to LSU researchers. 
 
Considering other funding strategies, a condo approach was used to purchase LSU’s Tezpur system, a 
1440-core Linux cluster, in 2006. CCT, ITS, and 2 individual researchers pooled funds to purchase the 
large university cluster. The two users who contributed funding received a dedicated queue on the 
resources. This approach, with researchers providing funds to purchase a large HPC cluster or donating 
funded clusters to HPC@LSU to aggregate compute cycles together and be maintained in a centralized 
way, should be continually sought to help address part of the university’s computational needs and to 
sustain the HPC environment at LSU. But it must be pointed out that these individual contributions 
accounted for less than 10% of the overall acquisition – and thus, the condo model is not in and of itself the 
overall solution.  As well, it may become increasingly harder for researchers to get external funds for 
computers, as it seems that the funding agencies such as NSF are encouraging researchers to use national 
HPC resources rather than funding department-level or campus-wide HPC resources.  The researchers at 
LSU and other LONI institutions have been used and benefited from abundant HPC resources provided by 
LSU and LONI in the past several years. They are relying on the University and the State to continue 
funding HPC systems and sustaining the HPC environment instead of aggressively writing proposals to 
seek external funding. As a result, the researchers may have none or extremely limited hardware funding to 
contribute for future HPC cluster acquisition. Considering these factors, a condo model is promising but is 
unlikely sufficient, here, to build an encompassing funding strategy upon it alone to sustain an HPC 
environment. Other strategies to be explored are funding from indirect cost allocations, or strategic 
reallocation from other broad IT sources, as advances in the use of such things as “cloud” computing and 
outsourced basic services yield savings which – if not taken by continuing budget reductions! – could be 
reallocated to the important HPC funding challenge.  There are likely other strategies to be considered as 
well, and this speaks again to the need for the creation of a detailed HPC implementation and funding 
strategy built upon the existing FITS recommendations. 
 
Beyond LSU, this need extends to the LONI environment.  Given the serious funding challenges due to the 
reduction of state revenue, the universities and LONI must prioritize their expenditures and find new ways 
to sustain mission-critical programs such as HPC and the broader cyberinfrastructure now deployed. An 
executive committee should be established to do strategic planning and address long-term sustainability for 
HPC@LSU. The LONI Management Council and executives from LSU (charged with responsibility to 
operate and sustain the global HPC environment in place in Louisiana) should form an executive 
committee, comprised of the vice chancellor for research and economic development, the vice chancellor 
for information technology, the CCT director, the LONI executive director, the chair of LONI management 
council, and the HPC director to provide strategic direction and guidance for HPC@LSU and form the 
aforementioned implementation strategy and funding plan for this critical resource. 
 
Conclusion: HPC@LSU has grown significantly and brought huge value to LSU and Louisiana in the past 
several years. The HPC sustainability issue faced at LSU and in Louisiana will be similar to those faced at 
other institutions. LSU and Louisiana need to adapt their funding models and seek for new approaches to 
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address this issue. A combination of a pay-for-use model and a condo approach, mixing internal and 
external financial support, can be utilized to address part of the problem but a strategic plan and long term 
commitment from the University and the State will be ultimately approach to this challenge. 
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