


NMCAC

The New Mexico Computing Applications Center

A New Mexico engine for Economic Development and Education

by creating high-value jobs and building a high-technology workforce
I. Vision

Supercomputing is rapidly becoming an essential element of innovation and competitiveness. Computer-based methods now play a central role in all areas of economic development, education, and research. Economically, computational analysis, modeling, and simulation have become a distinguishing factor in business competitiveness. Educationally, developing computing skills in students is an essential part in preparing for a future in a wide range of careers.
The establishment by the State of the New Mexico Computing Applications Center (NMCAC) will greatly accelerate these trends to the benefit of New Mexico. The Center will provide a nation-wide fabric of scientists and institutions — including leading-edge industrial partners — that are working together (in New Mexico!) on issues important to New Mexico and the nation. 

The vision of the Center is to:

Create high paying jobs and new job opportunities while training and equipping our kids to be more competitive for these jobs.

The Center will be a magnet for business growth. It will elevate our business profile nationally and internationally. It will open gateways to high technology at all levels throughout New Mexico.  It will support our educational initiatives while attracting student into science and technology.

The return to New Mexico on this investment will be realized by:

1) Providing an anchor for large companies that will drive innovation and jobs in New Mexico,

2) Establishing new, small businesses within the State,

3) Helping to educate our kids and creating high-paying jobs to keep them in New Mexico

4) Gaining national recognition for New Mexico as a leader in 21st century technologies. 

We forecast as much as $650M of direct economic return to the state over five years for an initial state investment of $42M. The educational return will be equally impressive: every year the Center will teach thousands of students about how computing allows us to better our world, instruct hundreds of teachers on how computing can be brought into the classroom, and provide research opportunities for hundreds of college students.  In addition, the Center will provide resources to communities throughout New Mexico that will allow them to better address a wide range of issues.

New Mexico has tremendous resources in our National Laboratories, Universities, and Industries. This initiative will allow New Mexico to take advantage of the enormous leverage of our scientific computing expertise to drive economic development while also promoting the educational goals of the State.

II. Why New Mexico Needs a Computational Applications Center

Computer simulation has become the cost effective tool that gives a competitive advantage to high tech business. The expertise in computing largely resides at universities and national laboratories and this is where business looks for the expertise on how to use this tool. Bringing the researchers and businesses together provides the connection needed to drive technology development effectively. Other states have recently responded to this opportunity by founding computational centers such as we propose here. Two examples are the states of Ohio and Indiana who have each invested in computing centers at about $50M each. However these centers are more heavily oriented around academic research rather than high tech business. The New Mexico Center will institute a more effective approach for economic development by targeting applications that will be of use to business in the state.

The power of scientific computing to give large companies a competitive advantage and save time and money can be illustrated by two examples. 

Procter & Gamble has partnered with Los Alamos to develop computational tools that help managers understand reliability losses, and prevent problems before they occur. P&G has implemented the tools in more than 200 assembly lines that produce consumer products ranging from diapers to detergents. Since implementing the system globally, P&G has increased plant productivity up to 44 percent; cut controllable costs by as much as 33 percent; improved equipment reliability between 30 percent and 40 percent; reduced line changeover time from hours to minutes; and achieved 60 percent to 70 percent faster new-product start-ups. As a result, bottom-line cost savings of over $1B were realized.

Boeing estimates that the development of a new aircraft costs about $2 billion dollars a year. The 777 was the first Boeing aircraft to be entirely designed on the computer. Computer aided design (CAD) and computer aided manufacturing (CAM) as well as simulation on high performance computers allowed engineers to “fly” the aircraft in the computer by the use of mathematical models. These simulations allowed Boeing to replace one of the major cycles of prototype build and test, reducing the development time by about a year, thus saving the company $2 billion.

Another market exists for applying computing to the needs of small-to-medium size businesses. While these have the same needs as large businesses in being able to use modeling and simulation instead of time-consuming and expensive testing and prototyping, they generally lack the resources and technical expertise required in computing. The Center will address this need by offering competitively-awarded grants of both computer time and Center staff to do the initial development of the computer models the businesses require to be competitive. This effort will be restricted to the R&D needs of small-to-medium businesses. The Center is aimed at providing innovation, not the day-to-day computing required in fabricating products.

New Mexico can take advantage of the ever-increasing demand by industry for computing. We have the resources. The Center will allow us to focus those resources on the needs of both large and small businesses. New Mexico’s investment in the Center will position us in both the short and long term for significant economic development.

Finally, supercomputing can be used effectively in helping communities develop solutions to issues they face such as urban growth, robust and disaster-resistant utilities, water management, traffic routing, and other areas. Part of the Center’s efforts will be to work with communities around New Mexico in addressing these issues. The Center can provide the computing power and technical staff required to address difficult and complicated problems. By applying 3-D visualization techniques to these problems, the Center will be able to bring community planners into the Center and provide them with the ability to change conditions and plans so that they can arrive at an optimal solution. This type of “Decision Theater” has been pioneered at the Ohio Supercomputing Center and has proven to be a highly effective tool for planning. In fact, this same type of approach has been shown to work well in allowing large businesses to optimally plan their development strategies. Thus, we will make “Decision Theaters” an integral part of the Center core and gateways and make them available to New Mexico communities and business partners of the Center.
III. New Mexico’s Position in Innovation and Computing
Technology incubators, seeded by local governments, have been shown to be a jump-start for state business. For example, since the early 1990s, Massachusetts has invested in their “Massachusetts Technology Cooperative”, primarily in the areas of microelectronics, computing, and clean energy. It has brought significant returns to their state: 

$20M private investment in Massachusetts’s nanoscale technologies

$140M private investment in fields related to nanoscale technologies.

$14.6 million in private investment to “green” the state's infrastructure.

$28 million in private investments for a solar manufacturing line.

$35 million in new federal research dollars for Massachusetts

$16 million award for the Center for Hierarchical Manufacturing

Even foreign governments have used this idea. The South Korean Government seeded the development of KIST (Korean Institute for Science and Technology) that has succeeded commercially and built the foundation for major high-tech enterprises:

Development of 1st generation electronic switch

Korean Color TV industry

Copper-covered steel wire industry

Polyester films for VCRs (captured 40% of world market)

Artificial diamonds

Aramide pulp as new material (hold patents)

Distoma treatment drug (patent) for parasitic worms

Doping test used in sports

Diamond-like film technology

Lithium polymer battery

Remote health diagnosis system

Computational Centers are a more focused example of this strategy. Several states have seeded the development of computational centers such as our proposed NM Supercomputing Center with the express purpose of supporting the development of high tech jobs and investment like those above. Among them are California, Ohio, Indiana, Illinois, New York and Texas, all with significant success and visibility in their states. For example, Ohio founded the Ohio Supercomputing Center (OSC) with an investment of about $50M.  Just this past year alone (2006) OSC has won two federal grants for a total of $16.2M return – in one year. 

By comparison, New Mexico is starting several years behind our competition. However, we have a significant advantage in our national laboratories, Sandia and Los Alamos, which are known as the best in the country in the applications of scientific computing to practical problems. Both Sandia and LANL are founding members of the Center. By drawing on the talent in our labs and universities, and providing both the computer and the computer scientists to work with the labs, universities, and business, this initiative will move New Mexico to the forefront of the nation in innovation and competitiveness. 

IV. The NMCAC Concept

The Center

The strength of the Center lies in the outstanding intellectual resources we have in computing and R&D in the State. The Center itself will host a talented set of computer and computational scientists working closely with researchers at our universities, laboratories, and high-tech businesses. While the talented people we have (and will acquire) provide the foundation necessary for success, we need to provide the researchers with the tools needed to apply that talent to economic and workforce development. The central workhorse of the Center will be one of the fastest computers for unclassified research in the world (100,000 time faster than a desktop) performing 200 trillion calculations per second (200 Teraflops) when it comes on line in late 2007. 
To house this enterprise we will construct a building that will be located at one of the research parks in Albuquerque. Fully-equipped gateways to the Center will be located at Intel, NMSU, NMT, LANL, and SNL. Other institutions and businesses around the state will also have direct access to the Center. The computer system itself could be located at the Intel facility in Rio Rancho where Intel would make computer-room space available at no charge. High-speed fiber optics will provide direct access to the Center from around the state as well as enabling our national and international partners access to the Center.

The Center will provide an ideal environment for researchers from industry, national laboratories, and universities to collaborate both on-site and in “virtual interaction labs” in efforts to accelerate innovation. A major focus will be to bring together computational and simulation tools with researchers and businesses in NM that will establish NM as a global leader in targeted areas of scientific discovery and technological innovation. In fact, one of the requirements of any partnering institution is that their researchers and students must spend time in New Mexico working at the Center. This will develop the personal relationships that are key to getting businesses to permanently site some of their R&D efforts in New Mexico. Once the R&D centers develop new technologies that result in new products, we will have a basis to attract the manufacturing of those new products to New Mexico.

A key benefit of the Center will be the pipeline of highly trained “simulation” scientists and engineers flowing out of its efforts. This pipeline will be a crucially important attractor in bringing high-tech businesses to New Mexico. The Center will provide consulting and training services to industrial partners, access to cutting-edge computer technology, and collaboration on technologies to be commercialized by high tech business.

The Center represents an important capability that can provide support for the STEM (Science, Technology, Engineering, and Math) initiatives in education in NM. As well as supporting R&D for undergraduate and graduate students, the NM Supercomputing Center can serve to attract K-12 students into science and engineering by demonstrating how computer modeling and simulation (with the aid of 3-D visualization) can address interesting and challenging problems.

The Center will be able to address the needs of communities in developing optimal energy, water, transportation, and general infrastructure plans Social modeling is an effort that is rising in importance. By being able to model and predict the actions and interactions of people in different environments, we can understand what will work and what won’t work as communities grow and evolve.

Goals

Overall, the Center seeks to enable scientific and engineering leadership for innovation and industrial competitiveness. The Center’s primary goals are to:

1) Establish and maintain New Mexico as a world leader in innovation 

2) Incubate new, innovative businesses and give a competitive advantage to New Mexico business, thus creating high-paying sustainable jobs,

3) Support science and technology education in our State and build a pipeline of highly qualified computational scientists and engineers, with job opportunities in New Mexico

4) Become an example for the way in which disparate organizations with common interests can interact with significant impact.

Partners

Major founding partners have been established from a cadre of New Mexico institutions with leadership in the development and use of high performance computing: Intel, LANL, NCGR, NMSU, NMT, SFI, SNL, and UNM. While Intel, LANL, and Sandia can provide gateways to the Center, we are requesting funds as part of this initiative to stand up gateways at NMSU, NMT, and UNM. NCGR and SFI will be connected to the Center through high-speed links.

We expect New Mexico colleges and universities (including tribal colleges) and R&D institutions institutions (e.g., Air Force Research Laboratory, Army Research Laboratory, and White Sands Missile Range) as well as the New Mexico Research Parks will also be members of the Center.  We will seek national partners also. From industry, we already have strong connections with HP, Boeing, Shell, Chevron, Proctor and Gamble, Goodyear, and LMC LMC and expect that a number of small New Mexico-based R&D businesses will join. From national academic leaders, we already have strong relations with CMU, RPI, UT-Austin, ASU, UTEP, Harvard, Cornell, and Illinois. As the Center grows and develops, we will be looking to bring in more external partners who are interested in working with us in New Mexico, thus providing additional connections and resources to the Center.
Some industrial participants will be “sustaining partners,” who will have priority for collaboration and access to the Center. These will be chosen based on mutually beneficial capabilities, and will contribute an annual fee of $25K - $1M, depending on the size and type of applications. Smaller R&D businesses in NM who meet criteria of their potential to contribute to economic development in NM will have access to the Center either through competitively-awarded grants or low-cost agreements. 

In order to satisfy long-term goals, the Center will evolve to a national enterprise, with partners chosen from across the nation based on criteria that include technical credibility, geographic diversity (with the political map in mind to facilitate federal funding), concurrence of interests, and, ultimately, the ability to significantly impact New Mexico and U.S. innovation and competitiveness. Gateways will be established at the major partners. On the discovery and education front, we envision the Center being a resource for New Mexico educational efforts and becoming an internationally prominent center for computational science and engineering. Following models that have been successfully developed at the University of California and other institutions, we expect there will be well-recognized computational scientists coming to the Center from around the country and the world to create new discoveries.

Connection to the National Science Foundation “Petascale Facility” Proposal
The Federal National Science Foundation (NSF) seeks to fund the largest computer in the world and make it available to the academic community for research. This computer will be sited in the winning state. Several of the NM Center’s founding members have teamed with a national coalition to win this competition and site the computer in New Mexico.

The NM Center will be synergistic with this proposal to the National Science Foundation (NSF) to create a national Institute for Computational Science and Engineering (ICSE) to support research across the nation. This is the first example of our strategy to extend our reputation and influence in scientific computing for business and education nationally using the NM Center as the base. 

A joint proposal that involves a collaboration of UNM, Sandia, and Los Alamos with Carnegie-Mellon University (CMU), Intel, and several other organizations is one of four collaborations that passed a first evaluation and have been invited by the NSF to submit a full proposal. (The other contenders include collaborations led by the University of California, the University of Illinois supercomputing center, and Oak Ridge National Laboratory. If successful, the one Petaflop  (1000 Teraflop) computer would be sited at the Intel facility in Rio Rancho. ICSE would be a national facility that is funded at the $200M level for the computer and an additional $250M over 5 five years for operations that researchers from around the country would use. In order to attract the ICSE to NM, the state would be willing to offset power costs by $1M a year for 5 years and to provide the high-bandwidth connectivity through NM Lambda Rail to the research institutions that would access ICSE. The partners in a successful bid would be provided 10% of the computer time, which would result in NM institutions having access to ~20 Teraflops of computing power (which is only 10% of what the NM Center would provide). In addition, having the state invest in the New Mexico Computing Applications Center would serve as a strong attractor for the NSF facility.

If successful, New Mexico would enjoy direct benefits as a primary location for the ICSE and would also benefit from direct access to a modest amount of computing power. In turn, the New Mexico Center would allow researchers to develop tools that would be used at the ICSE, thus improving the efficiency of operations at the ICSE.

While ICSE would be an important asset for New Mexico from the direct connections to the national ICSE partners, it will not achieve the primary goal of the New Mexico Center, which is to provide economic development through innovation in a well-defined set of research areas that are important to New Mexico. We see the establishment of the New Mexico Center as being an important enticement for the NSF to select the NM-CMU proposal, while at the same the ICSE would benefit the New Mexico Center by providing resources and connections.

The New Mexico Computing Applications Center and the National Science foundation proposals are not dependent upon each other, but the base of New Mexico Center strengthens New Mexico’s chance of winning the NSF proposal.

V. Education

The Center addresses educational needs in NM across a broad spectrum. It represents an important resource to attract our kids into science, math, and engineering, to provide computer-based capabilities in teaching our kids, in providing educational research activities for our college students, in training our teachers to bring computer science into the classroom, and in providing high-tech jobs that will retain our students in New Mexico.

The Center will be an educational tool for New Mexico’s K-12 students. It will support distance teaching and learning activities in the State (such as IDEAL), provide short in-house learning experiences about computational science using state-of-the-art 3-D visualization techniques, and provide training courses for K-12 teachers in computer and computational science. We must first excite our young people about science and technology. We can do that by providing play-based learning using computers and visualization. Then we must provide them with the opportunity so see and learn in a hands-on fashion. We can do this by showing them (using 3-D visualization) how computers allow us to model the world around us and to make virtual changes that allow us to understand how our decisions will change the world in the future. Our kids are already attracted to visually-oriented computer games that allow them to control the actions of characters in the game. We can use this same method to engage kids by having them “play” computer games that simulate the world and that allow them to change things in the game (such as using solar energy instead of oil or coal) that affect the sustainability of a state or country. In this type of learning game, there is no single right solution – it is not a test. Rather it is a way of learning that shows our kids how to solve complicated problems using computers and visualization as a tool. In this manner, we can show our kids the increasingly important role that simulation plays in the workplace and to attract them into careers that will use simulation to solve many of the problems that society faces. The gateway facilities proposed in this initiative will start this by bringing kids from local schools into the Center to participate in short learning courses. We will then grow the Center through regional gateways in all areas of the State to connect to local schools. This requires the network capability provided by Lambda Rail along the Rio Grande and Wired New Mexico to the rest of the State. The Center will be a state-wide asset that will support the State’s existing and proposed distance learning and teaching initiatives.

The Center will offer the opportunity for college students to learn how computing is applied to solving real-world problems that companies and communities face. They will work side-by-side and under the guidance of Center staff at the core and gateway facilities as they learn real-life computing and research skills. They will be able to do this as partial credit for courses they take at school as well as by competing for research fellowships that allow them to get paid as they develop their skills in applying computing to a wide range of problems. This kind of practical learning experience will position them very well when they go seeking permanent jobs in a high-tech world.

The Center will allow graduate students to spend a significant portion of their academic careers on-site, interacting with faculty and industrial staff from the partnering institutions. These students would receive their degrees from their home schools, augmented by a certificate from the Center. These certificates would become sought-after accreditations of “computational readiness” for Ph.D. and Masters degree students.

The Center will directly engage college students, graduate students, and postdoctoral fellows by having them participate in the on-going research projects at the Center. This will not only serve to train them in computer modeling and simulation but will also develop their understanding of critical issues facing New Mexico such as energy, water, environment, and health. Finally, it will get them connected with the member institutions and high-tech businesses in New Mexico, thus serving to position them when they seek permanent jobs.

Another important service the Center will provide is for training of K-12 teachers in how to bring computing into the classroom. This could be accomplished in several different ways: having short (2-4 week) part- or full-time courses offered for teachers during the summer where they would receive instruction from and work with Center staff; having teachers participate with Center staff as part-time interns during the year; and providing support for efforts such as the “Masters of Science Teaching” program at New Mexico Tech. The Center will also support the State’s distance teaching efforts by providing computing tools and training for teachers in rural areas that they can use in their classrooms.

VI. Focus and Technical Scope

The Center will focus on business disciplines that are of strategic importance to the state of New Mexico. We will draw on the unique advantages offered by our State, by virtue of our geography and the special capabilities already resident in the universities and national laboratories. 

· Biosciences and Biotechnology:

· Sustainable Energy, Clean Environment, and Water:

· Information Technology

· Nanotechnology

· Space Sciences and the Aerospace Industry

This broad set of categories has been identified in initial efforts as the State works to develop a New Mexico Science and Technology Plan. 

As the Center is stood up, it will be necessary to prioritize how the Center will invest the time of its staff and the computing resources it will have. The criteria that will be applied in making decisions include the requirement that the work:

· Build on strengths that exist within New Mexico,
· Cultivate strong collaborative efforts within New Mexico, and build on the laboratory-university-industry connections that already exist;

· Possess a strong educational component for training high-end S&T staff, 

· Demonstrate a high potential for tech transfer/commercialization, with the end result of the creation of high-paying jobs in New Mexico;

· Assist in the development of an economic infrastructure that will support significant, broad-based technology growth in New Mexico;

· Address, over the longer term, national as well as state needs in order to build broad, sustained support for the center, and provide short-term impact as well as long-term opportunities.

An example of how the Center can address an important issue to New Mexico is in renewable energy. Researchers in Carlsbad have been working to determine the economic viability of bio-diesel produced from algae as a major new fuel source for the country. Algae is of interest as it has up to 100 times higher oil yield per acre than any other crop. New Mexico has the assets for growing algae on a large scale: large amounts of unused, flat land; high degree of sunshine; and large, deep saline aquifers. Making bio-diesel from algae competitive with petro-diesel will require genetic engineering of the algae strains. The most efficient way to engineer the algae is through computer modeling changes to the genetic structures responsible for stimulating algae growth and the amount of oil contained in algal cells. If successful, this could lead to a new multi-$B clean energy industry in New Mexico.
VII. Infrastructure

High Performance Computing Platform
In order to support the Center’s participants with access to world-class computing assets, the Center first will acquire state-of-the-art cluster computing capacity with a nominal speed of 200 Teraflops. It could be delivered in late CY 2007, at an approximate capital cost of $13M (based on an estimate received from one potential vendor). High-speed connectivity among local and remote participants will be established. This resource will be comparable to the best computer facilities in the world for unclassified research, and will represent a major increase in resources available to the Center’s academic and industry partners.

To meet the Center’s goal of providing world-class computing resources for a range of research and development needs and to remain competitive, it will be necessary to provide for continuing upgrades of the computer to a Petaflops-class machine by around the end of the decade. As the Center extends its reach to collaboration on a national scale, we will seek federal funding to increase the computing power of the Center.
Space

The new Center core building will be designed to accommodate 200 people, along with associated meeting rooms and laboratories. The Center will occupy approximately 60,000 square feet, with approximately 20,000 square feet of that space being at the existing supercomputing center at UNM. Based on a recent design of a similar building in Albuquerque, the center is expected to cost approximately $9.5M, including costs for equipment and infrastructure at the gateways at NMT and NMSU. Facilities included within the core center in Albuquerque are offices, small meeting rooms, medium and large conference rooms (including videoconferencing capabilities), a visualization center, computer architecture laboratory, development laboratory space, a classroom, display area, lobby, food service area, and restrooms, utilities, and storage space. The estimated cost is based on comparison of recent similar construction at the Sandia Research Park and includes the building, landscaping, furniture, and build-out of wiring, power distribution, lights, and HVAC.

Staffing

After securing additional federal and industrial funding, the Center will have about 300 participants, making it the largest such effort in the U.S. The Center core building ultimately will house 56 permanent staff and support personnel, along with 120-140 visiting staff and students at any given time. In addition, faculty, staff, and students at the gateways and other collaborating institutions will contribute to the staffing of the Center. The makeup of the Center staff and visitors consists of:

· Computer support: 8 technical staff (including applications support).

· In-house research (for computer and computational sciences): 25 professional staff.

· Participating faculty from NM universities: 25 professors.

· Participating faculty from elsewhere: 25 professors.

· Industrial research: 40 visiting professionals

· Graduate students and post-docs from NM schools (and elsewhere): 80.

· Undergraduate students from NM schools (and elsewhere): 40 interns.

· Administration & other support: 10 staff.

· Technology-transfer: 4 staff.

· Educational outreach: 4 staff.

· Maintenance: 3 staff

· Security: 2 staff

The full staffing level will be phased in over a few year period. To foster the growth of the Center and to attract top caliber participants, it is expected that the Center will develop a strategic hiring plan intended to bring on-site outstanding talent with national recognition. Similarly, we will aggressively pursue funding for the endowment of professorial chairs and fellowships linked with the Center at the partnering New Mexico universities.

VIII. Funding and Schedule

State Commitment
Initially the Center will be supported through a five-year commitment by the State.  We anticipate the Center moving to a self-sufficient funding mode of operations at the end of that period. A construction project, scheduled for completion in FY2008, will be initiated to provide laboratories and office space. Space is being planned to accommodate approximately 300 Center participants (with up to 200 in residence at a given time). Security procedures will accommodate the participation of foreign students and permanent resident aliens.

Initial Funding

The baseline funding from the State of New Mexico is expected to be $20M for initial start-up with an additional $22M over a period of five years. The $20M initial request is comprised of $18M in capital funds and $2M in recurring funds. These funds will be used for purchasing and maintaining an initial large-scale computer, for a construction project to house the center, and for initial operating costs for core research and support personnel as the Center moves towards self-sufficiency Staff will be hired in specific research areas that are of importance to NM, the Southwest, and the nation. The majority of on-site personnel will be visitors from industry, universities, and laboratories who will bring their own primary support, sponsored by their host institutions or federal (NSF, NIH, DOE, etc.) grants and fellowships.

In-Kind Funding from Collaborations

The founding members of the Center bring in-kind resources that do not appear in the budgets of this section but show the power of synergy in the collaborations. 

New Mexico Institute of Mining and Technology brings expertise in astronomical research, atmospheric physics, bioinformatics (including DNA evolution and metagenomic analysis), complex additive systems, energetic materials, hydrology, information technology (including data distribution, parallel digital forensics, homeland security applications, experimental networks of sensors, and parallel storage systems), petroleum recovery, and radio astronomy. This expertise spans many departments and research centers on campus with approximately $50M in research funding annually.

New Mexico State University has 54 faculty that utilize High Performance Computing. About half of these faculty have an immediate interest in participating in the NM Center.  The 54 faculty members account for about $4M in total faculty salary.  These faculty account for about $50M in research dollars and about 500 graduate students (TA’s and RA’s). Support for these students is about $7.5M a year.

The University of New Mexico brings expertise in computational chemistry, materials science, cognitive neuroscience, cancer research, operating systems, computational biology, image analysis and processing, digital media and high performance computing involving dozens of faculty and approximately $75M in research funding annually. 

Los Alamos National Laboratory brings industrial collaborators as well as researchers in the fields of computational biology and astrophysics. The industrial collaborations involve about $10M/yr of funding and represent ongoing research collaborations that have already produced considerable business cost savings for the industrial partners (P&G). Los Alamos brings a collaboration on the Department of Energy Genomes to Life project and collaboration with several computational biology projects in genomics, proteomics and structural biology of about $10M/yr. Los Alamos spends between $5M and $10M per year on in-house unclassified computing resources and is considering economies of scale by joining forces with the NM Center. In addition Los Alamos spends about $150M/yr on computing to support the stockpile stewardship program. It is expected that considerable research collaboration through staff and students will result.  
Sandia National Laboratories brings industrial collaborations to the NM Center of about $10M/year. The Computer Science Research Institute (CSRI) operations are approximately $1.5M/year for visitors, students, post-docs, conferences, etc. specifically related to computing. Research funded by proposals to various agencies (including DOE/SC, NIH, etc.) is about $10M/year. However Sandia spends about $100M/year on computing projects to support its mission, and the NM Center will take advantage of this expertise through research collaborations and student relationships that will arise through the NM Center.

Figure 1 shows the in-kind contributions

from collaborators relative to the other

sources of income. The important point

here is the large amount of resources

that are leveraged by the Center. By 

bringing together the resources at the

member institutions we will be able to more effectively compete for research funds and bring a wider range of capabilities to bear in promoting economic development in New Mexico.
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Figure 1. Relative income from all NMCAC sources.

Initiation of Operations

The computer platform is expected to be available for commissioning by the end of CY 2007 with research starting early in CY2008. The building that will house the Center should be completed by the end of FY2008. We anticipate hiring a director and some administrative staff early in FY2008 and to begin staffing both computer operations and computational personnel for the Center at the start of CY2008. Intel has offered (free-of-charge) to temporarily house the initial Center staff at their Rio Rancho facility. Full staffing of the Center would be completed in 2009. 

Long Term Sustainability

In order to support expansion of the Center above the State funded levels, the Center will design and launch an intensive effort to secure additional funding, primarily but not exclusively from federal sources (other sources could include return on IP, industry, foundations, etc.). The current PACE legislation suggests several sources, including the DOE, that could be considered for funding the Center.

As discussed above, the NM Center is related to the National Science Foundation proposal. This proposal would be the first expansion of the NM Center to a national level and is the first concrete example of our vision of a “hub and spoke” model that reaches out to collaborators outside the state, but retains leadership in New Mexico.

Return on Investment
The return on investment from the State will also be in the direct form of monetary return. Investments in computing in other states with a comparable economy to New Mexico (such as Ohio) have been quite successful.

We expect the return to New Mexico on this investment of  $650M over five years to take the form of increased federal awards because of our improved computing competitiveness ($200M) to both our high tech business and universities, more jobs at all levels from PhD to entry level technical jobs ($200M), and greater market share of existing high tech businesses that profit from an edge in computing, ($250M), such as biotechnology, sustainable energy, and digital media/film.

Harder to quantify, but equally important is the increase in national visibility of New Mexico on the national scene as “the place to go” for business advantage in scientific computing. By increasing our visibility, we will be more attractive to high-tech industry from around the U.S. who will see the investments New Mexico has made and the resources that we can provide to make them more competitive.

And perhaps most importantly the return on investment of the increased science and technology education of our kids will have immense benefits in “educating them here and then providing them with high-quality jobs here.” 

Operations & Major Acquisition Costs

Table 1 below shows estimates for the total costs to the state of New Mexico for the Center for the first six years of operation. One observes that the largest costs are associated with standing up the Center in the first year. There is then an increase in operating funds in years two and three, followed by decreasing costs to the state in years four and five. The transition to self-sustaining operations is apparent, as there are no costs to the State in the sixth year.

	State of NM
	Costs in Millions
	
	
	
	
	

	Budget Item
	2007
	2008
	2009
	2010
	2011
	2012
	Total

	Building & Equipment
	4.7
	4.9
	0
	0
	0
	0
	9.6

	Building Maintenance
	0.0
	0.3
	0.4
	0.2
	0.1
	0
	1.0

	Computer Acquisition
	13.0
	0
	0
	0
	0
	0
	13.0

	Computer Power
	0.8
	1.6
	1.6
	1.2
	0.6
	0
	5.8

	Staffing
	1.5
	2.6
	4.0
	2.9
	1.4
	0
	12.4

	
	
	
	
	
	
	
	

	TOTAL
	20.0
	9.3
	6.0
	4.3
	2.2
	0
	42

	
	
	
	
	
	
	
	

	Capital Funds
	18.0
	4.9
	0
	0
	0
	0
	23

	Nonrecurring Funds
	2.0
	4.4
	6.0
	4.3
	2.2
	0
	19


Table 1. Estimated NM costs for personnel, construction, and operations for the first six
years of NMCAC’s existence.
The costs include equipment required at the gateways at NMSU and NMT. However, because Intel has agreed to house the 200-Tflop computer, the Center building will not incur the costs in space and support equipment needed for a computer of that size. The remaining computer heating-ventilation-air-conditioning (HVAC) and power costs, to be paid for initially by the State are estimated to be $1.6M/year, assuming an electric utility rate of $0.05 per KW-hr.  As higher performance computer systems are brought on line (through federal funding), the power costs are anticipated to increase to $2.4M/year.

We expect considerable additional income from federally funded R&D, foundations (endowed chairs), sustaining member, and intellectual property. Table 2 shows the anticipated sources and amounts of income for the Center from sources other than the state of New Mexico during the first six years of operation. By comparing Tables 2 and 3, one sees that the state is bearing only 42% of the total cost of the Center (integrated over the first six years of operation). 
The split between New Mexico, Federal, and other sources of funding has been structured above as follows: The State will pay for the Center’s construction costs, the first (200-Tflop) computer, and the funding necessary to bring the Center up to an on-roll strength of approximately 60 employees and several hundred visitors over a five-year period. Additional permanent staff and researchers necessary to support a full-up Center of 200-300 people (including students and visitors) will be acquired via Federal agencies and the institutions participating in the Center. We will also target support from Federal funds to provide new and faster computers on an on-going basis.

	EXTERNAL

INCOME ($M)
	FY07
	FY08
	FY09
	FY10
	FY11
	FY12
	Total

	
	
	
	
	
	
	
	

	Endowed Chairs -
Foundations
	3.0
	6.2
	0.5
	0.5
	0.5
	0.5
	11.2

	
	
	
	
	
	
	
	

	Fed R&D
	
	
	
	
	
	
	

	Computers
	0
	0
	6.0
	6.0
	6.0
	6.0
	24.0

	University R&D
	0.0
	0.40
	0.7
	1.0
	1.4
	2.1
	5.5

	
	
	
	
	
	
	
	

	National Lab Support
	0
	0.3
	1.0
	2.0
	2.0
	2.0
	7.3

	
	
	
	
	
	
	
	

	Member Dues
	0.05
	0.15
	0.5
	1.5
	3.0
	4.0
	9.2

	
	
	
	
	
	
	
	

	Intellectual Property
	0
	0.05
	0.1
	0.2
	0.4
	0.9
	1.6

	
	
	
	
	
	
	
	

	EXTERNAL INCOME
	3.0
	7.1
	8.8
	11.1
	13.3
	15.5
	59


Table 2: Estimated income from sources external to New Mexico for the first six years of NMCAC’s existence.
Self-Sustaining Operation

In order to support expansion of the Center above the State-funded levels, the Center will design and launch an intensive effort to secure additional funding, primarily but not exclusively from federal sources (other sources could include return on IP, industry, foundations, etc.). The current PACE legislation suggests several sources, including the DOE, that could be considered for funding the Center. Table 3 shows the total anticipated costs for the Center during the first six years of operation. As state funding for operations is decreased in the out years, external funding increases to provide stable operations of the Center at the $15M per year level.

	Total Budget
	Costs in Millions
	
	
	
	

	Budget Item
	2007
	2008
	2009
	2010
	2011
	2012
	Total

	Building & Equipment
	4.7
	5.4
	0.4
	0.4
	0.4
	0.4
	11.5

	Building Maintenance
	0.0
	0.3
	0.5
	0.5
	0.5
	0.5
	2.3

	Computer Acquisition
	13.0
	0
	6.0
	6.0
	6.0
	6.0
	37.0

	Computer Power
	0.8
	1.6
	2.4
	2.4
	2.4
	2.4
	12.0

	Staffing
	1.5
	3.2
	5.7
	5.7
	5.7
	5.7
	27.7

	Endowed Chairs
	3.0
	6.2
	0.5
	0.5
	0.5
	0.5
	11.2

	
	
	
	
	
	
	
	

	TOTAL
	23.0
	16.4
	15.0
	15.0
	15.0
	15.0
	101


Table 3. Estimated total sources and amounts of income for the NM Center during the first six years of operation.

The transition from State funds to external funds can be seen graphically in figures 2 and 3.
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Figure 2. Annual cost of the Center to New Mexico.
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Figure 3. Annual income to the Center from sources other than the State of New Mexico.

IX. Governance

The Center will be established as a non-profit entity under section 501(c)(3) of the Internal Revenue Code. This form of incorporation provides federal tax-exempt status, and will allow, for example, income from licensing fees to be reapplied to Center activities. 

The 501(c)(3) of the NM Center will have an initial Board of Directors appointed by the Governor that will be comprised of the stakeholders in state government  (e.g., Governor’s office, New Mexico Economic Development Department, Chief Information Officer, Education, oversight committees, etc.), the business community in New Mexico (e.g., Lockheed, Honeywell, Intel, Proctor & Gamble), and the founding partners (Sandia, Intel, LANL, NMSU, NMT, and UNM), along with rotating appointments for the “sustaining members” (defined above). State funding for the Center will be provided through, and with the oversight of and accountability to, the NM Economic Development Department,. The Board will establish major policies and practices, including but not restricted to the following: 

(1) Appointing an external Advisory Panel, 

(2) Oversee the critical focus areas for the Center. 

(3) Approving a set of IP management practices 
(4) Setting key metrics for success 
(5) Hiring key Center personnel, including the Director

(6) Approving the selection of “sustaining” industrial partners
(7) Approving a business plan for the Center.

Intellectual Property (IP) 
It is anticipated that monetary returns from the licensing and sale of IP will be used to support the Center. The Center will be allowed to take cash or stock as payment for IP. The IP relations with commercial partners will be carefully worked out to preserve that confidential ownership and competitive advantage of our industrial partners.

The NM Center aspires to national leadership in high-performance computing and the resulting financial benefits, with a number of specific goals listed above. Two elements are critical to the success of the Center: (1) the criteria used to make decisions regarding partners, focus areas, IP policies, critical hires  and (2) metrics for determining progress. 

Criteria for decision-making

The desire to be a national leader and an attractor of the best and brightest will result in criteria that will cause the Center to focus on national issues, embrace long-range research and technical goals, and set an exceptionally high standard for the quality and uniqueness of the working environment: offices and laboratories, equipment, and the quality of the resident management, staff, and visitors. Decisions on program focus and size, strategic hires, sustaining partners, etc. will be driven by these criteria. 

In addition, the nature of the Center — organization, composition of the Board of Directors, founding partners, and the location of the hub — will lead to a natural tendency to set criteria that will adhere to New Mexico’s benefit. Further, the goal for the Center to achieve a visible return on investment by creating high-value jobs and high-tech staff in New Mexico will result in criteria that will encourage regional partnerships, cooperation among the participants on the selection of the technology focus areas, and the management, sale, and licensing of IP.

To accomplish successfully the transition to major federal funding, the Center will have to balance both national and local focus and advantage. 

Metrics

The Board is charged (see above) with establishing and enforcing the measurement of key metrics that will be essential for success. Technology-transfer performance can be measured by components such as the number of patent disclosures recorded, patents applied for and granted, the number of licenses awarded to businesses, the income derived from the Center’s IP portfolio, the number of visitors from the private sector, the number of start-ups founded on the Center’s IP, and the number of high-value jobs created. Metrics will consist of directly measurable parameters that will drive the behaviors of the Center’s participants, and will reflect peer “best practices” as determined by benchmarking.

Scientific and technical performance will be measured by scientific discoveries that demonstrate world leadership, and by innovations that can lead to commercialize-able technology. The amount of new federal research dollars brought to New Mexico will provide another direct measure of success. The number of establishments that use Center-developed technologies and Center-trained scientific staff will also be a measure of scientific and technical performance. Underlying these high-level metrics, scientific and technical performance can be inferred by the impact on the national peer community (number of articles published in selected journals, peer-community awards, fellowship status in professional societies, invited talks at computer-related conferences and symposia, etc. ). The number and quality of visiting professionals from academia, industry, and other laboratories can also be measured. 

Training/educational performance can be measured by data that include the number of students (graduate and undergraduate) and post-docs on-site, the number of certificates awarded, the number of trainees hired by the private sector, the number of K-12 students who access the Center, and the number of teachers trained.

X. Summary

The establishment of the New Mexico Computational Applications Center will provide an engine to help drive science and high-tech industry in New Mexico. Our State is ideally suited for such a facility, because of the existing world-class expertise in scientific computing that already exists at our Universities, National Laboratories and Industry. The investment requested by this proposal will allow us to draw this expertise together and create the base necessary to fulfill this promise for the State and give us the platform to expand this center to a position of national importance – where New Mexico leads. 
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