APPENDIX 1

Presidential Task Force 

on 

 Research and Economic Competitiveness 

University System of Maryland

August 14, 2008

Context:  Maryland is emerging as an R&D powerhouse. With a high concentration of government labs, a growing technology based private sector, and a strong system of higher education, Maryland already ranks first in the nation in R&D expenditures per capita and second only to California in total R&D expenditures.  The state is also ranked 2nd to Massachusetts in the recent Milken Institute’s index of state research and technology capacity.  
To a large extent, this success is driven by the presence of strong research universities within the University System of Maryland (USM) and Johns Hopkins University.  It also results from the high quality and volume of research being done at research laboratories throughout the state and the collaboration that has emerged between these laboratories and the state’s major research universities.

As favorable as these development are, the state faces significant challenges if it hopes to maintain its current status in R&D and, all the more so, if it hopes to realize its potential as one the nation’s leading knowledge based economies.  These challenges are driven by factors both external and internal to Maryland.  Externally, other states are not standing still.  Several, including Massachusetts and Ohio, have recently made major investments to attract research talent to these states.  There is in effect an “arms race” for talent in STEM fields and Maryland will lose out if it is not competitive in attracting and retaining top talent.   Internally, Maryland has not succeeded in capitalizing economically on its high volume of R&D.  While ranked near the top among the states in the total volume of R&D, Maryland is near the median in commercialization of intellectual property.   
The USM has identified Maryland’s competitiveness, including most especially its universities’ contributions in translational research and to the growth of the state’s knowledge based economy, as one of three overarching system wide priorities.  In addition, Governor O’Malley has appointed a STEM Commission to address Maryland’s STEM workforce needs and research competitiveness. This Commission is co-chaired by the Chancellor and has strong representation from USM institutions. 

Charge: The Presidential Task Force on the Research Competitiveness and Economic Development is asked to both develop strategies in support the USM’s competitiveness initiative and provide advice and support to the Chancellor and other USM representatives for their work on the Governor’s Commission.  More specifically, the Presidential Task Force on Research and Economic Competitiveness is charged to propose the following:

1. Propose one or more research centers of excellence that will lead to substantial benefit for the State of Maryland and that will be competitive on an international scale within 5 years.  For each center in less than 3-pages address the following issues:

a. What will the center deliver and what difference will it make?  How is this deliverable being accommodated internationally today?  What are the limitations of the present accommodation?

b. Why will this center be internationally prominent?  Who are the competitors and why will this center be competitive or superior to them?  What is “new” about the center that will make a difference? 

c. What current assets (e.g., federal and state governments, private sector, System) will give the center strategic advantages?  Distinguish between available and committed assets, likely assets and potential assets.

d. What will the center cost to create and operate?  How much can be done within available assets?  How much additional support must be raised through partnerships to operate the center at a basic level?  Where might it come from?  Distinguish between available and committed support, likely support and potential support?  

e. What milestones will mark center achievements and what timeline is expected to reach them?

2. Propose one or more economic development initiatives for the USM that will lead to direct, measurable, economic benefit to the State of Maryland.  For each initiative in less than 3-pages address the following issues:  

a. What is the initiative trying to accomplish and why will it be a direct economic benefit to the state? 

b. What is new about the initiative and why will it be successful?

c. How is this direct economic benefit achieved currently and what is are the limitations of the present approaches?  Will the initiative overcome some of these present limitations?

d. What value will be gained from its success?  Value to the state, value to the USM and value to future partnerships between the USM, the state and the business community.

e. How long will it take, how will direct benefit be measured and what milestones are proposed for measuring progress?

f. How much will it cost?  What funds are currently available and from whom?  What new funds are needed for what purposes?  Who are committed to the initiative and what support do they bring to it?  Who are likely additional supporters and what will they bring to the partnership?

3.  
Identify the deficiencies in the USM’s and the state’s infra-structure to support   
translational research and technology based economic development.  Develop a plan that addresses these deficiencies with estimates of the costs necessary to build a competitive infra-structure. 

a.   Do USM’s research universities have adequate staff to nurture and 



promote technology transfer and enterprise development?  If not, what 


areas of expertise should be added/increased?  What resources, if any, 


should be added at the state level? 


b.
Does the incentive structure at our universities need to be changed to 


encourage greater participation in translational research?  What can we 


learn for the practices at other leading research universities?


c.
Is their adequate “early seed” funding to support a competitive innovation 


and enterprise development driven economy in Maryland? What can the 


state do to encourage greater private sector investment in growing 



Maryland’s technology based economy?

Task Force Composition and Report:  The Task Force will be chaired by Dan Mote, president of the University of Maryland, with membership drawn from the presidents and senior officers at USM institutions.  The Task Force is asked to complete its report for the USM competitiveness initiative by the end of this calendar year.  To the extent possible, the report should seek to align with any recommendations coming out of the Bohanan Commission regarding capital investment and economic development.
A status report should be developed by mid-October that will inform the USM’s FY 2010 budget request.  The Task Force is also asked to be “on call” to support the Chancellor’s efforts with the STEM Commission. 
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Titles of Research Centers of Excellence Proposals Submitted to the

External Review Panel
	TITLE
	PRINCIPAL INVESTIGATOR(S)

	The Joint Quantum Institute (JQI)
	Christopher J. Lobb

	UM School of Medicine Center for Trauma and Anesthesiology Research (TARC)
	Thomas Scalea, Myron M. Levine, Thomas MacVittie, Edson X. Albuquerque

	UM School of Medicine Center of Excellence in Human Microbiome Research
	Claire M. Fraser-Liggett

	UM School of Medicine Center for Vaccine Development
	Myron M. Levine

	Center of Excellence for Applied Protein Design 
	John Moult, John Marino, Greg Payne, William Bentley, Joe Kao

	Maryland Research Center of Excellence in Systems Biology
	Steve L. Salzberg, Claire M. Fraser-Liggett, William E. Bentley

	Nanoscale Cellular Science and Technology
	John T. Fourkas, Wolfgang Losert

	Center for Comparative Policy on Health Care Technology
	Douglas J. Besharov

	Center for Earth System Information Delivery (CESID)
	Antonio J. Busalacchi

	Maryland Center of Excellence in Climate, Environmental Research and Sustainability (Maryland Institute for the Environment)
	UMBC, UMCP, UMCES, UMB

	Center of Excellence for Sustainable Marine Systems (CESMS), Center of Marine Biotechnology (COMB), University of Maryland Biotechnology Institute (UMBI)
	Yonathan Zohar, Russell T. Hill

	Center of Excellence for Environmental Energy Engineering (CEEE)
	Reinhard Radermacher

	Center for Nano-Enabled Electrical Energy Storage
	Gary W. Rubloff

	Sustainable Coastal Ecosystem Restoration Institute (SCERI)
	UMCES

	Reinvention of Computing for Parallelism
	Uzi Vishkin
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Scoring Maryland Research Centers of Excellence (MRCE) Proposals
PROGRAM GOAL: Each MRCE Program must lead to substantial benefit for the State of 

Maryland and must be internationally competitive after 5 years. 

Program Scoring:  Each proposal should receive two scores, each between 10 and 0, plus a “confidence score” between 5 and 1 indicating your overall level of confidence in your two scores.  Score A reflects the benefit to the State and the level of “new” resources required.  And Score B predicts its international competitiveness after five years and the level of “new” resources required.  Because sufficient resources will ensure many proposals will satisfy both conditions, you are asked to consider whether the new resources requested are “reasonably modest” or “very substantial” when scoring each proposal. The confidence score asks you to express your confidence in your scores for each proposal stemming from all sources (e.g., field of specialization, completeness of information, proposal leadership, apparent impact on society, and so on).  Please use the scoring guidance below.
Score A:  Substantial benefit to the State is:

10:

highly likely if modest additional resources are provided. 

8:

likely if modest additional resources are provided. 

6: 
possible if modest additional resources are provided; likely if substantial additional resources are provided.

4:

possible if substantial additional resources are provided.

2: 
uncertain.

0: 
not competitive

Score B:  International competitiveness after five years is: 

10: 
highly likely if modest additional resources are provided.

8: 
 
likely if modest additional resources are provided.

6: 
possible if modest additional resources are provided; likely if substantial additional resources are provided.

4: 

possible if substantial additional resources are provided.

2: 

uncertain 

0: 
not competitive

Score C:  Your confidence in your scores is:


5:  
quite good

3:    
reasonably good

1:     
less than good
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MEETING NOTES

Three full task force meetings were held in College Park. Chancellor Kirwan charged the Task Force with its mission at the initial meeting on September 24, 2008.  Notes from the three Task Force meetings are included in this Appendix 6.

Presidential Task Force on Research and Economic Competitiveness

September 24, 2008 Meeting


Charge #1:     “Propose one or more research centers of excellence that will lead to substantial benefit for the State of Maryland and that will be competitive on an international scale within 5 years.”    
Centers are not limited to science and technology or physical spaces and may include other participants.  
Ideas mentioned include: Maryland Biotechnology Center (replica of the North Carolina Biotech Center); NIST as a Center of Excellence in Nanotechnology; energy, environment, biofuels, personalized medicine.   


Charge #1a:   Must use the attached “Maryland Research Center of Excellence (MRCE) Proposal” form.  Each proposal must be no longer than 3 pages.  
Only the first 3 or fewer pages will be sent for review.


Charge #1b:   The deadlines for RCE topics is no later than October 20 and for MRCE proposals is October 24.

Topics and proposals are to be sent to Sapienza Barone.

Proposals will then be sent to panel of external reviewers.  President Mote will select reviewers based on proposal topic areas.

Charge #2:      Propose one or more economic development initiatives (MEDI) for the University System of Maryland that will lead to direct, measurable, economic benefit to the State of Maryland.” 

One idea for an MEDI:   Universities of the USM commit to bringing a total of *150* companies and government units into the state of Maryland over the next 10 years –  150 by 2018.

Charge #2a:   Each USM institution will present its best estimate of the “number of companies and other measures of direct economic impact” it will develop over ten years at the October 27th meeting.

The simple measure of direct economic impact (such as the number of companies, total investment, total wages, total revenues for economic development efforts (e-vestment), leveraging dollars, other) will be decided by the TF.

Renee Winsky will provide information on the leverage number story.

Mark Frantz suggests we could reach $1 billion in total investment over ten years. 


Charge #2b:  Each USM institution should prepare ideas for other measures of direct economic impact and use itself as a model of what could be achieved.  

Charge #2c:    Must use the attached “Maryland Economic Development Initiatives” (MEDI) form.  Each proposal must be no longer than 3 pages.   Submit your forms to Sapienza by Oct 24 for distribution to the TF and discussion at the October 27 meeting.
Charge #3:  Identify the deficiencies in the USM’s and the state’s infra-structure support of translational research and technology based economic development.”  
After addressing the first two charges, it will be clear how to respond to #3.
SCHEDULE FOR TASK FORCE TO COMPLETE ITS WORK
All emails mentioned below should be sent to Ms. Sapienza Barone, Assistant to President Mote, at sbarone@umd.edu.   Phone number is 301-405-5790.

· October 20 – Deadline for Task Force to email topic areas for research centers of excellence.  

· October 24 – Deadline for Task Force to submit Word Format proposals for research center of excellence.  

· October 27 :  9:00 – 11:00 a.m.  Task Force meeting to discuss MEDIs  (room 1110, Main Administration Building, University of Maryland, College Park.)  Proposals for MRCEs are emailed to Task Force. Members to vote “yes” or “no” on sending each proposal to external reviewers.

· October 31 – Deadline for Task Force to email “yes” or “no” vote for sending proposals to external reviewers.

· November 1 – President Mote sends MRCE proposals to external reviewers.

· November 20 – Deadline for external reviewers to return comments on MRCE proposals.

· December 3, 2:00 – 5:00 p.m.  Task Force meeting to discuss MRCE proposals to be forwarded to the Chancellor; assemble the MEDI measures; discuss MEDI commitment; and discuss charge #3.

· Mid-December:  Draft report sent to Task Force for input.
· Mid-January:  Report is submitted to Chancellor Kirwan.

Presidential Task Force on Research and Economic Competitiveness
Summary of Action Requests

Monday, October 27, 2008


Charge #1:   Forty-Nine Maryland Research Centers of Excellence (MRCE) proposals were received.  Place a “YES” on the score column of the Excel list of up to 18 proposals.   Email the excel sheet to sbarone@umd.edu by 4:00 p.m. on Sunday, November 2, 2008.  If proposals are similar, you can score them together.  You may use the “scoring sheet” that will be used by the external reviewers as a guide.  REMINDER that the criteria is “MRCEs that will lead to substantial benefit to the State of Maryland and that will be competitive on an international scale within 5 years.”
The list of 49 will be trimmed to 15 or fewer based on your responses.  Dr. Mote will send them electronically to group of external reviewers who will be asked to use the scoring sheet to score the proposals against the criteria.  The list of proposals sent to the external reviewers will be shared with the Task Force.

Reviewer comments will be shared with the Task Force.  At the December 3rd meeting, the Task Force will decide on which proposals, probably 3 to 5, to include in the report.


Charge #2:  Ten Maryland Economic Development Initiatives (MEDI) proposals were received.  Proposal #10, starting new companies in Maryland, was approved at the meeting (Brian Darmody and Jim Hughes will develop formal proposal and propose measures of performance for the companies, such as total salary paid, number of jobs, revenue generated, etc.)   Please mark “YES” on up to three (3) additional proposals (#1 through #9) that you support as an initiative of the Task Force.  Email the excel sheet back to sbarone@umd.edu by 4:00 p.m. on Sunday, November 2, 2008.   REMINDER that the criteria for these initiatives is “direct economic impact to the State.”

Charge #3:  At December 3rd meeting, come prepared to confirm the number of companies that your institutions can commit to starting over a ten year period.  The commitments expressed at the meeting were 325 companies distributed as follows:

UMCP – 100 companies; UMAB – 100 companies; UMBC – 50 companies; UMBI – 10 companies; UMES – 10 companies; Towson – 10 companies; Salisbury – 10 companies; UMCES – 10 companies; UB – 25 companies; TOTAL – 325 companies
Charge #4:  As you review the proposals, start thinking about how they relate to Chancellor Kirwan’s third charge which is “Identify the deficiencies in the USM’s and the State’s infrastructure to support translational research and technology based economic development.  Develop a plan that addresses these deficiencies with estimates of the costs necessary to build a competitive infrastructure.”
Presidential Task Force on Research and Economic Competitiveness
December 3, 2008

The following five proposals for Maryland Research Centers of Excellence (MRCE) will be forwarded in the final report to the Chancellor:

Proposal #10:  UM School of Medicine Center for Trauma and Anesthesiology (TARC)

Proposal #11:  UM School of Medicine Center for Vaccine Development

Proposal #29:  Center for Excellence for Sustainable Marine Systems (CESMS, Center on Marine Biotechnology (COMB), University of Maryland Biotechnology Institute (UMBI)

Proposal #35:  Center for Nano-Enabled Electrical Energy Storage

Proposal #41:  Reinvention of Computing for Parallelism

Brian Darmody will contact the individuals who wrote the five proposals listed above and ask them to redraft them for inclusion in the final report.  The following information should be included:

· Identify Principal Investigator and 50 word bio.

· Budget information and a financial statement for the centers;

· What resources they have at the present time;

· What resources can be raised from other places, such as the federal government;

· What resources are needed from the State.

· Keep in mind that the proposals will be considered and read primarily by non-scientists, so they should be written for a lay audience.  

· Every proposal should begin with a 150 word summary.   

· Maximum number of pages is four (4) pages, plus one additional page for the financial/budget statement.   

· Briefly discuss the importance of the Center to the State

Redrafted proposals must be emailed in Microsoft Word format to Sapienza Barone (sbarone@umd.edu) by 5:00 p.m. on Monday, January 5, 2009.   

Maryland Economic Development Initiative (MEDI)

Task Force reconfirmed the number of 325 companies to be created over the next decade and agreed to combine MIPS, Innovate Maryland, and the company creation.  Suggestions for improving the MEDI proposal:

· Include other entrepreneurship centers in the USM.

· Clarify that putting in infrastructure will do a lot more than create companies; discuss how it will help the whole state business community.

· There could be levels of companies, not all defined by the number of employees.

· Include language about proof of concept funding.

· Use a different word instead of “expanding MIPS” because the word “expansion” can mean different things.

· Based on the past 25 years of experience, the number of companies that start in the incubator and are still in business is 60%.  So, assuming a 40% company failure rate would be conservative.

· Showcase the strengths of the USM; being near NIH, ability of getting funding from outside the USM or Maryland taxpayer, show value of supporting the venture accelerator.

· Put coherent story together with outcomes, especially showcasing the success of MIPS.

· Adjust language to clarify that the $2M request for MTECH and Dingman will provide services to the entire state.

· Expand language about tech transfer services being available to non-traditional universities.

· Add point about licensing.

FINAL REPORT

First part will describe the process and provide a sense of the rigor of the review, including caliber of external reviewers.  It should also include language about why the centers are important to the state and why the Maryland taxpayers should support them.

The Task Force members should contact the writers of ALL 49 proposals and ask whether they would agree to make them public, by perhaps providing copies of all of them to the USM Provosts.   Mel Bernstein will coordinate for UMCP, Jim Hughes for UMB, and Ted Roumel for UMBI.   

Follow-Up:

MRCE redrafted proposals from Principal Investigators due by 5:00 p.m., Monday, January 5, 2009 

Brian Darmody and Jim Hughes to send draft final report to President Mote by January 12, 2009

Draft report to be emailed to Task Force around January 22, 2009

Comments due back from Task Force members by January 28, 2009

Final Report to be submitted to Chancellor Kirwan on January 30, 2009

APPENDIX 7
FULL PROPOSALS FOR RECOMMENDED

MARYLAND RESEARCH CENTERS OF EXCELLENCE

Center for Reinvention of Computing for Parallelism 

Maryland Center of Excellence in Human Microbiome Research

Center for Vaccine Development (CVD)
Center for Nano-Enabled Electrical Energy Storage 

Center of Excellence for Sustainable Marine Systems (CESMS)
Reinvention of Computing for Parallelism: 

A Maryland Research Center of Excellence (MRCE) 
UMCP: U. Vishkin (ECE, PI), R. Barua (ECE, compilers), D. Chazan (Curriculum & Instruction, education), R. Duraiswami (CS, scientific computing), H. Elman, (CS, scientific computing), M. Franklin (ECE, benchmarking),  C. Kingsford (CS, biology applications),  B. Jacob (ECE, memory systems), G. Qu (ECE, power), M. Peckerar (ECE, microelectronics), M. Pop (CS, computational biology), A. Varshney (CS, computer graphics), D. Yeung (ECE, architecture). UMBC: M. Gobbert (Mathematics, scientific computing), M. Olano (CS, UMBC, computer graphics). UMBI: M. Gilson (CARB, computer-aided drug-design). UMSOM: R. Shekhar (Diagnostic Radiology, medical image registration).

Evaluation Criteria:  The MRCE must lead to substantial benefit for the State of Maryland and must be competitive on an international scale within 5 years. 

1.
  What will the center deliver and what difference will it make?  How is this deliverable being accommodated internationally today?  What are the limitations of the present accommodation? 
In 2004, standard (desktop) computers comprised one processor core. By 2008, 8-core desktops had arrived. In four more years, 64-core computers (an increase by another factor of 8) are expected. The transition from serial computing to parallel computing mandates the reinvention of the very heart of computer science and engineering (CSE), to allow these highly parallel computers to be built and programmed in a new way. This change will affect the undergraduate programs in computer science, computer engineering and electrical engineering so profoundly that it will overhaul the very introduction of the field to freshmen.  New ways of thinking about programming will even sweep the K-12 curricula.  Such a unique level of impact is hard to imagine in most other fields. 
We propose a center that will lead the world towards this reinvention of computing for parallelism. We have been developing a superior solution for building many-core computers, for programming them effectively so that programmers can obtain strong performance with the least programming effort among all current approaches, for training the workforce, and for teaching students at all levels (perhaps starting as early as middle-school).  
The current solution by companies such as Intel and AMD does not scale to tens of cores. Even more troubling is the fact that technical leaders of these very companies have expressed concerns about the  “programmability” of their own multi-core systems, stating publically that one needs a PhD in computer science to program them. While in technical presentations these leaders strongly support introducing parallelism early, none appear to have presented concrete suggestions on introducing it to college Freshmen, and certainly not students in K-12. The Center will focus on all research aspects of the impeding transition to ubiquitous parallel computing. As an appetizer, we point out that “teachability” is a critical issue for the transition: given a parallel programming approach, at what level is it viable to teach it to different populations?  Perhaps surprisingly education has become a pivotal CSE research issue that could conceivably determine winners and losers among candidate many-core computing platforms; programmability is a necessary condition for the success of a many-core platform and teachability is necessary for programmability. 
2.
Why will this center be internationally prominent?  Who are the competitors and why will this center be competitive with or superior to them?  What is “new” about the center that will make a difference? 
Federal funding agencies such as DARPA have been investing heavily in parallel computing for about four decades. Unfortunately, the results have not met historical expectations. The NSF Blue-Ribbon Panel on Cyberinfrastructure reported that to many users, programming existing parallel computers is as intimidating and time-consuming as programming in assembly language. In other words, we now recognize that the weakest link in the transition to computing for parallelism is building computer so that programmers can obtain strong performance with minimal effort. Historically, the pivotal importance of programmability was not clear. Hardware experts went ahead with building parallel computers, hoping that software experts would somehow figure out how to effectively program them later. The resulting parallel programming languages and methodologies were then standardized, guiding much of the current efforts by industry and academia. This build-first figure-out-how-to-program-later approach/methodology has generated a certain legacy that, as the NSF panel asserts, has serious limitations. Still, our competitors remain committed to this constraining legacy. Competing centers exist at Stanford University, UC-Berkeley, and U. Illinois. The UMD center would be superior to them because our solution circumvents the problems they face. 
PI Dr. Uzi Vishkin has pursued a rather different methodology. In 1979, he identified the intellectual side, how to think about parallelism in algorithms and programs, as the most challenging component of eventually developing a successful parallel computer. It also seemed impractical to build a parallel computer before establishing a satisfactory draft of its specifications. Many people, including PI Vishkin, spent the next 15-20 years developing a rich theory of parallel algorithms for the parallel computer that had yet to be built. These researchers sought an abstract (mathematical) parallel programming model allowing for easy expression of parallel algorithms and their programs in the model, as well as validation of the model by algorithmic paradigms and solutions for a wide variety of problems. In a fierce "battle of ideas" during those years an approach called PRAM (parallel random access model) algorithms beat (all) its competitors by a (truly) wide margin. Essentially, there is a PRAM algorithms for every problem with a serial algorithm. A serial algorithm prescribes which single operation to perform next, assuming unlimited size, fast memory, and other hardware that can execute it immediately (henceforth, the “serial abstraction”). A PRAM algorithm, on the other hand, prescribes all operations that could be performed next, assuming  unlimited hardware that can execute these operations immediately (”the PRAM abstraction”). By 1990, standard algorithms textbooks included significant chapters on PRAM algorithms. PRAM algorithms were on their way to become standard computer science know-how that every computer science professional must command and the basis for standard parallel programming. However, 1990s fabrication technology was not yet capable of supporting parallel computers on which PRAM algorithms would perform well. As a result, it became common wisdom that "PRAM algorithms are unrealistic", leading later editions of some textbooks to remove their PRAM chapters. Vishkin, however, did not give up. 
The good news is that the PRAM-On-Chip project, which started at UMD in 1997, has demonstrated that it is becoming feasible to build a parallel computer that can be effectively programmed by a PRAM-like programming language. We believe that the prospects for making the PRAM approach a standard for parallel algorithms and programming in the emerging many-core era look good: (i) "Darwin has already spoken" – the natural selection that already happened during the above battle of ideas has left the PRAM as the only viable theoretical option, (ii) The inclusion of significant PRAM chapters in older editions of standard textbooks has created a latent (though not widespread) familiarity that will ease its adoption. Several recent architectures have included (perhaps independently) features seen previously in ours, though, so far, they maintain what we consider the wrong programming model, and (iii) The PRAM abstraction can be a “single nail holding everything together” for the processor-of-the-future as it provides a “contract” between programmers, who assume that the abstraction holds true and computer builders, who labor to approximate it. The proposed center is needed since: (a) The “software spiral” (improved hardware leads to more demanding application software that drives improved hardware and so on) is now broken for lack of an agreed contract for the emerging many-core era; Intel’s Andy Grove argued that the spiral  had been the engine of growth for the computer industry. In the same way that the serial abstraction had enabled the software spiral, the simple, hence powerful, PRAM abstraction can put it back on track! Competing approaches lack such crisp abstractions (and, of course, lack an algorithmic theory). (b) Our biggest risk is that our efforts are abandoned too early: while reinventing the software spiral is a huge high-impact task, it is “beyond-scope” for most basic research funding opportunities. 

Besides being easy to program, the PRAM-On-Chip computer is fast, achieving high speedups versus existing serial computers.  While such speedups are easy to achieve for regular programs containing array references, they have been elusive for irregular programs on existing parallel computers.  In contrast, an early prototype of our PRAM-On-Chip computer has demonstrated 23X speedup on breadth-first search in graphs and 9X for finding spanning tree in graphs, using 64 cores vs. the best-in-class serial processor. Such speedups on irregular programs are unprecedented in the world of parallel computers. Note that our 64-core design uses the same silicon area as a single commercial core, and we also have evidence that PRAM-on-chip is easy to build.

Summary:  Parallel architecture must converge in the PRAM-On-Chip direction. Unique in its reliance on the only known comprehensive computer science theory for parallel algorithms for programming parallel computers that will be both fast and easy-to-program, PRAM-on-chip can remedy the software spiral. The Center will be internationally prominent because we have a pragmatic solution for the imminent problem facing the field of computing of making parallel computing practical, as well as the tools and experience to lead the research and development world in this direction, including: developing applications, hardware, software, and for teaching .

A fair evaluation of our proposal needs to consider Thomas S. Kuhn’s classic on the Structure of Scientific Revolutions. Kuhn taught that realizing a paradigm shift from a constraining legacy must expect opposition. Defenders of a past paradigm tend to hold on to it even in the face of sufficient evidence to the contrary. The Center will give us the momentum we need.
3.
What current assets (e.g., federal, state and local governments, private sector, foundations, other universities) will give the center strategic advantages?  Distinguish between available assets and current assets.  How much additional support must be raised through partnerships to operate the center at a basic level?  Where might it come from?  Distinguish between available and committed support, likely support and potential support.
Hardware assets:  A. The 64-processor “Paraleap”, January 2007. Built by a single PhD student with no prior design experience but with significant pro-bono advice from two industry experts (easy to build!), this prototype machine, named Paraleap, uses industry-standard FPGA prototyping technology. A UMD press release resulted in 11,000 new web site hits in a 24-hour period, coverage in numerous media outlets, and ~6000 submissions to a naming contest for the new computer. B. 64-processor prototype chip, using IBM 90nm process, 10/2008. 

Software release assets: the full “software environment” of our new computer can be downloaded to ANY computer, where people can experiment with it, September 2008. 
Some representative awards: 

2003: $750,000 “medium ITR” award, from NSF.

2005: $750,000 award with which we built the Paraleap, from DoD.

2007: Vishkin named a “Maryland Innovator of the Year” for his PRAM-On-Chip venture.
2008 awards and initiatives:
$400,000 award for developing the compiler, NSF (with compiler expert Dr. Barua, UMD)

$920,000 award for developing reduced synchrony low power technology for a future generation machine, NSF (with asynchronous computing expert Dr. Nowick, Columbia U.) 

 $44,000 Paraleap installed at the NSA, October 2008.

$600,000 (in kind) Fabrication of 64-processor 10mmX10mm chip by IBM 90nm process, DoD.

$175,000 (in kind) Donation of 20 FPGA chips for a future 256-processor prototype, Xilinx.

$50,000 award for developing K-12 parallel programming education, with Thomas Jefferson Magnet (see new PRAM course site), Alexandria, Virginia (#1 high school in US, US News and World Report)  and inner city Baltimore Ingenuity Project (see new Baltimore Poly letter) and Montgomery County Public Schools (MCPS) Science Summer Camp for middle school students from underrepresented groups, NSF (with Math learning Education expert Dr. Tzur, Purdue U.) .  By mid-2009, 120 K12 students will have programmed our platform. 

$55,000 (in kind) Support of graduate student, Lab of Computational Biology/Biophysics, National Heart, Lung and Blood Institute (LCB/NHLBI), NIH. 

- Informal teamwork with Intel Research: Can our computer become an accelerator to an Intel processor?  

Please find under the title Agenda below presents honest reply to Questions 3&4  on the challenges ahead and estimated costs. We will be happy to work with USM given the support that USM will able to provide. 
4.
What milestones will mark center achievements and what timeline is expected to reach them? 

· Industry-grade 256- or 512-processor chip fabricated and widely distributed at nominal cost (3 years). Leveraging the national microelectronics fabrication infra-structure allows our operation to be fabless. 

· Have it adopted by industry as the “successor-to-the-Pentium” (3-5 years). 2nd 1024-processor chip (5 years).

· Have our approach to parallel algorithmic thinking and parallel programming become part of the standard computer science curriculum (4 years). 

· Have it become part of the high school and middle-school curriculum: (i) part of a combined forth-year HS CS+Math course (4 years), (ii) basic programming course (5 years), and (iii) a way to teach parallelism along with Math concepts such as exponents, logarithms and arithmetic and geometric series and their sums (6 years).  

· Demonstration of very fast computation on a variety of important applications (2-6 years).

Summary: The Center will help solidify our technical advantage. It will lead to diffusing our technology to industry and government (such as, the MD-based NSA and the numerous defense-related high-end computing interests in the Washington, DC area), giving a head start to the Maryland information technology sector. The Center will also revitalize key areas of STEM education with impact ranging from Middle School to universities. Maryland will be recognized as a leader in a core technology area, and industry, government and students in Maryland will be the first to benefit. In order to advance UMD to the highest tier, UMD must strive for long lasting accomplishments of the type that is credited in an encyclopedia. UMD needs to give us the same vote of confidence that our competitors received from their home institutions with so much less to show. It is unrealistic to expect the outside world to give us proper credit, when we do not get it locally. If established, the Center will change that. 

The future desktop computer will be a many-core system. The international reputation of UMD will be significantly enhanced if it becomes common knowledge that UMD was the source of the basic desktop design, and the luster gained will not dim for many years to come. 

AGENDA
To make our platform competitive on an international scale in five years, we will seek one complete cycle (1A( 1B(2A below) of our envisioned software spiral: 1A. An in-house “industry grade” PRAM-on-chip system, comprising 256 or 512 processors in 2011/2 with much faster clock and larger memory than we built so far and good performance on serial legacy code. 1B. Demonstrate the system’s potential for better performance, programmability, and teachability and do system research. 2A. A stronger PRAM-On-Chip system with 1024 processors in 2013/4. 1A and 1B define the mission of the Center. Having anybody (internal or external to the Center) deliver 2A will be a measure of success for the current proposal. 
1A is a significant undertaking. Major chip vendors typically estimate the cost of a new high-end chip at $500M, using a team 1000 people. Experienced industry hands like those that graciously tele-guided the single PhD student who built the Paraleap will have to become employees of the Center. The good news is that: (i) one of these industry experts is willing to be employed by UMD, and (ii) due to the demonstrated simplicity of our hardware, the labor cost estimate for the design is $3M (0.6% of $500M). “Production quality” upgrade of our robust yet basic compiler is also needed. If funded, Dr. Barua will continue to guide this compiler work. Funding of the above system design goals should ideally come from the Center. This state money will bring an exceptional level of chip-design expertise to Maryland, catalyzing further R&D in real-world chip-design. DoD should be able to continue to help out with the costly fabrication of a chip. The three components of 1B follow.

A. Applications: Many Center’s investigators (and our NIH and NSA partners) have considerable experience with high-end (mostly parallel) algorithms in their respective domains of expertise, including health-related, drug design, visualization, scientific, and national security applications, and with application benchmarking. With modest start-up funding for graduate students, their work could be streamlined with the Center’s computing paradigm using the hardware and software prototypes that are already available. In turn, this new work will generate its own funding from external sources. However, the biggest boost to application efforts will come from the 1A system, once built, as application researchers and developers will flock to using the system for performance: with clock speed 10 times faster than the Paraleap prototype and up to 8 times the number of processors such powerful hardware can yield 50X speedups relative to one processor systems. While these speedups will get the business of users, the superior programmability of our system will win their hearts. This, in turn, will generate market demand for 2A.

B. Education: Motivation: The job market is certain to require programming for parallelism, though the exact way is not yet clear. Education is about teaching basic understanding. PRAM understanding (i.e., what operations can be done concurrently next, following each step of the computation) is needed in the models of all our competitors. They all include additional details that make programming much more complicated (“hacking” in CSE slang); our teaching also presents competing models for balance and comparison. Material feasibility and course development: Significant course materials are already available on-line along with our software release; video-recorded full course is under development. Several course material feasibility studies are underway for freshmen CSE, high school and middle school students. Current, pending and future efforts with learning and curriculum education experts Drs. Chazan, Goldenberg (EDC) and Tzur (Purdue) will produce quality materials and education proofs-of-concept. The Center’s Education Liaison will ensure sustainable dissemination effort towards: (i) Teacher recruitment and training. The liaison will handle individual school districts and colleges; a July’09 presentation at the CS4HS workshop at Carnegie-Mellon U. by Drs. Tzur and Vishkin of our approach and education research findings will provide a useful example; and, (ii) Curricula changes that tend to happen very slowly. The liaison can help UMD become the source and the lever for transforming standard CSE (graduate, undergraduate, K12) curricula that now only teaches the serial paradigm into the new de facto standard. Making the 1A system available for $1000/unit to schools will also be a boost for making 2A happen.

C. Computer system research: in the last several decades CS systems researchers have been typically working on improving existing systems. The 1A system will provide a fertile platform for Drs. Franklin, Jacob, Qu and Yeung. Start-up funding for graduate students can get research efforts underway and feedback into 2A.

Summary statement of the center intended for a lay audience: Now, and into the future, computers are composed of multiple processors. The onus of improving performance by operating the processors in parallel often falls on the programmer. For machines built to date, the cost-effectiveness of programming them is not satisfactory: the effort level is too high and the resulting performance often does not justify it. Early work by Dr. Vishkin and many colleagues developed a simple and comprehensive theory of parallel algorithms relying on a mathematical model of a parallel computer. Note that this work was initiated at a time when no viable parallel computer prototype existed. Advances in technology enabled his research team to design and recently build a revolutionary first prototype. Leveraging this promising beginning, the Center will build a much stronger prototype that will enable demonstration of our far reaching claims on scalability both in computer speed and the human dimension, and usefulness for important applications. With participation of 17 faculty from UMD, UMBC, UMBI and UMSOM the Center will play a leadership role in the reinvention of the field of computing for parallelism, including: hardware and software for the desktop of the future, its use for health, drug design, visualization, scientific, and national security applications, the education of new computer scientists at K-12, universities and industry, and reeducation of current ones.  
Bio of PI: Uzi Vishkin received his DSc in Computer Science from Technion - Israel Institute of Technology. He was Chair, Computer Science, Tel Aviv University, and had been with IBM Research, NYU and Technion. Since 1988 he is Professor, ECE, and Permanent Member, UMIACS. He was named ACM Fellow (1996), ISI-Thompson Highly Cited Researcher, and Maryland 2007 Innovator-of-the-Year. Links to CV and publications.

DRAFT BUDGET

1. For comparison the contribution from the State & Univ. of Illinois to their center is $8M 

2. Amounts whose source is the Center do not include UMD overheads. All salary figures include 25% for fringe benefit. Cost-of-living increases are not factored in.
3. All amounts in the table are in thousands of dollars.

4. GRA cost is assumed to be $40,000 including fringe benefit.
                                                                                       Year 1     Year 2     Year 3          Year 4       Year 5 

Hardware: Design and fabrication of a new chip

# Engineers: 3:5:6:1:1     Source: Center                         $500         $830        $1000             $200           $200

FPGA chips for prototyping. Source $175K Xilinx        $175

Chip fabrication        Source: DoD                                                                   $1700

Chip package design and packaging.  Source: DoD.                                         $200

System software: Production quality compiler

1 engineer.  Source: Center                                          $110       $110         $110

Dr. Barua, 1 month. Source: Center                               $15         $15           $15

Applications and benchmarking: research and software

1.5 GRAs per application Co-PI (10). Source: Center $200       $200         $200

Anticipated external funding (NIH, NSF)                      $55       $200         $300            $300          $300       

Education R&D
Research: Source: NSF, pending                                  $400      $400           $400           $400          $400

Development: Education liaison. Source : Center                        $60             $60 

      Source: NSF (education implementation grant)                                                           $60             $60
Computer system research

1.5 GRAs per system Co-PI (2).  Source: Center                                                               $60             $60

Clockless system design. Source: NSF (current)           $115     $115           $115
Compiler. Source: NSF (current)                                   $100     $100     
Anticipated external funding (NSF)                                                                                  $100           $200
Personnel

Director (U. Vishkin), 3 months. Source: Center             $60       $60            $60             $60             $60
Equipment

12 Workstations, $3000/unit . Source: Center                 $12       $12             $12 
Facility None

Administration .5 time administrator. Source: Center   $38       $38             $38             $38             $38

Totals

Source: Center                                                                                   External current & pending 
Year 1: 500K+ +110K+15K+200K+60K+12K+38K = $935,000                175K++55K+400K+115K+100K = 845K

Year 2: 830K+ +110K+15K+200K+60K+60K+12K+38K = $1,325,000    115K+400K+100K+200K = 815K

Year 3: 1000K++110K+15K+200K+60K+60K+12K+38K = $1,495,000   1,900K+400K+115K+300K=  2715K

Year 4: 200K+60K+60K+38K = $358,000                                                   300K+400K+60K+100K = 860K
Year 5:  $358,000                                                                                           300K+400K+60K +200K= 960K
Grand Total: $4,471,000                                                                   Grand Total: $6,195,000

External support not accounted for: 
Chip design software – UMD already participates in the university programs of Cadence and Synopsys, the two largest producers of chip design software, that provide a considerable amount of free design software. This support from Cadence and Synopsys is worth hundreds of thousands of dollars per year.

Maryland Center of Excellence in Human Microbiome Research

Principal Investigator:

Claire M. Fraser-Liggett, PhD

Professor of Medicine and Microbiology and Immunology

Director, Institute for Genome Sciences

University of Maryland School of Medicine

Baltimore, MD  21201

Summary

Maryland has earned a worldwide reputation as the home of the "Human Genome Project", an international effort to decipher the complete human genetic blueprint in order to understand how individual genetic differences contribute to common illnesses such as asthma, cancer, diabetes, and heart disease. However, the genes encoded in the human genome provide only part of the picture about human biology.  Over a trillion microorganisms live inside and on humans, forming the "Human Microbiome."  These microorganisms are poorly understood but they are essential for human health, and if these communities of microbes are perturbed, they may be responsible, in part, for a number of important diseases.  Capitalizing on Maryland's considerable strengths in genomics, the Maryland Center of Excellence in Human Microbiome Research (Center) seeks to discover new diagnostics and therapeutics by characterizing the "Human Microbiome."  In addition, the Center will generate economic development by attracting additional grant funding to academic campuses in the state, creating new jobs and by spinning off private companies.



[image: image1]
Background and Significance
The microorganisms that live inside and on humans (known as the microbiome) are estimated to outnumber human cells by a factor of ten. Together, the genes of our microbial partners encode for traits that humans did not need to evolve on their own. If humans are thought of as a composite of microbial and human cells, the human genetic landscape as an aggregate of the genes in the human genome and the microbiome, and human metabolic features as a blend of human and microbial traits, then the picture that emerges is one of a human 'supra-organism'.  A growing list of human diseases such as inflammatory bowel disease, obesity, colon cancer, autism, bacterial vaginosis, premature labor and delivery, psoriasis and eczema, to name just a few, have been associated with imbalances in the normal human microbiome, suggesting some intriguing new avenues for diagnosis and treatment of these disorders.

The Human Microbiome Project (HMP) is a logical conceptual and experimental extension of the Human Genome Project and is an interdisciplinary effort consisting of multiple projects, which are now being launched concurrently worldwide, including in the United States (as part of the next phase of the National Institutes of Health's Roadmap for Medical Research), Europe and Asia. The advent of highly parallel DNA sequencers and other high-throughput instrumentation, together with breakthroughs in massively parallel computing is propelling microbiology into a new era, extending its focus from the properties of single organism types in isolation to the operations of whole microbial communities. The new field of human microbiome research involves the characterization of the genes, proteins, and metabolic products in these microbial communities.

The HMP will address some of the most inspiring and fundamental scientific questions today. Importantly, it also has the potential to break down the artificial barriers between medical microbiology and environmental microbiology. It is hoped that the HMP will not only identify new ways to determine health and predisposition to diseases but also define the parameters needed to design, implement and monitor strategies for intentionally manipulating the human microbiome, and to optimize its performance in the context of an individual's physiology. Such an initiative will also provide an entirely new perspective on contemporary human evolution: that is, on whether and how rapidly advancing technology, and the resultant transformation of human lifestyles and the biosphere, influences the 'micro-evolution' of humans and thereby health and predisposition to various diseases.

Many outcomes of the HMP can be predicted: for example, new diagnostic biomarkers of health and disease, a new arsenal of drugs that is derived from the chemical messengers produced by our bacterial partners, and new industrial enzymes that can process particular substrates. One important outcome is anticipated to be a deeper understanding of the nutritional requirements of humans. This, in turn, could result in new recommendations for food production, distribution and consumption, and probiotic therapy that is formulated based on knowledge of the microbiome.

Resources Currently Available

Through the efforts of Drs. Claire Fraser-Liggett, Jacques Ravel, and Owen White in the Institute for Genome Sciences (IGS), the University of Maryland School of Medicine (SOM) is a major player in the United States’ HMP effort.  These three investigators have been involved in HMP planning for the past three years and have recently received significant NIH funding for HMP-related projects.  To expand the scope of their HMP-related research efforts, they have established collaborations with SOM colleagues in the Departments of Medicine, Pediatrics, Microbiology and Immunology, the Program in Genetics and Genomic Medicine, the Center for Vaccine Development, and the Mucosal Biology Research Center, other UMB colleagues in the Dental School and Law School, and UMCP colleagues in the Center for Bioinformatics and Computational Biology.  Thus, there is already a critical mass of expertise resident within the University of Maryland system to launch a strong and cross-disciplinary Maryland Center of Excellence in Human Microbiome Research.  There are very few institutions that have the potential to bring such a diverse set of investigators together to work on this high profile research area, although some efforts are underway at New York University, Stanford University, and Washington University in this direction.  
The initial research activities of a Maryland Center of Excellence in Human Microbiome Research could be funded by current NIH awards to Drs. Fraser-Liggett, Ravel, and White totalling nearly $20M.  These projects are focused on the role of microbial communities in obesity, bacterial vaginosis, and large-scale data analysis.  The IGS has the necessary infrastructure for microbiome-related laboratory studies and computational analysis which could augmented, as necessary, in order to expand research in this area.   
Collectively, the expertise and research interests of the SOM group will provide the foundation to address some of the most fundamental goals of the HMP that include:

· determining whether individuals share a core human microbiome,

· understanding how changes in the human microbiome correlate with changes in human health,

· developing new technological and computational tools needed to support these goals,
· translating the basic research findings from the HMP into new diagnostics and therapeutics,
· addressing the ethical, legal, and social implications raised by HMP research
Limitations of the Current Situation

Although much progress will be made at UMB in the next several years towards meeting the goals of the HMP because of the existing NIH awards, it is clear that much more could potentially be accomplished with additional investment, particularly in terms of focusing faculty effort on this initiative, expanding the number of important diseases that are studied by USM investigators from a microbiome perspective, and moving basic research findings into clinical practice.  There is considerable potential to advance the scientific foundation of the field and generate valuable intellectual property by pursuit of multiple research questions in parallel.  To this point, Dr. Fraser-Liggett has been approached by two venture capital firms with early potential interest in the field of human microbiome research.

In order to capitalize on our existing strengths in this high priority area of research, additional investment for recruitment of 3 faculty and associated research personnel to UMB to enhance existing strengths and fill gaps in strategic areas including human genetics and genomics, biostatistics, and computer modeling will be necessary to ensure a critical mass that is essential for long-term success in this emerging area of research.  
The success of any HMP initiative is critically dependent on the availability of biological samples from well-characterized patient populations.  It will be impossible to make the appropriate correlations between changes in the microbiome in health and disease without the relevant clinical samples, and such a resource does not currently exist.  Therefore, one of the most important initial investments for a successful Center is the establishment of, or access to, a repository of patient samples, along with associated clinical information, that will accelerate microbiome-related studies. 
Impact of Additional Investment

The SOM has already received significant NIH funding for human microbiome-related research.  However, with expanded investment there is an opportunity to secure additional Federal money for investigators across multiple academic campuses, as well as Foundation and industry support for this area of research.
One of the most important activities of the Center will be to facilitate new microbiome collaborations among investigators throughout the USM system.  This can be accomplished by inclusion of funds in the Center budget to provide IGS with start-up funds for new one new faculty hire per year for each of the next three years (~$500K per year).  These new faculty hires are urgently needed because the existing IGS faculty who are involved in microbiome-related research are fully committed to currently funded projects.  Scale-up will be greatly facilitated by additional funds for the purchase of one new next generation DNA sequencing platform, and the associated computer hardware to support data analysis ($3.5M), and intramural funds that will be used to generate preliminary data to support R01 and Program project applications ($500K per year).  Another goal of the Center should be to build the Clinical Specimens Repository that will serve as an enabling resource for interested investigators.  The Center can also play an important role in providing training opportunities for students and post-doctoral fellows that will contribute to the development of the work force in Maryland.  

Importance of the Center to the State of Maryland

If the Center is successful in fulfilling its promise, large collaborative grants that involve universities and hospitals such as Centers of Excellence in Genomic Sciences (CEGS) grants from NHGRI/NIH, center grants from NSF for biological observatories, and Gates Foundation funding on global health issues will all be within the reach of the proposed center.  Applications could be submitted within the first two years of the center’s establishment and could include investigators from several academic campuses.  Although the initial research focus of the Center will be on the role of the human microbiome in health and disease, the study of microbial communities and their interaction with the environment is also of great relevance to agriculture, energy, and marine systems.  Therefore, the Center can serve as a catalyst for investigations into other high priority research areas for the State of Maryland, and provide opportunities for additional collaborations with colleagues from other USM institutions such as UMCP and UMBI. 
Potential Extramural Funding Sources in Years 3-5
Federal (NIH, NSF)  
$4-8M/year

Foundations (Gates, CCFA, Cure Autism Now)   $2-5M/year

Industry (Nestle, Dannon, Proctor and Gamble)   $1-3M/year

The Center will also serve as a strong economic driver for Maryland’s biotechnology industry because the potential for securing intellectual property that will serve as the foundation for commercial spin-offs that facilitate the translation of basic discoveries in human microbiome research into clinical practice is very high.  These include the development of novel diagnostic tests based on microbiome composition that will serve as indicators of health or disease, the more rational design of probiotic therapies that are tailored for individuals based on their microbiome, and new software tools for analysis of large amounts of genome data.  The collective impact of these new initiatives will be improved health and decreased health care costs, not only for the citizens of Maryland but throughout the world.

Maryland has earned the reputation as the “Human Genome” state, being home to the National Institutes of Health, Human Genome Sciences, The Institute for Genomic Research, and Celera Genomics.  As the field of genomics moves a new phase, and begins to unravel the complexities of our microbial partners in what has been called the “second human genome project”, Maryland has the opportunity to maintain its international reputation as a leader in genomics through the creation of the Center of Excellence in Human Microbiome Research at UMB.
Principal Investigator Biographical Sketch
Claire M. Fraser-Liggett, Ph.D. is Director of the Institute of Genome Sciences at the University of Maryland School of Medicine.  Her research focuses on the role of microbial communities in human health and disease.  She has published more than 220 scientific articles, and for the past 10 years has been the most highly cited investigator in the field of microbiology.  She is a member of a number of professional societies and is the recipient of numerous scientific awards. 

Scope of Work

The Maryland Center of Excellence in Human Microbiome Research will be a state-of-the-art facility for research related to the study of the microbial communities associated with humans, and will build upon the existing research strengths of IGS faculty members in the areas of gastrointestinal and vaginal microbial communities in health and disease.  The work in the Center will be supported by three Core facilities that will be established in the first year of operation and will build upon the existing expertise that is resident within the Institute for Genome Sciences:  a Clinical Specimens Repository, a Genomics Laboratory, and a Data Analysis Core.  In order to facilitate basic and translational microbiome research across the USM system, the Center will provide up to $500K per year in intramural grants to USM investigators interested in exploring high priority microbiome questions in collaborations with Center staff.  The Clinical Specimens Repository will work with USM investigators to identify, procure, and archive clinical samples (blood, stool, skin, saliva, vaginal swabs) from 300 - 500 patients per year.

Center Budget
	Senior Personnel
	$250,000
	$260,000
	$270,000
	$280,000
	$290,000


	Other Personnel
	$70,000
	$720,000
	$740,000
	$760,000
	$780,000



	Equipment
	$2M
	$1.5M
	
	
	

	Supplies/Clinical Repository
	$750,000
	$750,000
	$750,000
	$750,000
	$750,000

	Development Grants
	$500,000
	$500,000
	$500,000
	$500,000
	$500,000


THE CENTER FOR VACCINE DEVELOPMENT (CVD)
A MARYLAND RESEARCH CENTER OF EXCELLENCE
Myron M. Levine, M.D., D.T.P.H., 

Grollman Distinguished Professor and Director,

Center for Vaccine Development, University of Maryland School of Medicine 
Proposal summary.  The Center for Vaccine Development (CVD), an internationally renowned, multi-disciplinary vaccine research enterprise at the University of Maryland, Baltimore (UMB) that has been immensely successful over three decades in acquiring grants, developing products and training the next generation of leaders in vaccinology, proposes to expand its activities further by establishing an Academia/Industry Liaison Unit that will actively foster at the technical and strategic level a variety of partnerships.  Virtually every week CVD is approached by either biotechnology vaccine companies or “big pharma” multinationals seeking collaborations of one kind or another (including both U.S.-based and off-shore entities).  Many opportunities are currently lost because CVD does not have dedicated staff to be able to avail ourselves of all the opportunities that present.  Herein we provide the rationale for establishing within the CVD an Academia/Industry Liaison Unit, an action that will translate to significant economic benefits to the state of Maryland.

Vaccines and vaccinology today -- What the Center for Vaccine Development (CVD) delivers.  

Vaccines collectively constitute the most cost-effective specific preventive measures in the history of medicine and public health.  They protect vaccinated individuals; their widespread use has eliminated certain infectious diseases from large regions (e.g., measles and polio from the Americas); and in one instance, a disease scourge, smallpox, was completely eradicated from the human population through a coordinated global initiative.  The advent of modern biotechnology has ushered in a golden era in vaccine research and development.  As a consequence, many other infectious diseases (and some chronic non-infectious diseases) are being targeted for prevention by the development of new vaccines.  Vaccinology has expanded to include the study of adjuvants (substances that enhance immune responses) that can be combined with vaccines to allow them to be effective with administration of just a single dose.  A variety of other technologies are being developed that allow parenteral vaccines (“shots”) to be administered without the use of needles.  “Live vector” technology allows certain well tolerated bacteria and viruses to be genetically engineered so that they express protective antigens of several unrelated pathogens; the potential for application of such versatile “vaccine platforms” is enormous.

Candidate new vaccines that are developed are initially evaluated in animal models.  However, they must then be painstakingly tested for safety, clinical acceptability and ability to stimulate protective immune responses in clinical trials that increase, step-wise, in size and complexity.  Once initial safety and immunogenicity have been established in humans and a practical formulation of the vaccine has been manufactured, large-scale field trials to establish the efficacy and safety of the vaccine in the target population (age, etc.) must be carried out.

The University of Maryland School of Medicine’s CVD constitutes one of the largest, academic, multi-disciplinary, multi-faceted institutes of vaccine research in the world that is housed under one roof.  All the necessary components for the different steps of vaccine research (with the exception of production of GMP [good manufacturing practices] pilot lots), reside within the CVD.  These include state-of-the-art molecular biology laboratories to construct vaccines, facilities for animal models, facilities for clinical trials, infrastructure for measuring immune responses, clinical microbiology facilities and expertise, a Regulatory Affairs Unit, epidemiologic expertise for the design and performance of large-scale field trials to assess efficacy, and expertise in biostatistics.  CVD also maintains three “bricks and mortar” off-shore facilities where clinical trials can be performed (CVD-Chile, CVD-Mali and CVD-Malawi).

Vaccine research and development constitutes an important economic engine for the state and the CVD already provides an important interface between academia and industry.  The State of Maryland is increasingly recognized as a hotbed of vaccine research and development activities, both in its academic institutions (in particular the U. of Maryland School of Medicine) and an array of vaccine biotechnology companies that reside within the state.  Maryland is particularly well suited for this facet of biotechnology because it is also the home of the Food and Drug Administration’s Center for Biologics Evaluation and Research, the segment of the FDA that regulates vaccines.  A few examples of the Maryland companies involved in vaccine activities include MedImmune, IOMAI, Sanaria and Emergent Biosolutions.  CVD has interactions with these and multiple other vaccine companies, including from other parts of the USA, Europe and Asia.  Indeed, CVD serves as a magnet that attracts companies seeking to avail themselves of different aspects of CVD expertise.  These interactions manifest in a wide variety of forms.  The range of interactions includes basic research collaborations, license of CVD technology, requests for CVD to perform animal model evaluations, requests for CVD to perform clinical trials and requests to perform surveillance to quantify the burden of certain diseases in specific populations.  CVD also receives many requests from vaccine companies and biotechnology companies for CVD investigators to sit on their Scientific Advisory Boards.  

Heretofore, the many interactions of the CVD with industry have been ad hoc and have not been formalized.  The extent, number and variety of interactions between CVD as an academic research enterprise and industry have now reached a volume where an investment should be made to establish a unit within the CVD specifically devoted to fostering, enhancing and expanding these interactions in type and in number.  This would serve to further establish the State of Maryland as the site for vaccine biotechnology companies to locate and for them to seek our collaborations.  All of these collaborations ultimately culminate in positive economic benefits for the State.  To miss this opportunity means forfeiting some of these partnerships to competing regions (e.g., MA, CA, PA).    

International prominence of the CVD.   CVD already has high visibility and prominence in the area of vaccine research and development globally.  This prominence comes from the many scientific publications, presentations at scientific meetings, consultancies, participation in advisory committees and success in competitive grant awards.  

The competitor that most closely approximates the CVD in size and breadth of activities is the Centre for Clinical Vaccinology and Tropical Medicine and the Jenner Institute at the University of Oxford, UK.  Dr. Myron M. Levine, Director of CVD, serves on the external advisory board to that Centre and he provided advice and assistance to Oxford University in the mid-1990s when they established their Centre.  There are many academic medical centers in the USA and Canada that have one or a few components of a vaccine development enterprise but only the CVD of the University of Maryland and the Centre in Oxford University contain virtually all the components and have them housed together in proximity to promote synergy.

Competitive geographic areas that also have the combination of academic vaccine research activities, vaccine biotechnology companies and some vaccine manufacturing plants include Research Triangle of North Carolina, greater Boston, greater Philadelphia and San Francisco/Oakland (“Bay” region).  The greater Boston area received a big boost when Novartis Vaccines decided to consolidate its North American assets there (this included a move of many assets from Emeryville, CA [Bay region] to Boston.  If a strategic decision were made to foster Maryland as one of the two dominant vaccine academic/industry corridors in the USA (and the world), substantial assets and infrastructure already exist to make that happen.  Among these are the CVD, the UMB BioPark, the assemblage of vaccine companies that presently reside within the state of Maryland and that already constitute a critical mass, the proximity to the FDA and ready access to highly skilled technical workers and science and biotechnology professionals.

Current assets and desirable future assets.  Many of the current assets of the CVD were briefly described above.  For many years the CVD has successfully competed for an array of grants and research contracts from a variety of sources, overwhelmingly representing the public sector (e.g., NIH, Bill and Melinda Gates Foundation, Doris Duke Foundation, Howard Hughes Medical Institute, Department of Defense, etc.).  In recent years the annual income from grants and contracts has been circa ~ $65 million.  These grants support and maintain the research administrative infrastructure and core units of the CVD, as well as supporting the basic and clinical research activities themselves.  Enhancing CVD-industry collaborations represent an inadequately tapped source of support for the research enterprise infrastructure of the CVD.  These collaborations will enhance productivity, generate additional collaborations with industry and poise CVD to acquire additional grants from the public sector.  Some examples of CVD components that would benefit from enhanced partnerships with industry include the Regulatory Affairs Unit, the Applied Immunology Section, the Research Administration Core, the Cellular Immunology Section, the Adult Clinical Studies Section, the Pediatric Clinical Studies Section and the Molecular Diagnostic Microbiology Section.  These Sections and Units provide core research and administrative support to the various Sections that perform primary research.  Strengthening these core units would enhance the productivity of the research units and make the CVD even more competitive and make it easier to foster additional academic/industrial collaborations and partnerships.  CVD also envisions enhanced collaborative relationships with units on other U of Maryland campuses, particularly College Park and UMBC.
CVD also offers unique training opportunities in vaccinology, thereby contributing a skilled professional work force in this discipline.  CVD is recipient of the only NIH T32 training Grant in Vaccinology.  Moreover, as the lead institution of the Middle Atlantic Regional Center of Excellence for Biodefense and Emerging Infectious Disease grant (a $53 million NIH grant in which CVD coordinates research of 60 investigators in 17 leading research institutions in the Middle Atlantic region), CVD offers highly specialized training courses.  These include a course that instructs how to perform research in Biosafety Level-3 Laboratories and a course in vaccine process development.     

Some milestones for CVD achievements consequent to the provision of core funding.   

Provision of core support would allow CVD to convene an annual State of Maryland academic/industry vaccine research event; (Boston already has such an event).  The purpose of this would be to increase networking, showcase research capabilities and interest and foster new partnerships.  It would also attract vaccine companies currently located out of state to consider re-locating themselves to our state.  The UMB industrial BioPark would provide an attractive assortment of space for small companies.  The industrial park is across the street from the CVD.
Following establishment of the new unit, one would track and expect increases in:

· The number of Maryland Industrial Partnership (MIPS) grants

· Overall competitive funding

· The number of academic-industrial collaborations of different types

· Number of jobs for the state’s highly skilled biotechnology work force

· Increase in trainees with expertise in vaccine research and vaccine development skills

· Number of Scientific Advisory Boards on which CVD faculty sit

· Number of new vaccine biotechnology or vaccine manufacturing companies that locate in Maryland (the state as a magnet for vaccine biotechnology)
Principal Investigator:

Myron M. (“Mike”) Levine, M.D., D.T.P.H., has been a faculty member at the University of Maryland School of Medicine since 1971.  In 1974 he co-founded the Center for Vaccine Development (the CVD) and has been its Director since its inception.  He is currently the Grollman Distinguished Professor of Medicine and Head of the Division of Geographic Medicine; from 1985 to 2006 he also served as Professor and Head of the Division of Infectious Diseases and Tropical Pediatrics in the Department of Pediatrics.  Dr. Levine, who has devoted his career to accelerate the development and introduction of vaccines, has authored 479 papers in peer reviewed scientific journals and more than 100 book chapters and is Chief Editor of “New Generation Vaccines”, the leading textbook of research vaccinology.  He has received many honors for scientific achievement.  A few include: election to the Institute of Medicine of the National Academy of Sciences (1995); the Albert B. Sabin Gold Medal Award for lifetime achievement in the field of vaccinology (1998); Institute for Science Information recognition as one of the top 100 most highly cited, influential researchers in the field of immunology (2002); election as President of two national societies (American Epidemiological Society, 2001 and American Society of Tropical Medicine and Hygiene, 2006).  He has also received honors for his public health and humanitarian efforts, including named “Grand Officer of the National Order of Mali” for efforts in developing and distributing vaccines to the children of Mali.  This honor is traditionally bestowed only to heads of state; (past recipients include U.S. President Jimmie Carter and President Jacques Chirac of France).  In the January 2002 issue of Baltimore Magazine, Mike Levine was featured as one of ten “Baltimoreans of the Year”; (another recipient that year was baseball hall of fame inductee Cal Ripken, Jr.).  

Dr. Levine has served on multiple World Health Organization committees and advisory groups and as an advisor to the Bill and Melinda Gates Foundation, Rockefeller Foundation, National Institutes of Health and the Institute of Medicine.  He served as a member of the Working Group of the Global Alliance for Vaccines and Immunization (GAVI) and as Co-Chair of GAVI’s Task Force on Research and Development.  
Proposed Budget for the CVD Maryland Research Center of Excellence

	Expense Category
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	Totals

	Senior Personnel
	297,704
	306,635
	315,834
	325,309
	335,069
	1,580,552

	Other Personnel
	231,054
	237,986
	245,126
	252,479
	260,054
	1,226,699

	Fringe Benefits
	174,490
	179,725
	185,117
	190,670
	196,390
	926,393

	Travel
	50,000
	51,500
	53,045
	54,636
	56,275
	265,457

	Equipment
	1,000,000
	1,030,000
	1,060,900
	1,092,727
	1,125,509
	5,309,136

	Supplies:Clinical,Lab,Office
	35,500
	36,565
	37,662
	38,792
	39,956
	188,474

	Other Expenses
	192,500
	198,275
	204,223
	210,350
	216,660
	1,022,009

	Developmental Grants
	500,000
	515,000
	530,450
	546,364
	562,754
	2,654,568

	Consultants
	75,000
	77,250
	79,568
	81,955
	84,413
	398,185

	Totals
	2,556,249
	2,632,936
	2,711,924
	2,793,282
	2,877,081
	13,571,473


These funds will be used to provide core support for the Center’s section chiefs and essential support staff including new staff solely dedicated to expanding CVD-industry collaborations and interactions and to cover the cost of fringe benefits of same.  In addition, funds are needed to provide infrastructure support necessary to facilitate rapid communications with industry partners (phone, teleconferencing, videoconferencing, fax, network fees, etc), purchase equipment needed for improved vaccine development and testing, engage consultants in the field of vaccinology as needed, provide biostatistical support and to conduct a biennial international conference in vaccinology.  Developmental grants will be offered to enhance research and collaborations with industry in the field of vaccine development.
Center for Nano-Enabled Electrical Energy Storage

-- a Maryland Research Center of Excellence (MRCE) Proposal

Key UMD faculty: Gary Rubloff (PI), Sang Bok Lee, Michael Fuhrer, Reza Ghodssi, John Cumings, Ray Adomaitis, Oded Rabin, Janice Reutt-Robey, Robert Walker, Chunsheng Wang, Yu-Huang Wang, Ellen Williams
Summary

With increasing emphasis on alternative energy sources that vary in time (solar, wind) and the needs to store energy compactly and deliver and replace it quickly, electrical energy storage (EES) is becoming a fast-rising priority for energy R&D. The MRCE team has identified EES as a major opportunity and developed a clear vision for next-generation EES technology, which exploits specific nanoscale materials processing and structure fabrication to produce precision massive arrays of multicomponent nanoscale EES devices.   Taking advantage of close collaborations between energy and nanotechnology researchers, they have already made major (10-100X) advances in EES power and energy density metrics.  In addition, with the energy research community notably less focused and organized for EES than other areas (solar, fuel cells), UMD’s MRCE has an exceptional competitive opportunity.   Thus the MRCE is well positioned to lead in this rapidly emerging technology sector, resulting in recognition on an international scale and substantial industrial and economic benefit to the State of Maryland.
Overview

Transforming our energy infrastructure to address the increased demand for energy, especially renewable energy, will require revolutionary technological advances. While much attention is devoted to new sources of energy, the need for better energy storage technologies is equally important. Renewable energy sources (solar, wind, etc.) provide time-varying, rather unpredictable energy supply, which must be captured and stored as electrical energy until demanded.  New transportation modes (e.g., hybrid and electric cars) require high energy density (to reduce weight and volume) and fast charging.  Conventional devices to store and deliver electrical energy – batteries and capacitors – cannot achieve the needed combination of high energy density, high power, and fast recharge that are essential for our energy future. A revolutionary technology is needed.
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Fig. 1. Heterogeneous nanostructure with separate layers for charge storage and transport.


UMD research leaders and their collaborators at other institutions envision a fundamentally new generation of electrical energy storage devices based on nanotechnology (Fig. 1).  They have already demonstrated prototype devices with profound increases in both energy and power of the storage devices (Fig. 2).  These devices exploit unique combinations of materials, processes, and structures to optimize both energy and power density, combinations which taken together have real promise for building a viable next-generation technology, and around it, a vital new sector of the tech economy.  Key elements of the technical strategy are the design of the nanostructures, the ability to replicate them in massive arrays, and the use of multiple materials to form heterogeneous nanostructures that meet requirements of performance, manufacturability, and reliability.  The primary emphasis of the MRCE will be twofold:
(1) Its research will be structured to reveal and identify the full scope of key scientific challenges for next-generation, nanostructure-based electrical energy storage technology and to address these challenges with a world-class interdisciplinary team of research leaders.  This has already begun in multiple collaborations recognized in a very recent $26M proposal for a DOE Energy Frontier Research Center (EFRC), including Sandia National Laboratories, Los Alamos National Laboratory, UC Irvine, Yale, and UFlorida as partners. A distinguished group of leaders from academia, government and industry comprises the proposed EFRC’s External Advisory Board.
(2) A parallel research component will anticipate and address the primary challenges of technology viability and manufacturing, which are essential for scientific advances to impact technology, products, and economy.  Still in its infancy, nanomanufacturing is a fundamental national challenge recognized in the National Nanotechnology Initiative.  The MRCE will partner with the National Institute of Standards and Technology (NIST) to address nanomanufacturing and nanometrology issues inherent in the Center’s roadmap. This will build on the already established joint UMD-NIST Center for Nanomanufacturing and Metrology. 
Outcomes and impact
The MRCE will create the scientific underpinnings and technology prototypes for a next-generation electrical energy storage nanotechnology capable of increasing energy density 10X and power density 100X.    It will also lay the foundations for transforming these scientific insights and demonstrations into a viable technology consistent with cost-effective manufacturing.  Its scientific and engineering advances will propel UMD and 
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Fig. 2. Nanostructure-based architectures have potential to dramatically increase both power and energy density of storage devices.  Data points show UMD accomplishments to date.


its partners into the forefront of an energy research environment that is rapidly coming into the limelight of attention by the global public and the international research community.  Its focus in Maryland will offer major opportunity for the region to become the central location for companies and institutions in the energy field.  And the MRCE’s advances will deliver profound new capability for harnessing renewable energy, enabling green transportation modalities, and developing a sustainable energy future.
Research competitiveness on an international scale
While global investment and improvements in electrical energy storage technology are ongoing, the trend is fundamentally evolutionary, with investments small compared to those for conventional and renewable energy sources.  As new and diverse sources are developed, the need for new storage technology will become increasingly apparent.  The MRCE will fill this need through scientific insight, technology innovation, and manufacturing viability for a revolutionary step in electrical energy storage. This step is revolutionary not simply in using nanotechnology, but in targeted pursuit of massive high precision arrays of heterogeneous,  multifunctional nanostructures. While the research community has only begun to explore such directions, our team has already developed specific strategies for multifunctional nanostructure arrays. Furthermore we have recently demonstrated major advances in power and energy density for nano-enabled EES, as indicated in Fig. 2 by the three data points from our team’s research. This posture reflects a very favorable prognosis for achieving an internationally competitive position within 5 years.
Research competitors pursuing next-generation nanotechnology solutions are typically individual research groups (e.g., NRL, UFlorida, Penn State, UC Irvine, Georgia Tech, UT Austin, Case, UColorado).  It is striking, however, that no major Centers are identifiable which explicitly focus on nanotechnology-enabled structures and devices to achieve a major advance in electrical energy storage technology. 
Technology and economic benefit to the State of Maryland

The energy sector is widely seen as the most promising sector for job and economic growth.  As various alternative and conventional sources compete in the future, the need to store energy compactly and to deliver and replace it quickly will remain central. Electrical energy storage (batteries, supercapacitors) are established technologies burdened with serious energy and power limitations (e.g., battery size/weight and slow recharge in electric car). We have already demonstrated the potential of nanotechnology to significantly relieve these limitations (Fig. 2), providing the MRCE with a strong competitive position in research and intellectual property, and we have developed a broader vision for next-generation EES technology.  If we can lead this and tightly couple our R&D to Maryland industry, the State will become a high technology hub in the energy sector, with corresponding economic benefits from what will become a very large industrial sector.
Resources and opportunities

The DOE EFRC partnerships and advisors bring tremendous resources to the MRCE, from scientific excellence to extensive user facilities at Sandia and Los Alamos.  Sandia has already committed to significant collaborative research as well as availability of their premier facilities (both items indicated as leveraged resources). The EFRC External Advisory Board includes key contacts in industry (Lockheed Martin, General Electric, A123 Systems) as a basis for relevance and support. The Center for Nanomanufacturing and Metrology, a UMD-NIST joint program, provides an ideal link to technology viability and manufacturing. Excellent scientific skills in energy and nano science and technology derive from the Maryland NanoCenter, the UMD Energy Research Center, the UMD NSF Materials Research Science and Engineering Center, all working together with new facilities and infrastructure support from the NanoCenter. And other neighboring Federal laboratories, with whom we regularly interact, have begun energy research programs (e.g., LPS, ARL, APL, NRL).
The development of the MRCE opens the door to numerous opportunities for external funding, starting with the DOE EFRC proposal.  Other major opportunities ($1-5M/yr) include the NSF ERC, MRSEC, and STC programs, additional DOE programs, DOD programs (most recently ARL and LPS), and partnerships with large companies (GE, Lockheed Martin) which foresee business opportunities in energy storage.   
Making it Happen – a Strategy for Success

The UMD-led research program in our recent DOE EFRC proposal reflects an innovative and promising thrust to develop the next-generation of electrical energy storage technology.  By bringing together EES experts with key leaders in nanotechnology, the team is already very competitive in its vision of precision, nano-enabled EES and in its cross-disciplinary breadth.  As indicated in the attached budget, UMD’s ongoing research portfolio is substantial in EES and related energy and nano arenas.   These efforts are leveraged by the commitments of the campus to NanoCenter operations and the expressed plan of SNL/LANL’s Center for Integrated Nanotechnologies to pursue collaborations with UMD independent of the outcome of the DOE-EFRC proposal.  Thus we are well positioned to anticipate, define and lead the next-generation of EES technology. Targeted investments will ensure that our vision, insights, and cross-disciplinary collaborations will enable us to lead in this rapidly emerging technology sector, resulting in recognition on an international scale and substantial industrial and economic benefit to the State of Maryland.  Our strategy for success includes the following elements, which are reflected in the budget:
Nurture and solidify collaborations.  The strength and promise of our program arises from innovative concepts that base new EES devices on precision nanostructures at the cutting edge of research.  The collaboration of EES and nano researchers has begun in modest groups and in development of themes in the EFRC proposal, but the vitality, productivity, credibility and visibility of the MRCE will rely on more intense and broader cross-disciplinary efforts of this sort.  Accordingly the MRCE will support research seed projects which initiate and foster these collaborations while producing major advances.
Move research to the marketplace. The EES market will surely grow substantially as new EES systems appear in vehicles, distributed sites, consumer electronics, etc., accelerated as well by the diversity of alternative energy sources now being pursued.  The MRCE will directly support key elements of the commercialization pathway, including allocation of research seeds to technology demonstration projects, funds for development and marketing of patents, and support for a full-time industrial relations person to concentrate on connectivity with industry.  We will work closely with DBED, MTECH, and TEDCO to offer and transfer our EES advances preferentially to Maryland industry, small and large.
Promote external visibility.  Industrial partnerships, Federal grants, academic rankings, and recruiting increasingly depend on external perceptions created through the media, online resources, and highlights and events that attract them.  The MRCE will engage a full-time administrative person to spearhead our public relations outreach, in cooperation with the NanoCenter, UMERC, and others on campus.  We will sponsor a major Energy Nanotech Showcase at UMD every two years, with emphasis on broad outreach to media, industry, government agencies, and Federal and State legislators and staff.
Generate the workforce. An important consequence of the MRCE research program will be the development of scientists, engineers, and R&D leaders for future EES technology and manufacturing.  Our PhD students and postdocs will uniquely benefit from their interactions in cross-disciplinary teams and in their pursuit of the MRCE’s research and technology objectives.  MRCE research efforts will also support training of undergraduates and MS students well prepared for careers in energy technology and particularly EES.
Recruit key new faculty.  While the MRCE has a solid base of expertise is in place for pursing next-generation EES, achieving our goals unmistakably requires base budget support to recruit outstanding faculty in several key areas. Electrochemical processing is most critical, both for its centrality in EES and for its rapidly growing importance across other energy areas as well as a broad portion of nanotechnology; hiring both a senior leader and a junior faculty member in the field would fulfill this need, provide a leader for major proposals, and constitute a strong platform for evolving a very strong educational program in electrochemistry and its applications. Since EES functions as a holding and distribution station for electrical energy, a researcher in electrical design for power management of multiple sources, EES elements, and load profiles is needed.  Another researcher in macro-scale device packaging of EES systems is important to pursue technology demonstration vehicles as a major tech transfer effort. Finally, with heterogeneous nanoscale device structures at the heart of the MRCE, we are overdue for a researcher in nanostructure materials and structure modeling and simulation.   
Provide unique experimental capabilities. The NanoCenter’s shared facilities now provide first-rate, professionally managed capabilities for nanoscale fabrication and characterization, comprising roughly $15M in equipment, and including specialized instruments for nanowire and nanotube growth, atomic layer deposition, and nanopatterning.  The MRCE will support acquisition and/or development of several unique experimental capabilities that will further distinguish the MRCE, including systems which enable contaminant-free electrochemical processing, electrical probing of individual EES nanostructures, integrated nanoprocessing and surface characterization, and in-situ real-time electron microscopy of nanoscale electrochemistry.  In addition, the plan provides base budget support for two technical staff dedicated to bringup and application of these unique EES capabilities.
Since the MRCE will adopt the scientific program outlined in the DOE EFRC proposal, the bulk of the research program for the first few years is already mapped out.  Demonstrations of key multicomponent nanostructures and novel diagnostic approaches will be reached within the first two years.  Within the first year we will also delineate a joint effort with NIST to address technology viability and manufacturability issues.  The core members of the EFRC’s External Advisory Board, representing GE, Lockheed Martin, A123 Systems, government and academia, will become the basis for developing the EAB and initiating an External Partners Program to support the MRCE in financial and collaborative activities. 
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PI Bio

Gary Rubloff is Minta Martin Professor of Engineering and founding Director of the Maryland NanoCenter, with primary appointments in Materials Science and Engineering and the Institute for Systems Research (where he served as Director).  A physicist (U. Chicago PhD), his research has included solid state and surface physics, electronic materials processing, interface phenomena, sensing and advanced process control, simulation-based learning systems, atomic layer deposition,  nanostructures for energy applications, and biomaterials and bioMEMS. He served as researcher and manager in physical sciences, silicon technology, and manufacturing research during 20 years at IBM Research, then joined academia at NCSU and subsequently UMD in 1996. He received the AVS Gaede-Langmuir Prize in 2000 and is a Fellow of APS and AVS.  He holds 20 US patents and has published about 200 research papers. (www.rubloffgroup.umd.edu)
Summary for lay audience

Today’s batteries don’t last long enough (low energy) and recharge slowly (low power). Electrical energy storage (EES) devices with higher energy and power are needed not just for consumer electronics, but also for electric vehicles and various energy systems.  Storage is even more important as alternative energy sources are developed, such as solar and wind, since they provide energy only part of the time, and rather unpredictably.  
UMD researchers have used nanotechnology to significantly enhance both energy and power characteristics of EES devices.  The new Maryland Research Center for Excellence for Nano-Enabled Electrical Energy Storage has developed a broad vision for next-generation EES.  By using specific materials and processes controlled at the nanoscale, they will produce precision nanostructures composed of several materials in well-defined tiny shapes.  When millions of such structures are wired together, they make up revolutionary new types of electrical energy storage devices – batteries and capacitors that use ultrasmall structures to obtain much higher performance.  

The MRCE thus promises to lead in the development of a new paradigm for EES, with benefits to society through improved energy and environment practice, to the State of Maryland through creation of a vital high-tech community whose companies and people lead in EES, and to advancement of the frontiers of nanoscience and energy technology, 

Maryland Research Centers of Excellence (MRCE) Proposal                                                    Center of Excellence for Sustainable Marine Systems (CESMS)                                            Center of Marine Biotechnology (COMB)                                                                            University of Maryland Biotechnology Institute (UMBI)

PI: Yonathan Zohar, Professor and Director, COMB, UMBI                                                Co-PI: Russell T. Hill, Associate Professor and Associate Director, COMB, UMBI

Proposal Summary:  CESMS will address the primary societal needs for food and energy by developing sustainable marine systems for large-scale production of algae to sequester carbon and produce biodiesel and fish protein.  COMB has well-developed expertise in sustainable marine systems and is poised to transition technologies for algal production for biofuels and recirculating marine aquaculture systems (RASs) to large-scale commercial operations.  Microbial processes are integral to successful algal production for biofuels and sustainable RASs and this process can be used to sequester carbon dioxide produced by power plants.  COMB deploys genomic and metagenomic approaches in collaboration with UMB’s Institute for Genome Sciences (IGS) to achieve the necessary depth of understanding and control of these microbial processes to ensure scale-up and long-term stability of open pond algal production fed by CO2 emitted from coal-fired power plants.  CESMS will catalyze this transformation.

Rationale:  Maryland and the USM are becoming international leaders in green technologies.  The CESMS will contribute to Maryland’s position as a leader in green technologies for food and energy production as well as carbon sequestration.  The CESMS will provide the sound scientific base for large-scale production of algal bioenergy and for marine fish culture in RASs and will translate these technologies to large-scale production facilities in Maryland with commercial partners, including coal-fired power plants. Current reliance on fossil fuels is unsustainable because of strategic, supply-limitation and climate change considerations.  Bioethanol-based approaches to sustainable energy production compete with agricultural lands and fresh water. Biodiesel is an attractive alternative because microalgal strains can be grown at high density on a smaller footprint than that required for cellulosic material for bioethanol. Selection of appropriate microalgae can generate strains that thrive in saline water.  

The current need for fish protein in the diets of Marylanders is met by wild-caught and open-system aquaculture.  Wild fisheries no longer meet world demand for fish, are not sustainable at present catch levels and are in sharp decline.  Open, flow-through aquaculture pollutes vulnerable coastal ecosystems, delivers a product that is tainted by environmental chemicals and toxins and relies heavily on unsustainable feed that includes fish-meal and fish-oil from wild-caught fish.  RASs will serve as the standard for the future production of fish.

Competitiveness and International Prominence of CESMS:  Many academic and industrial groups world-wide are exploring algal biodiesel production.  We have unique expertise in selection of strains optimized for growth and lipid production in Maryland conditions and in our integrated “whole-system” understanding of the microalgae and their associated bacteria, needed to achieve long-term stability and high yields in large-scale production systems.  COMB is already the world leader in RASs and international prominence can be attained by expanding the scope and scale of its patented technologies.  Further improvements can be achieved by careful optimization of the microbial processes involved in nutrient removal and conversion of the remaining solid waste to methane to offset the energy requirements of the system.  Genomic and metagenomic analyses of the microbial community composition and expression of key genes at critical spatial and temporal stages of the RASs is essential in achieving the goal of a stable, large-scale fully contained recirculating system for economic production of high-value and clean fish protein.

A novel feature giving unique strength to the CESMS is the tight linkage between carbon sequestration and sustainable algal production for biodiesel and RASs.  COMB’s research program in microalgae was first originated to address the need for microalgae in the diets of fish larvae in the RASs.  The CESMS will use those techniques to raise algae fed by carbon dioxide from power plants, extract lipids to produce biofuel and use the residue as algal meal/oil in fish feed in our unique RASs.  By improving efficiency of RASs and reducing the need for expensive fish-meal and fish-oil, the RASs technology will be applied to sustainable aquaculture in developing countries for low-cost protein production.  COMB scientists have the expertise and genomic/metagenomic capabilities (through our partnership with IGS) to achieve rigorous understanding, control and manipulative ability of the microbial processes that are the key to economic large-scale algal culture.  Large-scale microalgal growth can be used to replace fish meal with algal meal in feed for aquacultured species and waste algal material from biodiesel extraction may be suitable as feed.

Scientific Contribution:  The CESMS will attain a deep understanding of the biology of large-scale microalgal culture and fish farming systems by integrating ecological, physiological and molecular approaches to an extent never previously achieved.  Novel microalgal strains uniquely adapted for optimal growth under environmental conditions found in Maryland will be isolated for use in large-scale open raceway systems.  Understanding of the total microbial communities thriving in both the algal and recirculated fish production systems will enable rational manipulation of environmental parameters and community composition to give high-yielding and stable microalgal production facilities for CO2 sequestration at Maryland power plants, biofuel production and economics, and sustainable feed for high-value marine fish grown in fully contained and environmentally-responsible recirculating aquaculture.

Resources:  COMB has an existing group working in algal biofuels that comprises molecular microbial ecologists (Hill and Chen), a lipid biochemist (Place), a molecular biologist (Robb) with expertise in genomics and carbonic anhydrases for CO2 sequestration, a microbial physiologist with expertise in down-stream processing of algae for methane production (Sowers) and aquaculture specialists (Zohar, Zmora) with expertise in algal cultivation. COMB has fully equipped laboratories and an extensive algal culture facility.  Current assets in RASs include a cadre of faculty with many years of experience in this area, led by Dr. Yoni Zohar, an internationally prominent scientist and leader in this area.  The Aquaculture Research Center (ARC) at COMB is well-equipped to perform large-scale fish culture at the level immediately prior to commercialization.    

Contribution by the Institute for Genome Science, UMB:  IGS is the leading genomic institute in Maryland and a world-leader in sequencing of microbial species and communities.  IGS (Fraser-Liggett, Ravel) will collaborate with COMB scientists in sequencing the genomes of selected microalgal and symbiotic bacterial strains from large-scale microalgal growth facilities.  Importantly, the rapid and low-cost pyrosequencing technology will be used to comprehensively study the total microbial communities present in these systems using a metagenomic approach.

Current support for the Center: A major asset in the area of algal biofuels is our successful participation in a $25 million project funded by DARPA (ca. $1.6 million to COMB over the next two years).  COMB’s expertise in strain selection, study of the microbial ecology in large-scale algal growth facilities and harvesting for maximum lipid yield is being built by our participation in this project.  Assets may be further increased by a proposal (ca. $2 million) pending with a large Maryland engineering company to scale up algal culture for biofuel production and carbon sequestration.  This project, if funded, would provide two new algal culture systems for pilot-scale operation immediately prior to large-scale commercial scale-up.  

COMB’s efforts in RAS have been funded by NOAA awards, including two current NOAA award of ca. $700K.  Discussions on commercialization of this technology are at an advanced stage.  The Center will continue to pursue Federal, industry and other sources of funding to bring the Center goals to fruition.

Additional support required: CESMS will require the USM or State of Maryland to provide funds for critical algal physiologist/molecular biologist and aquaculture microbial biologist faculty hires. Support staff and technicians in both areas will also be required to maintain center operations and facilitate center growth and development. This will bring our algal bio-fuels and recirculating aquaculture groups to critical mass. To enable tests of intermediate-scale algal production, we will need to construct an optimal micro-algal raceway facility.  As we scale-up our algal production capabilities, we will require equipment for continuous harvesting of microalgae, as well as CO2 supercritical extraction. CESMS will also require a sequencer to increase our sequencing capacity to deal with the needed genomic and metagenomic analyses of microbial communities associated with both microalgal biodiesel production and the RAS.  This sequencer will be located in COMB’s BioAnalytical Service Laboratory and networked with the IGS for rapid bio-informatic analyses. This dispersed model of sequencing capability will enhance sequencing capacity in the entire USM and serve as a model for future growth of the USM sequencing facilities.  This is a prerequisite as Maryland emerges as a leader in green technologies, benefiting from research in the entire USM.  In addition to the one-time costs for faculty hire and start-up package, algal-related equipment and the sequencer, on-going annual support is needed from the State of Maryland to cover basic operating expenses and administrative needs of the CESMS. 

Importance of the CESMS to the State of Maryland:  The CESMS will provide the scientific underpinning to ensure that Maryland is a world leader in large-scale growth of microalgae and thereby will seed and support start-up biotechnology companies in areas of biofuels production, carbon sequestration and sustainable aquaculture.  This technology also has potential for production of nutraceuticals and bioactive compounds of pharmaceutical potential. The RAS will also provide opportunities for new businesses in this important and growing field to provide marine fish to markets in the U.S. and serve as a source of food production throughout the world.

Milestones:
Year 1.
  Microalgal strain selection.  Isolation and testing of >40 new strains of microalgae specifically adapted for growth in Maryland conditions using CO2 from power plants.  Identification of partner for industrial RASs.

Identification of industrial funding for scale-up to 50 m2 surface area raceways.  

Year 2.  Detailed analysis of bacterial communities in open-system algal culture raceways at 6 m2 surface area. 

Detailed metagenomic analysis of microbial processes in RASs.

Operation of 50 m2 surface area raceways.  Pilot-scale lipid extraction for biodiesel.

Year 3.  Detailed analysis of bacterial communities in algal raceways at 6 m2 surface area. 

Construction and operation of fully contained commercial RAS at 200 tons per year of high-value marine fish.

Year 4.  Scale-up to commercial algal raceways with industrial partner for biodiesel production.

Year 5.  Successful optimization/operation of commercial raceways for large-scale algal culture.

Expansion of RAS to producing 800 tons per year in collaboration with industrial partner.

Recognition as an international leader in microalgal production for biodiesel and RASs will be achieved in 5 years through attainment of these milestones.

PI Biography:  Professor Yonathan Zohar is the Director, COMB, UMBI, and leads a multidisciplinary research and development program that applies modern biology and biotechnology to study, protect and enhance marine and estuarine resources. During his 30-year research career, Dr. Zohar has published over 200 scientific papers, reviews and book chapters, and has been issued eight patents.
Budget Information and Financial Statement:
	 
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	Total

	Senior Personnel
	130,000
	206,900
	213,107
	219,500
	226,085
	995,592

	Support Staff
	126,400
	130,192
	134,098
	138,121
	142,264
	671,075

	Technicians
	46,000
	93,380
	96,181
	99,067
	102,039
	436,667

	Fringe
	120,960
	172,189
	177,354
	182,675
	188,155
	841,334

	Equipment
	850,000
	450,000
	 
	 
	 
	1,300,000

	Supplies
	100,000
	130,000
	200,000
	200,000
	200,000
	830,000

	Travel
	12,000
	12,360
	12,731
	13,113
	13,506
	63,710

	Faculty Start-up pkg
	300,000
	300,000
	150,000
	150,000
	 
	900,000

	Developmental Grants
	150,000
	180,000
	216,000
	259,200
	311,040
	1,116,240

	Other Expenses
	60,000
	61,800
	63,654
	65,564
	67,531
	318,548

	 
	1,895,360
	1,736,821
	1,263,125
	1,327,239
	1,250,620
	7,473,166


These funds will be used to provide core support (salary and fringe) for the Center’s new faculty hires for critical algal physiologist/molecular biologist, aquaculture microbial biologist and essential support staff and technicians solely dedicated to maintain center operations and facilitate center growth and development.  Start-up packages for faculty hires are also included.  Equipment costs include construction of a micro-algal raceway facility, a centrifuge for continuous harvesting of microalgae, a CO2 supercritical extraction apparatus, and a Roche 454 sequencer.  Supplies and materials include RAS materials, stocks, reagents, sequencing supplies, and miscellaneous laboratory and office supplies.  Travel will be used to conduct coordination meetings with industrial partners and participate at international conferences to build center international reputation.  Developmental grants will be offered to enhance research and collaborations with industry in the field of RAS development, algal bio-fuel, and algal carbon sequester research as well as, expand center foothold in algal sciences as it applies to nutraceuticals and bioactive compounds.  Other expenses are for developing industrial partnerships, conferences, seminars, publications, and promotions.
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Business Incubators Are Best Investment of Public Dollars, Study Says 
ATHENS, Ohio—At a time when the U.S. Congress and President Obama are considering investing $850 billion to create jobs, a recently announced study clearly proves that business incubators need to be part of the job creation equation. 

According to a research study conducted for the U.S. Department of Commerce Economic Development Administration, business incubators provide communities with significantly greater results at less cost than do any other type of public works infrastructure project.  

In the study of the economic impacts and federal costs of EDA construction program investments, researchers found that business incubators are the most effective means of creating jobs – more effective than roads and bridges, industrial parks, commercial buildings, and sewer and water projects. In fact, incubators provide up to 20 times more jobs than community infrastructure projects (e.g., water and sewer projects) at a cost of $144 to $216 per job compared with $2,920 to $6,872 for the latter, the report notes.  

“We agree with investing in highways, bridges and other elements of our aging infrastructure,” says Dinah Adkins, president & CEO of the National Business Incubation Association, a 1,900-member organization representing incubation programs in 59 countries. “However, business incubators are critical components of the nation’s entrepreneurial support infrastructure and the only public works projects that were designed entirely as job generators. It is vitally important that the nation leverage its existing investments in incubators to generate new jobs and innovations and to help individuals facing layoffs to start their own firms,” Adkins says.  

The responsible solution, she notes, is not choosing between roads and bridges or incubators but in ensuring that incubators, which have proven themselves to be the most significant generators of new jobs, are not left out. 

Business incubation programs provide entrepreneurs with a guiding hand to help them turn their ideas into viable businesses. Since the first incubator opened in Batavia, N.Y., 50 years ago, incubation programs around the world have been providing client companies with business support services and resources tailored to young firms to help increase their chances of success. 

The EDA study, “Construction Grants Program Impact Assessment Report,” was prepared by Grant Thornton and announced earlier this month in an EDA newsletter. In a recurring theme throughout the study, the authors note that “EDA’s strategic focus on innovation and entrepreneurship makes sense, in that investments in business incubators generate significantly greater impacts in the communities in which they are made than do other project types.“  

The report also notes that, by dollar invested and by number of projects funded, business incubation programs have historically been the least well-funded of EDA’s public infrastructure projects. 

Another EDA-funded study in the mid-1990s found that 87 percent of all firms that had graduated from NBIA member incubation programs were still in business – and about 84 percent of those graduates remained in the incubator’s community. “The jobs created by incubators aren’t one-time construction jobs,” Adkins explains, “but enduring, high-paying positions that contribute to community and U.S. global competitiveness.” 

NBIA estimates that in 2005 alone, North American incubators assisted more than 27,000 start-up companies that provided full-time employment for more than 100,000 workers and generated annual revenue of more than $17 billion. Many thousands more jobs have been created by companies that have graduated from these programs and now operate self-sufficiently in their communities. 

The Grant Thornton study showed that on average, EDA investments produce between 2.2 and 5.0 jobs per $10,000 in federal spending, for a federal cost per job of between $2,001 and $4,611. Business incubators create between 46.3 and 69.4 jobs per $10,000 in federal investment, for a federal cost per job of between $144 and $216.  

“While investments in best-practice incubators have always shown high returns, maintaining and expanding these programs is even more important, given the fast-declining economy,” says Adkins. “Any economic stimulus should take into account the importance of our nation’s entrepreneurs and be based on verifiable data about program impacts.” 

For more information about business incubation and the EDA study, visit www.nbia.org/works . 
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The human body is host to a vast array of microorganisms that play important roles in health and disease




















� A second Presidential Task Force has been appointed that is addressing competitiveness issues from a STEM workforce perspective.





