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Introduction: TeraGrid/Campus Partnership Overview

A number of campuses in the US have approached the leadership of TeraGrid expressing an interest in becoming affiliated with TeraGrid.  The level of affiliation varies from just being able to get access to the TeraGrid (TG) resources from their respective campuses to adding resources to TeraGrid.  There are many technical and support issues that must be addressed if TG is opened to other campuses outside of the Grid Infrastructure Group (GIG) and Resource Provider (RP) sites.  In addition, there are a number of policy decisions that will need to be made partially based on the technical solutions and the level of integration that would be acceptable for campuses.  Policy and guidelines must be created that will allow campuses to “join” TG as users with or without contributing resources and without the commitments required to become an RP site.  The policy and guidelines must also allow for scalability so that the addition of more campuses and resources will not put the TeraGrid at risk and create more work for the technical staff supporting TeraGrid.  As a result of this perceived need, TeraGrid, through the leadership of Charlie Catlett, created a Resource Analysis Team (RAT) to develop a set of recommendations for the TeraGrid to consider.  The RAT was led by Gary Bertoline and Scott Lathrop and sub-committees were formed to address each major topic associated with the Campus Partnership initiative.  This report addresses many of the issues associated with providing wider access to TeraGrid outside of the funded RP sites.  

Defining the Types of Partnerships

Most of the campuses expressing an interest in joining TeraGrid wanted connectivity and access to resources for their faculty.  Some campuses not only expressed an interest in giving their faculty access to TeraGrid but were willing to contribute resources and serve as unfunded RP sites.  Through these discussions it was determined that a campus or other entity, such as a national lab, other grid community, or business, should be able to join the TeraGrid through one of the following programs:

· Authentication and Authorization Program

· Cooperative Sharing of Computational and Storage Resources Program

· Cooperative Sharing of Digital Assets such as Data Collections

· Affiliate Partnership Program

Authentication and Authorization Program

This program is meant to expand and improve the ability of campus researchers and students to access TeraGrid services and resources.  This program will provide mechanisms for providing campus credentials used to access TeraGrid services, meaning that obtaining a TeraGrid allocation involves, among other things, adding a new authorization attribute to the user's existing credentials (or in their credential mapping server, etc.).  An outcome of this program would be that new TeraGrid users would no longer get a letter with new login/password for TeraGrid systems, but a letter informing him or her that their campus credentials will now provide them with access to TeraGrid systems.  A related benefit would be an improvement in the security of TeraGrid systems.

Recommendation 1:  It is recommended that TeraGrid enable attribute-based authorization to provide a growing community of users with access to computing and storage resources across all TeraGrid sites.  

Attribute-based authorization will streamline and broaden access control by providing authorization decisions to be made on user identity and on user attributes and control.  TeraGrid needs to leverage relationships with existing communities and organizations, such as Internet2 and Open Science Grid (OSG).  Overall, attribute-based access control should result in much improved ease of access for users, improved scalability and security, reduced cost and overhead for providers, and better integration of national scale grids with campus cyberinfrastructures.  Attribute-based authentication must account for many types of users and at a minimum should include:

· Portal-based Community- his use case involves a user authenticating to a Type 1 Web Portal-based Science Gateway (possibly with Shibboleth). This gateway serves a community of users which the gateway can authenticate somehow (possibly via Shibboleth, but no method is specified).  After authenticating a user, the Gateway generates a X509 credential representing the user which includes attributes regarding the user. These attributes are specific to the Gateway community but may also include user attributes from the user's home campus if available. The Gateway then uses this credential to access TeraGrid resources on the user's behalf using standard Grid clients. The TeraGrid resources execute these requests using a community account set up for the Gateway. 

· InterGrid-based Community- This use case is an example of a Type 2 Science Gateway and involves an OSG user, authenticating with a X509 credential containing a VOMS attribute, submitting a job to a TeraGrid Resource which then is executed in a community account set up for OSG.

· Individual Users from a Campus- This use case involves a user who has access to a TeraGrid account (i.e. they have an allocation or are granted access by a PI who has an allocation). They want to use their existing campus credentials to access their TeraGrid account using standard Grid command-line clients.

· Educational Users- This use case describes a workshop or classroom of students accessing a TeraGrid resource and is an example of a Type 3 Science Gateway. A PI or instructor for the class requests a set of training accounts for some time. Each student then authenticates using their campus credentials to access a training account. When the workshop or class completes, the training accounts are de-allocated.

· User with Individual Credentials- This use case involves a user from an Internet2 campus who would like access to TeraGrid resources and services but do not have a TeraGrid account and want to use their existing campus credentials. 

Attribute-based authorization may not be sufficient for use in data grids.  The challenge is the wide range of access controls that are implemented on shared collections data, shared collection metadata, and storage systems.   Data grids implement access controls on each file, metadata attribute, and storage system.  Certificate based authentication is appropriate and currently supported.  The Teragrid recognizes certificates from multiple certificate authorities.  By allowing campuses to use their certificates for authentication, the Teragrid effectively is expanding the set of recognized certificate authorities.  For this to proceed securely, all such extensions should be done based on validation of the management policies used by each campus to issue certificates. 

Framework for Cooperative Sharing of Computational and Storage Resources

This program will work with campus partners to create a framework and venue (e.g. processes, policies, and technology selection) in which campuses can share physical resources such as computational clusters and systems.  This would leverage the work already underway within TeraGrid and with other Grid projects around the world - defining a set of services that collectively describe what it means for a resource to be a part of an interGrid, and processes for managing those interactions to mutual benefit.  Note this is not about the software used, but about institutional cooperation at the campus (institution) level, complementing the cooperation that EGEE and OSG have been able to create at the individual PI level.  For example, discussions are underway to simplify the software requirements for sharing of resources, including identifying the minimum requirements from CTSS (Coordinated TeraGrid Software and Services) service layer in use among TeraGrid sites for sharing resources.  Additionally, some campuses have expressed interest in an infrastructure review process to provide recommendations for the evolution of the infrastructure within each campus.

TeraGrid vision: enable TERASCALE (soon PETASCALE) SCIENCE through provision (and ongoing enhancement) of the national open cyberinfrastructure. We need to retain focus on TERASCALE science; our mission is not to deploy the do-everything, be-everything cyberinfrastructure.

Role of GIG: ensure the integration via networking, software, and policies (working with the funded Resource Providers) of the disparate resources at diverse institutions into a production quality national open cyberinfrastructure. Determine how to enhance this open infrastructure for enabling terascale science, using software and ideas both from within TeraGrid and from the larger community.

The integration of multiple, disparate technologies into a common cyberinfrastructure requires agreement on virtualization mechanisms.  Examples are common software infrastructure for submission of jobs, and common software infrastructure for supporting shared collections.  Both software technologies exist (CTSS for job submission, SRB for shared collection building).  Both sets of software are in prevalent use within the academic community.

Role of funded Resource Providers (RPs): provide the terascale computing, storage, visualization, etc. resources that enable the most challenging science problems to be attacked. Work with the GIG to determine how the combination of RP resources can be more effective as an integrated whole, enabling increased and entirely new capabilities.

There are two basic kinds of campus integration:

1. Making it easier for campus users to use TeraGrid resources 

2. Enabling campuses to contribute resources to TeraGrid (unfunded RPs)


The first is NOT a case of campuses 'joining' TeraGrid: it’s working with campuses to help them help their campus’ users. We already try to make it as easy as possible for individuals to use the TeraGrid but we could enhance that by working with campus IT groups.

Recommendation 2:  Provide software and documentation that makes it easier to use TG resources (CTSS-Client?) to campus IT groups, so they can configure campus IT-supported systems and also help individual researchers configure their systems.

Recommendation 3:  Work with campuses to accept campus authentication credentials, which leverages the fact that campuses are best able to authenticate individuals (through employment/enrollment).


Enabling campuses to contribute resources to TeraGrid is a different matter. Significant effort is required to configure resources to operate as production systems in TeraGrid; the scale of the resources contributed must justify the investment of effort. Since TeraGrid’s focus is on terascale science, computing resources in particular must be of sufficient scale to justify the investment. The TeraGrid document for new RPs covers a procedure for evaluating such resources, but the basic criteria must include more.

Recommendation 4:  Add additional criteria to the TeraGrid document for new RP’s to include these additional criteria: 1.) significant new capability for the TeraGrid: should be more powerful than the current smaller systems on the TG and offer as many cycles as a current TG system, and/or offer a very different kind of architecture (e.g., vector system, MD-GRAPE, etc.) with potential for great sustained performance on a subset of applications, 2.) scientifically valuable by researchers across country, not just locally, and 3.) not require significant additional effort from GIG or other RPs to integrate and support system.
In this new era of Track2 HPC systems, universities are unlikely to have HPC systems that offer anywhere near the peak performance, or capacity, of the systems that are funded by these $30M acquisitions. Therefore, in terms of HPC systems, universities with alternative architectures may be more likely to meet the above criteria. Again, the TG document governing adding new RPs will be used to evaluate and execute.

There is an additional possibility: the contribution of a large number of serial nodes. Massive serial computing can be terascale (or petascale) and achieve tremendous scientific impact. However, the TG HPC systems are primarily used for the execution of parallel applications. This computational modality is ‘missing’ from the explicit TeraGrid portfolio (HPC, visualization, storage, data collections, instruments). The MyCluster software does enable efficient utilization of batch-scheduled TG HPC systems for large-scale serial ensembles (and soon parallel ensembles), but even so the scale of MyCluster ensembles pales in comparison to the potential compute capability of even individual campuses. (For example, UT Austin has roughly 50,000 IP addresses.) Thus, perhaps the greatest opportunity for a campus to contribute computational resources that advance the terascale science mission of the TeraGrid is to commit a large number of the campus PCs/servers towards a TeraGrid distributed serial computing service. The necessary software components (MyCluster, Condor, etc.) already exist to make this a reality. TG could work with campuses to install this software on campus IT-managed systems and make it available to faculty/staff/students as well (e.g., UT Austin has a distribution called BevoWare of software that is free to the UT Austin community). This could easily reach a petaflops of potential performance nationwide.

There were other aspects of campus integration, which were the topic of other subcommittees. But, there are two other things in particular that this sub-committee also wanted to emphasize:

· campus credentials: no organization is better positioned to authenticate individuals than the institution at which they are employed/enrolled. TG should leverage this and integrate with campus authentication mechanisms. 

· data collections: every university in the country has unique data collections, and unlike physical resources, these can be shared endlessly at essentially no cost. TG should develop a better method for ‘partnering’ with campuses to provide access to campus data collections through a richer data collections interface in the User Portal.

Cooperative Sharing of Digital Assets / Data Collections

The TeraGrid has a unique opportunity to provide a national infrastructure supporting shared collections.  The capabilities that can be provided by the TeraGrid include:

1. Creation of common name spaces to enable organization of distributed data as shared collections

2. Democratization of science through public access to the shared collections.

3. Promotion of collaborative research to facilitate common use of prior research results.

4. Federation across regional collaborations to provide a national perspective

5. Promotion of discipline specific collaborations

Our goal is to work with campus partners to create a framework and a venue in which campuses can share digital resources, such as data collections.  The shared collections may represent the digital holdings of a community, on which future research is based, or digital libraries that are used to publish data sets, or persistent archives that are used to preserve historical records, or real-time sensor data collections.  By providing links from the shared collections to the TeraGrid, it will become possible to use the shared collections as input to large-scale data analyses.  Examples of data intensive computing on the TeraGrid already involve astronomy sky survey image collections, seismic wave simulation collections, and analyses of the grade level of material from the National Science Digital Library.  

The above examples all use the Storage Resource Broker to manage the shared collections.  Other technologies for managing collections include DSpace, Fedora, and LOCKSS.   Cooperative sharing between the remote shared collection and the TeraGrid may involve federation with a TeraGrid data grid (establishment of shared user and file name spaces using Shibboleth-style remote authentication), may involve replication of files onto TeraGrid storage systems, or may involve remote access from the TeraGrid to the shared collection.  This latter approach assumes that the shared collection can sustain the access rates required by data intensive applications running on the TeraGrid.   

A second area of interest is the integration of services on top of the shared collection to facilitate analyses.  Examples include community specific access services (an example is the National Virtual Observatory simple image access protocol), message passing interfaces such as the SEMPLAR MPI-IO interface to SRB data grids, remote parsing environments such as HDFv5 library calls and OSU DataCutter filters, data caching systems, and digital library services provided by Fedora and DSpace.

A third area of interest is the creation of national and international collection federations to facilitate academic research.  Organizations pursuing extended collaborations include the Worldwide Universities Network data grid, the Chronopolis data preservation project, the Biomedical Informatics Research Network, and the ROADnet real-time sensor network.  By facilitating data and information exchanges between related communities, progress in research can be accelerated, with access to published research results becoming available to all academic institutions.

The TeraGrid needs to consider three types of data management infrastructure in support of digital assets:

1. Data Grids to support shared collections that reside on TeraGrid storage as well as campus storage.  The shared collections are then available for analysis under TeraGrid computer allocations.

2. Digital Libraries for publishing research data.  This improves the ability to conduct research by improving access.  Again the digital libraries can be distributed between campuses and the TeraGrid.

3. Persistent Archives for preserving records.  Scientific data that are assessed as the digital holdings needed to support future research should be preserved.  An example project is Chronopolis, a collaboration between UCSD, NCAR, U Md.

Recommendation 5: Solicit more detailed responses from the many projects that are already building data management environments that include university campuses.  Representative projects include the NSF Information Technology Research grants such as the National Virtual Observatory, the Open Science Grid, the Earth Science Grid, and the Open Grid Forum.  Responses are also needed from NSF funded cyberinfrastructure projects (GEON, NEON, ORION. NEESGrid, SEEK, …)

Recommendation 6: Build the TeraGrid infrastructure that enables such shared collections.  This would involve the establishment of SRB servers on TeraGrid storage resources, the solicitation of shared collections that will publish scientific data for use by the scientific community, and the inclusion of data storage requests as part of the peer review process.

Recommendation 7: Provide standard digital library technology for curating scientific collections.

Recommendation 8: Work with the Collections RAT and expand data grids between TeraGrid nodes and campuses.
Recommendation 9: Federate TeraGrid collections with international collaborations such as Worldwide Universities Network data grid.

Recommendation 10: Work with preservation communities such as the Chronopolis, Digarch, and NDIIPP projects.

There are several actions that can be initiated from campuses:

1. Apply for access to TeraGrid archives.

2. Apply for access to TeraGrid disk caches for extended data analysis.

3. Apply for access to Teragrid collections for federation with local collections.

Affiliates Partnership Program

The above programs will move most rapidly with campuses that have relatively large institutional IT budgets and staffing, i.e. the R1 institutions.  However there is a need to foster the creation of   - a partnership program that supports participation by EPSCoR schools, Minority Serving Institutions (MSI’s), and other institutions including those serving underrepresented groups and emerging communities or practices such as humanities, arts and social science. For example, from our collective experience with previous supercomputer center affiliate programs, we have found that the provisioning of training and support of campus staff empowers campus IT staff to assist local faculty with information on how to most effectively contribute to and utilize the National Cyberinfrastructure.

The goal is to provide campuses with the support to allow them to grow to become significant providers of Cyberinfrastructure resources and services.  Initially, TeraGrid could work with the campuses and NSF (and other agencies) to help launch a national program to seed the support and resources these institutions need to initiate their efforts, with long-term plans for sustainability.

Some institutions have indicated an interest in providing services to particular communities, such as providing state-wide services or regional services.  For example, a Minority Serving Institution may want to support other MSIs as part of their service mission. 

Acquiring support for MSI-related partnerships could be accomplished through a proposal to NSF.  The proposal should define the different membership levels within TeraGrid which will then determine the level of campus support.  There may be a need for an operations center in support of MSI affiliate programs.

The affiliates program could also include vendor partners.  This type of partnership opportunity should be carefully evaluated as another type of TeraGrid affiliated program.  The affiliates program can include many entities and are summarized below: 

National Cyberinfrastructure: the set of activities and resources that together add up to the total Cyberinfrastructure within the Nation. TeraGrid is a major if not dominant part of this but OSG is another important part. We suggest that the partners program be set up as “partners with the National Cyberinfrastructure” and not just “partners with TeraGrid”. Either a coalition or TeraGrid itself could run the National Cyberinfrastructure Partnership Program.

Affiliates: members of the National Cyberinfrastructure Partnership with several types of affiliates described below; a given entity could fit in more than one category.

Organizational Affiliate: Affiliates like TeraGrid itself that naturally organize or create the National Cyberinfrastructure. 

Industry Affiliate: Companies with interest in Cyberinfrastructure.

Centers of Excellence: An Affiliate that provides expertise to help others enhance their participation in the National Cyberinfrastructure, such as a supercomputer center

National Cyberinfrastructure Grid Operations Center: The set of affiliates providing distributed support to the distributed operation of the National Cyberinfrastructure. It works with dedicated support teams of resource providers.

Campus Partner: A campus affiliate.

Resource Provider: An affiliate providing National Cyberinfrastructure data, compute, sensor, instrument or network resources.

Access Site: An affiliate that accesses the National Cyberinfrastructure.

Community Affiliate: An affiliate or set of affiliates with a common interest. For example, one can expect individual MSI’s to be campus affiliates while organizations like MSICIEC, AIHEC, HACU and NAFEO are community affiliates. 

Emerging communities: Communities that historically have been underrepresented in the high performance computing and Cyberinfrastructure arenas. 

Recommendation 11:  The TeraGrid should work with all players in the National Cyberinfrastructure to develop partnerships in support of an expanded grid.

The TeraGrid Campus Partnership program should collaborate with “Organizational Affiliates” with obvious relevance including Internet2, National Lambda Rail, InCommon, EDUCAUSE, WCET (Western Cooperative for Educational Telecommunications), Open Science Grid, and the Open Grid Forum to develop partnerships in support of the expanded TeraGrid.  The TeraGrid can take a leadership role in convening these organizations and in establishing collaborations between and among these organizations.  Other important organizations where coordination and collaboration is important include international organizations such as UK e-Science, EGEE, Naregi, and China National Grid. Federal agencies including DoD, DoE, NASA, NIH and NSF should be included as “Organizational Affiliates”.  Community empowerment should focus on this broad National Cyberinfrastructure. We need broad coverage of support (National Cyberinfrastructure Operations Center), Training, Brokering and Access.

Recommendation 12:  Create a Centers of Excellence to advise and support Campus Partners

We can view the founding TeraGrid sites as affiliates that broaden their goals from providing HPC resources to becoming Centers of Excellence. They would, in this role, provide a variety of support services including a Grid operations center that would support affiliates and provide access to Cyberinfrastructure. It will be important that these centers help build up a “community of expertise” with individual experts, documented best practices, etc. which can provide distributed scalable support to campus partners. Centers of Excellence provide leadership and expertise which could be achieved with or without a co-located major set of resources as with current founding TeraGrid sites.

Recommendation 13:  Create a broad pro-active program to enable Emerging Communities become equal participants in the National Cyberinfrastructure.
We expect that the number of emerging communities will broaden over time and that the program to support them will evolve as experience is gained. All aspects should be systemic (e.g. scale to all 335 MSIs and EPSCoR state emerging communities) and aim at peer collaborations and not elite to non-elite relationships. Further we should involve “all organizations” including Internet2, National Lambda Rail and the Regional Optical Networks to support network access and community organizations to support scalability. There are several MSI’s that can become National Cyberinfrastructure providers and these have particular needs for support at their home institution.  A broad pro-active program might include:

· Need for “Centers of Excellence” to help Cyberinfrastructure-enable emerging communities.  Need a Nation Cyberinfrastructure Operations Center to help production use of the National Cyberinfrastructure by institutions that will initially not have local expertise to cope with complexity of problems in using distributed resources.  

· Need for a “simpler” “more robust” CI-Lite software stack as current Grid software requires significant staff to support, although the level of support that is needed appears not to be clearly documented.  

· Need for a plan to provide Systemic education and training at faculty, graduate and undergraduate levels. One should integrate Cyberinfrastructure into institutional curricula but the requisite content is not well defined. 

Recommendation 14:  Investigate opportunities for collaboration with Organization Affiliates, such as Internet2 and OSG.  

The following are a few possibilities related to Internet2 but could be scaled to other Organizational Affiliates.

· Internet2 and the TeraGrid have a number of complementary capabilities which provides an opportunity for collaboration in a number of areas. Internet2’s strong relationships with campuses and campus IT organizations is naturally synergistic with TeraGrid and OSG and other organizations that primarily have strong relationships with researchers.  The TeraGrid Campus Partnership program can leverage Internet2’s framework for community and collaborations, its advanced network infrastructure and systems approach, and its development projects and initiatives related to Cyberinfrastructure.
· Internet2’s core competency in community building may be leveraged to support Cyberinfrastructure related activities.  This includes Internet2 Member Meetings, technical workshops, working group structure, and its campus based Internet2 Days.  The collaborative effort between TeraGrid and Open Science Grid to provide Campus Cyberinfrastructure Days is an example of a specific collaboration already identified for 2007.
· The Internet2 advanced networking infrastructure and related services connect campuses to TeraGrid and other Cyberinfrastructure resources; enable e-science and grid applications; and support virtual communities. Supporting a full range of production IP services, as well as flexible, dedicated optical services, the Internet2 Network provides advanced network technology for the National Cyberinfrastructure, connecting over 46,000 K-20 institutions. The Internet2 network measurement and network security infrastructure can be employed to support end to end application performance for research projects.  Internet2 middleware, Shibboleth, and GridShib can provide the glue to knit together Cyberinfrastructure resources and virtual teams.  InCommon and InQueue can provide the federating infrastructure. The Internet2 Commons can support virtual teams and research collaborations. 
· Collaboration on Cyberinfrastructure related development efforts should be explored.   Internet2 will focus on one or two priority outcomes of the 2006 Campus Research Computing Cyberinfrastructure Workshop, such as data lifecycle management, roadmaps linking computing architecture alternatives with domain science requirements, and will establish specific activities in these areas. Internet2 will develop management services and collaboration tool support for virtual organizations.  There are also plans to focus on addressing firewall issues as identified in the OGF firewall traversal white paper.  
· Collaboration with Internet2 corporate members in support of Cyberinfrastructure initiatives. 
· Collaboration toward establishment of a National Health Network which will be integrated with the National Cyberinfrastructure. 
· Collaboration in the development of digital assets and advanced content delivery. 
Recommendation 15: Create an Industry Affiliates Program to provide a venue for discussions with industries.
There may be a number of industries and vendors that would have an interest in collaborating with TeraGrid.  Discussion with industry might include:

· An Industry Affiliates planning group should be established to outline specific pilot programs and opportunities for industry participation in the National Cyberinfrastructure/TeraGrid Campus Partnership Program.  This group would ideally include those from the TeraGrid, its Organizational Affiliates, and others from the research and education community with experience working with industry as customers, suppliers, and collaborating partners as well as those from potential Industry Affiliate organizations.   
· Industry Affiliates will include those supplying infrastructure (IBM, Cisco etc.); those supplying related systems and services (Amazon, Google) and those using Grids in their operation (eBay, Lilly, Boeing, Financial services). We can expect industry to play multiple roles including perhaps even running resources for the TeraGrid. The TeraGrid’s role in National Cyberinfrastructure should be of such a quality that it will attract industry participation and support.   Industry should wish to showcase their products, learn from its operation and support its participants.   
· Synergies with industry service providers should be explored resulting in 1-2 pilot projects with industry service providers.
· Initial participation in the pilots should be limited.  
· Pilot evaluations should inform whether / how to expand the program.  
· A program for corporate contributions should be explored.  It will be important that these programs be viewed as supportive and not competitive with campus and other corporate development programs. 
· Industry engagement in the National Cyberinfrastructure through the Industry Affiliates program should have a goal for technology transfer, technology assimilation, and should support the goals of innovation and national competitiveness. 
Recommendation 16:  Create a formal Affiliates Partners Program to ensure that TeraGrid creates a wide and open infrastructure for the nation.   

Topics to be addressed to create an Affiliate Partners Program might include:

· Most important is establishing and funding a broad program to lower the entry barrier to the National Cyberinfrastructure. 

· We should set up advisory committees representing the emerging community affiliates, the industry affiliates, and organizational affiliates.

· Organizational Affiliate leadership should meet on a regular basis to share plans and to identify opportunities for collaboration; core competencies and strengths of each organizational affiliate will be leveraged and synergistic activities will be planned.    Each organizational affiliate should have sponsorship from the executive level and should have a designated point person responsible for overall campus partnership planning and coordination.  A campus outreach planning group should be established; initially with the group that has been meeting regarding the Campus Cyberinfrastructure Days.   While their initial focus should be to get the Campus Cyberinfrastructure Days up and running they should also develop an overall outreach and engagement plan and work to obtain funding from the National Science Foundation.  

· Empower (=fund) Centers of Excellence to provide institutional support.

· Establish Partnerships between emerging community affiliates and experienced National Cyberinfrastructure institutions for smooth Cyberinfrastructure-Enablement.
· Campus Cyberinfrastructure Days:  The TeraGrid should continue to pursue planning and development of a set of Campus Cyberinfrastructure Days in collaboration with Internet2 and with OSG.  The focus of these on campus sessions should be to bring leaders of the university, research faculty, and the IT organizations together to talk about their needs for Cyberinfrastructure and for Internet2, TeraGrid, and OSG to talk about their particular focus and vision as part of the whole of shared Cyberinfrastructure and to identify next steps for campus engagement as Campus Partners.  These general discussions should be supported by more focused Tiger team visits to set up the campus Cyberinfrastructure. Initial campuses will be those that are deemed “most ready”: e.g. those that have researchers involved with the TeraGrid, OSG, and those with a strong campus IT infrastructure:  advanced networks, middleware, support, etc.  However we need also to get early experience with “typical” cases so a careful choice of initial campus visits should be made. Potential collaboration with the EDUCAUSE Campus Cyberinfrastructure working group should be explored. 
· Other collaborative Campus Cyberinfrastructure outreach activities should be planned: these could include workshops at SC, EDUCAUSE, Internet2 Member Meetings, OGF etc.  
· Fund internships and other research opportunities (e.g. REU) for MSI faculty/students.

· Fund local infrastructure and local infrastructure support.

· Identify a “simple” and “robust” CI-Lite software stack (could be an existing stack). Further study is needed of security issues for emerging community partners (e.g. can they be relaxed if one only needs initially modest resources?). Further experience is needed on the role of Portals/Science Gateways versus “power user” access where latter is clearly more demanding.

· Define, Implement and Support an education and training model including “distance learning” (including “Access Grid” infrastructure) and institution curriculum integration.

· Provide (remote) MSI/Community National Cyberinfrastructure Operations Center to provide support to MSI users of Cyberinfrastructure.

· Research use of VM technology and shared desktops to allow remote hardware and remote support.

Education & Training

With the expanded role and larger user base resulting for more users of TeraGrid resources through the Campus Partnership Program, there is a need to increase the education and training opportunities.  This program will provide both formal and informal training for TeraGrid users which will be delivered through a variety of means.  At SC’05 and TG’06, we had some tutorials and training events. Since then, most training has been site-specific. Those include TeacherTECH and its plans for expansion.  

There needs to be a champion on each partner campus who is willing to open the doors and pave the way. One of the biggest hurdles is identifying that champion and getting the administration to provide them support.  

Recommendation 17:  Create a “Suite of Products” approach to introducing TeraGrid to users.  

Some suggestions for this recommendation include: 

· Champion at each partner site

· Training for champions to help them chart a course to campus adoption

· Demonstrations of capabilities and benefits of HPC to convince colleagues and administration of value of HPC

· Training modules that they can offer to colleagues (they become the trainers)

· Campus IT person to act as campus ombudsman for HPC resources

· Campus teams (IT, scientist, HPC champion) who could lead workshops for colleagues and share TeraGrid activities with them. This could be a prerequisite for becoming a TeraGrid Campus Partner.

· Champions could get a DAC account to get their colleagues started. Then their colleagues will not need to go through the allocation process to get started.

· If champion does not have time to do these things, they might host the TeraGrid EOT team to come to their campus to provide training.

· TeraGrid Speakers Bureau should become part of the training suite

· Cyberinfrastructure Days on campuses could put together a series of activities if the campus champion would take care of marketing it on campus.  Cyberinfrastructure Days would be a cooperative venture that would include TeraGrid, OSG, and Internet2.

· Cyberinfrastructure Days will help to define the roll of the campus liaison (or champion)

· CIP Science Seminar Series on computational science issues might be replicated TeraGrid-wide.

· Access Grid and Webcasts should be used to train many users at multiple sites

Since this RAT was started discussions had begun with Internet2 and OSG to find ways to partner.  Those meetings led to the creation of Campus CI Days which is a combined effort of the 3 groups to raise the awareness of their respective grids and services as well as provide initial guidance in the creation of campus grids.  EDUCAUSE entered the discussions recently and NLR has requested to be included in future discussions and Campus CI Days.  There are also a number of campuses that have expressed a desire to host a Campus CI Day.  The collaboration between these groups is continuing through regular conference calls and plans for a number of Campus CI Days programs at various campuses throughout the nation.  Although there is great potential in this effort there is a lot of work necessary to support such an effort.  Questions remain as to how to scale this effort to reach more campuses.  TeraGrid also needs to determine what role it plays in this effort and how to sustain it as the number of Campus CI Days increase.

Recommendation 18: Create a plan and determine the level of support TeraGrid will make for the Campus CI Days efforts.
Overall Recommendations

The sub-committees did a very good job of addressing all the related issues and topics related to their area.  However, the result shows that there are a total of 18 recommendations with many having sub-components.  All 18 recommendations have merit but the TeraGrid is limited in what it can do and needs to define exactly its role in the development of the nation’s cyberinfrastructure which must also align with the vision NSF has for TeraGrid and cyberinfrastructure.  Is our role to focus on Terascale science or do we have a larger mission?  The answer to this question will largely dictate how we move forward with the recommendations of this RAT.  At a minimum Recommendations 1, 2, 3, 4, 8, 16, 17, and 18 should be seriously considered as a starting point for TeraGrid.  Those recommendations will go a long way towards widening the reach of TeraGrid and increasing the user base and accessibility by researcher across the nation.  

The easiest extension of the TeraGrid may be through establishment of shared collections.  This activity enables access to data for analysis on TeraGrid resources, while allowing campuses to participate in common technology.  The effort to install data grid technology is localized to the campuses, with simple federation commands used to cross-register collections with data grids already running on the TeraGrid.

Whatever the final recommendations for the Campus Partnership Program become, it is very important that this be communicated soon and in a very concise manner.  There is a lot of interest in TeraGrid’s Campus Partnership Program from many campuses as well other organizations, such as OSG. Internet2, EDUCAUSE, MSI-CIEC, and NLR.  There are already plans to start offering Campus Cyberinfrastructure Days in partnership with OSG, Internet2 and EDUCAUSE to raise awareness and provide some level of support for campus CI.  Expectations are quite high right now and TeraGrid has to define its role in this emerging collaboration as well its vision related to the Campus Partnership Program.  Our overall recommendation is that TeraGrid do the following with this report:

1. Answer the question as to whether TeraGrid’s role is in support of Terascale science or do we have a larger leadership mission in the grid.

2. Then determine which recommendations from this report will be pursued.

3. Create a very clear and concise statement that describes TeraGrid’s Partnership Program and find avenues to communicate that statement to the nation.  

4. Create a tactical plan on the ordering, implementation, and timeline for the recommendations that will be pursued.

5. Stay involved with the Campus CI Days efforts and create a plan for sustaining and supporting those efforts with its partner organizations. 

Appendix 1

TeraGrid Campus Partnership Program 

Cooperative Sharing of Digital Assets / Data Collections

Recommendations Full Report

Reagan W. Moore (chair) – SDSC

Ann Doyle – Internet2

Natasha Balac – SDSC

1 Committee charge

The TeraGrid community can promote the creation of shared collections that are distributed across both TeraGrid resources and remote campus resources.  The shared collections are intended to support research by entire scientific or humanities disciplines.  We note that the creation of shared collections of digital assets is proceeding independently of the TeraGrid.  However the TeraGrid can be an important resource for national-scale or regional-scale collaborations.  Our charge is to determine which areas have the greatest opportunity for TeraGrid participation, and how we can facilitate the sharing, publication, and preservation of digital assets for both Science and Humanities communities.

The TeraGrid must address associated technical support issues that include:

· Identification of access policies for each shared collection

· Identification of caching policies for storage of shared collections on TeraGrid disk for high-speed access and analysis

· Identification of remote access policies to shared collections housed on TeraGrid resources

· Identification of collection management responsibilities.  As much as possible, collections should remain under campus control.  However, TeraGrid responsibilities will include management of TeraGrid quotas on disk and tape usage.

· Identification of required infrastructure such as data grid, digital library, or preservation technology.  This includes porting of access services that are unique to a collection or digital library.  As much as possible, we will want to use standard collection management systems such as DSpace, Fedora, and the SRB.

2 Discussion topics

The TeraGrid has a unique opportunity to provide a national infrastructure supporting shared collections.  The capabilities that can be provided by the TeraGrid include:

6. Creation of common name spaces to enable organization of distributed data as shared collections

7. Democratization of science through public access to the shared collections.

8. Promotion of collaborative research to facilitate common use of prior research results.

9. Federation across regional collaborations to provide a national perspective

10. Promotion of discipline specific collaborations

Our goal is to work with campus partners to create a framework and a venue in which campuses can share digital resources, such as data collections.  The shared collections may represent the digital holdings of a community on which future research is based, or digital libraries that are used to publish data sets, or persistent archives that are used to preserve historical records, or real-time sensor data collections.  By providing links from the shared collections to the TeraGrid, it will become possible to use the shared collections as input to large-scale data analyses.  Examples of data intensive computing on the TeraGrid already involve astronomy sky survey image collections, seismic wave simulation collections, and analyses of the grade level of material from the National Science Digital Library.  

The above examples all use the Storage Resource Broker to manage the shared collections.  Other technologies for managing collections include DSpace, Fedora, and LOCKSS.   Cooperative sharing between the remote shared collection and the TeraGrid may involve federation with a TeraGrid data grid (establishment of shared user and file name spaces using Shibboleth-style remote authentication), may involve replication of files onto TeraGrid storage systems, or may involve remote access from the TeraGrid to the shared collection.  This latter approach assumes that the shared collection can sustain the access rates required by data intensive applications running on the TeraGrid.   

A second area of interest is the integration of services on top of the shared collection to facilitate analyses.  Examples include community specific access services (an example is the National Virtual Observatory simple image access protocol), message passing interfaces such as the SEMPLAR MPI-IO interface to SRB data grids, remote parsing environments such as HDFv5 library calls and OSU DataCutter filters, data caching systems, and digital library services provided by Fedora and DSpace.

A third area of interest is the creation of national and international collection federations to facilitate academic research.  Organizations pursuing extended collaborations include the Worldwide Universities Network data grid, the Chronopolis data preservation project, the Biomedical Informatics Research Network, and the ROADnet real-time sensor network.  By facilitating data and information exchanges between related communities, progress in research can be accelerated, with access to published research results becoming available to all academic institutions.

Academic collaborations that are assembling collections include:

· EVIA; Indiana University and University of Michigan Ethnomusicology project

· Archaeology; University of Pennsylvania has initiated this project with partners in Egypt.

· U.S. Holocaust Memorial Museum: currently digitizing collections.

· University of Southern California's Shoah Foundation Institute for Visual History and Education.

· Purdue data grid.  This uses the SRB data grid to build regional shared collections across academic institutions

· Petashare:  Louisiana State University is assembling a data grid linking five academic institutions within Louisiana, with TeraGrid resources federated as a remote archive through the SRB data grid.

· California Digital Library.  This uses the SRB data grid to implement a digital preservation repository in support of UC campuses and institutions in Texas.

· USC and the Southern California Earthquake Center.  This project assembled a digital library using the SRB to share data between USC, UCSD, SDSU, UCSB

· Worldwide Universities Network data grid.  This is promoting shared collections using the SRB technology between the US (UI Champagne Urbana, UCSD, University of Washington, Penn State University), the UK, and Europe.

· National Virtual Observatory.  This project relies on the TeraGrid (SRB data grid) to host major astronomy sky surveys in support of massive data analysis including Sloan Digital Sky Survey, 2-Micron All Sky Survey, United States Naval Observatory Catalog B, and Digital Palomar Observatory Sky Survey.  Participating sites include Caltech, JHU, UCSD, and NCSA.

· ROADnet real-time sensor system.  This project manages observational data for multiple institutions including UCSD/SIO, and Woods Hole.

More than 150 academic institutions have downloaded the SRB data grid technology, including more than 70 US institutions.  These should be considered relevant groups for building shared collections that can be accessed from the TeraGrid.  Similar groups are building collaborations around the DSpace digital library and the Fedora digital library.  A final group is the preservation community.  They are building digital holdings on which future research activities can be based.  

The TeraGrid needs to consider three types of data management infrastructure in support of digital assets:

4. Data Grids to support shared collections that reside on TeraGrid storage as well as campus storage.  The shared collections are then available for analysis under TeraGrid computer allocations.

5. Digital Libraries for publishing research data.  This improves the ability to conduct research by improving access.  Again the digital libraries can be distributed between campuses and the TeraGrid.

6. Persistent Archives for preserving records.  Scientific data that are assessed as the digital holdings needed to support future research should be preserved.  An example project is Chronopolis, a collaboration between UCSD, NCAR, U Md.

3 Recommendations:

There are several ways that the TeraGrid could proceed:

1. We can solicit more detailed responses from the many projects that are already building data management environments that include university campuses.  Representative projects include the NSF Information Technology Research grants such as the National Virtual Observatory, the Open Science Grid, the Earth Science Grid, and the Open Grid Forum.

2. We can build the TeraGrid infrastructure that enables such shared collections.  This would involve the establishment of SRB servers on TeraGrid storage resources, the solicitation of shared collections that will publish scientific data for use by the scientific community, and the inclusion of data storage requests as part of the peer review process.

3. We can provide standard digital library technology for curating scientific collections.

4. We can work with the Collections RAT and expand data grids between TeraGrid nodes and campuses.

5. We can federate TeraGrid collections with international collaborations such as Worldwide Universities Network data grid.

6. We can work with preservation communities such as the Chronopolis, Digarch, and NDIIPP projects.

There are several actions that can be initiated from campuses:

4. Apply for access to TeraGrid archives.

5. Apply for access to TeraGrid disk caches for extended data analysis.

6. Apply for access to TeraGrid collections for federation with local collections.

4 Summary:

The TeraGrid has a unique position within NSF for the creation of national-scale digital libraries that are repositories of intellectual capital for entire disciplines.  These digital libraries promote advancement of science through improved access to simulation results and observational data.  The digital libraries promote democratization of science by improving access to all researchers within a discipline, promote research through access to high-performance TeraGrid resources, promote sharing of research results, and enable international collaborations.
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1. RAT Subcommittee Participants

       Jill Arnold, Internet2        Chair

Geoffrey Fox, Indiana University

Gwen Jacobs, Montana State University

Alex Ramirez, HACU

2. Subcommittee Charge from the Campus Partnership RAT

2.1. The above programs will move most rapidly with campuses that have relatively large institutional IT budgets and staffing, i.e. the R1 institutions.  However there is a need to foster the creation of   - a partnership program that supports participation by EPSCoR schools, Minority Serving Institutions (MSI’s), and other institutions including those serving underrepresented groups and emerging communities or practices such as humanities, arts and social science. For example, from our collective experience with previous supercomputer center affiliate programs, we have found that the provisioning of training and support of campus staff empowers campus IT staff to assist local faculty with information on how to most effectively contribute to and utilize the National Cyberinfrastructure.

2.2. The goal is to provide campuses with the support to allow them to grow to become significant providers of Cyberinfrastructure resources and services.  Initially, TeraGrid could work with the campuses and NSF (and other agencies) to help launch a national program to seed the support and resources these institutions need to launch their efforts, with long-term plans for sustainability.

2.3. Some institutions have indicated an interest in providing services to particular communities, such as providing state-wide services or regional services.  For example, a Minority Serving Institution may want to support other MSIs as part of their service mission. 

2.4. Acquiring support for MSI-related partnerships could be accomplished through a proposal to NSF The proposal should define the different membership levels within TeraGrid which will then determine the level of campus support.  There may be a need for an operations center in support of MSI affiliate programs.

2.5. The affiliates program could also include vendor partners.  This type of partnership opportunity should be carefully evaluated as another type of TeraGrid affiliated program.

3. Major Discussion Topics

3.1. The TeraGrid Campus Partnership Program is intended to expand the evolving National Cyberinfrastructure and the integration of the TeraGrid into that larger Cyberinfrastructure and e-science enterprise.  It will provide opportunities for access to the high-performance computing resource providers (RPs) of the TeraGrid through science gateways and resource allocation requests.  It will provide leadership for the development of additional campus or regional high-performance computing resources or campus or regional grids, or the formation of regional or national grids and related virtual and support organizations.  It will also help enable the potential harvesting of partner campus or inter-grid resources beyond the TeraGrid RPs to help meet the over-flow or additional e-science demands made of the TeraGrid RPs.   In this manner it will increase the capabilities, resources, and user communities of the TeraGrid and will help shape National Cyberinfrastructure.  It will also help to garner additional resources for the RPs and Partners from the diverse intellectual capital and broad range of grids, high-performance compute and data resources, advanced networking, instruments, sensors, data resources spanning all stages in the Data-Information-Knowledge-Wisdom pipeline, including both original raw data, notes on scientific analysis and publications, that are and will become available in the national and international, public and private sector Cyberinfrastructure. Cyberinfrastructure naturally levels the playing field and allows us to broaden participation in Science, Engineering and other areas of Scholarship. We must build the National Cyberinfrastructure to support the emerging diverse communities and e-science that broadens the potential for innovation and collaboration.  The TeraGrid Campus Partnership program and its Affiliates program should be developed within this broader context. 
3.2. Research I institutions are motivated to be current and provide their faculty, graduate students and researchers with the latest in research infrastructure.  This helps them to maintain their status as a research institution, attract top faculty and graduate students, enables the faculty to make significant advancements in science and other fields, and builds their reputation, thereby justifying the large amounts of state and federal funding they receive as well as making their campus more attractive to large donors.  Institutions who are not members of TeraGrid are self- perceived to be at a disadvantage.   Minority-Serving Institutions (MSIs) and other non-research I institutions have similar fears and motivations albeit to a lesser degree or on a smaller scale.  The qualitative shift with the growth of the National Cyberinfrastructure is that MSIs will now have access to compute and data resources, the former including modeling and visualization, and the later including data gathering resources such as sensors and the phenomena of interest to domain science.  Prior to the expansion of Cyberinfrastructure, only research I institutions had the funding and other resources to access these resources.  As stated in the Atkins report, Cyberinfrastructure levels the playing field by providing access to computer and science resources.  Also, through research and education collaborations that Cyberinfrastructure enables through this potential common access to resources and through collaboration portals, Cyberinfrastructure enables MSIs and other non-research I institutions to contribute their faculty and student intellectual resources to the advancement of science and other fields, and to enhance their intellectual resources and the education of their students from the intellectual contributions of others.  Of course, this is also true for research I institutions.  
3.3. It is also true for the TeraGrid.  That is, the TeraGrid can not only contribute, but stands to gain compute and data resources as well as intellectual resources from the Campus Partnership Program.  The TeraGrid has within its RPs, or will have, some of the finest compute and data resources in the world.  It also has some of the finest compute and data management and storage expertise.  Yet, compute resources are over-subscribed, and TeraGrid does not have all the data resources, in the broad sense of the term, that Cyberinfrastructure could provide and could be needed by its clientele for TeraGrid to claim to be a world-class resource.  What is of particular concern to this group, is that we perceive that TeraGrid’s expertise is undervalued by some of its funders, the general public, including some industry, and by the larger academic community, such as the non-research I colleges and universities and some academic fields.  To a certain degree, this undervaluation is a consequence of the TeraGrid’s limited funding and consequently its inability to share this expertise with a broader audience.  It may also be due to some of its funder’s pre-Cyberinfrastructure focus and the TeraGrid RPs focus on “building big iron” for its own sake and the nearly exclusive competitive metric which has been used to judge the value of the TeraGrid RPs.  Cyberinfrastructure now enables TeraGrid and its RPs to reach a broader audience with its “big iron” and with its expertise in computer science attuned to the emerging needs of science and other fields.  Cyberinfrastructure also enables the TeraGrid to garner additional compute and data resources from its campus and other partners enabling TeraGrid to better manage its own unique resources.  TeraGrid may disperse those requests which could be met by some of these new resources and focus the use of current TeraGrid RP resources on issues requiring these special resources and very significantly advancing those fields and computer science.  This is possible only if TeraGrid recognizes its current leadership position in the broader Cyberinfrastructure context, and that of other players, and uses its current perceived leadership to convene and bring together all the players to advance Cyberinfrastructure, TeraGrid’s goals, and the larger academic community.

3.4. We developed a taxonomy of the National Cyberinfrastructure landscape as part of our discussions and below we define terms used in this report. These should be reviewed for consistency with other reports and refined with the major stakeholders in the National Cyberinfrastructure.

3.4.1. National Cyberinfrastructure: the set of activities and resources that together add up to the total Cyberinfrastructure within the Nation. TeraGrid is a major if not dominant part of this but OSG is another important part. We suggest that the partners program be set up as “partners with the National Cyberinfrastructure” and not just “partners with TeraGrid”. Either a coalition or TeraGrid itself could run the National Cyberinfrastructure Partnership Program.

3.4.2. National Cyberinfrastructure Partnership: The program we are describing. 

3.4.3. Partners: Identical to Affiliates.

3.4.4. Affiliates: members of the National Cyberinfrastructure Partnership with several types of affiliates described below; a given entity could fit in more than one category.

3.4.5. Organizational Affiliate: Affiliates like TeraGrid itself that naturally organize or create the National Cyberinfrastructure. Some discussion is given in section 7.

3.4.6. Industry Affiliate: Companies with interest in Cyberinfrastructure – they are described in section 6.

3.4.7. Centers of Excellence: An Affiliate that provides expertise to help others enhance their participation in the National Cyberinfrastructure, such as a supercomputer center.

3.4.8. National Cyberinfrastructure Grid Operations Center: The set of affiliates providing distributed support to the distributed operation of the National Cyberinfrastructure. It works with dedicated support teams of resource providers.

3.4.9. Campus Partner: A campus affiliate.

3.4.10. Resource Provider: An affiliate providing Nation Cyberinfrastructure data, compute, sensor, instrument or network resources.

3.4.11. Access Site: An affiliate that accesses the National Cyberinfrastructure.

3.4.12. Community Affiliate: An affiliate or set of affiliates with a common interest. For example, one can expect individual MSI’s to be campus affiliates while organizations like MSICIEC, AIHEC, HACU and NAFEO are community affiliates. 

3.4.13. Emerging communities: Communities that historically have been underrepresented in the high performance computing and Cyberinfrastructure arenas. They are described in section 5.

3.5. We discussed the requirements for MSI’s to become campus partners and expect these to generalize to several other emerging communities.

3.5.1. All MSI’s need access to National Cyberinfrastructure but it’s not clear what this requires. One needs local Infrastructure for local research and education but many places have neither the staff nor resources to provide the local infrastructure. This implies that we need to help institutions understand needed network and compute/data resources. Both on site visits and interactions with Centers of Excellence are avenues for helping institutions. It is unclear what requirements the Gateway (portal) approach to Cyberinfrastructure implies – does one just need a web browser? Surely not as one needs resources for local analysis, small-scale exploration and education. The use of virtual machine to provide “local resource functionality” with geographically distant resources is one interesting approach. 

3.5.2. There are several MSI’s that can become National Cyberinfrastructure providers and these have particular needs for support at their home institution.

3.5.3. Need “Centers of Excellence” to help Cyberinfrastructure-enable emerging communities.

3.5.4. Need a Nation Cyberinfrastructure Operations Center to help production use of the National Cyberinfrastructure by institutions that will initially not have local expertise to cope with complexity of problems in using distributed resources.

3.5.5. Need a “simpler” “more robust” CI-Lite software stack as current Grid software requires significant staff to support, although the level of support that is needed appears not to be clearly documented.

3.5.6. Need a plan to provide Systemic education and training at faculty, graduate and undergraduate levels. One should integrate Cyberinfrastructure into institutional curricula but the requisite content is not well defined. Reasonable curricula for parallel computing are now quite well understood but Grid and eScience curricula are still being developed.

4. Subcommittee Recommendations    

4.1. The TeraGrid should  work with all players in the National Cyberinfrastructure 

The TeraGrid Campus Partnership program should collaborate with “Organizational Affiliates” with obvious relevance including Internet2, National Lambda Rail, InCommon, EDUCAUSE, WCET(Western Cooperative for Educational Telecommunications), Open Science Grid, and the Open Grid Forum to develop partnerships in support of the expanded TeraGrid.  This will ensure that the National Cyberinfrastructure is of the highest international quality and builds on and does not compete with naturally synergistic activities.  The TeraGrid can take a leadership role in convening these organizations and in establishing collaborations between and among these organizations.  This is especially important for the TeraGrid Campus Partnership program, particularly for the Affiliates program, as emerging communities of users require a cohesive and coordinated approach. Other important organizations where coordination and collaboration is important include international organizations such as UK e-Science, EGEE, Naregi, and China National Grid. These are important as in many ways the USA appears to be behind the foreign grids. Federal agencies including DoD, DoE, NASA, NIH and NSF should be included as “Organizational Affiliates”.  Community empowerment should focus on this broad National Cyberinfrastructure. We need broad coverage of support (National Cyberinfrastructure Operations Center), Training, Brokering and Access.

4.2. Centers of Excellence are required to advise and support Campus Partners
We can view the founding TeraGrid sites as affiliates that broaden their goals from providing HPC resources to becoming Centers of Excellence. They would, in this role, provide a variety of support services including a Grid operations center that would support affiliates and provide access to Cyberinfrastructure. It will be important that these centers help build up a “community of expertise” with individual experts, documented best practices, etc. which can provide distributed scalable support to campus partners. Centers of Excellence provide leadership and expertise which could be achieved with or without a co-located major set of resources as with current founding TeraGrid sites.

4.3. We recommend a broad pro-active program to enable Emerging Communities become equal participants in the National Cyberinfrastructure.


We expect that the number of emerging communities will broaden over time and that the program to support them will evolve as experience is gained. All aspects should be systemic (e.g. scale to all 335 MSIs) and aim at peer collaborations and not elite to non-elite relationships. Further we should involve “all organizations” including Internet2, National Lambda Rail and the Regional Optical Networks to support network access and community organizations to support scalability. Particular components of this program should include: 

4.3.1.  A planning process for a specific emerging community; establishment of a pilot program – where assessment of progress and learnings can inform refinement of the program. 
4.3.2. A Campus Partner “cookbook” developed by an exemplary R1 university would be valuable for emerging communities, with information about needed infrastructure, expertise -- steps for success, etc.
4.3.3. Embracing these communities requires that a careful plan is developed to ensure that the approach and software is accessible to small schools and those with inexperienced staff. This requires clean simple software stacks and pro-active support as in the proposed National Cyberinfrastructure Operations Center. 
4.3.4. Sophisticated distributed monitoring and fault tolerance mechanisms should be deployed. In fact this concept will require much technology research including virtual machines that appear to allow an elegant model where the infrastructure of any given organization could in fact be at remote sites. 
4.3.5. Access Grid or an equivalent technology should be broadly used.
4.3.6. Training for faculty, student and staff in emerging communities as well as high-level executive awareness initiatives. 
4.3.7. Tiger teams should be available to visit campuses and advise about and enable their integration with the TeraGrid and the National Cyberinfrastructure. These teams should include expertise in advanced networking, authentication/authorization/ federation infrastructure, applications, etc.  
4.3.8. As this National Cyberinfrastructure concept spreads, we need to popularize and understand campus grids and regional grids so (just like the early days of networking); we build the National Cyberinfrastructure from a Grid of (campus and regional) grids.
4.3.9. A sponsorship model, such as the SEGP, used by Internet2 should be explored so that new institutions and communities are explicitly partnered with an existing affiliate (campus partner) who can lower the cost of joining the National Cyberinfrastructure.  
4.3.10. An early adopter program such as was successful by the NSF NMI should also be considered.  
5. Emerging Communities and Campus Partners

Here we describe some of the Emerging Communities and the associated Campus Partners. These Affiliates (Campus Partners) must both provide resources and access the expanded TeraGrid. Emerging community affiliates must be equal partners and not just users of resources provided by the research universities. Communities that will be such (Campus Partners) affiliates include: 

5.1. Minority Serving Institutions: MSIs including the Alliance for Equity in Higher Education and its constituent organizations AIHEC, HACU and NAFEO. One can expect this and other communities to organize itself as in ANMSI, MSICII and MSICIEC.
5.1.1. Plans should be made to avoid furthering the “digital divide” such that efforts to advance MSIs should commence in unison with efforts of or for R1 institutions.  Such institutional diversity in the annual cohort of campus partners may lead to diversity of thought, more robust solutions to issues that arise and practices applicable to a wider range of campuses.  Resources and expertise for those with relatively small institutional IT budgets and staffing will be an issue that needs to be addressed in part by funding, in part by collaboration and in part by innovative solutions to campus problems possibly as a result of collaboration and funding.  Such diversity of thought and perspective should be mutually beneficial to all campuses involved, R1 and MSI.
5.2. Another group of emerging communities, those residing in EPSCoR ( NSF) or IDeA (NIH) States– “historically underfunded” areas spread over 26 States and Puerto Rico (http://www.epscorfoundation.org).
5.3. Specific science and engineering and humanities application 
5.4. K-12 Education Institutions
6. Organizational Affiliates

Here we discuss specific Cyberinfrastructure related opportunities for collaboration for some of the Organizational Affiliates.  NOTE:  TeraGrid should engage in more detailed discussions with these organizations to determine specifics of how they may work together and seek out additional organizations that can contribute to building the National Cyberinfrastructure.  

6.1. Internet2 is provided with more detail as an example to be followed by others. 
6.1.1. Internet2 and the TeraGrid have a number of complementary capabilities which provides an opportunity for collaboration in a number of areas. Internet2’s strong relationships with campuses and campus IT organizations is naturally synergistic with TeraGrid and OSG and other organizations that primarily have strong relationships with researchers  The TeraGrid Campus Partnership program can leverage Internet2’s framework for community and collaborations, its advanced network infrastructure and systems approach, and its development projects and initiatives related to Cyberinfrastructure.
6.1.2. Internet2’s core competency in community building may be leveraged to support Cyberinfrastructure related activities.  This includes Internet2 Member Meetings, technical workshops, working group structure, and its campus based Internet2 Days.  The collaborative effort between TeraGrid and Open Science Grid to provide Campus Cyberinfrastructure Days is an example of a specific collaboration already identified for 2007.
6.1.3. The Internet2 advanced networking infrastructure and related services connect campuses to TeraGrid and other Cyberinfrastructure resources; enable e-science and grid applications; and support virtual communities. Supporting a full range of production IP services, as well as flexible, dedicated optical services, the Internet2 Network provides advanced network technology for the National Cyberinfrastructure, connecting over 46,000 K-20 institutions. The Internet2 network measurement and network security infrastructure can be employed to support end to end application performance for research projects.  Internet2 middleware, Shibboleth, and GridShib can provide the glue to knit together Cyberinfrastructure resources and virtual teams.  InCommon and InQueue can provide the federating infrastructure. The Internet2 Commons can support virtual teams and research collaborations. 
6.1.4. Collaboration on Cyberinfrastructure related development efforts should be explored.   Internet2 will focus on one or two priority outcomes of the 2006 Campus Research Computing Cyberinfrastructure Workshop, such as data lifecycle management, roadmaps linking computing architecture alternatives with domain science requirements, and will establish specific activities in these areas. Internet2 will develop management services and collaboration tool support for virtual organizations.  There are also plans to focus on addressing firewall issues as identified in the OGF firewall traversal white paper.  
6.1.5. Collaboration with Internet2 corporate members in support of Cyberinfrastructure initiatives. 
6.1.6. Collaboration toward establishment of a National Health Network which will be integrated with the National Cyberinfrastructure. 
6.1.7. Collaboration in the development of digital assets and advanced content delivery. 
7. Industry Affiliates

Here we give more details on the proposed Industry Affiliates program. 

7.1. An Industry Affiliates planning group should be established to outline specific pilot programs and opportunities for industry participation in the National Cyberinfrastructure / TeraGrid Campus Partnership Program.  This group would ideally include those from the TeraGrid, its Organizational Affiliates, and others from the research and education community with experience working with industry as customers, suppliers, and collaborating partners as well as those from potential Industry Affiliate organizations.   
7.2. Industry Affiliates will include those supplying infrastructure (IBM, Cisco etc.); those supplying related systems and services (Amazon, Google) and those using Grids in their operation (eBay, Lilly, Boeing, Financial services). We can expect industry to play multiple roles including perhaps even running resources for the TeraGrid. The TeraGrid’s role in National Cyberinfrastructure should be of such a quality that it will attract industry participation and support.   Industry should wish to showcase their products, learn from its operation and support its participants.   
7.3. Synergies with industry service providers should be explored resulting in 1-2 pilot projects with industry service providers.
7.3.1. Initial participation in the pilots should be limited.  
7.3.2. Pilot evaluations should inform whether / how to expand the program.  
7.4. A program for corporate contributions should be explored.  It will be important that these programs be viewed as supportive and not competitive with campus and other corporate development programs. 
7.5. Industry engagement in the National Cyberinfrastructure through the Industry Affiliates program should have a goal for technology transfer, technology assimilation, and should support the goals of innovation and national competitiveness. 
8. Implementation Plan

Implementation of an Affiliates (Campus Partners) program requires several components some of which are discussed here. 

8.1. Most important is establishing and funding a broad program to lower the entry barrier to the National Cyberinfrastructure. 

8.2. We should set up advisory committees representing the emerging community affiliates, the industry affiliates, and organizational affiliates.

8.3. Organizational Affiliate leadership should meet on a regular basis to share plans and to identify opportunities for collaboration; core competencies and strengths of each organizational affiliate will be leveraged and synergistic activities will be planned.    Each organizational affiliate should have sponsorship from the executive level and should have a designated point person responsible for overall campus partnership planning and coordination.  A campus outreach planning group should be established; initially with the group that has been meeting regarding the Campus Cyberinfrastructure Days.   While their initial focus should be to get the Campus Cyberinfrastructure Days up and running they should also develop an overall outreach and engagement plan and work to obtain funding from the National Science Foundation.  

8.4. Empower (=fund) Centers of Excellence to provide institutional support.

8.5. Establish Partnerships between emerging community affiliates and experienced National Cyberinfrastructure institutions for smooth Cyberinfrastructure-Enablement.
8.6. Campus Cyberinfrastructure Days:  The TeraGrid should continue to pursue planning and development of a set of Campus Cyberinfrastructure Days in collaboration with Internet2 and with OSG.  The focus of these on campus sessions should be to bring leaders of the university, research faculty, and the IT organizations together to talk about their needs for Cyberinfrastructure and for Internet2, TeraGrid, and OSG to talk about their particular focus and vision as part of the whole of shared Cyberinfrastructure and to identify next steps for campus engagement as Campus Partners.  These general discussions should be supported by more focused Tiger team visits to set up the campus Cyberinfrastructure. Initial campuses will be those that are deemed “most ready”: e.g. those that have researchers involved with the TeraGrid, OSG, and those with a strong campus IT infrastructure:  advanced networks, middleware, support, etc.  However we need also to get early experience with “typical” cases so a careful choice of initial campus visits should be made. Potential collaboration with the EDUCAUSE Campus Cyberinfrastructure working group should be explored. 
8.7. Other collaborative Campus Cyberinfrastructure outreach activities should be planned: these could include workshops at SC, EDUCAUSE, Internet2 Member Meetings, OGF etc.  
8.8. Fund internships and other research opportunities (e.g. REU) for MSI faculty/students.

8.9. Fund local infrastructure and local infrastructure support.

8.10. Identify a “simple” and “robust” CI-Lite software stack (could be an existing stack). Further study is needed of security issues for emerging community partners (e.g. can they be relaxed if one only needs initially modest resources?). Further experience is needed on the role of Portals/Science Gateways versus “power user” access where latter is clearly more demanding.

8.11. Define, Implement and Support an education and training model including “distance learning” (including “Access Grid” infrastructure) and institution curriculum integration.

8.12. Provide (remote) MSI/Community National Cyberinfrastructure Operations Center to provide support to MSI users of Cyberinfrastructure.

8.13. Research use of VM technology and shared desktops to allow remote hardware and remote support

9. Closing Remarks, Challenges, Expected Outcomes of Recommendations
 It is a major challenge to integrate institutions with a wide range of technology and science maturity into the National Cyberinfrastructure. However it is essential to tackle this quickly and thoughtfully as Cyberinfrastructure offers the opportunity to fully realize the Nation’s capability and to harmonize its distinctive communities with their different but important contributions.

Appendix 3

Authentication & Authorization Full Report

Full report can be found at the following Wiki URL:

http://www.teragridforum.org/mediawiki/index.php?title=Authentication_and_Authorization 
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