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Project Description

Important goals of Cyberinfrastructure and eScience are to develop technology to accelerate and enhance scientific discovery.  Innovations such as the internet, world-wide web, grid computing, and science portals have all been applied to improve our ability to bring groups together into virtual organizations so that they can work on important scientific challenges.   Many fields have moved from a situation where the typical research group is no longer a tight-knit set of colleagues in a lab setting to a set of colleagues assembled from the best and brightest minds around the world.   An essential element of the scientific record of these new worldwide virtual organizations is the communication activity between the members of these groups.  Given the current state of collaboration technology, we are losing nearly all of the human communication of these organizations.  The human communication data is essential to place the scientific results back into the human context where the scientific discoveries actually happen.  As we begin to store scientific data for far longer periods of time it will be increasingly important to be able to reconstruct the human context for scientific data.  Since many groups are already engaged in worldwide eScience activity - this human communication is happening already.  Often this communication is done using free resources such as Google or institutional resources on an informal and ad hoc basis.  These ad-hoc communication capabilities are very easy to use and allow for organic use - like-minded people can quickly and easily form groups and interact and then when the interaction is complete - tear down and discard the communication space.  The problem is that this approach ends up losing the history of the communication.  This proposal intends to add capabilities to the open-source Sakai collaboration software to accomplish several goals:  (a) improve Sakai's storage patterns to develop/adapt/adopt fully modeled ontologies for human interactions and make it so that all of the Sakai interaction data is available in a fully-modeled form; and (b) make the Sakai user interface highly attractive to scientists so that it works as well as and/or is fully integrated into the tools used in scientist's daily lives. This proposal will allow Sakai to "capture" the human interactions around eScience and place those interactions alongside the other scientific data into a wide variety of long-term curated data archival solutions.  The Sakai community is already a self-sustaining Community Source activity - we expect much of the core capabilities and tools needed for collaboration have been and will continue to be developed by the Sakai community (i.e. not funded by this grant).  The funding in this proposal will dedicate resources to insure that we can add the essential research-oriented features to Sakai and contribute these features back to the Sakai community.    In addition, funding in this proposal will support creation of a separate distribution of Sakai which is set up "out-of-the-box" to be a drop-in collaborative portal for eScience projects, ready to store all of the interaction data within Sakai in long-term data repositories.

Broader Impacts
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Sakai [1] already has a million teaching and research users around the world (www.sakaiproject.org/sakai-map).  The features developed by this proposal will be significant additions for that user base and will immediately improve a million Sakai users' ability to teach and collaborate.

This proposal is focused on delivering communication capabilities to scientists that capture and retain scientific discourse in a usable and searchable form.  This project will make it very simple for research groups to make their work products, discussions, intermediate results, and even meetings and meeting notes available to the general public using simple search engines such as Google.  The key to making this possible is providing the scientists with software that helps them do better science while producing the scientific record as a cost-free side-effect.

This will significantly enhance access to this scientific discourse to teachers and learners around the world without requiring the person searching for the information to know in particular where to find human interaction data for each particular group.

This will also enable ad hoc learning as well as provide significant potential benefit for formal teaching and learning to make use of the work being done at the frontiers of science.  Since Sakai is used both as a teaching and research collaboration applications, it means that the materials prepared during research will be able to be moved quickly from the virtual research environment into the virtual classroom without conversion.

The identity and access control federation deliverables of this proposal will help researchers who work for many far-flung organizations to more conveniently work together.  Perhaps an even greater impact of these federations and seamless data interchanges will be to help enable the exploration and emergence of the "Meta University".

The "Meta University" is a term used to capture the free flow of teachers, learners, content and ideas between universities.  Instead of trying to "fence in" the data for teaching and research and keep the data only accessible to a small circle of users, we need to "free the data" so it can flow more broadly than a single class or single university.  A critical element of this free flow of information is digital rights management.  Most of the interesting information needs some access protection.  Federation technologies like Shibboleth[2] and GuanXi[3] provide a framework for internet-wide access control for this type of data.

Intellectual Merit
The primary intellectual contribution made by this project is the careful development of a set of data models and data interchange formats which model human communication.  This work has never been done in a systematic manner because most communication systems are relatively ad-hoc or proprietary/commercial systems.

Because Sakai has a large user and installed base and includes a broad range of collaborative capabilities, these data models can quickly become de-facto standards simply by adding them to Sakai.  Once these models are available in Sakai, it will be possible for other collaboration systems to adopt and use these models.  We hope that in the long term, consensus will build around these models leading to standards that truly provide long-term benefits.

Much of the rest of the proposal focuses on making Sakai sufficiently convenient to be widely used by scientists.  Without adoption and use, we will not end up with any data to model, search, peruse, and learn from.
Project Motivation
Google Video and other large-scale data services are showing us a novel model and approach to data storage and curation - the general term for this is "Cloud Computing".  Yahoo, Google Video, Google Mail, YouTube, MySpace, and Microsoft are rushing to provide the most attractive cloud computing and storage solutions so as to capture and monetize the advertising around the use of these cloud resources. Cloud resources provide seemingly unlimited storage, unlimited bandwidth, and even long-term curation and data conversion services at no charge.  These services solve technical problems like location independence, data caching, authorization, authentication, performance, metadata, and curation, and digital rights management.   These are the very problems that research oriented digital archivists have been working on for many years.  The cloud computing vendors want to capture market share by either developing or procuring the best possible technical solutions - this is evidenced by the need for Google to purchase YouTube for $1.65B to maintain Google's strong position in the video cloud market held by Google Video.

You can see an interesting example of the "video cloud" at work by typing 7920013766744163161 into a Google, MSN or Yahoo search box.  You will be taken directly to a video of an interview with Robert Cailliau - the co-founder of the world-wide-web.  It is not necessary for you to know where the data are stored nor even in what format the data were originally uploaded - all you need to know is the unique "key" of the data that you wish to access.  Frankly there are no open source, research or commercial video archival products or services that function as effortlessly with video as Google Video at this time.  And for the time being, Google Video is free of charge.

Cloud-Based Human Communication Services

There are a number of human communication data clouds that are already in existence - as a matter of fact the first large-scale computing cloud computing services centered around human communication - initially these were for-fee services such as AOL and Compuserve.

The advantage of a free service such as Google Mail, Google Chat, Yahoo Groups and other free cloud-based human communication services is that they can be used very organically - a new community or group can be created or new members can be quickly added to an existing community. 

Another advantage of these free cloud-based human services is that they provide increasingly convenient end-user solutions.  Google Mail works cell phones, PDAs, and a wide variety of devices - again the goal is to make the end-user experience as engaging as possible to increase overall usage making the service more popular for advertisers.

Disadvantages of Free Cloud-Based Services

One of the downsides of using free Cloud Computing resources such as Google Video is that often these free resources want to "capture" your original data permanently to keep you and others interested in the data coming back to their service to view the resources stored in the cloud. 

We see commercially provided free cloud computing solutions as only an interim step.  What is very important about these services is the extent to which they capture the end-user's requirements and provide solutions that satisfy user needs.  It may take some time for open source solutions to reach the level of satisfying end-user requirements in this space of cloud computing.  We expect that once the user requirements are well-understood, open source standards and technologies emerge to provide us equivalent capabilities - but in such a way to allow us to retain long-term control of our data in open and standard formats.

In the short-term we can look in awe at things like Google Video and Google Mail - they are well funded and innovating at a very high pace and as such will explore the problem spaces far more rapidly than grant-funded or open-source projects.   We can look to these commercial efforts as a source of inspiration about how a technical future for Cyberinfrastructure might look - but these because of data lock-in these services themselves are not likely to become the ultimate Cyberinfrastructure solutions unless companies find a way to monetize their services without requiring user and data lock in.

Sakai Research Edition and Cloud Computing

Coming back down to earth (from the clouds), this proposal is not about developing a cloud computing solution for human communications - but instead to produce software that can capture human communications in a format that is suitable to be placed in a general purpose data cloud using both the technologies available today for long-term data archival and anticipate expected future developments in cloud based data storage. 

Digital library and preservation groups are working toward building truly general-purpose data clouds [4,5].  Efforts like CORDRA [6] and the CNRI Handle System[7] are examples of this community moving from single servers using a particular piece of digital repository software such as Storage Resource Broker [8], Fedora [9],  JackRabbit [10] or DSPACE [11] to a cloud-style federated data approach.  These federated data-centric approaches to long-term curation are a very important evolution of the data archiving and preservation field because it means that data can live well beyond the lifetime of any single server.   There are many challenges in this field yet to be solved.

Sakai is an increasingly popular collaboration and learning environment similar to Lotus Notes, Sharepoint, Blackboard, Angel, and Moodle.   Sakai can be used either for teaching and learning or collaboration.    Sakai is in use at a number of large institutions as their enterprise collaboration system as well as a number of projects using Sakai for research collaboration. 

This project will not build basic Sakai collaboration capabilities - the Sakai Community is already well established.  According to next.ohloh.net/projects/3551 Sakai already has $11M of investment and 43 active volunteer developers and is rapidly building new capabilities.  The team on this project will augment these community efforts to insure that Sakai's capabilities are effective in Cyberinfrastructure applications.

This project will also work with other groups around the world funded to investigate research applications of Sakai including active groups working on research applications of Sakai at Cambridge UK, Lancaster UK, Daresbury Labs UK, Macquarie University AU[12], Indiana University US, and others.

Approach and Architecture
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The goals of the project are to (a) improve the user interface of Sakai so it is very attractive to researchers and (b) improve Sakai's storage capabilities so the human interaction data captured by Sakai is stored in repositories in a well-defined and portable format suitable for a scientific record. 

Because Sakai's Architecture is heavily layered with well-defined abstractions between layers, it is possible to focus this team's efforts in the Aggregator Layer and some very specific areas in the Service layer.  This has a significant advantage in that the other layers of Sakai will be relatively unaffected by this work.  This separation of concerns allows the Sakai Community to continue to build Sakai capabilities independent of the activity of this proposal.

In addition it is expected that many of the capabilities developed and added to Sakai as part of this proposal will be seen as valuable applied to teaching and learning - so we expect that the entire Sakai Community will adopt, use, and extend these new capabilities across the entire scope of Sakai usage.

Deliverables

The deliverables for this proposal are grouped into two basic areas.  The first area concerns innovations in Sakai's presentation layer that will provide enhanced usability to make Sakai capabilities easy to use and/or well integrated into common user interfaces.

Presentation/Aggregation

A key element of the improvements to Sakai's presentation is to allow users to use whatever interface they choose to interact with Sakai.  Sometimes these new capabilities will be to export Sakai data in a format like RSS[13] or iCal[14] and other new capabilities will be to provide convenient access to Sakai tools

RSS Feeds, Synoptic Information, and Event Notification
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Probably the most important new feature is to export much of Sakai's data in RSS feeds - this allows a wide range of end user tools to function as navigation front-end's to Sakai.  Of particular interest is providing an RSS feed of "synoptic information".  Synoptic information is a short summary of what is new on a Sakai system or what has changed recently.

Some early prototype work of this nature has already been done and is presented in the form of a Yahoo widget.  This proposal will move this capability from prototype to production stage and use RSS as the way to retrieve synoptic information.

Portlets
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Sakai already provides JSR-168[15] portlets that allow Sakai to be seamlessly integrated into software such as Gridsphere and uPortal [16].  This proposal will continue to improve these portlets and when the JSR-286[17] Portlet V2 standard is released; these portlets will be upgraded to JSR-286.  Dr. Severance is a member of the JSR-286 Expert Group developing the JSR-286 standard.

We will also build new capabilities to allow users to use a portal to federate across multiple instances of Sakai and provide themselves a customized/personal interface to their Sakai sites.  We see this federated use case as increasingly important to allow users to avoid visiting multiple Sakai sites to get their information.

Email

Increasingly many users want to interact with systems like Sakai over E-Mail - they would like to be able to receive notifications of new information or new messages and read or respond or interact with their data right from the E-Mail messages.  Sakai already has support for mail notifications.  This proposal will significantly improve Sakai's mail handling and significantly improve each user's ability to control their mail preferences.  In addition, we will add features that will allow users to interact with Sakai without having to open a new browser and navigate through the Sakai system.  When this work is complete many users will be able to perform many of the basic collaborative functions using their mail client as their primary interface.

iPhone / Desktop Clients / Widgets
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In addition to allowing users to consume Sakai's information through the client of their choice (RSS reader or Mail), we will also build a series of Sakai-specific clients for use on common desktop environments and PDA systems.  This will be an ongoing effort throughout the project.  Each of these widgets will allow users to work with multiple Sakai sites and will federate navigation across these sites as well as tracking events and synoptic notifications across the Sakai sites.  We intend to produce the following widgets at a minimum:

· Windows desktop application 

· Macintosh desktop application 

· Macintosh desktop Widget

· iPhone Widget

· Google Portal Widget for the Google personalized home page

The first three of these applications have already been developed to a prototype stage - this proposal will finish the tools and release them as well as develop the new tools and others as these are identified.

It is not difficult to develop these widgets once the data is available in convenient standard form such as RSS.

Federated Sakai - Shibboleth / GuanXi

An essential element of federating across multiple instances of Sakai is a way to securely establish identity between these systems.  The emerging technology in this area is SAML [18] - there are a number of profiles of SAML that are emerging including Shibboleth, GuanXI, GridShib and others.  There are already efforts underway in the Sakai community to implement Shibboleth for Sakai (Oxford University) and GuanXi (University of the Highlands and Islands - Scotland).  This proposal will help these efforts to[image: image6.jpg]Sakai
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 be fully integrated into Sakai and part of the delivered product.  As new federating technologies emerge the team will implement these and/or work with other funded teams to insure that these technologies are reflected in Sakai.
Data Oriented Technical Deliverables

The presentation deliverables are flashy and very necessary to insure that scientists find Sakai's capabilities very convenient to use and as such allow Sakai to capture a majority of their interactions for the scientific record.

This section describes the less visible but far more challenging second area of technical deliverables that concern integration of human communication content into the scientific record for long-term curation.

Data Models

The most important step is to develop and publish data models for the Sakai collaboration business objects.  These data models will be based on the current Sakai APIs and be expressed in RDF/OWL[19].  Wherever possible we will look to find existing data models and adopt those models extending them as necessary.

We will produce and publish object models for the following Sakai data elements: 
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Users, Groups, Resources, Files, Sites, Calendars, Announcements, Chats, Threaded Discussion, E-Mail Archive, Wiki, Blog and others as new capabilities are developed for Sakai.  This list comprises the essential core elements of Sakai as well as a number of heavily used and representative collaborative application areas within Sakai.

We also will work to develop a data model for the Agora Real-Collaboration Suite[32] which is currently under development at Lancaster University in the UK.  This suite provides multi-user audio, video, shared whiteboard, shared desktop capabilities using open source software fully integrated into Sakai.  We expect to develop data models to capture the semantics of the recording capabilities in Agora so that it is possible to use Agora to record and publish meetings as data to long-term storage repositories.

The biggest challenge in developing these data models is when one data objects needs to reference another data object.  These references need to be resolvable either with the system or outside the system.  The Sakai Object Bus - described in a later section, accomplishes this resolution.

Sakai Semantic Services

This will be a new base-level storage capability in Sakai and a new Service API within Sakai.  The likely implementation of this new service will be based on JENA [20], Mulgara (formerly Kowari) [21] or Sesame[22].  Currently some of this work is already underway in the early prototype stage at Cambridge University and the University of Michigan. 


As applications make increasing use of tuple-based storage (instead of relational storage), we believe that using Mulgara to implement Sakai Semantic Services may be necessary to meet the high-performance production needs of Sakai. 
Semantic Implementations of Existing Sakai Services

Once the data models are developed the existing Sakai API's and API implementations will be modified to support these new data models.  Currently Sakai Services are implemented as using relational databases.  Each revised service implementation will be done using one of two approaches:

· Rewrite the service implementation to use the new data model as the raw storage implementation and store the business objects in a tuple store using the Sakai Semantic Services.

· Continue to use a relational approach to the storage and retrieval of the business objects and write code to convert back and forth between the Java Objects and the Data Model representations of the business objects as necessary.  This conversion will need to address the objects and their properties as well as incoming and outgoing references between objects.

We will experiment with both approaches.  There is a tradeoff between the elegance of the first approach and the known ability to achieve high performance with the second approach.  These implementations will (using the Sakai Object Bus) allow external applications to retrieve and interact with Sakai business objects using SPARQL [23], web services, or other data access protocols.

Repository Integration
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In addition to modeling and capturing the human interaction data (messages, etc) in Sakai it is important to be able to capture the files and metadata associated with files stored in the Sakai Resources tool.  This data and metadata is stored in the Sakai ContentHosting Service.  Work is already well underway to connect the Sakai ContentHosting Service to JSR-170 compliant repository. using the architecture on the right.  

The initial repository that we will support is the Jakarta Jackrabbit reference implementation of JSR-170 (jackrabbit.apache.org).  We expect that research users of Sakai will begin to experiment with this Jackrabbit-based storage for Sakai as early as Summer 2007.  

We expect that this initial configuration will be suitable for small research collaborations but till likely will need some performance tuning and perhaps generate improvements that we submit to the Jackrabbit project.

Supporting JSR-170 [24] is only the beginning of this effort.  Several other important milestones are necessary:

· Writing JSR-170 shims to exiting science repositories such as SRB, Fedora, or DSpace.  These shims may either be "thick" or "thin".  Often it is necessary to add a mapping layer as part of the JSR-170 implementation so that the data is represented properly in Sakai and is represented properly in the data repository.

· Make sure object references between data objects stored in ContentHosting and JSR-170 and other data objects within the system are properly resolved in both directions and both internally within Sakai and externally using URIs.

· Make sure that the metadata associated with the files stored in JSR-170 are properly modeled and available externally. We do not want JSR-170 to simply store the metadata forever in a single repository - we want to make sure that meta data for files stored in JSR-170 can be retrieved and properly modeled.

Repository integration will be a dynamic and long-term task for this project and we will prioritize efforts based on user needs and requirements.

Sakai Object Bus

The backbone of the infrastructure aspects of this proposal is the Sakai Object Bus. The person responsible for the Object Bus will be the technical lead for the entire proposal. As the project progresses, this individual will be responsible for making the necessary adjustments to the Sakai infrastructure to meet the goals of the project.  
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Sakai currently has a structure called the "Entity Bus" - this is primarily used in import, export, and search within Sakai.  The Entity bus will be significantly extended to include interfaces where the Sakai applications (Chat, Schedule, Site, etc) can present their data objects and models to the bus as well as support queries from the bus to retrieve sets of objects.  This extended Entity bus will be called the "Object Bus" to reflect its new role in the movement of modeled data objects between Sakai internal applications and between Sakai and external applications.

There are a number of sub-deliverables within the Sakai Object Bus deliverable:

· Defining the object bus

· Re-factoring Sakai's current import and export to make use of the object bus 

· Building a new RDF-based import and export

· Building the servlets necessary to support basic URI resolution (getdata) and responding to SPARQL queries

Testing, Integration, and Deployment Milestones

Work is already underway to have Sakai use the NMI build and test facility at the University of Wisconsin.  

Sakai has its primary release each year in June - we will align the release for Sakai Research Edition to follow the Sakai June release.   There will be a separate release documentation site to contextualize the installation to the research context.  We will separately release Sakai Research edition in minor releases independently of the Sakai releases.  This will allow us to provide innovations to the research community more rapidly.  We will maintain these changes in a branch so that they become part of the next Sakai major release.

Education, Outreach, and Training Deliverables

We will maintain a website for the project (www.sakairesearch.org) where we provide one-stop shopping for information about the effort and the ability to download the software.  There is already a Working Group within Sakai covering aspects of eResearch - this group will be used to inform the overall Sakai community about these activities.

The group will give regular presentations at the Sakai Conferences and organize Bird-Of-A-Feather (BOF) sessions around Sakai Research Edition.   We will develop a series of video lectures covering the installation, deployment, and use of Sakai Research edition (www.dr-chuck.com/media.php?id=64) which will be published on the web as well as YouTube and Google Video.
We will participate in Supercomputing by submitting posters and papers as well as workshops and trade-show floor events.

Project Success Metrics

The primary metric for this project is the overall number of users that are using the software regularly and the resulting amount of collaborative data that is being gathered and retained as a result of this effort.

We will track downloads and installations and do a survey of usage each year and publish the results on www.sakairesearch.org.

Organization and Management

Team Interactions, Software Management, and Licensing

Since all of these features are intended to be part of Sakai's official releases it is important that this work be done in concert with the Sakai community.  Since most of the people involved in this effort are already well-respected members of the Sakai Community coordination with the community should be quite natural.  All of the Sakai processes will be followed in the development of these capabilities including the Sakai Requirements Process, writing design specifications and having them reviewed by the community, and doing the implementations in an open fashion in the Sakai contributed areas to allow the community to evaluate the quality of this work before including it in any Sakai releases.  

We will form an advisory board of the active members of Sakai in research applications to help guide us making decisions throughout the project.  To keep costs low, we will either meet in person at the Sakai Conferences or use Sakai technology to meet without travel.

All the software will be licensed with Apache, BSD, or the BSD-like Educational Community License [25].
Timeline and Milestones

This section summarizes the deliverables included in this proposal.  Some of the tasks are already underway and should be completed before the grant begins - they are included to show how this work will articulate with work that is underway funded from the OCGE/NMI grant as well as other sources.

	SDCI Data Improvement: Sakai Research Edition

	
	Year 0
	Year 1
	Year 2
	Year 3

	Add Sakai to NMI Test Facility (OGCE)
	OGCE/NMI
	
	
	

	Initial Sakai JSR-168 Portlets
	OGCE/NMI
	
	
	

	Add JSR-168 Support to Sakai
	OGCE/NMI
	
	
	

	Prototype JR-170 Support
	6/06 (2.4)
	
	
	

	RSS Feeds, Synoptic Information and Event Notification
	
	X
	
	

	JSR-286 Portlets
	
	
	X
	

	Federating Portlets
	
	
	X
	

	Event Aware Portlets
	
	
	X
	

	Email Improvement
	
	X
	X
	X

	Windows Desktop Application
	
	
	X
	

	Macintosh Desktop Application
	
	
	X
	

	Sakai Research Edition 2.6
	
	6/2007
	
	

	iPhone Widget
	
	X
	
	

	Google Portlet Widget
	
	X
	
	

	Gaun Xi
	
	
	X
	

	Shibboleth
	
	
	X
	

	Sakai Research Edition 2.8
	
	
	6/2008
	

	Data Models for Sakai Objects
	
	X
	X
	X

	Sakai Semantic Services Beta
	
	X
	
	

	Sakai Semantic Services
	
	
	X
	X

	Add Model support to Sakai Serivces
	
	X
	X
	X

	Extract and Model JSR-170 metadata
	
	
	X
	X

	Implement JSR-170 Shims to other repositories
	
	
	
	X

	Sakai Object Bus
	
	X
	X
	X

	Sakai Research Edition 2.10
	
	
	
	6/2009


Comparable Projects

There are a number of comparable projects in the area of this grant:

· The GridSphere [26] project is related to this project. GridSphere is a very popular portal system used in many current Science portal applications.  GridSphere has several advantages over Sakai: simple setup, excellent support for Grid applications, and simple collaborative tools under development.  Sakai has several advantages over GridSphere:  Sakai is well established as a collaborative system with a clear connection between teaching, learning, and research, performance capable support for > 100,000 users, and a very large developer community.  Both Sakai and Gridsphere comply with the JSR-168 portlet specification so it is possible to write portlets that can work either in Sakai or Gridsphere.  Jason Novotny of SDSC and the Gridsphere Architect is also on the JSR-286 expert group and we maintain regular communication between Sakai and Gridsphere to help align directions between the two projects.

· Another similar project is the Scientific Annotation Metadata [27] project funded by the DOE SciDAC initiative.   The SAM work was based on CHEF[29] and SLIDE[28] technologies and is not longer under active development.  This proposal builds on all of the concepts and ideas of SAM and we hope that the Sakai Research Edition meets many of the use cases that SAM set out to accomplish in a scalable and widely adopted environment.

· This effort is and will continue to be closely related to the Open Grid Computing project[30] and the continuing Science Gateway work by the OGCE team.  We will continue to interact with and provide technical solutions to the Science Gateway team as they use a number of technologies including Sakai to meet the needs of the science gateway users.   We have provided a letter of support to the Science Gateways PI indicating our commitment to maintaining oiur close relationship going forward.

Background of our Group

Dr. Charles Severance is currently the Executive Director of the Sakai Foundation and a member of the research faculty in the School of Information at the University of Michigan.  He was the chief architect for the Sakai Project and chief data architect for the NEESGrid project.  Chuck is also a co-PI on the Open Grid Computing Environment National Middleware Initiative (NMI) awards.  He has extensive background in collaborative systems and high performance computing.

Mr. Joseph Hardin is currently a Clinical Assistant Professor at the University of Michigan and is the Vice-Chair of the Sakai Foundation Board of Directors and was the Principle Investigator for the Sakai Project grant.  Joseph is currently the PI for a Hewlett Foundation grant to add features to Sakai to automate the export of content into Open Courseware [31] Archives for long term storage.  

Mr. Glenn Golden is a Software Architect at the University of Michigan and he is one of the most prolific and influential developers in the Sakai Community.  Glenn was the lead developer and framework architect for the Sakai Project.   He was the creator of CHEF and chief architect for the CHEF project, a pre-cursor to Sakai.  

Results from Prior NSF Support

 NSF ANI-0330613: “Middleware for Grid Portal Development,” NSF NMI Program 9/1/03 - 8/31/06 - Dr. Severance is a co-PI on the Open Grid Computing Environment NMI Award (www.orge.org) and Mr. Hardin was a senior contributor.   Results included providing technical leadership for the 1.0 release of the OGCE software based on CHEF and NEESGrid combined with elements from Indiana University, Argonne Laboratory, and University of Texas at Austin.  For OGCE version 2.0,we developed and provided the JSR-168 portlets that integrated Sakai into uPortal and GridSphere.   NMI Funding has been used to improve Sakai's research capabilities including the addition of support for JSR-168 to Sakai and in many ways is the pre-cursor to Sakai Research Edition.

CMS-0084529 (9/1/01 – 9/30/05; $2,600,000), “NEESgrid (Network For Earthquake Engineering Simulation):  A Distributed Virtual Laboratory For Advanced Earthquake Experimentation And Simulation” Dr. Severance was a senior contributor to the NEESGrid project and was promoted to Data Architect for the final year of the project.  Dr Severance coordinated the CHEF contribution to NEESGrid throughout the NEES project.  As Data Architect in the final year of the project, Dr. Severance developed the data strategy and coordinated the development of the NEESGrid data model and a number of other Technologies that were integrated into NEESGrid.
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