Sakai Project Report: The Evolution of the Sakai Architecture

Charles Severance (csev@umich.edu)

This document is a historical perspective on the architecture activity throughout the Sakai Project leading up to the Sakai 2.2 release.  The Sakai Project was a very fast paced project and it was necessary to rapidly evolve the Sakai Architecture during the project to meet the emerging requirements of the Sakai project and ultimately Sakai community.

As of the Sakai 2.2 release, the Sakai Architecture is relatively stable and while the architecture will continue to evolve, as Sakai is in production at hundreds of places, architecture changes will naturally be slowed so as to provide the greatest benefit to the community.

Since the Sakai code base started from the CHEF code base a number of aspects of the CHEF architecture were inherited by Sakai from Sakai 1.0 and forward.  However, the architecture of Sakai evolved significantly during the project initially under the guidance of the Sakai architecture team and later under the guidance of the Sakai community.

The CHEF Architecture

The CHEF architecture was based on building Jetspeed portlets and the Apache Turbine service framework.  Jetspeed was an Apache open source portal which pre-dated the current JSR-168 Portlet standard.  Turbine was an aging Apache project that had already been replaced by the Apache Avalon project.
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The CHEF Architecture had two strong aspects that remain in the Sakai Architecture:

· CHEF was designed as a Service-Oriented Architecture in that all presentation (Tool) aspects were kept separate from the Services which contained the business and persistence logic.  Services were programmed as implementations of abstract well-defined Java interfaces that allowed for the substitution of the implementations of each Service.  Chef maintained two versions of each service - a version that stored all data in XML files for developers and a version that stored data in the database for production.  It was a simple reconfiguration step for system administrators to pick and choose amongst the different service implementations.  CHEF used Turbine to make the connections between the Tools and the appropriate services.

· CHEF had a basic integration for Users and Roles in the form of a set of provider interfaces that allowed for each site to integrate their own directory and role services.  This allowed each site to integrate their enterprise data into Sakai without modifying the Sakai code base.

At the beginning of the project, there were a number of weaknesses and shortcomings in the CHEF architecture that needed to improve including:

· As the portal world was evolving beyond Jetspeed, we did not want Sakai to be based on the Jetspeed portal.  We wanted Sakai to comply with standards and support more modern presentation technologies.

· We did not want the Sakai architecture to depend on the Turbine technology for service discovery.  Turbine was an aging technology and we did not like a code-dependency on Turbine scattered throughout the Sakai code base.

· We did not like the Velocity templating language that was in use by Jetspeed.  We wanted a more abstract presentation layer with the potential to have our tools used as Desktop applications.

· We wanted a better data abstraction - CHEF used SQL with a home-grown abstraction layer.

· We wanted to improve the integration of Enterprise data into Sakai.  The User and Role providers needed to be improved and new providers were needed for Course information, Digital Repository integration, and others.

Given the need to evolve the Sakai architecture and address these challenges, the Sakai Project was formed with an Architecture team as part of its governance structure.  

The Sakai Architecture Team

The Architecture team was charged with evolving the architecture to address the limitations of the CHEF architecture to insure that Sakai would be more broadly usable across all of the Sakai adopting sites.  During the first 18 months of the Sakai Project, the architecture team was made up of lead technical representatives from each of Sakai project participants (Michigan, Indiana, Stanford, MIT, Berkeley, OKI, and uPortal).

· Charles Severance, Lead Architect

· Glenn Golden, University of Michigan

· Lance Speelmon, Indiana University

· Craig Counterman, MIT

· Rachel Golub, Stanford University

· Mark Norton, Sakai SEPP Representative

· Ken Weiner, Unicon, uPortal Project Manager

· Daisy Flemming, Stanford University

· Lydia Li, Stanford University

· Peter Wilkins, OKI Project

· Jeff Kahn, OKI Project

· Ray Davis, University of California Berkeley

· Josh Holzman, University of California Berkeley

This team met regularly throughout the first 15 months of the project to evolve the architecture through the Sakai 2.0 release.  During the preparation for the Sakai 2.0 release, Sakai was transitioning from project-based governance to community-based governance so the activities of the Sakai Architecture Team was transitioned to community processes with the Sakai Framework Discussion Group.

By the end of the project with the Sakai 2.1 release the Sakai architecture is relatively mature - with over 500 pages of architecture documentation and thousands of pages of developer documentations.  The Sakai Architecture continues to evolve during the community phase, albeit more slowly than during the project phase.

The Sakai 1.0 Architecture

The idea of the Sakai 1.0 release was to quickly address the major flaws in the CHEF architecture and get a release in the hands of developers so that new services and tools could be developed to address the immediate tool needs of Stanford, Michigan, Indiana, and MIT.

The Sakai 1.0 release made a number of significant architectural changes that resulted in a dramatic departure from the CHEF architecture.

· Replacing the dependency on the Apache Turbine framework with the newly emerged Spring framework.   The Spring Framework had many advantages over Turbine.  The most significant advantage was the concept of  "Inversion of Control" (IOC).  IOC allows Spring to assemble and "wire up" Tools, Services, and Enterprise Service Integrations without requiring any Spring-specific code within any of the Tools, Services, or Enterprise Integrations.

· Add support for Sun's Java Server Faces (JSF).  JSF appeared to be a major step forward in the evolution of web frameworks that implemented the Model/View/Controller pattern.   JSF used a symmetric Java Bean pattern as its interaction between the template language (JSF Components in JSP) and the presentation login (backing bean).  In addition the JSF components allowed for the development of Java Swing implementation of the components as well as a JSR-168 (portlet specification) of the components.  We hoped that by adopting JSF we could enable a single Sakai tool to be usable across several presentation technologies without modification.

· Removing Jetspeed from the Sakai architecture. The intent was to ultimately replace Jetspeed with the uPortal framework. 

· Improving support for the providers used to integrate Enterprise Services into Sakai.   A new Course Management provider was added to generalize the way that Sakai retrieves course lists from the University Student Information System.

These architecture changes were done very quickly and prerelease versions of Sakai 1.0 with these changes were delivered during the period February 2003 through September 2003.

During the Spring of 2003 we performed an initial integration between Sakai and uPortal where uPortal functioned as the aggregator for Sakai content.   The following shows a JSF based Sakai tool running in uPortal in June of 2003 at the time of the Sakai 1.0 Beta.
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This integration was technically successful and proved that our new presentation approach was indeed a successful abstraction as it transparently supported either uPortal or the Sedna aggregator.  However once we looked at what had been changed in uPortal to work with Sakai, it was decided that too many drastic changes had been made support the layout needs of Sakai.  We felt that if Sakai were to distribute this heavily modified version of uPortal, it would create a dangerous fork of the uPortal code base in a way that would be harmful to the uPortal community.

In conversations with the uPortal leadership, the decision was made to avoid producing a Sakai-unique version of uPortal and instead to focus efforts on integrating Sakai into an unmodified uPortal using the JSR-168 standard and the WSRP (Web Services for Remote Portals) protocol.  With funding and direction from Sakai, uPortal had developed support bother for JSR-168 and WSRP in the 2.4 release of uPortal.

As a result, Sakai 1.0 shipped with the Sedna internal iFrame based aggregator.

[image: image3.jpg][« »][@][c][+] Mhtp:;/burgoo.ummu.umich.edu/portalrsite=1092319206® ~

Sakai

On Course v1 : Home

Users present;

Sakal Admiistrator

[Options.

[Options.

There are currently no
announcements at this
location,

[Options.

There are currently no messages at this
location.

[Options.

There are currently no messages at this
location,

Logout





Sakai 1.0 was put into production at the University of Michigan and Indiana University with user bases starting at 10,000 and moving upwards.

The Sakai 1.0 Architecture was as follows:
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The integration to uPortal was completed but not shipped as described above.

The Sakai Abstract Architecture

During the development of the Sakai 1.0 release, the Architecture team was meeting to plan the strategy for the evolution of the Sakai Architecture - one of the first efforts was to define an abstract architecture.

The purpose of the abstract architecture was to identify critical areas where the Sakai needed interfaces and abstraction.   We needed a modular service oriented architecture and knew as the community grew, clean abstractions would allow development to happen in parallel across many institutions associated with Sakai across the world.

The following diagram was initially presented by Mark Norton as summary of several months of discussion in the Architecture group.  This was adopted as the Sakai Abstract Architecture and has remained consistent as pattern throughout the remaining time of the project and as well as during the community phase of Sakai development.
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Sakai applies a service-oriented architecture to all levels of this diagram - not just the interaction between the tools and the services.  We hope to be able to produce clean boundaries so that Sakai could allow undetectable substitution of implementations at any level of the Abstract Architecture.

Each layer within Sakai has the following purpose:

· The Aggregator is fully responsible for the ultimate user interface - it determines how sites and tools are laid out, how navigation between tools happens.  There have been a number of different aggregators produced in the project including Sedna, Varuna, uPortal, Charon, SakaiDesktop, etc.

· The Presentation layer is responsible for providing the framework capabilities in order for tools to effective reuse presentation elements.  And example component would be a widget that makes a calendar picker or WSYWIG editor available in a uniform fashion across all tools.  One goal was to centralize these reusable presentation elements so as to encourage consistency across tools.  Sakai's primary presentation layer is Java Server Faces with a umber of presentation technologies such as Velocity or Spring MVC and more recently experimented with Real Server Faces (RSF).

· The Tool layer is where the business logic of the tool resides.  One of the key aspects of the tool layer is that it represents data and information associated with each user's session.  A tool handles session state, and handles the navigation between the different views of the Tool.  The tool is not responsible for the long term persistence of data.  

· The Service layer is where data is stored and all of the non-presentation business logic is kept.  For a properly written Sakai tool, interface between a Service and a Tool is the entire contract between a tool and persistence.  A critical element of the Sakai Service Oriented Architecture is that any service implementation must work with more than one tool (this is very common) and any tool must tolerate different service implementations as long as those implementations meet the API contracts.

Above Sakai is the end user's client environment and below Sakai are the basic system resources like the Java Virtual machine, CPU, memory, file system, database, etc.

The Sakai 1.5 Architecture

Sakai version 1.5 was developed and released in a relatively short time period from October 2004 through December 2004 so there were very few changes to the overall architecture from the 1.0 architecture.

Once the Sakai 1.0 release was put into production at a user level above 10,000, it turned out that some of the implementation patterns of the Service implementations in Sakai 1.0 over utilized memory and underutilized the database's capabilities and resulted in performance bottlenecks.

Much of the effort in 1.5 was effectively performance tuning Sakai 1.0.  This was made much easier because Sakai had already well-defined services and the tool code was relatively unchanged for 1.5 even though significant work had been done on the service implementations.

Also during the Sakai 1.5 development, we dropped support for the XML implementations of the Sakai Services in favor of using Hypersonic SQL as the out-of-the-box database used for developers and the Sakai Quickstart distribution.

Toward then end of the 1.5 development cycle, we began to integrate the Samigo testing engine from Stanford into the Sakai release.  Because of late arrival of some of the components in the Sakai 1.5 framework, Samigo development moved forward as a stand-alone web application that interacted with the rest of the Sakai framework through a set of Façade classes.  Integrating a stand-alone web application proved challenging for the 1.5 release and showed limitations in the Sakai 1.5 architecture.

Another architecture effect was the increasing need to closely integrate the Open Source Portfolio (OSP) into Sakai.  Up to the Sakai 1.5 release, OSP was forking the Sakai code at each release and patching in capabilities needed in the Sakai framework to support OSP's development approach.  This was becoming painful and time consuming as both OSP and Sakai were rapidly moving projects.  For Sakai 2.0 we wanted to merge the needed OSP capabilities into the base Sakai release.
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Sakai 1.5 replaced the Sedna aggregation layer with Varuna.  The primary benefit of the Varuna aggregator is that all of the iFrames in the aggregator had well-documented URLs which allowed the inclusion of Sakai within any portal using an iframe and Single Signon shared between the portal and Sakai.
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The above shows an iframe integration between Sakai and uPortal in production at the University of California Merced.

Planning The Sakai 2.0 Architecture

During the summer of 2004, there was a joint meeting of the Sakai Board and Architecture Team at Indianapolis.  This was a important meeting with two valid but very divergent points of view emerging during the retreat as to what was the highest priority for resources in the Sakai project.

· One viewpoint suggested the highest priority was to throw out the Sakai 1.0 framework code (keep the tools and Abstract Architecture) and build a whole new framework to implement the Abstract Architecture.

· The other viewpoint felt that while a "new framework" was highly desirable the highest priority was to add needed features (we called them "the gaps") so that the schools could put Sakai into production and meet user needs and requirements.

Neither group was right or wrong - ultimately a compromise was worked out.  We would make features the highest priority through the end of the 2004 and then early in 2005 begin work on Sakai 2.0.  During the Fall of 2004, Craig Counterman of MIT was to evaluate design patterns for the new framework. The Architecture was code named "Murimoto" or "Framework II".

Our experiences during Fall 2004 effort shaped the shaped Sakai 2.0 framework.  Craig's research produced some simple and elegant technical approaches to problems that plagued the Sakai 1.0 and 1.5 frameworks - also the experience with OSP and Samigo integration led us to feeling that we needed to be much more flexible about the definition of "what was a Sakai tool".  

Originally the Sakai 1.0 framework was intended to be very restrictive to enforce and only allow two types of tools in Sakai - Velocity (we called this legacy) and JSF.  The ultimate plan was to rewrite all tools in JSF when time permitted.  But by the end 2004, it was very clear that the Sakai 2.0 framework needed to be friendly to web applications in general rather than trying to limit what developers could do within Sakai in the name of look and feel consistency.

Developing Sakai 2.0

The Sakai 1.5 release was relatively mature in terms of tools and as of 1.5.1, its performance was very strong, so we truly had time to start the Sakai 2.0 effort "from scratch" as suggested during the Summer 2004 retreat meeting.  The Sakai 2.0 effort could be likened to moving from a "monolithic" UNIX kernel to a "modular" UNIX kernel and all that entails.

The Sakai 2.0 development started with a completely empty code space in January 2005 and started building the framework from the ground up making use of the solutions to the problems identified in results of Craig Counterman's research.  Each new module was added carefully with intent to keep the code base as clean as possible.  Design documents were produced and reviewed for each component by the Architecture team.  These documents are available at:

https://source.sakaiproject.org/svn/reference/trunk/docs/architecture/
These documents are regularly updated as the framework is changed and consist of over two hundred pages of Sakai's documenting how Sakai works internally and how to develop within Sakai.  These documents are part of each Sakai release and are tagged with the release so it is possible to look at older versions of these documents at the same time as you are looking at the code for the older versions of Sakai.

For more detail on the Sakai 2.0 architecture, you should look at those documents.


There were many innovations in Sakai 2.0 - the most significant were as follows:

· The introduction of Components that created services that had their own class loader and a deterministic loading order and far cleaner integration into the Spring framework.  In Sakai 1.5 services were kept in servlets and there were situations where Sakai 1.5 would have trouble starting without deadlocking.  We found a workaround for the problem in 1.5 but built 2.0 to completely eliminate any potential for webapp startup order to cause any problems.

· Supporting the aggregator protocol in a Servlet Filter rather than the servlet itself.  This meant that simple servlets could be integrated into Sakai by only adding elements to the web.xml servlet configuration file, rather than modifying the Java code of the servlet.

· Support for *any* presentation technology to be used in a webapp with the addition of a bit of framework glue.  The community quickly extended Sakai to support Struts, Spring MVC, and Cold Fusion within Sakai in addition to the existing support for Velocity and JSF.

· A rapid expansion of the reference implementations of the Sakai User Directory providers.  The community quickly produced reference implementations for: Kerberos from Seth Theriault of Columbia University, JLDAP from Ravid Ross of Albany Medical College and Rishi Pande of Virginia Tech, and OpenLDAP from Adrian Fish at Lancaster University, Jose Garcia of Universitat de Lledia, and Alex Balleste of Universitat de Lledia.

· Sakai 2.0 added support for web services using the open source Jakarta Axis web services engine. Since Sakai was already a service oriented architecture with the main functionality described in clear API contracts, adding web service support across all of the Sakai APIs.  The actual development of the detailed web services was done completely by the Sakai community led by Steven Githens of Northwestern University, Seth Theriault of Columbia University, and many others.

· The protocol between the aggregation layer and the tools was cleaned up and fully documented.    The new default aggregator was called Charon and maintained the Varuna ability to use iFrames for portal integration.  Sakai also shipped with a second portal called Mercury that was much simpler than Charon and intended for use by developers during tool development.

· The development of an implementation of Web Services for Remote Portlets (WSRP).  This was developed but not released.  WSRP also used and improved the Sakai 2.0 aggregation / tool protocol.

· A pass through all of the Sakai tools to normalize the user interface according to the Style guide produced by the Sakai Tools Team. Daphne Ogle (now of UC Berkely) led this work.

The overriding goal was to simplify everything down to its most minimal level.  The idea was that a Sakai tool was a Servlet/webapp with only the minimum added to make it so the Sakai APIs would function in that webapp.

The ground up framework rewrite progressed smoothly for the first months of 2005 and the Sakai 2.0 framework was substantially complete by April.  This left very little time to refactor any of the tool code from Sakai 1.5 and we were running out of time.  So in the interest of time, we placed all of the cleaned up Sakai 1.5 tools into a single large module called "legacy".  
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Sakai 2.0 shipped on time June 15, 2006 and marked a very important tuning point in the project.  As of the Sakai 2.0 release we had a very solid code base and a very nice implementation of the Sakai Abstract Architecture. 

During the first 18 months of the project we had rapidly evolved the architecture to improve the abstractions and implementations of the layers of the architecture: Aggregation, Presentation, Tool, and Service.  After the 2.0 release, we turned our focus from rewriting the low level Sakai framework "glue" and focused on evolving Sakai's capabilities within the context of the forming Sakai development community beyond the scope of the original grant/project.

Sakai 2.1 Architecture

The Sakai 2.1 release was evolutionary and filled in gaps in the Sakai 2.0 architecture.

Sections and Groups in Sakai 2.1

From the beginning of the Sakai project, one of the most-requested features was to support groups or sections within a course for courses with large enrollments and teaching assistants.  This capability was added to the Sakai Services for the 2.1 release.

This work was led by Oliver Heyer,  Josh Holzman, and Ray Davis of University of California, Berkeley.   The design allowed for supporting both simple groups as well as complex sections and included a Section Tool that allowed instructors to control the creation of the sections using a number of different approaches including dynamic signup for sections.
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Sections and groups were supported in the Announcements Tool, the Samigo assessment system, and the Gradebook tool developed by University of California Berkeley.

OKI OSIDs in Sakai 2.1

Digital repository integration is an important aspect of the Sakai Project.  As early as the 1.5 release there were a set of patches and demonstrations which were developed to explore this important area.  This effort was called "Twin Peaks" to symbolize the equal importance of the collaborative learning environment and the campus library system to our user community.  

Steve Smail of Indiana University and Jeff Kahn of MIT and the OKI project led this work.  TwinPeaks was available as a patch to Sakai 1.5 integrated directly into the text editor used by many tools:
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For Sakai 2.1 we integrated the TwinPeaks capability directly into the Sakai release by adding general support of  OKI OSIDs into Sakai and then developing the following OSID implementations:

· ID OSID

· Logging OSID

· Registry OSID

· Digital Repository OSID

The OKI support gives a new way to configure Sakai behavior by implementing services to provide information to Sakai.
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The TwinPeaks capability was replicated in Sakai 2.1 using this new Digital Repository OSID support.

This work continues under a separately funded project called SakaiBrary.  The goal of SakaiBrary is to make it so that resource that can be searched and used through the OKI Digital Repository OSID can be used throughout Sakai in the same places resources stored within Sakai can be used. 

Unit Testing in Sakai 2.1
An important addition to the Sakai framework was improving support for unit testing.  Unit testing is essential to produce high quality code and insure that the code remains high quality over time as the code changes and evolves.  Prior to Sakai 2.1 there was very limited unit testing because it was very challenging.

Starting with Sakai 2.1, Josh Holzman began to organize the unit testing efforts so that we could approach unit testing in a more consistent and coherent manner.  Josh began to develop reusable unit testing support that replicated the run-time environment of the Sakai framework.  Josh also has acted as a mentor to Sakai developer community who need to develop unit tests for their application. 
Integrating Sakai 2.1 into Stellar at MIT

Early in 2006, MIT undertook an effort to take advantage of the new Sakai framework to integrate Sakai into their Stellar environment.  The goal was to integrate some of the Sakai tools into Stellar maintaining the Stellar user interface.   This effort was led by Mark Norton and Craig Counterman and is expected to be in production at MIT Fall 2006.

There were several elements to this approach:

· Building a "Null Portal" which would simply display a single tool with none of the navigation that other aggregators such as Sakai's Charon would add to the output of the tool.  

· All navigation between sites and tools was delegated to the Stellar user interface which already had site and tool navigation and Stellar already supported a rich hierarchy between Stellar Nexuses (Stellar term for Site is "Nexus").

· Using a set of OKI OSID implementations, integrate the MIT Enterprise integration into both Sakai and Setallar.  This demonstrates a basic value proposition of OKI OSIDs in that from the MIT Enterprise data perspective Sakai and Stellar were two applications, but from the end user perspective at the Aggregation layer, they are seen as a single integrated application.  OSIDs allowed the reuse of identical integration code in Stellar and Sakai.

· Make modifications to Sakai services as necessary to create and/or improve the Sakai Provider patterns so as to be able to inject the needed data into the Sakai services to support the new requirements identified in the effort.

This is the architecture of the Stellar-Sakai integration.  This work was presented at the June 2006 Sakai conference and generated great interest around the notion of embedding Sakai capabilities in other applications.
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This effort was made more challenging because it was based on Sakai 2.1 and not Sakai 2.2.  If the MIT team could have taken advantage of the code refactoring in Sakai 2.2 it would have made the Stellar-Sakai integration a much simpler task.

Because the Sakai 2.2 effort and Stellar-Sakai integration was being done at the same time, there was a good deal of idea sharing so many of the problems that were encountered in the Stellar-Sakai integration were simply solved in the Sakai 2.2 release by having Mark Norton deeply involved in the review of the interim steps of the 2.2 refactoring as it was being produced.

This project produced a point solution for MIT and informed the Sakai 2.2 refactoring and it points the way forward toward needed innovations in the Sakai framework to support this deployment pattern/use case in a general fashion.

Because of the timing of the two efforts, not all of the MIT innovations/improvements made it back into the Sakai code base for the 2.2 release.  It should not be challenging to bring the rest of the concepts used in the MIT project back to the Sakai code base as part of the normal development cycle for Sakai 2.3.

The Sakai 2.2 Architecture

While the Sakai 2.2 release was delivered in July 2006, six months after the Sakai project was completed, it completed several of the architecture tasks that were left unfinished at the end of the grant period of Sakai.

The primary changes to Sakai 2.2 were a complete refactoring of the code base breaking the legacy module into a number of separate components and reflecting the Sakai Abstract Architecture in the structure of the code base.  

The results of the framework delivered in Sakai 2.0 and the code refactoring in Sakai 2.2 leave the Sakai Foundation with an excellent code base that is well suited for extensive parallel development by a large community-based development team.

Remaining Challenges for the Sakai Architecture

We have accomplished many things in a relatively short time frame with respect to the Sakai Architecture during the Sakai project.  Even with this success there are many important areas of Sakai and the Sakai architecture that need to be improved over the next two years and beyond.  

Sakai is in a strong position to be more patient with the architecture changes going forward as Sakai 2.2 is a very solid code base with a very solid framework implementation.  Hopefully by making architecture changes more gradually, we will be able to improve and extend the architecture over the next two years with less impact to the Sakai tools and the Sakai developer/adopter community.

The Sakai Foundation has three mechanisms for evolving Sakai and the Sakai Architecture:

· The first high level Roadmap for Data Interoperability was published in May 2006.  This outlined at a high level a multi-year plan to identify and address data portability issues.  This is the first of several roadmaps.  Other roadmaps to be produced include an Accessibility and User Interface Roadmap.  The roadmap is not a precise project plan - its intent is to help organize the volunteer resources within Sakai community.  Also this document can serve as supporting materials for members of the Sakai community to request funds to address these important needs.

· A Sakai Requirements process to identify and prioritize needed changes to Sakai.  Peter Knoop (Sakai Project Coordinator) is responsible for working with the volunteers in the Sakai community to try to find resources that can address the most important requirements as identified by the requirements.

· The Sakai Architecture and the Sakai Framework are now evolved as a part of the community process around Sakai.  Glenn Golden is the lead committer for much of the Sakai Framework code base and he works with a team form around the world to evolve the Sakai Framework (the implementation of the Architecture) together.

Several important areas where improvement is needed are highlighted in the rest of this section.

Hierarchy

One of the weaknesses of the Sakai is that each Sakai site is an "island".  Which this is a powerful approach and has served Sakai well, there are a number of important use cases where a hierarchy between sites would be very useful.  Three important use cases are:

· Assigning departmental, college, or campus level permissions to enable a distributed technical support staff.   This can be simulated in Sakai by adding staff explicitly to each of the sites, or even by building this into the Sakai Providers, but a far better approach would be to simply put sites into a hierarchy and granting administration to users at various levels of the Hierarchy.

· Building a course site out of "sub-courses" granting teaching assistants or different instructors different access to these sub-sites as to the main site.

· Assigning fine-grain permissions to the Resources area to implement structures such as Drop Boxes where a student can write data, and the teaching staff can read and write data.  This feature is currently supported within Sakai, but without a clean hierarchy, the code is brittle and increasingly difficult to maintain.

Hierarchy also has a number of valuable use cases for research and ad hoc collaboration applications of Sakai.

We have been able to introduce features (primarily groups) to partially meet some of the use cases for Hierarchy but we still need to produce the truly general solution.

We have had a design "on the books" for hierarchy support within Sakai for over a year but have never had time focus on implementing the design.
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This is an area of the Sakai architecture that needs to be modified with care.  Like many software packages that use fine-grained Authorization, it is very important to carefully implement and tune Authorization code to maintain our current scalability to over 100,000 users.

Going forward beyond Sakai 2.2 we hope to have time to properly implement and test hierarchy without disturbing the Sakai developers and while maintaining the high performance of Sakai.

Improving Portal Integration

One of the recurring themes of the Sakai Architecture are the repeated attempts to integrate Sakai into portals in a way that will meet the use cases of the end users and portal administrators.  Limitations in JSR-168, WSRP, and the WSRP4J code base have kept us from delivering a solution that is satisfying to Sakai and to the portal community.

The current best solution is either using iFrames directly through Charon or the Sakai JSR-168 proxy portlets that also use iFrames, but move navigation into the JSR-168 portlet.

Our efforts going forward fall into the following categories:

· Improve the JSR-168 portlets including eliminating iframes using web-clipping techniques.

· Continue to explore possible WSRP 1.0 uses.  Unfortunately the very poor quality of the Apache WSRP4J code base makes it unlikely that WSRP 1.0 will ever reach production quality in open-source applications.

· Build a set of RSS feeds for Sakai and use RSS portlets to allow portal staff to easily create custom Sakai "dashboards" within their portals.

· Add the iCal protocol to Sakai so that Sakai events can be viewed in a portal-based calendar system that pulls in feeds via iCal.

· Work with the JSR-286 (Portlet 2.0 API) and WSRP 2.0 standards efforts so that we are more aware of these standards *before* they are released and where necessary influence their directions going forward so as to better support Sakai's use cases when these standards are released.

· Add support to Sakai for JSR-168 portlets using the Pluto 1.1 container.  This will add one more option to developers who want to develop a Sakai tool.  This way a portable tool could be developed which would both run within Sakai and within a portal.

We have much to do in the area of connecting Sakai properly to portals - the good news is that a strong community is evolving around this problem of sites which both have an enterprise portal and Sakai.  These sites will provide the detailed use cases and the ultimate high quality implementations of the code to deliver an integration that is needed by the end users.

Import/Export and Data Interoperability

With the pace of innovation in the Sakai project consistent support for Import/Export across tools has fallen behind.  Sakai 1.0 was the last release that could 100% import and export an entire site using a single file. 

Sakai 2.2 has resolved some of the Technical issues which were limiting a complete cross-tool import and export for Sakai and so we need to go back and connect all the Sakai tools to the import and export process.

In addition we need to switch our import and export format to use the emerging IMS Common Cartridge profile for IMS Content Packages.  Sakai already has Beta-level support for a limited subset of IMS Common Cartridge, but we need to invest the effort to provide 100% coverage for IMS Common Cartridge as well as make the default export format for Sakai be IMS Common Cartridge.

Evolving the Sakai Presentation Layer

When the Sakai Architecture was first developed and presented in February 2004, the centerpiece of the presentation layer was Java Server Faces.  At that time JSF was in very early days and the only available implementation of JSF was a Beta version. 

JSF was very promising as it gave a clean abstraction between the Tool and Presentation layers using Java Bean patterns. It provided the hope of building an HTML-free Tool layer, outstanding component reusability in the Presentation Layer, and multiple implementations of the presentation layer including Servlet, Portlet (JSR-168), and Swing support.

While Sakai continues to use JSF as its preferred presentation technologies, there are a number of disappointing aspects:

· Building components is very unwieldly and as such Sakai's component library has not evolved to meet the developers needs.  Thankfully the MyFaces project and Oracle's recent donation of its ADF components has provided a better set of reusable components.  Even with these component sets, each tool ends up writing special components for their own use that end up fragmenting our presentation layer.

· JSF ends up with a very heavy memory footprint for each user's session with the storage of the entire component tree from request to request.

· A weak component library leads to developers mixing JSF control structures (JSTL) with JSF layout directives in the same JSP files.  While this is expedient for individual developers, it blurs the boundary between Tool and Presentation layers in the Sakai Architecture.

There are many problems with JSF that the Sakai community has discussed at length so the community is well aware of the issues.  Going forward there are two possible directions and both are being pursued.  

One direction is to "fix" JSF.  This entails going back and cleaning up our JSF support and our use of JSF in tools.  Ray Davis of the University of California Berkeley is leading this effort.

Another direction is to simply discard JSF in favor of a better presentation framework.  No framework has been identified nor chosen at this point.  There are a number of criteria that we are looking for in an ideal Presentation technology.

· True abstraction between the Presentation and Tool layers

· The Tool layer should not be aware that they are in a web browser or even HTML environment

· GUI Widget reusability in the Presentation layer hiding widget implementations from the Tool layer

· Able to produce markup for multiple types of aggregators using only the Presentation layer (Sakai, JSR-168, WSRP)

· Support multiple types of ultimate display devices using only the Presentation layer (Browser, PDA, etc)

· Support internationalization and localization

· Be as flexible as possible - support CSS and allow transformability of the user interface under control of the end user to the extent possible exclusively in the Presentation Layer

One promising potential new presentation approach is called "Reasonable Server Faces" (RSF) developed by Antranig Basman of Cambridge University.  RSF was designed after a careful evaluation of JSF's strengths and weakenesses on many levels.  RSF suggests the promise of retaining all of the benefits of JSF and eliminating all of the weaknesses.   Antranig has already demonstrated the ability of an RSF tool can generate HTML, JSR-168 markup, or output in Spring MVC without requiring any changes to the tool or the RSF templates.

At this point the Sakai community led by Steven Githens of Northwestern University, Aaron Zekowksi of Virginia Tech, and others are evaluating early releases of RSF for its suitability for use within Sakai.  RSF will only be adopted if the community collectively feels that it is a better framework and simply begins to use it instead of JSF. 

Because the Sakai Framework and Aggregation are agnostic with respect to a Tool's presentation layer, RSF tools can be mixed into Sakai along with the rest of the presentation technologies.

Course Management

Another of the areas where Sakai is still lacking is in support for data structures to represent course structure within Sakai.  The CourseManagement Provider currently in Sakai only supports a small set of the real requirements in this area and a more comprehensive solution is needed to this problem.

There has been a long-term effort to define a CourseManagement Service and a set of tools around this service.  The basic use case is to provide a service that can represent a very rich set of information that precisely describes course information.  Another key use case of the CourseManagement Service is to provide a single entry point to integrate course information than then automatically populate all of the other important Sakai structure such as Sites, Groups, and Roles automatically from that information.

The architecture of CourseManagent is still being evolved but this diagram shows an architectural direction this effort may take:
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The Course Managetment Service can also enable the development of a new set of tools can be to examine, and update this information as well as a new set of integration interfaces to allow institutions to populate very rich Course data into Sakai.  In time, this could lead to increasingly supporting the basic use cases of a Student Information System through the development of specific CourseManagement Tools.

The leadership team for the CourseManagement effort is Marc Brierley of Stanford University, Ray Davis of UC Berkeley, Daisy Flemming of Stanford, Duffy Gilman of University of Arizona, Josh Holzman of UC Berkeley, Lydia Li of Stanford University, and Daphne Ogle of UC Berkeley.  Mark Norton led a team to develop an initial Sakai CourseManagement API specification based on the OKI CourseManagement OSID.

Architecture Summary

The Sakai Architecture is one of the keys to the current and future success of Sakai.  To empower hundreds of highly talented developers and deployers around the word evolving a single product with a million lines of code together, it is very important to invest in a service-oriented framework.  A service-oriented framework provides the necessary modularity and isolation to insure that the work of one developer does not inadvertently harm some other aspect of the system.

Prior to Sakai, the only framework that provided this type of modularity for the development of large applications is Enterprise Java Beans that are part of J2EE.  EJB technology was evaluated at the beginning of the Sakai project and deemed to not be flexible enough to support the level of modularity and high levels of complex interactions between components that Sakai required to perform at the highest levels of scalability.

The decision was to go with the then emerging new technologies such as Spring and Hibernate which are loosely grouped together and called "J3EE".  Sakai adopted, built on, and improved on these technologies to produce an architecture that is truly capable of supporting the needs of the Sakai community's development model.

By adopting and using an abstract architecture early in the project lifecycle and then evolving our framework against this architecture over time, we have produced extremely strong abstractions between, Aggregation, Presentation, Tool, and Service layers of the Sakai model.  Sakai has used standards whenever possible at the layer boundaries and used industry standard capabilities whenever possible.  But far too often the needs of Sakai outpace the capabilities provided by the current versions of standards such as JSR-168, WSRP, Spring, and others.  When presented with these challenges, Sakai cannot wait for the standards process - world-class solutions must be produced and production ready in a four-month development cycle.    

Even when the Sakai architecture must work beyond a standard, Sakai has a commitment to working to evolve those standards and then evolve the Sakai framework to make use of the improved standards that result from that work.  Sakai is now heavily involved in IMS standards, the JSR-286 standard, and is working closely with portal developers to improve implementations for WSRP 1.0.

The decision making process for the presentation aspect and evaluation of RSF reflects a new approach that is being taken going forward with architecture decisions for Sakai.  Instead of delegating technology choices to a "Chief Architect" or even a "committee of Architects", we involve the entire community in the evaluation of a new technology and we learn about a technology by actually using the technology in real applications over time rather than simply discussing technologies in meetings and then making a selection.   

As of Sakai 2.0, the Sakai framework does not constrain the community in terms of choices - we can explore multiple alternatives at the same time, and then gravitate over time to the best technologies.
We see the Sakai framework as far more general that just a learning management system or even a collaborative application.  We hope to continue to evolve the architecture, framework, and standards around tools and tool interoperability to ultimately produce an industry-wide consensus on how to built a general purpose standards-based eFramework for distributed application development.  Sakai will not produce this eFramework alone, Sakai is simply one point solution exploring the problem space of the ultimate standards-based eFramework over the next 3-5 years.
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