Toolkit & Demonstrator Final Report Template (Cut-Down Version)
This template is very loosely based on the JISC Final Report Template available from the JISC Project Management Guidelines web page.
	Project name/acronym:
	Saving Private Data

	Project website/blog address:
	http://labs.icodeon.com/spd.html

	Report, author(s):
	Warwick Bailey

	Contact person (if different from above):
	Mike Pearson

	Date:
	26 July 2007


Methodology
The methodology was to use code generation techniques from XML design documents to generate Java code to build web services using the document literal wrapped web service design pattern.
The resulting web service was then tested using the Apache JMeter tool. Using the JMeter tool documents could be sent to the web service, and the response documents queried dynamically.

Finally AJAX clients for the web service were built using an object oriented approach with Java Script.

Implementation
The project describes an approach to web service design for a service that sends and receives documents according to a schema for the "Content Object Communication Data model" published under the IEEE 1484.11.3 specification.

The IEEE schema is an XML binding for the "Computer Managed Instruction Data model" in the widely deployed SCORM e-Learning profile.

The project has the following structure:

· First, a web services description for the operations of the web service is designed in XML. The XML document is used for code generation of the web service, using a WSDL-to-Java tool. 

· Second, schema descriptions for the documents that the web service will send and recieve are defined in XML. The XML schema document is used for code generation of the data model used by the web service, using an XSD-to-Java tool. 

· The generated Java code is combined and the web service is deployed using the Apache AXIS web services framework. 

· The web service is tested using functional testing, load/stress testing and conformance testing. 

· A generic AJAX client for document literal wrapped style is built as a Java Script object. The generic client is sub-classed to a specific client for the particular web service.
Outputs and Results
Project Page: http://labs.icodeon.com/spd.html
Project Narrative: http://labs.icodeon.com/projects/spd/html/index.html
Source Forge Site: http://sourceforge.net/project/showfiles.php?group_id=197011
Subversion Code Repository: http://cmiservice.svn.sourceforge.net/viewvc/cmiservice/
Implications
Ongoing work is planned in four areas, and is closely aligned with sustainability.
1. Warwick Bailey regularly advises project managers and JISC projects on development of web services. The approaches and techniques used in this project will form some of the advice that Warwick uses. Icodeon provides a public Wiki (called “Icodeon Labs”) where specific follow up is managed asynchronously.

See: http://icodeon.wiki-neon.adaptavist.com/display/soa/Web+Services+and+Service+Oriented+Architecture
2. Warwick Bailey is engaged with the development team from the Sakai learning platform at the University of Michigan, US to re-use the approaches and techniques from this project. 

3. Warwick Bailey is currently in negotiation with Microsoft Education Products Group for further funding to use the Window Communication Foundation (WCF), the Microsoft implementation of WS-* technologies, including SOAP based document style services. The intention is to secure funding for Icodeon to build some publicly available exemplar code for that showcases the technologies available in WCF.

4. Icodeon have recently joined the IMS Global Learning Consortium, to contribute to the Learning Tools Interoperability (LTI) working group. The intention is for this group to explore both REST and SOAP style web services. The approaches and techniques used in this project will form some of the advice that Warwick provides to the group.

Conclusions 
· The document literal wrapped web service style has proved challenging to build using tools available for the Java platform. The equivalent tools available for the .NET platform have been very much easier to use. Other workers have reported similar challenging issues for other languages also.

· No single Java tool was found to be sufficient. Instead, combining the outputs from several “best of breed” tools, each dedicated to a specific task was found to be successful: Apache Axis for web services description files (WSDL), and Castor for the XSD schemas linked to the WSDL files.
· The Apache JMeter load testing tool can be used very successfully for both functional testing and stress testing of document style web services. The response document from a call to a web service can be dynamically queried and the results added to a parameterized version of a document for a subsequent web service request.
· The toolset for building sophisticated client side code in the JavaScript programming language is becoming mature. In this project many of the features of traditional object oriented code (classes, encapsulation, inheritance etc) along with Unit Test frameworks and Documentation Generation tools were employed to build AJAX clients for document based web services.

Recommendations 
The techniques and approaches documented in this project, and expertise gained/capacity built are now finding use in ongoing work as detailed in the Implications Section above.

The Java toolset for building web services according to the document literal wrapped web service style is immature. It is recommended that more work needs to be done to identify and create better tools and techniques for document style web services code generation in Java.

Future JISC projects that develop web services are strongly recommended to consider the Apache JMeter tool for both functional and stress testing of web services.

