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Executive Summary

The Telcert project undertakes the task of testing software systems by using models of those systems as definitions from which tests should be created. This was demonstrated in phase 1 of the project at a data level. Models (profiles) of implementations were presented, and tests generated from those profiles. 

In phase 2, Telcert seeks to move away from static data, and examine in more detail the testing of services. For uniform modelling of services and data models, UML was chosen as the modelling language. UML is the de-facto standard for modelling that has a wide range of tools supporting it. The Telcert tool chain was extended to accept UML input encoded in XMI exchange format.
This document presents the UML profile of IMS Learning Design (IMS-LD). As IMS-LD is a complex standard that can use or be linked to many other e-learning or metadata standards it can be considered high level input for the Telcert Test System.
This document focuses on modelling the profile and the problems encountered during the modelling process. It is not intended to be a replacement for the current IMS-LD standard documents found on the IMS website.
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1 Introduction
1.1 Aim of Telcert

The aim of the Telcert project is to exploit state-of-the art research to define flexible testing strategies using new development technologies and techniques that can accommodate localisation, defined as user-community Application Profiles.  Once this has been achieved, a ‘Compliance & Certification’ mechanism can be established for e-learning products.  Such a mechanism would enable a user and/or vendor to submit an e-learning system or learning material to an automatic conformance testing system that would test the artefact to determine its compliance with the appropriate set of e-learning specifications and standards.  Systems that pass the set of conformance tests would then be certified as being interoperable with other systems that have been similarly certified with respect to the Application Profile.

E-learning systems can be defined as interoperable when they can exchange the necessary data, using a common system infrastructure resulting in the expected end-system behaviour.  Two systems are either interoperable or not.  The current set of e-learning specifications and standards are used to reduce the amount of tailored end-to-end system integration required to achieve interoperability.  In principle, it is possible to define a set of e-learning specifications and standards which if used will provide the necessary interoperability.  However, experience has shown that e-learning specifications and standards provide much more optional capability and extensibility that end-systems may use, or require.  These capabilities are included within the e-learning specifications and standards because without them it would not be possible to achieve consensus and support from the vendor and/or user communities.  It is the objective of application profiling of a specification to enable interoperability to be established for a particular domain.
1.2 Scope and Context
This document presents the UML profile of IMS Learning Design modelled by the OUNL for the Telcert project as part of work package 4.

The UML profile is intended to be used to test the phase 2 Telcert Test System. The profile modelled is using the UML modelling approach developed in WP3. The UML model is exported to the XMI interchange format that in its turn is transformed by Telcert tools into the vendor neutral Telcert XMI format (TXMI) and an XML Schema (XSD). The Test Generator tool then processes this XML Schema to produce a set of tests in the Test Notation format expected by the Telcert Test System.

This design document should be read in conjunction with the other Telcert deliverables and IMS standards, particularly the IMS-Learning design specification documentation. As it describes the modelling approach of a UML profile, it is intended for people interested in the modelling technique and in a lesser degree for people interested in IMS-LD standard.

Structure of this document

The structure of the remainder of this document is:

	Section
	Summary Description

	1.
Why UML Modelling  
	The Telcert project and UML Modelling

	2.
Modelling Basics
	A brief overview of the modelling conventions used.

	3.
Modelling the Profile
	Highlights from the UML Profile

	4.
Preliminary Test Results
	Results of the first validation cycles of the UML Profile

	5.
Further Work
	Areas of potential further work

	6.
Appendix One: Learning Design UML Profile
	The Level C version of the Learning Design UML profile

	
	

	
	


2 Telcert And UML Modelling
The Telcert project is divided into two phases. In its first phase the Telcert project was focussed on building the framework of a test system that could be used to verify conformance of XML documents against e-learning standards defined with XML Schema techniques. 


[image: image2]
Figure 1 Phase 1 of the Telcert Test System.
Figure 1 shows a simplified schema of how manually created tests and test content are processed by the Test System to deliver a conformance report. The tests are created by restricting existing XML Schemas of e-learning standards with the SchemaProf tool creating a so-called localized profile of the e-learning standard. The test content is also manually created in such way it both passes and fails the manually created tests, thus testing the quality of the tests.
What makes the Telcert project special is that it can also test for conformance against user-defined subsets of these standards, called a localized profile. In the area of e-learning standards, it is often that systems supporting e-learning standards not always implement it fully. This is where the option to test against subsets of standards becomes an important feature. With the Telcert tools, it is for instance possible to verify conformance of a document to multiple subsets of a standard each defining a target platform thus supporting problems like platform choice and migration. 

[image: image3]
Figure 2 Phase 2 of the Telcert Test System.
In phase 2 of the Telcert project, support for the rapidly emerging web services was added. Because XML schemas are not enough to define a webservice, UML was chosen as the way to define web services as well as data models like IMS-QTI and IMS-LD. For UML data models a conversion that turns them into XML Schemas was added to the Telcert tools. For webservices, not only a conversion had to be added but also the rest of the Telcert tools had to be extended to support testing of web service. UML was chosen because it is the de-facto modelling standard, very powerful and well supported with tooling. It can also serve as a single root specification of which all other documents like web pages and bindings can be automatically derived.
In phase 2 of the Telcert project IMS-LD was modelled, not only because it is a standard capable of orchestrating other e-learning standards, but also because it is a very complex e-learning standard and thus can be considered very high level input for the Telcert Test System. Because of this complexity, it is a very good test case for the UML to XML Schema conversion and the other tools used in the Telcert Test System.
3 The Basics of Modelling UML Profiles

For the UML modelling, the class diagram is used to represent the XML Schema being modelled. Normally this type of diagram is used to model software classes containing attributes and having relationships amongst them. Various types of connecting arrows express these relationships. For UML modelling an XML schema, some adaptations must be made so that one can model both attributes and (possibly ordered) child tags and remain machine interpretable. 

3.1 Modelling conventions used.

The modelling of UML profiles uses a number of simple rules to ensure the resulting XMI file is machine interpretable. 

All XML elements are encoded as one or two classes depending on whether the element modelled is allowed to have child elements and/or has attributes. XML attributes are modelled in a separate class marked by the stereotype «Attributes». When an XML element does not have attributes, this class can be omitted.
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Figure 3 Class usage.
Figure 3 shows this modeling of an IMS-LD tag into two classes stereotyped as «Sequence» and «Attributes».
When an XML element has children, it is modelled as either a class with stereotype «Sequence» or «Selection». The child elements are modelled where normally a UML class would define its attributes. The type of the element points to the appropriate class definition. A sequence is used to model a set of child tags in a fixed order whereas a selection is a choice of one child out of a set of allowed child tags
If an XML element has no children but has attributes, it may be modelled solely with an «Attributes» stereotyped class. The XML attributes of an XML element are modelled as UML class attributes. Although not necessary for the correctness of either modelling or conversions, these empty classes are included in the profile presented in this document to improve readability.
	
	No Attributes
	Attributes

	No children
	One or two empty classes are modelled.
	At least the «Attributes» stereotyped class has to be modelled.

	Children
	At least a «Sequence» or «Selection» stereotyped class has to be modelled.
	Both a «Sequence» or «Selection» and an «Attributes» stereotyped class have to be modelled.


Table 1 Relationship between children and attributes.

The stereotype «Enumeration» is used to define set of possible attribute values.
The model is segmented into smaller more easily understandable pieces by using UML packages. These packages are stereotyped «DataModel».

Associations are made by the conversion software on a class name and stereotype basis, UML associations drawn into the diagram are solely used for making the diagram more readable for humans. Associations are only drawn between sequences or selections.

As IMS-Learning Design sometimes embeds a selection into a sequence of child elements, it is necessary to group the selection into a single item so the stereotype is clear. This grouping is done by creating an abstract class for the selection. Abstract classes do not generate output themselves. Special care must be taken to insure that there are no loops of abstract classes, as that tends to lead to infinite expansion during the conversion of the UML model into the XML Schema.
Lists of possible values for attributes are modelled as a UML class where each UML attribute represents one of the possible attribute values.
A library of primitive types modelling the basic IMS data types is included into the model.

To specify some extra information needed by the processing there is a class stereotyped «Binding», specifying the XSD binding that must be taken into account during conversions.

The class stereotyped «Legend» is used to contain metadata, for example the names of the authors and the profiles revision history.

Finally, a single class in the whole profile is marked as «Roots», indicating where the parsing of the profile should start.

	Stereotype
	Purpose

	«Sequence»
	Profile Modelling 

	«Selection»
	Profile Modelling

	«Attributes»
	Profile Modelling

	«Enumeration»
	Profile Modelling

	«DataModel»
	Profile Modelling

	«Roots»
	Profile Modelling and  Conversion to TXMI /XSD

	«Binding»
	Conversion to TMXI/XSD

	«Legend»
	Informative and Metadata


Table 2 Stereotypes used during profile modelling.
3.2 Naming Conventions used

To distinguish between the three levels of IMS-Learning Design, Level ‘A’, ‘B’ and ‘C’, the convention of adding a ‘_B’ or ‘_C’ suffix to the class names is used. For readability purposes, classes modelling Level ‘A’ XML elements do not have a suffix. 
In the model presented in this document, these abstract classes have a ‘_wrapper’ suffix.

Class names start with an uppercase letter. They are, except for the suffixes described above, equal to the name of the XML element modelled.

Child elements and attribute modelled as UML attributes have names that exactly match the XML definition of Learning Design. The type of such UML attribute is equal to a class name modelling the child Element or attribute type.

	[1]
	Exactly one instance of an element or an attribute must be present. This multiplicity is not shown in the modelling, so is assumed to be the default. This means the element is mandatory.

	[1..*]
	At least one instance of an element must be present.

	[0..1]
	At most one instance of an element or attribute is allowed. This means the element is optional.

	[*]

	Zero or more instances are allowed, so there are no restrictions on an elements multiplicity.


Table 3 Possible Multiplicities of Elements.
	[1]
	Exactly one instance of an attribute must be present. This multiplicity is not shown in the modelling, so is assumed to be the default. This means the attribute is mandatory.

	[0..1]
	At most one instance of an attribute is allowed. This means the attribute is optional.


Table 4 Possible Multiplicities of Attributes.

Only multiplicities of child elements or attributes that differ from a multiplicity of one are shown in the model.

3.3 The Modelling Cycle

The modelling of the UML Profile is done in a number of cycles. That there is in fact more than a single loop is because the UML profile is not only developed and tested for correctness but also the conversion scripts are under development. The conversion scripts are meant to link the XMI export of the UML profile to the Telcert tools. 
Modelling starts with converting IMS-LD into a UML model. The resulting model is exported into the XMI format that on its turn is transformed into TMXI. The resulting TXMI is transformed into XSD format that should resemble the original IMS-LD DTD and XML Schema.
To determine whether the XSD represents the IMS-LD standard correctly, the XSD schema is used to validate both valid and invalid IMS-LD Content Packages with both a XML Editor that supports simple Schema validation and of course the Telcert Test System. Errors in either validations lead to adjustments in the UML Profile and thus restarts the modelling cycle.


[image: image5]
Figure 4 The Modelling Cycle.
The original plan was that after the IMS-LD level A model was proven to be correctly modelled, the model would be extended to level B and C of IMS-LD using the same modelling cycle.

Because of both time constraints and problems with the conversions, the model was extended to IMS-LD level B and C directly after the first corrected conversion from XMI into TXMI, thus reducing the number of modelling cycles.
The cause of the conversion problems with the XMI to TMXI conversion are quirks of the version of the Poseidon UML editor (Poseidon For UML CE 3.2) that is used within the Telcert project. After this was corrected, the TMXI to XSD conversion had problems caused by the possible infinite recursion in IMS-LD Level B expressions. These proved to be originating from the modelling, so where fixed by changing the way the expressions where modelled. After these corrections, a valid XSD file was produced and testing could be started.
As IMS-LD level C only adds notifications on top of IMS-LD level B, it was not expected to cause many conversion problems. From IMS-LD level C, level B and A can be derived again by deletion of parts of the model or even better by using Telcert tools to generate a localized schema.
The dashed lines in figure 4 show the shortened loops caused by the two conversions being in development.
3.4 Modelling Sample

The most visible aspect of choosing between a UML model and XML Schema or DTD model is choice between a well though out graphical representation and a textual representation that is often hard to read and understand.
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Figure 5 A fragment of the IMS LD UML profile.
Figure 5 models the ‘complete-unit-of-learning’ and ‘when-play-completed’ elements. Although it is a graphical representation, this fragment is still machine-readable through the XMI export.
The following XML fragment taken from the Learning Design XML Schema represents the same two elements as shown in figure 5:

<!-- **************************** -->

<!-- ** Attribute declarations ** -->

<!-- **************************** -->

<xs:attributeGroup name="attr.ref.req">


<xs:attribute name="ref" type="xs:IDREF" use="required"/>

</xs:attributeGroup>
<xs:complexType name="complete-unit-of-learningType">


<xs:choice>



<xs:group ref="grp.complete-unit-of-learning"/>


</xs:choice>

</xs:complexType>
<xs:group name="grp.complete-unit-of-learning">

<xs:choice>



<xs:element ref="when-play-completed" maxOccurs="unbounded"/>



<xs:element ref="time-limit"/>


</xs:choice>

</xs:group>
<xs:group name="grp.complete-play">


<xs:choice>



<xs:element ref="when-last-act-completed"/>



<xs:element ref="time-limit"/>


</xs:choice>

</xs:group>
<xs:element name="when-play-completed">


<xs:complexType>



<xs:attributeGroup ref="attr.ref.req"/>


</xs:complexType>

</xs:element>
Example 1 XSD Fragment

Figure 5 also represents the following fragment taken from the Learning Design DTD.

<!ELEMENT complete-unit-of-learning (when-play-completed+ | time-limit) >
<!ELEMENT when-play-completed EMPTY >

<!ATTLIST when-play-completed

ref IDREF  #REQUIRED >
Example 2 DTD Example

The sample taken from the DTD is more compact than the XML schema but it lacks syntax for defining data types and defining restrictions, one of the reasons why XML schema became more popular. However reading XML Schemas is more difficult. UML combines the power of XML schema with a very readable visual representation.
4 Modelling the Profile

In the next section of this document, some of the more complex parts of the UML profile will be explained and commented. 
4.1 Highlights
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Example 3 The root of the profile.

Example 3 shows the root of the specification where the processing of the exported XMI will start. The three special classes in this package are the root of the profile, the legend with metadata and a class that specifies the bindings that must be taken into account during conversions. The rest of the document models the basic structure of a Learning Design document with its components and method tags. 
The UML relationship arrows are purely for human readability and not used in the conversion processes.
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Example 4 The frequently used trio of Title, Item and Metadata tags.

The trio of Title, Item and Metadata tags are used so frequently in Learning Design that it is modelled as an abstract class preventing the need for reputation. The Learning Design Schema allows creation of infinite loops of Items through incorrect usage of the identifierref attribute. Neither the Learning Design schema, nor this model offers protection against this, so it is currently up to the Learning Design import processes of e-learning platforms to detect this.
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Example 5 The Roles tag as modelled in the profile.

The roles tag is the first larger component in a Learning Design Document. The package in example 5 shows that roles are made up of Learner and Staff roles that each can be nested with roles that are more specific. The package shows two enumerations for attribute values, the used of the Title, Item and Metadata wrapper and usage of some of the IMS primitive types like String, AnyURI and ID. Note that Roles must at least contain a single Learner role.
This example also shows that learner and staff are treelike structures made up of other learner and staff roles. The learner and staff ‘create-new’ attribute shows the use of an enumeration with a default value.
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Example 6 The properties component.

Example 6 shows the level B properties tag. In this package, all classes have a ‘_B’ suffix to improve human readability. 
This package combines some of the property types where the XML schema has a similar structure. For instance the loc-property and locpers property are identical in the XML Scheme so modelled as a single class in the profile. The same is the case for the glob-property and globpers-property tags.
As property-groups can be used to group all kinds of properties including other property-groups, it can create an infinite loop just like the item structure. 
A complex diagram as Example 6 also shows that arrows do not necessarily improve readability as it becomes harder to position classes so arrows improve readability.
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Example 7 The environments component.
The package modelling the environments tag shows the use of an abstract class to model a selection of tags in the middle of a sequence. In Learning Design, the environment tag contains a title and metadata with a learning-object, service or reference to another environment between them.
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Example 8 The Service definition.
The service package shows a mixed Learning Design level A and B modelling. In this package, the monitor class is level B specific.
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Example 9 Expressions complexity.
Expressions are the most complex part of Learning Design and caused the initial problems during the conversion from XMI to the XSD schema as expressions, when just expanded cause infinite expansion of tags. This infinite expansion is caused by an infinite loop in the calculate_wrapper class. 
Older XML editors that simply added all necessary child tags during editing also fail on this kind of construct. 
The conversion problem was solved by eliminating the loops of abstract classes from the model. 
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Example 10 Recursion in Calculate.

The Calculate package also shows other part of the infinite recursion of expressions. It contains one or two operand, which in turn can be an expression again. When modelling a Learning Design it is necessary to stop all branches with something other than an expression.

The ‘is’ tag for example can contain an expression containing new ‘is’ child tags.
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Example 11 Global Elements in content.

This package is modelling Learning Design’s global elements, which can occur in XHTML formatted resources. It is meant to define operations on properties defined in the Learning Design.
There is only a link between global elements and the learning design but not the other way round. These classes will probably not be exported into the resulting XSD schema. The Telcert Test System will not be able to test them as resources are normally only tested for presence and not for their actual content or links to the imsmanifest.xml.

5 Preliminary Test Results
After the first successful conversion, the resulting XML Schema was used to verify a number of available IMS-LD documents outside the Telcert Test System by means of a XML Editor called XMLSpy. 
The reason the initial tests are done outside the Telcert Test System is that the Telcert Test System expects a correctly defined profile as input and uses it to test compliance of possibly faulty documents. For a first validation of the UML profile, it is necessary to do the opposite by validate correct documents against a possibly faulty standard. 
Of course, the Telcert Test System can do this too, as long as the XML Schema is XML valid. This however can lead to confusion as it’s hard to distinguish between errors in the XML Schema, error in content or errors introduced by the Telcert Test System itself because the profile it assumes to be correct isn’t. 
The validation of the XML Schema, obtained by converting the UML profile, against instances of IMS-LD documents led to a small number of corrections on the generated XML Schema after which 8 out of 10 IMD-LD level A documents where validated correctly. 
A second series of XML schema validations and manual model adjustments showed it validated 24 out of 26 IMS-LD documents varying from level A up to level C. The two documents failing contained a construct that was indeed modelled incorrectly. It was easily incorporated into the UML model, but hard to change manually in the generated XML Schema. The two failing documents in this test were the same failing the first test cycle.
Testing this way will rapidly decrease the number of bugs in the IMS-LD UML Profile. It is however not enough to find all errors, as it is very hard to find instances covering all aspects of IMS-LD. 

After doing a schema validation on all available IMS-LD documents a comparison was made with a schema mapping utility that is able to create transformations between instances of two XML schemas. If the schema derived from the UML model is indeed identical to the current IMS-LD standard documents the transformation of documents should be a simple one to one copy. This mapping utility uncovered a further three errors and omissions in the UML profile.
By incorporating all the manual changes into the UML profile, it can be converted again thus starting a new testing cycle.
An unexpected side effect of validating various IMS-LD documents with a level C XML Schema was that it uncovered a bug in the IMD-LD standard that prevents it from validating a level-A document. This bug has been reported through the appropriate channels, so it can be corrected in an upcoming update of the IMS-Learning Design specification.
6 Further Work.
· As the modelling was finished towards the end of the Telcert project, it still needs testing for correctness by a repeated process of transforming the UML profile into XML schemas and validating various IMS-LD documents against it, both manually and by means of the Telcert Test System. This will lead to a repeated cycle of adjustments to the UML profile and testing its transformed output.

An alternative to testing with content would be the more formal approach of comparing the original IMS-LD schema with the UML profile after its conversion into a XML schema.
· Suggesting changes to IMS-LD is outside the scope of this delivery, but there are clearly areas where IMS-LD and supporting e-learning platforms could benefit from both the power of web services and the full capabilities of the TelCert Test System. 

The TenCompetence project will look into web services as part of a Lifelong Learning Infrastructure. What impact this will have on IMS-LD and in what timeframe is not foreseeable yet.

The upcoming update of IMS-LD will focus on correcting bugs by making minor adjustment instead of adding new functionality like web services.
· The ability to perform additional test on resources inside an IMS-CP might be a nice to have extension of the Telcert Test System. Possible test could be validating file formats but also validating global elements and their links to properties and roles defined in the imsmanifest.xml.
Appendix One: Learning Design UML Profile.
The Level C version of the Learning Design UML profile is included in alphabetical order.

[image: image16.png]Dataoceliact) ]

[k« Datatadel =]

et
<< Sequence = << Atribes >
At act
it Stingl0.1] +idertiferID[0.1]
+role-part Role-parl1 ]
+oomplete-act Complete-act0.1]

+on-completiorsOn.completion(0. 1]
metaciatarMetacata(0. 1]

Created with Poseidon for UML Comrmunity Edtion. Not for Commercial Use.




Figure 6 Act.
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Figure 7 Activities.
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Figure 8 Activity-structure.
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Figure 9 Calculate.
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Figure 10 Change-property-value.
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Figure 11 Complete-act.
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Figure 12 Complete-activity.
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Figure 13 Complete-play.
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Figure 14 Complete-unit-of-learning.

[image: image25.png]Dataocelicondiions) )

[k« Datattodel =
Conditons

<< Sequence >
Conditions_B

+itle:String(0.1]
+ifihenelse - ThenElse_wrapper
+metadata Metadata [0.1]

Created with Poseidon for UML Comrmunity Edition. Not for Commercial Use.




Figure 15 Conditions.
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Figure 16 Conference.

[image: image27.png]Datatoselielse) )

k< Detattocel >
Eise

<< Selectian >
Else

+ showhidechange - ShawHdeChange_wizpper_B
+ifthenelse - iThentios_wrapper

Created with Poseidon for UML Comrmunity Edtion. Not for Commercial Use.




Figure 17 Else.
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Figure 18 Environments.
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Figure 19 Expression.
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Figure 20 Global-elements.
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Figure 21 If.
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Figure 22 Ifthenelse.
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Figure 23 Index-Search.
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Figure 24 Learning-activity.
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Figure 25 Learning-design.

[image: image36.png][Dataodelmetacata) )

k< Detattodel >
Metadata

<< Sequence >
Metadata

+ schema:String [0.1]

+ schemaversion ‘String[0.1]

+ extension Namespace (]

Created with Poseidon for UML Comrmunity Edtion. Not for Commercial Use.




Figure 26 Metadata.
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Figure 27 Monitor.
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Figure 28 Notification.
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Figure 29 On-completion.
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Figure 30 Play.
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Figure 31 Role-part.
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Figure 32 Roles.
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Figure 33 Send-mail.
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Figure 34 Service.
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Figure 35 Show-hide.
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Figure 36 ShowHideChange.
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Figure 37 Support-activity.
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Figure 38 Then.
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Figure 39 Title-Item-MetaDatum.
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Figure 40 When-condition-true.
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Figure 41 When-property-value-is-set.
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