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Options and recommendations for schema/schematron transformation
Background information
1. TT-AvXML at its first meeting (TT-AvXML-1) considered it essential to have a tool to automatically transform the Aviation XML LDM in UML into the corresponding physical model in XML to ensure consistency and integrity of the conversion products.

2. AvXML is a GML Application Schema.  The transformation tool will have to understand GML in UML, its associated XML schemas and the UML to XML schema transformation rules.  These are specified in ISO/TC 211 geographic information series of standards.
3. At the time of writing (Oct 2013), known GML aware transformation tools which can (or considered to be able to) carried the conversion include FullMoon[1] from CSIRO, ShapeChange[2] from Interactive Instruments and Enterprise Architect[3] (version 10 or above) from Sparx Systems.  

4. Enterprise Architect is being used for the development of the UML model.  FullMoon has been chosen for the automatic transformation of the UML model into XML schema for the development of AvXML-1.0.
Review of the LDM and expected transformation outputs
5. In AvXML-1.0, four packages have been defined, namely OPM, METCE, SAF and IWXXM.  Their functions in broad terms are:
OPM – allows creation of definitions that are derived from the meteorological basic types
METCE – a set of foundation building blocks to support application schema in the domains of interest to WMO

SAF – allow items such as airports, or runways to be described to the level of detail required for reporting aviation weather

IWXXM – defines the reports required by ICAO

6. OPM is a fully compliant GML application schema.  No modification is required on the package itself or the transformation tool to obtain the target XML schema.
7. METCE is a fully compliant GML application schema.  No modification is required on the package itself or the transformation to obtain the target XML schema.  Note, however, that even though the UML model of its sub-package “Observation and Measurement Types” is referenced by other UML models of AvXML, the respective XML schema “observation-types.xsd” is not referenced by any of the XML schemas of AvXML.  See Para. 9 for an explanation.  The redundant XML schema “observation-type.xsd” is removed manually after transformation.
8. SAF, in contrast to other AvXML packages, has sub-packages “Data Types” and “Measures” which are not strictly GML compliant.  The issue[4] arises from the attempt to subclass UML class “CharacterString” in sub-package “Data Types” (see Figure 1) and UML classes “Length” and “Distance” in sub-package “Measures” (see Figure 2).
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Figure 1.  Class diagram of SAF sub-package “Data Types”
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Figure 2.  Class diagram of SAF sub-package “Measure”

In order to make the strictly GML conformant FullMoon handle this situation, a dedicated class-map has been created to allow ISO 19103 types to be inheritable and mechanisms are introduced to handle transformation of these sub-packages together with the normal sub-packages.
9. IWXXM is basically a fully compliant GML application schema.  However, the version of FullMoon being used is unable to handle the transformation requirements stipulated in the XML implementation of the OGC Observation and Measurement (O&M) v2.0 (or OMXML in short)[5].  To get around the issue, a “working version” of the package is created by replacing references to subclasses of UML classes in O&M v.2.0 which maps to om:OM_Observation in OMXML with the superclass OM_Observation (see Figure 3):
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Figure 3.  Original UML class MeteorologicalAerodromeObservationReport (above) and its working version (below)
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The side effect of the adoption of OMXML is that the XML element of UML classes like MeteorologicalAerodromeObservation defined in METCE is no longer being referenced (see Para. 7 above).  The redundant XML elements/schemas are therefore removed.
10. Specializations to the standard XML serialization have also been implemented.  These include:
(a) Serialization of «CodeList» type 
	<element name="{Class.Name}" type="{ApplicationSchema.xmlns}:{Class.Name}Type"/>


<complexType name="{Class.Name}Type">



<annotation>




<appinfo>





<vocabulary>{Class.TaggedValues.vocabulary.value}</vocabulary>





<extensibility>{Class.TaggedValues.extensibility.value}</extensibility>




</appinfo>




<documentation>





{Class.Notes}




</documentation>



</annotation>



<complexContent>



<extension base="gml:ReferenceType"></extension>



</complexContent>


</complexType>
</element>


(b) Serialization of UML classes as attributes to an XML element – Selected UML classes of Simple Types can be serialized as attributes to the corresponding XML element of another UML class
(c) Serialization of <quantity/> element
	<element name="{Attribute.Name}" type="{Attribute.Type.Namespace}:{Attribute.Type}">


<annotation>



<appinfo>




<quantity>{Attribute.TaggedValues.quantity.value}</quantity>



</appinfo>



<documentation>{Attribute.Notes}</documentation>


</annotation>

</element>



(d) Serialization of nilReason attribute

	<attribute name="nilReason" type="gml:NilReasonType"/>


11. Since FullMoon does not handle the transformation of OCL into schematron, relevant operations are treated manaually.
Transformation procedures

12. With a properly modified FullMoon, the transformation of the UML models into corresponding XML schemas and schematrons involves 6 steps:
(a) Export the UML model from Enterprise Architect in XMI format
(b) Pre-process the exported XMI, in particular the filling in of missing information required by FullMoon
(c) Ensure model’s conformance to the (modified) standards with FullMoon’s conformance test feature
(d) Transform the packages in hierarchal order.  The transformed output of a package has to be fed into FullMoon for transformation of subsequent packages
(e) Post-process the output XML schemas
(f) Develop manually the schematron rules according to the model constraints
13. While the automatic transformation from UML to XML schema is relatively straight forward, the development and validation of schematron rules takes a lot of time, especially when there is a change in the model structure.  For the scale of AvXML-1.0, it takes about 1 day to get the XML schema but 3 to 4 days to have the schematron made ready. 
Future development of the transformation tools
14. Previous discussions with BoM and INSPIRE revealed that FullMoon and ShapeChange respectively will continue to be used in their projects and hence is likely to be further enhanced in the near future.  However, for AvXML specific modifications, WMO/ICAO will have to deal with themselves.  There is also no guarantee how closely these tools will follow future changes of the International standards including TC211.
15. During a visit to Sparx Systems’ headquarters in Melbourne, Sparx has indicated their interest to include the AvXML specific modifications as a selectable item in their next version of GML transformation tool.  Hong Kong, China is now working on a proposal for their consideration.  While Sparx commits in general that their GML tool will comply with upcoming standards, they have not provide a timeframe on using XSD 1.1 for transformation output.
Proposal for the meeting to consider
16. The following summarize current features of Enterprise Architect, FullMoon and ShapeChange in relation to the development of AvXML:
	
	Enterprise Architect
	FullMoon
	ShapeChange

	1. Graphical environment for the development of UML models
	(
	External program
(Enterprise Architect)
	External program
(Enterprise Architect)

	2. Transforms GML application schemas
	(
	(
	(

	3. Transformation core user modifiable
	?
(Unlikely)
	(
(Open source)
	(
(Open source)

	4. Outputs in XSD 1.1 format
	Planned
	
	

	5. Supports XSLT
	Upcoming version
	External program
	External program

	6. Converts OCL into schematron
	
	
	Limited

	7. Commits to keep updated on new standards
	(
(Pace depends on market)
	?
	?

	8. Business model
	Commercial product
	Project-based/ community
	Project-based/ community

	9. User community
	Large (including non-GML applications)
	Small
	Small


17. The greatest uncertainty in future development of transforming AvXML is the amount of specialization required to serialize the output, as this necessitates modification of the transformation core which is not a trivial task.  We may want to keep-in-view possible collaboration with commercial sectors in long terms while at the same time continue to use the modified FullMoon to proceed with further development of AvXML in short terms.
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Notes
[1]
FullMoon – See http://code.google.com/p/fullmoon-framework/wiki/FullMoon
[2]
ShapeChange – See http://shapechange.net/
[3]
Enterprise Architect – See http://www.sparxsystems.com.au/
[4]
Para. 2.1.1.2 of ISO 19136:2005 (GML) mentioned that ‘UML classes of the ISO 19100 series of International Standards that are part of the GML profile and for which a GML base type has been provided in Table D.2 in the "GML type" column may be subclassed in the UML application schema. In the subclasses, additional properties may be added or properties of the subtype may be redefined with a restricted multiplicity or domain of values’.  “CharacterString” and “Length” have no corresponding “GML type” in Table D.2.  
[5]
See OGC Observations and Measurements – XML Implementation v2.0 (Doc 10-025r1) at http://portal.opengeospatial.org/files/?artifact_id=41510 for details.  Essentially, the UML classes in OMXML are implemented as XML elements through global declarations in the XML schema.  The conformance rules are based on XML validation using the XML Schema representation of OMXML, together with processing of constraints expressed using Schematron assertions and reports.
--------------------
