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IWXXM Complexity and Size
Introduction

The most frequent issue that have been raised regarding IWXXM is its complexity.  Complexity is a hindrance for developers and a disincentive for implementation, and one of the most important concerns with IWXXM 1.1.
Analysis Of Examples
Complexity is not directly measurable, but can be approximated through indirect metrics such as line counts, file sizes, and number of namespaces.  As a way of analysing the sources of complexity, the full examples directory for IWXXM 1.1 was stripped of empty lines, comments, and other unnecessary XML content.  The table below summarizes the line counts as broken out by namespace.
[bookmark: _Ref303606463]Table 1 - Namespace line counts in IWXXM examples
	Namespace
	Line Count (all examples)

	gml
	403  (30%)

	iwxxm
	403  (30%)

	om
	249  (18.5%)

	saf
	200  (15%)

	sams
	37    (3%)

	sam
	30    (2%)

	metce
	28    (2%)

	opm
	0

	Total (all lines starting with a namespaced element)
	1350

	Total (all lines)
	1399



Analysis of XML Schemas
Frequentis recently reported the following number of XML elements for each XML Schema package used in IWXXM 1.0:
· ICAO Defined (IWXXM and SAF):  69 Elements (8%)
· WMO defined (OPM and METCE): 72 Elements (9%)
· GML and related standards: 379 Elements (47%)
· ISO 19139 (Metadata): 293 Element (36%)
The total elements defined for ICAO and WMO is 141 (17% of total), and the total for OGC and ISO is 672 (83%).  This proportion is not well aligned with the examples analysis above, suggesting that there are many portions of the schemas that are not used in the examples and therefore not likely to be operationally significant.
Sources of Complexity
Intrinsic Complexity
The definition of a properly formatted METAR is intrinsically complex, whether in XML schema or in any other form. A certain amount of complexity is required to represent the needed information and relationship between information elements, and this cannot be addressed by TT-AvXML.
ISO and OGC Complexity
IWXXM makes use of a number of ISO and OGC building blocks, including both the fundamental modeling approaches (ISO 19109) and the GML and O&M UML models.  

For IWXXM producers and consumers, OGC and ISO brings several aspects of complexity:
· The UML model/XML Schema relationship, including UML model markup for generation purposes
· Built-in optional elements (gml:name, gml:location, gml:id) which are not used by IWXXM or do not have a strict operational requirement
· Property/value structure, which brings nil reason semantics but introduces extra nested structure
· Verbose and highly nested XML structures, such as gml:Polygon
Model Complexity
IWXXM utilizes a number of other foundational models, including GML, O&M, O&M sampling features, O&M spatial sampling features, OPM, SAF, METCE, XLink, and various ISO 19139 models. Several of these foundational models are quite sizable and it can be difficult to understand each model, its purpose, and how it relates to other models.
Structural Complexity
IWXXM itself introduces complexity in the form of structures.  The two main sources of structural complexity are:
· Nesting - IWXXM has several elements that are highly nested
· Proximity of related information – related information elements are not always near each other, making them more difficult to find and understand jointly
Some portions of structural complexity may be able to be reduced through re-organization or flattening highly nested structures.
Linking
IWXXM makes use of XLink heavily, including referencing information internally to each XML document as well as referencing external concepts in the WMO Codes Registry.  Linked content is an additional implementation concern that is not addressed by XML infrastructure natively.  Ideally XML parsers would resolve linked content automatically, but none of the common XML parsers handles this today.  This is therefore an additional implementation task for IWXXM consumers, and a source for potential incompatibilities and issues.

Internal links within a single report (such as a METAR) are a sign of duplicate information and can be an indication of unnecessary complexity.  Links between reports should be discouraged to allow each report to be self-describing.

External links are made to the WMO Codes Registry, which brings extra complexity in the form of management and updates to remote content.  Data consumers are likely to implement multiple solutions for this information, which adds complexity to the software as well as introducing the potential for differences among consumers. 
Observations and Measurements Complexity
O&M is not insignificant in complexity on its own, but additionally there has been a mismatch between the information on OM_Observation and what is needed for representing various pieces of IWXXM where OM_Observation is used:

· There are several instances in which the O&M element names lessen the self-describing nature of the IWXXM messages , and O&M has a mixture of useful and confusing concepts for IWXXM use cases. The O&M phenomenonTime and validTime, for example, are useful definitions for IWXXM.  However, referring to observed and forecast information as “Observations” is a source of confusion.  Similarly, a naïve reader of IWXXM messages could not readily interpret what an O&M “sampling feature” is without reading further documentation
· O&M adds the requirement for duplicate information in IWXXM, such as a mandatory om:sampledFeature inside of a TAF, where only the first is needed.  An IWXXM schema without O&M would not require this duplicate information
· om:observedProperty references have no known operational use.  A formal and strict content structure for the set of observed properties is already defined in a better way in the IWXXM XML schemas, and any extra operational utility of om:observedProperty over the XML Schemas are unclear
· om:type references have no operational use.  Type information can be derived from the report type (i.e, “METAR”) and/or element names for the observation or forecast element
· om:procedure references are operationally useful but need not be duplicated on each observation and forecast structure.  A reference to the om:procedure metadata would be more useful as a single reference per report rather than the multiple references – one for each observation and forecast – that is needed with IWXXM 1.0
The O&M structure lends itself to having self-contained OM_Observations with appropriate metadata, but no requirement or benefit for breaking out O&M Observations individually has been identified.  There are many O&M concepts and definitions that are well defined and intuitive, but O&M in its entirety does not support a straightforward structure for IWXXM reports.
Suggested Solutions
Use GML 3.3 Compact Geometries
GML 3.3 uses compact geometry representations that may address some of the verbosity of geometric types in IWXXM.  In particular SimplePolygon and SimpleArcByCentrePoint may be of use for SIGMET and other polygon-based data.

However, it is unclear how much GML 3.3 geometries can be used given that AIXM given that AIXM specializes gml:Surface and the first GML construct under this is gml:polygonPatch, which is not included in GML 3.3.  It is possible that this is a drop-in replacement but no trials have yet been made.

SAF may adapt more easily than AIXM to GML Compact Geometries given that WMO has control over the schema, and GML 3.3 simple types are largely consistent with existing, more verbose SAF types.
Develop Profiles
A profile in the OGC and ISO sense is a consistent but reduced set of content for a particular UML model or schema.  In the case of GML, for example, a GML Profile would include only those portions of GML that are necessary for IWXXM. 

The most compelling profile to develop would be a GML profile.  As seen in earlier sections, GML and ISO models constitute a large portion of the total XML Schema content required for IWXXM.  A profile of GML may also remove the need for the ISO 19139 model, which is not insignificant in size.

IWXXM use of a profile does not come without new complications. Profiles would need to be advertised prominently and explained clearly to prevent confusion of the original model and the profiled version of the model.
Remove Data Model Usage
To reduce complexity TT-AvXML could remove usage of one or more of the underlying models used in IWXXM based on the information required for operational use.  The only non-IWXXM model packages used in IWXXM 1.1 examples are the following:
· GML
· SAF
· O&M
· O&M Sampling 
· O&M Sampling Spatial
· METCE
· OPM
· ISO 19139
A discussion of each model package is broken out below.  For those model packages that are researched and deemed necessary, care should be taken to ensure that one or more examples exist to demonstrate the requirement for these packages in operational use.
GML
GML is quite integral to all portions of IWXXM and is not practical to be removed, but there may be ways to reduce IWXXM complexity by adjusting the use of GML.
SAF
Aeronautical information is required to meet the current IWXXM requirements, but SAF usage could be trimmed down to a smaller information set.  
O&M, O&M Sampling, and O&M Sampling Spatial
Example With and Without O&M
For comparison of structure with and without O&M, we compare metar-A3-1.xml.

Example 1 (with O&M):
...
      <iwxxm:observation>
        <om:OM_Observation gml:id="obs-03839-20120824T12Z">
            <om:type xlink:href="http://codes.wmo.int/49-2/observation-type/IWXXM/1.1/MeteorologicalAerodromeObservation"/>
            <om:phenomenonTime>
                <gml:TimeInstant gml:id="ti-201208221630Z">
                    <gml:timePosition>2012-08-22T16:30:00Z</gml:timePosition>
                </gml:TimeInstant>
            </om:phenomenonTime>
          <om:resultTime>
                <gml:TimeInstant gml:id="ti-201208221640Z">
                    <gml:timePosition>2012-08-22T16:40:00Z</gml:timePosition>
                </gml:TimeInstant>
            </om:resultTime>
            <om:procedure>
                <metce:Process gml:id="p-49-2-metar">
                    <gml:description>WMO No. 49 Volume 2 Meteorological Service for International Air Navigation APPENDIX 3 TECHNICAL SPECIFICATIONS RELATED TO METEOROLOGICAL OBSERVATIONS AND REPORTS</gml:description>
                </metce:Process>
            </om:procedure>
            <om:observedProperty xlink:href="http://codes.wmo.int/49-2/observable-property/MeteorologicalAerodromeObservation"/>
            <om:featureOfInterest>
                <sams:SF_SpatialSamplingFeature gml:id="sampling-point-03839">
                    <sam:type xlink:href="http://www.opengis.net/def/samplingFeatureType/OGC-OM/2.0/SF_SamplingPoint"/>
                  <sam:sampledFeature>
                        <saf:Aerodrome gml:id="uuid.dd062d88-3e64-4a5d-bebd-89476db9ebea">
                            <gml:identifier codeSpace="urn:uuid:">dd062d88-3e64-4a5d-bebd-89476db9ebea</gml:identifier>
                            <saf:designator>YUDO</saf:designator>
                            <saf:name>DONLON/INTERNATIONAL</saf:name>
                            <saf:locationIndicatorICAO>YUDO</saf:locationIndicatorICAO>
                            <saf:ARP>
                                <gml:Point gml:id="pt52284-32035" srsName="http://www.opengis.net/def/crs/EPSG/0/4326">
                                    <gml:pos>12.34 -12.34</gml:pos>
                                </gml:Point>
                            </saf:ARP>
                        </saf:Aerodrome>
                    </sam:sampledFeature>
                    <sams:shape>
                        <gml:Point gml:id="point-5225-3201" srsDimension="2" srsName="http://www.opengis.net/def/crs/EPSG/0/4326">
                            <gml:pos>12.34 -12.34</gml:pos>
                        </gml:Point>
                    </sams:shape>
                </sams:SF_SpatialSamplingFeature>
            </om:featureOfInterest>
            <om:result>
                <iwxxm:MeteorologicalAerodromeObservationRecord gml:id="or1" cloudAndVisibilityOK="false">
...

Example 2 (without O&M) - notional:
...
    <iwxxm:aerodrome>
      <saf:Aerodrome gml:id="uuid.dd062d88-3e64-4a5d-bebd-89476db9ebea">
        <gml:identifier codeSpace="urn:uuid:">dd062d88-3e64-4a5d-bebd-89476db9ebea</gml:identifier>
        <saf:designator>YUDO</saf:designator>
        <saf:name>DONLON/INTERNATIONAL</saf:name>
        <saf:locationIndicatorICAO>YUDO</saf:locationIndicatorICAO>
        <saf:ARP>
          <gml:Point gml:id="pt52284-32035" srsName="http://www.opengis.net/def/crs/EPSG/0/4326">
            <gml:pos>12.34 -12.34</gml:pos>
          </gml:Point>
        </saf:ARP>
      </saf:Aerodrome>
    </iwxxm:aerodrome>
    <iwxxm:phenomenonLocation>
      <gml:Point gml:id="point-5225-3201" srsDimension="2" srsName="http://www.opengis.net/def/crs/EPSG/0/4326">
        <gml:pos>12.34 -12.34</gml:pos>
      </gml:Point>
    </iwxxm:phenomenonLocation>
    <iwxxm:observation>
      <iwxxm:phenomenonTime>
        <gml:TimeInstant gml:id="ti-201208221630Z">
          <gml:timePosition>2012-08-22T16:30:00Z</gml:timePosition>
        </gml:TimeInstant>
      </iwxxm:phenomenonTime>
      <iwxxm:phenomenon>
        <iwxxm:MeteorologicalAerodromeObservation gml:id="or1" cloudAndVisibilityOK="false">
...

Example 2 is not intended to be a specific proposal for a new structure for IWXXM; it was created to allow for high-level comparison between the two options.  

As compared to example 1 with ~45 lines, example 2 has nearly half of the content (~25 lines) and is more straightforward in both structure and intent. An extra line for representing the missing om:procedure reference would be required at the top of the report for example 2, but in general example 2 requires 8 lines less of operationally-insignificant content per observation or forecast element in each report.  

The full metar-A3-1.xml IWXXM file is 153 lines/10,106 bytes in its original form as opposed to 118 lines/6678 bytes (77%/66% of original) with O&M removed. These full file examples are available online [1].
METCE
Due to the need for process and meteorological feature descriptions, METCE is required in IWXXM.
OPM
OPM includes metadata and description regarding limitations of and qualifications to the observing process.  The operationally significant portions of this metadata would include sensor outages and other temporary but important limitations on the reported information.  OPM is not included in any of the existing examples but may have a role and should be examined for operational utility.
[bookmark: _GoBack]ISO 19139 
ISO 19139 namespaces are referenced in IWXXM examples but not used.  Given that no operational requirement for ISO 19139 metadata has been identified for IWXXM, the unnecessary namespaces and other references should be removed from IWXXM.  However, GML 3.2 depends on ISO 19139 and as such will continue to be required unless a GML Profile is developed.
Proposal
TT-AvXML should address complexity by making pending design decisions, then investigate and incorporate the solutions outlined in this paper to simplify IWXXM.  In particular, a GML Profile may remove the majority 
References
[1] http://www.ral.ucar.edu/~braeckel/iwxxm/complexity/ 
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