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Introduction

Currently, the Federal Geographic Data Committee is shifting the next generation of standards to be more interoperable. The current FGDC standards, such as FGDC-STD-001-1998, will give way to the newly published North American Profile (NAP), which is a profile of the International Organization for Standardization standards such as ISO 19139, 19115, and 19115-2. With this shifting paradigm, metadata analysts have realized it is time to use technology to assist in the maintenance of the metadata, regardless of the underlying standard.
Extensible Stylesheet Language Transformations (XSLT) is an XML-based language used for the transformation of XML documents into other XML or "human-readable" documents. The original document is not changed; rather, a new document is created based on the content of an existing one. Converting one metadata standard to another is easily achieved using XSLTs.
BASICS

XSLT is the language for transforming the XML documents. XPath is a query language used to select nodes from an XML document. XPath is used by XSLT as a mechanism to access and refer to a place within the XML document in order for it to be transformed.  XPath and XSLT share the same data model library of functions and operators.
The World Wide Web Consortium (W3C) creates specifications and guidelines for interoperable technologies. Since January 23, 2007, XSL Transformations (XSLT) Version 2.0 has been the W3C recommendation (Kay 2007).
INITIAL ANALYSIS 
Transforms between FGDC-STD-001-1998 and ISO 19115 were initially tested at NCDDC using XSLT 1.0 (XPath1.0) because our current capabilities only supported XSLT 1.0. Unfortunately, XSLT 1.0 provides a limited number of functions that caused several issues to arise in the transform output. Developers were required to do post processing on the output, basically defeating the promised benefit of XSLT.  Completely and correctly mapping the content of the FGDC standards to ISO standards was not achieved with XSLT 1.0 alone. 
ISSUES WITH XSLT 1.0

A specific example of an issue can be seen in Figure 1 where FGDC keywords and thesauri were mapped to ISO 19115. Similar issues also arose when trying to map from database schemas to other standardized metadata schemas. 

<gmd:descriptiveKeywords>
<gmd:MD_Keywords>


<gmd:keyword>



<gco:CharacterString>theme keyword 1 place key 1 strat key 1 temp key 1</gco:CharacterString>



<gco:CharacterString>theme keyword 2 place key 1 strat key 1 temp key 2</gco:CharacterString>



<gco:CharacterString>theme keyword 1 place key 1 strat key 2 temp key 1</gco:CharacterString>



<gco:CharacterString>theme keyword 1 place key 1 strat key 2 temp key 2</gco:CharacterString>



<gco:CharacterString>theme keyword 1 place key 2 strat key 1 temp key 1</gco:CharacterString>



<gco:CharacterString>theme keyword 1 place key 2 strat key 1 temp key 2</gco:CharacterString>



<gco:CharacterString>theme keyword 1 place key 2 strat key 2 temp key 1</gco:CharacterString>



<gco:CharacterString>theme keyword 1 place key 2 strat key 2 temp key 2</gco:CharacterString>



<gco:CharacterString>theme keyword 2 place key 1 strat key 1 temp key 1</gco:CharacterString>



<gco:CharacterString>theme keyword 2 place key 1 strat key 1 temp key 2</gco:CharacterString>



<gco:CharacterString>theme keyword 2 place key 1 strat key 2 temp key 1</gco:CharacterString>



<gco:CharacterString>theme keyword 2 place key 1 strat key 2 temp key 2</gco:CharacterString>



<gco:CharacterString>theme keyword 2 place key 2 strat key 1 temp key 1</gco:CharacterString>



<gco:CharacterString>theme keyword 2 place key 2 strat key 1 temp key 2</gco:CharacterString>



<gco:CharacterString>theme keyword 2 place key 2 strat key 2 temp key 1</gco:CharacterString>



<gco:CharacterString>theme keyword 2 place key 2 strat key 2 temp key 2</gco:CharacterString>



<gco:CharacterString>theme key 1 place key 1 strat key 1 temp key 1</gco:CharacterString>



<gco:CharacterString>theme key 1 place key 1 strat key 1 temp key 2</gco:CharacterString>
<gco:CharacterString>theme key 1 place key 1 strat key 2 temp key 1</gco:CharacterString> <gco:CharacterString>theme key 1 place key 1 strat key 2 temp key 2</gco:CharacterString>



<gco:CharacterString>theme key 1 place key 2 strat key 1 temp key 1</gco:CharacterString>



<gco:CharacterString>theme key 1 place key 2 strat key 1 temp key 2</gco:CharacterString>



<gco:CharacterString>theme key 1 place key 2 strat key 2 temp key 1</gco:CharacterString>



<gco:CharacterString>theme key 1 place key 2 strat key 2 temp key 2</gco:CharacterString>



<gco:CharacterString>theme key 2 place key 1 strat key 1 temp key 1</gco:CharacterString>



<gco:CharacterString>theme key 2 place key 1 strat key 1 temp key 2</gco:CharacterString>



<gco:CharacterString>theme key 2 place key 1 strat key 2 temp key 1</gco:CharacterString>



<gco:CharacterString>theme key 2 place key 1 strat key 2 temp key 2</gco:CharacterString>



<gco:CharacterString>theme key 2 place key 2 strat key 1 temp key 1</gco:CharacterString>



<gco:CharacterString>theme key 2 place key 2 strat key 1 temp key 2</gco:CharacterString>



<gco:CharacterString>theme key 2 place key 2 strat key 2 temp key 1</gco:CharacterString>



<gco:CharacterString>theme key 2 place key 2 strat key 2 temp key 2</gco:CharacterString>


</gmd:keyword>


<gmd:type>



<gmd:MD_KeywordTypeCode codeList="http://schemas.opengis.net/iso/19139/20070417/resources/Codelist/gmxCodelists.20080911.xml#MD_KeywordTypeCode" codeListValue="themeplacestratumtemporal"/>


</gmd:type>


<gmd:thesaurusName>



<gmd:CI_Citation>




<gmd:title>





<gco:CharacterString>theme thes place thes strat thes temp thes</gco:CharacterString>





<gco:CharacterString>theme thes 2 place thes strat thes temp thes</gco:CharacterString>




</gmd:title>



</gmd:CI_Citation>


</gmd:thesaurusName>

</gmd:MD_Keywords>
</gmd:descriptiveKeywords>
Figure 1. FGDC keywords transformed to ISO 19115 using XSLT 1.0 (XPath 1.0).

NEW CAPABILITIES 

As a result of the issue described above, NCDDC evaluated XSLT 2.0.  XSLT 2.0 implemented many new features with the language and changes from XSLT 1.0 while retaining a high level of backwards compatibility (Kay 2007).  XSLT 2.0 fixed all reported errors in 1.0 (XSLT Errata 1999) and rewrote the specifications of existing features for clarity.  Because XSLT 2.0 uses XPath 2.0, XQuery  1.0 can be supported as an extension of XPath 2.0.  To ensure consistency, XPath 2.0 and XQuery 1.0 produce the same result if valid syntax expressions execute successfully because their grammars are generated from a common source. 

Version 2.0 supports all built-in types defined in XML schema, can invoke schema validation including taking into account data types and error handling, allowing for higher quality output in accordance with the standards. 

Many new functions were added. One of the biggest benefits of new functions added to XSLT 2.0, particularly for the purpose of transforming standards, is the ability to manipulate sequences, serialize results, and group.  These capabilities are extremely important due to many metadata standards’ complexity and contextual organization.
Many of the transform problems NCDDC encountered stemmed from the limitations within 1.0. XSLT 1.0 lacked the functionality to group values and would discard any value after the first, rather than output the values in a sequence. The new functionality of 2.0 allowed for sequences of keywords to be grouped by type and thesaurus without duplicates. As seen in Figure 2, using XSLT 2.0 results in the correct translation FGDC keywords into an ISO standard representation without requiring an ounce of post processing. 
<gmd:descriptiveKeywords>
<gmd:MD_Keywords>


<gmd:keyword>



<gco:CharacterString>theme keyword group A-1</gco:CharacterString>



<gco:CharacterString>theme keyword group A-2</gco:CharacterString>


</gmd:keyword>


<gmd:type>



<gmd:MD_KeywordTypeCode codeListValue="theme"/>


</gmd:type>


<gmd:thesaurusName>



<gmd:CI_Citation>




<gmd:title>





<gco:CharacterString>Theme Thes A</gco:CharacterString>




</gmd:title>



</gmd:CI_Citation>


</gmd:thesaurusName>

</gmd:MD_Keywords>
</gmd:descriptiveKeywords>
<gmd:descriptiveKeywords>
<gmd:MD_Keywords>


<gmd:keyword>



<gco:CharacterString>theme keyword group B-1</gco:CharacterString>



<gco:CharacterString>theme keyword group B-2</gco:CharacterString>


</gmd:keyword>


<gmd:type>



<gmd:MD_KeywordTypeCode codeListValue="theme"/>


</gmd:type>


<gmd:thesaurusName>



<gmd:CI_Citation>




<gmd:title>





<gco:CharacterString>theme thes B</gco:CharacterString>




</gmd:title>



</gmd:CI_Citation>


</gmd:thesaurusName>

</gmd:MD_Keywords>
</gmd:descriptiveKeywords>
<gmd:descriptiveKeywords>

<gmd:MD_Keywords>


<gmd:keyword>



<gco:CharacterString>place key 1</gco:CharacterString>



<gco:CharacterString>place key 2</gco:CharacterString>


</gmd:keyword>


<gmd:type>



<gmd:MD_KeywordTypeCode codeListValue="place"/>


</gmd:type>


<gmd:thesaurusName>



<gmd:CI_Citation>




<gmd:title>





<gco:CharacterString>place thes</gco:CharacterString>




</gmd:title>



</gmd:CI_Citation>


</gmd:thesaurusName>

</gmd:MD_Keywords>
</gmd:descriptiveKeywords>
<gmd:descriptiveKeywords>

<gmd:MD_Keywords>


<gmd:keyword>



<gco:CharacterString>strat key 1</gco:CharacterString>



<gco:CharacterString>strat key 2</gco:CharacterString>


</gmd:keyword>


<gmd:type>



<gmd:MD_KeywordTypeCode codeListValue="stratum"/>


</gmd:type>


<gmd:thesaurusName>



<gmd:CI_Citation>




<gmd:title>





<gco:CharacterString>strat thes</gco:CharacterString>




</gmd:title>



</gmd:CI_Citation>


</gmd:thesaurusName>

</gmd:MD_Keywords>
</gmd:descriptiveKeywords>
<gmd:descriptiveKeywords>
<gmd:MD_Keywords>


<gmd:keyword>



<gco:CharacterString>temp thes</gco:CharacterString>


</gmd:keyword>


<gmd:type>



<gmd:MD_KeywordTypeCode codeListValue="temporal"/>


</gmd:type>


<gmd:thesaurusName>



<gmd:CI_Citation>




<gmd:title>





<gco:CharacterString>temp key 1</gco:CharacterString>





<gco:CharacterString>temp key 2</gco:CharacterString>




</gmd:title>



</gmd:CI_Citation>


</gmd:thesaurusName>

</gmd:MD_Keywords>
</gmd:descriptiveKeywords>
Figure 2. FGDC keywords transformed to ISO 19115 using XSLT 2.0 (XPath 2.0).

CONCLUSION
XSLT 2.0 offers numerous benefits to the metadata development conducted at NCDDC. Our current metadata activities involve using the latest technologies and standards available. Previously, one factor that limited our team from utilizing XSLT 2.0 was the ability to process the transforms. NCDDC realizes this limiting factor is also true for other agencies and constituents. As a result, NCDDC will expose its XSLT 2.0/XPath 2.0 enabled transformation service as a REST service. Through this service, other agencies will be able to process their own XSLTs without needing to develop a conversion service. 
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