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1 Proposal Outline

This document proposes changes to the UDDI V3 schema which will support range based searching as described in the abstract.
2 Proposal Detail

2.1 Schema Changes
It is proposed that a new type of keyed reference structure be adopted to enable the representation of a range of key values, rather than an instance of a key value:

<xsd:element name="keyedReferenceRange" type="uddi:keyedReferenceRange" final="restriction"/>

<xsd:complexType name="keyedReferenceRange" final="restriction">


<xsd:attribute name="tModelKey" type="uddi:tModelKey" use="required"/>


<xsd:attribute name="keyName" type="uddi:keyName" use="optional"/>


<xsd:attribute name="lowerValue" type="uddi:keyValue" use="optional"/>


<xsd:attribute name="upperValue" type="uddi:keyValue" use="optional"/>


<xsd:attribute name="lowerInclusive" type="xsd:boolean" use="optional" default="false"/>


<xsd:attribute name="upperInclusive" type="xsd:boolean" use="optional" default="false"/>


<xsd:attribute name="inverted" type="xsd:boolean" use="optional" default="false"/>

</xsd:complexType>
The new keyedReferenceRange element can be used in a categoryBag in the same ways as a keyedReference.  It’s interpretation to the inquirer and to the registry is as follows:

· tModelKey – identifies the value set which the range belongs to;
· keyName – optional arbitrary string, processed identically to keyName in keyedReference;

· lowerValue – the lower keyValue endpoint of the range;

· upperValue – the upper keyValue endpoint of the range;

· lowerInclusive – indicates that the lower bound is inclusive (>=);
· upperInclusive – indicates that the upper bound is inclusive (<=);
· inverted – indicates that the actual range should be interpreted as being specifically outside of the range specified (thereby the range specifies a gap).
A keyedReferenceRange element must include lowerValue, upperValue, or both.  If one of the endpoints is not provided, then the range is unbounded on that side.  The inverted attribute allows one to invert the selected range from that specified.  For example, the use of inverted="1" for a range such as 10 < x <= 20 would make it (x <=10) & (x > 20).
Incorporating this into the categoryBag and keyedReferenceGroup structures we obtain the following XML Schema definitions:

<xsd:element name="keyedReferenceGroup" type="uddi:keyedReferenceGroup" final="restriction"/>

<xsd:complexType name="keyedReferenceGroup" final="restriction">


<xsd:choice maxOccurs="unbounded">



<xsd:element ref="uddi:keyedReference" minOccurs="0"/>



<xsd:element ref="uddi:keyedReferenceRange" minOccurs="0"/>


</xsd:choice>


<xsd:attribute name="tModelKey" type="uddi:tModelKey" use="required"/>

</xsd:complexType>

<xsd:complexType name="categoryBag" final="restriction">


<xsd:choice maxOccurs="unbounded">



<xsd:element ref="uddi:keyedReference"/>



<xsd:element ref="uddi:keyedReferenceGroup"/>



<xsd:element ref="uddi:keyedReferenceRange"/>


</xsd:choice>

</xsd:complexType>
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2.2 Enabling Value Comparison
In order to determine if a value falls within the given range, the registry has to be able to compare values and produce a decision as to which value is greater than the other and which one is less than the other, unless the values are equal in which case the registry has to be capable of establishing the equivalence of the two values.  In order to support this for arbitrary value sets, a universal method is required for users to publish their value sets in the registry, so that value ordering logic is available to the registry.
It is proposed that a new canonical API be adopted to allow such logic to be communicated by value set providers to the registry.  Such API might be described in WSDL as follows:

<?xml version="1.0" encoding="UTF-8"?>
<definitions targetNamespace="urn:uddi-org:comparator_v4_portType" xmlns:uddi_custody="urn:uddi-org:comparator_v4" xmlns="http://schemas.xmlsoap.org/wsdl/" xmlns:tns="urn:uddi-org:comparator_v4_portType" >

<types xmlns:xsd="http://www.w3.org/2001/XMLSchema" xmlns:uddi="urn:uddi-org:api_v3">


<xsd:import namespace="urn:uddi-org:api_v3" location="uddi_v3.xsd"/>


<xsd:element name="compare_values" type="tns:compare_values" final="restriction"/>


<xsd:complexType name="compare_values" final="restriction">



<xsd:sequence>




<xsd:element name="keyValue1" type="uddi:keyValue" final="restriction"/>




<xsd:element name="keyValue2" type="uddi:keyValue" final="restriction"/>



</xsd:sequence>


</xsd:complexType>


<!-- could also be an enumeration of -1/0/1 or "less"/"equal"/"greater" -->


<xsd:element name="compareResult" type="xsd:integer"/>

</types>

<message name="compare_values">


<part name="body" element="tns:compare_values"/>

</message>

<message name="compareResult">


<part name="body" element="tns:compareResult"/>

</message>

<portType name="UDDI_Comparator_PortType">


<operation name="compare_values">



<input message="tns:compare_values"/>



<output message="tns:compareResult"/>


</operation>

</portType>
</definitions>
The Value Comparator API has only one operation, compare_values, which takes in two values and responds with -1, 0 or 1 to indicate whether the first value is less than, equal to or greater than the second value.  Alternatively, the response could be defined as an explicit enumeration of these three values or of three string literals, such as "less", "equal" and "greater" respectively.
Further, to associate a service compliant to the Value Comparator API with a particular value set tModel published to the registry, it is proposed that a new utility tModel be declared in UDDI specification:

<tModel tModelKey="uddi:uddi.org:categorization:isOrderedBy">

<name>uddi-org:isOrderedBy</name>

<description xml:lang="en">Category system for identifying bindings of comparison services for value sets</description>

<overviewDoc>

    <overviewURL>http://www.uddi.org/committees/uddi-spec/doc/</overviewURL>

  </overviewDoc>

  <categoryBag>

    <keyedReference

tModelKey="uddi:uddi.org:categorization:types"
keyName="uddi-org:types:categorization"
keyValue="categorization" />

    <keyedReference

tModelKey="uddi:uddi.org:categorization:types"
keyName="uddi-org:types:checked"
keyValue="checked" />

  </categoryBag>

</tModel>

Range searching and range persistence will not be available for value sets, unless they have exactly one isOrderedBy categorization declared in the corresponding tModel’s categoryBag.

Two normative bindings of comparator API will be available for value set providers to associate their value sets with: uddi:uddi.org:comparator:numeric and uddi:uddi.org:comparator:string.  These bindings provide comparator API endpoints for numeric and string value sets, whereby the numeric comparator treats values as being of XML Schema type "numeric" and string comparator treats values as being of XML Schema type "string".  The latter comparison endpoint also uses information from uddi:uddi.org:categorization:applicable-findqualifiers (see below) categorizations of the value set.  NOTE: although find qualifiers are not passed to comparison API endpoint, the string comparator is deemed to have access to them, because it is implemented inside a registry.
2.3 Applicability of Find Qualifiers to Values

UDDI Inquiry API supports special interpretation for string parameters via diacriticSensitiveMatch, caseInsensitiveMatch, etc. find qualifiers.  It is proposed that whether they apply to specific value sets (string literals inside lowerValue, upperValue and keyValue attributes) be controlled by how the value set’s tModel is defined in the registry by the value set provider.  If the string-specific find qualifiers should apply to the values of a value set, then the tModel representing the value set has to be categorized in a certain way.  This is done by using the new categorization tModel, whose value set is defined as comprising the tModelKey's and short names of all available find qualifiers.  The new tModel itself is described as follows:

tModel Name:
uddi-org:applicable-findqualifiers
tModel Description:
tModels categorized via this value set represent value sets for which the find qualifier specified as the keyValue should apply when matching is performed
tModel UDDI Key (V3):
uddi:uddi.org:categorization:applicable-findqualifiers

Derived V1, V2 format Key:
uuid:xxxxxxxx-xxxx-xxxx-xxxx-xxxxxxxxxxxx
Categorization:
categorization

Checked:
No

<tModel tModelKey="uddi:uddi.org:categorization:applicable-findqualifiers">

<name>uddi-org:applicable-findqualifiers</name>

<description xml:lang="en">Category system for identifying find qualifiers applicable to values in a value set</description>

<overviewDoc>

    <overviewURL>http://www.uddi.org/committees/uddi-spec/doc/</overviewURL>

  </overviewDoc>

  <categoryBag>

    <keyedReference

tModelKey="uddi:uddi.org:categorization:types"
keyName="uddi-org:types:categorization"
keyValue="categorization" />

    <keyedReference

tModelKey="uddi:uddi.org:categorization:types"
keyName="uddi-org:types:checked"
keyValue="checked" />


    <!-- find qualifier names are case-insensitive -->

    <keyedReference

tModelKey="uddi:uddi.org:categorization:applicable-findqualifiers"
keyName="uddi-org:applicable-findqualifiers"
keyValue="caseInsensitiveMatch" />

  </categoryBag>

</tModel>

Find qualifiers which are not used when categorizing a value set using the uddi-org:applicable-findqualifiers value set, will not apply to the content of a keyValue, lowerValue and upperValue attributes.  tModels representing numeric value sets should not be categorized with uddi-org:applicable-findqualifiers.  If a default find qualifier (e.g. caseSensitiveMatch) is not specified in the modeling of a value set, but it’s opposite (e.g., caseInsensitiveMatch) is, then the only behavior that can be applied to the values of such value set is the behavior indicated via uddi-org:applicable-findqualifiers, whether such find qualifier is specified in the query or not.
3 Backwards Compatibility

This feature does not change the operation of V3 inquiries.  It only adds optional new capabilities.
4 Alternatives Considered

It is possible to convey range data using the existing keyedReferenceGroup element, as was originally assumed in the corresponding requirement document.  However, as a vehicle for range data, keyedReferenceGroup is inadequate is several distinct ways:
· it has no notion of inclusive/exclusive range bounds and it does not appear that this concept can be easily engineered into it;

· it would preclude the use of ranges inside a keyedReferenceGroup;
· it would detract from design clarity by giving keyedReferenceGroup two distinct interpretations each with separate matching logic: one – as a container for an ordered set of related values each individually bound to its respective value set, and another – as a container for range endpoints, which have to come from the same value set.
There is another proposal to create a rangeMatch element, which would be added to inquiry API’s find calls.  It might be defined as follows.   


<xsd:element name="rangeMatch" type="uddi:rangeMatch" final="restriction"/>



<xsd:complexType name="rangeMatch" final="restriction">


       
<xsd:sequence>




<xsd:element ref="uddi:lowerEndpoint" minOccurs=”0” maxOccurs=”1”/>




<xsd:element ref="uddi:upperEndpoint" minOccurs=”0” maxOccurs=”1”/>



</xsd:sequence>



<xsd:attribute name="invertRange" type="xsd:boolean” default=”0” 




use="optional"/>

</xsd:complexType>


where:


<xsd:element name="upperEndpoint" type="uddi:upperEndpoint" final="restriction"/>


<xsd:complexType name="upperEndpoint" final="restriction">



<xsd:sequence>




<xsd:choice>





<xsd:element ref="uddi:numericEndpoint"/>





<xsd:element ref="uddi:stringEndpoint"/>




</xsd:choice>



</xsd:sequence>



<xsd:attribute name="inclusive” type="xsd:boolean" default=”1” use="optional"/>

</xsd:complexType>


<xsd:element name="lowerEndpoint" type="uddi:lowerEndpoint" final="restriction"/>


<xsd:complexType name="lowerEndpoint" final="restriction">



<xsd:sequence>




<xsd:choice>





<xsd:element ref="uddi:numericEndpoint"/>





<xsd:element ref="uddi:stringEndpoint"/>




</xsd:choice>



</xsd:sequence>



<xsd:attribute name="inclusive" type="xsd:boolean” default=”1” use="optional"/>

</xsd:complexType>

This solution does not support range persistence, however it does allow for ranges to apply to the name element in the structures that contain it.  If we confine our granularity of specification to the bag level, then separate behavior within a given bag can be achieved by using multiple bags.  Proposal #020 already proposes support for multiple bags.  That capability together with this alternative proposal allows one to construct queries at any level of granularity.

The following schema changes are proposed which utilize the definition above for rangeMatch.  A new type is created as a container for the grouping of search operands for which range based matching applies in each of the find_business, find_binding, find_service and find_tModel.   Each of these four new types is specific to the find_xx operation to which it applies (e.g., find_bindingGroupedOperands).  The rangeMatch information pertains to the instance of this type which is declared within the find_xx invocation.  By using multiple groupedOperands declarations within the find_xx API invocation, clients can control the granularity to which they wish the rangeMatch applied.


<xsd:complexType name="find_bindingGroupedOperands" final="restriction">


<xsd:sequence>



<xsd:element ref="uddi:rangeMatch" minOccurs="0"/>



<xsd:element ref="uddi:categoryBag" minOccurs="0"/>


</xsd:sequence>

</xsd:complexType>

<xsd:element name="find_binding" type="uddi:find_binding" final="restriction"/>

<xsd:complexType name="find_binding" final="restriction">


<xsd:sequence>



<xsd:element ref="uddi:authInfo" minOccurs="0"/>



<xsd:element ref="uddi:findQualifiers" minOccurs="0"/>



<xsd:element ref="uddi:tModelBag" minOccurs="0"/>



<xsd:element ref="uddi:find_tModel" minOccurs="0"/>



<xsd:element ref="uddi:categoryBag" minOccurs="0"/>



<xsd:element name="notOperands" type="uddi:find_bindingNotOperands" minOccurs="0" maxOccurs=”unbounded”/>




<xsd:element name="groupedOperands" type="uddi:find_bindingGroupedOperands" minOccurs="0" maxOccurs=”unbounded”/>


</xsd:sequence>


<xsd:attribute name="maxRows" type="xsd:int" use="optional"/>


<xsd:attribute name="serviceKey" type="uddi:serviceKey" use="optional"/>


<xsd:attribute name="listHead" type="xsd:int" use="optional"/>

</xsd:complexType>

<xsd:complexType name="find_businessGroupedOperands" final="restriction">


<xsd:sequence>



<xsd:element ref="uddi:name" minOccurs="0" maxOccurs="unbounded"/>



<xsd:element ref="uddi:identifierBag" minOccurs="0"/>



<xsd:element ref="uddi:categoryBag" minOccurs="0"/>




<xsd:element ref="uddi:rangeMatch" minOccurs="0"/>


</xsd:sequence>

</xsd:complexType>

<xsd:element name="find_business" type="uddi:find_business" final="restriction"/>

<xsd:complexType name="find_business" final="restriction">


<xsd:sequence>



<xsd:element ref="uddi:authInfo" minOccurs="0"/>



<xsd:element ref="uddi:findQualifiers" minOccurs="0"/>



<xsd:element ref="uddi:name" minOccurs="0" maxOccurs="unbounded"/>



<xsd:element ref="uddi:identifierBag" minOccurs="0"/>



<xsd:element ref="uddi:categoryBag" minOccurs="0"/>



<xsd:element ref="uddi:tModelBag" minOccurs="0"/>



<xsd:element ref="uddi:find_tModel" minOccurs="0"/>



<xsd:element ref="uddi:discoveryURLs" minOccurs="0"/>



<xsd:element ref="uddi:find_relatedBusinesses" minOccurs="0"/>



<xsd:element name="notOperands" type="uddi:find_businessNotOperands" minOccurs="0" maxOccurs=”unbounded”/>




<xsd:element name="groupedOperands" type="uddi:find_businessGroupedOperands" minOccurs="0" maxOccurs=”unbounded”/>


</xsd:sequence>


<xsd:attribute name="maxRows" type="xsd:int" use="optional"/>


<xsd:attribute name="listHead" type="xsd:int" use="optional"/>

</xsd:complexType>

<xsd:complexType name="find_serviceGroupedOperands" final="restriction">


<xsd:sequence>



<xsd:element ref="uddi:name" minOccurs="0" maxOccurs="unbounded"/>



<xsd:element ref="uddi:categoryBag" minOccurs="0"/>



<xsd:element ref="uddi:rangeMatch" minOccurs="0"/>


</xsd:sequence>

</xsd:complexType>

<xsd:element name="find_service" type="uddi:find_service" final="restriction"/>

<xsd:complexType name="find_service" final="restriction">


<xsd:sequence>



<xsd:element ref="uddi:authInfo" minOccurs="0"/>



<xsd:element ref="uddi:findQualifiers" minOccurs="0"/>



<xsd:element ref="uddi:name" minOccurs="0" maxOccurs="unbounded"/>



<xsd:element ref="uddi:categoryBag" minOccurs="0"/>



<xsd:element ref="uddi:tModelBag" minOccurs="0"/>



<xsd:element ref="uddi:find_tModel" minOccurs="0"/>



<xsd:element name="notOperands" type="uddi:find_serviceNotOperands" minOccurs="0" maxOccurs=”unbounded”/>




<xsd:element name="groupedOperands" type="uddi:find_serviceGroupedOperands" minOccurs="0" maxOccurs=”unbounded”/>


</xsd:sequence>


<xsd:attribute name="maxRows" type="xsd:int" use="optional"/>


<xsd:attribute name="businessKey" type="uddi:businessKey" use="optional"/>


<xsd:attribute name="listHead" type="xsd:int" use="optional"/>


</xsd:complexType>

<xsd:complexType name="find_tModelNotOperands" final="restriction">


<xsd:sequence>



<xsd:element ref="uddi:name" minOccurs="0"/>



<xsd:element ref="uddi:identifierBag" minOccurs="0"/>



<xsd:element ref="uddi:categoryBag" minOccurs="0"/>




<xsd:element ref="uddi:rangeMatch" minOccurs="0"/>


</xsd:sequence>

</xsd:complexType>

<xsd:element name="find_tModel" type="uddi:find_tModel" final="restriction"/>

<xsd:complexType name="find_tModel" final="restriction">


<xsd:sequence>



<xsd:element ref="uddi:authInfo" minOccurs="0"/>



<xsd:element ref="uddi:findQualifiers" minOccurs="0"/>



<xsd:element ref="uddi:name" minOccurs="0"/>



<xsd:element ref="uddi:identifierBag" minOccurs="0"/>



<xsd:element ref="uddi:categoryBag" minOccurs="0"/>



<xsd:element name="notOperands" type="uddi:find_tModelNotOperands" minOccurs="0" maxOccurs=”unbounded”/>




<xsd:element name="groupedOperands" type="uddi:find_tModelGroupedOperands" minOccurs="0" maxOccurs=”unbounded”/>


</xsd:sequence>


<xsd:attribute name="maxRows" type="xsd:int" use="optional"/>


<xsd:attribute name="listHead" type="xsd:int" use="optional"/>

</xsd:complexType>
Similarly, the notOperands base types are enhanced from the form in which they are defined in proposal 020 to include a rangeMatch element, and an unlimited number of them may be used in each inquiry in order to allow clients control over the granularity with which range based comparisons are applied for those results which are being NOT’ed.  This version would supercede the definition of these structures in proposal 020 if adopted.


<xsd:complexType name="find_bindingNotOperands" final="restriction">


<xsd:sequence>



<xsd:element ref="uddi:tModelBag" minOccurs="0"/>



<xsd:element ref="uddi:find_tModel" minOccurs="0"/>



<xsd:element ref="uddi:categoryBag" minOccurs="0"/>




<xsd:element ref="uddi:rangeMatch" minOccurs="0"/>



<xsd:element ref="uddi:serviceKey" minOccurs="0" maxOccurs="unbounded"/>


</xsd:sequence>

</xsd:complexType>

<xsd:complexType name="find_businessNotOperands" final="restriction">


<xsd:sequence>



<xsd:element ref="uddi:name" minOccurs="0" maxOccurs="unbounded"/>



<xsd:element ref="uddi:identifierBag" minOccurs="0"/>



<xsd:element ref="uddi:categoryBag" minOccurs="0"/>



<xsd:element ref="uddi:tModelBag" minOccurs="0"/>



<xsd:element ref="uddi:find_tModel" minOccurs="0"/>




<xsd:element ref="uddi:rangeMatch" minOccurs="0"/>



<xsd:element ref="uddi:find_relatedBusinesses" minOccurs="0"/>


</xsd:sequence>

</xsd:complexType>

<xsd:complexType name="find_serviceNotOperands" final="restriction">


<xsd:sequence>



<xsd:element ref="uddi:name" minOccurs="0" maxOccurs="unbounded"/>



<xsd:element ref="uddi:categoryBag" minOccurs="0"/>



<xsd:element ref="uddi:tModelBag" minOccurs="0"/>



<xsd:element ref="uddi:find_tModel" minOccurs="0"/>




<xsd:element ref="uddi:rangeMatch" minOccurs="0"/>



<xsd:element ref="uddi:businessKey" minOccurs="0" maxOccurs="unbounded"/>


</xsd:sequence>

</xsd:complexType>
When using string based rangeMatch arguments, the existing find qualifiers which modify the behavior of string based comparisions, such as diacriticSensitiveMatch, caseInsensitiveMatch, etc, would still apply in the same way.
The main reason this alternative was discarded is because it addresses only half of the problem – applying ranges at query time – and does not allow ranges to be stored in the registry.  This limitation makes it impossible to apply certain value sets, which either have no discrete values defined or have an extreme number of such discrete values which are typically used to form a continuous sequence.
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