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1. Background

This change proposal documents several  issues arising from the common architecture (CA) thread of the OWS-2 initiative. It considers how the WFS 1.x specification can be enhanced to accommodate the use of the Web Services Description Language (WSDL) and SOAP protocol bindings.

2. References

[SOAP-1.1]  Simple Object Access Protocol (SOAP) 1.1. W3C Note (08 May 2000). Available [online]: <http://www.w3.org/TR/2000/NOTE-SOAP-20000508/>.

[WSI-Basic]  Basic Profile Version 1.0. WS-I specification (2004-04-16). Available [online]: <http://www.ws-i.org/Profiles/BasicProfile-1.0.html>.

[WSDL-1.1]  Web Services Description Language (WSDL) 1.1. W3C Note (15 March 2001). Available [online]: <http://www.w3.org/TR/wsdl>.

3. Proposal

3.1 Namespace collisions in WFS-capabilities

3.1.1 Summary

The WFS-capabilities.xsd schema defines various elements for describing the capabilities of a WFS implementation. However, it also redeclares a number of global elements in the “http://www.opengis.net/wfs” namespace, thereby generating several namespace collisions. The following global declarations are problematic:

<xsd:element name="Query"  type="wfs:EmptyType"/>

<xsd:element name="Insert" type="wfs:EmptyType"/>

<xsd:element name="Update" type="wfs:EmptyType"/>

<xsd:element name="Delete" type="wfs:EmptyType"/>

<xsd:element name="Lock"   type="wfs:EmptyType"/>

These elements are used within the OperationsType definition. They must be renamed, or per-feature actions must be expressed in some other manner. For example,

<Action name=“Query” />

3.1.2 Proposed change(s)

We propose to rename all conflicting element declarations that pertain to service description. The simplest solution is to change the first character of the element name to lower case: query, insert, update, etc. The revised schema is included in Annex A.

3.1.3 Rationale

A schema encapsulates a number of definitions within a target namespace, but there is nothing special about the partitioning scheme; formal—or informal—profiles will often reflect different choices about what elements or type definitions to include. In this case, name collisions inhibit reuse. A namespace should contain no conflicting definitions.

3.1.4 Implications of the proposed change(s)

Existing WFS capabilities documents will need to be updated to conform with the revised schema.

3.2 Namespace collisions in filterCapabilities

3.2.1 Summary

The filterCapabilities schema redefines many filter elements for inclusion in a capabilities document, including BBOX, Between, Beyond, and others. In most cases these element declarations employ an anonymous, empty type definition.

3.2.2 Proposed change(s)

We propose to change the target namespace for this schema to “http://www.opengis.net/ows”.

3.2.3 Rationale

This schema includes  elements that serve to advertise filter capabilities. The Harmonization Working Group is currently seeking to define common service metadata elements, and filter capabilities fall within the purview of this group.

3.2.4 Implications of the proposed change(s)

Existing WFS capabilities documents will need to be updated to conform with the revised schema. However, adopting the common OWS schemas will require this anyway.

3.3 WSDL interface definitions

3.3.1 Summary

WSDL provides a syntax for formally describing the operational characteristics of a web service. In accord with conventional authoring practices, WSDL components can be partitioned into separate deocuments to facilitate reuse and simplify maintenance. Figure 1 illustrates the basic separation between elements describing the the interface and elements characterizing a specific service instance.
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Figure 1:  Modularization of WSDL components

3.3.2 Proposed change

Listing 1 uses the WSDL 1.1 syntax
 to define interfaces corresponding to the two capability classes: WFS-Basic and WFS-Transaction. We propose to add it as a normative annex.

Listing 1 – Interface definitions for WFS-1.0

<?xml version="1.0" encoding="UTF-8"?>

<wsdl:definitions 

  targetNamespace="http://www.opengis.net/wfs"

  xmlns:wfs="http://www.opengis.net/wfs"

  xmlns:ogc="http://www.opengis.net/ogc"

  xmlns:ows="http://www.opengis.net/ows"

  xmlns:wsdl="http://schemas.xmlsoap.org/wsdl/"

  xmlns:xsd="http://www.w3.org/2001/XMLSchema"

  xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"

  xsi:schemaLocation="http://schemas.xmlsoap.org/wsdl/ ./wsdl-1.1.xsd 

                 http://schemas.xmlsoap.org/wsdl/soap/ ./wsdl-1.1-soap.xsd">

  <wsdl:documentation xmlns:dc="http://purl.org/dc/elements/1.1/">

    <dc:identifier>urn:opengis:spec:wfs:wsdl-1.1:interfaces:1.0.1</dc:identifier>

    <dc:date>2004-06-17</dc:date>

    <dc:description>

    This is the the normative abstract service interface definition for the 

    OpenGIS Web Feature Service, v1.0 (OGC-02-058). The WSDL 1.1 syntax is 

    used to describe the interface signatures and message structures.

    </dc:description>

  </wsdl:documentation>

  <!-- message type definitions -->

  <wsdl:types>

    <wsdl:documentation>

    Wrapper schema for WFS message elements.

    </wsdl:documentation>

    <xsd:schema 

      targetNamespace="http://www.opengis.net/wfs" 

      xmlns:wfs="http://www.opengis.net/wfs"

      xmlns:gml="http://www.opengis.net/gml"

      xmlns:ogc="http://www.opengis.net/ogc"

      xmlns:ows="http://www.opengis.net/ows"

      xmlns:xsd="http://www.w3.org/2001/XMLSchema" 

      elementFormDefault="qualified"  

      version="1.0.1">

      <xsd:include 

        schemaLocation="./schemas/wfs/1.0.1/WFS-transaction.xsd"/>

      <xsd:import namespace="http://www.opengis.net/gml"

         schemaLocation="http://schemas.opengis.net/gml/2.1.2/feature.xsd"/>

      <xsd:import namespace="http://www.opengis.net/ogc"

        schemaLocation="http://schemas.opengis.net/filter/1.0.0/filter.xsd"/>

      <xsd:import namespace="http://www.opengis.net/ogc" 

        schemaLocation="./schemas/ogc/OGC-exception.xsd" />

      <xsd:import 

        namespace="http://www.opengis.net/ows"

        schemaLocation="./schemas/ogc/filterCapabilities.xsd"/>

      <xsd:import namespace="http://www.w3.org/2001/XMLSchema" 

        schemaLocation="http://www.w3.org/2001/XMLSchema.xsd"/>

    </xsd:schema>

  </wsdl:types>

  <!-- request and response messages -->

  <wsdl:message name="GetCapabilitiesRequest">

    <wsdl:part name="body" element="wfs:GetCapabilities" />

  </wsdl:message>

  <wsdl:message name="GetCapabilitiesRequest-RPC">

    <wsdl:part name="REQUEST" type="xsd:string" wfs:value="GetCapabilities" />

    <wsdl:part name="SERVICE" type="xsd:string" wfs:value="WFS" />

    <wsdl:part name="VERSION" type="xsd:string" />

  </wsdl:message>

  <wsdl:message name="GetCapabilitiesResponse">

    <wsdl:part name="body" element="wfs:WFS_Capabilities" />

  </wsdl:message>

  <wsdl:message name="DescribeFeatureTypeRequest">

    <wsdl:part name="body" element="wfs:DescribeFeatureType" />

  </wsdl:message>

  <wsdl:message name="DescribeFeatureTypeRequest-RPC">

    <wsdl:part name="REQUEST" type="xsd:string" wfs:value="DescribeFeatureType" />

    <wsdl:part name="SERVICE" type="xsd:string" wfs:value="WFS" />

    <wsdl:part name="VERSION" type="xsd:string" />

    <wsdl:part name="TYPENAME" type="xsd:string" />

    <wsdl:part name="OUTPUTFORMAT" type="xsd:string" />

  </wsdl:message>

  <wsdl:message name="DescribeFeatureTypeResponse">

    <wsdl:part name="body" element="xsd:schema" />

  </wsdl:message>

  <wsdl:message name="GetFeatureRequest">

    <wsdl:part name="body" element="wfs:GetFeature" />

  </wsdl:message>

  <wsdl:message name="GetFeatureRequest-RPC">

    <wsdl:part name="REQUEST" type="xsd:string" wfs:value="GetFeature" />

    <wsdl:part name="SERVICE" type="xsd:string" wfs:value="WFS" />

    <wsdl:part name="VERSION" type="xsd:string" />

    <wsdl:part name="TYPENAME" type="xsd:string" />

    <wsdl:part name="FEATUREID" type="xsd:string" />

    <wsdl:part name="PROPERTYNAME" type="xsd:string" />

    <wsdl:part name="FEATUREVERSION" type="xsd:string" />

    <wsdl:part name="MAXFEATURES" type="xsd:postiveInteger" />

    <wsdl:part name="FILTER" type="xsd:string" />

    <wsdl:part name="BBOX" type="xsd:string" />

  </wsdl:message>

  <wsdl:message name="GetFeatureResponse">

    <wsdl:part name="body" element="wfs:FeatureCollection" />

  </wsdl:message>

  <wsdl:message name="GetFeatureWithLockRequest">

    <wsdl:part name="body" element="wfs:GetFeatureWithLock" />

  </wsdl:message>

  <wsdl:message name="GetFeatureWithLockResponse">

    <wsdl:part name="body" element="wfs:FeatureCollection" />

  </wsdl:message>

  <wsdl:message name="LockFeatureRequest">

    <wsdl:part name="body" element="wfs:LockFeature" />

  </wsdl:message>

  <wsdl:message name="LockFeatureResponse">

    <wsdl:part name="body" element="wfs:WFS_LockFeatureResponse" />

  </wsdl:message>

  <wsdl:message name="TransactionRequest">

    <wsdl:part name="body" element="wfs:Transaction" />

  </wsdl:message>

  <wsdl:message name="TransactionResponse">

    <wsdl:part name="body" element="wfs:WFS_TransactionResponse" />

  </wsdl:message>

  <wsdl:message name="ServiceExceptionReport">

    <wsdl:documentation>

    Describes one or more exceptions that arise for any reason. See 

    Listing A.2 in the WFS-1.0 specification (02-058).

    </wsdl:documentation>

    <wsdl:part name="body" element="ogc:ServiceExceptionReport" />

  </wsdl:message>

  <!-- interface signatures -->

  <wsdl:portType name="WFS-Basic">

    <wsdl:documentation>

    This interface corresponds to the WFS-Basic (read-only) service class. 

    The operation signatures are coarse-grained.

    </wsdl:documentation>

    <wsdl:operation name="WFS-Basic.getCapabilities">

      <wsdl:input message="wfs:GetCapabilitiesRequest"/>

      <wsdl:output message="wfs:GetCapabilitiesResponse"/>

      <wsdl:fault name="ServiceExceptionReport" 

                  message="wfs:ServiceExceptionReport"/>

    </wsdl:operation>

    <wsdl:operation name="WFS-Basic.describeFeatureType">

      <wsdl:input message="wfs:DescribeFeatureTypeRequest"/>

      <wsdl:output message="wfs:DescribeFeatureTypeResponse"/>

      <wsdl:fault name="ServiceExceptionReport" 

                  message="wfs:ServiceExceptionReport"/>

    </wsdl:operation>

    <wsdl:operation name="WFS-Basic.getFeature">

      <wsdl:input message="wfs:GetFeatureRequest"/>

      <wsdl:output message="wfs:GetFeatureResponse"/>

      <wsdl:fault name="ServiceExceptionReport" 

                  message="wfs:ServiceExceptionReport"/>

    </wsdl:operation>

  </wsdl:portType>

  <wsdl:portType name="WFS-Transaction">

    <wsdl:documentation>

    This interface corresponds to the WFS-Transaction service class. A

    fully capable service implements both interfaces.

    </wsdl:documentation>

    <wsdl:operation name="WFS-Transaction.getFeatureWithLock">

      <wsdl:input message="wfs:GetFeatureWithLockRequest"/>

      <wsdl:output message="wfs:GetFeatureWithLockResponse"/>

      <wsdl:fault name="ServiceExceptionReport" 

                  message="wfs:ServiceExceptionReport"/>

    </wsdl:operation>

    <wsdl:operation name="WFS-Transaction.lockFeature">

      <wsdl:input message="wfs:LockFeatureRequest"/>

      <wsdl:output message="wfs:LockFeatureResponse"/>

      <wsdl:fault name="ServiceExceptionReport" 

                  message="wfs:ServiceExceptionReport"/>

    </wsdl:operation>

    <wsdl:operation name="WFS-Transaction.transaction">

      <wsdl:input message="wfs:TransactionRequest"/>

      <wsdl:output message="wfs:TransactionResponse"/>

      <wsdl:fault name="ServiceExceptionReport" 

                  message="wfs:ServiceExceptionReport"/>

    </wsdl:operation>

  </wsdl:portType>

  <wsdl:portType name="WFS-Basic-RPC">

    <wsdl:documentation>

    This interface corresponds to the WFS-Basic (read-only) service class.

    The input messages are fine-grained to admit RPC and KVP-style encodings.

    </wsdl:documentation>

    <wsdl:operation name="WFS-Basic-RPC.getCapabilities">

      <wsdl:input message="wfs:GetCapabilitiesRequest-RPC"/>

      <wsdl:output message="wfs:GetCapabilitiesResponse"/>

      <wsdl:fault name="ServiceExceptionReport" 

                  message="wfs:ServiceExceptionReport"/>

    </wsdl:operation>

    <wsdl:operation name="WFS-Basic-RPC.describeFeatureType">

      <wsdl:input message="wfs:DescribeFeatureTypeRequest-RPC"/>

      <wsdl:output message="wfs:DescribeFeatureTypeResponse"/>

      <wsdl:fault name="ServiceExceptionReport" 

                  message="wfs:ServiceExceptionReport"/>

    </wsdl:operation>

    <wsdl:operation name="WFS-Basic-RPC.getFeature">

      <wsdl:input message="wfs:GetFeatureRequest-RPC"/>

      <wsdl:output message="wfs:GetFeatureResponse"/>

      <wsdl:fault name="ServiceExceptionReport" 

                  message="wfs:ServiceExceptionReport"/>

    </wsdl:operation>

  </wsdl:portType>

</wsdl:definitions>

3.3.3 Rationale

WSDL provides a standard, implementation-neutral grammar for defining external service interfaces and supported protocol bindings. It can enable dynamic (i.e. run-time) binding and simplify programmatic access to service endpoints.

3.3.4 Implications of the proposed change

A WSDL document formally describes available service interfaces. There are no significant implications for implementation.

3.4 SOAP bindings

3.4.1 Summary

The SOAP 1.1 specification
 defines a framework for exchanging messages in a decentralized, distributed environment. While normative bindings are not called for here, service providers who support SOAP will define bindings that make use of the WSDL interface definitions (Listing 1).

3.4.2 Proposed change

Include an informative annex that provides guidance to WFS implementors regarding the use of SOAP bindings.

3.4.3 Rationale

Compliance with the WS-I Basic Profile v1.0 [WSI-Basic] requires that only “document-literal” or “rpc-literal” bindings be employed (R2705). The former style entails little more than wrapping a WFS message with a SOAP envelope. In the latter style, the child element of the soap:Body element consists of a wrapper element bearing either the name of the operation or the name of the operation suffixed with "Response"; the corresponding message parts appear in the guise of  child accessor elements.

3.4.4 Implications of the proposed change

In most cases a SOAP binding does little more than provide a simple envelope that wraps existing messages (for the document-literal encoding style). For the  rpc-literal encoding style, the schema alone is not sufficient to validate the message body—the RPC rules must be known. Given the state of existing SOAP tools, interoperability issues may arise.

3.5 Other issues

3.5.1 Piecemeal bindings

When specifying a binding for an interface, the WS-I Basic profile (and consequently many tools) doesn't allow any operations to be omitted (R2718), even though the WSDL content model does. Compliance with the Basic profile would rule out the use of piecemeal bindings; that is,  all operations within the interface must be bound to that protocol (e.g. HTTP GET).

One consequence of this is that it may be desirable to place operations that are commonly bound to the HTTP GET method within a separate interface.

3.5.2 Message encodings: KVP vs. XML

Most WFS messages admit two encoding styles: an XML representation (application/xml) based on an XML Schema type definition, or a key-value pair (KVP) representation that can be readily incorporated within a Request-URI (application/x-www-form-urlencoded) . Unfortunately these usually have inconsistent content models so they must be defined separately (e.g. GetCapabilities KVP representation uses different names and adds the REQUEST parameter).

In light of 3.4.1, retrieval operations that are commonly bound to the GET method may also require alternative message definitions (e.g., GetCapabilitiesRequest-KVP in Listing 1).

Annex A – Revised WFS-capabilities schema (v1.0.1)

<?xml version="1.0" ?>

<xsd:schema

   targetNamespace="http://www.opengis.net/wfs"

   xmlns:wfs="http://www.opengis.net/wfs"

   xmlns:gml="http://www.opengis.net/gml"

   xmlns:ows="http://www.opengis.net/ows"

   xmlns:xsd="http://www.w3.org/2001/XMLSchema" 

   version="1.0.1"

   elementFormDefault="qualified">

   <!-- Comments in this document may impose additional constraints

        beyond those codified in the schema syntax.  A conformant

        Web Feature Server must provide Capabilities XML that

           (1) validates against this schema

           (2) does not violate the constraints stated in

               comments herein. -->

   <!-- ==============================================================

        Imports ...

        ============================================================== -->

   <!-- **** changed to ows namespace **** -->     

   <xsd:import namespace="http://www.opengis.net/ows"

               schemaLocation="../../ogc/filterCapabilities.xsd" />

   <!-- ==============================================================

        Global elements and attributes

        ============================================================== -->

   <!-- A descriptive narrative for more

        information about this server. -->

   <xsd:element name="Abstract" type="xsd:string"/>

   <!-- Elements containing text blocks indicating what 

        fees or access constraints are imposed by the 

        service provider on the service or data retrieved

        from the server. The reserved keyword "NONE" 

        indicates no constraint exists. -->

   <xsd:element name="AccessConstraints" type="xsd:string"/>

   <xsd:element name="Fees" type="xsd:string"/>

   <!-- Short words to help catalog searching.

        Currently, no controlled vocabulary has

        been defined. -->

   <xsd:element name="Keywords" type="xsd:string"/>

   <!-- The top-level HTTP URL of this service. 

        Typically the URL of a "home page" for

        the service.  See also the onlineResource

        attributes of <DCPType> children, below.

        Currently, no non-HTTP platforms have been

        specified. -->

   <xsd:element name="OnlineResource"/>

   <xsd:element name="SRS" type="xsd:string"/>

   <!-- A human-readable title to briefly identify

        this server in menus. -->

   <xsd:element name="Title" type="xsd:string"/>

   <!-- **** modified from original - renamed using lower case **** -->

   <xsd:element name="query"  type="wfs:EmptyType"/>

   <xsd:element name="insert" type="wfs:EmptyType"/>

   <xsd:element name="update" type="wfs:EmptyType"/>

   <xsd:element name="delete" type="wfs:EmptyType"/>

   <xsd:element name="lock"   type="wfs:EmptyType"/>

   <!-- REDEFINE THIS ELEMENT AS NEEDED IN YOUR XML  -->

   <xsd:element name="VendorSpecificCapabilities" type="xsd:string"/>

   <!-- ==============================================================

        Root element

        ============================================================== -->

   <!-- The parent element of the Capabilities document includes as

        children a Service element with general information about the

        server, a Capability element with specific information about

        the kinds of functionality offered by the server, a FeatureTypeList

        element defining the list of all feature types available from

        this server and a FeatureCapabilities element describing the

        filter capabilities of the server. 

        NOTE: moved to WFS-basic.xsd     

   <xsd:element name="WFS_Capabilities" type="wfs:WFS_CapabilitiesType"/>

   -->

   <!-- ==============================================================

        Types

        ============================================================== -->

   <xsd:complexType name="WFS_CapabilitiesType">

      <xsd:sequence>

         <!-- The Service element provides metadata for

              the service as a whole. -->

         <xsd:element name="Service" type="wfs:ServiceType"/>

         <!-- A Capability lists available request

              types, how exceptions may be reported, and

              whether any vendor-specific capabilities

              are defined.  It also lists all the

              feature types available from this feature 

              server. -->

         <xsd:element name="Capability" type="wfs:CapabilityType"/>

         <xsd:element name="FeatureTypeList" type="wfs:FeatureTypeListType"/>

         <xsd:element ref="ows:Filter_Capabilities" />

      </xsd:sequence>

      <!-- The version attribute specifies the specification revision

           to which this schema applies.  Its format is one,t two or three

           integers separated by periods: "x", or "x.y", or "x.y.z",

           with the most significant number appearing first.  Future

           revisions are guaranteed to be numbered in monotonically

           increasing fashion, though gaps may appear in the sequence. -->

      <xsd:attribute name="version"

                     type="xsd:string" fixed="1.0.0"/>

      <!-- The updateSequence attribute is a sequence number for

           managing propagation of the contents of this document.

           For example, if a Feature Server adds some data feature

           types it can increment the update sequence to inform

           catalog servers that their previously cached versions

           are now stale. The format is a positive integer. -->

      <xsd:attribute name="updateSequence"

                     type="xsd:nonNegativeInteger" default="0"/>

   </xsd:complexType>

   <xsd:complexType name="ServiceType">

      <xsd:sequence>

         <xsd:element name="Name" type="xsd:string"/>

         <xsd:element ref="wfs:Title"/>

         <xsd:element ref="wfs:Abstract" minOccurs="0"/>

         <xsd:element ref="wfs:Keywords" minOccurs="0"/>

         <xsd:element ref="wfs:OnlineResource"/>

         <xsd:element ref="wfs:Fees" minOccurs="0"/>

         <xsd:element ref="wfs:AccessConstraints" minOccurs="0"/>

      </xsd:sequence>

   </xsd:complexType>

   <xsd:complexType name="CapabilityType">

      <xsd:sequence>

         <xsd:element name="Request" type="wfs:RequestType"/>

         <!-- The optional VendorSpecificCapabilities element lists any

              capabilities unique to a particular server.  Because the

              information is not known a priori, it cannot be constrained

              by this particular schema document.  A vendor-specific schema

              fragment must be supplied at the start of the XML capabilities

              document, after the reference to the general WFS_Capabilities

              schema. -->

         <xsd:element ref="wfs:VendorSpecificCapabilities" minOccurs="0"/>

      </xsd:sequence>

   </xsd:complexType>

   <xsd:complexType name="FeatureTypeListType">

      <xsd:sequence>

         <xsd:element name="Operations"

                      type="wfs:OperationsType" minOccurs="0"/>

         <xsd:element name="FeatureType"

                      type="wfs:FeatureTypeType" maxOccurs="unbounded"/>

      </xsd:sequence>

   </xsd:complexType>

   <!-- Available WFS-defined request types are listed here. At

        least one of the values is required, but more than one

        may be given. -->

   <!-- **** changed to initial lower case to resolve name collisions ****-->     

   <xsd:complexType name="RequestType">

      <xsd:choice maxOccurs="unbounded">

         <xsd:element name="getCapabilities"

                      type="wfs:getCapabilitiesType"/>

         <xsd:element name="describeFeatureType"

                      type="wfs:describeFeatureTypeType"/>

         <xsd:element name="transaction"

                      type="wfs:transactionType"/>

         <xsd:element name="getFeature"

                      type="wfs:getFeatureTypeType"/>

         <xsd:element name="getFeatureWithLock"

                      type="wfs:getFeatureTypeType"/>

         <xsd:element name="lockFeature"

                      type="wfs:lockFeatureTypeType"/>

      </xsd:choice>

   </xsd:complexType>

   <xsd:complexType name="getCapabilitiesType">

      <xsd:sequence>

         <xsd:element name="DCPType"

                      type="wfs:DCPTypeType" maxOccurs="unbounded"/>

      </xsd:sequence>

   </xsd:complexType>

   <xsd:complexType name="describeFeatureTypeType">

      <xsd:sequence>

         <xsd:element name="SchemaDescriptionLanguage"

                      type="wfs:SchemaDescriptionLanguageType"/>

         <xsd:element name="DCPType"

                      type="wfs:DCPTypeType" maxOccurs="unbounded"/>

      </xsd:sequence>

   </xsd:complexType>

   <xsd:complexType name="transactionType">

      <xsd:sequence>

         <xsd:element name="DCPType"

                      type="wfs:DCPTypeType" maxOccurs="unbounded"/>

      </xsd:sequence>

   </xsd:complexType>

   <xsd:complexType name="getFeatureTypeType">

      <xsd:sequence>

         <xsd:element name="ResultFormat"

                      type="wfs:ResultFormatType"/>

         <xsd:element name="DCPType"

                      type="wfs:DCPTypeType" maxOccurs="unbounded"/>

      </xsd:sequence>

   </xsd:complexType>

   <xsd:complexType name="lockFeatureTypeType">

      <xsd:sequence>

         <xsd:element name="DCPType"

                      type="wfs:DCPTypeType" maxOccurs="unbounded"/>

      </xsd:sequence>

   </xsd:complexType>

   <!-- Available Distributed Computing Platforms (DCPs) are

        listed here.  At present, only HTTP is defined. -->

   <xsd:complexType name="DCPTypeType">

      <xsd:sequence>

         <xsd:element name="HTTP" type="wfs:HTTPType"/>

      </xsd:sequence>

   </xsd:complexType>

   <!-- A list of feature types available from

        this server.  The following table

        specifies the number and source of the

        various elements that are available for

        describing a feature type.

        element             number    comments

        =================   =======   ======================================

        Name                    1     this is the Name of the feature type

        Title                 0/1     an optional Meaningful title for the

                                      feature type  (e.g. "Ontario Roads"

                                      for ROADL_1M")

        Abstract              0/1     optional; no Default

        Keywords              0/1     optional; no Default

        SRS                     1     the SRS that should be used

                                      when specifying the state of

                                      the feature

        Operations            0/1     a list of available operations for

                                      the feature type

        LatLongBoundingBox      1+    bounding box(s) of data

        MetadataURL           0/1+    optional; no default

   -->

   <xsd:complexType name="FeatureTypeType">

      <xsd:sequence>

         <xsd:element name="Name" type="xsd:QName"/>

         <xsd:element ref="wfs:Title" minOccurs="0"/>

         <xsd:element ref="wfs:Abstract" minOccurs="0"/>

         <xsd:element ref="wfs:Keywords" minOccurs="0"/>

         <xsd:element ref="wfs:SRS"/>

         <xsd:element name="Operations"

                      type="wfs:OperationsType" minOccurs="0"/>

         <xsd:element name="LatLongBoundingBox"

                      type="wfs:LatLongBoundingBoxType"

                      minOccurs="0" maxOccurs="unbounded"/>

         <xsd:element name="MetadataURL"

                      type="wfs:MetadataURLType"

                      minOccurs="0" maxOccurs="unbounded"/>

      </xsd:sequence>

   </xsd:complexType>

   <xsd:complexType name="GetType">

      <xsd:attribute name="onlineResource" type="xsd:string" use="required"/>

   </xsd:complexType>

   <!-- Available HTTP request methods. -->

   <xsd:complexType name="HTTPType">

      <xsd:choice maxOccurs="unbounded">

         <!-- HTTP request methods.  The onlineResourc attribute

              indicates the URL prefix for HTTP GET requests

              (everything before the question mark and query string:

              http://hostname[:port]/path/scriptname); for HTTP POST

              requests, onlineResource is the complete URL. -->

         <xsd:element name="Get" type="wfs:GetType"/>

         <xsd:element name="Post" type="wfs:PostType"/>

      </xsd:choice>

   </xsd:complexType>

   <!-- The LatLongBoundingBox element is used to indicate the edges of 

        an enclosing rectangle in the SRS of the associated feature type.

        Its purpose is to facilitate geographic searches  by indicating

        where instances of the particular feature type exist.  Since multiple

        LatLongBoundingBoxes can be specified, a WFS can indicate where 

        various clusters of data may exist.  This knowledge aids client 

        applications by letting them know where they should query in order 

        to have a high probability of finding data. -->

   <xsd:complexType name="LatLongBoundingBoxType">

      <xsd:attribute name="minx" type="xsd:string" use="required"/>

      <xsd:attribute name="miny" type="xsd:string" use="required"/>

      <xsd:attribute name="maxx" type="xsd:string" use="required"/>

      <xsd:attribute name="maxy" type="xsd:string" use="required"/>

   </xsd:complexType>

   <!-- A Web Feature Server MAY use zero or more MetadataURL

        elements to offer detailed, standardized metadata about

        the data underneath a particular feature type.  The type

        attribute indicates the standard to which the metadata

        complies; the format attribute indicates how the metadata is

        structured.  Two types are defined at present:

        'TC211' = ISO TC211 19115; 

        'FGDC'  = FGDC CSDGM. -->

   <xsd:complexType name="MetadataURLType">

      <xsd:simpleContent>

         <xsd:extension base="xsd:string">

            <xsd:attribute name="type" use="required">

               <xsd:simpleType>

                  <xsd:restriction base="xsd:NMTOKEN">

                     <xsd:enumeration value="TC211"/>

                     <xsd:enumeration value="FGDC"/>

                  </xsd:restriction>

               </xsd:simpleType>

            </xsd:attribute>

            <xsd:attribute name="format" use="required">

               <xsd:simpleType>

                  <xsd:restriction base="xsd:NMTOKEN">

                     <xsd:enumeration value="XML"/>

                     <xsd:enumeration value="SGML"/>

                     <xsd:enumeration value="TXT"/>

                  </xsd:restriction>

               </xsd:simpleType>

            </xsd:attribute>

         </xsd:extension>

      </xsd:simpleContent>

   </xsd:complexType>

   <!-- **** reference renamed elements **** -->

   <xsd:complexType name="OperationsType">

      <xsd:choice maxOccurs="unbounded">

         <xsd:element ref="wfs:insert"/>

         <xsd:element ref="wfs:update"/>

         <xsd:element ref="wfs:delete"/>

         <xsd:element ref="wfs:query"/>

         <xsd:element ref="wfs:lock"/>

      </xsd:choice>

   </xsd:complexType>

   <xsd:complexType name="PostType">

      <xsd:attribute name="onlineResource" type="xsd:string" use="required"/>

   </xsd:complexType>

   <!-- The ResultFormatType type defines the output formats that the

        web feature server can generate.  The mandatory format "GML2"

        must always be available.  Individual servers can define

        additional elements representing other output formats. -->

   <xsd:element name="GML2" type="wfs:EmptyType"/>

   <xsd:complexType name="ResultFormatType">

      <xsd:sequence maxOccurs="unbounded">

         <xsd:element ref="wfs:GML2"/>

      </xsd:sequence>

   </xsd:complexType>

   <!-- The SchemaDescriptionLanguageType type defines the schema languages

        that a feature server is capable of using to describe the schema

        of a feature.  Individual servers can define additional elements

        representing other schema languages but XMLSCHEMA must always

        be defined. -->

   <xsd:element name="XMLSCHEMA" type="wfs:EmptyType"/>

   <xsd:complexType name="SchemaDescriptionLanguageType">

      <xsd:sequence maxOccurs="unbounded">

         <xsd:element ref="wfs:XMLSCHEMA"/>

      </xsd:sequence>

   </xsd:complexType>

   <xsd:complexType name="EmptyType" />

</xsd:schema>

� WSDL 1.1 is not a W3C specification. WSDL 2.0 is currently being developed by the W3C Web Services Description Working Group. The latest working draft was published on 26 March 2004: <�HYPERLINK "http://www.w3.org/TR/wsdl20/"��http://www.w3.org/TR/wsdl20/�>.


� SOAP 1.1 is not a W3C specification. SOAP 1.2 was developed by the W3C XML Protocol Working Group and is currently a W3C Recommendation: <http://www.w3.org/TR/soap12-part1/>. However, WSDL 1.1 includes bindings only for SOAP 1.1. Part 3 of WSDL 1.2 will define binding extensions for SOAP 1.2.
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