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E.0 Overview 

This annex describes an XML (Extensible Markup Language) representation for the contents of a Data Registry of ISO/IEC 11179 Part 3. The starting point of this design is the normative UML metamodel for the data registry. [Editorial note: This document is based on the 2000-06-05 version of the normative UML metamodel] 

Topics: 

· Encoding of the UML Metamodel for the registry 

· Generation of an XML Schema to describe and validate the registry contents 

· Generation of an XML document to contain the registry contents 

· Framing of XML queries against the registry contents 

This document does not specify an encoding of the UML metamodel for the data registry. 

This document does describe the generation of an XML Schema suitable for the specification of an XML document which can contain the contents of an ISO 11179 Data Registry. Fragmentary examples of the resulting XML Interchange documents are given. 

This document does not describe how to formulate an XML Query Language query against the data registry contents - because such Query Language is not yet standardized by the W3C. However, it is envisaged that the XML Schema into which the UML model is mapped could be used as the basis against which such queries could be formulated once XML QL is standardized. The schema design embodied in this document has sacrificed some ease of querying in favor of simplicity of design. Note that one important consideration in the design of the XML schema herein was to assure that the resulting document could be uniformly queryable. 

This document does not specify in detail the process of extracting (ie. SQL queries) and encoding the contents of a data registry into an XML document. The XML schema specified for such a document is of sufficient simplicity that the requisite process should be largely self-evident. In any case the extraction queries will vary somewhat depending on implementation decisions made by individual registry designers. 

E.1 Semi-automatic Encoding of 11179 Part 3 Metamodel into XML Schema 

There are many different ways that the contents of an ISO 11179 Data Registry could be encoded into XML for data transfer. Interoperability requires that there be only one or at most a small number of standard ways to conduct such interchanges. There are number of reasons for specifying a semi-automatic algorithmic approach to the generation of the XML Schema: 

· less tedious manual labor 

· fewer opportunities for typographical errors 

· easier to maintain as the metamodel is revised 

· facilitates the automatic synthesis of programs to dump and restore the contents of the registry 

The process described here is not fully automated because of the discovery that the UML model for the data registry is not sufficiently informative. Specifically, the UML model does not explicitly specify keys for every object, so it has been necessary to infer that "identifier" attributes of objects constitute keys. There are some exceptions to this convention in the registry metamodel. 

E.1.1 Use of XML Schema Language 

This annex employs the most recent public specification of the XML Schema Language W3C Working Draft 07 April 2000 ( XML Schema Part 0: Primer, XML Schema Part 1: Structures, XML Schema Part 2: Datatypes) to specify the structure of the XML document to be used to encode the contents of a data registry, in lieu of an XML DTD (Document Type Definition). The XML Schema Language will soon supercede DTDs. A DTD can be mechanically generated from an XML Schema, albeit with some loss of information (e.g., concerning types and keys). It is expected that the XML Schema Language Final Recommendation will be adopted by the World Wide Web Consortium prior to the completion of the final International Standard for ISO 11179 Part 3. 

[Editorial note: Why not XMI? 
Originally it was envisioned using XMI (XML Metadata Interchange Format) which has been standardized by the OMG (Object Management Group). This approach would have met our functional requirements, and has been the subject of much more detailed design studies. However, members of the L8 committee felt strongly that the XMI encodings were far too verbose. Furthermore, there was a reluctance to make the 11179 registry XML encoding dependent on an OMG standard. 

One implication of this decision not to use XMI is that it will be necessary to write our own detailed specifications for the construction of the XML schema. Furthermore, it will be necessary to construct software (schema synthesizers, dumpers, loaders) which are specific to the ISO 11179 standard, rather than commercially available XMI tools. However, the resulting interchange files should be more concise and readable.] 

E.1.2 Design Criteria 

· human readable interchange document 

· reasonably concise encoding of registry content 

· globally (within the XML document) unique XML element tag names (required in XML 1.0) 

· uniform treatment of UML object attributes, irrespective of whether they are simple or complex types 

· where practicable, use of persistent keys (IDs, IDREFS) for encoding relationships 

E.1.3 Mapping UML Graphs Onto XML Trees 

The fundamental problem to be confronted in constructing an XML encoding of the data registry content is that the data registry schema is a graph, whereas XML (i.e., the nested element structure) is basically a tree. Thus one needs to encode a collection of graphs (registry contents) into a forest of trees. Questions that need to be resolved include the following. 

· Which objects should constitute the roots of the trees? 

· Should one construct tall trees (Sequoias) or shallow trees (shrubs)? 

· How should one decide which associations (relationships) to represent as containment relations (nested elements) and which to represent otherwise (IDREFs, etc. )? 

· If one uses IDREFs to link objects, what sort of IDs should one use? surrogate keys (artificial) or keys from the registry database? 

· How do one construct element tag names which are globally unique to the entire document: for objects? for attributes? for relationships?

Each object in the registry metamodel into an XML element, with the attributes of an object becoming nested XML elements. This solves the problem of choosing the roots of the trees - every object is the root of its own tree. This design has the advantage of simplicity, ease of dumping from a relational DBMS, and uniform treatment of all object instances. However, it is likely to be cumbersome to query - in effect requiring multiple joins to reconstruct the deep structure of the database. 

The shallow tree design (shrubs) requires that every association (relationship) be encoded using IDREFs - again a very simple design. 

IDs are constructed from persistent keys from the metadata registry database. The advantage of this approach is that it does not require a separately constructed symbol (for the surrogate keys), and the keys (IDs) are persistent, and hence can be used for subsequent navigational queries. 

XML 1.0 requires that tag names are globally unique within the document. However, it is common modeling practice to reuse attribute names in multiple object classes. Hence, one must prefix attribute names with the object class names to assure uniqueness. Because this has already been done in some portions of the registry data model, duplicate object class names are removed as prefixes wherever they are encountered. Similarly one must construct unique element names for association, specialization, and containment relationships. See discussion below. 

E.2 XML Schema Generation Rules 

Summary of XML Schema Generation Rules 

UML construct 
XML construct 
XML Element Name 

Objects 
Element 
Object_Class_Name 

Attributes 
Nested element 
Object_Class_Name--attribute_name 

Association Relationships 
IDREF 
Object_Class_Name--relationship_name--role_name 

Associations with Attributes 
IDREF 
Object_Class_Name--relationship_name--role_name 

Specialization Relationships (is-a) 
IDREF 

general_Object_Class_Name--specializesTo--specialized_Object_Class_Name 
specialized_Object_Class_Name--generalizesTo--general_Object_Class_Name 

Containment Relationships (part-of) 
IDREF 
Object_Class_Name--relationship_name--role_name 

Keys 
ID 
Object_Class_Name--key_attr_1--key_attr_2--key_attr_n 

Notes: Blanks in UML names are replaced with underscores in XML names, composite keys in XML are constructed using double hyphens to separate UML key components. 

E.2.1 UML Objects 

Each object in the UML metamodel is mapped into an element in the XML schema. The UML object class name will be used to construct the XML element tag name. Since XML tag names cannot contain blanks or colons (which are used to indicate namespace prefixes) spaces are replaced with underscores and colons with double hyphens. It is assumed that object class names are unique within the UML metamodel. Note that each collection of object instances has been wrapped in its respective <object_class_name_collection> tag. 


Example - XML Schema 

 <xsd:complexType name="ADMINISTRATION_AREA">

   <xsd:element name="Administered_Component_Collection"


        type="Administered_Component_Collection"


        minOccurs="1" maxOccurs="1"/>

 </xsd:complexType>   

 <xsd:complexType name="Administered_Component_Collection">

   <xsd:element name="Administered_Component" type="Administered_Component" 

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

 </xsd:complexType>

 <xsd:complexType name="Administered_Component">

  <xsd:attribute name="ID" type="ID"/>

  ...

 </xsd:complexType>


Example - XML Instance 

 <ADMINISTRATION_AREA>

   <Administered_Component_Collection>

    <Administered_Component

     ID="Administered_Component--DB--LBNL--NERSC--DOE--data_ID--V7" >

     ...

    </Administered_Component>

   </Administered_Component_Collection>

  </ADMINISTRATION_AREA>

E.2.2 UML Attributes 

Each attribute of an object in the UML metamodel will be mapped into an element in the XML schema, nested within the object element. The reason for the use of XML elements, rather than XML attributes to encode UML attributes is that the UML attributes may be composite types (e.g., structs) which must be mapped onto nested element structures in XML. The UML attribute name is prefixed with the object class name (separated by a double hyphen) to construct the XML element tag name. Again spaces are replaced with underscores, and colons with double hyphens. If the object class name has already been prefixed to the the attribute name in the UML, it will be removed, i.e., only one copy of the object class name will appear in the final element tag name. 


Example - XML Schema 

 <xsd:complexType name="Administered_Component">

  <xsd:attribute name="ID" type="ID"/>   

    <xsd:element name="Administered_Component--identifier"

               type="Component_Identifier" minOccurs="1" maxOccurs="1"/>

    ...

 </xsd:complexType>

 <xsd:complexType name="Component_Identifier">

   <xsd:attribute name="ID" type="ID"/>

   <xsd:element name="Component_Identifier--registration_authority_identifier"

                 type="Registration_Authority_Identifier"/>

   <xsd:element name="Component_Identifier--data_identifier"

                 type="xsd:string"/>

   <xsd:element name="Component_Identifier--version"

                 type="xsd:string"/>

 </xsd:complexType>


Example - XML Instance 

 <Administered_Component 

     ID="Administered_Component--DB--LBNL--NERSC--DOE--data_ID--V7" >

   <Administered_Component--identifier>

    <Component_Identifier--registration_authority_identifier>

         <Registration_Authority_Identifier--International_Code_Designator> 

                  DB  

         </Registration_Authority_Identifier--International_Code_Designator>

         <Registration_Authority_Identifier--organization_identifier> 

                  LBNL  

         </Registration_Authority_Identifier--organization_identifier>

         <Registration_Authority_Identifier--organization_part_identifier> 

                  NERSC  

         </Registration_Authority_Identifier--organization_part_identifier>

         <Registration_Authority_Identifier--OPI_source> 

                  DOE  

         </Registration_Authority_Identifier--OPI_source>

    </Component_Identifier--registration_authority_identifier>

    <Component_Identifier--data_identifier> 

                 data ID  

    </Component_Identifier--data_identifier>

    <Component_Identifier--version>  

                 V7  

    </Component_Identifier--version>

   </Administered_Component--identifier>

   ...

 </Administered_Component>

It is assumed that complex types are uniquely named within the entire registry metamodel and therefore Object_Class_Name are not propagated into complex types (nested element structures). Hence, the name of the complex type is prefixed to the attributes of the complex type in order to assure that the corresponding element names are unique within the XML document. See examples below. 

E.2.3 UML Association Relationships 

UML associations (binary relationships) have a name for the association, names for the roles at each end of the association and (implicitly) names of the two object classes referenced. UML associations will be mapped in empty (i.e., singleton) XML tags. Empty tags have no content or matching closing tags. Unique XML tag names are needed to differentiate among the various relationships emanating from an object. The tag name will be generated by concatenating the object class name first with the relationship name and then with the role name, separated by double hyphens, i.e., ObjectClassName--relationship--role. The ObjectClassName is included for consistency with the naming of other attributes and to resolve possible reuse of "relationship" names in places in the UML model. The rationale for including UML relationship names in the XML element name is that the role names may not be unique across relationship impinging on a given object. Here it is assumed that an object participates in at most one relationship of a given name. Otherwise, it would be necessary to include the "target" object class name in the XML element name for the relationship. Note that including the "role" as part of the XML element name for the relationship element is (strictly speaking) superfluous if the relationship connects two "different" object classes. It is however, necessary whenever the relationship roles both reference the same object class. For consistency, the "role" is always included as part of the tag name. 

Each relationship element instance contains an attribute, called "target", which references the object instance at the other end of the relationship. 


Example - XML Schema 

 <xsd:complexType name="Administered_Component">

  <xsd:attribute name="ID" type="ID"/>

  ...  

    <xsd:element name="Administered_Component--registration--registered_by"


       minOccurs="0" maxOccurs="unbounded">

      <complexType content="empty">

        <xsd:attribute name="target" type="IDREF"/>

      </xsd:complexType>

    </xsd:element>

  ...

 </xsd:complexType>


Example - XML Instance 

 <Administered_Component ID="DB--LBNL--NERSC--DOE--data_ID--V7">

    ...    

    <Administered_Component--registration--registered_by

       target="Registration_Authority--DB--LBNL--NERSC--DOE"/>

    ...

 </Administered_Component>

E.2.4 UML Associations with Attributes 

In UML associations may have attributes. Such matters are dealt with by constructing an object class which contains the attributes. The XML element name of the association-attribute-object is simply the UML association name. The XML element names for the UML association attributes are constructed by concatenating the UML association name with the UML association attribute names (with 2 hyphens in between). A key for each such association-attribute-object instance is constructed by concatenating the relationship name with keys for each object instance which participates in an association instance. The relationship name must be included to distinguish among multiple relationships between a single pair of object instances. 

Thus the relationship element in XML now has an additional attribute, attributeRef, which references the relationship object instance which embodies the relationship attributes. This convention contrasts with conventional relational database design, which would interpose the relationship table between the tables for the end objects. In our usage the "relationship object" only contains the attributes, not explicit references to the end objects. However, the keys of the end objects are incorporated into the key for the association-attributes-object. 


Example - XML Schema 

 <xsd:complexType name="Administered_Component">

    ...

    <xsd:element name="Administered_Component--submission--submitted_by"

                minOccurs="0" maxOccurs="unbounded">

      <xsd:complexType content="empty">

        <xsd:attribute name="target" type="IDREF"/>

        <xsd:attribute name="attributeRef" type="IDREF"/>

      </xsd:complexType>

    </xsd:element>

    ...

 <xsd:complexType name="Administered_Component">

 <xsd:complexType name="Submission">

   <xsd:attribute name="ID" type="ID"/>

   <xsd:element name="Submission--contact" type="Contact" 

                minOccurs="1" maxOccurs="1"/>

 </xsd:complexType>

 <xsd:complexType name="Contact">

  <xsd:element name="Contact--name"


       type="xsd:string" minOccurs="1" maxOccurs="1"/>

  <xsd:element name="Contact--title"


       type="xsd:string" minOccurs="0" maxOccurs="1"/>

  <xsd:element name="Contact--mail_address"


       type="xsd:string" minOccurs="1" maxOccurs="1"/>

  <xsd:element name="Contact--phone_number"


       type="xsd:string" minOccurs="1" maxOccurs="1"/>

  <xsd:element name="Contact--electronic_mail_address"


       type="xsd:string" minOccurs="0" maxOccurs="1"/>

  <xsd:element name="Contact--fax_number"


       type="xsd:string" minOccurs="0" maxOccurs="1"/>

  <xsd:element name="Contact--telex_number"


       type="xsd:string" minOccurs="0" maxOccurs="1"/>

  <xsd:element name="Contact--cell_phone_number"


       type="xsd:string" minOccurs="0" maxOccurs="1"/>

  <xsd:element name="Contact--pager_number"


       type="xsd:string" minOccurs="0" maxOccurs="1"/>

 </xsd:complexType>

[ Editorial note: "Contact" has been treated as an independent complex type rather than an object. Note that in the UML model "Contact" has neither an identifier or participation in any direct relationships. ] 

Example - XML Instance 

 <Administered_Component

    ... 

    <Administered_Component--submission--submitted_by

      target="Organization--NERSC" 

      attributeRef="Submission--DB--LBNL--NERSC--DOE--data_ID--V7--NERSC"/>

    ...

 </Administered_Component> 

 <Submission ID="Submission--DB--LBNL--NERSC--DOE--data_ID--V7--NERSC">

      <Submission--contact>

        <Contact--name>

          Frank_Olken
        </Contact--name>

        <Contact--title>

          Computer_Scientist
        </Contact--title>

        <Contact--mail_address>

          1 Cyclotron Road,

          Mail Stop 50B-3238,

          Berkeley, CA, 94720
        </Contact-mail_address>

        <Contact--phone_number>

          (510)486-5891
        </Contact--phone_number>

        <Contact--electronic_mail_address>

          olken@lbl.gov
        </Contact--electronic_mail_address>

        <Contact--fax_number>

          (510)486-4004
        </Contact--fax_number>

        <Contact--pager_number>

          (510)442-7361

</Contact--pager_number> 

      </Submission--contact>

  </submission> 

E.2.5 UML Specialization Relationships (is-a) 

Specialization relationships are denoted in UML model by means of an open triangle on the line indicating the relationship. Specialization relationships are treated as another kind of association. Because specialization relationships are not named in UML models, one must synthesize names for the specialization relationships and the role names. The synthetic names for the specializatioin relationships are intended to accommodate the possibility of multiple inheritance. Names are constructed for the specialization relationship and its inverse as follows: 

general object relationship name: generalObjectClassName--specializesTo--specializedObjectClassName, 
general object role name: specializesTo 
and special object relationship name: specialObjectClassName--generalizesTo--generalObjectClassName, 
special object role name: generalizesTo 


Example - XML Schema 

 <xsd:complexType name="Registration_Authority">

  <xsd:attribute name="ID" type="ID"/>

  ...  

    <xsd:element name="Registration_Authority--generalizesTo--Organization"


       minOccurs="0" maxOccurs="unbounded">

      <xsd:complexType content="empty">

        <xsd:attribute name="target" type="IDREF"/>

      </xsd:complexType>

    </xsd:element>

  ...

 </xsd:complexType>

 <xsd:complexType name="Organization">

  <xsd:attribute name="ID" type="ID"/>

  ...  

    <xsd:element name="Organization--specializesTo--Registration_Authority"


       minOccurs="0" maxOccurs="unbounded">

      <xsd:complexType content="empty">

        <xsd:attribute name="target" type="IDREF"/>

      </xsd:complexType>

    </xsd:element>

  ...

 </xsd:complexType>


Example - XML Instance 

 <Registration_Authority ID="Registration_Authority--DB--LBNL--NERSC--DOE">

    ...    

    <Registration_Authority--generalizesTo--Organization>

       target="Organization--NERSC"/>

    ...

 </Registration_Authority>

 <Organization ID="Organization--NERSC">

    ...    

    <Organization--specializesTo--Registration_Authority>

       target="Registration_Authority--DB--LBNL--NERSC--DOE"/>

    ...

 </Organization>

E.2.6 UML Containment Relationships (part-of) 

Containment relationships are denoted in UML models as lines terminating in open (nonstrict containment) or closed (strict containment) diamonds. Containment relationships are treated as another kind of association. Containment relationships are also known as part-of relationships (actually part-of is the inverse of contains). Strict containment relations imply that if the container object is deleted, then all of its parts are deleted. Names are constructed for the containment relationship exactly as for ordinary relationships. Note that for strict containment relationships one could have used nested XML elements. However, in this annex containment relationships are treated in the same manner as ordinary relationships. This simplifies our design somewhat, at the expense of more verbose encodings and more cumbersome querying. 


Example - XML Schema 

 <xsd:complexType name="Registration_Authority">

  <xsd:attribute name="ID" type="ID"/>

  ...  

    <xsd:element name="Registration_Authority--registration_authority_registrar--containing"


       minOccurs="1" maxOccurs="1">

      <xsd:complexType content="empty">

        <xsd:attribute name="target" type="IDREF"/>

      </xsd:complexType>

    </xsd:element>

  ...

 </xsd:complexType>

 <xsd:complexType name="Registrar">

  <xsd:attribute name="ID" type="ID"/>

  ...  

    <xsd:element name="Registrar--registration_authority_registrar--included_in"


       minOccurs="1" maxOccurs="unbounded">

      <xsd:complexType content="empty">

        <xsd:attribute name="target" type="IDREF"/>

      </xsd:complexType>

    </xsd:element>

  ...

 </xsd:complexType>


Example - XML Instance 

 <Registration_Authority ID="Registration_Authority--DB--LBNL--NERSC--DOE">

    ...    

    <Registration_Authority--registration_authority_registrar--containing

       target="Registrar--Frank_Olken"/>

    ...

 </Registration_Authority>

 <Registrar ID="Registrar--Frank_Olken">

    ...    

    <Registrar--registration_authority_registrar--included_in

       target="Registration_Authority--DB--LBNL--NERSC--DOE"/>

    ...

 </Registrar>

E.2.7 Keys 

Keys are not explicitly specified in UML. Hence, it has been inferred that attribute names ending in "identifier" are usually keys or part of keys. All of the key attributes are concatenated into a single string to construct a key (ID) for the object instance. Double hyphens are used to separate key components and underscores to replace embedded spaces in the key components. See discussion above for the key synthesis for attributed relationships. 

The object class name is prefixed in front of each key to assure that duplicate keys (IDs) from different object classes do not collide. Thus one could envisage the use of patterns to constrain the type of keys (i.e., with the prefixed object class names). IDREFS must be correspondingly constrained. 


Example - XML Schema 

 <xsd:complexType name="Administered_Component">

        <xsd:attribute name="ID" type="ID"/>

  <xsd:element name="Administered_Component--identifier"

               type="Component_Identifier" minOccurs="1" maxOccurs="1"/>

  ...

 </Administered_Component>

 <xsd:complexType name="Component_Identifier">

  <xsd:attribute name="ID" type="ID"/>

  <xsd:element name="Component_Identifier--registration_authority_identifier"

               type="Registration_Authority_Identifier"/>

  <xsd:element name="Component_Identifier--data_identifier"

               type="xsd:string"/>

  <xsd:element name="Component_Identifier--version"

               type="xsd:string"/>

 </xsd:complexType>

 <xsd:complexType name="Registration_Authority_Identifer">

  <xsd:attribute name="ID" type="ID"/>

  <xsd:element 

       name="Registration_Authority_Identifier--international_code_designator"

       type="xsd:string" minOccurs="1" maxOccurs="1"/>

  <xsd:element 

       name="Registration_Authority_Identifier--organization_identifier"

       type="xsd:string" minOccurs="1" maxOccurs="1"/>

  <xsd:element 

       name="Registration_Authority_Identifier--organization_part_identifier"

       type="xsd:string" minOccurs="0" maxOccurs="1"/>

  <xsd:element 

       name="Registration_Authority_Identifier--OPI_source"

       type="xsd:string" minOccurs="0" maxOccurs="1"/>

  ...

 </complexType>


Example - XML Instance 

 <Administered_Component 

     ID="Administered_Component--DB--LBNL--NERSC--DOE--data_ID--V7" >

        <Administered_Component--identifier>

           <Component_Identifier--registration_authority_identifier>

                <Registration_Authority_Identifier--International_Code_Designator> 

                         DB  

                </Registration_Authority_Identifier--International_Code_Designator>

                <Registration_Authority_Identifier--organization_identifier> 

                         LBNL 

                </Registration_Authority_Identifier--organization_identifier>

                <Registration_Authority_Identifier--organization_part_identifier> 

                         NERSC  

                </Registration_Authority_Identifier--organization_part_identifier>

                <Registration_Authority_Identifier--OPI_source> 

                         DOE  

                </Registration_Authority_Identifier--OPI_source>

           </Component_Identifier--registration_authority_identifier>

           <Component_Identifier--data_identifier> 

                 data ID  

           </Component_Identifier--data_identifier>

           <Component_Identifier--version>  

                 V7  

           </Component_Identifier--version>

        </Administered_Component--identifier>

E.3 Example of Registry Content Encoded in XML 

Note that this example is incomplete. 


Example - XML Schema 

<xsd:schema xmlns:xsd="http://www.w3.org/1999/XMLSchema">

 <xsd:annotation>

   <xsd:documentation>

    ISO 11179 Metadata Registry schema v15

    Prepared by Sarika Agarwal and Frank Olken

    Lawrence Berkeley Laboratory

    S_Agarwal@lbl.gov, olken@lbl.gov

    2000-08-11

   </xsd:documentation>

 </xsd:annotation>

 <xsd:element name="ISO_11179_Metadata_Registry_Contents"       

              type="ISO_11179_Metadata_Registry_Contents"/>

 <xsd:complexType name="ISO_11179_Metadata_Registry_Contents">

  <xsd:element 

      name="ADMINISTRATION_AREA"

      type="ADMINISTRATION_AREA" 

      minOccurs="1" maxOccurs="1"/>

 </xsd:complexType>

 <xsd:complexType name="ADMINISTRATION_AREA">

  <xsd:element name="Administered_Component_Collection"


       type="Administered_Component_Collection"


       minOccurs="1" maxOccurs="1"/>

  <xsd:element name="Organization_Collection"


       type="Organization_Collection"


       minOccurs="1" maxOccurs="1"/>

  <xsd:element name="Reference_Document_Collection"


       type="Reference_Document_Collection"


       minOccurs="1" maxOccurs="1"/>

  <xsd:element name="Registrar_Collection"


       type="Registrar_Collection"


       minOccurs="1" maxOccurs="1"/>

  <xsd:element name="Registration_Authority_Collection"


       type="Registration_Authority_Collection"


       minOccurs="1" maxOccurs="1"/>

  <xsd:element name="Submission_Collection"


       type="Submission_Collection"


       minOccurs="1" maxOccurs="1"/>

 </xsd:complexType>

 <xsd:complexType name="Administered_Component_Collection">

  <xsd:element name="Administered_Component"


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

 </xsd:complexType>

 <xsd:complexType name="Organization_Collection">

  <xsd:element name="Organization"


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

 </xsd:complexType>

 <xsd:complexType name="Reference_Document_Collection">

  <xsd:element name="Reference_Document"


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

 </xsd:complexType>

 <xsd:complexType name="Registrar_Collection">

  <xsd:element name="Registrar"


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

 </xsd:complexType>

 <xsd:complexType name="Registration_Authority_Collection">

  <xsd:element name="Registration_Authority"


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

 </xsd:complexType>

 <xsd:complexType name="Submission_Collection">

  <xsd:element name="Submission"


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

 </xsd:complexType>

 <xsd:complexType name="Administered_Component">

  <xsd:element name="Administered_Component--identifier"

               type="Component_Identifier" minOccurs="1" maxOccurs="1"/>

  <xsd:element name="Administered_Component--registration_status"

               type="xsd:string" minOccurs="1" maxOccurs="1"/>

  <xsd:element name="Administered_Component--administrative_status"


       type="xsd:string" minOccurs="1" maxOccurs="1"/>       

  <xsd:element name="Administered_Component--creation_date"

               type="xsd:date" minOccurs="1" maxOccurs="1"/>

  <xsd:element name="Administered_Component--last_change_date"

               type="xsd:date" minOccurs="0" maxOccurs="1"/>

  <xsd:element name="Administered_Component--effective_date"

               type="xsd:date" minOccurs="0" maxOccurs="1"/>

  <xsd:element name="Administered_Component--until_date"


       type="xsd:date" minOccurs="0" maxOccurs="1"/>

  <xsd:element name="Administered_Component--change_description"


       type="xsd:string" minOccurs="0" maxOccurs="1"/>

  <xsd:element name="Administered_Component--administrative_note"


       type="xsd:string" minOccurs="0" maxOccurs="1"/>

  <xsd:element name="Administered_Component--explanatory_comment"


       type="xsd:string" minOccurs="0" maxOccurs="1"/>

  <xsd:element name="Administered_Component--unresolved_issue"


       type="xsd:string" minOccurs="0" maxOccurs="1"/>

  <xsd:element name="Administered_Component--origin"


       type="xsd:string" minOccurs="0" maxOccurs="1"/>

  <xsd:element name="Administered_Component--reference--described_by"


       minOccurs="0" maxOccurs="unbounded">

    <xsd:complexType content="empty">

      <xsd:attribute name="target" type="IDREF"/>

    </xsd:complexType>

  </xsd:element> 

  <xsd:element name="Administered_Component--submission--submitted_by"


       minOccurs="0" maxOccurs="unbounded">

    <xsd:complexType content="empty">

      <xsd:attribute name="target" type="IDREF"/>

    </xsd:complexType>        

  </xsd:element>   

  <xsd:element name="Administered_Component--registration--registered_by"


       minOccurs="0" maxOccurs="unbounded">

    <xsd:complexType content="empty">

      <xsd:attribute name="target" type="IDREF"/>

    </xsd:complexType>

  </xsd:element> 

  <xsd:attribute name="ID" type="ID"/>

 </xsd:complexType>

 <xsd:complexType name="Organization">

  <xsd:element name="Organization--organization_name"


       type="xsd:string" minOccurs="1" maxOccurs="1"/>

  <xsd:element name="Organization--organization_mail_address"


       type="xsd:string" minOccurs="0" maxOccurs="1"/>

  <xsd:element name="Organization--submission--submitting"


       minOccurs="1" maxOccurs="1">

    <xsd:complexType content="empty">

      <xsd:attribute name="target" type="IDREF"/>

    </xsd:complexType>   

  </xsd:element>

  <xsd:element name="Organization--specializesTo--Registration_Authority"


       minOccurs="0" maxOccurs="unbounded">

    <xsd:complexType content="empty">

     <xsd:attribute name="target" type="IDREF"/>

    </xsd:complexType>

  </xsd:element>

  <xsd:attribute name="ID" type="ID"/>

 </xsd:complexType>

 <xsd:complexType name="Reference_Document">

  <xsd:element name="Reference_Document--identifier"

               type="xsd:string" minOccurs="1" maxOccurs="1"/>

  <xsd:element name="Reference_Document--type_description"

               type="xsd:string" minOccurs="0" maxOccurs="1"/>

  <xsd:element name="Reference_Document--language"

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

  <xsd:element name="Reference_Document--title"

               type="xsd:string" minOccurs="0" maxOccurs="1"/>

  <xsd:element name="Reference_Document--reference--describing"


       minOccurs="0" maxOccurs="unbounded">

    <xsd:complexType content="empty">

      <xsd:attribute name="target" type="IDREF"/>

    </xsd:complexType>

  </xsd:element>

  <xsd:attribute name="ID" type="ID"/>

 </xsd:complexType>

 <xsd:complexType name="Registrar">

  <xsd:element name="Registrar--identifier"


       type="xsd:string" minOccurs="1" maxOccurs="1"/>

  <xsd:element name="Registrar--registration_authority_registrar--included_in"

               minOccurs="1" maxOccurs="unbounded">

    <xsd:complexType content="empty">

      <xsd:attribute name="target" type="IDREF"/>

    </xsd:complexType>

  </xsd:element>

  <xsd:attribute name="ID" type="ID"/>

 </xsd:complexType>

 <xsd:complexType name="Registration_Authority">

  <xsd:element name="Registration_Authority--identifier"


       type="Registration_Authority_Identifier"


       minOccurs="1" maxOccurs="1"/>

  <xsd:element name="Registration_Authority--documentation_language"


       type="Language" minOccurs="1" maxOccurs="unbounded"/>

  <xsd:element name="Registration_Authority--registration_authority_registrar--containing"

               minOccurs="1" maxOccurs="1" >

    <xsd:complexType content="empty">

      <xsd:attribute name="target" type="IDREF"/>

    </xsd:complexType>

  </xsd:element>

  <xsd:element name="Registration_Authority--registration--registering"

               minOccurs="1" maxOccurs="1">

    <xsd:complexType content="empty">

      <xsd:attribute name="target" type="IDREF"/>

    </xsd:complexType> 

  </xsd:element>

  <xsd:element name="Registration_Authority--generalizesTo--Organization"


       minOccurs="0" maxOccurs="unbounded">

    <xsd:complexType content="empty">

     <xsd:attribute name="target" type="IDREF"/>

    </xsd:complexType>

  </xsd:element>

  <xsd:attribute name="ID" type="ID"/>

 </xsd:complexType>

 <xsd:complexType name="Submission">

  <xsd:element name="Submission--contact"


       type="Contact" minOccurs="1" maxOccurs="1"/>

 <xsd:attribute name="ID" type="ID"/>

 </xsd:complexType>

 <xsd:complexType name="Contact">

  <xsd:element name="Contact--name"


       type="xsd:string" minOccurs="1" maxOccurs="1"/>

  <xsd:element name="Contact--title"


       type="xsd:string" minOccurs="0" maxOccurs="1"/>

  <xsd:element name="Contact--mail_address"


       type="xsd:string" minOccurs="1" maxOccurs="1"/>

  <xsd:element name="Contact--phone_number"


       type="xsd:string" minOccurs="1" maxOccurs="1"/>

  <xsd:element name="Contact--electronic_mail_address"


       type="xsd:string" minOccurs="0" maxOccurs="1"/>

  <xsd:element name="Contact--fax_number"


       type="xsd:string" minOccurs="0" maxOccurs="1"/>

  <xsd:element name="Contact--telex_number"


       type="xsd:string" minOccurs="0" maxOccurs="1"/>

  <xsd:element name="Contact--cell_phone_number"


       type="xsd:string" minOccurs="0" maxOccurs="1"/>

  <xsd:element name="Contact--pager_number"


       type="xsd:string" minOccurs="0" maxOccurs="1"/>

 </xsd:complexType>

</xsd:schema>


  Example - XML Instance 

<?xml version="1.0"?>

<ISO_11179_Metadata_Registry_Contents>

 <ADMINISTRATION_AREA>

  <Administered_Component_Collection>

   <Administered_Component 

     ID="Administered_Component--DB--LBNL--NERSC--DOE--data_ID--V7" >

        <Administered_Component--identifier>

           <Component_Identifier--registration_authority_identifier>

                <Registration_Authority_Identifier--International_Code_Designator> 

                         DB  

                </Registration_Authority_Identifier--International_Code_Designator>

                <Registration_Authority_Identifier--organization_identifier> 

                         LBNL 

                </Registration_Authority_Identifier--organization_identifier>

                <Registration_Authority_Identifier--organization_part_identifier> 

                         NERSC  

                </Registration_Authority_Identifier--organization_part_identifier>

                <Registration_Authority_Identifier--OPI_source> 

                         DOE  

                </Registration_Authority_Identifier--OPI_source>

           </Component_Identifier--registration_authority_identifier>

           <Component_Identifier--data_identifier> 

                 data ID  

           </Component_Identifier--data_identifier>

           <Component_Identifier--version>  

                 V7  

           </Component_Identifier--version>

        </Administered_Component--identifier>

        <Administered_Component--registration_status> 

                 registered  

        </Administered_Component--registration_status>

        <Administered_Component--administrative_status> 

                 unknown  

        </Administered_Component--administrative_status>

        <Administered_Component--creation_date> 

                 1999-07-14  

        </Administered_Component--creation_date>

        <Administered_Component--effective_date> 

                 1999-07-14  

        </Administered_Component--effective_date>

        <Administered_Component--until_date> 

                 2000-07-14  

        </Administered_Component--until_date>

        <Administered_Component--change_description> 

                 unchanged  

        </Administered_Component--change_description>

        <Administered_Component--administrative_note> 

                 none  

        </Administered_Component--administrative_note>

        <Administered_Component--explanatory_comment> 

                 no explanation  

        </Administered_Component--explanatory_comment>

        <Administered_Component--unresolved_issues> 

                 no unresolved issues  

        </Administered_Component--unresolved_issues>

        <Administered_Component--origin> 

                 United Nations  

        </Administered_Component--origin>

        <Administered_Component--reference--described_by 

                target="Reference_Document--ISO_11179_Part_3--2000"/>

        <Administered_Component--reference--described_by 

                target="Reference_Document--ISO_11404"/>


<Administered_Component--registration--registered_by


        target="Registration_Authority--DB--LBNL--NERSC--DOE"/> 

        <Administered_Component--submission--submitted_by

                target="Organization--NERSC" 

      

attributeRef="Submission--DB--LBNL--NERSC--DOE--data_ID--V7--NERSC"/>


</Administered_Component>

  </Administered_Component_Collection>

  <Organization_Collection>

   <Organization ID="Organization--NERSC">

      <Organization--name>

          NERSC
      </Organization--name>

      <Organization--mail_address>

          1 Cyclotron Road,

          Mail Stop 50B-3238,

          Berkeley, CA, 94720
      <Organization--mail_address>

      <Organization--submission--submitting>

          IDREF="Administered_Component--DB--LBNL--NERSC--DOE--data_ID--V7"/>

   </Organization>

  </Organization_Collection>

  <Reference_Document_Collection>

   <Reference_Document ID="Reference_Document--ISO_111793_Part_3--2000">

          <Reference_Document--identifier> 

                 ISO_111793_Part_3--2000  

          </Reference_Document--identifier>

          <Reference_Document--type_description> 

                 ISO Standard  

          </Reference_Document--type_description>

          <Reference_Document--language>

            <Language--identifier>


            English 
            </Language--identifier>

            <Language--country_identifier>


            USA 

    </Language--country_identifier>

          </Reference_Document--language>


  <Reference_Document--title> 

                 Specification and Standardization of Data Elements, Part 3  

          </Reference_Document--title>

          <Reference_Document--reference--describing 

              target="DB--LBNL--NERSC--DOE--data_ID--V7">

   </Reference_Document>

   <Reference_Document ID="Reference_Document--ISO_11404" >

          <Reference_Document--identifier> 

                 ISO_11404  

          </Reference_Document--identifier>

          <Reference_Document--type_description> 

                 ISO Standard  

          </Reference_Document--type_description>

          <Reference_Document--language>

           <Language--identifier>


            English 
           </Language--identifier>

           <Language--country_identifier>


            USA 

   </Language--country_identifier>

          </Reference_Document--language>

          <Reference_Document--title> 

                 Language Independent Data Types  

          </Reference_Document--title>

          <Reference_Document--reference--describing 

              target="Reference_Document--DB--LBNL--NERSC--DOE--data_ID--V7"/>

   </Reference_Document>

  </Reference_Document_Collection>

  <Registrar_Collection>

    <Registrar ID="Registrar--Frank_Olken">

      <Registrar--identifier>

            Frank_Olken 
      <Registrar--identifier>

      <Registrar--registration_authority_registrar--included_in>

        target="Registration_Authority--DB--LBNL--NERSC--DOE" />

  </Registrar>

  <Registration_Authority_Collection>

   <Registration_Authority ID="Registration_Authority--DB--LBNL--NERSC--DOE">

      <Registration_Authority--identifier>


   <Registration_Authority_Identifier--International_Code_Designator> 

                    DB  

           </Registration_Authority_Identifier--International_Code_Designator>

           <Registration_Authority_Identifier--organization_identifier> 

                    LBNL 

           </Registration_Authority_Identifier--organization_identifier>

           <Registration_Authority_Identifier--organization_part_identifier> 

                    NERSC  

           </Registration_Authority_Identifier--organization_part_identifier>

           <Registration_Authority_Identifier--OPI_source> 

                    DOE  

           </Registration_Authority_Identifier--OPI_source>

      </Registration_Authority--identifier>

      <Registration_Authority--documentation_language>

           <Language--identifier>


              English 
           </Language--identifier>

           <Language--country_identifier>


              USA 

   </Language--country_identifier>

      </Registration_Authority--documentation_language>

      <Registration_Authority--registration--registering>

                    "Administered_Component--DB--LBNL--NERSC--DOE--data_ID--V7"/>

      <Registration_Authority--registration_authority_registrar--containing

                   target="Registrar--Frank_Olken"/>

      <Registration_Authority--generalizesTo--Organization



   target= "Organization--NERSC"/>

    </Registration_Authority>

  </Registration_Authority_Collection>

  <Submission_Collection>

    <Submission ID="Submission--DB--LBNL--NERSC--DOE--data_ID--V7--NERSC">

      <Submission--contact>

        <Contact--name>

          Frank_Olken
        </Contact--name>

        <Contact--title>

          Computer_Scientist
        </Contact--title>

        <Contact--mail_address>

          1 Cyclotron Road,

          Mail Stop 50B-3238,

          Berkeley, CA, 94720
        </Contact-mail_address>

        <Contact--phone_number>

          (510)486-5891
        </Contact--phone_number>

        <Contact--electronic_mail_address>

          olken@lbl.gov
        </Contact--electronic_mail_address>

        <Contact--fax_number>

          (510)486-4004
        </Contact--fax_number>

        <Contact--pager_number>

          (510)442-7361

</Contact--pager_number> 

      </Contact>

      </Submission--contact>

    </Submission>

  </Submission_Collection>

 </ADMINISTRATION_AREA>

</ISO_11179_Metadata_Registry_Contents>
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