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1  Overview

This paper discusses the alternative methods to map the generic SIP Schema to the XFDU Schema.There are many potential solutions to this issue though none of them are optimal. This document will illustrate three classes of solutions of mapping the SIP schema into XFDUs. Each solution will be discussed based on our understanding of the goals of this mapping effort.

This effort investigates the low level XML issues involved in the SIP/XFDU mapping. A number of other SIP/XFDU data model issues have been raised in the discussions among  the NASA DAI/IPR team. 
2  GoAls of XFDU Implementation of SIP

The major goals of this SIP/XFDU Implementation that were considered in this effort (in priority order) were :

1) The ability to specify standard SIP attributes at both the global SIP and transfer object layers

2) The ability of the SIP to be parsed by the existing XFDU libraries wifhout significant new software

3) A high level of validation at the XFDU parser layer rather than at the SIP application layer

4) The ability of “community standards” to independantly specialize SIP schema

5) The use of the XFDU data model to express the semantics of SIP data/descriptor relationships 

3   Alternate solutions

(Insert a view of the Global Attributes, denoting which are ‘identification and which are not’, and also give the transfer object level attributes, so as to provide context for discussion below.)

The SIP requires that the underlying packaging mechanism convey ‘Global’ attributes, and attributes at the level of each Transfer Object instance.  These attributes, and their names as used in this paper, are as follows:

Global SIP Attributes

Global SIP Identification Attributes

sip_type_id

producer_id

project_id

Global SIP Non-identification Attributes

sip_sequence_number

sip_subsequence_number_position

sip_subsequence_number_size 

SIP transfer object attributes 

descriptor_location

descriptor_id

last_object

updated_object

data_object_id    

There were three classes of solutions considered:

1) Extensive use of xsd:anyAttribute for SIP metadata

a) Use the anyAttribute in the XFDU information package map to express Global SIP identification metadata and the XFDU content unit to express SIP transfer object related metadata. Use the Package header to express SIP metadata that is not identifecation metadata.
i)  A variation on the use of anyAttribute could be done with the processContents="strict" instead of “lax”. Strict=If you cannot find the fully specified XML attribute( namespace hierarchy +name) you return an error;  LAX= If you cannot find the fully specified XML attribute( namespace hierarchy +name) you skip the parsing and do not return an error.  Both Strict and LAX return an error if the value does not correspond to the datatype and constraints defined in the shchema.
2) SIP metadata as XFDU data objects and metadata objects

a) Variation 1 –Express all SIP global metadata in the Package Header and each SIP transfer object related metadata as a metadata object using standard XFDU data/metadata linkages (‘1’ metadata object to  ‘1’ transfer object).

i) Variation 1a – Using “interoperability profile” linkages 

ii) Variation 1b – Using mdWrap for contentUnit metadata

b) Variation 2 - Express all SIP global metadata in the Package Header and all SIP transfer object related metadata as  a single data object linked to the SIP-specified highest-level content object using standard XFDU data/metadata linkages

3) Use of XFDU substiution group to define a sipContentUnitType

a) Variation 1: Define a new SIP namespace which contains a new SIP schema that is an extension of the XFDU schema (rejected due to the fact that the “SIP “ namespace would not be recognized by a standard XFDU parser )

b) Variation 2: creating a new “roof” schema with the same target namespace as the original XFDU  Then, include the original XFDU schema into it and import any other namespaces that were not present in the original schema. This technique can be used to add new elements that are members of a substitution group as defined in the original schema for the XFDU namespace.

The following is new material. This approach seems optimal for all evaluation criteria but will involve a slight change to the XFDU schema and I believe a slight change to SIP common. This will be a major topic of discussion at the IPR WG

4) Use of an new type definition extensionType to insulate the non-deterministic properties of the “any wildcard” and allow a new extension element to be added to the XFDU contentUnit. This element can be used to include all SIP transfer object metadata. Including the same extension element in the SIP TransferObjectInformation the SIP Schema would enable new communities to further specialize SIP. Creating XFDU instances of SIP metadata

The changes to the XFDU Schema that were required by this technique were:

Definition of the extensionType:

<xsd:complexType name="extensionType">

        <xsd:sequence>

            <xsd:any namespace="##other" processContents="lax"></xsd:any>

        </xsd:sequence>

        <xsd:anyAttribute namespace="##other" processContents="lax"/>

    </xsd:complexType> 

Creation of an “extension element in the contentUnitType (annonation excluded for brevity):

<xsd:complexType name = "contentUnitType">

        <xsd:annotation>

        <xsd:sequence>

            <xsd:element name = "XFDUPointer" type = "xfdu:referenceType" minOccurs = "0" maxOccurs = "unbounded">

                <xsd:annotation>

                    </xsd:documentation>

                </xsd:annotation>

            </xsd:element>

            <xsd:element name = "dataObjectPointer" type = "xfdu:dataObjectPointerType" minOccurs = "0" maxOccurs = "unbounded"/>

            <xsd:element ref = "xfdu:abstractContentUnit" minOccurs = "0" maxOccurs = "unbounded"/>

            <xsd:element name="extension" type="xfdu:extensionType" minOccurs="0"/>

        </xsd:sequence>

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

        <xsd:attribute name = "order" type = "xsd:string"/>

        <xsd:attribute name = "unitType" type = "xsd:string"/>

        <xsd:attribute name = "textInfo" type = "xsd:string"/>

        <xsd:attribute name = "repID" type = "xsd:IDREFS"/>

        <xsd:attribute name = "dmdID" type = "xsd:IDREFS"/>

        <xsd:attribute name = "pdiID" type = "xsd:IDREFS"/>

        <xsd:attribute name = "anyMdID" type = "xsd:IDREFS"/>

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

        <xsd:anyAttribute namespace="##other" processContents="lax" />                 

    </xsd:complexType>

4  Creating XFDU instances of SIP metadata

4.1 SIP Common Schema

The XML Schema in Figure 1 below defines all the attributes and element types in a SIP namespace to support the various alternative solutions. All schemas and instances follow the pattern of having global attributes.  Some technical details of the schema design include:

1) The element names and types are not intended as recommendations but were used in the examples
2) The pattern facet for sip_type_id and descriptor_id and the datatype of nonNegativeInteger for last_object are intended to test the validation done by the JAXB parser for anyAttribute  with processContents="lax”
3) The sipGlobalInformation element is composed of the sipIdentificationInformation and sipOtherGlobalInformation elements to allow sip_type_id and sip_id to appear either in the packageHeader or as attributes of the informationPackageMap and to validate the occurance of these attributes. We could not use two separate objects because the XFDU schema does not specify a maximum occurance on the any wildcard, so “1” is assumed. 

4) The subsitutionGroup requires its own schema which will be discussed later

5) The sipTransferObjectInformation and the sipTabularMetadata elements are intended for the case of the SIP metadata as XFDU data objects and metadata objects (option 2)
<?xml version="1.0" encoding="UTF-8"?>

<xsd:schema targetNamespace="sip"

    xmlns:sip="sip" 

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

    elementFormDefault = "unqualified"

    attributeFormDefault = "unqualified">

    <!—SIP global attributes that can replace anyAttribute wildcards i->

    <xsd:attribute name="sip_id"/>

  
<xsd:attribute name="sip_type_id">

        <xsd:simpleType>

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

                <xsd:pattern value="[a-z | A-Z]{4}[0-9]{4}"></xsd:pattern>

            </xsd:restriction>

        </xsd:simpleType>        


</xsd:attribute>


 <xsd:attribute name="producer_id" type="xsd:string"/>


 <xsd:attribute name="project_id" type="xsd:string"/>

   <xsd:attribute name="sip_sequence_number" type="xsd:string"/>

   <xsd:attribute name="sip_subsequence_number_position" type="xsd:positiveInteger"/>                            

   <xsd:attribute name="sip_subsequence_number_size" type="xsd:positiveInteger"/>                                

    <!-- transfer object attributes that can replace anyAttribute wildcards -->

    <xsd:attribute name="descriptor_location" type="xsd:string"/>




            

    <xsd:attribute name="descriptor_id">

        <xsd:simpleType>

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

                <xsd:pattern value="[a-z | A-Z]{4}[0-9]{4}"></xsd:pattern>

            </xsd:restriction>

        </xsd:simpleType>

    </xsd:attribute>        

    <xsd:attribute name="last_object" type="xsd:nonNegativeInteger"/>

    <xsd:attribute name="updated_object" type="xsd:string"/>

    <xsd:attribute name="data_object_id" type="xsd:string"/>
 <!—SIP elements that can replace Any wildcard in the packageHeader i->

  <xsd:element name = "sipOtherGlobalInformation">

        <xsd:complexType>

            <xsd:sequence>

                <xsd:any namespace="##other" minOccurs="0" processContents="lax"/>

            </xsd:sequence>

            <xsd:attribute ref="sip:producer_id"  use="required"/>

            <xsd:attribute ref="sip:project_id"  use="required"/>

            <xsd:attribute ref="sip:sip_sequence_number"  use="required"/>

            <xsd:attribute ref="sip:sip_subsequence_number_position"  use="optional"/>                            

            <xsd:attribute ref="sip:sip_subsequence_number_size"  use="optional"/>                                

        </xsd:complexType> 

    </xsd:element>

    <xsd:element name = "sipIdentificationInformation">

        <xsd:complexType>

            <xsd:attribute ref="sip:sip_id"  use="required"/>

            <xsd:attribute ref="sip:sip_type_id"  use="required"/>

        </xsd:complexType> 

    </xsd:element>

<xsd:element name="sipGlobalInformation">

        <xsd:complexType>

            <xsd:sequence>

                <xsd:element ref="sip:sipIdentificationInformation" minOccurs="0"/>

                <xsd:element ref="sip:sipOtherGlobalInformation" minOccurs="0"/>                

            </xsd:sequence>

        </xsd:complexType>

    </xsd:element>

</xsd:schema>
<!—SIP element XSDs that be used to verify application level map elements for transfer object metadata 

either at the InformationPackageMap or at the contentUnit level->

    <xsd:element name="sipTransferObjectInformation">

        <xsd:complexType>

            <xsd:attribute ref="sip:descriptor_location" use="required"/>

            <xsd:attribute ref="sip:descriptor_id" use="required"/>

            <xsd:attribute ref="sip:last_object" use="optional"/>

            <xsd:attribute ref="sip:updated_object" use="optional"/>

            <xsd:attribute ref="sip:data_object_id" use="required"/>

        </xsd:complexType>         

    </xsd:element>
    <xsd:element name="sipTabularMeta">

        <xsd:complexType>

            <xsd:sequence>

                <xsd:element name="dataObjectAttributeMap" minOccurs="0" maxOccurs="unbounded">

                    <xsd:complexType>

                        <xsd:sequence>

                            <xsd:element ref="sip:sipTransferObjectInformation"/>

                        </xsd:sequence>

                        <xsd:attribute name="dataObjectID"/>

                    </xsd:complexType>                    

                </xsd:element>

            </xsd:sequence>

        </xsd:complexType>

    </xsd:element>
</xsd:schema>

Figure 1 SIP Common Schema
4.2 The  SIP instance  eamples

A simple SIP is used for all examle instances instances. This SIP contains three single file transfer objects. In order to use all the available SIP atrributes there was little attention paid to the SIP semantics or the realism of the SIP instances. In these examples the second transfer object is assumed to be the last transfer object in the product while the third transfer object is a replacement for a previos instance. The only SIP attributes that were not used were sip_subsequence_number_position and sip_subsequence_number_size. The functionality of these attributes seens to be a subset of the functionality of the XFDU sequenceInformation elemenr.

4.3  Extensive  use of xsd:anyAttribute for SIP metadata

The full example instance of this approach is included as section 6 of this document 

4.3.1 Observations

The following is the informationPackageMap element from the example in section 6:

<informationPackageMap sip:sip_id="isee-sip-001" sip:sip_type_id="NSSD1234">

        <!-- transfer object attributes are at each content unit using <anyAttribute/> defined by XFDU schema -->

        <xfdu:contentUnit ID="cu1"  sip:data_object_id="1" sip:descriptor_id="isee1234"

 sip:descriptor_location="http://my.org/some/kind/of/mapping/to/file" sip:last_object="1">                           

            <dataObjectPointer dataObjectID="sipDO1"/>

        </xfdu:contentUnit>

        <xfdu:contentUnit ID="cu2" sip:data_object_id="2" sip:descriptor_id="isee1234" 






sip:descriptor_location="http://my.org/some/kind/of/mapping/to/file" sip:last_object="0">                           

            <dataObjectPointer dataObjectID="sipDO2"/>

        </xfdu:contentUnit>

<xfdu:contentUnit ID="cu3" sip:data_object_id="3"   sip:descriptor_id="isee1234"sip:descriptor_location="http://my.org/some/kind/of/mapping/to/file" 

sip:last_object="22" sip:updated_object="isee-4s-transfer-object-00017">                           

         <dataObjectPointer dataObjectID="sipDO3"/>

       </xfdu:contentUnit> 

</informationPackageMap>
This approach appears to have created a perfect SIP with the global identification information as attributes of the informationPackageMap and the transfer object information as attributes of each contentUnit. The anyAttribute wildcard does not cause the same non-determinism errors caused by the any wildcard. This approach was viewed as important enough to include anyAttribute wildcards in the informationPackageMap and the contentUnit elements in the XFDU Redbook.

However, on closer examination the anyAttribute solution causes some loss of XML schema validation capabilities:

1) It is impossible to specify an attribute included due to an anyAttribute wildcard as mandatory or optional due to the lack of an anchoring element. This applies to all process content levels(skip,lax,strict)

2) For <anyAttribute process contents = lax/> an XSD validator validator will attempt to perform validation only if physical schema for the given namespace if found and fully qualified attribute names actually correspond to such defined in the schema for the name space. In other words, if name of attribute is, for example, misspelled an XSD  validator will not catch this as an error.. Only when valid attributes are found, then their values are actually validated against schema (e.g. type correctness).

3) In summary the only validation possible using lax  validation of an anyAttribute is datatype validation. However the full range of XML Schema datatypes and constraint facets are available. For example we defined a pattern constraint on the sip_type_id and the descriptor_id to force them to appear as CCSDS Control Authority IDs

In validation experiments we included a very simple Schematron rule to check that the mandatory attributes of data_object_id and descriptor-id appeared in each content_unit. The schematron rule was:

sch:pattern name="Check structure">

        <sch:rule context="xfdu:contentUnit">

            <sch:report test="count(@sip:data_object_id) &lt; 1">

                There should data_object_id

            </sch:report>

            <sch:report test="count(@sip:descriptor_id) &lt; 1">

                There should descriptor_id

            </sch:report>            

        </sch:rule>                            

    </sch:pattern>

The use of similar Schematron rules would allow a higher level of validation than XML Schema provides.

It should be noted that the use of any and anyattribute with the namespace attribute set of ##other allows independent extension of the XFDU by outside parties. However, for this to be effective CCSDS should register namespaces for each independent specialization.
4.4 SIP metadata as XFDU data objects and metadata objects

The full example instances of this approach are included as section 7 of this document 

4.4.1 Observations

The following is the informationPackageMap and metadata/data sections from Variation 2 - Express all SIP transfer object related metadata as  the data object of SIP specified highest level content object using standard XFDU data/metadata linkage.

<informationPackageMap>

        <!-- top content unit relates all of its children to one tabular metadata-->

        <xfdu:contentUnit ID="topCU" anyMdID="sipTableMeta">

            <xfdu:contentUnit ID="cu1">

                <dataObjectPointer dataObjectID="sipDO1"/>

            </xfdu:contentUnit>

            <xfdu:contentUnit ID="cu2">

                <dataObjectPointer dataObjectID="sipDO2"/>

            </xfdu:contentUnit>







<xfdu:contentUnit ID="cu2">

                <dataObjectPointer dataObjectID="sipDO2"/>

            </xfdu:contentUnit>

        </xfdu:contentUnit>                                       

    </informationPackageMap>

    <metadataSection>

        <!--metadata object encapsulating sip xml schema-->        

        <metadataObject ID="sipXmlSchema" category="REP" classification="OTHER" otherClass="XSD">

            <metadataReference locatorType="URL" mimeType="text/xml" href="sipcommon.xsd" textInfo="SIP XML schema location"/>

        </metadataObject>

        <!--metadata object encapsulating tabular metadata file-->        

        <metadataObject ID="sipTableMeta" classification="OTHER" category="OTHER">

            <dataObjectPointer dataObjectID="sipTableMetaDO"/>

        </metadataObject>        

    </metadataSection>

<dataObjectSection>

<!-- this metadata is governed by SIP xml schema and can be validated against it-->

        <dataObject ID="sipTableMetaDO" repID="sipXmlSchema">

            <byteStream mimeType="text/xml">

                <fileLocation locatorType="URL" href="sipTableMeta.xml"/>

            </byteStream>

        </dataObject> 

This approach provides a very compact representation of the SIP however there are some key difficulties

1) The validation is dependant on the specific implementation of the XFDU libraries to provide validation of  XML dataObjects if the representation information is  an XML Schema. The current version of the NASA Toolkit provide this capability by incorporating the SUN Multi-Schema Validator but it is not a requiremt for XFDU compliant parsers.

2) Even though the XFDU validator will validate the top level content unit, the parsed XML will not be available at the manifest level but only at the application level after opening the file sipTableMetaDO

3) This approach makes little use of the XFDU data model. The metadata is not associated with each contentUnit except by the high level Content Unit that is very SIP specific. I made the comment that direct ZIP packaging might be more appropriate than XFDU packaging

The following are the informationPackageMap and metadata/data sections from Variation 2 where the SIP transfer object related metadata are expressed as metadata objects using standard XFDU data/metadata linkages (1 to 1 metadata object to transfer object).

Variation 1a – Using “interoperability profile” linkages 

<informationPackageMap sip:sip_id="isee-sip-001" sip:sip_type_id="NSSD1234" >

        <xfdu:contentUnit ID="cu1" anyMdID="sipTableMeta1">
            <dataObjectPointer dataObjectID="sipDO1"/>

        </xfdu:contentUnit>

        <xfdu:contentUnit ID="cu2" anyMdID="sipTableMeta2">

            <dataObjectPointer dataObjectID="sipDO2"/>

        </xfdu:contentUnit>

        <xfdu:contentUnit ID="cu3" anyMdID="sipTableMeta3">

            <dataObjectPointer dataObjectID="sipDO3"/>

        </xfdu:contentUnit>            

    </informationPackageMap>

    <metadataSection>

<!--metadata objects encapsulating tabular metadata file-->        

        <metadataObject ID="sipTableMeta1" classification="OTHER" category="OTHER">

            <dataObjectPointer dataObjectID="sipTableMetaDO1"/>

        </metadataObject>

        <metadataObject ID="sipTableMeta2" classification="OTHER" category="OTHER">

            <dataObjectPointer dataObjectID="sipTableMetaDO2"/>

        </metadataObject>        

        <metadataObject ID="sipTableMeta3" classification="OTHER" category="OTHER">

            <dataObjectPointer dataObjectID="sipTableMetaDO3"/>

        </metadataObject>

<!--metadata object encapsulating sip xml schema-->        

        <metadataObject ID="sipXmlSchema" category="REP" classification="OTHER" otherClass="XSD">

            <metadataReference locatorType="URL" mimeType="text/xml" href="sipcommon.xsd" textInfo="SIP XML schema location"/>

        </metadataObject>         

    </metadataSection>

    <dataObjectSection>

        <dataObject ID="sipDO1">

            <byteStream mimeType="application/octetstream">

                <fileLocation locatorType="URL" href="http://my.org/some/data/directory/datafile001.dat"/>

            </byteStream>

        </dataObject>

        <dataObject ID="sipDO2">

            <byteStream mimeType="application/octetstream">

                <fileLocation locatorType="URL" href="http://my.org/some/data/directory/datafile002.dat"/>

            </byteStream>

        </dataObject>

        <dataObject ID="sipDO3">

            <byteStream mimeType="application/octetstream">

                <fileLocation locatorType="URL" href="http://my.org/some/data/directory/datafile003.dat"/>

            </byteStream>

        </dataObject>

       <!-- this metadata governed by SIP xml schema and can be validated against it-->

        <dataObject ID="sipTableMetaDO1" repID="sipXmlSchema">

            <byteStream mimeType="text/xml">

                <fileLocation locatorType="URL" href="sipTableMeta1.xml"/>

            </byteStream>

        </dataObject>        

        <dataObject ID="sipTableMetaDO2" repID="sipXmlSchema">

            <byteStream mimeType="text/xml">

                <fileLocation locatorType="URL" href="sipTableMeta2.xml"/>

            </byteStream>

        </dataObject>        

        <dataObject ID="sipTableMetaDO3" repID="sipXmlSchema">

            <byteStream mimeType="text/xml">

                <fileLocation locatorType="URL" href="sipTableMeta3.xml"/>

            </byteStream>

        </dataObject>        

    </dataObjectSection>
Variation 1b – Using mdWrap for contentUnit metadata

<informationPackageMap sip:sip_id="isee-sip-001" sip:sip_type_id="NSSD1234" >

        <xfdu:contentUnit ID="cu1" anyMdID="sipTableMeta1">

            <dataObjectPointer dataObjectID="sipDO1"/>

        </xfdu:contentUnit>

        <xfdu:contentUnit ID="cu2" anyMdID="sipTableMeta2">

            <dataObjectPointer dataObjectID="sipDO2"/>

        </xfdu:contentUnit>

        <xfdu:contentUnit ID="cu3" anyMdID="sipTableMeta3">

            <dataObjectPointer dataObjectID="sipDO3"/>

        </xfdu:contentUnit>            

    </informationPackageMap>

    <metadataSection>

        <!--metadata object encapsulating sip xml schema-->        

        <metadataObject ID="sipXmlSchema" category="REP" classification="OTHER" otherClass="XSD">

            <metadataReference locatorType="URL" mimeType="text/xml" href="sipcommon.xsd" textInfo="SIP XML schema location"/>

        </metadataObject>

        <!--metadata objects encapsulating tabular metadata -->        

        <metadataObject ID="sipTableMeta1" classification="OTHER" category="OTHER">

            <metadataWrap ID="sipTableMeta1Wrap" mimeType="text/xml">

                <xmlData>

                    <sip:sipTabularMeta>                        

                        <dataObjectAttributeMap dataObjectID="sipDO1">

                            <sip:sipTransferObjectInformation sip:data_object_id="1" sip:descriptor_id="isee1234"














 sip:descriptor_location="http://my.org/some/kind/of/mapping/to/file" sip:last_object="1"/>

                        </dataObjectAttributeMap>

                    </sip:sipTabularMeta>                    

                </xmlData>

            </metadataWrap>

        </metadataObject>

        <metadataObject ID="sipTableMeta2" classification="OTHER" category="OTHER">

            <metadataWrap ID="sipTableMeta2Wrap" mimeType="text/xml">

                <xmlData>

                    <sip:sipTabularMeta>                        

                        <dataObjectAttributeMap dataObjectID="sipDO2">

                            <sip:sipTransferObjectInformation sip:data_object_id="1" sip:descriptor_id="isee1234"














 sip:descriptor_location="http://my.org/some/kind/of/mapping/to/file" sip:last_object="1"/>

                        </dataObjectAttributeMap>

                    </sip:sipTabularMeta>                    

                </xmlData>

            </metadataWrap>            

        </metadataObject>        

        <metadataObject ID="sipTableMeta3" classification="OTHER" category="OTHER">

            <metadataWrap ID="sipTableMeta3Wrap" mimeType="text/xml">

                <xmlData>

                    <sip:sipTabularMeta>                        

                        <dataObjectAttributeMap dataObjectID="sipDO3">

                            <sip:sipTransferObjectInformation sip:data_object_id="1" sip:descriptor_id="isee1234"











 


sip:descriptor_location="http://my.org/some/kind/of/mapping/to/file" sip:last_object="1"/>

                        </dataObjectAttributeMap>

                    </sip:sipTabularMeta>                    

                </xmlData>

            </metadataWrap>            

        </metadataObject>                

</metadataSection>

These subapproaches share the folowing problem with the previous approach in this section

1) The validation is dependant on the specific implementation of the XFDU libraries to provide validation of  XML dataObjects if the representation information is  an XML Schema. The current version of the NASA Toolkit provide this capability by incorporating the SUN Multi-Schema Validator but it is not a requiremt for XFDU compliant parsers.

2) Both approaches take the XFDU datamodel and services as a design basis and better leverage XFDU services

3) One ket point that makes the mdWrap variant attractive is the pact the the parsed metadata elements would be available at the manifest level to provide more validation services and the results will be visible at the toolkit layer
One outstanding positive factor for this approach is the it involves using the XFDU as a user and being well insulated from any XFDU changes
4.5 Use of Substitution_group/ redefinition of xfdu namespace

The full example instances of this approach are included as section 8 of this document.

4.5.1 Observations

One can redefine a given namespace by simply creating new “roof” schema with the same target namespace as original XFDU schemathen, including original schema into it and importing any other namespaces that were not present in the original schema. This technique add new elements that are members of a substitution group defined in the original schema for the namespace. In our example schema we include the xfdu manespace and import the sipcommon xsd. To create the sipContentUnit concrete implementation

<!--Conforms to w3c http://www.w3.org/2001/XMLSchema-->

<xsd:schema targetNamespace="http://www.ccsds.org/xfdu/2004"

    xmlns:xfdu="http://www.ccsds.org/xfdu/2004" 

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

            elementFormDefault = "unqualified"

            attributeFormDefault = "unqualified"

            xmlns:sip="sip">

    <xsd:import namespace="sip" schemaLocation="sipcommon.xsd"/>

    <xsd:include schemaLocation="xfdu.xsd"/>

    <xsd:element name = "sipContentUnit" substitutionGroup = "xfdu:abstractContentUnit">

        <xsd:annotation>

            <xsd:documentation>contentUnit is a basic concrete

                implementation of an abstract contentUnit. Its instance can be used

                in the instance document in the place where contentUnit declared

                to be present.

            </xsd:documentation>

        </xsd:annotation>

        <xsd:complexType>

            <xsd:complexContent>

                <xsd:extension base="xfdu:contentUnitType">

                    <xsd:attribute ref="sip:descriptor_location" use="required"/>

                    <xsd:attribute ref="sip:descriptor_id" use="required"/>

                    <xsd:attribute ref="sip:last_object" use="optional"/>

                    <xsd:attribute ref="sip:updated_object" use="optional"/>

                    <xsd:attribute ref="sip:data_object_id" use="required"/>

                </xsd:extension>

            </xsd:complexContent>

        </xsd:complexType>

    </xsd:element>

The following are the informationPackageMap and metadata/data sections using the sipContentUnit.

<informationPackageMap sip:sip_id="isee-sip-001" sip:sip_type_id="NSSD1234">

         <!-- shows how transfer object attributes are put at the level of each content unit, where each 

         content unit is sipContentUnit (defined outside of main xfdu schema) - member of content unit substitution group

          -->

         <xfdu:sipContentUnit ID="cu1" sip:data_object_id="1" sip:descriptor_id="isee1234" 
sip:descriptor_location="http://my.org/some/kind/of/mapping/to/file" sip:last_object="1">                           

             <dataObjectPointer dataObjectID="sipDO1"/>

         </xfdu:sipContentUnit>

         <xfdu:sipContentUnit ID="cu2" sip:data_object_id="2" sip:descriptor_id="isee1234" 
sip:descriptor_location="http://my.org/some/kind/of/mapping/to/file" sip:last_object="0">                           

             <dataObjectPointer dataObjectID="sipDO2"/>

         </xfdu:sipContentUnit>

         <xfdu:sipContentUnit ID="cu3" sip:data_object_id="3" sip:descriptor_id="isee1234" 
sip:descriptor_location="http://my.org/some/kind/of/mapping/to/file" sip:last_object="22"  

          sip:updated_object="isee-4s-transfer-object-00017">                           

             <dataObjectPointer dataObjectID="sipDO3"/>

         </xfdu:sipContentUnit>        

     </informationPackageMap>

    <dataObjectSection>

        <dataObject ID="sipDO1">

            <byteStream mimeType="application/octetstream">

                <fileLocation locatorType="URL" href="http://my.org/some/data/directory/datafile001.dat"/>

            </byteStream>

        </dataObject>

        <dataObject ID="sipDO2">

            <byteStream mimeType="application/octetstream">

                <fileLocation locatorType="URL" href="http://my.org/some/data/directory/datafile002.dat"/>

            </byteStream>

        </dataObject>

        <dataObject ID="sipDO3">

            <byteStream mimeType="application/octetstream">

                <fileLocation locatorType="URL" href="http://my.org/some/data/directory/datafile003.dat"/>

            </byteStream>

        </dataObject>

    </dataObjectSection>

</xfdu:XFDU>

4.5.2 observations

The subtitution group/redefine technique would give us an excellent core technology if it could be adequately managed in the future. 

However, this will create a configuration control nightmare where the “SIP extended XFDU Schema appears to be the most current version of the XFDU schema. Other organizations could request to add other substitution groups to the XFDU creating a nightmare for XFDU specification and tool users.  It should be noted that this would be my preference for designing and implementingnew versions of the XFDU schma because them there would be one group, MOIMS/IPR involved in the specification and implementation
In case of XFDU namespace redefinition with substitution group usage described above the following will happen.

Let’s say “roof” schema, as described above, introduces some element as member of substitution group defined in original XFDU schema and instance uses that element as shown before, but no additional JAXB code generation is done. In this case, if an instance XML with such element being present (e.g. sipContentUnit) is parsed by XFDU toolkit it will be simply skipped and will not appear in resulting Java object graph since JAXB runtime simply doesn’t know how to represent it. This obviously is not very useful. Thus, in order to be able to parse such element, whole XFDU core library will have to be regenerated using JAXB schema compiler from the “roof” schema. JAXB class generation is very easy task for an expert; however, novice would have to grasp JAXB concepts to certain degree in order to do it. Also, possible high level API (from XFDU toolkit) modifications maybe be needed
4.6 Use of extension type
The full example instances of this approach are included as section 9 of this document 

4.6.1 Observations

The following is the The following is the informationPackageMap and metadata/data sections from Section 9.

<informationPackageMap sip:sip_id="isee-sip-001" 

                           sip:sip_type_id="NSSD1234">

        <!-- transfer object attributes are at each content unit using <extension/> element defined by XFDU schema -->

        <xfdu:contentUnit ID="cu1">                           

            <dataObjectPointer dataObjectID="sipDO1"/>

            <extension>

                <sip:sipTransferObjectInformation sip:data_object_id="1" sip:descriptor_id="isee1234" sip:descriptor_location="http://my.org/some/kind/of/mapping/to/file" 








sip:last_object="1"/>                 

            </extension>

        </xfdu:contentUnit>

        <xfdu:contentUnit ID="cu2">                           

            <dataObjectPointer dataObjectID="sipDO2"/>

            <extension>

                <sip:sipTransferObjectInformation sip:data_object_id="2" sip:descriptor_id="isee1234" sip:descriptor_location="http://my.org/some/kind/of/mapping/to/file" 








sip:last_object="0"/>                 

            </extension>             

        </xfdu:contentUnit>

        <xfdu:contentUnit ID="cu3">                           

            <dataObjectPointer dataObjectID="sipDO3"/>

            <extension>

                <sip:sipTransferObjectInformation sip:data_object_id="3" sip:descriptor_id="isee1234" sip:descriptor_location="http://my.org/some/kind/of/mapping/to/file" 








sip:last_object="22"  sip:updated_object="isee-4s-transfer-object-00017"/>                 

            </extension>             

        </xfdu:contentUnit>        

    </informationPackageMap>

This option seems to meet all the criteria for extending the XFDU for SIP. The only problems that may occur are:

1) INVOLVES A SMALL CHANGE TO THE XFDU SCHEMA (we could decide to do a larger change to incorporate this technoque at all possible extension points) . We need to analyze if it will impact the GAEL efforts

2) The need of the extension tags looks a little awkward

3) The use of of nested extensions needs a little more testing. It appears to work very well to allow SIP to be specialize by external groups however more than one or two levels of nesting  makes for very complex looking schemas and instances

5  Conclusions

1.The global SIP information seems to be handled well be placing the identification attributes in the informationPackage Header using the anyAttribute wildcard and the otherGlobalInformation in the packageHeader using the any wildcard

2 The extension type seems to be an excellent solution for the SIP transfer objects information. However we need to discuss this at the IPR workshop due to the XFDU schema changes. We also may want to look at how we might enable the existing tools to supply maximum value in this case

These previous conclusion on this issue:

The handling of the transfer oblects has many imperfect solutions. I think my order of preference is: 

1) Use of  anyAtrribute

2) Use of XFDU data and metadata objects using mdWrap to make the Metadata objects part of the parse tree

3) Use of substitutionGroup and redefinition of XFDU for this one time only

However prototyping may be required to actually determine the answer

3. A complete analysis of the potential of reusing XFDU structures rather than implementing unique SIP structures should be investigated. An example of this is the sip:descriptor_location=http://my.org/some/kind/of/mapping/to/file as an attribute rather than using the XFDU and using either new or current contentUnit attributes to inplement SIP relationships
6  Full Instance example: Extensive  use of xsd:anyAttribute for SIP metadata

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

<!-- 

This example shows how SIP Global attributes can be put into XFDU header using wild-carded extension point provided

by XFDU schema. SIP data object (transfer) attributes are put on level of each content unit 

(representing each data object) using wild-carded attribute extension point provided by XFDU schema

 -->

 <xfdu:XFDU xmlns:sip="sip" xmlns:dip="dip"

    xmlns:xfdu="http://www.ccsds.org/xfdu/2004"

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

     xsi:schemaLocation="http://www.ccsds.org/xfdu/2004 /home/sergey/jbproject/xfdu.jxb2/schema/xfdu.xsd sip /home/sergey/jbproject/xfdu.jxb2/schema/sipcommon.xsd">    

    <packageHeader ID="ph">

        <volumeInfo>

            <specificationVersion>1.0</specificationVersion>

            <!-- sip sequence information is accomodated by XFDU sequenceInformation --> 

            <sequenceInformation sequencePosition="5" sequenceSize="5"/>

        </volumeInfo>

        <environmentInfo>

            <!-- SIP Global attributes -->       

            <sip:sipOtherGlobalInformation

                sip:producer_id="ISEE" 

                sip:project_id="ISEE-producer-archive-project" 

                sip:sip_sequence_number="0005"/>

        </environmentInfo>      

    </packageHeader>

     <!-- shows how sip logical global attributes (sip_id and sip_type_id) can be also put on the informationPackageMap level

     (besides or along with package header)

     -->  

    <informationPackageMap sip:sip_id="isee-sip-001" sip:sip_type_id="NSSD1234">

        <!-- transfer object attributes are at each content unit using <anyAttribute/> defined by XFDU schema -->

        <xfdu:contentUnit ID="cu1"  sip:data_object_id="1" sip:descriptor_id="isee1234"

 sip:descriptor_location="http://my.org/some/kind/of/mapping/to/file" sip:last_object="1">                           

            <dataObjectPointer dataObjectID="sipDO1"/>

        </xfdu:contentUnit>

        <xfdu:contentUnit ID="cu2" sip:data_object_id="2" sip:descriptor_id="isee1234" sip:descriptor_location="http://my.org/some/kind/of/mapping/to/file" 





sip:last_object="0">                           

            <dataObjectPointer dataObjectID="sipDO2"/>

        </xfdu:contentUnit>

        <xfdu:contentUnit ID="cu3" sip:data_object_id="3" sip:descriptor_id="isee1234" 






sip:descriptor_location=http://my.org/some/kind/of/mapping/to/file 








sip:last_object="22"  sip:updated_object="isee-4s-transfer-object-00017">                           

            <dataObjectPointer dataObjectID="sipDO3"/>

        </xfdu:contentUnit>        

    </informationPackageMap>

    <metadataSection>

    </metadataSection>

    <dataObjectSection>

        <dataObject ID="sipDO1">

            <byteStream mimeType="application/octetstream">

                <fileLocation locatorType="URL" href="http://my.org/some/data/directory/datafile001.dat"/>

            </byteStream>

        </dataObject>

        <dataObject ID="sipDO2">

            <byteStream mimeType="application/octetstream">

                <fileLocation locatorType="URL" href="http://my.org/some/data/directory/datafile002.dat"/>

            </byteStream>

        </dataObject>

        <dataObject ID="sipDO3">

            <byteStream mimeType="application/octetstream">

                <fileLocation locatorType="URL" href="http://my.org/some/data/directory/datafile003.dat"/>

            </byteStream>

        </dataObject>

    </dataObjectSection>

</xfdu:XFDU>

7 SIP metadata as XFDU data objects and metadata objects

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

<!-- 

This example shows how SIP Global attributes can be put into XFDU header.

SIP data object (transfer) attributes are put into one XML file governed by SIP XML schema. 

The file contains XML-based map of attributes per data object.

In this manifest, each content unit points to each tabular metadata.

 -->

<xfdu:XFDU xmlns:sip="sip"

    xmlns:xfdu="http://www.ccsds.org/xfdu/2004"

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

    xsi:schemaLocation="xfdu xfdu.xsd sip sipcommon.xsd">    

    <packageHeader ID="ph">

        <volumeInfo>

            <specificationVersion>1.0</specificationVersion>

            <!-- sip sequence information is accomodated by XFDU sequenceInformation -->                        

            <sequenceInformation sequencePosition="3" sequenceSize="5"></sequenceInformation>

        </volumeInfo>

        <environmentInfo>

            <sip:sipGlobalInformation>

                <sip:sipIdentificationInformation sip:sip_id="isee-sip-001" sip:sip_type_id="NSSD1234"/>

                <sip:sipOtherGlobalInformation

                    sip:producer_id="ISEE" 

                    sip:project_id="ISEE-producer-archive-project" 

                    sip:sip_sequence_number="0005"/>                

            </sip:sipGlobalInformation>

        </environmentInfo>

    </packageHeader>

    <informationPackageMap>

        <!-- top content unit relates all of its children to one tabular metadata-->

        <xfdu:contentUnit ID="topCU" anyMdID="sipTableMeta">

            <xfdu:contentUnit ID="cu1">

                <dataObjectPointer dataObjectID="sipDO1"/>

            </xfdu:contentUnit>

            <xfdu:contentUnit ID="cu2">

                <dataObjectPointer dataObjectID="sipDO2"/>

            </xfdu:contentUnit>


<xfdu:contentUnit ID="cu2">

                <dataObjectPointer dataObjectID="sipDO2"/>

            </xfdu:contentUnit>

        </xfdu:contentUnit>                        

    </informationPackageMap>

    <metadataSection>

        <!--metadata object encapsulating sip xml schema-->        

        <metadataObject ID="sipXmlSchema" category="REP" classification="OTHER" otherClass="XSD">

            <metadataReference locatorType="URL" mimeType="text/xml" href="sipcommon.xsd" textInfo="SIP XML schema location"/>

        </metadataObject>

        <!--metadata object encapsulating tabular metadata file-->        

        <metadataObject ID="sipTableMeta" classification="OTHER" category="OTHER">

            <dataObjectPointer dataObjectID="sipTableMetaDO"/>

        </metadataObject>        

    </metadataSection>

    <dataObjectSection>

        <dataObject ID="sipDO1">

            <byteStream mimeType="application/octetstream">

                <fileLocation locatorType="URL" href="sipdatafile1.bin"/>

            </byteStream>

        </dataObject> 

        <dataObject ID="sipDO2">

            <byteStream mimeType="application/octetstream">

                <fileLocation locatorType="URL" href="sipdatafile2.bin"/>

            </byteStream>

        </dataObject>





<dataObject ID="sipDO3">

            <byteStream mimeType="application/octetstream">

                <fileLocation locatorType="URL" href="sipdatafile2.bin"/>

            </byteStream>

        </dataObject>

<!-- this metadata governed by SIP xml schema and can be validated against it-->

        <dataObject ID="sipTableMetaDO" repID="sipXmlSchema">

            <byteStream mimeType="text/xml">

                <fileLocation locatorType="URL" href="sipTableMeta.xml"/>

            </byteStream>

        </dataObject>        

    </dataObjectSection>

</xfdu:XFDU>

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

<!-- 

This example shows how SIP Global attributes can be put into XFDU header.

SIP data object (transfer) attributes are put inside of XFDU manifest as wrapped metadata. 

The wrapped metadata contains XML-based map of attributes per data object.

In this manifest, each content unit points to each tabular metadata.

 -->

<xfdu:XFDU xmlns:sip="sip"

    xmlns:xfdu="http://www.ccsds.org/xfdu/2004"

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

    xsi:schemaLocation="xfdu xfdu.xsd sip sipcommon.xsd">    

    <packageHeader ID="ph">

        <volumeInfo>

            <specificationVersion>1.0</specificationVersion>

            <!-- sip sequence information is accomodated by XFDU sequenceInformation -->

            <sequenceInformation sequencePosition="3" sequenceSize="5"/>           

        </volumeInfo>

        <environmentInfo>

            <!-- SIP Global attributes -->

            <sip:sipGlobalInformation>

                <sip:sipIdentificationInformation sip:sip_id="isee-sip-001" sip:sip_type_id="NSSD1234"/>            

                <sip:sipOtherGlobalInformation

                    sip:producer_id="ISEE" 

                    sip:project_id="ISEE-producer-archive-project" 

                    sip:sip_sequence_number="0005"/>

            </sip:sipGlobalInformation>            

        </environmentInfo>

    </packageHeader>

    <!-- shows how sip logical global attributes (sip_id and sip_type_id) can be also put on the informationPackageMap level

     (besides or along with package header)

     -->

    <informationPackageMap sip:sip_id="isee-sip-001" sip:sip_type_id="NSSD1234" 

        >

        <xfdu:contentUnit ID="cu1" anyMdID="sipTableMeta1">

            <dataObjectPointer dataObjectID="sipDO1"/>

        </xfdu:contentUnit>

        <xfdu:contentUnit ID="cu2" anyMdID="sipTableMeta2">

            <dataObjectPointer dataObjectID="sipDO2"/>

        </xfdu:contentUnit>

        <xfdu:contentUnit ID="cu3" anyMdID="sipTableMeta3">

            <dataObjectPointer dataObjectID="sipDO3"/>

        </xfdu:contentUnit>            

    </informationPackageMap>

    <metadataSection>

        <!--metadata object encapsulating sip xml schema-->        

        <metadataObject ID="sipXmlSchema" category="REP" classification="OTHER" otherClass="XSD">

            <metadataReference locatorType="URL" mimeType="text/xml" href="sipcommon.xsd" textInfo="SIP XML schema location"/>

        </metadataObject>

        <!--metadata objects encapsulating tabular metadata -->        

        <metadataObject ID="sipTableMeta1" classification="OTHER" category="OTHER">

            <metadataWrap ID="sipTableMeta1Wrap" mimeType="text/xml">

                <xmlData>

                    <sip:sipTabularMeta>                        

                        <dataObjectAttributeMap dataObjectID="sipDO1">

                            <sip:sipTransferObjectInformation sip:data_object_id="1" sip:descriptor_id="isee1234" sip:descriptor_location="http://my.org/some/kind/of/mapping/to/file" sip:last_object="1"/>

                        </dataObjectAttributeMap>

                    </sip:sipTabularMeta>                    

                </xmlData>

            </metadataWrap>

        </metadataObject>

        <metadataObject ID="sipTableMeta2" classification="OTHER" category="OTHER">

            <metadataWrap ID="sipTableMeta2Wrap" mimeType="text/xml">

                <xmlData>

                    <sip:sipTabularMeta>                        

                        <dataObjectAttributeMap dataObjectID="sipDO2">

                            <sip:sipTransferObjectInformation sip:data_object_id="1" sip:descriptor_id="isee1234" 















sip:descriptor_location="http://my.org/some/kind/of/mapping/to/file" sip:last_object="1"/>

                        </dataObjectAttributeMap>

                    </sip:sipTabularMeta>                    

                </xmlData>

            </metadataWrap>            

        </metadataObject>        

        <metadataObject ID="sipTableMeta3" classification="OTHER" category="OTHER">

            <metadataWrap ID="sipTableMeta3Wrap" mimeType="text/xml">

                <xmlData>

                    <sip:sipTabularMeta>                        

                        <dataObjectAttributeMap dataObjectID="sipDO3">

                            <sip:sipTransferObjectInformation sip:data_object_id="1" sip:descriptor_id="isee1234" 















sip:descriptor_location="http://my.org/some/kind/of/mapping/to/file" sip:last_object="1"/>

                        </dataObjectAttributeMap>

                    </sip:sipTabularMeta>                    

                </xmlData>

            </metadataWrap>            

        </metadataObject>                

    </metadataSection>

    <dataObjectSection>

        <dataObject ID="sipDO1">

            <byteStream mimeType="application/octetstream">

                <fileLocation locatorType="URL" href="http://my.org/some/data/directory/datafile001.dat"/>

            </byteStream>

        </dataObject>

        <dataObject ID="sipDO2">

            <byteStream mimeType="application/octetstream">

                <fileLocation locatorType="URL" href="http://my.org/some/data/directory/datafile002.dat"/>

            </byteStream>

        </dataObject>

        <dataObject ID="sipDO3">

            <byteStream mimeType="application/octetstream">

                <fileLocation locatorType="URL" href="http://my.org/some/data/directory/datafile003.dat"/>

            </byteStream>

        </dataObject>

    </dataObjectSection>

</xfdu:XFDU>

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

<!-- 

This example shows how SIP Global attributes can be put into XFDU header.

SIP data object (transfer) attributes are put into one XML file governed by SIP XML schema. 

The file contains XML-based map of attributes per data object.

In this manifest, each content unit points to each tabular metadata.

 -->

<xfdu:XFDU xmlns:sip="sip"

    xmlns:xfdu="http://www.ccsds.org/xfdu/2004"

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

    xsi:schemaLocation="xfdu xfdu.xsd sip sipcommon.xsd">    

    <packageHeader ID="ph">

        <volumeInfo>

            <specificationVersion>1.0</specificationVersion>

            <!-- sip sequence information is accomodated by XFDU sequenceInformation -->                        

            <sequenceInformation sequencePosition="3" sequenceSize="5"></sequenceInformation>

        </volumeInfo>

        <environmentInfo>

            <sip:sipGlobalInformation>

                <sip:sipIdentificationInformation sip:sip_id="isee-sip-001" sip:sip_type_id="NSSD1234"/>

                <sip:sipOtherGlobalInformation

                    sip:producer_id="ISEE" 

                    sip:project_id="ISEE-producer-archive-project" 

                    sip:sip_sequence_number="0005"/>                

            </sip:sipGlobalInformation>

        </environmentInfo>

    </packageHeader>

    <informationPackageMap>

        <!-- top content unit relates all of its children to one tabular metadata-->

        <xfdu:contentUnit ID="topCU" anyMdID="sipTableMeta">

            <xfdu:contentUnit ID="cu1">

                <dataObjectPointer dataObjectID="sipDO1"/>

            </xfdu:contentUnit>

            <xfdu:contentUnit ID="cu2">

                <dataObjectPointer dataObjectID="sipDO2"/>

            </xfdu:contentUnit>


<xfdu:contentUnit ID="cu2">

                <dataObjectPointer dataObjectID="sipDO2"/>

            </xfdu:contentUnit>

        </xfdu:contentUnit>                        

    </informationPackageMap>

    <metadataSection>

        <!--metadata object encapsulating sip xml schema-->        

        <metadataObject ID="sipXmlSchema" category="REP" classification="OTHER" otherClass="XSD">

            <metadataReference locatorType="URL" mimeType="text/xml" href="sipcommon.xsd" textInfo="SIP XML schema location"/>

        </metadataObject>

        <!--metadata object encapsulating tabular metadata file-->        

        <metadataObject ID="sipTableMeta" classification="OTHER" category="OTHER">

            <dataObjectPointer dataObjectID="sipTableMetaDO"/>

        </metadataObject>        

    </metadataSection>

    <dataObjectSection>

        <dataObject ID="sipDO1">

            <byteStream mimeType="application/octetstream">

                <fileLocation locatorType="URL" href="sipdatafile1.bin"/>

            </byteStream>

        </dataObject>

        <dataObject ID="sipDO2">

            <byteStream mimeType="application/octetstream">

                <fileLocation locatorType="URL" href="sipdatafile2.bin"/>

            </byteStream>

        </dataObject>





<dataObject ID="sipDO3">

            <byteStream mimeType="application/octetstream">

                <fileLocation locatorType="URL" href="sipdatafile2.bin"/>

            </byteStream>

        </dataObject>

        <!-- this metadata governed by SIP xml schema and can be validated against it-->

        <dataObject ID="sipTableMetaDO" repID="sipXmlSchema">

            <byteStream mimeType="text/xml">

                <fileLocation locatorType="URL" href="sipTableMeta.xml"/>

            </byteStream>

        </dataObject>        

    </dataObjectSection>

</xfdu:XFDU>

8 Use of XFDU substiution group to define a sip ContentUnitType

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

<!-- 

This example shows usage of substitution group for placing transfer object attribute information.

SIP data object (transfer) attributes are put on level of each content unit that represents each 

data object. Each of these content units is instance sipContentUnit which is defined as members 

of contentUnit substitution group.

SIP Global attributes can be put into XFDU header.

 -->

 <xfdu:XFDU

     xmlns:xfdu="http://www.ccsds.org/xfdu/2004"

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

     xmlns:sip="sip" 

     xsi:schemaLocation="http://www.ccsds.org/xfdu/2004 /home/sergey/jbproject/xfdu.jxb2/schema/sip-top.xsd">    

     <packageHeader ID="ph">

        <volumeInfo>

            <specificationVersion></specificationVersion>

            <!-- sip sequence information is accomodated by XFDU sequenceInformation -->            

            <sequenceInformation sequencePosition="3" sequenceSize="5"/>            

        </volumeInfo>

         <environmentInfo>

             <!-- SIP Global attributes -->             

             <sip:sipGlobalInformation>

                 <sip:sipIdentificationInformation sip:sip_id="isee-sip-001" sip:sip_type_id="NSSD1234"/>                 

                 <sip:sipOtherGlobalInformation

                     sip:producer_id="ISEE" 

                     sip:project_id="ISEE-producer-archive-project" 

                     sip:sip_sequence_number="0005"/>

             </sip:sipGlobalInformation>

         </environmentInfo>

     </packageHeader>

     <!-- shows how sip logical global attributes (sip_id and sip_type_id) can be also put on the informationPackageMap level

     (besides or along with package header)

     -->     

     <informationPackageMap sip:sip_id="isee-sip-001" sip:sip_type_id="NSSD1234">

         <!-- shows how transfer object attributes are put at the level of each content unit, where each 

         content unit is sipContentUnit (defined outside of main xfdu schema) - member of content unit substitution group

          -->

         <xfdu:sipContentUnit ID="cu1" sip:data_object_id="1" sip:descriptor_id="isee1234" sip:descriptor_location="http://my.org/some/kind/of/mapping/to/file" sip:last_object="1">                           

             <dataObjectPointer dataObjectID="sipDO1"/>

         </xfdu:sipContentUnit>

         <xfdu:sipContentUnit ID="cu2" sip:data_object_id="2" sip:descriptor_id="isee1234" sip:descriptor_location="http://my.org/some/kind/of/mapping/to/file" sip:last_object="0">                           

             <dataObjectPointer dataObjectID="sipDO2"/>

         </xfdu:sipContentUnit>

         <xfdu:sipContentUnit ID="cu3" sip:data_object_id="3" sip:descriptor_id="isee1234" sip:descriptor_location="http://my.org/some/kind/of/mapping/to/file" sip:last_object="22"  sip:updated_object="isee-4s-transfer-object-00017">                           

             <dataObjectPointer dataObjectID="sipDO3"/>

         </xfdu:sipContentUnit>        

     </informationPackageMap>

    <dataObjectSection>

        <dataObject ID="sipDO1">

            <byteStream mimeType="application/octetstream">

                <fileLocation locatorType="URL" href="http://my.org/some/data/directory/datafile001.dat"/>

            </byteStream>

        </dataObject>

        <dataObject ID="sipDO2">

            <byteStream mimeType="application/octetstream">

                <fileLocation locatorType="URL" href="http://my.org/some/data/directory/datafile002.dat"/>

            </byteStream>

        </dataObject>

        <dataObject ID="sipDO3">

            <byteStream mimeType="application/octetstream">

                <fileLocation locatorType="URL" href="http://my.org/some/data/directory/datafile003.dat"/>

            </byteStream>

        </dataObject>

    </dataObjectSection>

</xfdu:XFDU>

9 Use of Extension type and element in content Unit

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

<!-- 

This example shows how SIP Global attributes can be put into XFDU header using wild-carded extension point provided

by XFDU schema. SIP data object (transfer) attributes are put on level of each content unit 

(representing each data object) using wild-carded extension mechanism defined by xfdu schema

 -->

 <xfdu:XFDU xmlns:sip="sip" xmlns:dip="dip"

    xmlns:xfdu="http://www.ccsds.org/xfdu/2004"

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

     xsi:schemaLocation="http://www.ccsds.org/xfdu/2004 /home/sergey/jbproject/xfdu.jxb2/schema/xfdu.xsd sip /home/sergey/jbproject/xfdu.jxb2/schema/sipcommon.xsd">    

    <packageHeader ID="ph">

        <volumeInfo>

            <specificationVersion>1.0</specificationVersion>

            <!-- sip sequence information is accomodated by XFDU sequenceInformation --> 

            <sequenceInformation sequencePosition="3" sequenceSize="5"/>

        </volumeInfo>

        <environmentInfo>

            <!-- SIP Global attributes -->       

            <sip:sipOtherGlobalInformation

                sip:producer_id="ISEE" 

                sip:project_id="ISEE-producer-archive-project" 

                sip:sip_sequence_number="0005"/>

        </environmentInfo>      

    </packageHeader>

     <!-- shows how sip logical global attributes (sip_id and sip_type_id) can be also put on the informationPackageMap level

     (besides or along with package header)

     -->  

    <informationPackageMap sip:sip_id="isee-sip-001" 

                           sip:sip_type_id="NSSD1234">

        <!-- transfer object attributes are at each content unit using <extension/> element defined by XFDU schema -->

        <xfdu:contentUnit ID="cu1">                           

            <dataObjectPointer dataObjectID="sipDO1"/>

            <extension>

                <sip:sipTransferObjectInformation sip:data_object_id="1" sip:descriptor_id="isee1234" sip:descriptor_location="http://my.org/some/kind/of/mapping/to/file" 








sip:last_object="1"/>                 

            </extension>

        </xfdu:contentUnit>

        <xfdu:contentUnit ID="cu2">                           

            <dataObjectPointer dataObjectID="sipDO2"/>

            <extension>

                <sip:sipTransferObjectInformation sip:data_object_id="2" sip:descriptor_id="isee1234" sip:descriptor_location="http://my.org/some/kind/of/mapping/to/file" 








sip:last_object="0"/>                 

            </extension>             

        </xfdu:contentUnit>

        <xfdu:contentUnit ID="cu3">                           

            <dataObjectPointer dataObjectID="sipDO3"/>

            <extension>

                <sip:sipTransferObjectInformation sip:data_object_id="3" sip:descriptor_id="isee1234" sip:descriptor_location="http://my.org/some/kind/of/mapping/to/file" 








sip:last_object="22"  sip:updated_object="isee-4s-transfer-object-00017"/>                 

            </extension>             

        </xfdu:contentUnit>        

    </informationPackageMap>

    <metadataSection>

    </metadataSection>

    <dataObjectSection>

        <dataObject ID="sipDO1">

            <byteStream mimeType="application/octetstream">

                <fileLocation locatorType="URL" href="http://my.org/some/data/directory/datafile001.dat"/>

            </byteStream>

        </dataObject>

        <dataObject ID="sipDO2">

            <byteStream mimeType="application/octetstream">

                <fileLocation locatorType="URL" href="http://my.org/some/data/directory/datafile002.dat"/>

            </byteStream>

        </dataObject>

        <dataObject ID="sipDO3">

            <byteStream mimeType="application/octetstream">

                <fileLocation locatorType="URL" href="http://my.org/some/data/directory/datafile003.dat"/>

            </byteStream>

        </dataObject>

    </dataObjectSection>

</xfdu:XFDU>

10   Annexes

A.XSD Wildcards (any and anyAttribute)
Syntax

	<anyAttribute

id=ID

namespace=namespace

processContents=lax|skip|strict

any attributes
>

(annotation?)

</anyAttribute>


(The ? sign declares that the element can occur zero or one time inside the anyAttribute element)

	Attribute
	Description

	id
	Optional. Specifies a unique ID for the element

	namespace
	Optional. Specifies the namespaces containing the attributes that can be used. Can be set to one of the following:

· ##any - attributes from any namespace is allowed (this is default)

· ##other - attributes from any namespace that is not the namespace of the parent element can be present

· ##local - attributes must come from no namespace

· ##targetNamespace - attributes from the namespace of the parent element can be present

· List of {URI references of namespaces, ##targetNamespace, ##local} - attributes from a space-delimited list of the namespaces can be present

	processContents
	Optional. Specifies how the XML processor should handle validation against the elements specified by this any element. Can be set to one of the following:

1. strict - the XML processor must obtain the schema for the required namespaces and validate the elements (this is default)

2. lax - same as strict but; if the schema cannot be obtained, no errors will occur

3. skip - The XML processor does not attempt to validate any elements from the specified namespaces

	any attributes
	Optional. Specifies any other attributes with non-schema namespace


XML Schema any Element

Definition and Usage

The any element enables the author to extend the XML document with elements not specified by the schema.

Syntax

	<any

id=ID

maxOccurs=nonNegativeInteger|unbounded

minOccurs=nonNegativeInteger

namespace=namespace

processContents=lax|skip|strict

any attributes
>

(annotation?)

</any>


(The ? sign declares that the element can occur zero or one time inside the any element)

	Attribute
	Description

	id
	Optional. Specifies a unique ID for the element

	maxOccurs
	Optional. Specifies the maximum number of times the any element can occur in the parent element. The value can be any number >= 0, or if you want to set no limit on the maximum number, use the value "unbounded". Default value is 1

	minOccurs
	Optional. Specifies the minimum number of times the any element can occur in the parent element. The value can be any number >= 0. Default value is 1

	namespace
	Optional. Specifies the namespaces containing the elements that can be used. Can be set to one of the following:

· ##any - elements from any namespace is allowed (this is default)

· ##other - elements from any namespace that is not the namespace of the parent element can be present

· ##local - elements must come from no namespace

· ##targetNamespace - elements from the namespace of the parent element can be present

· List of {URI references of namespaces, ##targetNamespace, ##local} - elements from a space-delimited list of the namespaces can be present

	processContents
	Optional. Specifies how the XML processor should handle validation against the elements specified by this any element. Can be set to one of the following:

4. strict - the XML processor must obtain the schema for the required namespaces and validate the elements (this is default)

5. lax - same as strict but; if the schema cannot be obtained, no errors will occur

6. skip - The XML processor does not attempt to validate any elements from the specified namespaces

	any attributes
	Optional. Specifies any other attributes with non-schema namespace














