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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
in_liai i i ely with the

ational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization
Interpational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Fart 2.

The ain task of technical committees is to prepare International Standards. Draftyinternationpl Standards
adopted by the technical committees are circulated to the member bodies fer -voting. Publication as an
Interpational Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this doéument may be the sublect of patent
right4. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 13527 was prepared by the Consultative Committee {for” Space Data Systems (CCSDS) (as
CCSDS 661.0-B-1, September 2008) and was adopted (without:modifications except those statefl in Clause 2
of thig International Standard) by Technical Committee ISO/TC-20, Aircraft and space vehicles, Subcommittee
SC 1B, Space data and information transfer systems.
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INTERNATIONAL STANDARD ISO 13527:2010(E)

Space data and information transfer systems — XML formatted
data unit (XFDU) structure and construction rules

1 $cope

This International Standard defines how the packaging of data and metadata, including Softwarg, can be put
into g single package (e.g. file or message) in order to facilitate information transfer and archiving

This | International Standard also provides a detailed specification of core. packaging stfuctures and
mechanisms, which accommodate the current computing environment and meet evolving requifements, and
which can be implemented to demonstrate practical, near-term results.

This International Standard is applicable to the entire space informatics\.domain, from operationgl messaging
to interfacing with science archives.

2 Requirements

Requirements are the technical recommendations made in the following publication (reproduced on the
following pages), which is adopted as an International Standard:

CCSDS 661.0-B-1, September 2008, XML formatted data unit (XFDU) structure and construction|rules

For the purposes of international standardization, the modifications outlined below shall apply t¢ the specific
clauses and paragraphs of publication CCSDS 661.0-B-1.

Paggsito v

This part is information whichyis relevant to the CCSDS publication only.

Pagg D-1

Add the following-information to the reference indicated:

[D1] | Doctment CCSDS 620.0-B-2, May 1992, is equivalent to ISO 12175:1994.

[D2] | CBDocument CCSDS 643.0-B-1, November 1992, is equivalent to ISO 14962:1997.

[D3] Document CCSDS 630.0-B-1, June 1993, is equivalent to ISO 13764:1996.
[D4] Document CCSDS 632.0-B-1, November 1994, is equivalent to ISO 15395:1998.
[D5] Document CCSDS 622.0-B-1, May 1997, is equivalent to ISO 15888:2000.
[D6] Document CCSDS 641.0-B-2, June 2000, is equivalent to ISO 14961:2002.

[D7] Document CCSDS 650.0-B-1, January 2002, is equivalent to ISO 14721:2003.

© 1SO 2010 — All rights reserved 1
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3 Revision of publication CCSDS 661.0-B-1

It has been agreed with the Consultative Committee for Space Data Systems that Subcommittee
ISO/TC 20/SC 13 will be consulted in the event of any revision or amendment of publication
CCSDS 661.0-B-1. To this end, NASA will act as a liaison body between CCSDS and ISO.
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AUTHORITY
Issue: Recommended Standard, Issue 1
Date: September 2008

Location: Washington, DC, USA

'his document has been approved for publication by the Management, Counci] of the
Consultative Committee for Space Data Systems (CCSDS) and represents the cdnsensus
echnical agreement of the participating CCSDS Member Agenciess-The procedure for
eview and authorization of CCSDS Recommendations is detailed in.the Procedures{Manual
or the Consultative Committee for Space Data Systems, and-the record of [Agency
articipation in the authorization of this document can be%obtained from the [CCSDS
becretariat at the address below.

o Seo= = o~

This document is published and maintained by:

CCSDS Secretariat

Space Communications and Navigation Office, 7L70
Space Operations Mission Directorate

NASA Headquarters

Washington, DC 20546-0001;, USA

CCSDS 661.0-B-1 Page i September 2008
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STATEMENT OF INTENT

The Consultative Committee for Space Data Systems (CCSDS) is an organization officially
established by the management of its members. The Committee meets periodically to address
data systems problems that are common to all participants, and to formulate sound technical
solutions to these problems. Inasmuch as participation in the CCSDS is completely
voluntary, the results of Committee actions are termed Recommended Standards and are
not considered binding on any Agency.

This| Recommended Standard is issued by, and represents the consensus of, the.CCSDS
menpbers. Endorsement of this Recommendation is entirely voluntary. Endersempent,
howgver, indicates the following understandings:

@ Whenever a member establishes a CCSDS-related standard, this standard will e in
accord with the relevant Recommended Standard. Establishing such a standard
does not preclude other provisions which a member may deyelop.

@ Whenever a member establishes a CCSDS-related Standard, that member |will
provide other CCSDS members with the following ifformation:

--The standard itself.
--The anticipated date of initial operational capability.
--The anticipated duration of operatioéhal service.

@ Specific service arrangements shall-be made via memoranda of agreement. Nejther
this Recommended Standardonor any ensuing standard is a substitute fpr a
memorandum of agreement.

No later than five years fromits date of issuance, this Recommended Standard will be
revigwed by the CCSDS to'determine whether it should: (1) remain in effect without change;
(2) pe changed to reflect the impact of new technologies, new requirements, or [new
diregtions; or (3) be retired or canceled.

CCSDS 661.0-B-1 Page ii September 2008
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FOREWORD

This document is a technical Recommendation to use for the packaging of data and metadata,
including software, into a single package (e.g., file, document or message) to facilitate
information transfer and archiving. It provides a detailed specification of core packaging
structures and mechanisms that meet current CCSDS agency requirements and that augment
the current CCSDS packaging and language Recommended Standards to accommodate the
current computing environment and meet evolving requirements. This Recommended
Stamdard—teverages—the—widecommmumity —acceptarce —anmd—usageof XMt techmolggies by

thaking the packaging manifest an XML document defined by the XML Schemaispefified in
this Recommended Standard.

'hrough the process of normal evolution, it is expected that expansion, deletion, or
hodification of this document may occur. This Recommended Standard'is thereforg subject
o CCSDS document management and change control procedures,(which are defindd in the
Procedures Manual for the Consultative Committee for Space-Data Systems. |Current
ersions of CCSDS documents are maintained at the CCSDS Web site:

PV e S . S |

http://www.ccsds.org/

(QQuestions relating to the contents or status of this-"document should be addresseql to the
(CCSDS Secretariat at the address indicated on page i.

CCSDS 661.0-B-1 Page iii September 2008
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At time of publication, the active Member and Observer Agencies of the CCSDS were:

Member Agencies

— Agenzia Spaziale Italiana (ASI)/Italy.

— British National Space Centre (BNSC)/United Kingdom.

— Canadian Space Agency (CSA)/Canada.

+ Centre National d Etudes Spatiales (CNES)/France.

+ China National Space Administration (CNSA)/People’s Republic of China.
+ Deutsches Zentrum fiir Luft- und Raumfahrt e.V. (DLR)/Germany.
+ European Space Agency (ESA)/Europe.

+ Federal Space Agency (FSA)/Russian Federation.

+ Instituto Nacional de Pesquisas Espaciais (INPE)/Brazil.

+ Japan Aerospace Exploration Agency (JAXA)/Japan.

+ National Aeronautics and Space Administration (NASA)/USA:

Obsg¢rver Agencies

+ Austrian Space Agency (ASA)/Austria.

+ Belgian Federal Science Policy Office (BFSPQ)/Belgium.

+ Central Research Institute of Machine Building (TsNIIMash)/Russian Federation
+ Centro Tecnico Aeroespacial (CTA)/Brazil.

+ Chinese Academy of Sciences (CAS)/China.

+ Chinese Academy of Space Technelogy (CAST)/China.

+ Commonwealth Scientific and Industrial Research Organization (CSIRO)/Austra
+ Danish National Space Center,(DNSC)/Denmark.

+ European Organization for'the Exploitation of Meteorological Satellites
(EUMETSAT)/Europe:

+ European Telecomrunications Satellite Organization (EUTELSAT)/Europe.

+ Hellenic National Space Committee (HNSC)/Greece.

+ Indian Space Reésearch Organization (ISRO)/India.

+ Institute of"'Space Research (IKI)/Russian Federation.

+ KFKI Résearch Institute for Particle & Nuclear Physics (KFKI)/Hungary.

+ KoreaAerospace Research Institute (KARI)/Korea.

+ MIKOMTEK: CSIR (CSIR)/Republic of South Africa.

+ Ministry of Communications (MOC)/Israel.

+_~National Institute of Information and Communications Technology (NICT)/Iapa
— National Oceanic and Atmospheric Administration (NOAA)/USA.

— National Space Organization (NSPO)/Chinese Taipei.

— Naval Center for Space Technology (NCST)/USA.

— Space and Upper Atmosphere Research Commission (SUPARCO)/Pakistan.

— Swedish Space Corporation (SSC)/Sweden.

— United States Geological Survey (USGS)/USA.

— o

a.

CCSDS 661.0-B-1 Page iv September 2008
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CCSDS XML Formatted Data Unit (XFDU)  September  Original issue
661.0-B-1 Structure and Construction Rules, 2008
Recommended Standard,
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CCSDS 661.0-B-1 Page v September 2008
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1 INTRODUCTION

1.1 PURPOSE AND SCOPE

The main purpose of this document is to define a CCSDS Recommended Standard for the

packaging of data and metadata, including software, into a single package (e.g.,

file or

message) to facﬂltate information transfer and archlvmg Another goal is to provide a

Recommended Standards (references [D1]-[D6]) to accommodate the currefity co
gnvironment and meet evolving requirements, and which can be implemented to dem
fractical, near-term results.

@perational messaging to interfacing with science archives.

1.2 RATIONALE

The current CCSDS Recommended Standards for.Data Packaging have not unde
thajor revision in 15 years. The computing environment and the understanding of r
have changed radically:

— Physical media > Electronic Transfer:

The primary form of access to, and delivery of, both archived and recently p
data products has shifted frem hard media to include substantial network deliy

— No standard language. for metadata - XML:

data standardas.it has grown exponentially.
— Homogengeous Remote Procedure Call (RPC)>CORBA, SOAP:

Communicating heterogeneous systems are increasingly using standard
procedure calls or messaging protocols. The primary RPC and messaging prof
the WWW is SOAP, an XML based protocol.

current
Anguage
mputing
onstrate

The scope of application of this document is the entire space informatics domain from

rgone a
hetadata

roduced
ery.

After ‘bits’ and ~ASCII’, the language ‘XML’ can be viewed as the next universal

remote
ocol for

5 Little understanding of long-term preservation>OAIS Reference Model:

The OAIS Reference Model has become a widely adopted starting point for

standardization addressing the preservation of digital information. The OAIS

defines

and situates within functional and conceptual frameworks the concepts of Information
Packages for archiving (Archival Information Packages, or AIPs), producer
submission to an archive (Submission Information Packages, or SIPs), and archives’

dissemination to consumers (Dissemination Information Packages, or DIPs).

CCSDS 661.0-B-1 Page 1-1 September 2008
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— Record formats—> Self describing data formats:

Commensurate with XML, and rapidly growing computing power and storage
capabilities, there has been an increasing tendency to use data formats that are more
self-describing.

Further, in the Space domain, there are a number of new requirements to facilitate such
functions as being able to describe multiple encodings of a data object, and to better describe

1 I’\(‘]’\I‘“(‘ [shaa¥VataVWaid (s [alfa l'\":\ A') (s n]’\“ﬂl‘ Q T]ﬂnvn":\r\vn 1‘ 1‘(‘ necedoarys ray Aﬂﬁﬂﬂ (s haValtvd
the relatigaships—ameng—a—set—of-data—objeets— Fherefore—it—is—neeessary—to—define—a—new

packaging standard while maintaining the existing functionality.

1.3 STRUCTURE OF THIS DOCUMENT
This docuiment is divided into informative and normative sections and annexes.

Sections 1-3 of this document are informative and give a high-level view: of the rationale, the
conceptudl environment, some of the important design issues, and,an’ introduction to the
terminology and concepts.

— Section 1 gives purpose and scope, rationale, a view of the overall document structure,
anfd the acronym list, glossary, and normative referenee list for this document.

— Section 2 provides a high-level view of the anticipated computing environment and
th¢ key concepts in the domain of information packaging for interchange or
ar¢hiving.

— Section 3 provides an overview of the functionality of the XML Formatted Data Unit
(X[FDU), and it identifies additional functionality proposed for future issues of this
Rgcommended Standard.

Sections 4-11 of this document are the normative portion of the specification. The primary
focus is op the specification of an XML document, called the Manifest document that must
also confqrm to the XML schema defined in this document.

— Section 4, entitled *XFDU Manifest Complex Type’ is the transition from informative

to [normatiye sections. It provides a description and an XML schema diagram of the
t-level-elements of the XFDU packaging specification material. It also discusses
th¢ ‘utility’ types that are reused many times within the XML Schema sections of this
Rgcommended Standard.

— Sections 5-10 present a detailed breakdown of the important entities represented in
the schema. Each section is organized in the following manner:

* N.1—Overview;
* N.2—XML schema and XML Authority diagrams;

*  N.3—XML Example (this subsection is informative and should not be considered
normative);

CCSDS 661.0-B-1 Page 1-2 September 2008
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* N.4—Semantics (this optional section details semantics that cannot be expressed

by the W3C XML Schema Language).

There are several notation issues to be understood:

a) The W3C XML Schema fragments in sections 5-10 are not intended to be complete.
The complete and ruling XML Schema for the XFDU Manifest can be found in

section 11.

b) Each XML Schema section contains both an XML Authority schema diagran
W3C XML Schema Language specification of a high-level type. Thedeve
XML Authority Schema diagrams have decided on the following specif
visualizations:

— Expand declared attribute groups that are specified oncewand referenc

appear that the XML Schema Diagrams have more specified attributes
corresponding W3C XML Schema language specifications.

and is the diagrammatic form of ##any in the XML Schema Language.

c) Since the XML Schema portions of this-document specify only the XFDU
the term XFDU is used rather than XFDU Manifest or xfdu Manifest. Th
only in the W3C XML Schema- specification and the associated XML 4
schema diagrams.

d) To help visually clarify this-Recommended Standard, the XML instance exar
in Times 10 point italicsand XML Schema fragments are in Arial 9 point.

acronym was initially defined in Reference Model for an Open Archival Infi
System (OAIS) (reference [D7]).

Section 11 is thefull XML Schema for this specification. In the case of differences
the full Schema/in section 11 and the narratives and partial schemas in prior sections
XML Schéina is the ruling specification.

Section*12 discusses security considerations related to implementation of the Recon

1 and the
opers of
ic XML

ed many

times in the W3C XML Schema Language Specification. For this reasgn it may

than the

— #wildcard is used by XML Authority schemavdiagrams to indicate openp content

Manifest
S 1s true
Authority

nples are

e) In the Definitions subsection (1.4), the use of italics indicates that the definition or

brmation

between
, the full

nmended

Standard.

Annexes A-D are informative:

— Annex A provides an example XFDU Manifest, parts of which are the source of the

examples in sections 5-10.

— Annex B provides a Unified Modeling Language (UML) view of the XFDU

Manifest.
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— Annex C is a legend for symbols for the XML Authority Diagrams that appear in
sections 4 through 11 of this document.

— Annex D provides Informative References.

1.4 DEFINITIONS

X AT IEOANLC

14.1

AIP
ASCII
CCSDS
CORBA
CRC
DIP
ISBN
ISO
METS
MIME
OAIS
OWL
PDI
RDF
RPC
SFDU
SIP
SOAP
UML
URI
URL
URN
W3C
WWw
XFDU
XML

OCIDOANIVALIC AN ARRDEAE
CRNUINY VIO AIND ADDRNILVIA TIUINS

Archival Information Package

American Standard Code for Information Interchange
Consultative Committee for Space Data Systems
Common Object Request Broker Architecture
Cyclical Redundancy Check

Dissemination Information Package
International Standard Book Number
International Organization for Standardization
Metadata Encoding and Transmission Standard
Multipurpose Internet Mail Extensions

Open Archival Information System

Web Ontology Language

Preservation Description Information
Resource Description Framework

Remote Procedure Call

Standard Formatted Data Unit

Submission Information(Package

Service Oriented Architecture Protocol
Unified Modeling/banguage

Uniform Resource [dentifier

Uniform Resource Locator

Uniform Resource Name

WorldWide Web Consortium

Worldwide Web

XML Formatted Data Unit

Extensible Markup Language

1.4.2 TERMINOLOGY

Archival Information Package (AIP): An Information Package, consisting of the Content
Information and the associated Preservation Description Information (PDI), which is
preserved within an OAIS.
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Behavior Object: Object that contains an interface definition element that represents an
abstract definition of the set of behaviors.'

Behavior Section: A container of zero or more behavior objects.
Collection: Components that are gathered together; analogous to files on a file system.

Component: An object (i.e., file) that can be grouped together to be part of a Collection, or
Package

Content Data Object: The Data Object, which together with associated Representation
[nformation is the original target of preservation.

Content Information: The set of information that is the original target of preservatior). It is an
Information Object comprised of its Content Data Object and its Representation Informgtion. An
example of Content Information could be a single table ofCaumbers represenfing, and
understandable as, temperatures, but excluding the documentation that would explain its history
and origin, how it relates to other observations, etc.

Context Information: The information that documents the relationships of the] Content
[Information to its environment. This includes why<the Content Information was cr¢ated and
how it relates to other Content Information objects:

Content Objects: The data and/or metadata-objects, and any Content Units, logicallly within
a given Content Unit.

Content Unit: XML Structure that,contains pointers to data objects and associated metadata
objects, and possibly other Content Units.

[Data: A reinterpretable répresentation of information in a formalized manner suftable for
communication, interpretation, or processing. Examples of data include a sequence|of bits, a
table of numbers, the ‘characters on a page, the recording of sounds made by @ person
speaking, or a moon’rock specimen.

[Data Dictionary: A formal repository of terms used to describe data.

[Data ©bject: Object that contains some file content and any data required to 4llow the
infermation consumer to reverse any transformations that have been performed on the object
and restore it to the byte stream intended for the original designated community and
described by the Representation metadata pointed to by the repID attribute of the data object.

Data Object Section: Section that contains a number of dataObject elements.

'In future versions of this Recommended Standard a behavior object will contain one or more
mechanisms that either contain or reference a module of executable code that implements
and runs those interfaces.
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Description Data Unit: A Content Unit in which all the content objects are metadata objects.

Descriptive Information:. The set of information, consisting primarily of Package
Descriptions, which is provided to Data Management to support the finding, ordering, and
retrieving of OAIS information holdings by Consumers.

Designated Community: An identified group of potential Consumers who should be able to
understand a particular set of information. The Designated Community may be composed of

multiple uj
Digital OF

Dissemind
more AIPs

Finding A
Informatid

Fixity Inf
provides ¢
altered in
code for a

Informati
represente
of how t
measured

Informati

Informati
Informatid
Informatid
Content In

SCT COTTIITUTIIITS:.
ject: An object composed of a set of bit sequences.

tion Information Package (DIP): The Information Package, derived fronr one or
, received by the Consumer in response to a request to the OAIS.

id: A type of Access Aid that allows a user to search for and“rdentify Archival
n Packages of interest.

ormation: The information that documents the authentication mechanisms and
uthentication keys to ensure that the Content Information object has not been
an undocumented manner. An example is a Cyclical Redundancy Check (CRC)
file.

pn:  Any type of knowledge that can:-be exchanged. In an exchange, it is
d by data. An example is a string of bits(the data) accompanied by a description

interpret a string of bits as numbers representing temperature observations
n degrees Celsius (the representation information).

pn Object: A Data Object together with its Representation Information.

pn Package: The Content Information and associated Preservation Description
n that is needed ,to_aid in the preservation of the Content Information. The
n Package has assoCiated Packaging Information used to delimit and identify the
formation and Preservation Description Information.

Information Package Map: Outline of a hierarchical structure, for the original object being

encoded, 1
equivalent

ising.a.series of nested contentUnit elements. The Information Package Map is
to’highest-level Content Unit included in the XFDU.

Manifest:

A document containing metadata about Components, and the relationships among

them. This information is stored as a Component, using an XML language designed for just
this purpose.

Metadata:

Metadata

Data about other data.

Section: Section that contains or references all of the static metadata for all items

in the XFDU package.

CCSDS 661.0-B-1
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Open Archival Information System (OAIS): An archive, consisting of an organization of
people and systems, that has accepted the responsibility to preserve information and make it
available for a Designated Community. It meets a set of responsibilities, as defined in
subsection 3.1 of the OAIS Reference Model that allows an OAIS archive to be distinguished
from other uses of the term ‘archive’. The term ‘Open’ in OAIS is used to imply that this
Recommended Standard and future related standards are developed in open forums, and it
does not imply that access to the archive is unrestricted.

ackage: A collection that is bundled together, or packaged, into one tile using 3 defined
packaging scheme. All Packages are Collections, but not all Collections have beén packaged,
50 they are not all Packages.

Package Header: Header that contains metadata that apply to the whol¢ XFDU [Package.
These metadata may include data to inform the XFDU parsing software about volume metadata
e.g., logical volume information and specification version), administrative metadpta (e.g.,
puthor and creation data) and technical data (e.g., hardware and gperating system).

Package Interchange File: A collection of files that have been bundled togeth¢r into a
single container that also contains a manifest deséribing the contained files [and the
relationships among those files.

Physical Object: An object (such as a moon: rock, bio-specimen, microscope slitie) with
physically observable properties that represent information that is considered suitable for
being adequately documented for preservation, distribution, and independent usage.

Preservation Description Information (PDI): The information which is necegsary for
ndequate preservation of the-Centent Information and which can be categorized as
Provenance, Reference, Fixity, and Context information.

Process Description Unit: Unit that contains a description that can range from an agtomated
scripting language to-anEnglish language description of the steps a person/intellig¢nt agent
would take in perforiming a process.

Provenance-Information: The information that documents the history of the| Content
[nformatiot~" This information tells the origin or source of the Content Information, any
changes that may have taken place since it was originated, and who has had custpdy of it
singe\it ' was originated. Examples of Provenance Information are the principal inviestigator
who recorded the data, and the information concerning its storage, handling, and migration.

Reference Information: The information that identifies, and if necessary describes, one or
more mechanisms used to provide assigned identifiers for the Content Information. It also
provides identifiers that allow outside systems to refer, unambiguously, to a particular
Content Information. An example of Reference Information is an ISBN.

Representation Information: The information that maps a Data Object into more meaningful
concepts. An example is the ASCII definition that describes how a sequence of bits (i.e., a
Data Object) is mapped into a symbol.
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Representation Network: The set of Representation Information that fully describes the
meaning of a Data Object. Representation Information in digital forms needs additional
Representation Information so its digital forms can be understood over the long term.

Structure Information: The information that imparts meaning about how other information
is organized. For example, it maps bit streams to common computer types such as
characters, numbers, and pixels, and to aggregations of those types such as character strings
and arrays.

Submission Information Package (SIP): An Information Package that is delivered by thq
Producet to the OAIS for use in the construction of one or more AlIPs.

Transformation: A modification to the encoding of a file that is done indeperident of the
definitiop of the Representation Information. A transformation is usually done to satisfy end
to-end system requirements such as performance or security. A transformation must bg
reversed|to restore the original digital object.

Transformation Object: The part of a Data Object that contains(tequired information (e.g.
algorithms and parameters) to reverse any transformations applied to the digital content and
restore that to the original binary data object.

XFDU Manifest: A Manifest that is conformant to*the XML Schema specified in this
Recommended Standard.

XFDU Package: A Package Interchange File that contains an XFDU Manifest and is
conformgnt to the semantics specified in- this document. An XFDU Package is 4
specializption of Package Interchange File,

XML Hormatted Data Unit (XEDU): The complete contents as specified by thg
Informatjon Package Map (i.es the highest-level Content Unit) component of the XML
Manifestf. This includes the XML Manifest document, files contained in the XML Manifest
files referenced in the XFDW) Manifest including those contained within the XFDU Package,|
and resofirces (i.e., files~and XFDU Packages) external to the XFDU Package. The XFDU i
a logical|entity and may never exist as a physical entity.

XML Sdhema:-W3C schema specification for XML documents using XML syntax.

1.5 CONFORMANCE

An XFDU Manifest is a Manifest that is conformant to the XML Schema definition specified
in this Recommended Standard.

An XFDU Package is a Package Interchange File that contains an XFDU Manifest linking
all files of the package.
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1.6 REFERENCES

The following documents contain provisions which, through reference in this text, constitute
provisions of this Recommended Standard. At the time of publication, the editions indicated
were valid. All documents are subject to revision, and users of this Recommended Standard
are encouraged to investigate the possibility of applying the most recent editions of the
documents indicated below. The CCSDS Secretariat maintains a register of currently valid
CCSDS Recommended Standards.

[1] Tim Bray, et al., eds. Extensible Markup Language (XML) 1.0. 2nded. W3C
Recommendation. N.p.: W3C, October 2000. <http://www.w3.org/FR/2000/REC-
xml-20001006>

[2] Henry S. Thompson, et al., eds. XML Schema Part WM.~ Structures| W3C
Recommendation. N.p.: W3C, May 2001. <http://wivw.w3.0rg/TR/2001/REC-
xmlschema-1-20010502/>

[3] Paul V. Biron and Ashok Malhotra, eds. XML Sehema Part 2: Datatypds. W3C
Recommendation. N.p.: W3C, May 2001. © <http://www.w3.0rg/TR/2001/REC-
xmlschema-2-20010502/>

[4] “TIBCO Turbo XML™.” TIBCO.com.
<http://www.extensibility.com/softwarg/metadata/turboxml.jsp> (12/18/2006

NOTE - Informative references are listed in annex D.
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2 OVERVIEW OF XFDU PACKAGING STRUCTURE

2.1 GENERAL

This section provides an overview of some of the key concepts that are incorporated in the

design of the XFDU packaging Recommended Standard.

ANANAVARRYANLNAY A nh Nl

22— ENVHRONMENT

Figure 2-1 illustrates an abstract package in a generic computing environment to
basis for discussion of concepts relevant to this document. The focus of this diz
collection of physical files that have been bundled together because

interrelationship. Several files have been bundled into a single container called
Interchange File with a specially named file called a Manifest Dodument included
the contained files. The Manifest Document describes the t€lations among the
indexes the locations of all the files within the Package Interface File containin
metadata. The Manifest can also contain data and metadata files.

The Manifest Document also references external\files. The external files are
coming from various resources including™ other XFDUs, file systg
registries/repositories. In an environment <with sufficient connectivity, relial
bandwidth the exchange of Package Interchange Files that include pointers to
outside of the package allows the recipient to deal with the externally referenced
convenience. The resolution of thes¢)pointers is beyond the scope of this Recq
Standard.

provide a
jgram is a
of some
a Package
as one of
files and
p data and

shown as
ms, and
ility, and
resources
files at its
mmended

The term ‘XML Formatted Data Unit’ or ‘XFDU?’ is to be understood as referring {o not only

the Package Interchange Eile and those files contained within, but also to all the ex

fernal files

and packages referenced from within the included Manifest file. The entire figure[represents

a single XFDU instance.
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Package Interchange File

XFDU Manifest ‘ = '
Document
N\
e T e
URI UKI
K v ] b5
File | File URI
URI/ |
¢ A ,
e L l
terchange File B Fl]C

Figure 2-1: Environment/Conceptual.View of an XFDU

2.3 LOGICAL STRUCTURE

This section maps the Conceptual View_presented in the previous section to the terms and
concepts|used within the normative sections of this Recommended Standard.

Three high-level entities are disctssed in figure 2-1: the Manifest, the Package Interchangg
File, and the XFDU. The normative sections of this Recommended Standard specify a
concrete|implementation of these conceptual high-level entities. These entities are mapped
into impJementation-specific entities as follows:

An XFDU Manifest3s a Manifest that is conformant to the XML Schema specified in thig
Recommended Standard (see section 11).

An XFDU-Package is a Package Interchange File that contains an XFDU Manifest and is

f bttt 4t casaati g comana i dn thae Aot Tl D D sz dac o Ao da
COn Orm,&llb U IV SVITIAaritivo OPUUIllUu I IS UULVUIITNIVIIL. 1 15U1U Lt et PL\JVIUUD alr UAPulluU

view of the XFDU Manifest document showing the key entities and the possible references
among them. The arrowheads show the direction of the references (e.g., the contentUnit
entity references the dataObject entity). The Content Unit provides the primary view into the
package as it refers to each of the data objects, and it associates appropriate metadata with
each data object. The Content Unit reference to the metadata is via one or more metadata
Category pointers. For each such pointer, there is a set of metadata classes that may be
chosen to further classify the metadata object. The actual Metadata Object may be included
in the manifest file or referenced by URI. A Content Unit may also contain other Content
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Units referencing external XFDUs. The figure also introduces the names and XML Labels

for some of the XML entities that are discussed in the next section.

A simple structure which groups together all the information about each Information Object

would work for a few objects but would lead to implementation difficulties when

one has

large numbers of large objects. A number of techniques are used to help alleviate the
potential problems and to simplify further extraction, processing, and repackaging of

information contained in a package. Similar types of components are grouped into

JUCTK d [1C C C O D V oF O dNd

mplementations. The wrapping of the referencing pointers allows uniform access. b}
nformation whether it is located within the package or outside. The XFDU Manifes
the structure of the package to be viewed without having to parse the full stfucture.

An XML Formatted Data Unit (XFDU) consists of the XFDU Manifest, all files c
n the Manifest and all files and XFDUs referenced from it. Somie or all of the re
iles may be contained in an XFDU Package, such as through thé'use of a ZIP file. H
there may still be references in the Manifest to files outside the XFDU Package. In't
the XFDU is a logical entity and does not exist as a single-physical entity.

Sections
prencing
F URI to
t allows

bntained
ferenced
OWeVer,
his case,
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Figure 2-2:&1{5‘6 Manifest Logical View
O
o
N
R
&
R
S
CCSDS 661.0-B-1 Page 2-4 September 2008

26

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=ffbce7c24068a35934caed5de47fec5d

3 PHASED RELEASE DESIGN DECISIONS

ISO 13527:2010(E)
CCSDS RECOMMENDED STANDARD FOR XFDU STRUCTURE AND CONSTRUCTION RULES

The following table provides a brief summary of the functionality that should be supported
by the XFDU packaging Recommended Standard and the allocation of these requirements to
this and future issues of this Recommended Standard. If there is no entry in the Future Issues
column all anticipated functionality is included in Issue 1.0.

Table 3-1: XFDU Functionality by Recommended Standard Issue

Function/Feature

Version 1.0

Future Verlsions

2. Use of XML wildcards with namespace =

Packaging 1. Single XML Document XML messaging form
techniques 2. Archive File (e.qg., tar, zip) (e.g., SOAR with
Attachments, XOP)
Manifest Mandatory
Format 1. Markup Languages (XML and vocabulafies)
Description Types | 2. MIME types
3. Self describing formats
4. Detached data descriptions (e.g;\EAST)
Metadata/data 1. Inclusion in Manifest as base64 or XML
linkage options 2. Referenced directly as binary or XML
3. Referenced or included as Data Object
Relationship 1. Unit types indicate“predefined relationships Formal Degcription
Description 2. Classification of metadata pointers Language
3. User defined metadata model support * RDF
4. Predefined support of OAIS Information  OWL
model
5. Xlink attributes
Behaviors 1. Description of Abstract Interfaces 1. Inclusion| of, or
2. Abstract element for mechanisms and reference to, specific
substitution group to enable compatibility in mechanisms/methods
future versions 2. Invoking|behavior
as value of|Content
Units
3. Scripting| Behaviors
Extensibility 1. Element substitution using XML Schema 1. Type Substitution
substitutionGroup using xsi: type

otherforextension

Encodings and
Transformations

The ability to allow/reverse multiple
transformations on files

Instance
Validation

1. XML schema type validation

2. Enumerated lists

3. Constraints and business rules using
Schematron

Evolving enumerated

lists
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4 XFDU MANIFEST COMPLEX TYPE

4.1

OVERVIEW OF XFDU MANIFEST

The following are brief descriptions of the five complex types/elements that may be
contained in an XFDU Manifest (XFDUType). A high-level XML Authority (reference [4])
XML schema diagram of the XFDU is shown as figure 4-1.

b)

d)

These metadata
inform the XFDU parsing software about volume metadata (e.g.-logic
information and specification version), administrative metadata’(e’g., author and
creation data) and technical data (e.g., hardware and operating system).

metadata that apply to

Information Package Map (informationPackageMap elem
informationPackageMapType): provides a hierarchicaloview of the cont

contains
de data to
hl volume

ent of
ent of the

XFDU using a series of nested contentUnit elementsiContent Units contajn pointers

to data objects and to the metadata associated with/those data objects.

Data Object Section (dataObjectSection “¢lément of dataObjectSec
contains any number of dataObject elements,"A Data Object logically contz
stream and any data required to allowthe information consumer to re
transformations. Reversing the transforms will restore the byte stream to t
format described by the Representation metadata pointed to from the Conte

Metadata Section (metadataSection element of metadataSectionType): rec

ionType):
ins a byte
verse any
e original
t Unit.

brds all of

the metadata for all items.in the XFDU package. Multiple metadata objects are

allowed so that the metadata can be recorded for each separate item within
object. The metadata“schema allows the package designer to define any
model by providing attributes for both metadata categories and a cla
scheme for finer_definition within categories. The XFDU also provides f
metadata categories and classes via enumerated attributes that follow
informatién model.

Behavior Section (behaviorSection element of behaviorSectionType): mj
any‘number of behavior objects. Each behavior object can be used to
exccutable behaviors with one or more Content Units in the containing

he XFDU
metadata
ssification

predefined
the OAIS

ly contain
associate
XFDU. A

behavior object contains an interface definition element that represents an abstract

definition of the set of behaviors.’

’In future issues of this Recommended Standard a behavior object will contain a mechanism
that either contains or references a module of executable code that implements and runs those
interfaces.
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4.2 XML SCHEMA
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Figure 4-1: First-Level Decomposition of XFDUType

<xsd:complexType name="XFDUType">
<xsd:annotation>

<xsd{documentation>

XFDWType Complex Type.

An XFDU document consists of five possible subsidiary 'sections:

packfggeHeader (XFDU document header), informationPackageMap (content unit section),

metaplataSection (container for metadata objects),

data@bjectSection (data object section),behaviarSection (behavior section).

It als® has possible attributes:

1. ID|(an XML ID);

2. ob|ID: a primary identifier assigned toithis XFDU instance by the producer of the XFDU

3. textinfo: a title/text string identifying\the document for users;

4. vefsion: version of the XFDU XML-Schema this XFDU should be validated against. Currently this is a strifg but
when formal CCSDS XML Sehema Naming and Versioning rules are defined it is expected that this type Will be
specialized to conform tothose rules

</xsd:documentation>

</xsd:ahnotation>
<xsd:sgquence>

<xsd|element name="packageHeader" type="xfdu:packageHeaderType" minOccurs="0"/>

<xsdlelement name="informationPackageMap" type="xfdu:informationPackageMapType"/>

<xsdlelementname="metadataSection" type="xfdu:metadataSectionType" minOccurs="0"/>
<xsdlelementname="dataObjectSection" type="xfdu:dataObjectSectionType" minOccurs="0"/>
<xsdlelement name="behaviorSection" type="xfdu:behaviorSectionType" minOccurs="0"/>
</xsd:s pquence>
<xsd:attribute name="ID" type="xsd:ID"/>
<xsd:attribute name="objID" type="xsd:string"/>
<xsd:attribute name="textInfo" type="xsd:string"/>
<xsd:attribute name="version" type="xfdu:versionType"/>
</xsd:complexType>
<xsd:element name="XFDU" type="xfdu:XFDUType"/>
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4.3 UTILITY TYPES
4.3.1 OVERVIEW

These complex types are reused throughout the XFDU schema to represent some recurring
structures:

— extensionType—A complex type that allows third parties to define extensions to the
XFDU from a namespace that the third party owns. This type insulates the extension
elements from the non-deterministic properties of the ‘any wildcard’.

— referenceType—Entity that can reference a resource via a URI.

— dataObjectPointerType—An empty element that references dataObjects [using the
XMLID.

— fileContentType—Complex type that encapsulates either binary or XMI arbitrary
content:

» DbinaryData—Complex type that encapsulat€s)base64 encoded data (elg., binary
data);

« xmlData—Complex type that encapsulates one to many pieces of arbitfary XML
data.

— checksumInformationType—Complex type that identifies the checksum typ

@

These simple types are reused throughout the XFDU schema to represent sonpe
recurring structures:

— mimeTypeType—attribute containing the MIME type;
— xmlDataType—a-wrapper to include arbitrary XML data;
— locatorTypeType—a type of location (‘URL’ or ‘OTHER”).

These attribute groups are used throughout the XFDU schema:
— ALOCATION—attributes dealing with location of referenced objects;

%~ RegistrationGroup—attributes allowing identification of a registered item;

_ v]inb'cimp]ef ink—the normal cimp]e xlink attributes (nnt detailed he]n"x'r)_

As discussed in 1.3, the XML Authority schema diagrams below show details of the XML
attribute groups not shown in the associated W3C XML Schema language segments in the
text. The full schema in section 11 provides the specification of these attribute groups.
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4.3.2 XML SCHEMAS
extensionType

; A HwildCard

EREE DT e

Figure 4-2: extensionType Schema Diagram

<xsd:¢omplexType name="extensionType">
<xsfl:annotation>
sd:documentation>
allows third parties to define extensions to the XFDU from a namespace
controlled by the third party
<fxsd:documentation>
</xgd:annotation
<xs{l:sequence>
<ksd:any namespace="##other" processContents="lax"/>
</x4d:sequence>
<xsfl:anyAttribute namespace="##other" processContents="lax"/>
</xsd:pomplexType>

A

refer¢nceType

- lorator Ty pETy o -

lztrng

;',l:n. " I-Ejgl 5 fl-'*:.:tlnf.1=4 |.‘l locatorTypeg [# ot herLocator Typeg
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[ j—— . :
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|3
14

FEfErencg Ty

Figure 4+3: referenceType Schema Diagram

<xsd:complexType name="referenceType">
<xsfl:annotation>
sd:documentation=
locator attribute @llows finer granularity within location specified in href
<|xsd:documentation>
</xgd:annotation>
<xsfl:attribute\name="ID" type="xsd:ID"/>
<xsfl:attribute name="textInfo" type="xsd:string"/>
<xsfl:attributeGroup ref="xfdu:LOCATION"/>
<xsfl‘attribute name="href" type="xsd:string"/>

A

<xsd:attribute name="Tocator" type="xsd:string" use="optional" default="7"7>
</xsd:complexType>
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dataObjectPointerType

L ®IDg @ dataObjectD

. - ] e =
galedbEctPointerType i 1 [DHEF 11

Figure 4-4: dataObjectPointerType Schema Diagram

<xsd:complexType name="dataObjectPointerType">
<xsd:annotation>
<xsd:documentation>
The dataObjectPointerType is a type that can be used to reference dataObjects by.dataObject|D.
The dataObjectPointerType has two attributes:
1. 1D: an XML ID for this element; and
2. dataObjectlD: an IDREF to a dataObject element
</xsd:documentation>
</xsd:annotation>
<xsd:attribute name="ID" type="xsd:ID"/>
<xsd:attribute name="dataObjectID" use="required" type="xsd:IDREF"/>
</xsd:complexType>

fileContentType
DS
X * h.inan.-{!:an
N acsid Binary
5 g
ri'-d'i:l:l"lllin"T'r"LA'V!?‘ . I'-]' #* wrnl Dt a, |-+- * MyvildCard
Tl IDNAT e o

Figure 4-5: fileContentType/binaryData/xmlData Schema Diagram
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<xsd:complexType name = "fileContentType">
<xsd:annotation>
<xsd:documentation>
fileContentType encapsulates and aggregates a type that can have a choice of either
binary or xml data
</xsd:documentation>
</xsd:annotation>
<xsd:choice>
<xsd:element name = "binaryData" type = "xsd:base64Binary" minOccurs = "0">
<xsd:annotation>
<xsd:documentation>A wrapper to contain Base64 encoded metadata.</xsd:documentation>
/xsd:annotation>
</xsd:element>
<xsd:element name = "xmIData" type = "xfdu:xmIDataType" minOccurs = "0"/>
</xs{l:choice>
<xsdrattribute name = "ID" type = "xsd:ID"/>
</xsd:complexType>fileContent

check§umInformationType

o # ChecksurnMarme .
checkouminform afion Ty ps -|::'.'|‘-=‘E(i1:|‘ lameTyrpe

e

Figure 4-6: checksumInformationType Schema Diagram

plexType name="checksuminformationType">
<xsd:annotation>
<xpd:documentation> An element of this type would convey checksum information:
he value of the checksum element is the result of the checksum
he value of the checksumName attribute is'the name of checksum algorithm used to compute the
value
</xsd:documentation>
</xs¢l:annotation>
<xsd:simpleContent>
<xgd:extension base="xsd:string'>
xsd:attribute name="checksumName" type="xfdu:checksumNameType" use="required"/>
</xsd:extension>
</xsq:simpleContent>
</xsd:domplexType>
<xsd:simpleType name="checksumNameType">
‘restriction base="xsd:string">
‘restriction>,
</xsd:gimpleType>

The following XML classes are also used throughout this document but cannot be illustrated
by an XML Authority Schema diagram because they are XSD simple types or XSD attribute
groups.

mimeTypeType

<xsd:simpleType name="mimeTypeType">
<xsd:restriction base="xsd:string">
</xsd:restriction>
</xsd:simpleType>
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xmlDataType

<xsd:complexType name = "xmlDataType">
<xsd:annotation>
<xsd:documentation>A wrapper to contain arbitrary XML content.</xsd:documentation>
</xsd:annotation>
<xsd:sequence>
<xsd:any namespace="##any" processContents = "lax" maxOccurs = "unbounded"/>
</xsd:sequence>
</xsd:complexType>

LOCATION

<xsd:attributeGroup name="LOCATION">
<xsd:annotation>
<xsd:documentation>
This attribute group aggregates attributes that can be used for specifying-type of location
This group includes following attributes:
locatorType specifies location type (URL or OTHER)
otherLocatorType specifies location type in case locatorTypecas value of OTHER
</xsd:documentation>
</xsd:annotation>
<xsd:attribute name="locatorType" use="required" type="xfdu:locatorTypeType">
</xsd:attribute>
<xsd:attribute name="otherLocatorType" type="xfdu:otherLocatorTypeType"/>
</xsd:attributeGroup>

locatorTypeType

<xsd:simpleType name="locatorTypeType">
<xsd:restriction base="xsd:string">
<xsd:enumeration value="URL"/>
<xsd:enumeration value="OTHER"/>
</xsd:restriction>
</xsd:simpleType>

otherLocatorTypeType

<xsd:simpleType name="otherLocatorTypeType">
<xsd:restriction base="xsd:string"/>
</xsdisimpleType>
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registrationGroup

<xsd:attributeGroup name="registrationGroup">

<xsd:annotation>
<xsd:documentation>
This attribute group aggregates attributes that can be used for specifying

registration information.
This group includes following attributes:
registrationAuthority - the authority that issued the registration

reqisteredld - the id for the rngiefrafinn

</xsq:documentation>
</xsd:gnnotation>
<xsd:aftribute name="registrationAuthority" type="xsd:string" use="optional"/>
<xsd:aftribute name="registeredID" type="xsd:string" use="optional"/>
</xsd:attribyteGroup>
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S PACKAGE HEADER
5.1 OVERVIEW

The Package Header (packageHeader element of packageHeaderType) is an XML Complex
Type that contains metadata that apply to the whole XFDU Package. These metadata may
include data to inform the XFDU parsing software about volume metadata (e.g., logical
/olume information and specification version), administrative metadata (e.g., author and
dreation data) and technical data (e.g., hardware and operating system).

The package header type has two elements:

— environmentInfo—contains application specific information dgfined eithef by an
extension of the XFDU Schema or by freeform XML;

— volumelnfo—contains XFDU volume-related metadata stich as XFDU specjfication
version and logical volume sequence information.

The package header type has a single attribute, ID: an XML/ID.

3.2 XML SCHEMA packageHeader Type
* -;g.uu:i.Fn-r;'at;~|:|z:'nls'urs|;'mr1=i
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Figure 5-1: packageHeaderType Schema Diagram

4xsd:complexTypename="packageHeaderType">
<xsd:annetation>
<xsd:documentation>packageHeaderType: Complex Type for metadata about the
mapping of the logical packages to the physical structures. The
package header type has two elements:
-volumelnfo — contains XFDU volume related metadata (.i.e., XFDU specification version
and sequence information
- environmentinfo — contains application specific information either defined by an extension of the XFDU
Schema or by freeform XML.
packageHeaderType has a single attribute, ID: an XML ID.
</xsd:documentation>
</xsd:annotation>
<xsd:sequence>
<xsd:element name="volumelnfo" type="xfdu:volumelnfoType"/>
<xsd:element name="environmentinfo" type="xfdu:environmentinfoType" minOccurs="0" maxOccurs="unbounded"/>
</xsd:sequence>
<xsd:attribute name="ID" type="xsd:ID" use="required"/>
</xsd:complexType>
<xsd:complexType name="volumelnfoType">

CCSDS 661.0-B-1 Page 5-1 September 2008
© 1SO 2010 — Al rights reserved 37


https://standardsiso.com/api/?name=ffbce7c24068a35934caed5de47fec5d

ISO 13527:2010(E)

CCSDS RECOMMENDED STANDARD FOR XFDU STRUCTURE AND CONSTRUCTION RULES

<xsd:annotation>
<xsd:documentation>
Contains XFDU software related system information, including one mandatory element
- specificationVersion, which specifies the version of the XFDU specification to which this manifest complies.
Additionally it has one optional element-sequencelnformation that holds the information about sequence
of XFDUs and the position of the current one in it.
</xsd:documentation>
</xsd:annotation>
<xsd:sequence>
<xsd:element name="specificationVersion" type="xfdu:specificationVersionType" minOccurs="1" maxOccurs="1"/>
<xsd:element name="sequencelnformation" type="xfdu:sequencelnformationType" minOccurs="0" maxOccurs="1"/>
</xsd:s¢quence>
</xsd:complexType>
<xsd:complgxType name="environmentinfoType">
<xsd:arjnotation>
<xsd:documentation>
Enyironment info provides meta information related to the environment where the XFDU was cfeated.
Since environment information may be specific to a concrete XFDU producer, environment.information cap have
only two optional elements:
-xnjiData - can hold application specific information.
-exfension -wild card that serves as extension point for other namespaces
</xsdfdocumentation>
</xsd:apnotation>
<xsdi}sequence>
<xgd:element name="xmIData" type="xfdu:xmlIDataType" minOccurs="@" maxOccurs="unbounded"/>
<xgd:element name="extension" type="xfdu:extensionType" minOccurs="0"/>
</xsdfsequence>
</xsd:complexType>

<xsd:simple['ype name="specificationVersionType">
<xsd:arjnotation>
<xsd:documentation>
An lentity of this type is used to indicated CCSDS=pound version of XFDU specification
</xsdfdocumentation>
</xsd:apnotation>
<xsd:regtriction base="xsd:string"/>
</xsd:simplgType>
<xsd:complgxType name="sequencelnformationType">
<xsd:arjnotation>
<xsd:documentation>
An felement of this type encdpsulates information about the position of the encapsulating XFDU
pagkage In a sequence of-physical XFDU packages that form the identified logical XFDU unit.
The¢ sequencelnformation‘element is a string that acts as an identifier for the logical XFDU.
Sequencelnformation Type has two mandatory attributes:
1. §equencePosition—"the position of this XFDU package in the sequence; if 0 is specified
and sequenceSize-is unknown, it means that it is last in the sequence
2. dequenceSize - the total number of packages in the sequence; if its value is 0 this means
siz¢ is unknewn
</xsdfdocumentation>
</xsd:apnetation>
<xsd:sirmpteContent>
<xsd:extension base = "xsd:string">
<xsd:attribute name = "sequencePosition" type = "xsd:nonNegativelnteger" use="required"/>
<xsd:attribute name = "sequenceSize" type = "xsd:nonNegativelnteger" use="required"/>
</xsd:extension>
</xsd:simpleContent>
</xsd:complexType>
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5.3 EXAMPLE: PACKAGE HEADER

In the following example, package header has two elements, volume info and environment info.
Volume info has two elements:

— specification version—specifies the value of XFDU specification to which this XFDU
adheres;

— sequence mformation—specifies that this XFDU 1s part of sequence of 10 |XFDUs
and it is first in the sequence of XFDUs.

FEnvironment info has two elements:

— xml data—encapsulates information about platform where jthis XFDU has been
created;

— cip identification information—encapsulates an application specific infqrmation
(CIP) that 1s beyond standard XFDU specification; this"shows how XFDU pgoducers
can extend XFDU with information specific to their application.

?xml version="1.0" encoding="UTF-8"?>
xfdu:XFDU xmlins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"”
xsi:schemaLocation="urn:ccsds:schema.xfdu.1 http://Www.ccsds.org/xfdu/xfdu-1.0.xsd"

—_n

xmlins:xfdu="urn:ccsds:schema:xfdu.:1">

<packageHeader ID="packageHeader'">
<volumelnfo>
<specificationVersion>1.0</specificationVersion>
<!-- sequence information attripute.is specified by producer-->
<sequencelnformation sequenceSize="10"
equencePosition="1">producerl seq10</sequencelnformation>
<~volumelnfo>
<environmentlnfo>
<xmlData>
<platform>Linux2.4.22-1.2129.nptl</platform>
</xmlData>
<extension>
<cipldentificationInformation xmlns="cip"
producer ID="NSSDC"
project ID="NSSDC SPMS"
cip ID="NSSDC SPMS-00216 PKGO1"
cip_template ID="SPMS-00216-DO"
Cip_Tempiare_Locarion—"compiexiempiareCiPxmi*
</extension>
</environmentInfo>
</packageHeader>
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6 CONTENT UNIT
6.1 OVERVIEW

A Content Unit (contentUnit element of contentUnitType) is the basic structural unit of the
XFDU. Content Unit elements may include other Content Units, may be internal pointers to
elements in the Data Object section or may be external pointers to other XFDUs. Therefore a

Content Unit can be used to associate a Data Object with one or more Metadata Objects, and
D nl‘rip]e Content Inits can present a hierarchical view of these data/metadata associations.

The Content Unit attributes allow reference to associated Metadata Objects by |internal
pointers to elements in the Metadata Object section. Several of these attributes’may|be used
tb categorize the referenced Metadata Object distinguishing among  Representation
Information, Preservation Description Information (PDI), and Descriptive Informption as
defined in the OAIS reference model.

4.2 XML SCHEMA FOR contentUnitType
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Figure 6-1: contentUnitType Schema Diagram

<xsd:complexType name="contentUnitType">
<xsd:annotation>
<xsd:documentation>ContentUnit Complex Type The XFDU standard
represents a data package structurally as a series of nested
content units, that is, as a hierarchy (e.q., a data product,
which is composed of datasets, which are composed of time
series, which are composed of records). Every content node in
the structural map hierarchy may be connected (via subsidiary
XFDUPointer or dataObjectPointer elements) to information objects which
represent that unit as a portion of the whole package. The contentUnitType
is declared as a base type for concrete implementations of contentUnit;
The content unit element has the following attributes:
1.ID (an XML ID);
2.order: a numeric string (e.g., 1.1, 1.2.1, 3) representation
of this unit's order among its siblings (e.g., its sequence); order attribute is not meant to be used
for processing purposes. It is here only for visualization purposes of the potential reader of XML instance.
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It is not guaranteed that any software will take value of order attribute into account. contentUnit nesting is

the

primary means for determining order and level of the content information.

3.textInfo: a string label to describe this contentUnit to an end
user viewing the document, as per a table of contents entry
4.repID: a set of IDREFs to representation information sections
within this XFDU document applicable to this contentUnit.

5.d

mdID: a set of IDREFS to descriptive information sections

within this XFDU document applicable to this contentUnit.

6.pdilD: a set of IDREFS to preservation description information
sections within this XFDU document applicable to this
contentUnit

7.a

8.u

9.

</x

</xsd
<xsd:

<X

<x
maxOccu

<

</x
<xg
<x9
</xsd
<xsd:
<xsd:
<xsd:
<xsd:

- ES to 3Ry othermetadata-sections-thatdo-not fit

rep,dmd or pdi meatdata related to this contentUnit

itType: a type of content unit (e.g., Application
ata Unit, Data Description Unit, Software Installation Unit, etc.).
ehaviorlD-an XML ID reference pointing to associate behavior.

d:documentation>

annotation>

equence>

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

d:element name="XFDUPointer" type="xfdu:referenceType" minOccurs="0[

s="unbounded">
xsd:annotation>
<xsd:documentation>XFDUPointer:XFDU Pointer. The XFDUPointerglement allows a
content unit to be associated with a separate XFDU containing
the content corresponding with that contentUnit, rather than
pointing to one or more internal dataObjects. A typical instance of
this would be the case of a thematic data product that cellects
data products from several instruments observe an eventof
interest. The content units for each instrument datasets might
point to separate XFDUs, rather than having dataObjects and dataObject
groups for every dataset encoded in one package. The XFDUPointer
element may have the following attributes:
1. ID: an XML ID for this element;
2. locatorType: the type of location contained in the href attribute;
3. otherLocatorType: a string to indicate an alternative locator type
if the locatorType attribute itself has a value of "OTHER."
NOTE: The XFDUPointer is an.empty element. The location of the resource pointed to
Must be stored in the href attribute.
</xsd:documentation>
/xsd:annotation>
5d:element>
d:element name="dataObjectPointer" type="xfdu:dataObjectPointerType" minOccurs="0" maxOccurs="u
d:element ref=_xfdu:abstractContentUnit" minOccurs="0" maxOccurs="unbounded"/>
sequence>
attribute name="ID" type="xsd:ID" use="optional"/>
bitribute-name="order" type="xsd:string"/>
pitribute~hame="unitType" type="xsd:string"/>
pttribute name="textInfo" type="xsd:string"/>

<xsd:

pattribute name="repID" type="xsd:IDREFS"/>

hbounded"/>

<xsd:attribute name="dmdID" type="xsd:IDREFS"/>
<xsd:attribute name="pdilD" type="xsd:IDREFS"/>
<xsd:attribute name="anyMdID" type="xsd:IDREFS"/>
<xsd:attribute name="behaviorID" type="xsd:IDREF"/>
</xsd:complexType>
<xsd:element name="abstractContentUnit" type="xfdu:contentUnitType" abstract="true">
<xsd:annotation>
<xsd:documentation>abstractContentUnit is abstract implementation of
contentUnitType. It cannot be instantiated in the instance
document. Instead, concrete implementations would have to be
used which are declared part of contentUnit substitutionGroup
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</xsd:documentation>
</xsd:annotation>
</xsd:element>
<xsd:element name="contentUnit" type="xfdu:contentUnitType"
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:element>

6.3 EXAMPLES
6.3.1 SIMPLE CONTENT UNIT

In the following example, the Content Unit points to several types of metadata:

— representation metadata with XML ID ‘atdMD’: this type of metadata is cat¢gorized
as representation metadata; thus, it is referred.toby placing its XML ID as palue of
replD attribute;

— preservation metadata with XML ID<C¥provenance’: this type of metadata is
categorized as preservation metadata; thus, it is referred to by placing its XML ID as
value of pdilD attribute;

— description metadata with XMEJID ECSDMD: this type of metadata is categqrized as
descriptive metadata; thus,.itis referred to by placing its XML ID as value ¢f pdilD
attribute.

contentUnit repID = "atdMD/"pdilD = "provenance" dmdID = "ECSDMD ">
<dataObjectPointer dataQbjectlD = "mpeg21"/>
/contentUnit>
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6.3.2 INFORMATION PACKAGE CONTENT UNIT

The following example demonstrates how different types of Content Units may be used via the
Content Unit substitution group provided by the XFDU schema. The following Content Unit is
an extension of the contentUnitType and part of the abstractContentUnit substitution group. In
this example an archive has specialized the contentUnit schema and added standard elements

for describing the generic designs and relationships for submissions to that archive.

<informatioprPackageMap xmins—"*
<cip:cipQontentUnit xmlns:cip="cip">
<xfdu:gontentUnit ID="NSSDC SPMS-00216 PKGO01" anyMdID="SPMS-00216-DO">
<xfdu:contentUnit ID="DATA" anyMdID="SPMS-00216-DO">
<yfdu:contentUnit ID="DATAO01" dmdID="METADATAO01" anyMdID="SPMS-00216-DO">
<dataObjectPointer dataObjectID="DATA_FILE(Q1" />
<pxfdu:contentUnit>
fdu:contentUnit ID="DATA02" dmdID="METADATA02" anyMdID="SPMS-00216-DO">
<dataObjectPointer dataObjectID="DATA_FILE(2" />
<pxfdu:contentUnit>
fdu:contentUnit ID="DATAO03" dmdID="METADATA03" anyMdID="SPMS-00216-DO">
<dataObjectPointer dataObjectID="DATA_FILE03" />
<pxfdu:contentUnit>
fdu:contentUnit ID="DATA04" dmdID="METADATA04" anyMdID="SPMS-00216-DO">
<dataObjectPointer dataObjectID="DATA_FILE(04" />
<pxfdu:contentUnit>
</xfdlu:contentUnit>
</xfdulcontentUnit>
<!-- cipDescriptor and cipTemplate are part of specialized cip ContentUnit -->
<cip:clpDescriptor locType="URL" xlink:href="SPMS _00216.xml" />
<cip:clpTemplate locType="URL" xlink:href="complexTemplateCIP.xml" />
</cip:ciplContentUnit>
</informatipnPackageMap>

N

N

N

<!-- Corresponding schema fragment-->
<xsd:elemept name="
<xsd:complexType name="cipContentUnitType">
<xsd.:cpmplexContent>
<xsd:extension base="xfdu:contentUnitType">
<ysd:sequence>
<xsd:element name=“cipPescriptor" type="cipDescriptorLocationType"/>
<xsd:element name="
<frsd:sequence>
</xs{l:extension>
</xsd:¢omplexContent>
</xsd:coplexType>
<xsd.:complexTypename="cipDescriptorLocationType">
<xsd:cpmplexContent>

—_n

cipTemplate" type="cipTemplateLocationType"/>

cipContentUnit" type="cipContentUnitType" substitutionGroup="xfdu:abstractContentUnit"/>

<xsd-extension base="xfdu referenceType"
</xsd:complexContent>
</xsd:complexType>
<xsd:complexType name="cipTemplateLocationType">
<xsd:complexContent>
<xsd:extension base="xfdu.:referenceType"/>
</xsd:complexContent>
</xsd:complexType>
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6.4 SEMANTICS
6.4.1 CONTENT UNIT TYPES
In this version of the Recommended Standard, the unitType attribute of the Content Unit is

allowed to be free text with the suggested values and the semantics for each unit type being
discussed in the XFDU Green Book (reference [D10]).}

h.4.2 XFDU AS A CONTENT UNIT

[he xfduPointer element allows any contentUnit to reference an external- X¥DU| In this
Recommended Standard the semantics of an XFDU being referenced from within a
contentUnit is that the internal structure of the referenced XFDU is notvisible thrpugh the
containing Content Unit. In other words there is no implication that-the hierarchical ptructure
bf the referencing XFDU is extended by the hierarchical structure“of the referenced YFDU.*

’It is anticipated that in future issues of this Recommended Standard this list may become an
enumerated type and the semantics of each Content Unit type may be specified and enforced
by Schematron-like mechanisms.

*Future versions of this Recommended Standard may provide this capability, but the
semantics are not well understood, and there are no current requirements for this construct.
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INFORMATION PACKAGE MAP

OVERVIEW

The Information Package Map (informationPackageMap element
informationPackageMapType) outlines a hierarchical structure for the collection of content
objects being packaged, by a series of nested contentUnit elements. The Information Package

Map is the highest-level Content Unit of the nested Content Units in XFDU. The order and
nPQ‘ring of the contained Content Units prnvidP the Information Model for the XFDU and

the

sho

The Information Package Map provides attributes for identifying, classifying, and describing

7.1

4

uld provide an access path to all the data and metadata objects within the XFDU,

XML SCHEMA INFORMATIONPACKAGEMAPTYPE
rrilg T L L L v T SR bl \'J

iy e g [ il | Q"?H’Iluﬂ
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Figure 7-1: informationPackageMapType Schema Diagram

xsd:complexType name="infofmationPackageMapType">
<xsd:annotation>
<xsd:documentation>informationPackageMapType Complex Type The Information Package Map

outlines a hietarchical structure for the original object being encoded, using a series of nested cg
An element of informationPackageMapType has the following attributes:

1. ID: an"XML ID for the element;

2. paekageType: a type for the object. Typical values will be "AIP" for a map which describes
acomplete AIP obeying all constraints and cardinalities in the OAIS reference model.
"SIP" for a map which describes a Submission Information Package.

3. textInfo: a string to describe the informationPackageMap to users.

of

itself.

L

ntentUnit elements.

4. anyAttribute - wild-carded attribute extension point

Concrete implementations of abstractContentUnit (contentUnii, efc.) must be used in the instance document.

</xsd:documentation>
</xsd:annotation>
<xsd:sequence>
<xsd:element ref="xfdu:abstractContentUnit" maxOccurs="unbounded"/>
</xsd:sequence>
<xsd:attribute name="ID" type="xsd:ID" use="optional"/>
<xsd:attribute name="packageType" type="xsd:string"/>
<xsd:attribute name="textInfo" type="xsd:string"/>
<xsd:anyAttribute namespace="##other" processContents="lax"/>

</xsd:complexType>
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7.3 EXAMPLE: AN INFORMATION PACKAGE MAP

The following example demonstrates Information Package Map with both nested and non-
nested Content Units. It has two top-level Content Units representing two data objects. Data
objects are pointed to via dataObjectPointer elements. The first Content Unit relates its data

object to

representation, provenance, and descriptive metadata via replD, pdilD, and dmdID

attributes, respectively. The first Content Unit has a number of nested Content Units each of
which represents its data object and associated metadata.’

<informati
<xfdu:co
<data(
<xfdu:
<xfd

<
</xf4
< xfa

<
</xf4
< xfa

<
</xf4
</xfdu
<xfdu:
<da
</xfdu
</xfdu:c
<xfdu:co
<data(
</xfdu:c
</informati

nPackageMap ID="informationPackageMap">
ptentUnit ID="cul" repID = "atdMD" pdilD = "provenance" dmdID = "ECSDMD">
bjectPointer dataObjectID = "mpeg21"/>
ontentUnit ID="cu2" order = "1" textinfo = "Root content unit for HDF data">
ccontentUnit ID="cu3" order = "1.1" pdilD = "provenance" textInfo = "content unit for hdfFileQdmdID = "E
ataObjectPointer dataObjectID = "hdfFile0"/>
u:contentUnit>
ccontentUnit ID="cu4" order = "1.2" pdilD = "provenance" textInfo = "content unit forhdfFilel" dmdID = "E
ataObjectPointer dataObjectID = "hdfFilel"/>
u:contentUnit>
zcontentUnit ID="cu5" order = "1.3" pdilD = "provenance" textInfo = "content unit for hdfFile2"dmdID = "E
ataObjectPointer dataObjectID = "hdfFile2"/>
u:contentUnit>
contentUnit>
ontentUnit ID="cu6" textinfo = "content unit for orbit data">
aObjectPointer dataObjectID = "orbitalData"/>
contentUnit>
ntentUnit>
itentUnit ID="cu7" textinfo = "content unit ATD metadatd’>
bjectPointer dataObjectID = "ATDMD"/>
ntentUnit>
nPackageMap>

USDMD ">

CSDMD ">

USDMD">

*Future issues of this Recommended Standard may allow multiple Information Package

Maps in

an XFDU. The semantics of multiple Information Package Maps in an XFDU are

not well understood and there are currently no requirements for this construct.
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8 DATA OBJECTS
8.1 OVERVIEW

The Data Object Section (dataObjectSection element of dataObjectSectionType) contains
one or more Data Object elements (dataObject element of dataObjectType). Each Data
Object contains one or more Byte Stream (byteStream) elements that reference or contain the
current digital object content and any number of optional Transformation Objects
fransformObject) that contain required information (e.g., algorithms and parampters) to
reverse any transformations to the digital content and restore them to the original\bipary data
bbject.

[he dataObject element provides access to the current content files for anwXFDU doqument.

8.2 XML SCHEMA FOR DATA OBJECT TYPE

&l comhlnatlonName% {0 reglstratmnAuthor\t\;é 3 (o reglsteredlD%

(string

1D @ replD ® mimeType (@ size
‘ID d ‘7‘\DREFS d ‘ﬂmm’leTpeType S ‘71 ng )d

| combinationMethodType string

n{’ID ‘,{OmlmeTy @ OSlzeq
o ] mimeType Eg
[® textInfo ) * IucaturTypeé .,4 # othe| LucaturTypeé

f32g ¢ g |
@ fileLocation ) flIeLU(atllJn ekt 5 |string locatorTypeType ] lotherLocgtorTypeType J
—|referenceType (e hr’Efg I |ncatura

@
© lstring

» *OID‘

R B byteStreami.=

byteStream Type ey binaryData%
() * fileContent < | base6dbina
2!
e ’ xmlData 21 * #wildCard
xmlDataType

] “*| checksumInformationType ‘.,checksumNameT e
—~| ¢ dataObject = = e
ataObjectsectionType | *dataobjectType *.checksum %__I o EhecksumNameE“

J

mh&k?ﬁmlnformatmnT pe checksumNameType

@l®0d  G[® order% {0 transfurmTypea"
“UD. 7] “istring *istring )
| ® algorithm
o =T B |strin
_471»__(.“ tr';ansfoc:)rrn(_? ject i
bt s nsfor tTyp T — 7 . — S
ransformObjec 3 +| * abstractKeyDerivation ‘0 name (e saItE‘ @ iterat onCUuntq
| keyDerivationType {string ‘ |#4string | liong ,

Figure 8-1: dataObjectType Schema Diagram

<xsd;eomplexType name="keyDerivationType">
<xsd:annotation>
<xsd:documentation>keyDerivationType contains the information
that was used to derive the encryption key for this dataObject.
Key derivation type contains:
name - name of algorithm used
salt - 16-byte random seed used for that algorithm initialization
iterationCount - number of iterations used by the algorithm to derive the key
</xsd:documentation>
</xsd:annotation>
<xsd:attribute name="name" use="required" type="xsd:string"/>
<xsd:attribute name="salt" use="required">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:length value="16"/>
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</xsd:restriction>
</xsd:simpleType>
</xsd:attribute>
<xsd:attribute name="iterationCount" use="required" type="xsd:long"/>
</xsd:complexType>
<xsd:element name="abstractKeyDerivation" type="xfdu:keyDerivationType" abstract="true">
<xsd:annotation>
<xsd:documentation>
abstractKeyDerivation is declared abstract
so that it can be used for element substitution in cases when the default keyDerivation is not
sufficient. In order for creating more specific key derivation constructs, one would have to

exgehn eybe atoh >, O-a-Contrete e —atia 8 8 © 8 >,

f XML governed by this schema, the reference to keyDerivation in an instance of

nsformObject element would point not to an instance of keyDerivation element, but rather to an instange of the
custom element. In other words, keyDerivation would be SUBSTITUTED with a concrete key derivation element.
In cases where default functionality is sufficient, the provided defaultKeyDerivation element can be used for the

supstitution.
</xsd:documentation>
</xsdl:annotation>
</xsd:dlement>

<xsd:element name="keyDerivation" type="xfdu:keyDerivationType" substitutionGroup="xfdu:abstractKeyDerivation">

<xsd:annotation>
<xsd:documentation>
Default implementation of key derivation type.
</xsd:documentation>
</xsq:annotation>
</xsd:glement>
<xsd:cpmplexType name="transformObjectType">
<xsd:annotation>
<xsd:documentation>transformObjectType: transformation information: An element
of fransformObjectType contains all of the information required to reverse the

dafta. The key-derivation element contains the ififormation that
wgs used to derive the encryption key fop-this dataObject It has three
atfributes:
.ID:an XML ID
P. transformType: one of n predefinied transformations types.
Current valid types are compression,
encryption, authenticatjon.
B. order: If there are more.than one transformation elements in an dataObject
this integer indicates the order in which the reversal transformations should be applied.

</xsd:documentation=
</xs¢l:annotation>
<xsd:sequence>

<xsd:element hame="algorithm" type="xsd:string">
xsd:annotation>

<xsd:documentation>algorithm element contains information
about the algorithm used to encrypt the data.
</xsd.documentation>
</xsd:annotation>

</xsd:element>

<xsd:element ref="xfdu:abstractKeyDerivation" minOccurs="0" maxOccurs="unbounded"/>
</xsd:sequence>
<xsd:attribute name="ID" type="xsd:ID"/>
<xsd:attribute name="order" type="xsd:string"/>
<xsd:attribute name="transformType" use="required">

<xsd:simpleType>

<xsd:restriction base="xsd:string">
<xsd:enumeration value="COMPRESSION"/>
<xsd:enumeration value="AUTHENTICATION"/>
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<xsd:enumeration value="ENCRYPTION"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:attribute>
</xsd:complexType>
<xsd:complexType name="byteStreamType">
<xsd:annotation>
<xsd:documentation>byteStreamType: An element of byteStreamType
provides access to the current content of dataObjects for an XFDU
document. The byteStreamType: has the following four attributes: ID (an XML ID);
mimeType: the MIME type for the dataObject; size: the size of the dataObject
T Oytes:
Checksum information provided via option checksum element.
The data contained in these attributes is relevant to the final state of data object
after all possible transformations of the original data.
</xsd:documentation>
</xsd:annotation>
<xsd:sequence>
<xsd:element name="fileLocation" type="xfdu:referenceType" minOccurs="0" maxOccurs="unfounded"/>
<xsd:element name="fileContent" type="xfdu:fileContentType" minOccurs="0"/>
<xsd:element name="checksum" type="xfdu:checksuminformationType"minOccurs="0" maxOg¢curs="1"/>
</xsd:sequence>
<xsd:attribute name="ID" use="optional" type="xsd:|D"/>
<xsd:attribute name="mimeType" type="xfdu:mimeTypeType"/>
<xsd:attribute name="size" type="xsd:long"/>
</xsd:complexType>
<xsd:complexType name="dataObjectType">
<xsd:annotation>
<xsd:documentation>dataObjectType: An element©fdataObjectType
contains current byteStream content and any required data to restore
them to the form intended for the original designated community.
It has two possible subsidiary elements: The\byteStream element
provides access to the current content dataObjects for an XFDU
document. An element of dataObjectType must contain 1 or many byteStream elements
that may contain a fileLocation elemént, which provides a pointer to
a content byteStream, and/or a-fileContent element, which wraps an
encoded version of the dataObject. An element of dataObjectType may contain one or
more transformation eleménts‘that contain all of the
information required tosreverse each transformation applied to
the dataObject and return the original binary data object.
The dataObjectType has the following attributes:
.ID:an XML |B
. mimeType:‘the MIME type for the dataObject
. size: the-size of the dataObject in bytes
. checksum: a checksum for dataObject. Checksum information provided via optional checksum element.
. repiD.list of representation metadata IDREFs.
NB: The size, checksum, and mime type are related to the original data before any transformatfons occurred.
6:-combinationName - specifies how multiple byteStream objects in a single dataObject should|be concatenated
7 registrationGroup attribute group that provides registration information
</xsd:documentation>
</xsd-annotation>
<xsd:sequence>
<xsd:element name="byteStream" type="xfdu:byteStreamType" minOccurs="1" maxOccurs="unbounded"/>
<xsd:element name="checksum" type="xfdu:checksuminformationType" minOccurs="0" maxOccurs="1"/>
<xsd:sequence>
<xsd:element name="transformObject" type="xfdu:transformObjectType" minOccurs="0"
maxOccurs="unbounded"/>
</xsd:sequence>
</xsd:sequence>
<xsd:attribute name="ID" type="xsd:ID" use="required"/>
<xsd:attribute name="repID" type="xsd:IDREFS"/>
<xsd:attribute name="mimeType" type="xfdu:mimeTypeType"/>

A WON -
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<xsd:attribute name="size" type="xsd:long"/>
<xsd:attribute name="combinationName" type="xfdu:combinationMethodType" use="optional"/>
<xsd:attributeGroup ref="xfdu:registrationGroup"/>
</xsd:complexType>
<xsd:complexType name="dataObjectSectionType">
<xsd:annotation>
<xsd:documentation>dataObjectSectionType : a container for one or more elements of dataObjectType
</xsd:documentation>
</xsd:annotation>
<xsd:sequence>
<xsd:element name="dataObject" type="xfdu:dataObjectType" maxOccurs="unbounded"/>
</xsd:sequence>
</xsd:cpmplexType>
<xsd:simpleType name="combinationMethodType">
<xsdjrestriction base="xsd:string">
<xpd:enumeration value="concat"/>
</xsd:restriction>
</xsd:sjmpleType>

8.3 EXAMPLES

8.3.1 VERIFICATION OF THE CHECKSUM OF THE FILE

[72]

Readerd of the document can verify the checksum of an.animation file by comparing it
checksum with the checksum value specified in checksumelement of the dataObject element.

<dataObjdct repID = "mathMLAIgRepMD" ID = "mpeg21">
<byteStfeam mimeType = "video/mpeg" ID = "mpeg21AnimData“size = "414131">
<filelocation locatorType = "URL" href = "file:packagesamples/scenariol/mpeg21.mpg"/>
<chegksum checksumName="CRC32">b3eb4b34</chetlksum>
</byteSfream>
</dataObjct>

8.3.2 BSPECIFICATION OF MIMETYPE AND CHECKSUM WITH
TRANSFORMATIONS

Mime type and checksynr.ate specified at two levels. The values of the mimeType attribut
and chgcksum elemefityof the Data Object specify the mime type and checksum of th
originalldata object.(4.€., byte stream before any transformations were applied). The values o
the mimeType ahd checksum attributes of the byteString object are those of the received dat|
object before-any transformations are reversed (i.e., this encoded byte stream).

(€]

| I ¢

<dataObjdct size = "151672" mimeType = "application/pdf" ID = "ATDMD">
<byteStream mimeType = "application/octetstream" ID = "atdMDbs" size = "110874">
<fileLocation locatorType = "URL" href = "file:packagesamples/scenariol/atd.pdf"” />
<checksum checksumName="CRC32">ad78ad5d</checksum>
</byteStream>
<checksum checksumName="CRC32">6d0e30ea</checksum>
<transformObject transformType = "ENCRYPTION">
<algorithm>blowfish</algorithm>
</transformObject>
</dataObject>
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8.3.3 REFERENCING AND INCLUSION OF DATA CONTENT

The data object that existed at the moment of packaging is base64 encoded within a
fileContent element and included physically in the Manifest. The fileLocation element
specifies an HTTP GET URL to request the latest version of data from an online
registry/repository.

<dataObject mimeType = "application/octetstream" ID = "orbitalData">

<byteStream ID = "orbitData">
fileLocation locatorType = "URL™ hiref = "hifp.//coin.gsjc.-nasa.gov-80807ims-bin/3.0. 1/nph-ims.cgi:
msupmit=yes&amp, lastmode=SRCHFORM"/>
<filgContent>
<biparyData>UEsDBBQACAAIAKgMBC8AAAAAAAAAAAAAAAAPAAAAeGZkdS8uY2xhc3NwYXRotZXfSSMwEMf/StK350ugqCw
H4HOOL...
</binaryData>
</fileContent>
<checksum checksumName="CRC32">b3eb4b34</checksum>
VbyteStream>
</dytaObject>

8.4 SEMANTICS

These are the semantics for the existence of:
a) Multiple fileLocation or fileContent elements in a single byteStream:

1) One fileContent and one fileLocation means the fileContent should sefve as
backup if the fileLocation is not,accessible.

2) One fileLocation referencing an object in the XFDU Package and one
fileLocation accessing‘an object outside the XFDU Package means the pbject
located within the package should serve as backup if the remote fileLocation is
not accessible.

3) Other forms of multiple fileLocations are undefined at this time. Implemgnters
are cautionied against defining semantics for this construct.

4) One-fileContent and multiple fileLocation semantics are undefined at this| time.
Implementers are cautioned against defining semantics for this construct.

b) ,Multiple byteStreams in a single dataObject:

The combinationName attribute in the data object specifies how the byteStrearps are
to be combined. Currently the only allowed value of the combinationName attribute
is ‘concat’. This indicates the multiple byteStreams (i.e., multiple physical files) must
be concatenated to form a single described object (e.g., an image).’

%It is anticipated that in future issues of this Recommended Standard this list of combinations
will include other methods for combining multiple byteStreams into a single described
object.
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c) Multiple byteStreams, combined into a single byteStream by the use of a
transformation algorithm (e.g., ZIP or TAR):

1) Contained byteStreams will be treated as if they were each contained in a single
dataObject.

2) Any additional transformations specified in the original data Object will be
performed on each byteStream independently.
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9 METADATA OBJECTS
9.1 OVERVIEW

The Metadata Section (metadataSection element of metadataSectionType) contains zero or
more Metadata Object clements (metadataObject element of metadataObjectType) that
record all of the static metadata for all entities in the XFDU package. The metadata schema
allows the package designer to define any metadata model by providing attributes for both

he-metadata-categories-diseussedinsection-b6(Content-Unit-and-a—eclassifieation eme for
finer definition within categories. The XFDU Manifest Schema provides predefined mhetadata
dategories and classes via enumerated attributes that follow the OAIS information thodel as
follows:

— Descriptive Information, intended for the use of Finding Aids’such as Catalogs or
Search Engines, may be categorized as ‘DMD’ and- further classified as
‘DESCRIPTION’ or ‘OTHER’.

— Representation Information may be categorized as ‘REP’ and then further classified
as ‘SYNTAX’, ‘DED’ (data entity dictionary ), or{QTHER”.

— Preservation Description Information may be)categorized as ‘PDI’ and ther} further
classified as ‘REFERENCE’, ‘CONTEXT’, ‘PROVENANCE’, ‘FIXITY’, or
‘OTHER’.

The elements describing Metadata Objects are used to either encapsulate the actual pbject in
Base64 or XML, to point to a file eitherwithin the XFDU Package or contained in an|external
flesource, or to point to a Data Object in the Data Object section. This allows a Metadata
(bject to also be described as Data-Object in the Data Objects section. Since the dafaObject
includes an attribute that is an “internal pointer to Representation Information, a Metadata
(bject can be associated with its own Representation Information. Note that this mechanism
dllows the construction-of OAIS-defined ‘Representation Nets’ when the agsociated
epresentation Metadata Objects are also held as Data Objects. The attributes of a Metadata
bject, like those.6f)a Content Unit, can be used to categorize and classify the objgcts, and
includes the ability? to distinguish among Representation Information, Preservation Description
formation (PDI), and Descriptive Information as shown in figure 2-2.
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9.2 XML SCHEMA FOR METADATA OBJECTS
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<xsd:conlplexType name="metadataObjectType">
<xsd:afnotation>
<xsdidocumentation>metadataObjectType Complex Type A generic
framg¢work for pointing to/including metadata within an XFDU

document, a la Warwick Framework. A metadataObject element may have the

following attributes:
1. ID} an XML ID for this element.

2. clgssification - concrete type of metadata represented by this-elément of metadataObjectType
3. calegory - type of metadata class to which this metadata belongs (e.g., DMD.REP, etc.)
4. otherClass - type of metadata in case classification contains value of "OTHER"
5. othherCategory - type of metadata class in case categoefy/contains value of "OTHER"
</xsq:documentation>

</xsd:gnnotation>

<xsd:s¢quence>
<xsdielement name="metadataReference" type="xfdu:metadataReferenceType" minOccurs="0"/>
<xsdfelement name="metadataWrap" type<x"xfdu:metadataWrapType" minOccurs="0"/>

<xsdielement name="dataObjectPointer" type="xfdu:dataObjectPointerType" minOccurs="0"/>
</xsd:sequence>
<xsd:aftribute name="ID" use="requiréd" type="xsd:ID"/>

{tribute name="classification>

simpleType>

5d:restriction base="xsd:string">
kxsd:enumeration value="DED"/>
kxsd:enumeration-valde="SYNTAX"/>
xxsd:enumeration value="FIXITY"/>
kxsd:enumeration value="PROVENANCE"/>
kxsd:enunieration value="CONTEXT"/>
kxsd:enumeration value="REFERENCE"/>
kxsd:enumeration value="DESCRIPTION"/>
kxsd:enumeration value="OTHER"/>
</Msd:restriction>

<xsd:a
<xsd
<X

re 9-1: metadataObjectType and metadataSectionType Schema Diagram

</xsd:simpleType>
</xsd:attribute>
<xsd:attribute name="category">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="REP"/>
<xsd:enumeration value="PDI"/>
<xsd:enumeration value="DMD"/>
<xsd:enumeration value="OTHER"/>
<xsd:enumeration value="ANY"/>
</xsd:restriction>
</xsd:simpleType>
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</xsd:attribute>

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

<xsd:attribute name="otherCategory" type="xsd:string"/>
</xsd:complexType>

<xsd:complexType name="metadataReferenceType">
<xsd:annotation>
<xsd:documentation>metadataReferenceType: metadata reference.
An element of metadataReferenceType is a
generic element used throughout the XFDU schema to provide a
pointer to metadata which resides outside the XFDU document.
MetadataReferenceType has the following attributes:
DA XD,
2. locatorType: the type of locator contained in the body of the element;
3. otherLocatorType: a string indicating an alternative type of locator when
the locatorType attribute value is set to "OTHER.";
4. href: actual location (e.g., URL)
5. mimeType: the MIME type for the metadata being pointed at;
6. vocabularyName: the name of the well known standard vocabulary (e.g., Dublin Caore)
of the metadata being pointed at;
7. textInfo: a label to display to the viewer of the XFDU document identifying thie'‘metadata
NB: metadataReference is an empty element. The location of the
metadata must be recorded in the href attribute.
</xsd:documentation>
</xsd:annotation>
<xsd:complexContent>
<xsd:extension base="xfdu:referenceType">
<xsd:attribute name="vocabularyName" type="xfdu:vocabularyNameType"/>
<xsd:attribute name="mimeType" type="xfdu:mimeTypeType"/>
</xsd:extension>
</xsd:complexContent>
xsd:complexType>

A

A

ksd:complexType name="metadataWrapType">
<xsd:annotation>
<xsd:documentation>metadataWrapType: fietadata wrapper. An element of metadataWrapType is
generic element used throughout the XERY schema to allow the
encoder to place arbitrary metadata.conforming to other
standards/schema within an XFDU'document. The metadataWrapType
can have the following attributes:
1. ID: an XML ID for this elenient;
2. mimeType: the MIME type for the metadata contained in the element;
3. vocabularyName: the type of metadata contained (e.g., MARC, EAD, etc.);
4. textInfo: a label to display to the viewer of the XFDU document identifying the metadata.
</xsd:documentation>
</xsd:annotation>
<xsd:complexCaontent>
<xsd:extension‘base="xfdu:fileContentType">
<xsd:attribute name="mimeType" type="xfdu:mimeTypeType"/>
<xsd:aftribute name="textInfo" type="xsd:string"/>
<xsd:attribute name="vocabularyName" type="xfdu:vocabularyNameType"/>
<(xsd’extension>
<Ixsd:complexContent>

<Ixsd-complexTvpne>
g P P

[Y)

<xsd:simpleType name="vocabularyNameType">
<xsd:restriction base="xsd:string"/>
</xsd:simpleType>
<xsd:complexType name="metadataSectionType">
<xsd:sequence>
<xsd:element name="metadataObject" type="xfdu:metadataObjectType" minOccurs="0" maxOccurs="unbounded"/>
</xsd:sequence>
</xsd:complexType>
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9.3 EXAMPLE: METADATA SECTION USING OAIS INFORMATION MODEL

This example presents several metadata objects that show usage of different categories and

classes:

— Metadata object with XML ID ‘ECSDMD’ is categorized as descriptive metadata of

cl

ass OTHER; thus, its category attribute has a value of DMD and classification

attribute has a value of OTHER.

— MLtadata object with XML ID ‘provenance’ is categorized as preservation metadata

cl

of|] class PROVENANCE; thus, its category attribute has a value of PDIyand

issification attribute has a value of PROVENANCE.

— Megtadata object with XML ID ‘atdMD’ is categorized as representation metadata of

cl

iss OTHER; thus, its category attribute has a value of REP and classification

atfribute has a value of OTHER.

<metadataSdction>
<metadatqObject ID = "ECSDMD" classification = "OTHER" category = "DMD">
<metadgitaReference vocabularyName="OTHER" mimeType = "text/xml" textInfo ‘<’ "spacecraft description” locatorType
href = "file:Qackagesamples/scenariol/ecsdmd.xml"/>
</metadathObject>
<metadatqObject ID = "provenance" classification = "PROVENANCE" catégory = "PDI">
<metadgitaReference vocabularyName = "OTHER" mimeType = "text/xml" textInfo = "processing history XML file" I
"URL" href F "file:packagesamples/scenariol/pdi.xml" />
</metadathObject>
<metadatdObject ID = "atdMD" classification = "OTHER" category = "REP">
<dataOpjectPointer dataObjectID = "ATDMD"/>
</metadathObject>
</metadataSpction>

/VURL "

catorType =
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10 BEHAVIOR SECTION AND BEHAVIOR OBJECTS

10.1 OVERVIEW

The Behavior Section (behaviorSection element of behaviorSectionType) contains zero or
more Behavior Object elements (behaviorObject element of behaviorObjectType) that
associate executable behaviors with content in the XFDU object. A Behavior Object contains
an Interface Definition element (interfaceDefinition element of interfaceDefinitionType) that

Object. A Behavior Object also may contain zero or more Mechanism elements. that are

m

abptractMechanism. An abstract element cannot be instantiated in the inStance doc
tead, concrete implementations based on techniques such as JAVA, WSDL, or Ant
declared as part of the mechanism substitution group and be used:-Behavior Objects may
nested to indicate chaining of execution. There are currently no‘c¢oncrete implemen{
mechanism objects, but the element abstractMechanism and the related substitution

Ing
be
be
of

would

ations
group

hape been included to enable consistent evolution in thiS)important area. The abifity to

m
Vdrsion 2 Recommended Standard.

102 XML SCHEMA FOR BEHAVIOR OBJECTS

nitor and control the application of behaviors to data.objects is a major goal of the

KFDU

(1D "o contentUhitiD

@ 4
1D \IDREFS |string

. behavmrTypeg

5{‘ textlnfo% * * groupID
*|string ), $tring

n{ L created.
dateTime

]

1D string

G (W 16 {0 textlnfoé

‘V’ Im:atorType% ‘,l’ ® otherLocatorType%
|locatorTypeType

“| otherLocatorTypeTfype

string \string

® hrefy @ |ocator
CYgmers O E

| ® name
|string

;

‘,}Ovalue%
= string

¢ interfaceDefinition

> { ¢ inputParameter
interfaceDefinitionType =

*’| dataObjectPointerType

(IDREF ]

l’ dataObjectPointer, @ 1"0 IDQ
H 2 =

0 dataObjectlD# ‘

(@ IocatorTypea
locatorTypeType

‘.,1‘ @ otherLocatg rTypeé
otherLocatorTypefype

‘_:,—-{OID# ‘,Vtextlnfoé

) 1‘ bEhaV'DI’ObJEth: [-;-»{' abstractMechanismg i) string
behaviorSectionype | behavidPOBctType “~|mechanismType \"5"” hrefd ‘D1 ° Iocator%
~*|string string )

L_+[* behaviorObject
“~| behaviorObjectType

<xsd:complexType name="
<xsd:annotation>

interfaceDefinitionType">

<xsd:documentation>interfaceDefinitionType: interface definition object. The

interface definition type contains a pointer to an abstract
definition of a set of related behaviors. These abstract

behaviors can be associated with the content of an XFDU object.

The interface definition element will be a pointer to another
object (an interface definition object). An interface definition

object could be another XFDU object, or some other entity (e.g.,

a WSDL source). Ideally, an interface definition object should

contain metadata that describes a set of behaviors or methods.
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It may also contain files that describe the intended usage of
the behaviors, and possibly files that represent different
expressions of the interface definition.
interfaceDefinition extends from referenceType and adds ability of specifying inputParameter
that can be either just a string value or pointer to the content in this package
</xsd:documentation>
</xsd:annotation>
<xsd:complexContent>
<xsd:extension base="xfdu:referenceType">
<xsd:sequence>
<xsd:element name="inputParameter" minOccurs="0" maxOccurs="unbounded">
<xsd:complexType mixed="true">
<xsd:sequence>
<xsd:element name="dataObjectPointer" type="xfdu:dataObjectPointerType" minOccurs="0/>
</xsd:sequence>
<xsd:attribute name="name" use="required" type="xsd:string"/>
<xsd:attribute name="value" type="xsd:string"/>
</xsd:complexType>
</xsd:element>
<|xsd:sequence>
</x4d:extension>
</xsdicomplexContent>
</xsd:cdmplexType>
<xsd:conplexType name="behaviorObjectType">
<xsd:annotation>
</x4d:documentation>
behaviorObjectType: Complex Type for Behaviors. A
behavior object can be used to associate executable behaviors
with content in the XFDU object. A behavior object has an
interface definition element that represents an abstract
definition of the set of behaviors represented by a particular
bhavior object. An behavior object may have the following
tributes:
1. ID: an XML ID for the element
2. structID: IDREF Enables Behavior to point.to"Content Units or other Manifest types
3. behaviorType: a behavior type identifier.for a given set of related behaviors.
4. created: date this behavior object of the"XFDU object was created.
5. textInfo: a description of the type of-behaviors this object represents.
6. grouplD: an identifier that establishes’a correspondence between this behavior object and other belavior
Behavior object may also include ahother behavior object for chaining of behaviors.
Cponcrete implementation of mechanism have to be used in the instance document.
</x4d:documentation>
</xsd:pnnotation>
<xsd:gequence>
<xsfl:element name="interfageDefinition" type="xfdu:interfaceDefinitionType"/>
<xsfl:element ref="xfdutabstractMechanism" minOccurs="0" maxOccurs="unbounded"/>
<xsfl:element name="behaviorObject" type="xfdu:behaviorObjectType" minOccurs="0" maxOccurs="unboynded"/>
</xsd:jsequence>
<xsd:attribute name="ID" use="required" type="xsd:ID"/>
<xsd:attribute name="contentUnitID" use="required" type="xsd:IDREFS"/>
<xsd:attribute name="behaviorType" type="xsd:string"/>
<xsd:attribute’name="created" type="xsd:dateTime"/>
<xsd:attfibute name="textInfo" type="xsd:string"/>

- 1 - n o— |} . H "
<xsd:attribute name grnllpln fypn xsd cfrlng [>

</xsd:complexType>

Ve

<xsd:element name="abstractMechanism" type="xfdu:mechanismType" abstract="true">
<xsd:annotation>
<xsd:documentation>abstractMechanism is abstract implementation of
mechanismType. It cannot be instantiated in the instance
document. Instead, concrete implementations would have to be
used which are declared part of mechanism substitutionGroup
</xsd:documentation>
</xsd:annotation>
</xsd:element>
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<xsd:complexType name="mechanismType">

<xsd:annotation>
<xsd:documentation>mechanismType: executable mechanism. An element of mechanismType

contains a pointer to an executable code module that
implements a set of behaviors defined by an interface
definition. The mechanism element will be a pointer to another
object (a mechanism object). A mechanism object could be another
XFDU object, or some other entity (e.g., a WSDL source). A
mechanism object should contain executable code, pointers to
executable code, or specifications for binding to network

seniices{e-a \waeb services)
AT 7t

10.3 EXAMPLE OF DEFINING AN INTERFACE AND PARAMETER

mechanismType is declared as base type for concrete implementations of mechanism
</xsd:documentation>
</xsd:annotation>
<xsd:complexContent>
<xsd:extension base="xfdu:referenceType"/>
</xsd:complexContent>
</xsd:complexType>

<xsd:complexType name="behaviorSectionType">
<xsd:sequence>
<xsd:element name="behaviorObject" type="xfdu:behaviorObjectTypel minOccurs="0" maxOccur:
</xsd:sequence>
</xsd:complexType>

5="unbounded"/>

The following example demonstrates a behayier object that encapsulates behavior for MPEG
processing. The interface for the behavion 'is described via WSDL content pointed to by
interfaceDefinition element; inputParameter element specifies an mpeg21 data object gs input
fgr this behavior.
<HehaviorSection>
<behaviorObject ID="behaviorQbject" contentUnitID="cul">
<interfaceDefinition locatorlype="URL" href="http.//sindbad.gsfc.nasa.gov/processmpg2 1.wsdl">
<inputParameter namé="mpeg2 I Input">
<dataObjectPoinfer dataObjectID="mpeg21"/>
</inputParameter>
</interfaceDefinition>
</behaviorObjett>
/behaviorSection=
CCSDS 661.0-B-1 Page 10-3 September 2008
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11 FULL XML SCHEMA—NORMATIVE/RULING
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<?xml version="1.0" encoding="UTF-8"?>
<!l--Conforms to w3c http://www.w3.0rg/2001/XMLSchema--><xsd:schema xmins:xsd="http://www.w3.0rg/2001/XMLSchema"
xmins:xfdu="urn:ccsds:schema:xfdu: 1" targetNamespace="urn:ccsds:schema:xfdu:1" elementFormDefault="unqualified"
attributeFormDefault="unqualified">
<xsd:simpleType name="locatorTypeType">
<xsd:restriction base="xsd:string">
<xsd:enumeration value="URL"/>
<xsd:enumeration value="OTHER"/>
</xsd:restriction>
</Xsd:eimplnTypn>
pleType name="otherLocatorTypeType">
striction base="xsd:string"/>

<xsd:attfibuteGroup name="LOCATION">
<xsd:gannotation>
<xsfl:documentation>
This attribute group aggregates attributes that can be used for specifying type of location
This group includes following attributes:
atorType specifies location type (URL or OTHER)
otherLocatorType specifies location type in case locatorType has value of OTHER
</x4d:documentation>
</xsd:pnnotation>
<xsd:attribute name="locatorType" use="required" type="xfdu:locatorTypeType">
</xsd:pttribute>
<xsd:attribute name="otherLocatorType" type="xfdu:otherLocatorTypeType"/>
</xsd:at{ributeGroup>
<xsd:attfibuteGroup name="registrationGroup">
<xsd:gnnotation>
<xsfl:documentation>
This attribute group aggregates attributes that can be\tsed for specifying
rdgistration information.
This group includes following attributes:
rdgistrationAuthority - the authority that issugd:the registration
rdgistered|d - the id for the registration
</x4d:documentation>
</xsd:pnnotation>
<xsd:attribute name="registrationAutharity" type="xsd:string" use="optional"/>
<xsd:attribute name="registeredID*type="xsd:string" use="optional"/>
</xsd:at{ributeGroup>
<xsd:sinppleType name="vocabularyNameType">

<xsd:festriction base="xsd:strfing"/>
</xsd:sifpleType>
<xsd:sinipleType namez=versionType">

<xsd:@nnotation>
<xsfl:documentation>
Eptity of this,type is used to indicated version of XFDU XML schema
</xgd:documentation>
</xsd:pnnotation>
<xsd:festriction base="xsd:string"/>
</xsd:simpleType>
<xsd:simpleType name="mimeTypeType">
<xsd:restriction base="xsd:string">
</xsd:restriction>
</xsd:simpleType>
<xsd:simpleType name="checksumNameType">
<xsd:restriction base="xsd:string">
</xsd:restriction>
</xsd:simpleType>
<xsd:simpleType name="combinationMethodType">
<xsd:restriction base="xsd:string">
<xsd:enumeration value="concat"/>
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</xsd:restriction>
</xsd:simpleType>
<xsd:attribute name="namespace" type="xsd:string"/>
<xsd:complexType name="extensionType">
<xsd:annotation>
<xsd:documentation>
allows third parties to define extensions to the XFDU from a namespace
controlled by the third party
</xsd:documentation>
</xsd:annotation>
<xsd:sequence>
<xsd:any namespace="##other" processContents="lax"/>
</xsd:sequence>
<xsd:anyAttribute namespace="##other" processContents="lax"/>
</xsd:complexType>

<xsd:complexType name="sequencelnformationType">
<xsd:annotation>
<xsd:documentation>
An element of this type encapsulates information about the position of'the-encapsulating XFDOU
package In a sequence of physical XFDU packages that form the identified logical XFDU unit
The sequencelnformation element is a string that acts as an identifier for the logical XFDU.
SequencelnformationType has two mandatory attributes:
1. sequencePosition - the position of this XFDU package in.the sequence; if 0 is specified
and sequenceSize is unknown, it means that it is last in tHe’sequence
2. sequenceSize - the total number of packages in the sequence; if its value is 0 this means
size is unknown
</xsd:documentation>
</xsd:annotation>
<xsd:simpleContent>
<xsd:extension base = "xsd:string">
<xsd:attribute name = "sequencePosition“type = "xsd:nonNegativelnteger" use="required"/>
<xsd:attribute name = "sequenceSize".type = "xsd:nonNegativelnteger" use="required"/>
</xsd:extension>
</xsd:simpleContent>
</xsd:complexType>
<xsd:complexType name="referenceType">
<xsd:annotation>
<xsd:documentation>
locator attribute allows finer granularity within location specified in href
</xsd:documentation>
</xsd:annotation>
<xsd:attribute name="ID" type="xsd:ID"/>
<xsd:attribute hame="textInfo" type="xsd:string"/>
<xsd:attributeGroup ref="xfdu:LOCATION"/>
<xsd:aftribute name="href" type="xsd:string"/>
<xsd:attribute name="locator" type="xsd:string" use="optional" default="/"/>
</xsd:eomplexType>
<xsd:complexType name="checksumInformationType">
<xsd:annotation>
<Xstdocumentation=
An element of this type would convey checksum information:
The value of the checksum element is the result of the checksum
The value of the checksumName attribute is the name of checksum algorithm used to compute the value
</xsd:documentation>
</xsd:annotation>
<xsd:simpleContent>
<xsd:extension base="xsd:string">
<xsd:attribute name="checksumName" type="xfdu:checksumNameType" use="required"/>
</xsd:extension>
</xsd:simpleContent>
</xsd:complexType>
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<xsd:complexType name="metadataObjectType">

<xsd:a

nnotation>

<xsd:documentation>metadataObjectType Complex Type A generic

fram

ework for pointing to/including metadata within an XFDU

document, a la Warwick Framework. An metadataObject element may have the

following attributes:
1.1D: an XML ID for this element.

2. classification - concrete type of metadata represented by this element of metadataObjectType

3. category - type of metadata class to which this metadata belongs (e.g., DMD.REP, etc.)

4. ot
5. ot

herClass - type of metadata in case classification contains value of "OTHER"
herCategory - type of metadata class in case category contains value of "OTHER"

</X§

bl P
U.aocurreraturt

</xsdjannotation>

<xsd:
<X
<X
<X

equence>

:element name="metadataWrap" type="xfdu:metadataWrapType" minOccurs="0"/>

</xsd]sequence>

<xsd:
<xsd:
<xs

A

<
</x

</xsd

ttribute name="ID" use="required" type="xsd:ID"/>
ttribute name="classification">

d:simpleType>
Ksd:restriction base="xsd:string">

<xsd:enumeration value="DED"/>
<xsd:enumeration value="SYNTAX"/>
<xsd:enumeration value="FIXITY"/>
<xsd:enumeration value="PROVENANCE"/>
<xsd:enumeration value="CONTEXT"/>
<xsd:enumeration value="REFERENCE"/>
<xsd:enumeration value="DESCRIPTION"/>
<xsd:enumeration value="OTHER"/>
xsd:restriction>

d:simpleType>

attribute>

<xsd:gttribute name="category">

<XS

A

<]

</x
</xsd
<xsd:
<xsd:
</xsd:cq
<xsd:sin

d:simpleType>
Ksd:restriction base="xsd:string">

<xsd:enumeration value="REP"/>
<xsd:enumeration value="PDI"/>
<xsd:enumeration value="DMD%/>
<xsd:enumeration value="QTHER"/>
<xsd:enumeration value="ANY"/>
xsd:restriction>

d:simpleType>

attribute>

ttribute name="otherClass" type="xsd:string"/>
ttribute name="otherCategory" type="xsd:string"/>
mplexType>
pleType-hame="specificationVersionType">

<xsd:documentation>

<xsd )éannotatiom

n entity of this type is used to indicated CCSNS-hound version of XFDU specification

</xsd:documentation>

</xsd:

annotation>

<xsd:restriction base="xsd:string"/>
</xsd:simpleType>
<xsd:complexType name="packageHeaderType">
<xsd:annotation>

<XS

d:documentation>packageHeaderType: Complex Type for metadata about the

mapping of the logical packages to the physical structures. The

pac
-volumelnf
and seque
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<xsd:gomplexType name="volumelnfo lype™

</x4d:complexType>
<xsd:¢gomplexType name="environmentinfoType">
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- environmentinfo — contains application specific information either defined by an extension of the XFDU

Schema or by freeform XML.
packageHeaderType has a single attribute, ID: an XML ID.
</xsd:documentation>
</xsd:annotation>
<xsd:sequence>
<xsd:element name="volumelnfo" type="xfdu:volumelnfoType"/>

<xsd:element name="environmentinfo" type="xfdu:environmentinfoType" minOccurs="0" maxOccurs=

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

</xsd:complexType>

"unbounded"/>

A

sd:annotation>
<xsd:documentation>
Contains XFDU software related system information, including one mandatory element
- specificationVersion, which specifies the version of the XFDU specification to whjeh'this manit
Additionally it has one optional element
-sequencelnformation that holds information about the sequence
of XFDUs and the position of the current one in it.
</xsd:documentation>
xsd:annotation>
sd:sequence>
<xsd:element name="specificationVersion" type="xfdu:specificationVersionType" minOccurs="1" max
<xsd:element name="sequencelnformation" type="xfdu:sequencelnformationType" minOccurs="0" m3
<|xsd:sequence>

A A

A

sd:annotation>

<xsd:documentation>
Environment info provides meta information related o the environment where the XFDU was create|
Since environment information may be specific toca, concrete XFDU producer, environment informaf]
only two optional elements:
-xmIData - can hold application specific infonmation.as well-formed XML
- extension element -that serves as extension point for other applications

</xsd:documentation>

xsd:annotation>

<xsd:sequence>
<xsd:element name="xmIData" type="xfdu:xmIDataType" minOccurs="0" maxOccurs="unbounded"
<xsd:element name="extension" type="xfdu:extensionType" minOccurs="0"/>

A

</xsd:sequence>

</xgd:complexType>

<xsfl:complexType name="metadataReferenceType">

sd:annotation>

<xsd:documentation>metadataReferenceType: metadata reference.
An element 6f+metadataReferenceType is a

generic element used throughout the XFDU schema to provide a
pointerto metadata which resides outside the XFDU document.
metadataReferenceType

has, the following attributes:

A

lest complies.

Dccurs="1"/>
xOccurs="1"/>

d.
on can have

\

4 90 YA 1N

o artr7svie 1oy

2. locatorType: the type of locator contained in the body of the element;
3. otherLocatorType: a string indicating an alternative type of locator when
the locatorType attribute value is set to "OTHER.";
. href: actual location (e.g., URL)
. mimeType: the MIME type for the metadata being pointed at;
. vocabularyName: the name of the well known metadata standard vocabulary used to being pointed
. textInfo: a label to display to the viewer of the XFDU document identifying the metadata;
and NB: metadataReference is an empty element. The location of the
metadata must be recorded in the href attribute.
</xsd:documentation>
</xsd:annotation>

~No o~
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<xsd:complexContent>
<xsd:extension base="xfdu:referenceType">
<xsd:attribute name="vocabularyName" type="xfdu:vocabularyNameType"/>
<xsd:attribute name="mimeType" type="xfdu:mimeTypeType"/>
</xsd:extension>
</xsd:complexContent>
</xsd:complexType>
<xsd:complexType name="xmIDataType">
<xsd:annotation>
<xsd:documentation>A wrapper to contain arbitrary XML content.</xsd:documentation>
</xsd:annotation>
<xsd:gequence>
<xsfl:any namespace="##any" processContents="lax" maxOccurs="unbounded"/>
</xsd:isequence>
</xsd:cdmplexType>
<xsd:conplexType name="fileContentType">
<xsd:a@nnotation>
<xsfl:documentation>
ileContentType encapsulates and aggregates a type that can have a choice of eithér
b{nary or xml data
</x4d:documentation>
</xsd:pnnotation>
<xsd:¢hoice>
<xsfl:element name="binaryData" type="xsd:base64Binary" minOccurs="Q">
<ksd:annotation>
<xsd:documentation>A wrapper to contain Base64 encoded metadata.</xsd:documentation>
<[xsd:annotation>
</x4d:element>
<xsfl:element name="xmIData" type="xfdu:xmIDataType" minOccurs="0"/>
</xsdhoice>
<xsd:attribute name="ID" type="xsd:ID"/>
</xsd:cdmplexType>
<xsd:coplexType name="metadataWrapType">
<xsd:g@nnotation>
<xsfl:documentation>metadataWrapType: metadata wrapper. An element of metadataWrapType is a
gengric element used throughout the XFDU_schema to allow the
encpder to place arbitrary metadata cenforming to other
starjdards/schema within an XFDU_document. The metadataWrapType
canlhave the following attributes:
:an XML ID for this element;
imeType: the MIME type for'the metadata contained in the element;

xtInfo: a label to display to the viewer of the XFDU document identifying the metadata.
</x4d:documentation>
</xsd:pnnotation>
<xsd:¢omplexContent>
<xsfl:extensionbase="xfdu:fileContentType">
<ksd:attribute name="mimeType" type="xfdu:mimeTypeType"/>
<ksd‘attribute name="textInfo" type="xsd:string"/>
<ksd:attribute name="vocabularyName" type="xfdu:vocabularyNameType"/>
</xsd:extension>
</xsd:complexContent>
</xsd:complexType>
<xsd:complexType name="dataObjectPointerType">
<xsd:annotation>
<xsd:documentation>
The dataObjectPointerType is a type that can be used to reference dataObjects by dataObjectID.
The dataObjectPointerType has two attributes:
1. 1D: an XML ID for this element; and
2. dataObjectID: an IDREF to a dataObject element
</xsd:documentation>
</xsd:annotation>
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<xsd:attribute name="ID" type="xsd:ID"/>
<xsd:attribute name="dataObjectID" use="required" type="xsd:IDREF"/>
</xsd:complexType>
<xsd:complexType name="keyDerivationType">
<xsd:annotation>
<xsd:documentation>keyDerivationType contains the information
that was used to derive the encryption key for this dataObject.
Key derivation type contains:
name - name of algorithm used
salt - 16-byte random seed used for that algorithm initialization
;tcldt;ul ICUUI It = ||u|||bc| Uf |‘Lc|a‘uu| 1S5 uocd by thc Cl:uUl ;thlll tU dcl;vc thc :\Gy
</xsd:documentation>
</xsd:annotation>
<xsd:attribute name="name" use="required" type="xsd:string"/>
<xsd:attribute name="salt" use="required">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:length value="16"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:attribute>
<xsd:attribute name="iterationCount" use="required" type="xsd:long"/>
</xsd:complexType>
<xsd:element name="abstractKeyDerivation" type="xfdu:keyDerivationType" abstract="true">
<xsd:annotation>
<xsd:documentation>
abstractKeyDerivation is declared abstract so that it can'be used
for element substitution in cases when the default keyDerivation is not
sufficient. In order for creating more specific key derivation constructs, one would have to
extend from keyDerivationType to a concrete type;and then create an element of that new type. Hinally,
in an instance of XML governed by this schema,the reference to keyDerivation in an instance of
transformObject element would point not to-an instance of keyDerivation element, but rather to an|instance of the
custom element. In other words, keyDerivation would be SUBSTITUTED with a concrete key deriyation element.
In cases where default functionality iscsufficient, the provided defaultKeyDerivation element can b¢ used for the
substitution.
</xsd:documentation>
</xsd:annotation>
</xsd:element>
<xsd:element name="keyDerivation" type="xfdu:keyDerivationType" substitutionGroup="xfdu:abstracti{eyDerivation">
<xsd:annotation>
<xsd:documentation=>
Default implementation of key derivation type.
</xsd:documentation>
</xsd:annotation>
</xsd:element>
<xsd:complexType name="transformObjectType">
<xsdmannotation>
<xsd:documentation>transformObjectType: transformation information. An element
of transformObjectType contains all of the information required to reverse the
| fransformations applied to the original contents of the dataObject. It
has two possible subsidiary elements: The algorithm element
contains information about the algorithm used to encrypt the
data. The key-derivation element contains the information that
was used to derive the encryption key for this dataObject It has three
attributes:
1.ID:an XML ID
2. transformType: one of n predefined transformations types.
Current valid types are compression, encryption, authentication.
3. order: If there are more than one transformation elements in an dataObject
this integer indicates the order in which the reversal transformations should be applied.
</xsd:documentation>
</xsd:annotation>
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