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Foreword

ISO (the International Organization for Standardization) and IEC (the International
Electrotechnical Commission) form the specialized system for worldwide standardization.
National bodies that are members of ISO or IEC participate in the development of International
Standards through technical committees established by the respective organization to deal with
particular fields of technical activity. ISO and IEC technical committees collaborate in fields of

i . ' i TZations, - al, in
with ISO and IEC, also take part in the work. In the field of information technology, ISO
and [EC have established a joint technical committee, ISO/IEC JTC 1.

The procedures used to develop this document and those intended for its further maintepance
are described in the ISO/IEC Directives, Part 1. In particular the different-approval cifiteria
needed for the different types of document should be noted. This dogument was draffed in
accorndance with the editorial rules of the ISO/1IEC Directives, Part 2
(see www.iso.org/directives).

Attenftion is drawn to the possibility that some of the elements of this document may He the
subject of patent rights. ISO and IEC shall not be held responsible for identifying any or all] such
paternjt rights. Details of any patent rights identified during the development of the documer]t will
be in the Introduction and/or on the ISO list-‘of patent declarations received| (see
wwwliso.org/patents).

Any frade name used in this document is information given for the convenience of userfs and
does pot constitute an endorsement.

For apn explanation on the voluntary nature of standards, the meaning of ISO specific terms and
exprgssions related to conformity assessment, as well as information about ISO's adhererce to
the World Trade Organization (WTO] principles in the Technical Barriers to Trade (TBT) s¢e the
following URL: www.iso.org/isoy/foreword.html.

ISO/IEC 12034-1:2017 was prepared by the Society of Motion Picture and Television Engineers
(SMPTE) and was adopted, under the PAS procedure, by Joint Technical Commnittee
ISO/IEC JTC 1, Information technology, in parallel with its approval by the national bodies ¢f ISO
and IEC.
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Foreword

SMPTE (the Society of Motion Picture and Television Engineers) is an internationally-recognized standard
developing organization. Headquartered and incorporated in the United States of America, SMPTE has
members in over 80 countries on six continents. SMPTE’s Engineering Documents, including Standards,
Recommended Practices, and Engineering Guidelines, are prepared by SMPTE’s Technology Committees.
Participation in these Committees is open to all with a bona fide interest in their work. SMPTE cooperates
closely with other standards-developing organizations, including ISO, IEC and ITU.

SMPTE_Engineering Documents are drafted in accordance with the rules given in its Standards Operations
Manugl.

SMPT|E ST 2034-1 was prepared by Technology Committee 31FS on File Formats and Systems.

Intellectual Property

At thg time of publication, no notice had been received by SMPTE claiming patént rights essertial to the
implementation of this Engineering Document. However, attention is drawn ta the possibility that sqme of the
elemgnts of this document may be the subject of patent rights. SMPTEshall not be held respgnsible for
identiflying any or all such patent rights.

Introduction
This gection is entirely informative and does not form an integral part of this Engineering Document.

The Archive eXchange Format (AXF) is an open format\that supports interoperability among disparate data
storade systems and ensures long—term availability of data, no matter how storage or file system te¢hnologies
evolve. AXF inherently supports interoperability between existing, discrete storage systems, irrespegtive of the
operajing and file systems used, and also future<proofs digital storage by abstracting the underlying technology
so that content remains available across generations of technology development.

At the|most basic level, AXF is a file container that can encapsulate any number, size, and type of filgs in a fully
self—cpntained and self-describing package. The package contains its own light-weight file system, which
establjshes independence from urdeflying operating systems, storage technologies, and file systen]s and can
store any type of data on any type of storage media. Inside its packaging, AXF can contain metadata of any
formay, applicable to either AXFE Objects or to individual files contained within AXF Objects; AXF also carries
key preservation information;'such as provenance, fixity, and the like — all key to ensuring long-term rpbustness
and rgcoverability.

Histor|cally, digital~archive systems have used media data storage formats that are proprietafy to their
manufacturers~either intentionally or due to the lack of established standards. There have begn neither
interchange .of. media nor interoperability of archive systems between manufacturers and in sogme cases
between different archive systems from the same manufacturer. Archives could be orphaned due fo support
ending far, the systems used to create data archlves End users and manufacturers recognlzej that the
proprieta F S - - of operation
that are unnecessary These costs could be avoided |f there were standardrzatron of the format used for storage
of the data on media and for transfer of the data between systems and locations. AXF permits separating the
stored content from the systems that create and recover sets of data, thereby enabling refreshing of storage
technology, recovering sets of data that otherwise would have been orphaned, and transferring sets of data
between systems and locations.

This standard specifies a structure for data that can be written to any current or future data storage subsystem,
regardless of the type of media on which it is stored. The data can include any types of files and associated
metadata that are stored and transferred together in a structure called an “AXF Object.” A single AXF Object
can be spanned across multiple physical media, can be copied from one set of physical media to another, and
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is agnostic to the Storage Media Type on which it is stored, e.g., spinning disc or linear tape. Regardless of
the Storage Media Types on which they are stored, AXF Objects are identically structured and formatted for
any given set and relationship of contained files and metadata.

AXF initially arose from the storage needs of the audiovisual production and archiving communities but quickly
encompassed any type of file-based data. The transition to file-based workflows led to a new set of requirements
throughout pre-production, production, distribution, storage, and preservation processes. Those requirements
included long-term archiving of finished and unfinished materials, writing data to any type of storage subsystem
using a standard scheme, transporting formatted archives between systems and locations using either media
or networks, and aIIowmg extenS|b|I|ty sufficient to accommodate any type of file, of any size, from any source,
as we s

Audioyi
time thi
audioyi
drives
very la
legal

medic

The cpltural, scientific, and business value of assets stored on these data systems is significant. Methods for
storade, interchange, transport, and preservation of such assets, both locally~and remotely, over both short and
very long retention periods, demands a standardized, well-documented;.non-manufacturer-specific method of
writing data to any data storage system, from which the data then can be recovered and its contgnts used,
updated, or transferred to another data storage system. All that would be necessary to achieve these[objectives
is a mechanism for recovering data from the media on whictyit is stored, plus utilities or applicgtions that
implement AXF.

The AXF standard creates a common method of writingnindividual files or related sets of files, and relevant
metadata, onto data storage subsystems so that the sfructure of an AXF Object will remain the same|no matter
what yendor equipment or Storage Media Type is used. As long as the media remains viable and data can be
read ffom that media, it will be possible to recoveran AXF Object and unwrap its contents with a suifable utility
or appglication running on whatever platform is:eurrent at the time. The AXF Object also has to be jable to be
recovg¢red and stored on future data storage'Systems without requiring any changes to its contentg simply to
accomplish the act of medium migration, but it also needs to allow changes to its contents, in case Updating is
needdd to data that already has been archived.

AXF gddresses these needs through.a combination of predefined eXtensible Markup Language (XML) schema
fields,|defined binary data structures that enable an AXF Object to carry any type of file within its Fil¢ Payload,
interngl file system functionality, and key metadata enabling the spanning of AXF Objects acrods multiple
physigdal media. The XML-Schema also enables essential information about an AXF Object and its dontents to
be regd without havingto.process all the information within the AXF Object.

In addition to mediavinterchange, AXF enables the interoperability of disparate systems throughl networks
because it is strdctured as a streaming data set. Such interconnections enable seamless movemgnt of AXF
Objects from systems that create them, to systems that do not recognize the AXF protocol but storg the AXF
Object files-nonetheless (perhaps in “cloud” storage), then to systems that are designed to recover|data from
AXF Qbjects.

: - ke media-
centric file formats such as MXF, WhICh are similar in that they wrap essences, AXF can contain any number or
types of files of any size encapsulated in an AXF Object. It is applicable across a much broader variety of file
storage user groups than any media-specific file wrapper. Types of data can include media essence files,
related metadata files, production files (such as word processing documents, hypertext documents, associated
essence, applications, spreadsheets, and database copies), or any other type of data that users wish to store
together. Unlike other file wrapper definitions, it is payload agnostic and does not require any special mappings
or adaptations to accept the data an AXF Object carries.

AXF accommodates very large file sizes and quantities within AXF Objects. In the current version of this
standard, 64-bit numbers are used to define the sizes of various parameters applicable to elements of AXF
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Objects. 64-bit numbers can express values up to 18.44674 x 108 (e.g., 18.44674 petabytes). Use of 64-bit
numbers thus can define file sizes in bytes, numbers of files, numbers of media in a spanned set, and similar
characteristics up to 18.44674 x 1018 of any particular element. If future requirements exceed the number
spaces provided in this document, there is nothing fundamental that limits any particular parameter to
expression using a 64-bit number. Future revisions of this standard could adopt larger number spaces (e.g.,
96-bit, 128-bit, etc.) for those parameters requiring them. The net result is effectively unlimited storage capability
within AXF Objects, in terms of file sizes, numbers of files in an AXF Object, number of AXF Objects on a
medium, number of media in a spanned set, and the like.

AXF enables updatlng AXF Objects When addltlons of, modlflcatlons to, or deletlons of files or information that
they 2 ntal” AXF
Objects, Wr|tten into an arch|ve system at a later time to an onglnal (“Anchor”) AXF Object A Supgplemental
AXF Object updates contents of previous AXF Objects without requiring the original AXF Obiject itself to be
modified. Since the original content of the AXF Obiject is retained in its original form, it is passible|to restore
either|the original or the modified version whenever necessary. Additional Supplemental AXF Obje¢ts can be
added in a chain, with restoration of the current or any earlier version possible at any time. When AXF Objects
are refreshed by copying them to new media, it is possible to consolidate an Anchor Object and its Sugplemental
Obijeci(s) into a single, new AXF Object. In doing so, it is possible to retain all of the constituent Objé¢cts of the
Colledted Set to which they belong, so that all earlier versions still can be reconstituted in the future.

AXF abstracts the storage of data from the applications that create AXF{@bjects and from the|operating
systers, file systems, drivers, and drives that store data on media. By this;mechanism, any of the siirrounding
hardware and software components of systems can be replaced withouyt affecting the data and its formatting
within|AXF Objects. A simplified view of where AXF fits into a basicistack is shown in Figure 1.

Server/Storage Stack with AXF support
e N
AXF-Aware Application

\ o

< ~ D
Archive eXchange For.r@i\(AXF), Including Internal File System

> N /
Block Level Addressing ][ File System

\

« N\ . N

Oper@g System — Hardware Abstraction Layer
A ~ S 4
e 0
Driver
< . 4
@0 Physical Drive
> A 4
Medium (without File System) j[ Medium (with File System)
N

Figure 1 — Hardware/Software Stack Incorporating AXF Writing to and Reading from Media

AXF is designed so that each AXF Object comprises four main components, regardless of the technology that
is used to store it. These components are:

Object Header — Each AXF Object begins with an Object Header, which contains descriptive XML metadata
such as a unique identifier (UUID) for the AXF Obiject, information regarding its origin, its creation date, and a
full index of all the files and folders contained in the Object, including file permissions and the like.
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Generic Metadata Containers — Following an Object Header can be any number of optional Generic Metadata
Containers. Such containers are self—contained, open metadata containers in which applications can place
AXF-Object-specific metadata that is not part of the AXF Object File Payload. The metadata can be structured
or unstructured, open or vendor-specific, binary, XML, plain text, or any other format.

AXF Object File Payload — Following any Generic Metadata Containers is the AXF Object File Payload. It
contains the files encapsulated in the AXF Object. The File Payload consists of any number of triplets: File Data
+ File Padding + File Footer. File Padding ensures alignment of all AXF Object elements on the boundaries of
Chunks into which each AXF Object is divided, thereby enabling addressing, by location within the AXF Object,
by its internal file system. File Footer structures contain full information about the preceding file, along with a
file-leyel checksum designed to be processed on-the-fly, with little or no overhead, during restore opgrations by
an application. The information in File Footers enhances the resilience of AXF, as it can be usedito rgcover File
Paylo@d data even if Object Header and Footer structures are missing or corrupt.

Object Footer — Completing an AXF Object is an Object Footer. It repeats the information contaiped in the
Object Header and adds information captured during creation of the AXF Object, including per-file checksums,
precisg file sizes, and file positions within the AXF Object. The Object Footer is important to the intejchange of
an AXIF Object because it allows efficient indexing by foreign systems when the media content is not previously

d on the

AXF does not require a system to be fully compliant with this standard for it to be able to use and gtore AXF-
generpted AXF Objects. The initial adoption of AXF is anticipated to be in applications that create A{F Objects
that thjen are stored on non-AXF-aware storage systems. Because the AXF Objects do not require|a storage
to know that the AXF Objects are. AXF-formatted, the AXF Objects will be viewed simply asffiles to be
and retrieved. All that will be necessary to read AXF Objects will be the software and hardwafe needed

as negessary, with the full range of features becoming available on systems that are AXF compllant. AXF-
compliant applications will be.able to read stored AXF Objects from any current operating systeim without
unpadking entire AXF Objects to see critical metadata. Moreover, Archives, or AXF Objects withir] archives,
n span different types of media, allowing for flexibility within mixed-media archives and for A{F Objects
dentical, regardless of the media on which they are stored.

offers resilience to data corruption and loss. AXF Object Indices, repeated identifier instapces, and
cryptdgraphic hash checksums on both contents and AXF Objects allow for data corruption to be ideptified and
ed. Even-in catastrophic events, such as the loss of an external database containing recgrds of the
conteits of an archive, the content database can be recreated by reading the archive and regengrating the
archive addition of
more pewe or-recovery-methods I v ¢ or-trreorporating
forward error correctron codes. AXF provrdes key features to |dent|fy and treat data corruptron and loss across
all types of storage formats. It allows big data and small to be processed in a consistent and standardized way.

Additional information on AXF can be found at OpenAXF.org
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1 Scope

This standard is Part 1 of a series of documents that specify a general-purpose format for the storage and/or
communication of information in bulk form. The format is named the Archive eXchange Format (AXF). The
format described is intended both for interchange between systems and to serve as a native format within
systems.

This standard identifies two major categories of data storage media and specifies the basic structures of data
stored on those Storage Media Types. It specifies a number of structural elements for use in constructing the
appropriate Sructures for USE O eacit of the Storage Media Types. itdefines the semantics of datajcontained
within|fields specified for use in the structural elements. The structural elements themselves are\documents
coded in the eXtensible Markup Language (XML), and this document defines an XML Schéma Description
(XSDJ file for use in formulating the XML documents to be used for the structural elements of AXH Objects.

2 (Conformance Notation

Normdtive text is text that describes elements of the design that are indispensable or text that cdntains the
confofmance language keywords: "shall,”" "should,” or "may." Informative text js_text that is potentially helpful to
the uger, but not indispensable, and that can be removed, changed, oradded editorially withoug affecting
interoperability. Informative text does not contain any conformance keywords.

All text in this document is, by default, normative, except: The Intfeduction, any section explicitly labeled as
"Informative," or individual paragraphs that start with "Note:”.

The keywords "shall" and "shall not" indicate requirements’ strictly to be followed in order to conf¢rm to the
document and from which no deviation is permitted.

The kpywords, "should" and "should not" indicate th@at, among several possibilities, one is recomnjended as
partictilarly suitable, without mentioning or excluding others; or that a certain course of action is prgferred but
not ngcessarily required; or that (in the negative:form) a certain possibility or course of action is deprgcated but
not prphibited.

The keywords "may" and "need not".indicate courses of action permissible within the limits of the dofument.
The kpyword “reserved” indicatésjya provision that is not defined at this time, shall not be used, and may be

defingd in the future. The keyword “forbidden” indicates “reserved” and, in addition, indicates that the provision
never|will be defined in thesfuture.

A conformant implementation according to this document is one that includes all mandatory provisiofs (“shall")
and, if implemented;-all recommended provisions ("should") as described. A conformant implementation need

ment shall
by formal

3 Normative References

The following standards contain provisions that, through reference in this text, constitute provisions of this
standard. At the time of publication, the editions indicated were valid. All standards are subject to revision, and
parties to agreements based on this standard are encouraged to investigate the possibility of applying the most
recent editions of the standards indicated below.
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XML 1.0, World Wide Web Consortium (W3C) (2008, November) Extensible Markup Language 1.0 (Fifth
Edition)

XML Namespaces 1.0, World Wide Web Consortium (W3C) (8 December 2009) Namespaces in XML 1.0 (Third
Edition)

XML Schema Part 1 — World Wide Web Consortium (W3C) (28 October 2004), XML Schema Part 1: Structures
(Second Edition)

XML Schema Part 2 — World Wide Web Consortium (W3C) (28 October 2004), XML Schema Part 2: Datatypes
(Secohd Edition)

ISO/IEC 10646:2012, Information Technology — Universal Coded Character Set (UCS), Third\Editipn (1 June
2012)

ISO/IEC 19505-1:2012, Object Management Group (OMG) (August 2011), Unified Modeling Language:
Infrasfructure, v2.4.1

ISO/IFC 19505-2:2012, Object Management Group (OMG) (August 2011);” Unified Modeling Language:
Supergtructure, v2.4.1

IETF RFC 1494, Equivalence Between 1988 X.400 and RFC-822 Message Bodies (August 1993)

IETF RFC 2231, MIME Parameter Value and Encoded WordExtensions: Character Sets, Langupges, and
Continuations. (November 1997)

IETF RFC 3629, UTF-8, A Transformation Format of ISO,10646 (November 2003)
IETF RFC 3986, Uniform Resource Identifier (URI;‘Generic Syntax

IETF RFC 4122, A Universally Unique IDentifier (UUID) URN Namespace. (July 2005)
IETF RFC 6657, Update to MIME Regarding “Charset” Parameter Handling in Textual Media Types (Puly 2012)

IETF RFC 6838, Media Type Spetifications and Registration Procedures

ISO/IEC 1001:2012(E) (VOLY), Information Technology — File Structure and Labeling of Magnetic| Tapes for
Information Interchange (2012-08-01)

ISO/IEC 13239:2012 (CRC), Information Technology — Telecommunications and Information [Exchange
Betwden Systems.-- High-Level Data Link Control (HDLC) Procedures

FIPS |[PUB. 180-4, Federal Information Processing Standards Publication, Secure Hash Standajd *SHS),
Information’ Technology Laboratory, National Institute of Standards and Technology, Gaithersburg, ¥ID, March
2012

UTC, Coordinated Universal Time, ITU-R Recommendation TF 460-6, Standard-Frequency and Time-Signal
Emissions, International Telecommunications Union, Radio Sector, Geneva, Switzerland, February 2002

4  Definitions
The following terms shall have the definitions specified for them below, both throughout this document and in

related Parts of this SMPTE standard.
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4.1 Anchor Object

The first AXF Object in a Collected Set of AXF Objects, the SetSequence value of which is 1. It is the AXF Object
from which all Subsequent Objects in the Collected Set differentiate the contents of the Product Object.

4.2 Archive Object
An AXF Object.

4.3 Attribute

An XNIL markup construct consisting of a name/value pair that describes an element.

4.4 AXF

Archije eXchange Format.

4.5 XF-Aware

Capalble of reading, interpreting, and/or writing AXF Objects and other AXF datalstructures.
4.6 AXF Media

Multipje media prepared to carry AXF Objects.

4.7 AXF Medium

A medium prepared to carry AXF Objects.

4.8 AXF Medium Identifier

A data structure at the start or root of a medium that.indicates that it has been prepared for storage of AXF
Objects and that provides information about the identification, formatting, and history of the medium

4.9 AXF Object
A grolip of data elements that are stored as@nit and that are contained within a single data structyre.

4.10 | AXF Object Index

A datq structure, stored on a medium,that is a collection of the complete information about all previoysly-stored
AXF OQbjects on that medium and,the contents of those AXF Objects, as well as the locations of the content
files sfored within those AXFE Objects.

4.11 |Base Name

The fyndamental name-of a file; the portion of a file name prior to any file name extension that idgntifies the
type df file or struefure.

4.12 |Big Endian
The ofder,inwhich the bytes of a multi-byte number are transmitted with the most significant byte firgt.

—

4.13 Binary Structure container

A data structure that is formed using easily identifiable binary data patterns of UTF-8 characters and that carries
a payload of a specified type for the purpose of providing structural elements for AXF Objects and for the files
contained within them.

4.14 Binary Structure Container Payload

The data contained within the Payload field of a Binary Structure Container.

4.15 Block
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A section of data of uniform size (measured in bytes) as stored on a physical medium that is independently
addressable for write and read operations, and which is defined as a “block” on certain Storage Media Types
and as a “sector,” a “page” or some other term on other Storage Media Types.

4.16 Block-Based

Media that enable direct access to Blocks of data stored thereon and that do not incorporate or depend upon
File Systems.

4.17 Block Position

Th I +1 ol £ al | £ ot &l +lao o £ ol 1 £ +lo | + H f th
e (\JGLIUII Ul a micuidrimT Ul a JIUURA UT Ualq, 1T1IcAaocurtu do Uit TTUlmiutTT UT UTULRO TTUTTT UTC uTyirm Ing 0 e

mediuym, as counted by the drive on which the medium is carried.

4.18 |Block Size

A parpmeter that defines the size of Blocks contained on a medium. Some Storage Media Types can
accommodate varying block sizes across the storage space of a medium.

4.19 |Byte Order Mark

A small sequence of bytes carried within a file from which it is possible tordetermine the byte ordering (Big
Endiap or Little Endian) of the contents of the file. (Abbreviated BOM.)

4.20 | Chunk

A seclion of data of uniform size (measured in bytes) within an AXF Object.
4.21 |Chunk Size

A parameter that defines the size of all of the Chunks within‘an AXF Object.

4.22 | Collected Set

A grotip of AXF Objects, consisting of an AnchorObject and one or more Subsequent Objects, that, when
compiled, produce a Product Object differing fram the Anchor Object as a result of additions, replac¢ments, or
deletigns of files.

4.23 | Content File
A File|of any type that is stored as:part of the File Payload within an AXF Object. Also a Payload Fil

®

4.24 | Data Element

A file pr data structure thatforms part of the overall data stored within an AXF Object or on a mediurn.

4.25 |Element

An XML logical deeument component bounded by matching start and end tags and including angy content
betwekn the tags plus any associated attributes.

4.26 | Embedded File System

A lightweightFite-Systemhaving-itsdatabasecontained-withimanAXFObject:
4.27 Endianness

The ordering of bytes within a multi-byte number. Byte orders typically are Little Endian or Big Endian, although
other, less frequently used byte orders exist.
4.28 File Mark

A data structure written or read by a Linear Media drive to provide separation between data elements stored
on a medium using the media technology for which the drive is designed.
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4.29 File Footer

A Binary Structure Container that carries a payload with information to identify the file that it follows and to
provide detailed information about that file.

4.30 File Padding
Data inserted at the end of a file to completely fill the last Chunk occupied by the file.

4.31 File Payload
The portion of an AXF Object that carries the Payload Files and their associated File Footer Binary Structure
Contajners.

4.32 | File-System-Based
Medig that incorporate and depend upon File Systems and provide no direct access to Blocks of data.

4.33 | File System
A typgq of data store that can be used to store, retrieve, and update a set of files.

4.34 | File Tree

A hiefarchical structure of folders and files, expressed in XML, that starts at a root point and establishes
relatignships between folders and the folders and files that they contain:

4.35 | Fixity

Fixity is the property of being constant, steady, and stable.<Fixity checking is the process of verifying that a
digitallobject has not been altered or corrupted. In practiceythis is most often accomplished by computing and
comparing cryptographic hash checksums.

4.36 |Fragment

A data structure that contains a portion of an AXF Object that is linked to preceding or following Fragments, or
both, through shared UUID values.

4.37 |Generic Metadata Container

A Binary Structure Container the payload of which is metadata.

4.38 |Linear Media

Medig requiring writing and_reading sequentially along the length of the medium (typically tape).
4.39 [Little Endian

The order in which:the bytes of a multi-byte number are transmitted with the least significant byte| first. This
mightjor might nét'match the order in which numbers are normally stored in memory for a particular processor.

4.40 |Media

Plural|ofumedium.

4.41 Media Class

The general category of Media, that is, Block-Based Media (i.e., both Linear and Non-Linear Media without File
System support) and File-System-Based Media (i.e., both Linear and Non-Linear Media with File System
support).

4.42 Media Family

A group of related Storage Media Types sharing a common set of media technology but allowing for different
implementation characteristics, such as with respect to storage density.

4.43 Media Technology
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A set of techniques used to store data on a particular form of media, including the choice of medium itself and
the methods for such functions as recording bits on a medium, error correction, indicating a separation between
portions of data stored, and the like.

accessed

t the AXF

4.44 Media Type

A registered name that describes the format of the content of a file.

4.45 Medium

A physical carrier on which data is stored, which comprises an integer number of Blocks and which can be
elther B:Ub:\ BGQCd JUT rl:c SyOtCIII Baocd (Equ;va:cnt tU Stul GUC I"V’:Cd;ulll.)

4.46 [Non-Linear Media

Medig that can be written, read, and accessed in a non-sequential manner, enabling data‘to be

randomly on such a medium.

4.47 | Object Footer

A datg structure at the end of an AXF Object that provides complete information about the contents ¢f the AXF
Obijec}, the positions within the AXF Object of the files that it contains, and ether information aboy

Objec
4.48
The p

medig.

4.49

A data
the A
the A

4.50

[ and its contents.

Object Fragment

prtion of an AXF Object stored on a single medium when the AXF Object is spanned acros

Object Header

structure at the start of an AXF Object that provides some or all of the information about the g
F Object, the positions within the AXF Object of the files that it contains, and other information
F Object and its contents.

Padding

Data laving a value of 0x00 used to fill data space to maintain the format of a data structure.

451
A Chu

4.52
A file
Paylo
453

The ¢
Anchd

Padding Chunk
nk completely filled with bytés having a value of 0x00.

Payload File

ontained within any;AXF Object following the Payload Start Binary Structure Container and pre
hd Stop Binary\Structure Container, if present.

Product©bject

r @bject and all subsequent AXF Objects in a Collected Set.

s multiple

ontents of
related to

Cceding the

pmpilation of files, directory structure, and other information that results from the combination of the

4.54

Spanned Set

A group of media containing Fragments of a single AXF Object linked together by a shared UUID identifying
the AXF Object and by shared UUID values matching the Span Points of the AXF Object.

4.55

Spanning

A process for fragmenting a single AXF Object and storing its fragments on multiple media.

4.56

Page

Span Point
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The location within an AXF Object at which the AXF Object contents are fragmented for storage in separate
Fragments.

4.57 Storage Media Type

A specific combination of media technology with parameters for the various data storage characteristics and
data processing methods.

4.58 Storage Medium

A Medium used to store data. (Equivalent to Medium.)

4.59 | Subsequent Object

An AXF Object in a Collected Set of AXF Objects other than the Anchor Object, the SetSequencle value of
which|is greater than 1. It is an AXF Object that differentiates the contents of the Product/Objeqgt from the
Anchqr Object of the Collected Set by indicating additions, replacements, or deletions of files and that carries
any files necessary to effectuate the additions or replacements of files that it indicates:.

4.60 | Symbolic Link

A poimter contained within a directory structure to a file or folder that may-be’/internal or external|to the file
hierarghy described by the directory structure. Symbolic Links are used\with certain types of File| Systems,
while pther types of File Systems use “shortcut” files referenced by the directory structure to perform {he pointer
functign.

4.61 | Symlink
Symbplic Link
4.62 |URI

Uniform Resource Identifier — A compact sequence of.characters that identifies an abstract or physical| resource.

4.63 |UUID

Univefsally Unique Identifier — An identifier that is unique for all practical purposes and is created adcording to
an algorithm specified to lead to different-values for each such identifier generated.

4.64 (VOL1

A label applied at the beginning, of data tape media according to the provisions of ISO/IEC 1001 “Information
technglogy — File structure and labeling of magnetic tapes for information interchange”

5 torage Media Types

Medig that carry¢AXF Objects in conformance with this standard fall into one of two fundamental dategories:
Block{Based and File-System-Based. The formatting of each of these Storage Media Types is agcording to
specifjc arrangements described generally in this section and in greater detail below in other sectiors. As also
descriped below, AXF Objects stored on the respective Storage Media Types do not differ in their bas|c formats,
but certainindexes and pointers do differ somewhat in the values they carry depending upon the Storage Media
Types upon which their AXF Objects are stored. Mechanisms are provided herein and in other Parts of this
document suite for the storage, transfer and processing of AXF Objects between Storage Media Types in a
transparent manner and using minimal processing. Block-Based and File-System-Based Media are either
Linear or Non-Linear.

Linear Media are media that only can be written and read sequentially, from end to end. In the drives that write
and read them, Linear Storage Media Types include mechanisms for writing and reading File Marks or similar
identifiers of points of separation between sequential sections of data stored on the media. Linear Storage
Media Types include in the drives that write and read them at least the capability to search for File Marks, to
count File Marks over the length of a medium, and to advance in either direction by a specified number of File
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Marks. Typical Linear Storage Media Types are based upon the use of electromagnetic tape for the storage of
data. Linear Media carry File Systems (e.g., LTFS) or do not carry File Systems.

Non-Linear Media do not use File Marks and instead are addressed using logical block addresses that point to
specific locations where data are stored. Non-Linear Media provide the ability to move directly from any place
on the medium to any other place on the medium. Typical Non-Linear Storage Media Types are based upon
the use of magnetic or optical disks or flash memory devices for the storage of data. Non-Linear Media generally
are expected to be File-System-Based, but the AXF protocol will support Block-Based variants as well.

Within AXF Objects pomters are prowded in several data structures to enable retneval of files stored within the
AXFE @bre ative o absolute

structyires contained within an AXF Object. Absolute addressmg is used when pointing to the(Starting location
of an AXF Object. Combining relative and absolute addresses enables determining absolute locations of all

In the|AXF context, File-System-Based Media shall be media that store the neCessary indexes for the files that
they dontain and operate with file system software that manages those.ihdexes and the data stprage and
recovery processes on the media. File systems provide services that include at least indexing mechgnisms for
files apd their storage locations on media, management of the locations-of files when writing to the media, and

Example: File Systems that can be used to store AXF Objects.inClude the File Allocation Table (FAT), the New
Techrology File System (NTFS), Universal Disk Format (UDF), Distributed File System (DFS), Ngtwork File
System (NFS), Hierarchical File System Plus (HFS+), Linear Tape File System (LTFS), and many dthers. On
any Flle System, AXF Objects are stored as files, praviding a constant AXF Object format, thus is¢lating the
conteits of the AXF Objects from the File Systems.

On File-System-Based Media, the locations of\AXF Objects are managed by the File Systems;|thus, it is
unnegessary to include absolute addresses gf the starting locations of AXF Objects within those AXF Objects.
Consgquently, in the storage of AXF Objeets on Media having File Systems, the fields that otheryise would
carry fthe absolute addresses of the AXF Object starting locations should be set to a value of|-1. When
transferring AXF Objects between Storage Media Types, the values in such fields normally will Have to be
modified to meet this requirement:Such transfers are discussed in more detail in Section 7.4.

5.2 |Media without File Systems

Medig without File Systems do not provide File-Based references to the content they carry and are feferred to
as Blgck-Based Media.-They are based on storage of data in blocks of specific sizes, but many of thege Storage
Medig Types lack)means for determining the numbering of blocks on a medium. These media either can be
Lineaf or Non-Linear in nature. On Linear Media, File Marks or similar mechanisms typically are used to enable
systerns writing to them to place specific reference points along media. Writing of File Marks can pe a time-
consuming.process, however, on many Storage Media Types without File Systems. For this reason, the AXF
protodoheliminates use of File Marks in all but two instances at the start of each linear AXF Medium

The fundamental requirement for inclusion of File Systems on Linear Media is the ability of the media to be
partitioned. Versions of Linear Storage Media Types that do have the capability for partitioning of the media
nevertheless can be used without File Systems when applications can benefit from such utilization. Early
generations of many Linear tape families are incapable of being partitioned and consequently cannot support
File Systems, while later generations of those families of Linear tape types are capable of such support.

On Block-Based AXF Media, the locations of AXF Objects are not managed by file systems. Consequently,
AXF Objects include fields for the absolute addresses of Object Headers on such AXF Media. The absolute
addressing used requires the system writing to or reading from a medium to keep track of the block count along
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the medium as it writes to it or reads from it. In the storage of AXF Objects on Block-Based Media, the fields
carrying the absolute addresses of the AXF Object starting locations are set to the positions of the blocks
containing the first bytes of the Object Header binary structure containers, the locations of which are being
identified. When transferring AXF Objects between Storage Media Types, the values in the fields containing
the Object Header absolute addresses should be modified to point to the correct locations. Such transfers are
discussed in more detail in Section 7.4.

53 File Marks

File Marks are data patterns that can be placed on magnetic Linear Media (e.g., data tape) by drives, upon
instrugtions to do so from controlling applications. The data patterns are predetermined for each partjcular type
of meglium and are intended to be easily recognized by drive subsystems when reading or scanning|a medium
at high speed.

The AXF protocol avoids the use of File Marks to the extent possible to improve the efficiency-of tape dperations.
Only two are used: One following the VOL1 identifier and the other following the AXK Medium Identifier on a
Lineaq Block-Based AXF Medium. See Section 5.4 for the designation of Storage NMedia Types on which File
Markq shall be applied.

5.4 |Relationships Between AXF Structures and Storage Media Types

Fundgmentally the same AXF Object data structures are stored on all/Sterage Media Types, but cerfain media
formatfting and identification data structures shall be applied to particular'Storage Media Types accorfling to the
relatignships shown in Table 1. There are four categories of medija to which the formatting or id¢ntification
struct{res are applied: Block-Based and File-System-Based Linear Media and Block-Based and File-System-

Based Non-Linear Media, as represented by the four columns.in the right-hand portion of the table. The various
structlires listed in the leftmost column are described in thé\sections of this standard enumerated in the next-
to-leftnost column of the table.

In Table 1, structures are indicated as being requifed, not applicable, or optional. Structures ingicated as
“Required” shall be employed on media in the specified media categories, except that File Markis shall be
required only in instances in which the hardware media drives support them. Structures indicatqd as “Not
Applidable” shall not be employed on media inthe specified media categories. Structures indicated as|‘Optional’
may ke employed on media in the specified media categories.

Note: | The VOL1 and File Mark structures are shown in Table 1 as “Not Applicable” in certain instanceq. They are
not applied according to the AXF protocol, but they nevertheless can be present on a medium carrying AXH structures
if applfed by an underlying file system or other media management protocol.
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Table 1 — Relationships between AXF Structures and Storage Media Types

Linear Media Non-Linear Media
AXF Structure ila- - ile- -
Section Block-Based File-System Block-Based File-System
Based Based
VOL1 Label 6.4.2.1 \+ - \ -
File Mark 5.3 \* - - -
AXF Medium ldentifier 0 A+ Q A/ 0]
AXF|Object 6.4.3.1 \ \ \ V
AXF|Object Index 6.4.2.3 (0] o] o] (0]
Block-Based LTFS- Block-Based NTFE Disk or
Example Formatted Disk or.Flash FATB2 Flash
Data Tape . -
Data Tape Drive Prive

VE Required, — = Not Applicable, O = Optional, + = Followed by File Mark, * = When Suppgorted

6 Archive eXchange Format (AXF) Structure

The Archive eXchange Format (AXF) describes a protocol that includes an Archive Object (hereinafter “AXF
Object’) data structure in which related content and informatiefrabout that content are encapsulated §nd stored
when finterchanged between storage systems and in which/data can be stored internally within systems that
make |use of the protocol. AXF also describes a storage.arrangement for AXF Objects and other data that is
applied to media used for the carriage of AXF Objécts. Associated with the AXF Objects and storage
arrangement are a number of identifiers, metadata/and data structures that are used to construct specific
instances of AXF Objects stored on AXF Media. Included among the identifiers, metadata, and data|structures
are thpse that permit the spanning of single AXF Objects across multiple AXF Media and others thgt allow for
indexing of AXF Media by systems.

All of [the AXF Object data structures ‘and File Payload data are Chunk-aligned internally. This|enhances
resiliency and assists in the recoverability of packages in the event of corruption of the embeddedl indexing
structlires. The Chunk size may be'one byte in length; however, this practice normally should be ayoided, as
it incr¢ases index and recovery complexity. Nevertheless, it can be applied when it is necessary for $ystems to
avoid certain restrictions of.Chunk-aligned structures. As a result of the internal Chunk alignment anfl indexing
structlires, AXF Objects are said to include Embedded File Systems that assist in the abstractjon of the
underlying storage technblogy, medium, File System, and operating system.

AXF Objects aresconstructed so that they can be transferred sequentially when necessary (e.g., tp a Linear
medium or fronTan archive system to a remote storage sub-system over a data circuit or communications link).
Sequeéntial transfers allow AXF Objects to be streamed to media in write-once fashion, supporting, fof example,
linear Jand ‘write-once media as well as processing during transfers across data circuits prior to completion of
the trgnsfers of complete AXF Objects.

6.1 Form of Data Expression

The Payloads carried within Binary Structure Containers (see Section 6.4.1.2) to form all of the AXF data
structures contained on AXF Media and/or within AXF Objects formatted according to this standard shall be
expressed in the form of documents in the eXtensible Markup Language (XML), as specified in XML 1.0 and
XML Namespaces 1.0. XML documents created according to this standard shall be generated using the XML
Schema Description (XSD) files described in Section 10. The XML Schema Description (XSD) method is
specified in XML Schema Part 1, and XML Schema Part 2.
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6.2 Byte Order

The byte order of the Binary Structure Container (see Section 6.4.1.2) other than the binary Structure Container
Payload and those fields that are of the UTF-8 data type shall be little endian. The byte order of a Binary
Structure Container Payload shall be indicated by the Payload Format field as specified in Table 2. The byte
order of a Payload File (see Section 6.4.3.7) may be signaled in the associated File metadata (in the XML File
data structure); it may be signaled by a Byte Order Mark contained within the Payload File; or it may be
unknown. When a Byte Order Mark is known to be contained within a Payload File, that information also may
be signaled in the associated File metadata. In cases in which the byte order or the presence of a Byte Order
Mark is unknown, no entry with respect to the byte order shall be made in the File metadata.

6.3 |General AXF Concepts

AXF deals with the limitations of legacy storage formats through application of multiple solutions, employed in
parall¢l with one another: AXF employs a variable length FileTree structure that can list anrunlimited humber of
files. The sizes of files stored within an AXF Object are expressed as XML integers, ahdyXML integefs have no
fundamental limit in their size. AXF establishes hierarchical relationships between‘files and foldefs through
inclusfon of a FileTree structure and can include an unlimited number of entriesson an unlimited pumber of
levels|within a hierarchy. AXF expresses file names as XML strings of unlimjted size in UTF-8, and UTF-8 can
expregs all Unicode characters in single bytes or multiple-byte groups.<AXF provides a mecHanism for
exceegding the physical limits of the media on which AXF Objects are stafred through provisions for Spanning to
an unjimited number of media, thereby avoiding any potential limitation on the aggregated size ¢f an AXF
Object. AXF provides a mechanism for altering previously-stored<AXF Objects, even on write-once media,
through use of Collected Sets, which enable additions to, deletions’from, and replacements of files |in the File
Paylo@ds of AXF Objects, without the need to reconstruct or rewwrite any previously written AXF Objdcts.

Thesq concepts are discussed in general terms in this Segtion (6.3) and in detailed terms in Section|6.4.

6.3.1 Embedded File System / File Tree / File Payload

The cpmbination of a File Tree structure andthe Payload Files of an AXF Object form an Embgdded File
System, wholly contained within the AXF Ohjeet. AXF establishes relationships between the files in AXF Object
File Payloads and folders in which they are contained, through a File Tree structure expressed in XML. Folders
in AXF Objects exist solely as listed entries within the File Tree XML structure. The File Tree strudture of an
AXF Object lists all of the folders and the files within the folders, numbering them in such a way| that their
relatignships can be determined/byreading the FileTree data type. Multiple copies of the FileTree dafa type are
stored within an AXF Object and; optionally, elsewhere on the medium on which the AXF Object is| stored, to
provide redundancy and to.support resilience of Payload File recovery. Within an AXF Object, the Fil¢ Tree data
type i$ stored in the Objéct)Header and Object Footer; external to the AXF Object, the FileTree data type can
be stored in one or more Object Indices stored on the medium on which the AXF Object resides, as appropriate
for theé medium. In.the File Payload, files are followed by File Footer XML structures that both demark the
separgtion between-one file and the next and provide all of the detailed information about the fileg that they
follow

6.3.2 Spanning

When an AXF Object contains too much content to fit in the remaining space on a medium, it can be divided
into two or more fragments that can be stored on multiple media. The process is called Spanning and results
in a Spanned Set of AXF Objects, each Object containing one fragment of the overall AXF Object. The Spanned
Set is structured in such a way that the overall AXF Object can be reconstructed easily from its fragments. The
reconstruction is aided by a series of linkages between the fragments using specialized headers and footers
that carry identifiers for their respective fragments and the links between them.
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6.3.3 Collected Sets

When it is desired to modify an AXF Object, through addition, substitution, or deletion of Payload Files, it is
possible to do so through creation of a Subsequent Object that carries instructions on the modifications to be
made and any additional Payload Files that can be necessary when carrying out the instructions. In such a
case, the original AXF Object becomes known as an Anchor Object, and one or more Subsequent Objects can
be added to what becomes a Collected Set of AXF Objects. Through compilation of the AXF Objects in a
Collected Set in sequence, it is possible to produce a Product Object at any level of revision of the Collected
Set that is needed. This mechanism permits modification of AXF Objects written on media that are not rewritable
and also preserves all versions of the Collected Sets without loss of any content.

6.4 | AXF Data Structures

Data gtructures generally utilized within the AXF protocol, and described in the following sections, afe divided
into these categories:

General Data Structures (see Section 6.4.1)
o Chunk (see Section 6.4.1.1)

o Binary Structure Container (see Section 6.4.1.2)

Media Data Structures (see Section 6.4.2)
o VOL1 Label (see Section 6.4.2.1)
o AXF Medium ldentifier (see Section 6,4:2.2)

o AXF Object Index (see Section 6:4:2:3)

AXF Object Data Structures (see Section 6.4.3)
o File Tree (see Section 6(4.3.3)
o Object Header (see'Section 6.4.3.4)
o Object Footer (see Section 6.4.3.10)
o Generic Metadata Container (see Section 6.4.3.5)
o File\Payload Start (see Section 6.4.3.6)

o File Payload (see Section 6.4.3.7)

o File Footer (see Section 6.4.3.8)

o File Payload Stop (see Section 6.4.3.9)
o Fragment Footer (see Section 6.4.3.11)

o Fragment Header (see Section 6.4.3.12)
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6.4.1 General Structures

General structures are part of the AXF protocol that transcend AXF Media- and AXF Object-specific structures,
as defined in subsequent sections of this standard. These general structures have a wide applicability and are
intended to ensure uniformity, regardless of the particulars of the specific implementation, Storage Media Type,
or AXF Obiject to which they apply.

6.4.1.1 Chunks

Requirements for the sizes and alignment of Chunks on media are different for Block-Based and File-Based
systems.

6.4.1.1.1 Block-Based Systems
In Block-Based systems, Chunk boundaries shall be aligned to Block boundaries. The first byte ¢f an AXF
Obiject shall align with the first byte of a Block. All AXF Objects on a given Medium shalhhave the sajne Chunk
size, matching the Block size of the Medium.

Note: When reading or writing AXF Objects on Block-Based systems, chunk- er_block realignment oply can be
perforined by AXF—aware applications.

6.4.1.1.2 File-System-Based Systems
In Filet System-Based systems, Chunk Boundaries need not be aligned with Media internal structures| Different
AXF OQbjects on the same medium may have different Chunkesizes. Applications that read or write A{F Objects

on Filg-System-Based systems need not be AXF aware with' réspect to AXF Chunk or Block realigninent.

Note: Pn File-System-Based Media, it is possible for an AXF-aware application to tune Chunk sizes of AKF Objects
for best efficiency based upon minimum, maximum, and’ average file sizes.

6.4.1.2 Binary Structure Container

A Bingry Structure Container is a mechanism, expressed in binary form, for encapsulating paylodds for the
multipje data structures that comprise the overall AXF protocol. It is used to create both AXF Media data
structyires and AXF Object data structures, providing a universal approach to creating, storing, interpfeting, and
parsing them. A Binary Structure Container can be seen as a well-defined and predictable encapgulation, or
wrapper, for each structure (payload) that can be contained within it. Binary Structure Containers gre applied
to all AXF Media and AXF Object data structures except Payload File data itself.

Binary Structure Containers are used to avoid the complexities associated with raw storage of XML|and other
data types on varieus\types of media and to ensure bit fixity and the ability to validate these structures during
procegsing. Bindry-Structure Containers add resiliency to the overall AXF protocol, allowing appl{cations to
detect, and petentially recover, key structures independent of other index and metadata structures thjat are part
of an AXF @bject or AXF Medium. A Binary Structure Container is a generic container that can contaip any type
of datp in-its Payload. A Binary Structure Container also serves as the foundation for a Generic| Metadata
Contalner; as described in Section 6.4.3.5

Binary Structure Containers shall be structured as defined in Table 2 and illustrated in Figure 2. Unless
otherwise stated, all values in Table 2 shall be mandatory.
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Table 2 — Structural Elements of Binary Structure Containers

Field Name Byte Offset Length Data Type Example Description and-Requirements
(Bytes)

Structure Identifier 1 0 32 UTF-8 AXF_OBJECT_HEADER | The Structure‘ldentifier 1 value shall pe a string of UTF-8
characters, idéntifying the type of datalstructure within the
Payload of the structure. Specified cHaracter strings shall
be,‘used by applications to identffy contained data
struCtures. The string shall be padded with UTF-8 NUL
characters to the field boundary. UJF-8 NUL characters
shall not be used within structure iflentifier values. A
duplicate of this information is contaified in the Structure
Identifier 2 field.
The first bit of each Structure Identifier 1 shall coincide
with the first bit of the Chunk in whicH it is contained.
NOTE: The following values identify thd AXF data structures
defined in this standard:
AXF_OBJECT_HEADER
AXF_OBJECT_FOOTER
AXF_OBJECT_METADATA
AXF_OBJECT_FILE_PAYLOAD_START
AXF_OBJECT_FILE_PAYLOAD_STOP
AXF_OBJECT_INDEX
AXF_OBJECT_FRAGMENT_HEADER
AXF_OBJECT_FRAGMENT_FOOTER
AXF_MEDIUM_IDENTIFIER
AXF_FILE_FOOTER

Structure Vergion 32 4 Unsigned32- | 1 The Structure Version shall be the verdion identifier for the

bit integer container. This particular version information is specific

only to Binary Structure Containers. |All Binary Structure
Containers within an AXF Object shpll be of the same
Structure Version. Binary Structure Containers
constructed according to this version ¢f this standard shall
have a Structure Version value of 1).
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Field Name

Byte Offset

Length
(Bytes)

Data Type

Example

Description and Requirements

Chunk Size 1

36

8

Unsigned 64-
bit integer

100000h

The Chunk Size 1 shall indicate in byteq
for the current AXF|Object. The same
the Chunk Size.2 field.

Examplex, Alvalue of 100000h indicat]
theassociated AXF Object have a
(deeimal) bytes.

the Chunk size used
alue is duplicated in

bs all Chunks within
size of 1,048,576

uuib

44

16

Unsigned
128-bit
integer

90997230098211E289
2E0800200C9A66(h)

The UUID value shall be equal to the
specified in the associated XML paylo

XF Object UUID, as
d carried within the

Binary Structure Container, when t

e Binary Structure

Container applies to AXF Object-speciffc structures such as

Object Header, Object Footer, File Fo
Structure Containers associated with 4
shall contain the same AXF Object UU|

The UUID value shall be equal to the
as specified in the associated XML pa|
the Binary Structure Container, when
Container applies to AXF Media-spe
AXF Medium Identifiers and AXF Obje
Structure Containers associated w
Medium shall contain the same AXF M

bter, etc. All Binary
he same AXF Object
D value.

IAXF Medium UUID,
load carried within
he Binary Structure
ific structures, i.e.,
t Indices. All Binary
th the same AXF
edium UUID value.

Date Created

60

Signed 64-bit
integer

1348846975
representing "Fri Sep
28 11:42:55 EDT 2012"

The Date Created value shall indicate
Binary Structure Container in which iti
Its value shall be the elapsed time, sif
January 1, 1970, expressed as a numb

he time at which the
found was created.
ce 00:00:00 UTC on
r of seconds.

Payload Desc
Encoding For

iption 68
h

40

UTF-8

UTF-8

The Payload Description Encoding For}
the designation of the encoding form
Description field to encode the sd
characters contained in the payload d
values shall be: UTF-8, UTF-16, UTF-1
32, UTF-32LE, and UTF-32BE. The en
as defined in ISO/IEC 10646, as shall
associated with the characters and idg

Im field shall provide
used in the Payload
alar values of the
escription. Allowed
BE, UTF-16LE, UTF-
oding form shall be
be the scalar values
ographs.
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Field Name Byte Offset Length Data Type Example Description and Requirements
(Bytes)
Payload Descfiption 108 2 Unsigned 16- | 128 The Payload Description Length fielfl shall indicate the
Length bit integer length of the Payload.Description field expressed in bytes.
Payload Descfiption 110 Variable Binary data Migration Metadata, The Payload Description field shall cdntain user-provided
length, encoded as Proxy, Vendor informatign l@bout the contents of th¢ Payload field. This
defined by specified in Metadata, JPEG Cover | field=can be left blank, but it can be|useful when a user
the Payload Payload Art, etc. includes Generic Metadata payloads [and wishes to help
Description Description classify and identify such packages to| systems into which
Length field Encoding AXF Objects are recovered. The exanples given for this
Form field apply to such Generic Metadata gpplications.
The encoding of the scalar values repfesenting characters
and ideographs shall be as specifipd in the Payload
Description Encoding Form field. The correspondence
between scalar values and the charadters and ideographs
that they represent shall be as defineq in ISO/IEC 10646.
Payload Formpt Length 110 + 2 Unsigned 16-\[%128 The Payload Format Length field shall indicate the length
Payload Description Length bit integér of the Payload Format field expressed|in bytes.

When the Structure
AXF_OBJECT_FILE_PAYLOAD_START
AXF_OBJECT_FILE_PAYLOAD_STOP, t
Length shall have a value of zero.

Identffier

value is
or
e Payload Format
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Field Name Byte Offset Length Data Type Example Description and Requirements
(Bytes)
Payload Formgt 112 + Variable UTF-8 application/xml The Payload Format field shall indicafe the format of the
Payload Description Length length, payload contained\within the Payload field. The purpose
defined by of the Payload-Format value is to assis{ in processing of the
the Payload Binary Structure Container’s payload.
Format
Length field The~Payload Format field shall cajry a comma (“”)-

separated list of one or more Media

RFC6838, to specify a nested set of col
payload content. If only one Media Tyq
be that of the payload data. If more t

ypes, as defined by
tainers carrying the
e is specified, it shall
an one Media Type

is specified, the Media Types shall spedify the format of the

payload containers, with the first M4
the outermost container and with ea
Type describing the format of that
The last Media Type in the list shall ind
of the payload data.

The Media Type values used to define
often include an implicit or exp
specification, which, when present, s

dia Type specifying
h successive Media
ntainer’s contents.
cate the Media Type

the Payload Format
icit byte ordering
all specify the byte

ordering of the payload contained witHin the Payload field.

To the extent possible, Media Type!
ordering of the associated payloads §
Media Type value that indicates the
the byte ordering of the payload is
particular payload type or the byte o
then the Media Type value “applicqd

according to RFC 1494, should be used.

When the Structure
AXF_OBJECT_FILE_PAYLOAD_START
AXF_OBJECT_FILE_PAYLOAD_STOP, t

Identffier

that indicate byte
hould be used. If a
bayload format and
not available for a
dering is unknown,
tion/octet stream,”

value is
or
e Payload Format

field shall be omitted (i.e., have a length of zero).
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Field Name Byte Offset Length Data Type Example Description and Requirements
(Bytes)
Payload Length 112 + 8 Unsigned 64- | 1a2b3c4d5e6f7a8b(h) | The Payload Length field shall indicpte the size of the
Payload Description Length + bit integer (possibly compressed) Payload expresped in bytes.
Payload Format Length
When the Structure Identffier value is
AXF_OBJECT/FILE_PAYLOAD_START or
AXF~OBJECT_PAYLOAD_STOP, the P3yload Length field
shall.have a value of zero.
Payload 120 + Variable As indicated | N/A The Payload field shall contain the pgyload encapsulated
Payload Description Length + Length by Payload by the Binary Structure Container.
Payload Format Length Defined by Format
the Payload When the Structure Identffier value is
Length field AXF_OBJECT_FILE_PAYLOAD_START or
AXF_OBJECT_PAYLOAD_STOP, the Payload shall be empty
and may be ignored by receiving applifations.
Padding 120 + Chunk Size — UTF-8 NUL, | 0x00 Padding added to align the entire datastructure on Chunk-
Payload Description Length + ((696 + characters size boundaries defined for the particyilar AXF Object shall
Payload Format Length + Payload consist of 0x00 values.
Payload Length Description
Length + Padding shall extend the Binary Structfire Container by the
Payload minimum amount necessary to cause|the last byte of the
Format final field of the Binary Structure Contdiner to appear in the
Length + byte position immediately preceding § Chunk boundary.
Payload
Length) Mod When the Structure Identffier value is
CHunkSize) AXF_OBJECT_FILE_PAYLOAD_START or

AXF_OBJECT_FILE_PAYLOAD_STOP, t
empty, and Padding shall be applied
the last byte of the final field of t
Container.

The byte length of the Padding is ref
Length and is used for Byte Off
subsequent fields in the Binary Struct

e Payload will be
o correctly position
e Binary Structure

brred to as Padding
et Calculations of
re Container.
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Field Name Byte Offset Length Data Type Example Description and Requirements
(Bytes)
Checksum Type 120 + 16 UTF-8 SHA-1 The Checksum Type, field shall define the checksum
Payload Description Length + algorithm used for structure verificatjon. The Checksum
Payload Format Length + Type value shall be drawn from the checksum algorithms
Payload Length + specified inthedlist of examples in Secfion 10.21.1.3.
Padding Length
Thefollowing values shall be permittefl:
CGRC64
MD5
SHA-1
SHA-224
SHA-256
SHA-384
SHA-512
Checksum 136 + 512 Unsigned 12fe456d89c76562 The Checksum field shall carry the vajue of the checksum
Payload Description Length + 4096-bit 5dfodfo812fe456d of the Payload field contained within fhe Binary Structure
Payload Format Length + integer 89c765625df9df98 Container, determined using the algor|thm specified in the
Payload Length + 3345678964ab500 Checksum Type field. It shall carry thejvalue in the number
Padding Length 000000 .... 0000(h) of left-most bytes specified for the Checksum Type used
and shall be padded in its right-most bytes with NUL values
to a length of 512 bytes.
Structure Ideqtifier 2 648 + 32 UTF-8 AXF_OBJECT_HEADER | The Structure Identifier 2 field shall cqrry a duplicate copy
Payload Description Length + of the value contained in the Structur¢ Identifier 1 field.
Payload Format Length +
Payload Length +
Padding Length
Chunk Size 2 680 + 8 Unsigned 64- | 100000(h) The Chunk Size 2 shall indicate in byteqthe Chunk size used
Payload Description Length=f bit integer for the current AXF Object. The same Yalue is duplicated in

Payload Format Length +
Payload Length +
Padding Length

the Chunk Size 1 field.
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Field Name Byte Offset Length Data Type Example Description and Requirements
(Bytes)
Structure Staft Position 688 + 8 Signed 64-bit | 1a2b3c4d5e6f7a8b(h) | The Structure Start Position field shal|specify the relative
Payload Description Length + integer number of Chupks frém the location of the Structure Start

Payload Format Length +
Payload Length +
Padding Length

Position field~to_the first Chunk of
Structure (Container.  (Note: If th|
Container,js edntained in one Chunk, tl
Start- Position will be zero. Other
Structure Start Position always will be

Implementation note: SMPTE ST 2034
Data Type of Structure Start Position|
bit integer. AXF Objects created usij
have positive values for Structure
encountering positive values for Stru
AXF-aware applications compliant wit
interpret them as negative values or 7
the current definition of Structure St
time that such AXF Objects are re
adjustment of the values to comply
above is recommended.

the current Binary
P Binary Structure
e value of Structure
Wwise, the value of
hegative.)

[1:2014 specified the
as an Unsigned 64-
hg that version will
tart Position. On
lture Start Position,
this version should
bro to conform with
rt Position. At the
freshed in storage,
with the definition
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6.4.2 Media Data Structures

Each medium formatted according to this standard shall include specific data structures that define it as a valid
AXF Medium. Depending upon the Storage Media Type with respect to Block-Based or File-System-Based
media, certain structures are either required or optional (see Section 5.4 and Table 1).

One or more AXF Object may be stored on a single medium, and a single AXF Object may be stored on one
or more media through use of the Spanning process (see Section 8). The layout of the various data structures
on a medium is specific to the type of medium as described above. The general layout of AXF Objects on an
AXF Medium is shown in Figure 3, which is representative of Block-Based Media — the most complex example.
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Figure 3 — AXF Structure Layouton Block-Based Media

The fgllowing sections detail AXF Media-specific Structures. Section 5 defines which media data stryctures are
applicpble to each particular Storage Media Type.

6.4.2.1 VOL1 Label

The YOL1 Label is an ISO/ANSI standard volume label (“VOL1”) structure as specified in ISO/IEC
1001:2012(E). This label is included to maintain compatibility with legacy applications for Storage Mgdia Types
that bgenefit from its use. The VOL1 Implementation Identifier indicates to applications with AXF cgmpatibility
that the medium has been.properly prepared for AXF read/write activities. The VOL1 Label shall not be
i i at the first
shall write
mbination
bd for AXF

pecific File
[able 1 for

designations of the Storage Medla Types on which the VOL1 Label shall be applied.
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Table 3 — Structural Elements of a VOL1 Label as Applied to AXF Media

Field Name Byte Length Data | Example Description
Offset | (Bytes) | Type?!
VOL1Labelldentifier 0 3 1ISO VOL Identifies the label as a volume label.
646 Per ISO/IEC 1001:2012(E), this field is
set to “VOL”
VOL1LabelNumber 3 1 1ISO 1 Identifies the label as the first volume
646 header label. Per ISO/IEC
1001:2012(E), this field is set to “1”
VQL1Volumeldentifier 4 6 1ISO ABCO001 | Carries an identification of thHe yolume
646
VQL1VolumeAccessibility 10 1 ISO Space Indicates access restrictions.
646
(Reserved) 11 13 ISO Spaces | Per ISO/IEC 1001:2012(E), reserved
646 for future standardization
VQL1Implementationldentifier 24 13 ISO AXF Indicates the"implementation that
646 created the Volume Header Lapel.
VQL1O0wnerldentifier 37- 14 1ISO CreatorC | Indicatés the owner of the volume.
646 ompany
(Reserved) 51 28 ISO Spaces\ [_Per ISO/IEC 1001:2012(E), reserved
646 for future standardization
VQL1LabelStandardVersion 79 1 1ISO 4 Indicates the version of the Lalel
646 standard. Per ISO/IEC 1001:2012(E),
this field is set to “4” for the 2012
version of the ISO/IEC 1001 st@andard.

L A limited set of ISO 646 characters is permitted, descfibed as “a-characters” in ISO/IEC 1001, Section §.1.1 and
Anrlex A.1.

The VIOL1VolumeAccessibility field shall be set to a SPACE character to indicate unrestricted accegs, and the
VOL1|mplementationldentifier shall be set to “AXF”.

6.4.2.p AXF Medium ldentifier

An AXF Medium Identifier is an XML structure, carried as a Binary Structure Container Payload, that contains
specifjc information relating_te the AXF Medium itself. The AXF Medium Identifier shall be a Binary Structure
Contajner Payload havingy'a Structure Identifier value of AXF_MEDIUM_IDENTIFIER. The detgiled XML
structlire of the AXF Medium Identifier can be found in Section 110.1.1 and in the XSD file associated with this
document. The AXF:Medium Identifier structure includes information key to the accurate recoveyy of AXF
Objects contained’on the AXF Medium, including a unique identifier, label, or human-readable identifier of the
medium, as well as the block size used on the medium.

Referto Section 5.4 and Table 1 for designation of the Storage Media Types on which the AXF Mediurp Identifier
shall hesapplied.

On Block-Based media, the Medium Identifier shall be stored so that the first byte of the Binary Structure
Container carrying the Medium Identifier is carried in the first byte of the first available block after the device-
specific File Mark that follows the VOL1 label. The Medium Identifier shall itself be followed by a device-specific
File Mark.

On File-System-Based media, virtualization of physical media is indicated by the presence of an AXF Medium
Identifier within a File-System folder at a level lower than the root. The File-System folder containing the AXF
Medium Identifier shall be the topmost folder of that virtual AXF Medium.
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Note: This version of this standard does not specify the treatment of multiple partitions on a single physical Block-
Based medium. Future revisions of this standard might do so.

6.4.2.3  AXF Object Index

An AXF Object Index is an optional XML structure, carried as a Binary Structure Container Payload that contains
a collection of the Object Footer structure data for AXF Objects contained on an AXF Medium. The information
contained in an AXF Object Index is sufficient to recover and reconstruct the entire catalog of all AXF Objects
listed within the AXF Object Index. In the case of a Block-Based Medium, an AXF Object Index contains a
collectlon of Object Footer structures for all AXF Objects stored at Iocat|ons prior to that at which the particular
. : ased Medium,
an AX Object Index contalns a collectlon of Object Footers for aII AXF Objects stored on the mediunp and shall
appedr only once in the topmost folder of the AXF Medium. When an AXF Object Index is present|on a File-
System-Based medium, AXF-aware systems shall update and maintain it.

On Blpck-Based Media AXF Object Indices with higher-ordered addresses on the medium shall supglant those
having lower-ordered addresses. AXF Object Index data only relates to AXF Objetts/preceding & particular
AXF OQbject Index on a medium, and applications implementing AXF should ensure that AXF Objectq stored on
a medium following the last AXF Object Index on that medium are indexed along with those included|in the last
AXF Object Index. The Structure Identifier of a Binary Structure Container shall indicate carriage pf an AXF
Object Index in the Payload of the Binary Structure Container by having“AXF_OBJECT_INDEX &s its field
value| The detailed XML structure of the AXF Object Index is given.in Section 10.7 and in th¢ XSD file
assocjated with this document.

Althoygh relevant and applicable in all scenarios and for all Stofage Media Types, the use of AXF Olject Index
strucgrres is most beneficial in cases of Block-Based Media‘ For File-System-Based Media, applications also
can inpplement use of AXF Object Index structures, but, to reconstruct a medium’s content index, it fypically is
just a$ fast for an application to scan the entire medium~and then to process individually each of the Object
Footef structures, except in special cases in which a File System is included on a Linear Medium. T facilitate
reconstruction of the contents of any particular storage medium, it is not necessary for an application|to include
regulgr AXF Object Index structures, but doing so will assist in the speed of recovery operations, if thg¢y become
neceskary.

6.4.3 AXF Object Data Structures

Each [AXF Object is a fully self:contained, encapsulated set of files, metadata, and any othef ancillary
information that adds context, relevance, or value to its contents. AXF is designed to handle encapsulation of
a single file as easily as encapsulation of hundreds or millions of files. AXF Objects are structurally identical
regardless of whether theytare written to data tape, spinning disk, solid state media, or optical medja — either
Block{Based or File-System-Based.

6.4.3.1  AXF Object Overview

Each AXF Qbject includes several data structures wrapped in Binary Structure Containers. These [nclude an
Object Header structure, any number of optional Generic Metadata structures, a File Payload Starf structure,
zero gr-more content files together with an associated AXF File Footer for each file, an optional File Payload
Stop structure;andarmObject Footer—structureEachAXF-Objectatsocan—contaimspanming-information that
relates the portion of the AXF Object stored on a particular medium with the remainder of that AXF Object
stored on another medium or on other media and associative information that relates the AXF Object to other
AXF Objects in a Collected Set. The overall structure of an AXF Object is diagrammed in Figure 4.
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Figure 4 — AXF Object Structure Overview

6.4.3.2  AXF Object Structural Components

Each AXF Object shall begin with an Object Header and end with an Object Footer. The Object Header and
Foote[ structures contain descriptive XML metadata describing the contents of the AXF Object. Amplications
may use Object Headers and Object Footers as anchor points while garsing AXF Objects. Although following
sectiops describe the general ordering of internal AXF structures, other structures can be expe¢ted to be
embegided in these locations in future versions of this standard, @nhd therefore applications should] verify the
Binary Structure Container type before processing each Binary Structure Container, ignoring unexpected or
unkngwn Binary Structure Containers.

Following each Object Header may be zero or more<Géneric Metadata Containers. Each Generic| Metadata
Contajner shall comprise a Binary Structure Container, the payload of which is metadata associatdd with the
AXF Qbject.

Following any Generic Metadata Containerscshall be the File Payload portion of an AXF Object The File
Paylo@d portion of an AXF Object shall begin with a File Payload Start structure. Immediately followipg the File
Paylo@d Start structure shall be any number of File Data + File Padding + File Footer triplets, the last of which
may e followed by a File Payload Stop structure. File Padding shall be used to align the File Dafa on AXF
Chunk boundaries to enable easy description of the locations and retrieval of the contents of the files|contained
within[the AXF Object. Because the files in an AXF Object are not encapsulated in Binary Structure Jontainers,
the Fille Payload Start and File Payload Stop structures enable locating the File Payload of an AXF Opject while
scannjng at high speed.

The fipal Binary Structure Container of an AXF Object always shall be an Object Footer.
6.4.3.8  File(Tree

A Fild Tree-structure shall be included in each Object Header and Object Footer, as they are more fully
descripedvbelow. Each File Tree structure shall include the names of the files and symbolic links cqntained in
the related AXF Object File Payload; the paths, if any, through a folder structure to each of the contained files
and symbolic links; and detailed information related to the folders, the files, the symbolic links, and their
relationships to one another. The File Tree structure shall be expressed in XML, as described in detail in Section
10.14, and shall be composed of four data types: FileFolder, Folder, SymLink, and File, as described in Sections
10.10 through 10.13, respectively.

The File Tree within an AXF Object shall traverse from a root folder down a hierarchy within which all of the File
Tree members shall be contained. The File Tree shall relate files, symbolic links, and the folders in which they
are contained by establishing a path structure from the root folder to each contained folder, file, and symbolic
link within the structure, as described in the XML listing within the File Tree of the associated AXF Object.
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Folders never actually exist physically; they are represented only within File Tree listings and as items in path
descriptions. Mechanisms are provided in the XML structure of the File Tree for indicating folders that are
nested within other folders and folders that are peers with other folders and files and nested within a folder at a
higher level in the folder hierarchy.

Index numbers shall be applied to each folder, symbolic link, and file in the File Tree of an AXF Object. The
Index numbers within an AXF Object shall be scoped to the folders, symbolic links, and files contained within
that AXF Object. Index numbering shall start with a value of 1’ applied to the root folder of the File Tree. The
Index number shall increment by one for each step in traversing the File Tree. The value of the final Index
number in a File Tree shall equal the total number of files, symbolic links, and folders contained within the File
Tree (ncluding the root folder).

Along|with each file listed in the File Tree structure, nested checksum type/value pairs, file-identifiers of any
type @nd number, and various file attributes also may be included. To promote compatibility’acrogs a broad
spectjum of applications and technologies, multiple instances of checksums, identifiers, and atfributes of
differgnt types may be associated with each file or symbolic link, both in the File Tree‘and elsewherg.

An expmple File Tree structure is shown in Figure 5. In that figure, on the left side, a hierarchical structure of
folders, files, and symbolic links is shown in a file tree diagram. On the right. side, the corresponding structure
of fileg and symbolic links within an AXF Object is shown. On the left side, index numbers are given for folders,
files, and symbolic links, as they would appear in FileTree structures, while 'on the right side the index numbers
for only files and symbolic links are shown, as only the information related directly to files and symbglic links is
includgd in File Footers and Symbolic Link Footers. The paths to all of the files and symbolic links pre shown
on both sides, as they would be expressed both in the FileTree strdcture and in the File Footer of gach file or
symbglic link. Paths are not explicitly expressed for folders insthe File Tree structure; rather their pfesence is
denotgd by the XML structures naming them and assigning Index numbers to them. In the event of|loss of all
FileTree structures on a medium, the File Tree can be reconstructed by reading the paths in the File Footers
and Yymbolic Link Footers, in which case the existence of empty folders can be inferred from |the Index
numbering sequence, but the names of empty folders,cannot be determined.

Note: |The nature of the target of a symbolic link, i.e., a file or a folder, is not directly indicated by the data
includged in the Symbolic Link Footer. Determination of the nature of the target requires following the link and
examining the data and/or structure found at the target of the link.
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Figure 5 — File Tree Structure Overview
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6.4.3.4  Object Header Structure

An ORject Header is an XML structure, carried as a Binary Structure Container Payload, that provideg structural
information about the AXF Object itself.and information about the contents of the AXF Object, inclyding such
items fas file names, file paths, checksum data when available, provenance information, and the like] Because
an Ohject Header is written beforesmuch of the detailed information about the File Payload is knowf, much of
the dgta that it contains is optional.Not optional are such details as the Chunk size of the AXF Object]and other
data rjecessary to the accurate.recovery of the AXF Object contents. To help enhance the robustnjess of the
AXF Object, the Object Héader also serves to provide redundancy of information carried in complgte form in
the cdrresponding Object.Footer. In addition, data in Object Headers is used in the processing of ljnkages in
Spanned Sets (see Seetion 8) and Collected Sets (see Section 9). The Structure Identifier of a Binary
Structure Containershall indicate carriage of an Object Header in the Payload of the Binary Structure[Container
by haying AXF-OBJECT_HEADER as its field value. The detailed XML structure of the Object Headpr shall be
as given in Séction 10.2 and in the XSD file associated with this document.

6.4.3.5 Generic Metadata Container Structure

A Generic Metadata Container provides an optional, open, and extensible space for the direct association of
free-form metadata with an AXF Object. It applies at the AXF Object level and can be used to carry metadata
related to the AXF Object itself and/or to its contents. The metadata in such a container can be extracted from
an AXF Object without having to restore any of the files contained in the associated File Payload.

Within a Binary Structure Container that denotes the carriage of generic metadata, the metadata may be in the
form of an XML structure, plain text, binary data, or any other form of data expression. No specification is
provided herein for the metadata carried within a Generic Metadata Container; any form of metadata described
in other documents or privately defined may be carried in a Generic Metadata Container. Such information also
may be stored in one or more files in the File Payload, but the generic metadata space is provided for situations
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in which storage of metadata separate from the File Payload but carried with the associated AXF Object can
be beneficial to particular applications. The Structure Identifier of a Binary Structure Container shall indicate
carriage of Generic Metadata in the Payload of the Binary Structure Container by having
AXF_OBJECT_METADATA as its field value.

In the case in which there is no generic metadata associated with an AXF Object, there shall be no Generic
Metadata Container structures included within the AXF Object. Use of a Generic Metadata payload without
additional definition of that payload, however, does not guarantee downstream usability. Different types of
metadata associated with a single AXF Object should be carried in separate Generic Metadata Containers.

6.4.3.6 FiTe Payload Start structure

The Hile Payload Start structure shall be an empty Binary Structure Container signifying(that the Chunk
immedgliately following the File Payload Start structure shall contain either the first portion (or alf) of the first file
of the] AXF Object File Payload or an associated File Payload Stop structure (see Section 6.4.3.9). The File
Paylo@qd Start structure may be used by applications that do not need to access other AXF structufes but do
need {o perform any of a variety of operations on Payload Files. By locating the File.Rayload Start stjucture, an
applicption can find the File Payload, which commences with the following Chunk./Using just the ipformation
stored in the associated File Footers, such an application can fully restore all ;Payload Files of an AXF Object,
withoyt the use of the Object Header or Object Footer. The Structure Identifief of a Binary Structure|Container
shall |indicate the presence of a File Payload Start Binary=\Structure Container bly having
AXF_OBJECT_FILE_PAYLOAD_START as its field value.

6.4.3.Y File and Symbolic Link Payloads

When|present, each Content File shall be stored as a sequeriee of bytes, from beginning to end. Eagh Content
File shall be stored with its first byte coinciding with the fitst-byte of a Chunk. Each Content File shall occupy
as mgny sequential Chunks as necessary to contain @llof its data. A Content File shall not be wrgpped in a
Binary Structure Container. Each Content File shall be followed by sufficient File Padding to completely fill the
last Chunk occupied by the Content File, thereby maintaining Chunk alignment of the File Payload| structure.
File Padding shall consist of bytes having a value of 0x00. Should a Content File fully fill an integer humber of
Chunks, then no File Padding shall be addedThe final Chunk carrying a Content File (and any assofiated File
Paddipg) shall be followed by a File Footer<(see Section 6.4.3.8).

Byte @rdering of File Payload files can be indicated in metadata related to the File Payload files,|carried in
multiple places within an AXF Objegt; in particular the related File Footer. See Section 6.2 for detailg.

The Fjle Payload of an AXF\Qbject may be spanned across multiple media, as described in Sectiop 8. When
spanning is applied, a Content File may be split into two or more fragments, the lower-ordered of whith at each
span point will be terminated with a Fragment Footer and the higher-ordered of which at each spanf point will
be prgceded by an Object Header followed by a Fragment Header. In such instances, the sequential storage
of the|Content File)in Chunks shall bridge across as many media as necessary to fully contain the Cgntent File.

When|a Symbelic Link is included in a FileTree to reference a file or a folder using an alias, a singl¢ chunk of
padding data (called a “Padding Chunk”) shall be inserted into the File Payload to enable use ¢f a footer
structxre for the Symbolic Link equivalent to a File Footer. To enable operation of the FileTree path structure
with respect to the Symbolic Link, the Padding Chunk shall be named in the same way that files are named. All
bytes in the Padding Chunk shall have a value of 0x00. The Padding Chunk for a particular Symbolic Link shall
be followed by a related Symbolic Link Footer structure, as described in Section 6.4.3.8.

6.4.3.8  File and Symbolic Link Footer Structures
A File Footer shall be an XML structure, carried as a Binary Structure Container Payload, written following each
Content File in a File Payload. A File Footer structure contains detailed information regarding the associated

Content File, including the size of the associated Content File and an optional file-level checksum, designed to
be processed by an application on the fly during restore operations to ensure bit fixity. The Structure Identifier
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of a Binary Structure Container shall indicate carriage of a File Footer in the Payload of the Binary Structure
Container by having AXF_FILE_FOOTER as its field value. The detailed XML structure of a File Footer shall
be as given in Section 10.4 and in the XSD file associated with this document; in turn, it depends on the
FileFolder XML structure described in Section 10.10 and also in the XSD file.

A Symbolic Link Footer shall be an XML structure, carried as a Binary Structure Container Payload, written
following each Symbolic Link Padding Chunk in a File Payload. A Symbolic Link Footer structure contains
detailed information regarding the Target of the Symbolic Link. The Structure Identifier of a Binary Structure
Container shall indicate carriage of a Symbolic Link Footer in the Payload of the Binary Structure Container by
having AXF_FILE_FOOTER as its field value. The detailed XML structure of a Symbolic Link Footer shall be
as given in Section 10.4 and in the XSD file associated with this document; in turn, it depends on,th¢ Symlink
XML gtructure described in Section 10.13 and also in the XSD file.

6.4.3.9 File Payload Stop Structure

The F|le Payload Stop structure shall be an empty Binary Structure Container signifyingitiiat the previpus Chunk
contains the File Footer of the last file in the AXF Object File Payload. The File Paylead Stop structdyire can be
used py applications that do not need to access other AXF structures but do 'neéd to perform al|variety of
operations on Payload Files. By locating the File Payload Stop structure, an application readily can find the end
of the|File Payload. The File Payload Stop Structure provides symmetry with the File Payload Start|Structure,
therelly enabling an application to locate the bounds of the AXF Object Fite\Payload. Using just the information
in the| associated File Footers, such an application can fully restore_all"Content Files contained in the File
Paylo@qd of an AXF Object, without relying on the use of the Object Header or Object Footer. The [Structure
Identifier of a Binary Structure Container shall indicate the presehce of a File Payload Stop Binary| Structure
Contajner by having AXF_OBJECT_FILE_PAYLOAD_STOP,aslits field value.

6.4.3.10 Object Footer Structure

An Oljject Footer may be used in similar fashion to an;Object Header, and can be used by applications to locate
and pfocess the files and other information contaifed within the AXF Object. Each Object Footer shiall contain
a collection of metadata that describes the conténts of the AXF Object. The Object Header and Object Footer
data structures are fundamentally identical; hGwever, some fields that are optional in the Header are imandatory
in the|Footer. The Structure Identifier of-a Binary Structure Container shall indicate carriage of Jan Object
Footef in the Payload of the Binary Structure Container by having AXF_OBJECT_FOOTER as its fleld value.
The detailed XML structure of the Objeet Footer shall be as given in Section 10.6 and in the XSD file @ssociated
with this document.

Object Footers serve two purpeses: They provide updated information about the contents of an AKF Object
that whs not available wherrits Object Header was created, and they provide redundancy by duplicating specific
information from the corresponding Object Header and from the File Footers of all of the files contained within
the AXF Object. In addition, data in Object Footers may be used in the processing of linkages in Colldcted Sets,
as explained later-in.Section 9.

6.4.3.11 Fragment Footer Structure

pair-bond

5 is an XML
structure, carrled as a Binary Structure Contalner Payload that prowdes Imkage mformatlon between two
fragments of an AXF Object. A Fragment Footer shall be inserted at the end of a section of File Payload that is
being spanned to a following medium in a Spanned Set. The Fragment Footer shall occupy the last active
Chunk on a medium; there shall be no Object Footer included at the end of a section of File Payload that does
not complete the File Payload of the Spanned Set. The Fragment Footer shall include a Fragment Pair UUID
value matching the Fragment Pair UUID value carried in the corresponding Fragment Header that begins the
File Payload section carried on the immediately following, higher-ordered medium in the Spanned Set. The
Structure Identifier of a Binary Structure Container shall indicate carriage of a Fragment Footer in the Payload
of the Binary Structure Container by having AXF_OBJECT_FRAGMENT_FOOTER as its field value.The
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detailed XML structure of the Fragment Footer shall be as given in Section 10.5 and in the XSD file associated
with this document.

6.4.3.12 Fragment Header Structure

AXF Object Fragment links consist of Fragment Footer and Fragment Header pairs that carry pair-bond
identifiers. A Fragment Header is an XML structure, carried in a Binary Structure Container Payload, that
provides linkage information between two fragments of an AXF Object. A Fragment Header shall be inserted at
the beginning of a section of File Payload that has been spanned from a previous medium in a Spanned Set.
The Fragment Header shall follow an Object Header that duplicates the Object Header(s) carried in the lower-
orderd
value
File P
Struc
of the A a
detailed XML structure of the Fragment Header shall be as given in Section 10.3 and imthe XSD file @ssociated
with this document.

7 General Usage Considerations

Genelal usage considerations include methods such as file naming conventions necessary to the interchange
of stoffed content and practices intended to assure fast and reliable retrieval of such content. They ajpply when
creating, reading, writing, parsing, recovering, or indexing AXF Objects and/or AXF Media.

7.1 |File Naming

When| stored on File-System-Based Media, files containing AXF Objects and files associated with the AXF
protodol shall be identified with specific file name extensions. The file hame extensions shall be @applied as
specifjed in Table 4.

Table 4 — AXF.Protocol Filename Extensions

AXF Protocol Component Filename Extension Example Filenames
AXF Object .axf Object UUID.axf
AXF Object Index .axfi Medium UUID.axfi
AXF Medium ldentifier .axfm Medium UUID.axfm

The Base Names eof\files containing AXF Objects, AXF Object Indices, and AXF Medium Identifigrs are not
constrfained by this-standard. Nevertheless, the Base Names of the files containing the associated |structures
should be the UUIDs that are carried in those structures to uniquely identify them. For those chafacter sets
wherg applicable, both Base Names and extensions shall be treated in a case—insensitive manner by readers
of the|structures; i.e., fully upper case, fully lower case, and mixed case names having the same plphabetic
characters shall be interpreted as the same names

7.2 Media Preparation

Media Preparation shall include the addition of an AXF Medium Identifier structure to the medium and also shall
include the addition of a VOLL1 label (see Section 6.4.2.1) prior to the AXF Medium Identifier as indicated in
Table 1 — Relationships between AXF Structures and Storage Media Types.

Note: The absence of their formatting as AXF Media does not preclude the storage of AXF Objects on certain Storage
Media Types.
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Despite the requirement for media preparation to enable the medium identification functionality of the AXF
protocol, AXF-aware systems retrieving AXF Objects from media are expected to recover AXF Objects despite
the absence of, or corruption of, an AXF Medium ldentifier; e.g., when that portion of a medium has become
damaged.

The AXF Medium Identifier shall be written by an application when preparing a medium for first-time use or
subsequent reuse, followed by a device specific File Mark, as applicable (see Table 1). It generally is not
expected that the AXF Medium Identifier will be updated by an application following the preparation of a medium
for AXF utilization, except in the case in which the medium has been erased and is being prepared again for
use as an AXF Medium. Although some storage media allow easy random access to the AXF Medium Identifier
structfire, It should not be updated once created.

technglogy used (e.g., partitions or sub-directories). In such cases, multiple, virtual AXF Media-can pppear on
indiviqual physical media. A virtual AXF Medium shall be created by placing an AXF Medium Identjfier at the
beginning of a partition or in a sub-directory. In an instance of a virtual AXF Medium, the|structure thgt contains
the AXF Medium Identifier shall serve as the top level of the virtual AXF Medium.

Physi¢al media can be subdivided into multiple virtual media, when supported by the particul}r storage

7.2.1 Block-Based Media

Blocki{based media shall be prepared for use as AXF Media prior to first\utilization. Such preparftion shall
consigt of placing VOL1 labels and AXF Medium Identifiers on the media,/as specified in Sections §.4.2.1 and
6.4.2.2. Once AXF Objects are stored on media, it can become quite difficult to insert VOL1 labels arjJd Medium
Identifiers after the fact, leading to the requirement for initial preparation of block-based media.

7.2.2 File-System-Based Media

On File-System-Based Media, medium preparation opgerations shall include creation of AXF Medium|ldentifiers
and their placement at the root locations of the storage-media being prepared. It is possible for different AXF-
aware applications to have different root entry points into the file structure of a storage medium, resulting in
multiple Medium Identifiers being placed on a medium. Consequently, during the media preparation grocess on
file-system-based media, AXF-aware systems shall not remove or modify any AXF Medium Identifiers found
elsewpere on storage media unless done intentionally as part of the media preparation process.

7.3 | AXF Object Index Structures

AXF OQbject Indices are optional'structures that can be used to assist in the rapid recovery and indexing of AXF
Medig and the AXF Objects,they contain. Such structures shall be supported on both Block-Based and File-
System-Based Media.

AXF Qbject Index structures are defined in Section 6.4.2.3 and include collections of Object Footer ¢lata for all
AXF Objects contained on Media prior to the locations at which the AXF Object Indices are stored ip the case
of Block-Based-Media and for all AXF Objects contained on the Media for File-System-Based Media. AXF-
aware| applications can utilize AXF Object Index structures to speed the indexing of Media when thpse Media
are aqcessed without prior knowledge of their contents by the applications.

On File=Systen=Based-vtedia, AXFObjectindices(ifused)shattbeupdatec-fottowingeachsuccessful write or
delete operation performed, allowing for immediate rebuilding by an application of its internal index simply by
reading an AXF Object Index structure. Since such a Medium might have been written by non-AXF-aware
applications, either adding non-AXF files or deleting AXF Objects, an application should rely upon AXF Object
Indices only to provide a quick view of all AXF Objects and their contents contained on a given Medium. For
certainty about the AXF Objects contained on the Medium, the application should scan all files contained on
the Medium, determine whether each represents a valid AXF Object, and reconcile Object Footer structures to
provide a validated view of the AXF Objects and the AXF Object contents contained on the Medium.
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In the case of a Block-Based Medium, to ensure that other AXF-aware applications can quickly and easily index
it and to provide maximum redundancy of critical data structures, an AXF-aware application should write a
current AXF Object Index structure on the medium periodically during the addition of AXF Objects to it and just
prior to transporting it. Although not necessary to enable indexing of and access to stored AXF Objects and
their content by other applications, inclusion of current AXF Object Indices on AXF Media helps to assure quick
and reliable retrieval of AXF Objects and the files that they contain.

7.4  Creating, Reading, Writing, Copying, and Transferring AXF Objects

AXF features only can be fully utilized in cases in which applications performing operations have implemented
the AXF protocol. It is possible, however, for some applications to complete certain operations on,AXF Objects
and AKF Media with no awareness of AXF. Many of the benefits of this standard can be lost in stch fases, but
they do allow for wider application of AXF in situations in which the AXF protocol is not fully implemgnted.

7.4.1 AXF-Aware Applications

During copy and move operations, AXF-aware applications shall unpack and répack AXF Objegts. These
processes allow the updating of important provenance metadata, realignment with destination M¢dia Block
boundaries, updating of Chunk and Block relative and absolute position infefmation, and validation| of all File
Paylo@d data and AXF Object data structures to ensure that bits remain unaltéréd while streaming. Dyring these
operagions, AXF-aware applications shall ensure the updating of Object\Header metadata to aligp with that
contained in corresponding Object Footers, assuring agreement within the structure pairs. An AXF-aware
applicption shall determine whether a destination Medium has beenprepared as an AXF Medium ar|d whether
AXF Object Index structures have been enabled and maintained on it. If they have, the AXF Objegt Index on
the tafget Medium shall be updated to indicate the existence of all newly added AXF Objects fpllowing a
succepsful copy or move operation.

AXF-gware applications shall ensure that proper referenee and pointer information is maintained forleach AXF
Object and AXF Media data structure during all creétion, copy and move operations. AXF-aware applications
shall yalidate this information during read operations to ensure its integrity and shall attempt {o recover
incongistent information automatically or shall pfovide notification in cases where unrecoverable incorsistencies
or other issues are detected.
7.4.2 Non-AXF-Aware Applications
By depsign, applications that have,yiot implemented the AXF protocol are permitted to copy and fove AXF
Objects when File-System-Based Media are involved. This is possible because each AXF Object ig fully self-

contained, is deterministically: constructed, and does not mandate Chunk alignment on File-System-Based
Medig to permit subseglent access, recovery, copy, or move operations by both AXF-aware and|-unaware

Althoygh not absSelutely necessary, by intentional design to facilitate wider applicability of the AXK protocol,
tions should ensure that provenance metadata and some of the resiliency characteristics (sugh as AXF

Applidatian i j i dck-Based
Media, but Block and Chunk data need to be known a priori as these cannot be parsed from the AXF Media or
AXF Object data structures without awareness of the AXF protocol. It is not possible for non-AXF-aware
applications to write compliant AXF Objects to Block-Based Media, as key position data internal to the AXF
Objects have to be updated to allow subsequent indexing and recovery of File Payload data by other systems.

Any application can delete AXF Objects from File-System-Based Media. For Block-Based Media, deletion
typically involves removal of database records or pointers to data on the Media that contain the AXF Objects
but not deletion of actual AXF Objects data. Thus, for Block-Based Media, short of fully erasing the Media, it
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only is possible for any application to remove references to AXF Objects, effectively deleting them, but those
AXF Objects will reappear on the Media should it be reindexed without knowledge of prior deletions.

7.5 Nesting AXF Objects

The AXF protocol fully supports nested AXF Objects, which are AXF Objects contained within other AXF
Objects. Such inclusion is possible because each constituent AXF Object data structure contains the UUID
assigned to the AXF Object of which it is a component. This UUID inclusion allows an AXF-aware application
to identify specifically which structures are components of the AXF Object currently being processed and to
ignore other structures that might be part of Generic Metadata Container or File Payload data of another AXF
Objecfeither that It contains or that contains .

8 $panning

Spanning is a segmentation and reassembly process for storing AXF Objects across multiple media| providing
the ngcessary linkages to reconnect with one another the fragments of a spanned AXF_-Object (storgd on a set
of Meglia known as a “Spanned Set”).

Therelis no limit to the number of Media and there is no limit to the types or-generations of Media that can be
empldyed to store a spanned AXF Object.

The AXF spanning structure establishes linkages between the segmentsof a spanned AXF Object anf between
the st]zrage media containing the spanned AXF Obiject, as storage 6f the spanned AXF Object move$ from one

Mediym to the next. An AXF-aware application shall use the/linkage data stored within the AXH spanning

structlires to reassemble the AXF Object from its spanned segments.

Segments of AXF Obijects are identified as “Fragments” ifithe definition of Spanning. Fragments have headers
and fdoters, as described below. Fragment footers, in¢particular, have been designed to take up no more than
a single Block on any Medium (or on Media havingoderate- or larger-sized Chunks, no more thgn a single
Chunk) so that they can be placed in the remaining ‘space at the end of a Medium when it become$ apparent
to the[system writing to the Medium that the Medium capacity is about to run out.

8.1 [Spanning Linkages

To copnect the fragments in a Spahhed Set, a number of linkages are provided at each span ppint in the
Spanned Set. The linkages consistiof shared FragmentPairUUID values that connect successive frggments in
the Spanned Set.

To copnect Media, the Mediim preceding a Span Point may include, in the Fragment Footer at the pnd of the
Mediym, the UUID that'identifies the next Medium in the Spanned Set. Similarly, the Medium followihg a Span
Point may include, inxthe Fragment Header at the start of the Medium, the UUID that identifies the [preceding
Medium in the Spanned Set.

The flrst Fragment in a Spanned Set shall not contain a Fragment Header — only a Fragment Footer.
Corregpondingly, the last fragment in a Spanned Set shall contain a Fragment Header but not a|Fragment
Footef."Each fragment in a Spanned Set shall begin with an Object Header, which shall precede the|Fragment
Header when 1t is present.

To connect the Fragments of a spanned AXF Object, each Fragment shall contain, in the Object Header that
begins it, a single AXF Object UUID that identifies all of the Fragments of the AXF Object. Additionally, the
Fragment Footer at the end of a Fragment preceding a Span Point and the Fragment Header at the start of the
fragment following the Span Point each shall contain a shared UUID (the Fragment Pair UUID) that identifies
the pair of Fragments that abut the Span Point. Each Fragment also shall be given a sequential number that
identifies its position in the Spanned Set (the Fragment Number). These relationships and their connections are
shown in Figure 6.
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Medium 1 (Initial Medium of a Spanned Set)
}(Medium Identifier: MediumUUID = Uml)

(Object Header: ObjectUUID = U01>4

[ Medium Content ]

Fragment Footer:
FragmentPairUUID = Ufl <
FragmentNumber = 1
NextMediumUUID = Um2

Medium 2 (Intermediate Medium of a Spanned Set)
){ Medium Identifier: MediumUUID = Um2 )

(Object Header: ObjectUUID = U01>4 M

Fragment Header: ‘
FragmentPairUUID = Uf1 <&

FragmentNumber = 2
— | PreviousMediumUUID =,Um1

Vv
[ Medium C 'gwt ]

AN

Fragment Footer: ‘
FragmentPairUUID = Uf2 <&

FragmentNumber = 2
| NextMediumUUID = Um3

Medium 3(Final Medium of a Spanned Set)
}(Medium Identifier: MediumUUID = Um3>

(Object Header: ObjectUUID = U01>4 M

Fragment Header: ‘
FragmentPairUUID = Uf2 <

FragmentNumber = 3
PreviousMediumUUID = Um2

L Medium Content J

(Object Footer: ObjectUUID = Uol><

Figure 6 — Linkages between Fragments of a Spanned Set
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A more complete depiction of the Media, AXF Objects, files, and structures involved in a Spanned Set is
provided in Figure 7. It shows three Media and represents the structure when three or more media are included
in a Spanned Set. In Figure 7, files #2 and #4 reached the ends of their Media. Both files were spanned to
other Media to complete their storage.

When only two Media are included in a Spanned Set, the structures used are those only of Medium 1 and
Medium 3, as enumerated in both Figure 6 and Figure 7.
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Figure 7 — Multiple Medium Spanning
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8.2  Encountering a Spanning Situation

An application creating an AXF Object has the option either to keep track itself of the writing location on the
Medium as the AXF Object is being written to the Medium or to allow the Medium to notify the application when
the Medium is at full capacity. If the application relies on the Medium to indicate full capacity, then the application
has to instruct the Media drive to back up two blocks from the end of the Medium to position the writing of the
fragment footer at the end of the Medium.

When an application determines that a Media span is necessary, linkage is necessary between the current and
next Media. The first decision for the application is to choose the next Medium type. Once that is determined,
a Fragment Header and Fragment Footer pair are built to provide the linkage. The connections,begtween the
headdr/footer pair were shown in Figure 6 above for a 3-or-more-medium Spanned Set. When only fwo media
are inyolved in a Spanned Set, the formats of Medium 1 and Medium 3 are used together, with thg format of
Mediym 2 omitted from the Spanned Set.

8.3 |Recovery of Spanned AXF Objects

When|an application recovering an AXF Object encounters a Fragment Footer, the presence of the|Fragment
Footef indicates that the current AXF Object is spanned to another Medium_The application shgll use the
information provided in the Fragment Footer to determine the identity of.the/succeeding Medium pas well as
several linkages to the next Fragment.

Note: | The next Fragment might have been stored on a Storage Media Type different from that carrying the
current fragment. It is the responsibility of the system managing reeovery of the AXF Object or of th¢ end user
to engble the application to access succeeding Fragments ondifferent Storage Media Types.

For systems having Media already registered in their databases, it is the responsibility of those qystems to
contrdl drive loading with succeeding Media in Spanned-Sets and to manage reassembly of the Fragments of
the spanned AXF Obijects into their original forms,

For systems importing AXF Objects into their-databases, it is the responsibility of those systems [to identify
succepding Media containing subsequent Fragments in Spanned Sets and to provide needed ind{cations to
operajors or to automated loaders so thatthe media can be made available when they are needed. This process
can be aided by inclusion of a mechanism for pre-reading Media for identification and database rggistration
purposes.

8.4 |Spanning Rules

The first structure of an AXF Object shall be an Object Header. This requirement also shall agply to the
Fragments of Spanned.Sets.

When| spanning-is necessary, the last structure in a Fragment at the end of a medium shall be a|Fragment
Footef, and the.next Fragment in the Spanned Set shall begin with an Object Header followed by a|lFragment
Header.

Fragments shallnot be created withoutinclusion of Eragment Footers andlinked Eragment Headers dt the ends

and beginnings, respectively, of successive fragments.

Note: This rule explicitly prohibits creation of Fragments during copying without following the Spanning procedures
defined herein. Splitting a Fragment into smaller pieces during a copying process, without application of the necessary
formatting elements, will result in some or all of the data following and possibly preceding the new split point becoming
irretrievable.
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File Footers shall be contained on the same media as the ends of their associated files; i.e., files never shall be
separated from their associated File Footers by a span, with the file on one medium and its File Footer on the
next.

If a File and its File Footer will not fit on a single Medium, the file itself shall be spanned across two Media, so
that the File Footer always occupies the block immediately following the last byte of the file.

Any number of Fragments shall be permitted in a Spanned Set.

Fragments may start at locations on a Medium other than the beginning. Fragments may end at locations on a
medium other than the end.

Multipje Fragments from a single Spanned Set may be stored on the same Medium. An example-of this situation
can opcur when Fragments originally stored on separate Media are copied to a single.Médium|without a
defragmentation process.

Note: [Although permitted, this practice is not recommended.

9 (ollected Sets

A Collected Set is a structure that enables adding files to, replacingAiles in, and deleting files from an AXF
Object created at an earlier time. A Collected Set shall comprise an Anchor Object, |having a
Colle¢tedSetSequence value of 1, and one or more subsequent AXF Objects havipg higher
Colle¢tedSetSequence values. A Product Object shall comprise the compilation of the Anchor Object of the
Colleqted Set and subsequent AXF Obijects, applied sequehntially according to their CollectedSetfequence
valueg. AXF Objects added to a Collected Set subsequentto the Anchor Object shall modify the cdmplement
of fileg included in the Product Object that results from cembining the AXF Objects of the Collected $et having
lower [CollectedSetSequence values than the AXF Object being added. The Collected Set structurg provides
the ngcessary linkages to connect its AXF Objects(with one another to produce a different complemgnt of files
within[the Product Object than initially existed in the Anchor Object. The AXF Objects in a Collected Set shall
have h specific order, with AXF Objects in the' Collected Set having higher CollectedSetSequerlce values
being Jread after AXF Objects having lower.CollectedSetSequence values. As a result of the accurpulation of
contets and processing instructions of the sequence of subsequent AXF Objects, the contents of the Product
Object produced by the Collected Set are altered with the addition of each successive AXF Object to the
sequence in the Collected Set.

Therelis no limit to the number of AXF Objects that can be included in a Collected Set.

Linkages between the /AXF Objects in a Collected Set are established by Object Header and Objgct Footer
structiires. During compilation of the Product Object of a Collected Set, the application reading the AXF Objects
in the|Collected Set; using the linkage data, mounts media in the order necessary to assemble the| Collected
Set and applies~the processes indicated for its constituent files. This assembly procedure includ¢s making
changes to the FileTree structure, adding, replacing, and deleting files, as necessary.

9.1 |Callected Set Linkages

To support assembly of the files in a Collected Set into a final Product Object, a number of linkages are provided
in each Object Header and Object Footer in the Collected Set. The linkages shall consist of a shared UUID
value that connects AXF Objects in the Collected Set plus CollectedSetSequence values to place successive
AXF Objects in sequential order. The shared UUID value shall be the ObjectUUID of the first AXF Object in a
Collected Set, which UUID value shall be duplicated in the CollectedSetUUIDs of all AXF Objects that are
members of the same Collected Set.
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9.2 Collected Set Structure

To enable modification of AXF Obijects after their creation in an Anchor Object, subsequent AXF Objects in a
Collected Set shall contain instructions as to what is to be done with respect to individual files contained in AXF
Obijects in the Collected Set having lower CollectedSetSequence values, and those subsequent AXF Objects
also may contain files to be added to the Product Object of the Collected Set or to be substituted for files
previously included in the Product Object.

Figure 8 shows the relationships between AXF Objects in a Collected Set. As seen in the Object Header and
Object Footer structures, each AXF Object has its own AXF ObjectUUID for identification. The
Colle¢tedSetUUID in the Anchor Object shall equal the AXF ObjectUUID of that AXF Object, and the
Colle¢tedSetSequence value of the Anchor Object shall be set to 1. Subsequent Objects in the\Collected Set
(thosg having higher CollectedSetSequence values than 1) shall have CollectedSetUUID valuées efjual to the
Colle¢tedSetUUID (and AXF ObjectUUID) value of the Anchor Object, as indicated by the'arrow in Figure 8,
and those Subsequent Objects shall have CollectedSetSequence values starting at 2and incremgnting by 1
from gne to the next in sequence in the order of their creation.

9.3 |Add/Replace/Delete Processes

Three|processes are defined for modifications of Product Objects that can‘bémade by Subsequent|Objects in
a Collpcted Set. They are ADD, REPLACE, and DELETE. ADD means that the file to which it appligs shall be
adde( to the Product Object of the Collected Set, without deletion of a edrresponding file. Such adde( files shall
be unjquely identified within the scopes of the Collected Sets withifwhich they reside. REPLACE njieans that
the fil¢ to which it applies shall be added to the Product Object.of the Collected Set, while a corresppnding file
having identical identification parameters shall be removed froth the preceding Product Object when creating
the ngxt Product Object. DELETE means that the file to which’it applies shall be removed from the |preceding
Product Object when creating the next Product Object. The preceding Product Object is the one that results
from the compilation of all members of the Collected Sét'having CollectedSetSequence values lowgr than the

ColleqtedSetSequence values lower than the.CollectedSetSequence value of the AXF Object in |which the
process instructions are found with inclusioR’ in the compilation of the AXF Object in which thg process
instrugtions are found.

Figurg 8 portrays an example of makihg modifications to the contents of an AXF Object. When first cfeated, the
upper|AXF Object in the figure is"a;standalone AXF Object, but nevertheless its CollectedSetUUID is matched
to its AXF ObjectUUID. When.it becomes desirable to modify the upper AXF Object, another AXF Qbject (the
lower jone in Figure 8) is created and given the same CollectedSetUUID value as the upper AXF QObject. At
the time of creation of thé second AXF Object, the first AXF Object becomes the Anchor Object for what is now
a Collected Set, and the CollectedSetSequence values of the second and all following AXF Opjects are
numbered sequentially:

is‘marked as deleted from the Product Object per the instructions in the second AXF Object, and closed
caption file Closed Captionl, also contained in the second AXF Obiject, is added to the Product Object of the
Collected Set.

Note: When a file is marked as deleted in a Subsequent Object, the file is not physically removed from the original
AXF Object in which it was contained; rather it is removed from inclusion in the Product Object when it is compiled,
as described in Section 9.
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9.4  Tracking Versions

When files are removed from the Product Object of a Collected Set, either through replacement or deletion,
they are not physically removed from the AXF Objects in which they are contained. Instead, in response to
instructions included in one or more Subsequent Objects in the Collected Set, they are deleted from the
compilation process that assembles the Product Object. As a consequence of this method, it is possible to
compile earlier Product Object versions from a Collected Set by applying only the Anchor Object and the
sequence of Subsequent Objects through and including the Subsequent Object that completed the version of
interest. In such cases, the CollectedSetSequence value serves as a version number for the Collected Set.

When[multiple members of a Collected Set are created over time, they can be stored on a multiplicity of Media.
Later,|it can be desirable to combine the members of the Collected Set onto a single Medium whil¢ retaining
the Collected Set members to permit recompilation of any of its versions. Retention of mujtiple versions of
Collegted Sets can be facilitated in such instances through use of nesting of AXF files, which’are the gontainers
of AXIF Objects, as described in Section 7.5 Nesting AXF Objects .
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Figure 8 — Linkages and Processing Instructions in Collected Sets
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10 AXF Data Model

The following subsections delineate the XML constructs that comprise the various structures of AXF-formatted
media and AXF Objects. Each major subsection describes one structural element of the AXF system and
includes a UML diagram that shows the structure of that structural element. Each UML diagram was constructed
according to the provisions of the ISO/IEC 19505-1 and ISO/IEC 19505-2 standards. Major subsections that
describe XML structures of the complex, but not mixed, type then are divided into two further subsections —
one describing the XML attributes of the structure and the other describing the XML child elements of the
structure. Within the subsections on XML attributes and XML elements, each of the data points is described in
the form of an XSD snippet and a semantics description. In major subsections describing complex type XML
structyires in the mixed types category, there are attributes associated with the structure but no child elements
— only a value. In the descriptions of those mixed structures, there are lower-level subsections forthq attributes
and for the value of the structure. In subsections describing XML structures of simple type/ thgre are no
subsigiary attributes or elements. Thus, no subdivision is necessary, and only an XSD snippet and a semantic
description of the entire structure are provided.

Assodiated with this standard is an XML Schema Definition (XSD) file, named <ST2034-1a,xsd>, which
ides complete descriptions of the XML data structures in machine and (almost)-human-readable form. The
ile comprises an element of this standard, and a link to it can be\found at <http://www.smpte-
ns/2034-1/2017/AXF>. The Version attribute in the schema headerofthe XSD file associated with this
of ST 2034-1, AXF Part 1, has a value of 1.1. The XSD file includes comments that fully dgscribe the
semaitics of each data point and are derived from the normativesréquirements in this section. The prose
descriptions in this section shall express the normative semantics_for each XML attribute or eIeme%t; the text

documentation in the XSD file is for information purposes only, Fhis section also includes snippgts derived
from the XSD file that is an element of this standard. The XSDTile shall be the normative expression ¢f the XML
structyires defined in this standard; the XSD snippets contained herein are for informational and fontextual
purpoges only. With respect to the existence of specific:XML structures, attributes, and/or elementg, the XSD
file that is an element of this standard shall take precedence over this text document.

In the [UML diagrams following, notes appear for each of the attributes and elements included in eacH structure.
The nptes are derived from the comments included in the XSD file. When there is more material indluded in a
description in the XSD file than fits in the space available for a corresponding note in the UML diggram, the
note gnds with an ellipsis (...). In such cases, see the XSD file for the complete, non-normative docymentation

Note: [Prior versions of the XSD file'did not include a Version attribute in the schema header. It is $uggested
XF parsers finding AXF Objects without the Version attribute present consider the AXF ORject to be
ucted according to Version 1.0.

Note: [The headers of XML files generated in accordance with the XSD file that is an element of thi$ standard
are required to include’an XML namespace that is defined in the XSD file. It is known to the authjors of this
standard that somé&implementations of earlier versions of this standard did not generate XML files that included
the refjuired namespace.
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The AXF Medium Identifier data structure provides information that identifies a medium and its characteristics.

[] tns:AXFObject (extension base)
Abstract | true

= Attributes

wersion
Type tns:structure_version

[] Mediumidentifier
Base Type tns:AXFObject

The Medium Identifier data
structure provides information that
identifies the medium and its
characteristics.

—

Identify the version of the Medium Identifier data type structure to
which it applies. A Medium Identifier Structure...

(] Attributes

gl

tns:UUID
Type tns:UUID
¥p A

Specifies an immutable ur;i_q'ue identifier for the medium
on which the Mediyfn Id@ntifier is recorded. The identifier

(D is...

The business identifier of the medium, such as the value of
@/barcode label applied to the medium, a disk array volume...

tns:BlockSize
Type

Xs:positivelnteger
Fal

Indicates the size, in bytes, of the data blocks recorded on the
medium.

tns:PreparedTime

Type xs:dateTim

Indicates the date and time that the medium was last
prepared.

tns:Application
Type

tns:Application
PR b
|dentifies the application that last prepared the medium.

tns:ldentifiers ®
Type tns:ldentifiers

Specifies zero or more identifiers defined by the author of the
Medium |dentifier. (This field provides space for...
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tns:MediumPreparer

Type tns:Entity

@

Identifies the Entity that last prepared the medium.

tns:MediumOwner ®
Type tns:Entity

Identifies the Entity that owned the medium at the time it
was last prepared.
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10.1.1 AXF Medium ldentifier Attributes

The AXF Medium Identifier attribute is: version

10.1.1.1 Version

<xs:attribute name="version" type="tns:structure_version" use="required" />

The verS|on attrlbute shall identify the Structure VerS|on of the data structure used to compose the AXF Medium

10.1.2

The A
Medid

10.1.2

AXF Medium ldentifier Elements

XF Medium Identifier elements are: UUID, Label, BlockSize, PreparedTime, Application,
mPreparer, MediumOwner.

.1 UUID

jon of this

Identifier,

<Xs:.e

ement name="UUID" type="tns:UUID" />

The U

identifier of the medium on which the AXF Medium Identifier is recorded. The UUID shall be reused

of the
RFC 4

10.1.7

niversally Unique IDentifier (UUID) contained within an AXF“‘Medium Identifier shall specify

medium, even if the medium is reformatted. The UUID shall be generated using the methods
122 or ISO/IEC 9834-8.

.2 MediumLabel

a unique
for the life
defined in

<Xs:e

ement name="MediumLabel" type="xs:string."/>

The M
as the

state memory device label, or some otheridentifying data specific to the medium at the time of its pr|

Consi
its val
and F

10.1.2

value of a barcode label applied to‘the medium on which it is found, a disk array volume lal

Lie is repeated in the PreviousMediumLabel and NextMediumLabel elements of Fragmen
agment Footers, respectively.

.3 BlockSize

ediumLabel contained within an AXF Niedium Identifier shall be a physical identifier of the meglium, such

el, a solid
eparation.

Heration should be given to-minimizing the length of the MediumLabel element to the extent pifactical, as

t Headers

<Xs:e

ement name="BlockSize" type="xs:positivelnteger" />

The BllockSize' contained within an AXF Medium Identifier shall indicate the size, in bytes, of the d

record

ed’on-the medium on which it is found.

ata blocks

10.1.2.4 PreparedTime

<xs:element name="PreparedTime" type="xs:dateTime" />

The PreparedTime value contained within an AXF Medium Identifier shall indicate the date and time at which
the medium on which it is found last was prepared.

Page

50 of 101 pages

© ISO/IEC 2017 - All rights reserved


https://iecnorm.com/api/?name=f047ed96290918cc97109b8610475bd3

10.1.2

ISO/IEC 12034

ISO/

-1:2017(E)

IEC 12034-1

SMPTE ST 2034-1:2017

.5 Application

<xs:el

ement name="Application" type="tns:Application" />

The Application element contained within an AXF Medium Identifier shall identify the application that last
prepared the medium on which it is found. The Application element should contain the name, version, and
publisher of the relevant software application.

10.1.2

.6 ldentifiers

<Xs:e

ement name="Identifiers" type="tns:ldentifier" />

The Iq
define

10.1.2

entifiers element contained within an Object Header shall comprise zero or more Idéntifier
d by the author of the AXF Object in which it is found.

.7 MediumPreparer

Hata types

<Xs:e

ement name="MediumPreparer" type="tns:Entity" />

The N
prepa

should contain the name of the operator, and may contain other information pertaining to the Entif

prepal

10.1.2

ediumPreparer element contained within an AXF Mediumldentifier shall identify the Entit
ed the medium on which it is found. The MediumPreparer €lement shall contain the name of

ed the medium.

.8 MediumOwner

y that last
the Entity,
y that last

<Xs:e

ement name="MediumOwner" type="tns:Entity" />

The M
medid

the Emtity, should contain the name of*the facility, and may contain other information pertaining to

that o

ediumOwner element contained withinZan AXF Medium Identifier shall identify the Entity that
m on which it is found when it last was prepared. The MediumOwner element shall contain th

vned the medium when it last was prepared.

bwned the
e name of
the Entity
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10.2 Object Header

The Object Header data structure provides information about the AXF Obiject in which it is found. Each AXF
Object shall have an Object Header as the first data structure of the AXF Object.

[[] tns:AXFObject (extension base)
Abstract | true

[S] Attributes

version 1

Type tns:structure_versiDnJ

——

Identify the version of the Medium |dentifier data type structure to
which it applies. A Medium Identifier Structure...

tns:UUID
Type tns:UUID.

]

Specifies an immutable unigug iﬂ;mifierturthis Archive
Object. The UUID is gengrated Tsing the methods defined
in...

tns:ChunkSizaY

Type xs :pusitivelnteger

Indicnte;tﬁe-size in bytes of the data chunks recorded within this
Archiiyé,Object.

‘tns:CreationTime

Type

xs:dateTim

Indicates the date and time at which the Archive Object was
written for the first instance and shall not change for...

tns:nstanceTime

Type

xs:dateTim

D ObjectHeader Indicates the date and time at which this Archive Object
instance was first prepared.

Base Type tns:AXFObject

The Object Headey d:l{:l_st_rur:lure tns:CollectedSetSequence

provides inturmaﬂon'ubuut the Type xs:positivelnteger 1
Archive Objedt. Thg Object Header =
is an optiqqal Oaed... Contains a non-negative integer index of the Archive Object within

an Archive Object Collected Set. The index begins...

tns:CollectedSetUUID
Type tns:UUID
¥p b
Specifies an immutable unigue identifier for the Archive Object
Collected Set of which the current Archive Object is a...

tns:PreviousObjectindexPosition ®
Type tns:positioninteger é.‘

Provides the absolute block position of the last Object Index on the medium
that is preceding the current Archive...

tns:FooterPosition ®
Type tns:positionlntegeré|
Provides the relative chuck position from the beginning of the Archive

Object pointing to the Object Footer structure...

Type tns:positioninteger

tns:PreviDusHeaderPcsitiDné‘
A
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Provides the absolute block position pointing to the Object Header
structure for the previous Archive Object. This...

tns:PreviousFooterPosition
é‘

Type tns:positioninteger

Provides the absolute block position pointing to the Object Footer
@ ol structure for the previous Archive Object. This...

tns:Application

Type tns:Application

Defines the application infermation for the application that first
created this Archive Object. The application...

tns:ldentifiers
@
Type tns:dentifiers

Specifies zero or more identifiers defined by the author of the
Archive Object. (This field provides space for...

tns:ObjectOwner ®
Type tns:Entity

Identifies the Entity that maintains ownership of the Archi;e \,
Object.

tns:ContentOwner ®
Type tns:Entity

Identifies the Entity that maintains :vwn_ershi_p of the content
stored within the Archive Objects

tns:CreatedBy

®
Type tns:Entity,

Identifies the intarr;:ltiu_n of the entity that first created
this Object Headef.

tns:Mw@B;r

Ty ths:Entity.

|I'&~emities the information of the entity that last modified
this Object Header.

tns:ObjectDescription ®
Type xs:istring

Contains a humman readable description that describes the Archive
Object.

tns:ObjectName
Type

x5I5trin
2l

Contains a human readable name for the Archive Object.

Type tns:ChecksumTypes

tns:ChecksumTypes
é‘

Contains the list of checksum algoithms used within the File Tree.

tns:FileTree
X @
Type tnsFileTree

Contains the hierarchical structure of Files and Folders.

wERany

10.2.1  Attributes
The Object Header attribute is: version

10.2.1.1 Version

<xs:attribute name="version” type="“tns:structure_version” use=“required” />
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The version attribute shall identify the Structure Version of the data structure used to compose the Object
Header in which it is found. The Object Header Structure Version applicable to this edition of this standard shall
be 1.1.

10.2.2 Elements

The Object Header elements are: UUID, ChunkSize, InstanceTime, CollectedSetSequence,
CollectedSetUUID, PreviousObjectindexPosition, FooterPosition, PreviousHeaderPosition,
PreviousFooterPosition, Application, Identifier, ObjectOwner, ContentOwner, CreatedBy, ModifiedBy,

Objeg

10.2.2

tDescription, ObjectName, ChecksumTypes, and FileTree.

.1 UUID

| <xse

ement name="UUID" type="tns:UUID" />

The U
the A
that a
in RF

10.2.7

niversally Unique IDentifier (UUID) contained within an Object Header shall specify a unique id

F Object in which it is found. The identifier shall apply to the AXF Object andto any and all cop
e unchanged in their content from the original. The UUID shall be geperated using the metho
C 4122 or ISO/IEC 9834-8.

.2 ChunkSize

entifier for
es thereof
is defined

| <xse

ement name="ChunkSize" type="xs:positivelnteger" />

The G
within

10.2.2

hunkSize contained within an Object Header shall indicate the size in bytes of the data Chunk
the AXF Object in which it is found.

.3 CreationTime

5 recorded

| <xsie

ement name="CreationTime" type="xsdateTime" />

The C
Headg
be un
be int|
eleme
Objec
Set or
used.
replag

10.2.2

reationTime contained within an<Object Header shall indicate the date and time at which t
br was written for the first instanee of the AXF Object in which it is found. The CreationTime

brpreted as identical to CreationTime but shall be deprecated. For newly-created AXF O
nt name CreationTime_shall be applied. When AXF Objects are spawned from previously ex
s that used the element name Creationtime, whether while producing a Product Object from g

At the time that AXF Objects using the form Creationtime are refreshed in storage, gene
ement AXE-Object to permit adjustment of the element name to CreationTime is recommend

4 InstanceTime

he Object
alue shall

Changed in all subsequent.instances (copies) of the AXF Object. The element name Creatiortime shall

pjects, the
sting AXF
Collected

while purposelydpdating and/or correcting an existing AXF Object, only the term CreationTime shall be

ation of a
bd.

| <xse

ement name="InstanceTime" type="xs:dateTime" />

The InstanceTime contained within an Object Header shall indicate the date and time at which the particular
instance (copy) of the Object Header of the AXF Object in which it is found was written. In the Object Header

of the

first instance of the AXF Object, the values of CreationTime and InstanceTime shall be equal.

10.2.2.5 CollectedSetSequence

| <xs:element name="CollectedSetSequence" type="xs:positivelnteger" />
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The CollectedSetSequence contained within an Object Header shall contain a non-negative, integer index of
the AXF Object in which it is found within a Collected Set. The index shall begin with 1 and increment by 1 for
each AXF Object added to the Collected Set. The element name CollectionSetSequence shall be interpreted
as identical to CollectedSetSequence but shall be deprecated. For newly-created AXF Objects, the element
name CollectedSetSequence shall be applied. When AXF Objects are spawned from previously existing AXF
Obijects that used the element name CollectionSetSequence, whether while producing a Product Object from
a Collected Set or while purposely updating and/or correcting an existing AXF Object, only the term
CollectedSetSequence shall be used. At the time that AXF Objects using the form CollectionSetSequence
are refreshed in storage, generation of a replacement AXF Object to permit adjustment of the element name to
Colle¢tedSetSequence Is recommended.

10.2.4.6 CollectedSetUUID

<xs:e|lement name="CollectedSetlUUID" type="tns:UUID" />

The JollectedSetUUID contained within an Object Header shall specify a uniqué)identifier for the| Collected
Set offwhich the AXF Object in which it is found is a part. The CollectedSetUUID value shall be s¢t equal to
the UUID of the first AXF Object in the Collected Set; i.e., the AXF Object having the lowest Collected Set
Sequgnce Number. When an AXF Object is created that is not part of a Cellected Set, its CollecteflSetUUID
value shall equal the UUID value of that AXF Object, and its CollectedSetSequence number shall e set to 1.
The eglement name CollectionSetUUID shall be interpreted as identical to CollectedSetUUID byt shall be
deprefated. For newly-created AXF Objects, the element name CollectedSetUUID shall be applled. When
AXF |[Objects are spawned from previously existing AXF “Objects that used the elemégnt name
Colle¢tionSetUUID, whether while producing a Product @bject from a Collected Set or while [purposely
updating and/or correcting an existing AXF Object, only the tefm CollectedSetUUID shall be used. At the time
that AXF Objects using the form CollectionSetUUID are.refreshed in storage, generation of a replacement
AXF Qbject to permit adjustment of the element name*to’CollectedSetUUID is recommended.

10.2.4.7 PreviousObjectindexPosition

<xs:element name="PreviousObjectindexPosition" type="tns:positioninteger" />

The RreviousObjectindexPosition, contained within an Object Header shall indicate the absdlute block
positign of the last AXF Object Index_on the medium that precedes the AXF Object in which it is found.

10.2.4.8 FooterPosition

<xs:element name="FooterPosition" type="tns:positioninteger" />

The HooterPositign:‘contained within an Object Header shall indicate the Chunk position of the bgginning of
the Object Foater relative to the beginning of the AXF Object in which it is found. The first byte of the Object
Head¢r shall-be-position 0.

10.2.4.9°_PreviousHeaderPosition

<xs:element name="PreviousHeaderPosition" type="tns:positioninteger" />

The PreviousHeaderPosition contained within an Object Header shall indicate the absolute block position of
the Object Header structure of the preceding AXF Object on the same medium on which is stored the AXF
Obiject in which it is found. This item is used to assist in the recovery and indexing of media and is optional, as
File-System-Based Storage Media Types might not be able to provide the information necessary to its
formation.
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10.2.2.10 PreviousFooterPosition

<xs:element name="PreviousFooterPosition" type="tns:positioninteger" />

The PreviousFooterPosition contained within an Object Header shall indicate the absolute block position of
the Object Footer structure of the preceding AXF Object on the same medium on which is stored the AXF Object
in which it is found. This item is used to assist in the recovery and indexing of media and is optional, as File-
System-Based Storage Media Types might not be able to provide the information necessary to its formation.

10.2.2.11 Application

<Xs:e

ement name="Application" type="tns:Application" />

The A
creatq
versiol

10.2.2

pplication complex data type contained within an Object Header shall identify the applicatig
d the AXF Object in which it is found. The Application complex data type should contain
h, and publisher of the relevant software application.

.12 lIdentifiers

h that first
the name,

<Xs:.e

ement name="Ildentifiers" type="tns:Identifier" />

The Iq
define

10.2.2

entifiers element contained within an Object Header shall compfise zero or more Identifier
d by the author of the AXF Object in which it is found.

.13 ObjectOwner

Hata types

<Xs:e

ement name="ObjectOwner" type="tns:Entity" />

The G
the A
the ng
the Er

10.2.2

bjectOwner element contained within an @bject Header shall identify the Entity that held ow
F Object in which it is found when that AXE Object was created. The ObjectOwner element sh
me of the Entity, should contain the name of the facility, and may contain other information pe
tity that held ownership of that AXE Object when it was created.

.14 ContentOwner

nership of
all contain
rtaining to

<Xs:e

ement name="ContentOwner" type="tns:Entity" />

The C

the content stored within the AXF Object in which it is found when that AXF Object was cre

Contg
the En

10.2.2

ontentOwner element contained within an Object Header shall identify the Entity that held ow

ntOwner element shall contain the name of the Entity and may contain other information p¢
tity that held-ewnership of the content stored in that AXF Object when it was created.

.15 [€reatedBy

nership of
ated. The
rtaining to

<xs:element name="CreatedBy" type="tns Fntity" />

The CreatedBy element contained within an Object Header shall identify the Entity that created the AXF Object
in which it is found. The CreatedBy element shall contain the name of the Entity, should contain the name of
the facility, and may contain other information pertaining to the Entity that created that AXF Object.

10.2.2.16 ModifiedBy

<xs:el

ement name="ModifiedBy" type="tns:Entity" />
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The ModifiedBy element contained within an Object Header shall identify the Entity that last modified the AXF
Object in which it is found. The ModifiedBy element shall contain the name of the Entity, should contain the
name of the facility, and may contain other information pertaining to the Entity that last modified the AXF Object.

10.2.2.17 ObjectDescription

<xs:element name="0ObjectDescription" type="xs:string" /> |

The ObjectDescription element contained within an Object Header shall contain a human-readable description
of the|AXF Object in which it is found.

10.2.4.18 ObjectName

<xs:element name="0ObjectName" type="xs:string" />

The QbjectName element contained within an Object Header shall contain a human-readable name for the
AXF Qbject in which it is found.

10.2.4.19 ChecksumTypes

<xs:element name="ChecksumTypes" type="tns:ChecksumTypes" /> |

The GhecksumTypes element contained within an Object Header shall contain a list of all the checksum
algorifhms specified within the FileTree and/or FileFooter structures of the related AXF Object.

10.2.2.20 FileTree

<xs:element name="FileTree" type="tns:FileTree"<}> |

The FjleTree element contained within an Qbject Header shall describe the hierarchical structure of Files and
Folders stored within the AXF Object in which it is found.
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10.3 Object Fragment Header

The Object Fragment Header contains the information necessary to connect the beginning of an AXF Object
Fragment to the end of the preceding AXF Object Fragment in a Spanned Set. It should be recognized that
spanning occurs on file boundaries or within files; folders cannot be spanned because they exist only in the File
Tree data structure. An Object Fragment Header shall be placed at the start of an AXF Object Fragment when
that fragment is not the first fragment in an AXF Object and immediately shall follow an Object Header.

[[] tns:AXFObject (extension base)
Abstract | true

(] Attributes

wversion
Type tns:structure_wversion

Identify the version of the Medium Identifier data type structure to y ‘
which it applies. A Medium Identifier Structure... QD)
C\+

o % (Gamm)

[S] Attributes

| =D

O,

tns:FragmentN(mbfr,
Type xs:positivelnteger

[[] ObjectFragmentHeader Contains apetitive integer number indicating the index of the
Base Type tns:AXFObject ArchivieDject fragment within the overall Archive...

tRsFragmentPairlulD
T:r\pe ths:UUID ©
- El
Contains a UUID that uniguely identifies a pair of successive
Archive Object fragments within a single Archive Object,...

tns:SpannedFilelndex

Type xs:positivelnteger

Contains a positive integer indicating the File Index within the File
Tree of the file bridging or starting immediately...

tns:SpannedFile0ffset ®
Type xs:nonNegativeInteger.
@. Contains a positive integer indicating the total number of bytes of the file
identified by the Spanned File Index that...

tns:FilePath
Type xsIstrin
¥p g

Contains a string indicating the path within the File Tree
to the file indicated by the Spanned File Index.

e Pea Ma il

T\.rp.e XsIstring ®
. =

Contains a string specifying the Label contained within the Medium
Identifier data structure on the medium carrying the...

tns:PreviousMediumUUID

Type tns:UUID
=

Contains a string specifying the UUID contained within the Medium
Identifier data structure on the medium carrying the...
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10.3.1  Attributes
The Object Fragment Header attribute is: version.

10.3.1.1 Version

<xs:attribute name="version” type="“tns:structure_version” use="“required” /> |

The version attribute shall identify the Structure Version of the data structure used to compose the Object
Fragment Header in which it is found. The Object Fragment Header Structure Version applicable to this edition
of this| standard shall be 1.0.

10.3.2 Elements

The Qbject Fragment Header elements are: FragmentNumber, FragmentPairUUID; SpannedFilelndex,
SpannedFileOffset, FilePath, PreviousMediumLabel, and PreviousMediumUUID:

10.3.4.1 FragmentNumber

<xs:element name="FragmentNumber" type="xs:positivelnteger" /> |

The FragmentNumber element contained within an Object Fragment-Header shall contain a positive integer
number indicating the index of the AXF Object fragment in whichyit is found within the overall AXF Object,
starting at 1 and incrementing by 1 for each successive AXF Object Fragment.

10.3.3.2 FragmentPairuuiD

<xs:element name="FragmentPairUUID" type="tns:ULID" /> |

The HragmentPairUUID element contained within an Object Fragment Header shall contain a [JUID that
uniqugly identifies a pair of successive AXE,Object Fragments of a single AXF Object, in which pair the
Fragment Numbers of the pair of Fragments differ by 1. The FragmentPairUUID shall be placed in the Object
Fragment Footer of the lower-ordered«Fragment and in the Object Fragment Header of the higher-ordered
Fragment of the Fragment pair.

10.3.4.3 SpannedFilelndex

<xs:element name="SpannedFileIndex" type="xs:positivelnteger" /> |

The SpannedFilelndex element contained within an Object Fragment Header shall contain a posit{ve integer
value jndicating the-File Index, within the File Tree of the AXF Object within which it is found, of the filg bridging,
or stafting immlediately following, the span; i.e., immediately following the Object Fragment Header infwhich the
SpanfedFi&lndex is found.

10.3.4.4\.v'SpannedFileOffset

<xs:element name="SpannedFileOffset" type="xs:nonNegativelnteger" /> |

The SpannedFileOffset element contained within an Object Fragment Header shall contain a positive integer
value indicating the total number of bytes of a file contained within all preceding AXF Object Fragments of the
AXF Object within which the SpannedFileOffset element is found. The file to which the SpannedFileOffset
element shall apply is the file identified by the SpannedFilelndex carried in the same Object Fragment Header
as that in which the SpannedFileOffset is found.
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10.3.2.5 FilePath

<xs:element name="FilePath" type="xs:string" />

The FilePath element contained within an Object Fragment Header shall contain a string indicating the path
within the File Tree to the file indicated by the SpannedFilelndex contained in the same Object Fragment
Header as that in which the FilePath element is found, relative to the root of the AXF Object. The string
contained in the FilePath element shall express the File Path starting at the root of the AXF Object and shall
include the names of all folders on the path from the AXF Object root to and including the file indicated by the
SpannedFilelndex. The root shall be indicated with a virgule (*/"), and all nested folder names and the name

of the

10.3.2

file indicated by the SpannedFilelndex shall be separated by virgules.

.6 PreviousMediumLabel

<Xs:e

ement name="PreviousMediumLabel" type="xs:string" />

The H
specif
prece

10.3.7

reviousMediumLabel element contained within an Object Fragment Headér shall contai
ying the Label contained within the AXF Medium Identifier data structure of the medium ca
jing AXF Object Fragment in the set of spanned Fragments of the AXF, ©bject in which it is fo

.7 PreviousMediumUUID

N a string
\rrying the
ind.

<Xs:.e

ement name="PreviousMediumUUID" type="tns:UUID" />

The H
specif
prece

reviousMediumUUID element contained within ans©pject Fragment Header shall contai
ying the UUID contained within the AXF Medium-ldentifier data structure of the medium ca
jing AXF Object Fragment in the set of spanned Fragments of the AXF Object in which it is fo

h a string
\rrying the
ind.
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10.4 File Footer

The File Footer complex data type structure describes the file in the File Payload that precedes it. The File
Footer is located within the File Payload section of the AXF Object in the Chunk immediately following the file

that it describes.

[[] tns:AXFObject (extension base)

Abstract | true

(] Attributes

version

Type tns:structure_wersion

Identify the version of the Medium Identifier data type structure to \
which it applies. A Medium |dentifier Structure...

o %= ()

[S)] Attributes

S
[] FileFooter

2
Base Type tns:AXFObject
tns:FilePath,
€ \ ¥ @
Type xs:string

Cu-ntaTm; the path to the file relative to the root of the
Arehive 'Object.

O,

tns:File
Type tns:File

EJ

tns:Symlink
Type tnsSymlin

EJ

Contains the symlink information.
tns:SourceFile
Type xs:anyURI
[

Contains a URL to the source file that was used to create
this file in the Archive Object.

10.4.1 File Footer Attributes

The File Footer attribute is: version.

10.4.1.1 Version

| <xs:attribute name="version” type="“tns:structure_version” use="“required” />

The version attribute shall identify the Structure Version of the data structure used to compose the File Footer
in which it is found. The File Footer Structure Version applicable to this edition of this standard shall be 1.1.
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10.4.2  File Footer Elements
The File Footer elements are: FilePath, File, Symlink, and SourceFile.
<xs:complexType "FileFooter">
<xs:complexContent>
<Xs:extension "tns:AXFObject">
<xs:sequence>
<xs:element "tns:FilePath" "1" “1" />
<xs:choice "1" "1">
1 & iy N = PR
ASTTUTTITUTTU Cro.TI1IT 7
<xs:element “tns:Symlink" />
</xs:choice>
<xs:element "tns:SourceFile" "o" “1" />
<xs:any "0" "unbounded"/>

</

</xs:sequence>
<xs:anyAttribute/>
</xs:extension>
/xs:complexContent>
s:complexType>

10.4.7

.1 FilePath

<Xs:.e

ement name="FilePath" type="xs:string" />

The F
AXF @
AXF @
file fol

lePath element contained within a File Footer shallcontain the path to the file relative to the
bject. The string contained in the FilePath elementshall express the File Path starting at the
bject and shall include the names of all folders onthe path from the AXF Object root to and ing
owed by the File Footer. The root shall be indicated with a virgule (“/”), and all nested folder

root of the
oot of the
luding the
ames and

Symli||1k data type for the symbolic link indicated by the File Footer in which it is found.

the ngme of the file followed by the File Footer in:which the FilePath element is found shall be separated by
virgules.
10.4.2.2 File
| <xs:element name="File" type="tnsFile" />
The Hile element contained within a File Footer shall contain the File information provided by the File data
type for the file indicated by-the File Footer in which it is found.
10.4.2.3 Symlink
| <xs:element namé="Symlink" type="tns:Symlink" />
The Symlihkelement contained within a File Footer shall contain the Symlink information provided by the

10.4.2

.4 SourceFile

<xs:el

ement name="SourceFile" type="xs:anyURI" />

The SourceFile element contained within a File Footer shall contain a URL pointing to the source file from

which

Page

the file to which the File Footer relates was copied into the AXF Object.
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The Object Fragment Footer complex data type contains the information necessary to connect the end of an
AXF Object Fragment to the beginning of the following AXF Object Fragment in a Spanned Set. An Object
Fragment Footer shall substitute for an Object Footer at the end of an AXF Object Fragment when that
Fragment is not the last Fragment in the AXF Object.

Note: Spanning occurs on file boundaries or within files; folders cannot be spanned because they exist only in the

File Tree data structure.

= Ol o

-

= ey =)

Base Type | tns:AXFObject

[[] tns:AXFObject (extension base)
Abstract | true

O] Attributes

version
Type tns:structure_wversion

—

Identify the versicon of the Medium Identifier data type Strugture to
which it applies. A Medium Identifier Structure...

@

§

O] Attributes

gy

ths:SpannedFileOffset ®
Type xs:nonNegativeInteger_
Edl

tns:FragmentNumber

Type xs:positivelnteger

Contains a positive integer number indicating the index of the
Archive Object fragment within the overall Archive...

tns:FragmentPairUUID ®
Type tns:UUID
Y b
Contains a UUID that uniguely identifies a pair of successive
Archive Object fragments within a single Archive Object,...

tns:SpannedFilelndex

Type xs:positivelnteger

Contains a positive integer indicating the File Index within the File
Tree of the file bridging or starting immediately...

Contains a positive integer indicating the total number of bytes of the file
identified by the Spanned File Index that...

tns:FilePath
Type

®s:strin
Er

[1] ObjectFragmentFoater

Base Type tns:ObjectFragmentHeader

© ISO/IEC 2017 - All rights reserved

Contains a string indicating the path within the File Tree
to the file indicated by the Spanned File Index.

tns:PreviousMediumLabel ®

Type xs:string IZL

Contains a string specifying the Label contained within the Medium
Identifier data structure on the medium carrying the...

tns:PreviousMediumUUID ®

Type tns:UUID é

Contains a string specifying the UUID centained within the Medium
Identifier data structure on the medium carrying the...
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0= o #Eany
O] Attributes

—

tns:NextMediumLabel ®

Type xs:string é‘

Contains a string specifying the Label contained within the
Medium |dentifier data structure on the medium carrying the...

O PP P TR R TRTT =Y

Type tns:UUID

Contains a string specifying the UUID contained within the
Medium |dentifier data structure on the medium carrying the...

Type tns:positioninteger

tns:PreviousObjectindexPosition
él

Provides the absclute block position of the last Objectdndexon the medium
that is preceding the current Archive...

tns:FragmentFooterPosition ®
Type tns:positioninteger 1
Edl
Provides the relative chunk positigrfrghy the beginning of the Archive
Object to the binary structure container...

tns:FragmentHeaderPasition
9‘ s (O
Type tns:positionint@ger 1

Edl

Provides the absal0fe block position of the binary structure container
wrapping the @bjegt Fragment Header of the...

tns:HéaderPosition
Rgerros ®
Type tns:posmonlnteger_
Edl
Provides the absclute block position of the binary structure container
Wrapping the Object Header of the current...

\ tns:PreviousHeaderPosition
Type tns:positioninteger !.‘

Provides the absclute block position pointing to the Object Header
structure for the previous Archive Object. This...

tns:PreviousFooterPosition
Type tns:positioninteger é‘

Provides the absolute block pesition pointing to the Object Footer
structure for the previous Archive Object. This...

10.5.] ObjectFragment Footer Attributes

The Jbject-Fragment Footer attribute is: version.

10.5.1.1\vVersion

| <xs:attribute name="version” type="“tns:structure_version” use="“required” />

The version attribute shall identify the Structure Version of the data structure used to compose the Object
Fragment Footer in which it is found. The Object Fragment Footer Structure Version applicable to this edition
of this standard shall be 1.0.
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10.5.2 Object Fragment Footer Elements

The Object Fragment Footer elements are: FragmentNumber, FragmentPairUUID, SpannedFilelndex,
SpannedFileOffset, FilePath, PreviousMediumLabel, PreviousMediumUUID, NextMediumLabel,
NextMediumUUID, PreviousObjectindexPosition, FragmentHeaderPosition, HeaderPosition,
PreviousHeaderPosition, and PreviousFooterPosition.

10.5.2.1 FragmentNumber

<xs:element name="FragmentNumber" type="xs:positivelnteger" /> |

The HragmentNumber element contained within an Object Fragment Footer shall contain a-positive integer
number indicating the index of the AXF Object Fragment within the overall AXF Object,(starting at 1 and
incrementing by 1 for each successive AXF Object Fragment.

10.5.2.2 FragmentPairuulD

<xs:element name="FragmentPairUUID" type="tns:UUID" /> |

The HragmentPairUUID element contained within an Object Fragment Footer shall contain a PUID that
uniqugly identifies a pair of successive AXF Object Fragments within-a.single AXF Object, in whigh pair the
Fragment Numbers of the pair of Fragments differ by 1. The FragmentPairUUID shall be placed in the Object
Fragment Footer of the lower-ordered Fragment and in the Object Fragment Header of the higheér-ordered
Fragment of the Fragment pair.

10.5.2.3 SpannedFilelndex

<xs:element name="SpannedFileIndex" type="xs:positivelnteger" /> |

The YpannedFilelndex element contained within an Object Fragment Footer shall contain a positive integer
value |ndicating the File Index, within the File Tree of the AXF Object within which it is found, of the filg bridging,
or stafting immediately following, the span:

10.5.4.4 SpannedFileOffset

<xs:element name="SpannedFileOffset" type="xs:nonNegativelnteger" /> |

The SpannedFileOffset(element contained within an Object Fragment Footer shall contain a positfve integer
value |indicating the total humber of bytes of the file identified by the SpannedFilelndex that are|contained
within|the current andhall preceding AXF Object Fragments.

10.5.2.5 FilePath

<xs:elemeht’name="FilePath" type="xs:string" /> I

The FilePath element contained within an Object Fragment Footer shall contain a string indicating the path
within the File Tree to the file indicated by the Spanned File Index. The string contained in the FilePath element
shall express the File Path starting at the root of the AXF Object and shall include the names of all folders on
the path from the AXF Object root to and including the file indicated by the SpannedFileIndex. The root shall
be indicated with a virgule (*/"), and all nested folder names and the name of the file indicated by the
SpannedFilelIndex shall be separated by virgules.
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10.5.2.6 PreviousMediumLabel

<xs:element name="PreviousMediumLabel" type="xs:string" />

The PreviousMediumLabel element contained within an Object Fragment Footer shall contain a string
specifying the Label contained within the AXF Medium Identifier data structure on the medium carrying the
preceding AXF Object fragment in the set of spanned fragments.

10.5.2.7 PreviousMediumUUID

<Xs:e

ement name="PreviousMediumUUID" type="tns:UUID" />

The H
specif
prece

10.5.7

reviousMediumUUID element contained within an Object Fragment Footer shall |contai
ying the UUID contained within the AXF Medium Identifier data structure on the medium c3
ling AXF Object fragment in the set of spanned fragments.

.8 NextMediumLabel

N a string
rrying the

<Xs:e

ement name="NextMediumLabel" type="xs:string" />

The N
the L3
Objec

10.5.2

extMediumLabel element contained within an Object Fragment Feoter shall contain a string
bel contained within the AXF Medium Identifier data structure onthe medium carrying the follg
| fragment in the set of spanned fragments.

.9 NextMediumUUID

specifying
wing AXF

<Xs:.e

ement name="NextMediumUUID" type="tns:UUID" }>

The N
the U
Objec

10.5.2

extMediumUUID element contained withincan Object Fragment Footer shall contain a string
JID contained within the AXF Medium Identifier data structure on the medium carrying the follg
| fragment in the set of spanned fragmeénts.

.10 PreviousObjectindexPosition

specifying
wing AXF

<Xs:.e

ement name="PreviousObjectindexPosition" type="tns:positioninteger" />

The H

reviousObjectindexPosition element contained within an Object Fragment Footer shall p

absolyite block position of the last valid AXF Object Index on the medium preceding the current AXF

fovide the
Object.

<Xs:.e

ement name="fragmentFooterPosition" type="tns:positioninteger" />

The H
positig

ragntentFooterPosition element contained within an Object Fragment Footer shall provide

the chunk

nof the Object Fragment Footer relative to the chunk position of the Object Header preceding l|he current

fragm

ntof the AXE f'\hjiar\f

10.5.2.11 FragmentHeaderPosition

<xs:element name="FragmentHeaderPosition" type="tns:positioninteger" />

The FragmentHeaderPosition element contained within an Object Fragment Footer shall provide the absolute
block position of the Binary Structure Container wrapping the Object Fragment Header of the current fragment
of the current AXF Object or of the Object Header of the current AXF Object when the current fragment is the
first fragment in an AXF Object.

Page

66 of 101 pages

© ISO/IEC 2017 - All rights reserved


https://iecnorm.com/api/?name=f047ed96290918cc97109b8610475bd3

ISO/IEC 12034-1:2017(E)

ISO/IEC 12034-1
SMPTE ST 2034-1:2017

10.5.2.12 HeaderPosition

<xs:element name="HeaderPosition" type="tns:positioninteger" /> |

The HeaderPosition element contained within an Object Fragment Footer shall provide the absolute block
position of the Binary Structure Container wrapping the Object Header of the current AXF Object if the current
Object Fragment is the first fragment of the AXF Object. For Object Fragments other than the first fragment of
an AXF Object, the HeaderPosition value shall be set to -1 to indicate invalid or unknown data.

10.5.2.13 PreviousHeaderPosition

<xs:element name="PreviousHeaderPosition" type="tns:positionIinteger" /> |

The PreviousHeaderPosition element contained within an Object Fragment Footer shall provide the absolute
block jposition pointing to the Object Header structure for the previous AXF Object on a<inear Me¢lium. This
information is optional, as it does not exist on File-System-Based Storage Media Typés and is used only to
assist|in the recovery and indexing of Media.

10.5.2.14 PreviousFooterPosition

<xs:element name="PreviousFooterPosition" type="tns:positioninteger* > |

The PreviousFooterPosition element contained within an Object Fragment Footer shall provide thg absolute
Block |position pointing to the Object Footer structure for the pfevious AXF Object on a Block-Basefl Medium.
This ipformation is optional, as it does not exist on File-System-Based Storage Media Types and is|used only
to assjst in the recovery and indexing of Media.
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10.6 Object Footer

The Object Footer complex data type structure provides information about the AXF Object and the files
contained therein. The Object Footer shall be the last structure of an AXF Object, closing the AXF Object, and
exactly one Object Footer shall be present for each AXF Object.

[[] tns:AXFObject (extension base)
Abstract | true

] Attributes

version
Type tns:structure_wversion

—

Identify the version of the Medium Identifier data type structure to
which it applies. A Medium Identifier Structure...

[S] Attributes

— D

O,

tns:UUID
Type tns:UUID,
YR =

Specifies an immutable ur;ique identifier for this Archive
Object. The UUID is g€nerated using the methods defined
in..

tns:Chur:\kSQs\‘

1©]
Type xs:positivelnteger

Indieatbe/the size in bytes of the data chunks recorded within this
Aechive Object.

tns:CreationTime
Type xs:dateTime
Y r

Indicates the date and time at which the Archive Object was
written for the first instance and shall not change for...

tns:nstanceTime
Type xs:dateTime
¥p ¥

Indicates the date and time at which this Archive Object was
first prepared.

[] ObjectFoptar o
Base Type ~tnsAXFObject tns:CollectedSetSequence ®
Type xs:positivelnteger 1

Edl

Contains a non-negative integer index of the Archive Object within
an Archive Object Collected Set. The index begins...

tns:CollectedSetUUID
Type tns:UUID

Specifies an immutable unigue identifier for the Archive Object
Lol dietobwhich th kbt Akl Obisct ica

tns:PreviousObjectindexPosition
Type tns:positioninteger

Fl

Provides the absolute block position of the last Object Index on the medium
that is preceding the current Archive...

tns:FooterPosition ®
Type tns:positionlnteger_
Edl
Provides the relative chunk position from the beginning of the Archive
Object pointing to the Object Footer structure...
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tns:HeaderPosition ®
Type tns:pnsitinnlnteger_
Edl

Provides the absolute block position of the binary structure container

wrapping the Object Header of the current...

tns:PreviousHeaderPosition
Type tns:positioninteger é‘

Provides the absolute block position pointing to the Object Header
structure for the previous Archive Object. This...

tns:PreviousFooterPosition
Type tns:positioninteger %

ISO/IEC 12034-1
SMPTE ST 2034-1:2017

Provides the absolute block position pointing to the Object Footer
structure for the previous Archive Object. This...

tns:Application

Type tns:Application

El

Defines the application information for the application that first
created this Archive Object. The application...

tns:ldentifiers ®
Type tns:dentifiers

Specifies zero or more identifiers defined by the ..'n:nh_ur u-t the
Archive Object. (This field provides space for.q

tns:ObjectOwner
Type tns:Entity

(€]

Identifies the Entity that mnim:lins_ufwnership of the Archive
Object.

tns‘.CDntEntOwr%
Type tns:Enti

Idemitiesthe_ErItit_ythnt maintains ownership of the content
stored withig the Archive Objects.

(n& Greatedsy
\ T}ﬁé tns:Entity,

Identifies the information of the entity that first created
this Object Header.

tns:ModifiedBy
Type tns:Entity,

(€]

Identifies the information of the entity that last modified
this Object Header.

tns:ObjectDescription ®
Type xs:istring é‘

Contains a human readable description that describes the Archive
Object.

tns:ObjectName

Type xs:string

Contains a human readable name for the Archive Object.

tns:ChecksumTypes

Type rnc'rhﬁrkcumT\mHI

© ISO/IEC 2017 - All rights reserved

A

Contains the list of checksum algoithms used within the File Tree.

Type tns:FileTree
¥p k]

Contains the hierarchical structure of Files and Folders.

T
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10.6.1  Object Footer Attributes

The Object Footer attribute is: version

10.6.1.1 Version

<xs:attribute name="version” type="“tns:structure_version” use="“required” />

The version attribute shall identify the Structure Version of the data structure used to compose the Object

Foote
bel.l

10.6.2

The d
Colleg

rin which it is found. The Object Footer Structure Version applicable to this edition of this stan

dard shall

Object Footer Elements

bject Footer elements are: UUID, ChunkSize, InstanceTime, CollectedSetSequencs
ctedSetlUUID, PreviousObjectindexPosition, FooterPosition, HeaderPosition,

PrevipusFooterPosition, PreviousHeaderPosition, Application, Identifiérs; ObjectOwngr,
ContgntOwner, CreatedBy, ModifiedBy, ObjectDescription, ObjectName, ChecksumTypes, and
FileTree.
10.6.2.1 UUID

| <xs:element name="UUID" type="tns:UUID" />

The U

niversally Unique IDentifier (UUID) element contained within an Object Footer shall specify

a unique

identiffer for this AXF Object. The identifier shall apply to.the. AXF Object and to any and all copies thereof that

are ur
RFC 4

10.6.2

changed in their content from the original. The, UUID shall be generated using the methods
122 or ISO/IEC 9834-8.

.2 ChunkSize

defined in

<Xs:e

ement name="ChunkSize" type="xs:positivelnteger" />

The ghunkSize element contained within an Object Footer shall indicate the size in bytes of the data Chunks
recorded within this AXF Object,

10.6.3.3 CreationTime

<xs:element name="CfeationTime" type="xs:dateTime" />

The {reationTime-element contained within an Object Footer shall indicate the date and time at|which the
Object Headerwas written for the first instance of the AXF Object. The CreationTime value shall be ynchanged

in all g
as ide

ntical-to CreationTime but shall be deprecated. For newly-created AXF Objects, the elen

Creat

ubseguent instances (copies) of the AXF Object. The element name Creationtime shall be ipterpreted

ent name

onTime shall be applied. When AXF Objects are spawned from previously existing AXF Objects that

used the element name Creationtime, whether while producing a Product Object from a Collected Set or while
purposely updating and/or correcting an existing AXF Object, only the term CreationTime shall be used. At the
time that AXF Objects using the form Creationtime are refreshed in storage, generation of a replacement AXF
Obiject to permit adjustment of the element name to CreationTime is recommended.
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10.6.2.4 InstanceTime

<xs:element name="InstanceTime" type="xs:dateTime" /> |

The InstanceTime element contained within an Object Footer shall contain the date and time value of the
InstanceTime element of the Object Header of the AXF Object that is ended by the Object Footer in which it is

found.

10.6.2.5 CollectedSetSequence

<Xs:.e

ement name="CollectedSetSequence" type="xs positivelnteger" />

The G
index

Object

10.6.2

ollectedSetSequence element contained within an Object Footer shall contain a non-negat
of the AXF Object within a Collected Set. The index shall begin with 1 and increment by 1 for
added to the Collected Set.

.6 CollectedSetUUID

ve integer
each AXF

<Xs.e

ement name="CollectedSetUUID" type="tns:UUID" />

The QollectedSetlUUID element contained within an Object Footer shall ‘specify a unique identifier for the
Colledted Set of which the current AXF Object is a part. The CollectedSetUUID shall be set equal td the UUID
of the[first AXF Object in the Collected Set, i.e., the AXF Object with the“lowest CollectedSetSequence value.
When|an AXF Obiject is created that is not part of a Collected Setits Collected SetUUID shall equal the UUID
of the|[AXF Object, and its Collected Set Sequence number shall be set to 1.

10.6.4.7 PreviousObjectindexPosition

<xs:element name="PreviousObjectindexPosition" type="tns:positioninteger" />

The PreviousObjectindexPosition element contained within an Object Footer shall provide the absglute Block
positign of the last AXF Object Index on the .medium that precedes the current AXF Object.

10.6.4.8 FooterPosition

<xs:element name="FooterPosition" type="tns:positioninteger" />

The FpoterPosition element'contained within an Object Footer shall provide the Chunk position, relative to the
start gf the AXF Object, pointing to the Object Footer structure for the current AXF Object.

10.6.4.9 HeaderRosition

<xs:element name="HeaderPosition" type="tns:positioninteger" />

The HedderPosition eIement contalned within an Object Footer shall provide the absolute Block position of
the Bi Object is not

fragmented or of the Object Header precedlng the current fragment if the fragment that the Object Footer
follows is the last fragment of the AXF Object.

Note: There is no Object Footer structure following fragments of an AXF Object other than the last.
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10.6.2.10 PreviousHeaderPosition

<xs:element name="PreviousHeaderPosition" type="tns:positioninteger" />

The PreviousHeaderPosition element contained within an Object Footer shall provide the absolute Block
position pointing to the Object Header structure of the previous AXF Object. This information is optional, as it
does not exist on File-System-Based Storage Media Types and is used only to assist in the recovery and
indexing of Media.

10.6.2.11 PreviousFooterPosition

<Xs:e

ement name="PreviousFooterPosition" type="tns:positioninteger" />

The H
positig
does
indexi

10.6.2

reviousFooterPosition element contained within an Object Footer shall provide“the absd
n pointing to the Object Footer structure for the previous AXF Object. This information is opt|
not exist on File-System-Based Storage Media Types and is used only to assist in the rec
ng of Media.

.12 Application

lute block
onal, as it
pvery and

<Xs:e

ement name="Application" type="tns:Application" />

The A

applic
the sg

10.6.2

pplication element contained within an Object Footer shallydefine the application informat
ation that first created this AXF Object. The application_information should be the name and
ftware application that first prepared the medium.

.13 Identifiers

on for the
version of

<Xs:e

ement name="Identifiers" type="tns:Identifiers" />

The Iq
autho
define

10.6.2

entifiers element contained within an.@bject Footer shall specify zero or more identifiers defi
of the AXF Object. The Identifiers_can be standardized identifiers (e.g., UMID or EIDR) or ca
d identifiers (e.g., Tape Number or-Database Primary Key).

.14 ObjectOwner

hed by the
h be user-

<Xs:.e

ement name="ObjectOwner" type="tns:Entity" />

The G
the A

10.6.2

bjectOwner element contained within an Object Footer shall identify the Entity that held ow
F Object when'it was created.

.15 ContentOwner

nership of

<Xs:e

ement name="ContentOwner" type="tns:Entity" />

The ContentOwner element contained within an Object Footer shall identify the Entity that held ownership of

the co

ntent stored within the AXF Object when it was created.

10.6.2.16 CreatedBy

<xs:element name="CreatedBy" type="tns:Entity" />

The CreatedBy element contained within an Object Footer shall provide information identifying the entity that
first created the Object Header in which it is found.
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10.6.2.17 ModifiedBy

<xs:element name="ModifiedBy" type="tns:Entity" />

The ModifiedBy element contained within an Object Footer shall provide information identifying the entity that

last m

odified the Object Header in which it is found.

10.6.2.18 ObjectDescription

<Xs:.e

ement name="0ObjectDescription" type="xs'string" />

The O
of the

10.6.2

bjectDescription element contained within an Object Footer shall contain a human-readable ¢
AXF Object.

.19 ObjectName

escription

<xs:element name="0ObjectName" type="xs:string" />
The JbjectName element contained within an Object Footer shall contain athuman-readable name fpr the AXF
Object.
10.6.4.20 ChecksumTypes

| <xs:element name="ChecksumTypes" type="tns:ChecksumTypes" />
The GhecksumTypes element contained within an Object Footer shall contain a list of all the [checksum
algorifhms specified within the FileTree and/or FileFoater structures of the related AXF Object.
10.6.3.21 FileTree

| <xs:element name="FileTree" type="tns:FiléTrée" />
The HileTree element contained within-an Object Footer shall contain the hierarchy of Files arld Folders
contaiped within the AXF Object.
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10.7 AXF Object Index

The AXF Object Index complex data type structure provides information about the AXF Objects on the medium
and their physical Block locations. The AXF Object Index shall contain a copy of the Object Footer from each
AXF Object preceding the AXF Object Index on the medium.

[ tns:Mediumidentifier (extension base)
Base Type  tns:AXFObject

[[] tns:AXFObject (extension base)

Ak =

©]

= Attributes

version
Type tns:structure_version

Identify the version of the Medium Identifier data type structure to
which it applies. A Medium |dentifier Structure...

o o

[S] Attributes

=D

!

tns:UUID

L
Type tnsUUID
Y £

Specitiés_nn ilﬁmutnble unique identifier for the medium
ondyhichythe Medium |dentifier is recorded. The identifier
is...

tns:MediumLabel ®
Type xsistrin
¥P a ¥

The business identifier of the medium, such as the value of
a barcode label applied to the medium, a disk array volume...

\ tns:BlockSize
" @
Type xs:posmvelnteger

Indicates the size, in bytes, of the data blocks recorded on the
medium.
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tns:PreparedTime

Type

xs:dateTime
Ed

Indicates the date and time that the medium was last
prepared.

Identifies the application that last prepared the medium.

Base Type tns:Mediumldentifier

The Object Index data structure provides
information about the Archive Objects on

tns:ldentifiers ®
Type tns:dentifiers

e AT TITE T Py s e T

Specifies zero or more identifiers defined by the author of the
Medium Identifier. (This field provides space for...

tns:MediumPreparer ®
Type tns:Entity

Identifies the Entity that last prepared the medium.

tns:MediumOwner

&)
Type tns:Entity

Identifies the Entity that owned the medium atghe time it

was last prepared. 2

- ()

The Medium Identifier data structure provides informatit)that identifies the medium and
its characteristics. -~

[S] Attributes

tns:grei ®
Type’ LS Entity,
.Id'umi;ies the Entity that first created this Object Index.

tns:ModifiedBy ®
Type tns:Entity

Identifies the Entity that last modified this Object Index.

tns:ObjectCount ®
Type xs:pnsitivelntegerg

Indicates the number of Object Footers contained in the Object

Footer Collection.

tns:ObjectFooterCollection ®
Type tns:ObjectFDDterCnIIection_
Edl
A collection containing copies of all of the valid, non-deprecated Object
Footers that reside on the medium at the time...

tns:FragmentFooterCollection ®
Type tns:FragmentFDDterCDIIectinn_
Ed
A collection containing copies of all of the valid, non-deprecated Object
Fragment Footers that reside on the medium at...

10.7.1

R wE#Eany |

AXF Object Index Attributes

The AXF Object Index attribute is: version

10.7.1.1 Version

<xs:attribute name="version” type="“tns:structure_version” use=“required” />
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The version attribute shall identify the Structure Version of the data structure used to compose the AXF Object
Index in which it is found. The AXF Object Index Structure Version applicable to this edition of this standard
shall be 1.1.

10.7.2  AXF Object Index Elements
The AXF Object Index elements are: UUID, MediumLabel, BlockSize, PreparedTime, Application,

Identifiers, MediumPreparer, MediumOwner, CreatedBy, ModifiedBy, ObjectCount,
ObjectFooterSet, FragmentFooterSet.

10.7.4.1 UUID

<xs:element name="UUID" type="tns:UUID" />

The Universally Unique IDentifier (UUID) element contained within an AXF Object Index\shall specify a unique
identifjer for the Medium on which the AXF Object Index is found. The identifier shall be reused for the life of
the Medium, even if the Medium is reformatted. The UUID shall be generated using the methods [defined in
RFC 4122 or ISO/IEC 9834-8.

10.7.2.2 MediumLabel

<xs:element name="Label" type="xs:string" />

The NlediumLabel element contained within an AXF Object{Index shall be the business identifler for the
medium, such as the value of the barcode label or some _ other medium identifying data field spegific to the
Mediym and the particular instantiation of the Medium.

10.7.4.3 BlockSize

<xs:element name="BlockSize" type="xs:positivelnteger" />

The BlockSize element contained within an 'AXF Object Index shall indicate the size, in bytes, of {he Blocks
recorded on the medium.

10.7.3.4 PreparedTime

<xs:element name="PreparedTime" type="xs:dateTime" />

The PyeparedTime elément contained within an AXF Object Index shall indicate the date and time af which the
Medium on which it.is\found first was prepared.

10.7.4.5 Application

<xs:element'name="Application" type="tns:Application" />

The Application element contained within an AXF Object Index shall provide information identifying the
application that first prepared the Medium on which it is found. The application information should be the name
and version of the software application that first prepared the Medium.

10.7.2.6 Identifiers

<xs:element name="Identifiers" type="tns:ldentifiers" />

The Identifiers element contained within an Object Index shall specify zero or more identifiers defined by the
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author of the AXF Object. The Identifiers can be standardized identifiers (e.g., UMID or EIDR) or can be user-
defined identifiers (e.g., Tape Number or Database Primary Key).

10.7.2.7 MediumPreparer

<xs:element name="MediumPreparer" type="tns:Entity" /> |

The MediumPreparer element contained within an AXF Object Index shall identify the Entity that last prepared
the Medium on which it is found.

10.7.2

.8 MediumOwner

<Xs:.e

ement name="MediumOwner" type="tns:Entity" />

The MediumOwner element contained within an AXF Object Index shall identify the\Entity that ¢wned the
Mediym at the time at which it last was prepared.
10.7.4.9 CreatedBy
<xs:element name="CreatedBy" type="tns:Entity" />
The CreatedBy element contained within an AXF Object Index shall identify the Entity that first creatgd the AXF
Object Index in which it is found.
10.7.4.10 ModifiedBy
| <xs:element name="ModifiedBy" type="tns:Entity" />

The M
AXF (

10.7.2

odifiedBy element contained within an AXFE Object Index shall identify the Entity that last m
bject Index in which it is found.

.11 ObjectCount

bdified the

<Xs:.e

ement name="0ObjectCount" type="xs:positivelnteger" />

The G
copies

Note:
follow!

10.7.2

bjectCount element contained within an AXF Object Index shall indicate the number of Obje
of which are contained in the Object Footer Collection.

Only the final fragments in Spanned Sets are included in Object Counts, as only final frag
bd by Object Feoters.

.12 ObjectFooterCollection

t Footers,

ments are

<Xs:C
<X

bmplexiType name="0bjectFooterCollection">

.seguence>

Bna

byectalapaant
XS ErehehtTiaiit

dnded" />

</xs:sequence>
</xs:complexType>

<xs:element name="0ObjectFooterCollection" type="tns:ObjectFooterCollection" />

The ObjectFooterCollection element contained within an AXF Object Index shall be a collection of one copy
of each of the valid, non-deprecated Object Footers that resided on the Medium at the time the AXF Object
Index was created.
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Note: A copy of the footer of the final fragment of a spanned set is not included in the FragmentFooterCollection,
but rather in the ObjectFooterCollection, as it concludes with an Object Footer, not a Fragment Footer.

10.7.2.13 FragmentFooterCollection

<xs:complexType name="FragmentFooterCollection">
<xs:sequence>
<xs:element name="FragmentFooter" type="tns:ObjectFragmentFooter" minOccurs="0"

maxOccurs="unbounded" />

</xs:sequence>

</Xs:

<Xs:.e

romptexType>

ement name="FragmentFooterCollection" type="tns:FragmentFooterCollection" />

The H

ragmentFooterCollection element contained within an AXF Object Index shall be a collect

copy ¢f each of the valid, non-deprecated Object Fragment Footers that resided on the, Medium at th

AXF (

Note:
but ra

10.8

The U
ISO/IH

bject Index was created.

A copy of the footer of the final fragment of a spanned set is not included in the FragmentFooter
her in the ObjectFooterCollection, as it concludes with an Object Footer, hot a Fragment Foot

uulbD

niversal Unique IDentifier (UUID) structure shall define the simple data type that represents RH
FC 9834-8-compliant Universal Unique IDentifiers (UUIDSY.

Cm)o—(Fmm)

Built-in primitivé sy €. The string datatype represents
character strirms in XML.

on of one
e time the

Collection,

er.

C 4122 or

<xs:simpleType name="UUID">

<X
<

</

</Xs:

restriction base="xs:string">

Fxs:pattern value="[a-f0-9]{8}-[a-f0-9]{4}-[a-f0-9]{4}-[a-f0-9]{4}-[a-f0-9]{12}"/>
s:restriction>

impleType>

10.9

The P
positiv
indical

Positioninteger

ositioninteger simple data type shall be an extension of the XML integer type that ranges
e infinity. The Peositioninteger is used to represent absolute or relative positions, with a Vi
ing the absengee of, or invalid, position information.

(V positionlnteger)@—(v xs:integer)

Built-in derived type. The integer datatype is derived
from decimal by fixing the value of fractionDigits to be 0.
This...

from -1 to
Alue of -1

<XS:Si

mpleType name="positionInteger" id="positionInteger">

<xs:restriction base="xs:integer">
<xs:mininclusive value="-1" />
< /xs:restriction>
</xs:simpleType>
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The FileFolder complex data type shall define the base attributes shared by the File and the Folder data
structures.

[S] Attributes

name
Type xs:string

Contains the human readable name of the File or Folder.

index
Type xs:positivelnteger

Contains a numerical value indexing the FileFolder data structure
within the File Tree. The Index starts at 1 and...

owner

Type xs:istring

'a Contains the name of the owner that owned the File or
Folder referenced by the FileFolder data structure when
the...

group
Type xs:istring

Contains the name of the group assigned to the I'ile_ur -

Folder referenced by the FileFolder data structgre Wheh
[ FileFolder the...
S}

Abstract true

permission
Type xs:string

Contains the permissions nssigngnm the File or Folder
referenced by the FileFoldeg{daa structure when the
Folder...

1 'd&_nti-fiers
—@o | BE e
Type tns:ldentlflerslz‘

gpeciries zero or more identifiers defined by the author of the
Archive Object. (This field provides space for...

<XS:C
<X

4

bmplexType name="FileFolderabstract="true">
:sequence>
Exs:element ref="tns:ldentifiers" minOccurs="0" maxOccurs="1" />

</As:sequence>

<x$:attribute name="name" type="xs:string" />

<x$:attribute name="index" type="xs:positivelnteger" />

<x§:attribute name="dwner" type="xs:string" use="optional" />

<x$:attribute name="group" type="xs:string" use="optional" />

<x¢:attribute Hame="permission" type="xs:string" use="optional" />
</xs:¢omplexType>

10.10

15 FileFolder Attributes

The F

10.10.

ileFolder attributes are: name, index, owner, group, and permission.

1.1 name

The name attribute of the FileFolder data structure shall contain the human-readable name of a File or Folder.
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10.10

.1.2 index

The index attribute of a FileFolder data structure shall contain a numerical value indexing the File Folder in
which it is found and its files within its File Tree. The Index shall start at 1 and increment by 1 for each entry in
the File Tree. Starting at the root, each path extending from a node shall be fully numbered (including both
Folders and Files) in sequence, before proceeding to the next path extending from the same node. At any

node,
10.10

The o
Folde

10.10

The g
Folde

10.10

The p
Folde

10.10
The F

10.10

The Identifiers element contained within a Filekolder complex data type shall specify zero or more
defingd by the author of the AXF Object. Thesldentifiers can be standardized identifiers (e.g., UMIO
or car] be user-defined identifiers (e.g., Tape\Number or Database Primary Key).

Page

Folders shall be numbered at lower values than files.

.1.3 owner

wner attribute of a FileFolder data structure shall contain the name of the entity that owned
referenced by the FileFolder data structure when the FileFolder data structure was created.

1.4 group

Foup attribute of a FileFolder data structure shall contain the name of the group assigned to
referenced by the FileFolder data structure when the FileFolder data structure was created.

1.5 permission

ermission attribute of a FileFolder data structure shall contain the)permissions assigned to
referenced by the FileFolder data structure when the Folder data structure was created.

2 FileFolder Elements
leFolder element is: Identifier

2.1 Identifiers

the File or

the File or

the File or

identifiers
or EIDR)
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