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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 wi

darticular fields of technical activity. ISO and IEC technical committees collaborate in fields, g
utual interest. Other international organizations, governmental and non-governmental; i
ljaison with ISO and IEC, also take part in the work. In the field of information technology, IS
and IEC have established a joint technical committee, ISO/IEC JTC 1.
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The procedures used to develop this document and those intended for its further maintenand
dre described in the ISO/IEC Directives, Part 1. In particular the different approval criteri
rleeded for the different types of document should be noted. This dogument was drafted i
accordance with the editorial rules of the ISO/IEC Directives, Part
(fee www.iso.org/directives).
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Attention is drawn to the possibility that some of the elements of this document may be the
subject of patent rights. ISO and IEC shall not be held responsible for identifying any or all such
fdatent rights. Details of any patent rights identified during the development of the document will
b
Y

D

e in the Introduction and/or on the ISO list «of patent declarations received (se
y'ww.iso.org/patents).

jarY

ny trade name used in this document is information given for the convenience of users and
oes not constitute an endorsement.

QL

Hor an explanation on the voluntary nature of standards, the meaning of ISO specific terms anfd
gxpressions related to conformity assessment, as well as information about ISO's adherence tp
the World Trade Organization (WTOQ) principles in the Technical Barriers to Trade (TBT) see thie
fpllowing URL: www.iso.org/iso/foreword.html.

]

50/1EC 12034-1:2017 was-prepared by the Society of Motion Picture and Television Engineer
SMPTE) and was @dopted, under the PAS procedure, by Joint Technical Committe]
50/1EC JTC 1, Infoxmation technology, in parallel with its approval by the national bodies of ISD
and IEC.

fe
[72)

—
D

© ISO/IEC 2017 - All rights reserved


https://www.iso.org/directives-and-policies.html�
https://www.iso.org/patents�
https://www.iso.org/iso/foreword.html�
https://standardsiso.com/api/?name=f047ed96290918cc97109b8610475bd3



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

ISO/IEC 12034-1:2017(E)

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

ISO/IEC 12034-1 STANDARD 1So st

INTERNATIONAL
ELECTROTECHNICAL

3 COMMISSION

Archive eXchange Format (AXF) —

hges

~ C ' . ' ' Q' C
Page 1 of 101 p
Tlable of Contents Page
L T2V o] o [ S S SRS 3
IMEIECTUAI PTOPEITY ..vveieeci ittt e s e e s s e e e e e s e T e st e e e e e e e nntaaeeaeeeenneees 3
11 TUgoo [¥Tex 1 o] o FA TS ST OUTPPPPRPN 3
i IS Tolo] o[- TP S PP PP PPPP PP PP P PN 7
2] Conformance NOALION .........ccouiiieiiiieeiiiie e D Mttt e e 7
3l NOrMALiVE REFEIENCES ... bttt e e e ettt e e e e s eabb et e e e e e s sabbee e e e e e s annnbeeaaens 7
2 1= 11011 (o 3 S USRS 8
5l  StOrage Media TYPES ..oooii ittt eree e Ba e e e e e e e e e e e s s sa s s s s s bt beb b bt e e aae et eeetaeeeaaeaaaeeaeeaeaens 13
5.1 Media With File SYSIEMS ....coviiiiiiiieiee i e e e e e e e s snrree e e e e s ennnees 14
5.2 Media WithOUt File SYSEMS ....ccoriiee e N e 14
5.3 FIE IMAIKS ...t Be ettt e e e e e e e e e e bt e e e e e b e e e e e annnes 15
5.4 Relationships Between AXF Structures and Storage Media TYPES .....ccccvvvvveeeviieiviereeesinnnn, 15
6] Archive eXchange Format (AXF) STRUCTUIE .......oouueiiiie et e e e e e e e e e e nee 16
6.1 FOrm Of Data EXPreSSION .. 0. i iiiiiiiiiiiiiiire et ee ettt e e st aa e e e e e e e e st s e s s s s s s s as e aeb bbb beaasreeeeeeeeeeees 16
L = 1Y (T O o = SRR 17
6.3 General AXF CONCEPIS . oottt ettt et et e 17
6.4 AXF DaAta SITUCTUFES . .o i et iei ettt ettt et et e e e e e e e e e e e e e aassaaa s s s ae bbb bb bbb bee s beneeeeeeeeeas 18
7] General Usage CONSIHEIAtIONS ........uvieiitiieeiiiiie ittt ettt et s e e e s s e e s aaeee s 36
7.1 FHlE NaMING (e ettt e et s e e s b e e s e e 36
A 2\ =T = W o = e T L L1 o] o PSR 36
7.3 AXF OBJECT INUEX SIIUCIUIES ....uuiiiiiiiiiiiiiiiiiiie ettt et et e e et e e e e e e e e e e et s e e s s s s s s s an b abberasseneeeereeeees 37
7.4 Creating, Reading, Writing, Copying, and Transferring AXF Objects.........ccccccevvvvvveeeninnnne, 38
7.5 NESHNG AXF ODJECIS ...ttt ettt e st e e s nnnee e 39
S IS o= o a1 o [T U TSP PP PP PPPPPPPP 39
o AT o T= Lo a1 o T 1= To =PRSS 39
8)2 Encountering a Spanning SItUALION...........oocuiiiiiiei e 43
8.3 Recovery 0f SPanNed AXFE ODJECTS - ccrrrrorrrirorreeasereesieoreeaaeseeasseaeanesemaseieseseesemaaeereeeaeeaoons 13
8.4 SPANNING RUIES .....oeii it e e e e e e s et e e e e s sant e e eeeeesantaaeeaeeeasnnees 43
S B O o ]| (=T o (=T S]] £ SRR 44
0.1  ColleCted Set LINKAGES .......coiiieiiiiiiiiitiiitiiie et et et e e et e e e e e e e e e e et s e et s e s s s aa s aan b besabeaassenesreeeeeees 44
9.2 COlleCted SEt SIIUCLUIE .....coieiiieitiie ettt ettt e e st e e e sbn e e ssbe e e e snneeeans 45
9.3  Add/Replace/Delete PrOCESSES ......ccocuviiiiiiieiiiiie ettt e e 45
S I A I = (o 1q 0T IV T €] o] o PP 46

© ISO/IEC 2017 - All rights reserved


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

ISO/IEC 12034-1:2017(E)

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

O A o - = 1Y, [ To 1= SRR 48
10.1  AXF Medium [AENLIFIET ....uuuiiiiiiiiiiiiieiieee e e e e e e e e e e e e aaaeaaeeaaaeeas 49
10.2  ODJECE HEAUET ... ..ttt e e e e e e e e e e e e e e e e s e bbbt a e e e e e e e eeteaeaaaaaaaaaeeeeaaenas 52
10.3  Object FragmMent HEAUEN .........cuviiiiiiiiiiii ittt 58
O S 1 1= o o] =] PP PPPPPPPRPRPPPP 61
10.5 ODbject Fragment FOOIEI .........uuiiie ittt e e e et e e e e e s snnaae e e e e e annreeeeens 63
L10.6  ODJECE FOOLET ...ttt ettt et e s re e e st e e s e e e e nreeenas 68
OB A Y o @ o 1=t o = PSP PPPPRPRPPPRP 74
1U.6 L0 0 I (O
0N T = o =Y 110 o [ 4= T = SRR 78
0 0 T 1= o o 1= P UEPERERPRRRP & 79
0 T o[- P PPPPPRPRRRRRR Y 81
O T 1= PP P PP UPUPPUPUPP SO S 84
10.13  SYMIINK . ..eiiiiiiieiiiiie ettt e s e e e s snneeennnneee s Do 87
O S 1 1= I T PSSP SO BSPRRRRRR 90
10.15 APPHCALION......ccoiiiiiiiiiiiiit et enee e I 91
L10.16  ENTILY oottt sttt e et e e nee e e s neeeesneeeesnneeeesnnneesnnnenes s fonagannnnennieeeaneeaean 93
000 A o T i o ] o USSP 9SSR 95
O S [ =T o1 1) 11T . S PSRUPRRRRUR 97
10.19 CRECKSUMS ....oiiiiiiiiiiitiitireeee e e e e e e e e e e e e e s e e s s s e s ssssnnee s e e e a e e e eeetaaeaaaaaaaeaeaeeaaenas 97
00 2 T o =T o 1= U S SRR 97
10.21 CRECKSUM ..ottt e e e e e e e e e e e e s s e s s s s s e De e e et e e et aaeeaaeeeeeeaaenas 98
O Y (=T (o [T o SR 100
10.23 MeEAIA TYPE ..ovieiiiieeiiiee ettt o2 N ettt et e e e st e e e e 101
10.24  SEUCLUIE VEISION ...iiiiiiiiiiiiiiiiiiinireeeeeerieesseeeseesssssai s P ssnsssssbeesbeeesaseeeeertaeetaaesaaeaaasseeens 101

Page 2 of 101 pages

© ISO/IEC 2017 - All rights reserved


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

ISO/IEC 12034-1:2017(E)

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

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 1ISO, IEC and ITU.

SMPTE Engineering Documents are drafted in accordance with the rules given in its Standards Operlations
Manual.

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

ntellectual Property

At the time of publication, no notice had been received by SMPTE claiming ¢atent rights essential o the
mplementation of this Engineering Document. However, attention is drawn te.the possibility that some pf the
elements of this document may be the subject of patent rights. SMPTE_shall not be held responsildle for
dentifying any or all such patent rights.

ntroduction

—

his section is entirely informative and does not form an integral part of this Engineering Document.

he Archive eXchange Format (AXF) is an open formatcthat supports interoperability among disparatg data
orage systems and ensures long—term availability of ‘data, no matter how storage or file system technologies
volve. AXF inherently supports interoperability between existing, discrete storage systems, irrespective pf the
perating and file systems used, and also future-proofs digital storage by abstracting the underlying technjology
D that content remains available across generations of technology development.

w o o un -

t the most basic level, AXF is a file cantainer that can encapsulate any number, size, and type of files in & fully
blf-contained and self-describing package. The package contains its own light-weight file system, which
Stablishes independence from underlying operating systems, storage technologies, and file systems and can
ore any type of data on any type of storage media. Inside its packaging, AXF can contain metadata ¢f any
rmat, applicable to either AXE Obijects or to individual files contained within AXF Objects; AXF also chrries
by preservation information,.such as provenance, fixity, and the like — all key to ensuring long-term robustness
hd recoverability.

D X =W D W0 >

-

istorically, digitak archive systems have used media data storage formats that are proprietary to| their
anufacturersygither intentionally or due to the lack of established standards. There have been ngither
interchange of-media nor interoperability of archive systems between manufacturers and in some ¢ases
between different archive systems from the same manufacturer. Archives could be orphaned due to sypport
ending.for'the systems used to create data archives. End users and manufacturers recognized that the
proprietary nature of archive systems and the data stores that they create result in significant costs of opefation
thatare unnecessary. These costs could be avoided if there were standardization of the format used for stprage

Y p p g the
stored content from the systems that create and recover sets of data, thereby enabllng 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 ems and location ing either media
of networks, and allowing extensibility sufficient to accommodate any type of file, of any size, from any’squrce,
as well as adoption of any future storage technologies. AXF was created to address these requirements

Audiovisual content archiving spans a wide range of content and data archiving systems and practices. At the
time this standard was written, many different methods and media were commonly used to store file-lhased
ajudiovisual content and its supporting information. Examples range from individual hardxdrives, solid|state
drives, and linear magnetic tape drives in small organizations to large spinning disc arrays)in combinatiofp with
VEry large robotic systems with multiple robots, each having multiple drives, in very large cultural, scientifi¢, and
lggal archives. Applications in other industries that could benefit from the methods defined herein include

edical imaging, geophysical exploration, scientific research, and similar high-vélume producers of data

he cultural, scientific, and business value of assets stored on these data_systems is significant. Methofls for
sforage, interchange, transport, and preservation of such assets, both locally.and remotely, over both shoft and
very long retention periods, demands a standardized, well-documented,\non-manufacturer-specific method of

riting data to any data storage system, from which the data then’can’ be recovered and its contents psed,
updated, or transferred to another data storage system. All that wauld*be necessary to achieve these objegtives
ig a mechanism for recovering data from the media on whichdt is stored, plus utilities or application$ that
implement AXF.

he AXF standard creates a common method of writingzindividual files or related sets of files, and relevant
etadata, onto data storage subsystems so that the strticture of an AXF Object will remain the same no matter
hat vendor equipment or Storage Media Type is used. As long as the media remains viable and data cpn be
read from that media, it will be possible to recover@n AXF Object and unwrap its contents with a suitable|utility
of application running on whatever platform is eurrent at the time. The AXF Object also has to be able|to be
recovered and stored on future data storage'systems without requiring any changes to its contents simply to
accomplish the act of medium migration, but it also needs to allow changes to its contents, in case updating is
needed to data that already has been-archived.

AXF addresses 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 File Payload,
internal file system functionality, and key metadata enabling the spanning of AXF Objects across mdiltiple
physical media. The XML schema also enables essential information about an AXF Object and its contets to
be read without having.to process all the information within the AXF Object.

In addition to media-interchange, AXF enables the interoperability of disparate systems through netyvorks
because it is structured as a streaming data set. Such interconnections enable seamless movement of AXF
Abjects from systems that create them, to systems that do not recognize the AXF protocol but store thg AXF
Qbject files-nanetheless (perhaps in “cloud” storage), then to systems that are designed to recover datd from
AXF Objects:’

Hunctionally, AXF acts like a file wrapper or a repository for all types of data without constraint. Unlike 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 encapsutated im an AXF Object TS appiicabie 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.

XF enables updating AXF Objects when additions of, modifications to, or deletions of files or information that
they contain are needed. The functionality to modify AXF Objects is provided by linking “Supplemental] AXF

bjects, written into an archive system at a later time to an original (“Anchor”) AXF Object. A Supplenental

XF Object updates contents of previous AXF Objects without requiring the original AXF Object itself |to be

odified. Since the original content of the AXF Object is retained in its original form, it is_pessible to rgstore
ejther the original or the modified version whenever necessary. Additional SupplementalFAXF Objects chn be
apded 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 Supplemental
Qbject(s) into a single, new AXF Object. In doing so, it is possible to retain all of the-constituent Objects pf the
dollected Set to which they belong, so that all earlier versions still can be reconstitGted in the future.
A
S
h
W

XF abstracts the storage of data from the applications that create AXE.©bjects and from the opefating
ystems, file systems, drivers, and drives that store data on media. By this\nechanism, any of the surrounding
prdware and software components of systems can be replaced withaut affecting the data and its formptting
ithin AXF Objects. A simplified view of where AXF fits into a basic stack is shown in Figure 1.

Server/Storage Stackwith AXF support

AXF-Aware Application

A AN

\V
Archive eXchange For@ﬁAXF), Including Internal File System

Block Level Addressing ][ File System

Oper@‘u’g System — Hardware Abstraction Layer
(@)

Driver

4

% Physical Drive
Y !

A ANIIA

C 0 N O Y

Medium (without File System) j[ Medium (with File System)

Figllrn 1 — Hardware/Software Stack Inr‘nrpnrafing AXE \I\Irifing to,and Rpading 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
QRUNKsS Mto which each AXF OD|E givided, Thereby enapiing addressing, by focaton within the AXF, Object,
by its internal file system. File Footer structures contain full information about the preceding file, along. yith a
file-level checksum designed to be processed on-the-fly, with little or no overhead, during restore opéeratigns by
an application. The information in File Footers enhances the resilience of AXF, as it can be used tolrecovgr File
Payload data even if Object Header and Footer structures are missing or corrupt.

Qbject Footer — Completing an AXF Object is an Object Footer. It repeats the information contained |n the
Qbject Header and adds information captured during creation of the AXF Object, including per-file check$ums,
precise file sizes, and file positions within the AXF Object. The Object Footer is impostant to the interchange of
an AXF Object because it allows efficient indexing by foreign systems when the média content is not prevjously
kphown, thereby enabling media transport between systems that follow the AXF standard. It is one of the key
sfructures that support the self-describing nature of AXF.

Qther significant structures in the AXF protocol are AXF Medium JIdentifiers and AXF Object Indices| AXF

edium Identifiers are used on media to indicate formatting of the-média according to the AXF protocol gand to
provide unique identification of the media. AXF Object Indices are eptional compilations of the informatior] in all
Qbject Footers preceding each AXF Object Index on a medium; providing a single structure from which it is
ppssible to obtain complete information on the contents ofi.the preceding portion of a medium. When ar) AXF
Qbject Index is the last structure on a medium, complete information about all AXF Objects stored gn the

edium can be obtained efficiently in one place.

AXF does not require a system to be fully compliant with this standard for it to be able to use and store|AXF-
generated AXF Objects. The initial adoption of AXF is anticipated to be in applications that create AXF Objects
that then are stored on non-AXF-aware storage systems. Because the AXF Objects do not require a stprage
system to know that the AXF Objects are’AXF-formatted, the AXF Objects will be viewed simply as files|to be
sfored and retrieved. All that will be neeessary to read AXF Objects will be the software and hardware ngeded
t¢ read the physical storage medium.“As adoption grows, files can be moved into and out of AXF-aware systems
as necessary, with the full rangé.of features becoming available on systems that are AXF compliant. |JAXF-
cpmpliant applications will be~able to read stored AXF Objects from any current operating system wjthout
uppacking entire AXF ObjecCtsto see critical metadata. Moreover, Archives, or AXF Objects within arclives,
ajso can span different types of media, allowing for flexibility within mixed-media archives and for AXF Objects
t¢ be identical, regardless’of the media on which they are stored.

AXF offers resilieace to data corruption and loss. AXF Object Indices, repeated identifier instances| and
cfyptographic haskh’‘checksums on both contents and AXF Objects allow for data corruption to be identifiefl and

itigated. Even*in catastrophic events, such as the loss of an external database containing records o¢f the
cpntents of. an archive, the content database can be recreated by reading the archive and regenerating the
archive-wide database from the records within the AXF Objects. This standard also enables the additjon of

ore{powerful data corruption recovery methods in future revisions by including provisions for incorpofating
ferivard error correction codes. AXF provides key features to identify and treat data corruption and loss gcross
allTypes of storage formats. It allows big data and small T0 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.

ithin fields specified for use in the structural elements. The structural elements themselves are docutnents
bded in the eXtensible Markup Language (XML), and this document defines an XML Schema Descrjption
SD) file for use in formulating the XML documents to be used for the structural elements\of AXF Obj¢cts.

=0 = 9 »n o

DN

Conformance Notation

ormative text is text that describes elements of the design that are indispensable or text that contairs the
bnformance language keywords: "shall,” "should,” or "may." Informative textisytext that is potentially helpful to
e user, but not indispensable, and that can be removed, changed, orf-added editorially without aff¢cting
nteroperability. Informative text does not contain any conformance keywords.

= O =

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

he keywords "shall" and "shall not" indicate requirements:strictly to be followed in order to conform {o the
dpcument and from which no deviation is permitted.

he keywords, "should" and "should not" indicate that, among several possibilities, one is recommendgd as
particularly suitable, without mentioning or excluding others; or that a certain course of action is preferrgd but
npt necessarily required; or that (in the negative form) a certain possibility or course of action is deprecated but
npt prohibited.

he keywords "may" and "need not" indicate courses of action permissible within the limits of the document.

he keyword “reserved” indicates a provision that is not defined at this time, shall not be used, and mpy be
defined in the future. The keyWword “forbidden” indicates “reserved” and, in addition, indicates that the proyision
never will be defined in the future.

conformant implementation according to this document is one that includes all mandatory provisions (“ghall")
d, if implemented;all recommended provisions ("should") as described. A conformant implementation|need
npt implement eptignal provisions ("may") and need not implement them as described.

nless otherwise specified, the order of precedence of the types of normative information in this document shall
be as follows: Normative prose shall be the authoritative definition; tables shall be next, followed by fprmal
Ignguages, then figures, and then any other language forms.

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)

ML Schema Part 2 — World Wide Web Consortium (W3C) (28 October 2004), XML Schema Part 2: DatJtypes
($econd Edition)

I$O/IEC 10646:2012, Information Technology — Universal Coded Character Set (UCS), Third-Edition (1] June

O/IEC 19505-1:2012, Object Management Group (OMG) (August 2011), Unified Modeling Langpuage:
frastructure, v2.4.1

O/IEC 19505-2:2012, Object Management Group (OMG) (August 2011)) Unified Modeling Language:
uperstructure, v2.4.1

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

TF RFC 2231, MIME Parameter Value and Encoded Word Extensions: Character Sets, Languages, and
ontinuations. (November 1997)

TF RFC 3629, UTF-8, A Transformation Format of IS©10646 (November 2003)

TF RFC 3986, Uniform Resource Identifier (URD: Generic Syntax

TF RFC 4122, A Universally Unique IDentifier (UUID) URN Namespace. (July 2005)
TF RFC 6657, Update to MIME Regarding “Charset” Parameter Handling in Textual Media Types (July p012)

TF RFC 6838, Media Type Specifications and Registration Procedures

O/IEC 1001:2012(E) (VOLZ); Information Technology — File Structure and Labeling of Magnetic Tapgs for
formation Interchange((2012-08-01)

O/IEC 13239:2012 (CRC), Information Technology — Telecommunications and Information Exchange
etween Systems+- High-Level Data Link Control (HDLC) Procedures

IPS PUBNL80-4, Federal Information Processing Standards Publication, Secure Hash Standard *$HS),
Information Technology Laboratory, National Institute of Standards and Technology, Gaithersburg, MD, March

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.

A3 Attribute

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

4 AXF

rchive eXchange Format.

5 AXF-Aware

apable of reading, interpreting, and/or writing AXF Objects and other AXF datalstructures.
6 AXF Media

ultiple media prepared to carry AXF Objects.

7 AXF Medium
medium prepared to carry AXF Objects.

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

9 AXF Object
group of data elements that are stored asa-unit and that are contained within a single data structure.

10 AXF Object Index

data structure, stored on a medium,that is a collection of the complete information about all previously-gtored
XF Objects on that medium andithe contents of those AXF Objects, as well as the locations of the cqntent
files stored within those AXF Objects.

4
A
4
d
4
M
4
A
418 AXF Medium Identifier
A
e
4
A
4
A
A

11 Base Name

4
The fundamental name-of a file; the portion of a file name prior to any file name extension that identifigs the
ype of file or struettire.

—

N

12 Big Endian

he orderin.which the bytes of a multi-byte number are transmitted with the most significant byte first.

FN—

13 Binary Structure Container

rlafo strgette fhaf IS fnrmnrl ||e|nn aooul\l |r|anhﬁah|n hlnﬁl’\l data pnatterhs nf | ITE Q r\havar\fnro anrl fhaf & rrles
Erett SHE-EaSH aHy-aatapPat cte

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.

he location on a medium of a block of data, measured as the number of blocks from the beginning ¢f the

3[1/ BTock Position
edium, as counted by the drive on which the medium is carried.

18 Block Size

4
A parameter that defines the size of Blocks contained on a medium. Some Storage) Media Type$ can
accommodate varying block sizes across the storage space of a medium.

19 Byte Order Mark

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

20 Chunk

section of data of uniform size (measured in bytes) within an AXF)Object.
21 Chunk Size

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

22 Collected Set

bmpiled, produce a Product Obiject differing from the Anchor Object as a result of additions, replacemerts, or
pletions of files.

23 Content File

File of any type that is stored as part of the File Payload within an AXF Object. Also a Payload File.
24 Data Element

file or data structure that forms part of the overall data stored within an AXF Object or on a medium.

25 Element

n XML logical locument component bounded by matching start and end tags and including any cgntent

4
A

B

4

A

4

A

4

A group of AXF Objects, consisting of an Anchor’Object and one or more Subsequent Objects, that, when
d

4

A

4

A

4

A

between the tagsplus any associated attributes.

4126 Embedded File System
A light weight File System having its database contained within an AXF Object.

27 [
4.LI Chararirines s

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.

31 File Payload
he portion of an AXF Object that carries the Payload Files and their associated File Footer BinaryStrycture
ontainers.

o

32 File-System-Based
edia that incorporate and depend upon File Systems and provide no direct access to Blecks of data.

Pt

33 File System
type of data store that can be used to store, retrieve, and update a set of files.

34 File Tree

hierarchical structure of folders and files, expressed in XML, that starfs at a root point and establishes
relationships between folders and the folders and files that they contain.

35 Fixity

xity is the property of being constant, steady, and stable. [Eixity checking is the process of verifying that a
gital object has not been altered or corrupted. In practiceithis is most often accomplished by computing and
bmparing cryptographic hash checksums.

36 Fragment

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

37 Generic Metadata Container

Binary Structure Container the payload of which is metadata.

38 Linear Media

edia requiring writing andfeading sequentially along the length of the medium (typically tape).
39 Little Endian

he order in which(the bytes of a multi-byte number are transmitted with the least significant byte first| This
might or might not match the order in which numbers are normally stored in memory for a particular procgssor.

54 b = b > b OoP b OO T b

A40 Medja

Alural of fredium.

AM41- 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

Page 11 of 101 pages

© ISO/IEC 2017 - All rights reserved


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

ISO/IEC 12034-1:2017(E)

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

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.

4

44 Media Type

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

4

.45 Medium

>

€

4
M
4
A
d
d
4
T

4

A
th
th

4
D
4
A
4
A
FJ
4
T
A
4

physical carrier on which data is stored, which comprises an integer number of Blocks and which'\c
ther Block-Based or File-System-Based. (Equivalent to Storage Medium.)

46 Non-Linear Media

47 Object Footer

data structure at the end of an AXF Object that provides complete information.about the contents of thg
bject, the positions within the AXF Object of the files that it contains, and/other information about the
bject and its contents.

48 Object Fragment

49 Object Header

data structure at the start of an AXF Object that provides some or all of the information about the conte|
e AXF Obiject, the positions within the AXF Object.of the files that it contains, and other information rela
e AXF Object and its contents.

50 Padding

ata having a value of 0x00 used to fill. data space to maintain the format of a data structure.
51 Padding Chunk

Chunk completely filled with bytes having a value of 0x00.

52 Payload File

file contained withinan-AXF Object following the Payload Start Binary Structure Container and precedi
ayload Stop Binary Structure Container, if present.

53 Product’Object

nchor Qbject and all subsequent AXF Objects in a Collected Set.

54”\Spanned Set

hn be

edia that can be written, read, and accessed in a non-sequential manner, enabling data‘*to be acc¢ssed
randomly on such a medium.

AXF
AXF

he portion of an AXF Object stored on a single medium when{the AXF Object is spanned across miiltiple
media.

hts of
ed to

g the

he compilation of files, directory structure, and other information that results from the combination ¢f the

ANIE OV LIl

£ A H ot = +. £ H ] Lol o+ +lo. =% K ol Dl
UIUU'J Ul 111Ul \;UIILGIIIIIIU rlaUIIICIIlO Ul A OIIIHIC NT \JUJC\.;!. MTATU lUUCll 1T Uy A oINAaArcu Ui 1UcTl

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 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

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

4159 Subsequent Object

n AXF Object in a Collected Set of AXF Objects other than the Anchor Object, the SetSequence value of
hich is greater than 1. It is an AXF Object that differentiates the contents of the Product*Object from the
nchor Object of the Collected Set by indicating additions, replacements, or deletions of files and that cprries
y files necessary to effectuate the additions or replacements of files that it indicates:

460 Symbolic Link

pointer contained within a directory structure to a file or folder that may(be\internal or external to the file
hjerarchy described by the directory structure. Symbolic Links are used‘with certain types of File Sysfems,
hile other types of File Systems use “shortcut” files referenced by the directory structure to perform the ppinter
nction.

—+

61 Symlink
ymbolic Link

62 URI

4
S
4
Uniform Resource Identifier — A compact sequence ofichiaracters that identifies an abstract or physical resqurce.
4
U
al

63 UUID

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

64 VOL1

4
A label applied at the beginning-of data tape media according to the provisions of ISO/IEC 1001 “Infornpation
t¢chnology — File structure and Jabeling of magnetic tapes for information interchange”

(61

Storage MediaFypes

edia that carryéAXF Objects in conformance with this standard fall into one of two fundamental categpries:
lock-Based ahd-File-System-Based. The formatting of each of these Storage Media Types is accord|ng to
becific arrangements described generally in this section and in greater detail below in other sections. As also
pscribed\below, AXF Objects stored on the respective Storage Media Types do not differ in their basic formats,
Ut certaih indexes and pointers do differ somewhat in the values they carry depending upon the Storage Media
ypeswupon which their AXF Objects are stored. Mechanisms are provided herein and in other Parts qf this
pcument 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.

O 4O O 0w m=

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, pointers are provided in several data structures to enable retrieval of files stored withjn the
AXF Objects. The pointers indicate the locations of files within AXF Objects using either relative ©or abgolute
addresses based on Chunk counts within the AXF Objects. Relative addressing is used when pointing|to all
sfructures contained within an AXF Object. Absolute addressing is used when pointing to the Starting lo¢ation
of an AXF Object. Combining relative and absolute addresses enables determining absplute locations|of all
sfructures within an AXF Object on the medium on which it is stored.

5l11 Media with File Systems

the AXF context, File-System-Based Media shall be media that store the necessary indexes for the files that
they contain and operate with file system software that manages those indexes and the data storage¢ and
recovery processes on the media. File systems provide services that include’at least indexing mechanisms for
files and their storage locations on media, management of the locations-of files when writing to the medig, and
covery of files with their data presented in the order in which theydwere stored.

—

xample: File Systems that can be used to store AXF Objects.in€lude the File Allocation Table (FAT), thg New
chnology File System (NTFS), Universal Disk Format (UDF), Distributed File System (DFS), Network File
stem (NFS), Hierarchical File System Plus (HFS+), Linear Tape File System (LTFS), and many otherg. On

y File System, AXF Objects are stored as files, providing a constant AXF Object format, thus isolatifg the
cpntents of the AXF Objects from the File Systems.

n File-System-Based Media, the locations of \AXF Objects are managed by the File Systems; thug, it is
upnecessary to include absolute addresses.of the starting locations of AXF Objects within those AXF Oljects.
onsequently, in the storage of AXF Objécts on Media having File Systems, the fields that otherwise yould
cprry the absolute addresses of the \AXF Object starting locations should be set to a value of -1. When
tfansferring AXF Objects between Storage Media Types, the values in such fields normally will have [to be
odified to meet this requirement, Such transfers are discussed in more detail in Section 7.4.

512 Media without File Systems

Media without File Systems do not provide File-Based references to the content they carry and are referfed to
ak Block-Based Media. They are based on storage of data in blocks of specific sizes, but many of these Stprage
Media Types lack means for determining the numbering of blocks on a medium. These media either cqn be
Ljnear or Non-Kjnear in nature. On Linear Media, File Marks or similar mechanisms typically are used to enable
systems writing-to them to place specific reference points along media. Writing of File Marks can be a|time-
cpnsumingprocess, however, on many Storage Media Types without File Systems. For this reason, thg AXF
protocaleliminates use of File Marks in all but two instances at the start of each linear AXF Medium.

Tlhe-fundamental requirement for inclusion of File Systems on Linear Media is the ability of the medialto 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

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

he AXF protocol avoids the use of File Marks to the extent possible to improve the efficiency.of tape operations.
nly two are used: One following the VOL1 identifier and the other following the AXF'Medium Identifie] on a
Ljnear Block-Based AXF Medium. See Section 5.4 for the designation of Storage, Media Types on which File
arks shall be applied.

4  Relationships Between AXF Structures and Storage Media Types

ndamentally the same AXF Object data structures are stored on all Storage Media Types, but certain nedia
fermatting and identification data structures shall be applied to particUlar Storage Media Types according fo the
relationships shown in Table 1. There are four categories of media to which the formatting or identifi¢ation
sfructures are applied: Block-Based and File-System-Based Linéar Media and Block-Based and File-Syptem-
ased Non-Linear Media, as represented by the four columns:in the right-hand portion of the table. The various
sfructures listed in the leftmost column are described in thesSections of this standard enumerated in the|next-
-leftmost column of the table.

Table 1, structures are indicated as being requited, not applicable, or optional. Structures indicat¢d as
equired” shall be employed on media in the;specified media categories, except that File Marks shgll be
required only in instances in which the hardware media drives support them. Structures indicated ag “Not
pplicable” shall not be employed on media in'the specified media categories. Structures indicated as “Opfjonal”
ay be employed on media in the specified-media categories.

=

ote: The VOL1 and File Mark structures are shown in Table 1 as “Not Applicable” in certain instances. They are
pt applied according to the AXF protocol, but they nevertheless can be present on a medium carrying AXF strugtures
applied 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 FlleBi)S/zgem Block-Based FlleBi)s/?dem
VOL1 Label 6.4.2.1 \+ - \ -

P P | A ™

LA A= LY [ Fre ) A - - -
IAXF Medium Identifier 0 V+ o} \ ©
AXF Object 6.4.3.1 \ \ \ V
AXF Object Index 6.4.2.3 (0] o] o] (0]

Block-Based LTFS- Block-Based NTFS Digk or

FExample Data Tape Formatted Disk or Flash FAT32 Flash

P Data Tape Drive Drive

= Required, —= Not Applicable, O = Optional, + = Followed by File-Mark, * = When Supporte
\ = Required Not Applicable, O = Optional Foll d by File-Mark, * = When S o

g Archive eXchange Format (AXF) Structure

he Archive eXchange Format (AXF) describes a protocol that’ineludes an Archive Object (hereinafter ['AXF
bject”) data structure in which related content and information.about that content are encapsulated and gtored
hen interchanged between storage systems and in which data can be stored internally within systemp that
ake use of the protocol. AXF also describes a storageZarrangement for AXF Objects and other data that is
plied to media used for the carriage of AXF Objects. Associated with the AXF Objects and stprage
rangement are a number of identifiers, metadata;>and data structures that are used to construct sgecific
instances of AXF Objects stored on AXF Media.:Included among the identifiers, metadata, and data strugtures
e those that permit the spanning of single AXF Objects across multiple AXF Media and others that allgw for
indexing of AXF Media by systems.

Q-

=

Il of the AXF Object data structuressand File Payload data are Chunk-aligned internally. This enh@nces
resiliency and assists in the recoverability of packages in the event of corruption of the embedded indexing
sfructures. The Chunk size may'be one byte in length; however, this practice normally should be avoidg¢d, as
itlincreases index and recovery'complexity. Nevertheless, it can be applied when it is necessary for systems to
oid certain restrictions of(Chunk-aligned structures. As a result of the internal Chunk alignment and indexing
sfructures, AXF Objects are said to include Embedded File Systems that assist in the abstraction ¢f the
underlying storage technology, medium, File System, and operating system.

XF Objects are-constructed so that they can be transferred sequentially when necessary (e.g., to a Uinear
edium or fronian’archive system to a remote storage sub-system over a data circuit or communicationg link).
equential transfers allow AXF Objects to be streamed to media in write-once fashion, supporting, for example,
linear and.wyrite-once media as well as processing during transfers across data circuits prior to completjon of
the transfers of complete AXF Objects.

10 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 contarned wrthln a Payload F|Ie that |nformat|on also may

f Drder

ark is unknown no entry with respect to the byte order shall be made in the Frle metadata.

3  General AXF Concepts

AXF deals with the limitations of legacy storage formats through application of multiple solutions, employed in
rallel with one another: AXF employs a variable length FileTree structure that can listan_unlimited numper of
files. The sizes of files stored within an AXF Object are expressed as XML integers, and XML integers hayve no
fygndamental limit in their size. AXF establishes hierarchical relationships betweén sfiles and folders thfough
inclusion of a FileTree structure and can include an unlimited number of entries,on an unlimited number of
Igvels within a hierarchy. AXF expresses file names as XML strings of unlimited\size in UTF-8, and UTF-8 can
ekpress all Unicode characters in single bytes or multiple-byte groups.~AXF provides a mechanism for
ekceeding the physical limits of the media on which AXF Objects are stored through provisions for Spannjng to
unlimited number of media, thereby avoiding any potential limitation on the aggregated size of anf AXF
Qbject. AXF provides a mechanism for altering previously-stored. AXF Objects, even on write-once npedia,
through use of Collected Sets, which enable additions to, deletions/from, and replacements of files in the File
Payloads of AXF Objects, without the need to reconstruct or rewrite any previously written AXF Objects.

hese concepts are discussed in general terms in this Seetion (6.3) and in detailed terms in Section 6.4.
3.1 Embedded File System / File Tree / FilesRayload

he combination of a File Tree structure and the Payload Files of an AXF Object form an Embeddefl File
Jystem, wholly contained within the AXF Object. AXF establishes relationships between the files in AXF Qbject
Hile Payloads and folders in which they aretcontained, through a File Tree structure expressed in XML. Fg¢lders
AXF Objects exist solely as listed entries within the File Tree XML structure. The File Tree structure |of an
AXF Obiject lists all of the folders and the files within the folders, numbering them in such a way tha{ their
blationships can be determined By reading the FileTree data type. Multiple copies of the FileTree data typge are
sfored within an AXF Object and, optionally, elsewhere on the medium on which the AXF Object is storgd, to
provide redundancy and to Support resilience of Payload File recovery. Within an AXF Object, the FileTre¢ data
type is stored in the Object Header and Object Footer; external to the AXF Object, the FileTree data type can
be stored in one or mare,Object Indices stored on the medium on which the AXF Object resides, as appropriate
for the medium. InCithe File Payload, files are followed by File Footer XML structures that both demafk the
separation between one file and the next and provide all of the detailed information about the files thaf they
follow.

613.2 Spanning

When an AXF Object contains too much content to fit in the remaining space on a medium, it can be divided
into-two-ormore fragmentsthat can-be stored-on-multiple media—The processis called Spanningandrésults
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

6l4 AXF Data Structures

nto these categories:
e 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)
e AXF Object Data Structures (see Section 6.4.3)
o File Tree (see Section 6(4.3.3)
o Object Header (seé .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 Fite-Payload Start (see Section 6.4.3.6)
ov~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)

Setthatis needed. ThiS mechanism permits modiicaton of AXF ODJEcts WIen on media that are not rew
and also preserves all versions of the Collected Sets without loss of any content.

Oata structures generally utilized within the AXF protocol, and described in the following setctions, are div

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
ystems.

n

614.1.1.1 Block-Based Systems

n Block-Based systems, Chunk boundaries shall be aligned to Block boundaries. The\first byte of an AXF
bject shall align with the first byte of a Block. All AXF Objects on a given Medium shall have the same Ghunk
ze, matching the Block size of the Medium.

w_Q

=

ote: When reading or writing AXF Objects on Block-Based systems, chunk(or\block realignment only can be
erformed by AXF—aware applications.

o

6]4.1.1.2 File-System-Based Systems

n File-System-Based systems, Chunk Boundaries need not be aligned with Media internal structures. Different
XF Objects on the same medium may have different Chunk sizes. Applications that read or write AXF Objects
h File-System-Based systems need not be AXF aware with.respect to AXF Chunk or Block realignment

o >

Note: On File-System-Based Media, it is possible for an AXF-aware application to tune Chunk sizes of AXF Opjects
fQr best efficiency based upon minimum, maximum, anehaverage file sizes.

614.1.2 Binary Structure Container

A Binary Structure Container is a mechanism, expressed in binary form, for encapsulating payloads for the
ultiple data structures that comprisexthe overall AXF protocol. It is used to create both AXF Medig data
sfructures and AXF Object data structures, providing a universal approach to creating, storing, interpreting, and
pprsing them. A Binary Structure)Container can be seen as a well-defined and predictable encapsulatipn, or
rapper, for each structure (payload) that can be contained within it. Binary Structure Containers are applied
all AXF Media and AXF Object data structures except Payload File data itself.

other
uring
ns to
b part

type
hdata

nless
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Table 2 — Structural Elements of Binary Structure Containers

Field Jame Byte Offset Length Data Type Example Description and Requirements
(Bytes)
Structyre Identifier 1 0 32 UTF-8 AXF_OBJECT_HEADER | The Structure fidentifier 1 value shall be a stfing of UTF-8

characters identifying the type of data structure within the
Payload, of the structure. Specified character strings shall
be used by applications to identify corftained data
strictures. The string shall be padded with UTF-8 NUL
characters to the field boundary. UTF-8 NUL characters
shall not be used within structure identifigr values. A
duplicate of this information is contained in ghe 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 coptained.

NOTE: The following values identify the AXF dgta 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

Structgire Version 32 4 Unsigned32- | 1 The Structure Version shall be the version ideftifier for the
bit integer container. This particular version informati¢n is specific
only to Binary Structure Containers. All Bindry Structure
Containers within an AXF Object shall be pf the same
Structure Version. Binary Structure| Containers
constructed according to this version of this sfandard shall
have a Structure Version value of 1).
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Field Name Byte Offset

Length
(Bytes)

Data Type

Example

Description and Requirements

Chun

Size 1 36

8

Unsigned 64-
bit integer

100000h

The Chunk Size 1 shall indicate in bytes the Ch
for the current AXF Object. The same value is
the Chunk Size 2 field.

Examplé: A*value of 100000h indicates all C
the ‘associated AXF Object have a size
(decimal) bytes.

nk size used
Huplicated in

hunks within
f 1,048,576

uuib

44

16

Unsigned
128-bit
integer

90997230098211E289
2E0800200C9A66(h)

Fhe UUID value shall be equal to the AXF Ob,
specified in the associated XML payload carri
Binary Structure Container, when the Bing
Container applies to AXF Object-specific struc]
Object Header, Object Footer, File Footer, ef]
Structure Containers associated with the sam|

shall contain the same AXF Object UUID valug.

The UUID value shall be equal to the AXF M
as specified in the associated XML payload d
the Binary Structure Container, when the Bin
Container applies to AXF Media-specific stif
AXF Medium Identifiers and AXF Object Indicg
Structure Containers associated with the
Medium shall contain the same AXF Medium

ect UUID, as
d within the
ry Structure
ures such as
. All Binary
P AXF Object

dium UUID,
brried within
ry Structure
lictures, i.e.,
s. All Binary

same AXF
UUID value.

Date (

reated 60

Signed 64-bit
integer

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

The Date Created value shall indicate the timg
Binary Structure Container in which it is found

at which the
as created.

Its value shall be the elapsed time, since 00:40:00 UTC on

January 1, 1970, expressed as a number of se

onds.

Paylog
Encod

d Description 68
ng Form

40

UTF-8

UTF-8

The Payload Description Encoding Form field
the designation of the encoding form used in
Description field to encode the scalar v
characters contained in the payload descript
values shall be: UTF-8, UTF-16, UTF-16BE, UT]
32, UTF-32LE, and UTF-32BE. The encoding

as defined in ISO/IEC 10646, as shall be the

associated with the characters and ideographk.

shall provide
the Payload
lues of the
on. Allowed
F-16LE, UTF-
lorm shall be
calar values
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Field Name Byte Offset Length Data Type Example Description and Requirements
(Bytes)

Paylodd Description 108 2 Unsigned 16- | 128 The Payload Description” Length field shall |indicate the

Lengtl bit integer length of the Payload,Description field expregsed in bytes.

Paylodd Description 110 Variable Binary data Migration Metadata, The Payload Description field shall contain user-provided
length, encoded as Proxy, Vendor informatienabout the contents of the Paylopd field. This
defined by specified in Metadata, JPEG Cover | field\can“be left blank, but it can be useful Wwhen a user
the Payload Payload Art, etc. includes Generic Metadata payloads and wishes to help
Description Description classify and identify such packages to systenfs into which
Length field Encoding AXF Objects are recovered. The examples diven for this

Form field apply to such Generic Metadata applicatjons.

The encoding of the scalar values representirjg characters
and ideographs shall be as specified in fhe Payload
Description Encoding Form field. The corfespondence
between scalar values and the characters anfl ideographs
that they represent shall be as defined in ISOJIEC 10646.

Paylodd Format Length 110 + 2 Unsigned 16%¢]/128 The Payload Format Length field shall indicafe the length
Payload Description Length bit integer of the Payload Format field expressed in bytes.

When the Structure Identifier value is

AXF_OBJECT_FILE_PAYLOAD_START or

AXF_OBJECT_FILE_PAYLOAD_STOP, the Payload Format
Length shall have a value of zero.
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Field Name Byte Offset Length Data Type Example Description and Requirements
(Bytes)

Paylodd Format 112 + Variable UTF-8 application/xml The Payload Format field'shall indicate the fprmat of the

Payload Description Length length, payload contained within the Payload field. |The purpose

defined by of the Payload Format value is to assist in prodessing of the
the Payload Binary Structure Container’s payload.
Format
Length field The ‘Payload Format field shall carry a domma (“”)-

séparnated list of one or more Media Types, J
RFE-6838, to specify a nested set of container:
payload content. If only one Media Type is spe]
be that of the payload data. If more than ong
is specified, the Media Types shall specify the
payload containers, with the first Media Ty
the outermost container and with each succ|
Type describing the format of that containg
The last Media Type in the list shall indicate th
of the payload data.

The Media Type values used to define the Pay
often include an implicit or explicit b
specification, which, when present, shall spe]
ordering of the payload contained within the H
To the extent possible, Media Types that i
ordering of the associated payloads should {
Media Type value that indicates the payloa
the byte ordering of the payload is not aV
particular payload type or the byte ordering|
then the Media Type value “application/od
according to RFC 1494, should be used.

When the Structure Identifier
AXF_OBJECT_FILE_PAYLOAD_START
AXF_OBJECT_FILE_PAYLOAD_STOP, the Pay|
field shall be omitted (i.e., have a length of z¢

s defined by
carrying the
Lified, it shall
Media Type
ormat of the
e specifying
2ssive Media
I's contents.
Media Type

load Format
te ordering
Lify the byte
ayload field.
hdicate byte
e used. If a
format and
hilable for a
is unknown,
tet stream,”

value is

or

oad Format
ro).
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Field Name Byte Offset Length Data Type Example Description and Requirements
(Bytes)
Paylodd Length 112 + 8 Unsigned 64- | 1a2b3c4d5e6f7a8b(h) | The Payload Length field shall indicate thq size of the
Payload Description Length + bit integer (possibly compressed) Payload expressed in Hytes.
Payload Format Length
When the Structure Identifier value is
AXF_OBJECT=FILE_PAYLOAD_START or

AXF_OBJECT_PAYLOAD_STOP, the Payload |Length field
shall'have a value of zero.

Paylodd 120 + Variable As indicated | N/A TFhe Payload field shall contain the payload ¢ncapsulated
Payload Description Length + Length by Payload by the Binary Structure Container.
Payload Format Length Defined by Format
the Payload When the Structure Identifier 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 applications

Padding 120 + Chunk Size — UTF-8 NUL | 0x00 Padding added to align the entire data structure on Chunk-
Payload Description Length + ((696 + characters size boundaries defined for the particular AX Object shall
Payload Format Length + Payload consist of 0x00 values.

Payload Length Description

Length + Padding shall extend the Binary Structure Congtainer by the
Payload minimum amount necessary to cause the last byte of the
Format final field of the Binary Structure Container to pppear in the
Length + byte position immediately preceding a Chunk|boundary.
Payload

Length):Mod When the Structure Identifier value is
ChimkSize) AXF_OBJECT_FILE_PAYLOAD_START or

AXF_OBJECT_FILE_PAYLOAD_STOP, the Payload will be
empty, and Padding shall be applied to corrdctly position
the last byte of the final field of the Bindry Structure
Container.

The byte length of the Padding is referred t¢ as Padding
Length and is used for Byte Offset Calculations of
subsequent fields in the Binary Structure Confainer.
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Field Name Byte Offset Length Data Type Example Description and Requirements
(Bytes)
Checkfum Type 120 + 16 UTF-8 SHA-1 The Checksum Type \field shall define tHe checksum
Payload Description Length + algorithm used for structure verification. THe Checksum
Payload Format Length + Type value shall be 'drawn from the checksufn algorithms
Payload Length + specified in the list of examples in Section 10.p1.1.3.
Padding Length
The following values shall be permitted:
CRE64
MD5
SHA-1
SHA-224
SHA-256
SHA-384
SHA-512
Checkfum 136 + 512 Unsigned 12fe456d89c76562 The Checksum field shall carry the value of the checksum
Payload Description Length + 4096-bit 5df9df9812fe456d of the Payload field contained within the Binfry Structure
Payload Format Length + integer 89c765625df9df98 Container, determined using the algorithm spkcified in the
Payload Length + 3345678964ab500 Checksum Type field. It shall carry the value i the number
Padding Length 000000 .... 0000(h) of left-most bytes specified for the Checksufn Type used
and shall be padded in its right-most bytes with NUL values
to a length of 512 bytes.
Structgire Identifier 2 648 + 32 UTF-8 AXF_OBJECT_HEADER | The Structure Identifier 2 field shall carry a dyiplicate copy
Payload Description Length + of the value contained in the Structure 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 bytes the Chpink size used
Payload Description Length,+ bit integer for the current AXF Object. The same value is Huplicated in
Payload Format Length.+ the Chunk Size 1 field.
Payload Length +
Padding Length
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Field Name Byte Offset Length Data Type Example Description and Requirements
(Bytes)
Structfire Start Position 688 + 8 Signed 64-bit | 1a2b3c4d5e6f7a8b(h) | The Structure Start Position field shall specify the relative
Payload Description Length + integer number of Chunks from the location of the Stfucture Start
Payload Format Length + Position field tosthe first Chunk of the cyrrent Binary
Payload Length + Structure (Container.  (Note: If the Binafy Structure
Padding Length Containepiscontained in one Chunk, the valug of Structure

Start\ Position will be zero. Otherwise, the value of
Structure Start Position always will be negative.)

Implementation note: SMPTE ST 2034-1:2014fpecified the
Data Type of Structure Start Position as an Pnsigned 64-
bit integer. AXF Objects created using thaf] version will
have positive values for Structure Start Ppsition. On
encountering positive values for Structure Sfart Position,
AXF-aware applications compliant with this vgrsion should
interpret them as negative values or zero to donform with
the current definition of Structure Start Posftion. At the
time that such AXF Objects are refreshed in storage,
adjustment of the values to comply with the definition
above is recommended.
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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

o a medium IS Specific 1o the type of medium as described above. The general layout of AXF ODjec]s pn 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 Layout'en Block-Based Media
Tlhe following sections detail AXF Media-specific:structures. Section 5 defines which media data structurgs are
applicable to each particular Storage Media Type.
6]4.2.1  VOL1 Label
The VOL1 Label is an ISO/ANSI “standard volume label (“VOL1”) structure as specified in ISQ/IEC
1p01:2012(E). This label is included to maintain compatibility with legacy applications for Storage Media Types
that benefit from its use. The(VOL1 Implementation Identifier indicates to applications with AXF compatibility
that the medium has been_properly prepared for AXF read/write activities. The VOL1 Label shall not be
encapsulated inside a Bihary Structure Container. The VOL1 Label shall be stored on a medium so that th first
bjte of the label is cafried in the first byte of the first available block on the medium. Applications shalll write

—

ith the AXF Medium Identifier (see Section 6.4.2.2), to detect whether the medium has been prepared fo
bjects before any are stored.

Q=

0 maintaih compatibility with non-AXF applications, the VOL1 Label shall be followed by a device-specif
arkon applicable media. The fields of the VOL1 Label are structured as defined in Table 3. See Tablg
psignations of the Storage Media Types on which the VOL1 Label shall be applied.

o = -

he VOL1 Label stréeture when preparing a medium for AXF use and shall read the VOL1 Label, in combifation

AXF

c File
1 for
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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 top1*
VOL1Volumeldentifier 4 6 1ISO ABCO001 | Carries an identification of thewolunie
646
VOL1VolumeAccessibility 10 1 ISO Space Indicates access restrictions.
646
(Reserved) 11 13 ISO Spaces | Per ISO/IEC 1001:2012(E), reserved
646 for future standardization
VOL1Implementationldentifier 24 13 ISO AXF Indicates{the implementation that
646 created the Volume Header Label.
VOL1O0wnerldentifier 37- 14 1ISO CreatorC | Indicates the owner of the volume.
646 ompany
(Reserved) 51 28 ISO Spaces [“Per ISO/IEC 1001:2012(E), reserved
646 for future standardization
VOL1LabelStandardVersion 79 1 1ISO 4 Indicates the version of the Label
646 standard. Per ISO/IEC 1001:2012(H),
this field is set to “4” for the 2012
version of the ISO/IEC 1001 standard.

A limited set of ISO 646 characters is permitted, des€ribed as “a-characters” in ISO/IEC 1001, Section 8.1.1
Annex A.l.

he VOL1VolumeAccessibility field shall be*set to a SPACE character to indicate unrestricted access, ar
OL1Implementationldentifier shall be setito “AXF”.

<

6l4.2.2 AXF Medium ldentifier

becific information relating tgthe AXF Medium itself. The AXF Medium Identifier shall be a Binary Stry
ontainer Payload having -.a Structure ldentifier value of AXF_MEDIUM_IDENTIFIER. The detailed

pcument. The AXE-Medium Identifier structure includes information key to the accurate recovery of
bjects contained on the AXF Medium, including a unique identifier, label, or human-readable identifier
medium, as weéll'as the block size used on the medium.

Qo nw Ounw >

Refer to Section 5.4 and Table 1 for designation of the Storage Media Types on which the AXF Medium Ide
nall be-applied.

n

and

d the

n AXF Medium Identifier is an\XML structure, carried as a Binary Structure Container Payload, that coftains

cture
XML

ructure of the AXF Médium Identifier can be found in Section 110.1.1 and in the XSD file associated with this

AXF
Df the

htifier

An Block-Based media, the Medium Identifier shall be stored so that the first byte of the Binary Stry

cture

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

contalned |n an AXF Object Index is sufficient to recover and reconstruct the entire catalog of all AXF Objects
[

6]4.3 AXF Object Data Structures

Hach AXF Object is a fully self-contained, encapsulated set of files, metadata, and any other an
information that adds context, relevance, or value to its contents. AXF is designed to handle encapsulat
al single file as easily as encapsulation of hundreds or millions of files. AXF Objects are structurally idg
regardless of whether they‘are written to data tape, spinning disk, solid state media, or optical media —
Block-Based or File-System-Based.

6]4.3.1  AXF Objéct Overview

Hach AXF Ohject includes several data structures wrapped in Binary Structure Containers. These inclu
Qbject Header structure, any number of optional Generic Metadata structures, a File Payload Start stru
zpro or.more content files together with an associated AXF File Footer for each file, an optional File P3
Jtopsstructure, and an Object Footer structure. Each AXF Object also can contain spanning informatio
relates the portion of the AXF Object stored on a particular medium with the remainder of that AXF @
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stored on another medium or on other media and associative information that relates the AXF Object 10
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

614.3.2  AXF Object Structural Components

ach AXF Object shall begin with an Object Header and end with an Object-Footer. The Object Headgr and
ooter structures contain descriptive XML metadata describing the contents of the AXF Object. Applications
ay use Object Headers and Object Footers as anchor points while parsing AXF Objects. Although follpwing
spctions describe the general ordering of internal AXF structuresi/other structures can be expected [to be
embedded in these locations in future versions of this standard; and therefore applications should verify the
Binary Structure Container type before processing each Binary.Structure Container, ignoring unexpected or
upknown Binary Structure Containers.

M

ollowing each Object Header may be zero or more Generic Metadata Containers. Each Generic Metpdata
dontainer shall comprise a Binary Structure Container, the payload of which is metadata associated with the
AXF Object.

ollowing any Generic Metadata Containers_shall be the File Payload portion of an AXF Object. The File
Payload portion of an AXF Object shall begin with a File Payload Start structure. Immediately following the File
Payload Start structure shall be any number of File Data + File Padding + File Footer triplets, the last of which
ay be followed by a File Payload Stop structure. File Padding shall be used to align the File Data or] AXF
dhunk boundaries to enable easy.description of the locations and retrieval of the contents of the files contpined
ithin the AXF Object. Because the files in an AXF Object are not encapsulated in Binary Structure Contajners,
the File Payload Start and File-Payload Stop structures enable locating the File Payload of an AXF Object|{while
sganning at high speed.

he final Binary Structure Container of an AXF Object always shall be an Object Footer.

614.3.3 File\Tree

A File Treevstructure shall be included in each Object Header and Object Footer, as they are morg
described*below. Each File Tree structure shall include the names of the files and symbolic links contai
theselated AXF Object File Payload the paths |f any, through a folder structure to each of the contalne

fully
ed in
gl files

relationships to one another The File Tree structure shall be expressed in XML, as described in detall in Sectlon
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 numberlng shaII start W|th a value of ‘1’ applled to the root folder of the F|Ie Tree

ree (including the root folder).
long with each file listed in the File Tree structure, nested checksum type/value pairs, file_identifiers g

ty
spectrum of applications and technologies, multiple instances of checksums, identifiers, and attribuf
different types may be associated with each file or symbolic link, both in the File Treeland elsewhere.

fglders, files, and symbolic links is shown in a file tree diagram. On the rightside, the corresponding stru
f files and symbolic links within an AXF Object is shown. On the left side, index numbers are given for fo
files, and symbolic links, as they would appear in FileTree structures, while on the right side the index nur
for only files and symbolic links are shown, as only the information related directly to files and symbolic li
ricluded in File Footers and Symbolic Link Footers. The paths to,allof the files and symbolic links are S
h both sides, as they would be expressed both in the FileTreesstrdcture and in the File Footer of each
ymbolic link. Paths are not explicitly expressed for folders in.the File Tree structure; rather their prese
enoted by the XML structures naming them and assigning:lndex numbers to them. In the event of loss
leTree structures on a medium, the File Tree can be reconstructed by reading the paths in the File Fg
hd Symbolic Link Footers, in which case the existence of empty folders can be inferred from the
umbering sequence, but the names of empty folders cannot be determined.

S o

S0 71 » o

=

ote: The nature of the target of a symbolic_link, i.e., a file or a folder, is not directly indicated by thg
ricluded in the Symbolic Link Footer. Determination of the nature of the target requires following the lin
kamining the data and/or structure found-at the target of the link.

o =
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Figure 5 — File Tree Structure Overview

614.3.4  Object Header Structure

D>

n Object Header is an XML structure, carried as a Binary Structure Container Payload, that provides strugtural
formation about the AXF Obiject itself.and information about the contents of the AXF Object, including| such
items as file names, file paths, checksum data when available, provenance information, and the like. Be¢ause
h Object Header is written before ‘much of the detailed information about the File Payload is known, mdych of
e data that it contains is optional,"Not optional are such details as the Chunk size of the AXF Object, and|other
pta necessary to the accurate)recovery of the AXF Object contents. To help enhance the robustness ¢f the
XF Object, the Object Header also serves to provide redundancy of information carried in complete fgrm in
e corresponding Object Footer. In addition, data in Object Headers is used in the processing of linkages in
panned Sets (see Section 8) and Collected Sets (see Section 9). The Structure Identifier of a Binary
tructure Container-shall indicate carriage of an Object Header in the Payload of the Binary Structure Container
y having AXFOBJECT_HEADER as its field value. The detailed XML structure of the Object Header shall be
5 given in Segtion 10.2 and in the XSD file associated with this document.

- 5

f

DO (NDNS PO S D

D

4.3.5 Generic Metadata Container Structure

A Generic Metadata Container provides an optional, open, and extensible space for the direct associatlon of
free=formmetadatawithramAXFObjectitapptes-at the AXFObjectHevetand—canbetused-tocarry-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

a e = - = ola o
ctataia a ocratct c sllva CC Ot 0TcCa CU cpParatc " oOcCTIC vV adata OTT(a S.

6]4.3.6 File Payload Start Structure

he File Payload Start structure shall be an empty Binary Structure Container signifying that the Ghunk
mediately following the File Payload Start structure shall contain either the first portion (eriall) of the fifst file
of the AXF Object File Payload or an associated File Payload Stop structure (see Section’6.4.3.9). The File
Payload Start structure may be used by applications that do not need to access other AXF structures Qut do
need to perform any of a variety of operations on Payload Files. By locating the File-Payload Start structufe, an
application can find the File Payload, which commences with the following Chunk;-Using just the information
sfored in the associated File Footers, such an application can fully restore all-.Payload Files of an AXF Opbject,
ithout the use of the Object Header or Object Footer. The Structure Identifier' of a Binary Structure Conjainer
shall indicate the presence of a File Payload Start Binary \Structure Container by having
AXF_OBJECT_FILE_PAYLOAD_START as its field value.

6]4.3.7  File and Symbolic Link Payloads

hen present, each Content File shall be stored as a sequence of bytes, from beginning to end. Each Cgntent
Hile shall be stored with its first byte coinciding with the fitst-byte of a Chunk. Each Content File shall ogcupy
as many sequential Chunks as necessary to contain. alhof its data. A Content File shall not be wrapped in a
Binary Structure Container. Each Content File shall be*followed by sufficient File Padding to completely fill the
Igst Chunk occupied by the Content File, therebysmaintaining Chunk alignment of the File Payload strufture.
Hile Padding shall consist of bytes having a valug'of 0x00. Should a Content File fully fill an integer number of
dhunks, then no File Padding shall be added{ The final Chunk carrying a Content File (and any associated File
Padding) shall be followed by a File Footer.(see Section 6.4.3.8).

e ordering of File Payload files ¢an be indicated in metadata related to the File Payload files, carrjed in
ultiple places within an AXF Object, in particular the related File Footer. See Section 6.2 for details.

he File Payload of an AXF-Object may be spanned across multiple media, as described in Section 8. When
spanning is applied, a Conterit File may be split into two or more fragments, the lower-ordered of which atjeach
span point will be terminated with a Fragment Footer and the higher-ordered of which at each span poipt will
preceded by an©bject Header followed by a Fragment Header. In such instances, the sequential stprage
of the Content File'in-Chunks shall bridge across as many media as necessary to fully contain the Contenf File.

hen a Symbotic Link is included in a FileTree to reference a file or a folder using an alias, a single chynk of
dding _data (called a “Padding Chunk”) shall be inserted into the File Payload to enable use of a footer
sfructure-for the Symbolic Link equivalent to a File Footer. To enable operation of the FileTree path strycture
ith-respect to the Symbolic Link, the Padding Chunk shall be named in the same way that files are namef. All
es'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
dJontainer sha naicate carriage oOfl d VIMDO NK Footer In the FPayload Or the blhaly ructure erby
having AXF_FILE_FOOTER as its field value. The detailed XML structure of a Symbolic Link Footer,_shpll be
as given in Section 10.4 and in the XSD file associated with this document; in turn, it depends on.the Symlink
qML structure described in Section 10.13 and also in the XSD file.

614.3.9 File Payload Stop Structure

he File Payload Stop structure shall be an empty Binary Structure Container signifying.that the previous Ghunk
cpntains the File Footer of the last file in the AXF Object File Payload. The File Payload Stop structure chn be
used by applications that do not need to access other AXF structures but do{need to perform a varigty 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 Strufture,
thereby enabling an application to locate the bounds of the AXF Object File.Payload. Using just the infornEation

in the associated File Footers, such an application can fully restore @l Content Files contained in th¢ File
Payload of an AXF Object, without relying on the use of the ObjectvHeader or Object Footer. The Structure
Identifier of a Binary Structure Container shall indicate the presence of a File Payload Stop Binary Strycture
Jontainer by having AXF_OBJECT_FILE_PAYLOAD_STOP. as'its field value.

6]14.3.10 Object Footer Structure

AIn Object Footer may be used in similar fashion to an,Object Header, and can be used by applications to ocate
and process the files and other information contained within the AXF Object. Each Object Footer shall cgntain
al collection of metadata that describes the contents of the AXF Object. The Object Header and Object Hooter
dpta structures are fundamentally identical; h@wever, some fields that are optional in the Header are mandatory
i the Footer. The Structure Identifier ef a Binary Structure Container shall indicate carriage of an Qbject
Hooter in the Payload of the Binary Structure Container by having AXF_OBJECT_FOOTER as its field yalue.

he detailed XML structure of the Object Footer shall be as given in Section 10.6 and in the XSD file asso¢iated

ith this document.

Qbject Footers serve two purposes: They provide updated information about the contents of an AXF Qbject
that was not available whenits Object Header was created, and they provide redundancy by duplicating sgecific
information from the corresponding Object Header and from the File Footers of all of the files contained ithin
the AXF Object. In addition, data in Object Footers may be used in the processing of linkages in Collected|Sets,
ak explained later-in-Section 9.

6]4.3.11 Fragment Footer Structure

AXF Qbject Fragment links consist of Fragment Footer and Fragment Header pairs that carry pairtbond
identifiers when an AXF Object is spanned across multiple storage media. A Fragment Footer is an| XML
sfrbeture, carried as a Binary Structure Container Payload that provides linkage information betweep two
fragments of anm AXF Object A Fragment Foote alt e inserted arthe end of a sectormn of Fite Payloadthat 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
threbegimmingof asectionof Fite Paytoad-that has beenspamed-fromaprevious mediom-ima-Spanmegl Set.
he Fragment Header shall follow an Object Header that duplicates the Object Header(s) carried in the, Ipwer-
Fdered fragment(s) in the Spanned Set. The Object Fragment Header shall include a Fragment Rair JUID
hlue matching the Fragment Pair UUID value carried in the corresponding Fragment Footer that-ended the
le Payload section carried on the immediately preceding, lower-ordered medium in the Spanned Set{ The
tructure Identifier of a Binary Structure Container shall indicate carriage of a Fragment Header in the Palyload
f the Binary Structure Container by having AXF_OBJECT FRAGMENT_HEADER as.its field value.| The
ptailed XML structure of the Fragment Header shall be as given in Section 10.3 and in.the XSD file assog¢iated
ith this document.

—

=90 (NDT< O

7 General Usage Considerations

Q

eneral usage considerations include methods such as file naming conventions necessary to the interchjange
f stored content and practices intended to assure fast and reliable retrieval of such content. They apply when
reating, reading, writing, parsing, recovering, or indexing AXF Objects and/or AXF Media.

[ele)

~J

1 File Naming

hen stored on File-System-Based Media, files containing AXF Objects and files associated with thg AXF
rotocol shall be identified with specific file name exténsions. The file name extensions shall be applied as
becified in Table 4.

nwo <

Table 4 — AXF Protocol Filename Extensions

AXF Protocol Componennt Filename Extension Example Filenames
AXF Object .axf Object UUID.axf
AXF Object Index .axfi Medium UUID.axfi
AXF Medium-dentifier .axfm Medium UUID.axfm

Tlhhe Base Names_6f-files containing AXF Objects, AXF Object Indices, and AXF Medium Identifiers afe not
cpnstrained by this)standard. Nevertheless, the Base Names of the files containing the associated strugtures
should be the . WUIDs that are carried in those structures to uniquely identify them. For those characte sets
where applicable, both Base Names and extensions shall be treated in a case—insensitive manner by repders
of the structures; i.e., fully upper case, fully lower case, and mixed case names having the same alphabetic
characters shall be interpreted as the same names.

T

) ¥
+
- S

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 Medlum Identlfler will be updated by an appllcatlon followmg the preparatlon of a med|um
fa ation ' ' ' ' -
use as an AXF Med|um AIthough some storage media allow easy random access to the AXF Medium Identifier
sfructure, it should not be updated once created.

Ahysical media can be subdivided into multiple virtual media, when supported by the particular stprage
t¢chnology used (e.g., partitions or sub-directories). In such cases, multiple, virtual AXF Media can appdar on
individual physical media. A virtual AXF Medium shall be created by placing an AXF Medium Identifier at the
beginning of a partition or in a sub-directory. In an instance of a virtual AXF Medium, the structure that coftains
the AXF Medium Identifier shall serve as the top level of the virtual AXF Medium.

712.1 Block-Based Media

lock-based media shall be prepared for use as AXF Media prior to firstZutilization. Such preparation| shall
bnsist of placing VOLL1 labels and AXF Medium Identifiers on the media, as specified in Sections 6.4.2.[L and
4.2.2. Once AXF Obijects are stored on media, it can become quite-difficult to insert VOL1 labels and Mgdium
dentifiers after the fact, leading to the requirement for initial preparation of block-based media.

DO @™

712.2 File-System-Based Media

Q

n File-System-Based Media, medium preparation operations shall include creation of AXF Medium Identifiers
hd their placement at the root locations of the storage-media being prepared. It is possible for different|AXF-
ware applications to have different root entry points into the file structure of a storage medium, resultlng in
ultiple Medium Identifiers being placed on a medium. Consequently, during the media preparation procgss on
file-system-based media, AXF-aware systems, shall not remove or modify any AXF Medium Identifiers found
eJsewhere on storage media unless done intentionally as part of the media preparation process.

D

3 AXF Object Index Structures

XF Object Indices are optionakstructures that can be used to assist in the rapid recovery and indexing of AXF
edia and the AXF Objects.they contain. Such structures shall be supported on both Block-Based anq File-
stem-Based Media.

XF Object Index structures are defined in Section 6.4.2.3 and include collections of Object Footer data for all
XF Objects contained on Media prior to the locations at which the AXF Object Indices are stored in thel case
of Block-Based-Media and for all AXF Objects contained on the Media for File-System-Based Media.|AXF-
are applications can utilize AXF Object Index structures to speed the indexing of Media when those Media
e accessed without prior knowledge of their contents by the applications.

n File<System-Based Media, AXF Object Indices (if used) shall be updated following each successful wfite or
delete operation performed, allowing for immediate rebuilding by an application of its internal index simply by
reading an AXF ODJect Index structure. Since such a Medium might have been writtien 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.

Page 37 of 101 pages

© ISO/IEC 2017 - All rights reserved


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

ISO/IEC 12034-1:2017(E)

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

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 implemgnted
the AXF protocol. It is possible, however, for some applications to complete certain operations on,AXF Objects
and AXF Media with no awareness of AXF. Many of the benefits of this standard can be lost in such’casefs, but
they do allow for wider application of AXF in situations in which the AXF protocol is not fully implemented.

4.1 AXF-Aware Applications

Ouring copy and move operations, AXF-aware applications shall unpack and répack AXF Objects. These
processes allow the updating of important provenance metadata, realignment with destination Media [Block
bpundaries, updating of Chunk and Block relative and absolute position infermation, and validation of gl File
Payload data and AXF Object data structures to ensure that bits remain unaltered while streaming. During these
operations, AXF-aware applications shall ensure the updating of Object Header metadata to align with that
cpntained in corresponding Object Footers, assuring agreement within the structure pairs. An AXF-aware
application shall determine whether a destination Medium has beenforepared as an AXF Medium and whether
AXF Object Index structures have been enabled and maintained on it. If they have, the AXF Object Indgx on
the target Medium shall be updated to indicate the existence ‘of all newly added AXF Objects following a
spccessful copy or move operation.

AXF-aware applications shall ensure that proper reference and pointer information is maintained for each AXF
Object and AXF Media data structure during all creation, copy and move operations. AXF-aware applicgtions
shall validate this information during read operations to ensure its integrity and shall attempt to refcover
inconsistent information automatically or shall provide notification in cases where unrecoverable inconsistgncies
of other issues are detected.

4.2 Non-AXF-Aware Applications

design, applications that have.not implemented the AXF protocol are permitted to copy and moveg AXF
Objects when File-System-Based Media are involved. This is possible because each AXF Object is fully self-
cpntained, is deterministically constructed, and does not mandate Chunk alignment on File-System-Based
edia to permit subsequent access, recovery, copy, or move operations by both AXF-aware and -ungaware
applications.

[though not absSolutely necessary, by intentional design to facilitate wider applicability of the AXF pratocol,
applications sheuld ensure that provenance metadata and some of the resiliency characteristics (such ag AXF
Abject Index\Structures) are employed and maintained.

Appliecations that have not implemented the AXF protocol can read AXF Objects contained on Block-Based

edia,'but Block and Chunk data need to be known a priori as these cannot be parsed from the AXF Meflia or
A Objeet—data getures—witheutawareness—eftheA protecel—is—net-pessiblefernen-A 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
tgdentifyspecifrcatty- which—stroctoresarecomponentsof the AXFObjectcurrentty beingprocessed—4gnd to
ignore other structures that might be part of Generic Metadata Container or File Payload data of anothef AXF
bject either that it contains or that contains it.

Q

8 Spanning

Spanning is a segmentation and reassembly process for storing AXF Objects across multiple media, proyiding
he necessary linkages to reconnect with one another the fragments of a spanned AXFObject (stored onfa set
of Media known as a “Spanned Set”).

—

—

here is no limit to the number of Media and there is no limit to the types or@enerations of Media that cgn be
mployed to store a spanned AXF Object.

()

—

he AXF spanning structure establishes linkages between the segments of a spanned AXF Object and between
he storage media containing the spanned AXF Object, as storage-afthe spanned AXF Object moves from one
edium to the next. An AXF-aware application shall use thedinkage data stored within the AXF spahning
ructures to reassemble the AXF Object from its spanned segments.

n = =

egments of AXF Objects are identified as “Fragments” in,the definition of Spanning. Fragments have hepders
nd footers, as described below. Fragment footers, in particular, have been designed to take up no morg than
single Block on any Medium (or on Media having.moderate- or larger-sized Chunks, no more than a gingle
hunk) so that they can be placed in the remaining Space at the end of a Medium when it becomes apgarent
o the system writing to the Medium that the Medium capacity is about to run out.

S 0O D

[o0)

1 Spanning Linkages

0 connect the fragments in a Spahned Set, a number of linkages are provided at each span point in the
panned Set. The linkages consist of shared FragmentPairUUID values that connect successive fragments in
e Spanned Set.

S0

0 connect Media, the Medium preceding a Span Point may include, in the Fragment Footer at the end pf the
edium, the UUID that identifies the next Medium in the Spanned Set. Similarly, the Medium following a|Span
oint may include, in‘thé Fragment Header at the start of the Medium, the UUID that identifies the precpding
edium in the Spanned Set.

P v |

he first Fragment in a Spanned Set shall not contain a Fragment Header — only a Fragment Fpoter.
orrespondingly, the last fragment in a Spanned Set shall contain a Fragment Header but not a Fragment
ootersEach fragment in a Spanned Set shall begin with an Object Header, which shall precede the Fragment
eader'when it is present.

T 100 -

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 ]

Fradimnert FOOoLer.
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 =dmi

[ Medium Co&t‘&?‘ ]

Fragment Footer: ‘
FragmentPairUuUID = 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

[ Medium Content ]

(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.

Fragment Header and Fragment Footer pair are built to provide the linkage. The connections betwegn the
pader/footer pair were shown in Figure 6 above for a 3-or-more-medium Spanned Set. When,only’two media
re involved in a Spanned Set, the formats of Medium 1 and Medium 3 are used together, with*the format of
edium 2 omitted from the Spanned Set.

S5 S <

(0]

3  Recovery of Spanned AXF Objects

hen an application recovering an AXF Object encounters a Fragment Footer;the presence of the Fragment
ooter indicates that the current AXF Object is spanned to another Mediumy\The application shall use the
rnfformation provided in the Fragment Footer to determine the identity of the“succeeding Medium as wgell as
bveral linkages to the next Fragment.

w57

=

ote: The next Fragment might have been stored on a Storage-Media Type different from that carryirlg the
Lirrent fragment. It is the responsibility of the system managing recovery of the AXF Object or of the end user
t¢ enable the application to access succeeding Fragments ondifferent Storage Media Types.

O

Hor systems having Media already registered in their databases, it is the responsibility of those systems to
cpntrol drive loading with succeeding Media in Spanned Sets and to manage reassembly of the Fragmehts of
the spanned AXF Obijects into their original forms.

Hor systems importing AXF Objects into thejr databases, it is the responsibility of those systems to identify
sphcceeding Media containing subsequent Fragments in Spanned Sets and to provide needed indicatigns to
operators or to automated loaders so thatttie media can be made available when they are needed. This process
chn be aided by inclusion of a mechanism for pre-reading Media for identification and database registfation
purposes.

8

4  Spanning Rules

he first structure of an AXF Object shall be an Object Header. This requirement also shall apply o the
ragments of Spanned-Sets.

-

hen spanning-is_hecessary, the last structure in a Fragment at the end of a medium shall be a Fragment
ooter, and the<next Fragment in the Spanned Set shall begin with an Object Header followed by a Fragment
eader.

TrTins<s

i

ragments shall not be created without inclusion of Fragment Footers and linked Fragment Headers at thelends
hd_beginnings, respectively, of successive fragments.

QD

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 sh

all 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 Med
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.

ia, SO

jagments may start at locations on a Medium other than the beginning. Fragments may end at locationg
edium other than the end.

=z

An occur when Fragments originally stored on separate Media are copied to a single>Medium with
pfragmentation process.

o O

=

ote: Although permitted, this practice is not recommended.

Collected Sets

©

Collected Set is a structure that enables adding files to, replacing files in, and deleting files from arn
bject created at an earlier time. A Collected Set shall e¢omprise an Anchor Object, havi
ollectedSetSequence value of 1, and one or more subsequent AXF Objects having H
ollectedSetSequence values. A Product Object shall comprise the compilation of the Anchor Object
ollected Set and subsequent AXF Objects, applied sequentially according to their CollectedSetSeq(
hlues. AXF Objects added to a Collected Set subsequent'to'the Anchor Object shall modify the complg
f files included in the Product Object that results from.edmbining the AXF Objects of the Collected Set h
wer CollectedSetSequence values than the AXF Object being added. The Collected Set structure prd
e necessary linkages to connect its AXF Objectswith one another to produce a different complement @
ithin the Product Object than initially existed in\the Anchor Object. The AXF Objects in a Collected Sef
pve a specific order, with AXF Objects in the Collected Set having higher CollectedSetSequence \
ping read after AXF Objects having lower CollectedSetSequence values. As a result of the accumulat]
bntents and processing instructions of the sequence of subsequent AXF Objects, the contents of the Pr
bject produced by the Collected Setare altered with the addition of each successive AXF Object
bquence in the Collected Set.

W OoooTT=s=50<000Q>

—

here is no limit to the numper of AXF Objects that can be included in a Collected Set.

—

nkages between the.AXF Objects in a Collected Set are established by Object Header and Object R
ructures. During compilation of the Product Object of a Collected Set, the application reading the AXF O
in the Collected Set,using the linkage data, mounts media in the order necessary to assemble the Coll
et and applies)the processes indicated for its constituent files. This assembly procedure includes m
hanges to the-FileTree structure, adding, replacing, and deleting files, as necessary.

O (NS »n

911 (Collected Set Linkages

Tlo'support assembly of the files in a Collected Set into a final Product Object, a number of linkages are pro

ona

ultiple Fragments from a single Spanned Set may be stored on the same Medium. An example of this sitdation

put a

AXF
ng a
igher
bf the
ence
ment
aving
vides
f files
shall
alues
on of
pduct
0 the

ooter
hjects
ected
aking

vided

in each Object Header and Object Footer in the Collected Set. The linkages shall consist of a shared

uib

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.

Houre 8 shows the relationships between AXF Objects In a Collected Set. As seen in the Object Headdr and
Qbject Footer structures, each AXF Object has its own AXF ObjectUUID for identification.] The
dollectedSetUUID in the Anchor Object shall equal the AXF ObjectUUID of that AXF Objetcty and the
dollectedSetSequence value of the Anchor Object shall be set to 1. Subsequent Objects in the-Cellectdd Set
(those having higher CollectedSetSequence values than 1) shall have CollectedSetUUID values equal fo the
dollectedSetUUID (and AXF ObjectUUID) value of the Anchor Object, as indicated by the-arrow in Figpre 8,
and those Subsequent Objects shall have CollectedSetSequence values starting at 2-and incrementing by 1
flom one to the next in sequence in the order of their creation.

913 Add/Replace/Delete Processes

hree processes are defined for modifications of Product Objects that cantbe made by Subsequent Objgcts in
al Collected Set. They are ADD, REPLACE, and DELETE. ADD means that the file to which it applies shgll be
agded to the Product Object of the Collected Set, without deletion of a carresponding file. Such added fileq shall
be uniquely identified within the scopes of the Collected Sets withiniwhich they reside. REPLACE meang that
the file to which it applies shall be added to the Product Object.of the Collected Set, while a corresponding file
having identical identification parameters shall be removed frem*the preceding Product Object when crgating
the next Product Object. DELETE means that the file to which'it applies shall be removed from the precgding
Product Object when creating the next Product Object. The preceding Product Object is the one that results
flom the compilation of all members of the Collected Sef*having CollectedSetSequence values lower thgn the
JollectedSetSequence value of the AXF Obiject in which the process instructions are found. The next Product
Qbject is the one that results from the compilation of all members of the Collected Set hgving
JollectedSetSequence values lower than the CollectedSetSequence value of the AXF Object in whigh the
process instructions are found with inclusion’ in the compilation of the AXF Object in which the propcess
instructions are found.

Higure 8 portrays an example of making modifications to the contents of an AXF Object. When first createf, the
upper AXF Object in the figure is‘a standalone AXF Object, but nevertheless its CollectedSetUUID is majtched
tg its AXF ObjectUUID. Wheprit'becomes desirable to modify the upper AXF Object, another AXF Objeqt (the
Igwer one in Figure 8) is created and given the same CollectedSetUUID value as the upper AXF Obje¢t. At
the time of creation of the'second AXF Object, the first AXF Object becomes the Anchor Object for what i$ now
al Collected Set, and@he”CollectedSetSequence values of the second and all following AXF Objects are
numbered sequentially-

he Anchor Qbjéct in Figure 8 contains one Video file, Videol, and two Audio files, Audiol and Audio2. | With
the addition-of the Subsequent Object to the Collected Set, the new audio file Audiol contained in the sg¢cond
AXF Object'is marked as a replacement for the Audiol file that is contained in the Anchor Object, audjo file
Audio2\is-marked as deleted from the Product Object per the instructions in the second AXF Object, and dlosed

cpption file Closed Captionl, also contained in the second AXF Object, is added to the Product Object of the
allected 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
TETest. I SUCH Cases, e COIeCTedSerSequence valle Serves as a version number Tor the Coltected pet.

hen multiple members of a Collected Set are created over time, they can be stored on a multiplicityyof Media.
ater, it can be desirable to combine the members of the Collected Set onto a single Medium, while retaining
he Collected Set members to permit recompilation of any of its versions. Retention of multiple versigns of
ollected Sets can be facilitated in such instances through use of nesting of AXF files, which-are the contdiners
f AXF Objects, as described in Section 7.5 Nesting AXF Objects .

S <

o 0
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/Anchor Object (Initial Object of a Collected Set) h

CMedium Identifier: MediumUUID = Um1>

\_

Subsequent Object (Final Obje%ssf’a Collected Set)
(Medlum Identlf\&ﬁ\/ledlumUUID Um1>

\_ J

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
ructure. Within the subsections on XML attributes and XML elements, each of the data points is descriljed in
e form of an XSD snippet and a semantics description. In major subsections describing complex type| XML
ructures in the mixed types category, there are attributes associated with the structure but no childelements
- only a value. In the descriptions of those mixed structures, there are lower-level subsections for the attriputes
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sfructures defined in this standard; the XSD snippets contained herein are for informational and cont
purposes only. With respect to the existence of specific XML structures, attributes, and/or elements, thg XSD
file that is an element of this standard shall take precedence over this text document.

In the UML diagrams following, notes appear foreach of the attributes and elements included in each strugture.
The notes are derived from the comments included in the XSD file. When there is more material includefl in a
description in the XSD file than fits in the space available for a corresponding note in the UML diagram, the
npte ends with an ellipsis (...). In such cases, see the XSD file for the complete, non-normative documentation
provided to aid understanding of the XSD file structure.

Note: Prior versions of the XSD_file did not include a Version attribute in the schema header. It is suggpsted
that AXF parsers finding AXF ‘Objects without the Version attribute present consider the AXF Object [to be
cpnstructed according to Vérsion 1.0.

Note: The headers of XML files generated in accordance with the XSD file that is an element of this stahdard
are required to include an XML namespace that is defined in the XSD file. It is known to the authors qf this
sfandard that some/implementations of earlier versions of this standard did not generate XML files that incjuded
the required Ramespace.
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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

©

[] Mediumidentifier
tns:AXFObject

Base Type

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

——

©

]

wersion
Type tns:structure_version

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

Attributes

tns:UUID
Type tns:UUID
¥p A

Specifies an immutablemiq_l.le identifier for the medium
on which the Mediufn Jd@wfifier is recorded. The identifier
is...

Théhulsiness identifier of the medium, such as the value of
talvarcode 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

*s: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...

tns:MediumPreparer
tns:Entity

@

Type

© ISO/IEC 2017 - All rights reserved

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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0.1.1 AXF Medium ldentifier Attributes

The AXF Medium Identifier attribute is: version

1

0.1.1.1 Version

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

T
q
S

Z -

entifier in which it is found. The AXF Medium Identifier Structure Version applicable to this edition‘d
andard shall be 1.0.

D.1.2 AXF Medium Identifier Elements

ediumPreparer, MediumOwner.

D.1.2.1 UUID

he version attribute shall identify the Structure Version of the data structure used to compose the AXF Medium

f this

he AXF Medium Identifier elements are: UUID, Label, BlockSize, PreparedTime, Application, Identifier,

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

o =

a

he Universally Unique IDentifier (UUID) contained within an AXE Medium Identifier shall specify a u

hique

entifier of the medium on which the AXF Medium ldentifier is re€Corded. The UUID shall be reused for the life

Ig

1

pcorded-onvthe medium on which it is found.

D.2.2:4 PreparedTime

of the medium, even if the medium is reformatted. The UUID shall be generated using the methods defied in
RFC 4122 or ISO/IEC 9834-8.
1p.1.2.2 MediumLabel

| qxs:element name="MediumLabel" type="xs:string" />
Tlhe MediumLabel contained within an AXFMedium Identifier shall be a physical identifier of the medium] such
ak the value of a barcode label applied te/the medium on which it is found, a disk array volume label, g solid
sfate memory device label, or some othieridentifying data specific to the medium at the time of its prepargtion.
donsideration should be given touminimizing the length of the MediumLabel element to the extent practigal, as
its value is repeated in the PreviousMediumLabel and NextMediumLabel elements of Fragment Hepders
and Fragment Footers, respectively.
1p.1.2.3 BlockSize

| <xs:element name="BlockSize" type="xs:positivelnteger" />
Tlhe BlockSizé contained within an AXF Medium Identifier shall indicate the size, in bytes, of the data Hlocks

<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.
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10.1.2.5 Application

<xs:element 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 Identifiers

A

xs:element name="Identifiers" type="tns:ldentifier" /> |

he Identifiers element contained within an Object Header shall comprise zero or more Idéntifier data [types
fined by the author of the AXF Object in which it is found.

o —

1p.1.2.7 MediumPreparer

A

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

he MediumPreparer element contained within an AXF Medium<dldentifier shall identify the Entity that last
repared the medium on which it is found. The MediumPreparer‘element shall contain the name of the Entity,
hould contain the name of the operator, and may contain othet information pertaining to the Entity that last
repared the medium.

S nT -

=Y

0.1.2.8 MediumOwner

<qxs:element name="MediumOwner" type="tns:Entity" /> |

Tlhe MediumOwner element contained within.an AXF Medium Identifier shall identify the Entity that owngd the
medium on which it is found when it last was prepared. The MediumOwner element shall contain the nane of
the Entity, should contain the name of.the facility, and may contain other information pertaining to the Entity
that owned the medium when it last was prepared.
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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

o] Attribytes

version
Type tns:structure_wversion

——

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 uniqt_.be iaeﬁtifierturthis Archive
Object. The UUID is genefapedWsing the methods defined
in...

tns:ChunkSiza\V
Type xs:pnsitivelnteger

Im:Iic:nE; {he-size in bytes of the data chunks recorded within this
Archive Object.

“tris:CreationTime
Type

xs:dateTime
Ed

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

tns:nstanceTime

xs:dateTim

Type

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

Base Type tns:AXFObject

The Object Henderd:n; str_ur:lure tns:CollectedSetSequence

provides information about the Type xs:positivelnteger 1
Archive Objegt. bject Header =
is an optiofiy] dasm... 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
Type tns:positioninteger é.‘

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 Archiw_e n
Object.

tns:ContentOwner ®
Type tns:Entity

Identifies the Entity that maintains uwm:_rship of the content
stored within the Archive Objectse

tns:CreatedBy
Type tns:Entity,

®

Identifies the inturmn{iu_n of the entity that first created
this Object Head®g,

2 fiedey
tns M&d{mdﬂy ®
Typs_ tns:Entn:\.ré|

Iaem-ities 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.

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,
OlleECctedSe . PTEVIOUSOD]ECIINdexPosItion, FOOterPosition, PreviousHeaderPosition,
FAreviousFooterPosition, Application, Identifier, ObjectOwner, ContentOwner, CreatedBy, Modifie
QbjectDescription, ObjectName, ChecksumTypes, and FileTree.

1p.2.2.1 UUID

| qxs:element name="UUID" type="tns:UUID" />

The Universally Unique IDentifier (UUID) contained within an Object Header shall.specify a unique identifler for
the AXF Object in which it is found. The identifier shall apply to the AXF Object and.to any and all copies thereof
that are unchanged in their content from the original. The UUID shall be genérated using the methods dgfined
n RFC 4122 or ISO/IEC 9834-8.

1p0.2.2.2 ChunkSize

| qxs:element name="ChunkSize" type="xs:positivelnteger" />

—

he ChunkSize contained within an Object Header shall indicate the size in bytes of the data Chunks recprded
ithin the AXF Object in which it is found.

=

10.2.2.3 CreationTime

A

xs:element name="CreationTime" type="xs:dateTime" />

he CreationTime contained within an©bject Header shall indicate the date and time at which the Qbject
eader was written for the first instance of the AXF Object in which it is found. The CreationTime valug] shall
e unchanged in all subsequent instances (copies) of the AXF Object. The element name Creationtimdg shall
E interpreted as identical to-CreationTime but shall be deprecated. For newly-created AXF Obijects, the
ement name CreationTime'shall be applied. When AXF Objects are spawned from previously existing AXF
bjects that used the element name Creationtime, whether while producing a Product Object from a Collected
et or while purposelytupdating and/or correcting an existing AXF Object, only the term CreationTime shall be
5ed. At the time that-AXF Objects using the form Creationtime are refreshed in storage, generation of a
¢placement AXE-Gbject to permit adjustment of the element name to CreationTime is recommended.

cC NQOo oo T

-

=Y

D.2.2.4 InStanceTime

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

ThednhstanceTime 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
Qoftected SetSequence shattbe used— At the tme that AXFObjetts using the formT CoftectionmSetSeggence
are refreshed in storage, generation of a replacement AXF Object to permit adjustment of the element name to
dollectedSetSequence is recommended.

1p.2.2.6 CollectedSetUUID

A

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

he CollectedSetUUID contained within an Object Header shall specify a uniqué identifier for the Collected
et of which the AXF Object in which it is found is a part. The CollectedSetUUID value shall be set eqpal to
e UUID of the first AXF Object in the Collected Set; i.e., the AXF Object having the lowest Collected Set
equence Number. When an AXF Object is created that is not part of a Cellected Set, its CollectedSetUUID
hlue shall equal the UUID value of that AXF Object, and its CollectedSetSequence number shall be se} to 1.
he element name CollectionSetUUID shall be interpreted as identical to CollectedSetUUID but shpll be
pprecated. For newly-created AXF Objects, the element name~€ollectedSetUUID shall be applied. When
XF Objects are spawned from previously existing AXP “Objects that used the element hame
ollectionSetUUID, whether while producing a Product Object from a Collected Set or while purpgosely
pdating and/or correcting an existing AXF Object, only the«term CollectedSetUUID shall be used. At the time
at AXF Objects using the form CollectionSetUUID arg;refreshed in storage, generation of a replacgment
XF Object to permit adjustment of the element name<te ‘CollectedSetUUID is recommended.

>SS C O H4< (n=(n -

=Y

0.2.2.7 PreviousObjectindexPosition

A

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

—

he PreviousObjectindexPosition/contained within an Object Header shall indicate the absolute |block
ppsition of the last AXF Object Index on the medium that precedes the AXF Object in which it is found.

1p.2.2.8 FooterPosition

4xs:element name="FooterPosition" type="tns:positioninteger" /> |

—

he FooterPositien-contained within an Object Header shall indicate the Chunk position of the beginn|ng of
he Object Foater relative to the beginning of the AXF Object in which it is found. The first byte of the Qbject
eader shall be“position 0.

T =

1p.2.2.9.\. PreviousHeaderPosition

qxs:element name="PreviousHeaderPosition" type="tns:positionlnteger" />

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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0.2.2.10 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.

1

0.2.2.11 Application

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

< o -

brsion, and publisher of the relevant software application.

0.2.2.12 Identifiers

he Application complex data type contained within an Object Header shall identify the.application that first
reated the AXF Object in which it is found. The Application complex data type should contain the name,

xs:element name="ldentifiers" type="tns:Identifier" />

pfined by the author of the AXF Object in which it is found.

0.2.2.13 ObjectOwner

he Identifiers element contained within an Object Header shall camprise zero or more ldentifier data ftypes

xs:element name="0bjectOwner" type="tns:Entity" />

—

f
f

—~ — —+

e Entity that held ownership of that AXE.Object when it was created.

D.2.2.14 ContentOwner

he ObjectOwner element contained within an-Qbject Header shall identify the Entity that held ownership of
e AXF Object in which it is found when that AXE Object was created. The ObjectOwner element shall contain
e name of the Entity, should contain the name of the facility, and may contain other information pertainjng to

xs:element name="Content@wner" type="tns:Entity" />

e content stored withjn the AXF Object in which it is found when that AXF Object was created
e Entity that held ownership of the content stored in that AXF Object when it was created.

D.2.2.15 CreatedBy

he ContentOwner element contained within an Object Header shall identify the Entity that held ownership of

The

ontentOwner element shall contain the name of the Entity and may contain other information pertain|ng to

<

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

N

AN A
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bject

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.

1

0.2.2.16 ModifiedBy

<

xs:element 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" /> |

he ObjectDescription element contained within an Object Header shall contain a human-readable descvliption
f the AXF Object in which it is found.

o -

1pD.2.2.18 ObjectName

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

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

1p0.2.2.19 ChecksumTypes

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

—

he ChecksumTypes element contained within an Object Header shall contain a list of all the chegksum
gorithms specified within the FileTree and/or FileFooter structures of the related AXF Object.

QO

10.2.2.20 FileTree

<qxs:element name="FileTree" type="tns:FileTree" ¢> |

he FileTree element contained within an Gbject Header shall describe the hierarchical structure of Filegp and
olders 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 f
which it applies. A Medium Identifier Structure... v

o % (Gamm)

[S] Attributes

| =D

O,

tns:FragmentNu@\er
Type xs:positivelnteger

[[] ObjectFragmentHeader Contains 2 ffisitive integer number indicating the index of the
Base Type tns:AXFObject Al'chive_(ll?jett fragment within the overall Archive...

tn&.‘FragmentPairUUlD ®
Jype tns:UUID
¥p A
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.

tns:PreviousMediumLabel

Type xs:string A

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

1:2017

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

he version attribute shall identify the Structure Version of the data structure used to compose thg
ragment Header in which it is found. The Object Fragment Header Structure Version applicable to this'e
f this standard shall be 1.0.

-

o

1p0.3.2 Elements

he Object Fragment Header elements are: FragmentNumber, FragmentPairUUID,-SpannedFilel
pannedFileOffset, FilePath, PreviousMediumLabel, and PreviousMediumUUID.

n -

1p.3.2.1 FragmentNumber

bject
dition

ndex,

qxs:element name="FragmentNumber" type="xs:positivelnteger" />

—

he FragmentNumber element contained within an Object Fragment Header shall contain a positive in
umber indicating the index of the AXF Object fragment in whi€h)it is found within the overall AXF O
arting at 1 and incrementing by 1 for each successive AXF Object Fragment.

n >

1p.3.2.2 FragmentPairuulD

teger
bject,

A

xs:element name="FragmentPairUUID" type="tns:UVID" />

he FragmentPairUUID element contained within an Object Fragment Header shall contain a UUIQ

ragment Numbers of the pair of Fragments differ by 1. The FragmentPairUUID shall be placed in the ¢
ragment Footer of the lower-ordered Fragment and in the Object Fragment Header of the higher-or
ragment of the Fragment pair.

e

=Y

0.3.2.3 SpannedFilelndex

that

hiquely identifies a pair of successive AXE)Object Fragments of a single AXF Object, in which pajir the

bject
Hered

A

xs:element name="SpannedFilelIndex" type="xs:positivelnteger" />

he SpannedFileladéex element contained within an Object Fragment Header shall contain a positive in

I starting imntediately following, the span; i.e., immediately following the Object Fragment Header in whig
pannedFileindex is found.

No < -

=Y

D.3.2.4~ SpannedFileOffset

teger

hlue indicating the)File Index, within the File Tree of the AXF Object within which it is found, of the file briglging,

h the

<Ixs:ielement name="SpannedEileOffset" 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

in
S
0

1

clude the names of all folders on the path from the AXF Object root to and including the file indicated
pannedFileindex. The root shall be indicated with a virgule (“/"), and all nested folder names and the
f the file indicated by the SpannedFilelndex shall be separated by virgules.

D.3.2.6 PreviousMediumLabel

y the
hame

A

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

he PreviousMediumLabel element contained within an Object Fragment Header shall contain a
becifying the Label contained within the AXF Medium Identifier data structurevof the medium carryin
feceding AXF Object Fragment in the set of spanned Fragments of the AXE Qbject in which it is found.

0.3.2.7 PreviousMediumUUID

5tring
g the

A

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

n_ -

e

he PreviousMediumUUID element contained within an_Object Fragment Header shall contain a
becifying the UUID contained within the AXF Medium Identifier data structure of the medium carryin
feceding AXF Object Fragment in the set of spanned-Fragments of the AXF Object in which it is found.

String
g the
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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,
N\ @
Type xs;str[ng

Cu-nmirgthe path to the file relative to the root of the
Arghive 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.

1p.4.1 _File Footer Attributes

Tlhe- 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>
J:L:LIII\_IIt "tll.):r;!\.,r‘uth" "1" “1" //
<xs:choice "1" "1">
<xs:element “tns:File" />
<xs:element “tns:Symlink" />
</xs:choice>
<xs:element "tns:SourceFile" "o" “1" />
<xs:any "0" "unbounded"/>

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

1p.4.2.1 FilePath

A

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

he FilePath element contained within a File Footer shallcontain the path to the file relative to the root
XF Object. The string contained in the FilePath elementshall express the File Path starting at the root
XF Object and shall include the names of all folders eh.the path from the AXF Object root to and includin
e followed by the File Footer. The root shall be indicated with a virgule (“/"), and all nested folder name
e name of the file followed by the File Footer:in‘which the FilePath element is found shall be separat
rgules.

S =P > -

<

1p.4.2.2 File

Df the
Df the
g the
5 and
ed by

4xs:element name="File" type="tns:File" />

The File element contained within a File Footer shall contain the File information provided by the Filg
type for the file indicated by.the File Footer in which it is found.

1p.4.2.3 Symlink

data

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

he Symlink element contained within a File Footer shall contain the Symlink information provided by f
ymlink data type for the symbolic link indicated by the File Footer in which it is found.

(00 |

1p472.4 SourceFile

<xs:element name="SourceFile" type="xs:anyURI" />

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

which the file to which the File Footer relates was copied into the AXF Object.
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10.5 Object Fragment Footer

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
He Tree gata structare.

[l tns:ObjectFragmentHeader (extension base)
Base Type | tns:AXFObject

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

v

O] Attributes

version
Type tns:structure_wversion

—

Identify the versicn of the Medium Identifier data typé€ styicture to
which it applies. A Medium Identifier Structure...

o o ()

§

O] Attributes

| D

\ths:FragmentNumber
Type xs:positivelnteger

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

J tns:FragmentPairUUID ®
Type tns:UUID
) o p
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...

ths:SpannedFileOffset ®
Type xs:nonNegativeInteger_
Edl
@ Contains a positive integer indicating the total number of bytes of the file
identified by the Spanned File Index that...

tns:FilePath

Type xsistrin
Y 9

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

[ ] ObijectFragmentFooter

Base Type tns:ObjectFragmentHeader tns:PreviousMediumLabel ®
Type xsstring

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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O] Attributes

—

tns:NextMediumLabel ®
Type xs:string é‘

C ; ) - ; ithin the
Medium |dentifier data structure on the medium carrying the...

tns:NextMediumUUID ®

Type tns:UUID é‘

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 Objecifidex on the medium
that is preceding the current Archive...

tns:FragmentFooterPosition ®
Type tns:positioninteger 1
Edl
Provides the relative chunk positign frogithe beginning of the Archive
Object to the binary structure cont@iner...

tns:FragmentHeaderPoSjtion
9‘ -\ S
Type tns:positionlfteger 1
Edl

Provides the absglutdblock position of the binary structure container
wrapping the Ohjéct Fragment Header of the...

tns:HeaderPosition
o ®
Type tns:posmonlnteger_
Edl

Rrovides 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...

1p.5.1 ObjectdFhagment Footer Attributes
The Object-kragment Footer attribute is: version.

1P.5.1.1~" Version

| Axs=attribute name—“version” tune—“tns-structure version” use—*“reaguired” /
g A id D = < 7

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" /> I

—

he FragmentNumber element contained within an Object Fragment Footer shall contain a positive integer
umber indicating the index of the AXF Object Fragment within the overall AXF Object,starting at 1 and
rlcrementing by 1 for each successive AXF Object Fragment.

=5

1p.5.2.2 FragmentPairuulD

A

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

he FragmentPairUUID element contained within an Object Fragmen{“Footer shall contain a UUID that
hiquely identifies a pair of successive AXF Object Fragments within a\single AXF Object, in which pgir the
ragment Numbers of the pair of Fragments differ by 1. The FragmentPairUUID shall be placed in the Qbject
ragment Footer of the lower-ordered Fragment and in the Object*Fragment Header of the higher-orflered
ragment of the Fragment pair.

nnanc -

=Y

p.5.2.3 SpannedFilelndex

A

xs:element name="SpannedFileIndex" type="xs:positivelnteger" /> I

—

he SpannedFilelndex element contained within an Object Fragment Footer shall contain a positive irfteger
blue indicating the File Index, within the File Tree of the AXF Object within which it is found, of the file bridging,
I starting immediately following, the span;

o <

1p.5.2.4 SpannedFileOffset

4qxs:element name="SpannedFileOffset" type="xs:nonNegativelnteger" /> |

—

he SpannedFileOffset-element contained within an Object Fragment Footer shall contain a positive irnteger
hlue indicating the tetal-number of bytes of the file identified by the SpannedFileindex that are contained
ithin the current and'all preceding AXF Object Fragments.

= <

1p.5.2.5 FileRath

qxs:element’'name="FilePath" type="xs:string" /> |

The FilePath element contained within an Object Fragment Footer shall contain a string indicating thg path
within-the-File-Tree-to-the file-indicated h\l the annnnd Eile-lndex—The cfrlnn contained-inthe FllePath-elédment
shall express the File Path starting at the root of the AXF Object and shall mclude 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
specifying the Label contained within the AXF Medium Identifier data structure on the medium carryin
preceding AXF Object fragment in the set of spanned fragments.

string
g the

10.5.2.7 PreviousMediumUUID

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

The PreviousMediumUUID element contained within an Object Fragment Footer shall\contain a
specifying the UUID contained within the AXF Medium Identifier data structure on thenedium carryin
preceding AXF Object fragment in the set of spanned fragments.

10.5.2.8 NextMediumLabel

5tring
g the

A

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

—

he NextMediumLabel element contained within an Object FragmentAeoter shall contain a string sped
he Label contained within the AXF Medium Identifier data structurelon the medium carrying the following
bject fragment in the set of spanned fragments.

A =

10.5.2.9 NextMediumUUID

ifying
AXF

qxs:element name="NextMediumUUID" type="tns:UUID"Y>

—

he NextMediumUUID element contained within@an Object Fragment Footer shall contain a string sped
he UUID contained within the AXF Medium Identifier data structure on the medium carrying the following
bject fragment in the set of spanned fragménts.

N =

1D.5.2.10 PreviousObjectindexPositign

ifying
AXF

qxs:element name="PreviousObjectihdexPosition" type="tns:positioninteger" />

—

he PreviousObjectindexPasition element contained within an Object Fragment Footer shall provid

Q

e the

bsolute block position ofthe last valid AXF Object Index on the medium preceding the current AXF Objegct.

4xs:element name<*fragmentFooterPosition" type="tns:positioninteger" />

—

he FragmentFooterPosition element contained within an Object Fragment Footer shall provide the
ppsition efthe Object Fragment Footer relative to the chunk position of the Object Header preceding the ¢
nagmentof the AXF Object.

—+

hunk
Irrent

== a4 — et ! B e
1U.D.L.J.J. rrayriermrieauct FUSTUHUTI

<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.
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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.

1p.5.2.13 PreviousHeaderPosition

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

Tlhe PreviousHeaderPosition element contained within an Object Fragment Footer shallptovide the abj
bjock position pointing to the Object Header structure for the previous AXF Object onfa Einear Medium
information is optional, as it does not exist on File-System-Based Storage Media . Types and is used 0
assist in the recovery and indexing of Media.

10.5.2.14 PreviousFooterPosition

olute
This
hly to

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

Tlhe PreviousFooterPosition element contained within an Object Fragment Footer shall provide the ab
Block position pointing to the Object Footer structure for the previous AXF Object on a Block-Based Me
T

—

¢ assist in the recovery and indexing of Media.

bolute
dium.

his information is optional, as it does not exist on File-System-Based Storage Media Types and is used only
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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...

R D :

O,

[S] Attributes

— D

tns:UUID
Type tns:UUID,
YR =

Specifies an immutable, un?qu:a identifier for this Archive
Object. The UUID is géngrated using the methods defined
in..

tns:ChunkﬂzzJ
Type xs:pnsitivelnteger

Indicale® the size in bytes of the data chunks recorded within this
+Afchiye 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.

[] ObjectFogter o
Base Type tns:AXFObject tns:CollectedSetSequence ®
"3 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
Collected Set of which the current Archive Object is a...

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

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...

Provides the absolute block position of the binary structure container

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

tns:PreviousFooterPosition
Type tns:positioninteger é‘

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:nhu_r Eﬁ the
Archive Object. (This field provides space for...

tns:ObjectOwner
Type tns:Entity

(€]

Identifies the Entity that mninr;in_s -\:l_wnership of the Archive
Object.

tns:CDnt&ntOwr}Er
Type tns:Entity ;

Identifies thE E}l}ifythnt maintains ownership of the content
stored withimthe Archive Objects.

I t{,"-&;atadBy

Wﬁ’e 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

®s:string

Contains a human readable name for the Archive Object.

tns:ChecksumTypes
Type tns:ChecksumTvpes%

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

© ISO/IEC 2017 - All rights reserved

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” />

o 11 -

el1.1.

=Y

0.6.2  Object Footer Elements

Tlhe Object Footer elements are: UUID, ChunkSize, InstanceTime, CollectedSetSequence,
dollectedSetlUUID, PreviousObjectindexPosition, FooterPosition, HeaderPosition,
AreviousFooterPosition, PreviousHeaderPosition, Application, Identifiers, ObjectOwner,
dontentOwner, CreatedBy, ModifiedBy, ObjectDescription, ObjectName, ClieCksumTypes, and
HleTree.

1p.6.2.1 UUID

he version attribute shall identify the Structure Version of the data structure used to compose the, Qbject
ooter in which it is found. The Object Footer Structure Version applicable to this edition of this standard shall

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

Tlhe Universally Unique IDentifier (UUID) element contained\within an Object Footer shall specify a u
identifier for this AXF Object. The identifier shall apply to the.AXF Object and to any and all copies thereq
are unchanged in their content from the original. The WUID shall be generated using the methods defir
RFC 4122 or ISO/IEC 9834-8.

1p0.6.2.2 ChunkSize

hique
f that
ed in

<qxs:element name="ChunkSize" type="xs;positivelnteger" />

recorded within this AXF Object.

10.6.2.3 CreationTime

Tlhe ChunkSize element contained within an Object Footer shall indicate the size in bytes of the data Chunks

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

Tlhe CreationTime)€lement contained within an Object Footer shall indicate the date and time at whig
Qbject Header‘was written for the first instance of the AXF Object. The CreationTime value shall be unch§
in all subsequent instances (copies) of the AXF Object. The element name Creationtime shall be interg
abk identicalMo CreationTime but shall be deprecated. For newly-created AXF Objects, the element
dreatignTime shall be applied. When AXF Objects are spawned from previously existing AXF Object
used the element name Creationtime, whether while producing a Product Object from a Collected Set or

h the
nged
reted
name
5 that
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

A

xs:element name="CollectedSetSequence" type="xs:positivelnteger" /> |

—

he CollectedSetSequence element contained within an Object Footer shall contain a non-negative irjteger
ndex of the AXF Object within a Collected Set. The index shall begin with 1 and increment by’1 for eacll AXF
bject added to the Collected Set.

A=

1p0.6.2.6 CollectedSetUUID

A

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

he CollectedSetlUUID element contained within an Object Footer shall-specify a unique identifier for the
ollected Set of which the current AXF Object is a part. The CollectedSetUUID shall be set equal to the UUID
f the first AXF Object in the Collected Set, i.e., the AXF Object with(the lowest CollectedSetSequence value.
hen an AXF Object is created that is not part of a Collected Set;.its'Collected SetUUID shall equal the UUID
f the AXF Object, and its Collected Set Sequence number shalkbe set to 1.

O <O O -

10.6.2.7 PreviousObjectindexPosition

qxs:element name="PreviousObjectindexPosition" type="tns:positioninteger" /> |

Tlhe PreviousObjectindexPosition element contained within an Object Footer shall provide the absolute Block
ppsition of the last AXF Object Index on thexhedium that precedes the current AXF Object.

1p.6.2.8 FooterPosition

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

—

he FooterPosition element contained within an Object Footer shall provide the Chunk position, relative fo the
art of the AXF Obiject, pointing to the Object Footer structure for the current AXF Object.

n

10.6.2.9 HeaderPosition

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

Tlhe HeaderPosition element contained within an Object Footer shall provide the absolute Block positjon of
the Binary Structure Container wrapping the Object Header of the current AXF Object if the AXF Object jis not
flagmented, or of the Object Header preceding the current fragment if the fragment that the Object Hooter

Il Y R | + £ bk ko AN O\l %
fUIIUVVb 1S U IASU TITaAyiTictit UT U1 AAT UUJTUL

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.

D.6.2.11 PreviousFooterPosition

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

psition pointing to the Object Footer structure for the previous AXF Object. This information is optional
pes not exist on File-System-Based Storage Media Types and is used only to assist in the recover
dexing of Media.

0.6.2.12 Application

he PreviousFooterPosition element contained within an Object Footer shall provide the absolute |block

as it
and

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

S -

f

e software application that first prepared the medium.

0.6.2.13 Identifiers

he Application element contained within an Object Footer shall)define the application information f¢r the
pplication that first created this AXF Object. The application information should be the name and vers|on of

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

—

o QU

efined identifiers (e.g., Tape Number ot-Database Primary Key).

0.6.2.14 ObjectOwner

he Identifiers element contained within an.Object Footer shall specify zero or more identifiers defined By the
uthor of the AXF Object. The Identifiers‘can be standardized identifiers (e.g., UMID or EIDR) or can be|user-

xs:element name="0bjectOwrier" type="tns:Entity" />

—

th

e AXF Object when,it was created.

0.6.2.15 ContentOwner

he ObjectOwner elément contained within an Object Footer shall identify the Entity that held ownership of

<

xs:element'name="ContentOwner" type="tns:Entity" />

1

tl

% + ek | adlaia £l ANE O\ " 1 Y PR |
T LCUIMCTIU SWUTTU WILHNITT U1 AAT UUJCTUL WTITTT TU Was LITaAlcu.

10.6.2.16 CreatedBy

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

<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 modified the Object Header in which it is found.

10.6.2.18 ObjectDescription

A

xs:element name="0bjectDescription" type="xs:string" />

o -

f the AXF Object.

=

0.6.2.19 ObjectName

he ObjectDescription element contained within an Object Footer shall contain a human-readable descijiption

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

he ObjectName element contained within an Object Footer shall contain a-human-readable name for thd
bject.

Q -

10.6.2.20 ChecksumTypes

e AXF

<xs:element name="ChecksumTypes" type="tns:ChecksumTypes.' />
The ChecksumTypes element contained within an Object Footer shall contain a list of all the cheg
ajgorithms specified within the FileTree and/or FileFoofer structures of the related AXF Object.

10.6.2.21 FileTree

ksum

<qxs:element name="FileTree" type="tns:FiléTree" />

—

he FileTree element contained withi~an Object Footer shall contain the hierarchy of Files and Fq
bntained within the AXF Object.

O

Iders
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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)

Abstract | true

= Attributes

version i
@
Type tns:structure_version { )

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

o o

!

[S] Attributes

=D

tns:UUID VYo
Type tnscUUIE
Y b

Specifiedan immutable unigue identifier for the medium
onabichthe 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

tnsldentifiers )

The Object Index data structure provides
information about the Archive Objects on
the medium and their physical block...

Type tns:dentifiers

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 at E{M_II
was last prepared.

- ()

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

[S] Attributes

tns:C &
S ),
Type™\ ths:Entity,

\N\
Adebtifies the Entity that first created this Object Index.

tns:ModifiedBy ®
Type tns:Entit\.'é|
\

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...

o

10.7.1

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” />

© ISO/IEC 2017 - All rights reserved
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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,

gpjeciFootierSet, FragmeniFooiersSet.

1p.7.2.1 UUID

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

The Universally Unique IDentifier (UUID) element contained within an AXF Object Index)shall specify a u

hique

identifier for the Medium on which the AXF Object Index is found. The identifier shall'bé reused for the |ife of
the Medium, even if the Medium is reformatted. The UUID shall be generated using the methods defirjed in
RFC 4122 or ISO/IEC 9834-8.
1p.7.2.2 MediumLabel

| <xs:element name="Label" type="xs:string" />
The MediumLabel element contained within an AXF Object“index shall be the business identifier fgr the
medium, such as the value of the barcode label or some other medium identifying data field specific {o the

Medium and the particular instantiation of the Medium.

10.7.2.3 BlockSize

qxs:element name="BlockSize" type="xs:positivalnteger" />

Tlhe BlockSize element contained withinnan AXF Object Index shall indicate the size, in bytes, of the Blocks
recorded on the medium.
1p.7.2.4 PreparedTime
qxs:element name="PreparedFime" type="xs:dateTime" />
h the

Tlhe PreparedTime elenyent contained within an AXF Object Index shall indicate the date and time at whi
Medium on which itis found first was prepared.

10.7.2.5 Application

qxs:element’'name="Application" type="tns:Application" />

The-Application element contained within an AXF Object Index shall provide information identifyin

g the

ahplication that firct nranarad tha Madpim an vwhich it 1o foanind Thao annlicatian infarmaatinn chanld ha tha
appreatioi—tHatHStpre pareateve gt WHHeRHHSTHoHRG— e pPpHEaHB O H A HOR-SHOUtGBEe+he

and version of the software application that first prepared the Medium.

10.7.2.6 Identifiers

name

<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
defined identifiers (e.g., Tape Number or Database Primary Key).

10.7.2.7 MediumPreparer

1:2017

user-

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

The MediumPreparer element contained within an AXF Object Index shall identify the Entity that last pre

pared

the Medium on which it is found.

10.7.2.8 MediumOwner

4xs:element name="MediumOwner" type="tns:Entity" />

Tlhe MediumOwner element contained within an AXF Object Index shall identify the Entity that owng
Medium at the time at which it last was prepared.

1p.7.2.9 CreatedBy

d the

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

Tlhe CreatedBYy element contained within an AXF Object Index shalkidentify the Entity that first created thg
Qbject Index in which it is found.

10.7.2.10 ModifiedBy

AXF

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

Tlhe ModifiedBy element contained within an AXE,Object Index shall identify the Entity that last modifig
AXF Object Index in which it is found.

1p.7.2.11 ObjectCount

d the

qxs:element name="0bjectCount" type="xs:positivelnteger" />

—

he ObjectCount element contained within an AXF Object Index shall indicate the number of Object Fo
bpies of which are contained-in the Object Footer Collection.

O

=

ote: Only the final fragments in Spanned Sets are included in Object Counts, as only final fragment
¢llowed by Object Footers.

—

1p.7.2.12 ObjectFooterCollection

bters,

S are

qxs:complexType name="0ObjectFooterCollection">
<xs:seguence>

</XS:sequence>

<Xs:element name="0ObjectFooter" type="tns:ObjectFooter" minOccurs="0" maxOccurs="unbounded" />

L - ] -
7T AS COTMTTPTCATY PT

<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"

IIIa}\OLLuI 3—"ul|buw ldcu'" /‘2
</xs:sequence>
/xs:complexType>

A

<Ixs:element name="FragmentFooterCollection" type="tns:FragmentFooterCollection" />

—

he FragmentFooterCollection element contained within an AXF Object Index shall be a collection g
bpy of each of the valid, non-deprecated Object Fragment Footers that resided on the*Medium at the tim
XF Object Index was created.

> O

ote: A copy of the footer of the final fragment of a spanned set is not included inthe FragmentFooterCollg
ut rather in the ObjectFooterCollection, as it concludes with an Object Footer,/not a Fragment Footer.

o Z

10.8 UUID

—

he Universal Unique IDentifier (UUID) structure shall define the simple data type that represents RFC 41
$O/IEC 9834-8-compliant Universal Unigue IDentifiers (UUIDS)+

Cm)o—(Fomm)

Built-in primitivé\tyjpe. The string datatype represents
character stgifgs in XML

f one
e the

ction,

22 or

A

xs:simpleType name="UUID">
<xs:restriction base="xs:string">
<xs:pattern value="[a-f0-9]{8}-[a-f0+9]{4}-[a-f0-9]{4}-[a-f0-9]{4}-[a-f0-9]{12}"/>
</xs:restriction>
/xs:simpleType>

A

1p.9 Positioninteger

Tlhe Positioninteger simplé data type shall be an extension of the XML integer type that ranges from| -1 to
ppsitive infinity. The\Positioninteger is used to represent absolute or relative positions, with a value|of -1
indicating the absehce 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...
<xssimpteTypemame="positionintegertd="positiontnteger'>
<xs:restriction base="xs:integer">
<xs:mininclusive value="-1" />
< /xs:restriction>
</xs:simpleType>
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10.10 FileFolder

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 File 6|'_ N

Folder referenced by the FileFolder data structufewhen
[ FileFolder the...
S}

Abstract true

permission
Type xs:string

Contains the permissions nssigngdt—u the File or Folder
referenced by the FileFoldgr\daga structure when the
Folder...

tnseidentifiers
—@o 215 e
Type tns:ldentlflerslz‘

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

<qxs:complexType name="FileFolderabstract="true">
<xs:sequence>
<xs:element ref="tns:Identifiers" minOccurs="0" maxOccurs="1" />
</xs:sequence>
<xs:attribute name="name type="xs:string" />
<xs:attribute name="index" type="xs:positivelnteger" />
<xs:attribute name&"owner" type="xs:string" use="optional" />
<xs:attribute name="group" type="xs:string" use="optional" />
<xs:attribute Hahie="permission" type="xs:string" use="optional" />
/xs:complexType>

A

1P.10.1. < "FileFolder Attributes

The-FileFolder attributes are: name, index, owner, group, and permission.

10.10.1.1 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, Folders shall be numbered at lower values than files.

1p-T0. T3 owner

Tlhe owner attribute of a FileFolder data structure shall contain the name of the entity that owned. the H
Holder referenced by the FileFolder data structure when the FileFolder data structure was created.

10.10.1.4 group

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

-

10.10.1.5 permission

he permission attribute of a FileFolder data structure shall contain the permissions assigned to the H
older referenced by the FileFolder data structure when the Folder,data structure was created.

-

10.10.2 FileFolder Elements

—

he FileFolder element is: Identifier
1p.10.2.1 Identifiers
he Identifiers element contained within a Filekalder complex data type shall specify zero or more iden

efined by the author of the AXF Object. The-ldentifiers can be standardized identifiers (e.g., UMID or |
I can be user-defined identifiers (e.g., TapeNumber or Database Primary Key).

o —

o

ile or

ile or

ile or

tifiers
EIDR)
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