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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national
standards bodies (ISO member bodies). The work of preparing International Standards is
normally carried out through ISO technical committees. Each member body interested in a
subject for which a technical committee has been established has the right to be represented on
that committee. International organizations, governmental and non-governmental, in liaison
with ISO, also take part in the work. ISO collaborates closely with the International
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— This issue has additions to, and clarifications of, concepts and terminology, for example:

— The relationship between Preservation Description Information (PDI) and
Content Data Object has been clarified, emphasizing that, as has been stated
since the original version of OAIS, any Information Object may serve as Content

Information.
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— The concept of Preservation Objectives has been introduced to allow

“Independently Understandable” to be more consistently testable.

— Consistency with the Producer-Archive Interface Specification (PAIS) (CCS
651.1-B-1) has been improved.

— Diagram conventions have been clarified.

— Some definitions in the Glossary have been clarified.

DS

— Consistency between the diagrams of the Functional Entities and support
text has been improved.

— A Preservation Watch function has been added to the Preservation Plann
Functional Entity.

— The definition of the Information Package has been updated for consistency.

— Additional preservation techniques have been described explicitly in addition
Migration.

— Additional types of Archive interaction haye ‘been added, including prima
supporting Archives.
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1 INTRODUCTION
1.1 PURPOSE AND SCOPE

The purpose of this document is to define the CCSDS and International Organization for
Standardization (ISO) Reference Model for an Open Archival Information System (OAIS). An
OAIS is an Archive system consisting of hardware, software, information, and policy-based
processes and procedures put in place and operated by an organization and its staff. The
oroanizat D s e ke it available for a

as future related Recommended Practices and standards, are developed in openforums, and jt does
nof imply that access to the Archive is unrestricted. The information being maintained haf been
degmed to need Long Term Preservation, even if the OALIS itself is not permanent. Long Term is
long enough to be concerned with the impacts of changing technologigs, as well as support fpr new
media and data formats, or with a changing Knowledge Base-of the Designated Communhity or
chgnges within the Designated Community or its definition. [song Term may extend indefinifely. In
thig Reference Model there is a particular focus on digital-itformation, both as the primary| forms
of [information held and as supporting information for both digitally and physically preserved
materials. Therefore, the model accommodates information that is inherently non-digital (e.g., a
physical sample), but the modelling and preservation of such information is not addressed in|detail.
This Reference Model:

— provides a framework for the understanding and increased awareness of archival
concepts needed for Long Term digital information preservation and access;

— provides the concepts. needed by non-archival organizations to be -effective
participants in the preservation process;

]

— provides a framework, including terminology and concepts, for describing and

comparing aréhitectures and operations of existing and future Archives;

=]

— provides,aframework for describing and comparing different Long Term Preserjation
strategtes and techniques;

— provides a basis for comparing the data models of digital information preservyed by

Archives and for discussing how the data models and the underlying informatiop may
change over time;

— provides a framework that may be expanded by other efforts to cover Long Term
Preservation of information that is NOT in digital form (e.g., physical media and
physical samples);

— expands consensus on the elements and processes for Long Term digital information
preservation and access, and promotes a larger market which vendors can support;

— guides the identification and production of OAIS-related standards.

CCSDS 650.0-M-3 Page 1-1 December 2024
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The reference model addresses a full range of archival information preservation functions
including ingest, archival storage, data management, access, and dissemination. It also
addresses the migration of digital information to new media and forms, the information models
used to represent the information, the role of software in information preservation, and the
exchange of digital information among Archives. It identifies both internal and external
interfaces to the Archive functions, and it identifies a number of high-level services at these
interfaces. It provides various illustrative examples and some ‘best practice’ recommendations.
It defines a minimal set of responsibilities for an Archive to be called an OAIS, and it also

d f‘ aaaaaszizao]l Aol 0 e a A0 o o d cnt AL o 0] faseac o d Aot
clngs-amaxinarArentve+to ProvIGCa oroat-SCroT ST TS anGCOnICOpts:

1.2 APPLICABILITY

The (PAIS model in this document may be applicable to any Archive. Itxis specificdlly
applicable to organizations, which may themselves be part of larger organizations, with the
responsibility of making information available for the Long Term (as defined in 1.6.2). This
includes organizations with other responsibilities, such as receiving, processing gnd
distribution in response to programmatic needs.

Organlizations may require their information, from the start,:to*be re-processable to enable the
result§ created by others to be reproduced, interoperable‘svith other information, and re-ufed
in new ways. Such organizations will find this documefit relevant because of the requiremgent
that, tp be preserved, the information must be understandable and usable.

This thodel is also of interest to those organizations and individuals who create informatjon
that may need Long Term Preservation and those that may need to acquire information frpm
such Archives.

The model, including the functional-and information modelling concepts, is relevant to the
compgrison and design of facilities which hold information, on a temporary basis, for two
reasoijs:

— | When taking infaDconsideration the rapid pace of technology changes or possiple
changes in a-BDesignated Community, there is the likelihood that facilities, thought to
be holdinglinformation on a temporary basis, will in fact find that some or much of
their infermation holdings will need Long Term Preservation attention.

— | Although some facilities holding information may themselves be temporary, somg or
all of their information may need to be preserved indefinitely. Such facilities need to
be active participants in the Long lerm Preservation eiiort.

Standards developers are expected to use this model in conjunction with related standards
and community documents as a basis for further standardization in this area. Many related
standards are possible and some have already been developed. Annex B includes links to
websites containing references to a selection of related standards.

This reference model does not specify a design or an implementation. Actual
implementations may group or break out functionality differently.
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1.3 RATIONALE

A tremendous growth in computational power, and in networking bandwidth and
connectivity, has resulted in an explosion in the number of organizations making digital
information available. Transactions among all types of organizations are being conducted
using digital forms that are taking the place of more traditional media such as paper.

Preserving information in digital forms is much more difficult than preserving information in
forms such as paper and film. This is not only a problem for traditional archives, but also for
m£y organizations that have never thought of themselves as performing an Carchival
furction. Along with the many advantages in terms of, for example, searchability and
refllication, the spread of digital technology in every field brings certain disadvantagep. The
rapjid obsolescence of digital technologies creates considerable technical dangers, partiqularly
a much greater risk than in the past of losing the possibility of restoring, rendering or
intgrpreting the information. Ways of avoiding or reducing these dangers will be d¢tailed
thrpughout this Recommended Practice. Nevertheless, it would be~unwise to consider the
prgblem from a solely technical standpoint. There are also organizational, legal, indystrial,
scipntific and cultural issues to be considered. To ignore the'problems raised by presgrving
infprmation in digital forms would lead inevitably to the loss-of this information. In adgition,
infprmation is more and more easily altered or faked. Ways to be more sure ¢f the
authenticity of information, by knowing its provenane¢ and being sure that it has not been
altgred, will help to counter these threats

It is expected that this reference model, by establishing minimum requirements for an[OAIS
Arghive along with a set of archival concepts, will provide a common framework from which
to [view archival challenges, particulanly“as they relate to digital information. This ghould
engble more organizations to understand the issues and take the proper steps to ensuregl Long
Term information preservation. It'should also provide a basis for more standardizatiop and,
tharefore, a larger market thatwwendors can support in meeting archival requirements.

14 CONFORMANCE

A [conforming QAIS Archive implementation shall support, and be able to map fo the
components @fthe model of information described in 2.3 and 4.3, which provides| more
formal definitions of the model using UML. The OAIS Reference Model does not define or
require any particular method of implementation of these concepts.

A conforming OAIS Archive shall i he responsibilities listed—in-3.2—Subsection 3.3
provides examples of the mechanisms that may be used to discharge the responsibilities
identified in 3.2. These mechanisms are not required for conformance.

A conformant OAIS Archive may provide additional services that are beyond those
required of an OAIS.

This reference model does not specify a design or an implementation. Actual
implementations may group or break out functionality differently.
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It is assumed that implementers will use this reference model as a guide while developing a
specific implementation to provide identified services and content. This document does not
assume or endorse any specific computing platform, system environment, system design
paradigm, system development methodology, database management system, database design
paradigm, data definition language, command language, system interface, user interface,
technology, or media required for implementation.

The OAIS Reference Model is designed as a conceptual framework in which to discuss and
compare. Archives. As such it attempts to address all the majnr activities of an information-
preserving Archive in order to define a consistent and useful set of terms and concepts| A
standdrd or other document that claims to be conformant to the OAIS Reference Maodel shall
use the terms and concepts defined in the OAIS Reference Model in the same“manrjer.
Subsegtion 1.6.2 defines OAIS terminology and is normative.

To summarize, to be conformant with OAIS, an Archive must support the,basic terminolggy
speciffed in section 1.6.2, must be able to map its practices to the OALS Information Model,
which| is defined at very high level in 2.3 and in more detail in 4.3;~and must also fulfill the
Mandatory Responsibilities specified in 3.2.

1.5 POCUMENT STRUCTURE

1.5.1 | HOW TO READ THIS DOCUMENT

All regders should read the Purpose and Scope (1:1), Applicability (1.2), and Conformance (1.4)
subseg¢tions to obtain a view on the objectives-and applicability of the document.

Those who want just an overview of the major concepts should also read OAIS Concepts
(sectign 2) and OAIS Responsibilitiés (section 3).

Thosg who will implement. QAIS Archives or administer them should read the entire
document.

1.5.2 | ORGANIZATION BY SECTION

Sectign 1 provides purpose, scope, applicability, and definitions sections typical of mgny
standgrds, [talso provides rationale for the effort and conformance requirements.

Sectiom—2—provides @ high-teveloverview of the Tmajor concepts mvotved 1 am OAIS
Archive. It provides a view of the environment of an OAIS Archive and the roles played by
those who interact with it. It discusses what is meant by ‘information’ and what is necessary
to preserve it for the Long Term. It contains key information concepts relevant to OAIS-
conforming implementations.
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Section 3 describes the responsibilities required of an OAIS. Subsection 3.2 defines
mandatory responsibilities an OAIS Archive must discharge in preserving its information,
and 3.3 provides clarifying material of the types of activities that may be needed in many
Archives to discharge these responsibilities.

Section 4 provides model views needed for a detailed understanding of an OAIS Archive. It
breaks down the OAIS into a number of informative abstract functional entities and it
describes some abstract high-level services provided at the interfaces of these entities. It also

Se

prd

using software porting, wrapping, and emulation of hardware.

Se
prd

Th

ay
v

annexes B-F are not part of the Recommended Practice and are provided ff

comvenience of the reader:

1.5

Ex

3

roy

annex A provides a composite diagram of the detailed functional entities described in|

annex B contains pointers to external documents which relates parts of this ref;

class

ftion 5 provides some perspectives on the issues of information presenvation. It also
vides some perspectives on the issues of preserving access services to digital infory

hation

ttion 6 1s an introduction to the various alternatives for Archive-te=Archive associations to
vide increased or more cost-effective services.

br the

4.2;

ETCNCe

model to other standards work and-provides a guide for development of gelated

standards;

annex C provides a brief tutofial on the Unified Modeling Language class diagrams

(UML);
annex D provides a listof informative references;
annex E provides.atayered model of information;

annex F provides an overview of security considerations.

DIAGRAM CONVENTIONS

cept. where indicated otherwise, diagrams show entities such as people or organizati

bns as
tional

nd’cornered long rectangles, functions as rectangles with round corners and fung

entities as rectangles with cut corners, with information between them as arrows, and special
information objects as ellipses as illustrated in figure 1-1.
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Figure 1-1: Examples of Diagram Conventions

nent Functions; however, the diagrams do not depend upon these colors to be usable.

TYPOGRAPHICAL CONVENTIONS

are many terms which are used in this reference‘model and which need to have w
d meanings. These terms are defined in 1.6:2. When first used in the text, they
| in bold and are capitalized. Subsequent.ise employs capitalization only. Because
extensive use in this document, the defined terms ‘data’ and ‘information’ will

5 be capitalized unless they are part.of another defined term. The defined term ‘archi
bt be capitalized unless it is used.as-the equivalent of an ‘OAIS Archive’.

diagrams are included throtighout this reference model, primarily in sections 4 and
discussing the diagrams{ block names are capitalized and flows are italicized.

NOMENCLATURE

|  Normative Text

its

pllowing."Conventions apply for the normative specifications in this Recommended

CC:

a)
b)
c)
d)

the words—shatt —amd-must Tmply a bindingand veritiablie specitfication;
the word ‘should’ implies an optional, but desirable, specification;
the word ‘may’ implies an optional specification;

the words ‘is’, ‘are’, and ‘will’ imply statements of fact.

NOTE — These conventions do not imply constraints on diction in non-normative text.
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1.6 DEFINITIONS

1.6.1 ACRONYMS AND ABBREVIATIONS

AIC Archival Information Collection

AIP Archival Information Package

AIU Archival Information Unit

ARI Application Programming Interface

ASCII American Standard Code for Information Interchange
C(SDS Consultative Committee for Space Data Systems
CD-ROM Compact Disk-Read Only Memory

CDO Content Data Object

CRU Central Processing Unit

CRC Cyclic Redundancy Check

CSv Comma Separated Value

DBMS Data Base Management System

DIp Dissemination Information-Package

DRM Digital Rights Management

FITS Flexible Image Transport System

F1|P File TransfetProtocol

HEMS Hierarchical File Management System

HTTP HyperText Transfer Protocol.

ID Identifier

IEEE Institute of Electrical and Electronics Engineers
IETE Internet Engineering Task Force

ISBN International Standard Book Number

ISO International Organization for Standardization
MPEG Moving Picture Experts Group

OAIS Open Archival Information System

PDF Portable Document Format
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PDI Preservation Description Information

QA Quality Assurance

RFC Request For Comment

SIP Submission Information Package

TCP/IP Transmission Control Protocol/Internet Protocol

UML Unified Modeling Language

USB Universal Serial Bus

VHS Video Home System

WWw World Wide Web

XFDU XML Formatted Data Unit

XML eXtensible Markup Language

1.6.2 | TERMINOLOGY

This subsection is normative.

There|are many terms which are used in this reference model and which need to have w
defindd meanings. These terms are defined in-this subsection. When first used in the t¢

they afe shown in bold and are capitalized. Subsequent use employs capitalization only.

In oth
from {
prefix

As thi
preser]
to any
Rathe
reducy

organi
OAIS

er CCSDS documents the termgsuch as ‘service’ and ‘object’ have different definiti
hose used here. Where confusion may arise then the terms from this document mayj
ed with ‘OAIS’.

5 reference model is(@pplicable to all disciplines and organizations that do, or expect
ve and provide infofmation in digital form, these terms cannot match all of those fami

particular discipline (e.g., traditional archives, digital libraries, science data cente
r, the approach-taken is to use terms that are not already overloaded with meaning so a;

conveying unintended meanings. Therefore, it is expected that all disciplines 3
zation§-will find that they need to map some of their more familiar terms to those of
Reference Model. This should not be difficult and is viewed as a contribution, rat

b11-
Xt,

hnS
be

to,
iar
['s).

to
ind
the
her

than

deterrent, to the success of the reference model. For example, archival science focu

SES

on preservation of the ‘record’. This term is not used in the OAIS Reference Model, but one
mapping might approximately equate it with ‘Content Information within an Archival
Information Package’ (see definitions below, as well as 2.3 and 4.3 for context).

Access Aid: A software program or document that allows Consumers to locate, analyze,
order or retrieve information from an OAIS.
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Access Collection: A collection of AIPs that is defined by a Collection Description but for
which there is no Packaging Information for the collection in Archival Storage.

Access Functional Entity: The OAIS functional entity that provides the services and
functions that support Consumers in determining the existence, description, location and
availability of information stored in the OAIS, and allowing Consumers to request and
receive information products.

aining
hccess
ission
jer). It

ent of
proxy

S has

rvices
n day-

hation
n. An

vation
h AIP

Argchival Information Collection (AIC): An Archival Information Package whose Cpntent
Information is ‘an-aggregation of other Archival Information Packages.; its PDI must ipclude
a descriptionof the collection criteria and process.

NOTE < At a minimum all OAISes can be viewed as having at least one AIC which
contains all the AIPs held by the OAIS.

Archival Information Package (AIP): An Information Package, consisting of the Content
Information and the associated Preservation Description Information (PDI), which is
preserved within an OAIS.

Archival Information Unit (AIU): An Archival Information Package where the Content
Information does not include any other Archival Information Packages. An AIU can consist
of multiple digital objects, for example, multiple files.
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Archival Storage Functional Entity: The OAIS functional entity that provides the services
and functions used for the storage and retrieval of Archival Information Packages.

Archive: An organization that intends to preserve information for access and use by a
Designated Community.

Associated Description: The information describing the content of an Information Package
from the point of view of a particular Access Aid.

Auth¢nticity: The degree to which a person (or system) regards an object as what4{ is
purpotted to be. Authenticity is judged on the basis of evidence.

Colle¢tion Description: A type of Package Description that is specialized to provide
information about an Archival Information Collection (or an Access Collection) for use|by
Access Aids.

Comipon Services: The supporting services such as inter-process communication, name
services, temporary storage allocation, exception handling, security, and directory serviges
necesgary to support the OAIS.

Consumer: The role played by those persons, or client.systems, who interact with OAIS
services to find preserved information of interest and to,access that information in whateyer
level ¢f detail is allowed. In addition to the normally‘expected entities outside the OAIS, this
can alpo include other OAISes, as well as internaOAIS persons or systems.

Cont¢nt Data Object: The Data Object;‘-that together with associated Representatjon
Information, comprises the Content Information.

Cont¢nt Information: A set of information that is the original target of preservation. It is| an
Infornpation Object composed ofits:Content Data Object and its Representation Information.

Contgxt Information: Theinformation that documents the relationships of the Content Djata
Object to its environmerito This includes why the Content Data Object was created and how it
relate§ to other ContenitData Objects.

Co-operating Archives: Those Archives that have Designated Communities with related
interests. They“may order and ingest data from each other. At a minimum, Co-operatjng
Archiyesdnust agree to support at least one common Submission Information Package (S[[P)
and Djissemination Information Package (DIP) for inter-Archive requests.

Data: A reinterpretable representation of information in a formalized manner suitable for
communication, interpretation, or processing.

NOTE - Examples of data include a sequence of bits, a table of numbers, the characters on a
page, the recording of sounds made by a person speaking, or a moon rock specimen.

Data Dictionary: A formal repository of terms used to describe data.
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Data Dissemination Session: A delivery of media or a single telecommunications s
that provides Data to a Consumer. The Data Dissemination Session format/contents is
on a data transfer specification negotiated between the OAIS and the Consumer in the

ession
based
Order

Agreement. This specification identifies the logical constructs used by the OAIS and how

they are represented on each media delivery or in the telecommunication session.

Data Management Data: The data created and stored in Data Management persistent

storage that refer to operation of an Archive.

NOTE — Examples of Data Management Data are accounting data for Consumer-|
and authorization, policy data, Event Based Order (subscription),'da

generating reports to Archive management.

Data Management Functional Entity: The OAIS functional entity that providg
services and functions for populating, maintaining, and accéssing both Desci
Information which identifies and documents Archive holdings and administrative datj
to nanage the Archive.

Data Object: Either a Physical Object or a Digital Object.

Data Submission Session: A delivery of media or.@single telecommunications sessid
pravides Data to an OAIS. The Data Submission Session format/contents is based on
trapsfer specification negotiated between the;OAIS and the Producer in the Subm
Agreement. This specification identifies thelogical constructs used by the Producer an|
thdy are represented on each media delivery or in the telecommunication session.

Derived AIP: An AIP generated by extracting or aggregating information from one of
source AlPs.

Descriptive Information{ An Information Object which is a set of information, con
primarily of Package Déscriptions, which is provided to Data Management to supp
finfing, ordering, and retrieving of OAIS information holdings by Consumers.

Designated Community: An identified group of potential Consumers who should be 4
ungdlerstand<a® particular set of information in ways exemplified by the Preser

Degighated Community is defined by the Archive and this definition may change over t

pilling
la for

repeating requests, preservation process history data, and statistical data for

s the
iptive
h used

n that
a data
ission
d how

more

bisting
rt the

ble to
vation
ies. A
me.

O¥ectives. The Designated Community may be composed of multiple user communit

Digital Migration: The transfer of digital information, while intending to preserve it, within

the OAIS. It is distinguished from transfers in general by three attributes:
— afocus on the preservation of the full information content that needs preservatio

— a perspective that the new archival implementation of the information
replacement for the old; and

n;

is a
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— an understanding that full control and responsibility over all aspects of the transfer
resides with the OAIS.

Digital Object: An object composed of a set of bit sequences.

Dissemination Information Package (DIP): An Information Package, derived from one or
more AIPs, and sent by Archives to the Consumer in response to a request to the OAIS.

Event Based Order: A request that is generated by a Consumer for information that is to be
delivered periodically on the basis of some event or events.

Fedenated Archives: A group of Archives that has agreed to provide access to their holdiphgs
via onfe or more common Finding Aids.

Findipg Aid: A type of Access Aid that allows a user to search for and identify Archival
Information Packages of interest.

Fixity Information: The information which documents the mechahisms that ensure that the
Contept Data Object has not been altered in an undocumented mianner.

Globgl Community: An extended Consumer community, in the context of Federated
Archiyes, that accesses the holdings of several Archives via one or more common Findjng
Aids.

to allgw it to be understood by the Designatéd Community, as exemplified by the associated
Preservation Objectives, without having ‘to-resort to special resources not widely available,
including named individuals.

Independently Understandable: A characteristi¢ of information that is sufficiently compa:tete

Information: Any type of kmewledge that can be exchanged. In an exchange, it| is
represented by data.

NOTH — An example“of Information is a string of bits (the data) accompanied by a
descriptiof)of how to interpret the string of bits as numbers representjng
temperature observations measured in degrees Celsius (the Representatjon
Information).

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

Associated with this Information Package is Packaging Information used to delimit and
identify the Information Object and optional Package Description information used to
facilitate searches for the Information Object.

Information Property: A part of the information content of a Content Information object that
is highlighted for a particular purpose.

Information Property Description: The description of the Information Property.
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Ingest Functional Entity: The OAIS functional entity that provides the services and
functions to accept Submission Information Packages from Producers (or from internal
elements under Administration control), including quality assurance and prepare Archival
Information Packages for storage, and ensures that Archival Information Packages and their
supporting Descriptive Information become established within the OAIS.

Knowledge Base: A set of information, incorporated by a person or their proxy system that
allows that person or their proxy system to understand the received information.

L[:tal Community: The community which would be served by the Archive outside)fof the
comtext of Federated Archives.

Long Term: A period of time long enough for there to be concern about)the impdcts of
chgnging technologies, including support for new media and data formatsj>and of a chgnging
Degignated Community or changes to the Designated Community’s Knowledge Base, pn the
infprmation being held in an OAIS. This period extends into the indéfinite future.

Long Term Preservation: The act of maintaining/, information, Independently
Understandable by a Designated Community, and with evidence supporting its Autherticity,
over the Long Term.

Management: The role played by those who set overall OAIS policy as one component in a
brgader policy domain, for example as part of a larger organization.

M¢mber Description: An Associated Description that describes a member of a collectipn.

Metadata: Data about other data.

Non-Reversible Transformation:“A Transformation which cannot be guaranteed t¢ be a
Repersible Transformation.

Open Archival Information System (OAIS): An Archive system consisting of harfiware,
soffware, information, and policy-based processes and procedures put in place and operated by an
organization and itscstaff. The organization has accepted the responsibility to preserve information
and make it available for a Designated Community. The organization may be part of alarger
organization. The system meets a set of mandatory responsibilities that allows an OAIS Archive to
be distinguished from other uses of the term ‘archive’. The term ‘Open’ in OAIS is used tof imply
that thisiRecommended Practice and future related Recommended Practices and standaigds are
deyeloped in open forums, and it does not imply that access to the Archive is unrestricted.

NOTE - The set of mandatory responsibilities an OAIS Archive must perform are defined in 3.2.

Order Agreement: An agreement between the Archive and the Consumer in which the
physical details of the delivery, such as media type and format of Data, are specified.

Ordering Aid: A type of Access Aid that assists the Consumer to discover AIPs of interest
and their cost. It may allow requests for transformation of the information.
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Other Representation Information: A type of Representation Information which cannot
easily be classified as Structure Representation Information or Semantic Representation
Information. It is a type of Information Object.

NOTE - For example, software, algorithms, encryption, written instructions and many
other things may be needed to understand the Content Data Object in ways
exemplified by the Preservation Objectives, all of which therefore would be, by
definition, Representation Information, yet would not obviously be either

Structure Ppprpqpntaﬁnn Information or Semantic Ppprpqpnfaﬁnn Information

defining how the Structure Representation Information and the Semantic
Representation Information relate to each other, or software needed to process a
database file would also be regarded as Other Representation Information.

Overyiew Description: A specialization of the Collection Description that ‘describes the
collection as a whole.

Package Description: The information intended for use by AccessvAids. It is a type| of
Information Object.

Packgging Information: The information that describes)how the components of [an
Information Package are logically or physically bound tegether and how to identify gnd
extract the components. It is a type of Information Object.

Physigcal Object: An object (such as a moon rock, bio-specimen, microscope slide) with
physigally observable properties that represent @formation that is considered suitable [for
being fadequately documented for preservation, distribution, and independent usage.

Preservation Description Informatien- (PDI): The information, which along with
Reprepentation Information, is necessary for adequate preservation of the Content Dlata
Object and which can be categerized as Provenance Information, Context Informatipn,
Refer¢gnce Information, Fixity nformation, and Access Rights Information. It is a type| of
Information Object.

NOTH — Defining PDV (as well as its components: Provenance Information, Context
Information, Reference Information, Fixity Information, and Access Rights
Information) as relevant to the Content Data Object does not mean that thpse
concerns are any less important for other data objects or at other levels, [for
example, it is important to apply reference, fixity, provenance, context and accgss
rights to Representation Information, or to any other information the Archivg is

nreserving Definition of thoco tarmo ag ralavant ta tha Caontant Nata Ohice 1S
proycH o S O O —tHEe o ooyttt O oo OHtoH— ot = A

simply to ease discussion of these concepts at the Content Data Object level.

Preservation Objective: A specific achievable aim which can be carried out using the
Information Object.

Preservation Planning Functional Entity: The OAIS functional entity which provides the
services and functions for monitoring the environment of the OAIS and which provides
recommendations and preservation plans to ensure that the information stored in the OAIS
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remains accessible to, understandable by, and sufficiently usable by, the Designated

Community over the Long Term.

Producer: The role played by those persons or client systems that provide the information to

be preserved. This can include internal or external OAIS persons or systems.

Provenance Information: The information that documents the history of the Content Data
Object. This information tells the origin or source of the Content Data Object, any changes

that may have taken place since it was originated, and who has had custody of it since
originated. The Archive is responsible for creating and preserving Provenance Infor
from the point of Ingest; however, earlier Provenance Information should be provided
Producer. Provenance Information adds to the evidence to support Authenticity,

Reference Information: The information that is used as an identifier for<the Conten|
Object. It also includes identifiers that allow outside systems to refer unambiguousl
pafticular Content Data Object.

NOTE — An example of Reference Information is an ISBN.

Reference Model: A framework for understanding significant relationships among the ¢
of |some environment, and for the development oftconsistent standards or specifid
supporting that environment. A reference model is~based on a small number of ur
concepts and may be used as a basis for education and explaining standards to a non-spec

Refreshment: A Digital Migration where the:effect is to replace a media instance with
that is sufficiently exact that all Archival.Storage hardware and software continues to
before.

Repackaging: A Digital Migration in which there is an alteration in the Pacl
Information of the AIP.

Replication: A Digital(Migration where there is no change to the Packaging Informatiq
Content Information, and the PDI. The bits used to represent these Information Objeq
prgserved in the transfer to the same or new media-type instance.

Representation Information: The information that maps a Data Object into
mdaningful.¢oncepts so that the Data Object may be understood in ways exemplifi
Prgservation Objectives. It is a type of Information Object.
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NOTE - An example of Representation Information for a bit sequence which 1s a FI

S file

might consist of the FITS standard which defines the format plus a dictionary
which defines the meaning in the file of keywords which are not part of the
standard. This would then allow the information in the FITS file to be used by a

computer program to display the image which may be contained in the FIT

S file,

together with the associated coordinate system so that a human can identify
objects of interest, for example stars or galaxies. Alternatively, the computer

program may identify such objects automatically.
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Representation Information Network: The set of Representation Information that fully
describes the meaning of a Data Object. Representation Information in digital forms needs
additional Representation Information so its digital forms can be understood over the Long
Term. It is a type of Information Object.

Representation Information Rendering Software: A type of software that displays a
Representation Information object in forms understandable to humans.

Retrieval Aid: An application that allows authorized users to retrieve the Content
Information and PDI described by the Package Description.

Reversible Transformation: A Transformation in which the new representation defines afset
(or a pubset) of resulting entities that are equivalent to the resulting entities defined by the
originpl representation. This means that there is a one-to-one mapping backto"the original
representation and its set of base entities.

Search Session: A session initiated by the Consumer with the Archive during which the
Consymer will use the Archive Finding Aids to identify and investigate potential holdingq of
interest.

Semaptic Representation Information: The Representation Information that further
descripes the meaning of the Data Object, and its parts of.elements, beyond that provided|by
the Stfucture Representation Information.

NOTH - For example, Semantic Representation Information may describe the meaning of
columns, and perhaps particular valtes seen in the columns of a spreadsheet.

Structure Representation Information: The Representation Information that imparts
infornpation about the arrangement of and the organization of the parts or elements of the
Data Qbject.

NOTH - For example, Structure Representation Information maps bit streams to comnjon
computer types.such as characters, numbers, and pixels and aggregations of thpse
types suchras character strings and arrays.

Subniission Agréement: The agreement reached between an OAIS and the Producer that
speciffes the intended formats and content descriptions, and any other arrangements neexed
(such|as delivery or transmission protocols), for the Data Submission Sessions. Sych
speciffcations establish the intended deliverables from the Producer and how they pre
represented on each delivery throngh physical media or in a telecommunication dialogue

Submission Information Package (SIP): An Information Package that is delivered by the
Producer to the OAIS for use in the construction or update of one or more AIPs and/or the
associated Descriptive Information.

Succession Plan: The plan of how and when the management, ownership and/or control of
the OAIS holdings will be transferred to a subsequent OAIS in order to ensure the continued
effective preservation of those holdings.
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Information or PDI of an Archival Information Package.

A Digital Migration in which there is an alteration to the Content

NOTE — An example of a Transformation is changing ASCII codes to Unicode in a text

document being preserved.

Transformational Information Property: An Information Property the preservation of the
value of which is regarded as being necessary but not sufficient to verify that any Non-
Reversible Transformation has adequately preserved information content. This could be

important as contributing to evidence about Authenticity. Such an Information Propg¢rty is
dependent upon specific Representation Information, including Semantic Represerntation
Information, to denote how it is encoded and what it means.

NOTE -

Un

The term ‘significant property’, which has various definitionshin the literature, is

sometimes used in a way that is consistent with it being a Transformgtional

Information Property.

it Description: A type of Package Description that is specidlized to provide inforthation
abgut an Archival Information Unit for use by Access Aids.
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2  OAIS CONCEPTS
2.1 GENERAL

The purpose of this section is to motivate and describe several key high-level OAIS concepts.
A more complete view, and a formal modeling of these concepts, is given in section 4.

The term ‘archive’ has come to be used to refer to a wide variety of storage and preservation
functions an tems. Traditional archi are underst as faciliti r_organizations
whiich preserve records, originally generated by or for a government organization, instifution,
or corporation, for access by public or private communities. The Archive accomiplishes this
task by taking custody of the records, ensuring that they are understandable te th¢ accpssing
community, and managing them so as to preserve their information content and evidephce of
thdir Authenticity. Historically, these records have been in such formsas books, papers,
maps, photographs, and film, which can be read directly by humans,or read with the |aid of
silﬁ)le optical magnification and scanning aids. The major focus for preserving this
infprmation has been to ensure that they are on media with Leng Term stability anld that
acgess to this media is carefully controlled.

The explosive growth of information in digital forms has\posed a severe challenge not oply for
traglitional archives and their information providers, bat-also for many other organizatipns in
the government, commercial and non-profit sectors:“These organizations are finding, ¢r will
finfl, that they need to take on the information preservation functions typically associatefl with
traglitional archives because digital information is easily lost or corrupted. The pdace of
technology evolution is causing some hardware and software systems to become obsolete in a
mafter of a few years, and these changes tan put severe pressure on the ability of the gelated
dafa structures or formats to continue.effective representation of the full information dgsired.
Betause much of the supporting. information necessary to preserve this information iy more
eadily available or only available at the time when the original information is produced] these
organizations need to be active participants in the Long Term Preservation effort, and they need
to follow the principles espoused in this OAIS Reference Model to ensure that the inforation
car} be preserved for the Tong Term. Participation in these efforts will minimize the lifecycle
cogts and enable effective Long Term Preservation of the information.

Thg explosiofivef computer processing power and digital media has resulted in many systems
whiere the Producer role and the Archive role are the responsibility of the same entity. [These
syqtems'should subscribe to the goals of Long Term Preservation discussed in this docyment.
Theddesigners and architects of such systems should realize that some of the Long| Term
Preservation activities may conflict with the goal of rapid production and dissemination of
products to Consumers. The designers and architects of such systems should document the
solutions that have been reached.

A major purpose of this Reference Model is to facilitate a much wider understanding of what is
required to preserve and access information for the Long Term. To avoid confusion with
simple ‘bit storage’ functions, the Reference Model defines an Open Archival Information
System (OAIS) which performs a Long Term information preservation and access function. An
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OAIS Archive is one that intends to preserve information for access and use by a Designated
Community, and it meets the requirements given in section 3. It includes Archives that have to
keep up with steady input streams of information as well as those that experience primarily
aperiodic inputs. It includes Archives that provide a wide variety of sophisticated access
services as well as those that support only the simplest types of requests. For the remainder of
this document, the term Archive and OAIS are equivalent and understood to refer to an OAIS
Archive, unless the context makes it clear otherwise (e.g., traditional archives).

The QAIS _model recognizes the a]rpaﬂy hioh]y distributed nature of Higifn] information

holdin

gs and the need for local implementations of effective policies and procedures supporting

infornpation preservation. This allows, in principle, a wide variety of organizational

arrang

ements, including various roles for traditional archives, in achieving this preservation. It

is expected that organizations attempting to preserve information will find that lusing OAIS

terms fpnd concepts will assist them in achieving their information preservation goals.

2.2 |OAIS ENVIRONMENT

The simple model shown in figure 2-1 depicts the environment‘surrounding an OAIS.

Outsig

‘| Producer |

le the OAIS‘are Producers, Consumers, and Management.

QA & " Consumer )
(archive) .~ N\

\
)
N\

I Y
[ ‘Management |

Figure 2-1: Environment Model of an OAIS

Producer is the role played by those persons, or client systems, which provide the
information to be preserved.

e—tha raola nlovad by thoca b at _oxzaro H_OAIS nolios;

Maonaocapmant 1 ~ha—g a aQ
TVIAITASUITICITU TS tIIv™ TUTCU PrayCu— Uy~ tTOST— vwiIo— STt Uvirair U7Xy ponvcy—as ONe

component in a broader policy domain, for example as part of a larger organization.
In other words, Management control of the OAIS is only one of Management’s
responsibilities. Management is not involved in day-to-day Archive operations. The
responsibility of managing the OAIS on a day-to-day basis is included within the
OAIS in an Administrative Functional Entity that will be described in 4.2.

Consumer is the role played by those persons, or client systems, that interact with
OAIS services to find and acquire preserved information of interest. A special class of
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Consumers is the Designated Community. The Designated Community is the set of
Consumers who should be able to understand the preserved information. A given
individual or system may act in the role of both a Consumer and a Producer.

Other OAIS Archives are not shown explicitly. Such Archives may establish agreements
among themselves consistent with Management and OAIS needs. Other Archives may
interact with a particular Archive for a variety of reasons and with varying degrees of
formalism for any prearranged agreements One OAIS may take the role of Producer to
: : A afion is
to be moved to th1s other Archive. One OAIS may take the role of Consumer tgvahother
OAIS; an example is when the first OAIS decides to rely on the other OAIS for)d type of
infprmation it seldom needs and chooses not to preserve locally. Such reliane¢ .should have
some formal basis that includes the requirement for communication between the Archives of
any policy changes that might affect this reliance. The range of possible interactions between
OAIS Archives is discussed in section 6, Archive Interoperability.

2.3 OAIS INFORMATION
2.3.1 OVERVIEW

Onlly this subsection of this introductory section is noymative.

2.3.2 INFORMATION DEFINITION

A tlear definition of information is central to the ability of an OAIS to preserve it. [While
formal modeling of information is-provided in section 4, some key concepts are provifed in
thip subsection.

A ﬁerson, or system, can be-said to have a Knowledge Base, which allows that person or sygtem to
undlerstand received information. For example, a person who has a Knowledge Base that includes
an pinderstanding of wfitten English will be able to read, and understand, an English text.

Information is defined as any type of knowledge that can be exchanged, and this inforation
is glways expressed (i.e., represented) by some type of data in an exchange. For example, the
infprmation’th a hardcopy book is typically expressed by the observable characters (th¢ data)
whiichy when they are combined with a knowledge of the language used (the Knowledge
Balse), are converted to more meaningful information. If the recipient does not ajready
include English in its Knowledge Base, then the English text (the data) needs to be
accompanied by English dictionary and grammar information (i.e., Representation
Information) in a form that is understandable using the recipient’s Knowledge Base.

An OAIS is responsible for defining the Designated Community, and its associated
Knowledge Base, for whom the information is being preserved by the Archive. The
definition of the Designated Community and its associated Knowledge Base may be subject
to agreement with funders and other stakeholders. They will likely provide input into those
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definitions and may have agreements with the OAIS regarding those definitions. The
Knowledge Base of the Designated Community will probably change over time and the
definition of the Designated Community itself may change over time.

Similarly, the information stored within a digital file is expressed by the bits (the data) it contains
which, when they are combined with the Representation Information for those bits, are converted
to more meaningful information as long as the Representation Information is understandable
using the recrprent s Knowledge Base. For example assume the bits represent an ASCII table of

longityde. “The Representatron Inforrnatron will typrcally 1nclude the deﬁmtron of ASCH together
with descriptions of the format of the numbers and their locations in the file, their definition as
latitude and longitude, and the definition of their units as degrees. It may also include additignal
meanihg that is assigned to the table. Another example of Representation Information for a|bit
sequemce which is a FITS file might consist of the FITS standard which defines the format plys a
dictiopary which defines the meaning of keywords in the file which are notpart of the standgrd.
In general, it can be said that ‘Data interpreted using its Representafton Information yidlds
Infornpation’, and this is shown schematically in figure 2-2.

Interpreted
Data ,  usingits Representation QG Information
Object Information 0;: Object

~.\f“

Figure 2-2: Obtaining Information from Data

In order for this Information Object to be successfully preserved, it is critical for an OAIS
to identify clearly and to understand clearly the Data Object and its associated
Reprepentation Information. For digital information, this means the OAIS must cledrly
identify the bits and the Represéntation Information that applies to those bits. This requifed
transparency to the bit levelsis-a distinguishing feature of digital information preservatipn,
and it|runs counter to objectsoriented concepts which try to hide these implementation issyes.
This gresents a significantchallenge to the preservation of digital information.

As a further compligation, the recursive nature of Representation Information, which typically is
compgsed of its-own data and its own Representation Information, typically leads to a networlf of
Represgentation:Iriformation objects. Since a key purpose of an OAIS is to preserve information|for
a Desjgnated” Community, the OAIS must understand the Knowledge Base of its Designgted
Comnyuinity to understand the minimum Representation Information that must be maintained. The
OALIS should then decide between maintaining the minimum Representation Information needed
for its Designated Community and maintaining a larger amount of Representation Information that
may allow understanding by a larger Consumer community with a less specialized Knowledge
Base, which would be the equivalent of extending the definition of the Designated Community.
Over time, evolution of the Designated Community’s Knowledge Base may require updates to the
Representation Information to ensure continued understanding.
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An OAIS needs to ensure that it has Long Term access to all the relevant Representation
Information. A choice must be made whether the OAIS collects all the relevant
Representation Information itself or references the existence of the Representation
Information in another trusted or partner OAIS Archive. That choice is an implementation
and organization decision.

As a practical matter, software, some of which may itself be Representation Information, is
used to access the Information Object, and it will incorporate some understanding of the

netwaork of Representation Inform Qn-Qbie nvolbved.Howeve . olitware sho ldnot

Representation Information that defines the Information Object, because it ASOharfler to
prQ

Thg OAIS Reference Model emphasizes the preservation of information \¢ontent. As figital
technology develops, multimedia technology and the dependencyson complex interplay
een the data and presentation technologies will lead some organizations to requife that
look and feel of the original presentation of the information be preserved. This type of
servation requirement may necessitate that the software programs and interfaces ugsed to
ess the data be preserved. This problem may be further-complicated by the proptietary
re of some of the software. Various techniques for preserving the look and feel of
infprmation access are the subject of research and prototyping. These techniques, which
indlude hardware level emulation, emulation of{various common service APIs, and the
deyelopment of virtual machines, are being investigated for the preservation of the ofiginal
bit[stream and software across technology. Though the OAIS reference model does nof focus
on| these techniques, it should providehan architectural basis for the prototyping and
comparison of these techniques. A more detailed discussion of the issues involved [in the
prdservation of look and feel of infermation access can be found in 5.3 of this document.

2.3.3 INFORMATION PACKAGE DEFINITION

The definition of an Infermation Object is applicable to all the information types discugsed in
thig and the following subsections. In other words, they all have associated Represerjtation
Information, altheugh this is usually not shown explicitly.

Evpery submission of information to an OAIS by a Producer, and every disseminatjon of
infprmation to a Consumer, occurs as one or more discrete transmissions. Thereforg, it is
coTvenient to define the concept of an Information Package.

An Information Package is a logical container composed of optional Information Object(s).
Associated with this Information Package is Packaging Information that describes how the
components of an Information Package are logically or physically bound together and how to
identify and extract the components.

These Information Package relationships are shown schematically in figure 2-3.
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Information Object
Data Object Representation

4 Information
— ""J

Packaging Descriptive
Information Information
About Information Package About InQrfn’ation Package
S
~

Figure 2-3: Information Package Concepts and Relationships

to make the Data Object understandable, For example, the Data Object may be an im:

case in which the-Information Object is made up of Content Information, which is
] target of preservation, plus its related Preservation Description Information (PI
after the €ontent Data Object has been clearly defined can an assessment of

Content Data Object and is needed to preserve the Content Data Object, to ensure i
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information called Provenance Information, Context Information, Reference Information, Fixity
Information and Access Rights Information. Briefly, they are the following:

CCSD

Provenance Information describes the source of the Content Data Object, who has had

custody of it since its origination, and its history (including processing history).

Context Information describes how the Content Data Object relates to other
information outside the Information Package. For example, it would describe why the
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Content Information was produced, and it may include a description of how it relates
to another Content Information object that is available.

— Reference Information provides one or more identifiers, or systems of identifiers, by
which the Content Data Object may be uniquely identified. Examples include an
ISBN for a book, or a set of attributes that distinguish one instance of Content Data
Object from another.

— Fixity Information documents the mechanisms that ensure that the Content Data
Objectias ot beenm subject to undocumented atteration. Exampies mctude Lyclic
Redundancy Check (CRC) codes, checksums, or message digests. The méchgnisms
are not excluded from being used for other objects but the mechanisms used for
Content Data Objects are of particular interest.

— Access Rights Information provide the terms of access, including preseryation,
distribution, and usage of the Content Data Object. For example, it would contgin the
statements to grant the OAIS permissions for preservation eperations, licensing|offers
(for distribution), specifications for rights enforcement measures, as well as pccess
control specifications.

Fof example, if the Information Object consists of Content Information and PDI whigh are
idantified as being the content of specific files, then the:Packaging Information would ipclude
thg information about the file system(s) used, as well’as the names and directory inforhation
(pdths) of the files containing the Content Information and the PDI. Another example of
pagkaging is an XFDU (reference [D8]) where the Packaging Information would be the
elements and their tags of the individual-components of the XFDU instance following the
definition of the XFDU packaging method.

The Descriptive Information is that-information which is used to discover which packape has
thg Data Object of interest. Depending on the setting, this may be no more than a descfiptive
title of the Information Package that appears in some message, or it may be a full |set of
attributes that are searchable in a catalog service.

2.34 INFORMATION PACKAGE VARIANTS

It is necessary to distinguish between an Information Package that is preserved by an|OAIS
and the Information Packages that are submitted to, or disseminated from, an OAIS. [These

addition, these may be organized very differently from the way the OAIS organizes the
information it is preserving. Finally, the OAIS may provide to Consumers information that
does not include all the Representation Information or all the PDI with the associated Data
Object being disseminated. These variants are referred to as the Submission Information
Package (SIP), the Archival Information Package (AIP), and the Dissemination
Information Package (DIP).
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The Submission Information Package (SIP) is that package that is sent to an OAIS by a
Producer. Its form and detailed content are typically negotiated between the Producer and the
OALIS. Most SIPs will have some Content Information and some PDI.

The relationships between SIPs and AIPs can be complex; as well as a simple one-to-one
relationship in which one SIP produces one AIP, other possibilities include: one AIP being
produced from multiple SIPs produced at different times by one Producer or by many
Producers; one SIP resulting in a number of AIPs; and many SIPs from one or more sources
being unbundled and recombined in different ways to prnﬂnnp many AIPs. Even in the first
case, the OAIS may have to perform a number of transformations on the SIP. The Packagjng
Information will always be present in some form.

Withih the OAIS one or more SIPs are transformed into one or more Archival Informatjon
Packapes (AIPs) for preservation. The AIP, which the Archive must useto preserve|its
Content Information, must have a set of Representation Information;,adequate for the
Desighated Community, and PDI for the associated Content Data Object. The AIP may dlso
contain a collection of other AIPs, and this is discussed and medeled in section 4. The
PackaIEing Information of the AIP will conform to OAIS internal standards, and it may vary
as it i§ managed by the OAIS.

In response to a request, the OAIS provides one or more Dissemination Information Packages
(DIPs) to a Consumer. The DIP(s) are derived from~one or more AIPs. For disseminatjon
purpoges, the DIP’s Packaging Information will need to be created such that the Consurper
can clparly identify and extract the information thiat was requested.

2.4 |PRESERVATION OBJECTIVES

Long|Term Preservation is defined as the act of maintaining information, Independerftly
Undetstandable by a Designatedy€ommunity, and with evidence supporting its Authenticjty,
over the Long Term.

To bgq Independently.-‘Understandable the information must be sufficiently complete| to
allow|it to be understood by the Designated Community, as exemplified by the associe;[ed
Presertvation Objeetives, without having to resort to special resources not widely available,
including nam€d individuals.

Presertvation Objectives are intended to allow the repository to make it possible to fest
whethler—the information actnally is Independently Understandable by members of khe
Designated Community now and into the future, in particular having adequate Representation
Information. In order to facilitate this each Preservation Objective should be:

— Specitic—The objective should be well defined and clear to anyone with the assumed
Knowledge Base.

— Actionable—The objective should be achievable currently and into the future.

CCSDS 650.0-M-3 Page 2-8 December 2024

© IS0 2025 - All rights reserved


https://standardsiso.com/api/?name=d24d085a1d5afdf6b52d1e49d8a812a3

ISO 14721:2025(en)

CCSDS RECOMMENDED PRACTICE FOR AN OAIS REFERENCE MODEL

— Measurable—It should be possible to know whether or not the objective has been
attained at a given point in time.

Examples of Preservation Objectives include:

— The ability to render documents, images, videos or sounds in a way which is
sufficiently similar to the original. This could be checked by verifying that, for
example, the document is readable or the image is viewable. An analysis of the colors
could also be compared. A spectral analysis could be performed on the sounds and
compared with that of the original.

— The ability to process a dataset and generate the data products expected. This could be
checked by comparing with something generated earlier, for example‘on Ingest.

— The ability to understand a dataset and use it in analysis tools-to generate results, for
example the density of electrons in the upper atmosphete,-or the structurdq of a
molecule, given certain measurements. These could be® compared with fesults
generated earlier.

— The ability to re-perform an artistic performancet This could be compared with a
recording of a previous performance.

Checks on the success of the preservation activity should include confirmation thaf| these
aimis have been fulfilled. Clearly information needed to make comparisons, as |n the
examples above, would be expected to be created earlier, perhaps on Ingest, and would need
to accompany the information being preserved.

An OAIS must define Preservation Objectives. The definition of the Preservation Objgctives
may be subject to agreement with funders and other stakeholders. They will likely pfovide
inffut into those definitions~and may have agreements with the OAIS regarding|those
definitions. The definition)of the Designated Community and its Knowledge Basg will
prgbably change over. time and therefore the definition of the Preservation Objectives may
chgnge over time. In'this case, funders and other stakeholders would again be consulted

2.§ SUPPLEMENTARY INFORMATION HELD BY THE ARCHIVE

The archive will need to preserve many pieces of information besides the AIPs. The following
lists‘show items mentioned in this document, but the archive may preserve other items.

As long as the objects are being preserved by the archive the following should also be preserved:
— Definition of the Designated Communities;
— Preservation Objectives;

— Transformational Information Properties (checks of the values of these may be part of
Provenance Information).
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For as long as any specific AIP structure is in use:

Other

Packaging Information for the AIPs;

Relationship between Editions and Versions of AIPs.

information may be useful while the various services are in use:

Finding, Ordering, and Retrieval Aids;

— | Packaging Information for SIPs, DIPs.
2.6 [0OAIS HIGH-LEVEL EXTERNAL INTERACTIONS
2.6.1 | OVERVIEW
The fpllowing subsections present a high-level view of the interactiorUbetween the entities
identified in the OAIS environment. Figure 2-4 is a data flow diagram that represents the
operafional OAIS Archive external data flows. This diagram-&Oncentrates on the flow| of
infornpation among Producers, Consumers and the OAIS afidvdoes not include flows that
involye Management. These flows are dealt with further insection 4.
Producer
Submission
Information J
Packages ‘ y®
N
v OAIS queries
i Archival
' Information |
l Packages -
Legend | query
T orders responses
| = Entity 7
—~ Dissemination Consumer
= Information \ Information
Package Data Packages
Object
) =Role
—> = Data Flow
Figure 2-4: OAIS Archive External Data
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2.6.2 MANAGEMENT INTERACTION

Management provides the OAIS with its charter and scope. The charter may be developed by the
Archive, but it is important that Management formally endorse Archive activities. The scope
determines the breadth of both the Producer and Consumer groups served by the Archive.

Some examples of typical interactions between the OAIS and Management include:

— Management is often the primary source of funding for an OAIS and therefore should
agree the budget for the Archive’s activities and may provide guidelines for regource
utilization (personnel, equipment, facilities).

— Management will generally conduct some regular review process to_€valuate the
OAIS performance and progress toward Long Term goals, and assess the rigks to
which the OAIS and its holdings are exposed.

— Management determines, or at least endorses, pricing poligies, as applicable, for
OALIS services.

— Management participates in conflict resolution invalving Producers, Consumefs and
OALIS internal administration.

Effective Management should also provide support for the OAIS by establishing proc¢dures
that assure OAIS utilization within its sphere of influence. For example, management p¢licies
coyld require that all funded activities within its*sphere of influence submit data prodiycts to
thg Archive and also adhere to Archive standards and procedures.

2.3 PRODUCER INTERACTION

The first contact between the<QAIS and the Producer is a request that the OAIS preserve the
data products created by-the Producer. This contact may be initiated by the OAIS, the
Prgducer or Management.” The Producer establishes a Submission Agreement with the
OALIS, which among 6ther things identifies the SIPs to be submitted and the schedule of Data
Supmission Sessions. Some Submission Agreements will reflect a mandatory requirenjent to
pravide information to the OAIS, while others will reflect a voluntary offering of inforrpation
andl others may reflect any payments which may be involved. Even in the case such gs web
hatvesting-where a component of the OAIS itself acts as the Producer, the OAIS should have
policies ‘specifying the file formats and the general subject matter the OAIS will accept and
thqsepolicies will in effect be the Submission Agreement for this data.

The Submission Agreement should make it clear whether the Content Information contains
links to other information. If there are such links then the Submission Agreement should
make it clear whether that referenced information is included in the SIP. For example, a
document submitted may contain hyperlinks to web pages or documents, and a decision
should be taken as to how these are to be treated by the Archive.
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The Submission Agreement will normally include a detailed description of the Submission
Information Package(s) (SIP). The description formally defines the digital information objects
to be transferred by an information Producer to an Archive and how these objects are packed in
the form of Submission Information Packages (SIPs). This supports effective transfer and
validation of SIP data. This formal definition is a negotiated agreement between the data
Producer and the Archive that facilitates production of agreed data by the Producer and
validation of received data by the Archive. It does not address the actual transfer of a SIP nor
how the Archive does validation upon the received SIP. The extent of such validation will
depend-enthedevel of validationrequired-by-the SubmisstenAgreenten -

There| may be significant time gaps between the Data Submission Sessions..”A Dhata
Submjssion Session will contain one or more SIPs delivered as a set of media‘orvia a single
telecommunications session. The Data Submission Session content is based oh a data mogdel
negotfated between the OAIS and the Producer in the Submission Agreement. This data
mode] identifies the logical components of the SIP (e.g., the Content Data Obje¢ts,
Reprepentation Information, PDI, Packaging Information, and Descriptive Information) that
are tol be provided and how (and whether) they are representéd in each Data Submissjon
Sessiqn. All data deliveries within a Submission Agreementaré recognized as belonging to
that Jubmission Agreement and will generally have a -consistent data model, which| is
speciffed in the Submission Agreement. The Producer should provide as much Preservatjon
Description Information as possible and also as much‘Representation Information as possiple
to support, where applicable, the Preservation Qbjectives. Other information to support
testing the achievement of Preservation Objectives, and Transformational Informatjon
Propetties, should also be provided if available.

Withip the Submission Agreement, one or more Data Submission Sessions are speci‘%d.

For ekample, a Data Submission Session may consist of a set of Content Informatjon
corresponding to a set of observationis, which are carried by a set of files on a trandfer
mediym. The Preservation Description Information is in this example split between two other
files. All of these files need-Representation Information which must be provided in some
way. [The transfer media~and its directory/file structure and an understanding of fhe
directpry/file structure.are the Packaging Information, which provides encapsulation gnd
identification of the~Coéntent Information and PDI in the Data Submission Session. The
Submjssion Agreément indicates how the Representation Information for each file is to|be
provided, how,the transfer media is to be recognized, how the Packaging Information will| be
used fo identify and encapsulate the SIP Content Information and PDI, and how frequerjtly
Data $ubmission Sessions (e.g., one per month for two years) will occur. It also gives other
neede(l information such as access restrictions to the data and enforcement requirements.

Each SIP in a Data Submission Session is expected to meet minimum OAIS requirements for
completeness as specified in the Submission Agreement. However, in some cases multiple
SIPs may need to be received before an acceptable AIP can be formed and fully ingested
within the OAIS. In other cases, a single SIP may contain data to be included in many AIPs.
A Submission Agreement also includes, or references, the procedures and protocols by which
an OAIS will either verify the arrival and completeness of a Data Submission Session with
the Producer or question the Producer on the contents of the Data Submission Session.
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2.6.4 CONSUMER INTERACTION

There are many types of interactions between the Consumer and the OAIS. These interactions
include questions to a help desk, requests for literature, catalog searches, orders and order
status requests. The ordering process is of special interest to the OAIS Reference Model, since
it deals with the flow of Archive holdings between the OAIS and the Consumer.

The Consumer establishes an Order Agreement with the OAIS for information. This
information may currently exist in the Archive or be expected to be ingested in the future.
Thg Order Agreement may span any length of time, and under it one or more| Data
Dissemination Sessions may take place. A Data Dissemination Session may_involye the
trapsfer of a set of media or a single telecommunications session. The Order”Agreement
identifies one or more AIPs of interest, how those AIPs are to be transformed and mapped
intp Dissemination Information Packages (DIPs) and how those DIPs will<be packagad in a
a Dissemination Session. The Order Agreement will also (specify other reeded
prmation such as delivery information (e.g., name or mailing addtess), rights inforthation
.£., usage restrictions, authorized Consumers, or license fees)-and any pricing agregments
applicable. The Consumers must also be informed of restrictions, if any, arising frqgm the
Acgess Rights Information associated with the Informatiom and must agree to abide by those

Consumer or attributions which must accompany results derived from the Informatipn.

Unlless the Order Agreement is very straightforward, the Order Agreement will likely detail a
emination information schema. The dissemdmation information schema formally defirjes the
ital information objects to be transferred-by an Archive to a Consumer and how these ¢bjects
are| packed in the form of Dissemination_Information Packages (DIPs). This supports effective
trapsfer and validation of DIP data. This’formal definition is a negotiated agreement betwden the
Consumer and the Archive that-facilitates production of agreed data by the Archive. [t does

Segsionwith the OAIS. During this Search Session, the Consumer will use the [OAIS
ding Aids that operate on Descriptive Information, or in some cases on the| AIPs
themsetves, to identify and investigate potential  Noidings of Interest. s Tmay be
accomplished by the submission of queries and the return of query responses, for example,
result sets, to the Consumer. This searching process tends to be iterative, with a Consumer
first identifying broad criteria and then refining these criteria based on previous search
results. Once the Consumer identifies the OAIS AIPs containing information of interest, the
Consumer may enter into an Order Agreement with the OAIS that documents the identifiers
of the AIPs the Consumer wishes to acquire, what information from the AIPs the Consumer
wishes to acquire and how the DIPs will be transmitted to the Consumer in one or more Data
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Dissemination Sessions. If the AIPs are available, an Ad-hoc Order will be placed. However,
if the AIPs desired are not yet available, an Event Based Order may be placed.

In the case of an Event Based Order, the Consumer establishes an Order Agreement with the
OAIS for information expected to be received on the basis of some triggering event. This
event may be periodic, such as a monthly distribution of any AIPs ingested by the OAIS from
a specific Producer, or it may be a unique event such as the ingestion, or creation, of a
specific AIP. The Order Agreement will also specify other needed information such as the

trigge‘ event for new Data Dissemination Sessions and the criteria for Qplpr‘ﬁng the QAIS

holdirlgs to be included in each new Data Dissemination Session.

In sorhe cases, a possibly informal, unwritten, Order Agreement will be used and‘a‘Separjate
formal, written, Order Agreement may not be generated. In such cases an QOQAIS will [for
example have a general pricing policy which could include free products. A OAIS may| in
some fases only deliver copies of just the Content Data Object or of full AIPs or it may allow
for eapy selection of the portion of the content needed through on-line-forms. An OAIS njay
deliver its products through direct downloads of content or it may,\maintain a database| of
consupmer delivery options. The process of generating a virtual Qrder Agreement could bq as
simpl¢ as the user filling out an online order form, clicking to accept the terms and conditipns
and clicking the submit button.
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3 OAIS RESPONSIBILITIES

31

OVERVIEW

Subsection 3.2 is normative and identifies the minimum responsibilities that shall be
discharged by an OAIS. Subsection 3.3 gives some examples of mechanisms to discharge
these responsibilities, although not all of these will be applicable to all OAISes. The rest of
this section is non-normative.

Anpnex F discusses security considerations which may apply to 3.2.

3.2

Th
my

Th

MANDATORY RESPONSIBILITIES

s subsection is normative and establishes mandatory responsibilities that an organi
st discharge in order to operate an OAIS Archive.

e OAIS shall:

Negotiate for and accept appropriate information frony information Producers.

Obtain sufficient control of the information provided to the level needed to
Long Term Preservation.

Determine, either by itself or in conjunetion with other parties, which entities ¢
become the Designated Community,\that is, the communities that should be 4
understand the information provaded. Definition of the Designated Comr
includes a determination of their-Knowledge Base.

Ensure that the information-to be preserved is Independently Understandable

zation

ENSure

hould
ble to
nunity

to the

Designated Community.\In particular, the Designated Community should be gble to

understand the information without needing special resources such as the assistance
experts who produced the information.

of the

Follow documented policies and procedures which ensure that the information is

preserved{against all reasonable contingencies, including the demise of the Af
ensuring’that it is never deleted unless allowed as part of an approved strategy.
shotild be no ad-hoc deletions.

Make the preserved information available to the Designated Community and

chive,
There

tnable

the information to be disseminated as copies of. or as traceable to. the oi

submitted Content Information with evidence supporting its Authenticity.

iginal
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3.3 EXAMPLE MECHANISMS FOR DISCHARGING RESPONSIBILITIES
3.3.1 OVERVIEW

This subsection provides example mechanisms for discharging the responsibilities of 3.2. Not
all of these mechanisms will be applicable to all OAISes.

3.3.2 NEGOTIATES FOR AND ACCEPTS INFORMATION

An ofganization operating an OAIS should have established some criteria that ‘aid| in
determining the types of information that it is willing to, or it is required to, accépt: These
criterip may include, among others, subject matter, information source, degree of uniquenesg or
originplity, and the nature of the techniques used to represent the information (€.g., physical
mediaf digital media, and format). The information may, in general, be submitted using a wjide
variety of common and not-so-common forms, such as books, documents,-maps, data sets, gnd
physiqgal objects using a variety of communication paths including networks, mail, and spe¢ial
delivery.

The (PAIS should negotiate with the Producer to ensure it acquires appropriate Content
Information and associated PDI for its mission and the Designated Community. Consideraple
iteratipn may be required to agree on the right information to be submitted, and to get it ihto
forms| acceptable to the OAIS. For example, this*may include digitizing audio or vidleo
materfal, or scanning text.

Negotjation can embrace a range of possible actions. It may sometimes be unnecessary| to
genergte a totally new Submission Agreement because the Producer and OAIS can rely oh a
previqusly negotiated Submission Agréement template and simply apply it to the actual content
of thig submission. It may be carried out for each SIP, for each Producer, or for a class| of
Produgers. It may involve extensive human contact or machine-machine negotiations, sucH as
that which takes place betweena web crawler and a web server when deciding what, if apny,
content the server will perrit the crawler to have (the web server acting as a Producer, the web
crawlgr as part of an OAI[S).

The QAIS shouldextract, or otherwise obtain, sufficient Descriptive Information to assist fthe
Desighated Community in finding the Content Information of interest. It also should enspre
that the information meets all OAIS internal standards.

3.3.3 OBTAINS SUFFICIENT CONTROL FOR LONG TERM PRESERVATION

It is important for the OAIS to recognize differences exist between ownership, custody or
possession of Content Information and ownership of intellectual property rights over this
information. If the OAIS has created the information and is the legal owner of the Content
Information, the OAIS may already possess the rights to do what is required to preserve the
information and make it available. If instead the OAIS is acquiring the Content Information
or PDI from any other Producer or entity, the OAIS should ensure that there is a legally valid
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transfer agreement that either transfers ownership or the intellectual property rights of the
item to the OAIS, or clearly specifies the rights granted to the OAIS or others and describes
any limitations imposed by the rights holder(s). If only limited rights are transferred, the
OAIS will need to determine if the limited rights are sufficient for Long Term Preservation.
The OALIS should ensure that its subsequent actions to preserve the information and make it
available conform to these rights and limitations. When the OAIS does not acquire the
intellectual property rights, the agreement should specify what involvement the rights
holder(s) will have in preservation, management or release of the information. In most cases,
it wiH-be-preferabletorthe- OAIStorevotinte-anaoreerentthatspeetiestherrehtsholder(s)
requirements and authorizes the OAIS to act in accordance with those requirementswithout
active involvement of the rights holder(s) in individual cases.

Thg OAIS must assume sufficient control over the Content Informationand Preserjation
Degcription Information so that it is able to preserve it for the Long Tery.* There is ng issue
with the AIP’s Packaging Information because, by definition, this isyunder internal |OAIS
comtrol. The problems of assuming sufficient control of the ‘Content Informatiop and
Prgservation Description Information, when they are largely digital, are addressed in three
related categories, as follows:

— copyright implications, intellectual property and-other legal restrictions on use;
— authority to modify Content Information;

— agreements with external organizations.

yright implications, intellectual preperty and other legal restrictions on use: An
Arghive must honor all applicable legal restrictions. Issues often arise when an [OAIS
acquires materials that are subject torlegal restrictions or materials for which the intellectual
praperty rights are held by a third party. An OAIS should understand the intellectual prpperty
rights concepts, such as copyrights, patents and any other applicable laws (e.g.| data
pratection) prior to accepting restricted materials into the OAIS. It can establish guidelines
for] ingestion of information and rules for dissemination and duplication of the inforthation
when necessary. It is“b€yond the scope of this document to provide details of nationpl and
intprnational copysight laws related to such restrictions.

Authority tomodify Content Information: Although the Fixity Information witk:lin the
PrgservationDescription Information of an AIP ensures that the Content Data Objects-telated
bity havenot been altered, there will come a time when Content Data Objects bits are npt in a
formi-that is convenient for the Consumers from the Designated Community. The OAIS|needs
the authority to migrate the Content Data Objects to new representation forms. When an
OAIS acquires materials that are subject to legal restrictions or materials for which the
intellectual property rights are held by a third party, it may need to seek additional permission
to make such changes. If the information is copyrighted, the OAIS should already have
negotiated permission to make the changes needed to meet its mission. Ideally, when this
situation arises, both the original AIPs and new AIPs will be retained. Digital Migration
issues are addressed more fully in 5.2.
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Agreements with external organizations: An OAIS may establish a variety of agreements
with other organizations to assist in carrying out its mission. For example, it may establish an
agreement with another OAIS so that it does not have to preserve all the common
Representation Information objects related to its Content Data Objects. Agreements with other
organizations should be monitored to be sure they are being followed and remain useful.

3.3.4 DETERMINES DESIGNATED COMMUNITY

a det¢rmination as to who the expected Consumers, or Designated Community;~of this
information will be. This is necessary in order to determine if the information, as represented,
will bp understandable to that community. For example, an Archive may decidé that certpin
Contept Information should be understandable to the general public andixtherefore, this
beconpes the Designated Community.

The sybmission, or planned submission, of Content Information and associated PDI requ£es

For spme scientific information, the Designated Community of Consumers might [be
descriped as those with a first-year graduate level education in a‘related scientific discipline.
This s a more difficult case as it is less clear what degree of specialized scient]fic
termijology might actually be acceptable. The Producers of such specialized information pre
often familiar with a narrowly recognized set of termiriglogy, so it is especially critical to
clearly define the Designated Community for that.iformation and to make the effort| to
ensurg that this community can understand the information.

The ppssible changes to the definition of the Designated Community also need consideratipn.
Information originally intended for a narrowly defined community may need to be made
more [widely understandable at some.(future date. For example, information originglly
intended to be understandable to a particular scientific community may need to be made
undergtandable to the general public. This is likely to mean adding explanations in supporf of
the Rppresentation Informatiofijand the Preservation Description Information, and it ¢an
beconte increasingly difficult’to obtain this information over time. Selecting a broafer
definifion of the Designated Community (e.g., general public) when the information is fjrst
propoped for Long Term Preservation can reduce this concern and also improve the
likeliHood that the ihformation will be understandable to all in the original community.

3.3.5 | ENSURES INFORMATION IS INDEPENDENTLY UNDERSTANDABLE

The degree to which Content Information and its associated PDI conveys information tb a
Designated Community is, in general, quite subjective. Nevertheless, it is essential that an
Archive make this determination in order to maximize information preservation. Therefore,
as described in detail in 2.4, Preservation Objectives allow a more objective determination to
be made. .Digital Content Information and PDI need adequate Representation Information to
be Independently Understandable to the Designated Community. Typically, there are
multiple Representation Information objects involved, and this is discussed in 4.3.
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For example, consider Content Information from a digital set of observations of rainfall,
temperature, pressure, wind velocities, and other parameters measured all over the world for
a year. This type of information is very extensive and is not usually in a form intended for
direct human browsing or reading; but it is in a form appropriate to searching and
manipulation by application software. Such content may only be understandable to the
original Producers, unless there is adequate documentation of the meaning of the various
fields and their inter-relationships, and how the values relate back to the original
instrumentation that made the observations. In such specialized fields extra effort is needed to
engure—that—the—Content—Information—and—the—Preservatton—Peseriptton—Informatiqn are
unglerstandable to a Designated Community. If the Archive does not have thisyleyel of
expertise in-house, it may have outside community representatives review the information for
Lopg Term understandability. Otherwise some of the information may be understandgble to
only a few specialists and be lost when they are no longer available.

Evpn when a set of information has been determined to be understandable, as exemplifjed by
thg associated Preservation Objectives, to a particular Designated Community, over tifne the
Knowledge Base of this community may evolve to the point that important aspects fof the
infprmation may no longer be readily understandable. At this(point it may be necessdry for
thg OAIS to enhance the associated Representation Infetmation so that it is again rfeadily
unglerstandable to the Designated Community.

Thg Designated Community should be monitoredto be sure the Content Information |s still
unglerstandable to them. The Designated Community may lose its familiarity with| some
terminology, and the definition of the comimunity may be broadened to include| other
mgmbers with different backgrounds. FKor example, a periodic review with partidipants
regresenting the Designated Community-could assist in this process.

As| another example, a manuscript’s Content Information may be written in Engligh and
tharefore its content may be generally understandable to a wide audience. However, pnless
the purpose for which it was.created is clearly documented, much of its meaning may be lost.
This ‘purpose’ information is part of its Context Information and must be provided [in the
Prgservation Description Information.

Software is needed for efficient access to digital Content Information. However, maintpining
Content Infotination-specific software over the Long Term has not yet been proveh cost
effpctive beeause of the narrow application of such software. The danger of informatidn loss
is great'when such software is relied upon for information preservation and understgnding
beg¢ause it may cease to function under only small changes to the hardware and software
environment. This may not be recognized unless there is a vigorous, ongoing, testing and
validation program. A related approach is to employ an emulator that maintains a consistent
environment for a range of application specific software. A major concern with this approach
is the need to upgrade and maintain the emulator over time while ensuring it runs all the
application specific software with fidelity, and to do this cost-effectively.
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3.3.6 FOLLOWS ESTABLISHED PRESERVATION POLICIES AND PROCEDURES

It is essential for an OAIS to have documented policies and procedures for preserving its
AlIPs, and it should follow those procedures, capturing an audit trail showing the actions
regarding the AIPs. In particular, AIPs shall never be deleted unless the deletions are allowed
as part of an approved policy; there should be no ad-hoc deletions.

The appropriate policies and procedures will depend, at minimum, on the nature of the AIPs
and any cooperative agreements or relationships the Archive may have with other Archives.
For ejample, in the case of deletions, other Archives may need to be consulted before an-AIP
is delgted if an agreement has been made that this Archive will hold that particular AIP,

Preserivation activities including migrations that alter any Content Information Jor PDI, gnd
otherg discussed in section 5, will need to be carefully monitored and the appropriate DI
fully jupdated. Policies and procedures would be needed, for example, to ensure that
emulations are checked as system changes occur at this Archive. This attention to detpil,
while [also ensuring against processing errors, requires that strong policies and procedures|be
in plage and that they be executed.

The Producer and Consumer communities should be.provided with submission gnd
dissernination standards, policies, and procedures to support the mission of the OAIS.

A Lorjg Term technology usage plan, updated as technelogy evolves, is essential to avoid bejng
caught with very costly system maintenance, emergency system replacements, and costly data
represpntation transformations. The technology usage and staffing plans of the Archive will dlso
be influenced by decisions of the Archive on-such things as the Designated Communities §nd
Preserjvation Objectives. There will be implications for the resources required by the Archive.

The Archive should have a formal Succession Plan, contingency plans, and/or escrow
arralﬂtements in place in case/the Archive ceases to operate or the governing or ﬁmd[ng
institution substantially changes its scope. The formal Succession Plan should include plannjng
for hopv the AIPs will be findable once they have been moved to a successor repository.

3.3.7 | MAKES_THE INFORMATION AVAILABLE

By deffinition;-ah OAIS makes the Content Information in its AIPs visible and available to|its
Desighateéd Communities. Multiple views of its holdings, supported by various Access Alids
that mjay_cut across collections of AIPs, may be provided. Some DIPs may be created as fthe
output of algorithms operating on one or more AIPs. If necessary, they could include
documentation on how they were derived from the source AIPs. The expectations of OAIS
Consumers regarding access services will vary widely among Archives and over time as
technology evolves. Pressures for more effective access should be balanced with the
requirements for preservation under the available resource constraints.
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Some AIPs may have restricted access and therefore may only be disseminated to Consumers
who meet access restrictions. The OAIS should have published policies on access and
restrictions so that the rights of all parties are protected.

In general, DIPs may be distributed by all varieties of communication paths, including
networks and physical media.

The OAIS must be able to provide evidence, to the level of detail required and in a suitable
way, to support the Authenticity of the information provided in terms of traceability to the
infprmation that was originally submitted.
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DETAILED MODELS

OVERVIEW

The purpose of this section is to provide a more detailed model view of the functional entities of
the OAIS and the information handled by the OAIS. This aids OAIS designers of future systems
and provides a more precise set of terms and concepts for discussion of current systems.

4.2

4.2

Th

an

4.2

Th
nt

FUNCTIONAL MODEL

.1 OVERVIEW

OAIS might be designed.

.2 GENERAL

s entire subsection is informative but provides useful abstractions for understandingg how

e OAIS of figure 2-1 is separated in figure 4-1 into<Six’ functional entities and related
prfaces. Only major information flows are shown. The lines connecting entities identify

comnmunication paths over which information flows. The lines to Administration and

Prg¢servation Planning are dashed only to reduce diagram clutter.
—> Preservation Planning <
0() Iy ey a B — . :
Descriptive I ( Descrlptl.ve ‘
Information _ » Data Informatlo:‘i‘: (
S Management \ W |queries ﬁ
:' | TAFTET—— guery responses, g
\ @”\ Archival F/ : R a‘
1 AP Storage i AIP | L ~
I A N . DIP
1 |
\ ) ‘ )
> Administration ’é——/
( Management
Figure 4-1: OAIS Functional Entities
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The role provided by each of the entities in figure 4-1 is described briefly as follows:

The Ingest Functional Entity (labeled ‘Ingest’ in the figures in this section) provides the
services and functions to accept Submission Information Packages (SIPs) from Producers (or
from internal elements under Administration control), including quality assurance and
prepare Archival Information Packages for storage and management within the Archive.
Ingest functions include receiving SIPs, performing quality assurance on SIPs, generating an
Archival Informatlon Package (AIP) which comphes w1th the Archive’ S data formattmg and
docu : 2

inclus
Management.

The Archival Storage Functional Entity (labeled ‘Archival Storage’ in thesfigures in this
section) provides the services and functions for the storage, maintenance _and retrieval| of
AlIPs.|Archival Storage functions include receiving AIPs from Ingest @nd adding them| to
permgnent storage, managing the storage hierarchy, refreshing the média on which Archjive
holdirlgs are stored, performing routine and special error che¢King, providing disagter
recov¢ry capabilities, and providing AIPs to Access to fulfill ordeérs.

The Dlata Management Functional Entity (labeled ‘Data Management’ in the figures in this
section) provides the services and functions for populatihg, maintaining, and accessing bpth
Descriptive Information which identifies and documents’Archive holdings and administrative
data ysed to manage the Archive. Data Management functions include administering the
Archiye database functions (maintaining schema and view definitions, and referenfial
integrjty), performing database updates (loading new Descriptive Information or Archjive
administrative data), performing queries.on the Data Management Data to generate qury
responses, and producing reports from-these query responses.

The Administration Functional Entity (labeled ‘Administration’ in the figures in this
section) provides the services-and functions for the overall operation of the Archive syst¢gm.
Adminhistration functions include soliciting and negotiating Submission Agreements with
Produgers, auditing submissions to ensure that they meet Archive standards, and maintainjng
configuration managément of system hardware and software. It also provides systgms
engingering functions’to monitor and improve Archive operations, and to inventory, regort
on, and migrate/update the contents of the Archive. It is also responsible for establishing gnd
maintaining Atehive standards and policies, providing customer support, and acting on stofed
requegts such as subscriptions.

The Preserva :
this section) provides the services and func‘uons for monitoring the env1r0nment of the OAIS and
which provides recommendations and preservation plans to ensure that the information stored in
the OAIS remains accessible to, understandable by, and sufficiently usable by, the Designated
Community over the Long Term. Preservation Planning functions include evaluating the contents
of the Archive and periodically recommending archival information updates, recommending the
migration of current Archive holdings, developing recommendations for Archive standards and
policies, providing periodic risk analysis reports, and monitoring changes in the technology
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environment and in the Designated Community’s service requirements and Knowledge Base.
Preservation Planning also designs Information Package templates and provides design assistance
and review to specialize these templates into SIPs and AIPs for specific submissions.
Preservation Planning also develops detailed preservation plans, prototype software and test plans
to enable implementation of Preservation Objectives.

The Access Functional Entity (labeled ‘Access’ in the figures in this section) provides the

ers to
- with
tected
infprmation, coordinating the execution of requests to successful completion,” gengrating
responses (Dissemination Information Packages, query responses, reports)-and deliveripg the
responses to Consumers.

In pddition to the entities described above, there are various Common Services assurhed to
be|available. These services are considered to constitute another functional entity in this
mddel. This entity is so pervasive that, for clarity, it is not shown in figure 4-1.

4.2.3 DETAILED DESCRIPTION OF FUNCTIONAL ENTITIES
4.2.3.1 Overview

In the following subsections, specific flows-of information among the functional entit{es are
idgntified in italics the first time they appear in the text. The detailed functional descriptions
of the subsections are accompanied by diagrams (figures 4-2 through 4-7) that depict only the

m}?r data flows within and among;the entities. Omitted for clarity are minor flows spch as

acknowledgment notices. Annex A contains a figure that combines figures 4-2 through [4-7 to
demonstrate overall consistency. However, this is not to be taken as a recommended ¢lesign
or [implementation, and ‘actual implementations are not expected to have a one-fo-one
mapping to the functions’shown, and may for example choose to combine functions or|break
out functionality differently.

4.2.3.2 Conimon Services

Madern,(distributed computing applications assume a number of supporting services sfich as
intgr=process communication, name services, temporary storage allocation, exception handling,
security, backup and directory services. Much excellent work has already been done in the area
of open system environment reference models. Examples of such services include:

Operating system services provide the core services needed to operate and administer the
application platform, and provide an interface between application software and the platform.
These services include the following:

— Kernel operations provide low-level services necessary to create and manage
processes, execute programs, define and communicate signals, define and process
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system clock operations, manage files and directories, and control input-output
processing to and from the external environment.

Commands and utilities include mechanisms for operations at the user level, such as
comparing, printing, and displaying file contents; editing files; pattern searching;
evaluating expressions; logging messages; moving files between directories; sorting
data; executing command scripts; and accessing environment information.

Real-time extension includes the application and operating system interfaces needed

Netw%rk services provide the capabilities and mechanisms to support distributed

{0 SUppOTt those appiication domains TequiTing deteTTmIStic eXeCcution, processing,
and responsiveness. The extension defines the applications interface to basic System
services for input/output, file system access, and process management.

System management includes capabilities to define and manageuser resoufce
allocation and access (i.e., what resources are managed and the classes of accgss
defined), configuration and performance management of deyices, file systeqns,
administrative processes (job accounting), queues, machine/platform profiles,
authorization of resource usage, and system backup.

Operating system security services specify the contfQD of access to system dita,
functions, hardware, and software resources by users.and user processes.

tions requiring data access and applications interoperability in heterogenequs,
ked environments. These services include the following:

Data communication includes ARD and protocol specifications for reliable,
transparent, end-to-end data transmission across communications networks.

Transparent file access provides access to available files located anywhere i a
heterogeneous network.

Computer support provides support for interoperability with systems based on other
operating systems,_particularly computer operating systems, which may not |be
formally specified-in a national or international standard.

Remote Pfocedure Call services include specifications for extending the local
procedusg/call to a distributed environment.

o+

Network security services include access, authentication, confidentiality, integrjty,
and non-repudiation controls and management of communications between senders

ANd TSCEIVETS Of TTOTTAatioN TIT @ TIEtWOTK:

Security services provide capabilities and mechanisms to protect sensitive information and
treatments in the information system. The appropriate level of protection is determined based
upon the value of the information to the application end-users and the perception of threats to
it. These services include the following:
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Identification/authentication service confirms the identities of requesters for use of

information system resources. In addition, authentication can apply to providers o

f data.

The authentication service may occur at the initiation of a session or during a session.

Access control service prevents the unauthorized use of information system resources.
This service also prevents the use of a resource in an unauthorized way. This service
may be applied to various aspects of access to a resource (e.g., access to
communications to the resource, the reading, writing, or deletion of an information/data

resource, the execution of a processing resource) or to all accesses to a resource.

4.2

Th

Data integrity service ensures that data is not altered or destroyed in an unauth
manner. This service applies to data in permanent data stores and)to d
communications messages.

Data confidentiality service ensures that data is not made available or disclo
unauthorized individuals or computer processes. This service will be appl
devices that permit human interaction with the information-System. In additio
service will ensure that observation of usage patterns of,communications res
will not be possible.

Non-repudiation service ensures that entities engaging in an information exchange

deny being involved in it. This service may takerone or both of two forms. Fir
recipient of data is provided with proof of the.6tigin of the data. This protects agair
attempt by the sender to falsely deny sending the data or its contents. Second, the

of data is provided with proof of delivery of data. This protects against any subs
attempt by the recipient to falsely deny-receiving the data or its contents.

3.3 Ingest

e functions of the Ingest Funetional Entity are illustrated in figure 4-2.
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Figure 4-2: Functions of the Ingest Functional Entity

The Receive Submission function provideshe appropriate storage capability or deviceq to
receivie a SIP from the Producer (or fromAdministration). Digital SIPs may be delivered ia
electronic transfer, loaded from medja submitted to the Archive, or simply mounted on the
Archiye file system for access. Non-digital SIPs would likely be delivered by conventiopal
shipping procedures. The Receive* Submission function may represent a legal transfer| of
custody for the Content Information in the SIP, and may require that special access contiols
be pldced on the contents-This function provides a confirmation of receipt of a SIP to the
Produfer, which may inélude a request to resubmit a SIP in the case of errors resulting frpm
the SIP submission.

Evidence for Authenticity can take many forms. The evidence is designed to support the
assertjon that'th¢ object is what it is purported to be. The initial evidence is provided by the
Produker<as part of the PDI in the submission, and this evidence is maintained, updaId,

and/of ineremented by the Archive over time. Over time the object may need to be changed
in some ways in order for it to continue to be Independently Understandable to the
Designated Community. It is important that these changes are documented as part of the
Provenance Information of the object so the object is traceable to the original object
submitted to the Archive by the Producer. It is also important that any changes to the object
do not change the Content Information to the point that it no longer conveys the intended
information of the original object. One method of providing evidence supporting the
assertion of the Authenticity of the changed object is the use of Information Property
Descriptions.
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The Producer may provide, or the Archive may itself define, Information Property
Descriptions of Information Properties which should be maintained over time (i.e.,
Transformational Information Property), and indeed may provide Information Property
Descriptions of Information Properties which do not need to be maintained over time. An
Information Property Description is a description of a part of the information content of a
Content Information object that is highlighted for a particular purpose. The detailed
expression, or value, of that part of the information content is conveyed by the appropriate
parts of the Content Data Object and its Representation Information. For example, for a

Singpre—atetta vAVAw, W W a a a = are
headings, paragraphs, and text lines composed of word n, Info
perty Descriptions for Information Properties that are to be preserved could be-exp
‘paragraph identification’ and ‘characters expressing words and punctuation’] The
Information Properties would consist of all the book’s paragraph identifications, words, and
punctuation as expressed by the Content Data Object and its Represéntation Information.
Thjs means that all formatting other than the recognition of paragfaphs and readable text
couyld be altered while still maintaining required parts of the intended message conveyed by
thg previous version of the digital book. The Archive may eXpress an evaluation pf the
Authenticity of its holdings, based on community practice and recommendations (including
begt practices, guidelines, standards, and legal requireménts). However, the Consumgr may
make his or her own judgment of the Authenticity of the object starting with the evidence
obfained from PDI.

The Quality Assurance function validates (QA4tresults) the successful transfer of the SIP to
thg temporary storage area. For digital submissions, these mechanisms might include Cyclic
Refdundancy Checks (CRCs) or checksuis associated with each data file, or the fise of
sygtem log files to record and identify any file transfer or media read/write errors.

Thg Generate AIP function transfofms one or more S/Ps into one or more A/Ps that copform
to the Archive’s data formatting standards and documentation standards. This may ifvolve
filg format conversions, determining Transformational Information Properties, gathering
ad¢quate RepresentatiomInformation, data representation conversions or reorganizatjon of
thg Content Information in the SIPs. The Generate AIP function may issue report requpsts to
Data Management.to obtain reports of information needed by the Generate AIP funcfion to
praduce the Deseriptive Information that completes the AIP. This function sends SIPs or
AIPs for audit to the Check Submission function in Administration, and receives bgck an
audlit repert.” As a result of the audit report for example, it may be necessary to gather flurther
Representation Information (e.g., from the Producer) to ensure that the Content Inforrpation
is ynderstandable and usable by the Designated Community.

The Generate Descriptive Information function extracts Descriptive Information from the
AIPs and collects Descriptive Information from other sources to provide to Coordinate
Updates, and ultimately Data Management. This includes Information to support searching
and retrieving AIPs (e.g., who, what, when, where, why, which, which version), and could
also include special browse products (thumbnails, images) to be used by Finding Aids.
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The Coordinate Updates function is responsible for transferring the A/Ps to Archival
Storage and the Descriptive Information to Data Management. Transfer of the AIP includes a
storage request and may represent an electronic, physical, or a virtual (i.e., data stays in
place) transfer. After the transfer is completed and verified, Archival Storage returns a
storage confirmation indicating (or verifying) the storage identification information for the
AIP. The Coordinate Updates function also incorporates the storage identification
information into the Descriptive Information for the AIP and transfers it to the Data
Management entity along with a database update request. In return, Data Management

proviges—a—database—pdate POH dreating—the—status—otthe—update—Data—Management
updat¢s may take place without a corresponding Archival Storage transfer when th& $1P
contains Descriptive Information for an AIP already in Archival Storage.
4.2.3.4 Archival Storage
The fynctions of the Archival Storage Functional Entity are illustrated imfigure 4-3. The tqrm
‘medif’ is used to designate one or more mechanisms, local or remote, for storing digitglly
encodpd information.
ARCHIVAL STORAGE
| Storage request i
& ge req 4 Receive AP_
g [prorass AIP Data Provide gl
P confirmation Data A R z
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4 e
t AlP request data F
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i [Pperational | Hierarchy. rror
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i Error notification
S
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r g isaster
a [dedia recovery| Disaster
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i | -
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o }Dup:;uqtcT
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Figure 4-3: Functions of the Archival Storage Functional Entity
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The Receive Data function receives a storage request and an AIP from Ingest and moves the
AIP to permanent storage within the Archive. The storage request may need to indicate the
size and anticipated frequency of utilization of the Data Objects making up the AIP in order
to allow the appropriate storage devices or media to be selected for storing the AIP. This
function will select the media type, prepare the devices or volumes, and perform the transfer
to the Archival Storage volumes. Upon completion of the transfer, this function sends a
storage confirmation message to Ingest, including the storage identification of the AIPs.

The_Manage Stors: based on storag gement policies and
ope¢rational statistics, distributes, via commands, the contents of the AIPs on the apptapriate
madia in the different levels of its storage hierarchy. It will also conform to any special|levels
of [service required for the AIP, or any special security measures that are~requiredl, and
engures the appropriate level of protection for the AIP. These include on-line, off-ljne or
nedr-line storage, required throughput rate, maximum allowed bit errer rate, or dpecial
hapdling or backup procedures. It monitors error logs to ensure AIPs are not corfupted
dufing transfers. This function also provides operational statistics to Adminisfration
sumarizing the inventory of media on-hand, available storageccapacity in the various tiers
of the storage hierarchy, and usage statistics.

Thg Replace Media function provides the capability to reproduce the A/Ps over time. Within
thg Replace Media function the Content Information and Preservation Desctiption
Information (PDI) should not be altered. However, the data constituting the Paclaging
Information may be changed as long as it continues to perform the same function and there is
a gtraightforward implementation that does-fot cause information loss. The preseryation
plans should select a storage medium, taking into consideration the expected and actual rates
of prrors encountered in various media-types, their performance, and their costs of owngrship.
If media-dependent attributes, such-as haming conventions, have been included as part|of the
Coptent Information, a way should be found to preserve this information when migrating to
different media with different-Storage architectures. Anticipating the terminology of|5.2.4,
this function may performy ‘Refreshment’, ‘Replication’, and ‘Repackaging’ that is
straightforward. An example of such ‘Repackaging’ is migration to new media under fa new
op¢rating system and“file system, where the Content Information and PDI are independent of
thg file systems. However, complex ‘Repackaging’ and all ‘Transformations’ are perfprmed
undler Administration supervision by the Archival Information Update function to ¢nsure
infprmation-preservation. (Refer to 5.2.4 for a detailed description of migration issues.)

The Exrror Checking function provides statistically acceptable assurance that no compgpnents
of the) AIP are corrupted in Archival Storage or during any internal Archival Storagp data
transfer. It simplifies the work of this function if all hardware and software within the
Archive provide error notification of detected errors and that these errors are routed to
standard error logs that are sent to Manage Storage Hierarchy function where they are
checked. The PDI Fixity Information provides some assurance that the Content Data Object
has not been altered as the AIP is moved and accessed. Similar information is needed to
protect the PDI itself. A standard mechanism for tracking and verifying the validity of all
Data Objects within the Archive may also be used. For example, CRCs could be maintained
for every individual data file. A higher level of service to support combined error detection
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and correction, could also be provided. The storage facility procedures should provide for
random verification of the integrity of Data Objects using CRCs or some other error checking
mechanism.

The Disaster Recovery function provides a mechanism for duplicating the digital contents of
the Archive collection and, for example, storing the duplicate in a physically separate facility.
This function is sometimes accomplished by copying the Archive contents to some form of
removable storage media but may also be performed via hardware transport or network data

transfers.. The details of disaster recavery pnliﬁioc are Qppniﬁpd hy Administration

The Provide Data function provides copies of stored AIPs to Access. This function Teceiyes
an AP request that identifies the requested AIP(s) and provides copies to ;the” Access
Functional Entity. This function also sends a notice of data transfer toy'Access upon
completion of an request.

4.2.3.5 Data Management

The fynctions of the Data Management Functional Entity are illustrated in figure 4-4.
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Figure 4-4: Functions of the Data Management Functional Entity
CCSDS 650.0-M-3 Page 4-10 December 2024

© IS0 2025 - All rights reserved


https://standardsiso.com/api/?name=d24d085a1d5afdf6b52d1e49d8a812a3

ISO 14721:2025(en)

CCSDS RECOMMENDED PRACTICE FOR AN OAIS REFERENCE MODEL

The Administer Database function is responsible for maintaining the integrity of the data
management database, which provides a storage mechanism, which can be queried in some
way, for storing both Descriptive Information and system information. Descriptive
Information identifies and describes the Archive holdings, and system information is used to
support Archive operations. The Administer Database function is responsible for creating any
schema or table definitions required to support Data Management functions; for providing the
capability to create, maintain and access customized user views of the contents of this
storage; and for providing internal validation (e.g., referential integrity) of the contents of the
—Sendine Mmhraras—an CECHHRE—AFESHONRSE —tHe-aataoasSe: syo .l’liSter
fon.

Thg Perform Queries function receives a query request from Access and exeeutes the|query
by|sending a query to the database from which it receives a response/which it uses to
gemerate a query response that is transmitted to Access.

Thg Generate Report function receives a report request from Ingest, Accdss or
Administration and executes any queries for which it receives responses, or other progesses
neg¢essary to generate the report that it supplies to the requester. Typical reports [might
indlude summaries of Archive holdings by category, b ‘usage statistics for accespes to
Arghive holdings.

The Receive Database Updates function adds,~modifies or deletes information |n the
dafabase through an update, for which it receives a response. The main sources of updates
arg Ingest, which provides Descriptive Inforimation for the new AIPs, and Administfation,
whiich provides system updates and review~updates. Ingest transactions consist of Descfiptive
Information which identifies new AIPs stored in the Archive. System updates inclyde all
syqtem-related information (operational statistics, Consumer information, and request sfatus).
Reyiew updates are generated by-periodic reviewing and updating of information palues
(e.g., contact names, addresses, access control and rights policies). The Receive Database
Updates function provides\.regular reports to Administration summarizing the stafus of
updlates to the database,and also sends a database update response to Ingest.

4.2.3.6 Administration

The functions 'of the Administration Functional Entity are illustrated in figure 4-5. As|stated
abgve (see page 4-3) some of the activities detailed in this section will not apply|to all
implementations; for instance, in the customer service function, the billing activity shows

1 +las 14 -t M | A 1 ] M 4] Al PP PYS 4 ad 4 1
wherethrs—wourad-occur—1r IUqUIICU. 211 UIIVCIUPC CllblUblllB UICU AAUILTITIIIISUN AtIUIl TUIIvi ns 1S
not shown because the required changes to the diagram, including line crossing, would cause
confusion.
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Figure 4-5: Functions of the:Administration Functional Entity
The Negotiate Submission Agreement function solicits desirable archival information [for

the QAIS and negotiates Submission Agreements with Producers. This function dlso
negotiates a data submissionsschedule with the Producer. It maintains a calendar of expected
Data $ubmission Sessions‘that will be needed to transfer one or more SIPs to the OAIS gnd
the r¢source requireménts to support their ingestion. This function receives AIP/$IP
templgtes and customization advice from Preservation Planning and sends SIP designs, any
customized AIP designs and any example SIPs to the Check Submission function as parf of
the submission-approval process. It also sends SIP designs and any customized AIP designs
to the| Establish” Standards and Policies function for subsequent use by the Ingest functipn.
The Subriission Agreement must identify formats, contents and the logical constructs uged
by the Ptoducer and how they are represented in each Data Submission Session.

The Manage System Configuration function provides system engineering for the Archive
system to monitor continuously the functionality of the entire Archive system and
systematically control changes to the configuration. This function maintains integrity and
traceability of the configuration during all phases of the system life cycle. It also audits system
operations, system performance, and system usage. It sends report requests for system
information to Data Management and receives reports; it receives operational statistics from
Archival Storage. It summarizes those reports and periodically provides OAIS performance
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information, Archive holding inventory reports, operating policies, procedures and standards
to Preservation Planning. It receives proposed preservation plans from Preservation Planning,
based on which it sends change requests, procedures and tools to the Archival Information
Update function. It receives system evolution policies from the Establish Standards and Policies
function. Based on these inputs it further develops and implements recommendations for
system evolution which it receives from Preservation Planning.

The Archival Information Update function provides a mechanism for updating the contents
of the Archive eceives change requests. procedures and tools from Manage System
Configuration. It provides updates by sending a dissemination request to Access,upgating
the contents of the resulting D/Ps and resubmitting them as SIPs to Ingest.

Thg Physical Access Control function provides mechanisms to restrict.orlallow pHysical
acgess (doors, locks, guards) to elements of the Archive, as determined.by Archive p¢licies
which it receives from Establish Standards and Policies.
Thg Establish Standards and Policies function is responsible for establishing and
maintaining the Archive system standards and policies. It feceives approvals and hudget
infprmation and policies such as the OAIS charter, scope, reésource utilization guidelings, and
priping policies from Management. It provides Management with plans or approv
petiodic reports. It receives recommendations for Archive system enhancement, pro,
for] new Archive data standards, and periodic xisk analysis reports from Prese
Plgnning. It will have to face risks from unforeseen events (unplanned down time
network outage, software bugs, hardware failare, human error, disk crash, etc.) and m
ropriate decisions to minimize the risk-et not fulfilling the Archive’s commitments.
ives performance information and Archive inventory reports from Manage

tions

mistration policies. It will develop disaster recovery policies. It will also detgrmine
security policies for the contents of the Archive based, for example, upon statutory
requirements and legal agreements. Legislation will be different between countries and will
develop over time. As a result the legislation may become more extensive and complex, and
new specialized areas may be introduced, for example, in the field of data protection and
security. As a result, an organization can have several units that would be considered to be
within the Administration Functional Entity that co-determine the Archive's standards and
policies. These policies should include those affecting Physical Access Control and the
application of error control techniques throughout the Archive.
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The Check Submission(s) function receives 4IPs or SIPs from Ingest and reviews from
Preservation Planning. The Check Submission function will verify that SIPs meet the
specifications of the Submission Agreement. In the case of submitted AIPs it verifies the
understandability of the Content Information by the Designated Community. It also verifies
that the AIPs meet the specifications in the AIP template. This function receives AIP/SIP
reviews from Preservation Planning and may also involve an outside committee (e.g., science
and technical review); these reviews report on whether the AIP/SIP templates have been
properly applied in Ingest.

The Check Submission process must verify that the quality of the data meetsDthe
requirgments of the Archive. It should also ensure that it meets the requirement{s)ot the
outside committee if one is used. The Check Submission must verify that theres-adequiate
Repregentation Information and PDI to ensure that the Content Information is-inderstandaple
and independently usable to the Designated Community. The formality of 'the review will
vary depending on internal Archive policies. The Check Submission process may determfine
that spme portions of the SIP are not appropriate for inclusion in the “Archive and must|be
resubmitted or excluded. An audit submission report is provided toyIngest. After the Ch¢ck
Submjssion process is completed, any liens, that is, lists of required corrections or other
issues| that need to be resolved, are reported to the Producerwho will then resubmit the $1P
to Ingpst or appeal the decision to Administration. In the case of producing a new versior] of
an AIP this function checks that the Preservation Objectives have been met. This copld
include checking usability and checking evidenege“for Authenticity such as ensurjng
maintgnance of Transformational Information -Properties (see 5.3). After the Chgck
Submjssion process is completed, a final ingest report is prepared and provided to fthe
Produger and to Negotiate Submission Agpteement. Audit methods potentially inclyide
sampling, periodic review, and peer review:-A submission report is provided to Ingest.

The Activate Requests function maintains a record of event-driven requests and periodicglly
compgres it to the contents of thetArchive to determine if all needed data is available. If needled
data i$ available, this function generates a dissemination request that is sent to Access. For
example, this function can generate orders on a periodic basis. The length of the period was
originplly defined by the‘Consumer in an order agreement. Another example of a trigger is the
occurtlence of an event{e.g., a database update).

The fCustomer 'Service function performs a number of services independently |in
coordnation—with services provided by a third party. For example, the archive ¢an
indep¢ndently provide account services or may coordinate with the organization's single sign-
on sefvice to ensure appropriate access to the archive. The Customer Service function will
create, maintain and delete Consumer accounts. It will, if applicable, collect billing
information from Access and will send bills and collect payment from Consumers for the
utilization of Archive system resources. It will respond to general information requests. This
function will also collect and respond to feedback on Access services and products. Customer
Service will summarize these comments and make them available to Preservation Planning. A
Consumer may generate a Special Request which Customer Service sends to Access. Special
Request types are not detailed.
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3.7 Preservation Planning

The functions of the Preservation Planning Functional Entity are illustrated in figure 4-6.

S
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AIP/SIP reviews T Proposals; Rec. for system evolution; Risk anal

Administration

Preservation plans rep

Customization advice Operating policies, procedures, standards

PRESERVATION PLANNING Inventory reports; Performance info

Consumer comments
Approved standards
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Figure 4-6: Functions of the Preservation Planning Functional Entity

e Monitor Desighated Community function interacts with Archive Consumer
ducers to track/changes in their service requirements and available product technol
ch requireinents might include data formats, media choices, preferences for so

s function may be accomplished via surveys, via a periodic formal review proce

coqnmunity workshops where feedback is solicited or by individual interactions
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function will watch to ensure that the OAIS holdings remain Independently Understandable
to the Designated Community. It provides reports, requirement alerts and emerging
standards to the Preservation Watch function. It sends preservation requirements to Develop
Packaging Designs and Preservation Plans.

The Monitor Technology function is responsible for tracking emerging digital technologies,
information standards and computing platforms (i.e., hardware and software) to identify
technologies which could cause obsolescence in the Archive’s computing environment and
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prevent access to some of the Archive’s current holdings. This function may contain a
prototyping capability for better evaluation of emerging technologies and receive requests
from Preservation Watch and from Develop Package Designs and Preservation Plans. This
function sends reports, external data standards and technology alerts to the Preservation
Watch function. It also sends reports to Develop Packaging Designs and Preservation Plans.

The Preservation Watch function is the role of collating preservation related information

the Monitor Technology function. Changes in the environment of the Archive (financjal,
politiqal, and environmental) can be part of the Preservation Watch function.

The Develop Preservation Strategies and Standards function is responsiblefor developjng
and rdcommending strategies and standards, and for assessing risks, to enable the Archivg to
make |informed tradeoffs as it establishes standards, sets policies, atid)manages its system
infrasfructure. Risk management is a suitable methodology to provide balance between negds
and njeans, and between immediate activity imperatives and Ijeng Term objectives of the
preserjvation mission. Risk management can also provide usefuiMmetrics to quantify elements
that are usually difficult to estimate in the decision-making.process. This function proviges
periodic risk analysis reports to Administration addressing expected risks and their possiple
mitigdtion based on current, and on proposed updates;-to operating policies, procedures and
standdrds. This function receives collated information about changes in the environment frpm
the Preservation Watch function, and it recéives operating policies, procedures qnd
standqrds, performance information, inventory reports and summarized consumer comments
from Administration. From the information this function identifies those activities requifed
for preservation of current Archive holdifigs or new submissions, for example updating A[Ps
with gdditional or revised Representation Information. This function sends recommendatipns
for system evolution and on AlP-pdates, and risk analysis reports to Administration Tis
functipn also receives and preduces profiles of those standards that are sent to Administratjon
as proposals on their potential usage. This function also receives issues from Develop
Packaging Designs and) Preservation Plans in the case of unanticipated submissjon
requirpments, and responds with advice to handle the new requirements.

The Pevelop ~Packaging Designs and Preservation Plans function develops new
Information-Package designs such as AIP/SIP templates and detailed preservation plans gnd
prototlypecsoftware to implement Administration policies and directives. Preservation plans
can include any of the activities described in section 5. For example, Migration of the
Content Information could involve changes to the Content Data Object and/or the
Representation Information and may therefore alter the Information Properties of the Content
Information. This may make it necessary to check if and how Transformational Information
Properties are affected by the migration (see 5.2.4.5); Representation Information may be
added, and this can be checked against Preservation Objectives. This activity also provides
advice on the application of these Information Package designs and Preservation plans to
specific Archive holdings and submissions. This function receives Archive approved
standards and Preservation Objectives from Administration. The standards include format

CCSDS 650.0-M-3 Page 4-16 December 2024

© IS0 2025 - All rights reserved


https://standardsiso.com/api/?name=d24d085a1d5afdf6b52d1e49d8a812a3

ISO 14721:2025(en)

CCSDS RECOMMENDED PRACTICE FOR AN OAIS REFERENCE MODEL

standards, metadata standards and documentation standards. It applies these standards to
preservation requirements and provides AIP and SIP template designs to Administration.
This function also provides customization advice and AIP/SIP reviews to Administration on
the application of those designs. If this function encounters submissions that are not covered
by existing standards and procedures, it can send issues to Develop Preservation Strategies
and Standards and receive advice, including new standards, to assist in meeting the new
submission requirements.

Information to avoid loss of access due to technology obsolescence (see section”5).

response to the Preservation Objectives may involve the development of new ATP dg
pratotype software, test plans, community review plans and implementation\plans for p
in the new AIPs. This process may call on expertise or resources from other functions

nction
pntent
The
signs,
hasing
within

Prgservation Planning, such as obtaining information from Preseryation Watch, Monitor

Teghnology and Monitor Designated Community via the Develop Rreservation Strategi
Stqndards function. This effort also will require consultationyfrom the other fung
entities and from the Designated Community, for example-t0 discuss usability, accg
loss of information properties, and authenticity of the{transformed Content Inforr
within the framework of reference provided by Transfotmational Information Propertig
5.2.4.5). Once the preservation plan, associated AIP,designs, and software have been
andl approved by Administration, this functionswill send the entire preservation p
Administration. These proposals for the preservation plan are received and approval g

(o] denied) by the ‘Establish Standards and” Policies’ function of ‘Administration].

‘Preservation Planning’ entity develops,.(alidates and supplies the preservation plan
bagis of this approval; Administration-schedules and performs the preservation pl
making changes to the system configuration to update the archive information, as indicg
figpre 4-5.
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4.2.3.8 Access

The functions of the Access Functional Entity are illustrated in figure 4-7.
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\ : AlP
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Figure 4-7: Functions of the Access Functional Entity
The (Joordinate Access Activities function provides one or more interfaces to the informatjon
holdings of the Archive: Three categories of Consumer requests are distinguished, responseg to
which| are deliveted by Deliver Response: query requests, which are executed in Data
Management afnd‘return immediate query responses for presentation to the Consumer; regort
reque§ts, which may require a number of queries and produce formatted reports for delivery to

only once, or an Event Based
Order that will be maintained by the Activate Requests function in Administration, and
initiated by a dissemination request that may result in periodic deliveries of requested items.
The Archival Information Update function in Administration (see figure 4-5) also submits
dissemination requests to obtain DIPs needed to perform its update functions. Other special
request types are allowed, but are not detailed. This function will determine if resources are
available to perform a request, assure that the user is authorized to access and receive the
requested items, and notify the Consumer that a request has been accepted or rejected, via the
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Deliver Response function. For example, an Archive could include an option to provide an
estimate of the request cost or an option to cancel the request, or the timescale for fulfilling the
request. It will then transfer the request to Data Management or to the Generate DIP function
for execution. This function also provides assistance to OAIS Consumers including providing
status of orders and other Consumer support activities in response to an assistance request via

the

Deliver Response function.

The Generate DIP function accepts a DIP request, makes an AIP request then gets a notice of

tra
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tial dimensions, conversions between different data types or output formats, and
cialized processing (e.g., image processing). Inserting DRM inforfmation and filteri
sonal data to ensure consistency with the user rights also come undér this type of ope
s function stages the completed DIP response and notifies the Coordinate Access Act
ction that the DIP is ready for delivery. It is worth noting.that in some implementatic
P content or the DIPs could be kept for ready availability{(not shown in the figure).
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 Deliver Response function handles both on-line“and off-line deliveries of res
[Ps, query responses, reports and assistance) to>Consumers. For on-line delivery, it

cedure requested, in co-ordination withythe Coordinate Access Activities function,
response in the temporary storage. area to be transmitted, and supports the
nsmission of the response. For off*line delivery it retrieves the response from the Coo
cess Activities function, prepares packing lists and other shipping records, and then sh
ponse. When the responseshas been shipped, a notice of shipped order is returned
prdinate Access Activities-function and billing information is submitted to Administraf

.4 DATA FLOYW DIAGRAMS

e flow of data items among the OAIS functional entities is diagrammed in this subss
ure 4-8. shows the more significant data flows. To avoid complicating this figui
ini§tration data flows, which are generally background activities, are isolated
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ure they are adequate for preservation of the Content Information.

- example, consider the case of needing to add Representation Information becaj

der to

ise of

inges in the Knowlédge Base of the Designated Community. Although the Contenft Data

pbrmation means)the Content Information is being changed.

— Monitering of the Designated Community and general environment (ré
reguirements alerts, emerging standards, external data standards, and techs
alerts) shows the need to update Representation Information for a particula

tation

ports,

ology
AIP,

which could itself be a collection of objects.

— Preservation Planning provides recommendations, proposals and risk analysis reports
to Administration which evaluates the recommendations and decides what options to
look at in more detail, and sends that decision to Preservation Planning as approved

standards, preservation requirements and Preservation Objectives.

— Preservation Planning then produces detailed plans based on the instructions from
Administration and passes these detailed plans back (4IP templates, preservation

plan and customization advice) to Administration.
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Administration then implements these plans (via its Manage System Configuration
function,). In general, this will require an update of one or more AIPs. In a specific
implementation each AIP does not necessarily have to be moved in any way. It may
be possible in a particular implementation to perform the next steps by updating the

AIP in place or updating various pointers that are components of the AIPs.

Instructions are then sent by Administration to Access (dissemination request) to send
a copy of the original AIP out as a DIP together with the updated Representation

Information.

4.3

4.3.1

This {

infornpation objects introduced in 2.3.
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IS must store significantly more than the contents of the object it is expected to preser
ubsection analyzes those information requirements used to describe the object classes
ssociated with an OAIS. This subsection uses Unified Modeling Language (UM
nce [D3]),'object model diagrams to illustrate the concepts discussed in the text.

bcument. An understanding of this notation is required for a full understanding of
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Subsection 4.3.2 provides a model of the information required for effective Long Term
Preservation of information. Subsection 4.3.3 describes the conceptual objects and containers
that represent the contents of an OAIS.
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4.3.2 LOGICAL MODEL FOR ARCHIVAL INFORMATION
4.3.2.1 Information Object

A basic concept of the OAIS Reference Model is the concept of information being a
combination of Data and Representation Information. The UML diagram in figure 4-10
illustrates this concept. The Information Object is composed of a Data Object that is either
physical or digital, and the Representation Information that allows for the full interpretation

of the data into meaningful information. This model is valid for all the types of information
in an OAIS.

Information
Object
? ? Interpreted Using
[ | o*
Data Interpreted using Representation
. —P .
Object Information 1
| |
Physical Digital N
Object Object
1
1..*
Bit

Figure 4-10: Information Object

4.3.2:2  Data ﬂhjpof
The Data Object may be expressed as either a physical object (e.g., a moon rock) together

with some Representation Information, or it may be expressed as a digital object (i.e., a
sequence of bits) together with the Representation Information giving meaning to those bits.
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4.3.2.3 Representation Information
4.3.2.3.1 General

The Representation Information accompanying a digital object, or sequence of bits, is used to
provide additional meaning. It typically maps the bits into commonly recognized data types
such as character, integer, and real and into groups of these data types. It associates these
with higher-level meanings: this includes the description of the, possibly complex, ways
objects_are interrelated (for example, Representation Information could indicate that three
numbgrs represent temperature, latitude and longitude; and they are expressed in degtges
Celsiys and angular degrees; and they are interrelated in that the temperature is measured at
the spgcified longitude/latitude).

The Representation Information accompanying a physical object like a mopfraock may gjve
additipnal meaning, as a result of some analysis, to the physically observable attributes of the
rock. [This information may have been developed over time and thé-results, if provided,
would be part of the Information Object.

There| will be special cases where, for a specific Data Objéct ‘and a specific Designated
Comnpunity, the Knowledge Base of the Designated Community is adequate for its members to
undergtand or use the Data Object. In such cases the Representation Information could be the
statenjent that no additional Representation Information'ds needed for that specific Designated
Comnpunity at this time. Of course, the Knowledge Base of the Designated Community npay
changp over time and additional Representation Ififormation may then be required. In ordet to
satisfyf the Mandatory Requirements, the Archive'should ensure that appropriate Representatjon
Infornmpation will be available in future, for example details of specific software required| or
semaﬂiics, such as the meaning of spreadsheet columns, which are currently comnjon
knowledge. Therefore, any Representation Information that can be gathered at ingest should| be
included since it will likely be costlier to rediscover and add it at a later time.

The r¢mainder of this subsectiéon focuses on the Representation Information object when the
Data (Dbject is specialized as a Digital Object.

4.3.2.3.2 Represéntation Information Types

The Digital @bject, as shown in figure 4-10, is itself composed of one or more bit sequendes.
The purpese of the Representation Information object is to convert the bit sequences ipto
more |meaningful information. It does this by describing the format, or data structhre
concepts, which are to be applied to the bit sequences and that in turn result in more
meaningful values such as characters, numbers, pixels, arrays, tables, etc. These common
computer data types, aggregations of these data types, and mapping rules which map from the
underlying data types to the higher-level concepts needed to understand the Digital Object
are referred to as the Structure Representation Information of the Representation
Information object. These structures are commonly identified by name or by relative position
within the associated bit sequences. The Structure Representation Information is often
referred to as the ‘format’ of the digital object.
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The Representation Information provided by the Structure Representation Information is
seldom sufficient. Even in the case where the Digital Object is interpreted as a sequence of
text characters, and described as such in the Structure Representation Information, the
additional information as to which language was being expressed should be provided. This
type of additional required information is referred to as the Semantic Representation
Information. When dealing with scientific data, for example, the information in the
Semantic Representation Information can be quite varied and complex. It will include special
meanings associated with all the elements of the Structure Representation Information,
operations-thatmay-be-performed-on—each-datatype,and-theirinter-relattonships—Figure 4-11
phasizes the fact that Representation Information contains both Structure R tation
Information and Semantic Representation Information, although in some implementatigns the
distinction is subjective. It is useful to remember that the Semantic Representation
Information associated with parts of some digitally encoded information is indépendent|of the
at. For example, the meaning of numbers in a data file is independent of whethgr they
ard encoded as scaled integers or as IEEE Reals; the meaning of words in a docunjent is

Thys figure also shows that Representation Information may-€ontain Other Represengation
Information, that is, Representation Information which “Cannot easily be classifijed as
Structure Representation Information or Semantic Representation Information. This indicates
the taxonomy of Representation Information presented here is far from complete. For
exgmple, software, algorithms, encryption, writteninstructions and many other things may be
ne¢ded to understand the Content Data Object in ways exemplified by the Preserpation

obyiously be either Structure Represefitation Information or Semantic Represenjtation
Information, but instead, for example could define how the Structure Represertation
Information and the Semantic Representation Information relate to each other and copld be
arded as Other Representation, Information. Software needed to process database cpntent
1ld also be regarded as Other‘Representation Information.

Structure Representation - Information, Semantic Representation Information and [Other
Representation Information are all subtypes and components of Representation Informagion.

One would expect there to be at least Structure Representation Information and Seinantic
Representation Information, for example English text in a PDF could have the apprapriate
PDF standard as Structure Representation Information, and the fact that it is written in
English ‘as Semantic Representation Information and there could be PDF software as|Other
Reptesentation Information. It should be noted that the PDF software provides an easigr way
to use the PDF file.

In general, it is possible for the various pieces of Representation Information to provide
alternative ways to add meaning to the Data Object. For example, if the Structure
Representation Information and Semantic Representation Information enable the Data Object
to be understood, it is possible for the Other Representation Information, such as a piece of
software, to provide a simpler way use the Data Object.
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sentation Information is an Information Object that may have its own Data Object :
m Representation Information associated with understanding each Data Object,
| in a compact form by the ‘interpreted using’ association. The resulting set of obje
e referred to as a Representation Information Network. This is illustrated
4-12, which shows the start of‘a Representation Information Network (RIN) for
hation Object (1) made up ofta Data Object (1) with the Representation Information
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Figure 4-12: Partial General RIN

Another example is an Information Objeéct which is the Information encoded in a| FITS
(Flexible Image Transport System https://fits.gsfc.nasa.gov/ ) file.
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Figure 4-13: Example of a Simplified RIN for a FITS File

The IDigital Object in this example is the EITS file itself. Its Structure Representatjon
Information is defined by the FITS Standard” A FITS file may have many keywords in|its
headef, but the FITS standard only definesa limited number of such keywords. The Semanjtic
Reprepentation Information for the(additional keywords should be defined in a FITS
Dictignary. Other Representation Information is FITS software implemented using Java.

The ekxtent to which an Archive must be able to provide the various pieces of Representatjon
Information which make (up' the RIN will depend upon the definition of the Designated
Comnunity and its Knowledge Base.

As a further examplé€, tabular data (numbers and text) in plain text can be formatted af a
Commpa Separated Value (CSV) file conforming to the IETF RFC-4180 specification. This
speciffcatiorrstates that the plain text can be provided in ASCII format; however, the AS{CII
standdrd s hot provided. To address this situation, the ASCII standard is simply referenced to
add the“Representation Information that is needed for a full understanding. Therefore, the
ASCII standard is a part of the Representation Information Network associated with the CSV
file and needs to be obtained by the OAIS in some form, or the OAIS needs to track the
availability of this standard so that it may take appropriate steps in the future to ensure its
CSV file Representation Information is fully understandable.

In principle, this recursion continues until an Information Object which can be understood
using the Designated Community’s(ies’) Knowledge Base, for example physical forms, are
encountered. This arrangement of Representation Information is referred to as the
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Representation Information Network. The Representation Information Network is terminated
when the original Content Data Object is understandable or usable by the Designated
Community which implies that all the Representation Information objects in the
Representation Information Network are also understandable or usable by the Designated
Community. For example, Representation Information expressed in ASCII needs the
additional Representation Information for ASCII, which might be a physical document giving
the ASCII standard. Each item of Representation Information can have multiple components,
including multiple referenced Representation Information components; each with its own
Re } :

To|preserve the meaning of an Information Object, its Representation Informatien must also
be [preserved. This is most easily accomplished when the Representation Information gbjects
ard expressed in forms that are easily understandable, such as text des¢riptions thpat use
widlely supported standards such as ASCII characters for electronic verstons. One prpblem
with the use of only text descriptions is that such descriptions can(be ambiguous. This is
addlressed by the use of standardized, formal description languages-¢ontaining well-dgfined
comstructs with which to describe data structures. These languages ' may need to be augnmiented
with text descriptions to convey fully the semantics of the Representation Information.

As|the Knowledge Base of the Designated Community changes over time, the Represertation
Information Network may need to change accordingly.~As noted in 2.3, an OAIS has a ¢hoice
of whether to collect all the relevant Representation Information or to reference its exigtence
in [another trusted or partner OAIS Archive; this is an implementation and organization
degision.

Thg Content Information must be defined and separated into Content Data Obje¢t and
Representation Information. It is again an implementation and organization decision felated
to the way Data Objects are ingested and stored in the OAIS. The OAIS may define a[single
Copntent Data Object as a collection of separate Data Objects or those individual Data (bjects
coyld each be considered-to’ be a Content Data Object. The Representation Infortphation
required will clearly be-different in these two cases but would be related, for examplg both
would have to describesthe relationship between the Data Objects.

Fof example, imthe case of performing arts, where a performer plays a piece of music which
is then processed through a computer system before sending out to loudspeakers to allgw the
audlience to-hear. Preservation would be regarded as successful if the musical work can|be re-
pettformed in future in a way which the composer would regard as the same. Looking|at the
prdséryation aspects, the Content Data Object may be the musical score as a PDF docyment,
and the Representation Information would include whatever mformation 18 needed to re-
perform (as the way to use and understand) the piece, such as the way to display the PDF file,
the audio processing software needed, placements of hardware such as loudspeakers,
movement directions, and a description of how these relate to each other and to the Content
Data Object, each of which may be quite complex, encoded in a separate way, and not easily
described either simply as Structure Representation Information or as Semantic
Representation Information. Alternatively, the Content Data Object may be multiple Data
Objects including the score, the audio processing software needed, placements of hardware
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and movement directions. Each of these Data Objects will have its own Representation
Information and there will need to be additional Representation Information that describes
how the several Data Objects are related.

Two special types of Representation Information are Representation Information
Rendering Software and Access Software. Representation Information Rendering Software
is able to display the Representation Information in understandable forms. For example, the
file and dlrectory structure of many CD-ROMs conforms to ISO 9660. ThlS standard 1is

may yse available PDF display software to render the ISO 9660 documentation humahply
visibl¢ and readable. In this role the PDF display software is referred to as’Representatjon
Information Rendering Software because it is used to render the Represéntation Informatipn.
It may also terminate the Representation Information Network, because it is sufficient to
displaly all the Representation Information needed to understand or use the Data Object. If the
OAIS|does not also obtain the associated description of PDF, it1i€eds to record and track this
fact bpcause when PDF objects are no longer cost-effectivedfor’access and display, the ISO
9660 ¢locumentation expressed as a PDF object will need ta:be migrated to a new form.

Access Software presents some or all of the information content of an Information Object in
forms| understandable to humans or systems. It unay also provide some types of accpss
servicgs, such as displaying, manipulating, processing, or subsetting, to an Informatjon
Object. For some types of Digital Objects, such software may be widely available. It is hot
necesgary for the OAIS to maintain or\provide such software. The OAIS may want| to
maintfin and provide this software for-more specialized types of Digital Objects.

Since| Access software will dncorporate some understanding of the Representatjon
Information, some Archives1may attempt to use Access Software as a substitute for full
Reprepentation Informations, Access Software source code, which embodies at least a partial
undergtanding of the asgociated Representation Information, may be used as documentatjon
expregsing such Représentation Information. A problem with this approach is that the desifed
Reprepentation Information may not be clearly identifiable as it may be mixed with varipus
procegsing and- display algorithms, and may be incomplete since the code assumes |an
underlying eperating environment. It may be difficult to tell, from the software code, what
Reprepentation Information is missing. The use of Access Software executables, without the
sourcg¢ ‘eode, such as may occur with proprietary formats, presents a much greater risk [for
loss of information because it is more difficult to maintain an operating environment for
software than to migrate documentation over time. The practical use of emulation techniques
to preserve working software is an area of active research. This is a significant issue for those
desiring to preserve a look and feel to information access. Migration and software
preservation are discussed more fully in section 5.
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4.3.2.4 Taxonomy of Information Object Classes Used by OAIS
4.3.2.4.1 General

There are many types of information involved in the Long Term Preservation of information
in an OAIS. Each of these types can be viewed as a complete Information Object in that it
contains a Data Object and adequate Representation Information to understand the data. This
subsection builds on the dlscuss10ns in 2.3 about the types of supportmg mformatlon needed
role of
everal
Yy their
comtent and function in the operation of an OAIS including Content Information objects,
Prgservation Description Information objects, Packaging Informatien| objects| and
Descriptive Information objects. The following subsections discuss the. centents of each of
thg types of Information Object. Figure 4-14 shows a taxonomy of thgse Information Qbjects
usg¢d within the OAIS.

Information
Object
P t \ eepe
reservation . o .
Content Dt o '§ Packaging Descriptive Representation

Information Informatidh Information Information Information (Indidates
ay that the list

) is not

exhauptive)

Figure 4-14: Information Object Taxonomy

4.3.2.4.2° Content Information

The Content Information is the set of information that is the original target of preservation by
the OAIS. Deciding what the Content Information is may not be obvious and may need to be
negotiated with the Producer. The Content Information, which is an Information Object as
shown in figure 4-14, is the Content Data Object together with its Representation
Information. The Content Data Object in the Content Information may be either a Digital
Object or a Physical Object (e.g., a physical sample, microfilm). Any Information Object
may serve as Content Information.
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The Representation Information for a Digital Object (Structure Representation Information and
Semantic Representation Information and Other Representation Information) is needed to fully
transform the bits into the Content Information. In principal, this even extends to the inclusion
of definitions (e.g., dictionary and grammar) of any natural language (e.g., English) used in
expressing the Content Information. Over long time periods the meaning of natural language
expressions can evolve significantly in both general and in specific discipline usage.

As a practical matter, the OAIS needs to have enough Representation Information associated
with the bits of the Content Data Object in the Content Information that it feels confident that the
membgrs of the Designated Community can enter the Representation Information Network-with
enough knowledge to begin accurately interpreting the Representation Information.-ThiS i a
significant risk area for an OAIS, particularly for those with an expert Designated Community,
becauge jargon and apparently widely understood terms may be short-lived. In such cases extra
care needs to be exercised to ensure that the natural evolution of the Designated Community
Know}jedge Base does not effectively cause information loss from the ContefityInformation.

As depcribed above for an Information Object in general, the Representation Information ¢an
also be viewed as being augmented by Access Software that supports the presentation of the
Content Information to the Consumer. Examples of this type of software include word
procegsors supporting complex document format representations of Content Information gnd
scientjfic visualization systems supporting representatiotis-of Content Information as a time
series|or a multidimensional array. Access Software-thay include rights enforcement tgols
that allow the access to protected content. The software uses its knowledge of the underlyjng
Repregentation Information to provide these services.

Often|required information will be embedded-in the software packages used by the Designajted
Comnjunity to present and analyze the .Content Information. A reason for preserving workjng
Accesp Software arises from a convenience factor. Even with a complete set of Representatjon
Informpation, practical access to alltor'part of a digital Content Data Object requires the usd of
Accesp Software. Thus, a software module that provides useful access to a digital Content Dlata
Object may be preserved in.a working state as a matter of convenience.

This ip not difficult to-de-as long as the environment, which supports the software module, is
readily available. This environment consists of some underlying hardware and an operatjng
systerq, variousufilities that effectively augment the operating system and storage gnd
displaly devices and their drivers. A change to any of these may cause the software modulg to
no lorjger funetion, to function incorrectly, or to be unable to present results to the applicatjon
or human user. The complexity of these interactions is what traditionally makes the

4 £ 1. £ 1 1 bl
preservattonr o WorKmg Sortwarc sucir air aratous tasks

In summary, the use of Access Software to replace Representation Information Networks is
attractive from the point of view of minimizing the resources needed to ingest data and provide
current users with access to data. However, the reliance on working software can provide major
problems for Long Term Preservation when that software ceases to function. Indefinite Long Term
information preservation requires a full and understandable description of the Representation
Information. Subsection 5.3 (Adding Representation Information) discusses some techniques that
can be used to preserve software over time and the risks associated with this approach.
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An important function of the OAIS is deciding what parts of the Content Information are the
Content Data Object and what parts are the Representation Information. This aspect is critical
to a clear understanding of what is being preserved. The identification of digital Content
Information with its Representation Information objects can be addressed by a series of steps,

as follows:

a) Identify the bits comprising the Content Data Object of the Content Information

b) Identify a Representation Information object that, in some way, addresses all the bits

c) For the Representation Information object identified, examine its content te ider
it requires additional Representation Information objects. If it does,” obta

additional Representation Information objects are identified as*required fi
Designated Community.

d) Of the Representation Information objects addressed in stép ¢), for each that is |
a Digital Object, identify any required Representation Information object and
steps ¢) and d) until no new Representation Information objects are identified.

e) The Content Information consists of the Content Data Object and each
Representation Information objects identified:in steps b) through d).

As|an example of this practice, consider an eleetronic file containing a sequence of
obfained from a sensor looking at the Earth’s.environment. There is a second file, encoded
ASCII, which provides information on héw to understand the first file. It describes h
interpret the bits of the first file to obtain meaningful numbers. It explains what these nu
mejan in terms of the physics of the~observation being conducted. It provides the date an|
iod over which the observations were made, an average value for the observed valug

patticularfile system carrying the bits is part of the Content Information in this ex3

ol the Content Data UbjecCt and converts them 1nto more meaningiul miormatior.

tify if

n the

required Representation Information objects. Repeat this step -atideast unftil no

r the

eld as
repeat

hf the

values
using
ow to
mbers
d time
s, and

is the
these
r with
file’s
br the
ymple.

Onlly part of the second file’s content is considered a part of the Content Information a
is th&’part that enables the transformation of the bits from the first file into mea

d this
ingful

physical values. In fact, this second file does not carry all the Representation Information

needed to make this transformation, because the following additional information is nee

ded:

— 1information that the second file i1s encoded in ASCII so that it can be read as

meaningful characters;

— information on how the characters are used to express the transformations from bits to

numbers to meaningful physics values.
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This information, typically referred to as a combination of format information and data
dictionary information, may also include instrument calibration values and information on
how the calibrations are to be applied. All this information may be widely understandable
once the ASCII characters are visible because it has all been expressed in English (or some
other natural language), or some of it may be in more structured forms that will need
additional Representation Information to be understood.

Therefore, the Representation Information of the second file needs additional Representation
Information | this i . dditional F b o fc..
forming a link
objects. This is a good example of the complex Representation Information Network.

In the|example above, there was a determination that the Content Information eonsisted of fthe
obseryed sensor values and their meanings. This is by no means the only choice’that could hgve
been thade. It could just as easily have been decided that the Content Data©Object of the desi
Content Information was the bit sequences within the first file togethep with the all the |bit
sequemces within the second file. The fact that some of these latter bit sequences are used to
interptet the first file’s bit sequences is just an example of a set.of bits that is somewhat self-
describing. It is irrelevant that some of the bits in the second filg)are the basis for informationfon
the ddte and time period over which the observations were:made, the average value for fthe
obseryed values, and who made the observations. Once it has been determined that all these bits
constijute the Content Data Object of the Content_Ihformation, then the Representatjon
Info:iation is that information needed to turn them into meaningful information. The mini

amount of this meaningful information and thé minimum extent of the Representafion
Infornpation Network which must be carried are local issues for the OAIS taking into accoun its
Desighated Community. The OAIS may also choose to extend the Representation Informatjon
Netwark following consultation with any~other parties, for example the Information Produders
and arly other Consumers.

As anpther example, consider-an’electronic file containing a word processing document.
binary Data Object will have:a complex format that can be seen as a document only aft
has bgen viewed through-use of associated Representation Information. In common practice,
this viewing will bé-provided by Access Software that can use internal, or exte
Reprepentation Information. The Content Data Object is most likely to be defined as the [bit
sequece contentOf the electronic file. The Representation Information is a description of the
word [processing format, at a minimum, and may include information deemed needed| to
adequptely understand the meaning of the document as viewed. If the word processing formnat
is propfietary, and if adequate Representation Information cannot be acquired which will at
the least allow simply viewing, to ensure its Long Term Preservation it may be necessary to
migrate the document to another (possibly non-proprietary) format for which Representation
Information is more openly available.

As a variation on the above example, it may be decided that the Content Information to be
preserved is not the full word processing view of the document, but simply a sequence of text
paragraphs that can be adequately represented by ASCII characters. In this case, the OAIS
may decide to extract the relevant text characters and save them as a text file. The Content
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Data Object would be defined, most likely, as the bit stream made up of these characters. The
Representation Information would be a description of how to interpret this bit stream as
characters, together with any additional information deemed needed to adequately understand
the meaning of the text.

4.3.2.4.3 Preservation Description Information

In addition to Content Information, the Archival Information Package must include

inf
oV
for
PD

prmation that will support the trust in, the access to and context of the Content Data.Qbject
r an indefinite period of time. The specific set of Information Objects, which arerefuired
this function, is collectively called Preservation Description Information(PDI). The
I must include information that is necessary to adequately preserve the particular Cpntent

Data Object with which it is associated. It is specifically focused on describing the palst and

pre
has

Th
tra

The

sent states of the Content Data Object, ensuring it is uniquely identifiable, and ensufring it
not been unknowingly altered.

s information is typical for all types of Archives and has been classified in the confext of
ditional archives. However, the class definitions must-be)extended for digital Ardhives.
following definitions are largely based on the.:categories discussed in the |paper

‘Preserving Digital Information’ (reference [D2]). The-relationship between the concgpts in

OA
do
of

LIS Reference Model and the Preserving DigitaléInformation paper are discussed [in the
fuments referenced in annex B of this document. Table 4-1 provides illustrative exgmples
his information for various popular ContentData Object types.

Reference Information identifies, and if necessary describes, one or [ more
mechanisms used to provide. assigned identifiers for the Content Data Object. [t also
provides those identifiers that allow outside systems to refer, unambiguously, fo this
particular Content Data” Object. Examples of these systems include taxopomic
systems, reference systems and registration systems. In the OAIS Reference Model
most if not all of this7information is replicated in Package Descriptions, which ¢nable
Consumers to access Information of interest.

Context Information documents the relationships of the Content Data Objecq to its
environment. This includes why the Content Data Object was created and how it
relatesito other Content Data Objects existing elsewhere.

Provenance Information documents the history of the Content Data Objectl This
tells the origin or source of the Content Data Object, its Information Propertieqd to be

PICDUI VUd (Tlaubfuuuaﬁuual quuuuaﬁuu PlUlJCltiCb), auy Lhaugcb that 11ia haVe
taken place since it was originated, and who has had custody of it since it was
originated, providing an audit trail for the Content Data Object. This gives future
users some assurance as to the likely reliability of the Content Data Object as it
contributes to evidence supporting Authenticity. Provenance Information can be
viewed as a special type of Context Information.

Fixity Information provides the data integrity checks or validation/verification keys
used to ensure that the particular Content Data Object has not been altered in an
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undocumented manner. Fixity Information could include special encoding and error
detection schemes that are specific to instances of Content Data Objects. Fixity
Information does not include the integrity preserving mechanisms provided by the
OAIS underlying services, error protection supplied by the media and device drivers
used by Archival Storage. The Fixity Information may specify minimum quality of
service requirements for these mechanisms.

— Access Rights Information identifies the access restrictions pertaining to the Content
Data Object, including the legal framework, licensing terms, and access control. It

These|classifications provide a minimum set of PDI; they do not specify a data structure.

Table 4-1: Examples of PDI

contains the access and distribution conditions stated within the Submissjon
Agreement, related to both preservation (by the OAIS) and final usage(by fhe
Consumer). It also includes the specifications for the application -of rights
enforcement measures.

Content
Information Reference Provenance Context Fixity Access Rights
Type Information Information Information Information Information
Spgce — Object — Instrument — Calibration - CRC — ldentification o
Sci:.}lce identifier description history — Checksum the properly
Dalta — Journal — Principal — Related data — Message authorized
reference Investigator sets Digest Designated
— Mission, — Processing history | <\ Mission — Reed- Community
instrument, — Storage and — Funding Solomon (Access Contrql)
title, attribute handling history: history coding — Permission grants
set — Sensor description for preservatiof
— Instrument and for distribution
- E]Zér(;jr?\ﬁztt:tqig?]e — Pointers to Fixity
Information angl
map ) Provenance
1 Software interface Information (e.g.,
specification digital signatures,
~— Information and rights holders)
Property
Description
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Content
Information Reference Provenance Context Fixity Access Rights
Type Information Information Information Information Information
Digital — Bibliographic For scanned Pointers to — Digital Legal framework(s)
Library description collections: related signature Licensing offers
Collections | ~ persistent * metadata about documents in — Checksum Specifications for
identifier the digitization original — Authenticity rights enforcement
process environment at indicator measures applied
* pointer to the time of at dissemination
master version publication time
For born-digital Permission grants
prblicatens: for-preservation
* pointer to the and for distribution
digital original Information about
Metadata about watermarkipg
the preservation applied at
process: submission and
* pointers to preservatiop time
earlier versions Pointers to|Fixity
of the collection Informatior| and
item Provenanc
« change history Information| (e.g.,
Information digital signatures,
Property and rights holders)
Description
ftware — Name Revision history Help file — Certificate Designateq
ackage — Author/ Registration User guide — Checksum Community
Originator Copyright Related — Encryption Legal
— Version Information software - CRC framework(s)
number Property lkanguage Licensing ¢ffers
— Serial number Description Specificatigpns for

rights enfofcement
measures applied
at dissemination
time
Pointers to|Fixity
Informatior] and
Provenancke
Informatior] (e.g.,
digital signptures,
and rights holders)

The OAIS needs to-eXplicitly decide what the exact definition of Content Data Objedt is in
order to be able-fo_ensure that it also has the PDI needed to preserve the Content Data (Dbject.
Onfce the Content Data Object has been determined, it is possible to assess the Preserjation
DepcriptionInformation.

43244 Backagjng Information

The Packaging Information is that information which, either actually or logically, binds or
relates the components of the Information Package into an identifiable entity. For example, if
the Content Information and PDI are identified as being the content of specific files in a TAR
file, then the Packaging Information may include the name of the TAR file and the fact that it
is a TAR file including details of any specific encoding. The Packaging Information needs to
be preserved by an OAIS as long as the AIP exists; if the AIP is repackaged then the
Packaging Information will be changed and the new Packaging Information will need to be
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maintained with that repackaged AIP. These structures are most likely to be used as
Packaging Information. Packaging Information is not preserved by all Digital Migrations.
The OALIS should avoid holding PDI or Content Information only in the naming conventions
of directory or file name structures because any information saved in file names or directory
structures may be lost when the Packaging Information is altered. The subject of Packaging
Information is an important consideration to the Migration of Information within an OAIS.
This subject is addressed in detail in section 5 of this document.

4.3.2.L5 Descriptive Information

The Information Objects described previously in this section provide the informatjon
necesgary to enable the Long Term Preservation function of the Archive. Jnl addition| to
preserving information, the OAIS must provide adequate features to allowxConsumers| to
locate| information of potential interest, analyze that information, and order desifed
information. This is accomplished through a specialization of the Inférniation Object called
Descriptive Information, which contains the data that serves as the.ihput to documents| or
applications called Access Aids. The Descriptive Information is generally derived from fhe
Package Description, which is itself derived from the Content Information and PDI. The
Descriptive Information can be viewed as an index to enable.efficient access to the associated
Information Package via associated Access Aids. Access*Aids are documents or applicatipns
that cgn be used to locate, analyze, retrieve, or order information from the OAIS.

4.3.3 | LOGICAL MODEL OF INFORMATION IN AN OPEN ARCHIVAL
INFORMATION SYSTEM (OAIS)

4.3.3.1 Overview

The ptrevious subsection defines-the types of Information Objects that are needed by an OAIS
to engble the Long Term Préservation of information and effective access to the preseryed
infornpation by the Desigfiated Community. This subsection uses those Information Objfect
descriptions to model-the conceptual information structures required to accomplish these
functipns. The medels presented in this subsection are not intended to imply [an
implementation, buat rather to highlight the relationships among the types of informatjon
needefl in the archival process.

4.3.3.2 ““Information Package

The conceptual structure for supporting Long Term Preservation of information is the
Information Package. An Information Package is a container for Information Objects; the
Information Package is associated with two other types of Information Objects, Packaging
Information and Package Descriptions. There are differing information requirements for
each of these functions. The UML diagram in figure 4-15 illustrates the conceptual view of
an Information Package. This UML diagram shows that an Information Package contains
zero or more Information Objects and is associated with exactly one piece of Packaging
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Information, which identifies and delimits the Information Package. The Information
Package is also associated with zero or more Package Descriptions that describe the

Information Object(s) to enable efficient access.

described delimited
by . by
Package 44— Information [P Packaging
Description * 1. Package A Information
% derived - - identifies
from
Information
* Object

Higure 4-15: Information Package Contents and Its Associated Package Description
and Packaging Information

It is useful to point out that the Information Object‘may consist of separate componenits, for
exgmple Content Information, the target of preservation, plus Preservation Desciiption

Information, as illustrated in figure 4-16.

Information
Object

I

Content further described by P el
i Description
Information .
Information
Interpreted i T
using
— |
¢ Interpreted
using Data
Representation Object  —
1 Information

Figure 4-16: Example of an Information Object Made Up of Content
Information and PDI
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4.3.3.3 Types of Information Packages

There are three subtypes of the Information Package identified in 2.3 as being of particular
interest: The Submission Information Package (SIP), the Archival Information Package
(AIP), and the Dissemination Information Package (DIP). The definitions of these package
types in section 2 are based on the function of the archival process, which uses the package,
and the translation from one package to another as it passes through the archival process.
This taxonomy of Information Package types is shown in figure 4-17.

Information
Package

A

Submission Archival Dissemination
Information Information Information
Package Package “\\Q Package
0\

Figure 4-17: Information Package Taxonomy

There| are several types of Information Packages that are used within the archival procgss.
These| Information Packages may~be used to structure and store the OAIS holdings;| to
transport the required information from the Producer to the OAIS, or to transport requested
infornmpation between the QAIS and Consumers. There are differing information requirements
for each of these functions. It is necessary to distinguish between an Information Package
that if preserved byCan OAIS (an Archival Information Package) and the Informatjon
Packages that are.used to transport requested information from the Producer to an OAIY (a
Submyjssion Inforimation Package), and those that are used to transport requested informatjon
from gn OAIS.to the Consumers (a Dissemination Information Package). Although these pre
all Information Packages, they differ in mandatory content and the multiplicity of fthe
associaftons among contained classes.

These variant packages are needed to reflect the reality that some submissions to an OAIS
will have insufficient Representation Information or PDI to meet final OAIS preservation
requirements. In addition, they may be organized very differently from the way the OAIS
organizes the information it is preserving. Finally, the OAIS may provide information to
Consumers that does not include all the Representation Information or all the PDI with the
associated Content Information being disseminated.
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The Submission Information Package (SIP) is that package that is sent to an OAIS by a
Producer. Its form and detailed content are typically negotiated between the Producer and the
OAIS. Most SIPs will have some Content Information and some PDI, but it may require
several SIPs to provide a complete set of Content Information and associated PDI. The
Content Information and the PDI both have associated Representation Information, and if
there are multiple SIPs involved that use the same Representation Information, it is likely that
such Representation Information will only be provided once to the OAIS. As another
variation, since some types of PDI will apply to multiple SIPs from the same source, such

acl

arata SID thot 1o yratl ot (oot ot T ooty T D - 1
IO VWIULLIUUL U VUILIIVIIU 1TTTVIITIAuUIvVII., 111V 1 u\d;aglng

P T ooz ba e A d 20 o oo a o
TIay oCpProvIGCUa T a- sSTparattc—OTT—trrat

Information will always be present in some form.

The Descriptive Information associated with a SIP is likely to be provided priorto’submitting
thg SIP to the OAIS, but it may be provided at any time. It may be nosmere than |a text
degcription with a name or title, carried by the Packaging Information, by which the SIP may
be frecognized.

Within the OAIS, one or more SIPs are transformed into one or‘more Archival Information
Pag¢kages (AIPs) for preservation. The AIP has a complete/set’ of PDI for the assqciated
C%F\tent Information. The AIP may also contain a colléction of other AIPs and this is

discussed and modeled later in this subsection. The Pagkaging Information of the AIP will
copform to OAIS internal standards, and it may vafy-as it is managed by the OAI$. The
Degcriptive Information associated with an AIP may®e extensive and will be managed py the
OALIS so that Consumers can find and order the Content Information of interest.

In fesponse to an Order, the OAIS provides-all or a part of an AIP to a Consumer in th¢ form
of |a Dissemination Information Package-(DIP). The DIP may also include collectipns of
AlPs, and it may or may not have complete PDI. The Packaging Information will always be
prgsent in some form so that the Consumer can clearly distinguish the information ordered.
Thg Packaging Information may take several forms depending on the dissemination media
andl Consumer requirements:The Descriptive Information associated with a DIP nfay be
prdqvided with the transfet of the DIP, or it may be provided at any time before or affer the
trapsfer. Its purpose is 'to’ give the Consumer enough information to recognize the DI} from
among possible similar packages. It may be no more than a text description with a ngme or
title, as carried by the Packaging Information, by which the DIP may be recognized.

Thpugh theimplementation of the AIP may vary from Archive to Archive, the specification
of [the ATP*as a container that contains all the needed information to allow Long|Term

Prgservation and access to Archive holdings remains valid. The information model T‘r the
Al L L L ation

required to enable Long Term Preservation and access.

The exact information contents of the SIP and DIP and their relationship to the corresponding
AIP are dependent on the agreements between the Archive and its Producers and Consumers.
The model for both of these packages is the same as for the Information Package shown in
figure 4-15 both in mandatory content and the multiplicity of the associations among
contained classes. The subject of transformations between SIP and AIP and between AIP and
DIP is further discussed in 4.4.
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4.3.3.4 The Archival Information Package

An Archival Information Package (AIP), which is modeled in figure 4-18, is a specialization
of the Information Package. The AIP is defined to provide a concise way of referring to a set
of information that has, in principle, all the qualities needed for permanent, or indefinite,
Long Term Preservation of a designated Information Object. The AIP is itself an Information
Object that is a container of other Information Objects. Within the AIP is the designated
Information Object, and it is called the Content Information.

described delimited
by Archival by
Package < Information > Packaging
Description > p Infarmation
- ackage . . N
derived identifies -
from
ol further described by P e
Information »  Description
Information

Figure 4-18: Archival Information Package (AIP) and Its Associated Package
Description and Packaging Information

Also, [ within the AIP i§)an Information Object called the Preservation Descriptjon
Information (PDI). The.PDI contains additional information about the Content Data Objfect
which| is part of the~Content Information and is needed to make the Content Data Objfect
ingful for thédndefinite Long Term.

eservation Description Information requirements in an AIP are much more stringent
efequirements for Preservation Description Information in the general Informatjon
Package./While no PDI objects are mandatory in an Information Package. all classes of HDI
information must be present in an AIP. This is illustrated in figure 4-19. The contents of each
type of PDI are left to the discretion of the individual Archive.

For example, in some OAIS holdings a statement that the creator of the Content Data Object
is unknown may be adequate Provenance Information while in other OAIS holdings it may
be mandatory that more complete provenance be researched.
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Preservation
Description
Information

<

¢

Reference
Information

Provenance
Information

Figure 4-19: Preservation Description Informatien

Context Fixity Access Rights
Information Information Information
AY

The AIP is delimited and identified by the Packaging <Information. The Paclkaging
Information may actually be present as a structure on thé.media that contains the AIR or, it
may be virtual in that it is contained in the OAIS Archival Storage function. Howevgr, the

delimitation and internal identification functions must be well defined in an OAIS.

Eagh AIP is associated with a structured form of Descriptive Information called the Pgckage
Degcription, which enables the Consumer to locate information of potential interest, apalyze
that information, and order desired informiation. The information needed for one Access Aid
is palled an Associated Description:A single Package Description may contain several
Aspociated Descriptions depending ‘en the number of different Access Aids that can locate,
vispalize, retrieve or order the associated Content Information and PDI. Figure 4-20 is a

UNIL diagram that models thé&Package Description and Access Aids.
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. Package
Information Description
Package P
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Associated
. Description
derived
*
from 1., I 1% 1
Sescribed b * Access
escribed by provide data for Aid
Finding Ordering ¢ .
Aid Aid Retfieyval Aid
QD

AN

(Indicates that
the list is not
exhaustive)

Figure 4-20: Package Description and Its Associated AIP

ling Aid is an Access Aid that assists the Consumer in locating information of inter

ackage Description must contain on& Associated Description that supplies data for a
val Aid that allows authorized .users to retrieve the Content Information and DI
bed by the Package Description.)This Retrieval Aid is generally part of the Archi
e Functional Entity. It translates from the unique identifier assigned by the OAIS to
'y the AIP into the set of/operations and filenames needed to retrieve the AIP from
file management system used_in Archival Storage, and then returns the Content Informat
DI for the requested ‘AIP.

val

the
on

ackage Description may also contain any number of Associated Descriptions, eachf of
contains data for one or more Access Aids. Two additional subtypes of Access Aid
hg Aid ahd'Ordering Aid.

Arc

PSt.

Information using different technologies.

le’ AIP_may have a number of Associated Descriptions that describe the Content

An Ordering Aid is any Access Aid that assists the Consumer to discover the cost of and to
order information from AIPs of interest. The Ordering Aids may also allow users to specify
transformations to be applied to the information in the AIPs prior to dissemination. These
transformations can include Data Object transformations such as subsetting, subsampling or
format transformations. The transformations can also involve modifying the PDI obtained
from the AIPs prior to dissemination.
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The Package Description is not required for the Long Term Preservation of the Content
Information but is needed to provide visibility and access into the contents of an Archive.
The contents of the Package Description are highly dependent on the structure of the Content
Information and PDI it describes. The uses and types of Package Descriptions in an OAIS are
further defined in 4.3.3.5.

Figure 4-21 gives a detailed view of the Archival Information Package by expanding the PDI
and the Content Information. All the ‘contains’ relationships discussed in this subsection are

cal or
hrily a
sinile file.
described delimited
- by Archival by i
Package b Information Packaglr.\g
Description > Package < .I nformanon
derived identifies 4
from T T
Content further desgribed by Preserya’Flon
Information Description
Information
Lod
nterpreted
sing
l Interpreted
using Data
|| Representation Object
1 Information
Reference Provenance Context Fixity I:ECESS
= " E Qind Physical Digital Information| {Information| information| |Information Info:fnr::icn
truct ti
epr;‘;ce:t;ii o Reple';:ae:tlacti o Representation Object Object
Information n Information Information
C\ 1...*|
Bit
igure 4-21: Archival Information Package (Detailed View) and Its Associated

Lo
Ul

4.3.3.5 Specialization of the AIP and Package Descriptions

Two specializations of the AIP are discussed in this subsection, the Archival Information
Unit (AIU) and the Archival Information Collection (AIC). Figure 4-22 is a UML diagram
illustrating this specialization. Both AIU and AIC are subtypes of the AIP and as such
contain constructs to enable both Long Term Preservation and Consumer access. The AIU
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represents the type used for the preservation function of Content Information where the
Archive chooses not to make the Content Information from other Archival Information
Packages. The AIC organizes a set of AIPs (AIUs and other AICs) along a thematic
hierarchy, which can support flexible and efficient access by the Consumer community.
Conceptually all the AIPs organized by an AIC are contained in the Content Information of
that AIC. The difference between AIUs and AICs is the complexity of their Content
Information and their associated Package Descriptions and Packaging Information. This
reference model considers the differences in the Content Information and associated
Packagins—andDesertption—funetionalitybetweeaAt—and—A o—be—8 ttety el ex
and linked to justify the definition of separate classes.

Archival
Information
Package
Archival Archival
Information Information <>—
Unit . Collection

Figure 4-22: Specialization of the AIP

From [an Access viewpoint, new.subsetting and manipulation capabilities are beginning to
blur the distinction between AICs and AIUs. Content Information which used to be viewed as
atomi¢ can now be viewed-as containing a large variation of contents based on the subsetting
paranjeters chosen. As afigther example, the Content Information of an AIU may not exis{ as
a physical entity. The‘€ontent Information could consist of several input files (or pointer§ to
the A[Ps containing these data files) and an algorithm which uses these files to create the
Data Qbject of interest.

From [an infotmation preservation viewpoint, the distinction between AIU and AIC remajins
clear. |[Am, AIU is viewed as having a single Content Information object that is described|by
exactly one set of PDI. An AIC Content Information is viewed as a collection of other AlPs,
that is, other AICs and AIUs, each of which has its own PDI. In addition, the AIC has its own
PDI that describes the collection criteria and process.

There are two specializations of the Package Description, the Unit Description and the
Collection Description. Figure 4-23 is a UML diagram illustrating this specialization. The
difference in these two classes is based on the functionality needed to effectively access the
contents of an AIU versus the functionality needed to effectively access AIPs that are
contained in an AIC.
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Package
Description

Unit Collection
Description Description '

~

Figure 4-23: Specialization of the Package Description

To|aid in the understanding of these constructs, the néxt two subsections of this docpment
will use an example of a company setting up an OAIS of digital versions of movieq. This
exgmple will focus on the information content:0f constructs in an AIP. Subsectign 4.4
illystrates more of the details of the informationtransformations and data flows in an OAIS.

4.3.3.6 Archival Information Unit

The AlIUs can be viewed as the ‘atoms’ of information that the Archive is tasked to stpre. A
single AIU contains exactly onie Content Information object (which may consist of mpltiple
filgs) and exactly one set ofiPDI. The Archive is free to decide how to construct the AU and
in particular an AIU does net need to be a single file. When an Information Object is ingested
intp the OAIS a UnitDescription, which is a subtype of a Package Description, is created by
exfracting informatien from the Content Information and the PDI and adding OAIS-specific
infprmation suchas a unique identifier. The AIU is illustrated in figure 4-24.

In the examiple where an OAIS chooses to preserve a digital movie, as an AIU, which ¢an be
vigwed ‘as* three objects, one containing a digital encoding of the movie in a propfietary
format, one containing the Representation Information needed to understand the proptietary
formmat-tthesetwoobjectsformrthe-Content trrformratiomn);amd-the othercontammmgfacts about
the movie such as date of creation, featured actors, director, producer, sequels, movie studio,
and a checksum to ensure the integrity of the digital movie (PDI). Since the OAIS reference
model is implementation independent, each of these objects could be implemented as one file
or multiple files. This type of implementation-dependent information is contained in the
Packaging Information. When a movie is ingested into the OAIS a Unit Description for an
Ordering Aid can be created by extracting information from the Content Information and the
PDI and appending it to the unique ordering information.
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described delimited
Unit - by Archival by _ .
L | Information " Packaglrlg
Description > Unit < Information
derived identifies
from
Content further described by Preservation
. > Description
Information .
Information

Figyre 4-24: Archival Information Unit (AIU) and Its Associated Unit\Description
and Packaging Information

4.3.3.f Unit Description

The Unit Description is a specialization of the Package Description that always contains a|set
of Aspociated Descriptions each of which describe the (AATU Content Information from the
point pf view of a single Access Aid. Figure 4-25 is a UML diagram that illustrates the Unit
Descrjption contents.

Archival .
. Unit )
Information Description
Unit = L
N »
1 1 !
1.%
Associated
) Description
derjved
* 7 )
from 1.. 1% 1
: * Access
described by provide data for Aid
JAY
F'Z‘_j;ng Orie.:;mg Retrieval Aid oee
I L (Indicates that
the listis not
exhaustive)

Figure 4-25: Unit Description and Its Associated Archival Information Unit
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All Unit Descriptions must supply an Associated Description for a Retrieval Aid that enables
authorized users to retrieve the AIU described by the Unit Description from Archival
Storage. This description includes the unique identifier assigned to the AIP by Archival
Storage during the Ingest Process.

An important type of Access Aid is the Finding Aid, which assists the Consumer in locating
information of interest. A single AIU may have a number of Associated Descriptions that
describe the Content Information using different technologies. Additionally, as new
deseripti action 2 ispla ologies beca available,an Archive may want to
updlate th ach of its AlIUs, in order to add 4

Degcription for each movie in the Archive or simply include this Associated Description for
neyw AlUs as they are ingested into the OAIS.

Another important class of Associated Desétiptions supplies data for Ordering Aids that
allpws the Consumer to discover the cost-of and order AIUs of interest. The Ordering Aids
alsp allow users to specify transformations to be applied to the AIUs prior to dissemiration.
These transformations can include’Data Object transformations such as subsptting,
subisampling or format transformations. The transformations can also involve modifyipg the
PO from the AIU prior to dissemination in the DIP, if requested.

For example, the OAIS-for’ digital movies could allow a user to order a digital movie as a
VHS tape or an MPEG’ object delivered on-line. Each of these would involve a format
trapsformation andi-in theory, an update to the PDI information copied from the AIP to|create
acqurate PDI fon the DIP.

4.3.3.8 ~Archival Information Collections

The—AIU—andits—associated Unit Description—provide the information necessary for a
Consumer to locate and order AIUs of interest. However, it can be impossible for a
Consumer to sort through the millions of Unit Descriptions contained in a large Archive. This

problem is addressed here.

The Content Information of an AIC is composed of complete AIPs each of which have their
own Content Information, PDI, and associated Packaging Information and Package
Descriptions. These AIPs are then aggregated into Archival Information Collections (AIC)
using criteria determined by the archivist. Generally, AICs contain the AIUs of interest
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having common themes or origins and a common set of Associated Descriptions. At a
minimum all OAISes can be viewed has having at least one AIC which contains all the AIPs
held by the OAIS.

For example, the OAIS for digital movies may have AICs based on the subject area of the
movie such as mystery, science fiction, or horror. In addition, the Archive may have AICs
based on other factors such as director or lead actor.

A logi the
containment relationships are logical containment and may be physical or may,|be
acconjplished via a pointer to another object in storage. For example, the Conrnt
Information of an AIC can be created either by creating physical collections of the gontaiped
AlPs ¢r by pointing to the contained AIPs. A single AIP can belong to any number of AICS.
described delimited
by Archival by
: . <: ) .
0 :slcl:(raid’lioonn Information Packaglhg
p . > Collection — — Information
derived identifies
from
e further'described by Preservation
. > Description
Information .
Information
1 'a
*
Archjval
Infokmation
Package
\4
Figuré4-26: Archival Information Collections and Its Associated Collection

Description and Packaging Information Logical View

For example, a pattern recognition technique might be created for digital movies and the
OAIS for digital movies might offer a service to search its holdings for large structures such
as the pyramids or a New York skyline. This type of service is very processing intensive,
involving potentially large numbers of AIUs to be transferred from Archival Storage to
Access and then running the appropriate process to analyze the Content Information from
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each AIU. If the results are generally useful, the archivist could summarize the results of this
‘content-based query’ into an Associated Description of a new AIC that contains movies with
large structures.

An important feature of the AIC, as shown in figure 4-26, is the fact that an AIC is a
complete AIP which contains PDI. The PDI provides further information about the AIC such
as Provenance Information on when and why it was created, Context Information showing
related AICs, the desired level of security, Fixity Information and Access Rights Information.

often

Thy
neq

example, the usefulness of the AIC of movies with large structures is to some extent ba

the

upglated.

4.3

Thg Collection Description is a subtype of the Package Description that has added stru
to petter handle the complex Content Information of an AIC) The Collection Descript]

md

There are two types of Associated Description in a Collection Description:

s 1s 1n addition to the PDI contained in member AIPs. This type of information 1

essary for a Consumer to have confidence in the reliability of an AIC. In the

algorithm used and the Provenance Information of when the AIC was created

3.9 Collection Descriptions

deled in figure 4-27.

— There is at least one Overview Description that describes the collection as a whd

— There are zero or more Member Descriptions that separately describe each mem
the collection.
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Description 1 1
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* 1.*
Member Overview :\ Access
Description Description Aids
derived from [ R DOV
described by
described by
Figure 4-27: Collection Description and:Its Associated Archival Information Collectipn
The required Associated Description in a Collection Description provides information [for
Orderjng Aids that provide a-user with access to the entire set of Content Information of the

associated AIC and the PDLfot the AIC, but not necessarily to the individual AIPs contaiied

in the

AIC. The Collection Description may contain the Package Descriptions of the A

contained in the AIC:~This containment relationship is logical in that the AIC may eit
include the Package’ Descriptions of member Information Packages directly or, m
commonly, use-pOinters to the Package Descriptions of the member Information Packag

This
Aids

ist of the“Package Descriptions for contained AIPs in an AIC could provide Acc
vithcaimethod to retrieve or order individual members of the AIC.

[Ps
her
pre
es.
eSS

It also allows alternative concepts for the implementation of Finding Aids that enable the
Consumer to locate AIPs of interest that are contained in an AIC. The Associated
Descriptions that provide data for these Finding Aids could be implemented either in a
centralized fashion searching an Associated Description in the Collection Description or in a
distributed fashion by searching the Associated Description of each member Package
Description.
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Another important benefit of the Collection Descriptions is the ability to define new Access
Collections. An Access Collection may be based on new data mining results or it may reflect
current phenomena or areas of interest that may not be of permanent interest. Examples of an
Access Collection in an OAIS for digital movies might be a new arrivals collection or a

‘twenty most popular titles’ collection that is updated periodically. Another example

of an

Access Collection is a collection based on the results of a pattern recognition algorithm that

has not been verified.

O C an ] JA . C ALO a calc _d a C an .‘ a an 2

not yet have an associated AIC. The Collection Description could have a customized ™

gcialized Finding Aid could use this new Member Description in conjunction With e3
gmber Descriptions in the Package Description information of each memiber AIP to
AIPs of interest to the user. The Package Descriptions of contained AIPs‘Wwould also §
data for an Ordering Aid, which would allow the Consumer to(order the Infor
Pagkages of interest to the Consumer.

If gn OAIS decides that an Access Collection is valuable enough to be preserved for the

at did
ember
IP. A
(isting
locate
upply
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Tefm, it can store the required additional Content Informatien and PDI in Archival Storage,

thys creating a new AIC.

Another important application of Access Collections is the concept of locating
mgmbers of a collection that have been scheduled for ingest at a future time. In this ca;
Aspociated Descriptions supporting a Finding’Aid would allow future AIPs to be Iqg
Haowever, the Associated Description for-the Ordering Aid and/or the Retrieval Aid
COTtain the information that this product was not currently available and allow the u
enfer an Event Based Order which:would be triggered when the AIP of interest b
aviilable.

4.34 DATA MANAGEMENT INFORMATION

Currently, PackageDescriptions are stored in persistent storage such as daj
mﬂagememt systems to enable easy, flexible access and update to the contained Assg
Degcriptions. it addition to the Package Descriptions discussed in the previous subse
all|the information needed for the operation of an Archive could be stored in databa
petsistenfdata classes. Figure 4-28 illustrates the various types of ‘data manag
infprmation’ within the OAIS. The Archive Administration Information represents the
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includes:

nation

— Policy (e.g., information which provides pricing information and availability

constraints for ordering preserved information.)

— Request tracking information that records the progress of each user transaction with
an Archive. The request tracking process can be very complicated, involving database

events and triggers, or as simple as a flat file tracking order requests.
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Security information that includes user names and any passwords or other

mechanisms needed to authenticate the identity and privileges of Archive users.

Event Based Order information that provides the information needed to support

repeating or future requests.

Statistical information needed by Archive administration and Management
determine future policies and performance tuning for more effective Arch

to
ive

operation. Examples of these statistics include the number of times an AIP was

These
Archij
may V

relatedl information types such as Security and Customer Profile into a single database.

ordercd Over a tIme perfod and the average e betweelT TeCelVIiITg am Order Teq
and fulfilling the request.

Preservation process history information that tracks the migrations of AIPs, includ
media replacements and AIP transformations, whether the Representation/Informat
has been changed by the Archive, and may include whether responsibility for the A
has been handed over to another Archive. Some or all of this information may be
of the Provenance Information of the appropriate AIPs.

Customer profile information that enables the Archive to-maintain facts such as u
name and address to avoid the user’s having to reenter.these facts each time he or
enters a request.

Accounting information that includes the data, necessary for the operation of
data and accounts receivable data.
classes are intended as examples rathefthan an exhaustive list of the data required

e administration. These classes areleonceptual and individual OAIS implementati
ary significantly. For example, ndividual OAIS may choose to combine the Custor]

est

ng
jon
\ [P
art

ser
bhe

the

Archive as a business. The accounting data<include payroll data, accounts payaple

for
ns
her
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Figure 4-28: Data-Management Information

44 INFORMATION PACKAGE TRANSFORMATIONS
4.4.1 OVERVIEW

The previous portions-0f this section have discussed the functional architecture of an|OAIS
andl an informatién) architecture to represent the Information Packages and assqgciated
Pa¢kage Deseriptions and Packaging Information. This subsection looks at the
trapsformations; both logical and physical, of the Information Package and its assdciated
objects as they follow a lifecycle from the Producer to the OAIS, and from the OAIS|to the
Copsumer. This subsection is non-normative.

Figure 4-29 presents a high-level data flow diagram that depicts the principic data flows
involved in OAIS operations. These flows do not include administrative flows such as
accounting and billing.
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Figure 4-29: High-Level Data Flows in an OAIS

4.4.2 | DATA TRANSFORMATIONS IN THE PRODUCER ENTITY

The dpta within the data Producer entity:-are private and may be in any format the Produfcer
desirep. However, when the decision is'made to store the data in an OAIS, the Producer who
is responsible for the data meets with archivists to negotiate a Submission Agreement| as
discugsed in 2.6.3 of this document. This agreement defines information such as the contg¢nt,
forma}, and scheduled arrival.times of the Submission Information Package (SIP). The SIF is
an Information PackageCthat is provided to the OAIS by the Producer. The SIP consistg of
some pr all of the Conternit Information plus the data that is necessary to assure that those data
can b¢ maintained by'the OAIS and that the data can be interpreted and used by Consumers
who access the-information from the OAIS in the future.

These| SIPs7are periodically transferred to the OAIS in a Data Submission Session. The
numberCef” Data Submission Sessions between an OAIS and a Producer can range frorh a
single session in the transfer of a final data product to multiple sessions a day in the case of
active OAIS which stores data for experiments which are still in process. The Data
Submission Session can be logically viewed as sets of Data Objects and description objects,
although the description can be included in the digital objects (i.e., self-describing objects) or
divided into many separate descriptive items. In addition to the logical view of data (the SIP),
the specification of Data Submission Sessions must also include the mapping of the objects to
the media on which they are delivered. This mapping includes the encoding of the object and
description and the allocation of logical objects to files.
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4.4.3 DATA TRANSFORMATIONS IN THE INGEST FUNCTIONAL ENTITY

Once the SIP is within the OAIS, its form and content may change. An OALIS is not always
required to retain the information submitted to it in precisely the same format as in the SIP.
Indeed, preserving the original information exactly as submitted may not be desirable. For
example, the computer medium on which submitted images are recorded may become
obsolete, and the images may need to be copied to a more modern medium. In addition, some
types of information such as the unique identifier used to locate the Information Package
within the QAIS will not be available to the Producer and should be inpnt dnring the Ingest

prdcess to the OAIS.

The mapping between SIPs and AIPs is not necessarily one-to-one. Here are some‘exanmples:

— One SIP—One AIP: A government agency is ready to send its electronic record$ from
the previous fiscal year to the Archive. All of the year’s recotds are placed onto
magnetic tapes that are submitted as one SIP. The Archive stores the tapes together as
a single AIP.

— Many SIPs—One AIP: A satellite sensor makes observations of the Earth ¢ver a
period of one year. Every week all of the latest/sénsor data are submitted o the
Archive as a SIP. The Archive has a single<AIP containing all of the sensor’s
observations for the year. Ingest merges the .Content Information from each weekly
SIP into a specified file/files in Ingest persistent storage. The PDI data for the AIP is
sent after the last sensor data for the year has been received. After all of the weekly
SIPs and the SIP containing the PDI have arrived, ingest processes the AIP.

— One SIP—Many AIPs: A company submits financial records to an Archive gs one
SIP. The Archive chooses to'store this information as two AIPs: one that contains
public information and the-oOther that contains sensitive information. This mgkes it
easier for the Archive toimanage access to the information.

— Many SIPs—Man§ AlPs: An oil and gas company collects information on its [wells.
Every year it submits SIPs containing all of the well status information for one well to
an Archive,-The Archive maintains one AIP for each oil or gas field and breaks out
the information on each well to the proper AIP based upon its geographic coordinates.

The ingest process transforms the SIPs received in the Data Submission Session into a|set of
AIPs and“Package Descriptions which can be stored and accepted by the Archival Sforage

ani Data Management functional entities. The complexity of this ingest process caI vary
ar ithi umplest

form of the process involves removing the Content Information, PDI and Package
Descriptions from the Producer transfer media and queuing them for storage by the Archival
Storage and Data Management functional entities. In more complex cases, the PDI and
Package Descriptions may have to be extracted from the Content Information or input by
OALIS personnel during the ingest function; the encoding of the information objects or their
allocation to files may have to be changed. In the most extreme case, the granularity of the
Content Information may be changed, and the OAIS must generate new PDI and Package
Descriptions reflecting the newly generated information objects. When many SIPs are
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required for the creation of one AIP, the Ingest Functional Entity will provide temporary
storage for the SIPs until all the SIPs required for the AIP arrive.

In addition, the Ingest Functional Entity will classify incoming information objects and
determine in what existing collection or collections, if any, each object belongs and will
update the appropriate AICs and Collection Descriptions as necessary after the AIPs are
stored in Archival Storage. The OAIS and external organizations including, for example, the
Producer, may provide additional Associated Descriptions and Finding Aids that allow

2 sspPaths o e 1nlorfmnalon oblecls—O DLCICS K CSCd NCISA GV CLOP-NCW
indamentally different access patterns to information objects. It is important that|an
OAIS|s Ingest and internal models are sufficiently flexible to incorporate thése
descriptions so the general user community can benefit from the research efforts.”A g¢
exam‘}le of this type of new Associated Description is a phenomenology database in E

Obserpation, which allows users to obtain data for a desired event, suchasa hurricane
volcano eruption, from many instruments with a single query. It is imporfant to note that s
Finding Aids may become obsolete unless the data they require are preserved as parts of the
AIPs they access.

It is gxpected that the Ingest Functional Entity will coordinate the updates between Diata
Management and Archival Storage and provide appropriate;coordination and error recovdry.
The AIP should first be stored in Archival Storage. The confirmation of that operation will
include a unique identifier to retrieve that AIP from Archival Storage. This identifier shopld
be merged into the Package Description prior to theiaddition of the Collection Description} to
Data Management.

4.4.4 | DATA TRANSFORMATIONS!N THE ARCHIVAL STORAGE AND DATA|
MANAGEMENT FUNCTIONAL ENTITIES

The Archival Storage Functional ‘Entity takes the AIPs produced by the Ingest process gnd
mergds them into the permanent Archive holdings. The Data Management Functional Enfity
takes [the Package Descriptions produced by Ingest and augments the existing Collectjon
Descriptions to include-their contents. The logical model of the ingested data should alregdy
be mapped into thelogical model of the Archive’s holdings. Thus, the major transformatjon
that ofcurs in thiststep is the mapping of the acquisition session from the ingest physical
mode]. This_will tend to be on temporary storage, to the permanent storage of the OA[IS,
which| could-range from a Database Management Systems (DBMS) to a Hierarchical Hile
Management Systems (HFMS), or any mixture of the above.

The internal view of the OAIS is the permanent representation of the preserved data, so all
encoding and mappings must be well documented and understood. The transferring of ingest
objects is frequently done by a software process such as an HFMS driver or a DBMS. In this
case, it is the responsibility of the OAIS to maintain an active copy of the software or careful
documentation of the internal formats so the data can be transferred to other systems in the
future without loss of information.
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4.4.5 DATA FLOWS AND TRANSFORMATIONS IN THE ACCESS FUNCTIONAL
ENTITY

When a Consumer wishes to use the data within the OAIS, a Finding Aid may be used to
locate information of interest. Finding Aids present Consumers with the logical view of the
OAIS holdings so the Consumers can decide which AIPs to acquire. At a minimum, the
access view is the high-level logical view of the Collection Descriptions discussed in 4.3.3.9.
The OAIS may have to spend significant time and effort developing Associated Descriptions

and ndinge Aild 1 alQg 4 A ald _the Qn an n_locating A CSOf

intgrest. A Consumer will establish a Search Session with the Access entity. During this

sup Sumer

creating the DIP.

Thg Access Functional Entity then records the Order Agreement in the Data Management
Functional Entity. When the conditiens required to satisfy a recorded Order Agreemgnt are
mgt (for many Order Agreements these conditions are met immediately, but if not,
Administration notifies Access.when they are met), the Access Functional Entity coordinates
thg response. Access contacts the Archival Storage Functional Entity and the| Data
Mgnagement Functional Entity and requests the AIPs and associated Package Descriptions
ne¢essary to populaté“the DIP requested by the Consumer. The Archival Storage Fungtional
Entity and the Data“Management Functional Entity create copies of the requested obj¢cts in
temporary storage:

Acgess thentransforms this set of the AIPs and associated Package Descriptions into a|set of
DIPs and'stores those DIPs onto distribution (either physical or communications) media to be
delivered to the Consumer in a Data Dissemination Session. The complexity df this
transformation process can differ greafly on the basis of the level of processing services
offered by the OAIS and requested by the Consumer’s order. In the simplest case, the DIP
contains duplicates of the AIPs and associated Package Descriptions of interest from the
Archival Storage Functional Entity and Data Management Functional Entity. In more
complex cases, the desired Content Information may have to be extracted from the
information objects or inserted into self-describing information objects, and the encoding of
the information objects or their allocation to physical files may have to be changed. In the
most extreme case, when the OAIS supports subsetting services, the granularity of the
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information objects may be changed, and the Dissemination process may generate DIPs and
associated Package Descriptions reflecting the new granularity. The mapping between DIPs
and AIPs is one-to-one if no transformations are requested; however, the use of subsetting
services and other product processing options could create many DIPs from a single AIP, a
single DIP based on combining many AIPs, or multiple DIPs derived from multiple AIPs.
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PRESERVATION PERSPECTIVES

OVERVIEW

This section addresses various practices that have been, or might be, used to preserve digital
information and to preserve access services to digital information. It uses the functional and
information modeling concepts described in subsection 4.3 and applies them to these
practices, and it extends the terminology to distinguish significant aspects of these practices.
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oded information; the particular preservation solution applied should be chosen-to
requirements identified in the interactions between Administration and [PreSer
nning. This entire section is non-normative.

spite the efforts of an OAIS to make information it holds be relevant forthe long-ter
ymple, making use of standardized data formats that are expected to'be used for a tim
vitable that at some point OAIS holdings will need to be addressed to ensure th
ble to future generations.

ctronic data storage media are at odds with the key purpose of an OAIS: to pr
prmation over a long period of time. Today’s digital data storage media can typica

h to ignore. Further, the rapid pace of technology evolution makes many systems
5 cost-effective after only a few years. Evén more daunting, as operating systems e

ential for the preservation of Content Information. In addition to the technology ch
re will be changes to the Knowledge Base of the Designated Community which will
Representation Information needed.

ndamentally, approaches to information preservation in the face of changing technol
purce availability and-Designated Community requirements may be summariz
Jows.

e Content Data Object of the Content Information being preserved may be
a) keptby the Archive but may be changed; or
b)« kept by the Archive unchanged; or
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Each of these three imply the following:

— In case a) the archive may Transform the Content Data Object.

— In case b) the archive may add Representation Information to ensure the Content

Information is Independently Understandable.

— In case c) the archive may hand over the AIP which contains the Content Data Object.
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For each of these approaches there will be the need to ensure that an Information Object

being

preserved continues to be Independently Understandable by the Designated

Community, the components of its AIP are not lost and are updated appropriately.

Subsection 5.2 discusses Digital Migration in general terms; subsection 5.3 then discusses the
role of Representation Information, part of which involves the roles of software both simply
as a convenience for access to Content Information and as a key component of the Content
Information. Subsection 5.4 discusses the option of handing over the AIP to another OAIS.

5.2

5.2.1

DIGITAL MIGRATION

GENERAL

Digitgl Migration is defined to be the transfer of digital information, while intending to

preser|

It sho
broad

purpo
chang

5.2.2
As dis

that L
that it

ve it, within the OAIS. It is distinguished from transfers in general by three attributeq:
a focus on the preservation of the full information content intended for preservation;

a perspective that the new archival implementation’ of the information i a
replacement for the old; and

full control and responsibility over all aspects of’the transfer resides with the OAIS

h1d be noted that ‘transfer’ as found in the definition of Digital Migration is used ip a
way such that when any changes are madéto Content Information or to PDI bits for the
se of information preservation, then this is a Digital Migration even if it appears the
es occurred ‘in place’.

DIGITAL MIGRATION-MOTIVATORS

cussed in the previous section, Digital Migrations are performed in attempts to enspre
ong Term Preservation of information is achieved. But how does the OAIS determfine
may be time fora Digital Migration? Four major motivators are seen to drive Digjtal

Migrattions of AIPSwithin an OAIS. These are:

Avoidinformation Loss: The rapid pace of technology evolution means that the
software used to process the Content Data Object, the hardware used to run the

software, and the media used to store the Content Data Object will become obsolete

CCSD
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preserved over the Long Term. An OAIS may choose to migrate their AIPs so that
they can be used with incumbent hardware, software, and media.

Improved Cost-Effectiveness: The rapid pace of hardware (e.g., disk/tape drives) and
software evolution provides greatly increasing storage capacities and transfer
bandwidths at reducing costs. It also drives the obsolescence of some media types
well before they have time to decay and it drives the obsolescence of software
employed as part of Representation Information. In addition, improved AIP
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packaging designs may be less dependent on underlying media and supporting
systems, and therefore simplified migration efforts may be recognized. To remain
cost-effective, an OAIS should take advantage of these technologies. Depending on
the particular technologies involved, the AIP information may have to be moved to
new media types not previously supported, and it may have to revise its AIP

implementations to maintain information preservation.

New Consumer-Service Requirements: The Consumers of an OAIS also expe

rience

the benefits of new technologies and consequently raise their expectations of the types

Di
prd
1SS
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rital Migrations may betime consuming, costly, and expose the OAIS to greatly inc
babilities of information loss. Therefore, an OAIS will need to study Digital Mig
hes and plan appreaches that efficiently address those issues.

and levels of service they expect from an OAIS. These increased services may.1
new forms of DIPs to service particular Designated Communities, which in tur
drive an OAIS to hold new forms of AIPs to reduce output conversions. - Additic
AlIPs typically go through popularity swings and the OAIS may, Meed to p
different levels of access performance to meet Consumer demand$,over time. ']
likely to be satisfied by moving some AIPs to different media-that provide inc
or decreased levels of access performance. Finally, the Desighated Community
given AIP may be broadened, resulting in the need to révise AIP forms so as
understandable and usable by this broader community, All of these can result
migration of AIPs within an OAIS.

Media Decay: Digital media, over time, become increasingly unreliable as
preservers of bits. Even those that are used ‘with some level of error cort
eventually need to be replaced. The net result of media decay is that AIP inforr
must be moved to newer media. If the media decays above the recoverable erro
the information will be impossible to‘recover. This differentiates the task of d
with media decay from other migtation tasks where if they are neglected, the of
information can still be recovered with more or less effort. Therefore, for an
concerned about long term ;preservation, selecting a storage medium with §
lifetime is an important criterion for ensuring that the information survives.

equire
h may
nally,
Fovide
[his is
Feased
r for a
to be
in the

secure
ection
hation
level,
caling
iginal
OAIS
1 long

Feased
ration

CCSDS 650.0-M-3 Page 5-3 Decembe

© ISO 2025 - All rights reserved

r 2024


https://standardsiso.com/api/?name=d24d085a1d5afdf6b52d1e49d8a812a3

ISO 14721:2025(en)

CCSDS RECOMMENDED PRACTICE FOR AN OAIS REFERENCE MODEL

5.2.3 MIGRATION CONTEXT

Key functional and information modeling concepts from section 4, as they relate to migration
perspectives, are summarized in figure 5-1.

< Content Information Identifier >

¥
[ Descriptive Information Mapping ] ({/’D

— q/Q
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Dath Managementand
Access View

Ardhival Storage View %O
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>
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@
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Preservation
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Content
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Figure 5-1: Conceptual ‘(& of Relationships among Names and AIP Components
O .
&

The QAIS Consume \erface in Access provides one or more Content Information IDs, with

associated name es, to assist in identifying a particular Content Information object| of
interet. One o re of these Content Information IDs will be included in the PDI Referepce
Information ciated with that Content Information object. The Descriptive Informatior] in

Data axggément will map each of these IDs to the same AIP ID. The Access Function ukes
this infopmation to obtain the AIP ID and gives it to Archival Storage to retrieve the
associated AIP.

Within Archival Storage, the AIP ID is mapped to the location of AIP Packaging Information
by the Archival Storage mapping infrastructure. The AIP Packaging Information, in turn,
logically delimits and identifies the Content Information and the PDI, and binds them into a
single entity for preservation. For example, if the Content Information and PDI are
determined to be the content of several files, the pointers to documents describing the
representations of those files, and the documents themselves, then the Packaging Information
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would logically be defined as the implementation of the file system holding the file content
bits, the data structure holding the pointers, the information which is used to distinguish the
Content Information from the PDI, and an encapsulating data structure which identifies the
files and other data structures as the components of the AIP Package. The associated
Archival Storage mapping infrastructure might then be implemented as a database which
relates the AIP ID to the location of the encapsulating data structure.

The transfer of any part of the Content Informatlon PDI, or Packaglng Informat10n to the

the associated AIP, although such changes need to be carefully controlled o "ensutfe that
acgess to the AIP is maintained.

The ways in which AIPs are implemented will have a major influence on both the lgvel of
aufmation and the probability of information loss during migrations) Good AIP desighs can

both increase migration automation and reduce information less probabilities. To |better
undlerstand the impacts of these factors on AIP migrations it iS«iseful to categorize migfations
intp several types and then to consider some issues associated with selected implemertation
approaches.

5.2.4 MIGRATION TYPES
5.2.4.1 General

Baped on the models and concepts_@bove, it is possible to identify four primary IDigital
Mijgration types. The primary types, ordered by increasing risk of information loss, are:

Operations which do not change the bit sequences

— Refreshment: A\ Digital Migration where the effect is to replace a media inftance
with a copy thatis sufficiently exact that all Archival Storage hardware and software
continues to-fun as before.

— Replication: A Digital Migration where there is no change to the Packaging
Inférmation, the Content Information and the PDI. The bits used to convey| these
information objects are preserved in the transfer to the same or new medip-type
instance. Refreshment is also a Rephcatlon but Replication may require chanFes to

LIIC 1‘11 blll \4 Cll Q l.Ul asc 111app1115 11111 ad l.l uv Lul v.

Operations which change the bit sequences

— Repackaging: A Digital Migration where there is some change in the bits of the
Packaging Information.

— Transformation: A Digital Migration where there is some change in the Content
Information or PDI bits while attempting to preserve the full information content.

CCSDS 650.0-M-3 Page 5-5 December 2024

© ISO 2025 - All rights reserved


https://standardsiso.com/api/?name=d24d085a1d5afdf6b52d1e49d8a812a3

ISO 14721:2025(en)

CCSDS RECOMMENDED PRACTICE FOR AN OAIS REFERENCE MODEL

In the short to medium term there is the smallest risk of information loss under Refreshment
because none of the bits that are used to hold AIP information or to support finding and
accessing AIPs are altered. However, as time goes by, not altering the bits containing the AIP
increases the risk of information loss because of obsolescence. There is also little risk of
information loss under Replication because none of the bits representing AIP information
have changed. However, if a new media type is involved there will be some changes needed
in the Archival Storage mapping infrastructure (see figure 5-1). The risk is that something
may go Wrong in the process and some umntended changes to b1ts may take place

Packaging Information and the Content Information or PDI cannot be avoided: This poges
additipnal risk of information loss. However, it is expected that the OAIS 'will verify that
Refreghment, Replication, or Repacking Migrations have not lost information. Finally,
Transformation poses the most risk because changes to the Content Information or PDI pre
made.

To understand more clearly what may be involved in these migration types it is necessary to
look at possible implementation approaches. It will be seen that some migrations ar¢ a
mixtufe of Repackaging and Transformation. It is also important to recall that, for any giyen
AIP the OAIS must first clearly identify what constitutes the Content Information, and ohly
then ¢an the PDI be identified. Following thisithe Packaging Information can also|be
identified. Further, there is no single ‘correct™definition of what should be the Content
Information as this must be determined by the OAIS for each AIP it constructs and stores. All
these [issues are discussed in more detail-in the following subsections using a series| of
implementation and migration scenarios:

5.2.4.2 Refreshment

A migration involves Refreshment when the effect is to replace a media instance with a cqpy
that i sufficiently exadet that all Archival Storage hardware and software continues to rur| as
beford. The following/scenario is an example of Refreshment:

The number of correctable bit errors on a CD-ROM disk has reached a dangerpus
poifit-and the decision is made to replace it with an exact copy. Once the equivalence
between the two has been checked, the new CD-ROM replaces the old CD-ROM gnd
Refreshment hias taken prace. ATt ATPcomponents on the CD-ROM are unattered:

5.2.4.3 Replication

A migration involves Replication when there are no bit changes to the Packaging
Information, the Content Information, and the PDI. Ensuring that none of these bits has
changed may be a significant effort, depending on the implementation. The following
scenario is an example of Replication:
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The Content Information and PDI for an AIP are encapsulated into a standard
packaging structure and held in the body of a single file. A Replication migration is
easily achieved by simply copying the bit order in the file body to a new file on the
same type of or another type of media. Changes to the Archival Storage mapping
infrastructure may be needed to continue to locate the file, but no change in
Packaging Information, Content Information, or PDI has taken place. Replication,
with this type of Packaging Information, affords ease of migration to new media types

with maximum automation and little risk of information loss.
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4.4 Repackaging

migration involves Repackaging when there is some change to the Packaging Inforr

hation

ing the transfer. The Packaging Information plays the critical role\of delimiting and

iting, at a minimum, the Content Information and PDI. If the Content Information an

themselves composed of multiple components, the Packaging Iaformation may be
delimit and relate these as well. These are implementation decisions that the OAIS
pxplicitly recognize. The following scenario is an example of Repackaging:

All the Content Information and PDI bits for an.AIP are contained within the b

d PDI
asked
needs

hdy of

three files on a portable medium. The Packaging Information describes how the bits

implement the files and how the directory.‘structure provides access to thesg
files. The contents of the three files are \moved to three new files on another
type or another volume of the sam¢ media type, with a new directory an
implementation. Even if all the directory and file names have been preserved
transfer, a Repackaging has taken place because the bits used to represe
Packaging Information have.changed.

4.5 Transformation

pital Migrations that(réquire some changes to the Content Information or PDI are re
hs Transformations:“These changes will be to some of the bits in the Content Infory
PDI which ¢will imply corresponding changes in the associated Represer

three
media
d file
in the
ht the

ferred
hation
tation

prmation. In<all cases the intent is to provide maximum information preservatiof. The
ulting AIP' is intended to be a full replacement for the AIP that is unde
insformation. The new AIP qualifies as a new AIP Version of the previous AIP. Th

Ve

rgoing
e first
)t first

The Representation Information plays a key role in Transformations, and the impacts of the
changes on the Representation Information may be used to categorize the Transformations.
Two types of Transformation can be defined: Reversible Transformation and Non-
Reversible Transformation.

A Reversible Transformation occurs when the new representation defines a set (or a subset)
of resulting entities that are equivalent to the original entities defined by the original
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representation. This means that there is a one-to-one mapping back to the original
representation and its set of base entities, that is, the original bit pattern. An example is
replacing a representation that uses the ASCII codes ‘A through Z’ with a representation that
uses the Unicode UTF-16 codes for ‘A through Z’. The Transformation will result in the
replacement of 7-bit codes with 16-bit codes in the AIP object undergoing change. The
reverse Transformation can subsequently be performed by replacing the Unicode UTF-16
codes for ‘A through Z’ with the ASCII codes for ‘A through Z’ and the original AIP is
recovered.

A Ndn-Reversible Transformation occurs when a Reversible Transformation cannot)|be
guarateed. For example, replacing an IBM 7094 (reference [D10]) floating point ydlue with
an IEEE floating point value is a Non-Reversible Transformation because the resulting entities
of thege two representations are not semantically equivalent. One will have more\precision tIan
the other. However, they may be sufficiently equivalent, depending on what'the values they
represent are being used for, to be effectively interchangeable. If this(is the case, a Npn-
Reverpible Transformation effectively preserves the information« Content. File format
convefsions may also exhibit lossiness; for example, the conversion,of a spreadsheet fild to
display format could mean a loss of formulas and active links; thé.Conversion of a presentatjon
file to|a printable format could mean a loss of animation and aetive links.

For cgmplex formats, where the meanings and relationships among groups are significand, it
may He difficult to establish that a Non-Reversible Fransformation has adequately preseryed
the Content Information. A Content Data Object for which software is playing a key rolq in
providing much of the Representation Information may be transformed into a new ConFnt

Data [Object with new software. Such a_ Fransformation is generally a Non-Reversible
Transformation because the underlying data miodels will likely be quite complex and different.

It is ukeful to define a Transformational Information Property as an Information Property the
preservation of the value of whichuis regarded as being necessary but not sufficient to vetify
that ahy Non-Reversible Tran§formation has adequately preserved the information cont¢nt.
This dould be important as contributing to evidence about Authenticity. Such an Informatjon
Propefty is dependentcupon specific Representation Information, including Semantic
Reprepentation Information, to denote how it is encoded and what it means. (The tqrm
‘significant property?,/which has various definitions in the literature, is sometimes used ih a
way that is consiStent with its being a Transformational Information Property.)

If a Tjransformation is performed, evidence that the Transformational Information Properties
were [verified after the Transformation should be captured as part of the Provenahce

> Lona il ATD
Il’lfOII Tatton 1O tIC 7111 .

Following the example from 4.2.3.3, one can consider a simple digital book which when
rendered appears as pages with margins, title, chapter headings, paragraphs, and text lines
composed of words and punctuation. Information Property Descriptions for Information
Properties that need to be preserved (Transformational Information Properties) could be
expressed as ‘paragraph identification’ and ‘characters expressing words and punctuation’.
The Transformational Information Properties would consist of all the book’s paragraph
identifications, words, and punctuation as expressed by the Content Data Object and its
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Representation Information. This means that all formatting other than the recognition of
paragraphs and readable text could be altered while still maintaining required
Transformational Information Properties. Examples of Reversible and Non-Reversible
Transformations are given in the scenarios that follow.

The following scenario identifies a Reversible Transformation that occurs when
incorporating a lossless compression function on the Content Information of an AIP.

All the Content Information bits for an AIP are contained within the body of three
files on media. The Packaging Information includes the bits used to implemgnt the
file and directory structure that provides access to these three files. The contgnts of
the three files are transferred to a new media instance or a new media type and|in the
process they are compressed using a lossless compression algorithm, This transfer is a
Transformation because the compression process has altered the Content Infornjation,
and it is a Reversible Transformation because there is a decompression algorithm that
will return the original file content bits. The relevant Répresentation Inforrpation
components of the original Content Information needs td.be updated to inclufle the
decompression algorithm, and the PDI information{also needs to be updated, in
forming this new AIP Version.

The following scenario identifies a Non-ReversiblekTransformation that can occur|when
Coptent Information is migrated to a new format.thidt can express a more varied data mmodel
than the original format.

All the Content Information bits forian AIP are contained within the body of three
files on media. The Packaging Information includes the bits used to implemdnt the
file and directory structure thatprovides access to these three files. The contgnts of
the three files are transferréd to a new media instance or a new media type and|in the
process the third file isvaltered because there are no longer readily available tqols to
make effective use of‘the third file’s content in its current form. The new fprmat,
which is in common use, employs a different data model from that of the ofiginal
format and thefe ‘are many ways in which the information may be mapped ifto the
new format: This mapping will need to be carefully done to ensure there|is no
significant information loss to the Designated Community. For example, for scigntific
data a-Transformational Information Property could be the values of identifiefl data
elethents to a specified precision; if the Content Information is a document then the
page layout might be a Transformational Information Property. This mapping from
the previous format to the new format will need to be included in the PDI, 4nd of
LOUUIdSL tllC RCPICDCIItCltiUll quuuuaﬁuu dcbblibills t‘llC 1ICUW fuuuat Will 1cpla\,€ that
which was describing the previous format. The result is a new AIP Version. This is a
Transformation type of Migration that is also a Non-Reversible Transformation when
there is no algorithm that will reproduce the original file from the new file.

The following scenario identifies a Reversible Transformation that includes Repackaging. It
occurs when the Content Information contains an embedded file name that is a pointer to one
of its components, and the Content Information is moved to a new media type with new
names for the files.
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The Content Information for an AIP is defined to be the body of three files on a CD-
ROM. The first file contains an internal name that links to the third file and specifies
a relationship between them. The Packaging Information includes the directory and
file structure that identifies the three files. During a migration to a new media type,
these three files are put into a new directory and given new names. This constitutes a
Repackaging Migration because there is a new implementation of the directory and
file structure, which is providing the packaging function. However, the internal name

will also need to be updated in order to maintain the link between the first and third
£fla o angna thaot

The f
OCCUIS

fHes—Hhis—update—changes—the—ContentInformatton—and-means—thatthe-migration is
also a Transformation. If the internal name had been a universal identifier, it-wopld
not have needed changing. However, the standardized framework supperting the
universal identifier would contain the mapping information leading to thé\location] of
the third file and therefore would need updating. This approdach” would |be
advantageous for an OAIS because it allows updates to be centralized and more eadily
managed. However, the required technology is more compléx) and there is [no
universal agreement on the identification technique to use.

nal scenario identifies a Non-Reversible Transformation that includes Repackaging] It
when the Content Information includes file names, direefory structure, and associated file

attribllt;es. The Content Information is then migrated to a, néw media type carrying a different

imple

entation of the directory and file name structures that'support fewer file attributes.

The Content Information and PDI bits for an AIC are defined to be an aggregation of
AlIUs where each AIU consists of the body’ of three files on a CD-ROM together with
their file names, file attributes, and directory names. The Packaging Information is fthe
bits used to implement the file and-directory structure that provides access to each of
the three file instances, but does-not include the actual file and directory names. Thiere
may be thousands of AIU instances on a single CD-ROM. The transfer of this AIC to a
new media type that empleys a new representation for the file and directory structpre
that has fewer file attributes may result in a Non-Reversible Transformation type| of
Migration as well as,a Repackaging migration. This is a Transformation because fthe
Content Information that originally was stored in the file and directory structures Will
need to be re-distributed among the new file and directory structures and probaply
within thebedy of the files themselves. This is a Non-Reversible Transformation if
there is~10 algorithmic one-to-one mapping between the resulting file and directpry
structures and file contents, and the original file and directory structures. It i$ a
Reépackaging because there is a new implementation of the directory and file structyre,
which was taken to be part of the packaging. The practice of encoding Content

Information into a file or directory name increases the risk of information loss because
evolution of a data management environment is facilitated by being able to update
directory and file names as needed.
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5.2.4.6 Distinguishing AIP Versions, AIP Editions and Derived AIPs

Unless a Digital Migration involves Transformation, it is not considered to create a new AIP
Version and it is not required that its PDI be updated. In other words, the AIP Version is
considered to be independent of Refreshment, Replication, and Repackaging that does not
affect the Content Information or PDI. This does not mean that the OAIS does not track such
migrations; rather it is not required to update the PDI as part of such tracking. It is expected
that the OAIS will Verlfy that such mlgratlon has not altered the Content Informatlon or PDI

alsp expected that the OAIS w111 track the ex1stence of these events, mcludlr g the
vetifications made, as a part of its larger operational provenance as this will lend addjtional
evidence concerning the Authenticity of its holdings. If such migration processes are qarried
out entirely within Archival Storage, the AIP ID could remain the same and,in whicl case,
thare is no implied impact to Associated Descriptions or Access Aids.

A Digital Migration that involves Transformation results in a new) version of the AIP as
defined in 5.2.4.5. In this case, the PDI needs to be updated to identify the source AIP gnd its
vetsion, and to describe what was done and why. The new_AdP is viewed as a replacement
for] the source AIP where the information has been preserved to the maximum fxtent
prdctical. The AIP is also new, and the Associated Desgctiption should be updated. Thip does
not imply any changes are needed to Access Aids unless they have been implementedl with
‘hqrdcoded’ AIP IDs.

An AIP may, in some environments, be subject to upgrading or improvement ovef time
whiich was not required for preservation.-This is not a Digital Migration. This type df AIP
chgnge may be referred to as creating.a new AIP Edition. The AIP Edition may or mpy not
be [viewed as a replacement for the~sotrce AIP, but it may be of historical interest to|retain
thg previous AIP. This also results’in a new AIP ID with the same impacts on Assdciated

An OAIS may also find,it cenvenient to provide an AIP that is derived from an existing AIP. It
may do this by extracting’some information, or by aggregating information from multiplel AIPs,
to petter serve Consumers. This type of resulting AIP may be referred to as a Derived AIP. It
do¢s not replace any of the AIPs that it was derived from and it is not a result of a IDigital
Migration. This-also results in a new AIP ID and new Associated Descriptions. This mdy also

5 ADDINCREPRECENTATION . IJNTETORMMATION
J ADIDIITVNUO NI NDOLUINITITATIVUINVITIIVITUNIVIATIUIN

5.3.1 OVERVIEW

Representation Information may need to be added to the Representation Information Network
associated with a Content Data Object in order to ensure that the Content Information will
continue to be understandable and usable by the Designated Community.
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Examples are provided in the next subsections of Structure Representation Information,
Semantic Representation Information and Other Representation Information.

Structure Representation Information with the Semantic Representation Information could
allow one to create new software to access elements from a Digital Object, so that one does
not have to rely on maintaining old software.

5.3.2 EXAMPLES OF STRUCTURE REPRESENTATION INFORMATION

Structure Representation Information imparts meaning about how other information| is
organjzed, for example describing how bit streams are mapped to common computer types
such as characters, numbers, and pixels and aggregations of those types suchas charagter
string$ and arrays. Examples include:

— | the ASCII encoding table allows one to convert bit sequences mte’text characters) or
vice-versa.

— | the IEEE 754 32-bit base-2 floating-point definition”alows one to convert a [bit
sequence into 32-bit floating point numbers, or vice-vetsa.

— | The EAST data description language allows ené¢ to describe bit sequences whijich
encode complex structures of numbers, characters and flags to indicate which|of
several alternatives the next bit sequence should be interpreted as.

5.3.3 | EXAMPLES OF SEMANTIC REPRESENTATION INFORMATION

Semantic Representation Information*further describes the meaning beyond that provided|by
the Stfucture Representation Information. For example, the numbers and characters which the
Structure Representation Information allows one to decode can be assigned meaning such|as,
for a humber, a measurement of an object’s temperature in degrees Centigrade. If the bits
should be decoded as. Characters then they could be a description of the object whise
tempgrature has been‘measured. Another example is a dictionary to facilitate the translatjon
of a tpxt in one language to one which is understandable by a member of the Designated
Comnunity.

5.3.4 | EXAMPLES OF OTHER REPRESENTATION INFORMATION

5.3.4.1 Overview

Other Representation Information may come in many forms, some of which are described in
the next subsections.
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5.3.4.2 Preservation of Access and Use Services
5.3.4.2.1 General

An OAIS may wish to preserve a Consumer access service in the face of changing
technology. This subsection addresses a set of two distinct scenarios below. The first
concerns services to support access. The second concerns preservation.

In the first case the supporting tools such as the original access mechanisms, that is, Content
Data Object [CDO] specific software (referred to as CDO software below) that(are not
esgential for Content Information preservation but are convenient for access, are deternined
to remain adequate for an extended period. An example would be software which exttacts a
pait of a CDO and displays it to a user. However, eventually this support tg6l CDO software
will cease to function as the operating environment changes, or at leastxcease to fupction
cotrectly, unless some action is taken. One action is to re-implement-that support tooll CDO
software functionality in the new environment. This has no impact 6n the preservation |of the
Content Information.

Another action is to decide that it is too costly to re-ithplement the support tool| CDO
software functionality. If there is enough CDO software.in this category, it may appeaf cost-
effective to emulate the original environment and provide this as an additional support tool.
This also has no effect on Content Informationpreservation as long as the Structure
Representation Information and Semantic Representation Information are maintained.

For the case of interest to preservation it*may be difficult or impossible to secufe the
neg¢essary explicit Structure Representation Information and Semantic Represerjtation
Information for a CDO. In this case.the maintenance of operational CDO specific soffware,
ich embodies some understanding of the Structure Representation Informatioh and
Semantic Representation Information (the rest typically allocated to the opgrating
enyironment), may be the ofily'near-term practical option. Such software becomes part|of the
Representation Information/under the Other Representation Information category. Eventually
evolution of the operating environment will jeopardize the functioning of the CDO specific
ware. Either the-Content Information will need to be transformed, thus altering bqdth the
tent Data Object and the Representation Information and requiring new CDO software
for|access, oriemulation software supporting the original CDO software will be needed} Such
lation software logically becomes an extension of the Other Representation Inforthation
as fit direetly addresses Content Information preservation. An example would be software to
layand take measurements from medical images in a proprietary format, where detpils of
the formatare fietd 1T eScrow Umtit SUCHT tIme as e COMmImerciat Support for the format is
dropped. Another example would be computer operating system services needed to run
proprietary computer game software; in this case the time required to run the game, the
physical hardware to be supported such as CPU and network, would be factors in
determining the type of emulation software (Other Representation Information) required.

The following matrix shows the various combinations of some of the alternatives discussed
above when evolution of the operating environment jeopardizes operational CDO software.
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Table 5-1: CDO Software Roles and Preservation Possible Actions

CDO Software Role

Possible Actions

Resulting Representation
Information

Support tool only— — Re-implement CDO — No change;
convenient for access but not software to maintain independent of
essential for preservation of CORAENGS opfratlonal CDO
Cont¢nt Information _  Create emulator for sottware
environment to — No change;
maintain original CDO independent of.
software operational operationalCDO
convenience software

Essential for preservation

— Ifpossible, transform
Content Information
into new Content Data
Object and new
Representation
Information

— Create emulatorto
support CDO;software;
emulator becomes
anotherpart of
Representation
Information

— NewRepresentation
Information because
original CDO
software was part of
Representation
Information

— New Representation
Information because
emulator becomes
part of the
Representation
Information

5.3.4.2.2 Methodologies Involving Source Code Availability

The C
likely
had tH
would
ensurg

applic

DAIS response to“preserving an Access Software application execution service wo
depend, in part,'on whether or not it had the source code for the application. If the O/
e source code and adequate documentation on the application, the expected appro
be to port'the application to the new environment and attempt to test it adequately,
it was. functioning correctly. As described in 4.3, it may not be obvious when

record

the port. However, this level of testing is likely to result in an unacceptable cost/benefit ratio

ntion. runs but functions incorrectly. Ideally all possible output values would have b

ing

for the OAIS. Given that the application was compiled from original source code, it is probable
that the algorithms are correct; the production of a test suite, or reuse of a test suite that was
provided with the design documentation is probably adequate. In this case no change is
required or the Content Data Object or its Representation Information.

If the Access Software was a proprietary package, which was widely used and available
commercially, it is likely that there will be commercially provided bridge (i.e., conversion)
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software which Transforms the current Content Data Objects to other forms used by the new
Access Software having a similar look and feel. This would be a Transformation type of
Migration that is likely to be Non-Reversible. If no commercial alternative is seen, the OAIS may
contract with the owner of the original Access Software to develop and provide source code for a
simplified tool that can read but not modify instances of data written using the format. This
would also be a Transformation type of migration because of the change in software that is
providing much of the Representation Information. This approach might not be viable because of
cost or legal i issues. In any of these cases, the OAIS will need to establish mechamsms to verify

Prgperties are maintained. In add1t1on the OAIS should 1nvest1gate the issues of ensuring.that the
ney Access Software is available to the Designated Community.

5.3.4.2.3 Potential Emulation Approaches

There may be a mandatory requirement from the Designated Community to maintain the look
feel of proprietary Access Software because of the large‘number of AIUs thiat are
dependent on that Access Software. Proprietary Access software may not have sepgrately
available Structure Representation Information and Semantic/Representation Informatipn for
thg Content Data Object. In this case, if the OAIS is undble to obtain the source code, por has
thg source code but lacks the ability to create the requited application for example because of
ungvailability of a compiler or operating environment, it may find it necessary to invegtigate
us¢ of an emulation approach.

One approach the OAIS could consider is emulating the application.

Another approach is emulation of:the underlying hardware. One advantage of hardware
lation is the claim that once a _hardware platform is emulated successfully all opgrating
sygtems and applications that ran on the original platform can be run without modificatjon on
thgq new platform. However; the level of emulation is relevant (for example whether it goes
doywn to the level of duplicating the timing of CPU instruction execution). Moreover, this
dogs not take into acceunt dependencies on input/output devices.

Emulation has béenused successfully when a very popular operating system is to be on a
hatdware system for which it was not designed, such as running a version of Windpws™
degigned for)an X86 chip set on a Unix system running on a different chip set machine.
However,~even in this case, when strong market forces encourage this approach, npot all
aplications will necessarily run correctly or perform adequately under the emulated

dependenc1es and timings, because of the constraints of the new hardware environment.
Further, when the application presents information to a human interface, determining that
some new device is still presenting the information correctly is problematical and suggests
the need to have made a separate recording of the information presentation to use for
validation. Once emulation has been adopted, the resulting system is particularly vulnerable
to previously unknown software errors that may seriously jeopardize continued information
access. Given these constraints, the technical and economic hurdles to hardware emulation
appear substantial.
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