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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 Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an

International Standard requires approval by at least 75 % of the member bodies casting a vote.

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

ISO 14721 was prepared by Technical Committee ISO/TC 20, Aircraft and space vehicles, Subcommittee
SC 13, Space data and information transfer systems.

This second edition cancels and replaces the first edition which has been technically revised.
ISO 14721 was prepared by the Consultative Committee for Space Data Systems (CCSDS) (as
CCSDS 650.0-P-1.1, August 2009) and was adopted (without modifications except those stated in Clause 2 of

this International Standard) by Technical Committee ISO/TC 20, Aircraft and space vehicles, Subcommittee
SC 13, Space data and information transfer systems.
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Space data and information transfer systems — Open archival
information system (OAIS) — Reference model

1 Scope

This International Standard defines the Reference Model for an Open Archival Information System (OAIS).
An OAIS is an archive, consisting of an organization, which may be part of a larger organization, of people
and systems that has accepted the responsibility to preserve information and make it available

for a Designated Community. It meets a set of such responsibilities as defined in this document, and this
allows an OAIS archive to be distinguished from other uses of the term ‘archive’. The term ‘Open’ in OAIS is
used to imply that this Recommendation, as well as future related Recommendations and standards, are
developed in open forums, and it does not imply that access to the archive is unrestricted.

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 architectures and
operations of existing and future archives;

— provides a framework for describing and comparing different Long Term Preservation strategies and
techniques;

— provides a basis for comparing the data models of digital information preserved by archives and for
discussing how data models and the underlying information 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.

The scope and field of application are furthermore detailed in subclauses 1.1 and 1.2 of the enclosed CCSDS
publication.

2 Requirements

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

CCSDS 650.0-P-1.1, August 2009, Space data and information transfer systems — Open archival information
system (OAIS) — Reference model

For the purposes of international standardization, the modifications outlined below shall apply to the specific
clauses and paragraphs of publication CCSDS 650.0-P-1.1.

© 1SO 2010 — All rights reserved 1
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Page D-1

Add the following information to the reference indicated:

[D7] Document CCSDS 620.0-B-2, May 1992, is equivalent to ISO 12175:1994.

[D8] Document CCSDS 644.0-B-2, November 2000, is equivalent to ISO 15889:2003.
[D9] Document CCSDS 647.1-B-1, June 2001, is equivalent to ISO 21961:2003.
[D10] Document CCSDS 647.2-B-1, June 2001, is equivalent to ISO 21962:2003.

[D12] Document CCSDS 661.0-B-1, September 2008, is equivalent to ISO 13527: — 1)

3 Revision of publication CCSDS 650.0-P-1.1

It has been agreed with the Consultative Committee for Space Data Systems that Subcommittee
ISO/TC 20/SC 13 will be consulted in the event of any revision or amendment of publication CCSDS 650.0-P-
1.1. To this end, NASA will act as a liaison body between CCSDS and ISO.

1) To be published.

2 © 1SO 2010 — All rights reserved
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STATEMENT OF INTENT

(WHEN THIS RECOMMENDED STANDARD IS FINALIZED, IT WILL. €
THE FOLLOWING STATEMENT OF INTENT:)

The Consultative Committee for Space Data Systems (CCSDS) is an orga
established by the management of its members. The Commlttee meets peri

solutions to these problems Inasmuch as participation in the CCsD o voluntary,
considered binding on any Agency.
This Recommended Standard is issued by, and repres he consensus of, the CCSDS

members. Endorsement of this Recommendation firely voluntary. Endorsement,
however, indicates the following understandings:

accord with the relevant Recommended Standard. Establishing such a standard
does not preclude other provisions which a member may develop.

CCSDS-related standard, that member will
following information:

’when a new version of a Recommended Standard is issued, existing
ber standards and implementations are not negated or deemed to be non-

CCSDS 650.0-P-1.1 i August 2009



DRAFT CCSDS RECOMMENDED STANDARD FOR AN OAIS REFERENCE MODEL

FOREWORD

This document is a technical Recommendation for use in developing a broade
what is required for an archive to provide permanent, or indefinite Long Term
of digital information.

ce Data Systems. Current

Aeb site:

Procedures Manual for the Consultative Committee for \Spa
versions of CCSDS documents are maintained at the CCSDS

http:/ .ccsds.org/

tus of this document should be addressed to the
page i.

Questions relating to the contents
CCSDS Secretariat at the address |
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PREFACE

This document is a draft CCSDS Recommended Standard. Its ‘Pink Book’ status.in
the CCSDS believes the document to be technically mature and has released it
review by appropriate technical organizations. As such, its technical c
and several iterations of it may occur in response to comments receiv ing the review
process.

Implementers are cautioned not to fabricate any final equipme : with this
document’s technical content.

&
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1 INTRODUCTION

1.1 PURPOSE AND SCOPE

archive, consisting of an organization, which may be part of a largeriorg
and systems that has accepted the responsibility to preserve information and
for a Designated Community. It meets a set of such respensibilities as.defined in this
document, and this allows an OAIS archive to be distingu n.other uses of the term

future related Recommendations and standards, are developed in-open-fofums, and it does not

imply that access to the archive is unrestricted.

The information being maintained has been deemed.to need Lorig Term Preservation, even
if the OAIS itself is not permanent. Long Term is long\enough to be concerned with the
impacts of changing technologies, including support for new media and data formats, or with
a changing user community. Long Term may extend indefinitely. In this reference model
there is a particular focus on digital infosmation, both as the primary forms of information
held and as supporting information both digitally and physically archived materials.
Therefore, the model accommod ormation that is inherently non-digital (e.g., a
physical sample), but the modelin ation of such information is not addressed in

detail. This reference model:

understanding and increased awareness of archival
digital information preservation and access;

r0Cess;

3 , or discussing how data models and the underlying information may
change over time;

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
sical 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-P-1.1 1-1 August 2009
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The reference model addresses a full range of archival information preservati
including ingest, archival storage, data management, access, and dissemina
addresses the migration of digital information to new media and forms, the dats
to represent the information, the role of software in information preservation
exchange of digital information among archives. It identifies both i

interfaces. It provides various illustrative examples and some practice’
recommendations. It defines a minimal set of responsibilities for an archive to becalled an

concepts.

1.2 APPLICABILITY

The OAIS model in this document may be applicable to any archive. It is specifically
applicable to organizations with the responsibility of making ation available for the
Long Term. This includes organizations with other responsibilities, such as processing and
distribution in response to programmatic needs.

zations and individuals who create information
ose that may need to acquire information from

This model is also of interest to those or
that may need Long Term Preservation
such archives.

and information modeling concepts, is relevant to the
which hold information, on a temporary basis, for two

The model, including the functiona}

és holding information may themselves be temporary, some or
may need to be preserved indefinitely. Such facilities need to
pthe Long Term Preservation effort.

eference model does not specify a design or an implementation. Actual

CCSDS 650.0-P-1.1 1-2 August 2009
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1.3 RATIONALE

information available. Transactions among all types of organizati
using digital forms that are taking the place of more traditional medi

many organizations that have never thought of themsely
function. The spread of digital technology in every field bri

and cultural issues to be considered. To ignore the \problems raised by preserving
information in digital forms would lead inevitably to the loss of this information.

by establishing minimum requirements for an OAIS
epts, will provide a common framework from which
to view archival challenges, particu as “they relate to digital information. This should
enable more organizations to understand theissugs and take the proper steps to ensure Long
Term information preservatiory. /It should also provide a basis for more standardization and,
therefore, a larger market th an support in meeting archival requirements.

It is expected that this reference mode
archive along with a set of archival

1.4 CONFORMANCE

A conforming OAIS_archive implementation shall support the model of information

xamples of the/mechanisms that may be used to discharge the responsibilities
1.) These mechanisms are not required for conformance. It is expected that a

ed that implementers will use this reference model as a guide while developing a
plementation to provide identified services and content. This document does not
¢’ or endorse any specific computing platform, system environment, system design
paradigm, system development methodology, database management system, database design

CCSDS 650.0-P-1.1 1-3 August 2009
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1.5 ROAD MAP FOR DEVELOPMENT OF RELATED S

This Reference Model, developed by CCSDS Panel 2 in respanse to IS C20/SC 13, serves
to identify areas suitable for the development of OAiS-related standards. Some of these
oy other standardization

to minimize incompatibilities and efforts. Some areas for poteritial OAIS-related standards
are listed below together with references to relevant standards and/or initiatives:

standard(s) for the interfaces between ©AIS type archives;

— standard(s) for the submission (i ethodology used by an archive:

* 1SO 20652:2006 Space data’and inf n transfer systems—Producer-Archive
Interface—Methodolo bstract Standard,;

— standard(s) for the sub
— standard(s) for the deliv gital sources from the archive;

— standard(s) for the submissio
sources, to the archive:

* PREMIS Dats

ariguage—EAST Specification;
ISO 2 2

2:2003 Space data and information transfer systems—Data Entity
ctionary Specification Language (DEDSL)—PVL syntax;

O 22643:2003 Space data and information transfer systems—Data Entity
ictionary Specification Language (DEDSL)—XML/DTD;

— syntax standard(s) for the identification of digital sources within the archive;

CCSDS 650.0-P-1.1 1-4 August 2009



DRAFT CCSDS RECOMMENDED STANDARD FOR AN OAIS REFERENCE MODEL

— protocol standard(s) to search and retrieve metadata information about digital and
physical data sources;

— standard(s) for media access allowing replacement of media managen
without having to rewrite the media;

— standard(s) for specific physical media;

— standard(s) for the migration of information across media and formats;

— standard(s) for recommended archival practices:

¢ |SO 15489-1:2001 Information and documentatio
1: General;

* ISO/TR 15489-2:2001 Information an;'docu‘entation—Records management.
Part 2: Guidelines;

s management. Part

 ISO 23081-1:2006 Information and docu ation—Records management
processes—Metadata for records—~Part 1: Principles;

* ISO/TS 23081-2:2007 Infortmation and documentation—Records management
processes—Metadata for records—Part 2: Conceptual and implementation issues;

— standard(s) for certification/of arc

» Trustworthy Reposjtories Audit &

Version 1.0 (Febr

ertification: Criteria and Checklist (TRAC),

1.6  DOCUMENT STRUC

1.6.1 HOW TO READ THIS DOCUMENT

¢ and Scope (1.1), Applicability (1.2), and Conformance (1.4)
on the objectives and applicability of the document.

provides purpose, scope, applicability, and definitions sections typical of many
3 It also provides rationale for the effort, conformance requirements, and a road
map for development of related standards.

CCSDS 650.0-P-1.1 1-5 August 2009



DRAFT CCSDS RECOMMENDED STANDARD FOR AN OAIS REFERENCE MODEL

. A
It provides a view of the environment of an OAIS archive and the roles playe
interact with it. It discusses what is meant by ‘information” and what is necessa

it for the Long Term. It contains key information concepts relevant to OAIS-co
implementations.

Subsection 3.1 defines mandatory responsibilities an OAIS archive. mu i rge in
preserving its information, and 3.2 provides clarifying material of the types of actiyities that
may be needed in many archives to discharge these responsibilitie

AIS archive. It
es/some high-level
information using

Section 4 provides model views needed for a detailed understand
breaks down the OAIS into a number of functional areas and it id
services at the interfaces. It also provides detailed data’ model views of
Unified Modeling Language (UML) diagrams.

Section 5 provides some perspectives on the issues of information preservation using digital
migration across media and across new formats or representations. It also provides some
perspectives on the issues of preserving access services to digital information using software
porting, wrapping, and emulation of hardware

Section 6 is an introduction to the variou

alternatives for archive-to-archive associations to
provide increased or more cost-effective S

The annexes B-E are not part of the, Recommendat

of the reader:

on and are provided for the convenience

diagram of the detailed functional areas described in 4.1;

annex A provides a composite

Archival Information Collection

Archival Information Package
Al Archival Information Unit

API Application Programming Interface

CCSDS 650.0-P-1.1 1-6 August 2009
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ASCII American Standard Code for Information Interchange
CCSDS Consultative Committee for Space Data Systems

CD-ROM Compact Disk - Read Only Memory

CRC Cyclical Redundancy Check

DBMS Data Base Management System

DIP Dissemination Information Package
DRM Digital Rights Management

FITS Flexible Image Transport System
FTP File Transfer Protocol

HFMS Hierarchical File Management System

IEEE Institute of Electrical al

ISBN

1SO nization for Standardization

MPEG
OAIS
PDF

PDI

QA

SIP bmission Information Package
UML Unified Modeling Language
U ODE iversal Code

Video Home System

World Wide Web
XFD XML Formatted Data unit
CCSDS 650.0-P-1.1 1-7
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1.7.2 TERMINOLOGY

contribution, rather than a deterrent, to the success of the reference model. For example,
archival science focuses on preservation of the ‘recorad . s not used in the OAIS
Reference Model, but one mapping might approximately equat /ith ‘Content Information
within an Archival Information Package’ (see definitions below,/as well as 2.2 and 4.2 for
context). A few such mappings are provided in annex B.

terms to those of the OAIS Reference Model. This sho and is viewed as a

Access Functional Entity: The OAIS /A
functions which make the archival inf
Consumers.

ynctional entity that contains the services and
nation holdings and related services visible to

Access Rights Information: The }
to the Content Information, inc
control. It contains the acces

formation that identifies the access restrictions pertaining
ing the legal framework, licensing terms, and access
ribution conditions stated within the Submission
ation (by the OAIS) and final usage (by the Consumer). It
he application of rights enforcement measures.

ion of AlPs that is defined by a Collection Description but for
ormation for the collection in Archival Storage.

CCSDS 650.0-P-1.1 1-8 August 2009
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improve it. An AIP edition is not considered to be the result of a Migration.

AIP Version: An AIP whose Content Information or Preservation
has undergone a Transformation on a source AIP and is a candidate t
An AIP version is considered to be the result of a Digital Migration.

preserved within an OAIS.

Archival Information Unit (AlU): An Archival Infor Package where the archive
chooses not to break down the Content Information other Archival Information
Packages. An AlU can consist of multiple digital objects (e.g., multiple files).

Archival Storage Functional Entity:
and functions used for the storage an

e OAIS functional entity that contains the services
ieval of Archival Information Packages.

Archive: An organization that i
Designated Community.

erve information for access and use by a

Associated Description:
from the point of view of

Data Object: The Data Object, that together with associated Representation

CCSDS 650.0-P-1.1 1-9 August 2009
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Object and its Representation Information.

Context Information: The information that documents the relation
Information to its environment. This includes why the Content Inform
how it relates to other Content Information objects.

Data: A reinterpretable representation of informatio
communication, interpretation, or processing. Exampl
table of numbers, the characters on a page, the recording
speaking, or a moon rock specimen.

e a sequence of bits, a
nds made by a person

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

Data Dissemination Session: A delive media or a single telecommunications session
that provides Data to a Consumer. Th issemination Session format/contents is based
on a data model negotiated between the OAIS e Consumer in the request agreement.
This data model identifies the lggical constructs”used by the OAIS and how they are

represented on each media delivery or in the telecommunication session.

ly: The OAIS functional entity that contains the
maintaining, and accessing a wide variety of

Data Management Functiona

data moI identifies the logical constructs used by the Producer and how they are
represented on each media delivery or in the telecommunication session.
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Derived AIP: An AIP generated by extracting or aggregating information from_one or more
source AlPs.

Descriptive Information: The set of information, consisting primari age
Descriptions, which is provided to Data Management to support the. findi g, and
retrieving of OAIS information holdings by Consumers.

Designated Community: An identified group of potential Consumers who shouid be able to

composed of

definition may change over time.

Digital Migration: The transfer of digital informati ing to preserve it, within

ee attributes:

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

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

dently Understandable: A characteristic of information that is sufficiently
complete to allow it to be interpreted, understood and used by the Designated Community
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without having to resort to special resources not widely available, includi
individuals.

Information: Any type of knowledge that can be exchanged. In an excha
represented by data. An example is a string of bits (the data) accompani
how to interpret the string of bits as numbers representing temperature o
in degrees Celsius (the Representation Information).

Information Object: A Data Object together with its Representa

Information Package: A conceptual container composed of gpt
and optional associated Preservation Description Information
Information Package is Packaging Information used 1
Information and Package Description information use
Information.

dentify the Content
itate searches for the Content

Information Property: That part of the Content Information a cribed by the Information
Property Description. 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.

Information Property Description:
description of a part of the information conten
highlighted for a particular purpose

Ingest Functional Entity:
functions that accept Submis

functional entity that contains the services and
ation Packages from Producers, prepares Archival
nsures that Archival Information Packages and their
established within the OAIS.

Preservation: The act of maintaining information, Independently
by a Designated Community, and with evidence supporting its Authenticity,

Management: The role played by those who set overall OAIS policy as one component in a
broader policy domain, for example as part of a larger organization.
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Member Description: An Associated Description that describes a member of a

Metadata: Data about other data.

Reversible Transformation.

Open Archival Information System (OAIS): An archive, consisting o
which may be part of a larger organization, of people and sy

distinguished from other uses of the term ‘archive’. The te
imply that this Recommendation and future relate
developed in open forums, and it does not imply th

e Consumer in which the
Data, are specified.

Order Agreement: An agreement between the
physical details of the delivery, such as media type and for

ordering, AlPs of interest.

Overview Description:
collection as a whole.

of an Information Package: xample, it may be the I1ISO 9660 volume and directory
information used on a CD-RO rovide the content of several files containing Content

¥ Information (PDI): The information which is necessary for
of the Content Informatlon and WhICh can be categorized as

essible to, and understandable by, the Designated Community over the Long
if the original computing environment becomes obsolete.

Producer: The role played by those persons or client systems that provide the information to
be preserved. This can include other OAISes or internal OAIS persons or systems.
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Provenance Information: The information that documents the history of
Information. This information tells the origin or source of the Content Info

Information from the pomt of Ingest; however, earlier Provenance Inf
provided by the Producer. Provenance Information adds to the
Authenticity.

Reference Information: The information that is used as ar
Information. It also includes identifiers that allow outside syste

Reference Model: A framework for understanding %
entities of some environment, and for the development \of consistent standards or
specifications supporting that environment. A reference ased on a small number of
unifying concepts and may be used as a basis for education \and’ explaining standards to a
non-specialist.

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

Repackaging: A Digital Migration in whic re is an alteration in the Packaging

Information of the AIP.

Replication: A Digital Migratio here IS no change to the Packaging Information, the
I > e bits used to represent these Information Objects are
new media instance.

The information that maps a Data Object into more
Representation Information for a bit sequence which is
S standard which defines the format plus a dictionary

e set of Representation Information that fully describes the
Representation Information in digital forms needs additional
so its digital forms can be understood over the Long Term.

Representation~Rendering Software: A type of software that displays Representation

(or a subset) of resulting entities that are equivalent to the resulting entities defined by the
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original representation. This means that there is a one-to-one mapping ba
representation and its set of base entities.

Search Session: A session initiated by the Consumer with the archive d
Consumer will use the archive Finding Aids to identify and investi
interest.

beyond that provided by the Structure Information.

Structure Information: The Representation Information tha 5 meaning about how
other information is organized. For example, it maps bit streams to_common computer types

strings and arrays.

Submission Agreement: The agreement reached betwee OAIS and the Producer that
specifies a data model, and any other arrangements needed,\foy'the Data Submission Session.
This data model identifies format/contents and the logical constructs used by the Producer
and how they are represented on each media delivery or in a telecommunication session.

Submission Information Package . An Information Package that is delivered by the
Producer to the OAIS for use in t tion or update of one or more AIPs and/or the
associated Descriptive Information.
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2 OAIS CONCEPTS

ccomplishes this
derstandable to the
accessing community, and managing them so as to preserve
Authenticity. Historically, these records have been in such 5-a8” books, papers, maps,
ns, or read with the aid of simple
optical magnification and scanning aids. The major focus\for preserving this information has
been to ensure that they are on media with Long T lity/and that access to this media
is carefully controlled.

The explosive growth of information in digital forms has posed a severe challenge not only
for traditional archives and their information providers, but also for many other organizations

information can be preserved for the Long Term. Participation in these efforts will minimize
the lifecycle costs a 2ffective Long Term Preservation of the information.

System/(OAIS) which performs a Long Term information preservation and access function.
An 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 6. It includes
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experience primarily aperiodic inputs. It includes archives that provide a
sophisticated access services as well as those that support only the simplest type

understood to refer to an OAIS archive, unless the context makes it
traditional archives).

terms and concepts will assist them in achieving their inf preservation goals.

2.1 OAIS ENVIRONMENT

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

Producer Consumer

agement

played by those persons, or client systems, which provide the
to be preserved.
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— Consumer is the role played by those persons, or client systems, tha eracts with
OAIS services to find and acquire preserved information of interes
of Consumers is the Designated Community. The Designated Com
of Consumers who should be able to understand the preserved informa A/ given
individual or system may act in the role of both a Consumer

particular
er archives

ally. Such reliance should have
nication between the archives of

2.2 OAIS INFORMATION
2.2.1 INFORMATION DEFIN

A clear definition of information
formal modeling of informattor
this subsection.

is central to the ability of an OAIS to preserve it. While
is provided in section 4, some key concepts are provided in

A person, or system, can be said4o have a Knowledge Base, which allows that person or
system to understand received information. For example, a person who has a Knowledge
Base that includes-an_understanding of 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 information
is always exp I.e) represented) by some type of data in an exchange. For example, the

Base),. &
include English in its Knowledge Base, then the English text (the data) needs to be

Community, and its associated Knowledge Base, for whom the information is
erved by the archive is defined by that archive, and that Knowledge Base will, as
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schematically in figure 2-2.

Interpreted _
Data using its Representation Yiel Information
Object Information Object
Figure 2-2: Obtaini ormation from Data

In order for this Information Object to be successfully preserved, it is critical for an OAIS to
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The choice, for an OAIS, to collect all the relevant Representation Informatior
its existence in another trusted or partner OAIS archive, is an impl
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 so
network of Representation Information objects involved However

erstandable
is harder to

preservation requirement may necessitate that the software \programs and interfaces used to
access the data be preserved. This problem may be further complicated by the proprietary
nature of some of the software. Various techniques for preserving the look and feel of
information access are currently the subject of research and prototyping. These techniques,
which include hardware level emulation,/emulation of various common service APIs, and the
development of virtual machines, i igate the preservation of the original bit stream and
software across technology. Th IS reference model does not focus on these
emerging techniques, it should provide an hitectural basis for the prototyping and
comparison of these techniques/ A more detailed discussion of the issues involved in the
preservation of look and feel of information access can be found in 5.2 of this document.

2.2.2 INFORMATION PAC E DEFINITION

The definition of
this and the follo
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Preservation
Content e
Description

Information )
Information

Packaging Information

Package 1

S

Descripti
In tion

The Content Information is that information/which is the original target of preservation. It

Hysical Object or Digital Object, i.e., bits) and its
needed to make the Content Data Object
example, the Content Data Object may be

associated Representation Informatio
understandable to the Designated Community.
an image that is provided as the bit'content of one

has been clearly defined can an assessment of the
be made. The Preservation Description Information
is needed to preserve the Content Information, to

of preserving information calied Provenance, Context, Reference, Fixity and Access Rights.
Briefly, they are the follo :

— Context describes how the Content Information relates to other information outside
yation Package. For example, it would describe why the Content
vas produced, and it may include a description of how it relates to
er Content Information object that is available.
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— Fixity provides a wrapper, or protective shield, that protects the Co rformation
from undocumented alteration. For example, it may involve a che over the
Content Information of a digital Information Package.

the OAIS permissions for preservation operations, licensing.of
specifications for rights enforcement measures, as well as
specifications.

The Packaging Information is that information which, eithe or logically, binds,
identifies and relates the Content Information and PDI. ample, if the Content
Information and PDI are identified as being the content of specific-files on a CD-ROM, then
olume/file structure on the CD-
) iles on CD-ROM disk. Other
examples of packaging include XFDU (reference [D12]) \where the Packaging Information
i [ method.

the Content Information of interest. Depending on the setting, this may be no more than a
descriptive title of the Information Package that appears in some message, or it may be a full
set of attributes that are searchable j i

nally, the OAIS may provide to Consumers information that
does not include all the Representation Information or all the PDI with the associated Content
minated. These variants are referred to as the Submission
the Archival Information Package (AIP), and the Dissemination

produeced from multiple SIPs produced at dlfferent 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 produce many AIPs. Even in the first
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Content Information. The AIP may also contain a collection of ot
discussed and modeled in section 4. The Packaging Information of the A
OAIS internal standards, and it may vary as it is managed by the OAIS.

In response to a request, the OAIS provides all or a part of an
of a Dissemination Information Package (DIP). The DIP ma

Packaging Information may take various forms.

2.3 OAIS HIGH-LEVEL EXTERNAL INTERACTIONS

vel view of the interaction between the entities
fe 2-4 is a data flow diagram that represents the
This diagram concentrates on the flow of
OAIS and does not include flows that
er in section 4.

The following subsections present a high-
identified in the OAIS environment. Fig
operational OAIS archive external 'ﬁ flow
information among Producers, Consurmers and
involve Management. These flows/are dealt with furi

CCSDS 650.0-P-1.1 2-8 August 2009



DRAFT CCSDS RECOMMENDED STANDARD FOR AN OAIS REFERENCE MODEL

Producer
Submission
Information
Packages
OAIS
Archive
Information
Packages
query
responses
Legend Disseminatio Consumer
[ = Entity Information
Information Packages
= Package Data
Object
—> = DataFlow
Figure 2-4> OAIS ive External Data
2.3.1 MANAGEMENT ION

Management provides the O th its charter and scope. The charter may be developed by
the archive, but it is important t anagement formally endorse archive activities. The
scope determines the breadth of both the Producer and Consumer groups served by the
archive.

Some examples of typ nteractions between the OAIS and Management include:

nagement determines, or at least endorses, pricing policies, as applicable, for
S services.

nagement participates in conflict resolution involving Producers, Consumers and
AIS internal administration.
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Effective Management should also provide support for the OAIS by establishi
that assure OAIS utilization within its sphere of influence. For example
policies should require that all funded activities within its sphere of influence
products to the archive and also adhere to archive standards and procedures.

2.3.2 PRODUCER INTERACTION

The first contact between the OAIS and the Producer is a reque

‘ offerlng of information and
g case where no formal

virtual Submission Agreement may exist specifying the file fo
matter the OAIS will accept.

ats and the general subject

Within the Submission Agreement, one Q
There may be significant time gaps b

more Data Submission Sessions are specified.
ween the Data Submission Sessions. A Data
Ps delivered as a set of media or via a single
Session content is based on a data model
e Producer in"the Submission Agreement. This data
ponents of the SIP (e.g., the Content Data Objects,
Ing Information, and Descriptive Information) that
ther) they are represented in each Data Submission
mission Agreement are recognized as belonging to
nerally have a consistent data model, which is

model identifies the logical
Representation Information, P
are to be provided and how
Session. All data deliveries within
that Submission Agreement and will

specified in the Submiss Agreement. For example, a Data Submission Session may
consist of a set of Co ion corresponding to a set of observations, which are
carried by a set of files 6 D-ROM. The Preservation Description Information is in this

example split between two_ather files. All of these files need Representation Information
which must be-provided in son
Packaging Inf t|n wh|c prowdes encapsulatlon and |dent|f|cat|on of the Content
Informatic [

SIP Centent Information and PDI, and how frequently Data Submission Sessions (e.g., one
ef /month-for two years) will occur. It also gives other needed information such as access

Data Submission Session is expected to meet minimum OAIS requirements for

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,
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or references, the procedures and protocols by which an OAIS will either he arrival
and completeness of a Data Submission Session with the Producer or ques
on the contents of the Data Submission Session.

2.3.3 CONSUMER INTERACTION

There are many types of interactions between the Consumer and the These
interactions include questions to a help desk, requests for lite e, catalog
and order status requests. The ordering process is of specia [

Model, since it deals with the flow of archive holdings between the OAIS\and the Consumer.

IS for ir ation. This information
may currently exist in the archive or be expected gested in the future. The Order
Agreement may span any length of time, and under i ata Dissemination Sessions
may take place. A Data Dissemination Session may involve the/transfer 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 into Dissemination Information Packages
(DIPs) and how those DIPs will be packaged in a Data Dissemination Session. The Order
Agreement will also specify other needed information such as delivery information (e.g., name or
mailing address), rights information (g’g.;-usage restrictions, authorized Consumers, or license
fees) and any pricing agreements as/gpplica There are two common order types initiated by

oc Order.

f interest, the Consumer will establish a Search Session
with the OAIS. During this S Session the Consumer will use the OAIS Finding Aids
that operate on Descriptive Information, or in some cases on the AIPs themselves, to
identify and investigate_potential holdings of interest. This may be accomplished by the

es and jurn of query responses, e.g., 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
f interest, the Consumer may provide an Order Agreement that
of the AIPs the Consumer wishes to acquire, and how the DIPs will
OAIS. If the AlPs are available, an Adhoc Order will be placed.

specific holdings of the O

information expected to be received on the basis of some triggering event. This
Yy be periodic, such as a monthly distribution of any AIPs ingested by the OAIS from
a specifi¢c Producer, or it may be a unique event such as the ingestion, or creation, of a

holdings to be included in each new Data Dissemination Session.
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3 OAIS RESPONSIBILITIES

Subsection 3.1 identifies the minimum responsibilities that shall be discha
Subsection 3.2 gives some examples of mechanisms to discharge these
although not all of these will be applicable to all OAISes, and 1.5-provides references to
some relevant standards.

3.1 MANDATORY RESPONSIBILITIES

This subsection establishes mandatory responsibilities that a
order to operate an OAIS archive.

ion must discharge in

The OAIS shall:
— Negotiate for and accept appropriate information fr

— Obtain sufficient control of the information provi
Long Term Preservation.

conjunction with other parties, which communities
Community and, therefore, should be able to

Determine, either by itself or ir

provides example mechanisms for discharging the responsibilities of 3.1.
hese mechanisms will be applicable to all OAISes.

EGOTIATES FOR AND ACCEPTS INFORMATION

An organization 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, accept. These
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criteria may include, among others, subject matter, information source, degree of u
originality, and the nature of the techniques used to represent the information
media, digital media, format). The information may, in general, be submittec

material, or scanning text.

Negotiation can embrace a range of possible actions, an
be carried out for each SIP, for each Producer, or fo
extensive human contact or machine-machine negotiations, s
between a web crawler and a web server when deciding what,

The OAIS should extract, or otherwise obtair, sufficient Descriptive Information to assist the
Designated Community in finding the t Information of interest. It also should ensure
that the information meets all OAIS in

3.2.2 OBTAINS SUFFICIENT CONTROL FOR PRESERVATION

ecognize the separation that can exist between physical
ownership or possession of Conte ormation and ownership of intellectual property rights
in this information. If it has created the information and is the legal owner of the Content
Information, the OAIS-already has the independence to do what is required to preserve the

It is important for the OAI

the agreemen fy what involvement the rightsholder(s) will have in preservation,
¢lease of the information. In most cases, it will be preferable for the OAIS
to negotiate an agreement that specifies the rightsholder(s) requirements and authorizes the
in accordance with those requirements without active involvement of the
in individual cases.

st assume sufficient control over the Content Information and Preservation
nformation so that it is able to preserve it for the Long Term. There is no issue
with the AIP’s Packaging Information because, by definition, this is under internal OAIS
control. The problems of assuming sufficient control of the Content Information and
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Preservation Description Information, when they are largely digital, are addressed in three

related categories, as follows:

S

— copyright implications, intellectual property and other legal restrictio
— authority to modify Representation Information;

— agreements with external organizations.

a custodian. An OAIS should understand the intellectual property rights concepts, such as
copyrights and any other applicable laws prior to accepting cepyrighted materials into the
OAIS. It can establish guidelines for ingestion 0 ormation and rules for dissemination
| )
g

and duplication of the information when necessary

to provide details of national and international copyright laws.

Authority to modify Content Information: Although
Preservation Description Information of an AIP ensures that the Content Information-related
bits have not been altered, there will come a time when Content Information bits are not in a
form that is convenient for the Consumers from the Designated Community. The Content
Information bits may be fully docu d in available hardcopy forms, so technically the

p ensure that information is not lost. Ideally, when this
Ps (fully described) and new AIPs will be retained.

therefore, this becomes the Designated Community.
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ensure that this community can understand the information.

The possible changes to the definition of the Designated Commu
Information originally intended for a narrowly defined commun

ally intended to
be understandable to a particular scientific community may need to gde understandable
to the general public. This is likely to mean addi in support of the
Representation Information and the Preservation Desc formation, and it can become
increasingly difficult to obtain this information over time. Selecting/a broader definition of
the Designated Community (e.g., general public) when the inforpation is first proposed for
Long Term Preservation can reduce this concern and also improve the likelihood that the
information will be understandable to all in the original community.

3.24 ENSURES INFORMATION I EPENDENTLY UNDERSTANDABLE

The degree to which Content Information and sociated PDI conveys information to a
Designated Community is, in genefal, quite subjective. Nevertheless, it is essential that an
er to maximize information preservation. Digital

Information objects involved, and this is.discussed in 4.2.

For example, conside
temperature, pressure,
a year. This type of in
direct human browsing
manipulation by-application

Content Information from a digital set of observations of rainfall,
d-velocities, and other parameters measured all over the world for

software. Such content may only be understandable to the
re is adequate documentation of the meaning of the various
ationships, and how the values relate back to the original
gt made the observations. In such specialized fields extra effort is needed
Content Information and the Preservation Description Information are

Designated Community, over time the Knowledge Base of this community may evolve to the
point that important aspects of the information may no longer be readily understandable. At
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the purpose for which it was created is clearly documented, much of
This “purpose’ information is part of its Context and must be pro
Description Information.

is great when such software is relied upon for inf
because it may cease to function under only sm
environment. This may not be recognized unless
validation program.

s to the hardware and software
vigorous, ongoing, testing and

unless allowed as part of an
appropriate policies and pro

ormation or PDI will need to be carefully monitored and

This attention to detail, while also ensuring against
processing errors, requires that strong policies and procedures be in place and that they be
executed.
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The Archive should have a formal Succession Plan, contingency plans, and/or escrow
arrangements in place in case the archive ceases to operate or the governing
institution substantially changes its scope.

3.2.6 MAKES THE INFORMATION AVAILABLE

By definition, an OAIS makes the Content Information in its AIPs visible and a
Designated Communities. Multlple views of its holdlngs supperted-hy variou

as technology evolves. Pressures for more effective/ a > hould be balanced with the
requirements for preservation under the available resource

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 b
networks and physical media.

| varieties of communication paths, including
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4 DETAILED MODELS

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

41 FUNCTIONAL MODEL

The OAIS of figure 2-1 is separated in figure 4-1 into s al \entities and related
interfaces. Only major information flows are shown. The lines¢co ing entities identify

communication paths over which information flows in both directions. The lines to
Administration and Preservation Planning are dashed/only\to reduce diagram clutter.

\Y

Preservation Planning

P | C
R Descriptive | Descripti've 0
Information | ta Information
N M ent \ P queries N
D | I query responses S
—> >
u SIP Ingest 1 . Access _ | orders U
C I : Archival ! < M
E : A orage 1 AP ; DIP E
R . | : R
|
inistration

MANAGEMENT

Figure 4-1: OAIS Functional Entities

agé (AIP) which complies with the archive’s data formatting and documentation
standards, extracting Descriptive Information from the AIPs for inclusion in the archive
database, and coordinating updates to Archival Storage and Data Management.
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disaster recovery capabilities, and providing AIPs to Access to fulfill orde

The Data Management entity provides the services and functions
maintaining, and accessing both Descriptive Information which identifies and
archive holdings and administrative data used to manage the arechive:-. Data Management

The Administration entity provides the services and e overall operation of
the archive system. Administration functions include soliciti negotiating submission
agreements with Producers, auditing submissions to ensure that thiey meet archive standards,
and maintaining configuration management of system hardware and software. It also
provides system engineering functions to menitor and improve archive operations, and to
inventory, report on, and migrate/update thecontents of the archive. It is also responsible for
establishing and maintaining archive standards and policies, providing customer support, and

activating stored requests.

rovides the services and functions for monitoring the
mendations and preservation plans to ensure that
mains accessible to, and understandable by, the
Term, even if the original computing environment
ing functions include evaluating the contents of the

The Preservation Planning enti
environment of the OAIS, provi
the information stored in t
Designated Community over t
becomes obsolete. Preservation P
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In addition to the entities described above, there are various Common Servi
be available. These services are considered to constitute another functio
model. This entity is so pervasive that, for clarity, it is not shown in figure 4-

411 DETAILED DESCRIPTION OF FUNCTIONAL ENTIT

In the following subsections, specific flows of information among the entit
in |taI|cs the first time they appear in the text The detail

to demonstrate overall consistency. However, thi
design or implementation, and actual implementati
mapping to the functions shown, and may for exa
out functionality differently.

41.1.1 Common Services

Modern, distributed computing applications assume a number of supporting services such as
inter-process communication, na vices, temporary storage allocation, exception
handling, security, backup and directory serviees. Much excellent work has already been
done in the area of open system,environment reference models. Examples of such services
include:

J¢’ the core services needed to operate and administer the
application platform, and provide an interface between application software and the platform.

extension includes the application and operating system interfaces needed
upport those application domains requiring deterministic execution, processing,
d responsiveness. The extension defines the applications interface to basic system
ervices for input/output, file system access, and process management.

ystem management includes capabilities to define and manage user resource
allocation and access (i.e., what resources are managed and the classes of access
defined), configuration and performance management of devices, file systems,
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administrative processes (job accounting), queues, machine/platfo
authorization of resource usage, and system backup.

n_ profiles,

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

distributed

Network services provide the capabilities and mechanisms to ,
eterogeneous,

applications requiring data access and applications interoperability in h
networked environments. These services include the following:

— Data communication includes API and protocol \specifications for reliable,
transparent, end-to-end data transmission across communications nefworks.

— Transparent file access provides access to available
heterogeneous network.

files located anywhere in a

— Personal/micro computer support provides support for intéroperability with systems
based on other operating systems, particularly microcomputer operating systems,
which may not be formally specified in a national or international standard.

— Remote Procedure Call services jinclude specifications for extending the local
procedure call to a distributed enviranment.

authentication, confidentiality, integrity,
ement of communications between senders

d mechanisms to protect sensitive information and
he appropriate level of protection is determined based
upon the value of the information to plication end-users and the perception of threats to

ervice confirms the identities of requesters for use of

information system resgurces. In addition, authentication can apply to providers of
data. The authentication service may occur at the initiation of a session or during a
session

— Acce | service prevents the unauthorized use of information system resources.
THi e-also-prevents the use of a resource in an unauthorized way. This service
may applied to various aspects of access to a resource (e.g., access to
communications to the resource, the reading, writing, or deletion of an

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

egrity service ensures that data is not altered or destroyed in an unauthorized
This service applies to data in permanent data stores and to data in
emimunications messages.
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service will ensure that observation of usage patterns of communications_resources
will not be possible.

) exchange
f two forms.

livery of data. This
protects against any subsequent attempt by the recipie
data or its contents.

The functions of the Ingest Functional Entity are illustrated in‘figure 4-2.
_ Report
SIP, AIP [for audit] Audit repor €
A" Data formatting & doc. stds ( € I;ate
d >
m [Updated] SIP P AlP
i ? Receive > Generate Report
— Submissio Descriptive
A SIP Infz request
i s
> AlP Descriptive J
t Info
¥ Data
r Descriptive Management
a
Co-ordinate Info T
t Updates < Database
! Database update
request
Storage reques{ Storage updatet q
AIP confirmation ~ fedues
Archival
Storage

Figure 4-2: Functions of the Ingest Functional Entity

The Receive Submission function provides the appropriate storage capability or devices to
receive a SIP from the Producer (or from Administration). Digital SIPs may be delivered via
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mounted (e.g., CD-ROM) on the archive file system for access. Non-digita
likely be delivered by conventional shipping procedures. The Receive Submis
may represent a legal transfer of custody for the Content Information in the SIP
require that special access controls be placed on the contents. This i
confirmation of receipt of a SIP to the Producer, which may include a
SIP in the case of errors resulting from the SIP submission.

Description. 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. The Archive may express an
evaluation of the Authenticity of its/ holdings, based on community practice and
recommendations (including best practi idelines, standards, and legal requirements).
For example scientific archives may./have stringent evaluation criteria than State
archives; however, the Consumer. may make his/lier own judgment of the Authenticity

The Generate AIP fun ms one or more SIPs into one or more AlPs that conform
to the archive’s data formatting standards and documentation standards. This may involve
file format conversions, data representation conversions or reorganization of the content
Generate AIP function may issue report requests to Data

ain reports of information needed by the Generate AIP function to
ormation that completes the AIP. This function sends SIPs or

ects Descriptive Information from other sources to provide to Coordinate
Itimately Data Management. This includes metadata to support searching and
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The Coordinate Updates function is responsible for transferring the AlP
Storage and the Descriptive Information to Data Management. Transfer of
a storage request and may represent an electronic, physical, or a virtual (i.
place) transfer. After the transfer is completed and verified, Archival Storage returns a
storage confirmation indicating (or verifying) the storage identificati 1 for the
AIP. The Coordinate Updates function also incorporates th identification
information into the Descriptive Information for the AIP and i the Data
Management entity along with a database update request. anagement
provides a database update response indicating the status o

Archival

4.1.1.3 Archival Storage

The functions of the Archival Storage Functional Entity ar
‘media’ is used to designate one or more mechanisms, lo
encoded information.

r remote, for storing digitally

|
n . Storage request\ AlP A
g AP 7 >

Storage ¢
€ confirmation € > C
S

AlP Notice of E
t AP request data s
) Storage transfer s
mEMt  Mana

d policies Storage Error

> i

- > Checkin
m Operational  ierarchy Error logs g
; statistics A
N Potential error
) ? notification
i
s Disaster
. recovery Disaster
policies - Recovery
. >
ommands AlP AlP I I Duplicate AIP
y/ v A 4
i media

Figure 4-3: Functions of the Archival Storage Functional Entity

Receive Data function receives a storage request and an AIP from Ingest and moves the
AIP to permanent storage within the archive. The transfer request may need to indicate the
anticipated frequency of utilization of the data objects making up the AIP in order to allow
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The Manage Storage Hierarchy function positions, via commands, th
on the appropriate media based on storage management policies, op
directions from Ingest via the storage request. It will also conform to any spec
service required for the AIP, or any special security measures tf e

the appropriate level of protection for the AIP. These include ¢

backup procedures. It monitors error logs to ensure AIPs are not

This function also provides operational statistics inistration summarizing the
inventory of media on-hand, available storage capaci various tiers of the storage
hierarchy, and usage statistics.

The Replace Media function provides the capability to re uce the AIPs over time.
Within the Replace Media function the Content Information and Preservation Description
Information (PDI) must not be altered. /However, the data constituting the Packaging
Information may be changed as long as it gontinues to perform the same function and there is
a straightforward implementation that/does-not cause information loss. The migration
strategy must select a storage mediumtaking into-consideration the expected and actual rates
performance, and their costs of ownership.
tape block sizes, CD-ROM volume information) have
nformation, a way must be found to preserve this
apacity media with different storage architectures.
5.1.3, this function may perform ‘Refreshment’,
‘Replication’ and ‘Repackaging’ tha raightforward An example of such ‘Repackaging’

been included as part of the
information when migrating 1

, med under Administration superV|S|on by the Archival
Information Update functien/to ensure information preservation. (Refer to 5.1.3 for a
ion issues.)

e/PDI Fixity Information provides some assurance that the Content
has not been aItered as the AIP is moved and accessed. Similar information is

coding to-support combined error detection 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.
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The Disaster Recovery function provides a mechanism for duplicating the digita
the archive collection and, for example, storing the duplicate in a physicall
This function is normally accomplished by copying the archive contents
removable storage media (e.g., digital linear tape, CD-ROM), but may also b
hardware transport or network data transfers. The details of disas
specified by Administration.

antents of

transfer to Access upon completion of an order.

4.1.1.4 Data Management

The functions of the Data Management Functional Entity are, illustrated in figure 4-4.
| Report Report
request
n _ Report request
€ > nerate Report <€ > A
& Descriptive info C
e L Database update response L Report C
s €
t E
Query S
A < request s
p Report Und Perform €—>
p .
reqteét Queries Query
m Polici A response
i olces > Administer
n Descriptive info Database
i A
S Status of up v v
t € O eceive
Systern updates abase
r Review pdat Updates
a I
t
) A 4 \ 4 \ 4
Y database

e 4-4: Functions of the Data Management Functional Entity

ister Database function is responsible for maintaining the integrity of the data
eént database, which provides a storage mechanism, which can be queried in some
or 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
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schema or table definitions required to support Data Management functions; for
capability to create, maintain and access customized user views of the co
storage; and for providing internal validation (e.g., referential integrity) of the
database. The Administer Database function is carried out in accordance
received from Administration.

The Perform Queries function receives a query request from Access and ex query
to generate a query response that is transmitted to the requester.

The Receive Database Updates function adds, modifies or o ,
Management persistent storage. The main sources of updates are Ingest, which provides
Descriptive Information for the new AIPs, and Administration, which provides system
updates and review updates. Ingest transactions consist of Descriptive Information which
identifies new AIPs stored in the archi System updates include all system-related
information (operational statistics, Copsumer information, and request status). Review

function provides regular reports
database, and also sends a datab

Administration summarizing the status of updates to the
update response to Ingest.
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Management Updates Status
¢ > Manage
Data
Reports Physical M S\'(stem_
A anagement @3 Configuration
Cccess
- Report Report AN N\
Control Policies Migratia
request
Policies package
Budget,
Policies . System evolution policies .
Establish info
| € Standards Inventory’reports
F . icies > Archival Storage
n Dormatstssﬁ g and Policies Policies Operational statistics Vv .
g OCU'L‘e" ation stds. - reservation
e chselpures | Recommendations Approved stds - Planning
/SIP templates . Proposals, Risk analysis reports igration goals A
s Archival h s p d Tool
R ange requests, Procedures, Tools
t Information <€ 221
Updated] SIP _
Update < —
DIP Dissemination reques
Audit Report /tr\
€ Audit €
uai
; SIP, AIP .. AIP/SIP reviews w \\4
<'-e'“ > Submission Cg‘:::;‘:i;
) Ac
Appeal N Special cess
P request Dissemination
r  Final ingest report SIP design Billing info request
e SIP [for approval
0 € [for approval]
d Activate
u Final ingest report Requests
c er Service
e Submission/schedule v - -
agreement Negotiate SPeC_'a| Special Consumer
r Submission ~AIP/SIP templates service request
Agreement stomisation advice request response

submission
Submission Agreement. The Producer-Archive Interface Methodology Abstract Standard

age System Configuration function provides system engineering for the archive
to monitor continuously the functionality of the entire archive system and
systematically control changes to the configuration. This function maintains integrity and
tractability of the configuration during all phases of the system life cycle. It also audits
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system operations, system performance, and system usage. It sends report iequests for
system information to Data Management and receives reports; it receive 1on
statistics from Archival Storage. It summarizes those reports and periodically provides O
performance information and archive holding inventory reports to Preservation Planning

receives migration packages from Preservation Planning. It receives_system evolution
policies from the Establish Standards and Procedures function. Bas
develops and implements plans for system evolution. It sends change
and tools to Archive Information Update.

The Establish Standards and Policies function is responsible for establishing and
maintaining the archive system standards and policies. It receives budget information and
policies such as the OAIS charter, scope, résource utilization guidelines, and pricing policies
from Management. It provides jement with periodic reports. It receives

time due to network outage, software bugs, hardware
ake the appropriate decisions to minimize the risk
nts. It also receives performance information and
ge System Configuration. Based on these inputs and
are established and sent to other Administration
for implementation. The standards include format

ive’and the review committee. It must verify that there is adequate Representation
Information and PDI to ensure that the Content Information is understandable and
independently usable to the Designated Community. The formality of the review will vary
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depending on internal archive policies. The Audit process may determine tha ne_portions

decision to Administration. After the audit is completed, a final ing
provided to the Producer and to Negotiate Submission Agre
potentially include sampling, periodic review, and peer review.

ation r
Access. This function can also generate orders on a periodic basis-where the length of the

The Customer Service function will create, maintain and
collect billing information from Access and will send 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.

&
X
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4.1.1.6 Preservation Planning

The functions of the Preservation Planning Functional Entity are illustrated in fig

S
>

Administration
AIP/SIP templates

AIP/SIP review Proposals; Recommendations; Risk analysis re
Migration packages

Customization advice Operating policies, procedures, standards

Inventory reports; Performan
Consumer comments

Approved standards

TPTOY Develop
Migration goals p .
v reservation L
i losues Strategies and Technology alerts
Develop. Packaging Advice Standards d
Designs &
Migration Plans
“Prototyp Preservation
results requirements
> Monitor
Designated
Consumer w) Community Prototype

Service
requirements

requests

roduct technologies

Figure 4-6: Functio eservation Planning Functional Entity

The Monitor Designated Comm function interacts with archive Consumers and
Producers to track changes in their service requirements and available product technologies.
Such requirements might include data formats, media choices, preferences for software
packages, new computi w 3 and mechanisms for communicating with the archive.
This function may be accomplished via surveys, via a periodic formal review process, via

are.feedback is solicited or by individual interactions. It provides
and emerging standards to the Develop Preservation Strategies

Develop Preservation Strategies and Standards and from Develop Package

NS & igration plans. This function sends reports, external data standards, prototype
results and’'technology alerts to Develop Preservation Strategies and Standards. It also sends
prototype results to Develop Package Designs and migration plans.
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Communities and Monitor Technology functions, & it receives operating policies,
procedures and standards, performance informal in y reports and summarized

evolution to Administration. This function also receive ternal data standards from
Monitor Technology and produces profiles of those standards'that are sent to Administration
as proposals on their potential usage. This function also receives issues from Develop
Packaging Designs and migration plans in/the case of unanticipated submission requirements,
and responds with advice to handle the'new requirements.

Package designs and detailed
policies and directives. Thi
Information Package desi
submissions. This functién ‘receives archive approved standards and migration goals from
Administration.  The standards include format standards, metadata standards and
plies these standards to preservation requirements and
provides AIP and SIP template designs to Administration. This function also provides
customization ad ' P/SIP review to Administration on the application of those

designs. If this funct
and procedures, it can ‘sg
recelve adV|ce including

resources from other functions within Preservation Planning, such as prototype development
om Monitor Technology. This effort also will require consultation from the other
nctional areas and from the Designated Community. Once the migration plan, associated
AIP designs, and software have been tested and approved by Administration, this function
will send the entire migration package to Administration. These proposals for the migration
plan are received and approval granted (or denied) by the ‘Establish Standards and Policies’
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function of *Administration’. The ‘Preservation Planning’ entity develops,
supplies the migration packages on the basis of this approval; Administration
performs the migration plans.

4.1.1.7 Access

The functions of the Access Functional Entity are illustrated in figure 4-7.

Order
{\ssistance request
Query request Query request
> Report request
D Request response P q c
a . (0]
t Co-ordinate SDIS:(:;TT:hfenstrequeSt N
a Access P g S
Activities U

M Notice of M
a lshipping order E
n R
a > Deliver —m8 —w8w«>

DIP  Response DIP
g DIP ery response Query response
€ DIP Report Report

nce Assistance
m
e
n <Report kLR > Archival Storage
t Descriptive info AlP

request

-line service, but might also be implemented in the form of a walk-in
log ordering service, or fax-back type service. Three categories of
distinguished:  query requests, which are executed in Data

The Archival Information Update function in Administration 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
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estimate of request cost and an option to cancel the request). It will then transfer the request
to Data Management or to the Generate DIP function for execution. Thi I
provides assistance to OAIS Consumers including providing status of orders and other
Consumer support activities in response to an assistance request.

personal data to ensure consistency with the user rights\ also come under this type of
operation. This function places the completed DIP responsg’ in the temporary storage area
and notifies the Coordinate Access Activities function that the DIP is ready for delivery. It is
worth noting that in some implementations the AIP content or the DIPs could be kept in

ships the response. When the response has been
oed-order is returned to the Coordinate Access Activities function

s the more significant data flows. To avoid complicating this figure, the
data flows, which are generally background activities, are isolated to an
ontext diagram, figure 4-9. Data flows associated with Common Services
icit in the illustrated functions, and are therefore not shown.
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Figure 4-9: Administration Context Diagram
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4.2 INFORMATION MODEL

the specific Information Objects that are used within the OAIS to
information entrusted to the archive. This more detailed model of
Objects is intended to aid the architect or designer of future OAI

As discussed in section 2, the primary goal of an OAIS e information for a
designated community over an indefinite period of time. In orde aserve this information
an OAIS must store significantly more than the conten g IS expected to preserve.
This subsection analyzes those information requirery sed to describe the object classes of

data associated with an OAIS. This subsection uses
model diagrams to illustrate the concepts discussed in the text/ /An overview of the notation
used and critical object modeling concepts is presented in\annex C of this document. An
understanding of this notation is required for a full understanding of the concepts presented in
this subsection.

e information required for effective Long Term
4.2.2 describes the conceptual objects and

Subsection 4.2.1 provides a model
Preservation of information.
containers that represent the contents of an O

421 LOGICAL MOD ORARCHIVAL INFORMATION

4.2.1.1 Information Object

A Dbasic 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 conce o" ¢’ Information Object is composed of a Data Object that is either
physical or digital, and thé Representation Information that allows for the full interpretation
of the data into meaningful information. This model is valid for all the types of information
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Information
Object

T <

Interpreted using

Data Representation
. > .
Object ormation
Physical Digital
Object Object
1
1.%

Bit

Figure 4-10; Information Object

4.2.1.2 Data Object

e-expressed as either a physical object (e.g., a moon rock) together
ation, or it may be expressed as a digital object (i.e., a

The Data Object may &
I
he Representation Information giving meaning to those bits.

with some Representa
sequence of bits) togeth

mation accompanying a digital object, or sequence of bits, is used to
al meaning. It typically maps the bits into commonly recognized data types
integer, and real and into groups of these data types. It associates these
eanings: this includes the description of the, possibly complex, ways
] errelated (for example, Representation Information could indicate that three
nmbers represent temperature latitude and Iongltude and they are expressed in degrees

The Representation Information accompanying a physical object like a moon rock may give
additional meaning, as a result of some analysis, to the physically observable attributes of the
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rock. This information may have been developed over time and the res if-provided,
would be part of the Information Object.

The remainder of this subsection focuses on the Representation Information ob n the

Data Object is specialized as a Digital Object.

4.2.1.3.1 Representation Information Types

The Digital Object, as shown in figure 4-10, is itself compose or more bit sequences.
The purpose of the Representation Information object is t e bit sequences into
more meaningful information. It does this by describing , or data structure
concepts, which are to be applied to the bit sequences and HT turn result in more
meaningful values such as characters, numbers, p'ays, tables, etc. These common
computer data types, aggregations of these data types, and mapping rules which map from the

structures are commonly identified by name or by relative position within the associated bit
sequences. The Structure Information is often referred to as the “format’ of the digital object.

described as such in the Structure Information, the additional information as to which
language was being expressed; should be provided. This type of additional required
information is referred to as antic Information. When dealing with scientific data,

4-11 emphasizes the fact that Representation Information contains both Structure Information
and Semantic Infopm 'n although in ‘some |mplementat|ons the dlstlnctlon IS subjectlve It

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

Structure Information, Semantic Information and Other Representation Information are both
sub-types and components of Representation Information.
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Representation Information is an Information Object that may have its own Dig Qbject

shown in a compact form by the ‘interpreted using’ association. The resulting
can be referred to as a Representation Network.

Interprétéd usin

L7

Representation 1

1
%k
Structure Semantic Other .
. < , Representation
Information adds rmation ;
Information

Figure 4-11: Representation Information Object

entation Networks

ormation, which is itself an Information Object, may be expressed in
a paper document) or in digital forms. When the Representation

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 Representation Information.

CCSDS 650.0-P-1.1 4-22 August 2009



DRAFT CCSDS RECOMMENDED STANDARD FOR AN OAIS REFERENCE MODEL

with the use of only text descriptions is that such descriptions ca
addressed by the use of standardized, formal description language
constructs with which to describe data structures. These languages
augmented with text descriptions to convey fully the semantics of the
Information.

As the Knowledge Base of the Designated Community change 1e, the Representation
Network may need to change accordingly. As noted in 2.2, an s'a choice of whether
i reference its existence in another
d organization decision.

The Content Information must be defined and separate Content Data Object and
Representation Information. It is again an implementation organization decision related
to the way Data Objects are ingested and stored in the OAIS. For example, in the case of
performing arts, the Content Data Object may be the score as a PDF document, and the
Representation Information would inc whatever information is needed to re-perform (as
uch as the way to display the PDF file, the audio

2 fion Information are Representation Rendering Software
Representation Rendering Software is able to display the
For example, the file and directory

This standard IS Representatlon

s used to render the Representation Information. If the OAIS does not also obtain
lated description of PDF, it needs to record and track this fact because when PDF

expressed as a PDF object will need to be migrated to a new form.
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services, such as displaying, manipulating, processing, or sub-setting, to an
Object. For some types of Digital Objects, such software may be widely available.
necessary for the OAIS to maintain or provide such software. The QA
maintain and provide this software for more specialized types of Digital Ob

Since Access software will incorporate some understanding of the Representation

underlying operating environment. It may be difficult\to tell,
Representation Information is missing. The use of Access So @ executables, without the
source code, 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 e research. This is a significant issue for those
desiring to preserve a look and fee ormation access. Migration and software

ion Information objects, Packaging Information objects, and Descriptive
jollowing subsections discuss the contents of each of the types of

the OAIS.
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Information
Object

Preservation .
Content Packaging

. Description .
Information P Information

. Information
Information

(Indicates
that the list
is not
exhaustive)

Figure 4-12: Information Object Taxonomy

42141 Content Information

The Content Information is t
the OAIS. Deciding what the Content Information is may not be obvious and may need to be

Object or a Physical Object (e.g.;
may serve as Content Information.

for a digital Content Data Object (both semantic and
transform the bits into the Content Information. In principal, this
ion of definitions (e.g., dictionary and grammar) of any natural
ed in expressing the Content Information. Over long time periods

such ~eases extra care needs to be exercised to ensure that the natural evolution of the
Designated Community Knowledge Base does not effectively cause information loss from the
Content Information.
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Content Information to the Consumer. Examples of this type of software \inc
processors supporting complex document format representations of Content Inforn
scientific visualization systems supporting representations of Content Information as a
series or a multidimensional array. Access Software may include rig
that allow the access to protected content. The software uses its knowledge o
Representation Information to provide these services.

Often required information will be embedded in the soft
Designated Community to present and analyze the Content

access to a digital Content Data Object may be preserve
convenience.

This is not difficult to do as long as the environment, which supports the software module, is
readily available. This environment consists-of some underlying hardware and an operating
system, various utilities that effectively augment the operating system and storage and display
devices and their drivers. A change to f these may cause the software module to no

e to replace Representation Networks is attractive
e resources needed to ingest data and provide current
e reliance on working software can provide major

fy the bits comprising the Content Data Object of the Content Information.

a Representation Information object that, in some way, addresses all the bits
¢ Content Data Object and converts them into more meaningful information.

3) For the Representation Information object identified, examine its content to identify if
it requires other Representation Information objects. If it does, obtain the required
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Representation Information objects. Repeat this step until additional

Representation Information objects are identified.

4) Of the Representation Information objects addressed in step 3, for each

5) The Content Information consists of the Content Data Object

the Representation Information fro
bits into meaningful physical values. Neither/the first file’s underlying media nor the
particular file system carrying the bits is part of the Content Information in this example.

needed to make this transformatio ause the following additional information is needed
— informatior he_second file is encoded in ASCII so that it can be read as
meaningful

- mformatlon on the characters are used to express the transformations from bits to
gful physics values.

Ily referred to as a combination of format information and data
, may also include instrument calibration values and information on

forming a linked set of Representations of Representations. This is a good example of the
complex Representation Net.
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sequences within the second file. The fact that some of these latter bit
interpret the first file’s bit sequences is just an example of a set of bits t
describing. It is irrelevant that some of the bits in the second file are the basi

Information is that information needed to turn them into meaningful.information. How extensive
this meaning is to be carried and how far the Representation Network e 0 be carried are local

As another example, consider an electronic file containing a wo
binary data object will have a complex format that can be seen'as a document only after it has
been viewed through use of associated Representation Informatior. In common practice, this
viewing will be provided by Access Software that can use internal, or external,
Representation Information. The Content Data Object is most likely to be defined as the bit
sequence content of the electronic file. Representation Information is a description of
the word processing format, at a mini d may include information deemed needed to
adequately understand the meaning ent as viewed. If the word processing
format is proprietary, and if adequate Representa Information cannot be acquired which
will at the least allow simply viewing, to ensure its Long Term Preservation it may be

d progessing document. This

preserved is not the full word processing view of the document, but simply a sequence of text
represented by ASCII characters. In this case, the OAIS
ext characters and save them as a text file. The Content
, most likely, as the bit stream made up of these characters.
on would be a description of how to interpret this bit stream as
ditional information deemed needed to adequately understand

Information with which it is associated. It is specifically focused on describing the past and
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present states of the Content Information, ensuring it is uniquely identifiable; and-ensuring it
has not been unknowingly altered.

This information is typical for all types of archives and has been classified mn.the ext of
traditional archives. However, the class definitions must be extende i

various popular Content Information types.

— Reference Information identifies, and if necessa bes, one or more
mechanisms used to provide assigned identifiers for the it Information. It also
provides those identifiers that allow outside s to refer, unambiguously, to this
particular Content Information. Example systems include taxonomic
systems, reference systems and registration syste
most if not all of this information is replicated in P
Consumers to access Content Information of interest.

he relationships of the Content Information to its
the Content Information was created and how it
bjects existing elsewhere.

— Context Information docume
environment. This includes
relates to other Content Informa

— Provenance Information documents history of the Content Information. This

tells the origin or source0f the Content Information, any changes that may have taken
and who has had custody of it since it was originated,
the Content Information. This gives future users some

providing an audi
assurance as to the

provides the Data integrity checks or validation/verification keys
at the particular Content Information object has not been altered in
anner. Fixity Information includes special encoding and error
that are specific to instances of Content Objects. Fixity Information
de the integrity preserving mechanisms provided by the OAIS

ess Rights Information identifies the access restrictions pertaining to the Content
formation, including the legal framework, licensing terms, and access control. It
tains the access and distribution conditions stated within the Submission
Xgreement, related to both preservation (by the OAIS) and final usage (by the
Consumer). It also includes the specifications for the application of rights
enforcement measures.
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These classifications provide a minimum set of PDI; they do not specify a data@

&
X
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Table 4-1: Examples of PDI

2\
N

Content
Information
Type Reference Provenance Context Fixity
Space +  Object + Instrument + Calibration CRC «  Identification of
Science Data identifier description history Check the properly
» Journal e Principal * Related Reed- authorized
reference Investigator data sets Solomo esgignated
* Mission, * Processing e Mission coding mmunity
instrument, history ¢ Funding Access Control)
title, ¢ Storage and history > Permission
attribute handling grants for
set history preservation and
e Sensor for distribution
description « Pointers to Fixity
¢ Instrument and Provenance
¢ Instrument Information (e.g.,
mode digital
¢« Decommutati signatures, and
on map rights holders)
¢ Software
interface
specification
¢ Information
Property
Descriptio
Digital « Bibliographic « Fors nr?ed\ * Pointers to Digital ¢ Legal
Library de;cription collections: related signature fr_amevyork(s)
Collections . P(_er5|st_e_nt . adata %qu_m'ents Checksum ¢ Licensing offers
identifier about the in,original Authenticity * Specifications for
digitization nvironmen indicator rights
process t at the enforcement
poi to time of measures
publication applied at
dissemination
time
¢ Permission
atjons: grants for
* pointer to preservation and
the digital for distribution
wriginal «  Information
. etadata about
about the watermarking
preservation applied at
process: submission and
* pointers to preservation time
earlier « Pointers to Fixity
versions of and Provenance
the Information (e.g.,
collection digital
item signatures, and
« change rights holders)
history
« Information
/\ Property
Description
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Content
Information
Type Reference Provenance Context Fixity Access Righ

Software * Name ¢ Revision * Helpfile ¢ Certificate . esignated
Package e Author/ history e User guide ¢ Checksum Community
Originator * Registration * Related ¢ Encryption e Legal
* Version ¢ Copyright software ¢« CRC framework(s)
number ¢ Information e Language Licensing offers
e Serial Property ifications for
number Description
enforgement
applied at
dissemination
time

Pointers to Fixity

and Provenance
Information (e.g.,
digital
signatures, and
rights holders)

The OAIS needs to explicitly decide what the exact definition of Content Information is in
order to be able to ensure that it also has the RDI needed to preserve the Content Information.

Once the Content Information has been determined, it is possible to assess the Preservation
Description Information.

4.2.1.4.3 Packaging Informatior

thitions or conventions. The Packaging Information does not
ved by an OAIS since it does not contribute to the Content
ever, there are cases where the OAIS may be required to

detail in section 5 of this document.
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4.2.1.4.4 Descriptive Information

The Information Objects described previously in this section provide\ the information
preserving information, the OAIS must provide adequate features to allow Consuniers to
locate information of potential interest, analyze that informa
information. This is accomplished through a specialization of the | ation Object called
Descriptive Information, which contains the data that serves as the input to documents or
applications called Access Aids. The Descriptive Information-is-generally defived from the
Content Information and PDI. The Descriptive Information i
enable efficient access to the associated Information Package. via associated Access Aids.
Access Aids are documents or applications that can be used t ¢,/analyze, retrieve, or
order information from the OAIS.

422 LOGICAL MODEL OF INFORMATION IN AN'OPEN ARCHIVAL
INFORMATION SYSTEM (OAIS)

The previous subsection defines the types. of Information Objects that are needed by an OAIS
to enable the Long Term Preservation/of information and effective access to the preserved
information by the Designated Community. This subsection uses those Information Object
descriptions to model the conceptual formation structures required to accomplish these
functions. The models presented in th bsection are not intended to imply an
implementation, but rather to/highlight the refationship among the types of information
needed in the archival proce

4.2.2.1 Information Packag

The conceptual structure for supporting Long Term Preservation of information is the
ation Package is a container that contains two types of
Information and the Preservation Description Information

, which identifies and delimits the Information Package. The Information
5 also associated with one or more Package Descriptions that describe the Content
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described delimited
by 1 by
Package < Information > Packag
Description * 1> Package < Information
% derived identifies
from
1 1

0.1

Content further described by

Information

Figure 4-13: Information Package Contents

4.2.2.2 Types of Information Package

There are three subtypes of the Information™P
Information Package (SIP), the Archival Informatio

kage identified in 2.2: the Submission
Package (AIP), and the Dissemination

Package types is shown in figure 4-

Information
Package

JAN

Archival Dissemination
Information Information
Package Package

Figure 4-14: Information Package Taxonomy
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It is necessary to distinguish between an Information Package that is preserved by.an OAIS

insufficient Representation Information or PDI to meet final OAIS preservation J
In addition, they may be organized very differently from the way the OAIS organizes the
information it is preserving. Finally, the OAIS may provide infor
does not include all the Representation Information or all the PDI witF :
Information being disseminated. These variants are referred to as th
Information Package (SIP), the Archival Information Package
Information Package (DIP). Although these are all Information Pack
mandatory content and the multiplicity of the associations a ;

The Submission Information Package (SIP) is tha
Producer. Its form and detailed content is typicall
OAIS. Most SIPs will have some Content Informa 3
several SIPs to provide a complete set of Content Infor on 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 willVapply to multiple SIPs from the same source, such
i hat is without Content Information. The Packaging

age that is sent to an OAIS by a
ed between the Producer and the
e PDI, but it may require

description with a name or d by the Packaging Information, by which the SIP may
be recognized.

Within the OAIS, one or more SIPs are transformed into one or more Archival Information

Packages (AIPs) : ion. The AIP has a complete set of PDI for the associated
Content Informatio p ay also contain a collection of other AIPs and this is
discussed and modele er in this subsection. The Packaging Information of the AIP will
conform to OAIS internal standards, and it may vary as it is managed by the OAIS. The
Descriptive sociated with an AIP may be extensive and will be managed by the
OAIS so onsumers can find and order the Content Information of interest

or may not have complete PDI. The Packaging Information will always be
some form so that the Consumer can clearly distinguish the information ordered.

er requirements. The Descriptive Information associated with a DIP may be
ith the transfer of the DIP, or it may be provided at any time before or after the
. Its purpose is to give the Consumer enough information to recognize the DIP from
among possible similar packages. It may be no more than a text description with a name or
title, as carried by the Packaging Information, by which the DIP may be recognized.
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The model for both of these packages is the same as for the |
figure 4-15 both in mandatory content and the multiplicit
contained classes. The subject of transformations between SIP and-A
DIP is further discussed in 4.3.

IP and bhetween AIP and

4.2.2.3 The Archival Information Package

An Archival Information Package (AIP), which is modeled in e 4-15, 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 Infopmaétion Objects. Within the AIP is the designated
Information Object, and it is called the nformation.

descr% delimited
< rchival by >

Package i
N formation Packaging
Description < Information
- Package - =
derived identifies
from
—ten further described by Preservation
0
, . —> Description
formation .
Information

Figure 4-15: Archival Information Package (AIP)

Also within the AIP is an Information Object called the Preservation Description Information
(PDI). The PDI contains additional information about the Content Information and is needed
to make the Content Information meaningful for the indefinite Long Term.
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The Preservation Description Information requirements in an AIP are much more.stringent
than the requirements for Preservation Description Information in the g ormation
Package. While no PDI objects are mandatory in an Information Package, a
information must be present in an AIP. This is illustrated in figure 4-16.
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\ ent/Information
is unknown may be adequate Provenance Information while in other OAIS ho dirigs it may be
mandatory that more complete provenance be researched.

Preservation
Description
Information
Reference Provenance ntext Fixity Access Rights
Information Information In ion Information Information

The AIP is delimited and by the Packaging Information. The Packaging
Information may lly be present as a structure on the media that contains the AIP or, it
may be virtual in it ined in the OAIS Archival Storage function. However, the
delimitation and intern ntification functions must be well defined in an OAIS

Each AIP is associated a structured form of Descriptive Information called the Package

ich enables the Consumer to locate information of potential interest, analyze

and order desired information. The information needed for one Access Aid

d Description. A single Package Description may contain several

escriptions depending on the number of different Access Aids that can locate,

visualize, retrieve or order the associated Content Information and PDI. Figure 4-17 is a
ram that models the Package Description and Access Aids.

CCSDS 650.0-P-1.1 4-37 August 2009



DRAFT CCSDS RECOMMENDED STANDARD FOR AN OAIS REFERENCE MODEL

Archival
. Package
Information @~ —— Descrintion
Package P
A
1 1 1
1.*
Associated
. Description
derived
*
from  1.*] 1“*1‘ 1
described by

Provide data fo

Retrieval Aid eee

Finding ering
Aid Aid
(Indicates
that the list
is not
exhaustive)

Fi 4-17,Package Description

The Package Description must co one Associated Description that supplies data for a
Retrieval Aid that allows authorize rs to retrieve the Content Information and PDI
described by the Package-Description. This Retrieval Aid is generally part of the Archival

es from the unique identifier assigned by the OAIS to
operations and filenames needed to retrieve the AIP from the
sed in Archival Storage, and then returns the Content Information
equested APy In most current archives, only internal archive processes and
and functions are authorized to use this Access Aid. However, as
ase the processing power of the archive and the bandwidth between
¢ user, such access methods as ‘content based queries’ and ‘data mining’
ser with direct read-only access to the content Information.

A single AIP may have a number of Associated Descriptions that describe the Content
Information using different technologies.
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An Ordering Aid is an application that assists the Consumer to discover
order AIPs of interest. The Ordering Aids also allow users to specify tra
applied to the AIPs prior to dissemination. These transformations can in
transformations such as subsetting, subsampling or format transfor

logical containment relationships. This type of contai
may be accomplished via a pointer to another object in sto

single file.
described delimited
by
_—— .
Package Packaglrﬁg
Description Information
derived identifies
from
Content Preser.va'.aon
. P Description
Information further described by Information
oS S ¢
Interpreted
* using

epresentation
Information

1

Other Reference  Provenance Context Fixity

. . . . . Rights
cture Semantic . Information  Information Information Information .
. X Representation Information
Information Information

Information
adds

meaning
to

Access

Figure 4-18: Archival Information Package (Detailed View)
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4.2.2.4 Specialization of the AIP and Package Descriptions

Two specializations of the AIP are discussed in this subsection, the Archiva
Unit (AlU) and the Archive Information Collection (AIC). Figure 4-19isa U
illustrating this specialization. Both AIU and AIC are subtypes of the
contain constructs to enable both Long Term Preservation and Consu

format' b

Packaging Information.
Information and associated Packaging and Description

Archival Archival
Inf i Information
Collection

19: Archival Specialization of the AIP

iewpoint, new subsetting and manipulation capabilities are beginning to
between AICs and AlUs. Content objects which used to be viewed as

. In a more extreme example, the Content Information of an AIU may not

sical entity. The Content Information could consist of several input files (or
AlPs containing these data files) and an algorithm which uses these files to

From an information preservation viewpoint, the distinction between AIU and AIC remains
clear. An AlU is viewed as having a single content Information Object that is described by
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exactly one set of PDI. An AIC Content Information is viewed as a collectio er AlCs
and AlUs, each of which has its own PDI. In addition, the AIC has (it
describes the collection criteria and process.

difference in these two classes is based on the functionality needed-to e
contents of an AIU versus the functionality needed to effectively access
contained in an AIC.

Ps that are

Package
Description
Unit Collection
Description Description
Figure . Archival Specialization of the Package

To aid in the understanding of these’constructs, the next two subsections of this document

In the example of an OAIS for digital movies, the AlU for a single movie can be viewed as
three objects, one containing a digital encoding of the movie in a proprietary format, one
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is implementation independent, each of these objects could be imple
multiple files. This type of implementation-dependent information
Ordering Aid can be created by extracting information from the Content Information and the
PDI and appending it to the unique ordering information.

described delimited
Unit by Archival by
o Information 2
Descripton Unit Information

derived identifies
from T

i P ti
Content further%ed by - reservation

. —> Description
Information .
Information

Figure 4- Archival Information Unit (AlU)

4.2.2.6 Unit Description

The Unit Description is a specialization of the Package Description that always contains a set
of Associated Descrigti ach_of which describe the AIU Content Information from the
point of view of a single id/ Figure 4-22 is a UML diagram that illustrates the Unit
Description contents.
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Archival
Information _—
Unit

A
1 1 1
1.%

Associated
Description
derived
from | T l

Unit
Description

b
described by Prowde data for

Finding Ordering
Aid Aid

ievdl Aid

(Indicates
that the list
is not
exhaustive)

All Unit Descriptions must supply ated.Description for a Retrieval Aid that enables
authorized users to retrieve the AlU described by‘the Unit Description from Archival Storage.
I identifier assigned to the AIP by Archival Storage

new AlUs as they are ingested into the OAIS.
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also allow users to specify transformations to be applied to the AlUs prior to d
These transformations can include data object transformations such as
subsampling or format transformations. The transformations can also i
PDI in the AIU prior to dissemination.

format transformation and, in theory, an update to the PDI info he AIP to create

accurate PDI for the DIP.

4.2.2.7 Archival Information Collections

The AIU and its associated Unit Description provide the| information necessary for a
Consumer to locate and order AlUs 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 co
own Content Information, PDI, an
Descriptions. These AIPs are then a

sed of complete AIPs each of which have their
iated Packaging Information and Package
Archive Information Collections (AIC)
AICs are based on the AlUs of interest
having common themes or origins and_a common set of Associate Descriptions. At a
aving at least one AIC which contains all the AIPs

held by the OAIS.

For example, the OAIS for digital moy
movie such as mystery

s may have AICs based on the subject area of the
cience fiction, or horror. In addition the archive may have AICs

A logical model of an Al
containment relationships logical containment and may be physical or may be

0 another object in storage. For example, the Content
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described delimited
. by Archival by
Collection — i _—
L Information
Description .

- Collection - -
derived identifies
from

Content further described by
Information Information
1
*
Archival
Information
Package
Figure 4-23: Archive Info ion Collections Logical View

echnique might be created for digital movies and the
a service to search its archives for large structures such
yline. This type of service is very processing intensive,
of AlUs to be transferred from Archival Storage to

ults-are-generally useful, the archivist could summarize the results of this
W n-Associated Description of a new AIC that contains movies with

large structures. This\teehnique is frequently referred to as data mining.

For example, a pattern recognition
OAIS for digital movies might offe

he AIC, as shown in figure 4-23, is the fact that an AIC is a
ich contains PDI. The PDI provides further information about the AIC such
as Prove vand why it was created, Context to related AICs, the desired level of
and Access Rights Information. This is in addition to the PDI contained in
This type of information is often necessary for a Consumer to have
e/reliability of an AIC. In the above example, the usefulness of the AIC of
yith large structures is to some extent based on the algorithm used and the
Provenance of when the AIC was created or last updated.
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4.2.2.8 Collection Descriptions

The Collection Description is a subtype of the Package Description that has added
to better handle the complex content information of an AIC. The Collection
which is modeled in figure 4-24, contains the information classes that are contained-i
Unit Description.

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

— There is one Overview Description that describes the collection-as a whole.

— There are zero or more Member Descriptions that separately-describg each member of

the collection.

Archival derived from Collecti

3 t
——  Information ollection
Collection described by Description

?1 1<> 1

1 Archival
—  Information
Collection

Package
Description

1.*

Associated provide data for

Descriptors 1
1
1.* ’

Overview Access
Description Aids

derived from

*
L —
describ&y

ociated Description in a Collection Description provides information for
provide a user with access to the entire set of Content Information of the
e PDI for the AIC, but not necessarily to the individual AIPs contained
he Collection Description may contain the Package Descriptions of the AIPs

jise pointers to the Package Descriptions of the member Information Packages.
ist of the Package Descriptions for contained AIPs in an AIC could provide Access
Aids with a method to Retrieve or Order individual members of the AIC.
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distributed fashion by searching the Associated Description of
Description.

Another important benefit of the Collection Descriptions is the ability to de new Access
Collections. An Access Collection may be based on new d i it may reflect

Access Collection is a collection based on the result pattern recognition algorithm that
has not been verified.

ction Description that did not
have an associated AIC. The Collection Description could have a customized Associated
Member Description that documented the newly mined description data for each member
AIP. A specialized finding aid could~use this new Associated Member Description in
conjunction with existing Associated criptions in the Package Description information of
each member AIP to locate AIPs rest to the user. The Package Descriptions of
contained AIPs would also sup an Ordering Aid, which would allow the
Consumer to order the Information Packages erest to the Consumer.

If an OAIS decides that an Aceess Collection is valuable enough to be preserved for the Long
Term, it can store the requi tent Information and PDI in Archival Storage thus creating
a new AIC.

Another important application of ~Access Collections is the concept of locating some
members of a colleCtion-that have been scheduled for ingest at a future time. In this case, the
Associated Descn@ porting a Finding Aid would allow future AIPs to be located.
However, the Associa Description for the Ordering Aid and/or the Retrieval Aid would
contain the information that this product was not currently available and allow the user to

to the Package Descriptions discussed in the previous subsections, all the
needed for the operation of an archive could be stored in databases as persistent
: Figure 4-25 illustrates the various types of ‘data management information’
W|th|n the OAIS. The Archive Administration Information represents the entire range of
information required for the day-to-day operation of the archive. This information includes:
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— Policy information which provides pricing information and availability constraints for
ordering archived information.

— Request tracking information that records the progress of each user transact
an archive. The request tracking process can be very complicated, involving databa
events and triggers, or as simple as a flat file tracking Order Req

— Security information that includes user names and any passwo
mechanisms needed to authenticate the identity and privileges-of archive

repeating or future requests.

— Statistical information needed by archive administration “and” Management to
for more effective archive

of times an AIP was

— Customer profile information t les the archive to maintain facts such as user
name and address to avoid the
enters a request.

— Accounting information
archive as a business.
data and accounts recei

des the data necessary for the operation of the
nting data include payroll data, accounts payable

These classes are intended as examples-rather than an exhaustive list of the data required for
archive administration.—Fhese classes are conceptual and individual OAIS implementations
may vary significantly. % ~individual OAIS may choose to combine the Customer
related information types.such ds Security and Customer Profile into a single database.
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Data stored in
Management > Databa
Data
Archive
D::\;rl?afiin Administrative
P Data

N

7

Collection Unit .
. - Preservation
Description Description . e Customer
Policy Subs¢ription Profi Process
History

Request . - Accounting
Tracking Security Statistics Data (Indicates that
the list is not
exhaustive)
Figure 4-25: Data ement Information
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Producer
Submission Information Package (SIP)
Package Descriptions

N

Data chival
Management prage

AlP

Package Descriptions
Query responses Access

Queries Query responses
Order Requests Dissemination Information Packages (DIP)

sum

Figure 4-26. High-Level Data Flows in an OAIS

43.1 DATA TRANSFORMATI N THE PRODUCER ENTITY

¢ OAIS and that the data can be interpreted and used by Consumers who
M. the OAIS in the future.

s are periodically transferred to the OAIS in a Data Submission Session. The
a Submission Sessions between an OAIS and a Producer can range from a
n the transfer of a final data product to multiple sessions a day in the case of
e which store data for experiments which are still in process. The Data
Submission” Session can be logically viewed as sets of content data objects and description
objects, although physically 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
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Package within the OAIS will not be available to
Ingest process to the OAIS.

from the previous fiscal year.
that are submitted as one SIP.

Jata for the year has been received. After all of the weekly
SIPs and the SIP containing the PDI have arrived, Ingest processes the AIP.

Rs—Many/AlPs:  An oil and gas company collects information on its wells.
ear it submits SIPs containing all of the well status information for one well to

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 Descriptors
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the newly generated information objects. When many SIPs are requir
one AIP, the Ingest functional area will provide temporary storage for
SIPs required for the AIP arrive.

interest. Researchers will develop new and fundamentally
information objects. It is important that an OAIS’s
sufficiently flexible to incorporate these new descriptions so th
benefit from the research efforts. A good example of this type ‘of'new associated description
are a phenomenology database in Earth Observation, which allows users to obtain data for a
desired event, such as a hurricane or volcanoyeruption, from many instruments with a single
query. It is important to note that such fi
require are preserved as parts of the AIP.

Management and Archival Storage and provide appropriate coordination and error recovery.
The AIP should first be stored } [
include a unique identificatio
merged into the Package Descr
Data Management.

e that AIP from Storage. This identifier should be
rior to the addition of the Collection Description to

the permanent archive holdings. The Data Management functional entity
iptions produced by Ingest and augments the existing Collection

encoding and mappings must be well documented and understood. The transferring the
ingest objects is frequently done by a software process such as an HFMS driver or a DBMS.
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In this case, it is the responsibility of the OAIS to maintain an active copy o seftware or
careful documentation of the internal formats so the data can be transferred ystems
in the future without loss of information.

4.3.4 DATA FLOWS AND TRANSFORMATIONS IN THE A
FUNCTIONAL AREA

broad criteria and then refining the criteria on the basis of previous search results. When
candidate objects of interest are identified, more sophisticated Finding Aids such as browse

g media type and object format. This process may involve
c onsumer and the OAIS if adequate defaults exist. The
order can also specify any tran ations the Consumer wishes applied to the AIPs in

creating the DIP.

the Storage and Data Management functional areas and requests the AIPs
e Descriptions necessary to populate the DIP requested by the
e Storage and Data Management functional areas create copies of the
requested ehjects in temporary storage.

ormation process can differ greatly 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 Storage
and Data Management function. In more complex cases, the desired Content Information
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new granularity. The mapping between DIPs and AIPs is one-to-one
are requested; however, the use of subsetting services and other product pro
could create many DIPs from a single AIP, or a single DIP based on combining m

&
X
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5 PRESERVATION PERSPECTIVES

practices, and it extends the terminology to distinguish significant
Subsection 5.1 addresses the preservation of digital information as it

maintain consistent interfaces, or emulated to support legac ications. Some key issues
with various approaches are identified.

5.1 INFORMATION PRESERVATION

The fast-changing nature of the computer industry and the ral nature of electronic data
storage media are at odds with the key purpose of an OAI 0 preserve information over a
long period of time. No matter how well an OAIS maintains its current holdings, it will
eventually need to migrate much of its holdings to different media (which may or may not
involve changing the bit sequences) apd/or to a different hardware or software environment
to keep them accessible. Today’s digital.data storage media can typically be kept at most a

after only a few years. In addition to the technology changes there will be changes to the
Knowledge Base of the Community which will affect the Representation
Information needed.

There are a number of fundam
Content Data Object remains in its inal form, and access and use is achieved by providing
adequate descriptions—ef_the digital encoding with Structure and Semantic Representation
Information; in so W he original access and use mechanisms are adequate, in which
case software emulation/(using Other Representation Information) may be useful, although

The followi atrix shows the various combinations of alternatives discussed above.
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Content Data Object Content Data Object
unchanged changed

Access service unchanged If using the original software |Re-imple access
executable: Emulation. service.

If using the original source

code: rebuild executable. m

Access service changed Implement new access Imw access
services based on the service d on the

Representation Informdtion “\Representation describing

describing original Content e new,Content Data

Data Object. j)ié(?

Information Properties intended for preservation may be used to test the success where the
access service is unchanged, for example the rendering of an image or simple document, or
the performance of a piece of software.

are:

oftware ewvolution provides greatly increasing storage capacities and transfer
pandwidths at reducing costs. It also drives the obsolescence of some media types
before they have time to decay. In addition, improved AIP packaging designs
he less dependent on underlying media and supporting systems, and therefore
plified migration efforts may be recognized. To remain cost-effective, an OAIS
st take advantage of these technologies. Depending on the particular technologies
involved, the AIP information may have to be moved to new media types not
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previously supported, and it may have to revise its AIP implemerita to take
advantage of the new technologies.

— New Consumer-Service Requirements: The Consumers of an OAI ence

onversions.
may need to

. ally, the Designated
Community for a given AIP may be broadened ing in—the need to revise AIP

— Media Decay: Digital media, over time, become\increasingly unreliable as secure
preservers of bits. Even those that are used with~some level of error correction
eventually need to be replaced. The net result of media decay is that AIP information
must be moved to newer media.,

Digital Migrations are time consu
probabilities of information loss. ~“There
Digital Migration issues and approaches.

tly, and expose the OAIS to greatly increased
OAIS has a strong incentive to consider
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5.1.2 MIGRATION CONTEXT

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

Content Information Identifier

[ Descriptive Information Mapping@

Data Management and
Access View

AIP Identifier \ 2
Archival Storage View l \\//
[ Archival ?@age Mapping }

- ‘ .
Packaging Information
/>
. V Preservation Description
Content Information Information

associated S
interest. [ f these Content Information IDs will be included in the PDI

ociated with that Content Information object. The Descriptive

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
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the AIP is maintained.

The ways in which AIPs are implemented will have a major/influence on both the level of
automation and the probability of information loss during migrations. Good AIP designs can
both increase migration automation and reduce information loss probabilities. To better
understand the impacts of these factors on,AIP migrations it is useful to categorize migrations
into several types and then to consider some issues associated with selected implementation
approaches.

5.1.3 MIGRATION TYPE

AlPs or part
bits on the m

A Digital Migration where there is no change to the Packaging
gtion, the Content Information and the PDI. The bits used to convey these
ation objects are preserved in the transfer to the same or new media-type
instance../Refreshment is also a Replication, but Replication may require changes to
he Archival Storage mapping infrastructure.

Operations/which change the bit sequences

Repackaging: A Digital Migration where there is some change in the bits of the
Packaging Information.
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— Transformation: A Digital Migration where there is some change i
Information or PDI bits while attempting to preserve the full informatio

is also little risk of information loss under Replication because none of
AIP information have changed. However, if a new media type is involved there will/be some
changes needed in the Archlval Storage mapping mfrastructure (see flgure 5-1). )Tk

) J1tS may take
place. Repackaging recognizes that some bit changes will take| place, but\these are mostly
i ation and the PDI, and so
generally do not alter the information carried by the Content Informa e PDI. Thereis

Transformation poses the most risk because changes to the Content Information or PDI are
made.

look at possible implementation approach It will be seen that some migrations are a
nati is.also important to recall that, for any given

sorrect” definition of what should be the Content
Information as this must be detérmined/by the OAIS for each AIP it constructs and stores.
All these issues are discussed i ¢ detail in the following subsections using a series of
implementation and migration scenario

identified. Further, there is ng’ single

5.1.3.1 Refreshment

A migration involves Refre
that is sufficien

iment when the effect is to replace a media instance with a copy

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
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changed may be a significant effort, depending on the implementation.
scenario is an example of Replication:

Information, or PDI has taken place. Replicatiop
Information, affords ease of migration to new media ty
and little risk of information loss.

e/ of Packaging
naximum automation

5.1.3.3 Repackaging

A migration involves Repackaging when there is some chg
during the transfer. The Packaging Information plays t
relating, at a minimum, the Content Information and PDI.
PDI are themselves composed of multip
asked to delimit and relate these as we
needs to explicitly recognize. The fo

e’to the Packaging Information
efitical role of delimiting and
If the Content Information and
e components, the Packaging Information may be
These are implementation decisions that the OAIS
wing scenario is an example of Repackaging:

g

All the Content Information’and PDibits for an AIP are contained within the body of
three files on a CD-ROM. The Packaging Information consists of the bits used to
implement the file and/directory structure that provides access to these three files.

ations. These changes will be to some of the bits in the Content Information
spondlng changes in the associated Representation Information. In all cases
aximum mformatlon preservatlon The resultlng AIP is mtended to

set of-resulting entities, and mapping rules that define the resulting entities and their
relationships in terms of the base entities. Using this model of a Representation Information
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of resulting entities that are equivalent to the resulting entities defi
representation.  This means that there is a one-to-one mapping

be performed by replacing the UNICODE UTF-16 codes for *
codes for ‘A through Z’ and the original AIP is recovered.

A Non-Reversible Transformation occurs when a
guaranteed. For example, replacing an IBM 7094 floa
point value is a Non-Reversible Transformation because the
representations are not semantically equivalent. One will have
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 Non-Reversible
Transformation effectively preserves the information content. For complex formats, where the
meanings and relationships among groups are-significant, it may be difficult to establish that a

preservation is regarded as being négessary but not sufficient to verify that the Non-Reversible
Transformation has adequately /Jpr ed) i

2 €D-ROM. The Packaging Information includes the bits used to implement
and-directory structure that provides access to these three files. The contents

: the original file content bits. The relevant Representation Information
omiponents of the original Content Information needs to be updated to include the
decompression algorithm, and the PDI information also needs to be updated, in
forming this new AIP Version.
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Content Information is migrated to a new format that can express a more
than the original format.

Information Property could be the values of’identified data elements to a specified
precision; if the Content Information was a docume én the page layout might be a
Transformational Information Property. This mapping must be included in the PDI,
and of course the Representation Information describing the new format will replace
that which was describing the pfevious format. The result is a new AIP Version.
This is a Transformation migration that is also a Non-Reversible Transformation
when there is no algorithm t reproduce the original file from the new file.

The following scenario identifies a Reversibl nsformation that includes Repackaging. It
occurs when the Content Information contains an embedded file name that is a pointer to one
formation is moved to a new media type with new

ges the Content Information and means that the migration is also a
If the internal name had been a universal identifier, it would not
ded changing. However, the standardized framework supporting the
identifier would contain the mapping information leading to the location of
third file and therefore would need updating. This approach would be
antageous for an OAIS because it allows updates to be centralized and more easily
anaged. However, the required technology is more complex and there is no
riiversal agreement on the identification technique to use.

The final scenario identifies a Non-Reversible Transformation that includes Repackaging. It
occurs when the Content Information includes file names, directory structure, and associated file
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attributes. The Content Information is then migrated to a new media type carrying a different
implementation of the directory and file name structures that support fewer file attriby

The Content Information and PDI bits for an AIC are defined to be an ag
AlUs where each AlU consists of the body of three files on a C
their file names, file attributes, and directory names. The Packag

0l€ga

ctures must be re-distributed
within the body of the files

among the new file and directory structures an
themselves. This is a Non-Reversible Transfor
one mapping between the resulting file and directory s es and file contents, and
the original file and directory structures. It is a Repackaging because there is a new
implementation of the directory and file structure, 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” foss because evolution of a data management
environment is facilitated by bei 0 update directory and file names as needed.

5.14 DISTINGUISHING AIP ¥ERSIONS, AIP EDITIONS AND DERIVED AIPS

formation, it is not considered to create a new AIP
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’notrequired to update the PDI as part of such tracking. It is expected
that the OAIS will ver| ch migration have not altered the Content Information or PDI
and that any repackaging

also expected that the QAIS will track the existence of these events, including the
verifications me '

Unless a Digital Migration inva
Version and it is not required

AIP where the information has been preserved to the maximum extent
AIP is also new, and the Associated Description must be updated. This does
y changes are needed to Access Aids unless they have been implemented with
‘hardcoded’ AIP IDs.
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AIP Edition may or may not be viewed as a replacement for the source AIP, buti
historical interest to retain the previous AIP. This also results inan
impacts on Associated Descriptions and Access Aids as a Digital Mi

as a Derived AIP. It
a result of a Digital

to better serve Consumers. This type of resulting AIP may b
does not replace any of the AIPs that it was derived from a
Migration. This also results in a new AIP ID and a new Associa '
also require updates to, or new, Access Aids dependi w they have been implemented.

5.2 PRESERVATION OF ACCESS AND USE SER

An OAIS may wish to preserve a Consumer access service in the face of changing
technology. To delineate some access service preservation issues and provide terminology,
this subsection addresses a set of scena

5.2.1 DISSEMINATION API

The first scenario assumes the Designated Community wishes to develop applications that
can access AlPs using an Application Programming Interface (API) maintained by the OAIS
as Access Software. The/QAIS may choose to provide this APl as an implementation
alternative to the production and delivery of a physical DIP for dissemination. This type of
service allows the Consumer,~as-a client, to develop applications that appear to directly
access the AIPs. This sort of access.could be very useful for applications such as data mining
where the creation-and shipping of DIPs containing large AICs is impractical. This API
could allow an applicati o-virtually navigate through an AIC, deliver the bits of the
: AlUs to the application and identify locations for obtaining

associated Representation’ Information and PDI. However, as technology evolves, the OAIS
ew_hardware, new media, and new operating systems. If the OAIS wishes to
ame API for'its Consumers, it will need to provide a ‘wrapper’ around part of
cture to match its services to the established API. The API will need to be
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5.2.2 PRESERVATION OF ACCESS SOFTWARE LOOK AND FEEL

The second scenario assumes that the Designated Community wishes to maintain\the or|g| aF
‘look and feel’ of the Content Information of a set of AlUs as presented bya
application or set of applications. Conceptually, the OAIS provides an environment-that

allows the Consumer to view the AlUs Content Information thro he application’s
transformation and presentation capabilities. For example, there may 't i use a
particular application that extracts data from an 1SO 9660 CD- ROM and presents it as a
multi-spectral image. This application runs under a particular ope equires a set
of control information, requires use of a CD-ROM reading device, and presents the
information to driver software for a particular display device. ome cases this application
may be so pervasive that all members of the Designated Community-have access to the

environment and the OAIS merely designates the Cont
used by the application. Alternatively, an OAIS may
the Access Software application, when the environment\ig
the OAIS and/or the Designated Community moves to new co

ata Object to be the bit string
h an environment, including

large part, on whether or not it had or coutd’obtain the source code for the Access Software.
Subsection 5.2.2.1 discusses proven methodelogies for preserving application access across
changes in technology. The major e use of these techniques would be the

preserve the Access look and feel, the/QAIS would have to experiment with ‘emulation’
technology that is currently b
is discussed in 5.2.2.2.

5.2.2.1 Methodologiestnrvolving Source Code Availability

The OAIS response to ng an Access Software application execution service would
likely depend, in part, on whether or not it had the source code for the application. If the OAIS
had the source ~

correctly. As described in 4.2, it may not be obvious when the
it functions incorrectly. Ideally all possible output values would have been
0 they could be used as the basis for ensuring correct functioning following

Given that the application was compiled from original source code, it is probable

ms are correct; the production of a test suite, or reuse of a test suite that was
e design documentation is probably adequate.

commercially, it is likely that there will be commercially provided bridge (i.e., conversion)
software which Transforms the current Content Data Objects to other forms used by the new
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Access Software having a similar look and feel. If no commercial alternative js
may contract with the owner of the original Access Software to develop and
code for a simplified tool that can read but not modify instances of data
format. This approach might not be viable because of cost or legal issues.
cases, the OAIS will need to establish mechanisms to verify that no p
been lost. This requires that criteria have been established to clearly define
Content Information as discussed in 6. In addition the OAIS must investiga
ensuring that the new Access Software is available to the Designa

5.2.2.2 Potential Emulation Approaches

There may be a mandatory requirement from the Desighated Com y to maintain the look
and feel of proprietary Access software because large number of AlUs that are
dependent on that Access Software. In this case, it is'unable to obtain the source

example because of unavailability of a compiler or operating environment, it may find it
necessary to investigate use of an emulation approach.

be obvious when the application run

sound), this reverse engineecomes nearly impossible. As described in 4.2, it may not
oul

after moving to a new environment:~ This may be quite difficult if the application has many
different modes of operation. Further, if the application’s output is primarily sent to a display

device, recording ‘w 3

environment and thereforé the combination of application and environment may no longer be

fation to the Consumer. Maintaining a consistent look and feel may

capturing that look and feel with a separate recording to use as

ation. In general, it may be difficult if not impossible to formally describe
OWever, a number of Transformatlonal Informatlon Propertles may

approach is emulation of the underlying hardware. One advantage of hardware
s the claim that once a hardware platform is emulated successfully all operating
nd applications that ran on the original platform can be run without modification on
platform. However, the level of emulation is relevant (for example whether it go
down to the level of duplicating the timing of CPU instruction execution). Moreover, this
does not take into account dependencies on input/output devices.
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There have been investigations of alternative emulation approaches, such as the development
of a virtual machine architecture or emulation at the operating system level. These
approaches solve some of the issues of hardware emulation, but introduce new concerns. In

involve a centralized architecture with control
xity of the interfaces and interactions with a
t (i.e., WWW and JAVA or more general
ients may introduce requirements that go

addition, the current emulation research eff
over all peripherals. The level of co
ubiquitous distributed computing envi
client-server architectures) with hete
beyond the scope of current emulation efforts.
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6 ARCHIVE INTEROPERABILITY
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a common Package Description schema for access;

a common DIP schema for dissemination; or

a single global access site.

Producers may wish to have:
— acommon SIP schema for submission to different archives; or

— asingle depository for all their products.

Managers may wish to have means for

— cost reduction through sharin expensive hardware, software, and preservation

efforts; and

— increasing the uniformity a interactions with several archives.

us for archives to cooperate to meet these wishes. The
ives themselves, or an authority that has some influence

Therefore, it may be advant
motivation might come fro
over them may impose it.
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Situationg’ like. this can and have motivated agreements without the need for any explicit
federatior ishing an external authority. However, in cases where explicit federation is
dl authority is represented in this Reference Model by Management.

The purpose~of-this section is to explore the degree of interaction and cooperation among
i Subsection 6.1 focuses on the technical levels of interaction, while subsection 6.2
management issues concerning the tension between cooperation and autonomy.
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6.1 TECHNICAL LEVELS OF INTERACTION BETWEEN OAIS ARCHIV

In general one OAIS is not interoperable with another' however there are\a

Producers or Management; even interoperable Archlves may have
Communities—even for the same digital objects—and hence differ
Representation Information and/or Descriptive Information.

X : al factors.
External factors include characteristics of the Producer and Consumer communities. Internal

This subsection defines four categories of archive association, The first three categories have
successively higher degrees of interaction:

— Independent: Archives motivated by local concerns wi
interaction among them.

— Cooperating:  Archives with pot
standards, and common disseminati

ial common producers, common submission
standards, but no common finding aids.

priority over those of t al community. Global dissemination and Ingest are
optional features.

standards..” However, the design decisions to use these standards are not based on the
possibility of inter-operation with other archives, but rather on local requirements and cost
savings.
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The classification of an archive as independent is not based on its size
functionality. An independent archive may occupy one site, or may be physi distributed
over many sites. It may use many standards for a given internal element. Howe
no interaction with other archives, the archive is independent.

6.1.2 COOPERATING ARCHIVES

0 or morg darchives. The
e acts as a Consumer of
material from another archive. In this case the consumi must support the DIP
format of the producing archive as a SIP format. Cooperal archives have related
communities of interest, so they order and ingest data from other-cooperating archives and
possibly have common data Producers. No common access, submission or dissemination
standards are assumed. The only requirement for thi [
groups support at least one common SIP and DIP forma
control mechanism for this sort of inter-operation can be E
archive.

nter-archive requests. The
Based Order requests at each

NOTE - In this and the fo

ingested as SIPs B other.

between establishe archives. This does not necessarily require common access,
dissemination and subrission methods for all participants, although that might encourage
more exchange. This level of agreement would also be useful when the holdings of one

archive /r&c% solidated/transferred into another archive because of Management issues.

—>\rﬁg Acc > Ing Acc [€—
OAIS OAIS
Admin Admin

Figure 6-1: Cooperating Archives with Mutual Exchange Agreement
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Figure 6-2 is an example of OAIS archives that have standardized their submissien and
dissemination methods for the benefit of users. No special external element/is S
this. Its disadvantage is that there is no formal mechanism for exchange o

Description
Information so Consumers must have separate Search Sessions to locate AlIPs of intere

Method B Method A
> Ing Acc N
OAIS
Admin
Producer Consumer
Method B Metho T
> Ing Acc
OAIS
Admin,
Figure 6-2: Cooperating Archiv ith Standard Ingest and Access Methods

6.1.3 FEDERATED ARCHIV

Consumer-oriented.  In addition to the Local
ed Community served by the archive), there exists a
esignated Community) which has interests in the
as influenced those archives to provide access to
more common finding aids. However, the Local Consumers are
e global Consumers.

Federated Archives are co
Community (i.e., the original
Global community (i.e., an exten
holdings of several OAIS archives an
their holdings via one’o

e 6-3 illustrates a functional architecture to solve the Access
sing an entity external to the Federated OAISes. Here, two
ir |Iar Designated Communltles have decided to federate to allow

NOTE - Extra access ports are added to the diagram to illustrate the potentially differing
views of each consumer community.
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Local
Consumer

Dissemination Information Package (Option

|
v

Acc| — T T > z Eb/
=1 — L—18
2 opls1 o o Global
0 Consumer
Adm O
= A
3 I
— O |
a 2 I
0O
1) [
[} I
= Adm 5 |
«Q
® OAIS 2 [
2 Be— z 2 !
Acc o o |
[
I?Ese ination Information Package (Optional) _:
Local
Consumer
Figure 6-3: Al Federation Employing a Common Catalog

Federated archives may be further ciassified into three levels of functionality.

The Consumer is given a combined view of the holdings of
is maintained centrally. To view details of the documents, the
the site that contains the actual document. This is made easier when
S support a standard set of protocols.

d Finding Aid: Global access is accomplished by having a global node that
an distribute a query to multiple local archives. This means that the local Data
anagement entity must store an additional Associated Description in the global
at or have a translator from the global queries to local queries. An option in this
ase is to establish a common DIP format to ease the load on Consumers who may be
dering products from many archives.

— Distributed Access Aid: Global access is accomplished through addition of a standard
ordering and dissemination mechanism, available through the global nodes to the
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functionality of the Distributed Finding Aids discussed above. This
functional, federated system. Here, the global system may influence the
Description schema designs in each local archive; it would be optima
local archives based on the global schemas and finding aids to ensure higt
inter-operability.

There are several major policy/technology issues that must be addressed-whe joins
a Federation or several independent OAISes decide to create a Federation. e issues
include:

— Unique AIP Names for each AIP in the Federation. An O the responsibility
to provide each of its AIPs with a unique identity. When an QAIS joins a Federation,
there is no assurance that some of its current IP identifiers are not already
used by other members of the Federation. An of a general solution to this
problem is to form the AIP identifiers in the F igning a Unique 1D for
each OAIS in the Federation and concatenating it to \each’ AIP preserved by that

a standard that gives the

Customer or other Federation members the information needed to establish a
connection to the OAIS that contains.the AIP Interest. An example of a standard that

allow the Consumer to-locate/thie original, authoritative copy, but the search process
could be very frustrating to ser. A practical way to handle this is to have a field

or a copy. This-te

: e -
federated archiv view these duplicate AIPs as unique, orlglnal AlPs.

ately, many archives will close while their holdings still are of
ederation communlty The federation should have an agreement for

ntication and Access Management for global users. If an OAIS has a
that restricts the access to some of its AIPs or charges for the dissemination of

/ho is making requests through the central node. Each OAIS will have
ented an Authentication and Access Management system for its Local Users
and’the infrastructure for this function will have to be extended to include Global
Users. Some examples of techniques used for this in current systems are:
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» Default priorities where all members from the Global Node share acon mon set of

OAIS is done assuming that all requests from the global node are
user.

to carry the authentication dialog.

There are many factors influencing the decision of which o
by a specific Federation. The major criterion is the granulari
the Federation. If there is little private data and no charge for data-dissemination, a policy
that determines a user’s access constraints by the soly ses to discover and order AIPs is
very reasonable. This involves little modification t IS Authentication system, simply
adding the Global Node as a Consumer. The Global Node will have to include mechanisms
to identify Global Users to each of the Federated OAIS Authentication mechanisms.

If there are charges for disseminating archived information or significant private data that
needs individual user authentication, proxy techniques will not be sufficient, and User
Credential passing techniques such asswords and Certificates must be applied. The
technologies to enable these suppor nisms are still evolving.

6.1.4 ARCHIVESWITH RED FUNCTIONAL AREAS

g’ with shared functional areas, Management has entered
into agreements with archives-to share or integrate functional areas. The motive for this may
be to share expensive resources such.,as hierarchical file management system for Archival
Storage, peripheral device for Ingest or dissemination of Information Packages or
supercomputers ft icated transformations between SIPs, AIPs or DIPs. This
association is funda ally different from the previous examples, in that it is no longer

In an association involving a

The Access and-Ingest facilities can be at any of the previously described levels of inter-
operabilit fact, each archive can serve totally independent communities as implied in
owever, for the common storage element to succeed, standards are needed at

ers such as the DNS. In the former case a registry of Representation Information
also be an OAIS and the Representation Information it holds should be part of the
Content Information it holds. The Representation Information it holds might, for example, be
part of the Representation Network for the Content Information within an AIP in another
OAIS. In such a case the OAIS holding that AIP may cache copies of the Representation
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Network held in the registry. Whether it does so or instead relies on the registry naintain
the Representation Network, the ultimate responsibility for the understanda

Content Information remains with the OAIS which holds the AIP.

nagement

-0OAIS 1 | Administration |

Archival Wiﬁ‘
Storage

a N \
Data ! -
Producer Management Access > Consumer

- OAIS 2 | Administration |

(it

Figure 6-4: Archives with Shared Storage

6.2 MANAGEMENT ISSUES FEDERATED ARCHIVES

The above examples show that the OAIS model is consistent with federation to accomplish
However, it-should also be considered that some of these objectives
volfuntary action. This is an important dimension in the

each system. e heart of the autonomy issue is the ease with which an association may be
altered by one participarits. Some possible characterizations of autonomy levels might

conforming. However, there is no penalty for this. Therefore, the members maintain
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autonomy retained depends on how difficult it is to neg
difficulty may rise as more entities become a party to the con

independent. For
a broad association
where each participating entity is free to leave without penalty. However, the permanence of
improved’by making it more difficult

for’ recovering full autonomy.
ed more rapidly and at lower

to re-negotiate the association, or by establishing penalt
Also, a given degree of technical homogeneity might be a
cost when the contract is more binding.

&
X
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ANNEX A
COMPOSITE FUNCTIONAL VIEW

(NORMATIVE)

Figure A-1 is a composite of figures 4-2 through 4-7. It is provided
consistency among the individual figures. The reader is cautioned nat to ass
recommended design or implementation. It should be us
comparing systems.

&
X
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domains and that used in the OAIS reference model.

ANNEX B
RELATIONSHIP WITH OTHER STANDARDS OR EFFO

(INFORMATIVE)

Preserving Digital Information: Report of the Task
Information (reference [D2]).

Archiving of Digital

This document was the basis for the Preservation Description Information in the
OAIS Information Model detailed in 4.2 0f the |O Reference Model. The
‘Preserving Digital Information Report’ did not de the separate information
object classes for the Packaging Information and cription Information that have
been added in the OAIS Information Model. Therefore the following PDI class
definitions are subsets of those discussed in that paper with some of the information
allocated to the new Packaging and Description Objects. The primary difference
between the OAIS informati el and the information model presented in the
‘Preserving Digital Information Re i

Context Informatigh? This information documents the relationships of the
its environment.  This includes why the Content

and how it relates to other Content Information objects

Thi Eoument and related Z39.50 profiles were the basis of the concepts of

he/OAIS Reference Model. However, the OAIS Reference Model has
eneralized these concepts so the detailed protocol definitions in ‘the Digital
Collections Profile’ are no longer applicable.

EEE’s Reference Model for Open Storage Systems Interconnection—Mass Storage
stem Reference Model Version 5 (reference [D5]):

s document provides a set of functionality that fits within the OAIS Archival
3torage Functional area.  However, this functional area may have greater
functionality, including the storage of non-digital physical media and the focus on
Long Term Preservation requirements.
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CCSDS Standards provide a concrete implementation of many of the Information
Information Package concepts discussed in 4.2 of the OAIS Reference
standards include:

The following terms have, in
terms. However, they are not to be

This standard provides a mechanism which implements

Data Entity Dictionary Specification La
(CCSD0011) (reference [D9]).

(DEDSL)—Abstract Syntax

This standard specifies a set of attributes and a notation
semantics of data entities. This is a mechanism w
additional semantics for Representation Information.

escribing a portion of the
can be used to provide

Data Entity Dictionary Specificati
(reference [D10]).

anguage (DEDSL)—PVL Syntax (CCSD0012)

This standard specifies a set of attribute a notation for describing a portion of the
semantics of data entities.~, This is a meehanism which can be used to provide
additional semantics for Representation Information.

Me organizational contexts, approximate mappings to OAIS
nsidered as official OAIS replacement terms.

Archives (traditional archives): OAIS or OAIS archive

ngest

Record (traditional archives): Content Information

Primary Auurnals):

Designated Community
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ANNEX C
BRIEF GUIDE TO THE UNIFIED MODELING LANGU )

(INFORMATIVE)

A key to object relationships in the UML diagrams of this document is shownin figure C-1.

Multiplicity of

Class:
Class Name 1

JEAY

* Clas%\ any (zero or more)
\\/

011 C(lass Optional (zero or one)
Aggregation: .
Assembly Class 1 Class One or more
)
Association:
* 4
] Association Name
Part -1 Class rt-/Z{ass Class-1 Class-2

Association as a class:

Specialization:
n
W Class-1 Class-2
/\ >

[ Association Name
T

1
@ﬁlﬂa;sy hild-2 ClI I
Child - Child-2 Class
Association Name

Figure C-1: Key to UML Relationships

ndicated by a rectangle containing the Class name. The UML representation of a
3/ three-compartment rectangle with name in the top compartment attributes in the
second,compartment and methods in the lowest compartment. In this document the attributes
and operations compartments are always empty and UML states empty compartments can be
suppressed.
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Classes of objects are related to one another through Associations, and there-are various

A solid line connecting two classes indicates the general association, am
line is labeled with an association name, indicating the nature of the as
arrowhead indicating the direction that the relationship should be read.~! Th
each class is shown next to the class near the association line. If the association
that may have its own attributes or methods, that association ¢ i
connected to the solid line by a dashed line. The multiplic
association is one to one.

rectangle
omitted if the

There are two particular associations that are commonly ggregation and specialization,
and these have particular symbols to indicate them.

An Aggregation association is one where a class is considere a part of another class.
In UML, a diamond connecting the aggregation association to ‘the aggregated class shows
association. There are two types of aggregation defined by UML. Strong aggregation, where
the part classes are physically stored as part.of the aggregated class, is shown with a solid
diamond. In a strong aggregation, if the aggregated class is destroyed, the child classes are
also destroyed. Weak aggregation, wh part classes are referred to by the aggregated
class, is shown with an empty diamond. eak aggregation, if the aggregated class is
destroyed, the part classes are not destroyed an be aggregated into other new classes.
Strong aggregation can be thought/of as aggregation by value, while weak aggregation can be
thought of as aggregation by reféréence. figure C-1, the aggregation association says that
the Assembly class contains exactly one/Part-1 class instance and zero or more Part-2 class

the parent class. In
parent class shows specia on. An instance of a child class contains all the attributes and
methods contained by its pafent class, so an instance of the child class can be used is any
operation where an

new attributes or methods so an instance of a parent class is not
necessarily /a acement for the child class. In figure C-1, the specialization
i at the Parent class attributes and methods are inherited by the Child-1 class

and the Child-2-class.
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ANNEX D

INFORMATIVE REFERENCES

(INFORMATIVE)

[D2] Donald Waters and John Garrett. Preserving Digital I Report of the Task
Force on Archiving of Digital Information. i CLIR, May 1996.
<http://www.clir.org/pubs/reports/pub63watersga

[D3] Unified Modeling Language (UML). Version\2.2.
February 2009. <http://www.omg.org/technology/dot

[D4] Z39.50 Profile for Access to Digital Collections. Draft Seven. Washington, DC:
Library of Congress, May 1996.
<http://mwww.loc.gov/z3950/agency/profiles/collections.htmi>

[D5] Reference Model for Open
Reference Model. Versi
<http://www.ssswg.org/p

stems Interconnection—Mass Storage System
ject 1244, New York: IEEE, 1994.

[D6] Technical Reference
Framework For Inf
1996.

n Standards, CCSDS 620.0-B-2. Blue Book. Issue 2.

‘ tem Standards, CCSDS 644.0-B-2. Blue Book. Issue 2.

Language (DEDSL)—Abstract Syntax
1). Recommendation for Space Data System Standards, CCSDS 647.1-B-1.

[D11] Information Processing—Volume and File Structure of CD-ROM for Information
Interchange. International Standard, 1ISO 9660:1988. Geneva: ISO, 1988.

CCSDS 650.0-P-1.1 D-1 August 2009



DRAFT CCSDS RECOMMENDED STANDARD FOR AN OAIS REFERENCE MODEL

[D12] XML Formatted Data Unit (XFDU) Structure and Constructi
Recommendation for Space Data System Standards, CCSDS 661.0-B-1.
Issue 1. Washington, D.C.: CCSDS, September 2008.

&
X

CCSDS 650.0-P-1.1 D-2 August 2009



DRAFT CCSDS RECOMMENDED STANDARD FOR AN OAIS REFERENCE MODEL

ANNEX E

A MODEL FOR SOFTWARE USE IN REPRESENTA
INFORMATION

(INFORMATIVE)

Subsection 4.2 and section 5 discuss that software is ofte o-end thé Representation
ation Model as shown
figure E-1. In this model there are five layers of software. [ these layers has well-
defined interfaces to the higher layers of the model. e “interfaces are known as
Application Program Interfaces or Service Acces in other layered models. The
following is an overview of the functionality of e nd the data that is exchanged at
each interface. This overview illustrates the pro etting bits from the media and
adding Representation Information needed to make the inf on usable by the Consumer.

Application Layer (Analysis and Display Programs)

t t t

Objective Interface Named Aggregates Named Bit Streams

Message
| T T

Object Layer

« Data Objects
*Container Objects

*Data Description Objects

| Named AW |
T

Structure Layer

« Primitive data types
« List/Array types

* Records

* Names Aggregates

Named Eki{Stream | | Named Bit Stream

L~ '

Strea @e\/
« Delimite: te’Streams

Media Layer (Disks, Tapes and Network)

Figure E-1: Layered Information Model

—/The Media Layer simply models the fact that the bit strings are stored on physical or
communications media as magnetic domains or as voltages. The function of this
layer is to convert that bit representation to the bit representation that can be used in
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higher level (i.e., one and zero). This layer has as single interface,
higher layers to specify the location and size of the bit stream of intere
the bits as a string of ‘1’ and ‘0’ bits. In modern computing systems dev

— The Stream Layer hides the unique characteristics of the t

stripping any artifacts of the storage or transmission process (su rmats,
block sizes, inter-record gaps, and error-correction codes) and prOV|de higher
levels with a consistent view of data that is independent interface
between the Stream Layer and higher layers allows the

this layer of functionality.

— The Structure Layer converts the bit/byte streams from the’ Stream Layer interface into
addressable structures of primitive data types that can be‘recognized and operated by
computer processors and operating systems. For any implementation, the structure
layer defines the primitive data typeS and aggregations that are recognized. This
usually means at least characters and.integer and real numbers. The aggregation types
typically supported include a recofo a structure that can hold more than one data
type) and an array (where each element _consists of the same data type). Issues
relating to the representation of primitive data types are resolved in this layer. The
interface from the Structure’Layer to higher levels allows the higher levels to request
labeled aggregations of primitive data types and receive them in a structured form that

n modern computing systems programming language

ally provides this layer of functionality.

using arrays or records. Within the object layer, images, maps, and tables are
cognized and treated as distinct types of information.

sents applications with a consistent interface to similar kinds of information
objects, regardless of their underlying representations. The interface defines the
operations that can be performed on the object, the inputs required for each
operation and the output data types from each.
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» Provides a mechanism to identify the characteristics of objects that are-visible to
users, operations that may be applied to an object, and the rela \
objects.

objects. In modern computlng systems subrouti
and interfaces supply this functionality.

— The Application Layer contains customized pro

The problem with using software to end Representation works is that the programs that
are saved do not include the information needed to enable-the lower levels of the layered
model to extract the information from the bits on the media. These services are usually
provided by the vendor-supplied operating systems, device drivers, and file systems. When
data is moved to other media or di nt software platforms, the interfaces to these levels
may be changed. This migration pr rther discussed in section 5 of this document.
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