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Abstract Various XML-based approaches aimed at repre-
senting compound digital assets have emerged over the last
several years. Approaches that are of specific relevance to
the digital library community include the Metadata Encod-
ing and Transmission Standard (METS), the IMS Content
Packaging XML Binding, and the XML Formatted Data
Units (XFDU) developed by CCSDS Panel 2. The MPEG-21
Digital Item Declaration (MPEG-21 DID) is another stan-
dard specifying the representation of digital assets in XML
that, so far, has received little attention in the digital library
community. This article gives a brief insight into the MPEG-
21 standardization effort, highlights the major characteris-
tics of the MPEG-21 DID Abstract Model, and describes
the MPEG-21 Digital Item Declaration Language (MPEG-
21 DIDL), an XML syntax for the representation of digital
assets based on the MPEG-21 DID Abstract Model. Also,
it briefly demonstrates the potential relevance of MPEG-21
DID to the digital library community by describing its use in
the aDORe repository environment at the Research Library
of the Los Alamos National Laboratory (LANL) for the rep-
resentation of digital assets.

Keywords MPEG-21 DID - Digital Item - Digital asset -
OAI-PMH - OpenURL

1 Introduction

Assets stored in digital libraries are typically more complex
than autonomous files that can be characterized by a single

J. Bekaert (<) - H. van de Sompel

Digital Library Research and Prototyping Team,

Los Alamos National Laboratory, MS P362, PO Box 1663,
Los Alamos, NM 87544-7113, USA

E-mail: jeroen.bekaert@ugent.be

J. Bekaert - E. De Kooning

Department of Architecture and Urbanism, Faculty of Engineering,
Ghent University, Jozef-Plateaustraat 22, 9000 Gent, Belgium
E-mail: :{jeroen.bekaert, emiel.dekooning }@ugent.be

MIME type. They typically aggregate multiple datastreams
of a variety of MIME types. They also hold secondary infor-
mation about those constituent datastreams, including infor-
mation supporting discovery, digital preservation, and rights
management. Assets may be related to others, for example,
by part-whole, sequential, and version relationships. And,
contemporary digital library architectures also entertain the
notion of associating dissemination capabilities with assets
and parts thereof.

The ISO Open Archival Information System (OAIS)
Reference Model refers [1] to these assets as OAIS Infor-
mation Objects; the seminal Kahn/Wilensky framework [2]
refers to them as Digital Objects. Indeed, Kahn and Wilen-
sky define a Digital Object as more than just a set of bits;
they regard a Digital Object as a data structure with a unique
persistent identifier that, apart from accommodating con-
stituent datastream(s), holds secondary information about
those datastream(s).

Various techniques to represent digital assets have
emerged from different communities over the last years, and
a historical overview is presented in Ref. [3]. Of special
interest in the current technological environment are tech-
niques that represent a digital asset as an XML document.
Examples include the Metadata Encoding and Transmission
Standard (METS) [4], the IMS Content Packaging XML
Binding [5], and the XML Formatted Data Units (XFDU)
developed by CCSDS Panel 2 [6].

The second Part of MPEG-21, Digital Item Declaration
(MPEG-21 DID) [7, 8], is another technique that, so far, has
received little attention in the digital library community. This
article gives a brief overview of the MPEG-21 standardiza-
tion effort, explores the MPEG-21 Digital Item Declaration
(MPEG-21 DID), and gives examples of its use in a digital
library context. The paper also introduces several other parts
of MPEG-21, such as the MPEG-21 Digital Item Identifica-
tion (MPEG-21 DII) [9], and discusses their integration with
the MPEG-21 DID.
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2 From MPEG-1 to MPEG-21

The Moving Picture Experts Group (MPEG) is a working
group of ISO/IEC in charge of the development of standards
for coded representation of digital audio and video. So far,
several MPEG standards have had a significant impact on
the multimedia landscape.

e The MPEG-1 (1993) and MPEG-2 (1996) standards
have enabled the production of widely adopted com-
mercial products, such as Video CD, MP3, digital audio
broadcasting (DAB), DVD, and digital television (DVB
and ATSC) [10, 11].

e MPEG-4 standardized audiovisual coding solutions that
address the needs of communication, interactive, and
broadcasting services. MPEG-4 is currently used on the
Internet (e.g., as QuickTime 6) [12].

e More recently, MPEG-7, formally named ‘Multimedia
Content Description Interface,” concentrated on the de-
scription of multimedia content. While previous MPEG
standards have focused on the coded representation of
audio-visual content, MPEG-7 is primarily concerned
with secondary textual information about the audio-
visual content [13, 14].

Together, the MPEG-1, -2, -4, and -7 standards provide a
powerful set of specifications for multimedia representation.
Many other high-quality multimedia standards (and propri-
etary solutions), such as JPEG and JPEG 2000, are being
created to meet the needs of different communities. How-
ever, widespread deployment of interoperable multimedia
applications requires more than just this array of standards
that are mainly oriented toward file-based media types. Stan-
dards are needed that focus on the representation of content
consisting of multiple files; standards that specify how ap-
plications can interact with such content in an interopera-
ble way; standards that facilitate the transfer, adaptation, and
dissemination of content; standards that allow for the iden-
tification and promote the protection of the content and the
rights of the rights holders, and so on.

MPEG-21, formally called the ‘Multimedia Framework,’
seeks to fill these gaps. Its vision is ‘to define a normative
set of tools for multimedia delivery and consumption for use
by all the players in the delivery and consumption chain’
[15, 16]. In order to facilitate interoperability within a do-
main or between domains, those tools may be used indepen-
dently or selectively in combination. The envisioned tech-
niques endeavor to cover the entire content delivery chain,
encompassing content creation, protection, adaptation, dis-
semination, and consumption.

3 MPEG-21 basic concepts

MPEG-21 introduces the Digital Item as a ‘structured digi-
tal object with a standard representation, identification, and
metadata’ [15, 16]. The Digital Item is the digital represen-
tation of an asset. It is the unit that is acted upon within the

MPEG-21 framework. The Digital Item of MPEG-21 can
roughly be considered the equivalent of the Digital Object
of the Kahn/Wilensky framework [2].

Parties that interact within the MPEG-21 environment
are categorized as Users. The User roles include cre-
ators, consumers, rights holders, content providers, distrib-
utors, and so on. There is no technical distinction between
providers and consumers. All Users interact with Digital
Items.

The goal of MPEG-21 can thus be regarded as to pro-
vide a set of tools which enables a User to interact with
another User and the object of that interaction is a Digital
Item. Interactions include providing content, modifying con-
tent, archiving content, delivering content, consuming con-
tent, subscribing to content, etc.

4 Parts of MPEG-21

MPEG-21 is organized into several independent parts (cur-
rently 18) primarily to allow various slices of the technology
to be used autonomously. Although the various parts can be
used separately, they were developed to give optimal results
when used together. The most important MPEG-21 parts for
the purpose of this paper are:

e MPEG-21 Part 2—Digital Item Declaration (henceforth
referred to as MPEG-21 DID), detailing the representa-
tion of Digital Items [7, 8].

e MPEG-21 Part 3—Digital Item Identification (hence-
forth referred to as MPEG-21 DII), detailing the identi-
fication of Digital Items and their contained entities [9].

e MPEG-21 Part 4—Intellectual Property Management
and Protection (henceforth referred to as MPEG-21
IPMP), detailing a framework to enforce licenses, ex-
pressed using MPEG-21 REL [17].

e MPEG-21 Part 5—Rights Expression Language (hence-
forth referred to as MPEG-21 REL), detailing a language
to express rights pertaining to Digital Items and/or parts
thereof [18].

e MPEG-21 Part 6—Rights Data Dictionary (henceforth
referred to as MPEG-21 RDD), detailing a set of clear,
structured, and uniquely identified terms that can be
used to support rights expression languages, such as the
MPEG-21 REL [19].

e MPEG-21 Part 7—Digital Item Adaptation (henceforth
referred to as MPEG-21 DIA), detailing the adaptation
and transcoding of datastreams based on contextual in-
formation such as device capabilities, network charac-
teristics, and User preferences [20].

e MPEG-21 Part 10—Digital Item Processing (henceforth
referred to as MPEG-21 DIP), detailing the association
of processing information with Digital Items and/or parts
thereof [21].

Although MPEG-21 originates in a community that fo-
cuses on the coded representation of audio and video, there
is a clear overlap between the problem domain addressed
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Fig. 1 Relationship between MPEG-21 Abstract Model and MPEG-21 DIDL

by the MPEG-21 effort, and ongoing efforts regarding the
interoperable representation, management, and dissemina-
tion of digital assets in the digital library community. For
example, MPEG-21 DID and MPEG-21 DII directly re-
late to the aforementioned XML-based representational ap-
proaches, such as METS and IMS. Also, MPEG-21 DIP and
MPEG-21 DIA reveal a remarkable parallel with sophis-
ticated architectures that emerged from the digital library
community, specifically FEDORA [22, 23].

5 MPEG-21 DID: Digital Item Declaration

In the MPEG-21 Framework, Digital Items are modeled ac-
cording to the second Part of MPEG-21: the Digital Item
Declaration (MPEG-21 DID) standard [7, 8]. MPEG-21
DID specifies the declaration of Digital Items in three dis-
tinct sections:

e Abstract Model: A set of abstract terms and concepts
that, together, form a well-defined data model for declar-
ing Digital Items. The Abstract Model allows for Digital
Items to be represented in many ways. So far, MPEG-21
Part 2 defines a normative XML representation of Dig-
ital Items based on the Model. But, the Model allows
for the emergence of an RDF instantiation, a non-XML-
based binary instantiation, etc. The declaration of a Dig-
ital Item compliant with the Abstract Model is referred
to as a Digital Item Declaration (DID). See also Fig. 1
and Sect. 5.1.

e Representation of the Model in XML: The description
of an XML syntax for each of the entities defined in
the Abstract Model. This XML-based syntax is referred
to as the MPEG-21 Digital Item Declaration Language
(MPEG-21 DIDL). A DID represented according to the
MPEG-21 DIDL syntax is referred to as a DIDL docu-
ment. See also Fig. 1 and Sect. 5.2.

o XML Schema: The W3C XML Schemas [24] specifying
the MPEG-21 DIDL syntax and constrains for the struc-
ture of DIDL documents.

The first edition of MPEG-21 Part 2 was published as an
ISO (Internation Organization for Standardization) standard
in March 2003 [7]. A second edition [8] has been finalized
mid 2005 and mainly enhances the functionality of the
MPEG-21 DIDL. The lion’s share of those enhancements
are the result of amendments and suggestions proposed

by the authors, and are driven by a digital library use
case of MPEG-21 technologies. The differences between
both editions will be emphasized in the text. The second
edition of MPEG-21 DID is freely available from the
ISO Information Technology Task Force (ITTF) website
[http://isotc.iso.org/livelink/livelink/fetch/2000/2489/1ttf_
Home/PubliclyAvailableStandards.htm].

5.1 Abstract Model

The introduction of a data model is a characteristic that dis-
tinguishes MPEG-21 DID from related techniques aimed at
representing digital assets. The existence of a data model
provides flexibility for deployment of compatible digital as-
set representations in various technical environments. The
MPEG-21 Abstract Model defines several constituent enti-
ties of a DID. This section provides a simplified explanation
of each of those entities. When a reference is made to entities
of the Abstract Model, the italic font style is used. Interested
readers are referred to Ref. [21] for full details of the Model.

A first set of entities consists of the core building blocks
for declaring Digital Items. Some are shown in Fig. 2. These
entities make up the backbone of a DID and are presented
in a bottom-to-top approach, starting at the leaf of the tree
with the resource entity, representing an actual datastream
of a digital asset:

e resource: A resource is an individually identifiable
datastream such as a video file, image, audio clip, or a
textual asset. A resource may also potentially be an iden-
tifiable nondigital thing.

e component: A component is the binding of one or more
equivalent resources to a (set of) descriptor/statement
construct(s). These descriptor/statement constructs(s)
contain secondary information related to all the resource
entities bound by the component. A component is con-
sidered a dummy entity that is merely used to group re-
sources and secondary information conveyed in one or
more associated descriptor/statement construct(s).

e ifem or Digital Item: An ifem is the binding of one or
more items and/or components to a (set of) descrip-
tor/statement construct(s). These descriptor/statement
construct(s) contain information about the represented
item. In the Abstract Model, an item entity is equivalent
to a Digital Item. Hence, items are the first point of en-
try to the content for a User. If items contain other items,
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Fig. 2 : Example of a DID structure conformant with the MPEG-21 DID Abstract Model

then, the outermost item represents the composite item,
and the inner items represent the individual items that
make up the composite.

e container: A container is the binding of one or more
items and/or containers to a (set of) descriptor/statement
construct(s). The containers can be used to form group-
ings of Digital Items. The descriptor/statement con-
structs contain information about the represented con-
tainer.

e A descriptor/statement construct, as shown in Fig. 2,
introduces an extensible mechanism that can be used
to associate information with other entities of the Ab-
stract Model. A descriptor/statement construct typically
associates textual secondary information with its en-
closing entity. For example, a descriptor/statement con-
struct attached as a child entity to an ifem provides
secondary information about that item. Similarly, a de-
scriptor/statement construct attached as a child entity to
a container provides secondary information about that
container. The usage of descriptor/statement constructs
attached to a component deviates from the default rule in
that they provide information about the resources bound
by the component, and not about the enclosing entity. Ex-
amples of likely secondary information (or ‘statements’)
include information supporting discovery, digital preser-
vation, and rights expressions. Statements are nonidenti-
fiable assets, and, as a result, cannot have licenses asso-
ciated with them.

A next set of entities, shown in Fig. 3, refines the de-
scription of the resource entity:

e fragment: A fragment designates a specific point or range
within a resource. Fragments may be resource type spe-
cific.

i
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e anchor: An anchor binds one or more descrip-
tor/statement constructs to a fragment. These descrip-
tor/statement constructs contain information related to
the fragments bound by the anchor. Similarly to the
component entity, an anchor should be considered a
dummy entity used merely to group fragment and de-
scriptor/statement constructs.

For example, a fragment may specify a polygonal area
within an image resource or a specific point in time of an
audio track. The anchor entity binds secondary information
to the polygonal area of the image or the time point of the
audio track, respectively.

Another entity of the DID Abstract Model is annotation.
An annotation adds information to an identified entity of
the model without altering or adding something to that en-
tity. The initial source entity remains intact. The information
conveyed by an annotation, can take the form of an asser-
tion, descriptor/statement, or anchor.

A last set of entities, containing the choice, selection,
condition, and assertion entities, allows describing a Digital
Item (or a part thereof) as being optional or available under



Representing digital assets using MPEG-21 Digital Item Declaration

163

specific conditions. For example, a choice in a DID may rep-
resent the choice between a high bandwidth internet connec-
tion and a dial-up connection. Based on the selection made
by a User, the conditions attached to (an entity of) a Digital
Item may be fulfilled and (the entity of) the Digital [tem may
become available. As such, dependent on the nature of the
conditions, the entity could contain a high resolution datas-
tream or a compressed file, respectively. The details of these
conditional mechanisms are beyond the scope of this paper.
Interested readers are referred to the MPEG-21 DID specifi-
cation for full details.

5.2 Representation of the Abstract Model in XML

The Digital Item Declaration Language (MPEG-21 DIDL) is
the normative XML Representation of the Abstract Model.
The entities defined in the Abstract Model are each repre-
sented in MPEG-21 DIDL by a like-named XML element.
In the remainder of this paper, the courier font is used
to refer to these XML elements. For example, the compo-
nent entity of the Abstract Model is represented in MPEG-
21 DIDL by the Component XML element. The seman-
tics and structural positions of the DIDL elements corre-
spond with those of the entities of the Abstract Model. The
MPEG-21 DIDL also defines some special elements that do
not correspond to any of the Abstract Model entities. These
elements can only exist in the XML Representation of the
Abstract Model:

e The DIDL element is the root element of a DIDL. XML
document. The second edition of MPEG-21 DID al-
lows for the association of secondary information per-
taining to the DIDL document itself by adding attributes
to the DIDL root element or by including XML ele-
ments in the DIDLInfo element that itself is a child
of the DIDL root element. Also, the DIDL root el-
ement may have an optional DIDLDocumentId at-
tribute. This attribute can be used to convey the iden-
tifier of the DIDL document. Identifiers of the digital
asset(s) or Digital Item(s) declared within the DIDL
document are not conveyed by this attribute, but rather
by aDescriptor/Statement construct as explained
in Sect. 6.3. Both the DIDLInfo element and the
DIDLDocumentId attribute have resulted from pro-
posals submitted by the authors and are largely inspired
by a digital library and digital archive use case of MPEG-
21 DID [25, 26]. Indeed, there is a clear parallel between
information that resides in the DIDLInfo element and
the notion of OAIS [1] Packaging Information as used in
the archiving domain.

e The Reference element represents a link to another
XML element of a DIDL document, and virtually em-
beds the contents of the referenced element into the re-
ferring element. References can be made to elements
within the same DIDL document or to elements in an-
other DIDL document. The former type of reference is
known as an internal reference; the latter is known as

an external reference. An internal reference allows a sin-
gle source to be maintained for an element that occurs
in more than one place in a DIDL document. An exter-
nal reference allows a DIDL document to be split up into
multiple linked discrete DIDL documents. In the second
edition of MPEG-21 DID, the Reference element has
been removed as similar functionality can be achieved
by using XML Inclusion 1.0 (XInclude) [27]. The latter
has been published as a W3C Recommendation in De-
cember 2004.

e The Declarations element is used to define DIDL
elements in a DIDL document without actually instanti-
ating them. A declared element can then be instantiated
by using a Reference element.

The grammar and syntax of the MPEG-21 DIDL
is captured in a W3C XML Schema [24]. The XML
Schema of the second edition of MPEG-21 DID is avail-
able from the ISO website [http://standards.iso.org/ittf/
PubliclyAvailableStandards/MPEG-21_schema_files/]. To
be conformant with the MPEG-21 DIDL syntax, validation
against the grammar of the XML Schema is necessary, yet
not sufficient. Some mechanisms, such as Schematron [28],
may be required to express XPath [29] based rules that
cannot be expressed by means of the XML Schema. The full
specifics of these rules go beyond the scope of this paper.
Interested readers are referred to Ref. [21] for full details of
the MPEG-21 DIDL syntax.

6 A step by step example of a DIDL document

In this section, XML excerpts of a sample DIDL document
are provided to illustrate the main characteristics of MPEG-
21 DIDL in the context of its use in the digital library do-
main. The DIDL document is shown in full in Table 8. The
document is the MPEG-21 DIDL-based XML representa-
tion of a sample digital asset consisting of:

e A scholarly publication with identifier ‘info:doi/
10.1045/july95-arms’. Two versions of the publica-
tion are provided as separate datastreams: the original
PostScript file, and a derived PDF file.

e Descriptive secondary information about the publication
expressed in the Dublin Core format [30].

6.1 Providing constituent datastreams

Each constituent datastream of a Digital Item is accom-
modated in a separate Resource element, representing a
resource. As shown in Table 1, MPEG-21 DIDL allows
those resources to be physically embedded within a DIDL
document—i.e., ‘By Value’ provision—or to be pointed at
from within a DIDL document—i.e., ‘By Reference’ pro-
vision. Table 1 also shows how the nature of those as-
sets relates to the way in which they can be included By
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Table 1 ‘By Value’ and ‘By Reference’ provision of assets and secondary information in a DIDL document

Resource Statement
By Value (mixed) XML elements [m} L]
base64 encoded data | |
By Reference | N/A | [}

Table 2 A Resource element providing the PDF datastream ‘By Reference’

<didl:Resource mimeType="application/pdf" ref="http://purl.lanl.gov/tech/pdf/015997845.pdf"/>

Table 3 A Resource element providing the PDF datastream file ‘By Value’

<didl:Resource mimeType="application/pdf" encoding="base64">
JVBER1i0xLjMKJeLjz9MNCEgMCBvYmoKPDwgCi9TAWIGZWNOICgpCi9LZX13b3TkcyAoKQovQ3Jl
YXRvCciAOWFBQKQovVG10bGUgKCKkKL1Byb2R1Y2VyICgpCi9Nb2REYXR1 IChEOj IWMDQWNTEOMT Iy
MzE2KQovQ3J1YXRpb25EYXR1ICgyMDAOMDUXNDEYMjMwMSkKLOF1dGhvciAoKQo+PiAKZWSkb2Jqg
CjIgMCBvYmoKPDwgCi9UeXBlICIQYWAlIAOVUGFyZWS0IDEXIDAGUIAKL1J1c291cmNlcyAOIDAY. .

.</didl:Resource>

Value. MPEG-21 DIDL allows for the inclusion of unen-
coded (mixed) XML elements not defined by the MPEG-21
DIDL Schema. In addition, binary datastreams may be pro-
vided By Value using a base64 encoding as specified in IETF
RFC 3548 [31]. The white rectangles in Table 1 indicate pro-
vision techniques that became available in the second edition
of MPEG-21 DID as a result of amendments proposed by the
authors [32, 33].

Table 2 demonstrates a ‘By Reference’ provision of both
the PDF and Postscript constituents of the sample Digital
Item. The ref attribute contains the actual network loca-
tion. A ‘By Value’ provision of the PostScript and PDF as-
sets can be accomplished by base64 encoding the binary
data and wrapping the outcome in the Resource element.
As a result of amendments proposed by the authors, the
second edition of MPEG-21 DID requires the use of the
encoding attribute (with a value set to ‘base64’), when-
ever the Resource element contains base64 encoded data
[32, 33]. If the encoding attribute is omitted, the data must
be un-encoded. This removes an ambiguity in the first edi-
tion of MPEG-21 DID, which does not support an unam-
biguous way to determine whether embedded character data
is base64 encoded or not. Table 3 shows an abbreviated By
Value provision of the PDF file. In addition to the ref and
encoding attributes, a mandatory mimeType attribute in-
dicates the MIME media and subtype of the provided datas-
treams.

It may be important to note that the second edi-
tion of MPEG-21 DID also allows for expressing addi-
tional content-encodings that have been applied to a re-

source of a DIDL document and thus to indicate which
decoding mechanisms need to be applied to the re-
source in order to obtain the MIME media-type identi-
fied by the mimeType attribute. This is achieved using
a contentEncoding attribute. This functionality is pri-
marily used to allow a resource to be compressed without
losing the knowledge regarding its underlying MIME media-
type. If multiple content-encodings have been applied to the
resource, each content-encoding is listed in the value of the
ContentEncoding attribute in a space-delimited list in
the order in which they were applied [34].

In addition to the above attributes, the second edition
of MPEG-21 DID allows for Resource elements to have
attributes from other XML Namespaces (not defined by
MPEG-21 DID), enabling the provision of application or
community specific information about that resource.

6.2 Providing secondary information

Secondary textual information, statements, are contained in-
side a Statement element. Whereas resources are con-
sidered identifiable assets, statements cannot be identified,
and hence, should not be treated as individual assets in
their own right. Statement elements are embedded in-
side a Descriptor element, forming so-called descrip-
tor/statement constructs.

As indicated in Table 1, a statement can be provided By
Value and/or By Reference. Just like a Resource element,
a Statement element has a required mimeType attribute,
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Table 4 A Statement element containing a ‘By Value’ provision of the secondary information expressed in the DC format

xmlns:dc="http://purl.org/dc/elements/1.1/"

xmlns:dcterms="http://purl.org/dc/terms/">

<dc:creator>William Y. Arms</dc:creator>
</oai_dc:dc>

<didl:Statement>

<didl:Statement mimeType="text/xml; charset=UTF-8">

<oai_dc:dc xmlns:ocai_dc="http://www.openarchives.org/OAI/2.0/cai_dc/"

<dc:title>Key Concepts in the Architecture of the Digital Library</dc:titles>

Table 5 A Descriptor/Statement construct containing an identifier expressed in the DII Namespace

<didl:Item>

<didl:Descriptor>

</didl:Statement>

</didl:Descriptor>

</didl:Item>

<didl:Statement mimeType="text/xml; charset=UTF-8">
<dii:Identifier xmlns:dii="urn:mpeg:mpeg21:2002:01-DII-NS">
info:doi/10.1045/10.1045/july95-arms</dii:Identifier>

and optional ref, encoding, and contentEncoding
attributes. Table 4 shows a Statement element contain-
ing a By Value provision of secondary information about the
sample scholarly publication, expressed in the Dublin Core
format.

6.3 More about Descriptor/Statement constructs

Descriptor/Statement elements, representing a de-
scriptor/statement construct, provide an extensible mecha-
nism to associate textual secondary information with entities
of the Abstract Model. For example, in order to associate—
say—an identifier with an item, a descriptor containing the
identifier statement can be created as a child element of the
Item element.

As will be shown, the MPEG-21 framework itself de-
fines ways to use descriptor/statement constructs as a
means to convey—amongst others—identification informa-
tion, rights information, and processing information. This
approach is illustrated in Sect. 6.3.1. To facilitate the provi-
sion of domain or application-specific information, descrip-
tor/statement constructs may also be defined by third parties.
In order to do so, typically, an XML Schema with an asso-
ciated XML Namespace is created to contain elements and
attributes required to address specific needs. This approach
is illustrated in Sect. 6.3.2.

6.3.1 MPEG-21 defined Descriptor/Statement
constructs

(a) MPEG-21 DII: using Descriptor/Statement con-
structs to identify Digital Items

Through the introduction of a special Part, the MPEG-
21 Digital Item Identification (MPEG-21 DII), MPEG-
21 recognizes the importance of identifiers in network-
based applications. MPEG-21 DII specifies the usage of
Descriptor/Statement constructs for the identifi-
cation of Digital Items and parts thereof. To that end,
it introduces a DII XML Namespace with elements that
can be used to associate identifiers and/or types with
container, item, component, and anchor entities. For ex-
ample, Table 5 shows the use of the Identifier ele-
ment from the DII XML Namespace to associate the URI
‘info:doi/10.1045/july95-arms’ with the sample Digital
Item; where ‘doi:10.1045/july95-arms’ is a unique DOI
[35] number for the publication, and ’info’ is a proposed
URI Scheme [36].

MPEG-21 DIl also defines a Related
Identifier element that carries identifiers that
are ‘related’ to a Digital Item or a part thereof.
The specification, however, remains silent regarding
the nature of the relationship of the thing iden-
tified by a RelatedIdentifier to the Dig-
ital Item (or constituent thereof) that carries the
RelatedIdentifier. At the time of writing,
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Table 6 A Descriptor/Statement construct containing a simple rights expression

<didl:Item>

<didl:Descriptor>

<didl:Statement mimeType="text/xml; charset=UTF-8">
<r:license xmlns:r="urn:mpeg:mpeg2l:2003:01-REL-R-NS">

<!-- licenses can be added here -->

<r:otherInfo>

<dc:rights xmlns:dc="http://purl.org/dc/elements/1.1/">

Copyright 1995; Corporation for National Research Initiatives</dc:rightss>

</r:otherInfo>
</r:license>
</didl:Statement>

</didl:Descriptor>

</didl:Item>

(b)

the authors are involved in an amendment aimed at
qualifying the nature of this relationship by means of
a relationshipType attribute [48]. The value of
this attribute is in the form of a URI and corresponds
to a verb from the MPEG-21 Rights Data Dictionary
(MPEG-21 RDD) [19].

MPEG-21 REL: using Descriptor/Statement
constructs to associate rights expressions with Digital
Items

MPEG-21 Rights Expression Language (MPEG-
21 REL) specifies the usage of Descriptor/
Statement constructs to associate rights expressions
with a Digital Item or parts thereof. This is achieved
through the introduction of a language inspired by
XrML [37] with elements and attributes in a REL XML
Namespace. Table 6 shows the use of the 1icense
element of the REL XML Namespace to associate very
basic copyright information with the sample Digital
Item. MPEG-21 IPMP, currently under development,

(c)

will provide tools to enforce rights expressions declared
by the REL.

MPEG-21 DIP: Using Descriptor/Statement
constructs to associate processing information with
Digital Items

MPEG-21 Digital Item Processing (MPEG-21 DIP)
specifies an architecture pertaining to the dissemination
of Digital Items. This, yet to be standardized, MPEG-21
Part introduces the concept of a Digital Item Method
(DIM), as a way to allow a Digital Item author to provide
suggested interactions of an end-User with a Digital
Item. A DIM is physically contained in the same DIDL
document as the Digital Item with which it is associated.
In the current practice, a DIM is associated with an
element of a DIDL document using a special-purpose
Descriptor/Statement construct, containing
elements of the DIP XML Namespace. The DIMs (and
the associated Digital Items parts) can be extracted from
a DIDL document and processed upon request of an

Table 7 Community specific use of the Descriptor/Statement construct

<didl:Item>

<didl:Descriptor>

<didl:Statement mimeType="text/xml; charset=UTF-8">
<oai_dc:dc xmlns:oai_dec="http://www.openarchives.org/OAI/2.0/ocai_dc/"
xmlns:dc="http://purl.org/dc/elements/1.1/"
xmlns:dcterms="http://purl.org/dc/terms/">
<dc:title>Key Concepts in the Architecture of the Digital Library</dc:titles>

<dc:creator>William Y. Arms</dc:creators>
</oai_dc:dc>
<didl:Statement>
</didl:Descriptor>

</didl:Item>
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Table 8 A Component element grouping bit equivalent resources

<didl:Component>

</didl:Component>

<didl:Resource mimeType="application/pdf" ref="http://purl.lanl.gov/tech/pdf/015997845.pdf"/>
<didl:Resource mimeType="application/pdf" encoding="base64">

JVBER1 0xLjMKJeLj z9MNCJj EgMCBvYmoKPDwgCi 9TAWJIGZWNO I CgpCi 9L.ZX13b3TkcyAoKQovQ3Jl
YXRvciAOWFBQKQovVGl 0bGUgKCkKL1Byb2R1Y2VyICgpCi9Nb2REYXR1IChEO] IWMDQWNTEOMT Iy
MzE2KQovQ3J1YXRpb25EYXR1ICgyMDAOMDUXNDEYM]jMwMSkKLOF1dGhvciAoKQo+PiAKZWSkb2Jg
C3jIgMCBvYmOKPDwgCi9UeXB1ICIQYWA1IAOVUGFYZW50IDEXIDAgUiAKL1J1c291cmN1cyAOIDAY. .

.</didl:Resource>

Table 9 A Container element grouping various items

<?xml version="1.0" encoding="UTF-8"?>

<didl:Container>
.</didl:Item>
.</didl:Item>

<didl:Items>. .
<didl:Items>. .
<didl:Item>...</didl:Item>
</didl:Containers>

</didl:DIDL>

<didl:DIDL xmlns:didl="urn:mpeg:mpeg2l:2002:02-DIDL-NS">

agent by a special component, called an MPEG-21 DIP
Engine.

6.3.2 Non-MPEG-21 defined Descriptor/Statement
constructs

Descriptor/Statements constructs may also be used
by third parties to provide information that is specific to
the nature of the content, the application, and the commu-
nity. Table 7 shows the use of aDescriptor/Statement
construct to associate the statement represented in Table 4
with an Ttem.

The second edition of MPEG-21 DID also allows for
the association of third party information with DIDL ele-
ments via XML attributes. For instance, an Item element
may have attributes from other XML Namespaces providing
information about that item. Note that, as is the case with
the Descriptor/Statement element construct, these
attributes are considered XML instantiations of the abstract
descriptor/statement entities.

6.4 Putting the DIDL document together

So far, the Resource and Statement ele-
ments have been introduced, and the wusage of
Descriptor/Statement constructs has been shown
to enable associating secondary information with a Digital
Item or its constituents. This section uses these building

blocks to compile a DIDL document that represents the
sample Digital Item. The explanation works its way up from
the Resource and Component elements to the Item
element, and then all the way up to the DIDL root element.
The complete DIDL document, representing the sample
digital asset, is shown in Table 10.

A Component element, representing a component, is
introduced to bind one or more Resource elements to
a (set of) Descriptor elements. In MPEG-21 DID first
edition, the resources contained inside a single component
are considered ‘equivalent’. In MPEG-21 DID second edi-
tion, based on input from the authors, ‘equivalence’ has
been further qualified to mean ‘bit equivalent’ [38]. As a
result, MPEG-21 DID allows for the provision of multiple
bit equivalent resources inside a single component, using
both the By Value and By Reference approaches. This fea-
ture is appealing when the same data is available at multiple
locations.

Table 8 shows a Component element wrapping the
PDF resources represented in Tables 2 and 4. The first
resource is provided By Reference through the inclusion
of a reference to its network-location; the second, bit-
equivalent, resource is provided By Value, and is base64
encoded.

Table 10 show the DIDL document representing the
sample Digital Item. The Digital Item contains two datas-
treams. A PDF resource and a postscript resource. Be-
cause the PostScript resource is not bit equivalent with
the PDF file, it is provided in a separate component.
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Table 10 An Item element representing the ifem representing the sample digital asset

<?xml version="1.0" encoding="UTF-8"?>

<didl:Item>
<didl:Descriptor>

</didl:Statement>
</didl:Descriptor>

<didl:Descriptor>

</oai_dc:dc>
<didl:Statement>
</didl:Descriptor>

<didl:Component>

</didl:Component >

<didl:Component>

</didl:Component >
</didl:Item>
</didl:DIDL>

<didl:DIDL xmlns:didl="urn:mpeg:mpeg21:2002:02-DIDL-NS">

<didl:Statement mimeType="text/xml; charset=UTF-8">
<dii:Identifier xmlns:dii="urn:mpeg:mpeg21:2002:01-DII-NS">
info:doi/10.1045/july95-arms</dii:Identifier>

<didl:Statement mimeType="text/xml; charset=UTF-8">
<oai_dc:dc xmlns:oai_dc="http://www.openarchives.org/OAI/2.0/o0ai_dc/"
xmlns:dc="http://purl.org/dc/elements/1.1/"
xmlns:dcterms="http://purl.org/dc/terms/">
<dc:title>Key Concepts in the Architecture of the Digital Library</dc:titles>

<dc:creator>William Y. Arms</dc:creators>

<didl:Resource mimeType="application/pdf" ref="http://purl.lanl.gov/tech/pdf/015997845.pdf"/>
<didl:Resource mimeType="application/pdf" encoding="base64">

JVBER10xLjMKJeLj z9MNCj EGQMCBYVYmOKPDwgC1 9TAWIQZWNOICgpCi 9LZX13b3TkcyAoKQovQ3Jl
YXRvCciAOWFBQKQovVG1 0bGUgKCkKL1Byb2R1Y2VyICgpCi9Nb2REYXR1IChEOj IWMDQWNTEOMTIy . . .</didl :Resource>

<didl:Resource mimeType="application/ps" ref="http://purl.lanl.gov/tech/ps/015997845.ps"/>

And, because the PostScript resource and the PDF re-
source share an identifier, both components are provided
in the same ifem. This item is considered to be the
declarative representation of the sample Digital Item. An
Item element is introduced to contain both components,
and to bind them to a set of descriptor/statement con-
structs. The Descriptor/Statement constructs associ-
ated with the Ttem contain secondary information about
the Digital Item. A first Descriptor/Statement con-
struct conveys the DOI of the Digital Item using the
Identifier element from the DII XML namespace. A
second Descriptor/tt Statement construct conveys
secondary information about the Digital Item expressed in
the Dublin Core format. The DIDL document itself opens
with the DIDL root element containing the DID XML
Namespace declaration.

In addition, multiple items can be grouped in a con-
tainer, represented by a Container element (see Table 9).
Note that a container should not be considered a Digital
Item or a digital asset in its own right, but rather a mech-

anism that allows the grouping of Digital Items in a single
document.

7 Using MPEG-21 DID at the LANL Research Library

So far, this article has provided an insight into the basic con-
cepts of the MPEG-21 DID Abstract Model and MPEG-21
DIDL. This section illustrates the feasibility and attractive-
ness of MPEG-21 DID for digital library applications by
briefly describing its use in the aDORe repository effort [39]
of the Research Library of the Los Alamos National Labo-
ratory (LANL).

The LANL Research Library locally stores TeraBytes
of digital content from primary and secondary scholarly
publishers including Elsevier, American Physical Society,
ACM, IEEE, Wiley, etc. A large scale project is ongoing
aimed at representing all these scholarly digital assets using
MPEG-21 DID. At the time of writing, the LANL aDORe
Repository contains 30,000,000 DIDL documents, a figure
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that is expected to triple in the next 12 months. For each dig-
ital asset that is obtained from a scholarly publisher, and that
is to be ingested into aDORe, a DIDL document is created
that physically contains and/or references the datastreams of
which the asset consists. Apart from these primary datas-
treams, this DIDL document also contains secondary infor-
mation pertaining to the asset and/or parts thereof. Some of
this secondary information is directly taken from the asset
as it was obtained from the information provider. Other sec-
ondary information is added by the ingestion process and is
crucial for the functioning of aDORe and its directly asso-
ciated processes. This secondary information is provided by
means of Descriptor/Statement constructs or XML
attributes. As will be shown in this section, special purpose
Descriptor/Statement constructs are used to convey
information about a Digital Item and its constituent datas-
treams, while the DIDLInfo child element of the DIDL
root element, as well as attributes attached to that root ele-
ment, are used to convey information about the DIDL docu-
ment itself.

7.1 Identifiers

Each digital asset obtained from a publisher is regarded an
MPEG-21 Digital Item. Therefore, during the ingestion pro-
cess, the digital asset is mapped to an Item element that
contains all information (primary and secondary) related to
the asset. A Descriptor/Statement construct attached
to the Item is used to convey the identifier of the digital
asset; this is done by means of the Tdentifier element
of the MPEG-21 DII XML Namespace. This identifier cor-
responds to what the OAIS Reference Model [1] categorizes
as Content Information Identifiers. As shown in the sample
DIDL document in Sect. 7.5, the Content Information Iden-
tifier of the sample Digital Item is ‘info:doi/10.1045/july95-
arms’.

The aforementioned Item is part of a DIDL docu-
ment, which functions as an OAIS Archival Information
Package (OAIS AIP) in aDORe. At the time of ingestion,
each such DIDL document is accorded a globally unique
OAIS Archival Information Package Identifier. These Pack-
age Identifiers are constructed using the UUID algorithm
[40], and are expressed as URIs in the ‘info:lanl-repo/’
namespace, which the LANL Research Library has regis-
tered under the info URI Scheme [36]. The OAIS Pack-
age Identifier of each AIP is conveyed as the value of
the DIDLDocumentId attribute of the DIDL root ele-
ment. The value of the OAIS Package Identifier of the
sample DIDL document is ‘info:lanl-repo/i/00002cb8-c477-
11d8-a819-b1db893d21e6’. In addition to the OAIS Pack-
age Identifier pertaining to the DIDL document, all Ttems
and Components of which the DIDL document consists
are accorded globally unique XML IDs, again created using
the UUID algorithm.

Resulting from the described approach, to accord and
convey identifiers, are two parallel URI mechanisms to ad-
dress assets stored in aDORe. Figure 4 illustrates these

[ OAIS PACKAGE PERSPECTIVE ] [ OAIS CONTENT PERSPECTIVE ]

<DIDL>

info:lanl-repo/i/00002cb8-c477...

item

info:d0i/10.1045/july95-arms

<Item>

ID="uuid-00004342-c477-1..."

<Component > component

ID="uuid-00005e90-c687-1..."

<Component > component

ID="uuid-0000a01lc-d579-2..."

Fig. 4 : Two complete and parallel identification mechanisms

mechanisms for the sample Digital Item. One mechanism
is directly related to the OAIS AIP notion, and is based on
XML technology. It uses the OAIS Package Identifier con-
veyed in the DIDLDocument Id attribute of the DIDL root
element to identify DIDL documents, and this same Pack-
age Identifier extended with an XML ID fragment to iden-
tify XML child elements of the DIDL documents. The other
mechanism is directly related to the OAIS Content Infor-
mation notion. It uses the OAIS Content Information Iden-
tifiers of the digital assets provided in the Identifier
element of the MPEG-21 DII XML Namespace, which is
typically attached using a Descriptor/Statement con-
struct to the Item that represents the Digital Item. Con-
tent Information Identifiers can be provided at levels be-
low this Item too, for example, if individual datastreams
of which a Digital Item consists have identifiers of their
own.

Both types of OAIS Identifiers are used in the protocols
through which assets stored in aDORe are accessible:

e The Open Archives Initiative Protocol for Metadata Har-
vesting (OAI-PMH) [41] is used as the protocol to access
DIDL documents. This allows for batch access (using
OAI-PMH ListRecords) to DIDL documents based
on time (range) of their ingestion, and access to an indi-
vidual DIDL document (using OAI-PMH GetRecord)
by means of its OAIS Package Identifier. The response
to the OAI-PMH GetRecord request corresponds to the
OAIS concept of Dissemination Information Package
(OAIS DIP).

e NISO OpenURL [42] is used as the technique to re-
quest context-sensitive services pertaining to stored Dig-
ital Items. The crucial key on these OpenURLSs conveys
the OAIS Content Information Identifier of the Digital
Item or constituent for which a context-sensitive service
is requested.
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These are appealing illustrations of how OAIS Identi-
fier concepts can be implemented using MPEG-21 DID. In
the context of aDORe, the parallel addressing mechanism is
also attractive for practical purposes. Consider that an up-
dated version of a previously ingested digital asset is ob-
tained from a publisher. In this case, both the existing and
the newly obtained digital asset will share a Content In-
formation Identifier. Through the ingestion process, how-
ever, both assets will be contained in different DIDL doc-
uments, each of which has its own, globally unique, OAIS
AIP Identifier. As a result, the OAIS Content Information
Identifier is used to address all versions and copies of a Dig-
ital Item, whereas the OAIS Package Identifier allows to dis-
tinguish between versions and copies of the same Digital
Item.

7.2 Relationships

Special-purpose Descriptor/Statement constructs
are introduced to express relationships within and among
Digital Items. These Descriptor/Statement con-
structs contain RDF statements expressing relationships
such as ‘isMemberOf’ and ‘isTranslationOf’. The RDF
statements are based on an experimental ontology of
relationships that will be evolved toward interoperabil-
ity in collaboration with colleagues from Cornell Uni-
versity, in the context of the NSF-funded Pathways
project.

It should be noted that the relationships provided in these
Descriptor/Statement constructs are different from
the structural relationships that are inherent to the struc-
ture of the DIDL document itself. Relationships, such as
‘hasResource’, ‘isPartOfltem’, and ‘hasldentifier’ can be
dynamically derived from the structure of the DIDL doc-
ument itself, and hence, do not necessarily need to be
explicitely included as RDF statements within the DIDL
document.

7.3 Creation datetimes and formats

Different creation times are associated with digital assets
that are ingested in the LANL Repository:

e The creation date of a DIDL document is conveyed by
means of a DIDLDocumentCreated attribute that is
attached to the DIDL root element. This attribute is from
an XML Namespace defined as part of the aDORe effort.
The value of this attribute is used as the datestamp for
OAI-PMH access to aDORe. The creation datetime of
the sample DIDL document shown in Sect. 7.5 is ‘2004-
11-22T18:07:18Z’.

e When known, the creation datetime of a datas-
tream of a Digital Item is conveyed using a
Descriptor/Statement construct attached to
the Component that contains the datastream as a
resource. This construct conveys the creation time

using the created element from the Dublin Core
Element Set [30], which was imported into an aDORe
XML Namespace. The creation dates of the PDF
and Postscript files of the sample Digital Item are
2003-10-29T18:07:18Z’ and ‘2003-10-26T10:03:12Z’,
respectively.

Also, each Component element may have a
Descriptor/Statement construct that conveys a
unique format identifier, capturing fine-grained media
format information, of the constituent datastream contained
inside the Component. The sample document in Sect.
7.5 show the use of dc:format elements to convey
format identifiers of the PDF and PostScript datastreams
of the sample asset. At the time of writing, investiga-
tions are ongoing aimed at expressing these formats by
elements from the PREMIS effort [http://www.oclc.org/
research/projects/pmwg/]. Also, the values of these elements
could be expressed using controlled format registries, such
as the Global Digital Format Registry (GDFR) [http://hul.
harvard.edu/gdfr/] and the PRONOM File Format registry
[http://www.nationalarchives. gov.uk/pronom/].

7.4 Digests and signatures

W3C XML Signatures [43] embedded in DIDL documents
are used to allow verifying the accuracy and authenticity of
assets stored in aDORe:

e To allow verifying the DIDL document itself, a
Signature element from the W3C Signature XML
Namespace is provided as a child of the DIDLInfo
element, which itself is a child of the DIDL root el-
ement. This is illustrated in an abbreviated form in
Sect. 7.5.

e To allow verifying a datastream, a Signature element
from the W3C Signature XML Namespace is provided
in a Descriptor/Statement construct attached to
the Component that contains the datastream as a re-
source. Again, this is illustrated in an abbreviated form in
Sect. 7.5.

W3C XML Signatures are also used in conjunction
with DIDL documents in a collaborative project between
the American Physical Society (APS) and the LANL Re-
search Library. In this project, aimed at permanently mir-
roring the collection of the APS at LANL, the OAI-PMH is
used as a protocol to recurrently harvest assets represented
as DIDL documents from the APS. In order to allow for
the verification of the accurate transfer of the assets, XML
Signatures are included in the exposed DIDL documents
[44].

7.5 Sample aDORe DIDL document
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<?xml version="1.0" encoding="UTF-8"?>
<didl:DIDL DIDLDocumentId="info:lanl-repo/i/00002cb8-c477-11d8-a819-b1db893d21e6"
diext :DIDLDocumentCreated="2004-11-22T18:07:182"
xmlns:didl="urn:mpeg:mpeg21:2002:02-DIDL-NS"
xmlns:diext="http://library.lanl.gov/2005-08/aDORe/DIDLextension/">
<didl:DIDLInfo>
<dsig:Signature xmlns:dsig="http://www.w3.0rg/2000/09/xmldsig#">...</dsig:Signature>
</didl:DIDLInfo>
<didl:Item id="uuid-00004342-c477-11d8-a819-b1ldb893d21le6">
<didl:Descriptor>
<didl:Statement mimeType="text/xml; charset=UTF-8">
<dii:Identifier xmlns:dii="urn:mpeg:mpeg21:2002:01-DII-NS">
info:doi/10.1045/july95-arms</dii:Identifiers>
</didl:Statement>
</didl:Descriptors>
<didl:Descriptors
<didl:Statement mimeType="text/xml; charset=UTF-8">
<oai_dc:dc xmlns:oai_dc="http://www.openarchives.org/OAI/2.0/ocai_dc/"
xmlns:dc="http://purl.org/dc/elements/1.1/"
xmlns:dcterms="http://purl.org/dc/terms/">
<dc:title>Key Concepts in the Architecture of the Digital Library</dc:title>
<dc:creator>William Y. Arms</dc:creators
</oai_dc:dc>
<didl:Statement>
</didl:Descriptors>
<didl:Component id="uuid-00005e90-c687-11d8-a819-bldb893d21le6">
<didl:Descriptor>
<didl:Statement mimeType="text/xml; charset=UTF-8">
<diadm:Admin xmlns:diadm="http://library.lanl.gov/2004-01/STB-RL/DIADM">
<dc:format xmlns:dc="http://purl.org/dc/elements/1.1/">info:lanl-repo/fmt/5</dc:format>
<dcterms:created xmlns:dcterms="http://purl.org/dc/terms/">
2003-10-29T18:07:18%Z</dcterms:createds>
</diadm:Admin>
</didl:Statement>
</didl:Descriptors>
<didl:Descriptor>
<didl:Statement mimeType="text/xml; charset=UTF-8">
<dsig:Signature xmlns:dsig="http://www.w3.0rg/2000/09/xmldsig#">...</dsig:Signature>
</didl:Statement>
</didl:Descriptor>
<didl:Resource mimeType="application/pdf" ref="http://purl.lanl.gov/tech/pdf/015997845.pdf"/>
<didl:Resource mimeType="application/pdf" encoding="base64">
JVBER1 0xLjMKJeLjz9MNCj EgMCBvYmoKPDwgCi 9TAWJIGZWNOICgpCi9LzX13b3JkcyAoKQovQ3Jl
YXRvciAOWFBQKQovVG10bGUgKCkKL1Byb2R1Y2VyICgpCi9Nb2REYXR1IChEOj IWMDQWNTEOMTIy . . . </didl :Resource>
</didl:Component>
<didl:Component id="uuid-0000a0lc-d579-21d8-a819-bldb893d21le6">
<didl:Descriptors>
<didl:Statement mimeType="text/xml; charset=UTF-8">
<diadm:Admin xmlns:diadm="http://library.lanl.gov/2004-01/STB-RL/DIADM">
<dc:format xmlns:dc="http://purl.org/dc/elements/1.1/">info:lanl-repo/fmt/10</dc:format>
<dcterms:created xmlns:dcterms="http://purl.org/dc/terms/">
2003-10-26T10:03:12%</dcterms:createds>
</diadm:Admin>
</didl:Statement>
</didl:Descriptor>
<didl:Descriptors>
<didl:Statement mimeType="text/xml; charset=UTF-8">
<dsig:Signature xmlns:dsig="http://www.w3.0rg/2000/09/xmldsig#">...</dsig:Signature>
</didl:Statement>
</didl:Descriptor>
<didl:Resource mimeType="application/ps" ref="http://purl.lanl.gov/tech/ps/015997845.ps"/>
</didl:Component >
</didl:Item>
</didl :DIDL>
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8 Conclusion

This article has described the MPEG-21 Digital Item Dec-
laration. It has also illustrated its use in a specific digital li-
brary context. Hopefully, this has resulted in an insight that
embracing MPEG-21 DID for digital library applications is
both feasible and attractive.

From a strategic perspective, MPEG-21 DID is appeal-
ing because it is part of the MPEG suite of ISO standards
which is likely to receive strong industry backing [10].
Also, MPEG-21 DID is part of a broader architecture, many
components of which are of direct relevance to the digi-
tal library community. And, importantly, MPEG-21 DID is
an ISO standard developed by major players in the con-
tent and technology industry, which provides some guaran-
tees regarding its adoption and the emergence of compliant
tools.

From a functional perspective, MPEG-21 DID is attrac-
tive because of the existence of a well-specified Abstract
Model, and the capability this yields for the representa-
tion of Digital Items in various evolving technological en-
vironments while maintaining the basic architectural con-
cepts. Also, MPEG-21 DID takes an approach that enforces
cross-community interoperability, while allowing the flexi-
bility for the emergence of compliant, community specific
profiles. The XML Schema of the MPEG-21 DIDL instan-
tiation is elegant and simple, making the development of
tools quite straightforward. Especially appealing is the flexi-
bility and extensibility provided by the descriptor/statement
approach, instantiated in MPEG-21 DIDL by means of the
Descriptor/Statement elements and XML attributes.
The MPEG-21 standard itself makes use of those descrip-
tor/statement constructs to provide a fundamental solution
for the identification of Digital Items, to associate process-
ing methods with Digital Items, and to express rights related
to Digital Items. Descriptor/statement constructs can also be
used to address community-specific interoperability require-
ments.

Through the brief description of the use of MPEG-21
DID at the LANL Research Library, it was shown that
implementation in a manner consistent with fundamen-
tal OAIS concepts is feasible. It was also shown that the
MPEG-21 DID technologies can be integrated with tech-
nologies such as OAI-PMH, OpenURL, and W3C XML
Signatures that have emerged from other information com-
munities. Interested readers are referred to [39, 45-47] for
a more in-depth overview of the LANL aDORe architec-
ture, and the role MPEG-21 and other technologies play
in it.

Acknowledgements The authors would like to thank their colleagues
Lyudmila Balakireva, Xiaoming Liu, and Thorsten Schwander of the
LANL Digital Library Research and Prototyping Team, as well as
Patrick Hochstenbach (previously at LANL, and now at Ghent Univer-
sity) and Henry Jerez (previously at LANL, and now at CNRI) for their
contributions to the reported work. Many thanks also to Rick Luce, the
LANL library director, for his ongoing support for the reported work.
Jeroen Bekaert also wishes to thank the Fund for Scientific Research
(Flanders, Belgium) for his Ph.D. scholarship. The reported work is

partially funded by a grant from the Library of Congress’s National
Digital Information Infrastructure Program.

References

1. International Organization for Standardization: ISO 14721:2003.
Space data and information transfer systems—Open archival in-
formation system—Reference model, 1st edn. Author, Geneva,
Switzerland (2003)

2. Kahn, R., Wilensky, R.: A framework for distributed
digital object services. Retriecved May 13, from
http://hdl.handle.net/cnri.dlib/tn95-01 (1995)

3. Nelson, M.L., Argue, B., Efron, M., Denn, S., Pattuelli, M.: A
survey of complex object technologies for digital libraries (NASA
Tech. Rep. NASA/TM-2001-211426). Retrieved in December
from  http://techreports.larc.nasa.gov/ltrs/PDF/2001/tm/NASA-
2001-tm211426.pdf (2001)

4. The Library of Congress: The
and MARC Standards Office: Metadata Encoding and
Transmission Standard (METS). Retrieved in July from
http://www.loc.gov/standards/mets/ (2004)

5. IMS Global Learning Consortium.: IMS content packaging XML
binding specification version 1.1.3. Retrieved in June from
http://www.imsglobal.org/content/packaging/ (2003)

6. Consultative Committee for Space Data Systems (CCSDS)
Panel 2: XML structure and construction rules (CCSDS
Tech. Rep. No. 727/0831XFDUv09). Retrieved in Au-
gust from http://www.ccsds.org/docu/dscgi/ds.py/Get/File-
727/0831XFDUV09.pdf (2003)

7. International Organization for Standardization.: ISO/IEC
21000-2:2003. Information technology—Multimedia framework
(MPEG-21)—Part 2: Digital Item Declaration, 1st edn. Author,
Geneva, Switzerland (2003)

8. Drury, G., van de Walle, R., Burnett, I. (eds.): Text of
ISO/IEC 21000-2, 2nd edn. FDIS (Output Document of
the 71st MPEG Meeting, Hong Kong, China, No. ISO/IEC
JTC1/SC29/WG11/N6927). Retrieved in October from the NIST
MPEG Document Register (2005)

9. International Organization for Standardization: ISO/IEC 21000-
3:2003:  Information technology—Multimedia  framework
(MPEG-21)—Part 3: Digital Item Identification, 1st edn. Author,
Geneva, Switzerland (2003)

10. Chiariglione, L.: Impact of MPEG standards on multimedia indus-
try. In: Proceedings of the IEEE, 6th edn., vol. 86, pp. 1222-1227.
IEEE Computer Society, Los Alamitos, CA (1998)

11. Koenen, R.: From MPEG-1 to MPEG-21: Creating an in-
teroperable multimedia framework (Output document of
the 58th MPEG Meeting, Pattaya, Thailand, No ISO/IEC
JTC1/SC29/WG11/N4518). Retrieved from the NIST MPEG
Document Register (2001)

12. Pereira, F., Ebrahimi, T. (eds.): The MPEG-4 Book. Prentice-Hall
PTR, Upper Saddle River, NY (2002)

13. Hunter, J.: An overview of the MPEG-7 Description Definition
Language (DDL). IEEE Trans. Circuits Syst. Video Technol.
11(6), 765-772 (2001)

14. International Organization for Standardization: ISO/IEC 15938-
5:2003: Information technology—Multimedia content description
interface—Part 5: Multimedia description schemes, 1st edn. Au-
thor, Geneva, Switzerland (2003)

15. International Organization for Standardization: ISO/IEC TR
21000-1:2001. Information technology—Multimedia framework
(MPEG-21)—Part 1: Vision, technologies and strategy, 1st edn.
Author, Geneva, Switzerland (2004)

16. Moving Picture Experts Group: ISO/IEC TR FDIS 21000-1 Vi-
sion, Technologies and Strategy, 2nd edn. (Output Document
of the 68th MPEG Meeting, Munich, Germany, No. ISO/IEC
JTC1/SC29/WG11/N6388). Retrieved in March from the NIST
MPEG Document Register (2004)

Network Development



Representing digital assets using MPEG-21 Digital Item Declaration

173

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Watt, S., Huang Z., Rodriguez, E., Lauf, S. (eds.): ISO/IEC FCD
21000-4 IPMP Components (Output Document of the 70th MPEG
Meeting, Busan, Korea, No. ISO/IEC JTC1/SC29/WG11/N7196).
Retrieved in April from the NIST MPEG Document Register
(2005)

International Organization for Standardization: ISO/IEC 21000-
5:2004:  Information technology—Multimedia  framework
(MPEG-21)—Part 5: Rights Expression Language, Ist edn.
Author, Geneva, Switzerland (2003)

International  Organization for Standardization.: ISO/IEC
21000-6:2004: Information technology—Multimedia framework
(MPEG-21)—Part 6: Rights Data Dictionary, 1st edn. Author,
Geneva, Switzerland (2004)

International Organization for Standardization: ISO/IEC 21000-
7:2004:  Information technology—Multimedia  framework
(MPEG-21)—Part 7: Digital Item Adaptation, 1st edn. Author,
Geneva, Switzerland (2004)

Drury, G., van de Walle, R., Burnett, 1., Kim, M., Swami-
nathan, V. (eds.): ISO/IEC FCD 21000-10 Digital Item Process-
ing (Output Document of the 70th MPEG Meeting, Palma De
Mallorca, Spain, No. ISO/IEC JTC1/SC29/WG11/N6780). Re-
trieved in October from the NIST MPEG Document Register
(2004)

Payette, S., Lagoze, C.: Flexible and Extensible Digital Object and
Repository Architecture (FEDORA). In: Nikolaou, C., Stephani-
dis, C. (vol. eds.) Lecture Notes in Computer Science: Vol.
1513/1998. Research and Advanced Technology for Digital Li-
braries: Proceedings of the 2nd European Conference, ECDL’98,
Heraklion, Crete, Greece, pp. 41-60. Springer-Verlag, Heidelberg,
Germany (1998)

Staples, T., Wayland, R., Payette, S.: The Fedora project: An open-
source digital object repository system. D-Lib Magazine 9(4). Re-
trieved in April from http://dx.doi.org/10.1045/april2003-staples
(2003)

Fallside, D. C. (ed.): XML Schema Part 0: Primer (W3C
Recommendation). Retrieved May 2 from http://www.w3.org/
TR/xmlschema-0/ (2002)

Bekaert, J., deMartini, T., van de Walle, R., van de Som-
pel, H.: Identification of a DIDL document (Input Document
for the 69th MPEG Meeting, Redmond, WA, No. ISO/IEC
JTC1/SC29/WG11/M10892). Retrieved in July from the NIST
MPEG Document Register (2004)

Bekaert, J., deMartini, T., Rump, N., Barlas, C., van de Sompel,
H., van de Walle, R.: URI-reference of a DIDL document (In-
put Document for the 72th MPEG Meeting, Busan, Korea, No.
ISO/IEC JTC1/SC29/WG11/M11943). Retrieved in April from
the NIST MPEG Document Register (2005)

Marsh, J., Orchard, D. (eds.): XML Inclusion 1.0 (Xinclude)
(W3C Recommendation) (2004, December 20). Retrieved May 1
from http://www.w3.org/TR/xinclude/ (2005)

ISO/IEC JTC1/SC34: ISO/IEC FDIS 19757-3 Document Schema
Definition Languages (DSDL)—Part 3: Rule-based validation—
Schematron. Retrieved from http://www.schematron.com/iso/
Schematron.pdf (2004)

Clark, J., deRose, S.: XML Path Language (XPath) (W3C Rec-
ommendation). Retrieved in November from http://www.w3.org/
TR/xpath (1999)

National Information Standards Organization: ANSI/NISO
739.85-2001: The Dublin Core Metadata Element Set. NISO,
Bethesda, MD (2001, September)

Josefsson, S. (ed.): The Basel6, Base32, and Base 64
data encodings (IETF RFC 3548). Retrieved in July from
http://www.ietf.org/rfc/rfc3548.txt (2003)

Bekaert, J., Hochstenbach, P., de Neve, W., van de Sompel,
H., van de Walle, R.: Suggestions concerning MPEG-21 Digital
Item Declaration (Input Document for the 65th MPEG Meeting,
Trondheim, Norway, No. ISO/IEC JTC1/SC29/WG11/M9755).
Retrieved in July from the NIST MPEG Document Register
(2003)

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Bekaert, J., Hochstenbach, P., van de Sompel, H., van de Walle, R.:
Suggestions concerning MPEG-21 Digital Item Declaration (In-
put Document for the 67th MPEG Meeting, Hawaii, No. ISO/IEC
JTC1/SC29/WG11/M10427). Retrieved in December from the
NIST MPEG Document Register (2003)

Bekaert, J. (on behalf of the Belgian National Standards Body):
BNB comments on ISO/IEC 21000-2 FCD, 2nd edn. (Input Doc-
ument for the 71th MPEG Meeting, Hong Kong, China, No.
ISO/IEC JTC1/SC29/WG11/M11355). Retrieved in January from
the NIST MPEG Document Register (2005)

National Information Standards Organization: ANSI/NISO
739.84-2000: Syntax for the Digital Object Identifier. NISO,
Bethesda, MD (2000, May)

Van de Sompel, H., Hammond, T., Neylon, E., Weibel, S.: The
“info” URI scheme for information assets with identifiers in
public namespaces. (IETF Internet-Draft, expires on July 13,
2005) Retrieved January 12 from http://info-uri.info/registry/docs/
drafts/draft-vandesompel-info-uri-02.txt (2005)

ContentGuard, Inc.: XrML... eXtensible rights Markup Lan-
guage. Retrieved from http://www.xrml.org/ (n.d.)

Bekaert, J., de Keukelaere, F., van de Sompel, H., van de
Walle, R.: Requirement for MPEG-21 DID (Input Document
for the 69th MPEG Meeting, Redmond, WA, No. ISO/IEC
JTC1/SC29/WG11/M11081). Retrieved in July from the NIST
MPEG Document Register (2004)

Van de Sompel, H., Bekaert, J., Liu, X., Balakireva, L.,
Schwander, T.: aDORe. A Modular, Standards-based Digital Ob-
ject Repository. In: The Computer Journal. Oxford University
Press, Oxford, UK. Retrieved from http://dx.doi.org/10.1093/
comjnl/bxh114 (2005)

Leach, P, Mealling, M., Salz, R.: A UUID URN Namespace, 3th
edn. (IETF Internet-Draft, expired on July 1, 2004). Retrieved in
January (2004)

Lagoze, C., van de Sompel, H., Nelson, M. L., Warner, S. (eds.):
The Open Archives Initiative protocol for metadata harvesting,
2nd edn. Retrieved on February 21 from http://www. openar-
chives.org/OAI/2.0/openarchivesprotocol.htm (2003)

National Information Standards Organization: ANSI/NISO
739.88-2004: The OpenURL Framework for Context-Sensitive
Services. Bethesda, MD (April 2005)

Bartel, M., Boyer, J., Fox, B., LaMacchia, B., Simon, E.: In: East-
lake, D. Reagle, J., Solo, D. (eds.) XML-Signature syntax and pro-
cessing (W3C Recommendation). Retrieved on February 12 from
http://www.w3.org/TR/xmldsig-core/ (2002)

Bekaert, J., van de Sompel, H.: A standards-based solution for
the accurate transfer of digital assets. D-Lib Magazine 11(6). Re-
trieved in June from http://dx.doi.org/10.1045/june2005-bekaert
(2005)

Bekaert, J., Balakireva, L., Hochstenbach, P., van de Sompel, H.:
Using MPEG-21 and NISO OpenURL for the dynamic dissem-
ination of complex digital objects in the Los Alamos National
Laboratory Digital Library. D-Lib Magazine 9(11). Retrieved
in February from http://dx.doi.org/10.1045/february2004-bekaert
(2004)

Bekaert, J., Hochstenbach, P., van de Sompel, H.: Using MPEG-
21 DIDL to represent complex digital objects in the Los Alamos
National Laboratory Digital Library. D-Lib Magazine 9(11).
Retrieved from http://dx.doi.org/10.1045/november2003-bekaert
(2003)

Jerez, H.N., Liu, X., Hochstenbach, P., van de Sompel, H.: The
multi-faceted use of the OAI-PMH in the LANL repository. In:
Proceedings of the 4th ACM/IEEE Joint Conference on Digital
Libraries: Vol. Proceedings of the 2004 joint ACM/IEEE confer-
ence on Digital libraries, JCDL ’04, Tuscon, AZ, pp. 11-20. ACM,
New York (2004)

Bekaert, J., van de Sompel, H., Rump, N., Barlas, C.,
van de Walle, R.: Typing Identifiers (Input Document for
the 71th MPEG Meeting, Hong Kong, China, No. ISO/IEC
JTC1/SC29/WG11/M11581). Retrieved in January from the NIST
MPEG Document Register (2005)



