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Abstract. Given the lack of standard building component, in several
cases digital library applications are built from scratch using ad-hoc ap-
proaches to implement all required components. On the other hand, our
claim is that the development of ad-hoc software modules for each new
digital library is not convenient. It is necessary to define and design stan-
dard software components in order to support the design and effective
implementation of Digital Library Applications. Specifically, in this pa-
per we will focus on the definition of a content management system that

offers typical functionalities required by digital library applications.

1 Introduction

The Digital Library (DL) technology emerged during mid 90ties as a combination
of different technological results, mainly in the area of Database Management
and Information Retrieval, and as an application of these technologies to the
management of libraries. The term digital library has been subject of a certain
confusion concerning its interpretation and use. Sometime it has been used to
refer the accessible digital content of a library. Sometime it has been used to
indicate a specific application built to make accessible a specific digital content.

Sometime it has been related to a set of software tools that can be used to
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build a digital library application, in order to access a published digital content.
However, we may observe that in the digital library field we may use the same dis-
tinction that is made in the database systems field between the database, which
is the set of data that should be managed, the database management system,
which is the general purpose software specialized in data management, and the
database application, which is the application which allows users to access data.
Thus, in the following we will distinguish between the Digital Library, which is
the set of documents — or, more in general, the set of digital objects — that are
managed, the Content Management System (CMS), which is a general purpose
software module that can be customized in order to provide different function-
ality in the management of digital objects, and the Digital Library Application
(DLA), which is a specific application to access the digital objects belonging to
a particular Digital Library.

A first category of DLA, which is nowadays well established, consists in the
pure management of the library catalogs in electronic form, with support for the
search of the library objects and the identification of their location in the library:
no support is provided to the management of digital objects and to their access
by content. More recently, new DLs emerged, where the “goods” of the library are
stored in digital form and can be searched by content, accessed, and manipulated
online. This evolution is quite slow, mainly for economic reasons: it is becoming
widely used by publishers that are moving towards an electronic publication,
and it is going to be adopted also in the cultural heritage sector, where many
museums are offering access to part of their collections online. Usually a DLA
offers most of the services provided by a traditional library, which mainly consist
of three aspects: (i) library creation, which includes all techniques needed to build
the library and index the documents, (ii) library exploration, which includes all
techniques used to enable users to select the relevant documents and to visualize
them, (iii) library management, which includes all techniques used to support
the management of the library in terms of access control, security management,

billing, etc.

In the following we first analyze the current status of the digital library tech-
nology (Section 2). We discuss the future perspective of the digital library field
(Section [3). Accordingly, we define the functionality that a Multimedia Content
Management System (MCMS) should provide to support digital library appli-
cations (Section 4) and we outline the MILOS system (Section [5), a Multimedia

Content Management System specialized for digital library applications. Finally



we present several significant DL applications that were implemented by using
MILOS, and we show the advantages of the proposed approach in building these
specific DL applications, resulting in the simplicity of the implementation and

in significant system performance (Section [6). Section [7| concludes.

2 Current status of digital library applications

Regrettably, often the Digital Library Applications are monolithic software mod-
ules built for a single Digital Library. Existing Digital Library Applications just
require documents to be inserted and metadata to be generated before being
ready to be operative for document searching and retrieving. Furthermore, the
digital library technology is today limited to manage specific types of digital
objects and specific metadata description models. This implies that existing DL
Applications can be hardly adapted to different application environments and to
different metadata description models. Indeed, many DLAs were built having in
mind a specific application and, in many cases, a specific document collection.
Thus, the result is an ad-hoc solution where all components of the DLA (the
data repository, the metadata manager, the search and retrieval components,
etc.) are specific to a given application and cannot be easily used in other envi-
ronments. Digital library applications often offer predefined workflows, metadata
schemes, and document formats, that cannot be changed to be adapted to spe-
cific application scenarios and end-user requirements and no customizations can
be performed for adapting the user interface to the specific scenarios. Many of
these systems guarantee inter-operability with other systems, by adopting stan-
dard protocols such as OAI or Z39.50. However, their inter-operability is limited
to the exchange (import/export) of data/metadata. In fact, there is no chance of
reusing software components, to integrate functionality of other DLAs, or to use
digital contents (documents and metadata) compliant to other standards. This is
mainly due to the lack of basic building components, tailored to DL application
design, which are standard and general purpose.

In this paper we propose an approach similar to that applied in the field
of traditional database applications. In fact, database applications are generally
built relying on a Database Management System (DBMS), a general purpose
software module that offers all functions needed to build many different database
applications. We intend to demonstrate that the same can be done in the DL
field: it is possible to build a general purpose Multimedia Content Management

System (MCMS) which offers functionalities specialized for DL applications (See



Figure [2). Different DL applications can be built on top of such an MCMS, each
supporting the management of documents of any data type, described by using
different metadata description models, searchable in many different modes. This
MCMS should be able to manage not only formatted data, like in databases,
but also textual data, using Information Retrieval technology, semi-structured
data, typically in XML, mixed-mode data, like structured presentations, and

multimedia data, like images and audio/video.

3 Future perspective for digital libraries

Many researchers think that the DL technology could be applied, in the future,
well beyond the restricted scope of today applications. To estimate the potential
of DL technology, in Figure (1! [16] an information space is considered, with one
dimension representing the level in which users and tasks are predefined and
known in advance, and the other dimension representing the level in which the
data has a known and well defined structure. In this information space, it is
possible to distinguish the characteristics of Digital Library applications from
typical Web and database applications: Typical Web search engines assume very
little about users, tasks, and the data they deal with. Consequently, they occupy
a relatively small part of the space. On the other hand, database applications
have strong assumptions about users, tasks, and data. The typical interaction
with database management systems is usually limited to a few transaction types
to be performed very efficiently and data must be specified in advance, using
relational schemas. Hence, these applications occupy a small part of the space
as well. The rest of the space is considered as potentially belonging to Digital
Library applications. In this part of the space, information systems attempt to
exploit knowledge about the users, tasks, and domain to improve access, but re-
tain the flexibility that is characteristic of Web-based applications. This is also
the potential application area of Enterprise Content Management applications.
We believe that only a system that can couple advance Digital Library func-
tionalities with advanced Content Management functionalities could effectively
“occupy” the portion of the information space between Web and databases, and
then receive as much attention in the commercial world as database and Web
applications.

There is a broad consensus that only 10 to 15% of the corporate information
is today managed, quite effectively, by database management systems. The rest

of this information, like office documents, legal papers, technical references, reg-
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ulations, marketing material, customer relationship information, etc. should be
in the scope of the Content Management System (CMS). In order to effectively
manage this kind of data, a CMS should be able to manage not only format-
ted data, like in databases, but also textual data, using Information Retrieval
technology, semi-structured data, typically in XML (W3C standard), mixed-
mode data, like structured presentations, and multimedia data, like image and
audio/video.

These kinds of requirements are especially essential for the next generation
Digital Library Applications (DLA). Accessing multimedia data is becoming
more and more essential for digital libraries since numeric data and text docu-
ments account for only 0.003% of the total amount of digital information pro-
duced today [16]. Today, there is an extensive research work towards the exten-
sion of DL technology to support the management of other media: images, audio,
video, etc. [18] [2]. At the same time, the first multimedia DLAs are becoming
commercially available [6]. In general, the services offered by a multimedia DLA
are similar to the services offered by a textual DLA. However, we must consider
that for multimedia documents the problem of indexing (and metadata gener-
ation) is extremely more complex than for other types of data, due to the fact
that multimedia documents have a complex structure and that it is difficult to
automatically extract information from them. Moreover, multimedia documents
may also be affected by poor or limited quality, which makes the problem of
indexing even more complex and subject to errors.

In the following section we will give more technical motivation toward the

design of a content management system for digital libraries.
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4 Multimedia Content Management Systems for Digital

Libraries

Digital library applications are document intensive applications where possibly
heterogeneous documents and their metadata have to be managed efficiently and
effectively. We believe that the main functionalities required by DL applications
can be embedded in a general purpose Multimedia Content Management System
(MCMS).

If we make an analogy to the database field, the MCMS is the analogous
of a Database Management System (DBMS) in the domain of document in-
tensive applications, as for instance digital libraries, see Figure 2. DBMSs are
software tools specialized to support database applications like banking systems,
billing systems, etc. MCMSs are software tools specialized to support applica-
tions where documents, embodied in different digital media, and their metadata
are efficiently and effectively handled.

Note that many digital library projects have mainly aimed at defining general
purpose services that should be provided by a digital library. Typical services are
for example, repository services, collection services, authentication services, etc.
However these definitions were limited to a very high abstraction level. Very little
effort has been devoted to define and investigate specific solutions for efficiently
realizing these services, or to investigate the existence of technologies, proposed
in other fields, that can be used to cope with these issues. In addition, sometime
these digital library services were defined as a consequence of requirements of

specific digital library applications, while their generality, innovation, and real



importance to generic digital libraries was never proved. For example, while it
is clear that any digital library should have a repository service that manages
documents and/or metadata storage. It is not also obvious that all digital library
applications really need complex custom user authentication/authorization ser-
vices, which can be anyhow obtained relying upon services offered either by
employed operating systems, application servers, or even database systems.

The minimal requirements of a Multimedia Content Management System
are Flexibility, in structuring both multimedia documents and their metadata,
Scalability, and efficiency. Flexibility is required both at the level of management
of basic multimedia documents and at the level of management of their metadata.
The flexibility required in representing and accessing metadata can be obtained
by adopting XML as standard for specifying any metadata (for example MPEG-
7 [3] can be used for multimedia objects, or SCORM [§] for e-Learning objects).
Requirements of scalability and efficiency are essential for the deployment of
real systems able to satisfy the operational requirements of a large community
of users over a huge amount of multimedia information.

Identifying the characteristics of the operational model is essential in order
to design a system with suitable performance for the operations considered most
critical by the user in the desired application settings. These operational require-
ments result quite different from operational requirements of typical database

systems:

— It should be possible to insert new data and metadata without prior inter-
vention of a database administrator. In databases, no data/metadata can be
inserted if its schema has not been previously defined.

— It should be possible to define different metadata corresponding to the same
multimedia basic object(s). A metadata description can span over many
multimedia objects.

— The access to the content should be based on all its components, that is, the
query formulation should combine conditions on formatted data/metadata
attributes, textual and multimedia components (via associated features).
The query results should be ranked taking into account all components in
the answer.

— Searching — the most common operation concurrently requested by many
users — must be very efficient. Since it is very convenient to encode metadata
in XML, the system must efficiently support standard XML query languages
such XPath [14] and XQuery [15], with extensions for querying text and



multimedia components. Note that XML interfaces to relational databases
systems are quite inefficient on complex XML objects since they imply a
large number of join operations.

— Since update operations are quite rare compared to search operations, it is
not necessary to enforce a database-like transactional mechanism, that is
quite powerful but at the same unnecessarily rigid. Rather, a concurrency
control mechanism to support the editing process of complex multimedia
objects and associated metadata is necessary, based on some sort of check-
out /check-in protocol.

— The system must be efficient in supporting the continuous insertion of new
multimedia objects and associated metadata, i.e. the bulk import. Consider,

for example, publishing and broadcasting applications.

We believe that the basic functionalities of a MCMS are related to the issues
of storage and preservation of digital documents, their efficient and effective re-
trieval, and their efficient and effective management. These functionalities should
be guaranteed by appropriate management of documents and related metadata,

according to the following prerequisites:

1. capability of managing different documents embodied in different media and
stored with different strategies;

2. capability of describing documents by way of arbitrary, and possibly hetero-
geneous, metadata;

3. capability of providing DL applications with custom/personalized views on

the metadata schema actually handled.

Point 1) requires that no assumption should be taken on the types of me-
dia and encoding used to represent documents, and especially on the specific
strategy used to store them. This allows applications to be unaware of the tech-
nical details related to multimedia document management. For instance, textual
documents can be stored in the file system and served to the users using a nor-
mal web server. However, video documents might need to be maintained in a
video server that uses various storage devices, as for example digital tapes stored
in silos, optical disks, and/or temporary storage space on arrays of hard disks
[17]. In addition, video documents might be served exploiting specific real-time
continuous media streaming strategies to avoid hiccups during playback. The
DL application should be designed independently of these issues, which should
be managed transparently by the MCMS. For instance, changes on the storage
strategies should be possible without changing the DL application software.



Point 2) states that a content management system should be able to deal with
arbitrary metadata. This is required by the fact that different DL applications,
according to their specific requirements, might need to use different metadata.
Consider that existing archiving organizations have already their own metadata
schemas, and hardly want to modify them to be compatible with a specific
system. Therefore, a DL management system should be able to support any
metadata schema without requiring metadata translation or restrictions on the
functionality offered. There are also cases where the same application need to
deal with different metadata models at the same time. These different metadata
might be needed because the documents have redundant descriptions in terms
of different metadata, or because the DL application is dealing with document
collection described with heterogeneous metadata. The last case might occur,
for instance, in case of integration/merging of archives managed by different
organization.

Point 3) makes it possible that the metadata schema seen by the DL appli-
cation is different from the metadata schemas actually stored in the repository
of the content management system. Suppose that an application was built to
deal just with a specific metadata schema. The MCMS should be able to serve
requests of such an application even if metadata stored in the repository com-
ply to different schemas. Metadata schema independence can be obtained by
exploiting techniques of schema mapping. This feature is especially useful in
case of heterogeneous metadata available at the same time in the repository: the
DL application will refer to just one metadata schema, relying on the multiple
schema mapping performed on the fly by the MCMS. In addition, this feature
allows different DL application, which require different metadata schemas, to

share the same MCMS transparently.

5 MILOS: an example of content management system for

multimedia digital libraries

An example of content management system for multimedia digital libraries,
which satisfies the requirements and offers the functionalities discussed in pre-
vious section, is MILOS (Multimedia dIgital Library Object Server). MILOS
[12/10] has been developed by using the Web Service technology, which in many
cases (e.g. .NET, EJB, CORBA, etc.) already provides very complex support

for “standard” operations such as authentication, authorization management,
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Fig. 3. General Architecture of MILOS

encryption, replication, distribution, load balancing, etc. Thus, we do not fur-
ther elaborate on these topics, but we will mainly concentrate on the aspects
discussed above.

MILOS is composed of three main components as depicted in Figure [3: the
Metadata Storage and Retrieval (MSR) component, the Multi Media Server
(MMS) component, and the Repository Metadata Integrator (RMI) component.
All these components are implemented as Web Services and interact by using
SOAP. The MSR manages the metadata of the DL. It relies on our technology for
native XML databases, and offers the functionality illustrated at point 2) above.
The MMS manages the multimedia documents used by the DL applications.
MMS offers the functionality of point 1) above. The RMI implements the service
logic of the repository providing developers of DL applications with a uniform
and integrated way of accessing MMS and MRS. In addition, it supports the
mapping of different metadata schemas as described at point 3) above. All these
components were built choosing solutions able to guarantee the requirements of

flexibility, scalability, and efficiency, as discussed in the next sections.

6 Designing and building digital library application with
MILOS

In order to verify and demonstrate the flexibility and efficiency of MILOS in
managing different heterogeneous DL applications, we took four data sets used

by four different existing DLs and we built from scratch the corresponding DL



application on top of MILOS. The data sets that we considered consist of docu-
ments and metadata of very different nature: the Reuters data set [4], the ACM
Sigmod Record dataset [5], the DBLP data set [1], and the ECHO data set [11].
These data sets and the corresponding MILOS powered DL applications are

described in next subsections.

The DL applications that we built use the same MILOS installation and all
data sets were stored together. The functionality of MILOS allows individual
applications to selectively access just data and metadata of their interest or to
perform cross-library search. Each DL application consists of a specific search
and browsing interface (built according to the data managed) and a bulk import
tool. The search and browse interfaces were built as web applications using
Java Server Pages (JSP). The bulk import tool was a simple java application.
On average, the effort required to build each application from scratch was one
week of work of a single skilled person. This, we believe, is really a little effort
compared to the cost that would have been required to build from scratch a
DL, without general purpose tools, or the cost that would have been required to
translate and adapt the data and metadata to cope with the requirements and

restrictions of an existing DL system.

Notice that we built from scratch the browse and retrieval interface. However,
we are currently working at designing and developing tools for the automatic
generation of the browsing and retrieval interface in correspondence of data and
metadata managed by MILOS. This will contribute to a further reduction of the
cost of building DL applications.

All applications resulted to be very efficient. We installed the system, the
applications, and the data on a single computer equipped with a Pentium 1.8
GHz and 1 Gb of RAM, running Windows 2000 server. We have used JAX-
RPC as SOAP application server to run MILOS. We asked 30 persons to use
the DL at the same time from remote workstations, and to execute a predefined
search intensive job. On average the response time of the system was below 1
second. Notice also that for more intensive use of the system, the underlying Web
Service technologies offer plenty of solutions to guarantee scalability exploiting

techniques of replication, load balancing, resource/connection pooling etc.

The screen shots of the DL applications can be seen in Figure 4.



6.1 Reuters data set

The Reuters data set [4] contains text news agencies and the corresponding
metadata. There are two types of metadata: Reuters specific metadata including
titles, authors, topic categories, and extended Dublin Core metadata.

The Reuters data set contains 810,000 news agencies (2.6 Gb) where text
and metadata are both encoded in XML. We associated the full text index and
the automatic topic classifier to the elements containing the body, the title, and
the headline of the news. Other value indexes where associated with elements
corresponding to frequently searched metadata, like locations, dates, countries.

The search interface allows the user to perform integrated text, category, and
exact match search. The bulk import tool simply takes all XML file, correspond-
ing to the news, contained in a specified directory, associates them with a unique
URN, and inserts them into MILOS. The bulk import of the Reuters data set

(with the corresponding indexing of data and metadata) took 20 hours.

6.2 ACM Sigmod Record and DBLP data sets

Both the ACM Sigmod Record data-set [5] and the DBLP data-set [1] consists
of metadata corresponding to the description of scientific publications in the
computer science domain. The ACM Sigmod record is relatively small. It is
composed of 46 XML files (1Mb), while the DBLP data-set is composed of just
one large (187Mb) XML file. Their structure is completely different even if they
contain information describing similar objects.

For these two datasets we built just one DL application from which both
data are accessed. We exploited the mapping functionality of MILOS for having
the requests of the application correctly translated for the two schemas. We
associated a full text index to the elements containing the titles of the articles,
and we associated other value indexes to other frequently searched elements,
such as the authors, the dates, the years, etc.

The search and browse interface, allows users to search for articles by various
combinations full text and exact/partial match of elements. In addition it allows
users to browse results by navigating trough links (and implicitly submitting
new queries to MILOS) related to the authors, journals, conferences, etc.

The bulk import tool simply takes the XML files corresponding to the meta-
data and directly inserts them in the system, after having associated them with
unique URNs. The bulk import of these data sets, including their indexing, re-

quired about 5 hours.



6.3 ECHO data set

The ECHO data set [11] includes historical audio/visual documents and the
corresponding metadata. ECHO is a significant example of the capability of MI-
LOS to support the management of arbitrary metadata schemas. The metadata
model adopted in ECHO, based on IFLA/FRBR [7] model, is rather complex
and strongly structured. It is used for representing the audio-visual content of
the archive and includes among others, the description of videos in English and in
the original language, specific metadata fields such as Title, Producer, year, etc.,
the boundaries of scenes detected (associated with a textual descriptions), the
audio segmentation (distinguishing among noise, music, speech, etc.), the Speech
Transcripts, and visual features for supporting similarity search on key-frames.

The collection is composed of about 8,000 documents for 50 hours of video
described by 43,000 XML files (36 Mb). Each scene detected is associated with
a JPEG encoded key frame for a total of 21GB of MPEG-1 and JPEG files. Full
text indexes where associated to textual descriptive fields, similarity search index
where associated with elements containing MPEG-7 image (key frames) features,
and other value indexes where associated with frequently searched elements.

The search and retrieval interface allows users to find videos by combining
full text, image similarity, and exact/partial match search. Users can browse
among scenes, and corresponding metadata. We simply used the file system as
a repository for the videos. However, as previously discussed, moving to more
complex multimedia storage services is straightforward and transparent, from
the system and application perspective. The original ECHO DL application, as
resulted from the ECHO project [2], was built using a relational database, and
translating all metadata in a relational schema. Even simple searches required
several (up to 10 or more) seconds to be processed. With MILOS we had a
dramatic improvement of performance, being able to serve requests in less than
one second even with several users accessing the system.

The bulk import tool takes the videos and the key frame images, and inserts
them in the system. Each one of these document is associated with an unique
identifier, which is also added to the ECHO metadata to correctly refer the
documents from the corresponding metadata. Then the updated metadata are
also inserted in the system. The bulk import of data and metadata and their

indexing required almost one hour.



o s
] X [MILOS B
e Rovtors

Fig.4. The ECHO (Left), Reuters (Center), and Sigmod/DBLP (Right) re-

trieval interfaces implemented in MILOS

7 Conclusion

This paper proposed an approach to build Multimedia Content Management
Systems for digital library applications. The solutions proposed can be used to
obtain a system that is flexible in the management of documents with different
types of content and descriptions, and that is efficient and scalable in the storage
and content based retrieval of these documents. In particular, we described the
approach adopted to support the management of different metadata descriptions
of multimedia documents in the same repository. This goes towards the solution
of the challenging problems of interoperability among different metadata de-
scriptions. The proposed solution, based on the use of a mapping mechanism
among the metadata fields of the different models, has been practically exper-
imented by using the MILOS system to archive documents belonging to four
different and heterogeneous collections which contain news agencies, scientific
papers, and audio-video documentaries. The archiving of these documents was
straightforward and it only required the creation of the mapping file and the
development of the user interfaces to archive and to search the documents.
Evolutions of this activity are foreseen in several directions: on one side we
are working to improve the retrieval capabilities of the Metadata Storage and
Retrieval component; on the other side, we are working with partners of the ECD
[9] project on the automatization of the mapping between different metadata

schemas, by using thesaurus and cross-language vocabularies [13].
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