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INTEROPERABILITY AS A BENCH MARK IN DIGITAL LIBRARIES

Vibha Gupta Mehtab Alam Ansari

Abstract

Digital libraries were viewed as systems providing a community of users with coherent
access to a large, organized repository of information and knowledge. A given digital
library system should provide a coherent, consistent view of as many of these reposito-
ries as possible. From the user’s perspective, to the extent possible, there should ap-
pear to be a single digital library system. Users increasingly have access to various
types of digital collections and information systems: personal information resources,
workgroup and organizational information collections and collaboration environments,
and more public digital libraries. The digital library system needs to extend smoothly
from personal information resources, workgroup and organizational systems, and out
to personal views of the content of more public digital libraries.
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1. Introduction 

The present paper discusses the concept of Interoperability in the digital library environment. It also
covers infrastructure requirement for digital library research, research issues and priorities -
Interoperability, objects and repositories, collection management and organization, user iterfaces.

The traditional library institutional missions of collection development, collection organization, access,
and preservation must extend to the digital library environment. Digital libraries will be a component
in the broader range of future library services, and librarians will play a central role in developing
and managing digital libraries.

While there would be many digital repositories, a given digital library system should provide a
coherent, consistent view of as many of these repositories as possible. From the user’s perspective,
to the extent possible, there should appear to be a single digital library system. Users increasingly
have access to various types of digital collections and information systems: personal information
resources, workgroup and organizational information collections and collaboration environments,
and more public digital libraries. The digital library system needs to extend smoothly from personal
information resources, workgroup and organizational systems, and out to personal views of the
content of more public digital libraries.

system should incorporate support for publishing, annotation, and integration of new information,
and the extent to which librarians should mediate additions to repositories within the digital library
system. It is clear that the development of digital libraries is closely linked to the changes that are
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occurring in modes of scientific and scholarly communication; the extent to which the digital library
should actively embrace and perhaps even drive these changes remains to be fully explored.

Libraries digital or traditional exist to serve diverse purposes and constituencies. To some extent,
each discipline, constituency, and collection creates its own organization of information. In the digital
library world this differentiation among library collections, organization, and services may become
more visible. One of the key challenges is to retain this diversity, which is responsive to unique
constituencies, and at the same time permit information to be effectively shared across disciplines
and constituencies. This is an essential component of the interoperability.

Interoperability in the Digital Library Environment

The precise definition of deep semantic interoperability was the subject of some debate, but deals
with the ability of a user to access, consistently and coherently, similar (though autonomously defined
and managed) classes of digital objects and services, distributed across heterogeneous repositories,
with federating or mediating software compensating for site-by-site variations. It also extends beyond
passive digital objects to actual services offered by specific digital library systems. Deep semantic
interoperability is a “grand challenge” research problem; it is extraordinarily difficult, but of
transcendent importance, if digital libraries are to live up to their long-term potential. An intermediate
position between these two extremes advocates primarily syntactic interoperability (the interchange
of metadata and the use of digital object transmission protocols and formats based on this metadata
rather than simply common navigation, query, and viewing interfaces) as a means of providing
limited coherence of content, supplemented by human interpretation.

Note that the term “digital object” here is intended only to describe, in the broadest sense, the type
of information objects that may comprise a digital library — textual, audio, video, numeric, computer
programs, or multimedia composites of such components. It is not intended either to endorse or
preclude an object-oriented architectural framework for digital library systems (in the sense of
object-oriented programming or object-oriented databases, for example).

Infrastructure Requirements for Digital Library Research

The most urgent infrastructure need is to establish common schemes for the naming of digital
objects, and the linking of these schemes to protocols for object transmission, metadata, and object
type classifications. The consensus of the groups was that naming schemes for digital objects that
allow global unique reference represented perhaps the most immediate infrastructure deployment
priority in order to facilitate resource sharing, linkages, and interoperation among digital library
systems and to facilitate scale-up of digital library prototypes. It was recognized that the design of
large-scale naming systems and their integration into the larger digital library framework will continue
to be an important research area, but that infrastructure support needs to be put in place quickly for
at least an interim system, and that in fact experience with such an interim system would inform
further research.

The deployment of a public key cryptosystem infrastructure - including the development of a system
of key servers and the definition of standards and protocols - was also identified as essential to
progress in digital libraries; this is necessary to support digital library needs in areas such as security
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and authentication, privacy, rights management, and payments for the use of intellectual property.
While the need for public key cryptosystem infrastructure is hardly unique to digital libraries, the
importance of the digital library services and components, which depend on this infrastructure,
mean that its absence represents a significant barrier. In particular, until these problems are addressed,
it seems unlikely that we will see commercial publishers and other information suppliers making
large amounts of high-value information broadly available to digital library users. This in turn will
constrain the development of research prototypes and may be a distorting factor in studies of user
behaviour.

Research Issues and Priorities

The five key research areas that emerged which are described below; arguably, the first three are
of most central and immediate importance, specifically to the development of digital libraries, though
the long-term importance of research in the fifth area (economic, social, and legal issues) cannot be
overemphasized. The distinctions among the five areas are to some extent arbitrary; for example,
progress on interoperability (the first area) depends critically on progress in our ability to describe
successfully objects and repositories (the second area).

2. Interoperability

The more technical interoperability research involve protocol design that supports a broad range of
interaction types, inter-repository protocols, distributed search protocols and technologies (including
the ability to search across heterogeneous databases with some level of semantic consistency), and
object interchange protocols. Interoperability is not simply a matter of providing coherence among
passive object repositories. Digital library systems offer a range of services, and these services
must be projected in an interoperable fashion as well. One particular issue that emerged was that
existing Internet protocols (such as HTTP, the basis of the World Wide Web) are clearly inadequate.
Research must move beyond the current base of deployed protocols and systems. This raises complex
questions about how to deploy prototype systems and the tradeoffs between advanced capabilities
and ubiquity of access.

Access to digital libraries is not an end in itself for most users, but rather a support service; many
will be willing to sacrifice advanced functionality for consistency, stability, and ability to use familiar,
common access tools. Just as the installed base has become the greatest barrier to meaningful
large-scale trials of new approaches that improve existing services (as opposed to providing entirely
new services which do not compete with an installed base) in the overall Internet environment, user
expectations and the installed base will ultimately impede progress in fundamental technology research
within the large-scale experiments necessary to gain insights into interoperability among digital
libraries. It should be noted that, at this relatively early stage in the evolution of digital library
technology, it is of vital importance that projects strive for approaches that incorporate high functionality
and extensibility. A high level of functionality in the standards and protocols used, even if not fully
exploited initially, will postpone the time when the inertia of the installed base begins to confine
research opportunities. Careful design of extensibility in digital library systems will facilitate continued
research progress and understanding of the impact of new approaches on the user community
without the need to attempt to displace an installed base.
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3. Description of Objects and Repositories

In order to provide a coherent view of collections of digital objects, they must be described in a
consistent fashion, which can facilitate the use of mechanisms such as protocols that support
distributed search and retrieval from disparate sources. Research in description of objects and
collections of objects provides the foundation for effective interoperability. Interoperability at the
level of deep semantics will require breakthroughs in description as well as retrieval, object interchange,
and object retrieval protocols.

It includes the definition and use of metadata and its capture or computation from objects, the use
of computed descriptions of objects, federation and integration of heterogeneous repositories with
disparate semantics, clustering and automatic hierarchical organization of information, and algorithms
for automatic rating, ranking, and evaluation of information quality, genre, and other properties.
Other key issues involved knowledge representation and interchange, and the definition and
interchange of ontology for information context. The idea of active “information matchmaking”
emerged in several group reports.

Research is also needed to understand the strengths and limitations of purely computer-based
technologies for describing objects and repositories, and the appropriate roles for the efforts of
human librarians and subject experts in the digital library context as a complement to these technology-
based approaches.

4. Collection Management and Organization

Collection management and organization research is the area where traditional library missions and
practices are reinterpreted for the digital library environment. Progress in this area is essential if
digital library collections are to meet successfully the needs of their user communities.

Policies and methods for incorporating information resources on the network into managed collections,
rights management, payment, and control issues were all identified as central problems in the
management of digital collections. Approaches to replication and caching of information and their
relationship to collection management in a distributed environment need careful examination. The
authority and quality of content in digital libraries is of central concern to the user community;
ensuring and identifying these attributes of content calls for research that spans both technical and
organizational issues. Research is also needed to clarify the roles of librarians and institutions in
defining and managing collections in the networked environment.

With the enhanced potential to support non-textual content effectively in the digital library environment,
issues in non-textual and multimedia information capture, organization, and storage, indexing and
retrieval are clearly key research areas. However, textual digital documents remain a vitally important
research area in their own right, and are far from fully understood. The role of knowledge bases in
digital libraries remains a poorly explored but potentially important question.

The preservation of digital content for long periods of time, across multiple generations of hardware
and software technologies and standards is essential in the creation of effective digital libraries.
This is an extraordinarily difficult research problem, which has not received sufficient attention.
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5. User Interfaces and Human-Computer Interaction

While user interfaces and human-computer interaction issues are an extensive field of research in
their own right, there are some specific problems that are central to progress in digital libraries.
Display of information, visualization and navigation of large information collections, and linkages to
information manipulation/analysis tools were identified as key areas for research. The use of more
sophisticated models of user behavior and needs in long-term interactions with digital library systems
is a potentially fruitful area for research. The necessity for a more comprehensive understanding of
user needs, objectives, and behavior in employing digital library systems was stressed repeatedly
as a basis for designing effective systems. Finally, it was observed that digital library systems must
become far more effective in adapting to variations in the capabilities of user workstations and
network connections (bandwidth) in presenting appropriate user interfaces; new technologies such
as personal digital assistants and nomadic computing models will emphasize this need.

6. Economic, Social, and Legal Issues

Digital libraries are not simply technological constructs; they exist within a rich legal, social, and
economic context, and will succeed only to the extent that they meet these broader needs. Rights
management, economic models for the use of electronic information, and billing systems to support
these economic models will be needed. User privacy needs to be carefully considered. There are
complex policy issues related to collection development and management, and preservation and
archiving. The social context of digital documents, including authorship, ownership, and the act of
publication, versions, authenticity, and integrity require a better understanding. Research in all of
these areas will also be needed if digital libraries are to be successful.

7. Conclusions

Interoperability is likely to continue to be a useful organizing theme. It suggests that a focus on
broad architectural issues in digital libraries will be fruitful. Several working groups commented on
the need to develop component software strategies that would facilitate the transfer of technology
among the current digital library pilot projects and from these projects to other new digital library
research efforts. The Internet working group went further in suggesting that the development of a
broadly available software base for the digital library community would contribute to rapid progress,
and we believe that this suggestion deserves careful consideration.

Scaling was identified as a major area of concern. The common vision is one of tens of thousands
of repositories of digital information that are autonomously managed yet integrated into what users
view as a coherent digital library system. Accommodating this very large number of repositories —
a very different environment than that in which today’s handful of pilot projects operates — will
clearly have major implications for infrastructure definition and design. We must move rapidly towards
an infrastructure that can support and facilitate research towards this common vision.. Some
immediate needs are evident; these are reflected in the emphasis on establishing naming systems
for digital objects as a high priority, for example.

We don’t know how to approach scaling as a research question other than to build upon experience
with the Internet. However, attention to scaling as a research theme is essential and may help in
further clarifying infrastructure needs and priorities, as well as informing work in all areas of the
research agenda.
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Research in scale-up is very difficult to perform except by building and deploying a large-scale
digital library system. Establishing infrastructure and tools to facilitate experimentation with large-
scale systems is essential, as is funding to study use and behavior of large-scale systems once
deployed through this infrastructure. The Internet as a context for deploying digital library systems
offers an unprecedented opportunity — not only technically by providing connectivity to an enormous
potential user base but also culturally, given the Internet community’s models and traditions of
technology diffusion through the distribution of publicly available prototype software — to move
ahead large-scale experiments. Research efforts should exploit these opportunities.

Finally, it seems clear that the inevitable presence of large amounts of commercially valuable,
proprietary information in the future — which can be viewed as another form of scale-up in digital
libraries — will also shape the research agenda in new ways. The near-term focus is on overcoming
the infrastructure barriers to supporting proprietary information (such as authentication, billing, and
rights management). There are research issues in the design of such an infrastructure, but also
operational and policy problems impeding deployment. While some of the research issues are complex
and will require ongoing exploration, putting at least the first steps towards the necessary infrastructure
in place to accommodate such commercially valuable information is a high priority in advancing the
research agenda and addressing scale-up issues. It will also stimulate commercial developments
that will complement existing research initiatives. The development of an increasingly rich marketplace
of information resources under a wide range of economic and legal constraints will create new
opportunities in all areas of the research agenda presented above, and will allow us to explore vital
new research questions in the development of description, navigation, access, and resource discovery
technologies and systems that can function in this broader environment.
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