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Abstract
Digital Libraries today are often monolithic systems. In the future, they will dissolve
into collections of electronic services. The challenge will be to provide an infrastructure
that supports the user in dealing with this multitude of services. Such an infrastructure
should offer integrated access to the combined contents of multiple services, it should provide active dissemination of new contents, and it needs to support the users in locating and
combining the services most suitable to their needs.
In the Global Info program Infrastructures for Digital Libraries components of such
an infrastructure are being developed. The federated query service DEMETRIOS and the
alerting service HERMES are both integration services that combine underlying services,
i.e., heterogenous information sources. The GIBRALTAR portal provides a meta-service
that supports the user in locating and applying various Digital Library services.

1 Introduction
We expect that Digital Libraries of the future will be comprised of a large number of heterogeneous services offered by various parties involved in the production, distribution, and archival of
digital contents. For the user it becomes increasingly difficult to deal with a multitude of heterogeneous services with different user interfaces and access mechanisms, and requiring separate
registrations. Hence the goal is to facilitate the interaction of the user with a Digital Library
consisting of a set of heterogeneous services offered by independent providers. In particular,
the user needs support in three fields: First, users have to locate and combine appropriate Digital
Library services, including trading and negotiation of service properties such as prices, licenses
etc. Second, users want to search and query over multiple information sources. Third, users
want to stay up-to-date on relevant content of the Digital Library. In this paper, we present
three projects that address these issues. These projects constitute the program Infrastructures
for Digital Libraries within the German Digital Library initiative Global Info [Glo01].
The DEMETRIOS federation service for bibliographical metadata is being developed at University of Magdeburg. It supports the flexible integration of bibliographical data from multiple
information sources of various types. The unified query service offered by DEMETRIOS can
be utilized by other Digital Library services such as HERMES.
The HERMES project at Free University Berlin has developed an alerting service for Digital
Libraries [FFS+ 01]. Researchers who have entered their profile of interests into the HERMES
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system (http://hermes.inf.fu-berlin.de) are notified about matching bibliographical references
harvested from a variety of heterogeneous underlying information sources. This means that
researchers can delegate the tedious task of continuously scanning all available information
sources for relevant publications to HERMES.
Within the GIBRALTAR project at the University of Hamburg, a comprehensive usercentered integration platform for electronic publication services is being created. The GIBRALTAR project provides fundamental infrastructure mechanisms comprising facilities for typing,
trading, negotiation, and integration. These mechanisms constitute a broker for Digital Library
services such as HERMES or DEMETRIOS, that are made available to the user through this
portal [ZWBW01].
The developed functionalities may be used as infrastructures for various cases in the domain
of digital libraries. Together, they constitute an integration environment for multiple aspects of
information services. To give an introductive example, consider a scholar who needs information on a certain research topic. Entering the GIBRALTAR portal, (s)he decides to search
catalogs and selects the service type catalog. The portal suggests a set of various catalogs.
Since a federated query service such as DEMETRIOS offers the functionality of a catalog, it
is included as well. The researcher chooses DEMETRIOS because of its wide coverage and
is thus forwarded to a search interface for DEMETRIOS. After posing his/her search requests
and viewing the results of DEMETRIOS, the researcher finds a topic of interest about which
(s)he wants to stay informed, so (s)he asks for an alerting service that covers the information
sources relevant to this topic. The portal suggests the HERMES alerting system. After entering an appropriate search request, HERMES will start watching various sources for matching
publications and will notify the researcher about positive results.
In the remainder, the interoperability issues within the projects DEMETRIOS, HERMES
and GIBRALTAR arising from this scenario will be outlined.

2 Interoperability Issues
The domain of electronic publishing, as well as its sub-domain of virtual digital libraries, consists of many different application-level services including document repositories, catalogs, retrieval engines and alerting facilities. Today such types of services are mostly accessed via the
Internet, where typically each one is offered by a different provider.
To constitute the functionality of a Digital Library in a multi-service environment, a specific
set of service types has to be chosen, for which the best possible providers must be found and
homogeneously integrated. While the identification of a set of interoperable services is done by
the GIBRALTAR web portal, integration of different data sources is provided by services such
as HERMES or DEMETRIOS.

2.1 Federating Bibliographical Databases
The DEMETRIOS federation service [EHS+ 00] mediates queries on various bibliographical
data sources by offering extended query processing capabilities on a global view over the integrated data. It can be used to support simple search scenarios on publications, as well as other
services requiring access to integrated, more complex data, like citation indexes [SES00].
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Figure 1: Architecture of the DEMETRIOS federation service
DEMETRIOS promotes the interoperability with its clients by offering a standard JDBC
interface that allows to post standard SQL queries against the integrated data. For this purpose
it deals with different data representations (model, schema) among the sources, data inconsistencies, like overlapping data sets, and possibly limited query capabilities of the source systems. These aspects are flexibly configured for a given application by describing the underlying
sources and their interdependencies.
To achieve interoperability with the sources, easily configurable light-weight wrappers
called adapters are used. Each adapter covers a class of data sources, e.g. RDBMS, XML,
HTML, Z39.50. For instance, we use the XML adapter to integrate the XML version of the
DBLP bibliography [Ley01].

2.2 Harvesting Bibliographical Information
The main interoperability issue for the HERMES alerting system [FFS+ 01] depicted in Fig. 2
is to interface with various heterogeneous providers of bibliographical data by providing appropriate wrappers. We characterize providers along two dimensions: active vs. passive, and
proprietary vs. standard. Active providers notify the alerting system on new available publications, typically by e-mail. Passive providers are monitored on a regular basis to detect new
publications, for instance by using HyperView wrappers for their Web sites [FS00]. A promising standard for passive providers is the OAI metadata harvesting protocol. HERMES includes a
generic wrapper for arbitrary OAI compliant information providers. Another HERMES wrapper
is responsible for harvesting the bibliographic databases offered by the DEMETRIOS federation service, thus covering all bibliographic data sources integrated by this service. An example
for a mixed type is our project partner Springer Verlag, who notifies via e-mail about new bibliographies becoming available at their FTP server.
Although most information providers use proprietary formats, some adhere to standards.
For instance, the Majour SGML format [Eur91] is a quasi-standard used by publishers such as
Springer to describe articles in scholarly journals. Internally, we use a slightly modified XML
version of Majour to describe articles. HERMES uses various format conversion techniques,
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Figure 2: HERMES architecture
ranging from ad-hoc implementations to rule-based methods such as XSLT and HyperView.

2.3 Brokering Digital Library Services
The GIBRALTAR project provides several system-support-mechanisms that dynamically broker electronic publishing services, as well as an advanced user interface in the form of a web
portal(figure 3).

Figure 3: GIBRALTAR architecture
The fundamental infrastructure consists of a type manager and a trader component. Together they implement the system-level functions needed for service mediation. The type manager incorporates a sophisticated component-based type system [GZMW01] and allows for the
handling of publication service specifications. The trader dynamically maintains a repository of
current offers and matches requests for services in an optimizing fashion.
Services of remote providers are integrated through proxies, which are based on an extensible set of adapters for different communication protocols. The GIBRALTAR portal application
uses the system-level components to provide orientation, mediation, combination and utilization
to end users in a personalizable fashion.

3 Conclusion
We have presented the Digital Library services being developed in the Global Info program
Infrastructures for Digital Libraries. In particular, we have focused on the interoperability
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issues both within and among these projects.
Currently we are working on making HERMES and DEMETRIOS available through the
GIBRALTAR portal. This includes specification of service descriptions and their implementation in form of APIs for a middleware such as CORBA.
Further open issues include a unified mechanism that transparently manages user accounts
and preferences for multiple services, support for adding new services, and user assistance in
combining services to a new customized services.
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