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Towards the Integration
of Digital Library Applications via Web Services
for Use in a Scientific Workspace

Juria StoLL, STEPHAN KORNIG, RUDI SCHMIEDE
Darmstadt University of Technology, Germany

Summary

Our project “Generic Portals” ! focuses on the possibilities and problems created by the usage of
web-technologies to support web-based Digital Library applications. We observe a divergence
of services in the sphere of structured resources and scientific libraries” services. Publications in
the form of digital resources have introduced new dynamics into the information exchange in
the scientific communities. The changes in the publication process are formed by so-called
structured resources, whereas the resource can be seen as an encapsulated object. For the
exchange of information we have only to know the interface of the structured resource in
detail. W3C has published a working draft which includes a language named Web Service Des-
cription Language (WSDL) for describing interfaces of services. A Web service interface is a
shared connection between functional components of applications. We consider the require-
ments for the integration of DL-applications via Web services. We present an adapted process
model for supply of DL-oriented Web services. Further we present a component-based ap-
proach to relate researchers” activities to so-called DL-oriented Web services. We obtain
criteria for the description of DL-oriented Web services based on the researchers” working
process. Finally, we present a brief overview what kind of Web technologies might be reused for
a prototypical implementation of DL-oriented Web services.

1 Starting Position

Our project “Generic Portals” focuses on the possibilities and problems created by
the usage of web-technologies to support web-based Digital Library applications
(DL-applications). We especially look at Web services, for exchanging scientific
results between disciplines all over the world, at any given time and place. We
observe that the exchange of information, forms of discussion and the process of
distributing scientific information have changed over recent years. We investigate
the working process in the scientific community, which has adapted its communica-
tion to the use of Web technologies. We consider the applications of the World
Wide Web (WWW), including search engines, and the recent developments to
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realize new Web services for DL-oriented applications, to support DL-services. On
the one hand various DL-applications are realized and located in different organiza-
tions, institutions and universities. Many of these kinds of DL-applications are
located in a library itself where services are only accessible on-site. Instead, we
observe a divergence of services in the sphere of structured resources and scienti-
fic libraries” services.

2 Changes in the Scientific Communication Process

2.1 Social and Technical Publication Processes

Scientific discussions constitute a social process. Doing research is based on dis-
cussing problems, defining tasks, finding solutions and exchanging results. Dis-
cussions are based on informal communication between researchers and coopera-
tive teams. Cooperation is needed for answering complex questions.
Internet-techniques are used worldwide for exchanging information and publishing
research results on the WWW. Web-based joint-activity tools, like e-mail and search
engines enable every researcher to look for recently published digital resources. A
researcher is accepted in a scientific community, when other researchers read and
refer to his/her scientific results. Furthermore, a member of the (scientific) communi-
ty is defined by his/her activities. Publications in the form of digital resources have
introduced a new dynamic into the information exchange of the (scientific) commu-
nity. Such publications are available in different forms and places. Differences can
also be observed in the process of publication. We identify two streams in the
publication process for distributing scientific results. One of these methods can be
characterized by the term “review-before-commit” and the other method by “re-
view-on-commit”. The method of review-before-commit describes the common way
of publishing as done by publishing companies. The document is “closed” when it
is printed/presented. The method “review-on-commit” is well established in the
Open Source community (Raymond, 1999). The modern resource becomes a dyna-
mic “object” and its publication a dynamic process. Using the method of “review-
on-commit” the modifications are made by the author and/or by the reviewer in the
existing document. The document is immediately presented again on the WWW. In
principle, evaluation is performed throughout the distribution process. The pro-
cess of publishing is “open” and thus visible to every researcher who is interested
in the document in form of a structured resource (Stoll et al. 2003).

2.2 Structured Resources and Their Services as Encapsulated Objects

The changes in the publication process are formed by the definition of so-called
structured resources. A structured resource is an encapsulated object, where the
definition or description of its structure is separated from its content; the content
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can be text, music etc. The most prominent document description language is XML
(W3C - XML 2000). In practice we apply a so-called “black-box” concept. The
approach of encapsulated objects is necessary for the exchange of information
between different interfaces. To apply such concepts, we have to implement a
syntactical description of the structured resource in form of an interface for encap-
sulating the information. This is the pre-requisite for the exchange of structured
resources. For the exchange we do not need knowledge of the content in detail. On
a comparable level of abstraction, we might consider services. In particular, Web
services are designed for the integration of different Web applications, where the
request and response of such services is seen as an encapsulated object. The W3C
has recently? published a working draft which includes a language definition called
Web Service Description Language (WSDL) (W3C 2003a). Using WSDL a service
is defined by the definition of an interface and a textual description of this service.
A Web service interface is a shared connection between functional components of
applications (or (sub-)systems) defined by specific entities (W3C 2003b). This means
we deal with the (sub)system-to-(sub)system communication based on a generali-
zation of the communication process between existing web-based applications.

3 Requirements for the Integration of DL-Applications via Web
Services

As already mentioned we observe a divergence of services in the sphere of struc-
tured resources and scientific libraries” services. Information retrieved from an in-
formation system for distribution via the Web has to be an encapsulated object
which is accessible by a user interface, like a browser. The distribution and the
access of structured resources can be seen as DL-oriented services. Further the
search of structured resources is a DL-oriented service. This means several DL-
applications — like harvesting metadata, searches using metadata etc. — can also be
seen as DL-services. In order to integrate these DL-services in a common scientific
working environment we need specific “middleware”. The development of the Web
technology standards departs from the idea of middleware; in our context middle-
ware is software, which supports the technical communication infrastructure bet-
ween different applications. Middleware has to be platform independent. Concerning
DL-applications, we aim to apply the new standards of Web services for the deve-
lopment of a specialized web-applicable DL-oriented middleware. As mentioned,
the interfaces in form of encapsulated services have a certain relevance. In order to
specify DL-oriented Web services we have to know the interfaces of typical DL-
applications.

2 11 June 2003
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We relate the existing DL-applications to their IT-system based realizations and to
the possible use of Web services, and we determine the foundations of software
systems, when we apply a component-based design. We study the researcher’s
activities concerning the exchange of information in a scientific community. Addi-
tionally, the activities identified lead us to requirements, which we have to consider,
if we implement DL-oriented Web services. Thus Web services can also be seen as
encapsulated objects.

3.1 The Aims of a Component-based Approach

A software system is structured by subsystems or so-called components. Compo-
nents themselves can be divided into modules, where each module has a specific
functionality to guarantee the specific entities as described above. Components
can contain a single module or can be a composition of different modules. A module
has an interface and a component has an interface. We have to consider forms of
interfaces so that module-to-module, module-to-component, component-to-com-
ponent and/or application-to-application communication can take place. All these
forms of communication are based on the approach of program-to-program commu-
nication. Program-to-program communications are different and depend upon the
domain of applications. Our domain of applications is DL-applications. On the other
hand we have to meet the needs of researchers to support them in the scientific
communication process, where documents are “open” and “dynamic”. The wor-
king draft, in which WSDL is specified, seems to be suitable for integrating the
following classification of DL-applications in a so-called scientific workspace as a
component-based system environment, which can be installed on a computer at the
researchers working place.

3.2 The Researchers” Activities and The Required Services

As mentioned above, a researcher is accepted in a scientific community when other
researchers read and refer to his/her scientific results. A researcher in his/her scien-
tific community is defined by his/her activities. This requires that the researcher”s
publications are searchable, discoverable, distributable, accessible and refera-
ble. Furthermore, the author, the researcher, and/or the distributor of a resource has
to be authentic. In some cases the author, the researcher and the distributor might
be different persons, organisations or systems. In the scientific environment the
author and the researcher is often the same person. From the viewpoint of the
researcher advertising is done by personal communication, sending (structured)
resources to colleagues or to conferences, or — later on — to a publisher, etc. We
thus identify the following players, humans or systems: the researchers in their
communities, the component-based (computer) system at the researchers working
place — which we call a researcher’s workspace — and the DL-applications (available
in an institution, or on the Web). Therefore we define the activities as program-to-
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program communication between the researcher’s workspace and DL-applications.

The following IT-system-based activities are typically done by the researcher using

his/her computer:

1. Searching of structured resources might be done in different ways. We disting-
uish the search via metadata, a full-text search and the search for keywords
(based on a thesaurus or an ontology).

2. When a structured resource is discovered, the response depends on the search
form so that

a.

we can retrieve a set or sets of metadata using a DL-application, like an
OPAC, or other information harvested and stored in some other (computer)
system,;

we might retrieve a full-text, which might be the structured resource itself,
including its content; or

we use a stepwise refinement by traversing a given set of terms organized in
the requested thesaurus or the ontology.

Note thatin 1. and 3., we do not retrieve a structured resource, which would
contain the content in form of an article, music, etc.

3. The distribution process includes several other services like disseminating,
reachability, accessibility, and delivery and services for authentication of the
structured resource and/or the user whereas the user can be identical to the
researcher.

a.

Disseminating can be done by sending mails, electronic newsletters, pre-
sentations on Web sites, etc. Therefore the services are mailing-lists, and
(editing and advertising) systems for Web pages.

Reachability requires that the discovered structured resource is available.
The availability might be supported by an IT-system, where the resource
found is at least executable online. The availability of the referred IT-system
can be seen independently of the researchers workspace. The responsibility
of being online lies with the provider of the structured resource. In the case
of the execution of the discovered structured resource, the responsibility
depends on other services such as the forms of delivery and/or ways of
access, which we consider next.

Studying the delivery process, we have to distinguish different approaches:
a commercial and a more or less non-commercial concept.

The delivery process can be based on clearing house mechanisms, which
might be supported by the providers of the structured resources. In this
case the responsibility for delivery also lies with the provider.

In the scientific community many pre-prints are freely accessible, because
the researchers are interested in initiating a discussion of their research
topic within the specific scientific community. There are different ways of
representation and storing. Some results are simply presented on a Web
page located at a specific Web site, others are stored in a database, etc. If

129



these scientific resources are freely accessible, then the delivery process
means that we need suitable representation methods for presenting the struc-
tured resources in different formats in a browser; Cocoon is a collection of
transformers based on the concept that serves this need (Apache 2002).

f. The forms of accessibility differ as to whether we consider a commercial
delivery process or the scientific approach, where the main intention is dis-
tribution of the researchers” results by discussion.

g. In the scientific communication process the process of delivery is mainly
equivalent to the process of access, whereas additional services have to be
implemented. These services are components to guarantee the authentica-
tion of the accessed structured resource and the authentication of the user
(resp. researcher) so that the researcher, who has requested a structured
resource, can be secure that he/she receives the (original) requested re-
source. The authentication of a structured resource can be done e.g. by
watermarking. The authentication of the user has to be guaranteed depen-
ding upon system management and the organisation of the users” account
management. There are several possible ways to access the system via a
network located in an organization, an institution or a university, etc. In
terms of modern applications we think about external access to wireless
systems, where smart cards, and biometric identifications are discussed at
the moment. For our purposes we assume that the researchers’ system ac-
cess and the corresponding account management are organized by the sys-
tem administration of the university, where the researcher is working.

h. In the commercial delivery process access of the structured resource is
controlled by the provider of the structured resources.

Some services are not necessarily recognized by the researcher, but they are
needed in the DL-application environment. Such components are
(sub)systems

for administration of metadata,

a. harvesting of metadata,

b. editing metadata, including the creation, the modification, deletion of meta-
data and their representation,

c. distributing metadata between different metadata administration systems,
(for metadata see (Lavoie, B. et al. 2002)

to serve thesauri and/or ontologies,

to provide authoring systems for editing different forms of structured resour-

ces, including the administration of annotations during scientific discussions

for creating, searching, modifying or deleting such kind of annotations, and
to organize mailing lists, news-feeds or newsletters.
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3.3 The Working Process in Simplified Technical Perspective

Obviously, the order of the researcher’s specified activities describes a working
process. Some of these activities can be viewed as independent events. Others
induce new events to complete the researchers aim; e.g. the search of metadata of a
structured resource can be understood as a single activity, when the researcher
only wants to know something about the existence of a resource, or as a composed
activity which starts the process of initiating other events and finally leads to
access of the resource. This implies that we distinguish between simple events and
composed events so that the researcher’s activities can be represented as a pro-
cess, whereas the process is described in the form of events and operations that
relate the events to each other.

The program-to-program communication can be specified as operations on a speci-
fic set of events. In general, the complete working process is determined by a set of
partial ordered events.

On the other hand the researcher’s working process corresponds to one or more
operations, which might be implemented as a module, a component or an existing
DL-application realized by a (sub)system. Further the approach to determine Web
services is based on the definition of interfaces for encapsulated services whereby
such services are realizations of the operations to support the researchers” activi-
ties.

3.4 Basic Requirements for DL-oriented Web Services Related to the Resear-
chers Activities

The application of Web services has its own specific requirements. These require-
ments for the specification of Web services are obviously similar to the conditions
for the support of the researchers” activities by (sub)systems as listed above, be-
cause we understand every DL-oriented Web service as an encapsulated service.

The specification of encapsulated specific DL-services requires the search of a DL-
application, the availability of DL-oriented Web services, the authentication of
Web services, the authentication of the researcher (respectively the user), the reacha-
bility of the DL-oriented Web service, the accessibility of the requested service, the
guarantees for the application of the requested Web service (practicability), and the
delivery of the requested results using a DL-oriented Web service.

Again, we might assume that the authentication of the researcher as a user of a
computer is the responsibility of the organization at which the researcher is wor-
king. Additionally, we need a registry for DL-oriented Web services, where the
services available are listed. A registry can be seen as yellow pages, where the
available DL-oriented Web services are administered. The administration includes
the definition of the Web service interface and the textual description, required by
WSDL. Many other tasks are hidden. To identify these tasks of a registry we list the
requirements in detail
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the search of a DL-oriented service demands a search in the registry of the DL-
oriented services;

the reachability of a DL-oriented Web service requires that the provider is
online all the time;

the accessibility of the requested DL-application presupposes that the defini-
tion of the interface of the service is syntactically correct and semantically
complete (otherwise the execution of the service can not be guaranteed).

A requirement that has to be met by the registry and the provider serving the
DL-application, is the authentication of DL-oriented Web services. This inclu-
des the guarantee that the requested service is the original Web service and that
no interference of a third party is possible. We require that forbidden exchange
of data can be recognized by the requester. The requester expects the response
from such a registered service (and from nobody else). We need a secure con-
nection during the execution of the program-to-program communication. — Other
tasks are

the practicability of a DL-oriented Web service has the precondition that the
requested service is executable; and

the delivery of the requested results which depends upon the requested service
and the form of provision as described for commercial and non-commercial use
above.

3.5 Levels of Abstraction, their Use and their Components

To determine the components of a researcher’s workspace, we have to distinguish
different levels of abstraction and use. The levels of abstraction are

6.

oo

the level of Web services, where services — realized by accessible DL-applica-
tions — are encapsulated in the sense that the discovery, request and response
of a service is independent of the concrete implementation,

the application-level, where the (re)use of existing DL-applications takes pla-
ce via request and repsonse communication,

the level of structured resources, which contains the actual content, and

the level of the external use of other applications, which are not implemented in
the workspace, like software which corresponds to the researchers” needs, e.g.
system management or network management.

As levels of use we can identify the following (sub)systems and components

L.

2.

the network and system management, including the account management,
which should be supported by the researchers” working environment itself;
the middleware, which includes the modules and components for the support
of the program-to-program communication. The middleware is more of less
hidden to the researcher;

the DL-applications registered in the registry, which are requested and might
be known by the researcher (resp. the user). The DL-applications using the
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encapsulation mechanism of Web services are visible by checking the registry;
and

4. the DL-applications, which are not necessarily registered e.g. as mailing-lists;

5. the programs for the representation and the transformation of results for a
presentation in a browser; and

6. the browser itself used as an user interface.

4 A Framework for DL-oriented Web Services

We are building a framework for DL-oriented Web services based on existing DL-
applications. This framework contains at least two aspects: the mappings of work-
flows in a scientific environment supported by Web technologies, whereas the use
of such technologies initiates new social processes (van der Aalst et al. 2002), and
the supply of the web-oriented infrastructure in form of a component-based sys-
tem for the implementation of a scientific workspace in a distributed environment.
From the viewpoint of the Web service technology specified in (W3C 2003a, W3C
2003b), the development of DL-oriented Web services represents a specialization.
This specialization is based on existing communication processes and workflows in
a scientific community. As mentioned above, this requires a generalization of DL-
applications, especially are policies needed, including conventions, which determi-
ne the standards for interoperable interfaces. The realization of such conventions
has also to be initiated as a social process. Taking in account the social aspects — as
described above — we (re)use existing Web technologies for the integration of
existing DL-applications.

4.1 Models of Web Service Architectures Applied to DL-oriented Web Services

The model of Web services follows the paradigm of service-oriented architectures
(SOA) (Baresi, L. et al. 2003, SOA 2004). Web services act as an intermediary bet-
ween servers and clients, whereas the role of a server and a DL-oriented client-
application can alternate. The task of a DL-oriented Web service is to supply a
bidirectional application-based connection between the client-application and the
server and vice versa. We assume that the client requests a DL-oriented Web servi-
ce. It acts as a caller, and the Web service has to allocate and handle the communi-
cation process to the provider of a requested service. Then the characteristics of a
communication process for DL-oriented Web services can be described as follows.
Note that this specification of the request-response structure of DL-oriented Web
services is more detailed than the process initiated by a Web service, which is
specified in (W3C 2003b)

1. The communication process must be handled by the middleware to supply DL-

oriented Web services;
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2. the middleware has to accept a request of a client, which is initiated by a compo-

nent in the component-based system of the scientific workspace;

the middleware has to locate and address the requested DL-application;

4. the request might be transformed into a protocol structure - e.g. in form of an
encapsulated message using SOAP - which is distributable and is accessible by
the requested DL-application;

5. the request must be send to the server, where the DL-application is located;

6. the request is executed on the requested server of the DL-application;

a. therefore the encapsulated message has to be parsed on the server, espe-
cially if parameters are needed for the execution of the requested DL-appli-
cation;

b. the server fulfills the requested service by executing the DL-application;

c. the potential result set has to be encapsulated such that

7. the server is able to send a response to the client, e.g. again in form a SOAP
message;

8. the client has to parse the received message to obtain the content of the respon-
se.

Note that while processing 1.-8., at least a session handling — or better a transaction

handling — between client and server might be needed in a distributed environment.

From our viewpoint it is an open question, whether it is possible to implement an

adaquate transaction handling for the considered request-reponse structure in a

distributed environment, where the requested service is unknown at the beginning

of the transaction.

w

4.2 Technologies for the Implementation of DL-oriented Web Services

At the present state the implementation of DL-oriented Web services does not yet
fulfill the conditions of the framework specified above. We have started with a
simple prototype implementation, because the social process to obtain a policy for
DL-oriented Web services has still to be initiated.

As we have shown, to implement middleware in form of DL-oriented Web services,
we need to distinguish between the definition of a service interface and the functio-
nality of a service. The actual implementation of the functionality of each DL appli-
cation is hidden by the caller (resp. user). A UDDI-registry is used to register appli-
cable DL-oriented Web services. The UDDI-registry includes the definition of the
interface of a DL-oriented Web service, and a description of the functionality of the
DL-application, which might be requested via the interface. We use a specialized
(sub)set of the Web Service Description Language to define the specification of
DL-oriented Web services. The discussion, what kind of elements have to be inclu-
ded in a DL-oriented Web service language, is in process.

The UDDI-registry is also responsible for the localization of the requested DL-
application. DL-applications are located via URI’s, which are mapped to specific
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namespaces. The namespaces are included in a set of DL-oriented metadata, which
are administrated in a XML-database in the same manner as in SozioNet (Meier et al.
2003). The namespaces are resolved using the query language of the XML-databa-
se such that the information on the interface of the DL-application can be retrieved.
At the present state the parameters given by the definition of the interface of the
requested service have to be serialized using XML:RPC and have to be encapsula-
ted in form of SOAP messages for the distribution. This means the values of the
parameters of the interface have to be mapped in a specific way. Only simple data
structures can be mapped automatically. Other mappings have to be done manually,
especially when higher structured data types are needed. On the other hand the
middleware for the supply of DL-oriented Web services is able to evaluate SOAP
messages including XML:RPC to transfer and transform result (sets) of the reque-
sted DL-applications to a browser, which is the user interface.

5 Conclusion

DL-applications support the scientific publication process. The researcher’s publi-
cations have to be searchable, discoverable, distributable, accessible, and refera-
ble. We derived criteria to describe the researchers” activities so that we can relate
the working process to existing applications for the handling of structured resour-
ces. The corresponding needs are different forms of search like external and internal
search of structured resources, the search of DL-oriented Web services, facilities of
discovery of structured resources and DL-oriented Web services, reachability of
structured resources and DL-oriented Web services, authentication of researchers,
structured resources and DL-oriented Web services, delivery of structured resour-
ces, delivery of result sets of DL-oriented Web services and accessibility of meta-
data, structured resources and DL-oriented Web services. Note that we have to
distinguish in all cases between the objects and their levels. The objects (or sets)
are structured resources, metadata, and Web services. The initiation of events
defines the executions of operations; the operations are searching, harvesting,
discovering, accessing and delivering, whereas the operations have to be determi-
ned depending upon the sets of objects. There is a process model given by the SOA
paradigm for the design of Web services. We presented a specialized process model
for DL-oriented Web services, which can be easily supported by the use of existing
Web technologies.
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