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Abstract 
 

Web services and related technologies are a ubiqui-
tous topic within the IT community. Due to their flexible 
system composition characteristics these technologies 
can be considered a promising building block for the dy-
namic networking of people and organizations in our in-
creasingly globalized and quickly changing economies.  

With the growing number of Web services we are in 
need of elaborate mechanisms or service location, selec-
tion, and access as well as for assuring service quality 
going far beyond the functionalities of service registries. 
Fortunately, digital library research and practice pro-
vides advanced concepts for these tasks. 
The paper discusses requirements imposed on content 
description, structuring, enrichment, and retrieval when 
considering services as a new type of library content and 
presents a blueprint for a Web service digital library 
aiming to support the match-making between service 
providers and potential service users. 

 
 

1. Introduction 
 

Globalization of markets and the rapid development 
and high competition of economies pushes a trend to-
wards dynamic networking. Stable organizational struc-
tures and relationships are replaced by dynamic networks 
of organizations and people as well as systems. The IT 
and service infrastructure used in such a context has to be 
adaptable to the changing requirements and working pro-
cesses implied by dynamic networking.  

Achieving a high degree of platform and program-
ming language independence and hence facilitating the 
interaction and cooperation of independent system com-
ponents as well as their replacement by new improved 
components, the currently emerging Web service tech-
nology provides a promising starting point for a dynamic 
networking infrastructure. Web service technology pro-
vides an important building block for the development of 

run-time adaptable systems dynamically composed from 
reusable service components [26][25]: 
Web as programming interface: Web services provide a 

network accessible interface to application functional-
ity. Web sites, up to now interpreted merely by humans, 
are extended by programming interface capabilities. 

Flexible system composition: By employing standards 
like XML for component interaction the integration of 
heterogeneous components is enabled. 

 Just-in-time integration: Due to the use of service regis-
tries the choice and binding of the service to be em-
ployed can even happen at run time. 
These properties of the Web service technology can be 

exploited to achieve the IT infrastructure flexibility 
needed in dynamic networking. The autonomous devel-
opment of a growing number of competing as well as 
complementing Web services and the necessity of fre-
quent service selection and reconfiguration in dynamic 
networking also impose some special challenges: How to 
identify and locate an adequate service for a task? How to 
choose between several similar services? How to assure 
quality and long-term availability of a chosen service? 

The value adding mediator role of a digital library can 
be applied to Web services considering them as library 
content, hence facilitating service selection and access as 
well as assuring service quality. However, additional li-
brary functionality and metadata for content description 
and enrichment become necessary as discussed in section 
2. Starting from existing Web service technologies, sec-
tion 3 presents a first design of required service compo-
nents and metadata for the effective management and de-
mand-oriented mediation of high quality Web services in 
a digital library. The paper concludes with a discussion of 
related work and future research directions.  

 
2. Services as Library Content 
 

Development environments like .net of Microsoft and 
Apache's Axis project simplify the development of new 
Web services as well as the provision of existing compo-
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nents in the form of Web services. This will lead to a ra-
pidly growing number of available Web services for a 
wide variety of purposes provided by a heterogeneous 
community of developers and organizations. 

Most of the components that a system integrator needs 
for the system he is about to construct are available 
somewhere as ready-to-use Web services. But how to 
identify and locate the adequate high-quality services that 
he is ready to build his application upon? Do the discov-
ered services behave as required? 

Selecting, collecting, structuring, and annotating Web 
services, a digital library can act as mediator between the 
available service content and the user community, that 
consists of both human service users and software agents. 

 
2.1. Content-To-Community Mediators 

 
A digital library to mediates between the information 

needs of the user community and the available content 
[24]. This is achieved by (see figure 1): 

Content preselection: The library selects high-quality 
content potentially relevant for its user community; 

Content structuring: The library structures the content 
according to the predominant domain understanding 
of the user community; 

Content enrichment: Domain experts and community 
members enrich content objects with descriptive 
and value-adding metadata; 

Library services: Services for content retrieval, access, 
annotation, etc. support the identification of relevant 
material and facilitate content access; 

The benefit of the four contributions above also applies 
to new forms of library content like Web services. 

 
2.2. Service Content Characteristics 
 

A digital library is open for a wide variety of new con-
tent types [18]. However, new content types may require 
adapted metadata, structuring, and service support as 
well as new methods for the preselection of high-quality 
content objects. This also holds true for service content. 
Services are not static information objects, but opera-
tional components implying the following characteristics: 

 
1. Services expose dynamic operational characteristics 

like efficiency, availability, etc. 
2. Service semantics is coded into software and there-

fore not subject to ''understanding by reading'', but 
subject to ''understanding by testing or using''; 

3. Service changes are under control of an independent 
service provider; 

4. The users of a digital service library can be humans 
as well as software agents; 

5. Services might be used to build up more complex sys-
tems;  

6. Content access is a two-step-process: service location 
is followed by accessing the service functionality;  

 
Figure 1: The Digital Library as Mediator 
 
7. Only service descriptions may be stored by the library 

not the content itself, the services; 
 

2.3. Service Content Requirements 
 
For information objects, like text documents, effective 

content classification as well as content description and 
enrichment by metadata are well-understood issues. 
Agreed upon sets of metadata fields are summarized in 
standards like Dublin Core [15] comprising information 
for content retrieval, selection, and interpretation. It is 
also agreed that other kinds of information objects like 
images require a different or extended set of metadata 
fields for their effective description (see e.g. [29]). 

Clearly, service content exhibits relevant characteris-
tics different from those of text documents. Document 
subject as a central semantic property is, for example, re-
placed by functional service semantics. The service pro-
vider (as equivalent to a document creator) and service 
functionality contribute to a changed basis for content 
classification. This leads to the first of three central re-
quirements for the support of service content: 

Additional types of metadata are needed for func-
tional and operational service characteristics relevant for 
service selection and classification; metadata models must 
also be suited for the interpretation by software agents. 

Key aspects for content preselection in a library are 
relevance for the user community and quality. Decisions 
are based on a good understanding of the community as 
well as of the underlying domain. Service preselection 
may be based on similar approaches: Expertise of quali-
fied personnel, community feedback, and usage statistics. 

Content quality is a more severe issue. When compos-
ing a complex system from Web services the operation of 
the composed system heavily relies on its components' 
quality. The quality of service content should be assessed 
by applying objective forms of automatic testing. 

New methods of quality assessment are necessary to 
ensure the quality of the offered service content. Service 
quality, however, may change over time, so that continu-
ous re-assessment becomes necessary. 



 
 
Figure 2: Additional Components of a Web Service 
Digital Library 

 
Querying a Web service digital library, most users 

come up with clear expectations of service features like 
the required interface or behavior. Traditional retrieval 
methods may not extract this type of information from a 
service without previous efforts on service description. 

Metadata-based retrieval taking into account the de-
scription of service interfaces and semantics is of central 
importance in service discovery.  
 
3. A Digital Library of Web Services 
 

A digital library with Web service content has to pro-
vide solutions for the identified requirements. This sec-
tion presents a blueprint for such a library (see figure 2). 
 
3.1. Overview 
 

The basic Web service architecture mainly consists of 
three interacting components (see e.g. [27]): The service 
provider, the service client, and a service registry. In 
terms of this architecture the digital library takes the role 
of an advanced service registry. Service providers as well 
as agents and human application integrators looking for 
adequate services are members of the library's user com-
munity. Service clients directly interact with the service 
provider after choosing a service from the library. 

Figure 2 summarizes the additional components and 
information structures necessary for the management of 
Web services in a digital library: 
• New automatic, semi-automatic, and community-driven 

methods of quality assessment influence the decisions 
in content preselection and maintenance. 

• Metadata describing functional and operational service 
properties contribute to content enrichment. 

• Content is either structured by service functionality or 
by service provider. 

• Additional library services are envisioned. This in-
cludes community services for quality control, retrieval 
based on service metadata and registration of services.  

In Web service technology there are already some basic 
developments in the areas of service description and dis-
covery, related to the aims of a Web service digital li-
brary. The descriptive capabilities of the Web service de-
scription language (WSDL) are addressed in section 3.2. 
The Universal Description, Discovery, and Integration 
(UDDI) specification describes basic support for service 
registration and discovery [22]. A UDDI registry manages 
Web services and information about them providing busi-
ness entities. By introducing the concept of tModels, 
UDDI also supports service classification. tModels are 
registered like services and subsequently used as refer-
ence points for description and classification. 

 
3.2. Functional Metadata 
 

A full description of a service's functionality consists 
of a specification of the service interface and of the ser-
vice semantics. Both aspects have to be covered by the 
metadata managed in the Web service digital library. 

Service Interfaces: For the RPC style Web services 
considered in this paper a service offers a set of methods 
that can be accessed via SOAP envelopes [13]. This set of 
method signatures constitutes the service interface. 

The Web Service Description Language (WSDL, [6]), 
defines a format for describing service interfaces in terms 
of employed data types, method names, and exchanged 
messages that are used to model input and output parame-
ters as well as faults that may occur during method execu-
tion. A WSDL description also provides the technical pre-
requisites for service access by service clients. 

The WSDL specification provides a basis for the ser-
vice interface description in a digital library. For human 
users an XML description conforming to traditional APIs 
can be automatically generated from an existing WSDL 
description using, e.g., XSLT. 

Service Semantics: The interface has to be comple-
mented by a description of the service semantics. In tradi-
tional APIs targeting human readers service semantics is 
given by a textual description. In the Web service digital 
library such descriptions enable the use of traditional re-
trieval methods for service retrieval. However, textual 
semantics description is vague and imposes problems for 
correct service selection, especially for agents. Formal 
specification of software functionality, as e.g., described 
in [23], facilitates service selection, but requires skilled 
experts and a considerable amount of work. 

Alternative approaches for the description of service 
semantics are the combination of process models with 
process ontologies [3] and description based on Semantic 
Web technology [17],[5],[9], combining RDF descrip-
tions with service ontologies enabling more effective and 
efficient automatic service discovery methods [3][21]. 

A more pragmatic approach is the community-driven 
establishment of interfaces that can be implemented by 
different Web services. Agreement on such interfaces is 
achieved through discussion within the user community. 
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Established interfaces represent a kind of standard for the 
respective service functionality. Referring to traditional 
APIs, the establishment and use of agreed upon inter-
faces is common practice for widely used functionality 
like XML parsing (see, e.g., SAX and DOM interfaces). 
The UDDI specification [22] enables the registration of 
tModels which describe compliance with a specification, 
a concept, or a shared design. They can therefore also 
represent community-accepted interfaces. 

Web services implementing the same interface be-
come comparable, which facilitates service selection, and 
are exchangeable, which is one of the aims of Web ser-
vice technology. Interface establishment combined with 
semantic service specification reduces the effort for se-
mantic description, as this is done only once for the inter-
face. All implementing services will then refer to this 
specification, only describing semantic differences. 

 
3.3. Operational Metadata 

 
A Web service is exposing dynamic operational char-

acteristics which are further important criteria in service 
selection: 

Operation Time: Typical operation times for Web-
based applications are 7x24, i.e. all days, day and night. 
Web services may differ in their operation schedule. 

Availability: System problems can make a service un-
available. Typical parameters for the description of avail-
ability are percentage of system availability, maximum 
time to fix, meantime to repair, etc. 

Privacy: The way a Web service handles sensitive 
personal data may e.g. be described by a privacy policy 
according to P3P [8] which may be automatically 
matched with the user's privacy preferences. 

Security: The security level of a Web service may be 
described in terms of its commitment to available secu-
rity standards like [1][14]. 

Efficiency: The definition and use of common bench-
marks increases the comparability of data describing the 
efficiency of a service. Some properties like response 
times are network dependent and thus unpredictable. 

Accessibility: The Web service may be restricted to 
certain user groups or require registration and payment. 

Validity/Reliability: Applying quality assessment 
methods to a Web service (see next section) results in a 
review on its validity, e.g. with respect to a claimed func-
tionality, and on its reliability. Service validity may also 
refer to the contexts in which the service is applicable. 

The availability of operational metadata in the library 
enables the selection of adequate services. Combined 
with community-established interfaces, operational meta-
data facilitates service comparison. 

 
3.4. Methods for Service Quality Assessment 
 
The preselection of high-quality content has been 

identified as one of the main contributions of a digital 

library. With traditional content a library ensures a certain 
quality level by relying on the reviewing procedures of 
established organizations and by carefully selecting and 
acquiring relevant content. For service quality a thorough 
quality assessment, however, requires service testing or 
relying on reports of former service users.  

Test-based Quality Assessment: Since Web services 
are software components in operation, quality assessment 
means basically testing. Such tests may target functional 
and operational properties. Setting up own quality as-
sessment procedures the digital library must take into ac-
count that service quality may change over time requiring 
regular re-assessment which imposes a considerable 
workload on the digital library. 

Instead of pre-checking the service quality, the library 
may also enable the user to check service quality on de-
mand. Based on the idea of managing community-
established interfaces (see section 3.2), the digital library 
may also provide test suites for these interfaces. This en-
sures up-to-date test results and reduces workload. The 
library may also outsource quality assessment. 

Community-driven Quality Assessment: Typically, 
the user community of a Web service digital library con-
sists of technical experts, who can provide valuable feed-
back on services quality and reliability. The library can 
collect opinions from community members and include 
them in its quality assessment procedures applying con-
tent rating and collaborative filtering methods (e.g. [4]). 

Service Level Agreements: In professional relation-
ships between service providers and consumers, service 
level agreements (SLAs) play an important role in assur-
ing service quality. A SLA is a contract between provider 
and consumer on operational characteristics of the service 
provision [20]. Adopting this approach, the digital library 
may manage SLA templates, that represent a SLA offer 
by the service provider. Support for automatic negotiation 
of SLAs is desirable in the Web service context. 
 
4. Related Work 
 

Popular metadata formats like Dublin Core [15] are 
targeted towards traditional library content. Beyond, there 
are also content types for which the extension of these 
standard formats (see [28][29]) or the development of 
content type-specific metadata formats is required (e.g. 
geospatial information objects [12]).  

The Semantic Web activities [17][9][7] are strongly re-
lated to the Web service activities in general (also see sec-
tion 3.2). For the orchestration of Web services, i.e., the 
composition of complex from simpler Web services, dif-
ferent approaches are under development. This includes 
the definition of composition languages like WSFL [19] 
and XLANG [26] and service semantics description ena-
bling semi-automatic composition [21]. The operational 
properties provided by the digital library might be used 



during orchestration for service selection as well as for 
deducing the properties of the composed service. 

Our approach is related to brokering approaches that 
aim at automating the mediation between available ser-
vices and service clients. [2] e.g. presents an approach for 
flexible brokering of problem solving methods for build-
ing knowledge based systems. 

 
4. Conclusions and Further Research 
 
Services as a new kind of library content imply exten-

sions and adaptations in the areas of digital library struc-
tures, functionality and metadata. Based on these extra 
requirements we presented a Web service digital library 
blueprint. The discussion of the blueprint focussed on 
operational and functional metadata for Web services and 
on test-based, contract-based and community-driven 
methods for content quality assessment and assurance. 

The envisioned service digital library can be used for 
selecting adequate service components in IT environ-
ments. For full support of dynamic IT environments, this 
functionality has to be extended by a Web service orches-
tration language (see section 4) and by flexible tools for 
on-the-fly system customization [10], [11]. 

Starting from this first blueprint for a Web service 
digital library, one challenging research issue is the de-
velopment and evaluation of semantic service descrip-
tions combining expressiveness, feasibility with respect 
to the required definition effort, and effective support of 
intelligent agents in service discovery (see section 3.2). A 
further important research issue is the adequate represen-
tation and management of the envisioned operational 
metadata. The ABC model and ontology [16] can be used 
as a guideline for setting up a service metadata model. 
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