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Abstract. We report on the concluding panel of the Third International
Workshop on Resource Discovery. The panel followed two invited presen-
tations that addressed the problem of quality in the context of resource
discovery. They are Assuring Quality of Service and Quality of Data: New
Challenges for Service and Resource Discovery by Laure Berti-Equille
and Optimization Techniques for QoS-Aware Workflow Realization in
Web Services Context by Joyce El Haddad. The questions discussed
by the panelists covered modeling issues, formats, languages, semantics,
applications, and benchmarks.

1 Introduction

The growth of Internet technologies has unleashed a wave of innovations that
have a significant impact on the way people and organizations interact with
each other as well as in the ability for anyone to publish, share, and discover re-
sources. In particular, the recent adoption of Web services and resource discovery
technologies demonstrates the effective automation of business-to-business and
interpersonal collaborations with new models for automated interactions among
distributed and heterogeneous applications [1]. A resource may be a data repos-
itory, a database management system, a linked data endpoint, a link between
resources, a semantic wiki, or a Web service. Resources are characterized by core
information including a name, a description of its functionality, its URLs. Many
Web services and resources provide overlapping, similar or conflicting function-
alities or contents, albeit with different levels of Quality of Service (QoS) and
degrees of Quality of Data (QoD). Resource discovery is the process of iden-
tifying, locating and selecting existing resources that satisfy specific functional
and non-functional requirements. Current research includes crawling, indexing,
ranking, clustering, and rewriting techniques, for collecting and consuming the
resources for a specific request. State-of-the-art approaches support the identi-
fication of services to participate in a given service composition or resources to
satisfy the user’s requirements both in terms of content and service quality.

This paper reports on the concluding panel of the Third International Work-
shop on Resource Discovery that addressed the challenges that emerged through
the shift from the traditionalWeb to Web 2.0 in the scope ofQoSand QoDmanage-
ment. Panelists discussed past work in the areas of quality-aware service modeling
and composition, resource discovery, and data quality management, introduced
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recent methods and techniques, and highlighted new directions for assessing both
Quality of Service and Quality of Content in data-centric service discovery.

2 Quality for Resource Discovery

First the panelists shared their views on resources, what they are, what quality
measures can be assigned to them, and the problem of resource discovery. As
discussed in our previous workshops, a resource refers to different things depend-
ing on the user or expert; it includes an agent, an application, a service, a data
source, etc [16]. The problem of resource discovery itself can be approached in
various ways each with its own quality measures.

3 Traditional QoS Approaches

Although resource discovery raises specific issues, many existing approaches
designed for Quality of Service may be exploited and revised for that pur-
pose. Analysis of models, techniques, and tools for QoS negotiation and Quality
Assurance requires a preliminary understanding on how quality of a service or a
service-based application can be described and modeled. Various models for de-
scribing QoS have been proposed by practitioners; standardization consortia and
frameworks for creating agreement on QoS aspects between companies that en-
dorse the service oriented paradigm can be adapted. In the presence of multiple
Web services with overlapping or identical functionality, users will discriminate
these alternatives based on their QoS or preferences. QoS is a broad concept that
encompasses a number of non-functional properties such as price, availability, re-
liability, and reputation [13,3,9]. In addition, services are distributed across the
Internet and some of their QoS properties (e.g., availability and successful execu-
tion rate) are affected by the communication link and should be measured from
the perspective of the requestor rather than the provider [14, 15]. Preferences
represent opinions or feedback of the users about the behavior of the available
services; simple logic-based languages can be used to express preferences such as
hard constraints, QoS preferences, and conditional preferences [12].

4 Workflow-Driven Quality

Recent approaches look at a resource in the context it is used, often composed
with other resources in a workflow. The panelists discussed issues specific to
service composition, workflow optimization, continuous information discovery
(RSS), resource discovery for data integration, etc. The problem of selecting
the services that best fit the QoS-based criteria, is known as the QoS-aware
service selection or composition problem. This is a combinatorial optimization
problem that has been shown to be NP-hard. Thus, the main challenge is to
define heuristics able to identity a relatively good solution in a reasonably short
period of time. Another important issue to solve, is to provide ranking techniques
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able to highly rank the resources that in addition to satisfy the functional user
request, best meet the user QoS restrictions.

First, to develop effective and efficient heuristics, resources need to be seman-
tically described. Traditionally, service functionality has been defined in terms of
ontology annotated input and output arguments and pre- and post-conditions.
However, because of the lack of expressiveness, this approach does not allow the
possibility to represent properties of the objects produced by the resource. For
example, a service that given a US city retrieves the cities reached by two-leg
one-stop flights that pass through Los Angeles, would not be precisely described
using this commonly used formalism. Recently, Ambite et al. [2] have proposed
to describe resource functionality as local views of the concepts that comprise
a domain ontology. This description approach is taken from the Local as View
paradigm traditionally successfully used in integration systems, and they have
developed the tool DEIMOS that is able to semi-automatically generate these
mappings from existing Web data sources. Furthermore, the transactional in-
formation and user preferences must be specified either in user requests and in
resource descriptions. For instance, consider an abstract workflow which has to
be atomic, so all the services selected to implement the workflow, have to be com-
pensable; thus, the resource description formalism must ensure the description
of this property. Additionally, suppose a user searching for services retrieving
round trip flights between two American cities, prefers services that retrieve
flights operated by the same airline. The framework to describe the user request
must be able to assign preferences to services that combine flights, and according
to these scores, identify the services that best meet the user request [6, 12].

Second, the design of heuristics that usually exploit background information
explicitly expressed in the resource descriptions can be used to solve the QoS-
aware Service Selection problem, guide the search, and prune the space of pos-
sibilities. Thus, existing approaches focus on two main issues, scale up to a
large number of resources, while the selected resources best meet the user re-
quest. For example, Rahmani et. al. [21] present a distant metric-based heuristic
that guides a backward algorithm; this metric induces an order of the services
in a way that services that do not satisfy the user request, are unlikely to be
visited. Ko et al. [13] propose a constraint-based solution that encodes the non-
functional permissible values as a set of constraints whose violation needs to
be minimized; a hybrid heuristic that combines the Tabu search and Simulated
Annealing meta-heuristic is proposed to efficiently traverse the space of pos-
sibly service compositions. Others have considered planning-based approaches
to efficiently solve the QoS-aware the service selection problem [20, 19, 22]. Al-
though existing approaches achieve the scalability issue, because of the lack of
expressiveness of the description formalisms used to describe the resources, the
selected resources may be far from the resources that best meet the user request.
Recently Izquierdo et al. [12] devise the problem of selecting the best services
as the problem of identifying the best query rewritings of a conjunctive query
in terms of a set of views. Queries represent user requests, views semantically
describe services, and user preferences are specified with a simple logic-based
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language; preferences are used to rank the solutions of the problem that best
meet the user request.

Finally, once the resources that meet a user request are identified, ranking
metrics are required to discriminate among the selected resources, those that
best meet the QoS and user preference requirements where all the QoS param-
eters and preferences are equally important. This condition implies that some
services may be incomparable because there is no other one that has the best
values in all the QoS conditions or user preferences. Traditionally, Skyline [7] and
Top-k Skyline [10] approaches have been used to efficiently identify the set of
incomparable objects or the top-k objects among a set of incomparable objects.
Although state-of-the-art techniques effectively achieve the problem of identify-
ing the best elements, techniques that exploit semantics about QoS parameters
are required to effectively prune the space of possibilities and efficiently identify
the best services [11].

5 Quality Dimensions

Existing models and formats to represent resources often lack the mechanisms
needed to capture and publish the metadata required to express quality. The pan-
elists discussed the metadata needed to support quality measures and identified
the limitations of existing formats. Quality dimensions provide a shared knowl-
edge about how a quality can be defined in terms of names, metrics, relationships
and dependencies among quality dimensions. The set of quality dimensions that
are considered relevant for a resource will be used by all the actors involved
to express the requirements and capabilities, to compare them, and to select
the best resource. In the literature, quality dimensions are classified in different
ways. Focusing on the product quality specification, we need to consider two
main issues: the technical quality dimensions and the domain dependent quality
dimensions [22]. Technical quality dimensions include all the quality dimensions
that characterize the service provisioning and that are relevant regardless of
the kind of service. In the Web service community, a set of technical quality
dimensions is grouped in four main categories (runtime, transaction, configura-
tion management, and security), that are considered relevant for describing a
Web service: i.e, scalability, capacity, performance, reliability, availability, flex-
ibility, exception handling, integrity, regulatory, supported standard, stability,
cost, completeness.

6 Data, Metadata, and Quality

Many quality factors have been proposed for modeling data quality. Typically,
data quality can be defined and measured along four dimensions: relevance,
granularity, and level of detail for data views, accuracy, consistency, currency
and completeness for data values, format and ease of interpretation for data
presentation, and privacy, security, trust, and ownership. Quality factors can be
classified according to semantic criteria, process-oriented criteria or goal-oriented
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criteria. Other works propose formal frameworks for describing quality factors
and deal with the management and storage of the appropriate metadata. How-
ever, there is no consensus in the definition of quality factors. Each application
domain has its specific vision of data quality as well as a battery of (generally ad
hoc) solutions to solve quality problems [5]. Furthermore, although quality fac-
tors are frequently treated as being independent, there exist many relationships
among them. The great number of quality factors and their inter-relationships
cause quality evaluation to be a complex problem of many variables. Improv-
ing the quality of a system corresponds to optimizing a problem of N variables,
which is of high complexity if done in a general context. As a consequence, it is
difficult to consider many quality factors at a time. Regarding the assessment of
the quality of a data resource, many works have been proposed to classify ex-
isting assessment techniques, types of metrics, units and aggregation functions,
stressing the need of an algebra for combining resource quality metadata. Other
works have analyzed the combination of resource quality values for some specific
quality factors of accuracy and completeness, but the dynamic resource selec-
tion based on quality of content is an open problem that requires continuous
resource profiling. Despite the existence of specific solutions for database pro-
filing and cleaning [5], the land of QoD improvement and QoD-aware design of
resource/service is almost unexplored.

7 Discovery Language and Customization

Users expect to be able to express queries that support resource discovery and
specify the measures that best capture the quality measure they expect to opti-
mize. Resource selection and quality have a significant impact on the provenance
of data. Providing efficient access to resources received a sustained interest in the
recent years but relatively few approaches have been proposed to ensure both
quality of service and quality of content in distributed and Web syndicated ap-
plications. This raises several particularly challenging issues due the nature and
characteristics of the resources, their structure and data quality, and the domain
ontology (e.g., resource volatility, data volume, large heterogeneity spectrum, com-
plex data type: multimedia, XML, relational records, RSS, etc.). In this context,
many challenges are raised in the design of service oriented architectures integrat-
ing QoS-driven service composition and QoD-driven resource discovery. Building
such architectures requires addressing several interesting research issues.

Description formalisms. One of the first challenges is to define new paradigms
to semantically describe the functional and non-functional properties of the re-
sources. And capture the user requirements and preferences in terms of QoS and
QoD.

QoD- and QoS-aware query languages. The idea is to devise declarative query
languages that operate on data, resources and services with quality of data, user
preferences, and quality of service (QoS) constraints.
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Computation models. The resolution of any quality-aware query may involve an
iterative process between different distributed systems within the infrastructure.
We need to devise a computation model for the interaction of the different (sub-)
systems (e.g., Web portals/Web services/resource and providers, etc.).

Optimization models. Performance has a prime importance in successfully de-
ploying a QoS- and QoD-aware service oriented architecture. It mainly relates
to query optimization. One challenge is to define appropriate metrics to char-
acterize and measure QoD and QoS dimensions depending on the application
domain, the systems capabilities, and the limited resources/performances. The
different query planning strategies focus generally on finding feasible and opti-
mal sub-goal orderings based on available bindings and supported conditions.
Proposed techniques assume a full knowledge of the query capabilities of every
resource that can be potentially discovered. They rely heavily on the way that
information sources are described and the objective function of the optimizer
(e.g., number of sources, response time, etc.). Using the same source description
and data quality description models may not always be possible across a large
spectrum of information sources.

Quality-aware adaptive services. Another interesting trend is the use of adaptive
or dynamic approaches in dealing with quality-aware services. This is motivated
by the intrinsic dynamics of the distributed and autonomous resources where
unpredictable events may occur during the execution of a query affecting the
QoS and/or QoD. The types of actions that are proposed in these approaches
fall into one of the following cases: i) change the query execution plans in order
to privilege data quality of query results, ii) change the scheduling of opera-
tions in the same query execution plan or in different concurrent query plans,
iii) introduce new operators to cater for the unpredictable events (e.g., in case
of QoD or QoS degradation. Adaptive techniques have demonstrated their ap-
plicability to various Web service applications [4]. There is a need to show how
they react under heavy quality of data and quality of service fluctuations. To
the best of our knowledge, the issues of data quality-awareness adaptation in
on-line service composition or query processing have not been much investigated
and constitute a very challenging perspective of research. Taking into consid-
eration the user feedback is also a critical issue that needs to be addressed by
e-Service community, in particular to fix as quickly as possible certain errors in
the resource description and resource mismatch with respect to the user query.

8 Benchmarks

The design of benchmarks is critical to evaluate and compare different solu-
tions. These benchmarks raise similar questions from a different point of view
(performance, data sets, queries) independently of a particular solution.
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9 Applications

The problem of resource discovery covers a large spectrum of applications. Some
domains such as the biomedical domain [17] seem to express a particular inter-
est in the development of solutions. Several approaches exploiting metadata have
been developed in the context of biological resource discovery most of which can
be applied to any domain. The challenge of resource discovery is to extend the
optimization of quality measures of local criteria that capture the identification
of the resource that best implement a task to the optimization of global criteria
where several resources are identified so that connected into a workflow they
fulfill a complex network of tasks. Discovery queries expressed as sequential con-
nected tasks were asked against data sources mapped to the concepts that their
structural metadata could be mapped to in [8]. More complex discovery queries
were expressed against a semantic graph of resources were each data sources is
mapped to the concepts its structurally correspond to and each application or
service is mapped to the conceptual relationship it implements in [18].

10 Conclusion and Perspectives

Quality related aspects relevant for service- and resource-based applications
cover a broad field of research, including work on quality modeling and spec-
ification, QoS and Services Level Agreement (SLA) negotiation as well as con-
structive and analytical quality assurance (like testing, monitoring and static
analysis). Designing data-centric services raises several interesting challenges re-
lated to i) the accuracy of data from data resources that are of different quality
either intrinsically or from one resource to another, and over time, ii) the com-
pleteness and coverage of data resources to provide effective and fine-grained
content-based resource discovery with up-to-date metadata and efficient mainte-
nance, iii) the usability of the services in terms of personalized resource discovery
with respect to data and content quality requirements and user feed-back gath-
ering to improve the services and quickly fix the errors. Ensuring both quality
of service and quality of content is indeed a very rich and challenging research
direction that needs further investigations.
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