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Abstract. The challenge of publishing and discovering web services has recently received lots of attention. Various solutions to this problem have been
proposed which, apart from their offered advantages, suffer from the following
disadvantages: (i) most of them are syntactic-based leading to poor precision
and recall, (ii) they are not scalable to large numbers of services and (iii) they
are incompatible, thus yielding in cumbersome service publication and discovery. This paper presents the principles, the functionality and the design of
PYRAMID-S which addresses these disadvantages by providing a scalable
framework for unified publication and discovery of semantically enhanced services over heterogeneous Registries. PYRAMID-S uses a hybrid peer-to-peer
topology to organize web service Registries based on domains. In such a topology, each Registry retains its autonomy, meaning that it can use the publication
and discovery mechanisms as well as the ontology of its choice.
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Introduction

Web services (abbr. WS) have emerged as a dominant set of recommendations and
standards. They have marked current web engineering methodologies and are ubiquitously supported by IT vendors and academia. The rise on the WS consumption
brought forward the problem of locating the most appropriate services to use from the
vast number of available ones [16]. Different solutions to this problem have been
proposed (e.g. UDDI [10], ebXML Registry/Repository [8][9], SPiDeR [13], MWSDI
[17], DIRE [1], OWL-S/UDDI Matchmaker [12] and WSMX [5]), each with its specific model and realization. However, the effectiveness of these solutions is limited
due to the following reasons:
• A large number of these solutions are syntactic-based. This means that only syntactic information is used in the service advertisement, in the service query and in
the matchmaking process. Syntactic information describes the interface of services and how and by whom the services are deployed. Thus, it provides informa∗
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tion about the rules, structures and terms that someone should use in order to
communicate with a service. However, the use of only syntactic information in the
service advertisements, service queries and in the matchmaking process leads to
discovery results of poor quality.
• Most of these solutions are not scalable meaning that they are not able to scale to
large numbers of services, service publishers and service requesters. This is due to
the fact that they mostly follow a centralised Registry approach. The scalability issue of centralised approaches is usually addressed with the help of replication
(e.g. UDDI). However, replicated Registries have high operational and maintenance cost. Furthermore, they are not transparent due to the fact that updates occur
only periodically.
• Current solutions are incompatible, a fact that further aggravates the above situation. Consider for example the case of an international company the subsidiaries
of which provide lots of web services stored in Registries of heterogeneous types
(e.g. UDDI, ebXML Registry/Repository, SPiDeR or MWSDI). If someone wants
to publish a service in these Registries, he or she has to understand the mechanisms supported by each Registry type and then separately employ these mechanisms in order to publish the service. Similarly, in case of service discovery the
user has to invest considerable time visiting numerous Registries of the same or
different type, understanding the way to use them, entering search criteria repeatedly and integrating potentially heterogeneous replies. We argue that the WS publication and discovery process could be greatly facilitated if the user entered publication data or search criteria only once, i.e. if the publication or discovery process took place uniformly over the various heterogeneous service publication and
discovery mechanisms.
This research focuses on addressing the aforementioned situation. In particular, a
framework for web service publication and discovery, called PYRAMID-S, is proposed. This framework has the following main contributions:
• Unified web service publication and discovery
− over heterogeneous Registries, thus alleviating the users from the burden of
handling the diversion between different technologies
− based on syntactic, semantic and Quality of Service (QoS) information improving in this way the precision and the recall
• Preservation of the autonomy of web service Registries by allowing the accommodation of different publication and discovery mechanisms
• Use of a scalable infrastructure which organizes Registries based on domains
The paper is organized as follows. In Section 2, a description of the PYRAMID-S
principles is provided. Following, in section 3, the PYRAMID-S functionality and
design is presented. The paper ends, in section 4, with the main points of the research
and its contribution in the specific research area.
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PYRAMID-S Principles

Towards the confrontation of the disadvantages of current approaches in web service
publication and discovery, the PYRAMID-S framework has been proposed. This

framework is based on several principles, namely a layered architecture, a number of
ontologies, a service description language and a service query language as well as the
concept of mediation. All these principles are presented below.
The PYRAMID-S framework addresses the problem of scalability by categorizing
Registries to domains (e.g. Banking, Healthcare, Tourism) and by using a layered
architecture. Registry categorization helps in filtering the registries where the web
service publication or discovery will take place thus improving the performance. The
layered architecture consists of three layers depicted in the right part of Fig. 1 and
presented below:
• The Registries Layer consists of a number of Registries provided by diverse
Registry operators. The Registries are responsible for getting the service advertisements or the service queries and for performing the necessary actions.
• The Gateways Layer consists of a number of servers, called Gateways, which
function as entry points to the PYRAMID-S system and provide to the clients the
ability for unified publication and discovery. Furthermore, they provide the appropriate interface for the management of ontology and registry information.
• The Routers Layer consists of a number of servers, called Routers, which hold
ontology and registry information, including the categorization information of
registries to domains. The last is used by the Routers in order to provide routing
service to the Gateways in order to forward the queries or the advertisements entered in them to the appropriate domain registries.

Fig. 1. The PYRAMID-S Conceptual Architecture
The layered architecture is based on a peer-to-peer infrastructure designed and implemented in the scope of this research. The peer-to-peer infrastructure is primarily
designed to facilitate peers in locating one another and in “working together” in
groups and more precisely in performing commonly approved actions. The last is
achieved through the use of a Peer Group Decision Making Mechanism which has
been designed and implemented in the scope of this research. The above infrastructure

is generic and it can be used in any application that requires the aforementioned functionality. This peer-to-peer topology renders PYRAMID-S scalable as it allows Routers and Gateways to easily join and leave the peer-to-peer network. More importantly, this topology ensures that there is no single point of failure in the Routers and
Gateways layer. Overall system performance and scalability may be tuned by adapting the number of Routers and Gateways and according to business requirements.
The problem of low precision and recall was addressed by enriching the service
advertisements and the service queries with semantic and QoS information. This is
achieved with the help of ontologies and two special languages. The ontologies proposed in this research are the Standard Domain Ontology (SDO), the Registry Domain
Ontology (RDO) and the Domain Classification Ontology (DCO).
• The Standard Domain Ontology (SDO) reflects abstract concepts and relationships in a particular application domain. It has two parts: the Operation part and
the Data part. The Operation part models major action types and thus helps to determine the type of operations that each web service performs. The Data part incorporates concepts, their properties and relations among concepts in a particular
application domain. The SDO is constructed by domain experts and it is mandatory to associate an SDO to each domain in PYRAMID-S. The SDO of a specific
domain is the default ontology of the PYRAMID-S framework for that domain.
The Registries conforming to that SDO use this ontology for the semantic publication and querying of the web services they hold.
• The Registry Domain Ontology (RDO) is defined in case of Registries that do not
conform to the SDO. In this case, the Registry operator has to provide a mapping
[2][3][4] from its own ontology to the SDO.
• The Domain Classification Ontology (DCO) holds information about the relationships among domains, the mappings of each registry participating in
PYRAMID-S to one or more domains, the relationships between domains and
SDOs and the properties of Registries, such as the access URL, the Registry type,
the Registry provider details, the access URL of the RDO to SDO mapping (in
case of non-conformance to SDO) and the constraints in accessing that Registry.
PYRAMID-S uses the PS-WSDL language, which is an extension to WSDL [18]
proposed in this research, for describing web services and the USQL for the formulation of service queries.
PS-WSDL [11] provides the following additional information about a service: service capabilities, geographic scope, domain, QoS attributes of the service as well as
information about the service provider. Fig. 2 depicts part of the PS-WSDL advertisement of a CreditScoreCalculation service. A test case ontology for the domain of
Loan Services is used in order to annotate the operation, input and output elements.
The NAICS taxonomy [7] is used to specify the service domain. The QoSMetrics
element is used for specifying QoS properties of the service by using the WS-QoS
specification [14]. Elements of the Geographic Classification System (ISO 31661999) [6] are used to depict the geographic scope of the service. Finally, the businessEntity element contains information about the service provider.

Fig. 2. An example PS-WSDL advertisement

Fig. 3. An example USQL Request
USQL [15] is an XML-based language which enables the formulation of queries
containing syntactic, semantic and QoS service requirements, allowing requesters to
express their needs for heterogeneous services in a unified, efficient and consistent
way. Besides the syntactic, semantic and QoS elements defined by the language, a set
of operators is also provided; syntactic, semantic and QoS operators are applied to the
values of the respective elements within the course of the matchmaking process. In
Fig. 3, the requester asks for web services offering an operation which takes as input
the social security number of the customer and returns as output his credit score.
The heterogeneity problem among the various approaches was addressed with the
use of the layered architecture presented above and special software modules called

Mediators. A Mediator is responsible for transforming the syntactic, semantic and
QoS information of a PS-WSDL advertisement or USQL query into appropriate Registry structures. Service discovery results, deriving from Registries, are also transformed reversely. Implementation of the transformation operations depends on syntactic
and semantic conventions used by the Registry, as well as the support for QoS characteristics. Therefore, a distinct Mediator service is needed for every type of Registry
participating in the PYRAMID-S framework, which may result in having more than
one Mediators in each Gateway. Furthermore, in case a Registry uses its own domain
ontology (RDO in PYRAMID-S terms) instead of the standard ontology for the domain (SDO in PYRAMID-S terms) the Mediator is responsible for transforming the
concepts used for annotating the service advertisement/query from the one ontology
to the other. The main benefits accruing from the use of Mediators are the following:
• They allow the participation in PYRAMID-S of Registries that do not conform to
SDO.
• They provide support for reasoning. Reasoning support is very important for the
matchmaking process since exact matches between service advertisements and
service requests are unlikely. For example, a bank may publish a service as
"LoanService" and a request issued by a client may refer to "MortgageLoanService". The advertisement and the request differ, but the matchmaking process
should be able to recognize a match based on the fact (stated, for example, in an
ontology for Banking services) that a loan may be a mortgage loan.
• They alleviate the service publishers/requesters from the burden of holding technical and protocol-specific knowledge about Registries; thus, they can focus on
the formulation of service advertisements/queries expressed in PS-WSDL/USQL,
in a consistent and rich way.
• They render PYRAMID-S extensible as it can accommodate various types of
Registries through the accommodation of the appropriate Mediators.
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PYRAMID-S Functionality and Design

The users of PYRAMID-S are either humans or agents (software programs). User
actions are directed to any peer of the Gateway layer, which then, depending on the
user action, interacts with either a Router peer or both a Router peer and one or more
Registry peers and returns a reply. User actions may vary from service queries or
advertisements to modifications of the Domain Classification Ontology (DCO), depending on the role of the user. PYRAMID-S distinguishes three different types of
users:
Simple users, who publish and discover web services
Registry operators, who can add/remove Registries from PYRAMID-S and update Registry information
• Domain administrators, who can update the DCO by adding new domains
Fig. 4 depicts a UML use case diagram that shows the main functionality of
PYRAMID-S and the three types of users who interact with it. Browsing and searching through the DCO and the SDOs, represented by the Ontology Navigation use
case, is available to all types of users and greatly facilitates the rest of their actions as
•
•

it will be apparent later on. These actions are represented by the rest of the use cases
depicted in Fig. 4 and are described in the following paragraphs.

Fig. 4. Use Case diagram for PYRAMID-S
Service Publication. When a user wishes to register a service in PYRAMID-S, he or
she contacts a Gateway peer and first selects the domain for publication. Afterwards,
the service publisher loads the WSDL file describing the service, annotates it with the
concepts of the SDO corresponding to the selected domain and then saves the resulting PS-WSDL file. Then, the publisher may designate the Registries for publication
either by selecting all or several of the Registries of the previously selected domain or
by selecting the Registries of a specific provider in the domain. Finally, the publisher
proceeds with the publication of the PS-WSDL to the selected Registries. Then, the
Gateway contacts the appropriate PYRAMID-S components in order to complete the
service publication. Finally, the user is informed about the result of his/her request.
Service Discovery. When a user wishes to search for a service in PYRAMID-S, he or
she contacts a Gateway peer and first selects the domain for discovery. Afterwards,
the service requester specifies his/her requirements by using concepts of the SDO
corresponding to the selected domain. This results in a USQL query. Then, the requester may designate the Registries for discovery. Finally, the requester proceeds
with the service discovery in the selected Registries based on the USQL. Then, the
Gateway contacts the appropriate PYRAMID-S components in order to complete the
service discovery. The results of the Registries are then returned to the Gateway and
presented to the user.
Registry Management. Registry operators may use the respective interface provided
by a Gateway in order to insert/delete a Registry or update its associated properties in
the PYRAMID-S system. The part of the DCO that depicts the relationships among
domains is presented to the Registry operator (in a tree structure) in order to associate
his/her Registry to the appropriate domain. The user input is translated into one of the
following operations on the DCO:
• Insert(Tx): Based on the user input, Registry Rx is related to domain Dx and provides its services with Ax properties (Tx=<Rx, Dx, Ax>). This operation is valid

only if there is no Ty∈DCO: Ry=Rx ∧ Dy=Dx. After the completion of the operation, DCO is DCO+{Tx}.
• Delete(Tx): Registry Rx is no longer related to domain Dx. This operation is valid
only if Tx∈DCO. After the completion of the operation DCO is DCO–{Tx}.
• Update(Tx,Ax΄): The properties of Registry Rx for domain Dx are updated to Ax΄.
This operation is valid only if Tx∈DCO. After the completion of the operation
DCO is DCO–{Tx}+{(Rx,Dx, Ax΄)}.
Domain Administration. Domain administrators may update the DCO with the addition of new domains. Domain renaming or deletion in the DCO are not allowed, as
they would introduce inconsistency regarding registered Registries and services.
The aforementioned functionality is offered through a service-oriented design and
implementation meaning that the functionality is provided through the definition of a
number of web services. This decision entails several benefits, such as separation of
concerns, ability to substitute existing web services with new ones providing improved functionality and reusability of the functionality provided by the PYRAMID-S
web services from within other applications that need to perform service publication
and/or discovery.
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Conclusions

The research presented contributes to the field of web service publication and discovery. Specifically, this research focused on the confrontation of the following problems
of current approaches: (a) low precision and recall in service discovery, (b) limited
scalability to large number of services, service publishers and service requesters and
(c) heterogeneity among the approaches. The proposed framework, which is called
PYRAMID-S, addresses the above problems by categorizing Registries to domains
and by functioning as a meta-Registry that controls and supports access to the Registries.
The measurements that were conducted with the help of the prototype that was
implemented in the scope of this research revealed encouraging and positive results.
Specifically, the experimental results have shown that the proposed system scales
well as the number of involved Registries increases and that it manages to solve the
disadvantages of the current approaches without incurring considerable overhead in
service publication and discovery. Furthermore, the results have shown that the use of
semantic and QoS information in PYRAMID-S provides high precision and recall by
substantially improving on naïve keyword-based search.
The originality of this research in relation to current approaches consists in the
confrontation of the heterogeneity among them. In this context, the results of this
research bring valuable help to organizations or to federations of organizations that
consist of a number of autonomous and heterogeneous registries; thus, enabling easier
intra- and inter-enterprise integration.
PYRAMID-S supports the formation of registry federations as follows. It allows
data distribution with the help of DCO. It supports semantic heterogeneity in the
federation with the help of Mediators and the mappings from SDOs to RDOs. Furthermore, it supports structural heterogeneity, as it supports various types of Regis-

tries through the use of Mediators. Furthermore, it supports design autonomy as different Registries can have different algorithms for semantic publication and discovery.
It also supports execution autonomy as Registries in PYRAMID-S can be accessed in
a standalone manner without using any PYRAMID-S components.
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