OPOSSUM: Bridging the Gap between Web
Services and the Semantic Web

Eran TocH, Iris Reinhartz-Bergér Avigdor Gal, and Dov Dorf
*Faculty of Industrial Engineering and Management
Technion - Israel Institute of Technology
Technion City, Haifa, 32000 Israel
erant@tx.technion.ac.ifavigal, dorj @ie.technion.ac.il
fDepartment of Information Systems
University of Haifa
Carmel Mt., Haifa, 31905 Israel
iris@mis.hevra.haifa.ac.il

. INTRODUCTION gueries and advertisements of semantic Web services. As con-
cepts are well defined with structured ontologies, logic-based
Web services are distributed and loosely coupled softwasgnof inference is used to match services. While these methods
components, which are accessed through the World Wide Wedtrieve services with very high precision and certainty, they
Web services form the basis for service-oriented architectui@guire the availability of full semantic models of the service
used by enterprises to develop and integrate large-scale inf{§liery and advertisements in order to perform the matching.
mation systems. The ongoing adoption of service-oriented @part from adding overhead to the task of developing a
chitectures raises the need for efficient and precise search giish service, these methods require designers to agree on
retrieval of Web services. We propose to investigate aspectscgfnmon concepts and meaning. While this is feasible in some
Web service retrieval, facing a gap between user specificatioggplication fields, it may not be feasible in others.
given in some form of a semantic description, and Web service|n order to address the current limitations of service-
definition, given in a standard interface description such asrieval, we had developeg8POSSUM (Object-PrOcedure-
WSDL [3]. Bridging this gap is becoming more and mor&emanticS Unified Matching). It is a Web-based search en-
urgent as users need to find Web services among increasgife that uses semantic methods for precise and efficient
numbers of Web services within organizations and on the WeBtrieval of Web services, based on their WSDL descrip-
The main challenge in service-retrieval is the lack afons. OPOSSUM crawls the Web for WSDL descriptions,
semantics in their interface description for precise searahansforming them into ontological-based models of the Web
Current retrieval solutions can be classified as eithguistic- services. It does that by automatically augmenting the service
based or semantics-basedeach of them exhibit different properties with existing concepts, which are collected from
limitations. Linguistic-based solutions are based on textuahtologies on the Semantic Web [2]. A novel algorithm [7],
analysis of actual Web service descriptions, mainly in the used to match queries with the ontological-based model of
form of WSDL documents, which defines the operations aneb services. The algorithm relies on probabilistic methods
message parameters of the service [3]. This approach is taklen.structural analysis of the associated ontologies in order to
for example, by the Woogle search engine [4]. Linguistignprove the recall and precision of the search process. The
methods (mainly clustering techniques) are used in orderdearch engine retrieves dynamically-created services, which
support similarity search of operations by grouping togethare composed of several atomic services. Thus, even if a query
names of operation’s parameters into meaningful concepts.not answered by a single service, it might be answered
While linguistic approaches dramatically raise the precisidsy combining several services. Furthermore, users can specify
and recall of WSDL-described Web services, they do not reagbhavioral requirements, such as execution order.
the level of certainty required to support a fully automated Demonstration highlights: To illustrate the features of
solution. OPOSSUM we will consider a set of business processes
The semantic approach to service-retrieval is based osed by a corporation to handle its book-buying services.
expanding the description of Web services with formal s&Jsing OPOSSUM’s current index, that includes around
mantic models, such as OWL-S [1]. These models provi@®d0 Web services and5 ontologies, we will demonstrate
an unambiguous description of service properties by relatittfie searching process. The characteristics of ontological-based
them to concepts belonging Web ontologiesin our context, searching will be presented, and discussed with respect to way
Web ontologies are predefined vocabularies that are accessibiologies are structured and written.
through the Web and formally and unambiguously define The rest of this document is constructed as follows. We
concepts (and relations between them) [2]. Several worksst discuss the way users interact with the system, namely
including [5] and [6], had proposed methods for matchinigow users enter queries and search for services. We then give



& — fUEry expression Retrieval integration and conceptual model techniques, WSDL docu-
&— concept affinity ments are analyzed and transformed into a generic service
i — input message model. Following that, the servi(_:e p_rop(_erties are ma_pped to
OP, concepts that belong to ontologies in different domains. For
o - output message / . - . .
i instance, a corporate book-buying service will be mapped to
I 7 ontologies that describe e-commerce, finance, and corporate
[ * . . . .
A concepts. A Web service is described as a set of operations
ceamm==t WS ={OP,,0P,,...,OP,}. The operations, rather than the

e
Query — ¢ services themselves, are the elements which will be matched

e against the query. An operation is defined as a tuple =
/ > OP: (I,0,C,M), wherel is a set of input messages, aodis
G e—0 a set of output messages. is a set of concepts, belonging
Compasitional to a set of ontologies)M is a mapping between input and
affinity . . ..
output messages to concepts, which assigns a probability value
p € [0, 1] that signifies the certainty of the mapping.

The search query terms will be mapped to ontological
concepts in a similar way. We will define a query as a tuple
an overview of the theoretical model behi@POSSUM. Query = (E,C, M), where £ is a set of structured query
Finally, we describe the architecture of the search engine. expressions (which are not formally defined in this paper).

C and M have the same meaning as in the formal model of
Il. SEARCHING FORWEB SERVICES Web services described above. Figure 2 depicts the conceptual

Users communicate with th©@ POSSUM search engine models of operations and queries. The small-cagenotes
using a simple query language, which is based on natugsincepts, while thé and o symbolizes the operation’s input
language. A set of query operators enable users to referafad output messages, respectively.
specific properties of desired Web services. For instance, thélhe service-retrieval problem is transformed from a map-
operatorinput, will return all services that have an input thaping problem between a query and a set of services to a
correlates with the query concept. Other operators includepping problem between a set of query concepts and a set of
output description name etc. Furthermore OPOSSUM service concepts (annotated as th&ieval affinity in Figure
enable administrators to create and configure new operat@}), Rather than using only linguistic methods for measuring
allowing qualitative-based retrieval to be plugged into thiéae affinity between concepts, the matching algorithm analyzes
search framework (such agrice, quality of serviceetc). the ontology, using related concepts and the structure of the
Entering words without specific operators invoke the defauintology itself. The results will be ranked according to the
operator, which refers to the union of all possible propertieaccumulated certainty (over the set of query expressions,

The syntax of the query language combines propositionaincepts and messages) of the match between the query and
conjunction and disjunction connectives, as well as conndbe services.
tives that refer to the behavioral aspects of Web services. Thelhe basic setting of our research assumes WSDL-based
expression’input:film or input:video-clip and output:price” descriptions of Web services, without requiring further anno-
returns services that receive either a film or a video-clijation of services. One of the consequences of this approach is
concept and return a price. Note that trend” connective the need to infer the underlying relations between individual
can be dropped, as it serves as the default connective. Alg¢eb services should be inferred in order to support retrieval
grouping operators into parenthesis is done automaticalbf. composed services. Similarly to the retrieval algorithm,
Several connectives specify behavioral patterns of services. BEBPOSSUM uses semantic affinity between concepts as a
instance, the connectivafter’ specifies a composite serviceway to determine relations between Web service operations.
which contains the transitive closure of a sequenced set@épicted in Figure 2 as theompositional affinity semantic
services that begins with the second service and ends with glimilarity between conceptual representation of the operation’s
first one. input and output messages, will be uses as a basis for estimat-

Using the user interface illustrated in Figure 1, users camg the probability of two operations being composed together.
submit queries and view the result®@POSSUM presents
allist of results, ranked accprding to their Qiegree of affinity V. OPOSSUM’S ARCHITECTURE
with the query. The results include the service name, a short ) ) . . o
description of the service, and a link to the actual WSDL In this section, we will provide a high level description of

document.OPOSSUM allows users to access the WspLhe architecture of the search engine. Figure 3 depicts the main
document, as well as executing and testing the service fr&@mponents oOPOSSUM, and the relations between them.

Fig. 2. Ontological Mapping of Web Services

inside the search engine framework. o Crawler: The Web crawling (downloading of web ser-
vices WSDL and ontology documents) is done by several
I1l. ONTOLOGICAL MODEL FORWEB SERVICES distributed crawlers operating in an offline mode. The

Our approach relies on ontologies as a mean for increasing crawlers download the Web content, parse it and add the
the certainty of matching service functionality. By using data content to the designated index.
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also provides initial ranking of services according to the
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