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Introduction 
The vast number of services on the Web raises the need for efficient and precise retrieval 
solution, which will allow users to locate and analyze services. A 'service' is an operation which 
is carried out on favor of a stakeholder, according to a given input, with certain results and 
qualities. Service qualities may include price, execution time etc. This general definition is useful 
for describing a wide variety of resources in various fields, which are equivalent in the sense that 
they perform an action. These fields include software engineering (e.g. program functions), 
electronic commerce (e.g. business offerings on the Web), electronic government (e.g. municipal 
and governmental services) and more. Therefore, finding a standard way for users to retrieve 
services, compare them and access them, is particularly interesting.  

The naïve approach towards service retrieval is to describe them with keywords, and use text-
based search engines to find them. This approach has two fundamental drawbacks: a) it does not 
allow users to relate to specific service properties; b) it does not support complex services, which 
compose other services. For instance, if a user searches for a flight and car rental, current search 
engines will not be able to sort the results according to their price, and will not be able to display 
these two requests as a single service. 

 
Service Retrieval 
This research proposes a solution for service retrieval, in which services are represented using 
fuzzy models. Service instances, described by the languages such as Web Service Description 
Language (WSDL)  [1] and OWL-S  [1], are analyzed, and their properties (e.g. inputs, results 
etc) are mapped to concepts. The concepts are borrowed from a set of ontologies, which formally 
describe domains such as medicine, e-commerce and insurance  [3]. One of the main 
contributions of the research is the concept of fuzzy models that allow partial and inexact service 
modeling by augmenting ontologies with certainty values for concept mapping. The retrieval 
itself is driven by a matching engine that compares the query language's semantic and procedural 
constraints to the service models. The utilization of fuzzy and ontology-based models provides 
two important benefits: 
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• Approximation: Approximate results are retrieved by exploiting the structure of 
ontologies. Related concepts are used to expand user queries. Semantic distance between 
concepts, as well as certainty values, is used to rank the results according to their 
approximation.  

• Composition: Service compositions are inferred by deducing the relations between the 
respective concepts of the services. If a single service does not satisfy the query, the 
search engine tries to optimally satisfy it by composing existing services. 

 
Evaluation  
In order to demonstrate and evaluate our model, we developed OPOSSUM - a search engine for 
services  [4]. The accuracy of our approach was evaluated by measuring the precision and recall 
of the search engine, using services crawled from the Web. The results show that service models 
allow far greater flexibility in retrieval than free-text retrieval, as far as services are concerned. 
Furthermore, the richness of the ontology has a profound affect on the recall of the retrieval, 
without lowering the precision. These results are encouraging, as they suggest that service 
retrieval is feasible and that improvements to the quality of service retrieval can be done just by 
improving generic knowledge about the service domain, without changing the service model 
itself. 
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