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 The main objective of today's companies is to cope with rapid changes in the 

environment. For this, they must ensure the integration and interoperability of 

their applications. To manage and automate the life cycle of these 

applications, companies are adopting web services technology. The current 

problem is that the content of these web services cannot be processed 

automatically. Only humans can interpret its contents. The semantic web is a 

new vision of the web that promises to overcome this difficulty. The goal of 

this technology is to automate the retrieval, assembly, and selection of web 

services. In this post, we are interested in semantic detection of web services. 

The main problem is automatically discovering web services on request from 

clients. Against this background, we first describe the principle of the 

proposed detection mechanism and then present the designed matchmaking 

algorithm. Finally, we implement our proposed method. To verify our work, 

we run tests against various user requests and web service panels. As part of 

a case study, we consider an online hospital problem. This problem is a typical 

web service discovery scenario to which the concepts of our method are 

applied. 
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1. INTRODUCTION  

The semantic web [1] has attracted the attention of many researchers in recent years. It's a move to an 

intelligent web where information is no longer stored, but understood by computers, giving users what they're 

really looking for. The goal of the semantic web is to make vast amounts of information available, accessible 

and interpretable by machines, thereby eliminating the difficulties encountered on the web today (finding 

information, and services) [2]. 

The standards used by web services do not fully describe the functionality of the service and provide 

syntax definitions that cannot be understood by programs. Human intervention is required to make sense of the 

inputs, outputs, constraints, and contexts in which the service can be used. Semantic web technologies have 

provided a semantic layer to web services. The combination of semantic web and web services has created a 

new technology called semantic web services [3]. Semantic web services are required to automate the following 

functions:  

 

https://creativecommons.org/licenses/by-sa/4.0/
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- Automatic detection of web services [4]-[6].  

- Automatic invocation of web services. 

- The composition and automatic interoperability of Web services [7], [8]. 

- Monitoring the automatic execution of a web service. 

Given the large number of different web services published in universal description, discovery, and 

integration (UDDI) [9] registries, this task becomes a challenge in locating web services. In fact, web service 

discovery is an emerging research area. Discovery is done first in the UDDI registry and is primarily based on 

searching the syntactical web services description language (WSDL) description of the web service. However, 

with the development of semantic web technologies, discovery techniques have become inherently semantic. 

This article is concerned with the field of automatic discovery of web services. Indeed, we propose a 

discovery mechanism of web services guided by a Matchmaking algorithm based on semantic techniques that 

make discovery a dynamic and automatic filtering mechanism. The layout of this document is as; The second 

part provides an overview of web service discovery methods. In section 3, we focus on the proposed method. 

The fourth section is devoted to the results of the work and discussions. Section 5 presents the conclusions and 

future work. 

 

 

2. THE PROPOSED METHOD 

Semantic web service discovery approaches [4] depend, in particular, on the semantic matching 

method used, also known as "semantic service matchmaking". Current approaches to semantic matching of 

Web services can be classified into three main classes [5]: logical approaches, non-logical approaches and 

hybrid approaches. In the rest of this section, we will detail each of these classes and present the works that are 

interested in these approaches. 

 

2.1.  Logical approaches  

This category of approaches [6], [10] uses the concepts of ontologies and logical rules to check the 

compatibility between the request and the services by comparing either the input/output (I/O), or the 

precondition/effect, or both. They are mainly based on semantic matching filters called degree of match (DoM) 

filters. Filters are determined based on subsumption relations between concepts within an ontology. 

 

2.2.  Not logical approaches  

Not logical semantic matching exploits mechanisms for information retrieval based on different 

similarity measures such as cosine [11], Jaccard's coefficient [12], structured graph matching methods based 

on structural similarities [13], methods for calculating the distance of numerical concepts on ontologies like 

Wu and Palmer [14]. In some works they use a combination of several measures as is the case for the 

COV4SWS.KOM approach [15] which applies similarity measures from the domain of the semantic relation, 

namely the metrics of Lin [16] and Resnik [17] and uses a method of aggregating results following the weighted 

average strategy. We also cite the work of [18] which ensures non-logical semantic matching by combining a 

method of structural and textual similarity. 

 

2.3.  Hybrid approaches  

Hybrid semantic matching uses a combination of logical and not-logical classes [19]. The idea is to 

overcome certain limitations of each of these two classes. Klusch and Kapahnke [20] present the OWLS-M 

hybrid approach where the matching mainly concerns the I/O parameters of the OWL-S services. The approach 

uses both logical reasoning by defining logical filters and not logical mechanisms by using information retrieval 

techniques (a threshold of syntactic similarity value). Other works like OWLS-MX3 [21] apply logical and not 

logical pairing. Another feature of the OWLS-MX3 is that it uses an adaptive approach (a support vector 

machine (SVM) model) to aggregate the matching results. Klusch et al. [22] propose a hybrid approach for 

semantic annotations for web services description language (WSDL) and extensible markup language (XML) 

(SAWSDL) services by applying an I/O pairing that includes the not logical COV4SWS approach, and a logical 

LOG4SWS approach. LOG4SWS was inspired by OWLS-MX3 logic filters. LOG4SWS uses bipartite graphs 

to find the optimal similarity between request and service descriptions. In addition, it exploits WordNet with a 

backtracking strategy in order to find similarities between operations or service parameters in the event that no 

similarity relationship is detected. The SAWSDL-MX2 [23] also presents a hybrid approach for I/O pairing of 

SAWSDL services. iSeM propose a hybrid approach. It inherits from its -MX predecessors, the technical 

characteristics including logical and non-logical matching techniques, and the SVM approach for aggregating 

the results of all measurements [24]. iSeM 1.0 has two additional features, namely that it is suitable for OWL-

S and SAWSDL. SeMa2 present a hybrid approach combining logical and non-logical matching techniques for 

OWL-S services [25]. In addition to logical comparison, SeMa2 handles syntactic comparison of service names 
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and service descriptions. Currently, the best performing Matchmakers in terms of average accuracy for Web 

service discovery are iSeM (0.922) for services described with SAWSDL, and SeMa2 (0.877) for services 

described with OWLS. 

 

 

3. METHOD 

3.1.  Architecture for discovery of web services 

In this section we describe our proposed web services discovery approach based on multi-agent system 

and ontologies. The suggested architecture is an extension of service-oriented architecture (SOA). A reading 

of the Figure 1 allows us to have a general idea about the structure of the proposed conceptual architecture. 

Indeed, as illustrated in the Figure 1, the architecture is composed of seven main elements: The user, the user 

interface agent, the discovery agent, the registration agent, the WS providers the ontologies and the UDDI 

service registry. 

 

 

 
 

Figure 1. Proposed architecture for of web services 

 

 

3.2.  Architecture description 

3.2.1. User interface agent 

The user interface agent pilots the analysis phase, which constitutes a preparatory phase in the 

discovery cycle and presents the entry point for external requests to the system. The main role of this phase is 

to transform the specifications of the requested service into a semantic specification understood by the system. 

To do this, it follows a three-step process: 

- Collect the user's needs, providing him with the right form to enter his request. Once the request is 

submitted by the user, an XML file containing the details of the information entered through the user 

interface is generated. 

- Process the information contained in the XML file using a set of resonance rules as well as the domain 

ontologies to build the semantic query consisting of inputs, outputs, a reference on the domain ontology 

to be used (for example the tourist travel ontology). 

- Encapsulate the request in a message and send it to the discovered agent.  

Indeed, the architecture of the user interface agent is composed of 3 main modules (Figure 2). The 

three modules are as follows: the user communication module, the processing module, the inter-agents 

communication module.  

 

a. User communication module 

Its role is to collect the necessary information from the user and transfer it to the processing module. 

The inverse operation is also available, i.e. the module can receive results from the processing module to 

present them to the user. This module is controlled by a user interface (communication interface). The user 

chooses the terms to be used from a list proposed by a user interface, these terms are fed from the domain 

ontology. The user interface must accommodate the description of the functional characteristics of the request 

(the title of the service, its inputs and its outputs). Once the data is entered and the request is submitted by the 

user through the user interface, an XML file containing the elements entered by the user is generated. Figure 3 

defines the structure of the XML file. 
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Figure 2. Architecture of the web service interface agent 

 

 

 
 

Figure 3. User request xml file 

 

 

b. Processing module 

This module constitutes the brain of the user interface agent, it makes it possible to reason using the 

different rules as well as the domain ontologies, in order to build the semantic request. It receives data from 

the user communication module as an XML file and translates it into a semantic query using the various 

translation rules stored in the rule base as well as domain ontologies. We present in Figure 4 the main translation 

rule used. 

 

 

 
 

Figure 4. Translation rules 

 

 

This rule is used to define the metric part (inputs, outputs) of the semantic query. Once the semantic 

query data is ready, the agent must save it in a registry and then determines if all the information needed to 

start the discovery phase is available. If so, it constructs a message and asks the inter-agent communication 

module to transmit it. If not, it requests additional information from the user which is transmitted to the user 

communication module; the latter will then take care of sending it to the user. 
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c. Inter-agent communication module 

It receives from the processing module, requests for the transmission of messages to other agents. 

These messages are the semantic query. The request is encapsulated in a message and sent to the discovered 

agent. 

 

3.2.2. Discovery agent 

The role of the discovery agent is to determine the description of the web services satisfying the 

request sent by the user interface agent on the semantic level. This operation is guided by a matchmaking 

algorithm which is based on semantic techniques which make discovery a dynamic filtering mechanism. The 

internal architecture of the agent discovered as shown in Figure 5 is composed of two modules: inter-agent 

communication module and processing module requiring as input a request and producing as output a list of 

candidate services. 

 

 

 
 

Figure 5. Architecture of discovery agent 

 

 

a. Processing module 

We choose to carry out the discovery phase based on the logical semantic matching method. This 

method uses the concepts of ontologies and logical rules to check the compatibility between the request and 

the services by comparing the I/O. The domain ontology corresponding to the request is already selected in the 

analysis phase, the tree structure of this ontology makes it possible to deduce generalization relations between 

the concepts. These relationships allow for flexible comparisons between offers and demands, based on 

semantic matching filters. Filters are determined based on subsumption relations between concepts within an 

ontology. The filters were defined on I/O in the work of [26] and are detailed in Table 1.  

 

 

Table 1. Logical filter categories 
Name definition Formal def 

Exact Les sorties du service et de la requête sont équivalents. Output(R) ≡ Output(S) 

Plugin Les sorties du service sont des généralisations des sorties de la requête. Output(R) ⊑ Output(S) 

Subsume Les sorties du service sont des spécifications des sorties de la requête. Output(R) ⊒ Output(S) 

Fail Aucun filtre ne peut être déterminé parmi ceux mentionnés ci-dessus. Output(R) ≡ Output(S) 

 

 

The discovery agent applies a subsumption function (Figure 5) to compare the outputs of the request 

and the outputs of the service offered (Figure 6). The level of semantic correspondence between input 

parameters is assigned in the same way as for output parameters (Figure 7). 
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Figure 6. Function subsume 

 

 

 
 

Figure 7. Output matching procedure 

 

 

Relation (1) generalizes the comparison between the concept of the request R and the corresponding 

concept of the service offer S. This relation is assignes a score for each matching mode. 

 

match(OutR,OutS)= {

3 if degreeOfMatch(OutR, OutS)  =  Exact 
2 if degreeOfMatch(OutR, OutS )  = Plugin

1 if degreeOfMatch(OutR, OutS) = Subsume 
0 else else

 (1) 

 

Suppose that we have m concepts of the service offer and n corresponding concepts of the request, the global 

match between the request R and the service offer S can be deduced by the relations (2) and (3). 

 

globMatch(OutR,OutS)=
1

n
∗ ∑ match(OutR, OutS)n∗m

i=1  (2) 

 

globMatch(R,S)=(globMatch (OutR, OutS)+ globMatch (InR, InS))/2 (3) 

 

We retain the service S, if its global match (similarity) is greater than or equal to the threshold θ (the threshold 

θ is chosen by the user). Then we sort the results in descending order of the scores. 
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b. Inter-agent communication module 

It receives the request from the user interface agent in the form of a message and following that, it 

calls the processing module. It also receives processing module message transmission requests. These 

transmission requests constitute responses to the requests received. 

 

3.3.  Synthesis 

The proposed architecture for discovering web services (see Figure 1) is an extension of service-

oriented architecture (SOA). This agent-based architecture leverages domain ontologies that integrate software 

components and facilitate automatic discovery of services. This allows you to implement filtering mechanisms 

(comparisons) between requests and offers, so you can implement more than simple equality. 

In this work, we adopted a logical semantic discovery approach. Logical methods have been used in 

various papers in several research studies to verify that the I/O parameters of the service are compatible with 

the I/O parameters of the request. A common approach to logic-based matching is to define a set of rules 

(filters) that determine the types of logical relationships allowed between service I/O parameters and request 

I/O parameters. This type of matching considers the entire I/O signature, so it is not possible to calculate the 

degree of matching between services and requests. Evaluating the match between services and requirements 

requires a more flexible approach than rigid match filters. For these reasons, we propose a logical mapping 

method based on individual associations between services and query parameters. 

Filters on individual links between the different description elements allow the similarity between a 

service and a request to be calculated in a more flexible and precise way compared to logical methods which 

define filters on the entire signature of the service. However, these filters can tolerate a large number of false 

positives at the level of the subsumption score, especially if the subsumption chain, linking the two concepts 

to be compared, is long. The use of these filters combined with the similarity calculation rules (relation (1), (2) 

and (3)) makes it possible to assign a numerical score which represents the semantic similarity between two 

concepts by respecting the logic defined by these filters. 

 

 

4. RESULTS AND DISCUSSION  

In this paper, we will consider, as an illustrative example, the problem of e-healing system. Suppose 

there are three web services: appointment service, calendar service, and consultation service published on the 

web. The input and output parameters are presented in Figure 8. Consider a user request R contains tree inputs 

and two outputs (Figure 9). Given the ontology fragment displayed in Figure 10. The results of applying the 

matching algorithm described above in the e-healing example are presented in Figure 11. 

 

 

 
 

Figure 8. Appointment, diary and consultation service 

 

 

 
 

Figure 9. Parameters of the request 
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Figure 10. A part of the practitioner ontology 

 

 

 
 

Figure 11. Application of matchmaking algorithm in e-healing services 
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Suppose the threshold is set to θ =1.5, so the Calendar service is excluded. We rank the appointment 

and consultation services in descending order so the best corresponding service to the request the appointment 

service. 

 

 

5. CONCLUSION 

This document brings together different contributions, in particular we presented the architecture of 

the proposed approach to web service discovery based on a multi-agent system composed of three agents: user 

interface agent, discovery agent, registration agent. Since there are three agents in the architecture, there are 

three phases in the life cycle of the proposed approach, in particular: the analysis phase, the discovery phase, 

the registration phase. Starting with the request sent by the user, it is a request reviewed by the user interface 

agent, the latter is endowed with a semantic analysis capacity allowing to translate the informal specifications 

of the users into a semantic request. To optimize the processing of this request, a discovery mechanism has 

been designed. This mechanism is based on a pre-calculation of the semantic correspondences relating to the 

abstract services compatible with the overall objective to be achieved. Finally, the last step is to publish in the 

services directory. 
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