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 Service-oriented computing (SOC) provides a new framework for designing 

distributed web applications and software in a flexible, scalable, and  

cost-effective manner. Its use is widespread to efficiently integrate existing 

Web services and create high value-added applications. This model, proven 

in various fields such as e-commerce, also shows significant advantages in 

the field of e-learning. This approach highlights the discovery and use of 

Web services listed in specialized directories. In fact, this paper proposes a 

framework for exploring web services associated with education. This 

approach is based on the application of a matching algorithm to select the 

services best suited to the needs of users of the online learning system, as 

well as the ontology of the e-learning domain and the semantic descriptions 

of the web services via web ontology language for web services (OWL-S). 
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1. INTRODUCTION 

Nowadays, e-learning environments are distributed and based on service-oriented architectures [1], [2]. 

The components and resources of these systems are implemented using web services. However, their use 

creates problems in discovering the services that best meet the needs and specificities of the various users of 

the e-learning system. 

The first service discovery approaches proposed in the literature were syntactic approaches [3]-[6] 

based on the web services description language (WSDL) description and the universal description, discovery, 

and integration (UDDI) directory, the discovery is based on the syntactic match of the query keywords with 

the WSDL description of the web services. With the emergence of the new generation of the Web, semantic 

approaches have appeared. They present a semantic description of web services using a new generation of 

web languages, such as resource data framework (RDF) [7] and web ontology language (OWL) [8].  

This semantic description can be interpreted by an application to ensure a high degree of automation. 

Semantic approaches [9] adopt ontologies for matching queries with services. They employ logic, 

data mining, and even similarity measures to compare semantic interfaces such as OWLS [10], semantic 

annotations for WSDL (SAWSDL) [11] and web service modeling ontology (WSMO) [12]. It is observed 

that ontology [13] is a fundamental concept of the semantic web; it produces a good description of the 

information contained in the Web. Ontology is similar to a dictionary or a glossary but with a detailed and 

large structure that allows machines to process its content. 

We note that semantic approaches are more complex and more reliable than syntactic techniques. 

We distinguish three classes of semantic approaches: logical, non-logical and hybrid approaches. Logical 

approaches [14], [15] exploit inferences to check the compatibility between the query and the service 
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annotation (subsumption and consistency test). Logical approaches are simple in terms of implementation, 

but the algorithms used in these approaches have low recall and low precision and subsumption does not 

cover all semantic links. On the other hand, the high complexity of the reasoning weakens the chances of 

scalability. Finally, we note that the majority of current web services are not annotated with formal logic 

languages. Non-logical approaches [16], [17] exploit the implicit or informal semantics of services and 

process them with other techniques, such as data mining, graph matching, information retrieval techniques 

and similarity measures. Hybrid approaches [18]-[20] mix techniques from the two previous classes of 

approaches (logical and non-logical). Thus, they implement several filters, some of them are purely logical 

while others are based on information search techniques, or data mining. Hybrid approaches combine logical 

and non-logical methods for matching web services with the aim of overcoming certain limitations of each of 

these two classes through different hybrid combinations by aggregating the matching results. 

For synthesize, the semantic web [21] is a vision towards the automation of web resource 

management. Its intersection with web services technology gives rise to semantic web services, characterized by 

their intelligence. Then, it is determined beforehand by the discovery of this type of advanced service, using in 

particular the OWL-S semantic modelling language and ontologies. Indeed, a dynamic approach to the 

discovery of Web services is proposed by projecting the architecture of this approach in the context of  

e-learning. 

The objective of this work is to offer an e-learning application based on web services to take 

advantage and reuse existing services in the web. The issue is that the services associated with the e-learning 

system, cannot be discovered by the UDDI directory, because it does not allow the storage of information 

relating to the semantics of the teaching content; hence, they need a semantic description by the OWL-S 

language. This proposal consists of developing a hybrid service discovery approach adapted to the needs and 

specificities of users of e-learning systems. It is based on a matching algorithm that allows the filtering of the 

most relevant web services to respond to the user’s request as well as two types of ontologies: E-learning 

domain ontology which characterizes knowledge, concepts, and properties of the domain, and service 

ontology which gives a semantic description of web services associated with the e-learning system. 

The layout of this paper is as follows. The second section presents the conception of e-learning 

system based on web services and the architecture of the proposed approach of discovering and invocation of 

web services. The third section is devoted to the implementation of proposed approach by formalization of 

domain ontology and services ontologies. The fourth section is devoted to conclusion and future work. 

 

 

2. METHOD 

2.1.  Design of e-learning system 

Learner autonomy is one of the major challenges of e-learning. Current computer resources make it 

possible to define teaching that adapts to the behaviors, results, and preferences of learners. It is therefore 

noted that the exploitation of adaptive e-learning platforms is necessary to avoid the risk of failure and 

abandonment that always remains an obstacle to the successful use of e-learning. In this work, we propose a 

design of an e-learning system that adapts to learner profiles. This design is divided into two parts. The first 

one presents a model as shown in Figure 1 of an adaptive e-learning system without the integration of web 

services. The second model as shown in Figure 2 includes the use of web services in the same e-learning 

system, it is therefore a service-oriented adaptive e-learning system. 

The adaptive e-learning system model shown in Figure 1 is a unified modeling language (UML) 

diagram consisting of many actors such as administrator, learner, trainer, and adapter. Each of these actors 

performs one or different functionalities. The service-oriented adaptive e-learning system model is similar to 

that of the system which does not integrate the use of services; except there are some additions which are 

described in the Figure 2. Example: the addition of the expert actor whose role is to design the ontology of 

the domain, the definition of the concepts and the semantic links, the ontological description and the 

publication of the web services associated with the pedagogy, as well as their update. The other actors remain 

the same by adding some use cases such as “search for services”; “invoke a service”. 

 

2.2.  Proposed approach 

The proposed approach as shown in Figure 3 offers the various actors of the e-learning platform the 

following two functionalities, which are the publication of web services of the e-learning system with a 

semantic and pedagogical description and the discovery of web services that best meet the needs and 

specificities of different users. Publication allows the expert to publish internal (i.e., accessible by learners 

and registered users) or external (i.e., usable by other e-learning platforms) web services. By publishing a 

service, a WSDL description is created containing the information necessary for the invocation of this service 
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and registered in the UDDI directory, as well as a semantic description registered as an instance of the OWL-

S ontology in the directory of semantic services. 

The discovery and invocation of web services are based, in our approach, on two ontologies;  

the ontology of the e-learning domain allows to exploit the semantic coverage of the concepts of the learning 

domain and the ontology of the OWL-S services allows us to determine the services semantically related to 

the request. A filtration is then carried out using a matching algorithm on the results of the discovery 

according to the semantic density. This mechanism thus makes it possible to select the services that best meet 

the needs and specificities of users. 

 

 

 
 

Figure 1. Adaptive e-learning system use case diagram 

 

 

 
 

Figure 2. Service-oriented e-learning system use case diagram 
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Figure 3. Architecture of the proposed system 

 

 

2.3.  The proposed matchmaking algorithm 

In this algorithm, we model services and requests by two concept vectors Vi and Vo. Vi represents 

the conceptual indexing of the entries of the request R or the service S, for example if S has the entries C1, 

C2 and C3, then Vi= {C1, C2, C3}. Similarly, Vo represents the conceptual indexing of the outputs of the 

request R or the service S. for example if S has the inputs C1 C4 and C5, then Vo= {C1, C4, C5}. In follows, 

to differentiate between the designation of the request and the designation of a service we call the two vectors 

of input and output concepts of the request respectively Ri and Ro, and for the services we call them calls Si 

and So. The inputs of the proposed algorithm constitute a query R and a service base B formatted in OWLS, 

as long as the outputs are a set of retained services A. 
The objective of this algorithm is to select (filter) a number n of services (set A) from S (the services 

of base B), even if the search space is restricted, it is still possible to construct the best plan. In order to 

achieve this objective and based on the functions and procedures of the matchmaking algorithm described 

previously, we define a function “Inclusion function (Vx, Vy)” which makes it possible to determine whether 

a vector of concepts Vx is included in a vector of Vy concepts. Vx and Vy are respectively the input or 

output concept vectors of services X and Y. The algorithm for the Inclusion (Vx, Vy) function as shown in 

Figure 4 is based on the following equivalence (1). For Vx to be included in Vy, it is necessary that for every 

concept of Vx, there exists a concept of Vy such that the similarity score of the two concepts is strictly 

greater than 1, which means their degree of matching is either “exact” or “plugin”. 
 

𝑉𝑥 ⸦ 𝑉𝑦  <=>   ∀ 𝐶𝑥 ∈ 𝑉𝑦, ∃𝐶𝑦 ∈ 𝑉𝑦 𝑠𝑢𝑐ℎ 𝑡ℎ𝑎𝑡 𝑀𝑎𝑡𝑐ℎ(𝐶𝑥, 𝐶𝑦) > 1 (1) 
 

 

 
 

Figure 4. Algorithm of the inclusion function 
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The main objective of the proposed matchmaking algorithm as shown in Figure 5 is to determine a 

list of compatible and composable services. The composable property means that the list of services found 

must be able to construct a graph whose nodes are the candidate services and the root is the query. This graph 

is divided into three parts: 

- Community input: presents the community of services whose input parameters correspond directly or 

indirectly to the input parameters of the request. 

- Community output: presents the community of services whose output parameters correspond directly or 

indirectly to the output parameters of the request. 

- The result set: presents the intersection of the two parts 1 and 2 (i.e., the inputs and outputs of the services 

of this community correspond semantically to the inputs and outputs of the query). 

 

 

 

 
 

Figure 5. Proposed semantic service discovery algorithm 
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2.4.  Creation of the domain ontology 

The domain ontology describes the vocabulary related to a given domain. By using this ontology,  

it is aimed to integrate a layer of knowledge from heterogeneous sources. Designing ontologies is a complex 

task. Faced with such a mission, two approaches are possible: designing the ontology from scratch or 

adapting an existing ontology. 

Albeit, it is generally accepted that formalizing a new ontology by reusing existing ontologies is 

“more advantageous” in terms of time, cost, and effort, it is not always the right route to take. Indeed,  

most existing ontologies, open sources, in particular, are difficult to handle and customize. The benefit of  

re-engineering an ontology, thus becomes uncertain, since the investment required to understand existing 

ontologies could be even greater than building an ontology from scratch. 

Given this, since we are working on a case study, we have chosen to design and develop a partial  

e-learning ontology with a level of granularity adapted to our case study. An ontology is always linked to a 

construction methodology, a construction tool, and an ontology representation language. As part of this 

prototype, we adopt method which is recognized as the most mature and complete method. At the level of the 

development language, we adopt OWL as an ontological specification language. 

The creation of the domain ontology is divided into two principales phases the design phase and 

formalization and implementation phase which is presented in the next section. The objective of the design 

stage is to extract knowledge from several sources and then organize and structure it using an external 

representation independent of the language and the implementation environment. It is therefore a question of 

constructing a concept diagram to specify the support classes and the subclasses. 

The ontology of the e-learning domain is made up of several concepts, attributes, relations, and 

instances. Indeed, it can be organized in a set of sub-ontologies that revolve around structuring concepts 

(administration, teaching, and adaptation). The diagram as shown in Figure 6 presents an excerpt from the 

diagram of the e-learning domain ontology concerning the teaching sub-ontology. 

 

 

 
 

Figure 6. An excerpt from the e-learning domain ontology diagram 

 

 

2.5.  Creation of semantic web services ontologies 

The creation of the domain ontology is divided into two principales phases the design phase and 

formalization and implementation phase which is presented in the next section. This implementation step 

consists in creating the different OWL-S descriptions of the services supposed to be discovered.  

Several services can be extracted from the design of the e-learning system produced above. In this 

manuscript we propose to present the ontology of the “pedagogical resource” service. 
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The ontology of the “pedagogical resource” service is defined as a sub-ontology of the 

“ServiceProfile” ontology. The classes of this ontology give a description of the pedagogical and semantic 

content of the service as well as the technical and financial characteristics deemed necessary for the description 

of the pedagogical resources. The main classes of this ontology are therefore linked to the pedagogical, 

technical and financial aspects. Figure 7 schematizes these classes with their subclasses and attributes. 

 

 

 
 

Figure 7. Description of the classes and attributes of the service ontology “pedagogical resource” 
 

 

3. RESULTS AND DISCUSSION 

3.1.  Formalization and implementation of e-learning domain ontology 

Based on the results of the conceptualization phase, the ontology was formalized with the protege 

tool Figure 8 by transforming the conceptual model into an implemented model. The translation into 

ontological specification language of the modeling carried out in the design phase is automatically generated 

with the protégé tool in the form of an OWL file. A much more detailed ontology would be needed for using 

the system with real-world settings. In fact, the purpose of this experiment is to demonstrate the technical 

feasibility of the approach. We then judge that the current size is sufficient. 

 

 

 
 

Figure 8. Formalization of domain ontology with protege 
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3.2.  Implementation of semantic web services ontologies 

This step is mainly about manipulating semantic Web services described in OWL-S language.  

For this need, we used the development environment “Protégé.” Using this tool, the work done in this step is 

to create the classes and attributes of the “pedagogical resource” ontology to generate the OWL-S description 

of this service ontology. Figure 9 presents the implementation of this ontology. This ontology includes the 

sub-ontologies: service profile, process model, and service grounding. Indeed, the OWL-S description of the 

“pedagogical resource” service is made up of the files: PedagogicalResourceProfil.owl, 

PedagogicalResourceProcess.owl, and PedagogicalResourceGrounding.owl. 

 

 

 
 

Figure 9. Implementation of the service ontology “pedagogical resource” 

 

 

3.3.  Discussion 

Web services technology has brought several benefits to the e-learning field such as the integration 

of content into learning as a-service system which paves the way for easier maintenance since it is stored 

once on the provider server and learners get connected to the same content. Updates to this content are 

performed only once, and a physical distribution of the content to all the learning management system 

(LMSs) that have imported it is not necessary, the configuration of the platforms according to user needs, and 

their functionalities can be reused in different platforms. This justifies the continued growth in the number of 

e-learning services on the web, which signifies, the need for automated research. 

In other parts, the idea pursued with web services is to better exploit Internet technologies (semantic 

web, domain ontology, and services ontologies) by replacing, as much as possible, humans who currently 

carry out a certain number of tasks. With machines in order to allow an automatic and dynamic management 

of services on the web. Automation and dynamics are therefore key concepts that must be taken into 

consideration in the process of designing and implementing a system based on service-oriented architecture 

such as e-learning system. 

Among the objectives of our work is to develop a dynamic and automatic approach to discovery of 

web services, so we should compare our approach to giving more importance to the study of semantic 

approaches. Table 1 shows a comparison between our approach and a set of semantic service discovery 

approaches. Several criteria are used in this comparison, they are defined as follows: 

 IO: taking into account inputs-outputs 

 PE: taking into account preconditions and effects 

 Non-functional properties: taking into account quality of service 

 Others: taking into account properties such as the number of operations, the number of parameters, and 

their types. 
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 DoM support (degree of matching): this criterion is verified if partial matching of the service with the 

request is supported. 

 Multi-stage matching: this criterion is verified if we aggregate several matching sub-scores (of several 

descriptors) into a single final score. 

 Accuracy: this criterion is satisfied if we consider several matching descriptors (IOPE), several matching 

steps, as well as support for partial matching. 

 Support of several ontologies: this criterion is satisfied if the client and the supplier use several types of 

ontologies. 

 UDDI support: this criterion is satisfied if we support syntactic matching. 

 Scalability: scalability is ensured if we can support several ontologies at the same time, as well as 

syntactic matching. 

 Response time: this is the time required to process a request. 

 Performance: it is measured with recall, and precision, the better these two metrics are, the better the 

performance. 

The symbol √ means that the criterion is satisfied by the approach, while * means the opposite. 

 

 

Table 1. Comparison of the proposed web service discovery approach with existing approaches 

Category Approaches 

Criteria 
Elements used Response 

time 

Multi-

stage 

matching 

Accuracy Support 

of several 

ontologies 

Performance 

 

Scalability 

PE Non-

functional 

properties 

Logic [14] √ * Moyen- 

high 

* Weak √ Average Average 

[15] * * * Weak * Weak 

Not 
logic 

[16] * * Weak √ Average √ Weak High 
URBE [17] * * √ Average * Average 

Hybrid WSMO-

MX [18] 

√ * √ High * Weak 

OWLS-

MX2 [19] 

* * √ Average * Weak 

SAWSDL-

MX2 [20] 

* * √ Average * Weak 

Proposed 

approach 

* √ Weak √ Average * Average Average 

 

 

The objective of this manuscript is to create domain and service ontologies. These will be used by a 

matchmaking algorithm [22] which makes it possible to search a service register for services and detect the 

most relevant services at the functional level. These services must be composable because they will be 

brought to the composition stage [23]-[25]. 

 

 

4. CONCLUSION 

In this article, we proposed the conceptual and architectural framework of an approach for the 

publication and discovery of web services related to the e-learning system. The approach developed is based 

on two ontologies: the e-learning domain ontology, and the OWL-S semantic descriptions of web services. 

The use of these ontologies makes it possible to improve the process of discovering web services linked to 

the e-learning system by selecting those that best meet the needs and specificities of the different users.  

Our future works consist of the implementation of our approach in an e-learning platform, as well as the 

implementation of principles making it possible to locate and compare services with a view to selecting 

services entering into the composition of another service. In fact, web services are limited to relatively simple 

functionality. However, for certain types of applications such as e-learning, it is necessary to combine a set of 

simple web services into a service meeting more complex requirements. Which poses a new problem in this 

subject which is the composition of Web services. 
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