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ABSTRACT 
 
In the contemporary online environment, the increasing prevalence of distributed and accessible web 

services presents a challenge, as users struggle to locate services that are suitable for their specific needs. 

In this context, it is essential to categorize web services that offer the same functionality to facilitate the 

selection of appropriate options. The imprecision of current web service selection methods can be 

attributed to the disregard for users' feedback and past selections. Furthermore, users encounter 

difficulties in selecting the most suitable web services when using conventional keyword-based search 
strategies. Our research introduces a novel hybrid approach that combines syntactic and semantic methods 

for selecting appropriate web services based on collaborative filtering, ontology-based querying, and QoS. 

Experiments demonstrate the effectiveness of our proposed selection technique in accurately 

recommending the required web services. 
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1. INTRODUCTION 
 

The growing number of web services poses a challenging task in the process of selecting 

appropriate options [16]. Users encounter difficulties in discovering suitable web services, which 
highlights the need for solutions that enable users to find the most satisfactory web services 

within their specific context. Consequently, the interest in semantic web service discovery has 

increased in recent years. One of the challenges of semantic web service discovery is that two 

semantically different concepts could have identical representations, which could result in low 
precision. Furthermore, given that multiple web services could offer similar functionality, 

ranking these web services is crucial. Quality of Service (QoS) is another criterion introduced as 

a determining factor [15]. 
 

Numerous studies have utilized Quality of Service (QoS) parameters to aid in the selection of 

web services [1] [2] [3]. However, these methods have certain limitations, such as an insufficient 
number of non-functional characteristics, and some methods [4] [5] do not consider precision in 

web service recommendations or the perspectives of both web service consumers and providers 

regarding qualities. Standard definitions of QoS parameters are essential for web service 

publications to be utilized effectively by both parties. However, user history is often neglected in 
the selection process. Therefore, semantic web service selection can significantly enhance the 
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discovery process by integrating semantics into web services representation using ontologies [17] 
that provide a vocabulary and taxonomy of a specific domain, defining objects, classes, attributes, 

and relationships. 

 

Many approaches [7] [8] [9] use ontology to solve selection issues, but they have limitations, 
particularly in the acquisition of functional and non-functional requirements for significant 

amounts of data sources. Additionally, traditional selection methods prioritize users’ functional 

requirements, neglecting non-functional ones. As a result, more dynamic ontologies are required, 
capable of managing concepts beyond human capacity. 

 

In this paper, we present a new approach for web service selection based on ontology, 
collaborative filtering, and QoS, consisting of three phases. In the first phase, an ontology is 

employed to analyze the query and identify the domain and QoS. In the second phase, web 

services are selected by domain, and their similarity to the query is calculated. Finally, in the 

third phase, web services are chosen based on their QoS. Section 2 discusses prior studies related 
to web service selection based on QoS and ontology. Section 3 describes the new approach in 

detail, and Section 4 presents experimental results and analysis. The paper concludes in Section 

5, offering future research directions. 
 

2. RELATED WORKS 
 

In this section, a literature review of syntactic and semantic approaches for web service selection 

is provided, which is structured into two main parts. The first part gives an overview of Web 
service selection approaches based on Quality of Service (QoS). The second part presents recent 

research works in the field of ontologies for web service selection. 

 
Various works have focused on QoS as a means for selecting desired web services. One such tool 

is the Social Spider Algorithm (SSA), which is proposed as an optimization strategy for choosing 

web services in a composition scenario [1]. Modeling QoS parameters of individual and 
composite web services, as well as the composition technique, are important elements in the 

problem of online services selection optimization. The mathematical modeling of predominant 

QoS factors has been performed using Markov model and Weibull analysis [2]. The behavioral 

aspects are studied using a scenario that is simulated using Colored Petri Nets (CPN).  
 

In contrast to using a single factor that resulted in higher reputation with higher cost, the authors' 

investigation led to the choice of a service with a higher reputation but a lower usage cost. 
Collaborative filtering and QoS are used in conjunction to pick web services [3], where the 

selection process is divided into two stages: collaborative filtering based on memory and QoS for 

the first stage, and collaborative filtering based on model and QoS for the second stage. Another 

collaborative filtering and QoS-based technique for web service discovery is proposed for two 
phases [4]. In this case, the first phase is not utilized to filter out web services with QoS values, 

whereas the second phase is used to make recommendations for web services based on the QoS 

provided by the customer, which describes the non-functional requirements for the services. 
 

To achieve QoS consensus and to resolve disagreements over QoS attributes when choosing 

online services, the QoS Consensus Moderation Approach (QCMA) has been developed [5]. The 
ranking of web services is done using a new mechanism [6], where the suggested approach 

computes the value of the web services' relevancy function while doing normalization. There has 

been less research work in the field of semantic web services that target to enhance or upgrade 

web service ontology qualitatively or that can facilitate the use of ontology and improve the 
selection process. 



Computer Science & Information Technology (CS & IT)                                     231 

Multiple approaches have been proposed for web service selection, with ontology-based and 
QoS-based approaches being some of the popular methods.  

 

In [7], an ontology-based approach for personalized RESTful web service discovery was 

introduced, which employs an ontology profile to personalize search results for different users. 
The approach uses a services relationship ontology to highlight similarity and complementarity 

relationships between services and a collaborative filtering method to filter returned services 

based on the opinions of similar users.  
 

In [8], a job recommendation system was developed using a dynamic ontology that considers data 

from job searchers and data posted on websites. The system provides time-saving 
recommendations for suitable jobs for both employers and job seekers. 

 

In [9], a novel method was presented for creating a QoS ontology and its QoS-based ranking 

algorithm for assessing web services. The QoS ontology can assist with not only documenting 
QoS information in detail but also simplifying the expression of QoS offers and requests at 

various degrees of expectation by different service participants.  

 
In [10], the authors proposed an expansive and adaptable ontological standard called OWL-Q for 

semantic QoS-based web Service description. The authors examined every component of OWL-

Q and concluded that more rules are necessary to provide property inferencing and constraint 
enforcement. 

 

In [11], the authors presented a web service selection approach based on QoS attributes by 

extending the WS-Policy to represent QoS policies and applying ontological concepts to WS-
policy to enable semantic matching. They also examined publishing QoS policies and suggested 

including QoS-based policies into the UDDI register expansion. 

 
In [12], the authors addressed the problem of expressing the requester's preferences in a semantic 

context by extending the OWL-Q ontology to capture trade-off preferences expressed using 

QoSPref, a conditional lexicographic approach for QoS preference specification. 

 
In summary, numerous approaches have been proposed for web service selection, each offering a 

distinct perspective. Some approaches are QoS-based, which use QoS as the sole criterion for 

selecting a web service, while others are ontology-based, which employ ontology as the means 
for selecting a web service. However, traditional syntactic search methods often produce either 

noisy or irrelevant results. If WSDL is annotated with semantic knowledge, UDDI can perform 

semantic search, leading to more complex web service discovery. 
 

Researchers have taken various approaches to add semantic search capabilities to web service 

selection. Some researchers focus solely on describing the service semantically but fail to provide 

semantic searching capabilities in UDDI [3]. Other researchers add semantic searching to UDDI, 
but restrict the architecture to non-scalable, single point searching methodologies [4]. Some 

researchers also impose an imaginary world concept on service requesters and providers [5], 

which restricts web services to be more semantically flexible. However, common descriptive 
languages like WSDL lack the semantic richness required for automatic machine processing, and 

they require human intervention to interpret their meanings for discovery, composition, and 

invocation. 
 

In this context, our approach is unique, as we combine semantic and syntactic selection to unify 

query comprehension and web service selection. Our approach utilizes ontology-based querying, 

collaborative filtering, and QoS-based selection to enable scalable searching with different 
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service mechanisms at different endpoints. Consequently, we use different search algorithms at 
different endpoints. The steps involved in our approach are as follows: (1) Adding QoS settings 

to the domain of each service in the WSDL file. (2) Using ontology to analyze user requests and 

extract the requested service domain and QoS. (3) Implementing a collaborative filtering 

algorithm that measures the similarity of users on one side and the similarity of queries on the 
other side. (4) Conducting web service selection based on QoS. 

 

3. ONTOLOGY BASED QUERYING APPROACH FOR WEB SERVICE 

RECOMMENDATION 
 
This work introduces a fresh method for optimizing search outcomes for diverse users seeking 

web services. Our method incorporates ontology to enhance the understanding of user queries, 

thereby improving comprehension of the domain pertaining to the requested service. 

Additionally, collaborative filtering and Quality of Service (QoS) metrics are employed in service 
selection. The proposed method is outlined in a general architecture (Figure 1), comprising two 

distinct phases. The ontology phase facilitates comprehension of both the domain of the 

requested service and the QoS criteria specified by the user, while the selection phase involves 
the discovery of web services based on query domain and assessment of query similarity to user 

history. In the subsequent layer, services are categorized according to the QoS specifications 

provided by the user. 

 

 

 
Figure1: General architecture of the approach. 

 

3.1. Ontology-Based Querying 
 

In our proposed approach for web service selection, ontology plays a pivotal role, characterized 

as "adomain conceptualization in terms of classes and properties that is formal, multilingual, 
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consensual, and referenceable" [17]. As depicted in Figure 2, our query ontology is employed to 
grasp the domain of the requested query and the Quality of Service (QoS) provided by the user, 

facilitating the appropriate selection process. The initial step in ontology development involves 

describing its fundamental concepts, also referred to as classes, which constitute the backbone of 

our ontology. A concept delineates a set of distinct objects sharing common characteristics, with 
classes potentially serving as subclasses of one another, signifying that an individual of type A 

will also be categorized as a type B individual if class A is a subclass of B. Our ontology 

facilitates logic-based matching of requested and provided service functions based on inferred 
relationships, with the inputs and outputs of the ontology being: 

• Input: User query 

• Output: Domain and QoS request. 
 

 

 

 
Figure2: Query ontology 

 

3.2. Selection Phase 
 

3.2.1. Domain Selection 
 

In our proposed method, web service providers typically list their services on UDDI registries, 

detailing the domain and Quality of Service (QoS) parameters for each service. To enhance this 
process, we leverage the UDDI registry outlined in [14] and expand its capabilities to encompass 

domain and QoS parameter information. More specifically, we introduce a Quality-Information 

entity to delineate the QoS aspects of the provided service, which is integrated into the UDDI 

registry alongside the WSDL file containing QoS information and the web service domain. 
 

Central to our approach is the Selection-Service, which plays a pivotal role. It receives the query 

domain and accesses the UDDI registry to identify web services sharing the same domain as the 
query (Q). Subsequently, the identified list of web services is forwarded to the Collaborative 

Filtering algorithm. In the subsequent section, we introduce an algorithm designed to accept the 

domain of the requested service as input, facilitating web service selection based on the domain 
of query (Q), and subsequently transmitting the selected list to the Collaborative Filtering 

algorithm: 
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Selection-Service algorithm: 
Inputs:Domain. 

Outputs:List L. 

Begin 

    List = {} 
DomainQuery = getDomain(Q) 

    For each Web_service in UDDI do 

DomainService = getDomain(Web_service) 

        If (DomainQuery == DomainService) then 

            List = List ∪ {Web_service} 

        End If 

    End For 
    If (List ≠ {}) then 

        send List to Calculate-Service 

    Else 
        make a call to Web service providers 

    End If 

End 

 

3.2.2. Collaborative filtering 

 

The aim of this phase is to establish the connections between historical queries, web services, and 
users. This phase consists of three main steps: (1) Creating a matrix that links web services and 

queries, (2) Assessing the similarity between queries, and (3) Evaluating the similarity between 

users. 

 

Step 1: Matrix Creation between Web Services and Queries 

 

In this step, we intend to establish a matrix illustrating the relationship between web services and 
queries. Each entry in this matrix represents how often a web service is utilized by a specific 

query. To achieve this, for a given set of queries Qj and a set of web services Wi, we generate a 

matrix M, where rows represent queries and columns represent web services. The value in each 

cell (Iij) indicates the frequency with which web service Wi is invoked by query Qj. 

 

Step 2: Query Similarity Calculation 

 
Here, we analyze all queries that a user has interacted with and calculate their similarity to a 

target query using the Pearson Correlation Coefficient. This formula computes the similarity 

between two queries based on the Quality of Service (QoS) values provided by common users. 
The result is a similarity matrix of queries. 

 

Step 3: Service Similarity Calculation 

 
Like Step 2, this step involves evaluating the similarity between pairs of web services. Using the 

Pearson Correlation Coefficient, we analyze the correlation between the QoS values provided by 

users for different services. This process enables us to construct a similarity matrix that provides 
insights into the similarities and connections among various web services. 
 

  



Computer Science & Information Technology (CS & IT)                                     235 

Algorithm: Collaborative Filtering 

 

1. Input: The algorithm takes as input a databaseT containing historical interactions between 

users, queries, and web services. This database provides the necessary information to 

compute similarities between queries and ultimately recommend web services. 
 

2. Output: The output of the algorithm is a recommended web service based on the preferences 

and behaviors of users, inferred from similarities between queries. 
Begin 

3. For each pair of queries (i, j) inT: 

   - Calculate similarity Sim (i, j) using Pearson Correlation Coefficient: For each pair of 
queries in the database, we compute their similarity using the Pearson Correlation 

Coefficient. This coefficient measures the linear correlation between two sets of data, in 

this case, the Quality of Service (QoS) values provided by users for each query. By 

comparing these QoS values, we determine how similar or dissimilar the queries are. 
   - Store Sim (i, j) in matrixT1: After calculating the similarity between two queries, we 

store the resulting similarity value in matrixT1. This matrix keeps track of all computed 

similarities between query pairs, providing a comprehensive overview of the 
relationships between queries. 

4. Find the maximum similaritySimMax in matrixT1:  

- Once we have computed the similarities between all pairs of queries, we identify the 
maximum similarity value,SimMax, within the matrixT1. This maximum similarity 

value represents the highest degree of similarity observed between any pair of queries in 

the database. 

  End 
By executing this algorithm, we leverage collaborative filtering techniques to recommend web 

services based on similarities between queries. The recommended web service corresponds to the 

pair of queries with the highest similarity, as indicated by the maximum similarity valueSimMax. 
This recommendation process helps personalize the user experience by suggesting web services 

that align closely with the preferences and behaviors of users, inferred from their interactions 

with similar queries. 

 

3.2.3 . QoS Ranking 

 

In this phase, we implement Quality of Service (QoS) to rank and prioritize web services. Among 
similar services, we select the one with the highest QoS rating. Our method revolves around user-

specified QoS parameters, where users define their preferred QoS for service selection. Various 

parameters contribute to this process: 

 Accessibility: This indicates the capability of a web service to fulfill a query. 

 Accuracy: Represents the error rate produced by the service within a specified 
timeframe. 

 Availability: Measures the time between a user's request for service access and the actual 

service access. 

 Cost: Reflects the service charge levied by providers within the same group. 

 Execution time: Indicates the time taken to execute a user request. 

 Latency: Represents the time difference between the response time and the request time 

for invoking a web service. 

 Performance: Assessed through throughput and latency, where lower latency and higher 

throughput signify better performance. 

 Reliability: Measured by the ratio of successfully responded requests to total requests 
within a specific period. 
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 Response time: Indicates the time taken to respond to a user request. 

 Scalability: Reflects the ability of a web service to handle varying request volumes. 

 Successability: Measures the provider's ability to deliver successful results in response 

to user requests. 

 Throughput: Represents the maximum number of transactions a web service can 
complete within a given time unit. 

 Reputation: Derived from user feedback, calculated as the difference between positive 

and negative comments divided by the maximum number of completed transactions 

within a unit of time. 

 Self-adaptability: Indicates the system's capability to dynamically adjust its behavior in 
response to internal and external events. 

 

While some parameters like Accessibility, Cost, Execution time, and Self-adaptability are 

provided directly by service providers, others can be calculated by users using available tools. 
 

The Calculate-Service algorithm, receiving a list of services from the Selection-Service, 

computes the QoS of each web service based on user-defined criteria and selects the most 
suitable one. For instance, if the user prioritizes efficiency, the algorithm selects the web service 

with the highest efficiency, calculated via QPerformance. 

 

The selectionalgorithm: 
1. Receive a list of web services (L) and the specified QoS parameter. 

2. Iteratethrougheachweb service's QoS in the list. 

3. Compare the QoS of each service. 
4. Select the web service with the highest QoS. 

5. Return the selectedweb service. 

 
This algorithm ensuresthat the chosenweb service alignswith the user's defined QoS preferences. 

 

4. EXPERIMENTS AND PERFORMANCE EVALUATION  
 

In order to evaluate the efficacy of our proposal, we implemented the approach utilizing Netbeans 
8.1, Tomcat 6.2, and Protégé, which is a software tool that enables the editing and visualization 

of ontologies (http://protege.stanford.edu). Through this implementation, we conducted a series 

of evaluations that measured the performance of various scenarios and enabled us to compare the 
resulting outcomes. 

 

Our proposed application provides a user interface and supports the web service selection process 

outlined in the previous sections. Additionally, it facilitates web service retrieval in order to 
capture user interaction. The purpose of this section is to elucidate how this can be achieved 

when a query is submitted using our application. We demonstrate how the returned results are 

tailored to suit each individual user. According to our method, the principal functions of this 
system can be segmented into three parts: (1) The ontology phase, which is aimed at extracting 

the domain and QoS for web service selection, (2) The selection phase, which is comprised of 

two steps, namely, Hybrid collaborative filtering and (3) the QoS classification. When a new user 

submits a request to search for the best web service, our system provides a list of 
recommendations generated from the multidimensional database. 

 

To test the effectiveness of our approach, we opted to utilize the "Tourism domain" as depicted in 
Figure 5. Users typically search for services such as hotel reservations, payment processing, and 

touristic place searches, among others. The evaluation process was applied to a collection of 62 

http://protege.stanford.edu/
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services, of which 41 services belong to our retrieval domain of "Tourism". The remaining 
services are associated with other domains. 

 
 

 
 

Figure5: Tourism domain description. 

 
To assess the efficacy of the results generated by our approach, we compared the performance of 

our proposed methodology (Ontology-based query, Collaborative Filtering, and QoS - OCFQ) to 

that of the collaborative filtering method with QoS (CFQ) using the precision of classification 
method. The experimental simulation results, as shown in Figure 6, demonstrate that our 

approach can achieve a success rate of 88%, which is significantly superior to the traditional 

collaborative filtering method. 
 

 

 
Figure 6: Comparison of the approach’s performance. 

 

Upon analyzing Figure 7 and Table 1, it becomes apparent that identical requests were submitted 

to our system by ten different users (U0, …, U10). It is noteworthy that, despite the requests 
being identical, the results generated were distinct depending on the user's history, prior 

experience, and feedback pertaining to the invoked services. Similar user histories were also 

considered. As the number of users and services increases, it is expected that the results will 
improve as there will be a greater number of opinions to refine the discovery process. 
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Figure 7:Selection of the different services according to different users. 

 
 S1 S2 S3 S4 S5 

U1 3,5  2   

U2 3 1,5    

U3   2  4 

U4  2,5  3,5  

U5 4 1   2 

U6   4 2 1,5 

U7 3 4    

U8   3,5 2,5  

U9      

U10 2,5    4 

 
Table 1:Selection web services according to different users’ history. 

 

5. CONCLUSION AND FUTURE WORKS 
 
This paper presents an innovative approach for helping users select the most suitable web service 

based on their needs. The proposed method employs an ontology that connects users to the 

system and analyses their queries, while also including Quality of Service (QoS) data and the 

service domain in the WSDL file. By utilizing both semantic and syntactic selection, the method 
offers high precision and stability in operation, as confirmed by experimental data. Collaborative 

filtering is used in the selection step to calculate similarity and improve accuracy. We plan to 

improve the ontology in future research by adding more domains, terms related to each class, or 
by using different languages for the same class. Scalability concerns will also be addressed. 
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