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Abstract—Due to its efficient, flexible, and dynamic substructure 
in information technology and service quality parameters 
estimation, cloud computing has become one of the most 
important issues in computer world. Discovering cloud services 
has been posed as a fundamental issue in reaching out high 
efficiency. In order to do one’s own operations in cloud space, 
any user needs to request several various services either 
simultaneously or according to a working routine. These services 
can be presented by different cloud producers or different 
decision-making policies. Therefore, service management is one 
of the important and challenging issues in cloud computing. With 
the advent of semantic web and practical services accordingly in 
cloud computing space, access to different kinds of applications 
has become possible. Ontology is the core of semantic web and 
can be used to ease the process of discovering services. A new 
model based on ontology has been proposed in this paper. The 
results indicate that the proposed model has explored cloud 
services based on user search results in lesser time compared to 
other models.  
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I. INTRODUCTION 
Cloud computing includes a lot of remote servers which 

make a network and cause focused data storage and online 
access to services and computer sources [1]. To put it in 
another way, cloud computing is access to calculation sources 
through the internet and in effect instead of saving your data on 
the hard disc or updating your practical applications constantly, 
you can use an internet service to meet such needs [2]. Cloud 
computing is a calculating pattern in which numerous systems 
are linked in the form of private or public networks to make a 
dynamic and comparable substructure for practical applications 
for the purpose of saving data and files [3]. With the emergence 
of this technology, hosting practical applications, saving 
content and delivering services has reduced remarkably. The 
idea of cloud computing in fact is on the basis of “Reusing 
Technology Capabilities”. Ontology is a kind of structured 
knowledge about a specific area which is made by presenting 
concepts and relations among them [4]. Nowadays, because of 
designing ontology in different fields, offering criteria for the 
selection of the most appropriate ontology is essential. 
Ontology is a branch of philosophy which studies essence of 

existence and structure of reality, but, in semantic web space, 
ontology investigates the classification of topics or the 
elements in a specific field and offers a list of them. Few 
studies have been conducted on cloud service discovery [5, 6] 
all of which have aimed to upgrade the quality of exploration 
process and combine cloud services from various perspectives. 
With the improvement of communicational substructures and 
educational practices, the use of cloud computing has 
increased. Given the widening use of the internet, cloud 
services have become a major data tool on the internet. The 
first major problem in exploring cloud services is the necessity 
of identification, exploration, and optimal selection from 
among a wide range of services. Hence, the more accurate the 
process of cloud service discovery, the more efficient the 
system functioning. The second problem is the lack of access to 
the exploration of the users’ favorite services. In the majority 
of cases, cloud service is not able to explore the best service. 
As a result, ontology is a new method for exploring co-related 
services based on semantic relations.  

A lot of companies offer cloud computing services. Cloud 
space is a service for offering storage space to the users so that 
they can save their information on the internet in order to have 
access to them from anywhere or by different devices [7]. 
Cloud computing makes it possible for users and developers to 
use them without getting involved with technical information 
or control of the needed technological substructures. One of the 
major issues in cloud computing is service exploration. 
Sharing, source allocation, purification and service exploration 
are of great prominence while data and software are offered in 
the form of service in cloud computing. Under-exploration of 
appropriate services for the various user needs is the main 
problem in using cloud computing services. With the 
emergence of semantic web and semantic web services after 
that, exploring cloud web service has gained crucial 
importance. Ontology is the core of semantic web and can be 
used to ease the process of exploring web services [8]. The aim 
of exploring web services is to search and find the appropriate 
web services which meet the users’ needs.  

II. RELATED WORKS 
The aim of developing semantic web services is to use the 

technological capabilities of semantic web to auto-explore, 
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combine, monitor, and run them. Few studies have been done 
in this regard, and different solutions have been proposed to 
explore cloud service. Authors in [9] proposed a multi-factor 
ontology-based system to explore cloud service. A multi-factor 
system is composed of several interactional intelligent factors. 
Multi-factor systems can be used to solve problems, the 
solution of which is difficult or impossible for a pure system. 
Multi-factor systems have better efficiency in searching, 
parallel, or algorithmic processing. In the hybrid model, the 
semantic relations between services are based on ontology 
being explored based on a multi-factor system. A model has 
been proposed on the basis of ontological clustering to explore 
cloud substructure services [10]. Substructure-based clusters 
have been created as a service and the ontology of the semantic 
relations among them has been established. Calculation sources 
have been considered as the provider of the service and storage 
space in ontological clustering. The results indicate that the 
clustering model has explored cloud substructure services in 
less time than the normal method. Authors in [11] proposed a 
hybrid model based on ant colony optimization and learning 
automaton to explore the cloud semantic relations. Ant colony 
optimization has been used to find the shortest paths and reach 
the intended service in the hybrid model. Learning automaton 
has been used to improve ant colony optimization algorithm 
and to make it intelligent. The results indicate that the hybrid 
model obtains better outcomes in less time.  

A model has been proposed based on XML substructure for 
cloud service discovery [12]. It aims to provide cloud services 
based on XML files. In this model, XML file consists of 3 parts 
including memory, processor, and cloud space services. Each 
part in XML files is labeled and the users can select their 
favorite service. Authors in [13] proposed a model based on 
semantic web for educational spaces in cloud computing. Since 
search engines are used to internet search and they show 
information unrelated to the search, the data searched are only 
recognized by the motor engine and they cannot be interpreted 
by the motor engines. Consequently, semantic web model 
which is used as the new technology has a major impact on 
cloud education services and ontology investigation in the 
retrieval and extraction of data. Ontology describes different 
aspects of the learning process in cloud space. Specifically, the 
manager of a database considers the cloud knowledge as the 
core of learning which instructs the learner to find the 
educational services in cloud with the help of ontology. Data 
production and maintenance in cloud knowledge dataset is 
managed by ontological techniques. Authors in [14] proposed a 
new model based on argumentation factors for cloud service 
discovery based on ontology. Word frequency has been used to 
relate the data in this model. The data whith higher frequency 
and closer semantic relation for service exploration is retrieved. 
SAAS, PAAS, and IAAS interact based on ontology and the 
best service is retrieved. 

III. THE PROPOSED MODEL 
Ontology is the structured study of a specific field which is 

formed by proposing the concepts and the relations among 
them. In the proposed model, the relations among the cloud 
services are explored based on ontology, and the best services 
are selected for a specific function. Cloud-based services are 

done at SAAS, PAAS, and IAAS levels. In the first level, the 
user inserts his/her request. According to the user’s request, the 
process is done in a XML file. In the proposed architecture, the 
task of XML dataset is to store a mass of services, return the 
results intended by the users as soon as possible and in some 
cases process some of the saved services. As the data are 
heterogeneous and complex in XML, inquiries are made to 
enhance the quality of retrieval. RDF can be used to develop 
inquiries. In the proposed model, the services requested by the 
user are sent to the cloud provider based on ontology, and the 
cloud provider must provide the sources needed based on the 
wanted services. The flowchart of the proposed model is shown 
in Figure 1. The most important services for the users lie in 
IAAS level. This level includes such services as storage space, 
memory, and central processing module. Based on user 
operation, he/she needs memory and a processing system. 
Therefore, service selection must be done in a way that the 
most optimal and the most appropriate services get selected. By 
selecting the services on behalf of the users, cloud providers 
can offer the certificate needed so that users can have access to 
cloud space. 

 

 
Fig. 1.  The Proposed Model for Service Exploration Based on Ontology 

IV. EVALUATION AND RESULTS 
Using SPARQL, modelling the proposed architecture was 

carried out on Protégé 5.0.0 software. Protégé is a software 
used in semantic web. The major task of this software is to 
produce content which suits the semantic web and ontology. 
Furthermore, there is the likelihood of retrieving ontology, 
developing it, making inquiries, graphical presentation of the 
classes, their identities, and the relations among them. 15 cloud 
providers and 150 different services have been used in the 
proposed architecture. The simulation scenario is shown in 
Figure 2. Ontology of the proposed architecture for cloud 
service discovery is shown in Figure 3 based on OntoGraf 
chart. Ontology of the cloud services is shown in Figure 4 
based on OntoGraf chart. Each cloud service has practical 
subclasses which are used to explore services and build 
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ontology relations. Ontology model of the cloud services is 
shown in Figure 5 based on OWLViz chart. Ontology model of 
cloud services is shown in Figure 6 based on OWLViz chart. 

 

 
Fig. 2.  Simulation Scenario 

 

 
Fig. 3.  Ontology of the Proposed Architecture for cloud service discovery 
on the basis of OntoGraf Chart 

Inquiries (1), (2), (3), (4), (5), and (6) are examples of 
SPRALQL instructions which are written in Protégé space to 
explore cloud services based on the proposed model (Table I). 
In instruction (1), cloud service discovery is done based on 
SAAS. In (2), cloud service discovery is done based on PAAS. 
In (3), cloud service discovery is done based on IAAS. In (4), 
service exploration is done based on SAAS, PAAS, and IAAS. 
In (5), explored services are classifies based on IAAS. Services 
are shown based on numbers in classification. In instruction 

(6), filtering operation is done on the explored services. In 
instruction (6), services are saved in the memory for the 
purpose of retrieval. A comparison of the search time is made 
for the exploration of services in Table II based on the number 
of providers and services. The search time period is different 
based on the number of providers and services. If the number 
of providers is high, the time period for searching will be more. 
This is because the search for exploring services is made 
among greater number of providers.  

 
 

 
Fig. 4.  Ontology Model of the Cloud Services based on OntoGraf Chart 

 

 
Fig. 5.  Ontology Model of the Cloud Services based on OWLViz Chart 
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A. Comparison and Evaluation 
The main advantage of the proposed model is the reducing 

of the search time for service discovery. In the proposed model, 
based on ontology, services are discovered at a faster time. The 
search time for service discovery is very important for users, so 
service discovery should be done in the shortest possible time 
and with the best response time. Figure 7 shows the 
comparison of service discovery time of proposed model with 
others. The comparison is shown on the basis of 20 suppliers 
and 194 services. The search time for the discovery of the 
service in the cluster-free clustering model is 10152 and 5021 
milliseconds, respectively. In the clustering model, services are 
clustered based on similarity, and each cluster includes a set of 
services. The clustering model is 50% faster than the model 
without clustering.  

The search time for service discovery in the proposed 
model is based on 20 suppliers and 194 services equals to 3800 
milliseconds. The proposed model is operating 75% faster than 
the uncluttered model for discovering services. Compared to 
the clustering model, it can search for query services for 
service discovery by 35% faster. In Figure 8, the comparison of 
the proposed model with other models is shown on the basis of 
15 suppliers and 150 services. The search time for the 
discovery of services in the proposed model is equal to 1,000 
milliseconds. The proposed model with 15 suppliers and 150 
services compared to no clustering model operates 90% faster. 
If the number of suppliers and services is lower, the search time 
for services to be discovered will be less because the number of 
comparisons will be less. On the other hand, if the number of 
suppliers and services is higher, users are more likely to 
discover their service. 

 
 

 
Fig. 6.  Ontology Model of Cloud Service Discovery on the basis of 
OWLViz Chart 

TABLE I.  EXAMPLES OF SPRALQL INSTRUCTIONS BASED ON THE 
PROPOSED MODEL 

SELECT ?SAAS WHERE {?Cloud_Service ?SAAS.  
                                           ?Cloud_Service rdfs:Ontlogy ?XML. 
                                           ?Cloud_Service rdfs:XML?SAAS.} 

(1) 

SELECT ?PAAS WHERE {?Cloud_Service ?PAAS.  
                                          ?Cloud_Service rdfs:Ontlogy ?RDF. 
                                          ?Cloud_Service rdfs:XML ?PAAS.} 

(2) 

SELECT ?IAAS WHERE {?Cloud_Service ?IAAS.  
                                          ?Cloud_Service rdfs:Ontlogy ?RDF. 
                                          ?Cloud_Service rdfs:XML ?IAAS.} 

(3) 

SELECT ?SAAS ?PAAS ?IAAS WHERE {?Cloud_Service 
?SAAS.  
                                          ?Cloud_Service rdfs:Ontlogy ?XML. 
                                          ?Cloud_Service rdfs:XML ?IAAS.} 

(4) 

SELECT ?IAAS (count(?Cloud_Service) as ?count)   
                           WHERE {?Cloud_Service ?IAAS.} 
                           GROUP BY ?IAAS 

(5) 

SELECT ?IAAS  
                  WHERE { 
                                  ?Cloud_Service ?SaaS.  
                                  FILTER( CONTAINS(?IAAS, "RAM")) 
                                 } 

(6) 

 
 

 
Fig. 7.  Comparison of Proposed Model with other Models based on 20 
Suppliers and 194 Services 

 

 
Fig. 8.  Comparison of the proposed model with other models based on 15 
suppliers and 150 services. 

V. CONCLUSION AND FUTURE WORKS  
Cloud computing is a model developed for easy, 

distributed, and comprehensive access to aggregate computing 
resources. In cloud computing, IT-based capabilities are 
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presented as services that are accessible without the need for 
accurate knowledge of infrastructure technologies and the least 
managerial effort available. In cloud computing, cloud service 
discovery can satisfy user needs. Considering the relationships 
between cloud services based on ontology leads to the 
discovery of optimal cloud services. In addition to semantic 
relationships, standards such as XML, in the discovery of cloud 
services, also lead to enhanced service discovery. In this paper, 
we proposed a model for the discovery of cloud services based 
on ontology. We hope that in the future we will provide a 
system for discovering cloud services based on the ontology 
evolution and with applying techniques for the service 
interpretation, extraction and classification. 

TABLE II.  A COMPARISON OF SEARCH TIME FOR DISCOVERING SERVICES 
BASED ON THE NUMBER OF SERVICES AND PROVIDERS 

Search 
time (MS) 

Number of 
service 

Number of 
suppliers No 

1000 150 15 1 
1500 100 15 2 
1600 120 15 3 
1800 100 20 4 
2500 150 20 5 
3800 194 20 6 
2700 100 25 7 
3000 120 25 8 
3500 150 30 9 
4500 150 40 10 
6500 100 45 11 
7500 100 50 12 
8500 150 50 13 
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