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a b s t r a c t

Cloud computing is a technological paradigm that permits computing services to be offered over the
Internet. This new service model is closely related to previous well-known distributed computing initia-
tives such as Web services and grid computing. In the current socio-economic climate, the affordability of
cloud computing has made it one of the most popular recent innovations. This has led to the availability
of more and more cloud services, as a consequence of which it is becoming increasingly difficult for ser-
vice consumers to find and access those cloud services that fulfil their requirements. In this paper, we
present a semantically-enhanced platform that will assist in the process of discovering the cloud services
that best match user needs. This fully-fledged system encompasses two basic functions: the creation of a
repository with the semantic description of cloud services and the search for services that accomplish the
required expectations. The cloud service’s semantic repository is generated by means of an automatic
tool that first annotates the cloud service descriptions with semantic content and then creates a semantic
vector for each service. The comprehensive evaluation of the tool in the ICT domain has led to very prom-
ising results that outperform state-of-the-art solutions in similarly broad domains.

� 2013 Elsevier B.V. All rights reserved.

1. Introduction

The economy has recently taken a downturn, and this has
forced many companies to reduce their costs in IT. According to ex-
perts, one interesting approach that could be used to deal with this
situation might be for these companies to outsource parts of their
business through third parties [37]. This would allow companies to
free any resources invested in outsourced business processes and
to focus their investments on those processes that are unique to
the organisation. The future Internet will be based on services,
and this new trend will have a significant impact on domains such
as e-Science, education and e-Commerce [40]. The Web is conse-
quently evolving from being a mere repository of information to
a new platform for business transactions and information inter-
change. Large organisations are increasingly exposing their
business processes through Web service technology for both the
large-scale development of software and the sharing of their
services within and outside the organisation. New paradigms for
software and service engineering, such as Software-as-a-Service
(SaaS) and the cloud computing model, are promising sources for
the creation of new levels of efficiency through the large-scale
sharing of functionality and computing resources.

Software-as-a-Service (SaaS) [2] is a software distribution mod-
el which not only provides software but also offers additional ser-
vices such as maintenance, help and support. The advantage of the
use of SaaS is that the software is distributed and hosted on the
Internet, thus eliminating the need for users to install the software
and any related data on their personal computers. The software
and all of the additional data required are stored on an external
server, which is provided by the company that offers these ser-
vices. But SaaS is only one of the different service delivery models
that are envisioned by the cloud computing movement. Cloud
computing [9] represents a paradigm shift in the delivery architec-
ture of information services. The National Institute of Standards
and Technology (NIST) has established a group focused on promot-
ing the effective and secure use of cloud technology within govern-
ment and industry. This body defines cloud computing as ‘‘a model
for enabling ubiquitous, convenient, on-demand network access to a
shared pool of configurable computing resources (e.g., networks, serv-
ers, storage, applications, and services) that can be rapidly provisioned
and released with minimal management effort or service provider
interaction’’ [29]. Over the last few years, the growth of the cloud
computing industry has led to an exponential increase in the num-
ber of services being delivered from the cloud, and one of the direct
consequences of this increase has been a considerable rise in the
time and effort required to manually find the service that best
meets the needs of an individual or an organisation.
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Semantic web technologies have simultaneously achieved a cer-
tain degree of maturity [41]. They provide a consistent and reliable
basis with which to confront the challenges involved in the organi-
sation, manipulation and visualisation of data and knowledge. The
possibility of using knowledge-oriented query answering to exploit
the benefits of semantics has consequently become a top-class re-
search challenge. Ontologies are the paramount technology of the
semantic web. An ontology can be defined as ‘‘a formal and explicit
specification of a shared conceptualisation’’ [42]. Ontologies pro-
vide a formal, structured knowledge representation, with the
advantage that they are reusable and shareable. Ontologies provide
a common vocabulary for a domain and define the meaning of the
terms and the relations between them with different levels of for-
mality. The knowledge in ontologies is mainly formalised, and five
kinds of components are used: classes, relations, attributes, axioms
and instances. The definition of ontologies is sometimes diluted in
the sense that taxonomies are considered to be full ontologies [42].

A large number of generic keyword-based search engines, such
as Google, Yahoo! Search, and Bing have appeared in order to facil-
itate the search for and discovery of cloud services. These search
engines crawl the entire World Wide Web and create indexes of
the pages visited, thus enabling users to find almost everything
on the Web, including cloud services [17]. However, these search
engines have certain drawbacks resulting from the syntactic nature
of their search processes, which hampers the discovery of those
services that meet the required criteria. The use of ontologies
and semantic technologies can overcome the limitations of tradi-
tional search tools [28], and they have also proved to be useful in
the scope of mechanisms related to, for instance, Information Re-
trieval [45], Information Integration [47], Service Discovery [14],
Question Answering [46], Recommendation [13], and information
management [7]. Ontologies have also been applied to numerous
domains such as business management [27], eGoverment [1] and
e-Learning [3,38]. More concretely, the use of semantic technolo-
gies and metadata improves traditional search engine optimisation
[49]. The downside of applying semantics in search processes is
that Web content should be annotated, and manual annotation is
a time consuming and expensive process [6]. What is more, man-
ual annotations are usually prone to errors resulting from a num-
ber of factors such as user familiarity, personal motivation or the
complexity of ontologies, which may negatively affect the annota-
tion procedure [36].

The aim of the work presented here is to deal with these two
major issues: (1) the semantic annotation of the features of cloud
services and (2) the discovery of cloud services that meet users’
needs. The first problem is addressed by proposing an automatic
semantic annotation platform that can assists users in the process
of adding metadata to Web content including cloud services
descriptions. The second issue is also addressed here by building
a semantic search engine that leverages the cloud service-related
semantic annotations in order to improve the precision and recall
of the search results.

The automatic semantic annotation platform proposed here is
based on the approaches presented in the literature in the field
of ontology learning and population. The main goals of these ap-
proaches are (i) to reduce the amount of mistakes caused by the
manual extraction of semantic information and (ii) to increase
the amount of knowledge gathered. However, current semantic
annotation methods have some limitations at different levels.
Some tools do not provide support for multiple ontologies, and
others are not prepared to deal with ontology or document evolu-
tion. The approach presented here is able to manage multiple
ontologies and provides support for both ontology evolution and
document evolution.

The annotation platform gathers semantic content from
cloud service descriptions, and the semantic search engine takes

advantage of this content to assist users in finding those services
that comply with their requirements and expectations. This break-
through provides a different way of looking for services in the
cloud, and is based on natural language processing. The idea is that
users should write a brief description of their requirements in nat-
ural language. The proposed natural language processing-based
framework then translates this description into ontology elements
which are matched against the semantic cloud service descrip-
tions. The whole process results in the proposed tool retrieving
the list of services that best suit the users’ needs.

To sum up, in this paper we present a fully-fledged platform
based on semantic technologies that assists in the annotation of
cloud service descriptions and enables an enhanced search and re-
trieval of cloud services. The remainder of the paper is organised as
follows. Section 2 provides a description of the most important
semantic annotation methods. The components that comprise the
proposed platform and its overall architecture are described in Sec-
tion 3. Section 4 shows a use case scenario in the information and
communications technologies (ICT) domain, and a validation and a
comparison with the current semantic annotation systems are also
provided. Finally, our conclusions and future work are presented in
Section 5.

2. Related work

Leech [26] defined annotation as ‘‘the practise of adding interpre-
tative linguistic, information to a corpus’’. More concretely, annota-
tion or tagging is a process that permits the mapping of
concepts, relationships, comments, or descriptions to a document
or to a fragment in a text. In general, annotations can be seen as
metadata that are associated with a particular text fragment in a
document or another piece of information. Semantic annotations
help to bridge the ambiguity of the natural language and their
computational representation in a formal language through ontol-
ogies. This process consists of inserting tags associated to text frag-
ments in a document that represent ontological elements
(concepts, relationships, attributes and instances), thus allowing
the creation of documents that can be processed not only by hu-
mans but also by automated agents [23]. Although several systems
for ontology-based annotation have been proposed over the last
decade, there is no standard approach for semantic annotation
[44]. The following table (see Table 1) shows some of the best
known semantic annotation systems. The classification is based
on that presented in [44].

The parameters selected for their representation in the table are
the following: ‘standard format’, ‘ontology support’, ‘support of
heterogeneous document format’, ‘document evolution’, ‘annota-
tion storage model’, ‘automation’ and ‘application domain’. These
parameters are explained in detail as follows, and the differences
between the proposed annotation method and the current state-
of-the-art mechanisms are also highlighted.

2.1. Standard formats

The World Wide Web Consortium1 (W3C) provides a number of
techniques with which to describe and define formats to build ontol-
ogies. These include RDF2 and RDF Schemas,3 Simple Knowledge
Organization System (SKOS), Web Ontology Language (OWL), and
the Rule Interchange Format (RIF).

As can be seen in Table 1, RDF and OWL are the most extended
formats in the scope of semantic annotation systems. Most of the

1 www.w3.org.
2 www.w3.org/RDF.
3 www.w3.org/TR/rdf-schema.
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