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Abstract

Substantial number of vendors are offering their applications as Cloud Ser-
vices (CS) to leverage the benefits of Cloud Computing (CC). Businesses and
individuals have to select the CS that suits their requirements from a large pool
of services. Consequently, there is an increasing demand for enhancing such a
time-consuming and error-prone task.

This thesis proposes CSRDS, a semantic-based system that allows the regis-
tration, discovery and selection of cloud services. The main building blocks of
the proposed system include: Hybrid matchmaking of CSs, metadata semantic
similarity model, semantic-based business-oriented request-service matchmak-
ing algorithm and CS selection based on non-functional requirements.

Despite its efficiency, the proposed CSRDS system provides the same set of
services to all users, with no consideration of users interest or history. Moti-
vated by the fact that the cloud users appreciate customized recommendations,
we propose CSRec, a personalized reputation-based QoS-aware recommender
system for CSs. Its main building blocks include: Feedback-based CS evalua-
tion, hybrid collaborative filtering approach for personalized CS recommenda-
tion, new users similarity measure, dynamically built user profile, reputation
calculation for CSs and 3-D justification for the recommended CSs.

The key enabler to the realization of the proposed work is the proposed CS
ontology, a comprehensive full-fledged CS domain ontology with querying ca-
pabilities. It serves as a knowledge base for the proposed systems.

Extensive experimental evaluation is conducted in order to assess our pro-
posed work. In order to carry out reliable evaluation, three real-world service
datasets are used. The evaluation metrics include matchmaking, prediction and
set recommendation metrics. The proposed work is compared to benchmark ap-
proaches. Case studies demonstrate that the proposed system is feasible, effec-
tive and relevant. Experimental results show that the proposed system has supe-
rior performance against the traditional approaches in real use-cases. The per-
formance enhancement is investigated under different parameter settings.

Besides, the evaluation of the introduced CS ontology consists of three
processes. First, its coverage, consistency and expressiveness were verified via
semantic reasoner and semantic modeling. Second, its feasibility was confirmed
via prototype implementation while its practicability was validated via case
study. Finally, the ontology quality evaluation metrics prove that CS ontology
captures a comprehensive, consistent, rich, accurate and relevant representation
of the CS domain and that its concepts are interpretable.
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Chapter 1 Introduction

1. Introduction

1.1 Research Motivation

Cloud Computing (CC) has become a new paradigm for the provision of
computing Infrastructure-as-a-Service (laaS), Platform-as-a-Service (PaaS) and
Software-as-a-Service (SaaS). Huge numbers of Cloud Services (CS) have
emerged and their adoption is accelerating due to interesting benefits such as
cost savings, ease of use, operational efficiency and flexible business capabili-
ties.

For businesses and individuals to benefit from CC, they have to select the CS
that suits their requirements from a large pool of available services. Joining the
into-cloud move guarantees major economic benefits to the organization/user if
risks can be minimized.

1.2 Problem Statement

Cloud Service identification and discovery remains a hard problem due to
different service descriptions, non-standardized naming conventions and diverse
features of CSs. Users head for search engines and CS online directories in or-
der to discover a CS that satisfies their requirements. However, the former re-
turns many inaccurate results, which is a waste of time and the latter suffers
from major limitations in their search capabilities and size. As a result, efficient
CS discovery represents the first challenge to the widespread CS adoption.

In addition, CSs may provide the same functionality but differ in their charac-
teristics or the Quality of Service (QoS) attributes they offer. Users find it te-
dious and time-consuming task to evaluate and compare the available cloud of-
ferings from the cloud providers' websites and documentations. Consequently,
informed CS selection represents the second challenge to the widespread CS
adoption.

The explosive number of CSs has led to widespread use of service Recom-
mender Systems (RSs). Therefore, evaluation and personalized CS recommen-
dation represent the third challenge to the widespread CS adoption.

A strong key enabler to CS discovery and recommendation is the use of on-
tology in the CS domain. However, no broad cloud ontology for this purpose
has dominated yet. Therefore, a comprehensive CS ontology represents the
fourth challenge to the widespread CS adoption.
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1.3 Research Objective

Driven by the aforementioned challenges, our research objective is to contri-
bute to the efficient embracing of the CSs via addressing the challenges that
hinder their widespread adoption. The roadmap to achieving this objective is
characterized into several directions. First, enable higher competence of the CS
life cycle activities, namely: Registration, discovery and selec-
tion/recommendation. Second, eliminating the conceptual and terminological
confusion among the CSs. Third, provide cloud users with a unique experience
that satisfies their needs. Fourth, support the into-cloud move by minimizing the
risks involved in employing the CSs into business. Fifth, maximize the CSs rea-
chability and subsequently the cloud provider profit. Our research key contribu-
tions are summarized in the following sub-section while presented in detail
throughout the thesis.

1.4 Key Contributions

During the realization of our research objectives, we have achieved signifi-
cant research contributions, which are shortly outlined in the following sub-
sections.

1.4.1 Cloud Service Registration, Discovery and Selection System

A semantic-based CS registration, discovery and selection system (CSRDS)
is proposed. CSRDS employs semantic approaches in order to standardize the
advertisement process (uniform representation for CSs), to serve as a semantic-
based repository for service offers and to assist the cloud user in finding a CS
that satisfies his functional and non-functional requirements. Uniquely, the
business perspective of CSs is utilized in order to, firstly, eliminate the lack of
standardization problem, secondly, provide proficient search capabilities based
on concrete service functionalities and thirdly, utilize both the CS characteris-
tics and QoS metrics in the selection process.

A hybrid services matchmaking algorithm is proposed to cluster the CSs into
functional groups, which integrates semantic-based services metadata and on-
tology-based hierarchical matching. We also propose an enhanced semantic si-
milarity model for services metadata matchmaking. Moreover, we introduce a
semantic-based business-oriented request-service matchmaking algorithm that
maps keyword-based user requests to real CS offers. Finally, we address a ma-
jor deficiency in existing works on CS discovery, which cannot help users re-
fine their requirements when there is no feasible solution. Uniquely, we address
the discovery partial matching case by introducing an ontology-based query ex-
pansion approach that increases the chance to find appropriate services to the
user requirements.



