COLLABORATIVE-BASED DECISION MAKING FOR WEB SERVICE
COMPOSITION USING SERVICE LEVEL AGREEMENT
NEGOTIATION AND CROWDSOURCING

MAHDI SHARIFI

A thesis submitted in fulfilment of the
requirements for the award of the degree of

Doctor of Philosophy (Computer Science)

Faculty of Computing
Universiti Teknologi Malaysia

AUGUST 2015



To our prophet, Mohammad, the messenger of truth, fraternization and kindness

To my dear and beloved wife who encouraged and supported me

To my dears mother, father, and sister

To my dears mother-, father-, brothers- and sisters-in-law

And to all who supported me in my study, especially my supervisor



ACKNOWLEDGEMENT

In the name of Allah, Most Gracious, Most Merciful. | thank Allah S.W.T for

granting me perseverance and strength | needed to complete this thesis.

In preparing this thesis, | was in contact with many people, researchers,
academicians, and practitioners. They have contributed towards my understanding and
thoughts. First and foremost, | wish to express my sincere appreciation to my thesis
supervisor, Professor Dr. Azizah Abdul Manaf, for continuous support, advice, and
guidance throughout my candidature. She has built and directed an environment that
granted me an opportunity to learn and practice research skills, meet and collaborate
with brilliant researchers, and transfer the long journey of PhD to a great and lovely
experience. | would like to thank Mrs. Haslina Md. Sarkan, my project leader for her
support during my study. | am also indebted to Universiti Teknologi Malaysia (UTM)
and the Ministry of Education (MOE), Malaysia for funding my PhD study.

In particular, 1 would like to express my gratitude towards Dr. Amir Vahid
Dastjerdi for University of Melbourne, Ali Memariani from University of Houston,
Dr. Ali Ordi from Universiti Teknologi Malaysia who closely collaborated with me.
Moreover, | am very thankful to Dr. Behrang Barekatain, Mohammad Reza Rostami,
Dr. Sajjad Dadkhah, Aliakbar Keshtkaran from Universiti Teknologi Malaysia, and

Dr. Mahmoud Danaee from Universiti Putra Malaysia for their supports and friendships.

I would particularly like to thank my parents and my wife’s parents, who
deserve my gratitude for their inseparable prayer, encouragement and endless patience.
Words fail me in expressing my deepest appreciation to my wife, Homa, whose
encouragement and love gave me confidence. My thesis would not have been possible

without her support. Thank you.



ABSTRACT

Quality of Service (QoS)-aware Web Service Composition as complex
problem solver has become one of the most highlighted issues in service computing
area. It maps to multi-objective optimization problem that is classified as Non-
deterministic Polynomial-time hard (NP-hard) problem. The diversity of subjective
and potentially dishonest evaluations impose an obstacle to QoS-aware service
assessment. The vague preferences of users have also to be considered in multi-criteria
service selection. Last but not least, the budget-constrained service negotiation needs
to make trade-off between the desired QoS metrics and the imposed budget constraints
by service users. There is a large body of research covering aforementioned different
aspects of service composition. This research tries to open a new horizon for service
composition to utilize collaborative decision support systems. The proposed system
involves three phases, namely Trust-Aware Crowd-enabled consensus-based Service
Assessment (TACSA), Fuzzy inference-based multi-criteria Service Ranking
(FASER), and Pareto-optimal service composition (PALEN). In the first phase,
TACSA is responsible to assess all candidate services with respect to the required QoS
metrics and guarantee this assessment not to suffer from subjective and dishonest
evaluations by means of the collaborative decision making. The incurred complexity
in capturing users’ preferences and objectives is the second obstacle to rank services.
FASER, the fuzzy inference engine, is then used to capture user preferences and
support multi-criteria QoS-based service ranking. After that, the composer is required
to negotiate with ranked service providers and select the best-possible candidate
service based on users’ QoS desires and constraints. PALEN enables composer to
achieve this aim using the autonomous service level agreement negotiation strategy
and surplus management. The focus of the proposed negotiation strategy is restricted
to the time-dependent tactic that can handle the deadline imposed by users. Besides, a
novel approach proposed to dynamically adjust time-dependent function parameter
based on service demand and utilization, and redistribute surplus to optimize the
composite service. The research promises to select the best candidate services that
maximizes QoS metrics while adheres to users’ budget constraints. The extensive
experimental results along with simulated scenarios demonstrate the applicability and
effectiveness of the proposed approach. It is interesting to note that the consensus on
assessed QoS metrics is achieved with respect to different parameters and the crowd
converge to the most trustworthy service assessment. Moreover, the results indicate
that the composition optimality is averagely increased by almost 80% considering
different composition scenarios.



Vi

ABSTRAK

Komposisi Perkhidmatan Web Kesedaran Kualiti Perkhidmatan (QoS) sebagali
penyelesai masalah yang kompleks ialah salah satu isu yang sering diketengahkan
dalam bidang pengkomputeran servis. la dipetakan kepada masalah optimasi pelbagai
objektif yang diklasifikasikan sebagai masalah Masa-Polinomial Tidak-berketentuan
(NP-hard). Kepelbagaian subjektiviti dan potensi penilaian tidak jujur memberi
halangan kepada penilaian servis kesedaran kualiti perkhidmatan. Kekaburan dalam
keutamaan para pengguna mesti diambilkira dalam pemilihan servis pelbagai-kriteria.
Akhir sekali, servis rundingan yang dikekang oleh faktor bajet diperlukan untuk
menyeimbangkan metrik kualiti perkhidmatan yang diperlukan, dan kekangan bajet
yang ditetapkan oleh pengguna servis. Terdapat banyak penyelidikan yang meliputi
aspek berbeza dalam komposisi perkhidmatan. Penyelidikan ini meneroka perspektif
baru supaya komposisi perkhidmatan dapat menggunakan sistem sokongan keputusan
kolaboratif. Sistem yang dicadangkan melibatkan tiga fasa iaitu, Taksiran
Perkhidmatan Kesedara-Keselamatan Berkebolehan Ramai Berasaskan Konsensus
(TACSA), Pemangkatan Perkhidmatan Berbilang-Kriteria Berasaskan Inferen Kabur
(FASER), dan Komposisi Perkhidmatan Optimum-Pareto (PALEN). Pada fasa
pertama, TACSA bertanggungjawab menilai semua calon perkhidmatan berdasarkan
metrik kualiti perkhidmatan yang diperlukan dan menjamin penilaian ini tidak melalui
penilaian subjektif dan yang tidak jujur dengan menggunakan keputusan koloboratif.
Kompleksiti terkumpul semasa mendapatkan pilihan pengguna dan objektif ialah
rintangan kedua untuk mengklasifikasikan perkhidmatan. FASER, enjin inferens
kabur digunakan untuk merekod pilihan pengguna dan menyokong kedudukan
perkhidmatan pelbagai kriteria berasaskan kualiti perkhidmatan. Komposer diperlukan
untuk berunding dengan pembekal perkhidmatan yang telah disusun kedudukannya
dan memilih calon perkhidmatan terbaik berdasarkan kualiti perkhidmatan dan
kekangan pengguna. PALEN membolehkan komposer mencapai tujuan ini
menggunakan strategi perundingan autonomi perjanjian aras servis dan pengurusan
lebihan. Fokus strategi rundingan yang dicadangkan terhad kepada taktik
kebergantungan kepada masa yang boleh mengendalikan tarikh akhir yang ditetapkan
pengguna. Selain itu, pendekatan baru diperkenalkan untuk menyesuaikan secara
dinamik parameter fungsi berasaskan masa, berdasarkan perkhidmatan permintaan dan
penggunaan, dan pengagihan lebihan untuk mengoptimasikan perkhidmatan komposit.
Penyelidikan ini menjanjikan pemilihan calon perkhidmatan terbaik yang dapat
memaksimakan metrik kualiti perkhidmatan dan dalam masa yang sama mematuhi
kekangan bajet pengguna. Keputusan eksperimental yang banyak bersama senario
yang disimulasikan menunjukkan kesesuaian dan keberkesanan pendekatan yang
dicadangkan. Yang menarik, konsensus ke atas metrik kualiti perkhidmatan yang
dinilai dapat dicapai mengikut parameter-parameter yang berbeza dan kebanyakannya
tertumpu kepada penilaian servis yang paling dipercayai. Lebih-lebih lagi hasil yang
didapati menunjukkan optimaliti komposisi secara purata bertambah sehingga hampir
80% dengan mengambilkira senario komposisi yang berbeza.
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CHAPTER 1

INTRODUCTION

1.1 Overview

Service Oriented Computing (SOC) is a dominant technology in software
development and Internet-based applications that presents distinctive experiences and
opportunities to service users. Their daily life is made easy because SOC brings
comfort to a variety of their desired tasks and jobs by introducing progressive concepts,
such as e-commerce, e-science, and e-health services. Moreover, SOC offers a brilliant
opportunity for enterprises to maximize their profits and reduce their costs. It lets

enterprises grow and still do not strain them financially.

The SOC paradigm is undeniably grounded on the Web service technology as
its preferred delivery method (Bouguettaya et al., 2014b). Web services have evolved
over the years and paved the way to modern software development. Advent of Web
service technology enables enterprises to make their internal business processes
accessible via the Internet. Nowadays, giant IT services companies such as Google,
Facebook, Twitter, and Amazon offer access to their resources and services utilizing
Web services such that they can reuse and compose. According to recent seedka report
(Web service search engine available at www.seekda.com), 28,606 Web services are
available offered by 7739 different service providers on the Web in the context of e-

tourism.

Moreover, the statistics published by several Web services publication
websites e.g., WebServiceList (available at http://www.webservicelist.com),

ProgrammableWeb (available at http://www.programmableweb.com), and WSIndex



(available at http://www.wsindex.org) prove that digital world have witnessed an
exponential increase in Web services usage and popularity over the past few years.
This trend is being accelerated via the rapid adoption of new computing paradigms
such as social networks, cloud computing, and Web of Things (WoT) (Bessis et al.,
2012; Bouguettaya et al., 2014a; Qiang et al., 2012). Thus, Web services will evidently

continue to play a significant role for those new emerged paradigms.

However, an atomic or elementary service (Sheng et al., 2002) may not satisfy
users’ goals. Several services thus need to be combined to provide the functionality to
fulfil the requested goals. This created value-added service is called composite service
and its development process is called service composition (Dustdar and Schreiner,
2005). A composite service aggregates the functionalities of all its component services.
The composite services in turn may involve in the composition process of other
composite services. Assuming that composite services fulfil the requested
requirements, service users have to go through a process to select the most suitable
service to satisfy their desires. The process of making a service ready to be used is
called service coordination and deployment. This process often comprises multiple
deployment of interrelated software components into heterogeneous environments
(Dastjerdi, 2013).

A growing number of services provide the same functionalities, and variant
Quality of Service (QoS) makes the coordination and deployment process difficult and
complicated. This thesis introduces an architecture for service selection and
composition and investigates methodologies and algorithms for each phase to
outperform service coordination and deployment in SOC environments. The reminder
of this chapter details the need for service selection and composition and discusses the

research problems, objectives, scope, significance, and organization of this thesis.

1.2 Background of the Problem

The SOC has experienced the growth of X-as-a-service phenomenon leading
to a profound evolution on system integration in B2C and B2B applications. Services

aim to unify a variety of distinct disciplines such as business process management,



autonomic computing, distributed systems, knowledge-based systems, and
networking, to name but a few (Bouguettaya et al., 2014a). Service coordination and
deployment plays a central role to fully realize this promising phenomenon as shown
in Figure 1.1. It consists of several phases namely discovery, selection, composition,
and execution. In the discovery phase, the best suited services among various available
services - offered by different service providers- are discovered with respect to
requested functionalities in user requirements (used as input). The discovered services
provide the same functionalities and variant QoS (i.e., non-functional properties). The
selection phase is responsible to select the best candidate services complying user
desires on QoS criteria. Then, a composite service as a value-added service is created
and executed based on the selected component services in the composition and

execution phases, respectively.

Each of these phases have their own challenges and issues. The focus of this
study is on service selection and composition phases. Selection phase faces a great
number of discovered services claim same functionalities. It makes the selection
decision difficult and complicated. QoS metrics are introduced to address this issue.
The QoS of a service presents the non-functional properties in different aspects. The
literature features varying QoS understandings. A QoS model of a service is defined
in ISO 840216 and ITUE.80017 (Liu et al., 2012). The service user’s requirements can
be properly reflected in this model. The QoS model can affect the service user’s
satisfaction from different aspects, such as the response time, success rate, reliability,

availability, performance, and cost.

Selecting the best candidate service from numerous discovered services given
different QoS values is considered a well-known research problems in the service
computing area (Barakat et al., 2014; Michlmayr et al., 2010). A number of studies
have been proposed to address this problem (Benouaret et al., 2012a, 2012b; D'Mello
and Ananthanarayana, 2010; Rehman et al., 2014; Sun et al., 2011). However, the QoS
perceived by users does not always match the one promised by the service provider
(Ishikawa, 2014; Pan and Baik, 2010). It leads to propose QoS evaluation of the Web
services and provide feedbacks by third parties either service consumers or service

evaluators (Tao et al., 2012).
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However, none of the aforementioned approaches considered the evaluation of
human agents, i.e., experts, in the service evaluation process. The limitation of the
current evaluation solutions is that they can only evaluate the QoS attributes of a
service by relying on monitoring services assessments. However, some services must
be assessed based on user friendliness. Compared to experts, monitoring services are

not suitable to evaluate such QoS criteria.

Different evaluator entities either human agents (e.g., experts) or software
agents (e.g., monitoring services) are involved in the assessment of QoS parameters of
candidate services in the other approaches (Hang and Singh, 2011; Hien Trang et al.,
2010; Mehdi et al., 2012; Motallebi et al., 2012; Paradesi et al., 2009). They
independently assess the promised QoS metrics of service based on the perceived facts.

These facts are based on either their own experiences, i.e., first-hand information, or
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other entities’ experiences, i.e., second- or third-hand information. However, these
assessments suffer from subjective or dishonest contributions and the trustworthiness
levels of contributors are not considered. Moreover, the diversity of subjective
evaluations imposes an obstacle to assess the service. The existing diversity
necessitates a methodology to converge these evaluations to reach an agreement.
Proposing an appropriate mechanism for QoS-aware assessment is considered the first

research gap of this study.

Recently, Collaborative Decision Support Systems (CDSS) and techniques
such as crowdsourcing and consensus present some potential solutions to address the
convergence problem in SOC. Nonetheless, two important principles should be
considered: first because services behave dynamically, past and current assessment
should be differentiated to reach a consensus on service evaluation. Second because
the trustworthiness of each crowd member evolves over time, a model to update and
maintain this trust should be in place. This model works based on cooperative

knowledge sharing between crowd members.

Furthermore, service users usually have different preferences with respect to
QoS parameters and want to make trade-off between them. They would like these
preferences and priorities to be considered in the QoS-aware selection process.
Therefore, they need a system to support multi-criteria assessment and ranking and
capture their preferences which incur complexity in selecting the best-suited candidate
services. The proposed system should be able to specify and enforce user preferences
while makes a multi-criteria selection decision. Addressing these complexities to
support multi-criteria service selection with respect to the vague preferences of users

(on multiple QoS criteria) is the second research gap that needs to be answered.

Cost of service is the subset of QoS that has been neglected in the majority of
proposed existing approaches for service composition. In contrast, it is extensively
investigated in the form of Service Level Agreement (SLA) in new emerging
computing paradigms such as cloud and utility computing (Linlin and Rajkumar,
2012). SLA refers to “an explicit statement of exceptions and obligations that exist in
a business relationship between two organizations: the service provider and customer”

(Verma, 2004). Service providers specify the cost of offered service in the created



Service Level Agreement (SLA) templates. Service consumers then use the templates
for negotiation on the cost of services. If both sides can reach an agreement, an SLA

contract will be achieved.

Similar to the commodity-market, higher-reputed service providers offer
higher service costs compared to the less-known ones. Service consumers tend to use
more reliable services based on their affordability levels. As a result, a negotiation
process should be in place to support trade-off between providers’ supplies and users’
demands. The negotiation failure (i.e. reach no agreement within negotiation deadline)
for even a single atomic service leads to failure of the entire composition. Surplus
management is the proposed solution to address this issue. (Richter et al., 2012).
However, unbalanced surplus distribution may lead to decrease the quality of
composition. Proposing a suitable negotiation strategy to support budget-constrained
service composition is a demanding task that is considered as the third research gap of

this study.

Moreover, current SOC environments are becoming more open, changing, and
dynamic. It makes adaptable and autonomous service composition a challenging task.
Self-optimizing is one of the adaptable and autonomous composition aspects that
needs to be resolved (Sheng et al., 2014b). It concentrates on fulfilling QoS constraints
in the selection of component services and achieving the self-optimized composite
service. Proposing the appropriate mechanism to ensure achieving the self-optimized
composite service and increasing the utility of entire composition introduces a

significant research challenge to be addressed.

1.3 Statement of the Problem

Nowadays, service computing is increasingly gaining momentum as latest
emerging paradigm for distributed computing in order to change the way of design,
delivery and consumption of software applications. In order to enhance and optimize
the service deployment and coordination, it is important to exploit the benefits of
autonomous, reliable, and optimized service selection and composition. The budget-

constrained QoS-aware composition problem maps to multi-objective optimization



problem that is classified as NP-hard problem. It consists of selecting the best
candidate services that maximizes QoS metrics and adhere to the budget constraints of
users. It has attracted a great deal of interest in the context of SOC (Barakat et al.,
2014; Menascé et al., 2010; Rehman et al., 2014; Wang, 2009; Wu et al., 2013).
However, none of the existing approaches addressed this problem in an integrated
manner, which is the focus of this research. The general research question this research

plans to address is:

“How an autonomous, reliable, and optimized service selection and
composition would be achieved by integrating a novel crowdsourced consensus-
aware service assessment, fuzzy service ranking, and budget-constrained service

composition, respectively?”

On a journey towards autonomous, reliable, and optimized service selection
and composition, following questions will arise in each phase that need to be

addressed:

RQ1: How to select the best candidate services reliably with respect to users’
QoS constraints and preferences utilizing the crowdsourced consensus-based

methodology? (Service selection phase)

The proposed solution should be able to answer the following sub-questions

raised in service assessment and ranking:

i.  How to employ the power of crowdsourcing, as a collaborative decision
support system, to assess the QoS attributes of candidate services to not suffer

from subjective or dishonest contributions?

ii.  How to converge diverse subjective QoS evaluations and reach consensus on
the assessed candidate services considering dynamic behaviour of services

and trustworthiness levels of crowd members?



iii.  How to capture and enforce user preferences in QoS-aware service ranking

mechanism while reduce its complexity for non-expert users?

iv.  How to propose multi-criteria ranking mechanism for the assessed candidate

services with respect to different QoS constraints and preferences of users?

RQ2: How to compose the best candidate services to support Pareto-optimal
selection for each component service and increase the utility of entire

composition autonomously? (Service composition phase)

The proposed solution should be able to answer the following sub-questions

raised in service negotiation:

i.  What is the best SLA-based negotiation strategy for service composition?

ii. How to utilize the power of surplus management to raise the chance of
achieving an overall agreement in composition process (i.e. no negotiation

failure for component services)?

iii.  How to achieve optimized surplus redistribution over the composite service

to maximize QoS metrics and adhere to the budget constraints of users?

1.4 Purpose of the Research

The purpose of this research is to design an autonomous, reliable, and
optimized service selection and composition to be used in service deployment and
coordination for SOC environments by introducing a crowdsourced consensus-based
service selection under fuzzy preferences of users and QoS-aware budget-constrained

service composition using concurrent SLA negotiation and surplus management.



1.5 Objectives of the Research

Driven by the aforementioned challenges and research questions in the
background and statement of the problem sections, the objectives of the research are
identified as follows:

i.  To investigate the application of collaborative decision support systems
and techniques in SOC and utilize their power to support service

selection and composition

ii.  Toeliminate the imposed diversity in QoS-aware assessment of service
behaviour using the power of crowdsourcing and consensus theory to

support reliable service selection

lii.  To develop multi-criteria service selection based on the consensus-
achieved assessed QoS criteria and vague preference of users using

fuzzy inference engine

iv.  To develop the autonomous optimized budget-constrained QoS-aware
service composition using concurrent SLA-based negotiation and

optimized surplus redistribution

1.6 Scope of the Research

Considering the aforementioned sections, this research was inspired by four
research directions comprising collaborative decision support systems, Web service
selection and composition, fuzzy inference systems, and SLA-based service

negotiation. In this research:

e Crowdsourcing as collaborative decision support technique is utilized to

support QoS-aware assessment of Web services
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e Consensus as collaborative decision support technique is employed to
converge diverse subjective assessments based on the trustworthiness
levels of involved crowd members to support reliable service selection

e Fuzzy inference engine is used to support multi-criteria ranking strategy
and handle and enforce vague preference of users on QoS metrics for
service selection

e SLA-based concurrent negotiation is applied to support budget-
constrained service composition

e Surplus redistribution is utilized to support self-optimized service

composition

The discovery process of a crowd that supports QoS-aware service assessment
and fulfills the required conditions is beyond the scope of this research. It is assumed
that the suitable formed crowd is ready to be involved in the consensus process and

this research only focuses on the consensus and aggregation processes.

1.7 Significance of the Research

The advantages of service computing such as being platform-independent,
loosely coupled, and standard-based encourage enterprises and companies to utilize it
for low-cost and rapid developments of their distributed applications in heterogonous
environments (Bouguettaya et al., 2014b; Papazoglou and van den Heuvel, 2007; Yu
et al., 2008). SOC is continuously progressing to the extent that Internet of Services
(10S) will offer service consumers variant web services in all areas of their life and

business in near future.

Considering a growing number of services provide the same functionalities and
variant QoS, service users face a competitive situation to choose the accurate and
appropriate services to fulfill their goals and desires. This leads to the problem of
service selection and composition considered a NP-hard problem in SOC (Ben
Mabrouk et al., 2009b). Web service selection and composition is an active area of
research in SOC that has been heavily investigated over the past decade (Ishikawa,

2014; Jula et al., 2014; Sheng et al., 2014Db). Despite its massive improvements, the
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process of selection and composition of Web Services is still considered as a

complicated task due to the following reasons:

e First, dynamic behaviour of service results to QoS changes over the time.
It necessitates the service assessment mechanism to be evolved over the
time.

e Second, service assessment usually faces diversity of evaluations which
may suffer from subjective or dishonest contributions.

e Third, service users have their own preferences on QoS metrics and budget
constraints that need to be accounted in service selection and composition.

e Forth, service composition is required to select the best candidate services
that maximizes QoS metrics while adheres to the budget constraints of

USETrS.

Moreover, rising the new emerging service oriented paradigms such as social
computing, cloud computing, and Internet of things imposes new unaddressed
challenges and requires revisit the previously addressed problems to propose new
outperformed solutions. Considering the intrinsic nature of service computing, CDSSs
have great potential to support service selection and composition. This research tries
to open a new horizon for service selection and composition to utilize crowd-enabled

consensus-based decision making.

1.8 Thesis Organization

This chapter is completely explained the nature of the research, the facing
problems, the purpose and objectives of the research to address these problems and
scope of the research. The reminder of this thesis is organized as follows:

e Chapter 2 presents the background on research directions, discusses the
unaddressed challenges, and describes literature review on existing works in

service selection and composition
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The proposed research methodology is elaborated in Chapter 3 providing an
overview of the research phases, analysis of requirements and explanations on
development and evaluation of these phases.

Chapter 4 presents research design and implementation introducing a crowd-
enabled consensus-based service selection mechanism under fuzzy preference of
users and Pareto-optimal service composition mechanism using SLA negotiation
and surplus redistribution. The proposed techniques and algorithms are describes
in details.

Experimental results and discussion are provided in chapter 5 to indicate the
applicability and feasibility of the proposed approaches and investigate their
performance evaluations.

Finally, the thesis is summarized and concluded in chapter 6 by discussing the

contributions of this research and suggestions for future research directions.



REFERENCES

Acampora, G., Gaeta, M., Loia, V., and Vasilakos, A. V. (2010). Interoperable and
adaptive fuzzy services for ambient intelligence applications. ACM Trans.
Auton. Adapt. Syst., 5(2), 1-26.

Al-Helal, H., and Gamble, R. (2014). Introducing Replaceability into Web Service
Composition. leee Transactions on Services Computing, 7(2), 198-209.
Alrifai, M., Risse, T., and Nejdl, W. (2012). A hybrid approach for efficient Web
service composition with end-to-end QoS constraints. ACM Trans. Web, 6(2),

1-31.

Alter, S. L. (1980). Decision Support Systems: Current Practice and Continuing
Challenge: Reading, MA: Addison-Wesley.

Alter, S. L. (1975). A Study of Computer Aided Decision Making in Organizations.
M.LT.

AmirVahid, D., and Rajkumar, B. (2011). A Taxonomy of QoS Management and
Service Selection Methodologies for Cloud Computing. In Cloud Computing
(pp. 109-131): CRC Press.

Aral, S., Dellarocas, C., and Godes, D. (2013). Introduction to the Special Issue Social
Media and Business Transformation: A Framework for Research. Information
Systems Research, 24(1), 3-13.

Axelrod, R. (2006). The Evolution of Cooperation: Revised Edition. New York: Basic
books.

Baina, K., Benatallah, B., Casati, F., and Toumani, F. (2004). Model-Driven Web
Service Development. In Advanced Information Systems Engineering (CAISE
04) (Vol. 3084, pp. 290-306): Springer Berlin Heidelberg.

Barakat, L., Miles, S., and Luck, M. (2014). Efficient adaptive QoS-based service
selection. Service Oriented Computing and Applications, 8(4), 261-276.

Bauso, D., Giarré, L., and Pesenti, R. (2006). Non-linear protocols for optimal
distributed consensus in networks of dynamic agents. Systems & Control
Letters, 55(11), 918-928.



230

Ben Mabrouk, N., Beauche, S., Kuznetsova, E., Georgantas, N., and Issarny, V.
(2009a). QoS-Aware Service Composition in Dynamic Service Oriented
Environments. In J. M. Bacon and B. F. Cooper (Eds.), Middleware 2009,
Proceedings (Vol. 5896, pp. 123-142).

QoS-Aware Service Composition in Dynamic Service Oriented Environments, 5896
123-142 2009b).

Benatallah, B., Dumas, M., and Sheng, Q. Z. (2005). Facilitating the rapid
development and scalable orchestration of composite web services. Distrib.
Parallel Databases, 17(1), 5-37.

Benouaret, K., Benslimane, D., and Hadjali, A. (2012a, 24-29 June 2012). Selecting
Skyline Web Services from Uncertain QoS. Paper presented at the Services
Computing (SCC), 2012 IEEE Ninth International Conference on, 523-530.

Benouaret, K., Benslimane, D., and Hadjali, A. (2012b, 24-29 June 2012). WS-Sky: An
Efficient and Flexible Framework for QoS-Aware Web Service Selection.
Paper presented at the Services Computing (SCC), 2012 IEEE Ninth
International Conference on, 146-153.

Berardi, D., Calvanese, D., De Giacomo, G., and Mecella, M. (2005a). Automatic
composition of process-based web services: a challenge. Paper presented at the
Workshop on Web Service Semantics: Towards Dynamic Business Integration
(WSS 2005), New York, NY, USA.

Berardi, D., De Giacomo, G., and Mecella, M. (2005b). Basis for automatic service
composition. Paper presented at the The 14th International World Wide Web
Conference (WWW’05).

Berners-Lee, T., Hendler, J., and Lassila, O. (2001). The semantic web. Scientific
american, 284(5), 28-37.

Bessis, N., Xhafa, F., Varvarigou, D., Hill, R., and Li, M. (2012). Internet of Things
and Inter-cooperative Computational Technologies for Collective Intelligence:
Springer Publishing Company, Incorporated.

Boudreau, K. J., and Lakhani, K. R. (2009). How to manage outside innovation. MIT
Sloan Manag. Rev., 50(4), 69-76.

Bouguettaya, A., Sheng, Q. Z., and Daniel, F. (2014a). Advanced web services:
Springer.

Bouguettaya, A., Sheng, Q. Z., and Daniel, F. (2014b). Web Services Foundations:
Springer.



231

Bourne, S., Szabo, C., and Sheng, Q. (2012). Ensuring Well-Formed Conversations
between Control and Operational Behaviors of Web Services. In C. Liu, H.
Ludwig, F. Toumani and Q. Yu (Eds.), Service-Oriented Computing (Vol.
7636, pp. 507-515): Springer Berlin Heidelberg.

Brabham, D. C. (2008). Crowdsourcing as a Model for Problem Solving: An
Introduction and Cases. Convergence: The International Journal of Research
into New Media Technologies, 14(1), 75-90.

Brabham, D. C. (2013). Crowdsourcing. Boston, MA: MIT Press.

Brans, J. P., Vincke, P., and Mareschal, B. (1986). How to select and how to rank
projects: The Promethee method. European Journal of Operational Research,
24(2), 228-238.

Brensted, J., Hansen, K. M., and Ingstrup, M. (2010). Service composition issues in
pervasive computing. IEEE Pervasive Computing, 9(1), 62-70.

Brzostowski, J., and Kowalczyk, R. (2006). Predicting partner's behaviour in agent
negotiation. Paper presented at the Proceedings of the fifth international joint
conference on Autonomous agents and multiagent systems.

Burstein, F., and Holsapple, C. (2008). Handbook on decision support systems 1: Basic
Themes (Vol. 1): Springer.

Cappiello, C., Comuzzi, M., and Plebani, P. (2007). On Automated Generation of Web
Service Level Agreements. In J. Krogstie, A. Opdahl and G. Sindre (Eds.),
Advanced Information Systems Engineering (Vol. 4495, pp. 264-278):
Springer Berlin Heidelberg.

Charfi, A., Dinkelaker, T., and Mezini, M. (2009, 6-10 July 2009). A Plug-in
Architecture for Self-Adaptive Web Service Compositions. Paper presented at
the Web Services, 2009. ICWS 2009. IEEE International Conference on, 35-
42,

Chen, W.-K. (1997). Graph theory and its engineering applications (Vol. 29): World
Scientific River Edge, New Jersey.

Chhetri, M. B, Lin, J., Goh, S. K., Jun, Y., Jian Ying, Z., and Kowalczyk, R. (2006,
18-21 April 2006). A coordinated architecture for the agent-based service level
agreement negotiation of Web service composition. Paper presented at the
Software Engineering Conference, 2006. Australian, 10 pp.

Chhetri, M. B., Quoc Bao, V., and Kowalczyk, R. (2012, 13-16 May 2012). Policy-

Based Automation of SLA Establishment for Cloud Computing Services. Paper



232

presented at the Cluster, Cloud and Grid Computing (CCGrid), 2012 12th
IEEE/ACM International Symposium on, 164-171.

Chiu, C.-M., Liang, T.-P., and Turban, E. (2014). What can crowdsourcing do for
decision support? Decision Support Systems, 65(0), 40-49.

Chongming, H. (2004, 20-24 Sept. 2004). Predicting agents tactics in automated
negotiation. Paper presented at the Intelligent Agent Technology, 2004. (IAT
2004). Proceedings. IEEE/WIC/ACM International Conference on, 127-133.

Christopher, J. H. (2011). Intertemporal Discount Factors as a Measure of
Trustworthiness in Electronic Commerce. IEEE Transactions on Knowledge
and Data Engineering, 23(5), 699-712.

Coehoorn, R. M., and Jennings, N. R. (2004). Learning on opponent's preferences to
make effective multi-issue negotiation trade-offs. Paper presented at the
Proceedings of the 6th international conference on Electronic commerce.

Commerce, B. E., Jgsang, A., and Ismail, R. (2002). The beta reputation system. Paper
presented at the In Proceedings of the 15th Bled Electronic Commerce
Conference.

Costante, E., Paci, F., and Zannone, N. (2013). Privacy-Aware Web Service
Composition and Ranking. International Journal of Web Services Research,
10(3), 1-23.

D'Mello, D. A., and Ananthanarayana, V. S. (2010). Dynamic selection mechanism
for quality of service aware web services. Enterprise Information Systems,
4(1), 23-60.

Dalpiaz, A. D. B. F., Meland, P. G. P. H., and Rios, E. (2014). Secure and Trustworthy
Service Composition: Springer.

Dastjerdi, A. V. (2013). QoS-aware and Semantic-based Service Coordination for
Multi-Cloud Environments. PhD thesis, University of Melbourne.

Dastjerdi, A. V., and Buyya, R. (2012). An Autonomous Reliability-Aware Negotiation
Strategy for Cloud Computing Environments. Paper presented at the
Proceedings of the 2012 12th IEEE/ACM International Symposium on Cluster,
Cloud and Grid Computing (ccgrid 2012).

Dastjerdi, A. V., and Buyya, R. (2014). Compatibility-Aware Cloud Service
Composition under Fuzzy Preferences of Users. IEEE Transactions on Cloud
Computing, 2(1), 1-13.



233

Delaney, M. M., Foroughi, A., and Perkins, W. C. (1997). An empirical study of the
efficacy of a computerized negotiation support system (NSS). Decis. Support
Syst., 20(3), 185-197.

Deus, L. (2000). Collaboration marketplace evolving to meet emerging needs. The
Edge Perspectives, 1(1).

Ding, Z. H., Chen, M. H., and Li, X. X. (2014). Online reliability computing of
composite services based on program invariants. Information Sciences, 264,
340-348.

Doan, A., Ramakrishnan, R., and Halevy, A. Y. (2011). Crowdsourcing systems on
the World-Wide Web. Commun. ACM, 54(4), 86-96.

Dou, W., Lv, C., Zhang, X., and Jinjun, C. (2011, 4-9 July 2011). A QoS-Aware Service
Evaluation Method for Co-selecting a Shared Service. Paper presented at the
Web Services (ICWS), 2011 IEEE International Conference on, 145-152.

Dustdar, S., and Schreiner, W. (2005). A survey on web services composition. Int. J.
Web Grid Serv., 1(1), 1-30.

Faratin, P. (2000). Automated service negotiation between autonomous computational
agents. University of London, London, UK.

Faratin, P., Sierra, C., and Jennings, N. R. (2002). Using similarity criteria to make
issue trade-offs in automated negotiations. Artificial Intelligence, 142(2), 205-
237.

Fensel, D., Lausen, H., Polleres, A., de Bruijn, J., Stollberg, M., Roman, D., et al.
(2007). Enabling semantic web services: Springer.

Fielding, R. T. (2000). Architectural styles and the design of network-based software
architectures. University of California, Irvine.

Fielding, R. T., and Taylor, R. N. (2002). Principled design of the modern Web
architecture. ACM Trans. Internet Technol., 2(2), 115-150.

Figueira, J., Greco, S., and Ehrgott, M. (2005). Multiple criteria decision analysis:
state of the art surveys (Vol. 78): Springer Science & Business Media.
Gholam Hassan Tabatabaei, S., Vahid Dastjerdi, A., Wan Kadir, W. M. N., Ibrahim,
S., and Sarafian, E. (2010). Security conscious Al-planning-based composition
of semantic web services. International Journal of Web Information Systems,
6(3), 203-229.

Guan, Y., Ghose, A. K., and Lu, Z. (2006). HCLP based service composition.



234

Guinard, D., and Trifa, V. (2009). Towards the web of things: Web mashups for
embedded devices. Paper presented at the Workshop on Mashups, Enterprise
Mashups and Lightweight Composition on the Web (MEM 2009), in
proceedings of WWW (International World Wide Web Conferences), Madrid,
Spain, 15.

Gulley, N., and Jang, J. R. (1996). Fuzzy Logic toolbox: for use with MATLAB: Math
Works.

Haibo, Z., and Doshi, P. (2009, 6-10 July 2009). Towards Automated RESTful Web
Service Composition. Paper presented at the Web Services, 2009. ICWS 2009.
IEEE International Conference on, 189-196.

Hang, C. W., and Singh, M. P. (2011). Trustworthy Service Selection and
Composition. Acm Transactions on Autonomous and Adaptive Systems, 6(1).

He, Q., Yan, J., Jin, H., and Yang, Y. (2014). Quality-Aware Service Selection for
Service-Based Systems Based on lIterative Multi-Attribute Combinatorial
Auction. leee Transactions on Software Engineering, 40(2), 192-215.

Hien Trang, N., Weiliang, Z., and Jian, Y. (2010, 5-10 July 2010). A Trust and
Reputation Model Based on Bayesian Network for Web Services. Paper
presented at the Web Services (ICWS), 2010 IEEE International Conference
on, 251-258.

Holsapple, C. W., and Whinston, A. B. (1996). Decision Support Systems: A
Knowledge-Based Approach: St. Paul: West.

Howe, J. (2006). The rise of crowdsourcing. Wired magazine, 14(6), 1-4.

Howe, J. (2009). Crowdsourcing: Why the power of the crowd is driving the future of
business: Random House Books, New York.

Hung, P. C. K., Haifei, L., and Jun-Jang, J. (2004, 5-8 Jan. 2004). WS-Negotiation: an
overview of research issues. Paper presented at the System Sciences, 2004.
Proceedings of the 37th Annual Hawaii International Conference on, 10 pp.

IBM. (2007). New to SOA and web services. Retrieved November, 2014, from
http://www.ibm.com/developerworks/webservices/

Immonen, A., and Pakkala, D. (2014). A survey of methods and approaches for reliable
dynamic service compositions. Service Oriented Computing and Applications,
8(2), 129-158.



235

Ishikawa, F. (2014). QoS-based Service Selection. In A. Bouguettaya, Q. Z. Sheng and
F. Daniel (Eds.), Web Services Foundations (pp. 375-397): Springer New
York.

Ivanov, S. V., Kovalchuk, S. V., and Boukhanovsky, A. V. (2013). Workflow-based
Collaborative Decision Support for Flood Management Systems. Procedia
Computer Science, 18(0), 2213-2222.

Jelassi, M. T., and Foroughi, A. (1989). Negotiation support systems: An overview of
design issues and existing software. Decision Support Systems, 5(2), 167-181.

Jin, L.-j., Machiraju, V., and Sahai, A. (2002). Analysis on service level agreement of
web  services. HP  Technical Report, December 2014, from
www.hpl.hp.com/techreports/2002/HPL-2002-180

Jula, A., Sundararajan, E., and Othman, Z. (2014). Cloud computing service
composition: A systematic literature review. Expert Systems with Applications,
41(8), 3809-3824.

Kalasapur, S., Kumar, M., and Shirazi, B. (2007). Dynamic Service Composition in
Pervasive Computing. Parallel and Distributed Systems, IEEE Transactions
on, 18(7), 907-918.

Khadka, R., and Sapkota, B. (2010). An evaluation of dynamic web service
composition approaches. Paper presented at the 4th International Workshop on
Architectures, Concepts and Technologies for Service Oriented Computing
(ACT4SOC 2010).

Khosravifar, B., Gomrokchi, M., Bentahar, J., and Thiran, P. (2009). Maintenance-
based trust for multi-agent systems. Paper presented at the Proceedings of The
8th International Conference on Autonomous Agents and Multiagent Systems
- Volume 2.

Kim, C. N., Yang, K. H., and Kim, J. (2008). Human decision-making behavior and
modeling effects. Decision Support Systems, 45(3), 517-527.

Kongdenfha, W., Motahari-Nezhad, H. R., Benatallah, B., Casati, F., and Saint-Paul,
R. (2009). Mismatch Patterns and Adaptation Aspects: A Foundation for Rapid
Development of Web Service Adapters. Services Computing, IEEE
Transactions on, 2(2), 94-107.

Kouicem, A., Chibani, A., Tari, A., Amirat, Y., and Tari, Z. (2014, 6-8 March 2014).

Dynamic services selection approach for the composition of complex services



236

in the web of objects. Paper presented at the Internet of Things (WF-10T), 2014
IEEE World Forum on, 298-303.

Kraemer, K. L., and King, J. L. (1988). Computer-based systems for cooperative work
and group decision making. ACM Comput. Surv., 20(2), 115-146.

Kwang Mong, S. (2010). Grid Resource Negotiation: Survey and New Directions.
Systems, Man, and Cybernetics, Part C: Applications and Reviews, IEEE
Transactions on, 40(3), 245-257.

Kwang Mong, S., and Shi Yu, W. (2004). Flexible negotiation agent with relaxed
decision rules. Systems, Man, and Cybernetics, Part B: Cybernetics, IEEE
Transactions on, 34(3), 1602-1608.

Larsen, P. M. (1980). Industrial applications of fuzzy logic control. International
Journal of Man-Machine Studies, 12(1), 3-10.

Lau, R. Y., Li, Y., Song, D., and Kwok, R. C. W. (2008). Knowledge discovery for
adaptive negotiation agents in e-marketplaces. Decision Support Systems,
45(2), 310-323.

Lawley, R., Luck, M., Decker, K., Payne, T., And Moreau, L. (2003). Automated
Negotiation Between Publishers And Consumers Of Grid Notifications.
Parallel Processing Letters, 13(04), 537-548.

Li, J., and Yahyapour, R. (2006). Negotiation Strategies for Grid Scheduling. In Y .-C.
Chung and J. Moreira (Eds.), Advances in Grid and Pervasive Computing (Vol.
3947, pp. 42-52): Springer Berlin Heidelberg.

Li, X,, Fan, Y., Madnick, S., and Sheng, Q. Z. (2010). A pattern-based approach to
protocol mediation for web services composition. Information and Software
Technology, 52(3), 304-323.

Li, X., Fan, Y., Sheng, Q. Z., Maamar, Z., and Zhu, H. (2011). A Petri Net Approach
to Analyzing Behavioral Compatibility and Similarity of Web Services. IEEE
Transactions on Systems, Man, and Cybernetics, Part A: Systems and Humans,
41(3), 510-521.

Lin, S. Y., Lai, C. H., Wu, C. H., and Lo, C. C. (2014). A trustworthy QoS-based
collaborative filtering approach for web service discovery. Journal of Systems
and Software, 93, 217-228.

Linlin, W., and Rajkumar, B. (2012). Service Level Agreement (SLA) in Utility
Computing Systems. In C. Valeria, C. Emiliano, B. Kalinka Regina Lucas

Jaquie Castelo, E. Julio Cezar and M. Francisco José (Eds.), Performance and



237

Dependability in Service Computing: Concepts, Techniques and Research
Directions (pp. 1-25). Hershey, PA, USA: IGI Global.

Liu, M., Wang, M., Shen, W., Luo, N., and Yan, J. (2012). A quality of service (QoS)-
aware execution plan selection approach for a service composition process.
Future Generation Computer Systems, 28(7), 1080-1089.

Liu, Y., Muller, S., and Xu, K. (2007). A static compliance-checking framework for
business process models. IBM Systems Journal, 46(2), 335-361.

Mamdani, E. H. (1976). Advances in the linguistic synthesis of fuzzy controllers.
International Journal of Man-Machine Studies, 8(6), 669-678.

Mamdani, E. H., and Assilian, S. (1975). An experiment in linguistic synthesis with a
fuzzy logic controller. International Journal of Man-Machine Studies, 7(1), 1-
13.

Man-Ching, Y., King, I., and Kwong-Sak, L. (2011, 9-11 Oct. 2011). A Survey of
Crowdsourcing Systems. Paper presented at the Privacy, Security, Risk and
Trust (PASSAT) and 2011 IEEE Third Inernational Conference on Social
Computing (SocialCom), 2011 IEEE Third International Conference on, 766-
773.

Marks, M. A., Mathieu, J. E., and Zaccaro, S. J. (2001). A temporally based framework
and taxonomy of team processes. Academy of Management Review, 26(3), 356-
376.

Massey, A. P. (2008). Collaborative Technologies. In Handbook on Decision Support
Systems 1 (pp. 341-354): Springer Berlin Heidelberg.

Mathew, S., Atif, Y., Sheng, Q., and Maamar, Z. (2013). The Web of Things -
Challenges and Enabling Technologies. In N. Bessis, F. Xhafa, D. Varvarigou,
R. Hill and M. Li (Eds.), Internet of Things and Inter-cooperative
Computational Technologies for Collective Intelligence (Vol. 460, pp. 1-23):
Springer Berlin Heidelberg.

McGill, T. J., and Klobas, J. E. (2005). The role of spreadsheet knowledge in user-
developed application success. Decision Support Systems, 39(3), 355-369.

Medjahed, B. (2004). Semantic web enabled composition of web services. Virginia
Polytechnic Institute and State University, Falls Church, Virginia, USA.

Medjahed, B., Bouguettaya, A., and Elmagarmid, A. K. (2003). Composing Web
services on the Semantic Web. The VLDB Journal, 12(4), 333-351.



238

Mehdi, M., Bouguila, N., and Bentahar, J. (2012, 24-29 June 2012). Trustworthy Web
Service Selection Using Probabilistic Models. Paper presented at the Web
Services (ICWS), 2012 IEEE 19th International Conference on, 17-24.

Menasce, D. A., Casalicchio, E., and Dubey, V. (2010). On optimal service selection
in Service Oriented Architectures. Performance Evaluation, 67(8), 659-675.

Michlmayr, A., Rosenberg, F., Leitner, P., and Dustdar, S. (2010). End-to-End Support
for QoS-Aware Service Selection, Binding, and Mediation in VRESCo.
Services Computing, IEEE Transactions on, 3(3), 193-205.

Mikulski, D. G., Lewis, F. L., Gu, E. Y., and Hudas, G. R. (2012). Trust Method for
Multi-Agent Consensus. In R. E. Karlsen, D. W. Gage, C. M. Shoemaker and
G. R. Gerhart (Eds.), Unmanned Systems Technology Xiv (Vol. 8387).

Mistry, O., G\, A, #252, rsel, and Sen, S. (2009). Comparing trust mechanisms for
monitoring aggregator nodes in sensor networks. Paper presented at the
Proceedings of The 8th International Conference on Autonomous Agents and
Multiagent Systems - Volume 2.

Mosincat, A., Binder, W., and Jazayeri, M. (2012). Achieving runtime adaptability
through automated model evolution and variant selection. Enterprise
Information Systems, 8(1), 67-83.

Motallebi, M. R., Ishikawa, F., and Honiden, S. (2012, 24-29 June 2012). Trust
Computation in Web Service Compositions Using Bayesian Networks. Paper
presented at the Web Services (ICWS), 2012 IEEE 19th International
Conference on, 623-625.

Nezhad, H. R. M., Xu, G. Y., and Benatallah, B. (2010). Protocol-aware matching of
web service interfaces for adapter development. Paper presented at the
Proceedings of the 19th international conference on World wide web.

Ngu, A. H. H., Carlson, M. P., Sheng, Q. Z., and Hye-young, P. (2010). Semantic-
Based Mashup of Composite Applications. Services Computing, IEEE
Transactions on, 3(1), 2-15.

Nikola, M. (2004). Current Solutions for Web Service Composition. IEEE Internet
Computing, 8, 51-59.

Noor, T. H., Sheng, Q. Z., Zeadally, S., and Yu, J. (2013). Trust management of
services in cloud environments: Obstacles and solutions. ACM Comput. Surv.,
46(1), 1-30.



239

OASIS. (2006). OASIS Web Services Security. Retrieved December, 2014, from
https://www.0asis-open.org/committees/tc_home.php?wg_abbrev=wss
OASIS. (2007). Web Services Business Process Execution Language Version 2.0.
Retrieved December, 2014, from http://docs.oasis-

open.org/wsbpel/2.0/0S/wsbpel-v2.0-OS.html

OASIS. (2009). Web Services Federation Language (WS-Federation) Version 1.2.
Retrieved December, 2014, from http://docs.oasis-
open.org/wsfed/federation/v1.2/os/ws-federation-1.2-spec-0s.html

OASIS. (2012). WS-Trust 1.4. Retrieved December, 2014, from http://docs.oasis-
open.org/ws-sx/ws-trust/v1.4/ws-trust.html

Olfati-Saber, R., Fax, J. A., and Murray, R. M. (2007). Consensus and Cooperation in
Networked Multi-Agent Systems. Proceedings of the IEEE, 95(1), 215-233.

Olfati-Saber, R., and Murray, R. M. (2004). Consensus problems in networks of agents
with switching topology and time-delays. Automatic Control, IEEE
Transactions on, 49(9), 1520-1533.

Osborne, M. J., and Rubinstein, A. (1994). A course in game theory: MIT press.

Pan, Z., and Baik, J. (2010). A Qos Enhanced Framework And Trust Model For
Effective Web Services Selection. Journal of Web Engineering, 9(4), 327-346.

Papazoglou, M., and van den Heuvel, W.-J. (2007). Service oriented architectures:
approaches, technologies and research issues. The VLDB Journal, 16(3), 389-
415.

Papazoglou, M. P., Traverso, P., Dustdar, S., and Leymann, F. (2007). Service-
Oriented Computing: State of the Art and Research Challenges. Computer,
40(11), 38-45.

Papazoglou, M. P., Traverso, P., Dustdar, S., And Leymann, F. (2008). Service-
Oriented Computing: A Research Roadmap. International Journal of
Cooperative Information Systems, 17(02), 223-255.

Paradesi, S., Doshi, P., and Swaika, S. (2009, 6-10 July 2009). Integrating Behavioral
Trust in Web Service Compositions. Paper presented at the Web Services, 2009.
ICWS 2009. IEEE International Conference on, 453-460.

Parashar, M., and Hariri, S. (2006). Autonomic computing: concepts, infrastructure,

and applications: CRC press.



240

Pautasso, C., Zimmermann, O., and Leymann, F. (2008a). Restful web services vs.

"big™ web services: making the right architectural decision. Paper presented
at the Proceedings of the 17th international conference on World Wide Web.

Pautasso, C., Zimmermann, O., and Leymann, F. (2008b). Restful web services vs.
"big™ web services: making the right architectural decision. Paper presented
at the Proceedings of the 17th international conference on World Wide Web
(WWW 2008).

Peijie, H., Piyuan, L., and Hong, P. (2010, 21-24 May 2010). Grid-Cloud: IT platform
for Service Science. Paper presented at the Future Computer and
Communication (ICFCC), 2010 2nd International Conference on, V3-143-
V143-147.

Peltz, C. (2003). Web services orchestration and choreography. Computer, 36(10), 46-
52.

Plebani, P., Cappiello, C., Comuzzi, M., Pernici, B., and Yadav, S. (2012).
MicroMAIS: executing and orchestrating Web services on constrained mobile
devices. Software: Practice and Experience, 42(9), 1075-1094.

Ponce-Cruz, P., Ramirez-Figueroa, F. D., and Ramirez-Figueroa, F. D. (2010).
Intelligent control systems with LabVIEW (Vol. 216): Springer.

Power, D. J. (2001, 19-22 June). Supporting decision-makers: An expanded
framework. Paper presented at the Proceedings of the Informing Science and
IT Education Conference, 431-436.

Power, D. J. (2002). Decision support systems: concepts and resources for managers:
Greenwood Publishing Group.

Qiang, D., Yuhong, Y., and Vasilakos, A. V. (2012). A Survey on Service-Oriented
Network Virtualization Toward Convergence of Networking and Cloud
Computing. Network and Service Management, IEEE Transactions on, 9(4),
373-392.

Qiu, D., Li, B., Ji, S., and Leung, H. (2014). Regression Testing of Web Service: A
Systematic Mapping Study. ACM Comput. Surv., 47(2), 1-46.

Rahimi, M. R., Venkatasubramanian, N., Mehrotra, S., and Vasilakos, A. V. (2012).
MAPCloud: Mobile Applications on an Elastic and Scalable 2-Tier Cloud
Architecture. Paper presented at the Proceedings of the 2012 IEEE/ACM Fifth
International Conference on Utility and Cloud Computing.



241

Raia, H. (1982). The art and science of negotiation. Harvard UniversityPress,
Cambridge MA.

Ravn, A. P., Ji\, W#345, \#237, Srba, and Vighio, S. (2010). A formal analysis of the
web services atomic transaction protocol with UPPAAL. Paper presented at the
Proceedings of the 4th international conference on Leveraging applications of
formal methods, verification, and validation - Volume Part |.

Rehman, Z. U., Hussain, O. K., and Hussain, F. K. (2014). Parallel Cloud Service
Selection and Ranking Based on QoS History. International Journal of
Parallel Programming, 42, 820-852.

Richter, J., Baruwal Chhetri, M., Kowalczyk, R., and Bao Vo, Q. (2012). Establishing
composite SLAs through concurrent QoS negotiation with surplus
redistribution. Concurrency and Computation: Practice and Experience,
24(9), 938-955.

Ries, S., and Heinemann, A. (2008). Analyzing the Robustness of CertainTrust. In Y.
Karabulut, J. Mitchell, P. Herrmann and C. Jensen (Eds.), Trust Management
I1 (Vol. 263, pp. 51-67): Springer US.

Saaty, T. L. (1994). Fundamentals of decision making. Pittsburgh: RWS Publications.

Saleem, M. S., Chen, D., Xumin, L., and Chi Hung, C. (2014, June 27 2014-July 2
2014). Personalized Decision Making for QoS-Based Service Selection. Paper
presented at the Web Services (ICWS), 2014 IEEE International Conference
on, 17-24.

Satoh, F., and Tokuda, T. (2011). Security Policy Composition for Composite Web
Services. Services Computing, IEEE Transactions on, 4(4), 314-327.

Schoop, M., Jertila, A., and List, T. (2003). Negoisst: a negotiation support system for
electronic business-to-business negotiations in e-commerce. Data Knowl.
Eng., 47(3), 371-401.

Schuller, D., Lampe, U., Eckert, J., Steinmetz, R., and Schulte, S. (2013). Optimizing
Complex Service-Based Workflows for Stochastic QoS Parameters.
International Journal of Web Services Research, 10(4), 1-38.

Sensoy, M., Zhang, J., Yolum, P., and Cohen, R. (2009). Poyraz: Context-Aware
Service Selection Under Deception. Computational Intelligence, 25(4), 335-
366.



242

Shambour, Q., and Lu, J. (2011). A Hybrid Trust-Enhanced Collaborative Filtering
Recommendation Approach for Personalized Government-to-Business e-
Services. International Journal of Intelligent Systems, 26(9), 814-843.

Sheng, Q. (2006). Composite web services provisioning in dynamic environments.
University of New South Wales, Sydney, NSW, Australia.

Sheng, Q., Benatallah, B., Maamar, Z., Dumas, M., and Ngu, A. H. (2004). Enabling
Personalized Composition and Adaptive Provisioning of Web Services. In
Advanced Information Systems Engineering (Vol. 3084, pp. 322-337):
Springer Berlin Heidelberg.

Sheng, Q. Z., Benatallah, B., Dumas, M., and Mak, E. O.-Y. (2002). SELF-SERV: a
platform for rapid composition of web services in a peer-to-peer environment.
Paper presented at the Proceedings of the 28th international conference on
Very Large Data Bases.

Sheng, Q. Z., Benatallah, B., Maamar, Z., and Ngu, A. H. H. (2009). Configurable
Composition and Adaptive Provisioning of Web Services. Services
Computing, IEEE Transactions on, 2(1), 34-49.

Sheng, Q. Z., Maamar, Z., Yao, L., Szabo, C., and Bourne, S. (2014a). Behavior
modeling and automated verification of Web services. Information Sciences,
258(0), 416-433.

Sheng, Q. Z., Qiao, X. Q., Vasilakos, A. V., Szabo, C., Bourne, S., and Xu, X. F.
(2014b). Web services composition: A decade's overview. Information
Sciences, 280, 218-238.

Sheng, Q. Z., Yu, J., and Dustdar, S. (2010). Enabling context-aware web services:
methods, architectures, and technologies: CRC Press.

Sheth, A. P., Gomadam, K., and Lathem, J. (2007). SA-REST: Semantically
Interoperable and Easier-to-Use Services and Mashups. Internet Computing,
IEEE, 11(6), 91-94.

Simon, H. A. (1955). A Behavioral Model of Rational Choice. The Quarterly Journal
of Economics, 69(1), 99-118.

Singh, M. P. (2001). Physics of Service Composition. IEEE Internet Computing, 5(3),
6-7.

Sirin, E., Hendler, J., and Parsia, B. (2003). Semi-automatic composition of web

services using semantic descriptions. Paper presented at the 1st Workshop on



243

Web Services: Modeling, Architecture and Infrastructure in Conjuction with
ICEIS2003, 17-24.

Skogan, D., Gronmo, R., and Solheim, 1. (2004). Web Service Composition in UML.
Paper presented at the Eighth IEEE International Enterprise Distributed Object
Computing Conference.

Skopik, F. (2010). Dynamic Trust in Mixed Service-oriented Systems. Unpublished
PhD Thesis, Technische Universitat Wien.

Skopik, F., Schall, D., and Dustdar, S. (2010). Modeling and mining of dynamic trust
in complex service-oriented systems. Information Systems, 35(7), 735-757.

Sugeno, M., and Takagi, T. (1983). Multi-dimensional fuzzy reasoning. Fuzzy Sets
Syst., 9(1-3), 313-325.

Sun, L., Dong, H., Hussain, F. K., Hussain, O. K., and Chang, E. (2014). Cloud service
selection: State-of-the-art and future research directions. Journal of Network
and Computer Applications, 45(0), 134-150.

Sun, Q.B.,Wang, S. G., Zou, H.,and Yang, F. C. (2011). QSSA: A QoS-aware Service
Selection Approach. International Journal of Web and Grid Services, 7(2),
147-169.

Sun, Y. G., and Wang, L. (2009). Consensus problems in networks of agents with
double-integrator dynamics and time-varying delays. International Journal of
Control, 82(10), 1937-1945.

Tabatabaei, S. G. H., Vahid-Dastjerdi, A., Wan-Kadir, W., Ibrahim, S., and Sarafian,
E. (2010). Security conscious Al-planning-based composition of semantic web
services. International Journal of Web Information Systems, 6(3), 203-229.

Takagi, T., and Sugeno, M. (1985). Fuzzy identification of systems and its applications
to modeling and control. Systems, Man and Cybernetics, IEEE Transactions
on, SMC-15(1), 116-132.

Tao, Q., Chang, H.-y., Gu, C.-g., and Yi, Y. (2012). A novel prediction approach for
trustworthy QoS of web services. Expert Systems with Applications, 39(3),
3676-3681.

Tao, Z., Jianfeng, M., Ning, X., Ximeng, L., Zhiquan, L., and Jinbo, X. (2014, June 27
2014-July 2 2014). Trustworthy Service Composition in Service-Oriented
Mobile Social Networks. Paper presented at the Web Services (ICWS), 2014
IEEE International Conference on, 684-687.



244

Thabhriti, S.-E., Mrissa, M., Medjahed, B., Ghedira, C., Barhamgi, M., and Fayn, J.
(2011). Privacy-Aware DaaS Services Composition. In A. Hameurlain, S.
Liddle, K.-D. Schewe and X. Zhou (Eds.), Database and Expert Systems
Applications (Vol. 6860, pp. 202-216): Springer Berlin Heidelberg.

Thahriti, S. E., Ghedira, C., Medjahed, B., Mrissa, M., and Benslimane, D. (2013).
How to Enhance Privacy Within DaaS Service Composition? leee Systems
Journal, 7(3), 442-454.

Thi Mai Trang, N., Boukhatem, N., and Puiolle, G. (2003). COPS-SLS usage for
dynamic policy-based QoS management over heterogeneous IP networks.
Network, IEEE, 17(3), 44-50.

Tran, V. X., Tsuji, H., and Masuda, R. (2009). A new QoS ontology and its QoS-based
ranking algorithm for Web services. Simulation Modelling Practice and
Theory, 17(8), 1378-1398.

Tsukamoto, Y. (1979). An approach to fuzzy reasoning method. In Advances in fuzzy
set theory and applications: North-Holland Publishing Company.

Verma, D. C. (2004). Service level agreements on IP networks. Proceedings of the
IEEE, 92(9), 1382-1388.

Viriyasitavat, W., Xu, L. D., and Viriyasitavat, W. (2014). Compliance Checking for
Requirement-Oriented Service Workflow Interoperations. leee Transactions
on Industrial Informatics, 10(2), 1469-1477.

W3C. (2004a). Web Services Architecture. Retrieved November, 2014, from
http://www.w3.0rg/TR/ws-arch/

W3C. (2004b). Web Services Choreography Description Language Version 1.0.
Retrieved December, 2014, from http://www.w3.0rg/TR/2004/WD-ws-cdl-10-
20041217/

W3C. (2007). SOAP Version 1.2 Part 1: Messaging Framework (Second Edition).
Retrieved November, 2014, from http://www.w3.0rg/TR/2007/REC-soapl12-
part1-20070427/

W. Holsapple, C. (2008). DSS Architecture and Types. In Handbook on Decision
Support Systems 1 (pp. 163-189): Springer Berlin Heidelberg.

Wang, L., and Cheng, Q. (2006). Web-based collaborative decision support services:
concept, challenges and application. Paper presented at the International
Archives of Photogrammetry, Remote Sensing, and Spatial Information

Sciences (ISPRS) Technical Commission 1l Symposium, Vienna, 12-14.



245

Wang, P. (2009). QoS-aware web services selection with intuitionistic fuzzy set under
consumer’s vague perception. Expert Systems with Applications, 36(3, Part 1),
4460-4466.

Wang, Y., Hang, C.-W., and Singh, M. P. (2011). A probabilistic approach for
maintaining trust based on evidence. J. Artif. Int. Res., 40(1), 221-267.
Weber, 1., Paik, H.-Y., and Benatallah, B. (2013). Form-Based Web Service

Composition for Domain Experts. ACM Trans. Web, 8(1), 1-40.

Wilkes, J. (2008). Utility functions, prices, and negotiation. Market Oriented Grid and
Utility Computing. Wiley Series on Parallel and Distributed Computing, 67-
88.

Wu, J., Chen, L., Yu, Q., Kuang, L., Wang, Y. L., and Wu, Z. H. (2013). Selecting
skyline services for QoS-aware composition by upgrading MapReduce
paradigm. Cluster Computing-the Journal of Networks Software Tools and
Applications, 16, 693-706.

Wu, J., Ji, L. C., Liang, T. T., and Chen, L. (2014). Topic Model based Collaborative
QoS Prediction. Applied Mathematics & Information Sciences, 8(5), 2545-
2555.

Wu, L., and Buyya, R. (2012). Service level agreement (SLA) in utility computing
systems. In Performance and Dependability in Service Computing: Concepts,
Techniques and Research Directions (pp. 1-25): IGI Global.

Xianrong, Z., Martin, P., Powley, W., and Brohman, K. (2010, 5-10 July 2010).
Applying Bargaining Game Theory to Web Services Negotiation. Paper
presented at the Services Computing (SCC), 2010 IEEE International
Conference on, 218-225.

Xitong, L., Yushun, F., Sheng, Q. Z., Maamar, Z., and Hongwei, Z. (2011). A Petri
Net Approach to Analyzing Behavioral Compatibility and Similarity of Web
Services. Systems, Man and Cybernetics, Part A: Systems and Humans, IEEE
Transactions on, 41(3), 510-521.

Xu, L. D., and Viriyasitavat, W. (2014). A Novel Architecture for Requirement-
Oriented Participation Decision in Service Workflows. leee Transactions on
Industrial Informatics, 10(2), 1478-1485.

Yan, J., Kowalczyk, R., Lin, J., Chhetri, M. B., Goh, S. K., and Zhang, J. (2007).
Autonomous service level agreement negotiation for service composition

provision. Future Generation Computer Systems, 23(6), 748-759.



246

Yao, W., and Vassileva, J. (2003, 1-3 Sept. 2003). Trust and reputation model in peer-
to-peer networks. Paper presented at the Peer-to-Peer Computing, 2003. (P2P
2003). Proceedings. Third International Conference on, 150-157.

Yavatkar, R., Pendarakis, D., and Guerin, R. (2000). A Framework for Policy-based
Admission Control: RFC Editor.

Yin, J. W., Lo, W., Deng, S. G., Li, Y., Wu, Z. H., and Xiong, N. X. (2014). Colbar:
A collaborative location-based regularization framework for QoS prediction.
Information Sciences, 265, 68-84.

Yu, Q. (2014). QoS-aware service selection via collaborative QoS evaluation. World
Wide Web-Internet and Web Information Systems, 17(1), 33-57.

Yu, Q., and Bouguettaya, A. (2010). Towards a WSMS: The State of the Art. In
Foundations for Efficient Web Service Selection (pp. 11-23): Springer US.

Yu, Q., Liu, X., Bouguettaya, A., and Medjahed, B. (2008). Deploying and managing
Web services: issues, solutions, and directions. The VLDB Journal, 17(3), 537-
572.

Zacharia, G., and Maes, P. (2000). Trust management through reputation mechanisms.
Applied Artificial Intelligence, 14(9), 881-907.

Zadeh, L. A. (1965). Fuzzy sets. Information and Control, 8(3), 338-353.

Zadeh, L. A. (1994). Fuzzy logic, Neural networks, and soft computing.
Communications of the ACM, 37(3), 77-84.

Zadeh, L. A. (1996a). Fuzzy logic = computing with words. IEEE Transactions on
Fuzzy Systems, 4(2), 103-111.

Zadeh, L. A. (1996b). Fuzzy logic = computing with words. Fuzzy Systems, IEEE
Transactions on, 4(2), 103-111.

Zan, X., and Donggang, C. (2010, 8-10 Dec. 2010). A Policy-Based Framework for
Automated SLA Negotiation for Internet-Based Virtual Computing
Environment. Paper presented at the Parallel and Distributed Systems
(ICPADS), 2010 IEEE 16th International Conference on, 694-699.

Zeleny, M., and Cochrane, J. L. (1982). Multiple criteria decision making (Vol. 25):
McGraw-Hill New York.

Zhang, B., Huang, Z. H., and Zheng, Z. M. (2014). Self-Organized Service Negotiation

for Collaborative Decision Making. Scientific World Journal.



247

Zhang, B., Xiang, Y., Wang, P., and Huang, Z. H. (2011). A Novel Capacity and Trust
Based Service Selection Mechanism for Collaborative Decision Making in
CPS. Computer Science and Information Systems, 8(4), 1159-1184.

Zhang, S. Q., Lin, W. M., Dou, W. C., and Chen, J. J. (2013). A Method for Optimizing
Top-k Composite Services towards Preference-Aware Service Dominance.
International Journal of Web Services Research, 10(2), 63-86.

Zhao, Y., and Zhu, Q. (2014). Evaluation on crowdsourcing research: Current status
and future direction. Information Systems Frontiers, 16(3), 417-434.

Zheng, Z., and Lyu, M. R. (2013). Personalized Reliability Prediction of Web Services.
ACM Trans. Softw. Eng. Methodol., 22(2), 1-25.

Zheng, Z. B., Ma, H., Lyu, M. R, and King, I. (2011). QoS-Aware Web Service
Recommendation by Collaborative Filtering. leee Transactions on Services
Computing, 4(2), 140-152.

Zheng, Z. B., Ma, H., Lyu, M. R., and King, I. (2013). Collaborative Web Service QoS
Prediction via Neighborhood Integrated Matrix Factorization. leee
Transactions on Services Computing, 6(3), 289-299.

Zulkernine, F., Martin, P., Craddock, C., and Wilson, K. (2009, 6-10 July 2009). A
Policy-Based Middleware for Web Services SLA Negotiation. Paper presented
at the Web Services, 2009. ICWS 2009. IEEE International Conference on,
1043-1050.

Zulkernine, F. H., and Martin, P. (2011). An Adaptive and Intelligent SLA Negotiation
System for Web Services. IEEE Transactions on Services Computing, 4(1), 31-
43.

Zuohua, D., Mingyue, J., and Kandel, A. (2012). Port-Based Reliability Computing
for Service Composition. Services Computing, IEEE Transactions on, 5(3),
422-436.

Zwass, V. (2010). Co-Creation: Toward a Taxonomy and an Integrated Research

Perspective. International Journal of Electronic Commerce, 15(1), 11-48.



	MahdiSharifiPFC2015ABS
	MahdiSharifiPFC2015TOC
	MahdiSharifiPFC2015CHAP1
	MahdiSharifiPFC2015REF



