VILNIUS UNIVERSITY

JOLANTA MILIAUSKAIT E

A FUZZY INFERENCE-BASED APPROACH TO PLANNING
QUALITY OF ENTERPRISE BUSINESS SERVICES

Doctoral Dissertation

Technological Sciences, Informatics EngineeringTD7

Vilnius, 2015



The dissertation was written between 2010 and 2&t1¥ilnius University

Institute of Mathematics and Informatics.

Scientific Supervisor:

Prof. Dr. AlbertasCaplinskas (Vilnius University, Technological Sciesg
Informatics Engineering — 07 T).



VILNIAUS UNIVERSITETAS

JOLANTA MILIAUSKAIT E

NERAISKIAIS SAMPROTAVIMAIS GRINDZIAMAS METODAS
VERSLO PASLAUGJ KOKYBEI PLANUOTI IMONIU PASLAUGY
STILIAUS INFORMACINESE SISTEMOSE

Daktaro disertacija

Technologijos mokslai, informatikos inZinerija (TY

Vilnius, 2015



Disertacija rengta 2010-2015 metais Vilniaus ursitete Matematikos ir
informatikos institute.

Mokslinis vadovas:
prof. dr. AlbertasCaplinskas (Vilniaus universitetas, technologijosksiai,
informatikos inzinerija — 07 T).



Acknowledgments
| would like to express my deep and sincere graditto my supervisor Prof.
Dr. Albertas Caplinskas for sincere knowledge sharing, collatomnat
consultancy and indispensable support and guiddmoeaghout the process of
this dissertation in this exciting field. He mandde find the time and energy
to read probably every draft of this dissertatiord aintangle “crosscutting
concerns” of my scientific writing. | am very graieto him for pushing
further my ideas and significantly increasing tialgy of my work.
| am also grateful to the stuff of Vilnius Univessilnstitute of Mathematics
and Informatics, especially Prof. Dr. Gintautas mDyda, Prof. Dr. Saulius
Gudas, Assoc. Prof. Dr. Audrét.upeikiere, and Laima Paliulionienfor the
patience, constructive feedback, sincere inteasd, valuable advices. | am
also sincerely thankful to Assoc. Prof. Dr. Vytaut@yras from Vilnius
University Faculty of Mathematics and Informatidgr his constructive
feedback.
| wish to thank to my family, my husband Andreasy whildren Julius
Vytautas and Joris Vasaris, for their support amtless patience.
| would like to express my thanks to all the people have been in one way
or another involved in the preparation of this eitstion, for all of their

support and tolerance during this challenging pkeabmy life.



Abstract

The concept of service-oriented architecture (Sw&fomes increasingly
popular in the field of information systems as wall software systems
engineering. The symbiosis between an Enterprisehifecture and SOA
results in so-called Service-Oriented Enterprisehftecture. Systems that
implement this architecture are addressed as seoviented enterprise
systems (SOES). They are composed of enterprisedsssservices (EBS), i.e.
components implementing some business logic thagndedded in web
services. EBS is not a software product becaugeatservice. This raises a
number of new software engineering problems inclgdiproblem of
assessment of investments necessary for the denetdpand implementation
of new EBSs. In order to assess required invessném quality of each EBS
(QoSpRs) should be planned at least roughly. It is far swhple problem
because a number of stakeholders, which intergretconcept of QaSs
differently and plan it from different role-depemdgerspectives, are involved
in this process. In addition, a right conceptuasi®dor describing Qags
planning algorithms and even Qgsitself still is absent.

The present dissertation contributes to the salubibthis problem in a
following way:

e a conceptual framework (or a sort of ontology), ethiforms a
conceptual basis for our theoretical research arables to describe
SOoES, EBS, Qa%s Qo0Sss planning problem and models, methods
and algorithms for solving this problem in a prectonsistent way, is
developed;

e Qo0S5s planning problem as a mathematical problem isrisest and a
methodology to guide this problem fuzzification gees is proposed;

e a problem-oriented Q@gs model is build and an ensemble of
collaborating methods inspired by this model angregsed in a form of
detailed computational algorithms (further, an emisle of collaborating

algorithms) are designed;

Vi



e a software architecture that implements the enkewibcollaborating
algorithms to solve the Qe planning problem is developed and
described by a set of UML diagrams.

To evaluate the research results, an exploratonyleimentation of
Qo0Sss planning system was developed, a case study diedtrexperiment
was performed, and results of this experiment weleated w.r.t. internal,
external and construct validities. The experimemived acceptability of the
proposed approach as a whole and computationaatogss of the ensemble

of QoSgs planning methods and algorithms.
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Chapter 1 - Introduction

Chapter 1 Introduction

1.1.Research Context

The symbiosis between Enterprise Architecture (EBAY Service-Oriented
Architecture (SOA) results in the so-called Serv@@ented Enterprise
Architecture (SoEA) and brings up new problems feervice-Oriented
Enterprise Systems (SoES) engineering. In the gbieSoES, a number of
different stakeholders exist. They have differendften conflicting
understandings of a SOES business service qualdyd#ferent opinions on
how such a service should be defined, specified,esmaluated. Thus, despite a
large number of existing QoS models and ontolodles question “What does
QoS mean?” still has no final answer, at leastha context of SOES. This
concept is still not well-defined even for the itemhal SOA service.

Originally, the term QoS was introduced in telecaimioation where it
was focused on the service performance measurem fittee network
perspective. Later on, it was extended includingnelrardly related to quality
characteristics such as a service requestor'sfaaimn or service cost.1l
Currently the term QoS refers to several differéimings. As stated in
Benbernou et al. [1]

“This set of quality attributes does not characterionly the service
but any entity used in the path between the semzkits client.

Such an entity may exist in any of the three ptessidrvice levels.
Thus, different QoS attributes may be used to edfie QoS of a
service in the application, service, and infrastuwre levels”.

In this quote, the term client refers to the sexvwequestor. In the text of
this dissertation, instead of the term “serviceelévwe use the term

“perspective” (see Definition 54 in Chapter 4).

! 1Note, that in this work, the terreervice requestaandservice consumenean different things. The
first one is a person or an organisation whilesbeond one is a piece of software. In a similar,way
the termservice ownerefers to a person or organization, whereas time $ervice providerefers to a
piece of software.
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Chapter 1 - Introduction

Thus, to answer the question, what is the meaningeoterm ‘Quality
of Servicg, is far from being a simple task. This concejpit stmains murky.
Its definition strongly depends on the topic ofcdigrse and is usually not
adaptable to other discourses. Moreover, even uléty itself is a vague and
highly subjective concept [2] and, to date, no camiy agreed understanding
of this concept has existed.

This situation raises a number of research questieiated to the nature
of QoS as well as to the planning, prediction, amdluation of a particular
SOA service. From the practical point of view, st especially important to
answer these questions in the context of SOES.

The first thing that should be done to achieve #s is to investigate
the nature of the quality of enterprise businesgice (Q0$grs) and to define
this concept more precisely. In turn, to do thiais necessary to make analysis
of different understandings of QoS and @S to systematise and to
generalise these understandings and to relate ¢élaemto other. It means that
a theory of meaning should be developed for thegp®&s pointed out by
James McGilvray in [3], a theory of meaning is uistizod by most as a theory
that focuses on word-world relationship whethes tteferential or alethic. The
term alethic (Greekletheia‘truth’) is defined as follows: “Of or pertaining
the various modalities of truth, such as the pd#sibor impossibility of
something being true.”2 So an alethic theory of meg [4] is a theory which
deals with the truth and correctness of sentencperbaps propositions. In the
referential theory of meaning, a term denotes abjetacts are relations
between objects, expressions capture the relatadnsbjects, and a true
statement corresponds to facts.

Despite the fact that the referential theory of tieaning of Qoggs in
many aspects is considerably simpler than the altanguage meaning
theory, sometimes it is still rather complicatedd&dine a regular word-world
relationship because it is context-dependent arydcancept “can be used by

people in whatever context they happen to be irsdve any number of

2 Philosophy Dictionaryhttp://philosophy.enacadenoe/79/alethic

16



Chapter 1 - Introduction

purposes and to refer to any number of things” Rjr example, the same
QoS:gs property, reliability can mean different things thfferent EBS.

In the alethic meaning theory, constraints impo®eessities that
cannot, even in principle, be violated typicallychase of some physical or
logical law. Alethic propositions are interpretedterms of Kripke’s possible
world semantics. In the SOES context, a proposimonecessarily true, if and
only if it is true in all possible worlds. With nesct to EBS static constraint,
declared by the service level agreement (SLA) fagiveen EBS, a possible
world corresponds to the state of the fact moda thight exist at some point
of time. A proposition is possible, if and only iifis true in at least one
possible world. Impossible propositions are truaame of the possible worlds
(i.e. false in all possible worlds). However, prlks with the alethic theories
of meaning also arise because the truth valuetiefsame QaSgs property
may differ for different EBS.

The theory of Qo&s meaning is a conceptual basis for an empiric
Qo0Sss planning, prediction, and evaluation theory thaiwdd provide models,
methods, and algorithms to solve the related prapniprediction and
evaluation problems. The dissertation seeks toribatée to this field by
developing a fragment of such an empiric theoryedinat the preliminary
planning of Qogss for particular EBS and a fragment of the @gSmeaning
theory, required to describe the related modelshaoaks, and algorithms. The
research is rather exploratory research and doepratend to an exhaustive

investigation of all the mentioned issues in detalil

1.2.Problem Statement
In an informal way, the problem investigated in thesertation is formulated
as follows (Fig. 1):

17



Chapter 1 - Introduction
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Fig. 1 The intuitive formulation of the investigatal problem

“Giving role-depended, subjective and conflictinglipninary requirements,

that define an acceptable quality level of bottoevel quality sub

characteristics for planned to be implemented aaticular web-based SoES,
an enterprise business service, specified by a pumibdifferent stakeholders,
to resolve conflicts and to define preliminary regments for the acceptable
quality level of EBS quality characteristics

The formal definition of this problem is presentedhe section 6.1.

1.3.Motivation

When developing a new EBS, its Qg@Sshould be planned, at least roughly,
taking into account the conflicting quality requirents, stated by different
stakeholders, as well as constraints of finandiabe and other resources.
Conflicts between the requirements arise not onig tb the role-dependent
perspectives (service owner, computer network atnator, infrastructure
administrator, service user, etc.), from which elint stakeholders see this
new service, but also due to a different understendf the quality concept
itself or, in other words, due to different viewpts to the quality. Although
preliminary quality requirements are necessary tmlgpproximately estimate
the investments, required for the development isf BBS, and can be defined

18



Chapter 1 - Introduction

only roughly, the conflicts should be resolved om& way and a solution
acceptable to all parties should be found. Usuitlig done during a long-
lasting and time-consuming negotiation process. iS@s very desirable to
replace this process by an appropriate softwaresysHowever, as mentioned
in Section 1.1, the existing theoretical basis @& mature enough for the
development of such software and, consequently,estimaoretical research

should be performed for its improvement.

1.4.Aims and Objectives of the Research

The overall aim of this research is to develop zyuinference-based Qgs
planning approach and supporting software systamh ghat, taking into
account financial, time, and other resource comgfaf a project, we could
solve the problem stated in Section 1.2, and tleljs the enterprise to roughly
plan the investments required to develop planne8.BB order to achieve this
aim, the following research objectives were set up:

1. to develop a system of related concepts (a conaefsamework), which
provides a conceptual basis for a theoretical glaour research enabling
us to describe in a precise and consistent waystteS, EBS, Qa$s,
the Qo%ss planning problem, and models, methods and alguostfor
solving this problem;

2. to formalise the QoSs planning problem, stated in Section 1.2, and to
propose a methodology to guide the fuzzificatiorocpss of this
problem;

3. to build a Qogzs model suited to solve the Qa3 planning problem
and to design an ensemble of collaborative methmdgired by this
model and expressed in the form of detailed contjoun@l algorithms;

4. to develop software architecture that implements eamsemble of

collaborative algorithms for solving the Qggplanning problem.

19



Chapter 1 - Introduction

1.5.Assumptions

The applicability of research findings is limiteg the following a priori

stated assumptions:

1. Fuzzy set theory and fuzzy logic methods are mpptrapriate for a
preliminarily planning enterprise business servafethe acceptable
guality level.

Motivation: The meaning of EBS qualities cannot be defined by

formally defined properties because they are vagoecepts. For

example, the meaning of qualityeliable’ depends on a particular
interpretation of the concepuality and the meaning of the acceptable
guality level “high quality” cannot be defined pisgly at all because
the meaning of the wordhigh’ depends on a particular context.

2. Enterprise business service is intended to be usedhe SoES
environment.

Motivation: SOES operates in an enterprise controlled intfexieanet
environment. SOA systems operate in an open irt@vitee environment,
in which infrastructure, networks, and other researcannot be controlled
by an enterprise and, consequently, QoS is of fuibsEc nature. In an
open environment, the proposed planning approacbtiapplicable.

3. The conflicts among the quality requirements, stdig stakeholders,
should be resolved taking into account the impastasf each role.
Motivation : Stakeholders are not peers. They make a diffenepact

on the decision about the acceptable Ee8uality level. The importance
of a service owner, service requestor, network adstnator and other
stakeholders depends on both a particular SoESpartctular EBS. So,
conflicts among EBS quality requirements shouldrésolved taking into
account the weight of each stakeholder.

4. The conflict resolution procedure defines the rasglquality as a fuzzy
set X. This result must be interpreted in termdirgjuistic labels that
describe possibly acceptable quality levelsgli quality moderate
quality, etc.) for considered EBS. In other words, theguistic
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approximation of X should be performed. The lingaispproximation
procedure approximates X by a fuzzy sef Yepresenting some
linguistic term Tof a linguistic variable L (further denoted by D.TTo
this end, it uses a similarity measure m(¥, ¥t may happen that for
several linguistic terms this measure has the saahee. In such cases,
the decision should be made by a decision-makergusn interactive
procedure.

Motivation: The main recommendation [5] is to refine the Enitly

measure and make it more sensitive. However, in civatext of our

research, where the number of linguistic termsas mgh and linguistic

modifiers are not used, an interactive procedureaee practical.

1.6.Research Questions
The dissertation aims to answer the following regeguestions:

1.

How is Qoggs, defined taking into account different understagdi of
the concept “quality”?

Which one of the current approaches to serviceityualodelling (if
any) is likely to be suitable for modelling Q&g?

What strategy should be used to construct the swtgtble membership
functions (MF) in order to fuzzify the concept 0b&gsfor particular
EBS?

What kind of fuzzy reasoning formalism is best ediifor inferences in
the tree structures, that describe hierarchy of QoBroperties, and
which algorithms are most suitable to implementsuagerences?
Which methods and algorithms should be used tolvesconflicts
among Qogss requirements, stated by different stakeholders?

What kind of ensemble of collaborative algorithrasmost suitable to
solve the Qo&ss planning problem?

What type of architecture is needed for the soféwaystem that

implements this ensemble of collaborative algorg@m
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1.7.Research Hypotheses

The following hypotheses have been justified indissertation too:

H1. Despite the differences between the nature of @esvand products, all
currently identified understandings of a productalgy are also
applicable to a service.

H2. A fuzzy inference-based approach to the planniraityuof enterprise
business services enables us to define ggpSaking into account
different understandings of the concept “quality”.

H3. Not a single of the current approaches to servicdity modelling is
suitable to model Qqgs in a suited to design effective ensemble of
collaborative methods to resolve conflicts amonguneements, stated
by different stakeholders.

H4. Such a Qo&s model can be develop only by using a fuzzy infeeen
based approach to the planning quality of entezissiness services.
H5. The fuzzification of a particular Qess property depends on both the
nature of this property and on the EBS considemagperspective.
However, it is possible to develop a methodologgt tuides the
fuzzification procedure for any Qess property and any EBS

consideration perspective.

H6. In the context of Qo&ss planning problem, a fuzzy reasoning
formalism, that combines semantic derivation andgregation
techniques, is acceptable for inferences in traectires, which
describe the hierarchy of Qgsz properties, because it meets all the
functional requirements.

H7. In order to solve the Q@Ss planning problem, it is suffices that an
ensemble of collaborative algorithms combines mobfuzzification,
balancing, fuzzy reasoning, linguistic approximatioand fuzzy
aggregation algorithms.

H8. Solving the Qo&ss planning problem, the quality of results, delivkre
by EBS (i.e. a product presented for the servigaiestor), should also

be taken into account.
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H9. Object-oriented software system architecture if@aht to implement
and ensemble the collaborative algorithms, whickolke conflicts
among quality requirements, stated by differeritedtalders, and solves
the Qo%gs planning problem.

According to Merriam-Webster Dictionatythe verb justify means to
prove to be just, right, or reasonabléccording to [6], the act offfypothesis
justification is an attempt to convey and convince oneself @ndthers about
the validity of the stated hypothesis or, in otherds, to demonstrate by some
evidence that the stated hypothesis is correctenddle, and, probably,
acceptable. A justified hypothesis is referred soaaconfirmed hypothesis. A
hypothesis can be justified in a number of différevays: proving by
construction procedure [7] (applicable to H2, H45,HH8, H9), by an
evidence-based inductive reasoning procedure [#jli@ble to H1, H3, H6),
by a case-based controlled experiment [9] (applécaéd H7), by a statistical
testing procedure [10], disproving by a counterex@nyi7] (applicable to H1,

H3, H6) or using some hypothesis validation andfization procedures.

1.8.Research Design and Research Methods

1.8.1.0verall Research Design
According to [11], a research design “serves asatihitectural blueprint of a

research project”. In other words, it refers to phen, structure, and strategy of
research, and guides the whole research processtimat to obtain answers to
research questions. In short, it is the overalleswh of the research, which
outlines what the investigator should do and hovste will do that. It does
not describe the research in detail, only suggié&tsmain course of actions.
The type of research design depends on the kimdsafarch to be done. In the
dissertation, an exploratory research is carrigd The research focuses on the
guestion “How?” or, to be more exact, on the questHow to plan Qo&ss
taking into account role-dependent, subjective andflicting preliminary

requirements stated by different stakeholders?” I&®&pory research is

? http://www.merriam-webster.com/
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research that addresses a subject with a high déweicertainty. It investigates
the problem that is not very clear because vetlg liesearch on this subject
has been carried out. According to [12],
“Exploratory research contributes to the continu@thlity of every
discipline. The aim of exploratory research is dentify new tasks-
tasks that cannot be solved by existing methodse @nnew task
has been found, exploratory research seeks to olevelprecise
definition of the task and to understand the festtirat make the
task different from previously-solved tasks.”

To date, the most part of PhD research in inforomasystems and
software engineering are still of exploratory naturhe research performed in
the dissertation preliminarily was inspired by:tla¢ previous research on the
quality of service [13,14,15] pursued in the Sofev&ngineering Department
of the Institute of Mathematics and Informaticsr(eutly, Vilnius University
Institute of Mathematics and Informatics); b) thergpective integration
techniques proposed in the traditional requirenegineering [16,17,18,19]
and business process modelling [20], enterpriseething [21], architecture
engineering [22], development of distributed apgtliens [23]; and ¢) some
ideas of i* methodology [24,25,26]. On this basas,preliminary problem
statement, research assumptions and research bgmotivere formulated
(Step 1 in Fig. 2) as well as a research desigrbbaa developed. During the
investigation, the problem statement, assumptiond &aypothesis were
redefined many times, the research strategy wasdfiemdand the research
was redesigned. In other words, the investigaticas werformed in the
incremental manner. It is typical of any explorgtoesearch because it is
incremental by definition. The research strateggfingd by the final research
design, is presented in Fig. 2. Let us briefly cdessthe main steps of the
strategy.
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Fig. 2 The research strategy defined by the finalariant of research design

In Step 2, the first part of the bibliographic rasd [27] was

performed. The end of this research is to surveyliterature on the quality,

first at all, service quality issues. The obtainesults are used for two aims:
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e Step3: to refine and redefine the problem statemeasearch
assumptions and hypotheses.
e Step 4: to justify hypotheses H1, H3, and HS8.

In Step 5, the conceptual framework, which forntoaceptual basis of
the research, was developed and hypothesis H2 wageg thereby by
construction. In Step 6, the Q&3 planning problem was reformulated as a
mathematical formulation problem. In Step 7, thecosel part of the
bibliographic research was fulfilled. The aim ofstmesearch was to make a
conceptual analysis of literature sources on themipegship function
construction and to collect materials, necessary teveloping the
methodology to guide the Qgsz planning problem fuzzification process. The
methodology itself was developed in Step 8 and thgms H5 was proved
thereby by construction. In Step 9, a @g3nodel, suited to solve the Qas
planning problem, was developed and hypothesis ldg proved thereby by
construction. In Step 10, the overall strategy wiaseloped to solve the
Q0Sss planning problem. In Step 11, the third part o€ thibliographic
research was performed. The aim of the researchtovasake a conceptual
analysis of fuzzy reasoning formalisms and to ckogisch that is best suited
for inferences in tree structures that describe fierarchy of Qogss
properties. In Step 12, an algorithm for infereneesthe mentioned tree
structures was developed. In step 13, an ensenlglallaborative algorithms,
required to solve the Q@S planning problem, was designed. In Step 14,
software architecture that implements this enserahti appropriate software
programs, were developed and hypothesis H9 was egrahereby by
construction. By an ensemble of collaborative athors we mean a problem-
oriented arrangement of a collection of algorithwisich: a) implements a
given collaboration pattern; b) is designed takimgo account the
computational resource constraints and the spet#fatures of a class of
problems that should be solved; c) optimizes therall/ performance of a
system implementing this ensemble; and d) seeksdahe required solution

in a reasonable time. In Step 15, a plan of expantal research and a detailed
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methodology of the research were developed. In Si&p experimental
research was performed. The aim of the researchtavastify hypotheses H6
and H7. In Step 17, the results of the performegearments were analysed
and generalized.

Finally, in Step 18, the final generalization oé ttissertation research
findings was performed, conclusions were drawn, dhd text of the

dissertation and its summary was prepared for phioig.

1.8.2Research Methods
A mixed methods approach that combines quantitatne qualitative research

methods was chosen for the research. According8) [
“...a mixed methods approach is one in which the aeder tends
to base knowledge claims on pragmatic grounds,(eansequence-
oriented, problem-centred, and pluralistic). It doys strategies of
inquiry that involve collecting data either simuigously or
sequentially to best understand research problems.”

In the mixed methods approach, the data colleativnlves gathering
both numerical data (e.g., experimental) as welltead information (e.g.,
collected from literature) so that both quantitatand qualitative information
Is used in the problem solving procedures.

The bibliographic research methodology was intezigiused in Steps
2, 7 and 11. However, different methods of theibdbphic research were
used in different steps. In Step 2, the Systemiaterature Review (SLR)
method [29,30,31,32,33] and interpretative datattmgis [34,35] of the
collected qualitative data were used for this aim.

SLR is “an efficient scientific technique to identify andnsnarise
evidence on the effectiveness of interventionstarlow the generalizability
and consistency of research findings to be assemsgédlata inconsistencies to
be exploretl [36]. This method focuses on the stated researsdstion and
helps to identify, select, and critically evaluaa# high quality research

evidence relevant to this question. For each rebeguestion, it is necessary to
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prepare a review protocol, which sets out a detaiéview plan and defines
search criteria, inclusion and exclusion critetfee selection process, quality
assessment, the data extraction process, dataesig)tletc. Review protocols
should be formed after specifying the research tques The research
guestions stated for the part 1 of the performétidgraphic research, review
protocol and search results are presented in Appénd

Qualitative data collected as a result of SLR &gkt our case) must be
combined, generalised and interpreted, or, in teahsSLR methodology,
synthesised [34]. It is not a simple task becaufferdnt authors belong to
different theoretical, methodological and termimgptal traditions, their
research is based on different ontological assumgfiguided by different
philosophical assumptions and sometimes their datan be interpreted in
several different ways. On the other hand, the c¢oation of findings of
different scientific schools is the strength of ditgrature review.

Generally, there are two approaches to data syisthategrative and
interpretative [37]. The integrative reviews are primarily sui@bfor
synthesising quantitative data, but, in cases whweFeconcepts, under which
the findings are to be summarised, are well defimed explored [38].
However, this approach is not applicable in theea#dsan exploratory research,
where the concepts are ill-defined or not definedlla On the other hand, the
interpretive synthesis deals with the developmértoncepts, as well as with
the development and specification of theories thtggrate those concepts.
According to [38],

“An interpretive synthesis will therefore avoid spgging concepts
in advance of the synthesis. In contrast with ategmtive

synthesis, it will not be concerned to fix the niegnof those
concepts at an early stage in order to facilitate tsummary of
empirical data relating to those concepts. Therprtetive analysis
that yields the synthesis is conceptual in proeessoutput, and the

main product is not aggregations of data, but tlygor
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For this reason, we have chosen the interpretaymehesis and, to be
more exact, applied three techniques of this metheciprocal translation
analysis descriptive synthesis and refutational synthesis Reciprocal
translational analysis is based on the “translatadrconcepts from individual
studies into one another, evolving thereby ovenagclconcepts [37,34]. The
descriptive synthesis is used to subsume a nunfbsnoplimentary concepts
[35]. Finally, the refutational synthesis is used @xplore and explain
contradictions between individual studies [37,39].

For the bibliographic research in steps 7 and A4 ,focused literature
review [40,41] was used. In Step 7, the focus wagmblem fuzzification
methods (mainly, on membership function constructapproaches) and in
Step 11, on different fuzzy reasoning formalismsl approaches. In both
cases, the literature review was combined with t¢bestructive research
[42,43] performed in steps 8 and 12, respectiv€lgnstructive research is a
research procedure for producing innovative coostns, intended to solve
the problems encountered in the real world, ancha&e some contribution to
the theory of the discipline in which it is appliéf42,43]. The central notion
of this approach, the novel construction, is antrabt notion with a great
variety of potential realizations. Models, designgethodologies, algorithms,
and many other artefacts are considered as cotistrsclt means that they are
invented and developed, not discovered. In Stefhé3,constructive research
was used to prove hypothesis H5 by constructiotinlawith the constructive
research approach, the proof by construction [@4fhe one in which an object
that proves the truth value of a statement is baoilfound. There are two main
uses of this technique: a) proof that a statemdhtawn existential quantifier is
true; and b) disproof by counterexample: this p@of that a statement with a
universal quantifier is false. In Step 8 technig)evas used. In Step 12, the
aim of constructive research was to choose suifalley reasoning formalism,
and best fuzzy inference and linguistic approxioralgorithms. For this aim,

the technique b) was used. In other words, a nurabéuzzy inference and
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linguistic approximation algorithms were consideradd tested by the
construction of counterexamples.

The constructive research methodology was also us8tep 9 to build
and to investigate the problem-oriented @@Snodel and prove hypothesis
H4, thereby.

For the development of a conceptual framework epSi, the theory
building methodology [45] was used. The most impairrttheoretical result of
our research is a fragment of an exploratory thdd®g] for planning of
Qo0Sss Theory building is treated as an attempt “to mpooating all that is
known from the current literature (theoretical, heahatical, empirical, and
practitioner research) into a single, integratedseient body of knowledge”
[47]. Any theory includes a component referredtasconceptual framework.
According to [48], a conceptual framework can berdel as follows:

“...a network of interlinked concepts that togethemopdes a

comprehensive understanding of a phenomenon orgohemna. The
concepts that constitute a conceptual frameworkpstip one

another, articulate their respective phenomena, a@stlablish a
framework-specific philosophy. Conceptual framewonkossess
ontological, epistemological, and methodologicadwasptions, and
each concept within a conceptual framework playsoatological

or epistemological role. ... The methodological agsiimns relate

to the process of building the conceptual framewanmll assessing
what it can tell us about the “real” world.”

A number of approaches and methods exist for mgldif conceptual
frameworks. We use for that conceptual methods, [#2Juding conceptual
analysis [50]. According to [50], a conceptual gsa is the analysis of
concepts, terms, variables, constructs, definiti@ssertions, hypotheses, and
theories. It involves examining these for claritydacoherence, critically
scrutinizing their logical relations, and identifigi assumptions and
implications. The goal of conceptual analysis isirtorease the conceptual

clarity of the research subject.
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Finally, a case-based controlled experiment metlogyo[51,52] was
used in the experimental part of the dissertatesearch (steps 15-17). The

experimental research is described in detall irti&ed.2.

1.8.3.Instrumentation
The terminstrumentationrefers to the software and other tools used in the

data-collection process, experimental researchodimer research activities. It
is related not only to instrument design, selecti@onstruction, and

assessment, but also to the conditions under whiehnstruments are used.
Not proper research instruments or not proper uséageese instruments may
lead to biased results. Therefore, instrumentaBoalso a specific term with

respect to a threat to internal validity of reseafb3].

In the dissertation research, the instrumentatias wsed in two steps of
research design, namely, in Step 2 (Part 1 ofdgbdiphic research) and Step
16 (experimental research). The instruments, usedthe bibliographic
research, and conditions under which they were,smeddescribed in detail in
Appendix A. Bibliographic Researchlhe instrumentation of the experimental

research is described in detail in Section 7.1.

1.9.Results

The results of the dissertation can be summarigddi®ws:

[1] Conceptual framework, that forms a conceptual basiturther theoretical
research and enables us to define, in a precisec@amglstent way, SoES,
EBS, Qo0%s Q0Sps planning problems and models, methods and
algorithms for solving this problem;

[2] Formulation of the Qo$s planning problem as a mathematical problem
and a methodology to guide the problem fuzzificapoocess;

[3] The problem-oriented Q@S model and an ensemble of collaborating
methods inspired by this model and expressed iroraen fof detailed

computational algorithms;
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[4] Software architecture that implements the ensembi#laborating
algorithms to solve the Qe planning problem (described by a set of
UML diagrams).

1.10Scientific Contribution of the Research

The research conducted is one of the first thag¢stigates how to apply the
fuzzy set theory and fuzzy logic in the formalisatiand planning of Qggs
(partly, also of Qosyp). Its scientific contribution to the field of infimatics
engineering is threefold: a) a conceptual framevesréibling us to describe the
SoES, EBS, Qa$s the Qoggs planning problem in a precise and consistent
way, and models, methods and algorithms for soltmg problem have been
developed; b) the research shows that well-knovazyfuogic methods (e.g.
Mamdani implication), used to implement fuzzy cohérs and to solve
various diagnostic problems, are not suitable fality planning problems; c)
the research has demonstrate how to combine semdstivation and
aggregation methods in the implementation of lisgai fuzzy reasoning

procedures.

1.11Practical Value of the Research Results

The problem-independent methodology to guide theblpm fuzzification
process, developed in the dissertation research, bea applied in many
industrial projects. The software architecturet thgplements an ensemble of
collaborative algorithms for solving the Qgg planning problem, can be used
as a kind of reference architecture in projectsnea at implementing

ensembles of collaborative algorithms.

1.12 Approbation
The main results of the dissertation were presemtisdussed and approved at
the following international and local conferencdsgctoral consortiums, and

workshops:

e The 11th International Baltic Conference on Databand Information
Systems [Baltic DB&IS 2014], June 8-11, Tallinnj&sa,
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e The 2nd International Business and Systems Cordfer&8C 2013, Riga
Technical University, November 6—7, 2013, Rigaviagt

e The Tenth International Baltic Conference on Dasasaand Information
Systems (Baltic DB&IS'2012), Doctoral Consortiumylyd 8-11, 2012,

Vilnius, Lithuania;

e The 2nd International Doctoral Consortium Informatiand Informatics
Engineering Education Research: Methodologies, btith and Practice,
November 30—December 4, 2011, Druskininkai, Lithaan

e The 55thConference of the Lithuanian Mathematicians Sociétye 26-27,
2014, Vilnius, Lithuania;

e The 6th International Workshop of Data Analysis Mues for
SoftwareSsystems [DatAMSS], December 4-6, 2014, skwminkai,

Lithuania;

e The 5th International Workshop Data Analysis Methofbr Software
Systems, December 5—7, 2013, Druskininkai, Lithaani

e The 15th Conference of the Lithuanian Computer &gciComputer Days—
2011, September 22-24, 2011, Kla, Lithuania.

e The 16th Conference of the Lithuanian Computer &gciComputer Days—
2011”, September 19-21, 2013, Siauliai, Lithuania.

1.13Publications

The main results of the dissertation research \wetdished in the following
scientific publications.

Journal publications

1. Lupeikiere, A., Miliauskaitt, J.,Caplinskas, A.(2013). A Model of View-Based

Enterprise Business Service Quality Evaluation Fenaork.Informatica Vol. 24, Iss. 4,
p. 543-560.

Research Contribution: In review of related works and problem fuzzification

approach, Paper writing contribution: medium

33



Chapter 1 - Introduction

2. Miliauskaitt, J. (2015). Some Methodological Issues RelatedPteliminary QoS

Planning in Enterprise Systems. Baltic Journal afdigtn Computing, Vol. 3, No. 3, pp.
149-163.

Research Contribution: High, Paper writing contribution: high (main author)

3. Miliauskait, J.,Caplinskas, A. (2011). Modularization of Web Serv@emposition.

Information sciences/ol. 56, p. 73-84 (in Lithuanian).

Research Contribution: high, Paper writing contribution: high

4. Lupeikiere, A., Miliauskait, J.,Caplinskas, A. (2013). Critical analysis and elatiora

of three prevailing approaches to model qualitgervice.Information sciencesv/ol. 65,
p.111-119.

Research Contribution: medium, Paper writing contribution: high
Publications in Proceedings

5. Miliauskaite, J.(2014). The Membership Function n§ouction in View-based

Framework. IrProceedings of the 11th International Baltic Coefere on Database and
Information Systemi@altic DB&IS 2014], Tallinn: Tallinn University o Technology
Press, p. 125-132.

Research Contribution: high, Paper writing contribution: high (main author)

6. Lupeikiene, A.Miliauskaite, J.Caplinskas, A.(2013). A View-based Approach to

Quality of Service Modelling in Service-orientedt&rprise Systemdn Proceedings of
the 2nd International Business and Systems CorderB&C 2013Riga: Riga Technical
University, 2013. Available at: <https://bsc2013-

journals.rtu.lv/article/view/bsc.2013.2/238>
Research Contribution: medium, Paper writing contribution: high

7. Miliauskait, J. (2012). Quality of Service: Concept Analysitn Caplinskas, A.,
Dzemyda, G., Lupeikign A., Vasilecas, O. (edsBaltic DB&IS 2012: Local
Proceedings and Doctoral Consortium of Baltic DB&E®12 CEUR Workshop
Proceedings, vol. 924. Available at: http://ceuresg/Vol-924/paper24.pdf (The printed

version of the proceedings has been published: baats and Information Systems.

Tenth International Baltic Conference on Databamed Information Systems. Local
Proceedings, Materials of Doctoral Consorcium. @aplinskas, G. Dzemyda, A.
Lupeikiere, O. Vasilecas (Eds.). Vilnius: Zara, 2012)35-240.

Research Contribution: high, Paper writing contribution: high (main author)
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1.140utline of the Dissertation

The text of the dissertation consists of 7 mainpté@, conclusions, list of
references, list of publications, and appendixeainMthapters are provided
with summary and with conclusions (except ChaptetHapter 2, and Chapter
3).

Chapter 1 (“Introduction”) describes research context andllemges, presents
the problem statement, discusses motivation, aimg @bjectives of the
research, states research questions and hypotliesesibes research design
and methods, presents research results, contniisutid the dissertation, and
approbation of obtained results.

Chapter 2 (“Preliminaries”) offers a short introduction tofolee details about
the terminology and concepts, used in the dissentaihtroduces the basics of
QoS related quality theory and the basics of fusmtytheory and fuzzy logic.
Chapter 3 (“State of the Art”) presents the critical anatyf the related
works on the QoS modelling, problem fuzzificationdafuzzy reasoning
approaches.

Chapter 4 (“Development of the Conceptual Framework™ counés the
development of conceptual basis of the researdiociisses on the terms and
concepts, which enable to describe in a formal ®a:gs planning problem
and models, methods and algorithms for solving phigblem, develops and
discusses main theoretical results of the research.

Chapter 5 (“Development of Problem Fuzzification Methodolpproposes
a methodology to guide problem fuzzification pragegpresents detailed
description of the methodology steps, and demaestitae applicability of the
problem fuzzification methodology in context of Qa$S

Chapter 6 (“Modelling and Planning of Enterprise Businessv@®e Quality®)
presents main theoretical results of the resedrgis. chapter formalises of the
Q0Sss planning problem, builds problem-oriented @gSmodel, designs an
ensemble of collaborating algorithms to solve theSQs planning problem,
describes the proposed algorithms, describes tlohitecture and other

implementation issues of the proposed g@Planning system.
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Chapter 7 (“Experimental Research”) presents results of éixperimental
research. This chapter provides three case stuwdieh have been performed
to demonstrate the linguistic approximation, pecfige integration, and
viewpoint integration.

Conclusionspresent the main conclusions of the dissertation.

Appendix A presents the issues of systematic literature reviewiew
protocol, and its results. Additional appendixestaming program texts and
experimental results of case studies are presdnted CD attached to the

dissertation.
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Chapter 2 Preliminaries

To make it easier to understand the focus of #sgarch, it seems useful to
clarify the position from which it starts. The clpoffers a very short
introduction to define details about the termingl@nd concepts, used in
the dissertation. Specificallgection lintroduces the basics of QoS related
quality theory andSection 2- the basics of fuzzy set theory and fuzzy
logic.

2.1.Basics of the Quality Theory

2.1.1Product Quality

Definition 1 Product

Product is a thing produced by labour. A tangibleguct is a physical object that can be
perceived by touch (e.g. computer). An intangiliedpct is a product that can only be
perceived indirectly (e.g. software). Product featis such property possessed by a product

that is intended to meet customer needs.

Definition 2 Quality (According to the Merriam-Webster's Dictionary)

Quality is a general term applicable to any trait oharacteristic either individual or
generic. The term property implies a characteristiat belongs to a thing's essential nature
and may be used to describe a type or speciestefimeattribute implies a quality ascribed

to a thing or a being.

In the context of our research, the quality is wstt®d in a slightly
narrower sense:
“Quality in business, engineering and manufacturings a
pragmatic interpretation as the non-inferiority @uperiority of
something; it is also defined as fitness for pugoQuality is a
perceptual, conditional, and somewhat subjectivebaite and may
be understood differently by different people. Gomsrs may focus
on the specification quality of a product/servioehow it compares

to competitors in the marketplace. Producers migigasure the
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conformance quality, or degree to which the prothgtiice was
produced correctly.*

However, it still remains an ill-defined and corttelependent concept.

According to Garvin [54],

“Despite the interest of managers, quality rema@mserm that is
easily misunderstood. In everyday speech, it isrsyms range from
luxury and merit to excellence and value. Differemnpanies also
appear to mean different things when they use tbhedwas do
different groups within the same firm....Scholargour disciplines
— philosophy, economics, marketing, and operatimasagement —
have explored quality, but each group has vieweddbin different
vantage point.”
Garvin [55,56,54] has generalised different defom$ of quality and

described five different views on what a producaldgy is. This classification

has been wide-accepted and discussed by many atltbors, including
[2,57,58,59,60,61,62]. It provides the followingwis:

1.

Transcendental (or metaphysical) view.'Quality is synonymous with
“innate excellencglt is both absolute and universally recognizablenark
of uncompromising standards and high achievemesfig [According to

Pirsig,

“...even though Quality cannot be defined, you kndwatwit is. ...
Quality is neither a part of mind, nor is it a past matter. It is a
third entity which is independent of the two. .uafty isn't a
substance. Neither is it a method. It's outsidéboth. ... It's the
goal toward which method is aimed.” [63]

In other words, such a concept of quality is sometlike Plato’s form

[64], the essence of Quality that exists indepetigeant the particular things

that ‘participate in’, an ideal, towards which weosld strive, but which can

never be achieved in objective reality. The bdasttation of such a concept

may be the so-called “ideal love” which is undeostovery differently by

* Wikipedia, https://en.wikipedia.org/wiki/Qualitybsiness)
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different persons, depending on their nationakityiture traditions, and even

their personal attitudes. According to this vieWwe tquality of a particular

product always is a@elative quality because it only approximates (in some
degree) the ideal quality. Such a relative quatign be assessed only in
gualitative terms: High’, ‘low’, etc. Of course, such assessments are highly
subjective. Even so, the transcendental view caimweoignored, because it
plays an important role in business, especiallpadwnertisement.

2. Product-Based View.Its quality is viewed from the inside perspectarel
defined as a precise and measurable variable. Agpto this view,

“...differences in quality reflect differences in sonmgredient or
attribute possessed by a product ... high quality cauy be
obtained at higher cost. Because quality refletis guantity of
attributes that a product contains, and becauseikattes are
considered to be costly to produce, higher quaijbods will be
more expensive.” [55].

So, this view does not take into account preferemdea particular user
and assumes that the absence or presence of dtettrmplies a higher
guality. In other words, it ignores subjective agpeof the quality. However,
for competitive success, these aspects are alyaraportant.

3. User-Based View.This view is based on the idea that quality is an
individual matter, and things that satisfy userfgmences best have the
highest quality. It replaces measurable attributeproduct with a user’s
satisfaction. According to [65],

“...this approach is more inclusive and leads to moftfecéve
guality assertions, i.e., all product attributeseaconsidered, and
criteria are weighed to reflect user satisfactiare. there is only
one scale of measurement. This allows for analiyiceell-founded
normative statements on quality. In the productedaspproach,
this is only possible if exactly one product atitdy determines

quality.”
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4. Manufacturing-Based View. This view examines quality from the inside
perspective, assumes that a product having goecthaitproperties has also
good external properties and defines quality as farorance to
requirements specification, in which the requiretaare stated mostly in
technical terms. According to [55], in contrasthe user-based view,

“...manufacturing-based definitions focus on the $ygde of the
equation, and are primarily concerned with enginegr and
manufacturing practices. Once a design or spedificahas been
established, any deviation implies a reduction uralgy. Excellence
Is equated with meeting specifications, and witaKing it right the
first time’....Quality is defined in a manner thatmgilifies
engineering and production costs. On the desigy #iis has led to
reliability engineering, and on the manufacturingtes to an
emphasis on statistical quality control. ...Each ledse techniques
Is focused on the same end: costs reduction.”

So,quality is the degree to which a product conforms to &ifipation,
any deviation from the specification decreases ityuaBimilarly to the
product-based view, a manufacturing-based viewndsfiquality in objective
and measurable terms, however, focuses on makiagfeee products, but not
on the absence or presence of some attributes. theeigh it does not ignore
the user’s interest in quality, it assumes that thierest can be satisfied, if the
product is properly constructed. The aim of “makitnigght the first time” is to
eliminate or, at least, reduce the reworking co€2]. The manufacturing-
based view concerns about user’'s needs or prefessandy in the case, where
they are correctly identified and reflected in taquirement specification.

5. Value-Based View.This view defines quality in terms of costs andt¢s
or, in other words, as the degree of excellencamtacceptable price
[66,55]. It makes a trade-off between cost andiyyahat is, it concerns
about providing as much quality as the customewiling to pay for.
Garvin notes that
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“The difficulty in applying this approach lies itsiblending of two
related but distinct concepts. Quality, which is naeasure of
excellence, is being equated with value, which imm@asure of
worth. The result is a hybrid — “affordable excelte”- that lacks
well-defined limits and is difficult to apply ingmtice.” [54]
On the other hand, Boehm argues that

“...itis also hard for a value-neutral approach toopide guidance
for making its products useful to people, as timgolves dealing
with different people’s utility functions or valygopositions. It is
also hard to make financially responsible decisiassng value-
neutral methods.” [67]

This position is supported by Kitchenham and P#ed§2], and many
other authors.

Coexistence of five different and often competingws raises the
following quality planning problem: “How to taketom account all view and
resolve conflicts among engineering, manufacturinggrketing and other
departments of an enterprise in a case of a platipvoduct?”

In [68], Juran made an effort to simplify this platm by generalising
five views on quality up to two definitions:

Definition 3 Product quality (external perspective)

“Quality” means those features of products whichetneustomer needs and thereby provide
customer satisfaction. In this sense, the meaningality is oriented to income. The purpose
of such higher quality is to provide greater custorsatisfaction and, one hopes, to increase
income. However, providing more and/or better oyalieatures usually requires an

investment and hence usually involves increasessts. Higher quality in this sense usually

“costs more.” [68]

Definition 4 Product quality (internal perspective)

“Quality” means freedom from deficiencies—freedawnf errors that require doing work
over again (rework) or that result in field faillsecustomer dissatisfaction, customer claims,
and so on. In this sense, the meaning of qualityiented to costs, and higher quality usually

“costs less.” [68]

However the problem still remains unresolved.
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Software product quality provides three differelgws on quality.

Definition 5 Internal quality
Internal quality is the totality of characteristiad the software product from an internal
view. Internal quality is measured and evaluatediast the internal quality requirements.
[69]

This definition is based on the manufacturing-based.

Definition 6 External quality

External Quality is the totality of characteristicd the software product from an external
view. It is the quality when the software is exedutwhich is typically measured and
evaluated while testing in a simulated environmefth simulated data using external

metrics. [69]
This definition is based on the product-based view.
Definition 7 Quality in use
Quality in Use is the user’s view of the qualitytleé software product when it is used in a
specific environment and a specific context of itsmeasures the extent to which users can

achieve their goals in a particular environmentth@r than measuring the properties of the

software itself. [69]

This definition is based on the user-based view.

2.1.2.Service Quality
Note that the ternmservice qualityis used speaking about economic (business)

services, whereas the termuality of service(QoS) is used speaking about
ICT services. Due to the great differences betweegious kinds of services, it
is almost impossible to propose one simple definitnf service [70]. In the
context of our research, the most appropriateaddhowing definition:

Definition 8 Service

A service is any act or performance that one padp offer to another that is essentially
intangible and does not result in ownership of Aimg. Its production may or may not be

tied to a physical product. [71]
A collection of other definitions can be found iAQ]. In the same

source, services are classified into two classasices consumed by persons
(B2C) and that consumed by enterprises (B2B). TR€ Bervices are divided

further into services that provide products or ination to the customers (e.g.
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supermarket, post office, consulting) and servichat individually or
collectively use a resource of the service providery. cinema, public
transport, repair, beauty cares, rent of an equmndhe B2B services are
divided further into services that provide informat(e.g. audit), services that
use temporarily resources of the service proviéeay.( maintenance, training
program, and rent of a machine) and logistic ser(gcg. transportation).

Many authors (e.g. [72,73,74,75]) argue that everservices and
products share many similarities, they also diffave a number of distinctive
characteristics. They arentangible heterogeneoys inseparable and
perishable These characteristics are usually referred a® letlaracteristics
[76]. Despite the fact that the discussion is giding on whether the IHIP
characteristics are characterizing services [710¢ $ervice concept is still
operationalized mainly through these charactesdif@]. The question about
the applicability of IHIP characteristics to techogy-based services is more
complicated. For example, Moeller argues that:

“The characteristics of intangibility, heterogengitinseparability,
perishability (IHIP) that have been regularly apgdi to services
have been subjected to substantial criticism, asermand more
exceptions occur. The reasons for the criticism @vefold. The
focus of services marketing has changed and thela@went of
information and communication technology has adednc
dramatically.” [76]

Edvardsson et al. [77] and many other researchHscs alvocate that
technology-based services are, in fact, storablegatable, often standardized
and, last but not least, the service productionsdoet involve any direct
interactions with humans. On the other hand, H&aek al. [78] state that e-
services are less tangible as traditional servigessibly, more heterogeneous,
taking into account instability of hardware, softer@nd network environment,
highly flexible in terms of physical separation ween consumer and
producer, and can be stored indefinitely by theviger (on server disk) or

user.
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One more difference between products and servicésat services are
processes rather than things and for this reaspsuceer’s involvement in the
production of many services creates additional iguabntrol difficulties for
managers.

To define a service quality is even more diffictiian to define a
product quality because it is a multidimensionalnaulti-attribute construct
[79]. Efforts to understand and identify servicalify have been undertaken in
the last three decades. As a result, a numberffereit quality models, based
on the different understanding of quality, haverbeeoposed: technical and
functional quality model [80]; GAP model [81]; aliute service quality model
[82]; synthesized model of service quality [83]rfpemance only model [84];
ideal value model of service quality [85]; evaluhfgerformance and normed
guality model [86]; IT alignment model [87]; attute and overall affect model
[88]; model of perceived service quality and sattibn [89]; PCP attribute
model [90]; retail service quality and perceivedueamodel [91]; service
guality, customer value and customer satisfactiodeh[92]; antecedents and
mediator model [93]; internal service quality mod6#]; internal service
guality DEA model [95]; Internet banking model [96]-based model [97];
and a model of e-service quality [98]. An exhaustwerview and analysis of
all mentioned models is presented in [99]. All thesodels are based on the
views described in section 2.1.1. A significanttiditive characteristic of
many proposed models is that they differ betweeahrtieal and functional
service qualities. The technical quality is the lgyaof what a consumer
actually receives as a result of his/her interactuith the service firm, and the

functional quality is how he/she gets the technicatome [80].

2.2.Basics of Fuzzy Set Theory and Fuzzy Logic

Definition 9 Fuzzy set

Let X be the universe of discourse (UoD) contairglggnents x. Then a set of ordered pairs
A={X, uAX)|xX, uA: X—[0,1]} is a fuzzy set in X and, pA(x) is the mershgr function
(MF) of x in A.
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The concept of a fuzzy set is an extension of gpqfor classical set). It
describes a set without a crisp, clearly definedniolary. A fuzzy set contains
elements with only a partial degree of memberdhyzzy set A is normal (or
normalized), if there exists&X with ua(Xg)=1. The UoD X may be

continuous as well as discrete.

Definition 10 Ordinary fuzzy set
An ordinary fuzzy set is a fuzzy set that is ddfimathematically by assigning to each
possible individual in the universe of discourseatue representing its grade of membership

in the fuzzy set.

The membership functions of ordinary fuzzy sets aften overly
precise. However, experts may be able to identggraepriate membership
functions only approximately. Nevertheless, in tHissertation, all fuzzy sets

are considered be ordinary fuzzy sets.

Definition 11 Convex fuzzy set
A fuzzy set A is convex if
Ha A+ (1-Arp) =min(ua(ra), pa(r2))

for all x4, X, € X andA € [0, 1].

Definition 12 Interval-valued fuzzy set
An interval-valued fuzzy set is a fuzzy set whosebarship functions does not assign to
each element of the universal set one real nunihgr,a closed interval of real numbers

between the identified lower and upper bounds,AeX — £ ([0]1]), «([0,1]) c P([0,1]).

Definition 13 Fuzzy sets of type 2
A fuzzy set of type 2 is a set of all ordinary yusets that can be defined with the universal

set [0,1]. Itis also called a fuzzy power set@fl].

The computational demands for dealing with fuzzigs s# type 2 are
even greater than those for dealing with intenalsgd fuzzy sets.
Definition 14 Fuzzy singleton

A fuzzy singleton is a fuzzy set with a membefsimigtion that is unit at a one particular

point and zero everywhere else.

Definition 15 Fuzzification
The process of generating membership values fouzayf variable using membership

functions.
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Definition 16 Fuzzification problem

A problem how to construct a set of MFs which tfarm a phenomenon in question,
characterized by a variable, which values are dedim the universe of discourse (UoD) and
categorized according to some criterion into a ligjic variable so that the names of the
given categories match the names of linguistic esluFuzzification is a process of

generating membership values for a fuzzy variableguMFs.

Definition 17 Defuzzification
Defuzzification is the process of transforming zzfuoutput of a fuzzy inference system into a

crisp output.

Definition 18 Fuzzy relation

A fuzzy relation is a subset of the Cartesian pobvadfi fuzzy sets:
R(A{,A,, ..., A;) S A; X Ay X ... X Ay,

where A(i=1, 2, ..., n) are fuzzy sets.

It means that fuzzy relatidR= {(a, &, ..., &), (r: A1XAX%... XxA,—[0,1]}.

Definition 19 Fuzzy vector
A fuzzy vector is a vector containing only theyurmembership values.

Example 1
Let us have a fuzzy set

B={4+22 4242800 80 242424042
0 1 2 3 4 5 6 7 8 9 10

This set can be represented as a fuzzy vector
b = {0,0.2,0.3,0.5,0.7,0.9,1,0,0,0,0}.
|

Definition 20 Fuzzy number
A fuzzy number is a convex fuzzy seR@uch that
(1) there exists ¥R with uA(x) = 1;
(2) ua(X) is piecewise continuous,
(3). Supp(A)=[a,b], &b, where neither a nor b is permitted to be inénit
A fuzzy number is a fuzzy subset in real numbersclvthave two
properties, convexity and normality. In additiohe tsupport of fuzzy seA
Supp(A)=0eX|ua(x)>0) must be a bounded interval. Note that thgpsut of a

fuzzy set is a crisp set.
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Definition 21 Triangular fuzzy number

A triangular fuzzy number off is a fuzzy number A which has a membership functio

( 0 x<ay,a3 <x
x_al
)
pax) ={a;—a; a3 S x<a,
a3_x

a; —a, a; <x<as,

where a€eR, i=1, 2, 3. It is denoted by A = (g, &).

Definition 22 Fuzzy logic (in the broad sense)
Fuzzy logic in the broad sense is one of the teghas of soft-computing, i.e. computational
methods tolerant to suboptimality and impreciser@agueness) and giving quick, simple

and sufficiently good solutions. [100]

This logic is older and, better known. It is apgtion-oriented
formalism that is used mainly as a reasoning appsiréor fuzzy control,
analysis of vagueness in natural language and aeweher application
domains. The fuzzy logic in the broad sense is asking deep logical

guestions and is not used for formal theoreticatgtigations.

Definition 23 Fuzzy logic (in the narrow sense)
Fuzzy logic (FL) in the narrow sense (both propos#l and predicate logic) is a branch of
many-valued logic based on the paradigm of infeeamader vagueness. It has the classical
structure of traditional symbolic logics is a pair
FL =<, 7>,

where:
J=<C, F S, 2> is a first-order language with

e aset of constants,

e aset of predicate symbaoi8

e a set of functional symbalg,

e aset of logical connective$={ 4, V, =, -, &}, and

e aset of logical constani@.
T is a set of graded deduction rules. It includes the generalised modus ponens.
In the language, terms and formulas can be defined (byguke inductive principle) in the
same way as for a classical first-order predicabgit. With FL, a syntactic structure is
connected. It means that, usiggfor any formulay of this logic, it is possible to derive if
that formula is provable (i.druth, in symbolry) or not. Principal tools for calculations are

deduction rules which are used in the logic. Sitiee deduction rules are graded, we also
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receive a graded notion of a provability @fformula, i.e.~, w means thaiy is true in the

logic in a degree:, whereaeQ. [221], [100]

Definition 24 Linguistic label

A linguistic label is a word that expresses or itfégs a fuzzy set.

Definition 25 Linguistic term
A linguistic term is a category value that can hgilauted to a linguistic variable. Each
linguistic term is associated with a fuzzy set,clwlis named by a linguistic label. For this

reason, linguistic terms often are referred toiaglistic values.

Definition 26 Semantics of linguistic term
The mathematical meaning of linguistic term is es@nted by a fuzzy number defined on
UoD.

Example 2
Triangular fuzzy numbers are described by triangat@mbership functions

whose representation is achieved by 3-tuples(ac), where bindicates the
point in which the membership value is one, witlard ¢ indicating the left
and right limits of the definition domain of the mbership function associated
with 5. For example,

P=(0.83.1,1), VH=(0.67,0.83,1), H=(0.5,0.67,0.83)M=(0.33,0.5,0.67),
L=(0.17,0.33,0.5), VL=(0,0.17,0.33),N=(0,0,0.17),

Where P (perfect), VH (very high), M (moderate)law), VL (very low), and

N (not acceptable) are linguistic terms.

|

Definition 27 Linguistic variable

A linguistic variable is a quintuplet (L, T(L),X,G)Mvhere:

¢ L is the name of a linguistic variable;

e T(L) denotes the term set of L, i.e., the set ohewmof linguistic values of L, with
each value being a fuzzy variable denoted gendyidgl A and ranging across the
universe of discourse X which is associated wighbidise variable x;

e Xis a universe of the discourse;

e G is an optional syntactic rule (which usually takidne form of a grammar) for
generating the names of values of L, if it is neass and

e M is a semantic rule for associating its meaninthveach linguistic term of L, M(t),

where €T(L), is a fuzzy subset of A.
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A linguistic variable is a variable the values dhigh are words rather
than numbers. It represents a concept that is medalsuin some way, either
objectively or subjectively (e.g., quality). Lingtic variables are
characteristics of an object or situation.

Definition 28 Linguistic logic (LL)

LL is an uncertain logical system, where the trutifues are fuzzy subsets with unit interval
designated by the linguistic labels such as tr#srly true, undecided, nearly false, etc. The
linguistic truth set of LL can be generated by ateat-free grammar, with a semantic rule

providing a means of computing the meaning of éagjuistic truth value in LL as a fuzzy

subset over [0,1] closed interval.

In general, LL is not closed under the classicgidal operations of
negation, conjunction, disjunction as well as imglion. The result of a
natural logical operation on linguistic truth vadua LL would require, in
general, a so called linguistic approximation omsolinguistic truth value.
There are three distinguished features for LL.:

() a rule of inference whose validity is only appimate rather than being
exact;

(ii) linguistic truth values expressed in lingutsterms would necessarily
depend upon the semantic meaning associated wathpriimary truth
value such as true or false, as well as their nmedinhearly, about, more
or less, etc.;

(i) truth tables now become imprecise truth tablghis is due to the
difference in linguistic logic as compared to nqplki valued logic,

which has set valued truth-values).

Definition 29 Similarity relation

A similarity relation is a fuzzy relation ®AX)x AX), where AX)=[0, 1]* is the set of all
fuzzy sets on UoD X, if for all AeB(X) the following conditions hold:

1. R(A, A)=1,

2. R(A, B)=R(B, A),

3. Supp(ANSupp(B)=0 implies R(A, B)=0.

49



Chapter 2 - Preliminaries

Definition 30 Linguistic approximation

Let (L, T(L),X,G,M) is a linguistic variable,o& X is a fuzzy set, anddFX)x HX) is a
similarity relation. Then the terrife T(L), for which the similarity R(ML), A) is maximal, is
called the linguistic approximation of the fuzzy &g The linguistic approximation algorithm

is an algorithm which assigngto A.
This definition is based on [101dnd [5]. Shortly, the linguistic

approximation algorithm is an algorithm, which gssi linguistic expression to

the given fuzzy set.

Definition 31 t-norm
A function T: [0, 1]%[0, 1}[O0, 1] is a t-norm if it satisfies the followingqperties:
1. vad0,1] T(a,1)=a;
2. Va,be0,1] T(a,b)=T(b,a);
3. ¥a,b,cH0,1] T(a,T(b,c))= T(T(a,b),c);
4. T(a, b)<T(c, d) whenever & ¢ and b<d.

Definition 32 t-conorm
A function S: [0, 1]x[0, 1}-[0, 1] is a t-conorm if it satisfies the followimyoperties:
1. vad0,1] S(a,0)=a;
2. Va,b€0,1] S(a,b)= S(b,a);
3. Va,b,cH0,1] S(a,S(b,c))= S(S(a,b),c);
4. S(a, b)xs(c, d) whenever g ¢ and b<d.

Definition 33 Aggregation
In this dissertation, the term ‘aggregation’ meaasprocedure that combines several

members of a fuzzy set into one.

Definition 34 Fuzzy aggregation
In this dissertation, the term ‘fuzzy aggregationéans a procedure that reduces a set of

fuzzy numbers into a unique representative (or nmgém) fuzzy number.

Definition 35 Aggregation operator
A function G: [0, 10, 1] =[0, 1] is an aggregation operator if it satisfieset following
properties:
1. G(0,0)=0;
2. G(1,1)=1;
3. G(a, b)<G(c, d) whenever & ¢ and b<'d.
All t-norms and t-conorms are aggregation operators

50



Chapter 2 - Preliminaries

Definition 36 Compensative aggregation operator

An aggregation operator G is a compensative aggiiegaoperator if it satisfies the
following property:

Min (a,b)<G(a,b)<Max (a,b).

Compensative aggregation operators are neitherucotiye nor
disjunctive operators, which compensate low valogghe high values, and
combine result in a medium value. They are monctodiempotent and are
suitable for combining the values of different maturhe result of aggregation
belong to interval [0,1], without any assumptioroabits nature. An example
of a compensative aggregation operator is theraetit mean G(a,b)=(a+b)/2.

Note. Both fuzzy aggregation operator and compensatwezy

aggregation operators can be extended to m-arratgrs for m>2.
Definition 37 Linguistic vector
In this dissertation, the term ‘linguistic vectameans a vector containing only linguistic

terms of a given linguistic variable. It can alse been as a vector, which components are

fuzzy numbers describing the meaning of theseisitigtierms.
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Chapter 3 State of the Art

The chapter presents the critical analysis of élated works on the QoS
modelling, problem fuzzification and fuzzy reasapispproaches. For this
aim, it explores the extent body of literatUsection 1analyses current
approaches of QoS modelling. The main aim of thalysis is to justify the
hypothesis H1, H3, H8. In addition, it contributesthe development of
conceptual basis of our research and presents figitides of related
terms. All these definitions are based on the tssaf the conducted
bibliographic research. The aim 8kction 2is to perform a conceptual
analysis of literature sources on the current pnoblfuzzification
approaches and to collect materials, necessary diereloping the
methodology to guide the Qg planning problem fuzzification process.
The aim ofSection 3a conceptual analysis of fuzzy reasoning formalisms
and to choose such one that is best suited foreinées in the tree
structures that describe the hierarchy of gygSproperties. Finally,
Section 4concludes the chapter.

3.1.Service-Oriented Enterprise Architecture and
Quality of Business Services

Service computing [102] is a dominant applicatiaevelopment paradigm
that, inter allia, suggests that business applications should biemgnted in

the form of services. It inherits a number of cqgriseand principles from
earlier paradigms, first of all, from object-oriaibn, component-based
software engineering (CBSE) [103] and open distatduprocessing (ODB)
[104]. The most important innovation of serviceeotation is the manner in
which the separation of concerns is done. Serviaed architecture (SOA)
Is an architectural style used to implement seroicented applications
[105,106]. SOA introduces two new high-level absicmns, namely, enterprise
business services and business processes. It seagphlcation as a set of
interacting services, coordinated by a businessgs® In other words, SOA is
“an architectural style where systems consist atise users and service
providers” [107]. Service providers are those fioral units of the system that
offer business services. They are an analogue wfersein client-server

architecture. In other words, they are softwardgsufihosting” one or more

52



Chapter 3 - State of the Art

services. It is assumed that each service provestdes in a separate computer
network node accessible through a name or locai@r ehan absolute network
address. Services or, more exactly, service consunme SOA are those
functional units of the system that invoke serviga®vided by service
providers. They are an analogue of clients in tigsrver architecture. In other
words, they are software units that form and seequests for service
providers. A service consumer can dynamically disccservice providers.
Service providers and service consumers are rolmesa Each service
consumer resides also in a separate computer rietwaate. In SOA, some
functional units may act in both roles (be providerconsumer). The current
role depends on the existing context.

A number of different definitions of SOA exist. lur research, we
adopted the following definitions given by Biebeistet al [108]:
Definition 38 Service-oriented architecture
Service-oriented architecture (SOA) is a framewlmkintegrating business processes and

supporting IT infrastructure as secure, standardizmmponents — services — that can be

reused and combined to address changing businessties.

The symbiosis between an Enterprise Architectus®) (£09,110]) and
Service-Oriented Architecture (SOA) results in swecalled Service-Oriented
Enterprise Architecture (SoEA) [111,112,113] anithdps up new problems for
Service-Oriented Enterprise Systems (SoES) engimegr14].

Enterprise architecture is defined in the followwgy [115]:

Definition 39 Enterprise architecture

Enterprise architecture (EA) is “an aggregated, istt view of all systems, people, and
internal and external constructs that have relasibips within the enterprise. Furthermore, it
is bound and guided by a common requirements VigEZRV) and a set of conceptual

architecture principles that guide the selectiongation, and implementation of business,

information, technology, and solution future stdtes
SoEA is a substyle of SOA. Therefore, SOEA intrautwo new high-

level abstractions, namely, enterprise businesdaces (EBS) and enterprise
business processes (EBP). Enterprise businessagrmare the abstractions of

existing application capabilities, which are aligneith the enterprise business
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functions. Enterprise business processes are th&aations of the overall
business functioning. EBS is a mechanism by whehrieeds and capabilities

are brought together. It is defined in the follogiivay [116]:

Definition 40 Enterprise Business Service
Enterprise business service (EBS) is “the notiooalexisting business functionality that
would address a well-defined need. Service is fherghe implementation of such business

functionality that it is accessible through a waéfined interface”.

In other words, an EBS is a unit of business Idlgat implements one
well-defined action, for example, creates an order.

EBPs are the abstractions of the overall businesstibning. It is

defined in the following way [117]:

Definition 41 Enterprise Business Process
Enterprise business process (EBP) is "the end-tb{eross-departmental, and often, cross-
company) coordination of work activities that ceeatnd deliver ultimate value to

customers."
In other words, a business process is
“...an ordering of activities with a beginning andcdent has inputs
(in terms of resources, materials, and informatiang a specified
output (the results it produces.” [118]

In SOES, business processes play crucial role. Mdies is twofold:
business processes is used as a management taoh hdips to organize
people for greater agility, and business processgenexactly, an executable
model of this process is used as a tool, whichsh&porganize technology for
greater agility [119]. There are two kinds of besis models: executable and
abstract.

Definition 42 Executable enterprise business procesnodel

An executable enterprise business process mod#id€fuexecutable process) is a platform-
oriented process model that specifies the execudioler between a number of activities
constituting the process, the partners involvedthe process, the messages exchanged

between these partners, and the fault and exceptgordling specifying the behaviour in

cases of errors and exceptions. [120]
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Executable business processes model actual belnadfiau participant
in a business interaction. Processes are executethéb SOEA execution
engine, which is referred to as Enterprise SerBos (ESB). ESB models
business activities by EBSs or their compositions.

Definition 43 Abstract enterprise business proceswodel

An abstract enterprise business process model (ostract process) is a platform

independent model that only partially specifiesstiprocess and is not intended to be
executed. The model hides some of the requiredx@cution concrete operational details.

Two mechanisms are used for hiding operationalitfetél ) the use of explicit opaque tokens
and (2) omission. (Based on [120])

Concrete operational details are added to an abgiracess deploying
in onto concrete platform.

In other words, the termpfocess in EoSA refers to linked business
services and enables the coordination of distribusgstems supporting
business processes. Such processes should nevanhesed with real-life
business processes [121].

Business activities are mapped to business serusieg the so-called
service orchestration process.

Definition 44 Service orchestration process

Service orchestration process is the process ofdioation and arrangement of multiple

services exposed as a single aggregate service.

Definition 45 Service orchestration

Service orchestration is the result of a servicghesstration process.

It means that
“Developers utilize service orchestration to supipitre automation
of business processes by loosely coupling seracesss different
applications and enterprises and creating “secomshgration,”
composite applications. In other words, servicehestration is the
combination of service interactions to create higlewel business

services. ®

® Service Orchestration: Making SOA Work. MuleSoft,
https://www.mulesoft.com/resources/esb/service-@stiation-and-soa#sthash.iJSmHsd4.dpuf
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Orchestration is similar to an organizational wéof but the first one
is conducted in a SOES and the other, in an emgerp&o, the differences
between the termservice orchestrationrand organizational workfloware

similar to those between theoSA business processd real life business

process
WS1 WS?2 WS3 WS 4 WS5
\\ ~Composite /
Servica ]

\._Exacuting the Process ./

N T

WS-BPEL
Business | Orchestration
Process Engine

Fig. 3 Orchestration engine (Source: [122])
Definition 46 Orchestration engine
An orchestration engine (Fig. 3) is a single endpaentral process (itself implemented as a
service), which coordinates the execution of dfieroperations on the services which
participate in the EOSA business process model.irifuked services neither know nor need
to know that they are involved and playing a ralean EOSA business process model. Only

the orchestration engine is conscious of this §Based on [123,124])

There a number of different orchestration engirl®5], for example,
ExpressBPEL (CodeBrew technologies), BizTalk Ser\Microsoft), Oracle
BPL Process Manager (Oracle), WebSphere ProceszerS@BM), OW2
Orchestra (OW2), etc.

In the SOES, the role of orchestration engine Ugual played by
Enterprise Service Bus. According to [126], it & an easy task to define this
concept:

“What is an Enterprise Service Bus? The questidmaisl to answer
since there is no general consensus about a condabnition of

the term. There are many discussions on which fesitlave to be
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included or which technologies should be used wieatizing an
Enterprise Service Bus. In contrast to that there many vendors
in the market who state that their solutions ardefprise Service
Buses or base on Enterprise Service Bus principles.
Nevertheless, it can be defined operationally, bg. its functional
capabilities.

Definition 47 Enterprise Service Bus

Enterprise Service Bus (ESB) is a broker infragsuie which offers the following
functionality:

e services invocation;

e secure messaging;

e data transformation;

e adaptation of applications,

e process execution monitoring and controlling;
e orchestration;

e processing of complex events; and

e application integration tooling.

For details, see [126]. From this definition follevthat orchestration
engine is only one role (and not a most importar&) @layed by ESB. In any
case, the result of orchestration is a high-ord&s Ehat can be further used in
other orchestration processes.

SOAFR request named
operation with named and Wrapper that realizes
encoded parameters Web sernvices interface

Service

user

Component
(service
implementation)

SOAF response with
named and encoded
return values

Fig. 4 SOA service (Source: [107])
To perform the orchestration, it is necessary thkt EBSs have

standardised interfaces and communicate via messbg80oEA (and in SOA,
too) it is achieved wrapping EBSs by web servi¢eg.(4).
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Definition 48 Web service
Web service (WS) is “a mechanism to enable accessé or more capabilities, where the
access is provided using a prescribed interface ignexercised consistent with constraints

and policies as specified by the service descmftip07]).
According to this definition, web services are usked wrap the

distributed components (or some legacy software) animplement service
providers’ interfaces. In other words, a web servise the mechanism that
converts components (or legacy software) into EBfyswrapping EBS
providers and by creating unified platform agnostiterfaces, which allow
accessing EBSs via the Internet. The W3C open fspeon [127] defines a
platform independent XML-based machine-readablesriate description
language — Web Services Description Language (WSBLwhich allows
describing the functionality offered by a web seevihat wraps the component
or other software. More generally,

“A Web service can be implemented by a concretatagich is

the concrete piece of software or hardware thadsesnd receives

messages, while the service is the resource chenmaet by the

abstract set of functionality that is provided.”Z8]

Web services platform also provides a number ofemtlopen
specifications centred around the interface desong based on WSDL, web
services messaging framework, and service desmmiptegistration and
discovery.

“Web services are XML-based interface technologibsy are not
executable; they do not have an execution envirobthey
depend upon other technologies for their execuéionronments.”
[129]

The term tomponent’is used here in a very broad sense. It may be a
software component, a piece of legacy software esbardware (e.g. printer),
or even a manual procedure. However, web-based Jbakther, webSoEA)
deals only with some software. Further, we refehis software using the term

‘componerit
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There are two substyles of webSoEA: one that measS-*
specification and other that is based on Representation Statesfer (REST)
architectural style [130,131] and enterprise Web[232]. In thisdissertation
we deal only with WS-* based webSoEA. In addititinere are a number of
different viewpoints how webSOA (and webSoEA) sklobke implemented
using web services, Microsoft Windows Communicatieoundation [133],
IBM Websphere [134], SAP Enterprise SOA [113] amanigers. Despite all
above mentioned differences, it is possible to igrihese differences and to
discuss planning of EBS quality at the more genexgthSOEA level. Before
starting this discussion, we summarize the mosbmapt differences between
webSOA and webSoEA (Table 1)

Table 1webSOA vs. webSoEA

webSOA webSoEA
Internet-wide open system. Developed |ifRelatively closed enterprise-wide system
a bottom-up manner. controlled on an enterprise-wide level.

Developed in a top-down manner.
Enterprise service inventory.

Any business services. No ability to Normalized enterprise business services
define global data types and normalize| aligned with the enterprise business
business services. functions, the use of global data types.

Not purported to support a particular | Business-driven, i.e., support enterprise’s
business strategy and to implement business processes, strategy and
predefined business processes. objectives. Enterprise business processes
coordinate compositions of interacting
EBSs.

No guide on the set of services, on how EBSs are designed, developed and
they are built and deployed. No control| deployed in compliance with the

over changes in services. enterprise-wide standards. All changes
are under enterprise’s control.

The structure of messages is standardiz&te structure of messages is unified. EBS
(e.g. by SOAP) but not unified. ESB interfaces are clearly defined, stable, and
interfaces are standardized (by WSDL), make use of global data types.
but not clearly defined, not stable. No
ability to use global data types in the

interfaces.
Service level agreements (SLAs) are | SLAs are mandated (mostly) at the
negotiated between providers and enterprise-wide system at the design

® See Web Services Specifications Index Page at:Httpsdn.microsoft.com/en-
us/library/ms951274.aspx

" Normalisation means that each EBS should be dedigiith the intent to avoid similar or duplicate
bodies of service logic.
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webSOA webSoEA
consumers at the run time. time.
Direct pear-to-pear communication ESB as a mediator between consumers

between consumer and provider. UDDI and providers.
for service registration and discovery.

Neither service providers nor consumerdntranet, extranet, and the whole
can control the SOA infrastructure and | infrastructure, including ESB, servers and

communication networks. other elements, is under control of the
enterprise.

Recommended security and safety Mandatory security and safety standardls.

standards.

Some services are situation-aware but| All services are context-aware because
only in rare cases are context-aware | they run in the well-defined enterprise
because the context as a rule is ill- context.

defined.

The webSoEA provides a special directory servidgo(eeferred to as
service discovery agency) that allows service comss to register and
discover any EBS. Besides, any EBS is dynamicatlynd. It means that a
service consumer does not need the EBS implementatrailable at build-
time because the service is located and bounchatme [107].

The webSoEA provides guidelines for creating anthgisservice-
oriented applications. SoES is business-drivent ihait must support the
enterprise’s business strategy and objectiveselns that business processes
in SOES must be designed keeping in mind this g@al.the other hand,
business processes should be translated into efestrand normalised EBSs
drawing on global data types. Normalisation medwas €ach EBS should be
designed with the intent to avoid functional ovpdgaand to reduce the
redundancies in EBSs, i.e., to avoid similar orldage bodies of service logic.
Global data types are enterprise-wide defined dgfes based on the
international standards [135].

In SOEA, EBSs have also some specifics. First &f @l EBSs,
including those maintained by the external prowdeshould be designed,
developed and deployed in compliance with entezpngle standards. It
means that the structures of both services andagessnust be unified [136].
Interfaces for all EBSs must be clearly defined atable, and make use of

global data types [112]. The enterprise businessicge must meet the
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functional objectives within the context of the imess unit and the enterprise
[111]. Internal directory service must be providéor registration and
discovery of EBSs. This specific enables one tara viewpoints of different
EBS stakeholders.

Namely these differences motivated the scope of regearch. It is
obvious that the problem of planning quality of ibess services in the
webSOA environment has quite different, probaldistature and cannot be
solved applying methods proposed in our disseriatio

Let us discuss now the EBSs quality modelling issue

As was already mentioned (see Section 1.1), tme @uality of Service
(QoS) was introduced in telecommunications netwenkgd extended later for
different kinds of other ICT-based services, inatgdWeb Services, SoA
services, and SoEA services. Fig. 4 demonstragsritthis new context exist
a number of perspectives on service quality. Légee Section Chapter 4) we
will discuss this question in details.

In the context of webSoES, the quality of an EB$/mscally addressed
by the termQoS for web service®oSys) that, unfortunately, causes some
confusion. One of the most popular Qg®lefinitions is presented in [137].
Definition 49 Quality of Services for WS
Quality of Service for web service (QgPis a set of non-functional attributes of the ges

used in the path from the WS to the client that lseathe WS’s ability to satisfy stated or

implied needs in an end-to-end fashion.

This definition speaks about WS end-to-end quabtyt it is not
applicable in the context of webSoEA, becausenbigs the fact that, in this
context, each web service wraps some component &ignd ignores the
quality of this component as well as the specifialiy requirements of a
particular application domain. Using the terms jsgal by Christian Gronroos
[138], it speaks only about the technical qualifyservice and ignores its
functional quality. In other words, this definiti@ssumes that service quality
and product quality are strongly separable. Thsu@ption contradicts our

hypotheses H8 and H1. However, our point of vievsupported by a great
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number of researchers in papers on product/servacginuum and IHIP
characteristics (for example, [74,76,139,140,14Hready Shostack [142]
highlights the fact that the distinction betweemvies and products is not
clear cut, and that there are few pure servicespaoducts (Fig. 5). Gronroos
[143] even developed a concept of the service mioduhe service offering —
which is geared to the concept of perceived semydity. On the other hand,
the Systematic Literature Review conducted pregatims chapter of the
dissertation (see Appendi®) did not discover serious arguments against
hypotheses H8 and H1.

Pure Commodity i
Good Pure Service

St SoRDrinks  Redio  NewCar  FastFosd  Doctors  Cetficate Running Public Local
Service Advice Account Conveyances Inguiry Desk

Fig. 5 Product service continuum (Source: CS Odessarp., 2013)

In summary, the WS QoS and the Qgsare different things.

There are also a number of QoS definitions for SeAvices (Q0Spp).
Almost all these definitions define Q&sx through some context-dependent
QoS0a model. The critical analysis of various servicalgy and QoS models
can be found in many papers including [144,145,1408. This analysis
shows that no QoS model is commonly accepted. Nonwon accepted
operational definition allowing us to measure ssgvguality for any service
exists. The majority of QoS models for services wasposed by the Web
service community and describes only technicalbaftes. In addition, authors
conclude that most of the models lack the richmes=ded in specifying the
QoS of different types of services. Metalevel as@lyconducted in [147]
shows that Qo still remains a not well defined and frequentlysused
term. Besides, all existing definitions ignore npdttite and fuzzy nature of

QoSgs and cannot be directly applicable in our research.
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There are also several Q@$ related papers [148,149,150,151],
however they focus only on some specific aspecth®fproblem and no one
investigates Qoss modelling and planning problem systematically. the
best our knowledge, only two papers [152,153] asklthe Qogs modelling
problem directly. In [152], this problem is congieé from the viewpoint of
the design of the whole system, i.e. this papesidens only such properties of
service quality as loose coupling, composabilityanglarity, etc. The
modelling and planning of QoS for individual seescis out of scope of this
work. Paper [153] focuses on the issues of the areasent and evaluation of
EBS performance. Authors differ over hard and gatility factors:

“...soft factors (like friendliness and competerafethe employees)
play an important role. The measurement and evalnabf soft

factors is very challenging. Soft factors cannot rheasured by
using objective measuring equipment (like the nremsent of

throughput time with the aid of a stop watch). Saftors rather

have to be measured and evaluated by people. Haxelg function

as subjective measuring equipments. The use of tdades is the
common way to measure and evaluate soft factonsLiBert scales

do not sufficiently consider human perception.”

The paper proposes a conceptual five stage modetan the fuzzy set
theory to measure and evaluate the performanceraice. However, it does
not consider other than performance related factors

Let us discuss the proposed QoS models at a meadedelevel. It is
not easy to say which of these models, if any,hes best suited or most
representative one. We classify the proposed modwts three classes:
taxonomy-based models, activity-based models, atalagy-based ones.
Taxonomy-based QoS Modelling Taxonomy-based QoS models structure a
guality along the characteristics (e.g. securityterioperability, reliability,
usability, efficiency, maintainability and portaby). In other words, these

models are more or less exhaustive taxonomiesed®S characteristics.
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A typical example of taxonomy-based model is SQudRiSed the Web
Service Quality Model (SQuaRE-WSQM). This model war®posed by
Abramowicz and al. [154]. It is based on the IS@/IBSoftware Product
Quality Requirements and Evaluation Model (SQuaf)]. The authors
suggest [154,155] that the web services quality ehetiould be compatible
with the software ISO/IEC 25010 (SQuaRE) model [Iause:

“...definition of quality requirements starts frothe same set of

requirements both for Web Service and software hedtji54].

According to their opinion, quality requirements oservice should be
analogous to the ones for a software componentchwhroduces required
output. The SQuaRE-WSQM defines service qualitynfrexternal, internal
and quality in use perspectives. External quasitthe capability of a service to
provide the effects satisfying needs when thisiserns used under specific
conditions. In other words, external quality chéedases “black box”
behaviour of the service. Internal quality giveSadoite box” view to service
guality. Both external and internal qualities aedimed by the top level quality
attributes: security, interoperability, reliability usability, efficiency,
maintainability, and portability. The quality ineislefines quality as a utility
for a specific user to achieve his/her specificlgoa a specific context. It is
defined by the SQuaRE model attributes used toritesthe usability in use,
context in use, safety in use, security in usepstgn use, and adaptability in
use [69]. External and internal qualities refldet t/iewpoint of service owner,
while quality in use, that of a service requesidre proposed model defines
three-level taxonomy of quality attributes: maim {@p-level) attributes, lower
level attributes, and quality measures. However, SQuaRE-WSQM ignores
the specific of services (comparing to softwaredpiis) as well as service
related business issues. This is the main shortgpmi all taxonomy-based
QoS models. Besides, the classification schemed useaxonomy-based
models often lack clear semantics for relationshipsveen supperlevel and
sublevel quality attributes [157].
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Activity-based QoS Modelling. Originally the activity-based quality models
were introduced with the aim to model software rtaimability [157]. Later
they were adapted to QoS modelling. In activitydsh®o0S models, the quality
is described along the activities performed on hw SOA system. It means
that in such models quality concerns are sepalateattivities. This approach
attempts to remove the main shortcoming of taxonbased approach and to
take into account the specific of services. Thisrapt has been made by the
OASIS Committee [158,159]. These documents emphdbet web services
differ from installation-based software. The difaces cause a distinct web
service quality model and attributes. First of sdlfvice consumer and provider
as a rule belong to different ownership domainsratationships between their
instances can be established ad-hoc. This inclagesssibility of a web client
to dynamically change the server. The changes sanb& done in real time
when quality is not sufficient. Secondly, the gtyalbif web services depends
on the runtime environment. Consequently, variatdrservice quality can
occur. Thirdly, service consumer must tolerate s@oeeptable deviation of
required quality because it may be not obtainable.

The OASIS Web Service Quality Model [158] consisis three
components: quality factors, quality associated, guality activities. A quality
factor is a group of attributes, which represenbvgervice’s properties. In
OASIS terminology, the term “quality factor” is lader than the term “quality
attribute” in its common usage. A quality associata person or organisation
(in other words, a role) related to web servicés tiycle stages. The quality
activity refers to various actions performed by ocasstes to ensure web
services quality and its stability. OASIS Specifica emphasises that the
guality model should be established from a serageé not from a product
viewpoint. It implies different views of using argee. So, quality can be
considered from different perspectives: user’'s pecsve, interoperability
perspective, and management and security perspdt&a].

Quality factors are divided into two groups: busmeuality factors and

system quality factors. Business quality factorabésm evaluating the business
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value of services, i.e. the economic worth deliddog applying these services
on a business. The business value depends onygsiiiifactors such as price,
penalty and incentive, business performance, servecognition, service
reputation, and service provider reputation. In itad to those factors,
business benefit, profit and return of investmeart be included in this group
of factors. System quality factors are divided imariant quality part and
invariant factors. The values of variant factors ¢ dynamically varied in
run-time, while the values of invariant factors sglio be determined
immediately after the service development procesgampleted. Invariant
factors include interoperability, business proaegsjuality, manageability and
security. Values of response time, maximum throughpavailability,
accessibility, and successability vary dynamically.

The main shortcomings of the OASIS Web Service Made that it
ignores domain specific nature of some qualityilaites and provides only
three views of quality, which is not enough. Thinere is a need to develop
such approach, which provides the integration df \aéwpoints and
perspectives on service quality at a higher abstradevel. This conclusion is
in line with the aims of our research. On the ottend, this research to some
extent was inspired by the philosophy beyond thASCS Web Service model.
Goal-oriented methodology.Closely related to our research also are works on
the goal-oriented methodology [160] and the appbeaof the i* framework
[24] for the enterprise [161,162] and software riegments [163,164]
modelling and reasoning about the software qualithe goal-oriented
methodology inspired our ideas about modelling rolependencies between
viewpoints and between perspectives. This methgyomd works on the i
framework made also a strong impact on our appré@d¢he formalisation of
QoS models and reasoning procedures about aleenainfigurations of QoS
attributes’ values in order to compromise requiretsestated on the basis of
different viewpoints.

Pioneering works on the design of automated reagopiocedures for

the i framework were published by Giorgini et al [16%]L6These ideas were
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developed further in [167,144,168]. The authorsppsed a number of
gualitative and quantitative procedures for goaldetoanalysis, which
separately propagate negative and positive evidemeefully automated, and
work in a forwards and backwards direction. Theppsed algorithms are
sound and complete. The algorithms take as infnaeisafor some of the lower
goals of the model and infer other labels higher lnpother words, given a
formal axiomatic goal model and labels for somehaf goals, the algorithms
propagate these labels forward towards root gtfailse graph contains loops,
this is done until a fix point is reached. An axatimation of goal models also
was proposed by Giorgini and his colleagues [168,1However, the majority
of these procedures emphasize automated reasovengyoal models ignoring
the interactive nature of such analysis. As is fgairout in [171],

“The full automation in these procedures does notegthe

evaluator freedom to make decisions in the preseh@®nflicting,

partial or unknown information”.

An interactive qualitative approach allows one &raw the number of
alternatives and to further test the feasibilityremained alternatives using
some automated quantitative procedures. StirnaPamdson [162] developed
one of the first procedures of this type. It wasealeped as a part of the NFR
Framework [172] and was based on the notion of ¢satisficing”. The
procedure pretended to be extensible for th&ramework, however, it has
emerged that its interactivity level is too redtvie to be effective applied to i
models. Horkoff and Yu [171,26] developed othererattive qualitative
procedure for goal- and agent-oriented models. ptosedure is applicable to
i models and allows an evaluator to compare altilemin the domain by
asking “what if?” type questions. It could also beplied to the NFR
Framework [168] and GRL [173] because both theggagzhes are syntactic
subsets of the iframework. The process starts by assigning initeles to
labels expressing the degree of satisfaction olatlemintentions related to the
analysis question. Using the preliminary definedesu these values are

propagated through the model links. Human judgeneemequired in cases
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when it is necessary to combine multiple confligtiar partial values. An
evaluator analyses the final values taking intocoaot the original “what if?”
guestion. This idea is also was approved to be insedr research.

Despite all the above mentioned advantages andaittethat goal-
oriented methodology deals with so callswft goal§ it cannot be directly
applied to solve the preliminary planning of @gSproblem (see sections 1.2
and 6.1). From the point of view of our researtie, nain shortcoming of the
goal-oriented methodology is that its reasoningiregs not suitable to
perform reasoning in a linguistic logic.

Summarising the results of the bibliographic resleadone in this
section, we can claim, that any of the analysed Qu8lelling approaches
cannot model Qo$sin such a way that an effective ensemble of coliatdee
methods to resolve conflicts among the requiremestéded by different
stakeholders is possible to design. In other wattus, bibliographic research

supports our hypothesis H3.

3.2.Problem Fuzzification Approaches

The proper MFs construction methods are very ingpartin the
modelling of Qo$zs and should be chosen very carefully. There exist a
plethora of various approaches to the constructiog MFs, (e.qg.
[174,175,176,177]). A decision which approach stdo¢ used to construct
MFs in a particular case depends on many circuroe&an The most
fundamental one among them is the chosen semdniduzzy set, which, in
turn, depends greatly on the problem in questidme& main semantics of MF
are the modelling of similarity (imprecision), peeénce (vagueness), and
uncertainty [178]. We interpret fuzziness as va@ssror, in other words, use
fuzzy sets to model vague human concepts. Dedmtehiosen understanding
of fuzziness, all MF construction approaches cahrally be divided into

themanualandautomaticones (Fig. 6).
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Fig. 6 MF construction approaches

The main characteristics afianual approacheare: 1) the usage of the
empirical data, typically collected applying sombepomenography-based
methodology; 2) a relatively small amount of caléet data; 3) monotonous,
time-consuming, and less efficient than an autamdé construction process;
4) a possible subjective bias caused by the imprsglection of interviewees;
5) a possible problem-related bias caused by imgp@ate knowledge
acquisition techniques [179].

The main characteristics alitomaticapproachesare: 1) nonattendance
of experts, 2) supplied large data sets that agd tes extract knowledge about
the shape and parameters under consideration; Bjtransparency (any
justification of the result); 4) adjusting MF thigiu learning, optimization, or
using other techniques. The supplied data setsfae graphically represented
in a normalized relative frequency function anddusams [180]. They contain
samples of MF values for some elements of the fisstyunder construction.
The automatic approaches are adaptive in the dbasdéhey generate initial
MF from the supplied data set and further adaptivedlange this MF when
additional data sets are provided. It means thedetrapproaches can also be
used in the cases where MF should be changed dgabynin real-time

systems.
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The manual MF construction approaches can be fustifedivided into:
Intuition-based MF construction approachés.these approaches, the
shape and parameters of MF are defined processiegopenographic
descriptions, prepared by experts in the fieldefwiewees) on the basis
of their subjective perceiving of the quality. UBua their
understanding of the quality depends not only osirtipersonal
attitudes, but also on their individual knowledgenate intelligence,
experience, and, possibly, on the relevant liteeatihe final decision
on the shape and parameters of MF under consideratimade by its
developer (interviewer) on the basis of expertshmms as well as on

the basis of his subjective judgement.

MF construction through experimentfhese approaches rely on
psycholinguistic experiments by which the MF depeloinvestigates
what the given linguistic terms “mean” to the expewho represent
different understandings of the quality. The expents can be carried
out using different assumptions on the nature afzihess (e.g.
interpersonal disagreement or individual subjectivecertainty) and
applying different techniques (e.g. rating, exefigdtion, interval

estimation, etc.).

The automatic MF construction approaches can libdusubdivided as

follows [176]:

Statistical approacheslhere exists a great number of various statistica
approaches (e.g. histogram-based methods [18l{§judrey-driven
[182], etc.) that combine various statistical teéghes in different ways.
One among them was proposed in [183]. It is a mpkthod that
maintains MF understandability. MF is constructegt bpplying
statistical techniques to calculate MF centressagyoverlap, slope, etc.
The method helps to provide initial intervals tragfine linguistic
variables, and to identify the optimal parametens MFs. A general

shortcoming of statistical approaches is a queshiten reliability of
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statistical data because such data can be biasggbonoises.

Fuzzy clusterClusters can be treated as subsets of a supdidset.
Consequently, they can be classified as crisp fhardfuzzy (soft)
clusters [184]. In fuzzy clustering, data elemecds belong to more
than one cluster. So, each data element can beiagsbwith a set of
membership levels. For details of the fuzzy clustebased MF

construction procedure see in [185,186].

Neuro-fuzzy approachedhere exist several neuro-fuzzy techniques
used for the MF construction [175]. All these teigues are based on
the integration of artificial neural networks andz2y sets theory. The
main idea is to use some neuro-fuzzy learning é&lgaor [187]for
adjusting the parameters of MF, extracted fromdheplied data sets.
Inter alia, this approach allows us to construatadgical MF that is
dependent on the available values of variablesgaten time moment
[188].

Genetic algorithmsin the MF construction process genetic algorithms
are used to cluster the values of quantitativabaties into fuzzy sets
with respect to the given fitness evaluation cidteMany different
algorithms (e.g. [189,190,191]) were proposed It &im. They differ
in fitness functions, chromosome encoding, selacpoocedures, and

other details.

Others The most important automatic approaches for cocshg MF
include other methods, such as inductive reasofiifg], deformable
prototypes [193], gradient methods [194], etc.

Intuition-based approaches can be subdivided furith® direct and

indirect ones. In either direct or indirect apptoasingle or multiple experts’

opinions can be taken into account [195,196]. Thennctharacteristics of

direct approaches are: 1) assumption that vaguemess from an individual

subjective uncertainty; 2) MF is constructed ussogie aggregation technique
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of (possible, weighted) experts’ evaluations (idegree of membership),

assigned to the given crisp values, mapped to zyfset under construction

(instead of aggregation, some interpolation teammigan be used); 3) used to

fuzzify the concepts with measurable propertieg.(e&xecution time or

throughput); 4) MF reflects subjective experts’ leations directly (i.e.

explicitly); 5) experts are required to give ovepyecise answers; 6) it is

simple and easy to implement. The main characdiesisf indirect approaches

are: 1) MF is constructed on the basis of expeatuations of certain relations

(e.g. pair-wise comparisons) among the elementkinwvithe crisp set under

consideration; 2) MF reflects subjective expertgalaations indirectly (i.e.

implicitly); 3) less sensitive to various biasessabjective judgment.

MF construction approaches through the experimefit74,177,197]

can be further subdivided into:

Polling. It is assumed that the fuzziness arises fromrpetsonal
disagreements. The different experts answer thestigme “Do you
agree that object/subject is a linguistic téffdi The answers of yes/no

type are polled and the average is taken to carist&.

Direct rating. It is assumed that the fuzziness arises fromviddal

subjective vagueness. The same question “Hawa?” is given to the
same expert over and over again, and the answersoanpared to that
MF, predefined by the experimenter. The constractd MF is based

on the frequency of a particular response.

Reverse rating It is assumed that fuzziness arises from indiaidu
subjective vagueness. The expert, who defines BBsked to indicate
how much strongly a given crisp value under evanatorresponds to
the given linguistic term. This approach can bedusm periodical

verification of the results obtained by the direttng method.

MF exemplication(also called continuous direct evaluation). Expert
are asked the question “To what degree does a gigm value belong

to the linguistic tern?" and to express the compatibility of each term
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with each combination of items by answering yesand assigning the
numbers from 0 to n to indicate their degree officemce in the
answer. A great variability of answers is likelyhel approach is

oriented to the trained experts.

e Pairwise comparisonExperts are asked to select an object that exgplai
the fuzzy variable best from a pair of objects. fhestion is: “Which is

moreF (by how much)?” MF is constructed combining theutes.

¢ Interval estimationExperts are asked to give an interval of crisSpes
that describe the linguistic terrh. The method is appropriate to
situations where a strong linear order can be ddfiron the

measurements of the fuzzy concept.

The summary of the approaches, which are relevardut research,
described in related works, is presente#ig 6. In this figure, the approaches,
which are relevant to our research, are outlinethlmk blue lines.

The main conclusion of this section is that the iership function
construction method depends on a specific of aquéat EBS. No particular
method is applicable to any EBS. Therefore it i€essary to develop a
problem-independent methodology to guide the QePlanning problem
fuzzification process. This section motivates also research objective 2 (see
Section 1.4).

3.3.Fuzzy Reasoning Approaches
Semantic issuesUsually, approximate reasoning is defined asnéerénce of
a possibly imprecise conclusion from possibly ingse premises [198]. There
the term inferencé can be understood in several different ways:
a. as a “common sense” reasoning strategy that, typicsbased on a
number of heuristics [199], [200], [201];
b. as a fuzzy reasoning strategy that deals with plssmprecise
sentences and is based on fuzzy sets and fuzzy [2g2], [203],
[204], [205];
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c. as a default reasoning strategy that is based taultléogic, non-

monotonic logic and circumscription [206], [207208]; and

d. as an analogical (or case-based) reasoning strétaggims derives

conclusions according to analogies to similar sidbums [209], [210],
[211], [212].

These approaches can also be combined each wihsptr example,
the case-based reasoning can be integrated withiltdased reasoning [213].
In their later publication, Dutta and Bonissoneuar{214] that:

“The task of a reasoning system is to determinetitih value of
statements describing the state or the behavioua oéal world
system. However, this hypothesis evaluation requiemplete and
certain information, which is typically not avail@b Therefore,
approximate reasoning techniques are used to daéterra set of
possible worlds that are logically consistent witle available
information. These possible worlds are characteliby a set of
propositional variables and their associated valuess it is
generally impractical to describe these possiblerle® to an
acceptable level of detail, approximate reasongghhiques seek to
determine some properties of the set of possilldigns or some
constraints on the values of such properties.”

Ruspini supports this point of view and argues tpassible word
semantics is also most suitable to describe seocsamti fuzzy reasoning
systems [215]. According to him, in fuzzy reasonsygtems,

“Resemblance between possible worlds is quantifiegd a
generalized similarity relation, i.e., a functidmat assigns a number
between 0 and 1 to every pair of possible world#. the typical
reasoning problem is thought of as the determimatd the truth
value of a proposition (the hypothesis), then arprapimate
reasoning problem may be described as one wheralabia

evidence does not permit such evaluation withoutignity.”
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On the other hand, Zadeh argues [216] that the imgaof linguistic
term is defined by a fuzzy subset of UoD, whichtum, is defined by the
membership function of this term. More preciseby, & given linguistic term
(i.e. for linguistic valud) the functionuy(t, xX) (xeUoD, N is a naming relation)
defines a fuzzy subset of UoD whose membershiptimmg,(x)= un(t, X). This
fuzzy subset, denoted W (t), is defined to be the meaning of the term t.
Equivalently, the termi may be viewed as a label for a fuzzy subset of UoD
which "comprises” (in a fuzzy sense) those elemaritdJoD which are
described by [216]. In short, the meaningl(t) of linguistic termt is a fuzzy
number defined byn(t, x), teT, xeUoD, where T is the set of linguistic terms
andun(t, x) is the membership function of the naming relatibn

Thus, a linguistic variable can also..be regarded either as a fuzzy
number or as a variable whose values are defindohguistic terms [217].
Reasoning in fuzzy logic Fuzzy logic can be described shortly in the
following way:

“As a mathematical object, fuzzy logic has the silea structure of
a logic, i.e. it consists of a first-order languagevhich consists (as
classically) of a set of predicate symbols# a set of functional
symbols 4 and a set of logical connectives,{V, =, -, &}.
Moreover, J also contains a sé& of logical constants. In that
language, terms and formulas can be defined (lbyguikie inductive
principle) in the same way as for a classical fiostler predicate
logic. With any classical logic, a syntactic stu@ is connected. It
means that, for any formula of a logic, we can derive if that
formula is provable (i.e. truth) in that logic (symbol~y) or not.
Principal tools for calculations are deduction rslevhich are used
in the logic. In a fuzzy logic, graded versionsietluction rules are
used, and it means that we also receive a graddtbmamf a
provability ofy formula, i.e.+, y means thai is true in the logic in

a degreex, whereaeQ.” [218]
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Most important rules for reasoning in fuzzy logie dhe generalised
modus ponenfGMP) [219] and the generalized modus tollens (GNERO].
GMP is a forward data-driven inference while GMTaibackward goal-driven
inference. To solve our problem, we need GMP. GMhegalizes the

corresponding classical rule of inference

P
P = q
q
to its approximate version
PI
P = g
qi'

The implementation of a generalised GMP infererdeesie leads to
the problem of selection suitable fuzzy implicatidimere are over 40 different
forms of implication relation reported in the ldgure.Table 2 presents most

important of them.

Table 2 Fuzzy implication operators

Name Formula
Zadeh | #r(x,y) = max{min[x,y],1 — x}

Mamdani | X = ¥ = min{x, y}

Larsen X =y =Xy

0 ifx=1landy =0

Largest xXmy= {1 otherwise

tukasiewicz | X = ¥ = min{1,1 — x + y}
1 ifx<y
Yy ifx>y

Godel x—>y={

)1, ifx<y
- =
Goguen x—=y - ifx>y

The implications are classified according to thieiatures into three

families: t-norm implications, R-implications andi8plications (se@able 3.
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Table 3 Choice of implication families

t-norm Implications

R-implication S-implication

conditions

Examples Mamdani, Larsen, etc. Gdodel, Goguen, Diene, Dubois-Prade,
Gaines, etc. Mizumoto, etc.
Lukasiewicz
Features identically undercertain

rapidity and precision

Slow and less precision

faster dynamics

less dynamic

error

possible to cancel any static

cause the creation of a steady state erro

Larsen)

Robust behaviour (Mamdani,

Not robust
behaviour

Not robust behaviour

The choice of most suitable implication dependsaoproblem or, in

other words, iscontext-dependentToday, the fuzzy reasoning systems

typically are used to solve various diagnostic peots, including design of

fuzzy controllers. However the requirements forzfjuzeasoning formalisms

suitable to solve such diagnostic problems and &tisms suitable to solve

Q0Sss planning problem are quietly different (Sesble 4.

Table 4 Requirements for fuzzy formalism

Q0S:5s planning problem

Diagnostic problem

Static environment

Dynamic environment

Prediction

Simulation or control

Expert evaluations of intervals for
linguistic terms (more subjective)

Measured data values (more objective

Accuracy of expert evaluations:
moderate

Measurement accuracy: high

Computational cost (speed and memo
not so important

y.omputational cost (speed and memo
very important

Input: set of initial values of linguistic
variables

Input: crisp value

Fuzzy reasoning

Fuzzy sets and fuzzy if-then raked
decision making process

y):

It is important that GMP can be confronted with thangular fuzzy

numbers [221]. It is possible because, accordirjg18],

“There is another tool for verification of a providity +y. Instead

of syntactic methods (i.e. formal rules for hangliwith formulas),

we can use semantic methods, i.e. methods basedeopretations
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of formulas in models. A modé&lof logic J (not important if a logic
is a fuzzy logic or classical one) is based on soomerete structure
(set, category, group, topological spaces, etcd arerpretations
of predicate and functional symbols in that struett

Thus, we can interpret linguistic terms by fuzzyniers and to apply
the semantic implementation of the GMP for fuzzgs@ning. However, in this
case GMP should satisfy some rational properti@2]f2oasic property, total
indeterminance property, and subset property. Algioit was found that that
Mamdani implication and Larsen implication are bestited for fuzzy
reasoning using GMP, working with fuzzy numbersdesr implication is best
one [223]. So, we choose namely this implication.

One more important question is related to the thett we should
perform fuzzy reasoning in hierarchies of @gSquality attributes. These
hierarchies are represented by fuzzy AND treesiéans that in each node we
have a number of GMB connected by the connect\D’. This connective
can be implemented as a fuzzy conjunction, which general associated with
triangular norms [224]. However, as noted in [22B]some cases it is possible
(or even desirable) to leave the domain of triaagabrms and co-norms and
get fuzzy aggregation operators, for example, eudtiic or geometric means.

So, in our case, we use fuzzy arithmetic mean.

3.4.Conclusions

The main conclusions of this chapter are as follows

1. The bibliographic research of literature on webS@&bSoEA and EBS
highlighted the differences between webSOA and w&l$ and supported
our decision to limit the scope of research consgideonly the quality of
SOoES business services because the problem ofipdaguality of EBS in
webSOA environment has quietly different, probahidi nature and cannot
be solved applying methods proposed in our dissenta

2. This research did also discover no evidences tloautradict to our

hypotheses H1 and H3. No one surveyed source aapssst the claim
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that services quality can be understood differethtin product quality. We
did also not find a source that proposes such ringedpproach which is
suitable to model QaJs in such a way that an ensemble of collaborative
algorithms to resolve conflicts among requiremesiisted by different
stakeholders be possible to design.

. The research also supported our hypothesis H8 phatuct/services
continuum exists and that evaluating service quatiis not possible to
ignore the quality of software product which getesaesults delivered by
this service.

. The bibliographic research of literature on problefuzzification
approaches shown that Q@$ planning problem fuzzification method
depends on a specific of a particular EBS. No ameciete fuzzification
method is suitable for any EBS. Therefore it isassary to develop a
problem-independent fuzzification methodology tbah be used to guide
the Qo%gs planning problem fuzzification process for any EB&us the
research supports our hypotheses H5.

. The bibliographic research of literature on fuzaagoning approaches
shown that most of current fuzzy reasoning appresacre applicable only
to fuzzy controllers and various diagnostic proldenm such context, the
reasoning is used to classify a given UoD valubedsnging to a particular
linguistic term. We conclude that in order to reasdout linguistic terms
in tree structures, which describe the hierarchyQofgs attributes, it is
necessary to combine fuzzy implications and semarderivation
techniques. By semantic derivation we mean the coatpn with fuzzy
numbers.
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Chapter 4 Development of the
Conceptual Framework

The chapter continues the development of conceptgts of our research.
It focuses on the terms and concepts, which ertabliescribe in a formal
way Qo0%sgs planning problem and models, methods and algorithons
solving this problem.

Let we start now with the definition of terms anohcepts directly related to
the modelling of views, viewpoints, perspectived 0%gs The semantics of
presented definitions is described in terms of thebretic semantics. Set
theoretic semantics is a kind of referential theofyneaning [226], in which
the meaning of a particular term is regarded a®iatgr to the designated
object in the real world. In other words, the megnof a term is what it refers
to [227]. In an analogous way is defined the semamtf functional symbols,
predicate symbols, terms’ constructors, etc.

In the first order predicate logic formalism, theaqtifiers3 andV are
“unrestricted” in the sense th@x)P (x) means that there is some entity in the
universe of discours®&) which has the propert. (Vx)P(x) means that all
entities in the universe of discourSehave the propertf. In this formalism
the sentenceEach element of a set A has a propertysRould be described

by the formula(vx)(A(x) = P(x)) and the sentenc&bme element of a set A
has a property Pshould be described by the formikx)(A(x)&P(x)). In

this dissertation, the quantifieisandVv are “restricted” and have the following
set theoretic semantics:

(Vx: A)P(x) =4 A S P,

(Ax: A)P(x) =g ANP # 0, Q)
(mx: A)P(x) Zgor ANP # Q.
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In the cases where a quantifier is restricted tmeaonly a finite set
A={a;|1<i<N, N e X} we will write 3, andVv,. These quantifiers have

the following semantics:

" (2)
(V4P Zaer | JiP(@)
L @3)
@OPE) Zaer [ |PLa)}
i=1
(4)

N
(0P Zaer |_J-P @)
i=1

Further, letA={q; |1 <i <N, N € X} be a finite set of elements,
<,S A x A be a partial order relation oy R = {#, |0 < i < Nz, Ny € &} be
a finite set of numbers callednks F': 4 — R be a ranking function which for
each element of4 assigns a unique rank, i.€V,x)3z*)(F (x) =
)&V 57 ((F"(x) =)= (G = f’)). Several elements a&f can be of the same
rank, all the elements of with the same rank form a subset denoted by
AD = {x|x € A F'(x) = #}. The dependencies between the relatignand

the ranking functiorf" are described by the following formulas:
(Vax, y)(V5T) ((% >0)&(F'(x)=r=1)=

(34x1) <(F"(x1) = 7X)&(<A (x1:x)&(VAx2)(F"(x2) =7 - 1)&(x2 * X) =

—1<4 (x1:x2)))>,

(Vax,y) ((x € Am)&(y € Am) = <, (%, y)&-<, (x, y)),

(V45,9) ((x € A) = =<, (). (5)

It means that in the set any elementc with the rank > 0 has an
element with the rank — 1 which is greater tham with respect to the partial
order relation<,, two elements of the same rank are not compartabéach
other with respect to the relatien,, and elements with rank 0 are maximal

with respect to the relatioq,.
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Definition 50 Ranked set
A" =405 (A, <4, F') is a ranked set produced by the relatiop and the ranking functiof”

on a finite sed.

Definition 51 Single-rooted tree on a ranked set
IfT < Aand

(3rx1) ((x1 € A®)&(Vrx) ((x #x1) = (x € A(c))))’

(Vrx) <((x € AD)&(i > 0)) = (3rx,) ((x1 € A& <, (0, 2)&(¥7y) (7 #

xl)&(y € A(i_l))) = <, (9, x1))> (6)

thenT’ =g4.¢ (T, <4 F') is a connected acyclic single-rooted tree on &eahsetd’ with the
set of nodes T, the set of edg€s={(x,y)|x€T,y€T F(x)=i—-1F (y)=
i,<4 (,x)}, the single rootx; € TNA®, and the set of terminal nodes (leavésy
{x|x €T, (Vry)=<a (x,¥)}.

Let x € {T — L} be a node of tre&’ for whichF' (x) =i,0<i <N —

1. The elements of the séh, {y |y € T,F (y) =i+ 1,<, (y,x,)} are called
childrenof the nodex and the node is calledparentof the nodey.

LetTana €T, Tor € T, Tana N Tor = 0, Tana U Tor UL =T, [ Tanal =
n,|T,.| = m, m,n € X be a partition that divides a set of nodes of fta@sto
three disjoint subsets: set AND nodesT,,4, set ofOR nodesT,, and set of
leaf noded.. Let P be some property defined on the Betn a particular node
t € T this property can beatisfiedor unsatisfied We will write P(t), if the
property is satisfied at the nodend—P(x), otherwise. In other word®, is a
linguistic variable with a set of linguistic terms
P, = {satisfied,unsatisfied} and with the following semantics:

P ={P(t),up(t) |t €T,P(t) € Py, ptp: T = {0,1}}, (7)
wherepu, is a membership function. The semantics ofAN® andOR nodes

is defined by the following formulas:
(V1 Tana) (Y7 CRIP(y) = P())&((Ery: Che)~P(y) = ~P(x))),

(Vrx:T,) ((@ry: ChOP () = P())&((V7y: Ch)~P(Y) = P(x))).  (8)
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It means that at the nodéND the propertyP is satisfied,iff it is
satisfiedat all the children nodes and that this propertyh@&OR node is
satisfied iff it is satisfied at least at one children node. We define an
implication relationr® < TV which at each node€ T,,, U T,, infers in the
forward manner the value of propeRfrom the values oP of its child nodes,
le.

(V1x: Tana) ((Vry: Ch P& P (2,31, .., 1) = P(x)),
(Vrx:Tpr) (@ry: CRIPGN& P (2,31, ., 30) = P(R)),
(¥1x: Tana) (@172 ChI=PRI&T D (6,71, 0, 70) = =P (),

(Vrx:Tyr) ((Vry: Ch) =P ()& P (0,31, .., ) = =P (x)).
This inference is based on thedus ponensule.

Definition 52 AND/OR tree
7P =def (T',P,r®P)) is anAND /OR tree with respect to the prope® If T,, = @, the

and/or

P @
tree Tppq/0r DECOMES )

AND tree with respect to the properB; if T,,q = @, the tree

T®  becomegd " OR tree with respect to the propety

and/or

Using the relation®, the satisfiability (or deniability) of the propgr
P is propagated across the wholg,,,  tree. We say that in-®
(x,v4, ..., ¥y) the nodey,, ..., y, are source nodes and the nadis atarget
node In other words, the relatior(” is directional, directed from the source
nodes to the target node.

Let as fuzzify the tre&,, /., fuzzifying the set of nodeE and the set
of edgesE: T = {x,u;(x) | x € T,u;: T - [0,1]}, whereu, is a membership
function; £ = {(x,y), uz(x,y) | (x,y) € E, uz: E - [0,1]}, where u; is the
strength of edgéx, y).

Let us further fuzzify the propert§ assuming that the strength of the
propertyP at the node is identical with the value of the membership fimT

at this node:
P={P),apt) |t €T,P(t) € Py, @ip(t) = ur(t)}. (9)
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Defining the fuzzy implication relatiorr® (¢, t,,...,t,) between
source nodes t,, ..., t, and the target nodewith respect to the properfyon
the basis ofgeneralized modus ponens rule to fuzzy logicother fuzzy
reasoning approach, the relatiéf”’ at each node of the fuzzifiel,,q/or
infers the value of the propeRy in the forward manner, starting from the
given value ofP in the leaf nodes of this tree. In a similar wthe relations

can also be defined for backward and even bidoratiinferences.

Definition 53 Fuzzy AND/OR tree
7P =aer (T',P',#P)) is a fuzzy AND/OR tree with respect to the prop@rtf T, = @,

and/or

the treeT;SZl Jor DECOMES & fuzZ 2 AND tree with respect to the propeglyif T,,; = @,

the treeT"gzi Jor DECOMES & fuzﬂf ) OR tree with respect to the propefty

Let now define the terms view, viewpoint and pecspe. Definitions
of these terms are based on the goal-oriented mheligy and view
reconciliation methodology, which in the field ofo@puter Science was
originated by SADT methodology [228] and by LeiteOPthesis [229], and
was further developed by many other authors, mamboftware requirements
engineering. In line with this methodology and tgothesis H1, we will
define the termgerspective viewpoint and view. These terms are defined
using terms quality attribute (seRefinition 2) and linguistic vector (see
Definition 37).

In the goal-oriented methodologguality requirementsre referred to
as quality goals Quality goals define requirements for qualityribtites,
shortly referred to agualities The meaning of qualities cannot be defined by
formally defined properties, because they are vagueepts. For example, the
meaning of feliable’ depends on a particular viewpoint and the meamhg
‘highly cannot be defined precisely at all. The conceptgiewpoint and a
perspective have precisely definable meaning, bey tare evaluated using

uncertain information. Thus, we consider the @@$lanning problem as a

.....
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generic qualities, and ;¥X is a set of bottom-level subqualities of the
quality xi€X1

Now for each qualityy € {X; UY; U ..UY,,}, where m is a number of
generic qualitieswe define a linguistic variable);. All defined linguistic
variables share the set of linguistic labels
L. = (unsatisfied, ...,satisfied), (10)
which names their linguistic terms. For each lisgjaitermtrm of each UoD
of the qualityy we define its value (i.e. a fuzzy variable)

I3 = {(xij»ﬂij) | Xij € domtrm()(i)uuij(xij): domym (X)) = [0,1]}, (11)
where dom,,is a part of the UoD of the qualifyassociated with the linguistic
termtrm.

For a particular EBS, the developers are free sk any names of
linguistic values. In other words, the number oélgies, number of linguistic
terms and their labels depends on a particular E®%.example, the labels
below low quality(synonym tounsatisfiegl, low quality, average qualityhigh
guality, perfect quality(synonym tosatisfied can be defined.

Qualities form hierarchies (or taxonomies), whick anodelled by the
fuzzy AND trees (see Definition 52). Top level qtiak are referred to as
generic qualitiesFor a particular EBS in questions developers @efiwn list
of qualities.

Definition 54 Perspective

A perspective is the role-dependent angle undectwbie sees EBS and takes a viewpoint-

based judgement on the acceptable quality levidlisfservice.

Such judgement is always biased by the role-relatettrstanding what
midpoints in the part between service and its retqueare most important.
In line with Fig. 4 discussed in Section 3.1, we provide following
perspectives:
e 1m4is the presentation perspective This perspective is related to
service requestors, which usually focuses on thalitguof the
presentation of information produced by this EBSservice requestors.

To some extent this overlaps with the data quatigntioned in [1]. For
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service requestor most important are such qualagegthe relevance,
granularity, and level of detail of presented infation; its accuracy,
consistency, completeness, and timeliness; apptepess of its
visualisation, perspicuity, and transparency faeavice requestor; and
etc. One of problems arising in the context of SaRSevaluating
Qo0SRs from this perspective is the separation of conreeetween EBS
itself and software, which implements a servicescwner. The latter
impacts rather the quality of the whole SoES thiam quality of a
particular EBS because it is used by service requdsr all required
EBSs.

1T, is the transportation perspective This perspective is related to
computer network administrators, which usually ®om such qualities
as the response time, maximal throughput, serviagadility, networks
reliability, etc. In SOES context, the problem lo¢ tseparation of system
and service concerns arises again.

15 is the infrastructure perspective. This perspective is related to
SoES platform administrators, which usually focassach qualities as
performance, reliability, security, and etc. In Sothe implementation
platform usually is shared among many or even &85& So, the
problem of the separation of system and serviceams arises again.
1, IS the web service perspectivelhis perspective is related to web
service developers which along with the reliabjlisgcurity and other
WS as a product related issues usually focus oh ¥U8 as a service
gualities as messaging, responsiveness, courtefite(ess, respect for
service requestor, friendliness, etc.).

Tz IS the application perspective.This perspective is related to
applications developers. As a rule, the functiaggabf an EBS is
implemented by some application, i.e. by some sawcomponent.
Depending on the implementation platform, the congmis are
implemented differently, for example in Microsoft iNMdows

Communication Foundation [133] they are implemengsiservice
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classes The non-functional properties of the applicatiaffect the
guality of the whole EBS. The application perspextiocuses on non-
functional properties of application (software pwoty or, in other
words, on EBS technical quality.
m, IS the data perspective.This perspective is related to data
administrators. According to [230] and many otheurses, SoOES
provides a special kind of services — SOES dat&ices. In such
services, web services are used to encapsulateaddtdhe supported
behaviour, for example, the operations that maateuthe data. The
term data is used here to address data storeceirriterprise’s data
bases as well as XML documents and various contents
“...a single data service will usually only expose manipulate a
core set of data, rather than all data for the emtenterprise”
[230].
It is obvious that the quality of encapsulated degsentially affects the
Qo0S5s of the whole EBS as well as quality of componentscessing
these data. Thus, the data perspective focuseshenquality of
encapsulated data.
1T, is the domain perspectiveThis perspective is related to business
domain experts, which focuses on qualities spedifica particular
business domain, for example, for online bankinyises or for online
streaming multimedia services. In addition, evendhalities defined in
all business domains, in different domains can reatéd differently
because of some practical reasons [137]. The $pecdture of a
particular domain may effects weights assignedch& alues of some
EBS qualities. For example, in online streamingtmaedia services the
guality bits-per-seconds more important than thgecurity In online
banking services, vice versa, the security is morgortant than the
bits-per-second [231]. Inter alia, despite the fact that media
applications, including video-oriented ones, alseerge in SOES, up to

date they are rather marginal there (an exhaudisaission on the QoS
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of video-oriented services can be found in [23R])SOES, the domain
perspective focuses on internal enterprise’s dospdior example, on
manufacturing or human resource management.

e g is the socio-economic perspectivelhis perspective is related to
business experts who focus usually on business)oetc and social
issues. The price of service, payment mode (endskof accepted bank
cards), legal constraints, and other similar issaresregarded as most
important EBS qualitieBusiness effect of the serviseone of the most
important socio-economic characteristics for theSEBVe ignore the
fact that, in principle, the socio-economic perspeccan be splitted
into several finer-grained perspectives.

The above presented list of perspectives is otstiative. For any
particular EBS in question its developers can @efiwn list of perspectives.
Deciding about acceptable Qg$ quality level, the decider takes into
account not only his role-specific attitudes bwoahis understanding of what
guality is in general (i.e. his viewpoint on quglitit means that decisions
should be classified according to perspectivesilsif each viewpoint. In the
context of Qogss planning problem, such decisions should be presentthe
form of linguistic vector (seeDefinition 37, each component ow which
represents a generic quality defined for the EB&ustion.
Definition 55 Viewpoint
A viewpoint is a general understanding what thelii#s, on the basis of which one takes a

judgement on the acceptable quality level of an.BEB&e context of QoS planning problem,

viewpoints integrate perspectives.

According to Sommerville and Sawyer [17] there &m® kinds of
viewpoints: viewpoints associated with a particulale and viewpoints
reflecting a particular role-in depended standpdimtine with this claim and
the hypotheses H1, we define the following viewpsin

e w,is the metaphysical viewpoint According to this viewpoint, a

quality of EBS is a degree of excellence where kxuoee is defined as
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an abstract ideal, which shows the direction wisergices are heading
to but possible will never get there.

e w, Is the cost-based viewpointAccording to this viewpoint, a quality
of EBS is a degree of excellence at an acceptalae.p

e w5 is the value-based viewpoint According to this viewpoint, a
quality of EBS is service fitness for requestoraues and preferences.
It differs depending on a service requestor for avhbis defined.

e w, is the pragmatic viewpoint According to this viewpoint, a quality
of EBS is the balance of features and qualitieseo¥ice that bear on its
ability to satisfy stated or implied needs of seeviequestor. It depends
on a particular context, in which the service isisiamed or, in other
words, the judgment about the quality of a serdepends on the aims
and goals for which this service is intended tabed.

e wg is the provider’s viewpoint According to this viewpoint, a quality
of EBS is a compliance with the stated requiremenksch are mostly
formulated in business and technical terms.

* wg is the designer’s viewpoint According to this viewpoint, a quality
of EBS is something that is defined by the valuksguantifiable and
measurable internal properties of a service. Tlag/point assumes that
the greater the amount of a desired attribute ss@ssed by a service,
the higher is the quality of this service.

The above presented list of viewpoints is onlysiiative. For any
particular EBS in question its developers can aetiwn list of viewpoints.
Similar as in case of perspectives, viewpoint-bagedisions on the
acceptable EBS quality level should be presentethénform of linguistic
vector (seéefinition 37). For each viewpoint this vector aggregates veabdr
perspectives that are associated with this viewpoin
Definition 56 View

A view is viewpoint- and perspective-independedggunent on the acceptable quality level

of EBS in question.
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This judgement is a linguistic vector produced ggragation linguistic
vectors of viewpoint.

Definition 57 QoS for EBS

QoSssis a linguistic vector produced by view-level jedent on the acceptable quality level
of this EBS.
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Chapter 5 Development of Problem
Fuzzification Methodology

The chapter proposes a methodology to guide problerzification
process.Section 1describes this methodologgection 2 concludes the
chapter.

5.1.A Methodology to Guide Problem Fuzzification
Process

The proposed problem-independent MF constructiothou®logy is based on
the ideas, described in [233,234]. It is presemtellig. 7. The methodology
provides 10 steps, starting from the analysis ef ghoblem in question and
finishing by the definition of the MF that is masiitable for this problem. By

a problem we mean the construction of MFs takirtg account the allowed

degree of subjectivity, sources of input data, daféection methods, etc. (see
Fig. 6). The methodology provides a number of hackings to the previous
steps when it is necessary that the obtained seshitiuld be refined. In Fig. 7,
the backtrackings are shown by dotted lines. Sés *equired only in cases,
where MFs are constructed using automatic appreadiee main scheme of
the proposed approach is as follows. First of wk, should decide which
property of the object under consideration sho@drimdelled, and which MF
construction approach should be chosen. Furtheb, fathis property should

be categorized, the linguistic variable (includimgguistic terms) should be
defined, and MF should be constructed, verified| @alidated. If an automatic
MF construction approach was applied, MF may berawed using the

appropriate learning algorithms.
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C 1. Problem definition
Problem and analysis

v

2. Choosing MF

""" A7 constr. approach
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__| 3.Part. of UoD (for
H QoS characteristics)

4. Data collection and

processing
A A

i~ 5. Def. of MF shape

A
____________ i | 6.Def.of MF
: parameters
H 7. Def. of linguistic

""" 8. Verification of MF

------------------------------------- variables and terms _l
: A

9. Validation and
----------------------------- acceptance of MF |:“> MF
A

\ 4

e 10. MF improvement

Fig. 7 MF construction methodology
A more detailed description of the steps, showirig 7, is presented

below:

1. The fuzzy modelling problem under considerationuthdoe defined and
analysed. It means that it should be decided wprolperties of the object
(or objects) in question should be modelled and dbbuld be defined for
each of these properties: discrete and finite articoous and infinite.
Further, specification MF requirements should bevettgped. The
specification should define: a) allowed degree wbjectivity of MF; b)
allowed problem-related bias; c) the kind of dagadito extract knowledge
about the shape and parameters of MFs; d) necésgiigtify these results;
e) automatic MF construction approach (if applieajpf) how — directly or
indirectly — subjective experts’ evaluations shoub@ reflected (if
applicable); and g) kind of questionnaires. Someblem-specific
requirements may be added.

2. On the basis of requirements specification, a Mistwiction approach (a

branch in Figure 2) should be chosen for each ptppe
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. UoDs of each property should be partitioned inttegaries according to
the chosen criteria (e.g. categories of the qualittemperature). To unify
the understanding of linguistic terms defined faffedent linguistic
variables (in our case, for different quality dtties) the most suitable
conversion scale for transforming linguistic termi® fuzzy numbers (e.qg.
scales proposed in [235] or in [236]) should besemoand further used by
all experts.

. The data required for extracting knowledge aboajpshand parameters of
MFs should be collected and processed.

. On the basis of the obtained results, the shap#of(e.g. triangular,
trapezoidal, L-shaped, Gama-shaped, Sigmoida),istdetermined.

. The parameters of MF are defined. The number andnimg of the
parameters depend on the shape of a function. ¥an@e, triangular MF
is defined by 3 parameters that define the threaere of the underlying
triangular, and Gaussian MF is defined by 2 paramsethat define the
centre and width of this function graphic.

. A linguistic variable (including linguistic termshould be defined for each
property under consideration.

. Verification of MF is performed. The MF verificahids checking whether
MF complies with its requirements specification.

. Validation of MF is a process of making sure thed MF really captures

the intended meaning of the linguistic terms inlilest way.

10. Improvement of MF is usually performed by learnifige improvement is

going in a cycle until, finally, MF is accepted.tificial neural networks,
genetic algorithms, and other machine learning odsthcan be used for
this aim.

The presented Example 3 analysis has demonstizgeabpplicability of

this proposed methodology in the examined contéXa@Szs. On the other

hand, this example has shown that the construdidviFs is far from being a

simple task and the degree of subjectivity and lerabbias fully depends on

the experts’ selection procedures.
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Example 3 Construction of membership functions folQoSzs

Let us present an illustrative example how to ajplpé/proposed methodology

in construction of MFs for Qags attributes. The steps of applying the MF

construction methodology, using the performancebatie, are explained as
follows:

1. Problem definition and analysi§€ontext description: In a Service-oriented
Enterprise System, a new EBS, namely, an Invoidenf&sion service,
should be developed. The quality of this serviceusdh be preliminary
planned or, in other words, the properguality of the object Invoice
Submission serviteshould be modelled. We refer to this property as
QoSpRs Syntactically, Qogss can be considered as a composition of its
attributes. Each Q@§s attribute has a hierarchical structure and can be
represented as a tree of its lower levels subbates. Semantically, Qess

can be understood in a number of different wayledaliewpoints [237].

Performance

// N //—‘\\ // N
/ Transaction , ,/Response\I
\ Time / \ Time
7/ \
N ~ AN -

S~ - Sl S~

|

-

7 N

P -

\
( Throughput |
\ /

/

\
\ latency |
/

Execution
Time

Fig. 8 Decomposition of the performance attribute

Besides, for each viewpoint Qgsa can be defined from 8 different
perspectives: presentation, transportation, infuatiire, web service,
application, data, domain, and socio-economic [284, final Qoggs IS

defined as a result of aggregation of perspectimad balancing of
viewpoints. It is supposed that an expert (or aigrof experts), taking into
account the specifics of EBS in question, shouldide on the common

categorization of UoD to the bottom level QgSsub-attributes and on the
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shape and parameters of MF, which should also bamm for all these

sub-characteristics. After this, representantsamheperspective (they may

have different viewpoints on what the quality megasisould propose its
quality for each bottom-level sub-characteristiarpin terms of common
categorization. Finally, the problem is fuzzifieddapreliminary Qogss is

calculated using the methods described in [237].

Problem statement~or simplicity, we consider only one bottom-level
sub-attribute, namely¥xecution timeof the attributéPerformancgFig. 8), i.e.
the values of execution time range in the interf@hw). In Fig. 8, this
attribute is placed in a box, outlined by a thidkebline. Its UoD is continuous
and infinite. Besides, in this example, we dealyomith perspectives and, for
the sake of simplicity, ignore different viewpoims the nature of quality.

MF requirements specification

a) The allowed degree of subjectivitySubjectivity of MF should be
minimised.

b) The allowed problem-related biadg'he problem-related bias should be
minimized. Expert evaluations should take into actahe specificity
of EBS under consideration. It means that the éxpesup should
include at least one expert familiar with this speity.

c) Data requirementsEmpirical data should be used to extract knowdedg
about the shape and parameters of MFs. Data shmeildollected
applying the phenomenography-based methodologyeviaet sources
of literature should also be used.

d) Justification of results The shape and parameters of MF should be
justified using MF construction through experimethniques.

e) Automatic MF construction approacNot applicable.

f) Reflection of experts’ evaluatian8IF should reflect expert evaluations
directly.

g) Kind of questionnairedMF exemplication.

h) Problem-specific requirementStatic MF should be constructed. The

shape of MF should also be applicable (with diffeqgarameters) to the
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fuzzification of sub-attributes Transaction timéyrdughput, and Queue
delay.
2. Choosing MF construction approachedn the basis of MF requirements
specification, described above, the direct MF amesibn approach with
multiple experts was chosen. The selection of Mistroiction approaches

Is shown in Fig. 9.

Intuition-based N Direct R rpe—
approaches approaches
Manual
approaches
s Through —
2 —>| MF exemplication |
experiment

MF Construction Approaches

Fig. 9 Selected MF construction approaches

3. Partitioning of UoD UoD of Execution time is partitioned into 3 cateigs
of quality: Low, Moderate, and High (see Fig. 10).

Quality

Low Moderate High

\J

UoD of Execution time

Fig. 10 Partitioning of the Quality
4. Data collection and processingn order to minimize the subjectivity of

MF, an intuition-based expert judgement approack w@mbined with a
perspective-based approach. In order to minimigedtgree of subjectivity
and problem-related bias, a group of 8 expertsrepBesenting different
perspectives was formed. The experts expresseddpmiion on partition
intervals of linguistic terms High, Moderate, ano\.in UoD of Execution
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time, and the shape of MF. The experts took intmmact the MFs shape of
other sub-attributes of the performance attribdtee collected data are

presented in Table 5.

Table 5 Partition intervals of Execution time

Exp. Perspectives Execution time Mmin)
High/Shape Moderate/Shape Low/Shape
El Presentation (0.08,0.32)/L-shaped (0.22,1.64ntr | (1.60,2.40)/-shaped
E2 Transportation (0.01,0.31)/L-shaped (0.15,1t6@Ng. | (1.45,2.10)/-shaped
E3 Infrastructure (0.07,0.31)/L-shaped (0.38,1158)lg. | (1.37,1.90)/-shaped
E4 Web Service (0.08,0.28)/L-shaped (0.22,1.38)gi | (1.28,1.80)-shaped
E5 Application (0.05,0.28)/L-shaped (0.13,1.41amg. | (1.23,1.85)-shaped
E6 Data (0.001,0.26)/L-shaped (0.12,1.27)/triang.1.1%,1.80)"-shaped
E7 Domain (0.01,0.24)/L-shaped (0.25,1.22)/triang(1.23,1.90)-shaped
ES8 Socio-economic (0.05,0.29)/L-shaped (0.13,1tAdy. | (1.37,2.15)-shaped

After the discussions, the experts agreed on thewimg ranges of QoS
intervals: Low = (1.3,1.99), Moderate= (0.2,1.4&)¢d High = (0.03,0.29).
Definition of the MF shapeOn the basis of step 4, the Gama-shaped MF
for Low linguistic term, triangular shape of MF fédoderate linguistic

term, L-shaped MF forigh linguistic term, and have been chosen.

Definition of MF parametersThe MF parameters are as followsaw
(1.3,1.99) (Gama-shaped, defined by 2 parameteidpderate
(0.2,0.83,1.45) (triangular MF, defined by 3 partar®, andHigh
(0.03,0.29) (L-shaped MF, defined by 2 parameters).

Definition of linguistic variables and term$he linguistic variable Quality

is defined as follows:

0 if x<13
if 13<x<199,
0'169 if x>1.99

Execution Time, {Low, Moderate, High}, (0,4+), M(Low) = {

() if x<0.2
if 02<x<0.83
if 0.83 < x < 145

if x > 1.45

8. Verification of MF. MF was checked whether it complies with its

Quality =
1 if x=0
M(High) = 1—0Lx if 0<x<03

'gg if  x>029

063

(
| x
M(Moderate) = 4 1 45 x

requirements specification described in Step 1. rBlselts are presented in
Table 6.
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Table 6 Verification matrix

Req.
No. MF requirements D‘?Qree_ of Verification method
verification
a Degree of subjectivity Partly (result of best .
efforts) Experts evaluation
b Problem-related bias Partly (result of best Experts evaluation
efforts) P
c Data requirements + Inspection
d Justification of results + Inspection
f Reflection of experts’ evaluations + Inspection
g Kind of questionnaires + Inspection
h Problem-specific requirements + Inspection

9. Validation and acceptance of MFOn the basis of MF exemplication
experiment, the shapes of MF for linguistic termgh;l Moderate, and Low
was slightly modified. The final MF parameters a® follows: Low =
(1.4,2.0); Moderate = (0.2,0.7,1.5), and High ©(8).

5.2.Conclusions

This chapter generalises the ideas of various asithvalysed in Section 3.3
and proposes a problem-independent ten step mddgydohat could be

applicable to any particular problem for constnugtMF under the assumption
that the fuzziness is defined as vagueness. Thicappn of the proposed
methodology is demonstrated by example. The mainclasions of this

chapter are as follows:

1. The chapter proved the hypotheses H5 because theodotogy that
guides the fuzzification procedure for any @gsquality attribute and

any EBS consideration perspective was developed.

2. From the analysis of presented example follows tha full
objectivisation of the fuzzification process is ionggible. The human
factor still plays significant role in this processid the degree of
subjectivity and fuzzification bias significantlepends on the experts’

selection procedures.

98



Chapter 6 - Modelling and Planning of EnterprisesiBass Service Quality

Chapter 6 Modelling and Planning of
Enterprise Business Service Quality

This chapter presents main theoretical resultshef doctoral research.
Section 1 formalises the Qa$s planning problem. Section 2 builds
problem-oriented Qa$ss model. Section 3 designs an ensemble of
collaborating algorithms to solve the Q@Splanning problemSection 4
describes the proposed algorithms. Section 5 descthe architecture and
other implementation issues of the proposedRo@anning system.

6.1.Problem Formalisation
Let
o X =1{x1.,xn}®Is a set of qualities, which models high-levelibass-
oriented EBS quality requirements (e.@,service under consideration
should be highly reliablg@ and X; X is a set of generic qualities;
e O={w;|1<i<6}isa setof viewpoints ard = {w, | 1 <i < 6} is
a set of weighted linguistic vectors associateth wiese viewpoints;
e II={m|1<i<8}isa setof perspectives afic= {7;| 1 < i < 8} is
a set of weighted linguistic vectors associateth Wiese perspectives;
e Q ={Qq ..., Qn} i1s a set of linguistic variables associated wite
generic qualities and Q' = {@’ ..., Q’;} bottom-level subqualities of
generic qualities;
. pS‘;lb is a labelled equilibrium fuzzy relation on Q’ ésrmula 16);
e p? is a fuzzy relation relating viewpoints, perspeesi and linguistic
variables associated with generic qualities (semdita 13);
e p¥k 1<k <6 is a family of relations produced by projectionof
to I1 x X, (see formula 13);

ok,
. o= T

1<k<61<i<8§, 1§j§n,n§Nr}, is a family of

fuzzy AND trees of EBS quality attribute, where ledree describes a

8 In this section we use notation defined on theeff
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generic quality x € X; evaluated from a perspective; € I and
observed from a viewpoint, € Q.
Then the Qo&s planning problem formally is defined by a tuple
(Q,0IT,XX;,Qp%, X5, Q, peyy, » @, Input, Output), (12)
where
e Input is a set of initial linguistic values of variabl&om Q or, in other
words, linguistic terms assigned for bottom-levahlifies of EBS in
guestion evaluating their acceptable quality levetseach perspective
observed from the each viewpoint;
e Output is a final linguistic vector describing Qgsa (see Definition 57.
This problem is defined on the Q&g quality model defined in the next

section.

6.2. Modelling of Q0SRs

Let we define a relation

p¥ ={W,uy) [y : ¥~ [01]p e ¥, ¥ QXTI xQ}, (13)
which relates viewpoints, perspectives and linguigariables associated with
the generic qualities qualities. For each fixedmgeint w, € Q,1 <k < 6,
the projection op™ to Il x Q produces a family of relations

W _ (‘Pfj»ﬂwk(wfj)) |#1Pk: Wi - [01L95 = (m, Q). m €10,

(14)
QEQ1I<k<61<i<8l<j<mm<N,

p

which relates perspectives observed from the viewpa,and linguisic
variables for generic qualities on which this view focuses. In other words,

for each viewpoint we have a matrix of linguistariables
k k

lpl,l lpl,n
] . )

l»b8,1 lp8,n

Let we define further a labelled equilibrium fuzﬂationpfélbon Q’

Wy = (15)
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:upQ’ :QI - [Orl]r

eqlb

peQ(;lb = ((Qllr le)uupQ’ (Qll,QIZ), label)
eqlb

(Q'1,Q',) € Q' x Q',value(Q'y) + value(Q',) < Ce(q%l'Q'Z) < 1,label €

[, >, ~, K ~,~ >}, (16)

where value (Q’) is a normalized fuzzy number tetnds for the given

linguistic value of the linguistic variable Q’. Noalisation means that fuzzy

numbers are mapped to the interval [0,1]. More #yaftizzy numbers for Q’

and Q>are calculated according the following formulas:

value (Q1)=[Q'1] @ [Q’2]; (17)

value (Q2)=[Q’2] © [Q'4] - 1 (18)
[ ]is the operator that converts a linguistic \ata its fuzzy number.

(Q’l!Q’Z)
Ceqlb

IS an equilibrium constant, which means that a sum
valugdQ’y)@ valugQ’,) cannot exceed this constant, which, in turn, oann
exceed the 1. Or, in terms of fuzzy intervals, gwen of corresponding
subintervals cannot exceed the interval definethis/constant which, in turn,
cannot exceed the length of interval [0,1].

The label of this relation tells how, if it is nesary, the lengths of
subintervals ur(x;) and ur(x,) should be changed in order to preserve the
equilibrium defined byC,,;,: (1) € means that the length of subinterval
ur(x;) should be changed; (2} means that the length of subinterualx,)
should be changed; (3) means that the lengths of both subintervals shioeld
changed proportionally; (4 ~ means that the lengths of both subintervals
should be changed taking preferenceutfx,); and (5)~ > means that the
lengths of both subintervals should be changedch¢pkireference tqu-(x,).
The number oEBS quality characteristicsnder consideration and their nature
depend on a particular EBS under consideration.

Let X' = (X,<x,F') is a ranked set oX. For each elemenpf; of

matrix ¥, we define a fuzzy AND tree
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) = G, ), (19)
where 1<k<6 1<i<8 1<j<n n<N of EBS quality
characteristics. The value of a linguistic variaifrl{g describes &; aspect of
EBS (e.qg., reliability or security) from the perspee r; of the viewpointw,,.

The equilibrium relatiorpf(;lb can relate any two leaf nodes of the same or

different trees. Using the relatiofi&”:/) andpfélb, the given linguistic values

ok,
can be propagated from leaf nodes up to the rotbta)freéfa(r ;’).

The columns of the matrix (15) are vectors, whion éach quality
describe its evaluations from each perspectivenddfior viewpointw,. These
vectors should be aggregated in order to obtaieciov of viewpointw,. In
order to obtain the vector, which describes thalfiresult (i.e. Qos), the

vectors of all viewpoints should be aggregated.

6.3.Design of an Ensemble of Collaborating Algorithms

In line to the above described Q@$ quality model, the ensemble of
collaborative algorithms for solving Qg planning problem is proposed in
Fig. 11.

cemmunication Emsembie of Algorithms J
- -7 T T~ o
. Fuzzification furrificatar _‘../ Ensemble Uf W APRREEITEALT a.l__lrnnfﬁm
- = i R, ..y oo
agarthm | algorithms I algorithm
K
“}\ to plan QoS
Pl e
M, - e
r == — u QoS
/l( _| I. S . welor
Lingusishc | § WA
waliges P £ i 1 agaragalton .
. | fEas0ne \ Niews
¢ F . i 1 gggregaion  —
R LT UZZY FERZONINgG algarithm
P alarithim "'I L
2
: %glqnﬁmg '1
Qmﬂ! i8] |::)—|-- perspeclives §
“-_:-l,r:._:l,m aggregalor . Wiswpont
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agoreqgation —_
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Forsprctive
[T S

Fig. 11 The ensemble of collaborating algorithms teolve Qo$gs planning problem
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The ensemble of collaborative algorithms consistthe fuzzification,
balancing, fuzzy reasoning, linguistic approximati@nd fuzzy aggregation
algorithms. The fuzzification algorithm is executadanually by the
stakeholders (i.e. service owner, computer netwarkd infrastructure
administrators, etc.) and used to fuzzify inpuiadatat should be presented for
the balancing algorithm in the form of linguistialues of the bottom level
guality attributes. Other algorithms should be exed by the Qo&s planning
system.

The cooperation of the algorithms proceeds in d¢ilewing way:

e for each viewpoint to set linguistic values of ihpariables and, using

fuzzy relationpfélb, to resolve conflicts among these values;

e for each fuzzy tree from the family to propagate the defined values
forward up to the root of this tree;

e for each viewpoint applying fuzzy graphs union @pen to unite trees
which describe qualities from different perspedive

e to infer value of each linguistic variabde € Q;

e to do linguistic approximation of fuzzy values dif@utput variables.

All algorithms, except fuzzification and balancirajgorithms, are
described in the next section. The fuzzificatiorgisded by the methodology
proposed in the section 5.1. The balancing algorith not described in this
dissertation because it is out of scope of theediaBon. This algorithm is a

subject of separate research.

6.4.Development and Adaptation of Algorithms

6.4.1.Fuzzy Reasoning Algorithm
According to level order traversal [238], the idd&uzzy reasoning algorithm

is described as follows:
for each viewpoint, for each perspective in thiswpoint, and for each tree of

the quality attributes in this perspective perform:
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Take the linguistic term, which correspond to thezly number, and is
assigned to the quality attribute, representeddmenthat is located in
bottom of left subtree;

Using Larsen implication [239], compute the compunealue (fuzzy
number) of higher-level attribute vector, corregiog to in Step 1

mentioned node;

3. Compute by analogy the other components of thitbate vector;

4. Using fuzzy arithmetic mean [240], aggregate athpated components

of the attribute vector. Assign the aggregated evatuwith this vector
related quality attribute.

Using level order traversal algorithm [238], conmguatll other to this
tree related values of quality attributes.

After traversing of the quality attributes of ateés, related to one

perspective, from the obtained values of the tegll@ierarchy the linguistic

vector of this perspective is formed. After thefpaning reasoning other all

perspectives, the weighted average calculation d@ri241] to the obtained

vectors is used and the vectors of the viewpoirgsaahieved.

The fuzzy reasoning algorithm is presented below:

Algorithm 1: Fuzzy Reasoning algorithm

procedure FuzzyReasoning(viewpoints)
/I The result of the procedure is an array of vieinfs vectors.

{

for eachviewpointin viewpoints

{

perspVector ={} // a vector of perspectivestogs of the viewpoint
for each perspectiven viewpoint.perspectives

}

qualities = { }// a vector containing top-levglalities values of the perspective
for each gtreein perspective.gtrees// iterate over quality hidras

{

value = CalculateQuality(gtree.Root) // thelgyavalue is a fuzzy number
Append(qualities, <qtree.qualityName, value>)

/I qualities is a vector of pairs <quality rgmuality value>

}
Append(perspVector, qualities)

viewpoint.Vector = AggregatePerspectives(perspidewiewpoint.perspectiveWeights)

/I AggregatePerspectives(P, W) — a function an@nting the aggregation algorithm
/I (see below)
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function CalculateQuality(root)

{

result=0
if (root is leaf)

result = root.Value
else

{
sum=0
count=0
subTreeRoot = root.leftmostChild
while subTreeRoot not NULL

{

sum = sum + CalculateQuality(subTreeRoot) * mdfRoot.edgeValue

/I the multiplication operation means Larsenliogiion

/[ the sum operation means that two fuzzy nusieeg summed component by component
count = count + 1

subTreeRoot = subTreeRoot.rightSibling

}

result = sum / count

}

return result

6.4.2Linguistic Approximation Algorithm
Linguistic approximation is the one of inherent geom of fuzzy reasoning.

The rising question by the obtained result in lisga approximation is: how
to name by a linguistic term a resulted fuzzy $¢he deduction process?

For linguistic approximation aim, the distance meament between two sets
of fuzzy numbers, the Euclidean distance equati®est Fit Technique), is
applied:

d = (A@)B@w)) = [E 28 (AGw) - Bup)’] (20)
whereA(u,), B(u,) are fuzzy numbers,of linguistic variables A and B, D is
the number of points which describe the shape of(DE3 by triangular MF,
D=4 by trapezoidal MF).

The linguistic term is obtained as result. Eucliddetances are used to
map the resultant fuzzy interval back to linguiséoms.

According to [5,242,243], the idea of fuzzy reasgnialgorithm is
described as follows:

1. Take the given fuzzy number and given terms ofuistic variable;

2. Determine, among which fuzzy numbers, correspontbngjven values

of terms of the linguistic variable, fall this fuzaumber;
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3. Calculate Euclidean distance among number, merdiamé&tep 1, and
neighbours number, obtained in Step 2;

4. Determine which of the obtained distance is smalfethese distances
are equal, interactive procedure is used and thereis asked to choose
one of them;

5. Determine what kind of linguistic term correspohéd fuzzy number by
which the distance is less;

6. Treat this term as linguistic term for approximatk&zy number,
mentioned in Step 1.

The linguistic approximation algorithm is preseniedow:

Algorithm 2: Linguistic Approximation algorithm

function Approximate(A, T)
/I A = (a[1], a[2], ..., a[s]) — a fuzzy numbertie linguistically approximated.
/I s — the size (i.e. the number of component$yzfy number A.
/' T =(T[1], ..., T[nterms]) — an array of linguisterms of a linguistic variable.
/T = (A, thr2), -.., tillsl, 1l) — f uzzy number (t[i][1], t[il[2], ..., tlil[S])
/ and linguistic label (I[i]) of linguisticsrm T[i].
/I nterms — the number of linguistic terms of tinguistic variable.

{
candidateTerms ={} // an array of linguisticres that are close to fuzzy number A.
n=0 // the number of the terms that are ctose.

for i = 1to nterms
if (a[1] < t[i][s] AND a[s] > t[i][1]) // if A intersects with with TT[i].
{

Append(candidateTerms, TI[i]]// add T[i] to array candiefaerms.
n=n+l
}
}
closestTerms ={} // an array of linguistic tercigsest to fuzzy number A.

minDist = 0 // the least distance between a listiiterm and A.
fori=1ton

b = candidateTermsi]
d= [*Sic et - by

if (i=1 OR d < minDist))
{
Empty(closestTerms)
Append(closestTerms, b)
minDist =d
m =1 //the number of terms that are close#t.t
}
else
if d = minDist

Append(closestTerms, b)
m=m+1
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}
ifm=1
return closestTerms[1]
else
return interactExpert(closestTerms)

}

6.4.3Perspective and Viewpoint Aggregation Algorithms
According to [241], let us describe the aggregatiothe following way:

n
Aggreg(xy, Xz, ., Xp) = Z HEe; Xi (20)

i=1
where X is fuzzy numbers for each aggregated npgeare strenghts of edges
of the values xto the parent node y.

The weights are normalized so, that:

n
D hg =1 (21)
i=1

According to [244], the idea of perspectives aggtem and viewpoints
aggregation algorithm is described as follows:
1. Transform the components of the linguistic vectots fuzzy numbers;
2. Using weight mean formula (20), find component ealwf aggregated
vector.

The perspectives aggregation algorithm is presdoémiv:

Algorithm 3: Perspectives Aggregation algorithm

function AggregatePerspectives(P, W)

/I The result of the function is a viewpoint vactoa vector aggregating all perspectives of
the viewpoint.

/I P = (P[1], ..., P[n]) — an array of the vectofgerspectives.

II'W = (w[1], w[2], ... w[n]) — an array of the weigs of perspectives.

/I n — the number of perspectives.

/I P[i] = (p[i[1], plil[2], ---, plil[si]) — a vector containing top-level qualities valwéghe
perspective.

/1 p[illi] = <gname]i,j], gvalueli,j]> — a pair awsisting of quality name and quality value.

resultVector = {} // an empty resulting viewpoivector.
for each qualityNamen qualityNames
{
gVector = {} // an array of quality values froall perspectives.
gw ={}// an array of perspective weights foig quality.
for i = 1to n // iterate over perspectives.
if existsj such thatgnameli][j] = qualityName
{
Append(qVector, gvalueli][j])
Append(qW, WIi])
}
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if gqVector.size >0
{
aggregatedQualityValue = AggregateVectorValués(or, qW)
Append(resultVector, <qualityName, aggregatediyialue>)
}
}
return resultVector

}

function AggregateVectorValues(T, W)
/I The result of the function is a weighted averafthe array of fuzzy numbers.
/I'T=(T[1], ..., T[n]) — an array of fuzzy numbers
IT'W = (w[1], w[2], ... w[n]) — an array of weights.
{
ity wlileT[d]
result i
/I multiplication of numbemw by fuzzy numberA = (a;, a, ..., &) means the
multiplication
/I of each component afby w, i.e.weA = (Weay, Weay, ...,W*a,)
return result

}
The viewpoints aggregation algorithm is presentdve:

Algorithm 4: Viewpoints Aggregation algorithm

function AggregateViewpoints (P, W)

/I The result of the function is a vector aggragatvectors of all viewpoints.

/I'P = (P[1], ..., P[n]) — an array of the vectofs/@wpoints.

/I'W = (w[1], w[2], ... w[n]) — an array of the wdigs of viewpoints.

/I n — the number of viewpoints.

/I P[i] = (p[i[1], plil[2], ---, plil[si]) — a vector containing top-level qualities valwéghe
viewpoint.

/1 p[illi] = <gname]i,j], gvalueli,j]> — a pair agsisting of quality name and quality value.

resultVector = {} // an empty resulting viewpoivector.
for each qualityNamen qualityNames
{
gVector = {} // an array of values of the quglfrom all viewpoints.
gw ={}// an array of viewpoint weights for thguality.
for i = 1to n // iterate over viewpoints.
if existsj such thatgnameli][j] = qualityName
{
Append(qVector, gvalueli][j])
Append(qW, WIi])
}

if gqVector.size >0

{
aggregatedQualityValue = AggregateVectorValués(ior, qW)

Append(resultVector, <qualityName, aggregatediiéalue>)
}
}
return resultVector

}

function AggregateVectorValues(T, W)
/I The result of the function is a weighted averafthe array of fuzzy numbers.
/I'T=(T[1], ..., T[n]) — an array of fuzzy numbers
IT'W = (w[1], w[2], ... w[n]) — an array of weights.

{
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T wlileT[i]
result ==i=1———
T wli]

/I multiplication of numbemw by fuzzy numberA = (a;, a, ..., &) means the

multiplication
/I of each component afbyw, i.e.weA = (Weay, Weay, ..., Wea,)
return result

}
6.5.Implementation of the System

6.5.1.System Use Cases
Quality planning system was described, using UMhagdams. System Use

case diagram is presented in Fig. 12.

uc System Use Case Diagram)

I

Administrator

ji

EBS Quality Planning System

Construct QoS Model

Put Quality
Requirements Into DS

esolve Quality

Stakeholders .
Requirements
4// Conflicts
&
&
£
/
S Plan QoS Level <<include>>( Perform Fuzzy
AR Reasoning
\,70/4/
N e

(o7
Experts AN
N
Aggregate

Fig. 12 System use case diagram

The System must perform three use cases:

1. Construct the Qogs model,
2. Put data about quality requirements into data g&ra

3. Plan QoS level.
The first two use cases are auxiliary, the thirthe-main. The use case

“Plan QoS level” consists of three sub-use casdiesblve Quality

Requirements Conflicts”, “Perform Fuzzy Reasoniragigd “Aggregate”.
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6.5.2Main Architecture
The following subsystems in the EBS Quality PlagnBystem in order to

solve mentioned use cases are distinguished:

The System distinguishes the following subsysteonssblving of the

above mentioned use cases:

1.

The System Administrator Interface subsystem, withwhich the
System receives the data, required for model coctsdn (the list of
QoS attributes, the list of perspectives, the lidt viewpoints,
membership functions and etc.);

The User Interface subsystem, within which the etakders submit
the linguistic values, describing the requiremewtsich must be met by
guality attributes of the bottom hierarchy levdlhis subsystem is used
for input of initial data;

Quality Planning Expert's Interface subsystem, imittwhich the
System is receiving use cases and the obtainetlisase returned to the
Expert;

Model Construction subsystem, which, through Sysfsministrator
Interface received data, construct the @@®nodel;

The System Database Forming subsystem that is sulgndata from
stakeholders into database;

Interactive Conflicts Resolving subsystem, whickotees all conflicts,
modelled withpZ , relation;

Fuzzy Reasoning subsystem is describing the vabtiethe upper
hierarchy level quality attributes for each ANDraet of Qoggs model
from fuzzy numbers by conflicts resolving obtairnedanced linguistic
values, deriving fuzzy numbers;

Linguistic Approximation subsystem is approximating such way
obtained fuzzy numbers into corresponding lingaistialues and
forming for all perspectives with their associalieduistic vectors;
Perspective Aggregation subsystem is forming thgulistic vector of

this perspective, aggregating with them relatingguiistic vectors for
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each perspective.

10. Viewpoint Aggregation subsystem is forming theglirstic vector, that
describes acceptable quality level of the developerice obtained
from aggregating the linguistic vectors of all vigmints.

The Table 7 shows which subsystems are involvesbining different

use cases (referred to use case diagram (see.ihZFig

Table 7 Implementation of use cases by subsystems

Plan QoS Level
Use caseg Construct Input Quality Resolve
. ) Perform
QoS Requirements Quality = A t
Subsystems Model Data Requirements uzzy ggregate
. Reasoning
Conflicts
System Administrator +
Interface
User Interface +
Quality Planning Expert's + + +
Interface
Model Construction +
System Database Forming +
Interactive Conflicts +
Resolving
Fuzzy Reasoning + +
Linguistic Approximation +
Perspective Aggregation +
Viewpoint Aggregation +

The decomposition of the system into subsystemeeisented iifrig. 13

The Administrator through fill-form interface perfos input of the required
data, which are important for construction of thedel and the input of the
values of the bottom level QO0SEBS attributes, ir@onstruct Model
subsystem. The Expert has the role of conflict lkesoand performs this
activity throughdialogWindow interface. The Expert receives the obtained
result trough the same interface. The Stakeholderggh dialogWindow
interface performs input of the linguistic terms the inside of the
DatalLoading subsystem, the terms are converted into fuzzy musablhe
QOSEBS class diagram, that describes all classkeged with the construction
of model, is presented in Fig. 14. The Class diagfar representation of
QOSEBS model in data storage is presentdtiginla

111



Chapter 6 - Modelling and Planning of EnterprisesiBass Service Quality

1adx _

yadxy

mopuipBojerp

—L

MopupSofesp

(JoquinAzzn OIS

(wsayansisunsayiuasaig

wopewpxddypsmiun L —Oapair ===~ )
<cuwashsgng>>

Azzny)oai jasewixo.ddy “

(sopangob)arewxoiddy [

uopedafByuiodmain L]
<<wapshsgng>>

|

|

|

|

|

|

% (ssonan "
uiodmaia)ujodmainaiedaiBty |

| I
|

|

|

|

|

|

|

|

|

uonedaif8yanradsiag L]
<ccwmshsqng>>

(s1omapan
padsiadjonpadsiagaredaiy

Supuoseayhung
ccumshsgngs>

(ssaquinnAzzny|uopensaQIpIq

Bunjosagnaryuoanei| L]
<«wapshsgng>>
<«
ANPaN0IFaNRIN| ot

NPEIRIOYIN0S2Y wa)shs Sujuue

wopnasioypoi L]

apsinduyjerequnduiaeasy

(uoryuyaqIyBam uomu
NAySISqALAWRINGUIYINASLO)

cwashsgng>> o
‘fRkaznnba’ | RINGURYSOD swon
luagiuiodwai'suoniuyaganyadssad

5
UONUIRQULALNSINBUNALAASUO)

(sameansinBujannsesaupyynanosay

|d Axjend 543

[ewnduljeseqindujaiear)

(anjenndul‘ejeq
Wndul)japowsonInAsuO)

SIp|oyaxeIs

-0

propuimBolesp

JojRAsIILPY

o

oyl

yadq

o
Mopudojep

ﬂ weJSe)q Juauodwoy) wayshs pa

Fig. 13 System Component diagram

112



Quality

BuiiE  RUMOLSTIE g

Ice

AT
e L
a1 556 | IS e AR ML B TR o

AT
SETEDANBIA = 151 | PO RSO MBI
RIS T,
| —rAmiing T e peou g R o A SrunGu|

Bass Serv

ISESI

. N
|
i _
- SEPIMOUINRIENY |
P T abpemonmiisdee S
Birays - | s 2al | Yuitgsms -
Huigs | e nal | anaiadead o -
= o
Barye | - JenEaduRas o
EEOUI = )
B | = aptu sponaton o |

Ay o

£} wmy e = PO B
e
- e o
T — Sapssacknig o

™ e | il - BT gas Ty 7

T IO Ty

R e bty -

TSI IAL T  fE——— e saiaciss W

iecinde: Y | -

—_
—_
—
(@)
c PR Gony - B Ty Boy 1 by
a SO oy s |
e s _
e angeay Eeganduy
o ot Lol neny o |
— Lw ™ 5 - P |
Nawa o r ot %, ; eimriha:
o __ s S ey
c oo - HAAS0E @
< Fea @ auce (apa eEnrdhiianay @
— L T S e T T ™ SDOUBEW ey
(@] | DuionmsQusaLInEnbu Ty BepoH o
o ~ife 18 R e
— Buian [ 9er e ) de) g Oupgs - (erdeconmEs @ ~ FIEIIO I BPONL
= iR o = -
() IYSRUDA NS L o | s )
b P Doy @
© g oo L N i BP0 SR © ST e =
o | Bunis T T F————— 1 | pon Gonescigepoy sossans @
s AU - dernaseydarnt Sy &
(NP A TR 1, STl
M s OLOES IO ELE Yy AN STRS S PSS B P T &
O |
1 | SR s
£ 3 &
mare - o = Suiin [ B el | AT o
(o} T3 e = - Buuis | | Gus 3eb | udpdisseg
 » OB eOWS L INABUT Nacsgnee - g =, - |
a spon - weEn S saameig o |
-
-
o =
P e
] . e
N SR R | ecoppooy of .— =
@) i %
oy wtey
{» sprers L~ soan
= = — il 2 wza

_.. < B LB | LBy o

. 14 Qo%ps class diagram
113

Fig




Chapter 6 - Modelling and Planning of EnterprisesiBass Service Quality

o e
-t

w ) e g s

o | Sambus o

ek s Ty

LT
oy s s IR E Sy
sy
ircey
aseg winkrdond o}
- i

D e, o
gy af
e

AR T T, ﬂ-

R R S

L Rt S P |
e
Lo e
[E—

AruSE R, o
s - ey

Fig. 15 Class diagram for representation of Qags model in data storage

114



Chapter 6 - Modelling and Planning of EnterprisesiBass Service Quality

6.5.3Implementation of Use Casefonstruct Modeland Put
Quality Requirements Data

The decomposition of use caggonstruct Modelis presented in Fig. 16. The model should be
constructed by actorAdministrator. The sub-use casmstantiate modelmeans that class diagram
presented in

Fig. 15 should be instantiated by the parameteesparticular EBS (attributes,
perspectives, viewpoints, etc.). The sub-use Bedme modemeans that data

structures to store model data should be created.

uc Use Case Construct Model: refinementJ

Model Case Construction Model

, Instantiate
g
7 Model
P Ve
Construct -
Model N DataStorage
VV \
Define Model

Fig. 16 Refinement of use caséonstruct Model

These sub-uses cases are implemented by the seinsydiodel

Administrator %, \

Construction (see Fig. 17). This subsystem include® components:
Instantiate model and Define Model. The interactibetween these
components and Fill DS with Data subsystem, whicpléments use case Put
Quality Requirements Data, is presented in Fig.This diagram shows also
one more component — Data Fuzzification comporiEms component acts as
a pre-processor for Fill DS with Data subsystem.trénsforms quality

requirements expressed in terms of linguistic vala® fuzzy numbers.
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cd Interaction of Model Construction subsystem components and Fill DS
with Data subsystem
<<UI>> Write <<component>>
_______ »o— ]
User DataFuzzification
UpdateDS A
|
|
|
<<Subsystem>>
FillDSwithData
DefineModel
|
|
NewModel(Model I
<<UI>> Description) <<component>>
SystemAdministrator InstantiateModel

Fig. 17 Interaction of Model Constructionsubsystem components anHill DS with Data
subsystem

sd Fuzzy AND Tree Construction | NameList:List (1..n);

NameList1:List (1..m)
GetResuthap NameList: listTree List:MemebershipFunctionParame TreeTree
(ViewPaintDefinition] | PerspectiveDefinition ters e
NameList: ;
ViewPointDefinition 3

GetResuItMap(perspectikleDefinitions)
—

loop [for each NameList{i), i=1,..,3n] ‘

loop ifor each Namelist1(j), i=31,..,m]
| GetTreeNames(List)
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Fig. 18 Sequence diagram for fuzzy AND Tree Constaiion
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sd Fuzzy AND Tree InstantiationJ

‘Rank Treel:Tree Quality: Weight: AInferenceRule ‘TreeStructure
e ExpertKnowledge Node
New(Result) . i i

» NodelList:Node ‘

! assign unique rank) |
.

ranked Nodelist |

IterateTree(Naril\e,Description) Define Quality( linguistic |

»  variable, linguistic term,
! membership function)
l—.‘,

fuzzified Quality()

| Add weights for édges()
i Weighted Treel i
! q---—-——-— elgnte T LR — Add inference rules( i
| " implication, modus |
ponens)

»-Construct(TreeStructure)

Fig. 19 Sequence diagram for fuzzy AND trees instéiation

Fig. 18 andFig. 19illustrate the most important model constructicagiment,

namely, construction of fuzzy AND trees.

6.5.4Implementation of Sub-Use Cas®erform Fuzzy
Reasoning

uc Perform Fuzzy Reasoning: refinement)

Perform Fuzzy Reasoning

Reason at a

DataStorage

Traverse the
Tree

Evaluator

Fig. 20 Refinement of use case Perform Fuzzy Reasog
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Fig. 20 presents the decomposition of use caseoferfFuzzy
Reasoning into two sub-use casBsvers the TreandReason at a Nodd he
first one is implemented by Level Order Traverdgbathm to traverse a fuzzy
AND tree. Second is implemented applying combimabb Larsen implication

and fuzzy aggregation techniques. We call it seroaarivation.

ad Fuzzy ReasoningJ

. viewPointList: viewpoint[1 ... n]
[Tree] perspectivelist:perspective[l ... m]
> treetList:tree[1 ... 1]
loop [for each viewpoint(i), i= 1 .. n]
A
Perform
|- - Reasoning over
all Viewpoint

viewpointList

Perform
—————— Reasoning over
all Perspectives

______ Add all Trees

——————— Apply Data «—————————-!

| Perform Reason
ata Node

Traverse Tree |——————————
N

Add Computed |
Tree to - ———=——=—=—— o
Perspective

Fig. 21 Implementation of Fuzzy Reasoning engine

The implementation of the whole fuzzy reasoningime@ds described
by the activity diagram presented Fg. 21 This diagram describes the

implementation of algorithms described in Sectiod. B The computation
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process is embedded in three cycles for all viengsoifor all perspectives in
each viewpoint, and for all fuzzy AND trees in egarspective. For each tree,

he value (i.e. a fuzzy number) is inferred.

ad Traverse Fuzzy AND Tree J

[Tree]

Take root as
current node

Take next not
processed child
node as current tyes]

node

[no]

Inference
current node’h

Make current
node as
processed

Has current node
child nodes, that
are nod processed?

Take next not processing
sibling as current node [yes]

Are there not
processed siblings
of the current node?

[no]

Take parent node as . Is current
current node [no] node root node?

[yes]

o

Fig. 22 Implementation of fuzzy AND tree traversaklgorithm

Fig. 22 presents fuzzy AND tree traverse activiggdam. The process
starts from the root of the three and proceeds daviththe left leaf is reached.

Root

Then the reasoning process starts. It proceedg tisenbottom-up level order
traversal algorithm of its nodes' values. (i.enfrteft to right, level by level

from leaf to root). At each upper level node theaetic derivation of its value
is performed applying Larsen implication for eathdc node and aggregating

all obtained values. This process is describedbyattivity diagram presented
in Fig. 23
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ad Reasone at a Node of Fuzzy AND TreeJ
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\
| I
! l
N Add Parameters
'Y

Result
¥

Fig. 23 Reasoning at a node of fuzzy AND tree

6.5.5Implementation of Use Case®erspective Aggregation
and Viewpoint Aggregation
Fig. 24 presents the decomposition of use @aggegationinto two sub-use

casesAggregate PerspectivesmdAggregate Viewpoints
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uc Use Case Aggregate: reﬁnementJ

Aggregate

Aggregate Perspectives

Aggregate DataStorage

Expert
Aggregate Viewpoints

Fig. 24 View Aggregation Subsystem

ad Aggregation ) Nodelist:string {O<NoderList<n}

[Nodelist,fuzzyNumber,weight]

{counter=0; sum=0}

Put in Nodelist

NodelList<0

NodelList>0

Put in Node from
Nodelist

—

utin
fuzzyNumber to
Node

s

Put in normalized
weight w

|

count=count+1
sum=sum+fuzzyNumber*w

Put next Node
from Nodelist

Average=sum/
count

fuzzyNumber

Y

Fig. 25 Viewpoints aggregation activity diagram
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Each sub-use case is implemented by its own sudrmy&ed-ig. 12).

The activity diagram presented Hig. 25 describes the implementation
of viewpoints aggregation algorithm. The perspeadiaggregation algorithm
differs in that that it has on additional (firstlegs, which forms linguistic

vector for each perspective from values of topHlenmlity attributes.

ad Linguistic ApproximationJ

[fuzzyNumber,
Quality(linguisticTermList, fuzzyNumber)]

Take
fuzzyNumber

Determine
fuzzyNumbers of
neighbours

Compute

v Euclidean
| Distance among
fuzzyNumber » fuzzyNumber and

neighbours
fuzzyNumbers

| Callthe Inference
;r Procedure
|

dialogWindow

Are distances
equal?

Determine the
Smallest distance

linguisticTerm of

Determine
linguisticTerm of
the Smallest

Distance
‘ Y
Lin uiszicTerm Assignto
Hngusticierm fuzzyNumber
4
f
e linguisticTerm

4

‘

Fig. 26 Linguistic approximation activity diagram
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After aggregation of all perspectives in each vieimpand aggregation
of all viewpoints, the linguistic approximation pess follows (see

Fig. 26). The fuzzy numbers are the input data, and tiguistic values
are the output data. Fuzzy numbers are approximetieg) Euclidean distance
as a similarity relation. If a conflict arises (i.the fuzzy number can be
approximated by two linguistic terms), the intenaetprocedure is activated

and the decision should be made by an expert.

6.6.Conclusions
The main conclusions of this chapter are as follows

1. Developed conceptual framework of concepts asstiatith fuzzy
trees has allowed to formalize Q@$ planning model and to develop
problem-oriented Qa$s quality model suited to solve Qgsz planning
problem. Thus proving hypothesis H4.

2. The designed ensemble of collaborating algorithomslines problem
fuzzification, interactive fuzzy balancing, fuzzgasoning, linguistic
approximation, and fuzzy aggregation algorithmsmkans that the

hypotheses H7 was proved.

3. The UML tool was successfully used for implememtatof the Quality

planning system, which involves ensemble of coltabee algorithms.
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Chapter 7 Experimental Research

This chapter presents four controlled experimeatfggmed with the data
of four concrete case studies. The aim of thesee cd#adies is to
demonstrate the suitability of the proposed alporg fuzzy reasoning,
linguistic approximation, perspective aggregatiomnd viewpoint
aggregation to solve the Q&3 planning problemSection 1describes the
experimental design of this resear8®@ction 2provides four case studies,
which also correspond to the demonstrative @extion 3introduces the
settings of experimental resear@ection 4presents the observations and
findings of these use caseSection 5 describes the threats of validity.
Finally, in Section 6presents the conclusions.

7.1.Experimental Design

According to [245], experimental design is defireesi design of experiments
which “is an efficient procedure for planning experiments that the data
obtained can be analysed to yield valid and obyecttonclusions i.e. “the
laying out of a detailed experimental plan in ademf doing the experimént
Therefore, it refers to the plan, structure, an@tsgy of experiment, and
guides the whole experimental process in so a \Wway to obtain results to
yield conclusions of research questions. The erpartal research focuses on
the question I§ the proposed approach acceptable as a whples the
ensemble of Qggsplanning methods and algorithms computational ccif?e
The research results of the dissertation were atedy using case study
controlled experiments, i.e. case study controli@ethodology [51,52]. The
aims of these experiments were to prove the adodiptaof the proposed
approach as a whole and computational correctrieb® @nsemble of Qggs
planning methods and algorithms.

The hypothesis H6 was justified by an evidence-thaseluctive
reasoning procedure [8] that refers to specificeolketion, which moves
toward a generalization. According to [246[nductive reasoning begins with
observations that are specific and limited in scop&d proceeds to a

generalized conclusion that is likely, but not aert in light of accumulated
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evidence The external validity of this experimental resgawas evaluated
but the statistical validity was ignored

The hypothesis H6 justified also by disproof by meuexample [7] that
is it-self naturally refutation of the universabt@ments or by validation and
verification procedures.

A hypothesis H7 was justified by a case-based obetl experiment [9]
that “is a viable substitute for the actual usage sceig@i47] which obtained
results were generalized based on logical inference

The black box process model of the Design of Expenis (DOE)
[245] was used as efficient procedure for the plagnnexperiment. The

schematic for the Q@85 planning process is shownHig. 27.

Isolated Factors
(Co-Factors)

Controlled
Variables

QOSEBS Planning Planned Quality
Process

Fig. 27 Schematic for the Quality Planning Process
The Qo0%zs planning process includes such factors [245]:

e Isolated factors (co-factors). The QoSkss planning process includes
the isolated factors, which are fixed, unchanging, and not manipulated
during the experiment by the expert. The influeméethis kind of
factors on the experimental research results iseadand inessential,
i.e. don’t have influence for the research results.

e Controlled variables. The QoSess planning process is exposed by
controlled variables (for example, linguistic tefrivi~s, weights) varied
at by will by the evaluator. The influence of thkisd of factors on the
experimental research results is direct and esdenti

e Latent variables. The third kind of the process affected parameters
so-called latent variables (for example, time), elhare not directly
observed but can influence results of the measurmn&he existence

of the latent parameters in Qggplanning process is not known.
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Threats to validity [248] of experimental resultsing case-based

experimental research can be performed takingaotount:

e Construct validity is the degree to which the results of experiment
match the theoretical expectations dhé’ degree to which a test
measures what it claims, or purports, to be meagjiriEvaluating the
construct validity, the question “How well are daefd the theoretical
ideas, performed mapping of concepts and relatiorssuld be
answered.

e Internal validity reflects the extent to which a causal conclusiaseld
on the results of the experiment is warranted.

e External validity is the extent to which the results of a case staty
be generalized to other Qg3 planning situations?

The objective of the experimental research wasgbofy the hypotheses
H6 and H7, to demonstrate the correctness and treapof stated hypotheses
by some evidence. For this reason, four case-&uwdére performed — fuzzy
reasoning, linguistic approximation, perspectivggragation and viewpoints
aggregation. In experimental research, the setfmgall case studies, in which
the research is performed, are isolated by researthe “laboratory”). All
required code for framework has been written inpgZégramming language.
Microsoft Visual Studio 2013 integrated developmenvironment have been
used for developing and testing the framework. ‘Adasurements have been
done on computer with Intel® Core™ i7-2600 @ 3.48z(rocessor, 8,00
GB of RAM, Microsoft Windows 7 Professional opengfisystem, using built-
in tools of Microsoft Visual Studio 2013 integratddvelopment environment
and C# programming language. The design resultsdaceimented using
UML-like notation. The API technical documentatios generated using
documentation compiler from managed class libragasdcastle (see in
Appendix C). The threats to validity for each catedy were defined and

discussed. Finally, the generalization and congchssivere pointed out.
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7.2.Case Studies

Four case studies were presented and conducted: stady of the fuzzy
reasoning, case study of the linguistic approxiomgtithe case study of
perspectives integration, and case study of thepoe@ts integration. The use
cases also correspond to the demonstrative one. ptinpose of these
performed case studies was to demonstrate thectoess and acceptance of
the proposed algorithms. The case-based contrekgeriment methodology
[51,52,9] was used for justification of H6 and Hypbthesis. The obtained
results of case studies are considered as fulfiliedthe criterion of
construct/internal/external validity is reasonalalegued. If the threats to
validity could not be controlled, it must be notgdne kind of controlled

variable are manipulated and tested.

7.2.1.Case Study 1: Fuzzy Reasoning
Through experimentation with fuzzy reasoning aldn, the set X of

linguistic terms, which correspond to the fuzzy iems, assigned to the
attributes of QoS characteristics, for selected tethe quality attributes, is
generated. Fuzzy implication with semantic dervatitechniques was
combined in the fuzzy reasoning process. The treattof controlled variables
was taken: 1) all chosen linguistic terms are & #same kind of linguistic
terms; 2) all chosen linguistic terms are definedandomize way. Weights,
shape of MFs are isolated factors that, duringettperiment, are fixed. The set
X of fuzzy numbers, assigned to the attributes o5Qis controlled variable
that is defined and for each experiment of treatriseechanged.

Appendix D with the detailed results of this cat&dyg is presented in
the CD that is attached to the dissertation.

7.2.2.Case Study 2: Linguistic Approximation
This case study analyses linguistic approximatgsue in Qogs planning

process and describes in details its inferenceshén tree structures. The
objective of this case study is to show the priatif@asibility of linguistic

approximation. Through experimentation with lindigis approximation
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algorithm, the set X of fuzzy numbers, assigneth®attributes of QoS, was
generated. These numbers were approximated by w@rthe given linguistic
variable Quality. Two treatments of controlled wadbie were taken: 1)
approximated term can be chosen unambiguously;cPpé&e of two possible
linguistic terms. Weights, shape of MFs are isalaf@ctors that, during the
experiment, are fixed. The set X of fuzzy numbassigned to the attributes of
QoS, is controlled variable that is defined anddach experiment of treatment
Is changed.

Appendix E with the detailed results of this cagedg is presented in
the CD that is attached to the dissertation.

7.2.3.Case Study 3: Perspectives Aggregation
Through experimentation with perspective aggregatadgorithm, it was

intended to check the meaningfulness of weighte@mi®rmula of fuzzy
numbers for the aim to aggregate the linguistic tarsc of different
perspectives. Weights, describing the importanceen$pective in the context
of the developed Q@§s, are controlled variable. The treatment of comgobl
variable was taken: the aggregation of perspectivigsin the limits of one
selected viewpoint by weights changing for each @b&racteristic in each
perspective. Linguistic terms, shape of MFs arated factors that, during the
experiment, are fixed.

Appendix F with the detailed results of this caselg is presented in
the CD that is attached to the dissertation.

7.2.4.Case Study 4. Viewpoints Aggregation
Similarly, it was experimented with the aggregatiatgorithm of the

viewpoints linguistic vectors. Through experimeitiat with viewpoint

aggregation algorithm, it was intended to check theaningfulness of
weighted mean formula of fuzzy numbers for the awnaggregate the
linguistic vectors of different viewpoints. Weightdescribing the importance

of each of viewpoint in the context of the develdpg@oSss, are controlled
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variable. The treatment of controlled variable wasen: change weights for
each viewpoint.

Appendix G with the detailed results of this cagelg is presented in
the CD that is attached to the dissertation.

7.3.Threats to Validity

The results of experiment were considered to mbet éxpectations of
experimental research, if the construct validitternal validity, and external
validity of these results are showed. These threatalidity of experimental
results are examined:

1. Construct validity: the obtained results are incstesit with theoretical
expectations, i.e. the algorithms do not give tesults that were
expected.

2. Internal validity: a) controlled variables and riésware related in any
other (e.g. correlation), but not a causal relasim.

3. External validity: examined causal relationshipordy valid for those
concrete cases to which the data has been expeedjethus, the
experimental results can't be generalized (i.efed#nt results are
obtained with another data).

7.4.Conclusions
The main conclusions of this chapter are as follows
1. In none one of performed experiments are not fothel threats of
empirical validity, i.e. all results of experimentgere consistent with
theoretical expectations.
2. The controlled variables and results in all expenis are related with
causal relationship.
3. The experiments did not reveal any specifics todudata that can

damage the external validity.
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4. The ensemble of collaborating algorithms suited stive QO0$%gs
planning problem is developed. It means that theotheses H7 was
proved.

5. Trying fuzzy reasoning algorithm approved H6 hymsik, that fuzzy
reasoning formalism that combines semantic deowatind aggregation
iIs acceptable for inference in tree structures, ctvhdescribe the
hierarchy of Qog&s properties, because it meets all functional

requirements.
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Conclusions

The main conclusions of the dissertation are devis!

1. A fuzzy inference-based approach to the planninglityuof enterprise
business services enables us to develop a conté@toreework suitable to
define Qo%gs, taking into account different understandingsha toncept
‘quality, to describe Qo&splanning problem in a formal way as well as
to describe Qo&s quality model and planning algorithms inspiredtbig
model.

2. In order to reason about linguistic terms in treactures, which describe
the hierarchies of Q@g§s quality attributes, the most suitable is the
formalism, which combines semantic fuzzy derivatiand fuzzy
aggregation techniques. By semantic derivation wearm Larsen
implication interpretation in the semantic mddeééfined in fuzzy number

domain.

3. It is impossible to fuzzify the Qggs planning problem in this same way
for any Enterprise Business Service. For this emdnethodology that
guides the fuzzification process for any EBS isuregfl. The dissertation

shows the possibility to develop such methodology.

4. The designed ensemble of collaborating interadiinzgy balancing, fuzzy
reasoning, linguistic approximation, and fuzzy aggtion algorithms is

sufficient to the Qo&splanning problem.

5. The object-oriented software system architecturufficient to implement

this ensemble of collaborative algorithms.

° The terrmodelhere means model of linguistic logic.
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APPENDICES

Appendix A. Bibliographic Research

Al. Research Questions
In accordance with the task of this research, teving research questions

are formulated:

* Q1: What different understandings of the qualitysefvice (QoS) are

described in scientific publications?

* Q2: Whether, to which extent, and in which way elfnt
understandings of QoS can be generalized and atemjrat higher

abstraction levels?

Question Q1 must be answered by searching digiierles and other
accessible Internet sources, and extracting infoomdrom primary studies,
collected by this search.

Question Q2 must be answered by analysing, ges@gliaggregating,
and integrating the collected information.

As a result of analysis, refinement and decompmsitif question Q1,

the following keywords hierarchy (Table 8) was bbthed:

Table 8. Hierarchy of keywords

Enterprize system
SOA or service-oriented system or service computing
Service quality
Business service quality or Business process quality or Quality aspects of business process
Quality of service
pveb service quality or QWS
Quality requirements OR nonfunctional requirements OR extrafunctional requirements
Parameters or attributes or characteristics
metrics
Qo5 ontology or QoS model or QoS taxonomy
QoS metamodel
S04 Qob layer
QoS aware senvice
Qo5 aware architecture
Service level agreement
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This hierarchy includes major terms from the reseaarea, their
acronyms, synonyms, and related terms. Synonymseogporated using the
Boolean operator OR. The Boolean operator AND exlus link major terms.

For each concrete digital library, the hierarchy la@dywords was
reformulated as a query in the query language isf ltbrary, for example:

“Enterprise system” + (SOA or “service orientedteys’ or “service computing”) +

Boolean search string should be modified in ordeladapt it to the

requirements of each digital library.

A2. Review Protocol
In this section, we briefly describe the reviewtpowml elaborated as part of the
planning phase of this study. The review protocatweveloped and executed
according to the guidelines and hints provided lKychenham and Charters,
2007], [Biolchiniet al., 2005] and previous expeges at IME-USP5
[Steinmacher et al., 2010]. The structure of theqwol is adapted from [Dyba
and Dingsgyr, 2008].

Question Formularization
Question Focu: Collecting, analysis, generalisation, aggrega#iod integration
different understandings of quality of service
Question Quality and Amplitude
Problem:
Questions QL “What are different understandings of the ternB8Qm the
context of SOAM2: Is it possible to generalize the different untardings of
this term by integration of different views?
Keywords and Synonym: Notion of quality for services; services qualiyosS;
web service Qo0S; QoS aspects for Web services;d@uffogy; QoS-aware
services; QoS requirements; QoS parameters; QWeBneders; QoS attributes;
QoS constraints; QoS model; QoS modelling; Quatibdel for Service-Oriented
Systems; services in SOA; SOA QoS layer; QoS aB&A; QoS Model for
Service-Oriented Systems; non-functional charasties of services;
extrafunctional characteristics of services; wealvise metrics; QoS aspects for
business process; QoS aware architecture; QoS mé&nconceptual model of
service quality.
Intervention: Evaluation of different understandings of quabfyservice.
Control: Checking approach and ad hoc reading.
Effect: Description of different understandings of QoBfédent views);
visualisation of statistics by diagranvsew integration
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Question Formularization

Outcome measure; number of identified studies: number of selecttuabies in
each source per year; number of selected studiaé sdurces per year.

Field/Scope/Confine: Publications regarding QoS understandings inctivgext
of SOA.

Application: researchers of Software Engineering

Experimental Desigr: none statistical method is going to be applied.

Sources Selection

Sources Selection Criteria Definitior: broad coverage in software engineering
area, availability to consult articles on the wéld| text availability, boolean
operators support for query construction, resufiogi capability, and academic
perceived quality of content.

Studies Language: English.

Sources ldentification

Sources Search MethodsResearch through web search engines;

Search string “Enterprise system” AND (SOA OR “service-orientsgistem”
OR *“service computing”) AND “Service quality” AND“Business service
quality” OR “Business process quality” OR *“Qualitgspects of business
process”) AND “Quality of service” AND (“Web senacquality” OR QWS)
AND (“Quality requirements” OR “nonfunctional regements” OR
“extrafunctional requirements”) AND (Parameters ORttributes OR
characteristics) AND metrics AND (“QoS ontology” ORoS model” OR “QoS
taxonomy”) AND “QoS metamodel” AND “SOA QoS layeBAND “QoS aware
service” AND “QoS aware architecture” AND “Servievel agreement”

Sources lis:

IEEE Xplore, http://ieeexplore.ieee.org

ACM Digital Library, http://portal.acm.org/dl.cfm®8td=porta
DBLP, http://www.informatik.uni-trier.de/~ley/db/

SciVerse ScienceDirect, http://www.sciencedirexhfscience

Sources ealuation: IEEE Xplore, ScienceDirect, DBLP fit all establishe
criteria and will be selected. ACM Digital Librargresents difficulties in
exporting the results. This database is selecteduse of its popularity, quality
and the amount of content available in this dat@bas

Sources Selection after Evaluatic: All listed sources had satisfied the sources
selection criteria.

References Checkin: All sources were approved.

Studies Selection

Studies definition

Studies Inclusion and Exclusion Criteria Definition

Inclusion criteria: IC1: Universally accepted relevant fundamentalksoof any date
published on quality of service, web service, a@AService research and engineering
related sources. IC2: Other relevant works pubtisatter 2005. IC3: Papers must be
available to download.

Exclusion criteria: EC1: Sources on quality of service, web servaze] SOA service
research and engineering that does not definealys:the understanding of QoS. EC2:
Relevant sources that repeat ideas describedliaresorks.
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Question Formularization

Studies Type Definition: The following kinds of studies related to the reskaopic will
be selected: Journal publications (research papes#tjon papers, surveys, and reviews),
proceedings, PhD thesis, Technical Reports; oamdatds.

Citation management: To assist the process of gathering and managinthalresult
from search engines, we used two citation managetoels, namely Mendeley .JabRef
(http://www.mendeley.com/) and EndNote (http://evtégncom/).

Procedures for Studies Selection:

o The search strings must be run at the selectedcesurTo select an initial set of
studies, the title, abstract and keywords of aliaoted studies from web search engines
are read and evaluated according to inclusion analesion criteria. To refine this
initial set of studies, their full text is read.

e Search strings will be built according to the sfiecéyntax of each selected source
(see sections 2.4). Results from all sources élhtbe grouped in a single spreadsheet.
Duplicated and invalid results will be excluded.

e To select an initial set of studies, the title d®ywords of all obtained studies from
web search engines are read and evaluated accotdimglusion and exclusion criteria.
All clearly irrelevant results will beliscarded, i.e. papers that do not address any&spe
of the research questions.

e The abstract of every preselected work from thevipus stage will be read and
another new selection will be made, based on immtdexclusion criteria. If reading the
abstract is not sufficient to clearly understand thbjectives or the problems being
addressed, the review authors will also downloagl fill article and check the study
conclusions.

e In case multiple versions of a study exist, only thost complete version will be
included.

o Finally, the selected studies will be fully readdawrite a structured abstract
(executive summary) of the study

Selection execution

Initial Studies Selection:The complete studies list includes 3142 positions.
Studies Quality Evaluation: The Toulmin Model of Argument.

Information Extraction

Information Inclusion and Exclusion Criteria Definition: The extracted
information from studies must contain definition @nalysing of the
understanding of QoS.

Synthesis of findings:The information extracted from the studies was lztied
and plotted to present basic information aboutrdsearch process. The studies
were cohesively grouped into categories (selectedracted, and rejected).
Sensitivity analysis was applied.

A3. Search Results

Final Comments
Number of Studies: Studies found: 3142; Rejected studies: 498; Ssudie
extracted: 37.
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Study selection analysisWe identify 3142 primary studies (see Table 9). The
results of each stages of study selection processritbe the stage of refinement
of the study selection:

Table 9 Result of each stage of study selection mess

Stage 1 Results| Total results obtained from the query submissiorthi®

source

Stage 2 Results| Results excluding irrelevant papers

Stage 3 Results| Results excluding duplicated and invalid papers

Stage 4 Results| Results applying inclusion/exclusion criteria t@ thapers

title, keywords

Stage 5 Results| Result applying inclusion/exclusion criteria to thapers

abstract and conclusion

Table 10: Number of papers in each source for eaddelection stage

+ Stagel p Stage2 p Stage3 } Staged4 | Stage5 p % of
Sources Results Results Results Results Results Selected

results

|IEEE 758 689 544 544 15 40

Explore

ACM

Digital 267 267 246 246 7 19

Library

DBLP 1800 1800 1559 1559 4 11

Science 317 317 295 295 11 30

Direct

References 3142 3073 2684 2644 37 100
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Fig. 28 Quantity of studies versus selection stages

* Overview of primary studies: we provide a brief overview of the

primary studies of understanding of QoS by selectio

* Table 11 shows basic information on the primargistst In addition to

the all selected studies, we append open stan@&IS, 2012] and

[Cisco, 2012].

Table 11: Overview of the selected primary study

#id Title Year Paper Type
[Alben, 1996] Quality of Experience: Defining the 1996 Journal Article
criteria for effective interaction design.
[Contreras and A framework for QoS management 2001 Conference
Sourrouille, paper
2001]
[Menasce, 2002] | QoS issues in Web services 2002 Journal Article
[Box et al., Web Services Policy Framework 2003 Open source
2003] (WSPolicy)
[Catania et al., Web Services Management 2003 Open source
2003 ] Framework
[Ludwig et al., A Service Level Agreement Language 2003 Journal Article
2003] for Dynamic Electronic Services
[Ludwig et al., Web service level agreement (WSLA) 2003 Journal Article
2003] language specification
[Ludwig et al., Web services qos: External slas and 2003 Proceedings
2003] internal policies or: How do we deliver paper
what we promise?
[Siller and Improving Quality of Experience for 2003 Proceedings
Woods, 2003] Multimedia Services by QoS paper
Arbitration on a QoE Framework
[Tosicetal., WSOL — A Language for the Formal 2003 Proceedings
2003] Specification of Classes of Service for paper
Web Services
[Bianchini et al., | QoS in ontology-based service 2004 Proceedings
2004] classification and discovery paper
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#d Title Year Paper Type
[Perino et al., A Look on Engineering Non-Functional | 2011 Book Article
2005] Properties in Service Oriented

Architectures
[Seth et al., Service quality models: a review 2005 Journal Article
2005]
[Abramowicz et | Duality in Web services reliability 2006 Conference
al., 2006] Paper
[Enquist et al., Values-based service quality for 2007 Journal article
2007] sustainable business
[Kim et al., "MOQ: Web services ontologies for 2007 Journal Article
2007] QoS and general quality evaluations
[Zapater et al., A Proposed Approach for Quality of 2007 Proceedings
2007] Experience Assurance for IPTV paper
[Abramowicz et | Square based web services quality 2008 Proceedings
al., 2008] model paper
[Aguiar et al., ] Trends and Challenges for Quality of 2011 Book Article
Service and Quality of Experience for
Wireless Mesh Networks
[Du et al., 2008] | Modeling service quality for dynamic 2008 Conference
QoS publishing. In Services Computing Paper
[Galster and A taxonomy for identifying and 2008 Proceedings
Bucherer, 2008] | specifying non-functional paper
requirements in service-oriented
development
[lancu et al., End-to-End QoS Frameworks for 2008 Conference
2008] Heterogeneous Networks-A Survey Paper
[Qixing et al., Modeling Service Quality for Dynamic 2008 Conference
2008] QoS Publishing. Paper presented at the Paper
Services Computing
[Shekhovtsov et | Capturing the Semantics of Quality 2008 Proceedings
al., 2008] Requirements into an Intermediate paper
Predesign Model
[Hilari, 2009] Quality of Service (QoS) in SOA 2009 Master Thesis
Systems.A Systematic Review
[Huiyuan et al., QoS Analysis for Web Service 2009 Conference
2009] Composition Paper
[Mabrouk et al., | A semantic end-to-end QoS model for 2009 Workshop
2009] dynamic service oriented paper
environments
[Petrova- Towards a Unifying View of QoS- 2009 Journal Article
Antonova an Enhanced Web Service Description and
Ilieva, 2009] Discovery Approaches
[Hernandez et Evaluation Framework for Quality of 2010 Master thesis
al., 2010] Service in Web Services:
implementation in a pervasive
environment
[Mintauckis, Empirical studies of Quality of 2010 Master Thesis
2010] Experience (QoE) — A Systematic
Literature Survey
[Papazoglou, et | Service Research Challenges 2010 Journal Article
al., 2010]
[Goeb and A software quality model for SOA 2011 Proceedings
Lochmann, paper
2011]
[Shekhovtsov, The Evolution of Conceptual Modelling | 2011 Book Article
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#d Title Year Paper Type

2011] - From a Historical Perspective towards
the Future of Conceptual Modelling

[Szydto and Model Driven Adaptive Quality Control | 2011 Journal Article

Zielinski, 2011] in Service Oriented Architectures

[Ullah, 2012] On the ambiguity of Quality of Service | 2012 Proceedings
and Quality of Experience paper
requirements for eHealth services

[OASIS, 2012] Quality Model for Web Services 2005 Open source
(WsQam -2.0)

[Cisco, 2012] Enterprise Medianet Quality of Service | 2012 Open source
Design 4.0—OQOverview

Table 12 Selected paper types in percent

Paper Type Quantity Percent, %
Journal Article 10 27
Proceedings paper 10 27
Open source 4 11
Master thesis 3 8
Conference Paper 6 16
Book Article 3 8
Workshop paper 1 3

In total 3142 publications were selected. The papesre then further
analysed for duplications, 498 duplicated paperseweund. So, the final

sample was 37 papers (primary sources).
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