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Abstract

The goal of this work is to offer an approach for enhancing decision-making in information systems
engineering based on the Method Engineering principles. In order to achieve this goal, we have
developed the MADISE (MAke Decisions in Information Systems Engineering) approach.

The MADISE approach includes four following elements: the DM ontology, the DM method family,
the MADISE configuration process, and the MADISE methodological repository.

The DM Ontology (DMO) is an ontology of decision-making knowledge, which allows representing
DM concepts in a structured manner. The main goal of DMO is formalizing DM situation and
specifying requirements for DM.

The DM Method Family is a collection of DM method components organized into a family for their
easier usage in practice. DM components represent detailed guidelines for DM activities associated
to the specific context of their use.

The Method Family Configuration Process is a ME process helping IS engineers to customize DM
method family. This process guides the selection and assembly of DM components into an
application method adapted to a given situation.

The Methodological Repository is a repository, which provides IS engineers with a methodological
support for realizing DM activities.

For the needs of the MADISE approach, some fundamentals of the ME science are developed. Firstly,
the concept of method family is proposed. Secondly, an approach for contextualization of method
components is developed. Thirdly, an indicator-based guidance methodology is suggested for
customizing method families according to a given situation. These elements are applied to DM
methods in order to achieve the main research goal.
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Résumeé

L'objectif de cette these est de proposer une approche (MADISE — MAke Decisions in Information
Systems Engineering), pour améliorer la prise de décision (DM — Decision-making) dans I'ingénierie
des systémes d'information, basée sur les principes d'ingénierie de méthodes.

Cette approche comprend quatre éléments centrés sur la prise de décision: une ontologie, une
famille de méthodes, un processus de configuration et un référentiel méthodologique.

L'ontologie de prise de décisions (DMO) est une ontologie de connaissances sur la prise de décision.
Son objectif principal est de formaliser la situation de DM et les exigences pour la DM.

La famille de méthodes de méthodes de prise de décision est une collection de composants de
méthodes de prise de décisions. Les composants décrivent les activités de prise de décision associées
au contexte spécifique de leur utilisation.

Le processus de configuration de famille de méthodes est un processus qui accompagne les
ingénieurs des Sl dans I'application de la famille de méthodes. Ce processus guide la sélection et le
montage des composants dans une méthode d'application adaptée a une situation donnée.

Le référentiel méthodologique fournit aux ingénieurs des Sl un support méthodologique pour la
réalisation des activités de DM.

Pour les besoins de I'approche MADISE, certains principes de l'ingénierie des méthodes ont été
développés: la notion de famille de méthodes, une approche pour la contextualisation des
composants de méthode et une approche basée sur des indicateurs pour la configuration des
familles en fonction des situations. Ces éléments sont appliqués a des méthodes de prise de
décisions afin d'atteindre les objectifs principaux de recherche.

MADISE: Method Engineering-based Approach for Enhancing ix
Decision-Making in Information Systems Engineering



MADISE: Method Engineering-based Approach for Enhancing
Decision-Making in Information Systems Engineering



Contents

o L B =T T ol o T e o] ] [T o o I TP 1
(01 g o1 0T ol R 1 o T [¥ ot o [P 3
O R I o [ F o | =) 4 SRR 3
B o o] o] 1=T 3 I - 1= 5 0 T=Y o PRSP 5
1.3. RESEAICN QUESTIONS .. .viiiiiiiiie ettt te ettt ettt ste e st e st e st e e st eesateess sbeeesaaeessseessseesasaesnbaesnsseenn 8
R I o 1o E oY o A | UL o o |- PRSP 9
1.5, THESIS OULIINE c.eeiiiieiiie ettt ettt st e e s te e sabe e st sateesabaesabaesbeesnbaesnsseesaseesaseenn 10
Chapter 2: State-of-the-Art on Decision-Making and DM in IS Engineering......cccccccceeeecveeeecveeieeeennen. 11
2 I 1o e Yo ¥ Ty o T o P PSRRI 11
2.2. Decision-Making as a Mean for Resolving Problems ..........ccccuveviiiiieiciieee e e 12
2.3. Decision-Making FUNAamMENTalS ........cccociiiiiiiiee et e e e e tae e e 14
2.3.1. Presentation With @an EXample ........oeeeiiiiiiiccceee et e e e e 14
2.3.2. BaSiC DEFINITIONS ..eeivreiiiiiiiet et ettt sttt sttt site et e e sba e e sate e sateesataesabaesnbee s 16
2.3.3. Mathematical MOGE].......coiiiiiieecie et e ste e s be e sba e e naaeenaae s 18
2.3.4. DeCiSiON-IMaKiNg ACLOIS.....ueiiii ittt et e e e et e e e e e e s e e e e e esnnraeeeeeeeennnreaeeas 19
2.3.5. DeCiSION-MaKiNg PrOCESS....ccvviiiiciiiee e ccttee ettt ettt e et e e et e e e e b e saae e e snseeeeaasaeeesnaaeean 19
2.3.6. Decision-Making MEthods ..........cuiiiiiiiiiiiiciiee et e e e e e e s aaaee s 20

2.4. Decision-Making in Information System ENgineering .........cccceeeeecciieeieeiecccieiee e, 23
2.4.1. DM Nature of the IS ENgiNEering ProCESSES......ccccvvieiiirieieiieeecieeeestteeeecree e eeesvaeessaaeeas 24
2.4.2. DM Tools Usage in IS ENGINEEIING ....ccccvvvieieiiiieiciieeecieeeesiteeeecre e e esrreeeen s esaaveessssaeesnnaee s 26
2.4.3. Typology of Decisions in IS ENGINEEIING .......ccuvviiieeieiciiieie ettt e eecraee cvrae e e e e e 26

2.5. Decision-Making Method SeIECION ........c.ueiiiiiiie e e e e e 30
2.5.1. Evaluation Framework for Selecting Multicriteria Methods.........cccccoeciiiiiieeecciiee e, 31
2.5.2. Overview of the Reviewed Selection Approaches .........cccceeeecciieeiee e e, 34
2.5.3. Comparative Analysis with the Evaluation Framework.........cccccoeeieeiiiii e, 39

B2 ST o o Tol (V1Y [ o IS TP PPPRR 44
Chapter 3: Overview of the MADISE APProach...........eeee ittt e 47
10 T 4 e Yo [0 4 T o OO PRSPPSO 47
3.2. MADISE DIM ONtOIOZY ...uuevriiiieieieciiiiieeeeeee e e ettt et e e e e ettt e e e e s esbtr e e e e e e sea aaeeesnssteeeeeesennssraaaeaanann 49
3.3. MADISE DM Method Family.......ccccuiiiiieiii ettt e et s anree e e e s e e nnraaeeeaeean 50
3.4, Synthesis Of the ThesisS RESUILS......ccuiiiiiiiiii e e e et tre e e e e e e areas 51
Part Il. Decision-Making ONtOIOZY........uuiiiiiiiiiiiiiiieee ettt e e e e e e e e e rre e srrrre e e e e e eesanteaeeeeeeesansreneens 53
Chapter 1: Decision-Making ONtOIOZY .......ceiiiiiiiiiiiiiiiie ettt e e e e e et re s cbrae e e e e s ssbareeeeeeeenannes 55
00 O 1 o Yo [ o1 f [ P TSSO PSPUOPUUTRRPRPPRON 55
1.2. Ontology Fundamentals Application t0 DIMO .......cooeuiiiiiiie ettt e e e e e e 56

3 002 B @1 o o] (o VA D 1= T o 11 o o SRS 56
O @ 141 o] [o =4 A U Y- T RSPt 57
1.2.3. Defining the DIMO GOalS......c..uiiiiieeiee ettt e e e e e et seanre e e e e e e e snnraaeeeeeean 57
1.2.4. Classifying DMO with Ontology Classifications ........ccccceeveiiicciiiiiiee e, 59
1.2.5. Defining the DIMIO CONTENT....cccccuiiiicciiiiee ettt et e e e etre e e e e e ebteeessntaeeesnsaneeeans 60
MADISE: Method Engineering-based Approach for Enhancing Xi

Decision-Making in Information Systems Engineering



R S |V, o Yo 1= 11 Y= Y @ ISPt 61

1.3. DIMIO EIEMENTS .oeouviiiiieeiieeiieesiee sttt e et e e teesstteesateesabeesabeessbaesabeeebae e s sabaesnbeeensseensseensseesnseesnseenn 61
0 701 R B = Tof Y o] IR T PP PP P PP UOPPTPPPPPON 62
1.3.2. INTUITIVE DECISION ...ttt e e ere e e s e s e e e s s e e e eeeeeeaas 63
1.3.3. Method-based DECISION ......cecuviiriierieiiite ettt sttt ettt esiae e saaeesa sbeessbaessaseesabeesareesns 64
1.3.4. Decision-Making SitUAtioN..........ceeiiiiii it b rae e e e 64
1.3.5. Decision-MakKing ODJECE ......uuiiiiiiiee ittt et e e et e s e e e ebte e e serteeeesnraaeeeans 65
I T S o o o] [=T o o TSPt 65
IO T AN 1 =T 114 Y SRRSOt 66
1.3.8. AILEINATIVE SEE...uiiiiiiiiiieiiee ettt et e s e e st e e sbe re e sabe e sabe e s beesbae s beeenaae et 67
RS TRC R 01 1 =] 4 T o DT P PP PP PP UPPPTPPPPPN 67
1.3.00. Criteria ST ..eeeeiii ittt ettt ettt e e e e sttt e e s e s e et e ee eeeeeeeeeannrbteaeeesannrreeaaeeaanan 69
0 T B ] -1 T RSO P P TOPPRRPTRROPPRNt 70
3 T 1 e 1= [ 81T o Vol NS 70
1.3.13. AREINATIVE VAlUB .cci ittt e e s ea s ebte e e ssabee e e sbaeeesantaeesanns 71
1.3.14. PreferenCe RUIE oottt ettt ettt st e s be e e s sabe e sabeesbeesbaesnateenaseenes 72
R TR0 R TR T 4 o | PSSP 72
0 00 TR I o1 =T £ Vo [ SRRt 73
0 B A o =Y =T T o ol PO PPRUPPRRPPRRTRTPRINt 73
I 0 2 R D Yol [y T T o B 1Y - = USSPt 74
I 0 K T =1 =] L] o 1= PRSPt 75
G 04 C o -1 PRSP P PPNt 76
1.3.21. Summary of Decision-making Concepts, Attributes, and Relationships..........cccccuveeennn. 76

1.4, IUSEration WIth ERP ..ccceeeiiiiiiec ettt ettt e e e e s saee e e s sabee e s sbte e s enabeeessaneeas 79

1.5. Application Case: the REDEPEND APProach........ccccueeieiiiieiiiee et eetee e e e e 81

B ST Yo ol T T o PSR 83

Part lll. MADISE Decision-Making Method Family ...........ccuuviriiiiciiieee e 85
Chapter 1: Analyzing SME APPrOaChEs ......coocviiiieciie ettt et e e st e e e saa e e e saraee s 87

00 R [ o Yo [ 4 T Yo D RSP UT 87

1.2. Method Engineering FUNameNntals.........cooooiuiiiiiciiie e et 88
1.2.1. Method ENGINEEIING......ciiiiiieeeciiie ettt e ettt e e tae e e ette e e e sata e raeeesabaeeesbtaeesansaeeeanes 88
1.2.2. BaSiC DEFINITIONS ..veeiiiiiiii ittt s e e s ee e sbee e e ssate e e s sbee e e sneeeesnee 89
1.2.3. Principles of Method ENGINEEIING .....c..vieiiiciiee ettt e et e e e e saa e e e e saeaeeeans 90

1.3. Framework for Comparing SME APProaches........cccueeeeciiieiiiieee et eeee e e e e e e 91
S T I U ST T I YT NS 92
IO B0 U oY1= Lot A A 1LY AU PRROt 94
1.3.3. SYSEEM VIBW ettt ettt sttt ee e e e e e e e e e e e e e et e e aeeeeeeeees sasssesssessssssbebesasesneaeaeaeaees 96
1.3.4. DEVEIOPMENT VIBW ....uiiiiiiee ettt ettt e et e e e e e e et e e e e e e e et e e eaaabaeaeeeeennnraaeeaanans 99

1.4. SME Approaches’ Review according to the Framework ..........ccccccvveeeiiieeiecieee et 102
1.4.1. Method Fragment APProach.........cociiiiii ittt e s e e e s sanaee s 102
1.4.2. Method Chunk APPrOach .......eeiiiiee ettt e e et re e s rrae e e e e e eenrraaeeaae s 103
1.4.3. Method Configuration APProach ..........eoo i e e 104
1.4.4. OPEN Process FrameEWOTIK ......c.ciiiiiiiiie ittt ettt e siee st eessaaessaaeesaseesaneas 105

MADISE: Method Engineering-based Approach for Enhancing Xii

Decision-Making in Information Systems Engineering



1.4.5. Method Service APProach ...ttt e e e e rta e e e s abaeeseanaee s 106

1.4.6. Method EXteNSion APProach.....c...ciccuiieiieiiiiee ettt et e e e ee seeae e s enraeesnnnaeees 107
1.4.7. FIPA (Foundation for Intelligent Physical Agent) approach .........cccccccoiveeciieeccienee e, 108
1.4.8. Comparative Analysis within the Four Views Framework..........ccccccoeviiiiniiieecceee e, 109
BT @0 o Tol [V o o T OO UR PP 115
Chapter 2: DM Method Family........oo ettt e e ree e e e e e et srabea e e e e e s seasnaeeeeeeeennnnns 117
B2 I T4 oo [0 4T o OO OSSP OPPTRTRPRRPTROPRIN 117
2.2. DM Method Components and Family Modeling..........cccovieeeiioicciiiiee e e, 118
2.2.1. Meta-Model of Modular Methods ..........coccvciiiiiiiiiiie e e 118
P2 20 Y, 114 VoY I @] g Yo ToT V=T oL SRS 120
0 TR 1= o - 1 (U = N 121

P A S o o Yo [0 - o TP 122
2.2.5. PrOCESS PArt ... e ittt ettt e s et e e s e e e s e nrenee s 124
2.2.6. Context of Method COMPONENTES .....ceiiiieiiiciieeee e e e e e e e e anraees 130
2.2.7. Granularity Levels of Method COmMPONENtS ........ceeeiiiiciiiiiie e e 130
2.2.8. Advantages of Representing Method Families with MAP...........ccccoeeviiiivciee e, 133
2.3. DM Method Family Definition..........eeeiiiii it e e e e e e e e e e 135
2.3.1. Identification of DM Method COMPONENTES.......ceieiiiiiciiiiiiie et e e e 135
2.3.2. DM Method Chunks Organization within the DM Method Family ..........cccccoceeeeeiveeenneen. 137
2.4. DM Method Family DeSCIIPLION ......uuiiieieeii ittt e e e e arre s cnrree e e e e e e snrraaeeaeean 139
2.4.0. DEfiNE AREINAtIVES ...eiiiiiiieeteee et e e e sbbe e e s sabe e e e sraee e e ares 140
2.4.2. DEFINE CrItEIIA vevevee ettt ettt ettt re e st s e e et sabe e sbeeebaesbaeesaseesabeesanes 141
2.4.3. EValuate AEINatiVeS......ueii ittt e st 143
P =Y = Tol 1Y T o PRSP 144
2.4.5. Stop DecCiSioN-IMaKiNg PrOCESS ....cuveieeiiiiiieeiiiieecireeeeetreeeete e e e stee e e site e e s e e eabae e e nraeeeennees 147
2.4.6. Navigation through the DM IMap .....cceeeieei ittt e e crrrae e e e s e 147
BT 1| (VT o = d o o TSRS 148
2.5.1. Application Case: the Cost-Value Requirements Prioritization Approach....................... 149
2.5.2. Application Case: the Tool Selection iN RUP .......ccooiiiciiiiiic e e e 150
2.5.3. 50ME CONCIUSIONS.....veiiuiiiiiiieiieeritite ettt ettt sre e ste e s beessbt e e sbaeesate e s esbaeensaesssseesaseesaseesnses 151
2.6, CONCIUSION .etiiiteeeiee ettt ettt et e st e st e e st e e sabe e sabeeebtee e sabaeebteensseensseesasassnsaesnsaeenss 152
Chapter 3: DM Method Family Contextualization ...........occccuiiiee i e 153
K 78 I T 4 e Yo [0 4T o OO RSP OTPTRUUPRRPRPPRINE 153
3.2, CoNtEXE DEFINITION ..eeiiiiiiiiicie ettt et e e sabe e sbeesbaesbeeenaseenes 154
3.2.1. Cross-Domains Notion Of CONTEXt.......ccciriiiiiiiiiiiiei et e 154
3.2.2. Context in Situational Method ENgineering .......cccccveeeiiiiii it e 155
3.3. Context Representation in the Method Family Model .........cccvvvieciiiiiicieeicceeeiee e 156
3.3.1. ConteXt Meta-IMOdel.......oiiiiiiieieee e e e s st e e e 156
3.3.2. CoNteXt GranUIAIITY ..eeeeieieee e e e e e e e e e rte e e e e e e e e e nteeeeares 157
3.3.3. Method Components’ Context and Project CoONteXt.......cccceeeuieeiiiiieeeeciiee e e 157
3.3.4. Context Representation Within IMaps ........coooiiiiie e e e e 158
3.4. Typology of Context CharaCteriStiCS.......couiiiiiiiieiiiiiee et e esre e e este e e e ebaeeeeans 159
3.4.1. GENEriC CharaCteriStiCS . .ouuiinieerieiriieeriee sttt erteertte st e st e sbe e sbeesrbees e sbeesbaesnaneensseesareenns 159
MADISE: Method Engineering-based Approach for Enhancing Xiii

Decision-Making in Information Systems Engineering



3.4.2. SpecCific CharaCteriStiCs ... ..uiiiiiiiiiiiee e e e e e e e e 162

3.4.3. General View of the Context TYPOIOZY .....coevvriiiiiiiiie ettt 163

3.5. Method Contextualization APProach........cceeiiiiiiii et e e e e errare e e e 164
3.6. Defining Context for the MADISE Method Family........cccccueiiiiiiieiiiieeecieee e e 168
3.6.1. ContextUalization PrOCESS ......iiiiiiiiee ettt ettt sttt be e e sbe e s sabeesabeesabeeens 168

I e T Tol [0 T o U UURPPUPRTN 173
Chapter 4: DM Method Family Configuration...........eeeecuieeiiiiie e e e e e e 175
I o o Yo [F ot d o 1SR RPTPRN 175
4.2. Method Family Configuration ..........cuuviiiiiiiii e et e e e e 176
4.2.1. General View of the Method Family Configuration Process........cccccoeeevvieeeiicieeencnneneenn. 176
4.2.2. HUSErative EXAMIPIE ..eceee ittt e ettt e e e e e et re sbaae e e e e e seenraaeeeeeeenannns 179
4.2.3. Step-by-Step ConfigUration ... e e e e e e srrre e e e e e e e 181
o S Y ] o By A Y =1 =Y o USRI 182
4.2.5. By Complete Application Method Selection ..........ccceeeeieiciiiiiee e e 183

4.3. Configuration of the DM Method Family ..........cccuviiiie i e 188
4.3.1. Define Method REqUIrEMENTS......cccciiiiii et etr e re e e ebae e e snreeeeans 188
4.3.2. Construct an Application Method ..........coueviiiiiiiiiee e e 190
4.3.3. Stop the configuration ProCESS .....ccceiiiiiiiiie ettt e e e e e e e e e e e srrre e e e e e e enanns 192

O B 0] o Tl [V ] ] o IO OO PRSP 192
Part IV. IMADISE iN PracCliCe .....eeeiiiiiiiieeit ettt ettt ettt ettt e e e e e e e e sttt e e e e e s sanrreeeeeeeennnee 195
Chapter 1: Validation of the MADISE APProach..........eee et e e 197
00 1 o Yo [ o1 f [ PO PP 197
IO V7 1 K] i oo 197
1.3. Business Process Prioritization ...ttt et e e e e 200
1.3.1. Decision-Making in Business Process Management .......ccccccueeeecvieeeecieeecniieeeesieee e e 201
1.3.2. Case Study General DeSCriPtioN ......ccccc it e s rree e e e e e enrraaeeaee s 203
1.3.3. DM Method Family Configuration..............uuieiiiiiicciiiiee et 204
1.3.4. Application of the Obtained DM Method ..........cccueeiiiiiiiiiiieeceeeee e e 205
1.3.5. Conclusions 0N the Case StUAY ......ceccicciiiiiiiiiie e e e e eecrrre e s rrre e e e e e eenrraeeeaee s 211

1.4, ReqUIremMeENT ENGINEEIINEG.....uuuurriuirirtttrtuiieiiuiuritituerrrrrerrreereeeeeeteeeeeeeeeeeteees sasssssssssssssssssssssrsrsenne 212
1.4.1. CompParisON FramEWOIK ........eiiiiiiiiiiiiiiie ettt e et e et e e e eraaa e e s easreeesnnnaee s 212
1.4.2. Framework APPlICAtION .....coc e e e et st e e e e e e e b aeeaaeean 214

BT o o ol [V o o TP 216

(O s F-T o] T o o] o [l [V 1] o JPS SRR 217
2.1. Responses to the Research QUESLIONS ......cc..eeiiiiiiiii et e e e brrae e e 218
2.2. Consideration Of the STated ISSUES......c.cviiiciiiiiiiiie ettt et st sie e st e sbeesabee e 219
2.3. Resolution of DM Problems in IS ENGINEEIING........ccueeiiiiiieiiiiie ettt seree e 220
2.4, FULUIE WOTKS ...ttt sttt et e st e e sbt e e s este e teeessabeeeessteeesnnteeessseeeesnee 221
RETEIENCES ..ttt ettt e et e e e bt e s satee e sbee e ab e e sabe e s beesabeesbeesbeeenaaeeees 223
MADISE: Method Engineering-based Approach for Enhancing xiv

Decision-Making in Information Systems Engineering



Part 1. Research Problem
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Part I. Research Problem

Information system (IS) development processes were traditionally organized into sequences of
activities with a rigid control flow. However, in practice, IS engineers are faced with countless
methodical choices: they can choose to execute one activity completely or partially, to combine
aspects of two or more different activities, or to ignore an activity. That means that any IS
development process may be seen as a sequence of decisions made to enact a unique process
adapted to a specific situation. Chapter 1 explores this statement in order to define the key issues to
consider for establishing the research questions this thesis intends to answer.

There are many methods of decision-making (DM). They come from the operational research field
and deal with the decision making process in different ways.

Chapter 2 defines fundamentals about DM and offers a review of the main DM methods. This
chapter also addresses more particularly the question of DM in IS Engineering (ISE) in order to show
that several problems arise in the application of DM methods in this field. This conclusion leads to
the establishment of requirements that a DM approach in ISE should satisfy.

These requirements are taken into account in a new proposed approach called MADISE. Chapter 3
gives an overview of this approach and offers a synthesis of the contributions of this thesis.

MADISE: Method Engineering-based Approach for Enhancing 2
Decision-Making in Information Systems Engineering



Part I. Chapter 1: Introduction

Chapter 1: Introduction

1.1. Thesis Context

Nowadays, Information Systems (IS) are a central element for helping organizations functioning and
providing them with a work environment increasing their competitive advantages. In these
conditions, IS must be elaborated in such a way that they (i) are optimized with regard to the used
resources, (ii) take into account the specific situation and (iii) bring together different and often
conflicting stakeholders’ interests.

Information System Engineering (ISE) is a science which describes processes of IS analysis, design,
development, implementation, maintenance, and evolution. It contains different activities that offer
guidelines to IS engineers for elaborating IS. In traditional ISE processes, activities are grouped into
phases (analysis, design, coding, testing) [Boehm, 1988] [Royce, 1970], which are organized into
predefined sequences.

Faced to these processes in practice, IS engineers deal with different situations, in which a choice
must be made. This choice may concern, for instance, a goal, an action, or a tool. [Ralph et al., 2008]
highlights the fact that, in practice, the software developer is faced with a myriad of methodical
choices as he can choose to execute one activity completely or partially, combine aspects of two or
more different activities, or ignore another one. The decisions made through the process execution
lead the IS engineer to enact a process which is unique and suited to the situation at hand. In fact,
information system design, development, implementation, and every other processes in ISE can be
seen as a set of steps of two kinds: first, of decision-making (DM) (where a decision is made) and,
second, of decision performing (when the decision result is applied for a given purpose). In this manner,
all ISE processes during their execution include steps where several alternatives call for decisions,
from operational through tactical to strategic ones. Researches on several engineering fields
(systems engineering [Ruhe, 2003], process engineering [Rolland et al., 2000], method engineering
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[Aydin, 2006], and so on) show that there are many development cases where IS engineers has
critical choices to carry out. Several examples of decisions covering all phases of the software life
cycle can be cited:

e Toinvest or not to invest in new software;

® To select between an open or a proprietary tool;

e To prioritize requirements during the analysis phase;

e To select an appropriate architecture or a COTS during the design phase;

® To decide whether a new component should be integrated during the maintenance phase;
® To arbitrate between discarding and maintaining a software application.

Though, IS engineers meet decisions from very simple to very complex ones at different phases of
ISE. IS engineers must consider this kind of problems as a decision-making problem.

A decision is an act of intellectual effort initiated for satisfying a purpose and allowing a judgment
about the potential actions’ set in order to prescribe a final action. A DM problem is firstly defined by
the presence of alternatives (potential actions). The concept of alternative designates the decision
object. Any decision involves at least two alternatives that must be well identified. The prescription is
based on the study of several aspects characterizing alternatives, which are criteria. A simple
approach consists in using one criterion to carry out the selection between alternatives. The
traditional example is the selection of projects according to the Net Present Value (NPV). However,
using a single criterion is not sufficient when the consequences of the alternatives to be analyzed are
important [Roy et al., 1993] [Roy, 2005], when there are multiple viewpoints and contradictory
criteria. Multicriteria analysis, in contrast to a monocriterion approach, allows a more in-depth
analysis of a problem because it aims at considering various aspects. The goal of multicriteria DM
(MCDM) methods is to define priorities among alternatives (actions, scenarios, projects) according to
multiple criteria. These methods deal with indicators having different nature (quantitative or
qualitative). However, they are more complicated as they must be aggregated into a general value or
function [Roy, 1996] [Keeney et al., 1993].

MCDM methods have shown their qualities for over 40 years [Berander, 2005] and they currently
dominate in the field of decision-making [Baudry et al., 2002] [Gomez-Limon et al., 2003]. They
appeared at the beginning of the Sixties, and their number and application contexts increase
continually. We can mention five main families of MCDM methods: MAUT (Multiattribute Utility
Theory) [Keeney et al., 1993], AHP (Analytic Hierarchy Process) [Saaty, 1980], outranking methods
[Roy, 1996], weighting methods [Keeney, 1999], and fuzzy methods [Fuller et al., 1996].

With regard to ISE, the issue of DM has already been explored with respect to requirements
engineering [Ngo-The et al., 2005], to method engineering [Aydin, 2006], and, more generally, to
systems engineering [Ruhe, 2003]. For instance, the GRL (Goal-oriented Requirement Language)
model allows evaluating solutions according to their contribution to the goals [Amyot et al., 2002].
Ruhe emphasizes the importance of DM in SE along the whole life cycle [Ruhe, 2003]. Several
examples of different DM methods application can also be mentioned: AHP for prioritizing
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requirements [Maiden et al., 2002] and evolution scenarios [Papadacci et al., 2005]; Saeki uses
weighting method to deal with software metrics [Saeki, 2003], and so on.

1.2. Problem Statement

Regarding to DM in ISE, the following findings can be made.

® Many decisions are made in the ISE field. ISE processes are teleological by their nature
[Loucopoulos et al., 1995]. That means these processes contain steps where decisions must
be made. Traditional ISE processes do not take into account a full decision-making stage.
They give hints about how to make a decision but there is usually no formalization of the
complete DM process. Sometimes, the ISE methods offer guidance to help engineers through
these choices. However, in many cases, decisions are carried out in a poor way: the choice is
often intuitive and thereafter hazardous with unpredictable consequences [NgoThe et al.,
2005] [Ruhe, 2003]. As shown in [Ruhe, 2003], engineering-related decisions may result from
the need to satisfy practical constraints such as quality, cost or time. Ruhe stresses the
importance of DM in the field of IS because of: (i) time, effort, quality and resources
constraints; (ii) presence of multiple objectives; (iii) uncertain, incomplete and fuzzy
information, and (iv) complex decision space. Considering these aspects implies that the
number of researches dealing with DM in ISE increasingly grows. For instance, the
multicriteria DM methods spread throughout Computer Science [Kou et al., 2009].

* Many methods are available to support DM in a systematic way. The operational research
domain has produced different methods — from very simple ones to very complex ones — that
could be adequately used in these situations. Using these methods should not only facilitate
DM activities, but also it would allow considering specific situation, better involving
stakeholders, increasing their confidence in the final decisions and so on. However, these
methods have different characteristics such as complexity or ability to deal with quantitative
or qualitative criteria. Moreover, these methods are more or less efficient in function of the
situation in which they are applied. Unfortunately, there is no universal method able to deal
with all DM problems. Each DM method is suitable for problems with specific characteristics
such as, for instance, the number and nature of alternatives and of decision criteria, the
presence of multiple stakeholders with different viewpoints.

* DM methods application in ISE is still limited. Several reasons of such limitation could be
mentioned. Firstly, DM methods coming from the operational research are not expressed in
terms used in the IS field. Secondly, IS engineers are confronted with some practical
difficulties. For instance, no work has been done to understand how, when, or which of these
methods could be used during ISE activities. Often DM methods are selected arbitrarily.
Sometimes the analyst uses a method because he/she is already familiar with it. Other times
a method is developed in an “ad hoc” way. It also happens that a method is chosen simply
because a software which supports it is available at the right time [Laaribi, 2000] [Ulengin et
al., 2000]. In addition, the existing works in the ISE research aim at resolving a DM problem
each time.
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The lack of DM in ISE can be considered at three levels: (i) at the model level, (ii) at the method level,
(iii) and at the tool level. At the model level, decisions are often ill formulated. At the method level,
intuitive and ad hoc decisions overshadow the method-based ones. At the tool level, even if DM
tools exist, there is none with a complete context-aware DM process. This thesis addresses the lack
of DM in ISE at the model and method levels.

At the model level, many decisions are made in the field of ISE. Nevertheless, decisions are not
formalized in terms of alternatives and criteria; their consequences are not analyzed. Decisions are not
transparent and are characterized by poor understanding and describing decision problems, by the
lack of transparency and of empirically evaluated models. Stakeholders’ contradictory interests are
not always considered.

With regard to the method level, the situation is common in ISE when decisions are made in an
intuitive manner or based on the engineer experience and expertise. Even if they are present, the
scientifically founded decision-making methods are not very widespread in this field. There are needs
for taking into account the situation at hand, selecting an adequate decision-making method and, if
necessary, adapting it and integrating it into existing methodologies.

Three common situations of DM in ISE can illustrate these concerns.

¢ Several DM methods exist for resolving the same DM problem. This is a case, for instance,
of the requirements engineering field. There are many methods dealing with requirements
prioritization, for instance, Cost-Value Approach [Karlsson et al., 1997], Prioritization Matrix
[Wiegers, 1999], Requirement Prioritization Tool [Moisiadis, 2002], WinWin [Ruhe et al.,
2003], and REDEPEND [Maiden et al., 2002]. Requirements prioritization methods are from
very simple (like bubble soft) to very complex ones (for example, the WinWin approach
[Ruhe et al., 2003]). Some attempts are made to compare different methods in this field.
However, an approach allowing selecting one of them in a given situation does not exist. In
this case, an IS engineer is faced with a problem of how to select a DM method.

e Some DM methods exist, but the associated guidelines are not sufficient to resolve the DM
problem. Therefore, in this kind of guidelines, there is very little information about how to
achieve decisions. This is the case, for instance, of the Rational Unified Process (RUP)
[Kruchten, 1998] [RUP, 2007]. RUP is a body of software engineering practices, which is
maintained on a regular basis to reflect changes in industry practices. Many RUP practices
call for decision-making, as select and acquire tools, prioritize use cases, analyze and
prioritize risks, and so on. For instance, the Select and Acquire Tools task guides the adoption
of tools that support other tasks in the RUP. Tools that need to be selected should fit the
particular requirements of the organization for which the selection is made. Furthermore,
special tools sometimes have to be developed internally to support special needs. One of the
steps in this task is to collect information about tools. This information serves as selection
criteria to help the system engineer to decide which tool is right for the project at hand. The
criteria for tool selection are tool features, vendor and cost characteristics. The RUP
proposes to grade each criterion for evaluating candidate tools. However, the guidance stops
there and the IS engineer is left alone at the moment of the actual decision-making.
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e No DM method exists to deal with a given problem. There are many cases in ISE, when a
suitable method is not suggested because DM problems are not well formulated or even are
not viewed as having the DM nature. For instance, some new researches deal with variability
in process models [Derguech et al., 2010] [Santos et al., 2010]. In [Derguech et al., 2010], an
indexing structure is proposed for the process models configuration taking into account
different process variants. [Santos et al., 2010] consider variations in business processes
modeled with Business Process Modeling Notation (BPMN). Variations represent alternative
paths of execution in a workflow. In order to configure a process and to select a path, the
authors suggest relating process variants to non-functional requirements (NFR). However,
the variations are not analyzed as a DM problem, and only a hint about how to make the
selection is given. In two cases, detailed guidelines for DM are needed.

In that way, many ISE methodologies must be improved. The main DM problems in ISE can be
resumed as follows: DM situations and requirements for DM are ill-formulated; DM methods are
described in different manners which do not allow deciding whether their application in a given
situation is suitable. These DM problems could be resolved if DM is improved at both model and
method levels.

Moreover, several issues must be considered:

e Variability Issue. [Taylor, 1964] states that thevariability acquisition allows discovering
variation points in a problem. Variation points’ existence requires that some solutions must
be available to deal with them. The suggested approach has to take into account variability in
ISE and to provide a solution for selecting a variant from the available ones.

e Context-awareness Issue. Context-awareness means that ISE processes are executed with
consideration of the situation at hand [Salber et al., 1998]. Decision-making support must be
adapted to the specific context.

¢ Conflict Resolution Issue. Many people — stakeholders and other participants — are involved
in the ISE processes. Their interests and points of view are often contradictory. The “dispute
resolution” must be taken into account in ISE processes [Osterweil et al., 2010]. For the same
reason, DM processes must also contribute to the conflict resolution.

® Goal Orientation Issue. Since Veblen [Veblen, 1898], the teleological principles integrate the
agent’s intentions in processes. In contrast to traditional development processes, modern ISE
processes must be oriented on achieving the intentions (goals, objectives) associated to the
result that the engineer wants to achieve [Loucopoulos et al., 1995]. In this way, the
suggested approach must consider intentions, which participants of the DM process have for
resolving a given problem.

* Reusability Issue. The reuse principle consists in constructing methods based on existing
methods or method components conceived earlier. It allows decreasing costs and time in ISE.
DM activities must also be based on this principle, as the application of DM methods has to
be optimized.
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1.3. Research Questions

Based on the previous sections, the main research question in this thesis is stated as follows:

Main RQ: How methodological knowledge about decision-making can be represented to
facilitate the inclusion of decision making processes into ISE methods?

This research aims at providing methodological support to help IS engineers in their DM activities.
For responding to this main research question, we must answer to the following research questions:

RQ1: How to identify a decision-making situation and to formalize requirements for decision-
making?

The answer to this research question must allow defining the DM concepts, which are necessary to
formalize all elements of the situation requiring DM activities. Coming from the decision-making
science, they should be appropriated to the IS engineering field.

RQ2: How decision-making methods should be described?

The purpose of this question is to find a way of describing DM methods which enables their
compatibility with IS engineering methodologies and their context-aware retrieval.

RQ3: How to construct a context-aware decision-making method in a given situation?

The goal is to define a process, which allows selecting and/or constructing a decision-making method
by formalizing DM requirements and considering the concrete situation.

RQ4: Which kind of support can be offered to IS engineers for improving their methodologies
by decision-making?

This question aims at creating a kind of support for the “user friendly” application of the suggested
approach.

In order to deal with the above-mentioned issues (Section 1.2), the suggested approach has to fulfill
the following requirements:

® To be generic as it can be applied to any process of IS engineering, including both enhancing
existing IS engineering processes by DM functionalities and creating new DM methods;

* To be context-aware as it must be adapted to each specific situation of IS engineering;

® To be human-aware. That means to guide IS engineers in DM activities and to take into
account the contradictory interests of stakeholders and other participants;

* To be goal-oriented as it must satisfy intentions that IS engineers have in DM processes;

® To be based on the principle of reusability as it allows the usage of the same DM methods in
different situations.
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1.4. Thesis Contributions

Our proposal consists in an approach that helps decision makers to consider the different aspects of
the problem at hand and their goals for constructing a DM method adapted to a given situation. This
method can be applied as a whole or be integrated into an existing ISE methodology.

In order to achieve this goal, we have developed the MADISE (MAke Decisions in Information Systems
Engineering) approach. Our proposal uses the Method Engineering fundamentals in order to make
compatible DM methods with ISE methodologies. Method Engineering (ME) is the discipline to
design, construct and adapt methods, techniques and tools for the IS engineering [Brinkkemper,
1996] [Rolland, 2005].

ME approaches, and in particular, situational ME approaches, highlight some very interesting aspects
to improve the use of DM methods: modularity, reuse, flexibility, and situation-awareness. First of
all, they consider the methods as modular, which means that a method may be divided into blocks
(method components) that can be recomposed together following the needs of the project at hand.
This blocks composition helps to improve the reuse of the method, as each block may be used
several times. The reuse principle allows constructing methods based on existing methods or method
blocks conceived earlier. This combination of modularity and reuse aims to give more flexibility to the
method engineer to construct methods adapted to a specific project. According to [Harmsen et al.,
1994], the flexibility can vary from rigid methods to modular methods. This is the reason why ME
approaches are considered as adapted to concrete situations and are called situation-aware. We
apply the fundamentals of the ME science to DM methods in order to enhance their usability,
context-awareness, reuse, and interoperability with IS.

Thereby, the goal of this work is to offer an approach for enhancing decision-making in information
systems engineering based on the Method Engineering principles.

For the needs of the MADISE approach, some fundamentals of the ME science are developed in this
thesis. Firstly, the concept of method family is proposed. Secondly, an approach for contextualization
of method components is developed. Thirdly, an indicator-based guidance methodology is suggested
for customizing method families according to a given situation. These elements are applied to DM
methods in order to achieve the main research goal.

The MADISE approach includes four following elements: the DM ontology, the DM method family,
the MADISE process, and the MADISE methodological repository. These elements aim at responding
to the research question defined in Section 1.3.

e The DM Ontology (DMO) is an ontology of decision-making knowledge, which allows
representing DM concepts in a structured manner. The main goal of DMO is formalizing DM
situations and specifying requirements for DM (Research Question RQ1).

¢ The DM Method Family is a collection of DM method components organized into a family for
their easier usage in practice. DM components represent detailed guidelines for DM activities
associated to the specific context of their use (Research Question RQ2).
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¢ The Method Family Configuration Process is a ME process helping IS engineers to customize
DM method family. This process guides the selection and assembly of DM components into
an application method adapted to a given situation (Research Question RQ3).

e The Methodological Repository is a repository, which provides IS engineers with a
methodological support for realizing DM activities (Research Question RQ4).

1.5. Thesis Outline

This work is organized into four parts:

Part | — Research Problem: The goal of this part is to introduce the problem of decision-making in
ISE. It contains three chapters. After an introduction to this thesis (Chapter 1), this Part contains a
State-of-the-Art on decision-making and its application in information system engineering (Chapter
2). It is closed by an overview of the MADISE approach (Chapter 3).

Part Il — Decision-Making Ontology: This part aims at defining the DM ontology, which models and
formalizes DM knowledge. The DMO purpose is twofold: (i) formalization of DM methods and
method components in a standardized manner and (ii) formalization of requirements for DM in a
given situation for the further selection of the corresponding DM components and the construction
of a situational DM method. DMO constitutes a result used in other steps of the MADISE approach
such as the DM method family constitution and configuration. Therefore, we have described DMO in
an independent part including one chapter.

Part 11l — Decision-Making Method Family: The goal of this part is to describe the family of the DM
methods and the process of its configuration. It includes four chapters. Chapter 1 represents a State-
of-the-Art on Situational Method Engineering approaches that we have analyzed in order to select
the most suitable to DM methods approach. Chapter 2 offers a detailed representation of the DM
method family. In Chapter 3, we detail the process of contextualization of method components and
method families and apply it to the MADISE family. Finally, Chapter 4 emphasizes the process of
method family configuration to construct application methods adapted to the concrete situations
and its application to our case.

Part IV — MADISE Approach in Practice: The last part’s goal is to show how the MADISE approach
could be used in practice. It includes two chapters. Chapter 1 describes the tool designed for
supporting the MADISE approach and two cases of the MADISE approach validation. We conclude
our thesis by exploring the obtained results and future research in Chapter 2.

MADISE: Method Engineering-based Approach for Enhancing 10
Decision-Making in Information Systems Engineering



Part I. Chapter 2:50A on DM and DM in ISE

Chapter 2: State-of-the-Art on Decision-Making
and DM in IS Engineering

2.1. Introduction

Decision-making is very important for an organization as a whole, and for their IS in particular. The
key of the competitiveness consists in the ability to detect problems and to resolve them. Each
decision aims at resolving a problem. A decision is good if it allows the maximal goals achievement
and minimal resources use. Appropriate and taken at the right time decisions enable a
complementary competitive advantage. However, the actual situation is characterized by the
uncertainty, rapidly evolving environment, and competitors’ innovations. This implies the
requirement for decision-making activities that must be flexible and dynamically constructed. These
issues are generic to the management field, but they are also available for IS engineering. Enterprise
IS is a framework for other functions of management and the correct functioning of IS is a pledge of
success for enterprise.

The operational research domain has produced many methods — from very simple ones to very
complex ones — that could be adequately used in these situations. Decision-making may be
considered as an outcome of a cognitive process leading to the selection of an action among several
alternatives. It might be regarded as a problem solving activity, which is terminated when a
satisfactory solution is found.

This role of decision-making implies the necessity to study firstly the nature of the decision-making
problem. We analyze then basic information about decision-making. The next step is to motivate the
usefulness of DM in ISE. Lastly, we offer a detailed State-of-the-Art of the approaches allowing
selecting DM methods.
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More precisely, this Chapter offers a State-of-the-Art on decision-making and includes the following
elements:

® Explanation of the decision-making as a way of resolving problems;
* Fundamental notions of decision-making;

¢ DM in Information System Engineering;

e State-of-the-Art on the selection of DM methods.

We conclude this Chapter by analyzing problems of DM in ISE.

2.2. Decision-Making as a Mean for Resolving Problems

Decision-making is based on information about the problem situation. The notion of problem or
problem situation is used for describing the gap between the desired situation (goals) and the actual
situation. Problem resolution means to reduce this gap and consists of selecting one of several
possible ways to move from the current situation to the target situation. The situation must also be
considered in the DM process. Problem situation and other factors (often external) affect the
decision-making process. Knowledge about different factors, impacting both the problem situation
and the DM process, allows taking more precise decisions. Thus, available information determines
decisions quality. For better handling information, it must be presented in a structured manner,
which is accessible for different participants.

Problem situations in a discrete case® can be classified into three types according to three possible
way of solving: one mandatory solution, one optional solution, and at least two solutions (cf. Figure
1.2.1.).

Problem
Situations

One

At least two
solutions

One optional
solution

mandatory
solution

Figure 1.2.1. Classification of Problem Situations according to the Solution Type.

In the first case, the problem resolution consists in exploring a possible way to solve the given
problem and in applying this solution. Only one possible way to solve the problem is found and this

! Discrete DM deals with the finite alternatives number instead of continuous DM, which implies infinite
number of alternatives. In ISE, finite number concerns most DM situations. For this reason, we
concentrate our State-of-the-Art on discrete DM.
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solution is mandatory for application. Thus, a decision is not to be made. On the contrary, one
optional solution implies that a decision must be made. This decision is formulated like: to do or not
to do. In the third case, several solutions are available and the decision-maker must arbitrate
between them.

Decision-making appears only if a choice must be made. Therefore, decisions are made in the second
and third situations. We qualify these types of situations as decision-making situations (See Figure
1.2.2.).
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Figure I.2.2. Decision-Making Situations.

As the problem is the discrepancy between the actual situation and the target situation, the decision
aims at decreasing this gap. Resolution of a problem situation can be a typical task, which is
repetitive in a given area, or a unique task, which is new.

Another important term is the DM process. If a decision is a product, decision-making is a process. A
decision-making process starts when a problem situation arises and stops when actions for the
problem removal have been taken. The decision-making process includes three mandatory elements:
elicitation of the problem situation, a set of possible solutions, and the elaboration of a decision
using a DM method with the participation of an individual (or a group) decision-maker. Thus, the
decision-making process includes not only the choice but also others steps, like identification of
possible alternatives.

The decision-maker is responsible for decisions and his mental activity is characterized by the
following: possibility to choose between several alternatives, goals’ presence, and volitional act as he
generates a decision through different motivations and opinions. There are situations requiring
expertise, experience, and even creativity of the decision maker. This implies decisions made in an
intuitive manner. The nature of these decisions is flexible and adaptive. They are taken with the
shortest delay. Another kind of decisions is method-based. These decisions are based on scientific
methods and often on mathematical models.

[Afonotchkin et al., 2009] mentions different factors of decision quality:

e Complexity of the DM situation,
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® Available information about the problem,

e Skills and experience of decision makers,

® Resources and means engaged for decision-making,

e DM method,

e Organizational structure of the DM unit (decision-makers number and hierarchical
relationships).

In order to enhance the decisions’ quality, each decision maker could be assisted. [Roy 1985] defines
decision-aid as follows:

“Decision-aid is the activity of one who uses explicit — but not necessarily completely
formalized — models to obtain elements of answers to questions raised by an actor
involved in a decision process. These elements tend to clarify the decision and, usually, to
prescribe or simply to encourage behavior that will increase the coherence between the
evolution of the process and the objectives supported by this actor”.

Thereby, a decision is an act of intellectual effort initiated for satisfying a purpose and allowing a
judgement about the potential actions set in order to prescribe a final action. The main elements of
decisions and decision-making are presented in the following section.

2.3. Decision-Making Fundamentals

This section offers an overview of the fundamentals of the DM science, namely main DM notions,
DM actors, process, and main DM methods. We start by explaining several DM notions using an
example.

2.3.1. Presentation with an Example

Before beginning the detailed presentation of the main DM notions, we introduce some ideas based
on an illustrative example. For this purpose, we use a case that deals with information system (IS)
security within the requirements engineering (RE) field.

Assume that an engineer must analyse IS security. He could use several RE methods. The project at
hand is characterised by:

® agreat impact on the whole organisation;

¢ the need for ensuring the greater progress;

¢ the absence of experts of this field in the organisation that does not plan to employ any of
them;

* the need for a better explanation of methods and their application.

The panel of the available RE methods includes:
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e Method 1 (M;)— NFR Framework [Chung et al., 1999],
e Method 2 (M,) — KAOS [Dardenne et al., 1993],

e Method 3 (M3) — Secure Tropos [Bresciani et al., 2004],
e Method 4 (M4) — GBRAM [Anton, 1997], and

e Method 5 (Ms) — Misuse Cases [Alexander, 2003].

These methods are considered as possible alternative methods that could be applied and the
engineer has to select one.

For selecting a RE method, the engineer must take into account several characteristics of these
methods and also some project characteristics in order to know whether a given method is suitable
or not for the given project. The first group includes the guidance type (Criterion 1 — Cry), used
approach (Criterion 2 — Cr,), and formalism (Criterion 3 — Cr;). The second group comprises the
impact (Criterion 4 — Cry), level of innovation (Criterion 5 — Crs), and expertise (Criterion 6 — Crg).
Thus, the engineer has six criteria that could guide him through the selection of the method to apply.

Information about the decision-making problem is summed up in the following decision matrix
(Figure 1.2.3.).

Criteria | NFR Framework KAOS Secure Tropos GBRAM Misuse Cases
Method Component Characteristics
Guidance predefined reuse of generic | No guidance documents guidelines
taxonomy refinement analysis,
patterns, heuristics
heuristics
Approach explanatory exploratory systemic not applicable | explanatory
Formalism semi-formal formal formal informal informal

Project Characteristics

Impact 3 1 3 1 2
Level of innovation |3 3 1 3 3
Expertise normal high high normal low

Figure I.2.3. Decision Matrix for the RE Example.

Based on the project description, the engineer defines a rule for each criterion in order to express his
preferences:

® Impact on organisation: maximize the value;

e [evel of innovation: maximize the value;

® Required expertise: minimize the value;

® Guidance: a predefined taxonomy is better than heuristics, which is better than a simple
guidelines;

® Approach: a systemic approach is better than an exploratory one, which is better than an
explanatory one.
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® formalism: a formal approach is better than a semi-formal one, which is better than an
informal one.

As we can see, there are two kinds of criteria: qualitative and quantitative. The impact and
innovation level are quantitative as they are expressed by numeric values. Other criteria are
qualitative. Sometimes, it is useful to express them through numeric values with respect of their
order by choosing a scale (this kind of correspondence is called utility function). The selected scale
has an impact on the final decision. For instance, the expertise could be expressed with a 3-degree
scale. As this criterion must be minimized, and the other ones maximized, the quantified value will be
represented as follows (Figure 1.2.4.).

Criteria NFR Framework KAOS Secure Tropos GBRAM Misuse Cases
Expertise 2 1 1 2 3

Figure 1.2.4. Extract of the Decision Matrix with the Quantified Expertise Criterion.

This example allows introducing a decision-making situation composed of the main DM notions such
as alternatives, criteria, and decision matrix containing the evaluations of the alternatives according
to the given criteria. These elements constitute information available before applying a DM method.
The proposal of the DM science is to provide guidelines for helping the engineer to apply a DM
method in order to resolve the DM problem based on the available information, as in this case, to
select a suitable RE method.

2.3.2. Basic Definitions

In this section, we introduce the main concepts of the decision-making science, such as decision
problem, alternative, criteria, and evaluation matrix. A detailed description of these concepts could
be found in [Pomerol et al., 1993] [Roy, 1985] [Vincke, 1995].

2.3.2.1. Decision Problem

The decision problem formulation (or problem) [Roy, 2005] characterizes the result expected from
DM. Relative to the potential alternatives (or actions), the engineer has to specify the terms he uses
to expose the problem: Where does he focus his investigation? How does he conceive his
prescription? To answer these questions, it is useful to situate the problem with regard to the four
basic problem formulations.

The four basic problem formulations can be specified as follows [Roy, 1985]:

e P.a Clarify the decision through the choice of a subset, as restricted as possible, for the final
choice of a single action. This subset should contain the “best” actions (“optimums”) or,
failing that, “satisfactory” actions.
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e P.B Clarify the decision through a sorting consisting in an affectation of each action to a
category, these categories being defined a priori (e.g. accepted, rejected, sent back for more
information).

e P.y Clarify the decision through a ranking obtained by grouping all or part of the actions into
equivalence classes, these classes being ordered in a complete or partial way.

e P.6 Clarify the decision through a description in an appropriate language of the actions and
their consequences.

Table I.2.1 sums up these problems.

Table 1.2.1. Overview of the Four Basic Problem Formulations.

Problem Description Result Procedure

P.a Definition of a subset of potential alternatives | Choice Selection
(most often one alternative).

P.B Affectation of the potential alternatives to some | Sorting Affectation
predefined clusters (categories).

Py Organization of the potential alternatives into an | Ranking Classification
ordered collection.

P.6 Description of the alternatives and their impact. Description Cognition

2.3.2.2. Decision Alternative (Action)

The concept of alternative designates the decision object. Any decision involves at least two
alternatives that must be well identified.

[Roy, 1985] defines actions as follows as “the representation of a possible contribution to the overall
decision, likely, given the status of the decision process, to be considered independently and serve as
point of application to decision support". This author differentiates action and alternative. The former
leads to all possible solutions whereas an alternative is a particular type of action, which is
characterized by the exclusivity of its application. In this thesis, we unify these two notions and
define the alternative as a possible action available for decision-making. We use the distinction
between global and fragmentary alternatives in order to show their exclusivity. An alternative is
called “global” if it is exclusive from any other alternative inserted into the model; in the opposite
case the alternative is called “fragmentary”.

2.3.2.3. Decision Criteria

A criterion is a qualitative or quantitative expression of points of view, objectives, aptitudes or
constraint allowing evaluating alternatives. It must be useful and reliable for the given problem. A
criterion can be any type of information that enables the evaluation of alternatives and their
comparison. There are many different kinds of criteria: intrinsic characteristics of artifacts or
processes, stakeholders' opinions, potential consequences of alternatives etc.
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[Roy 1985] defines a criterion as “a function that associates each alternative with a number
indicating its desirability according to consequences related to the same “point of view”. In this
manner, the concept of criterion is clearly based on the notion of utility function g which provides
two values g(a) et g(b) allowing to compare two alternatives a and b relative to the point of view
underlying the definition of the criterion g. Based on this definition, a "preference rule" must be
defined for a criterion. When dealing with criteria, the engineer must determine the wishful value for
a criterion (for example, max. or min. for a numeric criterion).

2.3.2.4. Decision Matrix

We assume that the decision-maker is able to give to every alternative and for every criterion a
numeric value or symbolic a; (i for the alternative, j for the criterion) which expresses an evaluation
of A, relatively to criteria j.

The matrix (a;) is called decision matrix or performance table (See Figure 1.2.5.). Each row of this
matrix expresses the performance of the alternative i relatively to the n considered criteria. Each
column j expresses the evaluation of all alternatives relatively to the criterion j [Pomerol et al,,
1993].

Criteria
p N N
c, G . CJ- C,
4 A d;1 dp ayj A1n
A, dy; dyp ay; P
Alternatives < A a; ay a; a,
\ Am am1 am2 amj amn

Figure I.2.5. Decision Matrix.

2.3.3. Mathematical Model

There are different mathematical models formalizing decisions. They consider different factors
influencing the final decision. The decision-making problem may be formalized as follows:

A —alternatives’ set presented for DM;

Y — result sub-set of alternatives (Y < A):
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a) selected alternatives’ sub-set, in particular one alternative (choice problem),
b) ranked alternatives set (ranking problem), or
c) collection of alternatives sub-sets (sorting problem),

where a), b) and c) are the result set nature (Ny);

6 — information that enables to compare the alternatives (in particular for MC problem —
criteria set (G) and/or decision makers estimations (E));

7t — selection rule (the steps to follow to bring out the sub-set Y from the A).

Given that the selection rule (i) depends on characteristics of A, § and Ny, the DM model can be
presented in the following manner (1):

(1) Yi=m(A6,Ny), where i is the applied selection rule, i € [0;n]

2.3.4. Decision-Making Actors

The first priority in a DM process is to assign actors. There are three main roles of actors participating
in DM activities: stakeholder, IS engineer (when applied to the ISE field) and DM staff. Each typical
actor has several roles in the DM process.

e A Stakeholder defines the decision problem, sets goals, expresses preferences on alternatives
and criteria [Guidebook, 2001] and validates the final decision.

® An IS engineer evaluates alternatives and makes a proposal to DM stakeholders.

e DM staff is responsible for assisting stakeholders and IS engineers in all stages of the DM
process [Guidebook, 2001]. DM staff includes a machine support for DM. In this case, this is a
system actor. If actors are human, we call them decision-makers.

Decision-makers have the same roles as actors but have a complementary property, which is their
type: individual or collective. A collective decision-maker is a group of decision-makers having the
same goals and preferences and acting as a unique actor.

Actors contribute to the DM process at different stages. It is obvious that the same actor can play
different roles in a specific DM process.

2.3.5. Decision-Making Process

Herbert Simon (1978 Nobel Prize in Economics) was the first to formalize the decision-making
process. He suggested a model including three main phases: intelligence, design, and choice (the
I.D.C. model) [Simon, 1960].

¢ Intelligence deals with investigating an environment for conditions that call for decisions.
® Design concerns inventing, developing, and analyzing possible decision alternatives.
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e Choice calls for selecting an alternative from possible ones. This phase allows returning to
the previous ones if the decision result is not satisfying.

This process was modified and extended in different ways. Currently, the commonly agreed and used
decision-making steps [Guidebook, 2001] are defined as follows (See Figure 1.2.6.):

1. Define a problem (necessity to define priorities),
2. Identify problem parameters (for instance, alternatives and criteria),
3. Establish evaluation matrix (estimate alternatives according to all criteria),
4. Select a method for decision making,
5. Aggregate evaluations (provide a final aggregated evaluation allowing decision).
- ————————
— — 3 Fat h=
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Figure I.2.6. Main Decision-Making Steps.

2.3.6. Decision-Making Methods

The goal of this section is to describe the most important DM methods. Based on [Bouyssous et al.,
2000] [Ballestero et al., 1998] [Laaribi, 2000], we have established a list of the main DM methods as
follows:

AHP (Analytic Hierarchy Process) [Saaty, 1980]

MAUT (Multi-Atribute Utility Theory) [Keeney et al., 1993]
Outranking methods [Roy, 1996]

Weighting methods [Keeney, 1999]

Fuzzy methods [Fuller et al., 1996]

uis W

These methods are detailed in turn in the following.
2.3.6.1. Analytic Hierarchy Process (AHP)

AHP, proposed by T.L. Saaty [Saaty, 1980], has generated a great number of methods. It is based on a
dominance hierarchy, where the problem is decomposed into a hierarchy of levels. The law of
hierarchical continuity requires that the elements of the bottom level of the hierarchy had to be
comparable in a pair wise manner according to elements in the next level and so up to the focus of
the hierarchy. Its principal steps are:
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1. Structure alternatives in the form of a multilevel hierarchy including objectives, criteria
and alternatives.

2. Carry out pair-wise comparisons of elements on each level; express the results of each
pair-wise comparison into P; coefficient, which means that alternative i is more important
than alternative j. The decision maker has a scale of reference (of “Equally Preferred = 1”
to “Extremely Preferred = 9”). Moreover, P; = 1/P;. These coefficients are analyzed using a
square matrix whose lines and columns relate to alternatives.

3. Normalize coefficients by calculating the sum of each column and dividing each matrix
coefficient by its column sum.

4. Calculate the quantitative indicator (score) of each alternative “quality” (the score is given
by the average of each row in the normalized comparison matrix) and the choice of the
best alternative (which have the highest score value). Weighting reflects the criteria
importance for the decision maker.

AHP is useful in situations where experts cannot give absolute estimations of alternatives. In this
case, the method allows more exact comparison. The consistency of results is checked to be sure
that decision-making is accurate. The disadvantages of AHP are essentially a limited number of
alternatives to compare and the subjectivity of the quantification of the qualitative criteria.

2.3.6.2. Multi-Attribute Utility Theory (MAUT)

The Multi-Attribute Utility Theory (MAUT), proposed by H. Raiffa and R.L. Keeney [Keeney et al.,
1993], is a prescription for evaluating alternatives. According to MAUT, the overall evaluation of an
alternative is defined as weighted addition or multiplication of its evaluations with respect to its
relevant value dimensions.

The common denominator of all these dimensions is the utility for the evaluator. The simplified
multiattribute utility function is as follows (2):

(2)  MaxE [U(rq, ry...rn)],

where Max E —maximal effect, U — utility function, r; — attribute. Each attribute r; is
expressed as an utility function — the partial function. This method starts with the
construction of partial functions for each attribute (criterion): r; = fi (X). The
multiattribute utility function (MAUF) represents either an addition, or a multiplication
of the partial functions. MAUF has the following form (3):

@) U =Y wu(r),
i=1

where:

— U - utility of the alternative K,
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— w;- weight of attribute I,
—  Uj(r) — attribute value | for the alternative K.

All alternatives are evaluated by using this function and the one that maximizes the utility is selected.
Although the construction of the MAUF requires many time and efforts, the result makes it possible
to analyze any alternative. However, the decision maker must fix all parameters in advance, it is not
possible to change them if the analysis has began.

2.3.6.3. Outranking Methods

Outranking methods in [Bouyssou, 2001], [Kangas et al., 2001], [Gomez-Limon et al., 2003] are
inspired from the theory of social choice [Bouyssou, 2001]. The most known method is ELECTRE
(ELimination Et Choix Traduisant la REalité, B. Roy / Elimination And Choice Corresponding to
Reality). Outranking methods serve for approaching complex choice-based problems with multiple
criteria and multiple participants. Outranking indicates the degree of dominance of one alternative
over another. Outranking methods enable the utilization of incomplete value information and, for
example, judgments on ordinal measurement scale.

It includes the following steps:

1. Calculation of the indices of concordance and discordance by couple of alternatives. These
indices define the concordance and discordance following the assumption that alternative A
is preferred to alternative B. The principle is that the decision maker estimates that
alternative A is at least as good as B if the majority of the attributes confirm it (concordance
principle) and the other attributes (minority) are not strong enough (discordance principle).

2. Definition of thresholds for the concordance and discordance indices. If the concordance
index is higher than defined threshold and the discordance one is lower, then the first
alternative is preferred to the other. If it is not the case, alternatives are incompatible (what
means that A is preferred to B according to criterion X, and B is preferred to A according to
the criterionY).

3. Elimination of dominated alternatives. Then a first alternative subset is obtained, which can
be either equivalent, or incompatible.

4. lterative application of stages 2 and 3 with “lower” thresholds of concordance and
discordance indices. A more restricted subset of alternatives is then elicited.

The procedure is applied until a suitable subset is obtained. The last subset includes the best
alternatives. The order of the obtained subsets determines the alternatives’ scale according to their
suitability to the given criteria.

An advantage of outranking methods is that they are based on step-by-step identification of decision
makers' preferences. The detailed analysis makes it possible for decision makers to formulate their
preferences and to define compromises between criteria. The incompatibility relation can be used to
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find contradictory pairs of alternatives, to stop on a subset whose choice is justified (with available
information). Difficulties can appear during the weight definition by the decision maker. Moreover,
the appearance of the cycles (when alternative A is preferred to B, B is preferred to C and C is
preferred to A) is rare but is not excluded.

2.3.6.4. Weighting methods

Weighting methods are based on the application of the addition or multiplication functions to the
alternative values. These methods are characterized by the weight assignment to the decision
criteria. Aggregation of the evaluations is based on the weighted sum or product. There are various
interpretations of this principle. Several most known weighting methods are SMART (Simple
Multiattribute Technical Rating), SWING, and Trade-off weighting [Keeney, 1999], [Mustajoki et al.,
2005] and [Poyhonen et al., 2001].

The SMART method (proposed by W. Edwards), which appeared the first, includes the following
stages: criteria scaling according to their importance, attribution of a value from 1 to 100 to each
criterion, calculation of the relative importance of each criterion (the definition of criteria weights by
importance analysis).

In the SWING weighting method (D. Winterfeldt and W. Edwards), all criteria are supposed bad. The
expert chooses the one, which must be improved first and then a value of 100 is attributed to this
criterion. The same operation is carried out with the other criteria to determine their values (by
identifying criteria to be improved first).

In Trade-off weighting (H. Raiffa and R.L. Keeney), the decision maker compares two hypothetical
alternatives according to two criteria; other criteria are invariable. The weights of these two criteria
are refined so that the values of two given weighted alternatives have the same importance for the
decision maker. This operation is repeated until all the weights are defined.

2.3.6.5. Fuzzy Methods

The fuzzy MC methods [Fuller et al., 1996] and [Moisiadis, 2005] employ the fuzzy sets theory to add
flexibility and to enrich methods by fuzzy parameters. The methods that are known as "traditional"
ones, are refined by defining the decision criteria and/or attributes values like a set of fuzzy
characteristics.

The fuzzy methods advantage is to take into account uncertainty and interdependence between
criteria and alternatives. On the contrary, preferences determined by this type of method can be
inexact and shall be discussed.

2.4. Decision-Making in Information System Engineering

In the science of Information Systems, actors are often faced with the problem of deciding how to
proceed for selecting several actions or products. It can be which software to acquire, how to
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prioritize requirements, select components, and so on. Decisions in IS Engineering (ISE) are
motivated by:

* Time, effort, quality and resources constraints;

® Presence of multiple objectives and stakeholders;

® Necessity to deal with uncertain, incomplete and fuzzy information;
e Complex decision space.

We analyze in this section, the nature of ISE processes in order to show that all of them contain DM
steps. Then, after a brief overview of DM tools, we give different classifications of decisions in ISE for
clarifying situations in which a complex DM is justified.

2.4.1. DM Nature of the IS Engineering Processes

Process engineering is considered as a key issue [Rolland, 1998] by both the software engineering
and information systems engineering communities. For instance, [Dowson, 1993] [Armenise et al.,
1993] [Jarke et al., 1994] show that an improved development process will lead to improved
productivity of the software systems industry and improved systems quality.

Traditional development processes have been conceived as a series of phases, each phase dominated

n u

by a particular activity organized into different sequences (e.g., “analysis,” “design,” “coding,”
“testing” [Royce, 1970] [Boehm, 1988]. Later on, the specific activity sequences have been replaced
by values and practices [Beck, 2005] [Abrahamsson et al., 2002]. [Ralph et al., 2008] highlights the
fact that, in practice, the software developer is faced with a myriad of methodical choices as he can
choose to execute one activity completely or partially, combine aspects of two or more different
activities, or ignore another one. Decisions made through the process execution lead the IS engineer

to enact a process which is unique and suited to the situation at hand.

However, decision points are often only addressed in a partial way. Most of the known processes lack
methods to take into account the decision making inherent to any information system development
process. According to Dowson [Dowson, 1988], process models can be classified into three groups of
models called activity-oriented, product-oriented, and decision-oriented. [Rolland, 1998] refines this
classification with a fourth group called context-oriented. Decision and context-oriented processes
try to take decision-making into account as they integrate goals and arguments. Decision-oriented
models are not only able to explain how the process is carried out but also why it is performed
[Rolland, 1998] [Ralph et al., 2008]. Context-oriented process models strongly couple the context of
decision to the decision itself [Grosz et al., 1997] [Rolland et al., 2000]. It makes the notion of context
(the coupling of the situation and the decision) central to process modelling. These two kinds of
processes may be defined as teleological processes.

A teleological process is a process that takes into account the teleological behavior of the process
execution. It describes intentions (goals, objectives) associated to a result that the designer wants to
achieve. [Taylor, 1964] proposes a behavior classification as either goal-oriented (teleological) or
stimulus-response behavior. [Malcolm, 1967] defines the teleological behavior as whenever the state
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of a system and of its environment is such that a specific behavior is required for some event goal,
then this behavior occurs. As a matter of fact, it is necessary to consider the possibility for the rules
to change during the development process. [Cayla, 2008] emphasizes the link between this possibility
to change and Veblen’s teleological principles [Veblen, 1898], which integrate the agent’s intentions
in processes. This work defines the teleological process as ‘dynamic equilibrium whose rules are
determined endogenously, as a relation between the system’s behavior and its intentions’. Such a
teleological process may express changes within a process trajectory. For instance, after an engineer
has decided a general route for his move, he will take the opportunity to revise his path during his
progress, taking into account the information and knowledge he has gathered from his real
environment.

[VandeVen et al., 1995] defines the teleological processes as describing the behavior of agents
making actions to reach a purpose or a goal (an envisioned end-state). [Ralph et al., 2008] highlights
that this is consistent with software development as: the teleological agents are the software
development team and the project manager; the end-state represents the software product; the
development team performs actions (coding, testing...) that correspond to the teleological steps, and
the project manager monitors performance. The notion of purpose is also essential for any
organization because it meets several objectives. Similarly, the information system is created
because there are several organization goals to be met and the system’s functions and properties are
defined by the organization’s goals that the system intends to fulfill [Loucopoulos et al., 1995].

From the teleological viewpoint, any IS engineering process contains steps of two kinds: decision-
making and decision performing steps. DM steps alternate with decision performing steps. On the
one hand, the teleological reality of processes’ existence requires decisions. On the other hand,
engineering-related decisions result from the need to satisfy practical constraints such as quality,
cost or performance [Ruhe, 2003]. Although these aspects are important, the arguments to carry out
final decisions are actually poor. Choices are made in an intuitive and hazardous way [Ruhe, 2003]
[NgoThe et al., 005].

One could claim that this situation is due to the lack of DM methods, or to the fact that the methods
defined in the operational research area are not adequate to the kinds of problems faced by ISE.
However, the state of the art [Roy, 2005] [Kornyshova et al., 2007] shows that there are numerous
methods, from very complex ones to very simple ones. These methods can be used in many different
DM situations (for instance, in IS engineering) [Boonstra, 2008]. With regard to ISE methodologies,
the issue of DM was already explored with respect to requirements engineering [Rolland et al., 2000]
[NgoThe et al., 2005], to method engineering [Aydin, 2006], and, to systems engineering [Ruhe,
2003]. Several examples of MC methods application can also be mentioned: AHP for prioritizing
requirements [Ruhe et al., 2003] [Karlsson et al., 1997]; Saeki uses weighting method to deal with
software metrics [Saeki, 2003]. Some researches deal with DM issues in the IS engineering domain.
For instance, [Ruhe, 2003] emphasizes fundamental principles and expectations on software
engineering decision support. Despite these examples, we have established that no attempt has
been conducted to systematically guide DM in various situations within the IS engineering context
and this will be part of our research in this thesis.
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2.4.2. DM Tools Usage in IS Engineering

With regard to tools, we have distinguished four types of DM implementation:

Tools that implement different DM methods (for instance, different tools supporting
outranking methods are described in [Pomerol et al., 1993]). Each tool deals with a specific
MC method.

Tools enabling selection of appropriate DM method [Ulengin et al., 2000] [Hanne, 1999]
[Ozernoy, 1996]. A tool guiding selection of adapted DM method in the specific field of IS is
not provided actually. Furthermore, there is no tool that allows integrating DM methods with
IS.

DM functionalities embedded into tools (for example, OvarWeb?). This kind of tools usually
uses the weighting method to make decisions.

The Decision Deck project [Decision Deck, 2009] is more similar to our work. Within this
project, a platform is developed to deal with different DM methods and to provide DM
decision aid. Nevertheless, Decision Desk does not include the selection of DM methods.

2.4.3. Typology of Decisions in IS Engineering

Classifying decisions allows us to investigate their specific features and, consequently, to find more

efficient solutions to problem solving taking into account the variety of conditions in which decisions

are made. However, given the complexity of these conditions (or factors impacting decisions),

together with stakeholders’ goals and decision structure, a simple typology could not be constructed.

This explain the different existing classifications [Lukitcheva et al., 2009] [Shemetov et al., 2009].

Applied to the IS engineering field, we propose the following classification of decisions:

L O Nk W

Nature of the decision-making process;
Number of alternatives;

Frequency of making similar decisions;

Time of the consequences occurrence;
Number of actors impacting decisions;
Importance degree of the time constraint;
Complexity of decisions;

Consideration of the evolving DM conditions;
Goals number;

10. Goal time dependency;
11. Risk degree.

These classifications are detailed in the following.

% http://www.atpiware.fr/prod_ovar.htm, accessed by February, 2009.
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1. Nature of the decision-making process
According to the nature of the decision-making process, decisions are classified as follows:

® Intuitive — Decision based only on feelings. In this case, a decision maker does not compare
the pros and cons of each alternative and does not need a good comprehension of the
situation.

® Expertise-based — Decision is based on acquired knowledge and experience. A decision maker
uses knowledge about similar situations already occurred for forecasting results of the
decision. Often he mades decision by analogy with a successful one of the past.

® Rational — Rational decisions are made with aid of an analytic process or DM methods.

2. Number of alternatives
Concerning the number of alternatives, decisions can be binary, multi-alternative and innovative.

® Binary — This is a choice between two opposite solutions. It can be, for instance, to buy or not
to buy a tool, to acquire new software or to develop a homemade solution.

®  Multi-alternative — This decision is characterized by the presence of multiple alternatives.

® Innovative — This occurs when alternatives are not clearly defined. In this case, the
preparation of the decision takes more time due to the definition of the alternatives set.

3. Frequency of making similar decisions
The possible frequency of making similar decisions is:

®  One-time — The decision is made only one time and is not repeated later.

® (Cyclic — Such decisions have a known-cycle and are repeated regularly, for instance, yearly
decisions.

® Frequent — Decisions are related to problems that appear often but without a predefined
cycle. They can be considered as decisions made continuously.

4. Time of the consequences occurrence

Regarding to the time of the consequences occurrence, decisions are classified in the following
manner:

® Strategic — Decisions that aim at attaining the strategic goals of a company.
e Tactic — Decisions that have a medium-term impact.

® Current — Current decisions are short-term ones.

® QOperational — Decisions that deal with day-to-day activities.

5. Number of actors impacting decisions

Number of actors impacting decisions can be:
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® Determinative — Decisions made by only one decision maker.
®  Competitive — Decisions made by two decision makers.
* Adaptive — Decisions made collectively by several decision makers.

6. Importance degree of time constraint
According to the degree of importance of time constraints, decisions are:

® Real-time — A decision made quickly for controlling a current process.

® One-step — Decisions made within a predefined time slot.

e Without time constraint — Decisions that do not have any constraint on their formulation and
execution.

7. Complexity of decisions
The complexity of decisions is:

e Simple — Decision made during execution of an activity.
® Complex — Decision impacting several activities related to each other.

8. Consideration of the changing DM conditions
With regards to the consideration of the changing DM conditions, decisions can be:

® Flexible — Decisions that are based on processes allowing to take into account changes of the
DM conditions.
® Rigid — Rigid decisions have only one variant of execution even if conditions change.

9. Goals number
The goal number can be:

®  Small — Decisions made for satisfying a small number of goals.
e [arge — Decisions taking into account a large number of goals.

10. Time dependency of the goals and conditions
Related to the time dependency of the goals and DM conditions, decisions can correspond to:

e Static goals — Goals and DM conditions are relatively stable in time.
® Dynamic goals - Goals and DM conditions vary through the time.
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11. Risk degree

According to the risk degree, decisions can have:

® Acceptable risk — Decisions are made in the condition of the acceptable risk. The existing risk
is not significant enough to impact decisions.

®  (ritical risk — Decisions are made with a critical degree of risk.

e Disastrous risk — Decisions must take into account the risks that have an important impact.

This typology may not be complete because of the diversity of important factors impacting decisions.
However, the presented list of decision types offers a detailed vision of the variety of decisions in ISE
and, consequently, the complexity of DM situations.

In addition, it allows understanding whether a simple DM method is sufficient or a scientific DM
method is required to resolve the problem. For this reason, we have positioned the possible types of
decisions on a scale. Figure 1.2.7 shows the progression of the need for method-based decision-
making depending on the decision types described above.

ecision-making

|

Nature of the decision- Intuitive Expertise-based Rational
making process
| Number of alternatives | Binary Multi-alternatives
Frequency of making One-time Cyclical Frequent
similar decisions
Time of the Operational Current Strategic
consequences occurrence
Number of actors, Determinative Competitive Adaptive
impacting decisions
Importance degree of the Without time One-step Real-time
time constraint constraint
| Complexity of decisions | Simple Complex
Consideration of the Rigid Flexible
changing DM conditions
| Goals number | Small Great
| Goal time dependency | Static goals Dynamic goals
| Risk degree | Acceptable risk Critical risk

Figure I.2.7. Needs for Method-Based Decision-Making depending of Decision Types in

ISE.
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This representation offers an overview of the situations when complex and time-consuming decision-
making is justified and when sophisticated DM is not necessary. For instance, strategic decisions
must be made using a suitable DM method.

2.5. Decision-Making Method Selection

DM methods are often selected arbitrarily: sometimes the analyst is already familiar with a
procedure, other times a method is developed in an ad-hoc manner, it also happens that a method is
chosen simply because a tool that supports it is available [Hanne, 1999] [Laaribi, 2000] [Ulengin et al.,
2000]. Experience also shows that there is no DM method that is able to deal with all decision-
making problems [Ballestero et al., 1998] [Laaribi, 2000]. Many methods are proposed to deal with a
specific kind of decisions. For instance, [Papadacci, 2008] presents a method for prioritizing
requirements. In fact, each situation demands a specific DM method. The impact of the choice of a
method on actual decisions is also well known, as well as the consequences of poor decisions.
Several researchers propose state-of-the art descriptions of DM methods, including Multi-Criteria
Decision-Making (MCDM) methods. However, to our knowledge, a well structured state-of-the-art
related to the selection of DM methods is missing.

Two main groups of DM methods are single and multiple DM. The first step consists in selecting one
or more criteria. This selection is rather simple when a unique criterion is suitable in the situation
and when only one factor is available allowing comparing alternatives. Multiple DM is richer, and
multi-criteria DM methods are numerous. For this reason, we focus our attention in this section®, on
the selection of an appropriate MCDM method.

The Multi-Criteria Decision-Making literature reveals a large number of methods ranging from
outranking methods, to analytic hierarchy process, multiattribute utility theory, weighting methods,
fuzzy methods, or multiobjective programming (see, for example, [Bouyssous et al., 2000] [Roy,
2005]). Considering the diversity of these methods, few attempts have been made to guide their
selection.

Eight selection approaches [Ballestero et al., 1998], [Felix, 1995], [Hanne, 1999], [Laaribi, 2000],
[Olson et al., 2000] [Ozernoy, 1996], [Ulengin et al., 2000] and [Vincke, 1995] were considered to be
discussed in this thesis. Based on the study of these approaches, we concluded that the selection
approaches focus on different MC methods, the comparison criteria are not the same, and the
approaches for comparison are not the same. In order to improve comprehension, we set two goals:
(a) to emphasize similarities and differences of selection approaches and (b) to identify the
requirements for a ‘good’ MCDM selection approach.

To achieve this, our research strategy was to develop a structured analysis framework that guides the
comparison of MCDM selection approaches. A first review of the eight selected approaches revealed
a number of attributes that could be gathered into different facets that formed two particular views.

3 In the following, the term “method” is used to designate DM methods; whereas the term “selection
approach” relates to the techniques used for choosing a DM method in a given situation.
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The first view concerns characteristics of the selection approaches. The second view is about MCDM
methods’ characteristics that are addressed for selection. In the first view, the analysis framework
defines the properties of selection approaches themselves. In the second view, the selection of a
method must be achieved by taking the situation at hand [Ballestero et al., 1998] [Laaribi, 2000]
[Vincke, 1995] and method's features [Ulengin et al., 2000] into consideration.

In the following, we present our evaluation framework, an overview of the eight selection
approaches, our comparative analysis, and the list of requirements for a “good” selection approach.

2.5.1. Evaluation Framework for Selecting Multicriteria Methods

The selection approaches differ by their specific characteristics and by their ability to take into
account different properties of MCDM methods. We have defined an evaluation framework
according to the in-depth analysis of the selection approaches characteristics, and of the properties
of the selected MCDM methods. For this reason, we propose to analyse MCDM methods’ selection
approaches according to two views:

¢ the first view deals with the characteristics of the selection approaches themselves;
¢ the second one deals with the characteristics of the MCDM methods.

Each view comprises facets that facilitate the study of the selection approaches. Each facet includes a
set of attributes (characteristics). The two views are respectively developed in the following sub-
sections.

2.5.1.1. The “Characteristics of Selection Approaches” View

The analysis of the eight MCDM methods’ selection approaches has revealed a number of
characteristic attributes that we gathered under two facets: features and context.

The feature facet deals with the attributes that characterize the selection approaches themselves:
objective, comparison approach, structured algorithm, nature of the selection approach, or
capitalization.

e The approach objective concerns the goal that was adopted by the authors for MCDM
methods comparison. Initially, the goal is a method selection. Nevertheless, several authors
suggest comparing the MCDM methods in order to improve understanding and practical use.
All these approaches are interesting due to their analysis of the MCDM methods.

® The basic approach used to compare MCDM methods can be defined as the mechanism that
allows to select and to analyse them. It reflects the degree of accessibility of the approach by
users. Some approaches are supposed to be applied by users themselves; other must exploit
a tool or a third person. The approach, which is easy to apply, is more preferable in practice
because it is not necessary to buy a tool. The basic approaches found through this state-of
the-art are tree analysis, distance function model, drawing up properties lists, expert system,
neural network, decision-making steps analysis and framework application.
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® The presented approaches differ from each other by the presence of a structured algorithm.
Some of them suggest a mechanism to carry out the selection. Others only rely on a verbose
comparison of the selected methods. A structured algorithm guides users more
systematically and pro-actively. On the other hand, textual approaches have the advantage
of being easily adoptable and adaptable in practice when they are simple.

e Some authors such as [Felix, 1995] envisage the problem of MCDM method selection as a
multicriteria problem itself. In this case, the nature of the selection approach is multicriteria
based. Other researchers [Laaribi, 2000] and [Ulengin et al., 2000] consider that this
understanding generates a “vicious circle”. They usually accept that it can be taken as a MC
problem, but they are against using a particular MC method for selection. In this case, the
nature of the selection approach is not multicriteria.

® Often, the same problem appears repeatedly from one decision cycle to another. In this case,
the decision-making may involve two approaches: restart all procedure from scratch to
obtain a new result, or adapt the previous solution to the new conditions. Adaptation is
possible thanks to capitalization. The approaches may or may not contain a possibility to
capitalize on the selection results.

The context facet corresponds to attributes that deal with the context of the MCDM method
selection: application domain, considered DM methods, problem specification, DM steps taken into
account, or tool.

®* Some selection approaches were created to be used in specific domains while others were
generalized to suit any domain. Consequently, the approach application domain can be
defined as generic or specific. The generic approach is, of course, interesting because of its
adaptation to any context of MCDM method selection. However, specific approaches have
the advantage to be well fitted to the given decision problem.

e Different selection approaches consider different collections of MCDM methods. Some
authors suggest comparing all major groups, others only one or several groups.

e The characteristic of problem specification indicates if the authors have mentioned that
MCDM method selection depends on problem situation and have specified its characteristics.
In fact, not all approaches intend to select a method depending on a specific problem. The
possible values of these attributes are: "no" — then the approach does not take into account
the problem specificity; "yes, not specified" — then the approach indicates the necessity to
analyse the problem specificity but does not propose a typology of problem characteristics;
and "yes, specified" — then the approach includes such typology.

e All MCDM methods are employed in the context of a process that involves decision-making.
In order to understand the role of MC methods, their contribution on different decision-
making steps must be highlighted.

® The presence of a tool facilitates the adoption of the MCDM methods selection approaches.
However, tools can be costly and are not always adapted to the specific problem situation.
Besides, purchasing a tool is only interesting when intended to be used many times.

MADISE: Method Engineering-based Approach for Enhancing 32
Decision-Making in Information Systems Engineering



Part I. Chapter 2:50A on DM and DM in ISE

2.5.1.2. The “Characteristics of MCDM Methods” View

Three basic concepts are generally used to define multicriteria problems [Roy, 2005]: the problem,
alternatives (potential actions), and criteria collections. Given that our state of the art deals with
MCDM method selection, we believe a fourth concept is needed to characterize methods in the
context of their selection, namely the usage in practice. These concepts form four facets: problem,
potential actions, criteria and MCDM method usage. Each selection approach is analyzed in order to
show if it takes into account the characteristics of MCDM methods. Therefore, the possible values for
these characteristics are yes or no.

In the problem facet two kinds of attributes can be used to characterize a MCDM problem, namely
the type of decision problematic and the problem scale.

* As mentioned above, the type of decision problematic [Roy, 2005] can be defined by the
result expected from an application of the selected MCDM method. Each decision-making
method is able to support a specific type of decision (choice, sorting, or ranking), therefore
take into account when selecting the appropriate decision-making method.

® The problem scale characterizes MCDM methods according to the size of the problem with
which they are able to deal. For example, in the context of an organisation the problem to
consider can concern a workplace, a department, the enterprise or its corporation as a
whole. Of course, the amount of resources and of organizational efforts needed to deal with
the decision problem will be different in each case.

A set of potential actions may vary from one situation to another. We propose to use the following
attributes in order to characterize the potential actions facet: number of alternatives, ability to
consider new alternatives, incompatibility and conflicts, organization of the alternatives, and nature
of the alternatives set.

® The selection of methods depends primarily on the number of alternatives. In fact, several
MCDM methods are not adapted to a large number of alternatives. In addition, the number
of alternatives is crucial when choosing a method accompanied by a tool: it is more
reasonable to purchase a tool when the number of alternatives is large.

e The need to be able to consider new alternatives results from the fact that the potential
actions collection is not stable and may evolve from one moment to another, in particular
when decisions need to be revised. New potential actions may appear, several potential
actions disappear, and others change their properties. In practice, cases of repetitive and
cyclic problems are frequent. MCDM methods handling the possibility to deal with repetitive
problems facilitate the decision-making.

®* In some situations, considered alternatives have interconnections, incompatibility and
conflicts. Therefore, the chosen MCDM method must take into account incompatibility and
conflict of alternatives.

e Potential actions may form a hierarchy. In this case, the approach of MCDM methods
selection must take into account alternatives' organization.

e Lastly, the set of alternatives could have a continuous or discrete nature.
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Within the criteria facet, MCDM methods selection approaches characterize decision criteria

following the four attributes: data type, measure scale, criteria weighting, and criteria interaction.

There are two kinds of data types: quantitative and qualitative. Certain methods deal with
two kinds of data type (e.g. outranking methods) while others require a quantification of
qualitative values (e.g. weighting methods) that deforms the initial information.

Criteria must be measured. A measure scale therefore characterizes them. Types of scales
depend on the nature of the relationship between criteria values. These are nominal, ordinal
(restricted or unrestricted), interval, ratio, and absolute. B. Roy indicates that two kinds of
scales are more consistently used in MCDM: nominal and ordinal [Roy, 2005]. Some methods
take into account criteria with different measure scale; others do not.

Several MCDM methods comprise criteria weighting, others do not. This aspect must be
taken into account for selecting a method.

The criteria may be independent, cooperative, and conflicting. For this reason, it is important
to analyze possible interactions between criteria.

Five attributes were gathered under the usage facet to characterize the intended context of use of

the MCDM method while a decision maker undertakes selection. These are tool, approach for giving

partial and final evaluations, easiness of use, cost for implementing and decision maker preferences.

The presence of a tool is an important selection criterion for practitioners who are concerned
with rapid application of selected methods.

Approaches for giving partial and final evaluations. Partial evaluations are estimates of
potential actions corresponding to each criterion and final estimations present a synthesis of
the partial evaluations. Partial evaluations are, for example, simple measuring or pair wise
comparison. Final estimations can be carried out for example, by outranking or summing up.
Characteristic “easiness of use” is more difficult to deal with as it is vague and can cover
different aspects such as easiness of understanding, rapidity of appropriation by users or
even easiness of implementation in a house-made software tool. This is again an important
characteristic for decision makers, which have different preferences regarding the difficulty
of using MCDM method.

Another important characteristic is costs for implementing a method [Hanne, 1999]. Costs
include costs for implementing method, for purchasing tool, and for training decision
makers.

Decision maker preferences include him (her) understanding of different methods, their skills
to use these methods, and habits to use a given MCDM method.

2.5.2. Overview of the Reviewed Selection Approaches

The objective of this section is to present a state-of-the-art of the approaches allowing multicriteria

methods selection. There is a limited number of selection approaches. For this reason, in our

analysis, we used the approaches aimed not only to select one method but also to simply compare

them with regard to various criteria. The approaches adopted for the comparison are:
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Laaribi’s approach [Laaribi, 2000],

Hanne's approach [Hanne, 1999],

Ulengin et al.’s approach [Ulengin et al., 2000],
Vincke’s approach [Vincke, 1995],

Felix’s approach [Felix, 1995],

Ozernoy’s approach [Ozernoy, 1996],

Olson et al.’s approach [Olson et al., 2000],

O NO U wWDNRE

Ballestero and Romero’s approach [Ballestero et al., 1998].
2.5.2.1. Laaribi’s approach.

The central element of Laaribi's approach [Laaribi, 2000] is a "correspondence frame" allowing
establishing links between characteristics of problem and characteristics of MCAP (Multiple Criteria
Aggregation Procedure). To carry out the analysis of correspondence frame, the author proceeds
according to the following steps.

The first step is the identification of the problem characteristics. Detailed analysis of all the aspects of
the decisional problem is carried out in order to identify the vector of these characteristics. The next
step is the identification of appropriate characteristics of MCAP in order to establish the
correspondence between characteristics of decisional problem and conditions of MCAP usage. The
result is the obtention of characteristics of MCAP, which are adapted to the decisional problem at
hand.

Then, to select an appropriate MCAP the author suggests the following two steps:

1. Initially, a subset of MCAP is chosen. The author proposes a tree structure to choose a group
of methods. By going up the branches of the tree according to the problem characteristics, a
category of methods is selected. The tree has two branches: discrete and continue methods.
In this manner, a restricted set of MCAP is identified (while passing from a node to another
according to characteristics of appropriate decisional problem).

2. Then, a particular method is selected by taking into account MCAP characteristics. To choose
a particular method the author considers the characteristics related to the MCDM methods
use in practice: easy to understand by users, inspiring the confidence of the user, easy to
program and having a data-processing support.

The MCDM methods which have been compared are the following: discrete methods: MAUT,
Outranking, AHP; continue methods: interactive methods, goal programming.

To compare these methods, the author proposes to analyse types of decision problematic, nature of
actions set (finite, infinite), information nature to obtain on criteria (information nature:
quantitative, qualitative; intra-criteria information: value function (utility function or distance
function), criterion discriminatory power (thresholds and orders); inter-criteria information: relations
between criteria), result of evaluation (result type: specific, distributional; inaccuracy of information:
the method tolerates it or not).
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This approach was developed for geographical information systems (GIS). It proposes a detailed
algorithm of MCDM method selection that is valid for different domains. It establishes links between
characteristics of the problem and those of methods. Characteristics taken into account are very
different. However, the arborescence analysis relates only to the first stage of selection. As for
second stage, the author does not suggest a structured algorithm neither to analyse characteristics
(such as the MCDM methods use in practice), nor to carry out their choice.

2.5.2.2. Hanne’s approach

Hanne [Hanne, 1999] considers the problem of MCDM methods selection as a meta-decision
problem. He shows that this problem might be solved in two ways: by selecting one MCDM method
from a finite set of methods or by parameters assessment.

In the first case, the author generalizes the criteria usually used for MCDM method selection. The
criteria for MCDM methods evaluation and selection form four groups: suitability for the problem
type, criteria based on solution concepts, implementation-oriented criteria, and criteria depending
on the specific decision situation. He positions different MCDM method families according to these
criteria groups.

In the second case, the author suggests an approach for designing MCDM method. This approach is
based on "parameter assessment". The parameter is additional information that serves to adapt
MCDM method to the situation at hand. Examples of parameters are weights, achievement levels,
threshold values, trade-offs, etc. A parameter optimization model permits the MCDM method design
by choosing parameters from a continuous set.

The author mentions some other approaches of MCDM methods selection. Furthermore, he suggests
a possibility to use machine learning in order to resolve the meta-decision problem for repetitive
decision situations.

2.5.2.3. Ulengin et al.’s approach

In [Ulengin et al., 2000], the authors propose a framework of "Integrated DEcision Aid model
enriched by Artificial Neural Network (IDEAsn)”. The similarity between the characteristics of the
methods and the basic parameters of the decisional situation is analyzed using ANN.

The approach consists of three steps:

1. Structuring and modelling of the problem. The decision maker constructs cognitive maps,
detects loops (with a hierarchical presentation), and chooses whether he takes into account all
the hierarchy or just fundamental objectives. Then, IDEA Seizes the characteristics of the
problems: type of decision problem (choice, classification, rating); size of the problem (small
and broad number of criteria and alternate); technical selection of the preference by DM
(direct rating, trade-off, pair wise comparison); DM's preference structure (according to the
presence of the thresholds and type of order (partial or complete); necessity for uses of relative
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importance (presence of weights); and nature of performance values (quantitative,
qualitative).

2. Matching of the decisional situation with appropriate MCDM methods. Initially, a suitable
cluster of methods is selected. Decision maker chooses methods, which correspond exactly
to the six characteristics of the situation of decision-making using the artificial neural
network.

3. Selecting a concrete method within a cluster (a similar procedure is used).

Four groups of discrete methods are present in this approach: elementary methods, interactive
methods, value based methods, outranking methods

The method proposes guidance throughout the decision-making process and is supported by a
software tool. However, it deals y with discrete methods, only.

2.5.2.4. Vincke’s approach

The author [Vincke, 1995] suggests a method of comparing decision-aid methods in order to improve
their understanding and to select one.

The proposed methodology consists in defining a list of properties that should be respected and in
verifying which of them are satisfied by the compared methods. The list of properties is compiled for
better understanding of the methods.

This methodology includes the following steps:

1. Establishing a list of properties.
Alternative methods are analysed in order to understand which properties they satisfy and
which they don’t.

3. The method that dominates other methods is chosen (for example, we have two methods: if
one method satisfies all the properties and the other satisfies some properties and violates
others).

The author remarks that it is often possible to not have dominance between alternatives but he does
not propose a solution to deal with such cases.

This approach is illustrated by a small example with two variants of the ELECTRE Il method. However,
it has a generic nature and may be applied to all MCDM methods.

The author indicates the necessity of analysing the problem situation in order to select one of the
MCDM methods; however, he does not give a typology of problem characteristics.

2.5.2.5. Felix’s approach

Felix's approach [Felix, 1995] aims at analyzing MCDM methods that take into account goals for the
alternatives in decision-making process.
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Therefore, the author compares two MCDM methods (AHP and fuzzy Decision Making based on
Relationships between Goals — DMRG) according to four criteria: representation of decision
alternatives, representation of decision goals, role of decision priorities, and way of aggregation.

The author indicates that the choice of a MCDM method depends on a decision situation. He uses a
small number of criteria that are generic.

2.5.2.6. Ozernoy'’s approach

The approach [Ozernoy, 1996] is based on Expert Systems. The authors do not explain the basis of
their methodology. Therefore, in this article they consider experimental comparisons and Expert
Systems. The most important solution made by these researchers is that the “best” MCDM method
for resolving all problems does not exist.

The purpose of this work is to clarify the complexity of the selection problem, and to facilitate
understanding, evaluation, and improving decision-making.

The author justifies the need for a systematic, logical and justifiable approach. He suggests
descriptions of experimental comparisons of MCDM methods and MCDM Expert Systems. He
proposes an expert system based tool in order to select a MCDM method corresponding to the
problem situation. However, the underlying methodology is not explained and problem
characteristics are not specified.

2.5.2.7. Olson et al.’s approach

The approach presented in [Olson et al., 2000] aims at defining the role of the MCDM in decision-
making steps.

The importance of alternatives according to the criteria can vary in different decision-making steps
(at the beginning and the end of the analysis). That is why the authors suggest analyzing dynamic
parameters of decision-making that must be considered in the development of decision-making aid.
Dynamic components during the analysis of a multicriteria problem are changes in criteria
importance and alternatives changes.

The authors advise application of different MCDM methods (more precisely of MAUT, AHP,
Outranking, Preemptive, and Preference cones) depending on decision-making steps. The criteria are
tools and uses, strategy, weight elicitation, and score elicitation.

This approach is interesting because of its dynamic parameters analysis and the relation with
decision-making steps.

2.5.2.8. Ballestero and Romero’s approach

The approach [Ballestero et al., 1998] studies relations between MCDM methods based on distance
function. The authors aim at creating technical and analytical links between various MCDM methods.
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They use a mathematical apparatus, more exactly — the distance function model, which allows to
look for a common root.

Using mathematical operations, they obtain models of the following methods: traditional
mathematical programming, weighted goal programming, lexicographic goal programming, min-max
goal programming and compromise programming.

The authors recognize that the relative advantages and disadvantages of MCDM methods depend on
the characteristics of the problem situation. Nevertheless, these kinds of characteristics are not
presented in [Olson et al., 2000].

2.5.3. Comparative Analysis with the Evaluation Framework

This section offers a comparative analysis of the eight approaches presented above based on our
framework.

2.5.3.1. Characterization of the Selection Approaches
Table I.2.2. summarizes our analysis. The rest of this section comments on approaches facet by facet.

The majority of approaches [Hanne, 1999] [Laaribi, 2000] [Ozernoy, 1996] [Ulengin et al., 2000] and
[Vincke, 1995] aim at selecting a method. Furthermore, Hanne suggests a method design; Vincke
means a better understanding of MCDM methods; Felix proposes a simple comparison.

All approaches use different basis to compare MCDM methods. Let us mention only, that some of
approaches have a simple theoretical basis and could be applied easily in practice (for example,
arborescence analysis, properties list complying). Others are based on more complex concepts:
expert systems or neural networks that usually require a tool to be applied.

Several structured algorithms for selecting a MCDM method are available, in Laaribi [Laaribi, 2000],
Ulengin et al. [Ulengin et al., 2000], and Vincke [Vincke, 1995]. Hanne [Hanne, 1999] presents a
structured algorithm for design MCDM method. In other approaches, the authors suggest simple
comparisons of MCDM methods. It may guide users in MCDM method selection, but their choice is
intuitive.

The selection approach nature is multicriteria in [Felix, 1995] and [Hanne, 1999]. The other
researchers do not accept this viewpoint.

One approach (Ulengin et al. [Ulengin et al., 2000]) allows the capitalization of selection results
thanks to the use of neural networks. Hanne's approach suggests the reuse of selection results
(machine learning) based on neural networks.
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Table 1.2.2. Comparative Analysis of the MCDM Methods Selection Approaches according to their Characteristics.

Characteristics Laaribi Hanne Ulengin et al. Vincke Felix Ozernoy Olson et al. Ballestero/
Romero
Features
Approach’s objective Selection Selection, Selection Selection, Comparison | Selection | MCDM on DM | Links between
design understanding steps methods
Basic approach used to compare Arbore- Textual Neural Properties list Textual Expert DM steps Distance
MCDM methods scence Network complying System analysis function
Presence of structured algorithm Approach Approach for Approach Approach Comparison | Comparison | Comparison Comparison
design
Selection approach nature Not MC MC Not MC Not MC Not MC MC Not MC Not MC
Capitalization No Yes Yes No No No No No
Context
Application domain Specific (GIS) General General General General General General Specific
(Economy)
Problem specification Yes, specified | Yes, specified | Yes, specified Yes, not Yes, No Yes, not No
specified specified specified
Decision making steps No No Yes No No No Yes No
Tool No No Yes No No Yes No No
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There are two approaches [Ozernoy, 1996] [Ulengin et al., 2000], which offer tools in order to carry
out the selection. The first is based on neural network and the second on expert systems.

Application domain is general in all approaches except the Laaribi’s [Laaribi, 2000] and Ballestero and
Romero’s [Ballestero et al., 1998] ones. Nevertheless, they may be applied in other areas with some
considerations. For example, in [Laaribi, 2000], the list of problem characteristics has to be revised.

We present the MCDM methods considered by different selection approaches in Table 1.2.3. The
approaches of Ulengin et al. [Ulengin et al., 2000], of Ozernoy [Ozernoy, 1996], and of Ballestero and
Romero [Ballestero et al., 1998] have a limited number of methods that they consider. The others
compare a greater number of methods.

Table 1.2.3. MCDM Methods Compared by Selection Approaches.

. Ulengin et ) X Olson et | Ballestero
MCDM Method Laaribi | Hanne Vincke Felix Ozernoy
al. al. and Romero
Outranking methods + + + + - + + R
AHP + + + - + + + -
MAUT + + - - - + R
Weighting methods + + + - - + - R
Fuzzy methods - + - - + + - _
Multiobjective programming + + - - - - - ¥
Others + + + - - - + +

The three first approaches [Hanne, 1999] [Laaribi, 2000] [Ulengin et al., 2000] and Felix's approach
specify problem characteristics. Two approaches [Ballestero et al., 1998] [Olson et al., 2000] foresee
a problem specification but do not propose a typology. The authors of [Ballestero et al., 1998] and
[Ozernoy, 1996] do not consider this issue.

2.5.3.2. Characterization of the MCDM Methods

Table 1.2.4 offers an overview of the eight approaches according to second view of the proposed
framework.

Only three approaches [Hanne, 1999], [Laaribi, 2000], and [Ulengin et al., 2000] take into account the
type of result that must be obtained following the method application. In [Laaribi, 2000], the author
suggests the use of decision problematic in two cases: in order to describe a problem situation and in
order to characterize a MCDM method. A method will be chosen if it corresponds to the type of
decision problematic required in a given situation. In [Hanne, 1999] this characteristic is described as
the "desired solution concept". For [Ulengin et al., 2000], it is a problem feature.
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Table I.2.4. Comparative Analysis of the MCDM Methods Selection Approaches according to the Characteristics of MCDM Methods.

Characteristics Laaribi Hanne Ulengin et Vincke Felix Ozernoy | Olson et al. Ballestero
al. Romero

Problem

Type of decision problematic Yes Yes Yes No No No No No

Problem scale Yes No No No No No No No
Potential actions

Number of alternatives Yes Yes Yes No No No No No

New alternative consideration No No No No No No No No

Incompatibility and conflict of alternatives No Yes No No No No No No

Alternatives' organization No No No No Yes No No No

Alternatives' set nature Yes Yes No No No Yes No No
Criteria

Data type Yes Yes Yes No No No No No

Measure scale Yes Yes No No No No No No

Criteria weighting Yes Yes Yes No No No Yes No

Criteria interaction No No No No Yes No No No
Usage

Tool No No No No No No Yes No

Approaches for giving partial and final evaluations No Yes Yes No Yes No Yes No

Easiness of use Yes Yes No No No No No No

Costs for implementing No Yes No No No No No No

Decision maker preferences No Yes No No No No No No
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With regard to problem scale, only Laaribi’s approach [Laaribi, 2000] describes this parameter. The
problem dealt with is estimating spatial impact in a geographic area. It can take two forms: punctual
or local (impacts are located) and regional or national (impacts are a large extent).

Next parameter (new alternative consideration,) is not considered by the existing approaches.
Incompatibility and conflicts of alternatives are studied in [Hanne, 1999]. Alternatives organization is
taken into account in [Felix, 1995]. [Hanne, 1999], [Olson et al., 2000] and [Ulengin et al., 2000]
suggest taking into account the nature of alternatives set: continuous or discrete.

Quantitative and qualitative data types are studied in [Laaribi, 2000] [Ulengin et al., 2000]. Laaribi
[Laaribi, 2000] calls it information nature on criteria that is one of MCDM characteristics. It may be
cardinal (quantitative) or ordinal (qualitative). In [Ulengin et al., 2000], the authors propose two
possible values: quantitative value and qualitative or mixed value (both quantitative and qualitative).
In [Hanne, 1999] Hanne considers the discrete, integer or binary, stochastic or fuzzy variables.

Measure scale is considered in approaches [Hanne, 1999] and [Laaribi, 2000]. In [Laaribi, 2000], this
is a parameter of the problem situation. For [Hanne, 1999] criteria scale defines a MCDM method
validity.

Criteria weighting is taken into account in Laaribi [Laaribi, 2000], Hanne [Hanne, 1999], Ulengin et al.
[Ulengin et al., 2000], and Olson et al. [Olson et al., 2000]. Researchers analyse this parameter in
order to know whether the MCDM methods take into account relative importance of criteria.

Criteria interaction is considered as relationships between goals in [Felix, 1995]. In fact, in the Felix
approach [Felix, 1995], goals serve to choose between the possible decisions that are characterized
by their contribution to goals achievement.

The analysis of tool is present in [Olson et al., 2000] A tool indicates the possibility to automate the
major steps of decision-making.

Approaches for giving partial and final evaluations are compared in [Felix, 1995], [Hanne, 1999],
[Olson et al., 2000], and [Ulengin et al., 2000]. For Hanne, this parameter describes solution
concepts. The approach in [Ulengin et al., 2000] uses these features in order to describe the
preference structure and preference method used by a user. Therefore, these authors do not
indicate how it is related to the problem situation. Olson et al. analyzes them according to the
decision-making steps. Felix analyzes the consistency of evaluations.

Easiness of use is studied by Laaribi and Hanne. Laaribi [Laaribi, 2000] suggests this parameter on the
second step of selection and characterises it as the following: easiness of understanding, of
programming etc. Therefore, he does not attribute the easiness degree to MCDM methods. Hanne
[Hanne, 1999] considers the ease of use as interactivity of man-machine dialogue and "user-
friendliness". This approach does not explain how to estimate the easiness of use.

The costs for implementing and decision maker preferences are considered only in [Hanne, 1999].
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2.5.3.3. General Remarks

The state-of-the-art presented above reports on our analysis of the existing selection and/or
comparison approaches. The analysis shows clearly that there is not a single approach that matches
all situations: each approach has advantages and disadvantages that may change in different
contexts. The given state-of-the-art allows us:

® to have an overview of the existing selection approaches and to understand their similarities
and differences,

e to elicit comparison criteria for the MC method selection,

¢ to define what a "good" MC method selection approach should be,

® and, to define open issues.

Different approaches are used for different purposes such as:

1. The following approaches: [Hanne, 1999], [Laaribi, 2000], [Ozernoy, 1996], [Ulengin et al.,
2000] and [Vincke, 1995] for selecting a MC method. If the interaction between goal is
important the Felix approach guides through the selection of an adequate MC method.

2. All approaches are useful for better understanding of MC methods. If a decision maker has a
good knowledge of alternative methods, he can use Vincke's approach.

3. A tool facilitating the selection of MC methods is recommended when the problem is
repetitive (Ozernoy and Ulengin et al.'s approaches).

The whole set of analysed characteristics supports decision-making by specifying important factors to
consider. These factors could be studied for choosing a method adapted to the situation at hand.

2.6. Conclusion

Some research works to resolve DM problems are reported in the ISE literature. The main
characteristic of these works is that they address one specific DM problem each time.

Given that different DM methods can be used more or less efficiently in different situations, the issue
of selecting a method adapted to a specific problem situation must be considered carefully. An
incorrect choice of a DM method will lead to poor decisions. In the context of Information Systems
Engineering, a bad choice of a DM method can generate organizational disorder (e.g. in the context
of Enterprise Architecture), poor project arbitration (e.g. in the context of project portfolio
management), poor design choices (e.g. in the context of requirements prioritization), with financial,
social, and technical consequences for the enterprise and its IS.

The DM methods application is still very limited due to two main difficulties. Firstly, DM methods
coming from the operational research are not expressed in terms used in the IS field. Secondly, the IS
engineers are confronted with some practical difficulties. No work has been done so far to
understand how, when, or which of these methods could be used during ISE activities. Besides, the
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reviewed literature highlights that there is no formalized processes to guide IS engineers through DM
activities in order to provide guidelines for proper DM and also for accompany IS engineers with the
explanation of the additional activities as specifying DM situation, identifying possible alternatives,
criteria and so on.

Based on this analysis, a “better” approach than the existing ones might be elaborated. Such an
approach should be able to deal with the following problems:

Take into account the problem situation,

Allow a typology of problem characteristics, take into account data diversity (types, scales

etc.),
3. Consider all main groups of the existing DM methods and be able to deal with a new one,
Allow selecting of DM method, as well as its better understanding and construction adapted
to a concrete case,

E

Take into account interaction between goals,

Be structured,

Be universal with respect to different application domains,
Permit a capitalization of selection results,

W X NG

Suggest a tool facilitating DM methods selection/construction.
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Chapter 3: Overview of the MADISE Approach

3.1. Introduction

The goal of this thesis is to provide methodological guidelines for making decisions in Information
System Engineering. Indeed, several decisions are costly and risky and may have important
consequences. In these cases, it is important that decisions are made in a structured manner in order
to enhance their quality and transparency.

As detailed in the Introduction section, the main research question is stated as follows:

How methodological knowledge about decision-making can be represented to facilitate the
inclusion of decision-making processes into ISE methods?

The goal is to offer an approach for enhancing decision-making in Information systems engineering
based on the method engineering principles and taking into account the specific project situation.
This approach is composed of two main elements:

e MADISE DM Ontology
e MADISE DM Method Family

The goal of the DM Ontology (DMO) is to provide an exhaustive modeling of DM concepts and their
relationships. As we noted it in the previous chapter, these concepts come from a different scientific
field and therefore, their usage in ISE is still limited. In Part Il, we present a DM ontology that aims at
formalizing DM knowledge. According to the needs of our research, the DM ontology is used for
formalizing DM situations, specifying DM requirements, and specifying DM method components.
Thus, it offers various elements allowing representing DM fundamentals in terms accessible for ISE,
such as UML diagrams. However, its application is wider as it can be used in other fields such as
operational research, organizational DM, and so on.
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The second element is the DM method family. Its aim is to carry out the reengineering of DM
methods in order to make them usable within ISE. For this purpose, we apply SME foundations to DM
methods using the DM ontology. Main DM methods and the associated activities (for instance,
alternatives and criteria identification) are decomposed in method components, which are organized
into a DM method family. The family is completed by two processes used for the contextualization
and configuration of a particular DM method from this family depending of the situation at hand and
of the ISE methodology.

Figure 1.3.1 presents an overview of the MADISE approach.
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Figure 1.3.1. Overview of the MADISE Approach.

As the figure shows, the MADISE approach is composed of two main parts: the DM ontology and the
DM method family. A process is offered for configuring the DM method family based on the concepts
defined in DMO.

Two kinds of users could use this approach. The first one is composed of DM method engineers who
specify DM method components and organize them within the method family. DM engineers,
possessing DM knowledge, transform it into DM method components. They use the DM ontology in
order to represent DM knowledge and to specify DM methods as components. DM components are
stored in a methodological library that we call the MADISE repository. These components are
organized within the MADISE repository according to the intention-oriented MADISE process.

The second group represents IS engineers who need DM assistance. They specify their requirements
for decision-making and select one or more DM method components in order to enhance their
methodologies or to create a new DM application method. An IS engineer has one of the two
following goals: (i) to construct a customized DM method or (ii) to extend an IS engineering method
with DM components. In both cases, the process starts by specifying requirements for DM, namely
the situation and the intention. For this purpose, the DM ontology is used. Then, the engineer selects
one or more DM components adapted to the given situation. If DM components are numerous, they
are assembled into a composite one. In this manner, the IS engineer obtains a customized DM
method fitting the given DM problem (the first goal is reached). Then, if he wants to extend the IS
engineering method (the second goal), he integrates the selected or composed component into the
ISE method using one of the available SME approaches. Thus, two main cases of the MADISE
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approach could be identified: improving an existing ISE method or creating a customized DM method
(Figure 1.3.2.).
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Figure 1.3.2. Using the MADISE Approach

The main contributions of this thesis are the MADISE DM Ontology (Part Il) and the MADISE DM
Method Family (Part lll) summed up in the following sections.

3.2. MADISE DM Ontology

The practical needs for DM as well as the number of researches dealing with decision-making in ISE
increasingly grow [Kou et al., 2009]. As DM becomes widespread in the ISE field, it is necessary to
build a representation of DM concepts and their relations with DM problems in ISE that is shared by
researchers and practitioners.

DM knowledge is often expressed through basic definitions of concepts such as alternatives, criteria,
decision matrix, and decision itself. However, this domain is much richer, and many other related
notions are useful to make right decisions: preferences, weights, thresholds, and so on. This
knowledge must be formalized within a model.

We have selected the ontology representation as the most appropriated way of modeling DM
knowledge. We have analysed different aspects useful for building ontologies: ontology definition,
usage, possible ways of modeling ontologies, ontologies’ classifications, goals and elements [Gruber,
1993] [Akkermans et al., 2006] [Batanov et al., 2007] [Kaiya et al., 2006] [Sanchez et al., 2007]
[Wieringa et al., 2006].

We have used the ontology fundamentals and DM knowledge (detailed in the State-of-the-Art
Chapter) in order to develop the DM ontology (DMO) which is a domain knowledge lightweight
ontology including concepts, attributes and relationships. This ontology represents DM knowledge as
a UML class diagram. We have validated DMO by applying it to the well-known DM method
REDEPEND [Maiden et al., 2002] from the requirements engineering field.
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3.3. MADISE DM Method Family

We introduce in this thesis the concept of method family. We put forward the method family as a
new representation of methods. Current approaches of method engineering are based on the
assumption that a method has to be composed “on the fly” during a specific project. Vice versa, we
believe that it is possible to anticipate most of the variations of methods and to explicitly represent
them through the notion of method family. The method family aims to gather method components
from the same field. The construction of a specific method to be used in a specific project is obtained
by configuring the family, i.e. by selecting the variants fitting the situation at hand.

We have elaborated the concept of method family (detailed in Chapter 2 of Part Ill) based on the
following existing elements:

® COMET Meta-Model as a mean of modular modeling of methods [Kraiem et al., 2008] based
on the notion of Method Chunk (the representation of method components from the
assembly-based SME approach) [Rolland et al., 1998] [Ralyté et al., 2003],

*  Map Model [Rolland et al., 2001] for the representation of method families and organization
of method components within the method family.

In this thesis, we developed a DM Method Family that is composed of DM method components
supporting the various activities to be performed to make decisions based on the different available
DM approaches. The DM method family includes a collection of DM method components organized
into a family in order to allow its further configuration according to a given situation.

The DM method family is defined based on the DM ontology and the method family concept
described in Part II:

e The DM method components are specified using the elements of the DM ontology and the
component meta-model;

® These components are organized into a family using the method family meta-model and the
Map modeling formalism.

In this thesis we show how two known DM approaches, namely the cost-value approach for
requirements prioritization [Karlsson et al., 1997], and the tool selection from the Rational Unified
Process (RUP) [RUP, 2007] are represented in the DM method family.

In order to support the use of the DM method family, there are two research issues that need to be
dealt with:

— How to characterize the situation in such a way that this facilitates the retrieval of the
adequate variants in the family;

— and, how to configure the family to generate the specific method to be applied for the given
situation
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We answer these two questions by including in the MADISE approach a taxonomy of situations and
guidelines for performing the contextualization and the configuration of the DM method family.

The DM method family contextualization approach is detailed in Part Il (Chapter 3). For this purpose,
we have defined a typology of situations appropriated to the field of DM and a process to
characterize the context of a DM problem.

The DM Method Family Configuration process is detailed in Part Ill (Chapter 1V). The DM method
family configuration provides the means to define a DM application method that is to say to
construct a DM method adapted to the given situation. The DM Ontology plays an important role in
the configuration process by helping in formalizing the specific DM situation and by identifying
requirements for making a decision. The method family configuration process is modeled with the
Map formalism.

3.4. Synthesis of the Thesis Results

The results of this thesis are summed up at Figure 1.3.3.

Part Il - MADISE Decision-Making Ontology

G. 1- Decision-Maki@ Definition of the ontology of decision-making knowledge

Ontology including concepts, attributes and relationships.

Part Ill - MADISE Decision-Making Family
Ch. 1 - Analyzing SM? Comparison of the main SME approaches according to the four

an

Approaches view framework and the identification of their drawbacks.

Ch. 2— DM Method Definition of the DM method family and of the method

Component and Method S
. components constituting it.
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Ch. 3~ DM Method epplction ofths ypology o the DIt method famiy and.

Family Contextualization PP ypology v
components.

Proposition of a DM method family configuration process for
identifying a DM application method adapted to a given
situation.

Ch. 4 — DM Method
Family Configuration

AN

Part IV — MADISE in Practice

components and validation of the MADISE approach.
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Ch. 1 - Validation > Proposition of a tool supporting the storage of the DM method

Figure 1.3.3. Synthesis of Thesis Results.
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Part Il. Decision-Making Ontology

Before proceeding to analyze different DM methods, it is necessarily to provide a common
conceptual basis which could be used for different purposes, such as identifying needs for DM,
characterizing situations requiring DM, formalizing DM methods. For these reasons, we have studied
different DM concepts and organized them within an ontology presented in the following Chapter.
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Chapter 1: Decision-Making Ontology

1.1. Introduction

The DM ontology (DMO) is a representation of DM concepts for formalizing DM knowledge. The goal
of this Chapter is to describe the DM ontology. Even if the number of researches dealing with DM in
IS engineering increasingly grows [Kou et al., 2009], a complete DM ontology does not exist. As DM
becomes widespread, it is mandatory to build a shared representation of DM concepts and to show
how these concepts are related to DM problems in IS engineering.

The main goal of DMO is to represent concepts of the DM domain, as well as their properties and
relations for their further use within IS engineering. In our approach, the main usage of the DM
ontology is twofold: (i) to clarify DM concepts for formalizing DM situations and specifying DM
requirements and (ii) to specify DM method components.

This Chapter contains the description of the DM ontology: the application of the ontology
fundamentals to DMO, the general view of DMO, the description of its elements, and an example for
illustrating DMO.

DM knowledge is often represented as a set of basic definitions such as alternatives, criteria, decision
matrix, and decision itself. However, this domain is much richer, and many other related notions are
useful for make right decisions: preferences, weights, thresholds, and so on. This knowledge must be
formalized within a model.

There are two potential ways to model DM knowledge: as an object model or as an ontology. In
addition, ontologies are often represented as class models (that is to say as object models).
Therefore, a difference between ontologies and object models must be specified.
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[Batanov et al., 2007] compares two representations according to their elements, modeling
languages and implementations. This work indicates close similarity between concepts and state the
difference between them at the level of deliverables: “while ontologies represent well structured
descriptions (explanation) of mutually related terms, the object model is to represent a system as
structure of modules (objects) ready for implementation in software”. [Kaiya et al., 2006] describe
domain ontology and meta-model in the requirements engineering field and promotes the idea that
a domain ontology provides semantic basis on requirements to be elicited in order to obtain the
concepts representation shared by all stakeholders. Ontologies could be linked to object models as
the former express a formal, explicit specification of a shared conceptualization and the latter ones
refer to the collection of concepts used to describe the generic characteristics of objects in object-
oriented languages [Batanov et al., 2007]. In that way, we deduce that the main distinction relates to
the semantic nature and the shared conceptual representation of ontologies.

Based on this, we have selected the ontology representation as the most appropriated way of
modeling DM knowledge. The following chapter shows how the ontologies’ fundamentals are applied
to the DM domain. We finish this Chapter by applying the DM ontology to two cases: the ERP tools
selection and the REDEPEND approach of the requirements prioritization.

1.2. Ontology Fundamentals Application to DMO

The DM ontology is developed based on DM knowledge and the State-of-the-Art on ontologies
fundamentals. This section covers the usage of ontology for representing DM knowledge and
emphasizes the main elements: ontology definition, usage, goals, ontologies’ classifications,
elements, and possible ways of modeling ontologies. These elements are necessary for constructing
the ontology for decision-making.

1.2.1. Ontology Definition

The term ontology is taken from philosophy, where Ontology is a systematic account of Existence.
The notion of “ontology” denotes the science of being and, with this, of descriptions for the
organization, designation and categorization of existence [Rebstock et al., 2008]. Gruber was the first
to formulate the term ontology in the field of Computer Science [Gruber, 1993] and defined it as “an
explicit specification of a conceptualization”.

[Gruber, 1993] has found the main principles for constructing ontologies in Computer Science and
defined the main ontology elements such as classes, relations, functions, or other objects. Since
then, many approaches were developed for creating and applying ontologies [Akkermans et al.,
2006] [Batanov et al., 2007] [Hevner et al., 2004] [Kaiya et al., 2006] [Sanchez et al., 2007] [Wieringa
et al., 2006]. For instance, [Rebstock et al., 2008] defines the ontology applied to Computer Science
as “the capture of the recognized and conceived in a knowledge domain for the purpose of their
representation and communication”. For [Sdnchez et al., 2007], an ontology is a way of representing
a common understanding of a domain. [Akkermans et al., 2006] considers ontology as a novel and

MADISE: Method Engineering-based Approach for Enhancing 56
Decision-Making in Information Systems Engineering



Part Il. Chapter 1: Decision-Making Ontology

distinct method for scientific theory formation and validation. However, all new definitions are based
on the idea that Computer Science ontology is a way of representing concepts like in the Gruber’s
approach [Sanchez et al., 2007].

1.2.2. Ontology usage

[Sanchez et al., 2007] gives three examples of Computer Science domains that use ontologies:
Artificial Intelligence, Software Engineering and Database systems. Another field is Web ontologies
[Martin, 2003]. Applied to these fields, two main usages of ontologies can be defined [Akkermans et
al., 2006] [Sanchez et al., 2007]:

® Ontology as a theoretical model of a real-world domain as it has an explicit content or
substantive reference;
® Ontology as a computational specification for computer information systems.

These two usages allow better comprehension of the ontology term.

The first one deals with the ontology representation as expression of the structure and
characteristics of things [Akkermans et al.,, 2006] [Sanchez et al., 2007]. In Computer Science, the
mechanism used to show the structure has always been the creation of models [Sanchez et al,
2007]. The graphical and diagrammatic representations may be employed for ontology
representation. [Kaiya et al., 2006] views domain ontologies including a thesaurus in a given problem
domain.

The second one allows conceptualization of real-world knowledge [Akkermans et al, 2006]. A
conceptualization is an abstract, simplified view of the world that we wish to represent for a purpose
[Gruber, 1993]. Conceptualization is the process by which the human mind forms its idea about a
part of the reality. This idea is a mental representation free of accidental properties and based on
essential characteristics of the elements [Sanchez et al., 2007]. Conceptualization allows identifying
main elements (objects, their types, properties and relationships) in order to formalize the body of
knowledge in the given domain by discarding elements that are not important for a given purpose.
For [Akkermans et al., 2006], this second use is the real values of ontologies and the authors go
further as they claim ontologies must provide actionable knowledge taking into account domain
learning and involving system dynamics.

1.2.3. Defining the DMO Goals

In general, the abstract representation of phenomena expressed with a model must be relevant to
the model’s purpose [Offen, 2002]. Ontology is a conceptualization, which is an abstract, simplified
view of the world that we wish to represent for some purpose [Gruber, 1993]. We have identified the
following goals based on the reviewed literature on ontologies in Computer Science [Gruber, 1993]
[Akkermans et al., 2006] [Kaiya et al., 2006] [Sanchez et al., 2007] [Offen, 2002] [Gémez-Pérez,
2001]:
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¢ Knowledge conceptualization. As ontologies represent concepts, they offer “ways to model
phenomena of interest, and, in particular, model theories that are cast in the form of a
conceptual framework in a much more rigorous fashion” [Akkermans et al., 2006].

¢ Domain modeling. Ontology aims at modeling a specific domain [Sdnchez et al., 2007].
[Offen, 2002] claims that “domain understanding is the key to successful system
development”. Domain understanding is usually represented via some form of domain
modeling [Offen, 2002]. This allows representing complex real world objects with graphical
and diagrammatic representations understandable and accessible to experts and
practitioners in diverse domains.

¢ Anchoring [Offen, 2002]. Ontology allows anchoring concepts — often abstract — to concrete
application domains.

e Sharing representation. Agents must communicate about a given domain and have a
common language within this domain. [Gruber, 1993] calls this “ontological commitments”.
An ontology must include atomic concepts that all stakeholders, or other agents can
commonly have in a problem domain [Kaiya et al., 2006]. From this view-point, ontology is a
compromise between different viewpoints, different stakeholders, or involved parties.
[Sdnchez et al., 2007] claims that “not only people, but also applications must share a
common vocabulary, that is, a consensus about the meaning of things”. This consensus is
reached by building ontologies, which are one of the solutions for representing this common
understanding.

* Model validation. In Software Engineering, a specific ontology could be taken as reference
point to validate a model that acts over a particular domain [Sanchez et al., 2007]. The
following criteria may be tested: consistency, completeness, conciseness, expandability and
sensitiveness [Gomez-Pérez, 2001].

Based on this, goals for building DMO must be specified. We have applied the goals, identified from
the reviewed literature on ontologies in Computer Science [Gruber, 1993] [Akkermans et al., 2006]
[Kaiya et al., 2006] [Sanchez et al., 2007] [Offen, 2002] [Gémez-Pérez, 2001] to the DM field. The
goals of DMO in our approach are the following:

¢ Knowledge conceptualization. The DM field contains many terms related to each other by
complex relationships. To understand them, it is necessary to create an abstract, simplified
view of the DM knowledge that is a conceptualization. Creating an ontology allows providing
a flexible way for conceptualizing DM knowledge.

¢ Domain modeling. In the literature, DM models are often limited to some basic elements
such as alternatives, criteria, weights, DM actors, and sometimes DM problem [Roy, 1985].
However, this field includes other concepts: preferences, thresholds, decision’s future
consequences and so on. In this case, the motivation for DMO is to have a unique model for
DM knowledge.

¢ Anchoring. DM concepts come from the operational research field. The situation is frequent
when it is difficult to say which DM concept corresponds to the given ISE concept. In this
case, DMO aims at relating DM concepts to IS engineering.
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¢ Sharing representation. All participants of the DM process (such as IS engineers, method
engineers, users, and stakeholders) and also applications (as system actors) must share a
common understanding of the DM problem.

¢ Model validating. The DMO application enables validating existing DM models or new ones
in the ISE domain. For instance, the DM models from the ISE domain could be evaluated
according to their completeness, consistency and so on.

1.2.4. Classifying DMO with Ontology Classifications

[Sanchez et al., 2007] presents several classifications of ontologies in Computer Science:
1. by their level of generality (by Guarino N., 1998):

® top-level ontologies, which describe domain-independent concepts such as space, time, etc.,
and which are independent of specific problems;

¢ domain and task ontologies which describe, respectively, the vocabulary related to a generic
domain and a generic task;

e and, finally, application ontologies, which describe concepts depending on a particular
domain and task.

2. by their use (by Van Heijst G., Schereiber A.T. and Wieringa B.J., 1996):

e terminological ontologies, which specify which terms are used to represent the knowledge;
¢ information ontologies, which specify storage structure data; and
¢ knowledge modeling ontologies, which specify the conceptualization of the knowledge.

3. Fensel D.’s (2004) classification:

¢ domain ontologies, which capture the knowledge valid for a particular domain;

® metadata ontologies, which provide a vocabulary for describing the content of on-line
information sources;

e generic or common sense ontologies, which capture general knowledge about the world
providing basic notions and concepts for things like time, space, state, event, etc;

® representational ontologies, that define the basic concepts for the representation of
knowledge; and

¢ finally, method and particular tasks ontologies, which provide terms specific for particular
tasks and methods. They provide a reasoning point of view on domain knowledge.

4. by the level of specification of relationships among the terms gathered on the ontology (by
Gomez-Perez A., Fernandez-Lépez M. and Corcho O., 2003):

¢ Lightweight ontologies, which include concepts, concept taxonomies, relationships between
concepts and properties that describe concepts.
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* Heavyweight ontologies that add axioms and constraints to lightweight ontologies. Those
axioms and constraints clarify the intended meaning of the terms involved into the ontology.

According to these works, DMO can be defined as follows:

¢ according to the generality level of ontologies (Guarino N., 1998 and Fensel D., 2004
classifications): DMO is a domain ontology which captures the knowledge valid for ISE
domain and describes the vocabulary related to the domain of DM in ISE;

e according to the ontology use (Van Heijst G., Schereiber A.T. and Wieringa B.J., 1996
classification): DMO is a knowledge modeling ontology as it specifies the conceptualization of
the DM knowledge;

¢ according to the level of specification of relationships among the terms gathered on the
ontology (Gomez-Perez A., Fernandez-Lépez M. and Corcho O., 2003 classification): DMO is a
lightweight ontology which includes concepts, concept taxonomies, relationships between
concepts and properties describing concepts. This level of details is sufficient for describing
all necessary elements for representing DM knowledge. For this reason, DMO omits axioms
and constraints.

1.2.5. Defining the DMO Content

Based on the literature review, the following main ontology elements can be identified in general
[Batanov et al., 2007] [Corcho et al., 2005] [Gruber, 1993]:

e Concept (class). Classes are the representation of relevant concepts (no matter if they are
abstract or specific concepts) in the domain [Gruber, 1993].

e Attribute (slot, property). Attributes are characteristics of concept describing its main
particularities.

e Facet. Facets are attached to classes or slots and contain meta-information, such as
comments, constraints and default values [Batanov et al., 2007].

* Instance. Instances are used to represent elements or individuals in the ontology [Gruber,
1993].

* Relation. Relations represent a type of interaction between concepts of the domain [Corcho
et al., 2005]. They include taxonomies [Batanov et al., 2007], functions [Gruber, 1993] and
simple associations.

e Axiom. Axioms are used to model sentences that are always true [Batanov et al., 2007].
These axioms are used to generate new knowledge and to verify consistency [Gruber, 1993].

DMO is a lightweight ontology including the following main elements: concepts, relations and
properties:

® Concepts represent objects from real world and reflect the representational vocabulary from
domain knowledge [Gruber, 1993]. For instance, one of the most important concepts in DM
is Alternative.
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e Attributes (or properties) are characteristics of a concept describing its main particularities,
which are concise and relevant to the ontology’s goals. For example, the Alternative concept
is described by two properties: type and validity.

* Relations are relationships between concepts representing a type of interaction between
concepts. Three types of relationships may be used in ontology: association, generalization,
and aggregation [Batanov et al., 2007]. An association is a bi-directional link between two
concepts. A generalization is a particular kind of an association factorizing common (to some
concepts) elements into a generic concept. In this case, the elementary concepts inherit
attributes and relations of the generic concept and have their own properties. An
aggregation expresses the relation “is composed of”. Concepts represent the whole or a part
of the whole. In the Alternative example, the Alternative concept is related to four other
concepts: to Alternative Set by the aggregation relationship, and to DM Object, Criterion,
and Consequence by the simple associations. An intuitive decision is a particular type of
decisions, thus the generalization relationship permits to relate these.

1.2.6. Modeling DMO

[Sdnchez et al., 2007] mentions several methods for modeling ontologies such as frames and first
order logic, Description Logics, Entity-Relationship (ER) diagrams or Unified Modeling Language
(UML) class diagrams. UML is sufficient to model lightweight ontologies [Sanchez et al., 2007] and is
a well-known modeling language. For this purpose, the UML notation is already used, for instance, in
an ontology for software metrics and indicators for cataloging web systems [Martin, 2003] or for
representing domain ontologies and meta model ontology in requirements engineering [Kaiya et al.,
2006].

Like in [Martin, 2003] and in [Kaiya et al., 2006], we use the UML class diagram for modeling DMO.
Each class represents a concept. Concept taxonomies are represented by generalization
relationships. The concept structure is expressed through the composition relationship. Relations
between concepts are represented by association relationships. Concept properties are attributes of
the corresponding classes.

1.3. DMO Elements

In this thesis, we foresee modeling DM knowledge as an ontology. This kind of modeling is justified
by the necessity to show different semantic links existing between DM concepts. Based on the
previous section, we see DMO as a domain knowledge lightweight ontology including concepts,
attributes and relationships. This ontology represents DM knowledge as a UML class diagram (See
Figure I1.1.1.).
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Figure II.1.1. Decision-Making Ontology.

In the following sub-sections, we detail concepts of the DM ontology and we illustrate them using a
common example, which is an ERP (Enterprise Resource Planning) project.

1.3.1. Decision

A decision (See Figure 11.1.2.) is an act of intellectual effort initiated for satisfying a purpose and
allowing a judgment about the potential actions’ set in order to prescribe a final action. A decision
(the Decision class) is a result of different actions allowing resolving a DM problem formalized as a
DM situation (the DMSituation class). In this manner, each decision is related to a DM situation by
the responds_to association. Some different decisions could be made in the given DM situation if
different DM methods are used. A decision is characterized by its validity and type. In fact, a
validation of the obtained results could be required at the end of the DM process. Decision makers
validate decisions (the validates relationship). The decision type depends on the decision problem
defined in a given DM situation and describes the result really obtained by decision-making. The
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decision type can be: one selected alternative (sel_alt), multiple selected alternatives (sel_alts),
ranked alternatives (rank_alt), sorted alternatives (sort_alt), and described alternatives (desc_alt). It
can also be NULL if a decision in not made. The is_composed_of association relates the given decision
with corresponding alternatives.

Depending on the DM process nature, there are two kinds of decisions: the intuitive and method-
based ones, which inherit the attribute and relationships of the decision class (see sections 11.1.3.2.
and I.1.3.3.).

DecisionMaker Alternative DMSituation

*
i . responds_to
validates is_composed_of p _

* * *

Decision

IntuitiveDecision_‘> TS <'_ MethodBasedDecision
validity: Boolean

type: ENUM{sel_alt,sel_alts,rank_alt,sort_alt,desc_alt, null}

Figure I1.1.2. Decision Representation.

Example: Representative examples of decisions are:

e Selected tool (decision type is sel_alt);
e Prioritized requirements (decision type is rank_alt).

1.3.2. Intuitive Decision

Intuitive decisions (the IntuitiveDecision class) at Figure 1.1.3. represent a particular type of
decisions. Actually, many decisions are made on the fly without using any decision-making method.
Even if they do not use these methods, decision makers can have some information about the DM
situation, for instance, about the alternatives’ set. This class is related to the DecisionMaker one in
order to indicate the decision maker who performs the given intuitive decision (the makes
relationship).

makes o ..
DecisionMaker IntuitiveDecision |> Decision

Figure I1.1.3. Intuitive Decision Representation.

Example: An engineer must rank ten requirements by their order of implementation. As only
one person is available, requirements must be considered one by one. All requirements are
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mandatory and none is extremely urgent. In this case, the engineer could rank the
requirements according to his intuition.

1.3.3. Method-based Decision

In contrast to the intuitive decisions, the method-based ones (the MethodBasedDecision class) are
made using different DM methods (See Figure 11.1.4.). For instance, these methods enable defining a
criteria set, measuring alternatives according to criteria, aggregating alternative values, and so on. As
method-based decisions are based on the defined values of alternatives, the corresponding class is
related to the AlternativeValue class by the is_based_on association.

E3
0.1 1. AlternativeValue

Decision :] MethodBasedDecision

is_based_on

Figure II.1.4. Method-based Decision Representation.

Example: A company has to acquire an ERP tool. The decision must be founded on multiple
criteria of various nature, for instance, purchase cost, maintenance cost, confidence in editor,
experience with editor, offered functionalities, etc. In order to deal with these criteria and
because of the importance of this acquisition, a method is needed in order to provide the
best result.

1.3.4. Decision-Making Situation

A DM situation is a set of specific conditions dealing with a given DM object (See Figure I1.1.5.).
Hence, a DM situation is firstly characterized by a DM object (the leads_to association). It means that
the object must be clearly defined in each DM situation. Secondly, a DM situation is a combination of
specific conditions of decision-making. These conditions include: a problem, a set of alternatives, and
a set of criteria (the contains (1) composition link). The problem allows defining the nature of the
future decision. Alternatives must be at least two in each DM situation. The problem and the
alternatives’ set are mandatory: they constitute the minimal requirements for decision-making. The
criteria set is not mandatory as a decision can be made without any complementary information
about alternatives. Each DM situation can imply several decisions (related to it by the responds_to
association) if different methods are used for decision-making.
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Figure I1.1.5. Decision-Making Situation Representation.

Example: Using the previous example of the ERP acquisition, the DM situation is described
as follows. The DM object is the ERP tool, the problem is the choice. The potential ERP tools
compose the alternative set. The criteria set includes purchase cost, maintenance cost,
confidence in editor, experience with editor, offered functionalities. And, finaly, the related
decision will be the selected ERP tool.

1.3.5. Decision-Making Object

A DM Object (the DMObject class) represents an artifact being the subject of decision-making in IS
engineering (See Figure 11.1.6.). This term is important as it refers to the content of the DM process.
The same artifact could be the DM object in different DM situations retrieved by the leads_to
relationship. DM object refers to different alternatives (the is_associated to (1) relationship). The
DM obiject is characterized by a name, describing the object, and a type, which can be a process or a
product element in IS engineering.

DMObject

DMSituation leads_to name: String Is_associated_to (1) Alternative

* 1 | type: ENUM{product,process} | 1 *

Figure I1.1.6. Decision-Making Object Representation.

Example: A usual example of the DM object is requirement.

1.3.6. Problem

A decisional problem (See Figure 11.1.7.) characterizes the result expected from DM [Roy, 2005]. The
problem is characterized by a problem type that can be: choice, ranking (rank), sorting (sort), and
description (desc). When the result consists in a subset of potential alternatives (most often only one
alternative), it is a choice problem. When the result represents the potential alternative affectation to
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some predefined clusters, it is a sorting problem. If the result consists in a potential collection of
ordered alternatives, then it is a ranking problem. When a decision is highlighted only by a
description of alternatives and of their impact using an appropriate language, it is a description
problem. The problem type is usually defined by a decision-maker (the defines relationship).

defines Problem contains (1)

DecisionMaker L <@ DMSituation
1 0..% type: ENUM{choice, rank,sort,desc} 1

Figure II.1.7. Problem Representation.

Example: In the case of the ERP tool selection, the problem is choice.

1.3.7. Alternative

An alternative (See Figure 11.1.8.) is a possible action available for decision-making (the Alternative
class). This concept designates the decision object (the is_associated_to (1) relationship). Any decision
involves at least two alternatives that must be well identified. These alternatives are organized into a
set (see the next section). Each alternative can be characterized by a name, a type, and validity. The
type shows whether the alternative can be applied with another one (the fragmented alternative —
frag) or its application is exclusive of other alternatives (the global one). The initial alternatives’ set
can be reviewed in order to select a subset of valid alternatives; that is to say to delete the invalid
ones. To differentiate them, the alternative class is described by the validity attribute.

Alternatives are characterized by criteria (the characterizes association). They could also be
described by analyzing future consequences that the alternatives’ realization can produce (the has
(1) relationship). Each alternative is evaluated according to the criteria or to the other alternatives. In
order to formalize this information, the AlternativeValue class is used. It is related to the Alternative
class by the has (2) association. The is_composed_of association is used in order to indicate which
alternative(s) is (are) retained for prescribing the final decision.

Alternative
AlternativeSet - 2.* name: String * 1 DMObject
. type: ENUM{global,frag} is_associated_to (1)
contains (2) | yajidity: Boolean
. 1.% * x 1.2 has (2)
characterize has (1 .
. is_composed_o "

*
Criterion * Consequence Decision AlternativeValue

Figure II.1.8. Alternative Representation.
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Example: For instance, an example of alternative is the SAP ERP in the case of the ERP tool
selection.

1.3.8. Alternative Set

An alternative set (See Figure 11.1.9.) is a set of alternatives available in a given DM situation (the
contains (1) composition link). This concept allows characterizing the collection of alternatives
available in a given situation as a whole. The alternative set is composed of at least two alternatives
and is described by its nature (the contains (2) composition link). The nature means the stable or
evolving character of the alternative set. A stable set contains the same alternatives during a
relatively long period. Alternatives composing an evolving set (evol) change often: the existing
alternatives are removed and/or the new ones appear.

1 AlternativeSet 5
DMSituation@————| nature: ENUM{stable, evol} @—————————| Alternative

contains (1) contains (2)

Figure I1.1.9. Alternatives’ Set Representation.

Example: For the ERP tool selection, the alternative set is composed of SAP ERP, Oracle e-
Business Suite, and OpenERP.

1.3.9. Criterion

A criterion represents information of any kind that enables the evaluation of alternatives and their
comparison (See Figure 11.1.10.). Criteria organized into a set (the contains (3) composition link)
compose the DM situation and characterize alternatives (the characterizes relationship). Criteria are
described by a name and the following attributes:

* informationType. The information type describes the criterion nature: determinist (det),
probabilistic (prob), fuzzy, or mixed.

® measureScale. The measure scale indicates the kind of scale used for measuring alternatives
according to the given criterion: nominal (nom), ordinal (ord), interval (int), ratio, and
absolute (abs).

* dataType. The data type is qualitative (qual) or quantitative (quan).

e validity. As for alternatives, validity shows whether the initially identified criterion is selected
or not for evaluating alternatives.
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Criteria are related to the AlternativeValue class in order to indicate the characteristics that describe
the alternatives and to give the corresponding alternative values (the is_associated to (2)
relationship). Criteria can have also different origins: alternative characteristics, future consequences
of alternatives, goals, and stakeholders.

e Alternative characteristics. The associated criteria are different characteristics describing
alternatives (the characterizes relationship). These characteristics can be used in the case
when alternatives have intrinsic characteristics, which can be considered as criteria. The
engineer analyzes them in order to identify those that are important for arbitrating between
alternatives. One example is requirements characterization in [Karlsson et al., 1997].

* Future consequences of alternatives. In this case, criteria represent possible consequences
induced by alternatives in the future. This is a particular kind of alternative characterization
as it gives a probable description of the future result that cannot be guaranteed at the
moment (the is (3) relationship).

® Goals. Goals that stakeholders have in relation with a given DM problem can also be
considered as criteria. For instance, each alternative can be evaluated according to its
contribution to goal achievement (the is (2) relationship). Goals as criteria are used in
[Maiden et al., 2002] for requirements prioritization.

e Stakeholders. When stakeholders participate in the DM process and have divergent points of
views on different elements of the DM situation (alternatives and their values, preferences
expressed according to weights, thresholds and preference rules, and so on), they can
become criteria as their different opinions are to be taken into account (the is (1)
relationship).

Criteria can be described by three parameters that are defined by a decision maker: a preference rule
(PreferenceRule), a weight (Weight), and thresholds (Threshold) related to each criterion by the
is_defined for association. These parameters state different kinds of preferences that decision
makers can express towards criteria and are detailed respectively in the sections 11.1.3.14, 11.1.3.15,
and 11.1.3.16.

MADISE: Method Engineering-based Approach for Enhancing 68
Decision-Making in Information Systems Engineering



Part Il. Chapter 1: Decision-Making Ontology

CriteriaSet Alternative Consequence AlternativeValue
1..% 0..1 *
characterizes is (3 - .
contains (3) (3) is_associated_to (2)
1..% * 0..1 0..1
Criterion
is (1) name: String 1 0.1
Stakeholder informationType: ENUM{det, prob, fuzzy, mixed} Threshold
0..1 x | measureScale: ENUM{nom,ord, int, ratio,abs} is defined for
type: ENUM{qual,quan} - -
validity : Boolean
1
is (2)
0.1 is_defined_for 1
0..1 is_defined_for 0.1
.1
Goal 0 PreferenceRule Weight

Figure I1.1.10. Criterion Representation.

Example: One of the criteria, available for the ERP tool selection, is the purchase cost. This
criterion is characterized by the determinist information type, interval measure scale, and

quantitative type.

1.3.10. Criteria Set

A criteria set at Figure 11.1.11. (CriteriaSet class) presents the set of criteria available in a given DM
situation (the contain (1) composition link). The criteria set is not mandatory in each DM situation
and can contain at least one criterion (the contain (3) composition link).

.1 iteriaSet 1.*
DMSituation |~ 0 CriteriaSe P Criterion

contains (1) contains (3)

Figure I1.1.11. Criteria Set Representation.

Decision-makers can express their preferences without considering any criterion. For this reason,
some decision-making models do not contain a criteria set. This is the case, for instance, of the social
choice theory [Bouyssou et al.,, 2009] when decision-makers give their preferences between

candidates without comparing them according to any criterion.

Example: In the case of the ERP tool selection, the criteria set includes purchase cost,
maintenance cost, confidence in editor, experience with editor, offered functionalities.
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1.3.11. State

A state (the State class) describes the nature of the environment affecting alternative consequences
in the future (See Figure 11.1.12.). It impacts consequences (the determines association) and is
characterized by the probability in which the state can occur (the probability attribute).

State determines

Consequence

probability: Real

Figure I1.1.12. State Representation.

This concept corresponds to the Nature state concept introduced within the decision tree DM model
[Kast, 2002].

Example: A company, which intends to purchase an ERP tool, plan to open a new branch. In
this case, the maintenance cost (including the annual license payment) will increase, as the
number of the workstations will grow. The branch opening depends on the company market
capitalization the next year. The probability that the market capitalization increases is 70%.

1.3.12. Consequence

A consequence (the Consequence class) expresses the impact that an alternative can have whether it
is realized following the made decision (See Figure 11.1.13.). The consequence is described by its
nature: certain (cert) or uncertain (uncert). As stated above, a consequence characterizes
alternatives (the has (1) association), represents a criterion (the is (3) association), and depends on
the future state (the determines relationship).

0..1 0.1 Consequence * *
Criterion ” ” Alternative
nature: ENUM{cert,uncert}
is (3) has (1)

1..%

determines

0..1
State

Figure I1.1.13. Consequence Representation.
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Example: The maintenance cost of the ERP tool depends on several factors (for instance,
acquisition of a branch) and implies the consequences of the ERP implementation in the
future.

1.3.13. Alternative Value

An alternative value (the AlternativeValue class) (at Figure 11.1.14.) represents the evaluation of an
alternative (the has (2) relationship) according to a criterion (the is_associated to (2) association). It
can express an aggregated alternative value (the aggregates (1) association) if a value is obtained
from other values (considered as elementary) by applying a method. For instance, it can be the sum
of values corresponding to different criteria. The alternative value has a type (string, real, or
enumeration — enum) and a corresponding value. An alternative value can be also defined by
analyzing the decision-maker preferences. In fact, he can express his preferences between two
alternatives by pair wise comparison (the concerns (3) relationship to the Preference class) or give a
value according to a criterion (the evaluates relationship to the DecisionMaker class). When doing
the pair-wise comparisons, the complementary information can be specified as a threshold (the
is_related to) association) that shows an acceptable level for preferences between values (see
section 11.1.3.16. for details on thresholds). Three thresholds (preference, indifference and veto
thresholds) could be defined for each alternative value in a given DM situation. The same threshold
can be related to many alternatives values. The alternatives values are used as basis for making the
method-based decisions (the is_based_on relationship).

Criterion Alternative
0..1
1..2
aggregates (1
is_associated_to (2) has (2) 0..1 )
* * .
AlternativeValue
concerns (3) 2. %
Preference dataType: ENUM{string, real,enum}
0..1 0..2 | value: String
* * 1..%
evaluates is_related_to is_based_on
0..1 0..3 0..1
DecisionMaker Threshold MethodBasedDecision

Figure I1.1.14. Alternative’s Value Representation.

Example: The following table (Table IL.1.1.) represents a set of alternative values
corresponding to the evaluation of the RE methods dealing with IS security according to the
formalism, impact, and expertise.
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Table I1.1.1. Values of the RE Methods of IS Security.

Criteria NFR KAOS | S€CUr® | Gppam | Misuse
Framework Tropos Cases
Formalism semi-formal |formal formal informal informal
Impact 3 1 3 1 2
Expertise normal high high normal low

1.3.14. Preference Rule

A preference rule (the PreferenceRule class) defines a wishful value of a criterion according to a given
need (See Figure 11.1.15.). It is characterized by its description which shows the decision-maker
preference (the concerns (1) relationship) for a given criterion (the is_defined for association). It can
be, for instance, a function (maximization, minimization), or an ordered list.

concerns (1) PreferenceRule is_defined_for —
Preference — - Criterion
1 0.1 description: String 0.1 1

Figure I1.1.15. Preference Rule Representation.

Example: For illustrating preference rules, the following examples can be given:

e Maximization function (for the Profit criterion);

e Minimization function (for the Cost criterion);

e Ordered list: High > Medium > Low, where > means “is preferred to” (for the
Expertise criterion).

1.3.15. Weight

The weight concept (the Weight class) designates the relative importance of a criterion (See Figure
11.L1.16.). It is expressed by a numeric value. Weights are defined for criteria (the is_defined for
relationship) through the analysis of the decision maker preferences. A decision maker preference
may concern a weight or two weights in the case of pair-wise comparisons (the concerns (2)
relationship). A weight value can be obtained by the aggregation of at least two values (the
aggregates (2) relationship).
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aggregates (2)
0..1
- 2..*%
Criterion is_defined_for Weight concerns (2) Preference
1 0.1|valeiReal |g 5 1

Figure I1.1.16. Weight Representation.

Example: For instance, for the ERP tool selection, only three criteria are retained: purchase
cost (pc), maintenance cost (mc), and editor reputation (er). The decision-maker defines the

following criteria: Wpc = 0,4; Wmc = 0,5; Wer = 0,1.

1.3.16. Threshold

A threshold (the Threshold class) shows an acceptable alternative value (See Figure 11.1.17.)
expressed for a given criterion (the is_defined for association). There are three types of thresholds:
preference (pref), indifference (indif), and veto. A threshold can be related to many alternative
values (by the is_related to association). Thresholds are expressed by numeric values and are
defined by decision-makers through the Preference notion (the concerns (1) association).

Threshold . i
concerns (1) is_defined_for —
Preference type: ENUM{pref,indif,veto} Criterion
1 0..1 | value: Real 0..1 1
0..3
is_related_to

*

AlternativeValue

Figure I1.1.17. Threshold Representation.

Thresholds are widely used in outranking decision-making methods [Ref].

Example: A veto threshold can be established for the purchase cost of the ERP tool. The tools
having the cost greater than the veto threshold, would not be selected for purchasing.

1.3.17. Preference

A preference (the Preference class) at Figure 11.1.18. represents an opinion that a decision-maker (the
has (4) relationship) has on different DM situation elements such as alternatives and criteria. More
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exactly, decision-makers can express their preferences on preference rules, weights, thresholds, and,
directly, on alternatives (the concerns (1), concerns (2), and concerns (3) relationships). Regarding to
weights, decision makers can define their preferences for each of them or make pair wise
comparisons between two weights. They may also evaluate alternatives one by one, or compare two
alternatives. With regards to preference rules and thresholds, they give their preferences only one by
one.

PreferenceRule Weight Threshold

0.1 0..1

N 0..2
concerns (2) concerns (1
concerns (1)
1 1 1
Prefi

DecisionMaker has (4) reference concerns (3) AlternativeValue

1 * 0..1 0..2

Figure I1.1.18. Preference Representation.

For instance, the preference concept is present in the AHP method applied for requirements
prioritization [Karlsson et al., 1997] [Maiden et al., 2002].

Example: A decision-maker expresses his preferences between several alternatives by giving
pair wise comparisons: the requirement X is preferred to the requirement Y.

1.3.18. Decision-Maker

A decision maker (the DecisionMaker class) is a human actor contributing to the DM process at its
different stages (See Figure 11.1.19.). Each decision maker is characterized by the type that can be
individual (ind) or collective (col). An individual decision maker is a human actor that processes one
or more DM steps. A collective decision maker is a group of decision-makers having the same goals
and preferences and acting as a unique decision-maker. Decision makers can have three main roles
(the role attribute): stakeholder, IS engineer, and DM staff.

Decision makers can participate in the DM process in the following manners:

® Problem definition. A decision-maker defines a problem for each DM situation (the defines
association with the Problem class).

® Goal definition. A decision-maker can have several goals that may be shared by several
decision-makers (the has (3) association with the Goal class). Goals can represent criteria in a
DM situation.

® Preference definition. A decision-maker can have several preferences (the has (4) association
with the Preference class) concerning criteria preference rules, weights, and thresholds, and
also alternative values.
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e Alternative’s evaluation. A decision-maker can evaluate one or more alternatives (the
evaluates association with the AlternativeValue class).

® Intuitive decision-making. A Decision-maker can make intuitive decisions (the makes
association to the IntuitiveDecision class).

e Decision validation. A decision maker validates decisions (the validates association to the
Decision class).

The decision maker as a stakeholder is described in the following section.

Goal Problem AlternativeValue
%
0..* *
defines evaluates
has (3) % 1
_ DecisionMaker | 0..1
Stakeholder MD type: ENUM{ind, coll} has (4) Preference
. role: String 1 *
1 makes
* validates
*
Decision

IntuitiveDecision

Figure I1.1.19. Decision-Maker Representation.

Example: An individual decision maker expresses his preferences with relation to the
criteria weights in a given DM situation (for instance, requirement prioritization).

1.3.19. Stakeholder

A stakeholder (the Stakeholder class, at Figure 11.1.20.) is a particular kind of decision makers who
inherits different DM roles: he defines the DM problem, sets goals, expresses preferences on
alternatives and criteria and validates the final decision. However, only this type of decision maker
could be considered as a criterion in a given DM situation (the is (1) relationship). For instance, when
several stakeholders give their preferences on different alternatives, they could be considered as
criteria and weights could be assigned to them in function of their position in the organizational
hierarchy.
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Stakeholder is (1)

DecisionMaker <} {incomplete’} Criterion

Figure I1.1.20. Stakeholder Representation.

Example: When several important stakeholders are involved in the DM process, their
opinions are not the same. In this case, they may be considered as criteria. Weights could be
affected to each stakeholder in order to take into account their importance.

1.3.20. Goal

A goal (the Goal class) illustrated at Figure 11.1.21. is an intention or a projected state that a decision-
maker intends to achieve. A goal is formalized by a description. Goals are expressed by decision
makers (the has (3) relationship) and can be considered as criteria in a particular DM situation (the is
(2) relationship). Each alternative can be measured according to its capability to contribute to these
goals. In this case, goals become criteria.

has (3) Goal is (2)
DecisionMaker Criterion
description: String

Figure I1.1.21. Goal Representation.
Example: An example of the goal is “Increase the market capitalization of the company”.
1.3.21. Summary of Decision-making Concepts, Attributes, and Relationships

The concepts, their attributes and relationships are summed up in three tables (respectively in Tables
1.1.2.,1.1.3., 11.1.4.).

Table I1.1.2. Decision-Making Ontology: Glossary of Concepts.

Concept Name Description

Alternative Possible action available for decision-making.

AlternativeSet Set of alternatives available in a given DM situation.

AlternativeValue Evaluation of an alternative according to a criterion or an aggregated alternative
value.

Consequence Impact that an alternative can have whether it is realized following the decision
made.

CriteriaSet Set of criteria available in a given DM situation.

Criterion Information of any kind that enables the evaluation of alternatives and their
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comparison.

Decision

Act of intellectual effort initiated for satisfying a purpose and allowing a judgment
about the potential actions set in order to prescribe a final action. It can be an
IntuitiveDecision or MethodBasedDecision.

DecisionMaker

Actor contributing to the DM process at its different stages.

DMObject Artifact being the subject of decision-making in IS engineering.
DMSituation Set of specific conditions of DM dealing with a given DM object.
Goal Intention or a projected state that a decision-maker intends to achieve.

IntuitiveDecision

Decision made ‘on the fly’ without using a DM method.

MethodBasedDecision

Decision based on the application of different DM methods.

Preference

Preference that a decision-maker have on different DM situation elements of
alternatives and criteria.

PreferenceRule

Wishful value of a criterion according to a given need.

Problem

Result expected from DM

Stakeholder

Particular role of a decision-maker, which defines the DM problem, sets goals,
expresses preferences on alternatives and criteria and validates the final decision.

State State of the environment affecting alternative consequences in the future.
Threshold Acceptable value for alternative values expressed for a given criterion.
Weight Relative importance of a criterion.

Table I1.1.3. Decision-Making Ontology: Attributes Description.

Concept Attribute Description and/or Domain
Alternative name Name of an alternative.
type Type of alternative: global or fragmented.
validity Validity of an alternative, which is a Boolean value.
AlternativeSet nature Nature of the alternative set, which is stable or evolving.
AlternativeValue | dataType Type of an alternative value: string, real, or enumeration.
value Value of an alternative.
Consequence nature Nature of a consequence, which can be certain or uncertain.
Criterion name Name of a criterion
information- Type of information on a criterion: determinist, probabilistic, fuzzy, or
Type mixed.
measureScale Measure scale: nominal, ordinal, interval, ratio, and absolute.
dataType Type of data: qualitative or quantitative.
validity Validity of a criterion, which is a Boolean value.
Decision validity Validity of a decision, which is a Boolean value.
type The decision type describes the result really obtained by DM. The
decision type can be: one selected alternative, multiple selected
alternatives, ranked alternatives, classified alternatives, described
alternatives, and NULL.

DecisionMaker type Type of a decision-maker, which can be individual or collective (a
group of decision-makers having the same goals and preferences and
acting as a unique decision-maker).

role Decision makers can have three main roles: stakeholder, IS engineer,
and DM staff.

DMObject name Name of a DM object.

type DM object type which can be a process or a product element in IS
engineering.

Goal description Description of a goal.

PreferenceRule description Description of preference, for instance, a function (max, min), or an
ordered list.
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Problem type Problem type, which can be choice, ranking, sorting, description.

State probability Probability of a state realization in the future.

Threshold type Threshold type: preference, indifference, or veto thresholds.
value Numeric value of a threshold.

Weight value Numeric value of a weight.

Table I1.1.4. Decision-Making Ontology: Relationships Description.

Relationship
Name

Source Class

Target Class

Description

aggregates (1)

AlternativeValue

AlternativeValue

An alternative value can be an aggregation
of at least two values which describe this
alternative according to different criteria.

aggregates (2) Weight Weight A weight value can be an aggregation of at
least two values.
characterizes Criterion Alternative Each criterion characterizes one or more
alternatives. Each alternative can be
characterized by one or more criteria.
concerns (1) Preference Threshold, A preference may concern a threshold or a
PreferenceRule preference rule.
concerns (2) Preference Weight A preference may concern a weight or two
weights in  the «case of pair-wise
comparisons.
concerns (3) Preference AlternativeValue | A preference may concern an alternative
value or two alternative values in the case
of pair-wise comparisons. An alternative
value may be defined by a preference of a
decision-maker.
contains (1) DMSituation Problem, Each DM situation contains a problem and
AlternativeSet, an alternative set and can contain a criteria
CriteriaSet set.
contains (2) AlternativeSet Alternative An alternative set contains a least two
alternatives.
contains (3) CriteriaSet Criterion A criteria set contains one or more criteria.
defines DecisionMaker Problem A decision-maker defines a problem for
each DM situation. He can define several
problems for different DM situations.
determines State Consequence A state can determine one or more
consequences.
evaluates DecisionMaker AlternativeValue | A decision-maker can evaluate one
alternative or give a pair-wise evaluation of
two alternatives.
has (1) Alternative Consequence An alternative can have one or more
consequences; consequences are related to
alternatives.
has (2) Alternative AlternativeValue | An alternative can have several values; each
alternative value is related to one or two
alternatives.
has (3) DecisionMaker Goal A decision-maker can have several goals.
The same goal may be shared by several
decision-makers.
has (4) DecisionMaker Preference A decision-maker can have several
preferences.
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is (1) Stakeholder Criterion A stakeholder can be a criterion in one or
more DM situations.

is (2) Goal Criterion A goal can be a criterion in a given DM
situation.

is (3) Consequence Criterion A consequence can be a criterion in a given
DM situation.

is_associated_to | Alternative DMObject None or several alternatives are associated

(1) to a DM object.

is_associated_to | AlternativeValue Criterion None or several alternative values can be

(2)

associated to a criterion.

is_based_on

MethodBasedDecision

AlternativeValue

A method-based decision is based on one or
more alternative values.

is_composed_of | Decision Alternative A decision can be composed of none, one or
more alternatives.
is_defined_for PreferenceRule, Criterion A preference rule, a threshold, or a weight

Threshold, Weight

can be defined for a criterion.

is_related_to

Threshold

AlternativeValue

A threshold can be related to one or two
alternative values. Each alternative can
have at most three thresholds.

leads_to

DMSituation

DMObject

Each DM situation leads to a DM object. A
DM object can be related to several DM
situations.

makes

DecisionMaker

IntuitiveDecision

A Decision-maker can make intuitive
decisions. An intuitive decision is made by a
decision-maker.

responds_to Decision DMSituation A decision responds to a DM situation. A
DM situation can be related to none or
several decisions.

validates DecisionMaker Decision A decision-maker can validate decisions.

In the following section, we resume the DM ontology and explain it through an example.

1.4. [llustration with ERP

We give some additional explanations within a common example, which is a project portfolio
management (PPM), for instance a project of an ERP tool purchase (called the ERP project).

The starting point for analyzing the DM ontology is the DM situation. The DM situation is an abstract
concept that puts together the main DM elements and describes a concrete case of DM dealing with
a given DM object. The DM object can be a process or a product element. In the case of PPM, the
ERP project is the DM object, which is a product element.

A given DM situation contains a DM problem and a set of alternatives. In PPM, the problem is a
choice of a relevant project; alternatives are global as they exclude each other and true as
they are all valid for comparing. The firstly identified set of potential ERP cannot evolve quickly, thus
the alternative set is stable. Alternatives can be the SAP ERP project, the Oracle e-Business
Suite project, and the OpenERP project. The DM situation can also contain a set of criteria. It is
not mandatory as a decision could be made without analyzing criteria. Criteria can have different
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natures. It can be: (i) intrinsic characteristics of alternatives (the characterizes relationship), (ii) future
consequences of alternatives depending on the future state (the is(3) relationship), (iii) decision-
makers’ goals (the is(2) relationship), or (iv) decision-makers themselves (in this case, they have a
role of stakeholders according to the is(1) relationship). In the PPM case, two criteria can be
considered: purchase cost and maintenance cost. The first one is known directly and
constitutes a characteristic of a project. The second one depends on several factors (for
instance, project duration) and implies the consequences of the ERP implementation in the
future.

The criteria could be analyzed in order to know their weights, preference rules, and thresholds. In our
case, weights could be equal (same importance of two criteria); the preference rule is the
minimization of two costs; a threshold could be established in order to indicate the maximal
acceptable cost of the ERP purchase and maintenance.

All alternatives are evaluated according to the identified criteria in order to obtain the alternative
values. In the ERP purchase case, a value matrix (3 X 2) will be constituted. The alternative values can
be aggregated in order to produce a unique value by alternative (the aggregates (1) relationship). For
instance, it could be a weighted sum. In the PPM case, the two ERP costs will be added for each
alternative ERP. Thus, each ERP will have only one value allowing comparing all ERP in an easier way.
Based on these aggregated values, a method-based decision will be made. The obtained
decision is the selection of an alternative.

Decision-makers can participate in DM by several ways. They define the DM problem; have goals and
preferences with regard to preference rules, weights and thresholds. They can also become criteria
as a particular decision-maker type — stakeholder. Decision-makers evaluate alternatives, validate
decisions and make intuitive decisions. In our case, a decision-maker participates in the
definition of the DM problem, in the establishment of weights, preference rules, and
thresholds. He also validates the final decision. The given decision-maker is an individual
stakeholder.

Both method-based and intuitive decisions are related to the DM situation. Each DM situation can
lead to either none or several decisions.

The application of DMO to the ERP Project case is illustrated at Figure 11.1.22.
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1 DMObject
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Figure I1.1.22. DMO: Application to the ERP Project Case.

1.5. Application Case: the REDEPEND Approach

This section aims at validating the DM ontology. Our goal is to show how existing DM models could
be expressed through the DM ontology. We have chosen an existing and well-known DM method
dealing with requirements engineering: the REDEPEND approach [Maiden et al., 2002]. We capture
its DM model and express it through DMO, i.e. DMO concepts, attributes and relationships are used
in order to represent the REDEPEND approach.

The REDEPEND approach uses requirements for selecting candidate tasks, which represent possible
alternatives. It is based on the AHP (Analytic Hierarchy Process) DM method. The AHP, proposed by
T.L. Saaty [Saaty, 1980], includes the pair-wise comparison between alternatives and/or criteria and
the aggregation of the comparison results into quantitative indicators (score). The REDEPEND
approach integrates the AHP and i*, which is a well-known requirements modeling formalism.
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Figure 11.1.23 presents the DM concepts used in the REDEPEND approach. The DM situation in this
approach is characterized as follows. The DM problem is ranking. The DM object is a task, which can
be a scenario (process) or a goal (product). Tasks represent alternatives, which are fragmented, i.e.
they can be dependent one another. All alternatives are true as the REDEPEND approach does not
contain a module for validating them. The alternative set is evolving as it can change through time.
One or more decision-makers (individual stakeholders) define goals and soft goals. Goals and soft
goals represent requirements and are considered as criteria in the given model. These goals are
determinist; their measure scale is nominative; the data type is qualitative; and they are valid.

DMObject
1 y N
DMSituation| * leads_to 1 | name = Task
contains (1) type = {product;process}
- @
contains (1)
1 contains (1) 1 ! ! is_associated_to (1)
Problem . AlternativeSet x
CriteriaSet 5 % Alternative
type = rank nature = evol -
< . type = frag
contains (2 ity —
0% e validity = true
contains (3) "
. L. 1.% 1
defines Criterion * characterizes
informationType = det
Goal is (2) | measureScale = nominal
o dataType = qual has (1
Sl o 0..1 0..1 validity = true 0..1 &)
« is_associated_to (2)
is_defined_for 1
0..1 * *
1 has (3) i
Weight £
DecisionMaker concerns (2) 2..% AlternativeValue .
type = ind » 0..2] value type = numeric 2..
role = stakeholder aggregates (2) value
1 0..1
* has(4) Preference concerns (3) 0. ZI 1..% 0..1
" 0.1 aggregates (1)
responds_to * Decision :] MethodBasedDecision | 1 is_based_on
validity = true

Figure I1.1.23. DMO: Application to the REDEPEND Approach.

Decision-makers make pair-wise comparisons of tasks and goals. In this way, they express
preferences on weights and alternatives values (the concerns (3) relationships). For instance, they
compare each pair of alternatives according to a criterion and give a numeric value to it. A value can
vary from 1 (equal importance) to 9 (absolute importance) in accordance with the basic AHP method.
This constitutes the elementary alternative value. These values for all alternatives are then
aggregated in order to rank the alternatives against the given criterion (aggregates relationship). The
same analysis is made between alternatives for each criterion and between criteria in order to
prioritize them too (the weight class and the aggregates (2) relationship respectively). The ranked
alternatives and criteria are computed for the final alternatives’ ranking in order to make decision
(is_based_on relationship).
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1.6. Conclusion

In this chapter, we have presented the DM ontology that models and formalizes DM knowledge. The
DM ontology has been designed based on the state-of-the-art on ontology construction in the ISE
field. It includes concepts, their properties and relationships. We have also shown that existing DM
models can be expressed through DMO by applying it to a well-known DM method from the
requirements engineering field.

The main goal of DMO is to enhance and facilitate DM. It supports IS engineers in DM activities as it
includes all necessary elements and links for supporting DM in various situations. In our approach,
the DMO will be used in two ways: (i) to formalize DM methods and method components in a
standardized manner and (ii) to help formalizing a given DM situation for the further selection of
appropriate DM components.
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Part Ill. MADISE DM Method Family

The DM Ontology defined in Part 2 allows us to compare and use all DM methods on the same base.
However, DM methods may be complex and difficult to use integrally. They are not adapted to the
project at hand but defined in a general way. One of our goals is to be able to use DM methods
following a concrete project situation. We consider that the situational method engineering (SME)
field proposes techniques that will allow us to adapt existing DM methods or to create new DM
methods with parts of the existing ones. Chapter 1 offers a state of the art of the SME approaches in
order to identify these techniques, their advantages and their drawbacks.

Most of the SME approaches use the concept of modularity with the decomposition of methods into
components that are then assembled to construct new methods. We define in Chapter 2 the notion
of component for the DM field. The representation and organisation of these components is also
addressed with the definition of the DM method family. The concept of method family is based on
two existing meta-models: COMET and MAP.

One of the underlying notions used in SME is the context-awareness. However, this notion is never
formally defined. Chapter 3 proposes a context typology, specific for the DM domain, which can be
applied on the DM method family. An illustration of this contextualization is proposed for a specific
case.

In practice, once the project context has been defined, several possibilities are offered to the IS
engineer. The navigation through the DM family, in order to define the concrete IS DM process that
will be used on the project, may be executed in different ways. Chapter 4 addresses this issue with
the definition of several family configuration possibilities.
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Chapter 1: Analyzing SME Approaches

1.1. Introduction

We postulate in this thesis that the method engineering domain may offer techniques to improve the
application of DM methods in the IS field. Method Engineering is the discipline to design, construct
and adapt methods, techniques and tools for the development of IS [Brinkkemper1996]. ME
approaches, and in particular, situational ME approaches, highlight some very interesting aspects to
improve the use of DM methods: modularity, reuse, flexibility, and situation-awareness.

e First of all, they consider the methods as modular, which means that a method may be
divided into blocks that can be recomposed together following the needs of the project at
hand.

® This decomposition helps to improve the reuse of methods, as each block may be used
several times. The reuse principle allows constructing methods based on existing methods or
method blocks conceived earlier.

® This combination of modularity and reuse aims to give more flexibility to the method
engineer to construct methods adapted to a specific project. According to [Harmsen et al.,
1994] the flexibility can vary from rigid methods to modular methods.

® This is the reason why ME approaches are considered as adapted to concrete situations and
are called situation-aware.

The purpose of this Chapter is to present different approaches of Situational Method Engineering by
analyzing them according to the framework elaborated for this purpose. After a brief introduction to
the ME science, we describe the proposed four views framework. Then, we offer a brief description
of the main SME approaches. And, finally, we apply the suggested framework to these approaches in
order to identify drawbacks of the existing SME approaches with reference to the DM field.
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1.2. Method Engineering Fundamentals

The diversification of IS methods and their increasing complexity put forward a lot of requirements
to engineering methods. They must accept standardization, manage complexity, but also have to be
flexible enough to anticipate new types of applications. Some have been proposed to cover new
application areas. However, to define a comprehensive method is a lengthy process and methods are
often already outdated when published. In addition, they can never fully be applied to an IS
engineering project because each project is different and the methods are, by definition, rigid and
standardized. Each information system is developed for a specific situation and each situation is
different. There is today no method that can be used in any situation. On the one hand, a method
must accomplish standardization and, on the other hand, it must remain flexible to be adapted to the
situation.

It should be noted that traditional analytical methods (like UML [UML, 2011]) were not built to be
adapted to a situation in progress, but in order to resolve the problems found in current IS. They
were developed to solve problems in some typical situations. Unfortunately, IS are often very specific
and include items that are not taken into account by these methods. For all these reasons, current
methods do not allow users to be guided effectively in their work or to share and reuse their
expertise in a systematic way. We must find a way to integrate consideration of these difficult issues
in the original method (in the product part as well in the process part). The method engineering (ME)
purpose is to address these issues.

1.2.1. Method Engineering

Method Engineering aims to bring effective solutions to the construction, improvement and
modification of methods used to develop information and software systems. One of the goals of ME
is to improve the use of methods. ME proposes an adaptation framework where methods are
created to match specific organizational situations. This is often done at two levels. At a global level,
it determines the contingency factors of the project [Van Slooten et al., 1996] helping to select the
correct method to use. At a finer level, it manages the construction process for the current situation
[Deneckere, 2001].

A method must perform standardization, but it must remain flexible to take into account specific
situations. Harmsen [Harmsen, 1994] uses the term of controlled flexibility to set this requirement.
This flexibility is achieved in most approaches of engineering methods, by defining a preliminary
stage in the project to characterize the status of the project and then, using this characterization, to
compose an appropriate method to deal with this situation. For this reason, several authors tried to
desigh methods that would be as effective and as adapted as possible to the needs of the
information systems development [Firesmith et al., 2001] [Rolland et al., 1992]. This goal was not
always reached, especially because the methods were not always well adapted to projects
specificities.
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Method engineering has seen the development of a new group of methods called situational
methods that allow building and adapting methods to specific projects. The situational approach
finds its justification in the practical field analysis, which shows that a method is never followed
literally [Ralyté 2001] [Mirbel et al., 2002]. The discipline of Situational Method Engineering (SME)
promotes the idea of retrieving, adapting and tailoring components, rather than complete
methodologies, to specific situations [Rolland et al., 2001b]. In order to succeed in creating
methodologies that best suit given situations, components (building blocks of methodologies)
representation and cataloguing are very important activities.

1.2.2. Basic Definitions

The basic notions of the SME science are method, product, and process; all studied in the following
sub-sections.

1.2.2.1. Method

The origin of the word method is the Greek word “methodos” (pursuit of knowledge), from “meta”
(expressing development) and “hodos” (way). Among all the definitions of a method proposed in
[Olle et al., 91] [Brinkkemper, 1990] [Lyytinen et al., 1989] [Kronkof, 1993] [Prakash, 1994] [Prakash,
1999] [Seligmann et al., 1989] [Harmsen, 1994], we retain the fact that most of them converge on
the following statement:

A method is based on one or several product models (systems of concepts) and consists of one
or more process models (steps executed in a given order).

More precisely, [Brinkempper, 1996] offers the following definition:

A method is an approach to perform a system development project, based on a specific way of
thinking, consisting of directions and rules, structured in a systematic way in development
activities with corresponding development products.

We can therefore say that a method provides the concepts to describe the product and the
methodological rules to perform the process to produce this product with reasonable efficiency. The
Product part is the desired target of an IS development while the Process part is the way forward to
reach this target.

1.2.2.2. Product

A product is the result of the application of a method [Rolland, 2009]. The Product part is
represented by different models. A product model is the notation used to describe the product. A
UML class diagram is an example of notation. The product part results from the application of the
process associated with it. A method can have multiple product models corresponding to different
notations [Olle et al., 91]. The product model is composed of a set of concepts and rules to
manipulate them to model the Product part of a method.
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1.2.2.3. Process

The Process part represents the process to be carried out to define the product part. It represents a
coherent set of activities to build an Information System. It is composed of all the steps and
heuristics to specify the decisions, how to take them and in which order. An approach or process is,
in most cases, "a set of interrelated activities performed in order to define a product [Franckson et
al., 1991] [Deneckere, 2001]. A process model describes the way of organizing the production of the
product: the steps and actions to develop an Information System. In the community of IS, a process
model corresponds to the methodological approach prescribed by the used method.

1.2.3. Principles of Method Engineering

The ME aims at responding to some main requirements for Information System Developments (ISD)
processes: being situational, variable, flexible, and reusable. In order to meet these needs, ME
follows some principles.

In [Rolland, 2005] [Rolland, 2009], four ME principles are defined:

* Meta-modelling,
® Reuse,

*  Modularity,

® Flexibility.

The meta-modelling allows representing method models. By meta-modelling, [Rolland, 2009] means
the modelling of models that make up a method. Commonly, a method meta-model contains two
elements: a meta-model of product and a meta-model of process, both elements are interconnected.
The meta-models are used for method constructing, formalizing, comparing, standardizing, and
defining the links between engineering methods and programming languages. On the same way,
[Prakash et al., 2002] proposes to use a generic layer to help in instantiating process meta-models or
integrated process-product meta-models of diverse domains. This genericity can be viewed as
replacing meta-model dependence with generic model dependence.

The reuse allows constructing methods on the basis of existing methods or method components
conceived earlier. This principle is used in order to build new ISD methods by assembling various
experienced method parts viewed as method components [Rolland, 2009].

The modularity is necessary to assure reuse and flexibility of methods. According to this principle, a
method is considered as a set of reusable components, which can be applied separately. The notion
of method component is central to SME as it encapsulates the method knowledge. There are various
representations of modular parts: fragments [Brinkkemper, 1996], chunks [Rolland et al., 1998],
components [Wistrand et al., 2004], OPF fragments [Henderson-Sellers, 2002] and method services
[Rolland, 2009] [Guzélian et al., 2007] [lacovelli et al., 2008]. In addition, a particular kind of the
knowledge representation is method pattern [Deneckere, 2001] [Deneckere et al., 2001] which
represents an executable component aiming at extending an existing method by new features.
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The flexibility is needed to adapt methods to different projects. According to [Harmsen et al., 1994]
the flexibility can vary from rigid methods to modular methods (between these two extremities are
found selection from rigid methods, paths within one method, selection and tuning of a method
outline). Different factors may lead to adaptation: project contingencies, specific requirements of a
used group and dynamic changes in the ISD process [Rolland, 2009].

1.3. Framework for Comparing SME Approaches

The SME science has induced the development of many different approaches allowing creating new
methods depending on characteristics of a given project. In order to compare them, we have
elaborated a four views framework of SME approaches.

The four views framework, originally proposed in [Jarke et al., 1992], has proved its efficiency in
enhancing the understanding of various engineering disciplines such as information systems
engineering [larke et al., 1992], requirements engineering [Jarke et al., 1993], IS development
process engineering [Rolland1998] and method engineering [Rolland 1997].

In the original framework [Jarke et al., 1992], the views where described as follows:

® The subject view contains knowledge of the domain about which the proposed IS has to
provide information. It contains real-world objects, which become the subject matter for
system modeling.

* The system view includes specifications of what the system does, at different levels of detail.
It holds the modeled entities, events, processes, etc. of the subject world as well as the
mapping onto design specifications and implementations.

* The usage view describes the organizational environment of the information system, i.e. the
goals and the activity of agents and how the system is used to achieve work, including the
stakeholders who are system owners and users.

e The development view focuses on the entities and activities, which arise as part of the
engineering process itself.

Our point of view is that this framework concept can be used to help in understanding and
comparing different SME approaches.

For our purpose, we define the SME four-dimensional framework as follows:

e Usage view. In the usage view, the corresponding dimension allows investigating the
rationale of SME approaches (the Why).

e Subject view. This view expresses the dimension, which deals with the nature of SME
approaches (the What).

e System view. The system view answers the question about the representation used by the
SME approaches (the Which).
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¢ Development view. This view deals with different aspects that describe the usage of SME
approaches (the How).

The four views composing the four-dimensional framework try to answer the following questions
about situational methods:

e Why is the SME approach?

e What is the SME approach?

®  Which is the representation of the SME approach?
® How is the SME approach used?

This allows us to discuss in a focused manner the different concerns of SME: the reasons of SME
approaches, their representations, the way of developing these representations, and, finally, the way
of using these representations. This is done in the system, subject, development, and usage views
respectively (See Figure 11.1.1.).

Subject

What is the
SME approach?
Why is the SME
Usage < > Development

Approach How is the SME

Whichis the approach used?
representation of
the SME approach?

Figure II.1.1. Four Views for SME Approaches.

Each view is described by a set of attributes that allow a more detailed study of the situational
methods. As a result, our framework contains 14 attributes organized into four views developed in
the following subsections.

1.3.1. Usage View

This view captures why we should use a specific SME approach and what are the issues allowed by its
practical application. The objective view contains two attributes: Covered way and Target issues
represented at Figure 1.1.2 and detailed in the corresponding sub-sections.
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SME

Approach v'Way of thinking

Covered way ™~ | v'Way of modeling

v'Way of organizing

¥"Way of supporting
) v'\ariability
Usage _. Targetissue | ¥ Intentionality
] v'Context-awareness
v Reusability

+ Conflict resolution

Figure I1.1.2. Usage View Representation.

1.3.1.1. Covered Way

Seligmann studies the definition of methods and gives a definition of a method as “a way of thinking,
a way of modeling, a way of organizing and a way of supporting” [Seligmann et al., 1989]. However,
even if a lot of fragments are considered as complete method, often they are not adapted to satisfy
all these requirements. We investigate this question through the covered way.

e The way of thinking refers to the philosophy of conceiving methods.

* The way of modeling shows the models to be constructed within the method application.

* The way of organizing includes the way of working (the means to perform the development)
and the way of control (the manner to manage the development).

e The way of supporting deals with the description techniques and corresponding tools
[Rolland 1997].

The covered way can be represented as follows:

Covered way: ENUM ({way of thinking, way of modeling, way of
organizing, way of supporting}

1.3.1.2. Target Issue

We investigate the SME approaches in order to identify whether they are relevant to the issues
established for our proposal. For this reason, we analyze the existing approaches in order to check
whether they consider the target issues such as variability, intentionality, context-awareness,
reusability, and conflict resolution.

® The variability issue shows whether a SME approach considers the variability in an explicit
way.

* The intentionality issue shows whether intentions or actors’ goals are considered by a SME
approach.

® The context-awareness issue allows considering the situation in a given SME approach.
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® The reusability issue indicates whether a SME approach enables to reuse the same methods
or their components in different situations.

e The conflict resolution issue shows if a given SME approach allows obtaining an agreement
between divergent and often contradictory points of view of different actors.

We represent this attribute as follows:

Target issue: ENUM {variability, intentionality, context-awareness,

reusability, conflict resolution}

1.3.2. Subject View

The Subject view deals with the nature of SME approaches. Three facets allow covering this aspect:
Knowledge construction, Knowledge organization, and Construction flexibility. Figure 11.1.5 shows
these attributes, detailed in the following sub-sections.

SME
Approach
Knowledge | vAd-hoc
construction ¥ Formialized
) | Knowledge v .
Subject | organisation | >—— ¥ Repository
- ¥ Organizational process
Construction v'Selection and adaptation of a
flexibility method
v Modular construction of a
method
v'Method selection in a multi-
method

Figure II.1.5. Subject View Representation.

1.3.2.1. Knowledge Construction

In the traditional way, knowledge is constructed is by engineer experience. As long as this experience
is not formalized and that basic available knowledge does not constitute an available part for the
various applications, one can say that this knowledge is the result of an ad-hoc construction
technique [Bajec, 2005]. This has two major consequences: ignorance on the way in how was carried
out the construction and dependence on the field of expertise. If this knowledge must be
independent of the experience field and rapid to built, it is then necessary for construction
techniques based on the experiment to use more formalized techniques [Karlsson et al., 2004]. In
this manner, we distinguish two ways of knowledge construction: ad-hoc and formalized.
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e The ad-hoc knowledge construction is based mainly on the experience and expertise of
engineers.

® The formalized knowledge construction is based on a set of predefined techniques which
support the construction process.

We represent this attribute as follows:

Knowledge construction: ENUM {formalized, ad hoc}
1.3.2.2. Knowledge Organization

The knowledge used during SME construction can be stored in a library or repository to be reused
later. They provide the basic functions for the management of a components repository. As these
libraries can contain a large number of components, they generally offer research techniques, as
indexation techniques or the use of keywords. Other approaches, in addition to the component
extraction formalism, have an organizational process, which helps to manage the knowledge
consistency. The organization processes thus allow managing this problem in a more formal way
[Rolland et al., 2004] [Karlsson et al., 2004].

The knowledge organization can be described as follows:
Knowledge organization: ENUM {repository, organizational process}
1.3.2.3. Construction Flexibility

[Harmsen et al., 1994] proposed a spectrum to organize the engineering method approaches
according to their degree of flexibility towards a new situation. The methods are organized on a scale
of flexibility varying from “low” to “high”. At the “low flexibility” level are the rigid methods while, at
the “high flexibility” level, we find the SME methods. It includes: use of “rigid” methods, selection
from rigid methods, toolkit/multiview approach, paths within one method, selection and tuning of a
method outline, and modular method construction [Harmsen, 1997]. Based on this typology, we
distinguish the following values of the construction flexibility attribute: selection and adaptation of a
method, modular construction of a method, and method selection in a multi-method. A multi-
method is a group of methods having the same purposes.

e Selection and adaptation of a method. This approach allows selecting an existing method and
adapting it following the project’s needs.

®  Modular construction of a method. This approach enables creating a new method from
different components retrieved in the method repository according to the project
specificities.

® Method selection in a multi-method. This approach allows selecting a path from a multi-
method, which in turn represents a set of methods of the same domain unified by their
common elements.

The construction flexibility is expressed in the following manner:
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Construction
method,
multi-method}

1.3.3. System View

flexibility:
modular

ENUM
construction of a method,

{selection and

method

adaptation
selection

of a
in a

The System view answers the question about the representation used by the SME approaches. This

view includes six attributes: Knowledge genericity, Knowledge representation, Actor representation,

Variability explicit representation, Context representation, and Abstraction level. This view is

summed up at Figure 11.1.3.

SME
Approach

—>

Knowledge
genericity

Knowledge
representation

Actor
representation

—>

Variability
explicit
representation

Context
representation

Abstraction
level

v'Yes
v'No

v'Fragment
v'Chunk
v'Component
v'OPF fragment
v'Service
v'Pattern

v'Yes
v'No

v'Yes
v'No

v'Reuse frame
YInterface
v'Contingency factor
v'Development situation

v'Conceptual
v'Technical

Figure I1.1.3. System View Representation.

1.3.3.1. Knowledge Genericity

Despite some standardisation efforts of the ME community, all approaches are strongly coupled with

their own notion of method component so the techniques developed in one approach are not usable

in another one [Rolland, 2009]. In order to consider this aspect, we suggest the knowledge genericity

attribute, which indicates whether a SME approach is dependent of the knowledge representation

(of the method components type). We distinguish two possible values: Yes and No.

® Yes, if a SME approach is strongly related to the type of knowledge representation.

®* No, if a SME approach does not depend on the knowledge representation type.
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The knowledge genericity is resumed in the following manner:

Knowledge genericity: ENUM {Yes, No}
1.3.3.2. Knowledge Representation

The notion of method component is central to SME as it encapsulates the knowledge in a given SME
approach. There are various representations of modular parts: fragments [Brinkkemper, 1996]
[Harmsen et al., 1994], chunks [Rolland et al., 1998], components [Wistrand et al., 2004], OPF
fragments [Henderson-Sellers, 2002], method services [Rolland, 2009] [Guzélian et al., 2007]
[lacovelli et al., 2008], and method patterns [Deneckere, 2001] [Deneckere et al., 2001].

® Method fragment [Brinkkemper1996] [Harmsen et al., 1994]. Fragments are standardized
building blocks based on a coherent part of method. A fragment is either a Product or a
Process fragment and is stored in a method base from which they can be retrieved to
construct a new method following assembly rules [Brinkkemper et al., 2001].

® Method chunk [Rolland et al., 1998] [Ralité et al., 2003]. A chunk is described as a way to
capture more of the situational aspects in ME and to appropriately support the retrieval
process. It concentrates on the intention of the method component and on the situation in
which it may be applied (the interface). Contrary to the preceding representations, a chunk
embeds at the same time the product and process parts.

® Method component [Wistrand et al., 2004] [Agerfalk, 2003] [Karlsson, 2005]. Components
allow viewing methods as constituted by exchangeable and reusable components.
Components are unified into configuration templates and configuration packages.

® OPF fragment [Henderson-Sellers, 2002]. In the OPEN Process Framework (OPF), the
fragment is generated from an element in a prescribed underpinning meta-model. This meta-
model has been upgraded with the availability of the international standard ISO/IEC 24744
[ISO/IEC 24744, 2007].

e Method service [Guzélian et al., 2007] [Rolland, 2009] [lacovelli et al., 2008]. The method
service represents a chunk from the structural point of view, but it is realized using the
Service Oriented Architecture (SOA).

® Method pattern [Deneckére, 2001] [Deneckere et al., 2001]. A method pattern represents an
executable component aiming at extending an existing method by new features. The key
idea concerning patterns is the fact that a pattern relates a problem to its solution.

The knowledge representation can be classified as follows:

Knowledge representation: ENUM {fragment, chunk, component, OPF
fragment, service, pattern}

1.3.3.3. Actor Representation

Actors are not always viewed in the same manner in different SME approaches. Their participation is
often tacit. However, several approaches include actors in their meta-models in order to indicate
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roles that actors can play in method engineering processes. For this reason, we suggest the actor
representation attribute, which can take the following values: yes and no.

® Yes, if an approach considers actors’ roles,
® No, if an approach ignores the concept of actor.

The actor representation is following:

Actor representation: ENUM {yes, no}
1.3.3.4. Variability Explicit Representation

The notion of variability is defined as the ability of a software system to be changed, customized or
configured to a specific context [Van Gurp, 2000]. This notion is also used in the SME science, as
different method components are stored in a repository and used in a given project in function of the
situation characterization. However, the variability is nearly never explicitly defined in the
approaches. The corresponding attribute Variability explicit representation has two possible values:
yes and no.

® Yes, if an approach explicitly includes the variability representation,
® No, if an approach does not explicitly represent the variability.

The variability is represented as follows:

Variability explicit representation: ENUM {yes, no}
1.3.3.5. Context Representation

This attribute captures different representations of context in the SME approaches. Based on the
reviewed literature, the following representations are identified: reuse frame, interface, contingency
factor, and development situation.

® Reuse frame. The reuse frame [Mirbel, 2008] is a framework representing different factors
that affect IS development projects. These factors are called criteria. Reuse frame allows
specifying a context of method components reuse, searching method components and
comparing between them in order to find an alternative component to a used one. The reuse
frame model includes a reuse situation (which is a set of criteria classified into three
dimensions: organizational, technique and human) and reuse intention.

¢ Interface. In [Ralyté et al., 2001], the method chunk context is defined by its interface that
includes a situation and an intention. The situation represents the conditions in which the
method chunk can be applied in terms of required inputs product(s). The intention is a goal
that the method chunk helps to achieve. Therefore, the interface model includes two
elements: the situation and the intention. These two first approaches have been unified in
[Mirbel et al., 2006]. The method service approach [Guzélian et al., 2007] reuses the notion
of interface as it aims at describing the situation in project development for which the
method service is suitable and defining the purpose of the service. Its model includes domain
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characteristics (project nature, project domain) and human (actor), process and product
ontologies.

® Contingency factors. Situations (the context) are described by a set of characteristics called
contingency factors [Van Slooten et al., 1996] or project factors [Harmsen, 1997] [Harmsen
et al., 1994]. These factors are used to define the project situation by assigning values to
them. In [Van Slooten et al., 1996], four categories are given: domain characteristics
(describing the content of the system), external factors (laws and norms), technical factors
(related to the development platform) and human factors (representing the development
expertise of people).

¢ Development situation. [Karlsson et al., 2004] defines the development situation as an
abstraction of one or more existing/future software development projects with common
characteristics. This situation is used to characterize the specific projects and to select
configuration packages (method fragments). The development situation model includes a
characteristics set.

We represent the context representation attribute as follows:

Context representation: ENUM ({reuse frame, interface, contingency
factor, development situation}

1.3.3.6. Abstraction Level

[Brinkkemper et al., 2001] explores the notion of the component formalism that can be either
conceptual when components are expressed by descriptions and specifications of methodology
parts, or technical when there is an implementation of operational parts in tools. We apply this
notion to the SME approaches in order to qualify them according to their abstraction level
(conceptual or technical).

e (Conceptual, as in [Karlsson et al., 2004] where components are expressed by descriptions
and specifications of methodology parts, or

® Technical as in [Ralyté, 2004] where there is an implementation of operational parts with
tools.

The abstraction level can be described as follows:

Abstraction level: ENUM {conceptual, technical}

1.3.4. Development View

This view deals with different aspects that describe the situational methods construction. This
implies to specify the following aspects: the used process model and construction technique and, if it
exists, tools to help this development. In this manner, this view contains three attributes: Process
model, Construction technique, and Tool/Implementation, represented at Figure 11.1.6 and detailed
in the corresponding sub-sections.
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Figure I1.1.6. Development View Representation.

1.3.4.1. Construction Process Nature

A process model prescribes a way of working to reach the desired target [Rolland, 2009]. Based on
this, we define the nature of the construction process. This attribute is important as the process
execution predefines the quality of the obtained product. According to Dowson [Dowson1988],
process models can be classified into three groups of models called activity-oriented, product-
oriented, and decision-oriented. [Rolland, 1998] refines this classification with a fourth group called
context-oriented. Decision and context-oriented processes try to take decision-making into account
as they integrate goals and arguments.

® Activity-oriented process models focus on the set and the order of activities that must be
done in order to realize a product.

®  Product-oriented process models have similarities with the state transition diagram [Rolland,
2009] as they link the state of the product with the corresponding activity.

e Decision-oriented process models consider the SME activities as a decision-making process
and, consequently, as the successive transformations of the product based on the made
decisions [Rolland, 2009].

We represent this attribute as follows:

Process model: ENUM {activity-oriented, product-oriented, decision-
oriented}

1.3.4.2. Construction Technique

This facet represents the various ways of building a method. [Nehan et al., 2007] distinguishes the
following main manners to use fragments for constructing a new method according to project
specificities: assembly, instantiation, extension, and reduction. In assembly-based approaches,
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separate fragments are grouped with regard to the studied specific project to form a unique method
[Ralyté et al., 2003]. By applying extension, a basic method is transformed into a new one by addition
of new fragments [Ralyté et al. 2003]. By reduction, some fragments are removed from the basic
method in order to transform it to match the engineer's needs [Wistrand et al., 2004]. In the real
world projects, with time and resource constraints, where is a need for constructing methods
dynamically depending on the project specificity and adapting it during its realization if project
characteristics change. This property implies the agility of methods. Recently, the agility was
discussed with regards to methods of IS development [Abrahamsson et al, 2002]. However, agility in
ME approaches is not widely spread and is only suggested in recent works. To consider this kind of
construction, we introduce the fifth value agile construction for the given facet. Thus, we distinguish
the following main construction techniques: assembly, instantiation, extension, reduction, and agile
construction.

® The assembly approaches concentrate on the grouping of method components belonging to
complementary methods [Ralyté, 2001] [Reinhartz-Berger et al., 2004]. They assemble
separate selected method components with regard to the studied specific project to form a
unique method.

® The instantiation approaches use an identification of the common and generic method
characteristics and represent them by a system of concepts called meta-model. These
approaches allow the creation of a whole set of methods sharing the same properties
[Ralyté, 2001] [Rolland et al., 2004] [Ralyté, 2004].

* The extension approaches allow the transformation of a basic method into a new method
adapted to the project’s needs [Deneckere, 2001] [Ralyté et al., 2003] with addition of new
functionalities in a base method.

® The reduction approaches allow the removal of basic method operators in order to transform
it to match the engineer's needs [Karlsson et al., 2004] [Bajec, 2005].

e The agile construction allows building methods dynamically depending on the project
specificity and adapting it during its realization if the project characteristics change.

The construction technique attribute is defined as follows:

Construction technique: ENUM {assembly, instantiation, extension,
reduction, agile construction }

1.3.4.3. Tool/ Implementation

The method components application needs to be supported by a tool. [Brinkkemper, 1996] defines a
tool as a "possibly automated mean to support a part of development process". We distinguish
different ways to implement components: firstly, the implementation of process and product parts of
the method component and, secondly, the implementation of components’ storage, retrieval, and
construction. Even if all ME approaches investigate storing methods components in the “method
base” or “method repository” [Brinkkemper, 1996] [Rolland et al., 1998] [Gonzales-Perez, 2007], this
information is relevant as all the other implementation parts are founded on this one. Hence, our
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tool/implementation attribute takes the following values: product storage and manipulation, process
enactment, retrieval, and construction support.

®  Product storage and manipulation. A SME approach allows storing method components in a
repository.

® Process enactment. A SME approach implements the process that supports the method
components execution.

® Retrieval. A SME approach enables retrieving the method components from the repository
according to the project needs.

® (Construction support. A SME approach contains a mechanism that allows constructing new
methods based on components from the repository.

The Tool/ Implementation attribute is represented as follows:

Tool/ Implementation: ENUM {product storage and manipulation,
process enactment, retrieval, construction support}

1.4. SME Approaches’ Review according to the Framework

We propose a review of seven SME approaches. We choose our method panel in the set of the most
widespread approaches and with the intention to offer a more complete study of the different views
and their facets.

1.4.1. Method Fragment Approach

The SME fragment based method consists in encouraging a global analysis of the projects while
basing itself on contingency criteria [Brinkkemper, 1996] [Harmsen et al., 1994]. Method fragments
(cf. Figure 1.A) are standardized building blocks based on a coherent part of method. A fragment is
either a Product or a Process fragment and is stored on a method base from which they can be
retrieved to construct a new method following assembly rules [Brinkkemper et al., 2001]. The
projects and the situations are characterized by means of factors associated with the methods. [Van
Slooten et al., 1996] uses a contingency model based on 17 contingency factors which take value
between Low and High as ‘Importance of the Project’, ‘Knowledge and Experience’, ‘Stability’ and so
on. According to the authors, the characterization of the project allows them to select the method
components appropriate to the project. Construction is supported by component assembly rules and
constraints having to be satisfied by the created method.

Based on the comparison framework, the method fragment approach is presented in the following
manner:

Usage View

Covered way = {Way of thinking, Way of modeling, Way of
supporting}
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Target issues = {Context-Awareness, Reusability}

Subject View

Knowledge construction = {Ad-hoc}
Knowledge organization = {Repository}
Construction flexibility = {Modular construction of a method}

System View
Knowledge genericity = {Yes}
Knowledge representation = {Fragment}
Actor representation = {No}
Variability explicit representation = {No}
Context representation = {Contingency factor}
Abstraction Level = {Conceptual, Technical}

Development View

Construction process nature = {Activity-oriented}
Construction technique = {Assembly}
Tool/ Implementation = {Product storage and manipulation,

Retrieval, Construction support}

The detailed description of this approach can be found in [Brinkkemper, 1996] [Brinkkemper et al.,
2001] [Harmsen et al., 1994] [Harmsen, 1997] [Wistrand et al., 2004].

1.4.2. Method Chunk Approach

The assembly-based SME approach [Ralyté, 2001] [Rolland et al., 1998] [Ralyté et al., 2003] aims at
constructing a method ‘on the fly’ in order to match as well as possible the situation of the project at
hand. It consists of the selection of method components (called method chunks) from existing
methods that satisfy some situational requirements and their assembly. This approach is
requirements-driven, meaning that the method engineer must start by eliciting requirements for the
method. Next, the method chunks matching these requirements can be retrieved from the method
base. And, finally, the selected chunks are assembled in order to compose a new method or to
enhance an existing one. Method chunks are composed of two parts: a product part which
represents the structure of the product used in the component, and a process part which provides
the necessary procedures to obtain the desired product.

According to the framework, the method chunk approach is described as follows:

Usage View

Covered way = {Way of thinking, Way of modeling, Way of
supporting}
Target issues = {Intentionality, Context-Awareness, Reusability}

Subject View
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Knowledge construction = {Formalized}
Knowledge organization = {Repository}
Construction flexibility = {Modular construction of a method}

System View
Knowledge genericity = {Yes}
Knowledge representation = {Chunk}
Actor representation = {No}
Variability explicit representation = {No}
Context representation = {Reuse frame, Interface}
Abstraction Level = {Conceptual}

Development View

Construction process nature = {Decision-oriented}
Construction technique = {Assembly, Extension}
Tool/ Implementation = {Product storage and manipulation,

Retrieval, Construction support}

[Ralyté 2001] [Ralyté et al., 2001] [Ralyté et al., 2003] [Ralyté, 2004] [Mirbel et al., 2006] [Mirbel,
2008] present the method chunk approach.

1.4.3. Method Configuration Approach

The Method configuration approach [Karlsson et al., 2004] [Wistrand et al., 2004] [Agerfalk, 2003]
[Karlsson, 2005] offers a meta-method (called Method for Method Configuration) containing method
components organized in configuration packages and configuration templates. These concepts are
used to configure methods following the specificities of a project while creating reusable assets. Each
time the configuration is carried out, it deals with only one method of the IS development. The
reusability advantage is obvious since pre-made configurations can be used over and over again.
Hence, there is no need to perform a complete method assembly or method configuration for each
new project. Experiences can be gathered and reused more efficiently since they can be attributed to
coherent set of prescribed actions common in the organization, rather than to context-free actions.
This approach introduces the notion of method rationale which is the systematic treatment of the
arguments and reasons behind a particular method [Karlsson, 2005] [Agerfalk, 2003]. In the same
way, the component description contains its rationale.

Based on the comparison framework, the method configuration approach is characterized as follows:

Usage View

Covered way = {Way of thinking, Way of modeling, Way of
organizing, Way of supporting}

Target issues = {Intentionality, Context-Awareness, Reusability}

Subject View
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Knowledge construction = {Formalized}
Knowledge organization = {Repository, Organizational process}
Construction flexibility = {Selection and adaptation of a method}

System View
Knowledge genericity = {Yes}
Knowledge representation = {Component}
Actor representation = {Yes}
Variability explicit representation = {No}
Context representation = {Development situation}
Abstraction Level = {Conceptual}

Development View

Construction process nature = {Activity-oriented}
Construction technique = {Extension}
Tool/ Implementation = {Product storage and manipulation, Process

enactment, Retrieval}

The method configuration approach is described in [Karlsson et al., 2004] [Karlsson et al., 2004b]
[Karlsson, 2005] [Karlsson et al., 2005].

1.4.4. OPEN Process Framework

The OPEN Process Framework (OPF) [Henderson-Sellers, 2002] uses a meta-model to generate
method components that are stored in a repository. OPEN offers a set of construction guidelines that
are considered to be part of existing methodologies used to construct new methods. The OPF meta-
model is composed of five main meta-classes [Henderson-Sellers et al., 2004] [Henderson-Sellers et
al., 2005]: Stage, Producers, Work Units, Work Products and Languages; a method component is
produced as soon as a meta-class is instantiated. An OPEN guideline helps method engineers both to
instantiate the meta-model element to create method components and to select the best method
components (from the repository) in order to create the situational method.

Using the comparison framework, the OPF approach is characterized as follows:

Usage View

Covered way = {Way of thinking, Way of modeling, Way of
supporting}
Target issues = {Context-Awareness, Reusability}

Subject View

Knowledge construction = {Formalized}
Knowledge organization = {Repository}
Construction flexibility = {Modular construction of a method}

System View
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Knowledge genericity = {Yes}
Knowledge representation = {OPF fragment}
Actor representation = {Yes}
Variability explicit representation = {No}
Context representation = N/A
Abstraction Level = {Technical}
Development View
Construction process nature = {Activity-oriented}

Construction technique = {Assembly, Instantiation, Agile
construction}

Tool/ Implementation = {Product storage and manipulation,
Retrieval}

The detailed description of the OPF approach can be found in [Firesmith et al., 2001] [Firesmith,
2006] [Henderson-Sellers, 2002] [Henderson-Sellers et al., 2005] [Henderson-Sellers et al., 2005b].

1.4.5. Method Service Approach

Method services are developed by two approaches: SO2M [Guzélian et al., 2007] and MaaS [Rolland,
2009] [lacovelli et al., 2008]. Both use the Service-Oriented Architecture (SOA) in order to develop
the concept of method service.

SO2M (Service Oriented Meta-Method) [Guzélian et al., 2007] develops a kind of method fragments
called method services. It offers a repository with a large variety of method fragments and a service
composition process. During composition, the process guides developer’s choices; it selects method
services and delivers a method fragment that achieves a developer’s requirement. The SO2M meta-
model is based on three main principles: service orientation, task ontology for reuse of knowledge on
development problems and dynamic construction of method services for generating tailored
methods.

The Maa$ (Method as a Service) approach is proposed by C. Rolland [Rolland, 2007] and is detailed in
[lacovelli et al., 2008] [Deneckére et al. 2008] [Rolland, 2009]. This approach emphasizes the
adaptation of Service Oriented Architecture (SOA) to method components by developing Method-
Oriented Architecture (MOA). The method service contains two parts: descriptor and
implementation parts. The descriptor part combines a semantic descriptor (based on the fragment
definition of the method chunks approach) and an operational descriptor describing the
implementation part that operates the process of the fragment. Technical issues of method services
are addressed with the application of widely used standards of service-based approaches.

Based on the comparison framework, the method service approach is presented in the following
manner:
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Usage View

Covered way = {Way of thinking, Way of modeling, Way of
supporting}
Target issues = {Intentionality, Context-Awareness, Reusability}

Subject View

Knowledge construction = {Formalized}
Knowledge organization = {Repository}
Construction flexibility = {Modular construction of a method}

System View
Knowledge genericity = {Yes}
Knowledge representation = {Service}
Actor representation = {No}
Variability explicit representation = {No}
Context representation = {Interface}
Abstraction Level = {Technical}

Development View

Construction process nature = {Decision-oriented}
Construction technique = {Assembly}
Tool/ Implementation = {Product storage and manipulation,

Retrieval, Construction support}
This approach is presented in [Guzélian et al., 2007] [Rolland, 2009] [lacovelli et al., 2008].

1.4.6. Method Extension Approach

The Method Extension approach [Deneckere, 2001] guides the method engineer by providing
extension patterns that help identifying typical extension situations and provide advises to perform
the required extension. This approach offers two ways to extend a method: 1) directly through the
pattern-matching strategy or 2) by using some generic knowledge (meta-patterns) related to the
domain for which the extension has to be done. The former help to match extension pattern stored
in a library to the extension requirements whereas the latter select, first, a meta-pattern
corresponding to the extension domain and, then, guides the method extension by applying the
patterns suggested by the meta-pattern. Both ways-of-working use a library of extension patterns in
different ways.

According to the framework, the method extension approach is described as follows:

Usage View

Covered way = {Way of thinking, Way of modeling, Way of
organizing}
Target issues = {Intentionality, Context-Awareness, Reusability}
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Subject View

Knowledge construction = {Formalized}
Knowledge organization = {Repository, Organizational process}
Construction flexibility = {Selection and adaptation of a method}

System View
Knowledge genericity = {Yes}
Knowledge representation = {Pattern}
Actor representation = {No}
Variability explicit representation = {No}
Context representation = {Interface}
Abstraction Level = {Conceptual}

Development View

Construction process nature = {Decision-oriented}
Construction technique = {Instantiation, Extension}
Tool/ Implementation = {Not exists}

[Deneckere, 2001] [Deneckeére et al., 2001] detail the method extension approach.

1.4.7. FIPA (Foundation for Intelligent Physical Agent) approach

The FIPA (Foundation for Intelligent Physical Agent) approach [Seidita et al., 2004] [Cossentino et al.,
2005] [Cossentino et al., 2006] [Cossentino et al., 2007] [FIPA, 2003] entered the IEEE computer
Society Standards Committee with the mission of promoting agent-based technologies and the
interoperability of agents with other technologies. FIPA defines the method fragment with a process
meta-model. In this model, a process is composed of a set of activities performed by some active
entities whose task is to produce a well-defined state of an Artefact as input/output. A process is
defined as strongly oriented to the production of products. As a result, a method component is
defined as a reuse part of a design process composed of two elements: the structure of the product
and the necessary procedures to construct this product [Cossentino et al., 2006].

Based on the comparison framework, the FIPA approach is characterized as follows:

Usage View

Covered way = {Way of thinking, Way of modeling, Way of
supporting}
Target issues = {Intentionality, Context-Awareness, Reusability}

Subject View
Knowledge construction = {Ad-hoc}
Knowledge organization = {Repository}

Construction flexibility = {Modular construction of a method}
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System View
Knowledge genericity = {Yes}
Knowledge representation = {Fragment}
Actor representation = {Yes}
Variability explicit representation = {No}
Context representation = {Development situation}
Abstraction Level = {Conceptual}

Development View

Construction process nature = {Activity-oriented}
Construction technique = {Assembly}
Tool/ Implementation = {Product storage and manipulation, Process

enactment, Retrieval}

This approach is described in details in [Cossentino et al., 2005] [Cossentino et al., 2006] [Cossentino
et al., 2007] [Seidita et al., 2004].

1.4.8. Comparative Analysis within the Four Views Framework

These seven approaches are compared according to the suggested framework. Table 1.1.1 sums up
the results of this comparison.

1.4.8.1. Usage view

Covered way. All SME approaches satisfy two of the four requirements of Seligman’s method
definition as they are all defined for a situational paradigm (way if thinking) and offer different meta-
models to describe their approaches (way of modeling). Two approaches (the method chunks and
method extension ones) specify processes that allows to organize method components within the
method base. They use the MAP model in order to show precedence relationships between
components. Almost all approaches (except the extension-based one) suggest some tools for
supporting them. These tools are detailed in Section 1.4.8.4.

Target issues. All approaches use context-awareness to manage their components, either in the
characterization of the component situation of reuse or in the definition of the project
characteristics. On the same way, they all cover the reusability requirement, as it is intrinsic to the
component concept. Five approaches (the method chunk, method configuration, method service,
method extension, and FIPA approaches) take into account actors’ goals in IS development. Thus,
they respond to the intentionality issue. None of SME approaches takes explicitly into account the
variability and conflict resolution issues.
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Table I1.1.1. SME Approaches’ Review according to the Framework.

View Attribute Value Method fragment |Method chunk Method OPEN approach Method service Method extension |FIPA approach
approach approach configuration approach approach
approach
Usage Covered way {Way of thinking, Way of {Way of thinking, |[{Way of thinking, |{Way of thinking, {Way of thinking,  |{Way of thinking, Way|{Way of thinking, {Way of thinking,
modeling, Way of organising, |Way of modeling, |(Way of medeling,  |Way of modeling, Way of modeling,  |of modeling, Way of |Way of modeling, Way of modeling,
Way of supporting} Way of organising} |Way of organising} |Way of organising,  |Way of supporting} |suppoerting} Way of organising}  |Way of
Way of supporting} supporting}
Target issues {Variability, Intentionality, {Context- {Intentionality, {Intentionality, {Context- {Intentionality, {Intentionality, {Intentionality,
Context-Awareness, Reusability, | Awareness, Context-Awareness, | Context-Awareness, [Awareness, Context-Awareness, |Context-Awareness, |Context-
Conflict Resolution} Reusability} Reusability} Reusability} Reusability} Reusability} Reusability} Awareness,
Reusability}
Subject Knowledge fad-hoc, Formalised} {Ah-hoc} {Formalised} {Formalised} {Formalised} {Formalised} {Formalised} {ad-hoc}
construction
Knowledge {Repository, Organisational {Repository} {Repository} {Repository, {Repository} {Repository} {Repository, {Repository}
organisation process} Organisational Organisational
process} process}
Construction {Selection and adaptation of 2 [{Modular {Modular {Selection and {Modular {Modular {Selection and {Modular
flexdibility method, Modular construction |construction of a  |construction of a  |adaptation of a construction of a construction of a adaptation of a construction of a
of a method, Method selection  |method] method} method} method} method} method} method}
in a multi-method}
System Knowledge {yes, no} {yes} {yes} {yes} {yes} {yes} {yes} {yes}
genericity
Knowledge {Fragment, Chunk, Component, |{Fragment} {Chunck} {Component} {OPF fragment} {Service} {Pattern} {Fragment}
representation | OPF Fragment, Service, Pattern}
Actor {Yes, No} {no} {no} {yes} {yes} {no} {no} {yes}
representation
Variahility {yes, no} {no} {no} {no} {no} {no} {no} {no}
explicit
representation
Context {Reuse frame, Interface, {Contingency {Reuse frame, {Development N/A {Interface} {Interface} {Development
representation | Contingency factor, factor} Interface} situation} situation}
Development situation}
Abstraction Level |{Conceptual, Technical} {Conceptual} {Conceptual} {Conceptual} {Technical} {Technical} {Conceptual} {Conceptual}
Development |Construction {Activity-oriented, Product- {Activity-oriented} [{Decision-criented} |{Activity-oriented} {Activity-oriented} |{Decision-oriented} |{Decision-oriented} |{Activity-oriented}
process nature | oriented, Decision-oriented]
Construction {Assembly, Instantiation, {Assembly} {Assembly, {Extension} {Assembly, {Assembly} {Instantiation, {Assembly}
technique Extension, Reduction, Agile Extension} Instantiation, Agile Extension}
Construction} construction}
Tool/ {Product storage and {Product storage  [{Product storage  |[{Product storage and |{Product storage {Product storage and |{Not exists} {Product storage
Implementation |manipulation, Process and manipulation, [and manipulation, |manipulation, Process|and manipulation, |manipulation, and manipulation,
enactment Retrieval, Retrieval, Retrieval, enactment, Retrieval} |Retrieval} Retrieval, Process
Construction support} Construction construction Construction support} enactment,
support} support} Retrieval}
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The objective view is summarized in Table 11.1.2.

Table I1.1.2 Summary of the Usage View.

Method Method Method Method | Method
. . . OPF . . FIPA
Attribute Value fragment chunk |configuration service |extension
approach approach
approach | approach | approach approach |approach
Covered |Way of thinking X X X X X X X
way |(Way of modeling X X X X X X X
Way of organizing X X
Way of supporting X X X X X X
Target |Variability
issues |Intentionality X X X X X
Context-awareness X X X X X X X
Reusability X X X X X X X
Conflict resolution

1.4.8.2. Subject view

Knowledge construction. Two approaches (method fragment and FIPA) emphasize the ad-hoc
construction of methods. The other ones suggest formalized steps for creating new methods from
method components.

Knowledge organisation. All approaches propose a method base (repository) to store the
components. However, most of them do not precise how this base is structured or how a specific
component may be retrieved. Two approaches propose an organisational process to manage these
components in the repository, namely the method configuration and the method extension
approaches.

Construction flexibility. Most of the approaches (method fragment, method chunk, OPF, method
service, and FIPA are situated on the highest level of flexibility, which means they define the
situational method using a modular construction. The method configuration approach also proposes
to adapt a selected method with component reuse. The method extension proposes only this
construction process as it is based on a pre-selected method. None of approaches suggests selecting
a method path from a multi-method.

The summary of the subject view is presented in Table 11.1.3.
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Table I1.1.3 Summary of the Subject View.

Method | Method Method Method | Method
Attribute Value fragment | chunk |configuration OPF service |extension FIPA
approach approach
approach |approach| approach approach |approach
Knowledge |Ad-hoc X X
construction |Formalized X X X X X
Knowledge |Repository X X X X X X X
organization |Organizational X X
process
Construction |Selection and X X
flexibility |adaptation of a
method
Modular X X X X X
construction of a
method
Method selection
in a multi-method

1.4.8.3. System view
Knowledge genericity. All approaches are strongly dependent of their component structure.

Knowledge representation. This attribute identifies the component type used in the SME
approaches, which means Fragment (method fragment and FIPA approaches), Chunk (method chunk
approach), Component (method configuration approach), OPF fragment (OPF approach), Method
service (method service approach) and pattern (method extension approach).

Actor representation. Actors are sometimes taken into account as a specific concept of the
approach. For instance, the method configuration approach uses the role concept to carry out the
prescribed actions and modify the artefacts. The FIPA approach also investigates the role of actors in
IS engineering. The OPF approach uses the term of producer to describe a core abstract method
component that models someone or something that performs work units (produces work products
or provides services). In this definition, a role is a specific kind of producer.

Variability explicit representation. Even if variability is intrinsic to the SME domain, this is a concept
that is still not really formalized in the existing approaches. None of them define the components, or
part of the component, as common or optional following the situation. Nevertheless, they do not
suggest an explicit way to represent variability.

Context representation. We stated above that all approaches have a common targeted issue, which
is the context-awareness. The context may be represented on several manners and some approaches
use several techniques to represent this context. For instance, the method chunk approach uses
reuse frames and interfaces whereas others use only the development situation (as in the method
configuration and FIPA). The method fragment approach uses situation factors based on contingency
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factors. Both method service and method extension approaches include the notion of interface in
order to specify the context of the method components usage.

Abstraction level. Most of the approaches (method fragment, method chunk, method configuration,
method extension, and FIPA approaches) are essentially conceptual. They usually propose a new way
to think about method construction but without any tool support. On the contrary, others offer a
more technical way to envision the problem, like the OPF and the method service approaches, which
also propose a development view of the process.

Table 11.1.4 gives an overview of the subject view.

Table I1.1.4. Summary of the System View.

Method | Method Method Method | Method
Attribute Value fragment | chunk |configuration OPF service |extension FIPA
approach approach
approach | approach | approach approach |approach
Knowledge |Yes X X X X X X X
genericity |No
Knowledge |Fragment X X
representation|{Chunk X
Component X
OPF Fragment X
Service X
Pattern X
Actor Yes X X X
representation|{No X X X X
Variability |Yes
explicit No X X X X X X X
representation
Context Reuse frame X
representation|interface X X X
Contingency X
factor
Development X X
situation
Abstraction |Conceptual X X X X X
Level Technical X X X

1.4.8.4. Development view

Process model. The construction processes are essentially of two kinds: either they are activity-
oriented (the method fragment, method configuration, OPF, and FIPA approaches) or decision-
oriented (the method chunk, method service, and method extension approaches).

Construction technique. There are several techniques used in the approaches but the most widely
used is the assembly one (which means that components are put together to produce a whole
method part). Five approaches from our panel (except the method configuration and method
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extension ones) use this technique. In the OPF approach, a new method is constructed by dynamic

instantiation of fragments during the project. Hence, the OPF approach suggests an agile

construction of methods. The method configuration and method extension approaches propose

templates or patterns to instantiate in order to obtain the required component to reuse.

Tool/Implementation. Some approaches propose tools to handle their corresponding SME

processes. The way of supporting is presented in the following approaches:

The Decamerone tool supporting the method fragment approach [Harmsen et al., 1994]
contains the product part elements of the component;

The SESAME tool is described in [Mirbel, 2008] and is based on the method chunk approach;
The MC Sandbox tool belonging to the method configuration approach [Karlsson et al.,
2004b];

The OPF fragment approach uses the ORF Repository tool to store the product part of the
method [Firesmith et al., 2001];

The method service approach uses execution graphs and resource descriptions for
implementing the resource part implemented in SO2MX tool [Guzélian et al., 2007];

The FIPA approach offers a tool for storing method fragments (a repository) [Seidita et al.,
2004].

The MENTOR tool offers a way to guide the engineer through the repository of the method

chunks approach [Si-Said et al., 1997].

However, there are no approaches that offer a tool to support the complete method construction

process. Table 11.1.5 presents the development view.

Table II.1.5 Summary of the Development View.

Method | Method Method Method | Method
Attribute Value fragment| chunk |configuration OPF service |extension FIPA
approach approach
approach|approach| approach approach|approach
Process model |Activity-oriented X X X X
Product-oriented
Decision-oriented X X X
Construction |Assembly X X X X X
technique [Instantiation X X
Extension X X X
Reduction
Agile X
Construction
Context matching X X X X
Tool/ Product storage X X X X X X
Implementation|and manipulation
Process operating X X
Retrieval X X X X X X
Construction X X X
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1.5. Conclusion

The comparative analysis of seven SME approaches was realized in this thesis for two reasons: firstly,
for identifying existing elements that can be useful in our proposal and, secondly, for establishing a
possible improvements of DM methods.

The framework helps highlighting some drawbacks of the studied SME approaches.

e Variability. The variability concept is not explicitly taken into account in any approach; so
there is no explicit representation of the common or variables parts in the current
approaches.

¢ Contextualisation. Even if all SME approaches deal with the context notion, they do not
propose a context model. In addition, none of the existing SME approaches suggests a
methodology for defining the context of methods.

e Actors’ conflicts resolution. Even if actors and their roles are considered by several SME
approaches, they do not say how to deal with contradictory interests of stakeholders and
engineers involved in IS engineering processes.

® Approaches interoperability. Despite some standardisation efforts of the ME community, all
approaches are strongly coupled with their own notion of method component so the
techniques developed in one approach are not usable in another one.

e Component retrieval. The case of selecting or constructing a method within multiple
methods repository is not addressed.

The proposal put forward in this thesis uses the principles of SME (intentionality, context-awareness,
reusability, and modularity), as well as some of the main points of SME approaches (for instance a
good actor/role representation, a repository to store the components and the associated
organizational process, tool supports at different levels, and so on) to define an approach targeted to
the DM domain. This approach will also provide different context representations and context usages
for elaborating a contextualization methodology, which will help to select & assemble the right
components. The construction of situational methods will use a decision-oriented process to offer a
better guidance and will allow method construction as well as method configuration. The following
chapters explain the notion of method family, as well as the contextualization and configuration
processes.
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Chapter 2: DM Method Family

2.1. Introduction

In this Chapter, we introduce the concepts of method component and method family. A method
component is a building block that represents a part of a method and could be applied and reused
separately. The method family concept aims at responding to the question of how to represent and
to organize method components. Current approaches of method engineering are based on the
assumption that a method may be composed at the time of a specific project, composed “on the fly”.
The concept of method families addresses the composition in a different way: method components
from the same field and having the same main usage are organized in a method family before
concrete projects. That allows reducing the complexity in managing the vast variety of methods and
method components. The composition of a method family exhibits the commonalities and the
variability.

Based on these properties, a method family is customized in order to be applied in a given situation.
A new method is obtained from the method family. We call it an application method which could be
also called a method line.

In order to represent the method components and method families, we adapt the COMET meta-
model and use the Map modeling formalism. The COMET meta-model (Section 2.2.) is based on the
notion of method chunk and is used for representing the structure of method components in a
modular way [Deneckere et al., 2008]. We adapt this model to the case of DM methods. The Map
formalism [Rolland et al., 1999] is employed for the representation of the DM method family and for
the organization of method components within a family. Map is an intention-oriented modeling
formalism. This formalism allows specifying models in a flexible way by focusing on intentions, and
on the various ways to achieve each of these intentions. This formalism is detailed in Appendix A.
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A method family is a composition of method components coming from different methods of the
same field. However, belonging to the same scientific field does not represent a sufficient criterion to
unify several methods into a family, as such field contains multiple methods of different nature.

We postulate that different methods may be federated into a family only if they are characterized by
a property that we call “teleological unity”. We introduce this notion in order to clarify the possible
characteristics allowing to consider a group of methods as a family.

Teleological unity is defined by the similarity of different methods according to their usage
(expressed through associated intentions). This implies that only methods having the same usage and
created for the same goals could be integrated into a method family. At the same time, the
differences between methods relate essentially to various ways of attaining the given goals. In that
way, teleological unity is deduced based on the identification of main goals (or main intentions) of
methods to be grouped into a method family. The main goal corresponds to the goal of the higher
level of abstraction (See Appendix A for details of the intention description). The similarity of these
goals (inspired from [Ralyté, 2001]) allows identifying the teleological proximity of methods.

This Chapter contains:

e the description of the DM method components using the proposed meta-model;

® the explanation of how the MADISE DM method family was constructed;

¢ the presentation of the MADISE DM method family;

¢ the illustration of two DM method lines obtained from the MADISE DM method family.

2.2. DM Method Components and Family Modeling

This section details the component meta-model. This meta-model is based on the COMET meta-
model created for modular method modeling. Following this approach, a method is viewed as a set
of modules called method components. This supports the adaptation and extension of existing
methods and the construction of new ones depending on the specificities of the current project,
which is the purpose of SME.

This section includes the meta-model of modular methods, different elements of method
components, and their levels of granularity.

2.2.1. Meta-Model of Modular Methods

The goal of the proposed meta-model is to represent any method as a set of method components (or
simply components). A method component is an autonomous method part and a coherent method
to support the achievement of a specific activity in the process of system development.
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Figure 111.2.1. provides a detailed representation of our component meta-model using UML notation
[UML, 2011]. According to this meta-model, a method family is seen as a set of components from
different levels of granularity, the method family is itself a component of the highest level.

Plan Choice Formal Informal

I ]
V V

Strategic Tactical Simple
guideline guideline guideline
| | Source Target
v Component
1D 1
ProcessPart | Name > Product Part
1 Objective has a
Type -
Situation *
1 0..1 Context
Signature <>
Intention
*
measures
Value Indicator Characteristic
1..% 1

Figure II1.2.1. Meta-Model of Modular Methods.

As shown in this figure, components may be an aggregation of components. Each component
includes a process part coupled to the product part used by this process. For example, the
component method providing a part of the process for the construction of a use case model
[Jacobson et al., 1992] must also provide definitions on the concepts of actors, use case, scenario,
extension relationships, etc. The product part of the component contains the various items of
product belonging to the product model of the method, necessary for the implementation of the
approach captured in the process of the component. The component process part is represented as a
directive. This is the most important part of a component because it defines an approach that the IS
engineer has to follow to achieve the component objective. Another important concept in this meta-
model is the signature. The signature represents the operating conditions of the guideline. The
situation characterizes the entry point in the process of the component while the intention defines
the engineering purpose the component helps to achieve. A component is also composed of a
context part which allows to define some characteristics representing the situational context to
reuse the component.

The following sub-sections represent the main elements of the given meta-model: method
component, its signature, product part, process part, and context.
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2.2.2. Method Component

Method components are obtained by dividing methods into atomic building blocks. A component is a

coherent part of a method. It has several attributes: ID, name, objective, type.

e The id of the component allows to identify it in the component repository.

® |ts name is a string that contains the component label.

® The objective attribute expresses the component purpose, which allows selecting or rejecting

the component without looking at its contents.

e The type attribute determines the component type that can be atomic or aggregate (See

Section 2.2.7.). This allows to refine the retrieved components in the repository. For the

aggregate type, analyzing the component structure and choosing one of its sub-components

can refine the search. For the atomic type, it cannot be sub-divided. However, the aggregate

components including the given atomic component could be retrieved.

The origin method could be associated to each component. The initial method is characterized by its

name, author, and reference. The method component and its relation to the initial methods are

shown at Figure 111.2.2.

Figure III.2.2. Representation of the Method Component.

Method Component Method
D is_the_origin_of

Name
Name * Author
Objective Reference
Type

As we can see, each method component is related to at least one method. In addition, the same DM

component could be initially included in more than one DM method. This is the case, for instance, of

the weighting method component which is often included in more complex DM method (for

instance, AHP). This component is shown at Figure 111.2.3.

ID: M.cc3
Name: Define criteria weighting

importance of criteria.
Type: Aggregate

Objective: Provide an approach for defining relative

Figure II1.2.3. Method Component ‘Define Criteria Weighting'.
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The DM component M.cc3 ‘Define criteria weighting’ allows providing an approach for defining
relative importance of criteria in a given DM situation. This is an aggregate component as it is
composed of other components, each of them describing a way to define weights.

2.2.3. Signature

As mentioned earlier, each component is described by a signature. The signature characterizes: (i)
the conditions under which the component can be applied and (ii) the result it achieves. The
component signature plays an essential role for its identification and retrieval in the repository as it
defines the component goal and the conditions of its application.

A signature is defined by a pair <situation, intention> characterizing the application context of the
component. Figure 111.2.4. shows the part of the meta-model representing the signature structure.

Situation Component
Signature < 1D
— Name
1 Objective
Intention Type

Figure II1.2.4. Structure of the Method Component Signature.

DM Situation. The situation characterizes the conditions mandatory for the application of a
component. In the case of the DM methods, the situation relates to the definition of different

objects, used in the DM process at its different stages. For instance, it can be “alternatives are
defined”.

The situation is based on a product part or parts that are needed to meet the objective of the
component. Thus, the situation refers to the source product part of the given method chunk. As the
product part is a sub-set of concepts determined in the DM ontology, the situation includes also the
elements from DMO. More precisely, it contains different classes of the DM ontology with the
associate states of the corresponding objects. It can be formalized as follows:

Situation: <Object = «Object’s state»>

Table 111.2.1. provides the list of several objects and their states used for defining the situations of the
DM method components.
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Table II1.2.1. Examples of the Situations’ Definition for the DM Method Chunks.

Object Situation
Problem Problem = «Defined»
DM Object DM Object = «Defined»
Alternative Alternative = «Validated»

DM Intention. The Intention expresses a goal that the engineer wants to achieve by applying the
component. The target of this goal is composed of one or more product parts composing the
component. This concept describes goals that actors have within the DM process. It is represented as
a taxonomy. The main intention is to find a solution of a problem having DM nature. This intention is
decomposed into ones that are more detailed, for instance, define alternatives, define relative
importance of criteria, and so on. Several examples of DM intentions are given in Table 111.2.2.

Table III.2.2. Examples of Decision-Making Intentions.

Intention Description
Define alternatives Establish the list of alternatives available in a given DM
situation.
Define criteria Establish the list of criteria in order to allow considering
different aspects for comparing alternatives.
Define relative Define weights of criteria in order to take into account
importance of criteria different relative importance of criteria.

The formulation of DM intentions is based on the model specified in Section A.1.2 of Appendix A.

An example of the method component signature is given at Figure I11.2.5.

SlEnatuas <(Alternatives evaluated), Evaluate alternative by quantifying>

Figure III.2.5. Signature of the Method Component ‘Define criteria weighting’.

This Figure shows the signature containing the situation in which alternatives have already been
evaluated but are expressed with the qualitative indicators (‘Alternatives evaluated’). The analyst
apply the by quantifying strategy in order to obtain the quantitative values of alternatives.

2.2.4. Product Part

The product part of a component defines the product that is used for or is obtained by the execution
of its process part. It is described by a product meta-model. This meta-model is a set of concepts that
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can describe all the product parts of a given method. It provides a unique representation of product
models belonging to the same method or to the group of similar methods.

As the product part is the description of input and output product models of the method component,
it includes the source product part and target product part (See Figure 111.2.6.).

® Source Product Part. The source product part defines the product situation before applying
the method component. The source product part partially covers the situation included in
the method component signature.

e Target Product Part. The target product part defines the result, which must be obtained by
the method component application. The target product part is related to intentions as the
last expresses the desired result in terms of objective, and the latter formalizes this result in
form of product.

Method Component Target
ID 1

Name l«<>————— Product Part <]—

Objective

Type Source

Figure II1.2.6. Product Part of Method Components.

In the case of DM methods, the product part in defined using the DM ontology. The relation between
the product part of the DM method components and the DM ontology is shown at Figure 11.2.7.

Source

Product Part Decision-Making ~ Decision-Making
Concept * Ontology

contains

Target

Figure I1.2.7. Relation between the DM Ontology and the Product Parts of DM Method
Chunks.

DM concepts correspond to different elements formalized with the DM ontology, for instance, the
DM problem (choice, ranking, classification), alternative, criterion, and so on. Both source and target
product parts contain different DM concepts.

An example of the product part belonging to the ‘Define Criteria by Weighting’ method component is
given at Figure 11.2.8.
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Product Part - Source

Criterion
name: String contains (3) CriteriaSet contains (1) | pMsituation
informationType: ENUM{det, prob, fuzzy, mixed}
measureScale: ENUM{nom,ord, int, ratio,abs} 1..% 0..1

type: ENUM{qual,quan}
validity: Boolean

Product Part - Target

Criterion
name: String contains (3) CriteriaSet contains (1) | pMsituation
informationType: ENUM{det, prob, fuzzy, mixed} 0.1
measureScale: ENUM{nom,ord, int, ratio,abs} ot -
type: ENUM{qual,quan}
validity: Boolean
1
is_defined_for
0..1
2..% Weight 0..2 1 Preference
value: Real
concerns (2)
0..1
aggregates (2)

Figure I1.2.8. Product Parts (Source and Target) of the Method Component ‘Define
Criteria Weighting’.

The criteria organized into a set are inputs (source product part) of the given component. By applying
the “By weighting” strategy, criteria are analyzed in order to identify their relative importance. This
leads to the transformation of the source product part (for instance, Criterion class) by extending it
with the Weight class (cf. target product part).

2.2.5. Process Part

The process part is a description of activities executed on the input products in order to obtain the
target product. It contains guidelines, which aim at explaining how to apply the method component
in practice.

The process part of a component represents the process to apply to obtain the target model part.
More specifically, the guideline defines the knowledge of the method to guide the IS engineer in
achieving an intention in a given situation. It prescribes a process to achieve an intention. A typology
of guidelines is shown at Figure 111.2.9.
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Plan Choice Formal Informal

V V

Strategic Tactical Simple
guideline guideline guideline
I I
v Method Component
ProcessPart |~ 1D
Name
1 Objective
Type

Figure II1.2.9. Process Part of Method Components.

This typology classifies guidelines according to their content. Depending on the shape of their
representation, their complexity and richness, they can be simple, tactical or strategic.

2.2.5.1. Simple guideline

A simple guideline is an atomic guideline which cannot be decomposed into sub-guidelines. It can be

informal or formal. An informal guideline is represented as a text. A formal guideline is described
using a formalism.

Figure I11.2.10. illustrates the formal simple guideline of the ‘Normalize alternative values by maximal
value’ method component.

Process Part

max; g; (ap)
gjis a criterion j
a;is an alternative i
gj(ai) is the evaluation of the alternative i to criterion j
r;jis the normalized value of the alternative i according to criterion j
Fis a set of criteria

Figure II1.2.10. Simple Guideline of the ‘Normalize Alternative Values by Maximal Value’
Method Component.

This guideline aims at normalizing alternative values by dividing them by the maximal value according
to a criterion.
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2.2.5.2. Tactical guideline

A tactical guideline is a complex guideline using a tree structure to link its sub-guidelines. A guideline
can be either a choice or a plan [Rolland et al., 1996].

A choice guideline corresponds to a situation that requires the exploration of alternative options as
there are situations in which an IS engineer has different ways to achieve his purpose. He must make
a choice among a set of possibilities to solve the problem. Each alternative solution is described by a
new guideline that meets the same intention that the choice guideline’s one. These alternatives
guidelines can be simple or tactical. For instance, Figure I11.2.11. illustrates the choice guideline of the
‘Evaluate alternatives by normalizing’ method component.

Process Part

M.Mdel.bb1 <(Alternatives
evaluated), Refine alternative
evaluations by normalizing>

M.Mdel.bb1.1 <(Alternatives
evaluated), Normalize alternative
values by maximal value>

M.Mdel.bb1.2 <(Alternatives

M.Mdel.bb1.3 <(Alternatives
evaluated), Normalize alternative
values by extent>

evaluated), Normalize alternative
values by sum>

Figure II1.2.11. Choice Guideline of the ‘Evaluate Alternatives by Normalizing’ Method
Component.

The process part of the given method component contains three possible ways of normalizing (by
maximal value, by sum, and by extent). Each of them represents a method component. Only one of
these components is sufficient to attain the target goal which is to have normalized (that is to say
comparable) values between different criteria.

A plan guideline corresponds to a complex problem to be solved, needing to be decomposed into a
set of sub-problems. The IS engineer knows all steps that will allow him to achieve his purpose. He
has a plan consisting of a set of sub-guidelines. Guidelines that compose a plan guideline can be
simple or tactical.

An example of a tactical guideline plan is given at Figure 11.2.12.
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Process Part

M.Mdel.ab2 <(Alternatives
evaluated), Refine alternative
evaluations by quantifying>

Step 2: Associate numeric value

Step 1: Choose scale .
to each qualitative value

Figure II1.2.12. Plan Guideline of the ‘Evaluate Alternatives by Quantifying’ Method
Component.

This guideline indicates how to quantify alternative values expressed with the qualitative values. This
leads to the execution of two steps (Choose scale and Associate numeric value to each qualitative
value), each of them corresponding to a simple guideline. The analyst must carry out two steps in
order to get the target product.

2.2.5.3. Strategic guideline

A strategic guideline, also known as a ‘map’ [Rolland et al., 1999], allows to formalize the process
model of a method by offering several possible ways to develop its products. In this case, the IS
engineer has the option of choosing one approach among several suggested by the method. A
strategic guideline is a complex guideline using a graph structure to link its sub-guidelines. It shows a
strategic view of the product development approach based on a set of intentions and a set of
strategies to meet these intentions. The strategic guideline allows expressing the multi-approaches
process by offering several possible ways to satisfy his intention.

For these reasons, we have selected this model to represent method families. As mentioned above, a
method family unifies several methods from the same field. Thereby, a modelling which allows to
consider different possibilities to attain the same goals is needed. Thus, a method family corresponds
to a strategic guideline of the highest level of abstraction modelled with a map.

Figure 111.2.13. shows the MAP meta-model using the UML representation.
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Map

code
description Strategy Start

0..1

Refinement

Path ;1 o 1 x| [o.x L1.x

Section 1..* Source

1.4 — 1. % Target Intention <} Stop

1.4 description

1..% 1..%
Thread Bundle

1.%

Figure I11.2.13. Map Meta-Model.

The Map model enables to represent a flexible ordering of intentions. It is expressed through the
combination of different intentions and strategies used for achieving these intentions. Each Map has
a code and a description which allow to identify it. A map could be refined by another map if a
section corresponds to another strategic guideline.

An Intention is a goal that can be achieved by the performance of an activity. Each map has two
special intentions, Start and Stop, respectively to begin and to end the map [Rolland et al., 2001]. The
detailed description of the intention elements is inspired from [Rolland, 2011] [Ralyté, 2001] and
detailed in Appendix A. The target intention of each section corresponds to the intention of the given
method component. The source intention is related to the situation of the component.

A Strategy is an approach, a manner to achieve an intention [Rolland et al., 2001]. Each strategy
relates two intentions. The strategy concept allows, firstly, to separate the goal and the manner to
achieve this goal and, secondly, to express alternative approaches for the goals achievement
[Deneckere, 2001]. An instance of strategy is By problem exploring.

A Section is the basic block of the Map model. Sections belonging to the same map correspond to
different method components of the given method family. A section represents a combination of two
intentions and a strategy relating these intentions. In other words, a section encapsulates knowledge
about a method component in a triplet <Source intention; Strategy; Target intention>, in other
terms, knowledge corresponding to a particular process step to achieve an intention (the target
intention) from a specific situation (the source intention) following a particular technique (the
strategy). A section is characterized by a code and a description. A Section code depends on its
position on the Map. The codification principles are given in Appendix A. An example can be
mentioned: <Start; By problem exploring; Identify DM Requirements>. A section is associated to a
guideline, which explains how to reach the target intention from the source one by performing the
given strategy.

When a section of a map is refined by another map, it is made through the refinement relationship
between the section and the map. Refinement is an abstraction mechanism by which a complex
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assembly of sections at level i+1 is viewed as a unique section at level i. This relationship introduces
levels in the process representation as each map may be represented as a hierarchy of maps.

Sections in a map are related to each other by three kinds of relationships namely thread, path and
bundle. A thread relationship shows the possibility for a target intention to be achieved in several
ways from the same source intention. Each of these ways is expressed as a section in the map. A path
relationship establishes a precedence relationship between sections. For a section to succeed
another, its source intention must be the target intention of the preceding one. A bundle relationship
shows the possibility for several sections having the same source and target intentions to be
mutually exclusive. From this point of view, a map represents a multi-path. Method components
expressed trough the sections are related by the same relationships.

MAP allows specifying process models in a flexible way by focusing on the process intentions, and on
the various ways to achieve each of these intentions. Therefore, it is not imposed that once an
intention is achieved the intention that immediately follows is directly undertaken. An edge enters a
node if its associated strategy can be used to achieve the target intention. Since there can be
multiple edges entering a node, the map is able to represent the many ways for achieving an
intention.

An example of the strategic guideline is given at Figure 111.2.14.

Process Part

@ By weighted

Refine product

alternative
evaluations
By weighted

(o3

By calculating
partial scores

" By exploiting
By quantifying

Calculate
overall scores

ucCé6) By weighted sum

@ By weighted product

Figure II1.2.14. Strategic Guideline of the ‘Make Decision by Unique Criterion of
Synthesis’.

This guideline is strategic as it is composed of different method components and is represented by
the Map model. It shows eight components and their possible order of application. This map is a part
of the DM method family proposed in this thesis and is detailed in the following.
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2.2.6. Context of Method Components

Our vision is that a method component closely related to its context. The previous works on method
engineering suggest neither a model of context nor a process for specifying it. We have considered
these drawbacks and have suggested the notion of context formalized with the following model (See
Figure 111.2.15.).

Method Component
D has_a
Name Context
Objective 1 0..1
Type <>
*
X
= measures
Value Indicator Characteristic
1.% 1

Figure II1.2.15. Context Part of Method Components.

The context is composed of a set of characteristics such as cost, time, expertise degree, and so on.
Each characteristic is measured by at least one indicator. A method component is evaluated
according to different indicators and can have multiple values for each indicator.

By introducing context in our model, we intend to detail the reuse situation in order to define the
different cases in which each method component is suitable and to provide information for searching
components based on their evaluations.

The notion of context and an approach for specifying it are detailed in Chapter 3 of this Part.

2.2.7. Granularity Levels of Method Components

Method components are defined at different levels of abstraction and exist at different levels of
granularity. The size of a component varies from a simple guideline to the representation of the
complete method family. From this point of view, a method component can be atomic or aggregate
(c. Figure 111.2.16.).
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2..% Component

Aggregate Atomic

Figure II1.2.16. Granularity Levels of Method Components.

An atomic component is a component in which the guideline is a process or an activity that cannot
be divided into reusable sub-guidelines.

A component is aggregate only if the associated guideline is complex (tactical or strategic) and its
sub-guidelines are represented by method components. The aggregate component is then composed
of several sub-components. These sub-components in turn can be either atomic or aggregate.
Therefore, a method family can be considered as an aggregate component of the higher level.

A choice tactical guideline can be an aggregate component if the alternatives composing it contain
reusable guidelines and can be represented by method components. Thus, the aggregate component
connects a set of sub-components through the composition link. These sub-components are
represented as independent reusable method components. The execution of an aggregate
component implies to select one of its sub-components, the most suitable in the given situation, and
then to apply it. All these sub-components can be, in turn, atomic or aggregate.

In the same way, a method component with the plan tactical guideline can be atomic or aggregate. It
depends on the structure of the sub-guidelines composing it. If they can be considered as reusable in
another context than the original method, they can be defined as complete method components of
the N-1 level of granularity. As opposed to the choice guidelines, the IS engineer must execute all
sub-components of the plan guideline in order to meet his intention. However, these sub-
components could be used separately in other processes.

An aggregate method component with the choice guideline is presented at Figure 111.2.17.
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ID: M.Mdel.bb1l

Type: Aggregate

Name: Evaluate alternatives by normalizing
Objective: This componentis applied when criteria have different measure scales (for
instance, ordinal, interval, ratio). In this case, evaluations can be normalized to be
comparable between them.

Signature

<(Alternatives evaluated), Evaluate alternatives by normalizing>

Process Part

M.Mdel.bb1 <(Alternatives
evaluated), Refine alternative
evaluations by normalizing>

M.Mdel.bb1.1 <(Alternatives
evaluated), Normalize alternative
values by maximal value>

M.Mdel.bb1.2 <(Alternatives

M.Mdel.bb1.3 <(Alternatives
evaluated), Normalize alternative

values by extent>

evaluated), Normalize alternative
values by sum>

Product Part - Source

0..1

AlternativeValue

dataType: real
value: Num

aggregates (1)

0..1

Product Part - Target

aggregates (1)

AlternativeValue 2|.*

dataType: real
value: Num

Figure II1.2.17. Aggregate Method Component ‘Evaluate Alternatives by Normalizing’.

The given method component is an aggregate one as it is composed of three DM method
components named Normalize alternative values by maximal value, Normalize alternative values by

sum, and Normalize alternative values by extent.

Figure 111.2.18. shows an example of an atomic method chunk with the tactical plan guideline.
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ID: M.Mdel.ab2

Name: Evaluate alternatives by quantifying

Objective: This componentallows dealing with quantitative and qualitative evaluations. In
order to compare them, qualitative criteria can be transformed into quantitative
ones. The quantifying is the affectation of numeric values to qualitative data.

Type: Atomic

RlERatUE <(Alternatives evaluated), Evaluate alternative by quantifying>

Process Part

M.Mdel.ab2 <(Alternatives
evaluated), Refine alternative
evaluations by quantifying>

Step 2: Associate numeric value

Step 1: Choose scale L
P to each qualitative value

Product Part - Source Product Part - Target

0..1

aggregates (1)

AlternativeValue

dataType: real
value: String

@il

aggregates (1)

AlternativeValue

dataType: real
value: Num

Figure II1.2.18. Atomic Method Component ‘Evaluate alternative by quantifying’.

This component is atomic, as it cannot be divided into simpler ones.

2.2.8. Advantages of Representing Method Families with MAP

As mentioned above, we have chosen to use the modelling formalism called MAP [Rolland et al.,
1999] for representing method family and for organizing method components within method
families.

In our vision, a method family is considered as a method component of the highest level of
abstraction. The component at this level corresponds to the strategic guideline. As mentioned above,
strategic guidelines are represented with the Map model.
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We chose to represent the method family with the MAP formalism to benefit from the following
advantages of this representation formalism:

¢  Multi-approaches dimension. Every map path from Start to Stop represents a different
approach for the method application. The concept of multi-approaches in a map is given by
the multitude of paths that link Start to Stop. For example, two different paths from Start to
Stop contain at least a different intention or a different strategy. Thus, the same product is
constructed by two different approaches. The multi-approaches notion is rewarding because
it allows more flexibility in the implementation process of the method by offering various
trajectories. Moreover, this notion covers all possible approaches and does not impose
ambiguous situations to IS engineers. In addition, MAP offers the possibility to combine
different approaches for building the same product.

¢ Intentional perspective. Using the MAP for the representation of process models provides a
clear distinction between goals to achieve and ways used to achieve them.

e Situational vision. The MAP formalism allows to represent the process model at different
levels of granularity from the strategic level and to the operational level.

¢ Different levels of abstraction. The MAP formalism allows representing the process model at
different levels of granularity from strategic to operational levels.

The choice of the MAP formalism is justified by the following reasons:

* MAP provides a simple representation of methods: indeed, it gives an overview of all aspects
of a method family. In addition, representing a method family using the MAP formalism on
the highest level of abstraction facilitates communication between the participants and
reduces the risk of misinterpretation of components;

e MAP allows, in addition to representation, to control the process of building product models
associated with the method family: the combination of guidelines with the map elements
provides designers with the assistance in the product construction;

® MAP provides flexibility in the application of the process model as it does not impose any
execution order: the navigation though the map is neither ordered nor sequential;

® Each path of the map from Start to Stop can give another variant of the method application;

® The notion of refinement offered by the MAP formalism provides some modularity in the
implementation of the process model. Each section can be viewed as a component
independent of the others;

® Guidelines associated with a map capitalize knowledge and facilitate its reuse in the
construction of new methods.

Thus, using the Map model allows us to unify different method components within a unique
coherent family according to the intentional paradigm.

In addition, this formalism is widely used in the SME field, for instance, in the following approaches:
assembly-based method construction [Ralyté, 2001], pattern-based extension of methods
[Deneckere, 2001], and paradigm-based ME method [Ralyté et al., 2003].
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2.3. DM Method Family Definition

In order to define DM method family, we have proceeded by the decomposition of different methods
into components. The process of the DM method definition itself includes several steps organized
into two stages:

¢ identification of DM method components and
e their further assembly into the DM method family.

These two stages are described in the following sub-sections.

2.3.1. Identification of DM Method Components

In order to identify DM method components, we have proceeded by the decomposition of different
DM and other methods into components. This sub-section offers an overview of the methods used
for identifying DM components and a process employed for decomposing methods. We finish by
giving an illustration with the AHP method.

2.3.1.1. Spectrum of the Analyzed Methods

The input of this process includes the main groups of DM methods and also the additional activities
that help in decision-making but are not directly covered by the DM methods. An example is the
identification of the alternatives’ list or of the criteria list. Several of these additional activities are
covered by the ISE field. The spectrum of the used methods is presented at Figure 111.2.19.

Methods Method Chunks
Outranking HA.nalytlhc @
Methods lerarchy
Process
Weighting @ @ ‘
MALL Methods |:>
ISE and ij D ‘
Other DM Other ’

hethads Methods

Figure II1.2.19. [llustration of the DM Method Family Definition Process.

As illustrated at Figure 6.X., the initial independent methods are:

® DM methods:
o Outranking methods,
o Analytic Hierarchy Process (AHP),
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o Multi-Attribute Utility Theory,
o Weighting methods;
e Other DM methods (as fuzzy methods, decision tree analysis, and so on).

We have decomposed these DM methods. Then, we have completed them with a set of several
additional activities (such as alternatives discovering, criteria definition etc.) in order to cover the
complete DM process. For most of them, these are the methods of analyze and synthesis (that we
call ISE and other methods).

2.3.1.2. DM Method Components Identification

The DM method components were identified from the existing DM and other methods by applying
the following steps: highlight elementary activities, group them with respect to several principles,
and formalize method components.

The first step (highlight elementary activities) corresponds to the identification of DM activities. An
activity describes elementary actions used for making decisions. For instance, it can be enumerate
alternatives, calculate a weighted sum, calculate an aggregate value etc.

Grouping different activities into method components follows two main principles:

® Independency — Each component obtained from a method (or from a component of the
highest level) must have an independent existence, that is to say it can be applied separately.
This principle allows reusing components within different situations.

e Completeness — When decomposing a method into different elements (components of
simple activities), the application of these elements must be sufficient for executing the
initial method. This means that none activity could be omitted.

The method component formalization includes:

¢ the identification of the method component signature (the couple of situation and intention)
as the most structuring elements allowing to know the preconditions of the method
component execution and the goals it must reach;

e the description of the product and process parts.

In order to illustrate the method decomposition into components, we have selected the AHP method
(See Section 1.2.3.6. for the description of this method).

The AHP method could be seen as a set of the method components named as follows: Structure
decision hierarchy, Construct the pairwise comparison matrix for goals, Construct the pairwise
comparison matrix for comparing alternatives according to each criterion, Calculate alternative
scores, Check consistency. These components are summed up in Table 111.2.3.
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Table II1.2.3. DM Method Components of the AHP Method.

Name Signature Description
Structure decision hierarchy | <(Problem = defined), This component aims at structuring the decision
Structure decision hierarchy: define goals and alternatives. This is
hierarchy> an aggregate component including: Define goals
and their hierarchy, Define alternative solutions
Construct the pairwise <(Goals = defined), Define This component allows calculating the weights of
comparison matrix for goals | relative importance of goals | goals which are considered as criteria. For this, a
by pairwise comparisons> 1-9 scale is used and each couple of criteria
(goals) is compared using this scale.
Construct the pairwise <(Goals = defined; By applying this component, each couple of
comparison matrix for Alternatives = defined), alternatives is compared using a 1-9 scale. Thus,
comparing alternatives Evaluate alternatives alternatives are evaluated according to their
according to each criterion according to each goal> contribution to each goal (criterion)

achievement.

Calculate alternative scores | <(Alternatives = evaluated), | The comparison matrices are used for calculating

Define priority> the final score of each alternative using the
defined weights.
Check consistency <(Priority = defined), Check This component helps to check decision
decision consistency> consistency by computing a consistency measure

based on the normalized comparison matrix.

2.3.2. DM Method Chunks Organization within the DM Method Family

The organization of the DM method chunks within the method family is done based on the assembly-
based SME approach.

2.3.2.1. Assembly-based Approach and Assembly Operators

The assembly based approach [Ralyté et al., 2001b] uses a process (assembly process model — APM)
that guides the engineer in the elaboration of a requirement map and uses this map in order to
select a set of related chunks. The final selection is then realized with the help of similarity measures
inspired from those proposed by [Castano et al., 1993] and [Bianco et al., 1999]. They distinguish two
types of measures: those which allow to measure the similarity of the elements of product models
and those which allow to measure the closeness of process models elements.

The APM [Ralyté et al., 2001b] is based on the notion of "chunk" as a representation of a method
small unit. It proposes different ways to select them that match requirements as well as different
strategies to assemble them. It is based on the achievement of two key intentions: Select method
chunks and Assemble method chunks. Achieving the first intention leads to the selection of chunks
from the method base that matches the requirements. The second intention is satisfied when the
selected chunks have been assembled in a consistent manner.
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The process starts by selecting candidate chunks that are expected to match the requirements
expressed in a requirements map. Guidelines suggest formulating queries to the method base in
order to identify the chunks that are expected to match part or the totality of the requirements. A
set of strategies (decomposition, aggregation, refinement, decomposition, aggregation) help to
refine the candidate chunk selection, but, any time a chunk has been retrieved, it can be validated by
applying an evaluation strategy. This helps in evaluating the degree of matching of the candidate
chunk to the requirements. This is based on similarity measures between the requirements map and
the map of the selected chunk.

When at least two chunks have been selected, the method engineer can progress to the assembly of
these chunks. Two strategies, namely the integration strategy and the association strategy, are
proposed to fulfil the intention Assemble method chunks. The choice of the strategy depends on the
presence/absence of overlaps between the chunks to assemble. Similarity measures are used to
compare chunks before their assembly and to identify whether they are overlapping. This will help to
choose the right strategy between the integration strategy and the association strategy.

In order to assemble DM method chunks within a method family, we have used the operators
proposed in [Ralyté, 2001]:

Addition operators are used to add new elements to a product model under construction.
Unification operators are used for unifying the terminology of the models before their
integration.

3. Delete operations are used for removing elements of the product model being constructed.

4. Modification operations are used for modifying product models under assembly by changing
some of their elements.

5. Merge operators are used to merge the elements of two different product models in a new
element of the model under construction.

2.3.2.2. Similarity Measures

In order to apply the assembly operators it is necessary to compare the concepts that are affected by
the operator, that is to say, to measure the similarities between the elements of different product
models. Like in [Ralyté, 2001], we propose to measure the similarity of concepts taking into account
two parameters: their semantics and structure.

® Semantic consideration: The semantic affinity between concepts is based on real-world
objects represented by concepts.

e Structural consideration: The structural affinity takes into account the structure of concepts
and their relationships with other concepts.

Semantic similarity between two concepts of product models is based on the similarity of their
names. This metric is called the Name affinity (NA).
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The Semantics Affinity of Intentions (SAl) measures the proximity of meaning of two intentions. Since
intention is composed of a verb and a target, these two parameters are involved in measuring the
semantic similarity of intentions. If the verbs of the two intentions are identical or synonymous, and
if the targets of these two intentions of are identical or synonymous, the semantic affinity is equal to
1, otherwise it is 0. The semantic affinity of intentions is defined as follows:

SAI(Ii,Ij) _ {1 if (I;.verb SYN I;.verb) /\(Ii.target SYN [;. target)
Oelse

This formula reuses the relationship SYN of synonymy between the terms of the components defined
as follows.

SYN (Synonym-of) defines the relationship of synonymy between two terms T, and T;, where T; # T,
and they which are considered synonymous. For example, we have a relationship of synonymy <Goal
SYN Objective>. SYN is a symmetric relation.

When SAI (I, I;) = 1, the two intentions have similar semantics which allows to merge them during the
assembly of the method chunks. In the second case, the intentions have different semantics and
should not be merged.

The structural comparison of concepts is based on the calculation of common properties and
common links with other concepts. We measure structural similarity to two levels: the structural
properties of concepts (or links) and concepts.

Structural similarity of Intentions (SSI) measures the percentage of intentions in two similar methods
or aggregate method chunks. The calculations of the SSI are based on the research of similar
intentions, that is to say, the calculation of SAI of their intentions.

2 * Number of Similar Intentions in C; and C;
SSI1(C;, C;) =

2 | Number of Intentions of the Map C;,

If SSI is greater than 0, the methods have similar intentions that can be merged during the
integration. If SSl is equal to 0, the methods have no intention in common.

In the same manner, [Ralyté, 2001] defines the similarity measures for process elements of method
components.

2.4. DM Method Family Description

The MADISE DM Method Family describes the generic DM process including the main activities used
for DM. It is represented with the DM map.
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The DM map is a collection of DM method components organized into a family in order to allow its

further configuration according to a given situation. The MADISE DM Method Family represents a

method component of the highest level of abstraction and corresponds to the strategic guideline.

The DM method family is presented at Figure 111.2.20. All components composing the DM method

family are detailed in Appendix B.
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Figure I11.2.20. MADISE DM Method Family (DM Map).

The DM Map contains four main intentions: Define Alternatives, Define Criteria, Evaluate

Alternatives, and Make Decision. These main intentions as well as the last intention Stop are

described in the following sub-sections.

2.4.1. Define Alternatives

The engineer starts the MADISE process by reaching the Define Alternatives intention. At this stage,

an alternative set (or alternative family) is generated.

As commonly accepted, IS engineering processes contain two parts: a process part and a product

part [Rolland, 1998]. The process part of methods captures their behavioral and procedural aspects

(stages, tasks, activities, and schedules) [Agerfalk, 2003]. The product part of a method takes into

account its structural and static aspects (e.g., requirements documents, models, and other

deliverables) [Agerfalk, 2003]. The engineer could explore both process and product variability in
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order to find possible alternatives. He starts the DM process by choosing one of the following
sections S1 and S2: (i) S1 allows to Define alternatives list By process exploring; for instance, this
section is used in intention-based approaches (based on MAP formalism) in order to select a strategy
which is an action, or a process part [Rolland et al., 1999]. (ii) S2 allows to Define alternatives list By
product exploring; a usual example is the requirements prioritization, in which requirements are the
product parts [Ngo-The et al., 2005] [Ruhe, 2003] [Karlsson et al., 1997].

Alternatives can be complementary or exclusive to each other. Once the initial alternatives list is
defined, it can be refined by the two following sections: The By elimination strategy is applied in S3
when one or more alternatives forming the initially defined set are evaluated by the engineer as non-
realistic or non-feasible [Roy, 1996] [Chakhar, 2006]. In this case, they are removed from the set and
not anymore studied. An example of this section is the requirements review before applying AHP in
the cost-value approach of requirements prioritization [Karlsson et al., 1997]. The By addition
strategy (section S4) is available when some alternatives could be added to the initial set by
searching complementary alternatives. Such a strategy is used in [Ralyté et al., 2003]: the Refinement
strategy proposes to search for another candidate method component within the assembly-based
method engineering approach.

An overview of the corresponding DM method components is given in Table 111.2.4.

Table II1.2.4. DM Components Used for Defining Alternatives.

Section Name Signature Type

S1 |Define alternatives list by <(DM Object defined), Define alternatives by process Aggregate
process exploring exploring>

S2 |Define alternatives list by <(DM Object defined), Define alternatives by product Aggregate
product exploring exploring>

S3  |Refine alternative list by <(Alternatives defined), Define alternatives by Atomic
elimination elimination>

S4  |Refine alternative list by <(Alternatives defined), Define alternatives by addition> |Atomic
addition

2.4.2. Define Criteria

The Define Criteria intention is not mandatory. The engineer selects it if he wants to arbitrate
between alternatives based on multiple factors. At this stage, a set of criteria (at least one criterion)
for alternatives evaluation is defined.

From the Define Alternatives intention, the intention Define Criteria can be achieved following four
strategies. The By alternatives description analysis strategy (section S5) can be used in the case
where alternatives have intrinsic characteristics, which can be considered as criteria. The engineer
analyzes them in order to identify those that are important for arbitrating between alternatives. One
example is the requirements characterization in [Karlsson et al., 1997]. The By consequences analysis
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strategy (section S6) deals with alternatives consequences, which are effects produced by
alternatives if they are chosen. Future properties of alternatives and their effects on the decision
problem are analyzed in order to identify possible criteria. The By goal analysis strategy (section S7)
is applicable when an actor participating in the DM process has goals with regard to the decision
problem. Each alternative can be measured according to its capability to contribute to these goals. In
this case, goals become criteria. Goals as criteria are used in [Kornyshova et al., 2007c] for business
processes prioritization and in [Maiden et al., 2002] for requirements prioritization. By predefined list
exploring (section S8), engineers investigate the list of the project characteristics which are common
in ISE and select the suitable ones.

Once the first set of criteria is selected, it can be refined with other strategies. The By elimination
strategy (section S9) is used when elaborating the set of criteria, as the decision maker must comply
with some rules to be coherent. For instance, in order to eliminate criteria, the IS engineer considers
their set using the SMART method [Crowe et al., 1997]. Criteria must be specific, measurable,
actionable, relevant, and timely. An application of the SMART method to business processes is shown
in [Crowe et al., 1997]. The By addition strategy (section S10) is applied when criteria can
complement each other. In this case, a criterion is added following the analysis of existing ones. The
By weighting strategy (section S11) deals with weights assignment to the decision criteria. Weights
are assigned when the engineer wants to define relative importance of criteria. The engineer can
select one of the following techniques: (i) by simple attribution [Baudry et al., 2002] [Bouyssous,
2001], (ii) by indentifying the first criterion to enhance [Mustajoki et al., 2005], (iii) by trade-off
technique [Keeney, 1999], (iv) by importance analysis [Keeney, 1999], or by pair-wise comparison
[Saaty, 1980]. The last one is commonly used in the requirements prioritization within AHP [Karlsson
etal., 1997] [Maiden et al., 2002].

DM method components used for criteria definition are summed up in Table 111.2.5.

Table III.2.5. DM Components Used for Defining Criteria.

Section Name Signature Type
S5 |Define criteria by <(DM Problem defined; DM Object defined; Alternatives Atomic
alternatives description |defined), Define criteria by alternatives description analysis>
analysis
S6 |Define criteria by <(DM Problem defined; DM Object defined; Alternatives Atomic
consequences analysis defined), Define criteria by consequences analysis>
S7 |Define criteria by goal <(DM Problem defined; DM Object defined; Alternatives Atomic
analysis defined), Define criteria by goal analysis>
S8 |Define criteria by <(DM Problem defined; DM Object defined; Alternatives Atomic
predefined list exploring |defined), Define criteria by predefined list exploring>
S9 [Refine criteria list by <(DM Problem defined; DM Object defined; Alternatives Atomic
elimination defined, Criteria defined), Define criteria by elimination>
S10 |Refine criteria list by <(DM Problem defined; DM Object defined; Alternatives Atomic
addition defined, Criteria defined), Define criteria by addition>
S11 |Define criteria weighting |<(Criteria defined), Define criteria by weighting> Atomic
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2.4.3. Evaluate Alternatives

The Evaluate Alternatives intention aims at constructing the evaluation matrix (or decision matrix)
[Roy, 1996] [Chakhar, 2006]. There are several ways to evaluate alternatives:

From Define Alternative, alternatives can be evaluated using the By preferences analysis strategy
(section S12). An engineer determines preferences between two alternatives a and b. [Roy, 1996]
defines four elementary relations: (i) Indifference: alb — a and b are equivalent; (ii) Strict preference:
aPb — a is strictly preferred to b; (iii) Weak preference: aQb — a is weakly preferred to b; (iv)
Incomparability: aRb — a and b are not comparable. For instance, a strict preference relation is
present in AHP method applied for requirements prioritization [Karlsson et al., 1997] [Maiden et al.,
2002].

From the Define Criteria intention, alternatives may be evaluated following three strategies: by
measuring, by estimation, and by preferences analysis.

By measuring (section S13). Measuring is an activity that uses a metric definition in order to produce
a value [Martin et al., 2003]. A measure is a number assigned to a characteristic by making a
measurement [Martin et al., 2003]. A measuring method is a logical sequence of operations allowing
the alternative estimation. Measuring methods are objective as the evaluation is based on numerical
rules.

By estimation (section S14). Alternatives could also be evaluated using heuristics. An actor evaluates
alternatives according to subjective criteria, for instance based on his opinion. The estimation is
subjective as the evaluation involves human judgment [Martin et al., 2003]. The evaluation method
type (objective or subjective) that depends on the nature of the operations used to evaluate an
alternative may be found in [ISO/IEC 15939, 2002].

By preferences analysis (section S15). An actor determines preferences between two alternatives a
and b according to a criterion. For instance, the engineer can compare two requirements according
to the cost criterion.

Once the evaluation matrix is constructed, alternatives evaluations can be enhanced by the three
following strategies.

The By effective alternatives identification strategy (section S18) allows removing dominated
alternatives in order to keep “effective” ones. An alternative is dominated if its evaluations according
to all criteria are worse or at least the same that those of another alternative [Vincke, 1989]
[Chakhar, 2006].

The By acceptable alternatives identification strategy (section S17) allows to qualify several
alternatives as non-acceptable and to remove them from the alternative set. An acceptance
threshold is established for a criterion. Such a technique is used in the WinWin method for
requirements prioritization [Ruhe, 2003].
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By using the By preferences analysis strategy (section S16), the engineer can enhance preferences
analysis by defining complementary parameters such as preference threshold, indifference
threshold, veto threshold [Roy, 1996] [Chakhar, 2006]. These parameters are used in outranking
decision-making methods, for instance for business processes prioritization in [Kornyshova et al.,
2007c].

The corresponding components are given in Table 111.2.6.

Table II1.2.6. DM Components Used for Evaluating Alternatives.

Section Name Signature Type
S12 |Evaluate alternatives by preferences |<(Alternatives defined), Evaluate alternatives by |Atomic
analysis preferences analysis>
S13 |Evaluate alternatives by measuring <(Alternatives defined, Criteria defined), Evaluate |Atomic
alternatives by measuring>
S14 |Evaluate alternatives by estimation <(Alternatives defined, Criteria defined), Evaluate |Atomic
alternatives by estimation>
S15 |Evaluate alternatives by preferences |<(Alternatives defined, Criteria defined), Evaluate |Atomic
analysis according to a criterion alternatives by preferences analysis>
S16 |Refine alternative evaluations by <(Alternatives evaluated, Criteria defined), Atomic
preferences analysis Evaluate alternatives by preferences analysis>
S17 |Refine alternative list by acceptable |<(Alternatives evaluated), Refine alternative list |Atomic
alternatives identification by acceptable alternatives identification>
S18 |Refine alternative list by effective <(Alternatives evaluated), Refine alternative list |Atomic
alternatives identification by effective alternatives identification>

2.4.4. Make Decision

At this stage, a prescription for a decision is made.

By using arguments (section S19). In several approaches, decisions are based on an argument set
[Grosz et al., 1997] [Rolland et al., 2000] [Rolland et al., 1999]. The decision-maker is guided between
alternatives by arguments, which indicate the alternative to select depending on the given
parameters.

By “From scratch” strategy (section S20). A decision can be made by a decision-maker ‘on the fly’
without using a DM method. This kind of decision, allowed with the “From scratch” strategy, is
specific to each DM situation and highly depends on the decision-maker skills and experience.

The method-based approach deals with the transformation of partial values (alternatives values
according to different criteria) into an aggregated one. There are two main aggregation approaches
using two different strategies: unique criterion of synthesis and outranking relation of synthesis.
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By unique criterion of synthesis (section S21). This approach consists of building a single criterion
from a criteria set by using an aggregation function [Roy, 1996]. The aggregation function can be an
addition or a multiplication function. The most known one is the method based on weighted sum.
Weighting methods include SMART (Simple Multiattribute Technical Rating) [Keeney, 1999], SWING
[Mustajoki et al., 2005], and Trade-off weighting [Keeney, 1999]. Another MC method from this
group is MAUT [Keeney et al., 1993], proposed by H. Raiffa and R.L. Keeney. According to MAUT, a
utility function is established for each criterion. Then, the partial utility functions are aggregated to a
multiattribute utility function representing either an addition, or a multiplication of the partial
functions. All alternatives are evaluated by using this function. The alternative, which maximizes the
utility, is selected. These methods are available for choice, ranking or classification decision
problems. This component has a strategic guideline. It is shown at Figure 111.2.21.
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Figure II1.2.21. Method Component ‘Make Decision by Unique Criterion of Synthesis’.

By outranking relation of synthesis (section S22). Outranking methods [Roy, 1996] are inspired by the
theory of the Social Choice. The most known outranking method is ELECTRE (Elimination And Choice
Corresponding to Reality). Outranking indicates the degree of dominance of one alternative over
another. Outranking methods are based on step-by-step identification of decision makers'
preferences. Decision makers formulate their preferences and then a detailed analysis allows
decision-making for one of the base problems (choice, ranking or classification). Outranking methods
are used for method components selection [Kornyshova et al., 2007a] and for business process
prioritization [Kornyshova et al., 2007c]. The given component also contains a strategic guideline
(See Figure 111.2.22.).
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Figure II1.2.22. Method Component ‘Make Decision by Outranking Relation of

Synthesis’.

By expertise (section S23). Experience may be sufficient to make decision, in particular if the exactly

same situation has already been met. Then the By expertise strategy (section S24) can be used.

These components are summed up in Table I11.2.7.

Table II1.2.7. DM Components Used for Making Decisions.

Section Name Signature Type
S19 |Make decision by using arguments |<(Alternatives defined), Make decision by using [Atomic
arguments>
S20 |Make from scratch decision <(Alternatives defined), Make decision by “From |Atomic
scratch” strategy>
S21 |Make decision by unique criterion |<(Alternatives evaluated), Make decision by Aggregate
of synthesis unique criterion of synthesis>
S22 |Make decision by outranking <(Alternatives evaluated), Make decision by Aggregate
relation of synthesis outranking relation of synthesis>
S23 |Make decision by expertise <(Alternatives evaluated), Make decision by Atomic
expertise>
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2.4.5. Stop Decision-Making Process

This stage deals with the validation of DM results.

Once a decision is made, the engineer generates a prescription for decision based on the usage of
the DM Map (By validation). In this case, the DM process is stopped by validation. Some metrics (for
instance, a consistency index in [Karlsson et al., 1997]) can be used to checking if the DM result is
valid. Otherwise, the DM process continues by returning to the previous stages.

From Define Alternative, the DM process may be stopped when the number of identified alternatives
is limited, for instance one. The engineer validates or does not the initially obtained alternative set as
a decision.

Two method components are described in Table 111.2.8.

Table II1.2.8. DM Components Used for Stopping a DM Process.

Section Name Signature Type
$25 |Prescribe decision by validation |<(Decision made), Prescribe decision by Atomic
validation>
$26 |Validate the existing <(Alternatives defined), Prescribe decision by |Atomic
alternatives validation>

2.4.6. Navigation through the DM Map

In this section, we explain the simple navigation through the DM Map.

The MAP formalism helps to use the MADISE DM family in a flexible manner. At each stage, the Map
indicates all possible trajectories to go ahead and gives information about how to choose a
trajectory, but does not impose any one. The engineer can select between different intentions or
strategies which constitute possible trajectories. The engineer makes these choices and composes a
set of Map sections that are executed consecutively. In this manner, he dynamically constructs a DM
method suited to the given situation. For instance, one possible trajectory is to Define alternatives,
Define criteria, Evaluate alternatives, Make decision by methods application (for instance
multicriteria method AHP [Saaty, 1980]). Another one is to Define alternatives and then Make
decision directly (by ad hoc or by using arguments strategies) like in [Grosz et al., 1997] [Rolland et
al., 2000]. Therefore, the MADISE Map provides the IS engineer with a complete set of guidelines for
both trajectory selection and sections execution. It can be used each time an IS engineer meets a DM
situation.

An engineer using the DM Map can restart any intention. For instance, several situations could be
mentioned:
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e Identified criteria are not consistent with alternatives (for instance, if goals are selected as
criteria and given alternatives do not much these goals). The engineer can return to the Start
intention (to redefine the initial set of alternatives) or to the Define Alternative intention (to
decide between defining a new set of criteria of making decisions without comparing
alternatives according to any criterion). This situation is also confirmed by the proposal of
[Vincke, 1989] who asserts that the alternative set definition depends on criteria definition.

* Evaluating alternatives is not possible (for instance, if the alternative’s values cannot be
calculated). In this case, the Define Criteria intention could be attained once again in order to
identify a new set of criteria. The previously mentioned strategies could also be applied.

e Decisions are not accurate (for instance, if the result is a set of selected alternatives and the
goal is to have only one alternative). In this case, the engineer could go back to the Evaluate
Alternative intention and repeat the By unique criterion of synthesis strategy on the obtained
alternative set in order to refine the solution. For example, the WinWin requirements
prioritization approach uses multiple iterations in order to make results more exact [Ruhe,
2003].

® Decisions are not made (for instance, when the aggregated values are the same for all
alternatives). To deal with this situation, the engineer could return to the Start, Define
Alternative and Define Criteria intentions. For example, [Vincke, 1989] mentions that the
alternative set depends on the aggregation method. Thus, the engineer can begin anew the
Define Alternative intention if the defined alternatives are not suitable for the selected
aggregation method.

The engineer can also stop the navigation at any point of the map: from the Define Alternative
intention if there is zero or only one identified alternative or from the Evaluate Alternatives intention
if the result of alternatives evaluation is not satisfactory.

In this section, we have explained how the DM Map can be used by navigation that is the classic way
of using maps. However, this way has some drawbacks. A configuration process will be suggested in
Chapter 4 in order to provide a comprehensive way to use method families in general and the DM
method family in particular. However, the configuration process requires the definition of the DM
components context which is the topic of the following section.

2.5. [llustration

In this section, our goal is to show that existing DM processes could be expressed through the
MADISE DM method family. For doing this, each DM process must be represented as a MADISE
application method (i.e. a sub-set of MADISE sections). In order to illustrate this, we have chosen two
existing and well known DM processes: the cost-value approach for requirements prioritization
[Karlsson et al., 1997], and tool selection from the Rational Unified Process (RUP) [RUP, 2007]. Their
DM processes are captured and expressed as method lines (or application methods) in the following
sub-sections. Brief conclusions are given in sub-section 2.5.3.
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2.5.1. Application Case: the Cost-Value Requirements Prioritization Approach

The cost-value requirements prioritization approach [Karlsson et al., 1997] aims at ranking
requirements using the AHP DM method. The AHP (Analytic Hierarchy Process) proposed per T.L. Saaty
[Saaty, 1980] is described in Part I. As a shot reminder, this method is based on pair-wise comparison

between alternatives and/or criteria and aggregation of comparison results into a quantitative indicator
(score).

Figure 111.2.23. shows the set of DM method components corresponding to the cost-value approach.
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of synthesis

By preferences

analysis By prescription

Refine
alternative
evaluations

By calculating

partial scores
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Calculate
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Figure I11.2.23. DM Application Method of the Cost-Value Requirements Prioritization
Approach: A) From the DM Method Family; B) From Method Component ‘Make Decision
by Unique Criterion of Synthesis’.
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The cost-value approach trajectory through the MADISE Map is as follows. The product based
strategy is available for identifying candidate requirements (the By product exploring strategy is
selected). This approach suggests reviewing candidate requirements for ensuring their completeness
and correctness. Therefore, requirements can be added to or removed from the initial set (The By
elimination and By addition strategies are selected). The approach defines two criteria describing
requirements: relative cost and relative value. These criteria are predefined by the cost-value
approach (The By predefined list exploring strategy is selected). Actors (users and engineers) express
their preferences by pair-wise comparison for defining the relative value and cost of candidate
requirements (The By preferences analysis strategy is selected). The aggregated value obtained by
AHP application is used for ranking requirement. The cost-value approach uses also a cost-value
diagram in order to assist DM (The By unique criterion of synthesis strategy is selected). A consistency
index is calculated in order to check the result validity (The By validation strategy is selected). The
DM components used by the cost-value approach are given in Table 111.2.9.

Table II1.2.9. DM Method Line of the Cost-Value Approach: DM Components List.

Section Name
S2 |Define alternatives list by product exploring
S3  |Refine alternative list by elimination
S4  |Refine alternative list by addition
S8 |Define criteria by predefined list exploring
S15 |Evaluate alternatives by preferences analysis according to a criterion
S21 |Make decision by unique criterion of synthesis
UC1 |Refine alternative evaluations by calculating partial scores
UC4 |Calculate overall scores by weighted sum
UC8 |Make decision by exploiting results
S24 |Prescribe decision

2.5.2. Application Case: the Tool Selection in RUP

The second example deals with tool selection and was taken from the RUP [RUP, 2007]. The RUP
provides a wealth of guidance on software development practices. One of these practices is “Select and
Acquire Tools”. This task guides the selection of tools that fit project needs.

The set of DM method components representing the tool selection in RUP is illustrated at Figure
11.2.24.
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Figure II1.2.24. DM Method Line of the Tool Selection in RUP.

The tool selection trajectory includes the following steps. A tool to select is considered as a product
(The By product exploring strategy is selected). One of the steps in this task is to collect information
about tools in order to decide which tool is suitable for the project at hand. The suggested criteria
are: (i) tool criteria (features and functions, integration, applicability, extendibility, team support,
usability, quality, performance, maturity); (ii) vendor criteria (stability, support availability, training,
availability, growth direction); (iii) cost (acquisition cost, implementation cost, maintenance cost).
These criteria are based on the tools description (The By alternatives description analysis strategy is
selected). The RUP proposes to grade each criterion for evaluating candidate tools. The engineer
estimates tools according to different scales. Therefore, the evaluation is subjective (The By
estimation strategy is selected). The recommendations of the RUP methodology stop at this stage.
RUP does not contain any method for aggregating evaluations. Table 111.2.10. shows the set of the
DM components retrieved in the RUP tool selection task.

Table I11.2.10. DM Method Line of the RUP Tool Selection: DM Components List.

Section Name
S2 |Define alternatives list by product exploring
S5 |Define criteria by alternatives description analysis
S14 |Evaluate alternatives by estimation

2.5.3. Some Conclusions

As we can see, the cost-value approach provides a more detailed guideline for DM. It allows a
complete DM process from the alternatives definition to the decision validation. It contains a
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possibility to dynamically adjust an alternatives set. Two examples have different strategies for
evaluating alternatives. The tool selection approach is simpler to carry out but it does not contain
any decision-making and validation steps (We can see that there is none corresponding DM
component in the DM method line).

Both examples are expressed as DM method lines as we have identified a suitable trajectory in the
DM method family for each of them. The two DM processes are completely covered by the MADISE
approach. Therefore, these examples allow validating the MADISE DM method family.

Moreover, another aspect is highlighted within these examples as the DM method family can
contribute to improving existing DM models. For instance, the tool selection approach does not
provide any advice for aggregating values, as mentioned above. Therefore, it can be completed by
the DM components Make decision by unique criterion of synthesis or Make decision by outranking
relation of synthesis in order to include an aggregation method. In the same way, the cost-value
approach may be enhanced by the DM component Refine alternative list by effective alternatives
identification in order to eliminate dominated alternatives and, in this way, to simplify the AHP
method application.

2.6. Conclusion

Our goals in this Chapter were to present the method component meta-model, to provide a means
for organizing method component within a family and to show their representation. We based our
research on the COMET meta-model which allows modular modeling of method components and
families, and on the Map formalism, providing a way for organizing method components within a
family and its graphical representation.

The presented structure of method components allows us to identify them, to store them in a
methodological repository and to reuse them in the construction of other methods. Thus, they
become modules for the construction of new methods. Moreover, they can also be used to enrich
existing methods.
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Chapter 3: DM Method Family Contextualization

3.1. Introduction

Once a method family is defined, it is necessary to provide guidelines for using the given family in a
specific situation. That implies that the context must be defined for the method family and its
method components. At the same time, the context is used for specifying the situation of a concrete
usage of the method family in order to identify an application method adapted to this situation.

Existing SME approaches consider the notion of context in order to guide the selection of a method
component from a repository according to a given situation. They also deal with different kinds of
context factors characterizing situations of IS development projects and offer various methodologies
for using context.

However, the comparison of context approaches highlights that they address several aspects of
context and there is no approach that considers all possible characteristics. There is confusion
between the context of a project and the context of method components. Moreover, they do not
help in the context characteristics specification.

In this Chapter, we give a brief overview of the context definition in general and, particularly, in the
SME field. We introduce then the representation of the context within method families and offer an
approach for contextualizing methods in the IS domain. We apply the proposed approach in order to
define the context of the DM method components and DM method family.
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3.2. Context Definition

The definition of context is based on the review of the context notion used in different fields and on
the specific interpretation of context in the SME approaches.

3.2.1. Cross-Domains Notion of Context

[Bouquet et al., 2003] states that the study of context was started in the 70’s. Since then, many
different domains in relation with information systems use the notion of context and give various
interpretations of it. Context models are multidisciplinary and have been proposed in several areas
[Bradley et al., 2005]. For instance, [Dey et al., 2001] defines the notion of context by the information
that could be used for characterizing the situation of an entity (person, object or computer), and,
more generally, by any element that can influence the IS behavior.

[Rey et al., 2002] foresees the context from four points of view:

¢ The context must be defined in terms of an object. It means, “There is no context without
context”.

* The capture of context is not the goal in itself but the captured data must serve a purpose.

* The context is an information space shared by multiple actors (users and systems).

e The context is infinite and varies with the passing of time.

Related to the Information technologies field, the context is represented as a model or ontology. For
instance, [Gu et al., 2004] suggests a more detailed vision of context. It describes a formal context
model based on ontology for intelligent environments. This context ontology defines a vocabulary for
representing knowledge about context in this field. It includes two levels: upper ontology (capturing
general context knowledge) and domain-specific ontologies (detailing basic concepts in application to
a given domain). [Gu et al.,, 2004] also specifies a way for modeling context classification,
dependency between context elements, and quality of context.

In the field of Knowledge Representation and Reasoning (KRR), which is an area of Artificial
Intelligence, two types of the context theory have been proposed: (i) divide-and-conquer, which sees
context as a way of partitioning a global model of the world into smaller and simpler pieces and (ii)
compose-and-conquer, which sees context as a local theory of the world in a network of relations
with other local theories [Bouquet et al., 2003].

Another term, closely related to the context one, is context-awareness. Context awareness is a term
originating from pervasive computing, or ubiquitous computing [Schilit et al., 1994]. These systems
deal with linking changes in the environment with computer systems, which are otherwise static.
Although it is a computer science term, it has also been applied to business theory in relation to
business process management issues [Rosemann et al., 2006] [Bessai et al., 2008], to computer
science [Bradley et al., 2005], and to service selection [Kirsch Pinheiro et al., 2008]. In these works,
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the context is mainly used to solve the problem of lacking flexibility and adaptability within
processes.

3.2.2. Context in Situational Method Engineering

In the field of SME, the method component context is studied in different approaches and is
represented as: reuse frame [Mirbel, 2008]; interface [Ralyté et al., 2001]; method service context
[Guzélian et al., 2007]; contingency factors [Van Slooten et al., 1996] [Harmsen, 1997]; development
situation [Karlsson et al., 2004] (detailed in Part I).

e Reuse frame. The reuse frame [Mirbel, 2008] includes a reuse situation (which is a set of
criteria classified into three dimensions: organizational, technique and human) and reuse
intention.

¢ Interface. In [Ralyté et al., 2001], the method chunk context includes domain characteristics
(project nature, project domain) and human (actor), process and product ontologies.

e Method service context. The method service context [Guzélian et al.,, 2007] aims at
describing the situation in project development for which the method service is suitable and
defining the purpose of the service. Its model includes domain characteristics (project
nature, project domain) and human (actor), process and product ontologies.

e Contingency factors. In [Van Slooten et al.,, 1996], four categories are given: domain
characteristics (describing the content of the system), external factors (laws and norms),
technical factors (related to the development platform) and human factors (representing the
development expertise of people).

¢ Development situation. The development situation model includes a characteristics set
[Karlsson et al., 2004].

These approaches foresee different context elements that are the characteristics of method
components. The comparison of these five approaches enables to identify height characteristics
groups (context elements) which allow us to compare existing context approaches (See Table 111.3.1.).

Table II1.3.1. Comparison of Approaches dealing with Context in ME Field.

Approach Characteristics
Goal/ Organiza- | Technical Human Domain External Process Product
Intention tional
Reuse Frame X X X X
Interface X X
Method service X X X X
context
Contingency X X X X
factors
Development Not specified
situation

The reviewed SME literature shows several drawbacks in reference to the context definition:
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® The context notion is not clarified concerning its relationships to methods and method
components.

e There is confusion between two aspects of the method context definition: the definition of
the context in which a method can be applied and the definition of the context related to a
given project.

® Typologies of possible context characteristics are not homogeneous.

® The existing SME literature does not provide means for specifying context characteristics for
a given method.

Our approach aims at improving the context definition within the SME field by dealing with these
drawbacks.

3.3. Context Representation in the Method Family Model

In this section, we detail the proposed context meta-model, the possible levels of granularity of
context, the correspondence between the method context and the project one, and, finally,
representation of context within the map model.

3.3.1. Context Meta-Model

In our proposal, we describe the context as a set of characteristics. These characteristics describe
situations of a method application. The detailed context model is presented at Figure 111.3.2.

Value
Context
Method * f0* .
Component Indicator
1. .*
1 measures .
Characteristic|* Facet
Organizational Intentional
Human Satisfactional
Generic Specific
Application Decisional
Domain
Development Internal
Strategy
Figure II1.3.2. Context Meta-Model.
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The central element of this model is the characteristic concept. A set of characteristics constitute the
context. Context characteristics indicate specific conditions to use the component. Characteristics are
organized into facets for better representation and comprehension. We distinguish two types of
characteristics (and consequently two types of facets): generic and specific. The first ones are
common for most IS engineering projects; the latter ones vary from one project to another. To
distinguish between them is important because of their different identification approaches. The
context characteristics set is defined for a method component. Therefore, each method component
is described by the valuations of these characteristics (value). Different context characteristics and
the associated indicators are described in Section 3.4.

3.3.2. Context Granularity

We propose to consider the context granularity at several levels: the method family and the method
component ones (See Figure 111.3.1.). Each method family is available in a given context. As a method
is composed of some components, each of them can be also described by specifying its context.
Therefore, the method context is an aggregation of contexts associated to its components.

Method has_a Meth.od
Family Family
1 0..1 Context
*
contains
*
*
has_a Method
_‘> Method Component
Component 1 0.1 Context

Figure II1.3.1. Context Granularity.

3.3.3. Method Components’ Context and Project Context

The part of the method family meta-model corresponding to the context is shown at Figure 111.3.4.

{> Context <'—

{complete, overlapping}

Method *
t h b3 -
Component matches Project
Context Context

Figure II1.3.4. Method Component and Project Context.
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The context describes conditions in which method components are applied. The context is
represented using taxonomy of characteristics, such as cost, time, etc. For both method component
and project situation, the context must be specified. The two contexts are specified on the same
basis as they inherit from the context (the {complete, overlapping} inheritance relationship). This
allows a better matching between the situation and components for the configuration (the matches
relationship).

The method component context characterizes all possible situations in which this component may be
applied (by the is_characterized by association). We associate the description of the context to each
method component. The information about the component context is further used for configuring
application methods (method lines).

The project context includes all characteristics of the situation at hand, or in other words of the
variation point. The characterization of the project context allows configuring a method line from the
existing method family. Thereby, the obtained method line matches the situation at hand.

3.3.4. Context Representation within Maps

The usual navigation on the map is based on a set of arguments which are not always sufficiently
detailed and which do not allow to select the right components in an obvious manner. We suggest to
describe method components and, therefore, different elements of map with the use of various
quantitative and qualitative characteristics. These criteria become a prerequisite to have a better
guidance.

Thus, we associate a set of characteristics to each level of method component granularity: from the
method family to the simple atomic components. As the method family is expressed with Map, we
must also define the corresponding characteristics for the DM map in order to provide means for the
further DM method family configuration. We have defined the context as a part of method
components in Chapter 2 of this Part. The context is composed of a set of characteristics measured
with different indicators. Method components are evaluated according to these characteristics in
order to define the situations in which their application is suitable.

In the same manner, we attribute characteristics to the map sections instead of the different
guidelines proposed by the Map model (See Figure 111.3.5.). Context characteristics enrich the existing
guidelines and make them more formalized in order to provide simpler configuration of the method
family.
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Figure II1.3.5. MAP Basic Model (A) and MAP Enhanced Model (B).

3.4. Typology of Context Characteristics
In the following, we describe different context characteristics by facets.

3.4.1. Generic Characteristics

In order to establish the typology of generic characteristics we have used IS development project
characteristics [Kornyshova et al., 2007c]. In this work, a project characteristics typology is proposed
in order to guide method components retrieval and to prioritize the selected components.
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The suggested typology of context characteristics covers essential aspects of IS engineering projects.
Based on [Mirbel et al., 2006], [Van Slooten et al., 1996] and [Kornyshova et al., 2007c], it includes
four facets: organizational, human, application domain, and development strategy.

The organizational facet (Table 111.3.2.) highlights organizational aspects of IS project development.

For instance, the Management Commitment characteristic represents the management team

involvement in the project. Possible values for this characteristic are Low, Normal and High (i.e. a

High value means a high involvement and so on).

Table III.3.2. Organizational Facet Characteristics.

Characteristic

Indicator

Type

Value domain

Management
commitment

Management
commitment degree

Quantitative

3-grade scale

Qualitative

ENUM:{low, normal, high}

Importance Importance degree Quantitative |3-grade scale
Qualitative ENUM:{low, normal, high}
Impact Impact degree Quantitative [3-grade scale

Qualitative

ENUM:{low, normal, high}

Time pressure

Time pressure degree

Quantitative

3-grade scale

Qualitative

ENUM:{low, normal, high}

Shortage of resources

Shortage of resources
degree

Quantitative

3-grade scale

Qualitative

ENUM:{low, normal, high}

Level of innovation

Level of innovation

Quantitative

3-grade scale

degree Qualitative ENUM:{low, normal, high}
Size Size Quantitative |3-grade scale
Qualitative ENUM:{low, normal, high}
Cost Cost Quantitative |REAL

Qualitative ENUM:{low, normal, high}
Nature of limited Nature of limited Qualitative ENUM:{financial, human, temporal,
resources resources informational }
Innovation nature Innovation nature Qualitative ENUM:{business innovation, technology
innovation}
Duration Duration Quantitative |REAL

The human facet (Table 111.3.3.) describes the qualities of persons involved in IS project development.

For example, the User involvement characteristic represents the kind of participation of the users in

the project. Its values may be real or virtual.
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Table II1.3.3. Human Facet Characteristics.

Characteristic Indicator Type Value domain

Resistance Resistance degree Quantitative [3-grade scale

Qualitative ENUM:{low, normal, high}
Conflict Conflict degree Quantitative |3-grade scale

Qualitative ENUM:{low, normal, high}
Expertise Expertise degree Quantitative |3-grade scale

Qualitative ENUM:{low, normal, high}
Clarity Clarity degree Quantitative |3-grade scale

Qualitative ENUM:{low, normal, high}
Stability Stability degree Quantitative [3-grade scale

Qualitative ENUM:{low, normal, high}
Expert role Expert role Qualitative ENUM:{tester, developer, designer, analyst}
User involvement User involvement Qualitative ENUM:{real, virtual}

Stakeholder number

Stakeholder number

Quantitative

NUMBER

The application domain facet (Table 111.3.4.) includes indicators characterizing the domain of IS

project. For instance, the Application type characteristic deals with the different kinds of projects

according to the organization structure and can have the following values: intra-organization

application, inter-organization application, organization-customer application.

Table II1.3.4. Application Domain Facet Characteristics.

Characteristic

Indicator

Type

Value domain

Formality

Formality degree

Quantitative

3-grade scale

Qualitative

ENUM:{low, normal, high}

Relationships

Relationships degree

Quantitative

3-grade scale

Qualitative ENUM:{low, normal, high}
Dependency Dependency degree Quantitative [3-grade scale

Qualitative ENUM:{low, normal, high}
Complexity Complexity degree Quantitative [3-grade scale

Qualitative

ENUM:{low, normal, high}

Repetitiveness

Repetitiveness degree

Quantitative

3-grade scale

Qualitative ENUM:{low, normal, high}
Variability Variability degree Quantitative |3-grade scale
Qualitative ENUM:{low, normal, high}
Application type Application type Qualitative ENUM:{intra-organization, inter-
organization, organization-customer }
Application Application technology |Qualitative ENUM:{application to develop includes a
technology database, application to develop is
distributed, application to develop includes
a GUI}
Dividing project Dividing project Qualitative ENUM:{one single system, establishing
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system-oriented subprojects, establishing
process-oriented subprojects, establishing
hybrid subprojects}

Variable artefacts Variable artefacts Qualitative ENUM:{organisational, human, application
domain, and development strategy}

The development strategy facet (Table 111.3.5.) gathers indicators about different characteristics of
development strategy. For instance, the Source system characteristic represents the origin of the
reused elements that may be code, functional domain or interface.

Table II1.3.5. Development Strategy Facet Characteristics.

Characteristic Indicator Type Value domain

Source system Source system Qualitative ENUM:{code reuse, functional domain
reuse, interface reuse}

Project organization  |Project organization Qualitative ENUM:{standard, adapted}

Development Development strategy Qualitative ENUM:{outsourcing, iterative, prototyping,

strategy phase-wise, tile-wise}

Realization strategy Realization strategy Qualitative ENUM:{at once, incremental, concurrent,
overlapping}

Delivery strategy Delivery strategy Qualitative ENUM:{at once, incremental, evolutionary}

Tracing project Tracing project Qualitative ENUM:{weak, strong}

Goal number Goal number Quantitative |[NUMBER

Qualitative ENUM:{one goal, multi-goals}

3.4.2. Specific characteristics

The identification of specific characteristics is based on the particular method description or
representation. The method engineer defines them by analyzing different aspects. Different
elements of methods are analyzed in order to elicit a set of characteristics allowing distinguishing the
specific context of the method application.

For instance, for methods expressed with maps, specific characteristics could be organized into four
facets: intentional, satisfaction, decisional and internal, like in [Harmsen, 1997]. The intentional facet
concerns the method intentions. The satisfaction facet indicates the satisfaction degree that the
engineer has about the method application results. The decisional facet arises from a decision-
making process in the method. The internal facet concerns the known criteria associated with the
specific project management. For the specific map characteristics see Table 111.3.6.
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Table II1.3.6. Specific Map Characteristics.

Characteristic Indicator Type Value domain
Goal satisfaction Goal satisfaction degree |Quantative 3-grade scale.
degree Qualitative ENUM:{low, normal, high}
Goal achievement Goal achievement Quantative 3-grade scale
degree degree Qualitative ENUM:{low, normal, high}
Section satisfaction Section satisfaction Quantative 3-grade scale
degree degree Qualitative ENUM:{low, normal, high}
Section completeness |Section completeness Quantative 3-grade scale
degree degree Qualitative ENUM:{low, normal, high}

Table I11.3.7 shows the correspondence between the proposed typology and the existing context
elements (analyzed in the previous section). We can make some remarks to compare them:

e Qurtypology covers all existing elements.

e We propose to identify more precisely process and product characteristics using our
approach instead of using product and process as context characteristics directly.

* We add decisional characteristics that are not presented in the existing typologies.

Table II1.3.7. Correspondence between the Proposed Typology and Existing Context
Elements.

Proposed Typology Context Elements (cf. Table 111.3.1.)
Organizational Organizational
Human Human
Application domain Domain
Development strategy Technical
Intentional Goal/ Intention
Satisfaction External, Process, Product
Decisional Process, Product
Internal Technical, Process, Product

3.4.3. General View of the Context Typology

Our typology indicates the main characteristics that can be defined in function of a given situation. It
can be completed if new characteristics arise. Figure 11.3.3 illustrates the obtained characteristics
typology as an ontology, like in [Gu et al., 2004].

MADISE: Method Engineering-based Approach for Enhancing 163
Decision-Making in Information Systems Engineering



Part Ill. Chapter 3: DM Method Family Contextualization

Chara&eristic

Application

Delivery
strategy

Expertise
degree

< Intention

Project
organization

User Formality

involvement
Figure II1.3.3. Characteristics Ontology.

This ontology allows representing the characteristic typology as a hierarchy, which contains the
specialization links, and is more easily understandable.

3.5. Method Contextualization Approach

If our first goal was to enhance the definition of the context of IS development method for the
further configuration of application methods from a method family according to a given situation;
our second goal is to provide an approach to define the context for a given method family and its
components (the contextualization approach).

We use the Map model for modeling the contextualization approach (See Figure 111.3.6.). This
approach includes two possible ways to define the context: top-down or bottom-up. By the top-
down approach, the engineer defines the method family context and then instantiate it for each
method component. By the bottom-up approach, the engineer specifies the contexts of all method
components and assemblies them into the method family context. Both method family and method
component contexts can be defined following two strategies: By deduction and By generation. It
depends on the characteristic type. The generic characteristics are deduced from the generic context
typology and the specific ones are generated from method description. These strategies could be
applied as many times as possible characteristics exist.
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Figure III.2.6. Contextualization Map.

This MAP has two main intentions: Define method family context and Define method component
context. The achievement of these intentions implies the definition of the context characteristics set
for method family or for method components respectively. The definition of method components
contexts includes also the attribution of values to the defined characteristics.

The contextualization Map includes eight sections, as shown in Table 111.3.8.

Table III.3.8. Contextualization Map Sections.

Section Signature
S; <(Method Family = Defined), Define method context by deduction>
S, <(Method Components = Defined), Define method component context by deduction>
S3 <(Method Family = Defined), Define method context by generation>
S4 <(Method Components = Defined), Define method component context by generation>
Ss <(Method Family Context = Defined), Define method component context by instantiation>
S <(Method Components Context = Defined), Define method context by assembly>
S; <(Method Family Context = Defined), Stop by completeness>
Sg <(Method Components Context = Defined), Stop by completeness>

All these sections are explained below. Operators are defined for each section in order to indicate
how to proceed for carrying out its execution.

<(Method Family = Defined), Define method context by deduction>. The generic characteristics
deduction is based on the context typology. This section gives a selection of characteristics carried
out by the IS method engineer. The result of this strategy is a sub-set of generic characteristics
available for a given project. The corresponding operator is:
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Select Context Characteristic ()

<(Method Components = Defined), Define method component context by deduction>. This section
includes the selection of characteristics form generic typology like the previous one and includes
furthermore the attribution of values to these characteristics. The result of this strategy is a sub-set
of generic characteristics available for a given project with corresponding values. Two following
operators are applied consecutively:

Select Context Characteristic ()
Attribute a Value to Context Characteristic ()

<(Method Family = Defined), Define method context by generation>. The specific characteristics
generation is based on the method description. The method engineer defines them by analyzing
different aspects which are organized into four facets: intentional, satisfaction, decisional and
internal. This section includes four operators. Each of the following operators is applied depending
on the corresponding characteristic’s facet:

Analyze Goal ()

Measure Satisfaction ()
Analyze Argumentation ()
Measure Characteristics ()

<(Method Components = Defined), Define method component context by generation>. The
definition of specific characteristics for method components context is the same as for method
context (the previous section) but also requires the attribution of characteristics values. This section
uses the same four operators and adds another one that deals with the attribution of values to the
characteristics. This last one is applied after each of the first four operators for defining concrete
values of the identified specific characteristics.

Analyze Goal () [for intentional facet]

Measure Satisfaction () [for satisfaction facet]

Analyze Argumentation () [for decisional facet]

Measure Characteristics () [for internal facet]

Attribute a Value to Context Characteristic () [for all facets]

<(Method Family Context = Defined), Define method component context by instantiation>. The
context characteristics instantiation is common for both characteristics types and is applied in the
top-down approach. This section allows defining a sub-set of generic and specific method
characteristics with an associated value for each method component separately. Several functions
may be applied (sum, maximum, minimum, average, weighted sum, and so on) for attributing values
to the method family context. This section contains two operators applied consecutively:

Retain Context Characteristic ()
Attribute a Value to Context Characteristic ()
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<(Method Components Context = Defined), Define method context by assembly>. In the case of the
bottom-up approach, the strategy By assembly follows the definition of the method component
context By deduction or By generation. The method engineer groups method components
characteristics together. As a result, the method family context includes all characteristics of its
components contexts. The application of this strategy allows also defining characteristics’ values for
the method family context. This section is carried out by the following operator:

Group Characteristics ()
Attribute a Value to Context Characteristic ()

<(Method Family Context = Defined), Stop by completeness> and <(Method Components Context =
Defined), Stop by completeness>. These sections are the same in both top-down and bottom-up
approaches and include verification of completeness and coherence of the described context. The

associated operator is:

Verify Context Completeness ()

All these operators are resumed in the Table 111.3.9.

Table II1.3.9. Operators’ Description.

Operators

Description

Select Context Characteristic ()

Helps to select context characteristics which are pertinent for a given
method family of method component.

Attribute a Value to Context
Characteristic ()

For each characteristic selected, a value corresponding to the method
family or to the method component context has to be defined.

Analyze Goal ()

Helps to define the characteristics of the intentional facet which concerns
the intentions (goals) of a method family of a method component.

Measure Satisfaction ()

Helps to measure the satisfaction degree on the results obtained by the
engineer for a method family of a method component

Analyze Argumentation ()

The decisional facet needs this operator in order to describe a decision-
making situation with the definition of the arguments to take into
account in the DM process for a method family of a method component

Measure Characteristics ()

This operator is used to give values to the characteristics associated with
the a method family of a method component.

Retain Context Characteristic ()

Helps to define a subset of characteristics (generic or specific
characteristics) and to give them values adapted to a method component.

Group Characteristics ()

This operator allows to group all the characteristics together in the same
set which corresponds to the context of a method family.

Verify Context Completeness ()

Helps to study the completeness and the coherency of the context set of
characteristics.
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3.6. Defining Context for the MADISE Method Family

In this section, we apply the contextualization approach in order to define the context of DM method
components and DM method family. This represents an example of the contextualization approach
application carried out for the purpose of our research. However, it can be used in other ISE context
by selecting the suitable contextualization operators.

3.6.1. Contextualization Process

We have selected the top-down approach of the contextualization approach. It guides through the
definition of the method family characteristics before the definition of method component
characteristics. Figure 111.2.7. shows the path used in the navigation through the contextualization map.

~Define methoc
compone nt
© contet

lz@ySinstantiation

By completeness

v — T
" Define method .
L family context i A g
S —

Figure III.2.7. Contextualization Map for the DM Method Family.

This path contains four sections of the Contextualization Map that we represent within the three
following steps:

1. Definition of the method family context (S; and S;),
2. Definition of the method components contexts (Ss), and
3. Verification of the process completeness (Ss).

3.6.1.1. Definition of the Method Family Context

The first step (S5, S3: Definition of Method Family Context) contains the execution of two sections of
the Contextualization Map: S; and S;.

Definition of the generic characteristics (S;). We use the characteristics presented above as generic
characteristics to specify the context of the DM method family. We have applied the operator Select
Context Characteristic () in order to define a sub-set of generic context characteristics. The selected
characteristics are described in the following.

MADISE: Method Engineering-based Approach for Enhancing 168
Decision-Making in Information Systems Engineering



Part Ill. Chapter 3: DM Method Family Contextualization

® Time pressure. Time pressure indicates the urgency of decision-making. If a decision must be
made as soon as possible, then, generally, there is no time to carry out a detailed analysis of
the situation and to apply a complicate DM method. For this reason, we characterize each
component according to its suitability to make decisions in the condition of time pressure.
The related indicator is the time pressure degree. It could have three values: {low, normal,
high}. The low value of a component shows that this component requires a long time for its
realization.

® Shortage of resources. The shortage of resource is related to the availability of resources
required to perform an action. In the case of the DM components, the matter is about
financial and informational resources. The financial resources relate to the possibility to
finance the detailed DM; the informational ones show the data available for decision-making.
Both related indicators (Shortage of financial resources degree and Shortage of informational
resources degree) can be {low, normal, high}. The high value means that the given method
component is adapted for shorted resources.

® Duration. The duration indicates the time needed for executing a component. We have also
chosen to measure this characteristic with an indicator having quantitative values according
to five levels scale, as the real duration of DM activities is variable. This characteristic is
related to the cost one. Obviously, activities that require more time to be executed are more
expensive. For this reason, we do not consider the cost indicator in this thesis. However, it
could be taken into account when DM activities are outsourced and, consequently, are
bought by the company.

e Expertise. The expertise characteristic relates to the level of required knowledge in the DM
field in order to perform the given activity. We suggest measuring this characteristic with the
qualitative three levels scale {low, normal, high}. The low expertise degree shows that the
given component may be applied by an engineer having a low level of DM knowledge.

e Expert role. As detailed in Chapter 2 of Part I, the possible roles in DM activities are
stakeholder, IS engineer, and DM staff. Thus, we adapt the expert role characteristic to our
case, and the corresponding qualitative indicator has the following values {stakeholder, IS
engineer, DM staff}

e User involvement. Several DM activities, as, for instance, the preference elicitation, require
the user’s involvement. Other ones could be executed automatically by a machine (like
calculation of the aggregated values) without user’s participation. We introduce the user
involvement characteristic in order to differentiate DM method components according to the
type of user’s participation with two possible values {required; not required}.

e Complexity. The complexity characteristic relates to the level of difficulty of the method
components application. The complexity of the DM method components varies from very
simple to very complex ones depending on the associated type of guideline. A complex
component may require more time to apply it. We suggest measuring this characteristic with
the complexity degree indicator described by a quantitative value depending on the nature
and the number of the included guidelines.

These characteristics are summed up in Table I11.3.10.
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Table II1.3.10. Generic Characteristics Selected for DM Method Family.

Characteristics Indicator Type Value domain
Time pressure Time pressure degree Qualitative ENUM:{low, normal, high}
Shortage of Shortage of resources Qualitative ENUM:{low, normal, high}
resources degree
Duration Duration Quantitative |5-levels scale
Expertise Expertise degree Qualitative ENUM:{low, normal, high}
Expert role Expert role Qualitative ENUM:{stakeholder, IS engineer, DM staff}
User involvement |User involvement Qualitative ENUM:{required; not required}

Complexity

Complexity degree

Quantitative

Real

Definition of the specific characteristics (S;). We use also specific context characteristics

appropriated to the DM field. This specific context is depicted by analyzing characteristics of DM

methods. Thus, we have defined a set of characteristics related to the main DM concepts (problem,

alternatives, and criteria), to the usage of DM methods in practices, and also the situations,

intentions, and strategies embedded to each component.

Problem type. This characteristic shows whether a component could deal with different
kinds of the decision problem {choice, ranking, sorting, description}.

Alternative number. It describes the number of alternatives {great, medium, small} that can
be considered using the method.

Alternative compatibility. This characteristic is introduced for considering components that
have the ability to take into account incompatibilities and conflicts between alternatives. This
can be {yes, no}.

Criteria data type. Different DM methods are applicable with predefined data type that can
be {quantitative, qualitative, mixed, fuzzy}.

Criteria measure. The criteria measure scale shows the ability of methods to deal with
different scales which are {nominal, ordinal, interval, ratio, absolute, mixed}.

Criteria weighting. This characteristic shows the manner of the decision criteria definition
(either without weighting, with weighting and interdependencies, or simple weighting) which
give the following values {no, simple, interdependence}.

Criteria compensation. Different DM components can consider the criteria compensation
{yes, no}.

Formalism. The formalism of a DM method component characterizes the nature of the
associated guideline. It can be {formal, semi-formal, informal}.

Easiness. The easiness indicates the facility of the component usage. This characteristic is
measured with the easiness degree indicator described by a qualitative three levels scale
{easy, medium, difficult}.

Skills. This characteristic is related to the decision maker’s skill {week, medium, strong}
required for the DM method component execution.

Problem scale. The problem scale relates to different characteristics presented in Part | —
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Chapter 2 when describing decision types in ISE (See Figure 1.2.7.). The decisions positioned
at the right side of the figure correspond to the high problem scale degree, and the decisions
at the left side to the low degree {low, medium, high}.

® Tool. The tool characteristic indicates if a tool is available to support a method. The possible
values are {yes, no}.

® Intention. The intention characteristic describes the main goal of the DM component. It is
represented by a text.

®  Situation. The situation characterizes the DM elements required for the application of a DM
method component. It contains different DM objects and formalized as a text.

e Strategy. The strategy characteristic describes the strategy used for executing the DM
component. It is represented by a text.

These characteristics are shown in Table 111.3.11.

Table II1.3.11. Specific Characteristics Defined for the DM Method Family.

Characteristics Indicator Type Value domain
Problem type Problem type Qualitative ENUM:{choice, ranking, sorting, description}
Alternatives Alternatives number Qualitative ENUM:{great, medium, small}
number
Alternative Alternative compatibility|Qualitative ENUM:{yes, no}
compatibility degree
Criteria data type |Criteria data type Qualitative ENUM:{quantitative, qualitative, mixed, fuzzy}
Criteria measure |Criteria measure scale Qualitative ENUM:{nominal, ordinal, interval, ratio,
scale absolute, mixed}
Criteria weighting |Criteria weighting Qualitative ENUM:{no, simple, interdependence}
Criteria Criteria compensation Qualitative ENUM:{yes, no}
compensation
Formalism Formalism degree Qualitative ENUM:{informal, semi-formal, formal}
Easiness Easiness degree Qualitative ENUM:{easy, medium, difficult}
Skills Skills degree Qualitative ENUM:{week, medium, strong}
Problem scale Problem scale Qualitative ENUM:{low, medium, high}
Tool Tool Qualitative EMUN:{yes, no}
Intention Intention Qualitative String
Situation Situation Qualitative String
Strategy Problem type Qualitative String

3.6.1.2. Definition of Method Components Context

On the second step (Ss: Definition of Method Components Context), the method family context
defined at the previous step is instantiated for each component. A value is affected to each
characteristic in order to help the case process execution guidance. The following operators are
applied to each method characteristic: Retain Context Characteristic () and Attribute a Value to
Context Characteristic (). Table I11.3.12. illustrates the obtained context of the DM method
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components of the highest level of the DM method family according to three following indicators:

complexity degree, expertise degree, and intention.

Table II1.3.12. Example of DM Method Components Evaluations

. Complexity | Expertise .
Section DM Method Component Intention
degree degree
S1 <(DM Object defined), Define alternatives by process 2 2 Define alternatives
exploring>
52 <(DM Object defined), Define alternatives by product 2 2 Define alternatives
exploring>
S3 <(Alternatives defined), Define alternatives by 1 1 Define alternatives
elimination>
54 <(Alternatives defined), Define alternatives by 1 1 Define alternatives
addition>
S5 <(Alternatives defined), Define criteria by alternatives 2 1 Define criteria
description analysis>
S6 <(Alternatives defined), Define criteria by 2 1 Define criteria
consequences analysis>
\Y4 <(Alternatives defined), Define criteria by goal 1 1 Define criteria
analysis>
58 <(Alternatives defined), Define criteria by predefined 1 1 Define criteria
list exploring>
S9 <(Criteria defined), Define criteria by elimination> 1 2 Define criteria
510 | <(Criteria defined), Define criteria by addition> 1 2 Define criteria
S11 | <(Criteria defined), Define criteria by weighting> 2 1 Define criteria
S$12 | <(Alternatives defined), Evaluate alternatives by 2 1 Evaluate
preferences analysis> alternatives
513 | <(Alternatives defined, Criteria defined), Evaluate 2 1 Evaluate
alternatives by measuring> alternatives
514 | <(Alternatives defined, Criteria defined), Evaluate 2 1 Evaluate
alternatives by estimation> alternatives
S15 | <(Alternatives defined, Criteria defined), Evaluate 2 1 Evaluate
alternatives by preferences analysis> alternatives
S16 | <(Alternatives evaluated, Criteria defined), Evaluate 2 2 Evaluate
alternatives by preferences analysis> alternatives
S17 | <(Alternatives evaluated), Refine alternative list by 2 2 Refine alternative
acceptable alternatives identification> list
518 | <(Alternatives evaluated), Refine alternative list by 2 2 Refine alternative
effective alternatives identification> list
519 | <(Alternatives defined), Make decision by using 1 2 Make decision
arguments>
520 | <(Alternatives defined), Make decision by “From 1 3 Make decision
scratch” strategy>
521 | <(Alternatives evaluated), Make decision by unique 2 2 Make decision
criterion of synthesis>
5§22 | <(Alternatives evaluated), Make decision by 3 3 Make decision
outranking relation of synthesis>
523 | <(Alternatives evaluated), Make decision by expertise> 1 3 Make decision
524 | <(Decision made), Prescribe decision by validation> 1 2 Prescribe decision
525 | <(Alternatives defined), Prescribe decision by 1 3 Prescribe decision

validation>
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For instance, the <(Criteria defined), Define criteria by weighting> DM method component is useful in
the situation characterized by the level 2 of complexity (normal), requiring the level 1 of expertise
(low), and when the goal is to define the relative importance of criteria.

3.6.1.3. Verification of the context completeness

The engineer has decided that the identified context characteristics are sufficient by applying the
operator Verify Context Completeness ().

3.7. Conclusion

This chapter offers a contextualization approach that helps engineers to define the method
components context, easily. This process can be applied in different IS engineering situations such as
the selection of a component for enhancing an existing IS engineering method (for instance,
extension-based approaches) or a selection of several components for constructing a new one (for
instance, assembly-based approaches).

Our proposal is (i) to give a rigorous definition of a method component context and (ii) to offer a
contextualization process that help engineers to define the method components context with ease.

® Rigorous definition of a method component context. We have studied the literature in
order to define the criteria that may be used to characterize the situation in which method
components may be used. This leads us to define a typology of characteristics that we have
structured in different facets (each considering a special view of a project). We then related
these characteristics to the method component concepts.

¢ Contextualization process. We have identified two possible ways to use these characteristics
for defining context (the top-down and the bottom-up approaches) in order to propose a
contextualization process that may be adapted to several situations. We modeled this
process with the MAP formalism in order to keep a high level of flexibility in the process
utilization.

With relation to the DM method family, the main contributions of this contextualization approach
are the following:

® a2 more simple navigation through the DM method family: characteristic values help the
engineer to choose his path through the family and its components;

® a3 better ‘context-aware’ selection of DM method components: the context is taken into
account in the characteristic values.

The contextualization approach was also applied to two other case studies: scenario
conceptualization and project portfolio management [Kornyshova et al , 2011a].
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Chapter 4: DM Method Family Configuration

4.1. Introduction

Once a method family is constructed and its context defined, we can say that it is ready to be used in
different situations. However, in order to proceed to the method execution, an application method
must be produced from the method family so that the obtained method is suitable to the given
situation. We call this process the method family configuration, and the method obtained from the
method family by configuration is called an application method (or a method line).

The configuration process is based on the ability to derive an application method from common
characteristics in a repeatable manner following specific criteria. As in product families [Deelstra et
al., 2004], each method family member derives its architecture from the method family shared
architecture, and select and configure a subset of the method family components.

In this thesis, method families are represented with the intentional model Map. This formalism
allows specifying models in a flexible way by focusing on the process intentions, and on the various
ways to achieve each of these intentions. A map has a teleological nature as it takes into account the
teleological behavior of a process execution. It describes the intentions (goals, objectives) associated
to a result that the designer wants to achieve. In that way, the intention-oriented models presuppose
decisions which concern different possibilities to carry out the given process. Each decision is a
variation point. We suggest to foresee these models as method families as they contain common and
variable elements. Each method family can be customized in a given project into an application
method. The application method customization is realized by selecting a particular method
component in each variation point. Our proposal is to use different DM techniques for guiding this
selection.
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Therefore, we foresee the method family configuration problem as a decision-making (DM) problem.
In our case, alternatives are candidate method components in each variation point, and criteria are
indicators characterizing the given project situation.

This Chapter details the method configuration process in general and offers the application of this
process to the case of the DM method family.

4.2. Method Family Configuration

In this section, we propose the generic process of the method family configuration. It includes the
general view of this process and the detailed description of the three main strategies of configuration
using an example from the requirement engineering field dealing with the scenario elicitation
activities.

4.2.1. General View of the Method Family Configuration Process

The method family configuration process is an intention-oriented process that we represent with the
Map model. The method family configuration map is given at Figure 111.4.1.

By sub-set

selection By complete application

method selection

By existing
method analysis Step-by-step
strategy

By completeness

By problem
exploring

Constructan
Application
Method

By single By multiple
indicator indicators

Define Method
Requirements

Tool-based
strategy

By application
By expertise

By integration

Figure II1.4.1. Method Family Configuration Map.

This map shows the main intentions belonging to the process of the method family configuration:
Define Method Requirements and Construct an Application Method.
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4.2.1.1. Define Method Requirements

At this stage, a set of requirements for configuring a method family is defined. The requirements to
identify must allow selecting the appropriate method components and constructing an application
method. Thus, these requirements have to be sufficient to carry out the configuration process
realized at the next stage (the Construct an application method intention). A method family is
formalized in the intention-oriented manner using the map model. This kind of modeling offers the
possibility to identify the intentions and situations associated to all components. Based on the
intentions, the engineer can define if a method component is suitable for his goals; and the situation
is used for identifying the input of each component. In addition, our vision of the map model
enhanced with the notion of indicator allows to access to the context associated to each component.
In this manner, at this stage the engineer defines a set of elements which are essential for the further
configuration of the method family into an application method. The elements to specify at this stage
are the intention, situation, and the values of the context indicators.

Two possible strategies to attain this intention are available: by problem exploring and by existing
method analysis.

e By problem exploring. The engineer begins from zero when he does not have any
methodological guideline for the given field.

® By existing method analysis. In this case, a method for a given field exists but must be
improved. This strategy allows analyzing existing methodological elements and to complete
them.

Once the method requirements are defined the proper method family configuration could be
started.

4.2.1.2. Construct an Application Method

The second step is to use the identified requirements for the guidance. Three kinds of configuring
method families are combined with the usage of one or multiple indicators during the configuration.

Three kinds of configuration we suggest are:

e Step by step strategy guides the engineer on each of the steps, one by one, to use a method
family. In this case, the sub-set of method components (available at the given step) is
considered (A’). For instance, the engineer must select between two different strategies
allowing to attain the same intention.

® By sub-set selection strategy uses indicators to simplify the method family by suppressing
some components. This kind of configuration allows to select a sub-set of components
(alternatives — A”) from A based of the values of G (criteria set) in a given project. For
instance, it can be the selection of method components requiring a low expertise degree.

e By complete application method selection strategy helps to select, right from the start of
the navigation, between all the possible application methods (or method lines). The first step
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is to measure the indicator values for each method line based on values associated to
method components which compose this line. Therefore, the alternatives are method lines
(A”’) and criteria are aggregated values (G"”’). For instance, all method components may be
measured according to the duration criteria. First, the duration of all possible method lines is
calculated (as a sum of its components duration). Then, a method line having the lowest
duration is selected.

Moreover, for each of these three kinds of guidance, there are also two separate ways to proceed
which are the use of a single indicator or of multiple indicators, as illustrated at Figure 111.4.2.

Single Indicator Multiple Indicators
(8
e N aYd )
e Atomic step Atomic step
poy step gy by Single Indicator by Multiple Indicators
AN J\. y,
( AY4d )
By sub-set selection Method components subset MEtS:T:C:;TF;on;:tliis?ebsm
strategy selection by Single Indicator Y P
Indicators
\. J\\ J
L 4 AY4d A
By complete application Graph theory algorithms Graph theory algorithms
method selection Application by Single Application by Multiple
strategy Indicator Indicators
AN L J J

Figure II1.4.2. Configuration Types.

The engineer must identify two elements to choose the right guidance. First, he determines his
needs: to choose appropriate components, to find an optimal method line, or to carry out a dynamic
choice of components. Second, he looks at the number of available indicators and chooses one or
several of them. Depending on these choices, he can then select a guidance type adapted to his
project case.

By Completeness. Once the first configuration is carried out, the obtained application method must
be checked according to its completeness (By completeness strategy). The composite component (an
application method) issue from the configuration process is compared with the original method
family. As this family is represented with a map, the method components, pre-selected during the
configuration, are positioned into the map of the method family. For this, the following steps are
executed one by one:

® Organize the pre-selected method components within an application method,;

¢ |dentify method components which are missing in the obtained application method and,
consequently could be added to the application method in order to complete it;

¢ |dentify method components which are concurrent to each other in the obtained application
method;
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e If necessarily, arbitrate between two or more method components using the context
characteristics.

Therefore, the usage of the map model allows assembling the selected components, adding other
components if it is necessary for completing the application method, or eliminating excessive ones.

This strategy is not applicable when the configuration is made using the step-by-step strategy as this
one allows constructing a complete and coherent application method.

4.2.1.3. Stop the configuration process

The method family configuration process is stopped from two points: from the Define Method
Requirements intention and from the Construct an Application Method intention depending on the
manner to use the methodological knowledge for executing a process (or a set of activities) for which
the method family is elaborated.

In the first case, the engineer does not realize the configuration of the method family as he knows
well the given method field and can attain the main intention by using its expertise or he uses a tool
available for this field.

® By expertise. The By expertise strategy is applied when an actor does not need an additional
methodological assistance and uses his expertise and experience for executing processes
related to the given method family.

¢ Tool-based strategy. This strategy is used when the engineer has a tool allowing to execute
the processes of the given methodological field.

In the second case, the engineer uses the configured application method in order to execute the
given activities. He can do it by applying the obtained application method or by integrating it with the
existing methodologies.

e By application. Using this strategy, the engineer directly applies the obtained method
without integrating it with an existing methodology.

® By integration. The By integration strategy is used when the engineer wants to integrate the
configured application method with an IS engineering process. For this purpose, he can use
one of the SME approaches allowing the method components integration [Ralyté et al.,
2003], for instance, the By assembly and By extension techniques.

4.2.2. lllustrative Example

We use an example from the RE field dealing with the elicitation of use cases in order to illustrate
different possibilities of the method family configuration (Step by step, By sub-set selection, and By
complete application method selection strategies).
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The example is the Crews-L’écritoire approach described in [Ralyté et al., 1999]. The corresponding

map is given at Figure 111.4.3.
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Figure II1.4.3. The Crews-L’écritoire Method (the CL Map).

The L’Ecritoire method provides guidelines to discover functional system requirements expressed as

goals and to conceptualize these requirements as scenarios describing how the system satisfies the

achievement of these goals. This map contains three main intentions, namely ‘Elicit a Goal’, ‘Write a

Scenario’ and ‘Conceptualize a Scenario’. In this example, we have selected six indicators for carrying

out the configuration: Expert role, Expertise degree, Formality degree, Complexity degree,

Relationships degree and Goal achievement degree. Table 1l1.4.1. illustrates these indicators applied

to the method components.

Table II1.4.1. Indicator’s Values.

Method Expertise Formality 'Goal Relationship | Complexity .
Components Expert role degree degree Achievement degree degree Duration
degree
S1 Analyst 15 mn
S2 Analyst 3 Low 10 mn
S3 Analyst 2 3 Low 10 mn
S4 Analyst 2 Low 15 mn
S5 Analyst 3 3 High 10 mn
S6 Analyst 1 1 High 5mn
S7 Analyst 2 1 High 10 mn
S8 Analyst 1 3 High 15 mn
S9 Analyst High Medium Medium 20 mn
S10 Analyst High Medium Medium 20 mn
S11 Analyst High Medium Medium 20 mn
S12 Analyst 1 High 5mn
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All components have all the same value for the Expert Role (‘Analyst’). Two indicators (Expertise
degree and Formality degree) have quantitative values between 1 and 3. For instance, if the value of
Expertise degree is 1, it means that the engineer does not have to be an expert to use this
component (as for in free prose). On the contrary, to use the Goal structure driven strategy will
requires a high level of expertise as the goal has to be formalized in details, so the value is 3. The
Relationship degree and Complexity degree indicators have a qualitative value equal either at Low,
Medium or High. The Duration values are expressed in minutes and are impacted by the Expertise
degree value. For instance, the component S1 will be realized in 15 minutes if the Expertise degree is
equal to 1. If this indicator has a bigger value, the length of time used to realize the section will be
shorter.

Thus, these values are defined at the contextualization step. The next step is to use these values for
the configuration. In the following sub-sections, we illustrate three main configuration techniques
applied to the Crews-L’écritoire method. Each technique is illustrated with one and multiple
indicators used for configuration.

4.2.3. Step-by-Step Configuration

The usual way to use a map is to dynamically choose the method components to execute one by one.

Step-by-Step Configuration with Single Indicator. The engineer may use a specific indicator
particularly relevant to its project, to help him to make his choice. First step is to select an indicator;
the second is to determine the preference rule about it.

For instance, the navigation through the Map leads the engineer to execute the component S3. Five
possibilities are offered to the engineer to continue the navigation. He may execute one of the three
components which have the same target intention (S2, S3, S4) or he may go further in the Map to the
intention Write a Scenario with the execution of the components S5 or S6. If its predefined indicator
is the Duration with a preference to a lowest value, he will choose the component S6 which has the
lowest value.

Step-by-Step Configuration with Multiple Indicators. The engineer may also use an aggregated value
of several indicators (aggregation of the alternatives evaluations into a unique indicator, following a
specific MC method). In this guidance, the first step is to select several indicators; the second is to
aggregate values; and the third is to determine the preference rule about the results.

Within the preceding example, the navigation has led the engineer to execute the component S3. He
can now execute S2, S3, S4, S5 and S6. He chooses three indicators: Duration, Formality degree and
Expertise degree with a preference to a lowest final value. The normalized and aggregated values are
described in Table 111.4.2. Between these five components, the one that has the lowest value is the
component S6.
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Table I11.4.2. Normalized values of Duration, Expertise degree and Formality degree.

Indicator S2 S3 sS4 S5 S6
Duration 10 10 15 10 5
Formality degree 3 3 1

Expertise degree 3 2 1 3 1
Normalized values

Duration degree 051075075 0,5 | 0,25
Formality degree 1 1 0,33 1 0,33
Expertise degree 1 0,67 | 0,33 1 0,33
Aggregated Value 25 | 242|141 | 25 | 0,91

4.2.4. By Sub-set Selection

This strategy is applied when the goal is to eliminate components, which are not appropriated for the
given indicators values.

Components Sub-set Selection with Single Indicator. It is applied when only one indicator is
available. The engineer has to define the needed value of this indicator in order to select an adapted
sub-set of components.

If, for instance, the engineer is a beginner, the Expertise Degree indicator must have a value equal to
1 (low). Using this approach allows to delete all the components which are too difficult for the user.
The components sub-set of the CL Map is then composed of the following components: S1, S4, S6,
S8, S9, S10, S11, and S12. An engineer with a low level of expertise may execute all these
components.

Components Sub-set with Multiple Indicators. This guidance has the same goal as the previous one
but uses an aggregated value of several indicators following an MC method. Several functions may be
applied (sum, maximum, minimum, average, weighted sum).

For instance, the engineer selects the Expertise degree and the Formality degree as the two more
important indicators and he wants to minimize their values. As aggregation rule, the engineer
chooses to calculate the average value. The indicators do not have a value for all the components. In
order to obtain an aggregated value, we consider that a null value is equal to the lowest value of the
indicator (see italic values in Table 111.4.3.). For instance, if the value of the Expertise Degree is not
specified for a component, we assume that any engineer may execute it and we affect the value 1 to
this indicator. Once the aggregated values have been defined, the engineer defines the maximal
average value that he could accept (here 1,5). The final components sub-set includes: S1, S4, S6, S7,
S9, S10, S11, and S12.
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Table I11.4.3. Aggregated Value of Expertise degree and Formality degree of the CL Map.

Indicator S1 |S2 (S3 |[S4 |S5 |S6 |S7 |S8 |S9 | S10 | S11 | s12
Formality degree 1 3 3 1 3 1 1 3 1 1 1 1
Expertise degree 1 3

Aggregated value 1 3 2,5 1 3 1 1,5 2 1 1 1 1

It is interesting to note that the only difference between this sub-set and the sub-set from the
previous section (4.2.1) is the component S8 replaced by the component S7 between the intentions
Write a Scenario and Conceptualize a Scenario. The adjunction of the Formality degree to the
Expertise degree has only this little impact.

4.2.5. By Complete Application Method Selection

In order to apply this configuration technique, we suggest using the graph theory. We foresee
enhancing the maps guidance on the operational level by their expression in terms of graphs. This
offers the process execution associated to the map with the control of the map navigation.

In this section, we show how a method family modelled with map could be represented as a graph
and illustrate the usage of the graph algorithms for configuring method families.

4.2.5.1. Representing Method Families by Applying the Graph Theory

Our aim is to enhance the guidance mechanisms of the map execution by reusing graph algorithms.
The Graph theory offers a lot of techniques to be used on graphs. For instance, the shortest path
problem is the problem of finding a path between two vertices such that the sum of the weights of
its constituent edges is minimized. On a valuated map, it may be useful to find a path through the
map which will satisfy some requirements of the IS engineer (on time, cost and so on). The execution
of the map is then more flexible as the engineer has the possibility to change the weight values of
the map sections following the project at hand.

There is confusion between maps and graphs. Even if maps are visually constructed as graphs, their
use is completely different. These differences are semantically based on the two different levels
used: the intentional level of the MAP model and the operational level of the graphs. Consequently,
our aim is to propose a possible mapping between maps and graphs in order to use all the graphs
techniques already defined in the literature.

Graphs

The graph theory was born to study problems such as how to visit some places only once on a walk
[Euler, 1736]. In mathematics and computer science, graph theory is the study of graphs:
mathematical structures used to model pairwise relations between objects from a certain collection.
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Figure 111.4.4. shows the graph structure model.
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Figure I11.4.4. Meta Model of Graph.

Final

Graphs are represented graphically by drawing a dot for every vertex, and drawing an arc between

two vertices if they are connected by an edge. If the graph is directed, the direction is indicated by

drawing an arrow, as shown at Figure 111.4.5.

A graph can be represented as G=(V,E), where V and E are disjoint finite sets. We call V the vertex set

and E the edge set of G [Berge, 1985]. A walk is an alternating sequence of vertices and edges. An

example of a walk is given on Figure 111.4.5. as this graph offers three different walks to go from the

vertex 1 to vertex 4 (either directly or going through vertex 2 or through vertex 3). There is a

distinction in graph theory between a path and a walk as a path is a walk with no repeated vertices. A

walk begins with an initial vertex and ends with a final vertex.

V={1,2,3,4}
E={(1,2), (1,3), (1,4), (2,4),(3,4)}

/ W, ,={(1,4), (1,2-2,4), (1,3-3,4)}

Figure II1.4.5. Graph Example.

A multigraph or pseudograph is a graph which is permitted to have multiple edges, (also called

“parallel edges”), that is, edges that have the same end nodes. Thus, two vertices may be connected

by more than one edge. Cycles are allowed in these graphs. A cycle is a path which ends at the vertex

where it begins.

A weighted graph associates a label (weight) to every edge in the graph.

MAP and Graph correspondence

The transformation from map to graph is shown at Figure I11.4.6.

MADISE: Method Engineering-based Approach for Enhancing 184
Decision-Making in Information Systems Engineering



Part Ill. Chapter 4: DM Method Family Configuration

e’ ! 0| | o Weight e,
N .
p ! Initial b
H H ; - Ve — Isfollowed by

Sequence --1% Map k4
i 5 0.1 ,"” .l

:Pa"th T Refinement -_-9 ______ ':

1"*1"{—‘_‘ 1A 2" _lfj;"'Eb'ﬁ‘r.c-é-
Thread[_ Section Intention .
1. 1“*|_’ o { target /,-.

Bundle Strat
[BLegy Start Stop 4

Indicator T« @

Figure II1.4.6. MAP and Graph Correspondence.

Each map corresponds to a graph (A). Each section of the map is transformed into a graph vertex (B)
and each identified section sequence is shown as an edge of the graph (C).

We may also identify the correspondence between the MAP indicator and the graph weight (D). The
section weights are evaluated as indicators that can be applied on the graph edges. The valuations of
the graph edges could be obtained based on the aggregated values of sections: the section weight
becomes the same valuation on all entering edges for a given section on the graph. We assume that
each section has the same value independently of the previously realized section.

The MAP model allows refining a section with another map. This abstraction level is kept with the
graphs as a node may also be refined as another graph.

These correspondences are summed up in Table 111.4.4.
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Table I11.4.5. Correspondences between Maps and Graphs.

Map concept | Graph concept Correspondance
Map Graph Each map is represented as a specific graph.
Section Vertex Each section of the map is represented as a vertex in a graph.
Sequence Edge The concept allowing the navigation in a map is the sequence of
sections in the map, which may be represented as edges in a graph.
Indicator Weight The guidance parameters called indicators in the map are the weights
in a graph.
Path Walk The set of section sequences (path) is a graph walk.
Thread Set of adjacent | The thread is the possibility to attain a target intention from a source
vertices intention with several strategies. In a graph, the representation of this
set of sections will be the set of vertices having two specific edges, the
one shares the same start-vertex and the other the same end-vertex.
Bundle Set of adjacent | The thread is the possibility to attain a target intention from a source
vertices intention with several strategies but with an exclusive OR which
means that only one of these sections may be used in the complete
navigation. The representation on the graph is the same than for the
thread.

Once a map is expressed through a graph, the algorithms of the graph theory could be applied for
the configuration.

4.2.5.2. Application of the Graph Theory Algorithms in Configuration

This approach allows finding an optimal path through the method family using the graph theory
algorithms.

Graph Theory Algorithms by Single Indicator. Possible algorithms to apply are the Shortest path, the
Hamiltonian path (path navigating through all the sections of the Map) and so on. The engineer
selects an indicator, identifies all possible paths, and calculates values for each path (for quantitative
indicators this is a sum and for qualitative indicators it can be a given value from the predefined set
as [ENUM]).

For instance, the engineer decides to select a path, which minimizes time for executing the CL Map.
He applies the graph theory algorithm for searching the Shortest path following the indicator
Duration. The Duration values for all components of the map are indicated in Table II1.4.1. Recall that
in this example, the Expertise degree indicator impacts the Duration (an engineer with a low level of
expertise will execute the component in more time than if he was an expert). The Duration values
are given in the case when the Expertise degree is low. The possible paths set may be quite big as the
Map contains cycles, iterations and back paths. To simplify our example, only the four shortest paths
(which do not contain any cycle or iteration) are retained:

e Path 1:{S1, S5, 57,512} =15 mn+10 mn +10 mn +5 mn = 40 mn;
e Path 2:{S1, S5, S8, S12} =15 mn +10 mn +15 mn +5 mn = 45 mn;
e Path 3:{S1, S6, 57,512} =15 mn +5 mn +10 mn +5 mn = 35 mn;
e Path 4:{S1, S6, S8, S12} = 15 mn +5 mn +15 mn +5 mn = 40 mn.
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The shortest path is the Path 3 as it is the one which will be the quicker to execute.

Graph theory algorithms by Multiple Indicators. The Graph theory algorithms may also be used with
multiple indicators. Instead of using only one of them to select the better path, several indicators
values are aggregated together in order to obtain a single value for each section. Then, these values
are used to select the optimal Map path like in the previous guidance. Several functions may be
applied (sum, maximum, minimum, average, weighted sum) for aggregating indicators values.

In our example, the engineer selects three indicators: Duration, Formality degree, and Expertise
degree, which are quantitative and have different measure scales. In order to obtain compatible
scales for comparing them, normalization must be applied. In this case, the normalization is
calculated as a percentage of the maximal value for each indicator. For this, the Duration values [5;
20], Formality degree, and Expertise degree values (ENUM:1, 2, 3) are reduced to the same scale [0;
1]. The normalized values are presented in the Table 111.4.5.

Table I11.4.5. Normalized values of Duration, Expertise degree and Formality degree.

Indicator S1 S2 S3 S4 S5 S6 S7 S8 S9 | S10 | S11 | S12
Duration 15 10 10 15 10 5 10 15 20 20 20 5
Formality degree

Expertise degree 1 3 2 1 3 1 2

Normalized values

Duration degree 075105 (075|075 05 |0,25| 0,5 | 0,75 1 1 1 0,25
Formality degree 0,33 1 1 0,33 1 0,33 | 0,33 1 0,33 033|033 0,33
Expertise degree 0,33 1 0,67 | 0,33 1 0,33 |067|033|033|0,33/0,33]0,33
Aggregated Value 141 )| 25 (242|141 | 25 (091 | 1,5 | 208 | 1,66 | 1,66 | 1,66 | 0,91

The engineer wants to minimize Duration, formality and expertise degrees, so he chooses the
shortest path. The function used on the aggregated values is the sum.

e Path1:{S1,S5,57,512}=1,41+2,5+1,5+0,91 = 6,32

e Path2:{S1,S5,58, 512} = 1,41+ 2,5+ 2,08 + 0,91 = 6,90
e Path3:{S1,S6,57,512}=1,41+0,91 +1,5+0,91 =4,73
e Path4:{S1,S6, S8, S12}=1,41+0,91 + 2,08+ 0,91 = 5,31

The shortest path taking into account the three selected indicators is the Path 3.

An example of the map expression with graphs describing the construction process of an O* model is
given in [Deneckere et al , 2009a].
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4.3. Configuration of the DM Method Family

In this section, we explain the usage of the configuration process in the case of the DM method
family. The expression of the configuration process applied to the DM method family represents a
sub-map of the Method family configuration map illustrated at Figure 111.4.1. We have selected the
sections applicable to the DM method family. The corresponding map is shown at Figure 111.4.7.

By sub-set

e selection
By existing

method analysis Step-by-step
strategy

By completeness

By problem
exploring

Constructan
Application
Method

By single By multiple
indicator indicators

Define Method
Requirements

By application

By integration

Figure I11.4.7. The Method Family Configuration Map for the DM Method Family.

4.3.1. Define Method Requirements

The Define Method Requirements intention includes the identification of the decision object, decision
problem, intention and situation. The DM object is an artifact being the subject of decision-making.
The intention means the goal that the actor has in the DM process. The most used goal is to make
decision. This goal can be completed by other ones: take into account multiple viewpoints, consider
different aspects for comparing alternatives, arbitrate between aspects, and so on. The situation
means the available elements that can be used in the DM process. For instance, it can be a set of
alternatives, a mandatory for a given case set of criteria, alternatives evaluations, and so on.

The definition of the DM method requirements could be done by two ways:

® By problem exploring;
e By existing method analysis.
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4.3.1.1. By problem exploring

The engineer begins from zero when he does not have any methodological guideline for providing
him with the aid for decision-making. The actor must resolve a problem and often does not have

alternative solutions. This strategy allows guidelines for identifying different elements necessary for
DM.

The guideline of this strategy contains the following steps:

Formalize the DM object; assign a type (product or process)
Select a problem from the list (choice, sorting, ranking, or description)
Select intentions from the list

WP

Select situation’s elements from the list

Example: For instance, an engineer wants to prioritize requirements that he has in this
project. By applying this strategy, he defines:

DMObject.name: = Requirement

DMObject.type: = Product

Problem.type: = Ranking

Intention: = Make decision, Define <criteria, Define relative
importance of criteria

Situation: = DM Object defined, Alternatives defined

4.3.1.2. By existing method analysis

In this case, a method exists but must be improved. Therefore, several DM elements are already
defined. This strategy allows analyzing existing DM elements and to complete an existing method.

This strategy is carried out as follows:

1. Analyze the existing method;

Identify the DM object already specified in the method; Select situation’s elements from the
list;
3. Select intentions from the list.

Example: For illustrating this strategy, the example of the cost-value approach could be
mentioned (See Section 2.4.1. of this Part for the details of this example). The engineer uses
this method for prioritizing requirements. However, he considers that the alternative list is
too long to be able to apply the AHP method used in the cost-value approach. Thus, he wants
to decrease the number of alternatives available for prioritization. In this case, he will select
the intention Refine alternatives list in order to find the appropriate DM component.
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4.3.2. Construct an Application Method

The Construct an Application Method intention aims at selecting one or more DM components

available in a given case and to unify them within a new method. The components selection is based

on information defined at the Define Method Requirements intention.

Step-by-step strategy;
By sub-set selection;
By completeness.

Both Step-by-step and By sub-set selection strategies could be applied using the single and multiple

indicators.

4.3.2.1. Step-by-step strategy

An engineer navigates through the map representing the DM method family by selecting a

component to execute and applying it. At each stage, an engineer can select between intentions to

attain, strategies to realize, or activities to perform.

Example: For instance, we return to the case of the engineer who wants to prioritize
requirements (See Section 4.3.1.1.). Once his requirements are identified, he is positioned on
the Define alternatives intention as he already has his requirements list. He must select the
following step to follow. He can choose between three intentions: Define alternatives, Define
criteria, and Evaluate alternatives.

4.3.2.2. By sub-set selection

Different DM method components are selected based on the engineer’s requirements identified on

the previous intention.

Example: For instance, the junior engineer uses the DM method family. Thus, the available
expertise degree is low which corresponds to the value 1 in the DM method components
characterization. In this case, the selected DM method components are S3, S4, S5, S6, S7, S8,
S11,S12,S13, S14, and S15 (See Figure 111.4.8.).

As we can see, the obtained method cannot be applied. The engineer must add other criteria
for the components selection, or apply other strategies (for instance, by completeness) in
order to construct a complete application method.
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Figure I11.4.8. DM Method Components for Illustrating the By Sub-Set Strategy.

4.3.2.3. By completeness

The identified by sub-set selection DM method components are checked with regards to their
completeness.

Example: For instance, the first set of DM method components includes the method
components S1, S15, S16, S21, and S24. Firstly, these components are positioned on the DM
method family map (marked by the solid lines at Figure 111.4.9.).

This shows that these components must be completed by those that allow to define criteria.
Secondly, the four potential DM method components are identified in order to provide a
complete DM application method (S5, S6, S7, and S8 marked by the dashed lines at Figure
[11.4.9.). Thirdly, only one component must be selected between them in order to finalize the
application method, for instance, the component S7.
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Figure I11.4.9. Application Method for Illustrating the Completeness Strategy.

4.3.3. Stop the configuration process

Once the application method is constructed, it can be applied directly or integrated with the exiting
method. Both strategies use the techniques from the method engineering field.

4.4. Conclusion

We have presented in this Chapter a process to configure method families and its application to the
case of the DM method family. This process offers different guidelines for configuring a method family.
Each time, when this process is applied, an application method is derived from the method family.

The configuration process is used in order to enhance an existing method from the same field, or to
create a new method. In both cases, the configuration process takes into account actors requirements
and specific context characteristics in order to construct an application method adapted to this context.

The generic method family configuration process is not completely used in the case of the DM method
family. In fact, the By complete application method selection strategy is not suitable for the DM method
family as its map contains multiple loops and the calculation of all possible method lines (such as paths
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using the graph theory) is too complicated. However, the given strategy could be used for other cases
like the CREWS-L’écritoire one.

In whole, the configuration process completes the DM method family by providing guidelines for using
the DM map.
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Part IV. MADISE in Practice

This Part contains two Chapters. We present the validation of the MADISE approach in Chapter 1. We
conclude our thesis in Chapter 2.
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Chapter 1: Validation of the MADISE Approach

1.1. Introduction

In this Chapter, we validate our proposal by two ways: by application and by comparison. In the first
case, we apply the MADISE approach to make decisions in the Business Process Management (BPM).
In the second case, we compare the proposed approach with five known methods of prioritizing
requirements by using the completeness and flexibility measures. Before describing these two cases,
we briefly introduce the tool supporting the MADISE approach which is a repository of the DM
method components.

1.2. MADISE Tool

The goal of the MADISE Methodological Repository (MADISE Repository) is to provide the
methodological support for realizing DM activities. From this point of view, the MADISE Repository
aims at storing the DM method components and at supporting the DM method family configuration
process.

The MADISE Repository is developed as a Web site and contains the following elements:
e  MADISE DM Map General Description
e Hierarchy of DM Method Components
® Theoretical Background

o DM and DM Methods
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o Method Engineering and Method Components

o Modeling Approach (Map)

¢ Configuration of the DM method family (under construction)

The database structure is presented at Figure 1V.1.1.
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Figure IV.1.1. Database Structure.

nameFacet
descFacet

The database contains all necessary elements for displaying DM method components. Information

about them is registered in table component. This table is related to the table intention and to a

table which allows to specify the context of the DM method components. Each component is

characterized by a set of indicators which can have one or more value for a given component.

Indicators are described in table indicator. Indicators are related to the corresponding context

characteristics organized into facets.

In addition, the database contains the table account allowing to connect to the DM method

components repository.

The MADISE Repository functioning is given at Figure IV.1.2.
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The first step is to connect to the MADISE Repository. Once connected, an engineer can consult the

DM method family, the DM method components, and the theoretical background of the MADISE
approach.

Figure IV.1.3. shows several screenshots of the MADISE repository, namely, the DM method family, a
sample of a DM method component, and DM methods.

MADISE - P akie Db psons ix Ixiomanoy Sysien Exciniu

» TLADISE - P o Diopgons s Expomnsnios Sys e Excii

Figure IV.1.3. MADISE Repository Screenshots.

The MADISE repository could be accessed on the page http://elena.kornyshova.free.fr/.

1.3. Business Process Prioritization

In order to validate our approach, we have selected the case of Business Process Management
(BPM). By developing this case, we will demonstrate the following hypothesis.

Hypothesis: Usage of the DM method family will allow a better definition
of the key (priority) business processes than the existing BP prioritization
methods by providing the complete DM guidelines adapted to a given case.

In this section, we analyze the existing DM methods in this field, we configure the DM method family

for prioritizing business processes (BP), and we apply the obtained method in a concrete case of a
company of the electronics industry domain.
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1.3.1. Decision-Making in Business Process Management

All business processes provide achievement of general purposes of organization. However, each
process is intended to satisfy certain requirements of an appropriate group of stakeholders. An
organization must always estimate the contribution of each process to achieve strategic goals and
determine major processes. These processes require more attention and more resources. They bring
the decisive contribution to an actual and future situation of organization. These processes are called
"key business processes" (KBP) [Sachdeva et al., 2005]. BPs prioritization is used by companies to
define the most important development axes, increase the reaction speed to environment changes,
optimize the expenditure, and consequently, improve competitiveness.

The KBP identification may improve the decision-making in many areas. The examples are:

Selection of business processes for improvement;

Choice of processes corresponding to organization strategy;
Definition of R&D main lines;

Elimination of useless processes as much as possible;

vk wnN e

Choice of the first business processes that need to be secured.

The KBP identification allows more flexibility and adaptability by having quicker reactions to strategic
environment changes. In fact, the business process prioritization has several advantages:
concentration on the most expensive processes allowing the cost optimization, best knowledge and
satisfaction of stakeholders' interests, often contradictory and, generally, competitiveness
improvement. These effects can be multiplied by quickness and dynamic adaptation.

Dealing with Key BPs supposes that decision makers know business processes priorities or are able to
define them, at least intuitively. The intuitive approach is viable when there is a limited number of
BP. However in most cases, managers face large scale problems with a large number of BPs, large
size BPs, variability, and often different versions of BPs through time. The combination of these
issues leads to a combinatory explosion of the number of artifacts to deal with, hence the need for a
better prioritization support.

In the following, we present an overview of existing business processes prioritization approaches.
After a brief description of these approaches, we compare them and give some conclusions about
their pros and cons.

1.3.1.2. Summary of Existing BP Prioritization Approaches

There are only a small number of decision-making methods that propose to guide the BP selection.
Four approaches are particularly considered in our review: (i) Hammer and Champy’s, (ii) Robson and
Ullah’s, (iii) PROSCI, and (iv) Mazur et al.’s approach.

Hammer and Champy [Hammer et al., 1993] propose to analyze all BP under three different
perspectives in order to select those that need reengineering. These are problems, importance and
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feasibility. First, all processes for which a problem can be identified are chosen. Then, the importance
of these problems for the organization is analyzed. Last, a feasibility control is carried out in order to
verify if expected results will cover related expenses. It can be seen that this approach is informal and
is not relevant when there is a large number of BPs.

Robson and Ullah [Robson et al., 1996] propose a methodology to sort BPs for reengineering. In this
approach, BPs are analyzed in relation with critical success factors (CSF). First, relevant CSF are listed,
then each BP is estimated along a five-grade scale according to all CSF. A weighted sum is generated
for each process; weights represent relative importance of CSF. In this approach, value is considered
as a complex concept that concerns all BPs of the organization. Besides, the authors suggest to
analyze BP functioning (from very good to bad, according to five-grade scale). Three levels of
priorities are finally considered: reengineering, improvement and supervision. BP that contributes to
many CSF and have bad functioning are considered as potential for BP reengineering.

PROSCI [Crowe et al., 1997] uses a BP taxonomy to identify reengineering opportunities. The authors
suggest that relations exist between strategic objectives and BPs. The first step of this approach
consists in establishing a taxonomy of BPs. In the second step, the relations between strategic
objectives and BPs must be elicited. To achieve this, an influence diagram is drawn using decision
trees where every BP is embedded in a main decision node, strategic objectives are drawn as a
chance node, and main decision nodes are linked to chance nodes. Thus, the influence of each BP on
every strategic objective is taken into account. Relationships are in the form of probability
distributions, which reflect the stochastic nature of influences that business processes have on the
strategic objectives. The final BP evaluations are obtained by weighted sums of chance nodes in
which weights are assigned to chance nodes depending upon their order of importance.

Mazur et al. [Mazur et al., 2000] propose an approach to BP selection based on the weighed sum. In
this approach, the calculation is made according to pre-defined criteria: influence on customer,
variability, functioning, and importance for business. Each BP is measured towards all criteria with
five-grade scale, and then the weighted sum is calculated.

A comparison of these approaches is present in the next sub-section.
1.3.1.3. Comparison of BP Prioritization Approaches

As Table IV.1.1. shows, the four selected approaches were compared along two dimensions. The first
dimension deals with the criteria used by the approaches to compare BP. The second dimension
concerns the rules proposed to carry out BP selection.
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Table IV.1.1. Comparison of BP Prioritization Approaches.

BP Prioritization Criteria Selection Rules
Approach
Hammer and Champy | Problems, importance and Not specified
feasibility of BP
Robson and Ullah Critical success factors | Quantification with 5-
grade scale,
weighted sum
PROSCI Strategic objectives Decision tree,
weighted sum
Mazur et al. Importance for customers | Quantification with 5-
and business, variability, grade scale,
functioning weighted sum

Several remarks can be drawn from this table:

(i) thereisonly a limited set of criteria to support BP comparison;

(ii) most criteria are abstract (e.g. problems, or importance for customers and business), and
the authors do not show how these criteria relate to actual BP performance indicators;
and

(iii) there are only two kinds of selection rules: weighted sum and bi-dimensional surface. The
drawback of weighted sum is that it requires homogeneous criteria. On the other hand,
bi-dimensional surface have the disadvantage of limiting the maximal number of criteria.

In order to avoid these issues, we suggest using the DM method family for the BP prioritization.

1.3.2. Case Study General Description

This section presents a case study undertaken at a company in the electronics industry. The company
Filkon operates on the market of electronic components. The company is the manufacturer of
ceramic capacitors and EMI (electromagnetic interference) filters. Its consumers are major industrial
companies of different military and civilian industries, small and medium businesses.

This company is in dire financial conditions: a low rate of profitability, delays in payments of
obligations and credits, and the drop in orders. Overall, the company is in crisis, which resulted in the
bankruptcy announcement. The question of its existence is directly linked with the ability to sort out
the situation and take steps to resolve the crisis.

The purpose of the experiment was to choose among business processes those to be reengineered in
the context of continuous improvement. More precisely, the management was interested in the
processes that had the greatest influence on achieving strategic goals. As a result of this experience,
the company expected to identify one or two processes which reengineering would bring maximal
value with minimal drawbacks.
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1.3.3. DM Method Family Configuration

The used configuration process in this case is given at Figure 1V.1.4.

By completeness

By problem
exploring

Constructan
Application
Method

Define Method
Requirements

v

By sub-set
selection

By application

Figure IV.1.4. Configuration Process in the Case of BPM.

By problem exploring, the following elements are identified:

DMObject.name: = Business Process

DMObject.type: = Process

Problem.type: = Choice

Intention: = Make decision, Define «criteria, Define relative

importance of criteria
Situation: = DM Object defined, Alternatives defined

The set of potential business processes has already been developed based on the "Process
classification framework" proposed by APQC [Process Classification Framework, 1996]. The list of the
business processes includes:

e BP1. Understand Markets and Customers;

e BP2. Design Products;

e BP3. Market and Sell;

e BP4. Produce and Deliver;

e BP5. Invoice and Service Customers;

e BP6. Develop and Manage Human Resources;
e BP7. Manage Information Resources;

e BP8. Manage Financial and Physical Resources.

By sub-set selection, we have pre-selected the following DM method components (See Table IV.1.2.).
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Table IV1.2. DM Components Selected for the BPM Case Study.

Section DM Method Component
S7 Define criteria by goal analysis
S8 Define criteria by predefined list exploring
S11 Define criteria weighting
S13 Evaluate alternatives by measuring
S14 Evaluate alternatives by estimation
S22 Make decision by outranking relation of synthesis
S24 Prescribe decision

The obtained DM application method is illustrated at Figure 1V.1.5.

Define
Alternatives

By goalanalysis

By predefined
list exploring

Define
Criteria

—
> / Evaluate
Alternatives

By weighting

By measuring @
By outranking

By estimation relation of synthesis

Make
Decision

By prescription

Figure IV.1.5. DM Application Method in the Case of BPM.

1.3.4. Application of the Obtained DM Method

In this section, we detail the application of obtained DM application method step by step.

1.3.4.1. Define criteria by goal analysis

The definition of the criteria based on the goal analysis requires the review of the strategic goals of
the company. For this purpose, the analysis of the Balanced Scorecard (See Table IV.1.3.) is
undertaken.
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Table IV.1.3. Balanced Scorecard of the Company.

Objective Indicator Target Value
Financial performance
Increase of turnover 5%/year
Growth's /Y
) Increase of turnover for new customers [10%/year
accelerating
Increase of turnover for new products 10%/year
Customers
' Increase of "in time" deliveries for
Customers 95% of total
satisfaction customers
increasing Organization image improving 9 points on 10
Customers' Number of partnership increasing 15/year
relationship ) . ,
. Increasing of returning customers' share [15%/year
developing
Market part increasing for capacitors 5%/year
Market part . : .
) , Market part increasing for filters 10%/year
increasing : : :
Market part increasing for varistors 5%/year
Internal Processes
Production Productiveness increasing 5% /year
quality "Time-to-market" decreasing 6 months
improvement (Increase of productive capacity use 10%
Suppl i . I
) ppYy "In time" supplies number stabilization [100%
improvement
Learning and growth
20% of
Ensure Number of learned persons
| personal/year
ersonne
_p Conditions of work satisfaction ,
involvement . 8 points on 10
improvement
. 2 business
IT development [Automation .
functions/year

Based on this data, the BP contribution to strategic goals is identified as criterion which presents the
degree of influence of BPs on organizational performance. All goals are selected for studying the
impact of BP. The preference rule associated to this criterion is maximal as business processes having
the greatest impact on goals are more important for the company.

1.3.4.2. Define criteria by predefined list exploring

By predefined list exploring the following criteria are selected: cost, size, contribution to the problem
resolution, life cycle step, and customer.

BP contribution to problems resolution means that BP reengineering (BPR) should help to resolve
some decision problems. The problem at hand is to know which BP improvement would bring the
greatest result. We defined improvement by the contribution of processes to problems that could be
solved by process reengineering. To make the analysis closer to reality the frequency of occurrence
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and threat degree were used as weights. For frequency, the scale was: 0 — never, 1 — sometimes, 2 —
often, 3 — regular. For threat degree, the scale was estimated on a three-level grade: 1 — low, 2 —
medium, 3 — high. This function aims at maximum.

BP costs are defined as the number of persons working on the BP. Preference rule is minimum.

BP sizes are defined by the quantity of sub-processes, which we believed would reflect their
importance in the company. The preference function aims at maximum.

The purpose of BP life cycle steps is to define the administrative influences required for process
reforming. The following steps are defined: creation, development, stable functioning, regress, and
destruction. Indeed, it is found that process reengineering is needed or at least acceptable for
processes in the state of development, regression or stable functioning. Reengineering is felt less
preferable for BPs in state of creation, destruction and stable functioning. Therefore, the preference
rule is defined as: (development = regress) 2 stable functioning > (creation = destruction).

In the given company, BP customers could be external or internal. External processes add value for
organization's customers, therefore they were considered as more important. The preference rule is:
external 2 internal.

In this manner, the collection of criteria to be considered includes:

e (Cr.1. BP contribution to strategic goals

e (Cr.2. BP contribution to problems resolution
e (Cr.3. BP costs

e Cr.4.BPsizes

e (Cr.5. BP life cycle steps

e (Cr.6. BP customers

1.3.4.3. Define criteria weighting

To define criteria weights, we used the component Define criteria weighting by identifying the
criterion which must be increased first. The decision maker chose the most important criterion and
affected a value of 100 to it. Then, the decision-maker chose the most important criterion and
affected a lower value to it. The same principle was applied recursively until a value was affected to
all criteria. Normalisation produced weights as shown in Table IV.1.4.

Table IV.1.4. Criteria Weighting.

Criteria | Cr.1 | Cr.2 | Cr.3 | Cr.4 | Cr.5 | Cr.6
Value 80 | 100 | 20 20 60 50
Weight | 0.24 | 0.30 | 0.06 | 0.06 | 0.19 | 0.15
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1.3.4.4. Evaluate alternatives by measuring

Each BP is measured according to the following criteria: cost, size, life cycle step, and customer type.
The results are presented in Table 1V.1.5.

Table IV.1.5. BP Measurement Results.

Criteria BP1 | BP2 | BP3 | BP4 | BP5 | BP6 | BP7 | BP8
BP costs (in 4 8 5 29 2 1 3 2
persons)
BP sizes (sub- 6 1 1 5 2 2 3 4
processes number)
BP life cycle steps st. fun. | st. fun. | st. fun. | reg. reg. |st fun.| creat. | reg.
(nominal)
BP customers ext. int. ext. ext. ext. int. int. int.
(nominal)

1.3.4.5. Evaluate alternatives by estimation

This strategy is applied in order to evaluate the BP according to the BP contribution to strategic goals
and to problem resolution. In order to define the partial evaluations, we attribute “1” to BPs, which
affected either strategic goals or problems to be solved (cf. Table 1V.1.6. for BP contribution to
problems revolution; and Table 1V.1.7. for BP contribution to strategic goals). The final evaluations
are the weighted sums of the partial ones.

Table IV.1.7. BP Contribution to Problems Resolution.

- Threat
Criteria Frequency BP1 | BP2 | BP3 | BP4 | BP5 | BP6 | BP7 | BP8
degree
BP contribution to 3 4 13 13 4 4 4 26
problems resolution
Delivery failures 3 3 1 1
Delays of payments 3 3 1
Lacks of circulating 2 2 1 1 1
assets
Supply problems 3 3
Exceeding of 1 2 1
throughput time
Increase of stocks 2 1 1 1
Delivery failures 2 2 1 1
Delays of payments 3 1 1
Lacks of circulating 3 1 1
assets
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Table IV.1.6. BP Contribution to Strategic Goals.

Criteria Weights | BP1 | BP2 | BP3 | BP4 | BP5 | BP6 | BP7 | BP8
BP contribution to strategic goals 18 5 12 | 18 2 2 1 9
Increase of turnover 2 1 1 1 1

Increase of turnover for new

customers

Increase of turnover for new 2 1 1 1 1

products

Increase of "in time" delivery 2 1 1

organization image improving 2

Number of partnership 2

increasing

Increasing of returning 2 1 1 1
customers' share

Market part increasing for 2 1 1 1 1
capacitors

Market part increasing for filters

Market part increasing for 2 1 1 1

varistors

Productiveness increasing 1 1

"Time-to-market" decreasing 1 1

Increase of productive capacity 1 1

use

"In time" supplies number 1 1

stabilization

Number of learned persons 1 1
Conditions of work satisfaction 1 1
improvement

Automation 1 1

To analyze the influence of BP on strategic goals, the goals are divided into two categories: "results"
that concern financial performance and customers, and "leverages" that concern internal processes,
learning and growth. Weights were distributed within these categories: 2 — "results" and 1 —
"leverages".

The evaluation of BP is summed up in Table IV.1.8.

MADISE: Method Engineering-based Approach for Enhancing 209
Decision-Making in Information Systems Engineering



Part IV. Chapter 1: Validation

TablelV.1.8. BP Evaluation Summary.

Criteria Weights | BP1 | BP2 | BP3 | BP4 | BP5 | BP6 | BP7 | BP8
BP contribution to 0,24 18 5 12 18 2 2 1 9
strategic goals (in
points)
BP contribution to 0,30 3 4 13 13 4 4 4 26
problems resolution
(in points)
BP costs (in 0,06 4 8 5 29 2 1 3 2
persons)
BP sizes (sub- 0,06 6 1 1 5 2 2 3 4
processes number)
BP life cycle steps 0,19 |st fun.|st fun.|st fun.| reg. reg. |st fun.|cre-at.| reg.
(nominal)
BP customers 0,15 ext. int. ext. ext. ext. int. int. int.
(nominal)

These data are used for producing the final result by outranking relation of synthesis.
1.3.4.6. Make Decision by Outranking Relation of Synthesis

The given component applied to the case of BP prioritization is shown at Figure IV.1.6.

By testing
concordance

Define

By comparing ourtanking
couples of relations
alternatives
By testing @'
discordance

By concordance
and discordance
analysis

Aggregate
outranking
relations

By exploiting
results

Figure IV.1.6. DM Method Component ‘Make Decision by Outranking Relation of
Synthesis’ in the Case of BPM.

The concordance and discordance matrices developed in our case study are shown in Table IV.1.9.
and Table 1V.1.10. respectively. Using a threshold of 0,55 to highlight BP in the concordance and
discordance tables reveals that BP8 (Manage Financial and Physical Resources) dominates the others
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on average without any particular shortcoming in terms of discordance. The three most important
business processes are BP1, BP3, and BPS.

Table IV.1.9. Concordance Matrix.

BP2 | BP3 | BP4 | BP5 | BP6 | BP7 | BP8
0,70{0,70|0,51|0,45|0,64|0,64|0,45
0,06/0,54(0,88|0,88|0,15

BP1

0,49
BP3|0,64
BP40,88
BP5(0,70
BP6|0,55
BP7|0,36
BP8|0,55

Table IV.1.10. Discordance Matrix.

1.3.4.7. Prescribe Decision by Validation

A qualitative analysis of this choice revealed that the enterprise agreed with it. A reengineering of
the financial and physical resource management processes was thus undertaken.

1.3.5. Conclusions on the Case Study

We have illustrated the application of the MADISE approach for making decisions in the field of the
BP prioritization. This example deals with a decision which is strategic and has long-term
consequences. In this case, it is important to have a structured DM approach considering multiple
factors and shared by different stakeholders.

Thus, the application of the MADISE approach is justified. In addition, it provides more detailed
guidelines than the existing approaches. Defining BP priorities with a structured MC method has
advantages: (i) time taken to make and realize decisions decreases, thanks to less analysis mistakes in
the BP, (ii) expenses decrease, (iii) degree of goals achievement grows by targeting the most
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important BPs, and (iv) stakeholders confidence in results and in the overall project grows, owing to
their participation in the definition of priorities.

Besides, BP prioritization could be achieved in others contexts, such as: ERP implementation;
business continuity plan elaboration; or improvement of Information System strategic alignment. We
believe that other case studies in these domains and comparative analyses should be undertaken to
fully validate our approach.

1.4. Requirement Engineering

Multiple DM methods exist for resolving DM problems in the field of requirement engineering. We
compare our approach with five known requirements prioritization approaches using a comparison
framework. In this Section, we present the comparison framework and its application to six
approaches (MADISE and five requirements prioritization approaches).

For comparison, we formulate the following hypothesis:

Hypothesis: The DM method family provides a more compete and more
flexible way of prioritizing requirements compared to the sample of the
well-known requirements prioritization methods.

1.4.1. Comparison Framework

We compare our approach with existing requirements prioritization techniques according to two
aspects: completeness and flexibility.

We consider a technique as complete if it is generic and covers all basic DM activities. We have
detailed the main DM steps in order to distinguish the basic DM activities as follows:

e Requirements list identification;

® Requirements list refinement;

e (riteria list definition;

e (riteria list refinement;

e (Criteria weighting;

® Requirements evaluation;

e Requirements evaluation refinement;
e Decision-Making;

e Validation;

e Execution.

Requirements list identification. This activity explains how to identify the initial set of requirements
to be prioritized (for instance, in [Grosz et al., 1997]).
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Requirements list refinement. The initial requirements set may be refined, as requirements can be
complementary or exclusive to each other. They can be removed from the list as non-realistic or non-
feasible [Roy, 1996] or added to the initial set by searching complementary alternatives.

Criteria list definition. This activity explores how to identify the criteria list for comparing
requirements. Criteria can be deduced from the requirements description, from consequences
analysis of goal analysis. For instance, goals as criteria are used in [Maiden et al., 2002] for
requirements prioritization.

Criteria list refinement. Once the first set of criteria is selected, it can be refined. Criteria can be
eliminated as not relevant or added when criteria can complement each other.

Criteria weighting. The By weighting strategy deals with the weights assignment to the decision
criteria. Weights are assigned when the engineer wants to define relative importance of criteria. For
instance, weights can be assigned by the pair-wise comparison [Saaty, 1980]. The last one is
commonly used in the requirements prioritization within AHP [Ruhe et al., 2003].

Requirements evaluation. Requirements must be evaluated according to the criteria list or
compared between them. For instance, a pair-wise comparison is present in the AHP method applied
for the requirements prioritization [Karlsson et al., 1997] [Ruhe et al., 2003].

Requirements evaluation refinement. Once the requirements are evaluated, their evaluations can be
enhanced. For example, a domination analysis can be carried out. An acceptance threshold is
established for each criterion. It allows to qualify several requirements as non-acceptable and to
remove them from the list. Such a technique is used in the WinWin method for the requirements
prioritization [Ruhe et al., 2003].

Decision-Making. The decision is made when partial values (alternatives values according to
different criteria) are transformed into an aggregated one. There are three main aggregation
approaches: aggregation into a single criterion, outranking approach and interactive approach. Multi-
criteria DM method are used on this step [Roy, 2005].

Validation. A DM actor receives a prescription for the decision. If he agrees with results, he validates
them. Some metrics (for instance, a consistency index in [Karlsson et al. 1997]) can be used to check
if the DM result is valid.

Execution. The execution activity deals with the available support for DM. This activity is present in a
given requirement prioritization support if a support tool is available in a given approach.

The completeness criterion is calculated as a percentage of the available activities composing a given
DM method on the total number of the main DM activities.

Flexibility is important when we investigate whether a DM process is predefined or adaptable.
Processes must be flexible in order to better match a project following the situation [Rolland, 1998].

MADISE: Method Engineering-based Approach for Enhancing 213
Decision-Making in Information Systems Engineering



Part IV. Chapter 1: Validation

Flexibility refers to two criteria: variation and iterativity, both are calculated based on the steps
number.

® Variation points number represents a number of steps where a choice can be made.

® Backward steps number is a number of steps where engineers can return in the requirements
prioritization process.

®  Number of steps is the total number of the main steps.

The variation criterion shows the percentage of steps where a choice between some actions can be
made. The iterativity criterion represents the percentage of steps where a backward action can be
undertook.

1.4.2. Framework Application

The described frame is applied to the five selected requirements prioritization techniques and to the
MADISE approach. The results are presented in Tables 1V.1.11 and IV.1.12. for the completeness
criterion and the flexibility criteria respectively.

Table IV.1.11. Comparison according to the Completeness Criterion.

CVA PrMatrix RPT WinWin | REDEPEND | MADISE
Comparison Criteria [Karlsson et | [Wiegers, | [Moisiadis, | [Ruhe et | [Maiden et
al, 1997] 1999] 2002] al,2003] | al,2002]
Requirements list - - - + - +
identification
Requirements list + + - + - +
refinement
Criteria list definition - - - - - +
Criteria list refinement - - - - - +
Criteria weighting - +
Requirements evaluation + +
Requirements evaluation - - + + - +
refinement
Decision-Making + + + + + +
Validation + - + + -
Execution + + - + + -
Available DM i) 5 5 5 8 4 9
activities
Number of DM (i) 10 10 10 10 10 10
activities
Percentage (1)/(i) 50% 50% 50% 80% 40% 90%
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Table IV.1.12. Comparison according to the Flexibility Criteria.

CVA PrMatrix RPT WinWin |REDEPEND| MADISE
Comparison Criteria |[Karlsson et| [Wiegers, | [Moisiadis, | [Ruhe et al,| [Maiden et
al, 1997] 1999] 2002] 2003] al,, 2002]

Variation points () 0 0 0 0 0 5
number

Backward steps (i) 0 1 0 3 0 3
number

Number of steps | (iii) 5 8 6 7 3 6
Variation (1)/(dii) 0% 0% 0% 0% 0% 83%
[terativity (ii)/(iii) 0% 13% 0% 43% 0% 50%

We show within an example (Cost-Value Approach) [Karlsson et al., 1997], how these tables were

fulfilled.

The cost-value approach contains the following main DM activities:

Requirements list refinement. This approach suggests reviewing candidate requirements for
ensuring their completeness and correctness.

Requirements evaluation. Actors (users and engineers) express their preferences by pair-wise
comparison for defining the relative value and cost of candidate requirements.
Decision-Making. The aggregated value is obtained by AHP application and is used for
ranking requirement. The cost-value approach uses also a cost-value diagram in order to
assist DM.

Validation. A consistency index is calculated in order to check the result validity.

Execution. A tool is suggested to support the Cost-Value approach.

The completeness criterion is 50%.

The Cost-Value approach contains five steps:

Requirements review;

AHP’s pair-wise comparison in order to assess the relative value of the candidate
requirements;

AHP’s pair-wise comparison in order to assess the relative cost of the candidate
requirements;

Cost-Value diagram construction;

Requirements prioritization based on the Cost-Value diagram and with the stakeholders
participation.

None of these steps contains any variation point or backward step. Therefore, the variation criterion

is 0% and the iterativity criterion is 0%.
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As we can see, the MADISE approach contains all methodological DM activities and does not include
the execution of the DM methods. Between the existing requirements prioritization techniques, the
WinWin approach is more complete and covers 80% of the DM activities.

Dealing with the flexibility criteria, we can observe that none of the approaches is completely
flexible. All existing requirements prioritization techniques follow a predefined set of steps and, in
this manner, do not provide a context-aware DM for prioritizing requirements. However, the MADISE
approach suggests different actions for carrying out DM activities. Regarding to the iterativity
criterion, there are two existing requirements prioritization techniques (Prioritization Matrix and
WinWin) which allow to return to previous steps and to adapt DM process to new circumstances.
From this viewpoint, the WinWin approach is also flexible as it allows refining the prioritization
results by realize iterations.

Finally, according to the three selected criteria, we show that the MADISE approach is the most
flexible between the six studied approaches.

1.5. Conclusion

In this Chapter, we have suggested a supporting tool in order to help the usage of the MADISE
approach. After that, we have described the results of the MADISE application.

DM Method Family Support Tool. In order to facilitate the usage of our proposal, we have
elaborated a tool supporting the DM method family. The DM method family tool (that we called
MADISE Repository) supports the following main function: Storage of the DM method family and DM
method components. The MADISE Repository is represented as a Web site developed using PHP5
and MySQL.

MADISE Validation. In order to validate the MADISE approach, we have, firstly, applied it to the case
of Business Process Management (BPM), and, secondly, compared it with the main DM methods
from the Requirements Engineering field. In the first case, the MADISE approach is validated by
creating a specific decision-making process for business processes prioritization. In the second case,
it is validated by a comparison with existing approaches of requirements prioritization.
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Chapter 2: Conclusion

We stated in this thesis that there is plethora of decisions that have to be made in the ISE field. ISE
processes are teleological by their nature. That means they contain steps where decisions must be
made. Many methods are available to support this decision-making. These methods have different
nature and are more or less efficient in function of the situation in which they are applied. There are
many works in the ISE research dealing with DM (aiming at resolving DM problems). The main
characteristic of these works is that they resolve a DM problem each time. This finding concerns
isolated and selective cases of DM methods application in ISE. However, DM methods application in
ISE is still limited.

We have started this thesis by motivating the problems of decision-making in IS engineering. After a
presentation of the main decision-making concepts, we have analysed the nature of ISE processes in
order to show that all processes have steps that could be considered as DM steps. Thus, DM methods
could potentially be applied in all processes of IS engineering.

However, DM methods are often complicated, they require specific human skills, additional
information resources, and financial means. In each situation, a question must be asked: Is the
application of a DM method justified? In order to answer this question, we have developed a
typology of decisions in IS engineering. This typology includes eleven classification criteria. By
checking these criteria, engineers could position their cases and deduce whether complex and time-
consuming decision-making is justified or not.

We have then looked for existing approaches dealing with DM methods selection. We have analyzed
them in order to identify lacks of DM in IS engineering. Thus, we have established a list of nine
problems to be solved for enhancing DM in this field.

Resolution of the identified problems induced us to elaborate an approach for enhancing decision-
making in IS engineering that we called MADISE — MAke Decisions in Information Systems
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Engineering. This approach uses the principles of the Method Engineering science and applies them
to the DM methods. The MADISE approach is composed of several parts. The first one is the
definition of the DM ontology. The second part is the construction of the DM family with the
definition of a set of DM components, its contextualization and configuration. The list of publications
realized during this thesis is given in Appendix C.

In the following, we show how the proposed approach answers the Research Questions stated in the
Introduction chapter; how it considers the presented issues and solves the problems of DM in ISE
identified in the State-of-the-Art chapter. We conclude by presenting several directions for future
researches based on this thesis works.

2.1. Responses to the Research Questions

We have formulated the main research question as How methodological knowledge about decision
making can be represented to facilitate the inclusion of decision making processes into ISE methods?

The main research question was separated into four sub-questions for which we made four
proposals.

RQ1: How to identify a decision-making situation and to formalize requirements for decision-making?

We have developed an ontology which models and conceptualizes DM knowledge. This ontology
allows to enhance and facilitate decision-making as it formalizes DM methods and method
components. The ontology also helps to formalize DM requirements in a specific situation in order to
help the selection of DM components for constructing situational DM methods.

This ontology may be viewed as an ontological commitment. It represents an agreement to use the
specific DM vocabulary, with respect to all identified DM field concepts. The DM ontology helps to
share knowledge with and among DM actors.

RQ2: How decision-making methods should be described?

We have studied the main DM methods in order to identify their specific elementary activities. We
have then decomposed the methods into components by grouping these activities following the
independency and completeness principles. Components have been defined and formalized
following a specific component meta-model. Then they have been organized in a method family with
the help of the assembly-based approach.

In order to take into account the reuse context of each of these components, we have also defined a
typology of characteristics which we have structured in different facets (each considering a special
view of a project). These characteristics may be generic (applicable to any project) or specific
(strongly coupled to the specific method or the used representation). Each DM component
description may then be linked to specific characteristics values which will help their reutilization.
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RQ3: How to construct a context-aware decision-making method in a given situation?

We have identified a flexible configuration process to use the context characteristics typology for
defining an application method adapted to a given situation. We modeled this process with the MAP
formalism in order to keep a high level of flexibility in the process utilization. It can be applied in
different IS engineering situations such as the selection of a component for enhancing an existing IS
engineering method or a selection of several components for constructing a new one.

Several ways of configuration of the DM family has been defined: either the engineer wants to select
a sub-set of the family, specifically adapted to some characteristics, before starting the navigation, or
he wants to be guided through the navigation following the context of the situation, in a run-time
configuration.

RQ4: Which kind of support can be offered to IS engineers for improving their methodologies by
decision-making?

The usage of the DM method family allows the engineer to improve their methods. We have created
a tool which represents the repository of the DM method components. Each DM method component
describes a particular DM activity and the handled concepts.

In this manner, the MADISE approach allows to guide engineers and stakeholders through decision-
making activities.

2.2. Consideration of the Stated Issues

In the Introduction chapter, we have stated that the MADISE approach must consider the five
following issues: variability, context-awareness, conflict resolution, goal orientation, and reusability.

Variability Issue: Regarding to the variability issue, the MADISE approach impact is twofold. Firstly, it
offers a way to deal with variability by proposing a solution to select a variant in each variation point.
Secondly, it uses the different types of variability in order to provide means for elaborating the list of
alternatives in a given DM situation.

Context-awareness Issue: The MADISE approach is based on the situational method engineering
principles. Thus, it takes into account the context when configuring a DM method in a given DM
situation. The description of the DM situation is made using the DM ontology providing different
elements to specify it. The DM method components are also described with different context
characteristics. Both DM situation and DM components context ensure the context-awareness of the
MADISE approach.

Conflict Resolution Issue: The purpose of this thesis is to make transparent decisions by structuring
DM situations and processes. This contributes to the resolution of possible conflicts between actors.
Moreover, DM actors are involved in DM activities by different ways specified in this thesis. Thus, the
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main contribution of the MADISE approach is about helping actors (both individual and collective) in
making decisions.

Goal Orientation Issue: There are two ways to consider goals in the MADISE approach. Firstly, by
defining DM method components and organizing them within a method family based on the
teleological unicity. Secondly, goals are included into the DM concepts as they could be criteria in
several DM situations.

Reusability Issue: The DM method family is produced based on the reusability principle as different
DM method components are identified from various DM methods. These components represent
reusable building blocks used for constructing new DM application methods adapted to concrete
situations.

2.3. Resolution of DM Problems in IS Engineering

With regards to the identified DM problems in IS Engineering, the contributions of the MADISE
approach are summed up in Table IV.2.1.

Table IV.2.1. Resolution of the DM Problems in the MADISE Approach.

N DM Problems in ISE Problems solved in the MADISE Approach
1 | Take into account the Yes Decision-making situations are considered for both DM situation
problem situation and DM method components context. A contextualization

approach is offered in this thesis to allows specifying the context
of DM and other methods.

2 | Allow a typology of Yes The characteristics related to the DM situation are organized using
problem characteristics; the ontology representation (the DM ontology);
take into account data The characteristics related to the DM method components
diversity context are organized within a typology (the typology of the DM

context characteristics).

3 | Consider all main groups Yes The DM method family includes components deduced from the
of the existing DM five groups of discrete DM methods. This problem is solved within
methods and be able to the ISE field. However, other methods may enrich the given family
deal with a new one by applying the suggested method family definition process.

4 | Allow selecting of DM Yes This problem is solved by introducing an approach for DM method
method, its better family configuration. It allows selecting the appropriate DM
understanding and components and construct DM application methods.
construction

5 | Take into account Partial | There is only one way to address the goal interaction in this thesis:
interaction between goals the DM method components derived from the AHP method offer

a way to consider goals organized within a hierarchy. Other
possible goals’ interactions (exclusion, complementarity, etc.) are
not taken into account in this approach.
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6 | Be structured Yes Both product (DM ontology and DM method family) and process
(contextualization and configuration approaches) parts of the
MADISE approach are well structured.

7 | Be universal with respect | Partial | The MADISE approach is universal in the IS engineering field with

to different application discrete decision-making. In order to be applicable to other fields,
domains the DM method family could be enriched by components derived
from the continuous DM methods.

8 | Permit a capitalization of | No The capitalization of the DM results is not addressed in this thesis.
selection results However, the DM ontology could be adapted to this usage.

9 | Suggest a tool facilitating | Partial | The MADISE repository allows storing the DM method
DM methods components. It could be improved in order to support the
selection/construction configuration of the DM method family. This tool supports the

methodological DM guidelines. Another tool implementing the

execution of the DM method components may be developed.

2.4. Future Works

As we can see, several above-mentioned problems are not completely addressed in the MADISE
approach. We take into account these problems and other ones in order to suggest future works that
could be undertaken based on the results of this thesis.

DM Method Family Extension. The existing DM method family could be extended in order to take
into account other DM methods. For instance, fuzzy DM methods could be integrated into the DM
method family, or the DM method family could be adapted for considering continuous decision-
making. The extension of this family could contribute to its expansion to other application domains.

DM Ontology Usage. The DM ontology is used in this thesis for formalizing DM method components,
for specifying DM situation and requirements. However, its usage could be extended to other
applications. In the future, different usages of DMO must be investigated both in the ISE and non-ISE
domains. For instance, the DM ontology could be adapted for the Design Rationale discipline which
aims at documenting decisions and their argumentation.

DM Results Capitalization. The MADISE approach considers only one cycle of decision-making. It
could be enhanced in order to capitalize: (i) the DM situation and requirements and (ii) the results of
the DM method configuration and application. It would allow reusing not only DM method
components but also the results of their application. The DM results capitalization would be useful in
the case of repetitive and multi-cycles decisions.

DM Method Family Implementation. In fact, the proposed in this thesis approach provides engineers
with the methodological guidelines for making decisions. The next step would be to implement the
DM method family. It could be done used the Service-oriented Architecture (SOA) and include the
following elements: implementation of the DM method components as services, implementation of
the configuration mechanism, composition of method components into an application method, and
elaboration of a platform for sharing the obtained application methods with the target tools.
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Empirical Validation. We suggest also to validate the MADISE approach by performing empirical
studies. For instance, a series of interviews with researchers and practitioners of IS engineering could
be undertaken in order to evaluate how the usage of the MADISE approach would facilitate decision-
making in practice.

Method Family Concept Improvement and Application to other Domains. The concept of the
method family could be developed by integrating the notion of variability. The existing concept is
almost applied to the DM methods and to the methods of the scenario elicitation in requirements
engineering. In the future, the improved concept could be applied for constructing the other
methods, such as agile methods, enterprise architecture methods, and so on.
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